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They are coming fast and 
they are coming to stay 

Rear seat “jiggle” and “back slapping” are due entirely to the in- 
cen + gp * ost rel westgellpes t sitting in the 
ee ving sOme one or two men bounce the 

the car by con: front cross member. With 
por ph unyielding front springs, every little inequality in the con- 

_ tour of the road is transmitted directly to the car frame and causes 
the frame to follow these irregularities. This causes the same up 
and down movements which were caused by the two men. 

hion front springs will immediately alter the riding 
cuales the entire car. These pliant springs will absorb the 

and allow the front end of the car to be unaffected by 
hou: And with the front end quiet so will the rear end be quiet. 

should be given a cushion of at least 4 inches, 5 
inches f possible, (rubber bumper to frame) and the rate of ili 
front springs should be from 200 pounds to 275 pounds, depend- 

the weight of the front end of the car. The greater activ- 
pal pre oor pliant springs will demand adequate, proportional 

mst excessive rebound, but devices to do this work can 
; now pt “oe tg 
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Chronicle and Comment 

Summer Meeting at White Sulphur Springs 

HE 1925 Summer Meeting will convene at White 
Sulphur Springs on June 15 and extend through 

June 19. Read what is said of this in the account in this 
issue of the Business Session of the Annual Meeting 

held at Detroit last month. 

A Riding-Qualities Bibliography 

NTEREST has been expressed in the bibliography, 
prepared by the Research Department, concerning 

which an announcement was made at the Research Ses- 
sion of the Annual Meeting. The material, consisting of 
534 references, relates principally to items associated 
with the problems of riding-qualities. Members wishing 
further information as to the nature and the scope of the 
work will find a more detailed account on p. 162 of this 
issue of THE JOURNAL. A copy of the bibliography or any 
portion thereof will be furnished by the Research De- 
partment upon request. 

Society Meetings for the Year 

URING the Annual Meeting a general session of the 
1925 Meetings Committee was held. A majority 

of the Committee were present and also President Hor- 
ning. Eight Society meetings will be held during this 
administration, in addition to the 1926 Annual Dinner 

and participation in the Automotive Maintenance Equip- 
ment Show and the National Service Convention this 
spring. Except in the case of the Summer Meeting, 
which will be of a general nature as heretofore, the 
meetings will be devoted to specific subjects including 
Tractors, Buses, Rail-Cars, Taxicabs, Fleet Operation, 
Production, Aeronautics, Service, Motorboats and En- 
gines. 

Warner in Charge of Meetings and Sections Work 

OHN A.C.WARNER, who latterly was manager of the 
Research Department of the Society, has been placed 

in charge of its Meetings and Sections Department, in 
succession to Mr. Hill. By virtue of the nature of the 
research work he was following, and by special assign- 
ment, he has been a regular attendant at Society meet- 
ings in recent years, as well as at many Sections meet- 
ings. Many articles prepared by him have appeared in 
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Mr. Warner is graduate mechanical engineer of Wor- 
cester Polytechnic Institute. He was formerly engaged 
in sales and engineering work on lubrication problems, 
and also associate physicist at the Bureau of Standards, 
where he was chief of the aeronautic instruments sec- 
tion. 

Hill Leaves the Society Staff 

CLAYTON HILL, who for several years has been 
e assistant general manager of the Society, left its 

service this month to go into sales engineering work for 
Valentine & Co., with headquarters in Detroit. Equipped 
by sound training, good professional experience and en- 
thusiastic temperament, Mr. Hill has naturally done 
much work of a constructive nature of value to the So- 
ciety and its members, with reference markedly to Na- 
tional and Sections meetings and THE JOURNAL. He has 
been thanked, dined and feted by the officers, staff and 
members of the Society and the Sections, with many ex- 
pressions of regret at his change of position, but with 
hearty good wishes for his future happiness and pros- 
perity. 

Mr. Hill is a University of Michigan man. He was 
formerly a draftsman and designer with the Studebaker 
Corporation of America; designer, body engineer and 
airplane designer with the Packard Company, and chief 
engineer and manager of the Franco-American Engine 
Co. 3 

Research Graduate Assistantships 

HE University of Illinois maintains 14 graduate re- 
search assistantships in its engineering experiment 

station. These, as well as other such assistantships, for 
each of which there is an annual stipend of $600 and 
freedom from all fees except the matriculation and 
diploma fees, are open to graduates of approved Amer- 
ican or foreign universities and technical schools. who 
are prepared to undertake graduate study in en- 
gineering, physics, or applied chemistry. An appoint- 
ment is made and must be accepted for 2 consecutive 
collegiate years of 10 months each, at the expiration of 
which, if requirements have been met, the degree of 
master of science will be conferred. The graduate as- 
sistant is required to devote half of his time to the work 
of the department to which he is assigned. 



Applications for appointment should be made not 
later than April 1 to the Director, Engineering Experi- 
ment Station, University of Illinois, Urbana, Ill. Ap- 
pointments become effective in September. 

Society to Help Develop Motorcoach Standards 

T a meeting of the Equipment Committee of the 
American Electric Railway Association in New 

York City on Jan. 16, that was attended by Charles 
Froesch, representing A. F. Masury, vice-chairman of 

the Motorcoach Division of the Standards Committee, 
and Standards Manager R. S. Burnett, the progress of 
the American Electric Railway Association’s Motorcoach 
Subcommittee and the Society’s Motorcoach Committee 
last year was reviewed. It was believed that the pro- 
gram promulgated last year to establish a recommended 
nomenclature for types of motorcoach, and standard di- 
mensions for general construction, such as body widths 

and lengths, door widths, seating arrangements and 
dimensions, should be taken up this year before detail 
standards are considered. The Motorcoach Regulations 
adopted last December by the Board of Public Utility 
Commissioners of New Jersey looking toward ensuring 

safety to the traveling public embody many of the recom- 
mendations of the committees, which cooperated with the 
New Jersey municipal traffic supervisors in drafting the 
regulations. These were set forth on p. 45 of the Jan- 
uary, 1925, issue of THE JOURNAL. 

These New Jersey regulations embody several major 
motorcoach-body dimensions and general equipment 
specifications to which the Motorcoach Division will 
probably give careful consideration this year in drafting 
a model code for motorcoach construction that will be 
definitely recommended as the basis for motorcoach 
regulations similar to those of New Jersey that may be 
adopted by other States. If this can be accomplished, it 
will be a strong factor in establishing uniform general 
constructional specifications for motorcoaches in all the 
States. Action of this kind should save motorcoach 
manufacturers and operators many grievances such as 
have been encountered in operating motor trucks in dif- 
ferent States. 

At the meeting held in New York last month, A. T. 
Clark, chairman of the American Electric Railway Asso- 
ciation’s Subcommittee, was designated by Chairman 
A. B. C. See to act on the Motorcoach Division of the 
Society’s Standards Committee until a definite appoint- 
ment shall have been made by the Board of Governors 
of the Association. 

It is planned to have the Motorcoach Division review 
the work already accomplished and meet with the Amer- 
ican Electric Railway Association’s Committee in Cleve- 
land on March 16, to make definite recommendations re- 
garding nomenclature, general constructional dimen- 
sions, and a code of engineering regulations. 

The Head-Lamp Problem 

OMMISSIONER STOECKEL, of the Department of 
Motor Vehicles of the State of Connecticut, issued 

recently a statement on the educational phase of the sub- 
ject of motor-vehicle lights. He called attention to the 
fact that the Connecticut law provides broadly that 
head-lamps shall furnish sufficient light to make an ob- 
ject or person 200 ft. ahead of the car plainly discern- 
ible and sufficient “side-light’” to show objects to the 
right and the left in front of the car and also that the 
light produced must not glare. In the States that par- 
ticipate in the Eastern Conference of Motor Vehicle Ad- 
ministrators, which include all of the New England 
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States, New York, New Jersey, Pennsylvania, Maryland, 
Delaware, Virginia and the District of Columbia, as well 
as the Canadian Provinces of Ontario and Quebec, no 
device alleged to meet the requirements stated above is 
approved until it has been recommended by the Confer- 
ence Lighting-Committee and approved by the Confer- 
ence as a whole. 

As to the need for periodical inspection and adjust- 
ment of head-lamps, Gommissioner Stoeckel states that 
variations in the head-lamp illumination of cars are fre- 
quently found, which, if not corrected, produce poor 
lighting conditions. The following is prescribed as a 
simple and feasible method of adjustment. 

Place the car on a level space, preferably a floor, 
facing a wall or screen, the car lamps being 25 ft. 
distant from the wall. Mark a horizontal line on the 
wall, which line shall be the same height from the 
ground as the centers of the lamps on the car. Call 
this line the “Lamp-Level Line.” With lights on and 
both lenses installed, cover one lamp to shut off the 
light and move the screw or device in the other lamp, 
which regulates the position of the bulb, until the nar- 
rowest horizontal, left to right, beam of light is secured 
on the wall. Then perform the same operation with 
the other lamp. Having thus focused the lamps, tilt 
or bend each lamp until the top of the beam is no 
higher than the “Lamp-Level Line” on the wall, being 
sure that the car is fully loaded at the time. The wall 
will then be illuminated below and up to the “Lamp- 
Level Line,” which is the result desired. If the light 
spreads on the wall above the “Lamp-Level Line,” the 
lamps are not properly aimed and focused. 

Commissioner Stoeckel emphasizes the need for the 
car operator or owner always paying attention to the 
lamp adjustment. Recently, on a highway in Connecticut, 
600 cars were checked up as to the performance of their 
lights. About 40 showed insufficient driving-light. In 
34 cases the head-lamps appeared to glare, due probably 
to the fact that the bulbs were out of focus. There were 
17 “one-light” cars. 

Parking-lights are not required on any car parked 
upon a Connecticut public highway where the light is 
sufficient for the car to to be seen from any direction at 
a distance of 200 ft. The authorities have announced 
that the operating of a car with only one head-lamp 
working will be tolerated no longer. Lack of a working 
tail-light may be a serious offense. It is stated that 
many accidents have been caused by cars not having the 
tail-lamp lighted. 

With regard to glare, attention is called to the fact 
that a long line of glaring headlights is apt to restrict 
traffic going in the opposite direction to an unreasonably 

low rate of speed, this resulting in drivers becoming 
impatient and in the engendering of conditions in which 
accidents become imminent. The statement of the De- 
partment of Motor Vehicles is concluded with the ob- 
servation that the enforcement authorities have been ex- 
tremely patient with car-owners but that, to protect the 
citizens of the State, the rigid enforcement of the legal 
requirements as to the head-lamps must be begun in the 

very near future. 
This statement is typical of the conditions of the 

present head-lamp problem. It cannot be said that night- 
driving has been made more agreeable or safe in recent 

years so far as head-lamp illumination is concerned. The 
Research Committee of the Society held a session re- 
cently for the purpose of outlining in a preliminary way 
a program for a restudy of the elements involved in safe, 
rational, effective, reliable and economical automobile 
head-lamp illumination. 

eC 

oo 

PA RAE PRIDE 

oneal TT | RISO + Ace TRE AES 

TOT 6 ART FAIRER 

—— 



ROOM FOR 10,000,000 MORE CARS 

Number of Families Is Limiting Factor, Members Are 
Told at Annual Dinner 

Twenty-seven million automobiles is the new saturation- 
point set by Col. Leonard P. Ayres, vice-president of the 
Cleveland Trust Co. and well-known bank statistician, in his 
address at the Annual Dinner of the Society, held at the 
Hotel Astor, New York City, on the night of Jan. 8. The 
family is the unit of use of a car, he said, just as the aver- 
age family uses one bathtub or one telephone, and there 
are about 27,000,000 families in the Country. There are 
17,000,000 motor vehicles now in use, so there are still plenty 
of opportunities for salesmanship. He pointed out, however, 
that increasing length of service due to the improvement of 
automobiles is cutting down the replacement demand, which 
he put at about 2,250,000 cars per year at the present time, 
and said that this is the most important hazard of the in- 
dustry. But so long as engineers are able to make worth- 
while improvements, the demand for new cars will con- 
tinue, because of the inherently competitive nature of the 
motor car. The speaker forecast a particularly good sales 
year in 1925, due to fundamentally sound economic conditions, 
and estimated that production and sales this year would 
reach 3,600,000. Colonel Ayres’s address is printed in full in 
another part of this issue of THE JOURNAL. 

There were more than 900 attendants at the Dinner. The 
reunion of old friends and renewal of acquaintances was, as 
always, a delight in itself and the spirit of mirth and good- 
fellowship was stimulated by a.full repertory of organ 
music and singing of airs that were popular a quarter of a 
century ago and in which the diners joined with a gusto 
that made the walls of the great ballroom reverberate with 
a tremendous volume of sound. The food was excellent, too, 
and appealed to even the jaded taste of those who had at- 
tended the succession of preceding Automobile Show week 
functions of a similar nature. 

When the demi-tasses had been pushed back, cigars lighted 

The full story of the Annual 

Meeting begins on p. 119 

and the chairs turned to face the guest-of-honor dais, the 
flow of oratory for the stimulation of the mind began. This 
followed the opening of the business meeting of the Society 
by President Crane and the election of officers for the en- 
suing year. The results of the election are given elsewhere 
in this issue. 

Dr. Arthur E. Morgan, president of Antioch College, and 
Leonard P. Ayres delivered the principal addresses, which 
were of a serious nature, and the program was concluded 
with a humorous-philosophical talk by Strickland Gillilan 
directed to, and at, the engineers and statisticians, the thrusts 
of which brought many a laugh while leaving behind some 
disturbing thoughts to ponder upon. 

Following adjournment of the business meeting, President 
Crane reviewed briefly the progress of the Society during the 
last year and its present status, saying that membership 
was again assuming a satisfactory rate of growth which he 
believed was due to the fact that each member gets more 
from the Society in service of some kind than he gives to it. 
He was more than convinced, he said, that the value of the 
Society to the engineer must come through personal contact 
among the engineers. For a number of years the Society 
has been operated on a budget system, and during the last 
fiscal year the income exceeded the expenditures, he said, by 
more than $22,000, which evoked applause. The spending 
of the income wisely for the greatest good of the mem- 
bers is a matter of continual discussion in the Council. We 
are now nearly ready, he said, to reap great benefit from the 
beginnings made in the Research Department, started about 
2 years ago, and the results have more than justified it. It 
was a source of optimism, he observed, that the incoming 
President was chairman of the Research Committee. 

Toastmaster Kettering then introduced Dr. Morgan with 
a few brief, characteristically humorous remarks. 

MAKING WHOLE MEN BY EDUCATION 

Obligation of every school of higher education to develop 
every resource in a student and turn out “whole men” was 
the theme of Dr. Morgan’s address, in which he explained the 
methods followed at Antioch College, Yellow Springs, Ohio. 
The students, who are drawn from all parts of the Country, 
spend 5-week periods alternately at the college and working 
in some practical jobs, some as remote as New York City, 
Chicago and in the Gulf States. The college is cooperating 
with about 200 different employers in many lines of practical 
endeavor, he said. In America we have found that we can- 
not run life entirely out of the classics and so decided to or- 
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ganize some institutions where people actually learn to do 
things, but America is beginning to be impatient with one 
kind of development alone and wants to make a normal, 
symmetrical life, which is the aim at Antioch, where they 
are trying to compare and budget the requirements of such 
a life by deciding their relative importance. A distinction is 
drawn, Dr. Morgan said, between the universals of education 
and the specific needs, those elements that should be a part 
of everyone’s education and the particular ones that relate to 
the individual to fit him for his specific field of endeavor. 

The college gives a good deal of attention to development 
of a good physical basis for the intellectual life of the student 
and to education in personal finance so that the student will 
know how to adjust himself to his economic condition. 
Efforts are made to develop a sense of beauty, also, and a 
good deal of emphasis is given to contact with realities, the 
first-hand experience of physical phenomena and contact with 
human relations. Behind all these, the college is trying to de- 
velop a. purpose in life and the underlying feeling that life 
is good and worth all the effort one can put into it, said Dr. 
Morgan in conclusion. 

NEW ERA FORECAST 

President-Elect H. L. Horning was next introduced. After 
acknowledging the honor conferred on him by his election, he 
traced briefly the experience of mankind to illustrate the 
rapidity with which we are now moving, saying that, if all of 
human experience were compressed into 50 years, the Chris- 
tian era would represent only the last 2 months and the 
quarter century of development of the automobile industry 
would cover only the last day. Economic circumstances set 
the limits to the rapidity with which we can utilize the great 
discoveries of our day, he said, and he offered the idea that 
it would be a good thing to have more business in engineer- 
ing and more engineering in business. The most important 
thing is to know what men want; therefore, he had no 
greater hope for the coming year’s work than to impress upon 
the members the value of studying psychology as applied to 
their work. 

Referring to the fuel question, he said he had reversed his 
conviction and now believed that not within 100 years will 
we suffer for lack of fuel and that the quality is assured pro- 
vided the petroleum industry can meet the economic side of 
the question. The fact of most tremendous significance is 
that the energy from the sun that falls on every acre of the 
earth’s surface yearly is equivalent to almost 4000 tons of 
coal. The great era about to start will come when some man 
shows us how to get more than 1/200 of 1 per cent of this 
energy in the form of vegetable life. Then the fuel question 
will be solved. 

Mr. Horning said he deemed it his duty to carry forward 
this year every effort to solve the great problem of highway 
accidents and referred to a single driving-rule which would 
take the place of the present hundreds of regulations but 
which had to be refined before being announced. 
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HORNING ELECTED PRESIDENT 

Number of Ballots Cast for 1925 Officers Exceeds Any 
Previous Election 

The result of the election of officers to serve during this 
administrative year which began with the close of the Annual 
Meeting of the Society held in Detroit last month, was an- 
nounced at the 1925 Dinner which was held in Hotel Astor, 
New York City, on Jan. 8. 

The tellers of election were F. H. Dutcher, W. E. Kemp 
and R. E. Plimpton. 

It was reported that 1044 ballots had been cast, 23 of 
these being void. This is the largest number of ballots 
ever cast in an election of officers of the Society, last year’s 

record of 969 being exceeded by 75. The result of the election 
with a few scattering votes was as follows: 

President 
H. L. Horning 1016 

First Vice-President 
T. J. Litle, Jr. 1017 

Second Vice-President 
Representing Motor-Car Engineering 

H. D. Church 1017 
Second Vice-President 

Representing Tractor Engineering 
O. B. Zimmerman 1018 

Second Vice-President 
Representing Aeronautic Engineering 

P. G. Zimmerman 1016 
Second Vice-President 

Representing Marine Engineering 
C. A. Carlson 1020 

Second Vice-President 
Representing Stationary Internal-Combustion 

' Engineering 
C. F. Scott 1021 

For Members of the Council 
O. M. Burkhardt 1020 
C. H. Foster 1018 
E. P. Warner 1019 

For Treasurer 
C. B. Whittelsey 1021 

In addition to those named above, the following members 
of the 1924 Council will serve as members of the Council 
for this administrative year: Past-President Crane and Coun- 
cilors Brumbaugh, Hunt and Rumney. The Council is con- 
stituted of 15 voting members. Photographs of the mem- 

bers of the 1925 Council and sketches of their lives will be 
found on p. 197. 

ENGINE-CYLINDER LUBRICATION 

Washington Section Told About Lubricating Upper 
Portions of Cylinder-Walls 

“Shotgun lubrication,” or 
methods of lubrication that 
employ oil in too great 
abundance in the hopes of 
covering all possible emer- 
gencies and that plenty of oil 
will be delivered at all times, 
was a characterization speci- 

fied by Neil MacCoull, of 
the Texas Co., while pre- 
senting his paper on Engine- 
Cylinder Lubrication to the 
Washington Section at the 
meeting held on Jan. 2. He 
remarked that such methods 
usually were practised by 

those who had no knowledge 
of how small the quantity of 
oil need be to give satisfac- 
tion. 

The principal advantage of knowing how great a reduction 
can be made in oil consumption under varied conditions lies 

NEIL MacCou.Lu 

———E 

pq naeh 



ir 

his 
ual 

an- 
or, 

mp 

of 

ots 

rs 

ion 

ee 

peary nessre 

February, 1925 No. 2 

MEETINGS OF 

not so much in the saving of a quantity of the oil, and thus 
diminishing its cost, as it does in reducing the amount of 
carbon deposit and lessening the likelihood of causing fouled 
spark-plugs. For special laboratory-work that attempts to 
determine the relative amounts of carbon deposit due to the 
use of different oils, it is essential that definite control be had 
of oil consumption that can be repeated from one run to 
another. 

In his discussion of the subject on a theoretical basis, Mr. 
MacCoull called attention to that part of the cylinder-wall 
which is exposed to the flame of combustion. At every 
explosion, some of the oil on this wall is lost because of 
evaporation, and the portion lost is some function of the 
temperature of the cylinder-wall and of the turbulence of the 
gas. Under ideal conditions, each stroke of the piston will 
earry to this wall a quantity of oil equal to the quantity lost 
by evaporation. If it brings up less oil, the wall soon be- 
comes dry and the piston will seize. If it brings up more 
oil, the excess oil will be scraped off the wall, ahead of the 

top piston-ring, and will spread gradually over the surface 
of the piston-head. Referring to the phase of lubrication in 
which the oil is restored at the same rate at which it is lost 
by evaporation, Mr. MacCoull calls this the “first phase” and 
says that, at present, it is not known how much oil is lost 
during this phase. 

Since no better data are available and to afford a working 
hypothesis, Mr. MacCoull assumed tentatively that the rate 
at which oil is burned from the cylinder-wall can be expressed 
in terms of the quantity of gasoline burned for all automo- 
biles. From average practice, 30 to 50 gal. of gasoline is 
burned to 1 gal. of oil. Statistics available show as high as 
100 gal. of gasoline to 1 gal. of oil and, in Diesel-engine 
practice, even 200 gal. to 1 gal. is reached. For ordinary 
service, this would be too near the danger point, but there 
is reason to believe that even better oil-economy can be 
secured when all the details of lubricating systems become 
worked out. He said also that it is still to be determined, 
experimentally, just how far we can go with different oils, 
and that this subject is now being investigated in. the labo- 
ratory of the company he represents. 

In the so-called “second phase” of lubrication, the excess 
oil not needed for the cylinder wall is scraped off to the 
piston-head. It is evaporated very readily by the piston- 
head, because that is so much hotter than the cylinder-wall. 
Mr. MacCoull believes that a large proportion of the oil now 
consumed in automobile engines is consumed by this evapo- 
ration from the piston-head, which can be included in the 
second phase of lubrication and is in no way of value in 
lubricating the cylinder-wall itself. 

A “third phase” of cylinder lubrication is that in which the 
oil reaching the cylinder wall is in such great quantity that 
it cannot be evaporated and burned without forming heavy 
smoke in the exhaust. This seems to result when the gaso- 
line-oil ratio approximates 10 or 15 to 1 values. 

Referring to a “fourth phase,” Mr. MacCoull defines it as 
that in which the oil supply is so copious that it cannot be 
evaporated, or that in which the oil will condense on the 
cooler metal parts and wet the spark-plug. While still in a 
liquid state, it may even go out through the exhaust-valve. 

How OIL PASSES PISTON-RINGS 

After discussing how much oil should be supplied to the 
upper part of the cylinder-wall and what happens to an 
excess of oil when it reaches that locality, Mr. MacCoull 
directed attention to ‘the lower portion of the cylinder-wall, 
from which the oil passes the piston-rings to reach the upper 
part. Apparently, when in operation, the piston-rings scrape 
off a certain percentage of the oil that is thrown on the lower 
cylinder-wall. He said that the rings almost never seal the 
oil completely and that this is a fortunate circumstance; 

because, if the oil-seal were complete, there would be no 
lubrication of the upper portion of the cylinder. The better 
the piston-rings fit in their grooves, the smaller becomes 
the percentage of oil that they will pass; but the proportion 
of oil that does reach the upper cylinder-wall is some meas- 
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Fic. 1—SPRING-LOADED BYPASS-VALVE CHARACTERISTICS 

When Used on a Full-Pressure Lubricating-System, Line a Repre- 
rents the Relationship Between the Oil Pressure and the Speed of 
the Car in Miles Per Hour If a Uniform Quantity of Oil Is To Be 
Thrown on the Cylinder-Wall at Each Revolution cf the Engine; 
Curve b, the Variation If There Were No Bypass Valve; and Curve 
c, the Relationship Provided the Bypass Valve Is Open Continuously 
and That the Passage to This Bypass Might Be of Rather Small 

Diameter and of Considerable Length 

ure of the quantity of oil thrown on the lower cylinder-wall. 
Oil viscosity at the piston-rings also affects the percentage 

that passes to the upper cylinder-wall. Hence, the hotter the 
piston is, the greater is the amount of oil that will pass up, 
even when a uniform quantity of oil is thrown on the lower 
cylinder-wall. Therefore, the temperature of the piston itself 
regulates automatically the flow of oil that passes it as the 
load on the engine increases; that is, as the volume of gaso- 
line burned is increased. 

Laboratory experiments by Mr. MacCoull’s company have 
shown that, under any one set of conditions, the quantity of 
oil actually burned in an engine is directly proportional to 
the quantity of oil thrown on the lower cylinder-wall per 
revolution of the engine. 

Following a discussion of advantages and faults of differ- 
ent lubricating systems, Mr. MacCoull directed attention to 
the curves shown in Fig. 1 of the characteristic operation of 
a spring-loaded bypass valve when used on a full-pressure 
lubricating-system. The line a represents the relationship 
between oil pressure and the speed of the car in miles per 
hour if a uniform quantity of oil is to be thrown on the cyl- 
inder-wall at each revolution of the engine. Line b shows 
the variation if there were no bypass valve; and line c, the 
relationship provided the bypass valve is open continuously 
and that the passage to this bypass might be of rather small 
diameter and of considerable length. Other lines in Fig. 1 
show the effect of varied spring-stiffness and of high or of 
low initial compression. Apparently, if a spring-loaded valve 
is to be used, the best conditions will be met with a very stiff 
spring having practically no initial compression. 

A characteristic of the spring-loaded valve is to supply an 
excess of oil at low speed and, if the speed is increased in 
great enough degree, a deficiency of oil at high speed. A 
high initial-compression of the spring aggravates this fea- 
ture which, probably, is the cause of the use of throttle or 
vacuum-controlled bypass-valves. 

Mr. MacCoull believes that, if all the ideals of lubrication 
could be realized in engine design, (a) engines can use low- 
viscosity, low pour-test and low carbon-depositing oils; (b) 
low consumption of lubricating oil will, in itself, result in the 
minimum carbon deposit; and (c) that always a uniformly 
high factor of safety under all engine speeds and loads will 
be attained. The only resource service-men have for con- 
trolling oil consumption lies in the choice of the viscosity of 
the oil used; for a high factor of safety for winter operation, 
an oil of low viscosity should be used. 

Attendance at this meeting was reduced because of the 
heavy snow-fall of the previous evening; but practically all 
of those present joined in an extensive discussion, following 
tke presentation of the paper. 
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SIX-WHEEL VERSUS FOUR-WHEEL TRUCKS 

Los Angeles Group Hears Interesting Discussion of Each 
Type’s Merits 

Benefits gained by distributing truck weights and loads 
among six wheels rather than among four wheels, includ- 
ing less liability to cause road destruction, greater carrying 
capacity and more economical operation, were enumerated by 
Ethelbert Favary, consulting engineer for the Moreland 
Motor Truck Co., Los Angeles, in his paper on the Six- 
Wheel Truck, presented at the meeting of the Los Angeles 
Group held on Jan. 9. 

Classifying the causes of road destruction under the head- 
ings of excessive loads on tires, impacts between the road 
and the tires, traction effects of the wheels and braking 
effects, Mr. Favary said that the remedy for the first is to 
reduce the load or to correct improper weight distribution. 
Impacts probably contribute the most destructive effects. 
Describing in detail what happens when a truck traveling at 
a given speed strikes a road obstruction, how the impact 
forces are exerted, he cited tests made by the Bureau of 
Public Roads to the effect that when a truck equipped with 
solid rubber tires was traveling at a speed of 16 m.p.h. and 
hit a road obstruction 1 in. high, the impact on the road 
surface was seven times the load on the tire; that is, for 
an 8500-lb. load on the rear wheel, the intensity of the blow 
imparted to the road surface was almost 60,000 Ib. at times. 
The average impact was about 4 times the static load; with 
pneumatic tires it was about 25 per cent more than the 
static load. 

Intensity of impact depends primarily upon the mass and 
upon the acceleration during the upward and the downward 
flight of the wheel and the axle; upward, when the wheel 
hits the obstruction and flies up; downward, when the wheel 
comes down after reaching its maximum upward travel, 
acquires velocity under the force of gravity and spring 
pressure and hits the road surface another blow before com- 
ing to rest. 

Regarding the unsprung weight, Mr. Favary stated that 
the greater the weight of the wheels, axles and tires is, and 

the stiffer the springs are, the greater the impact will be. 
Less unsprung weight and more flexible springs reduce 
impact. Why this is true was illustrated and explained. 
When propelled by engine power, tractive effort causes 

the driving wheels to tend to slip. The greater the speed 
of travel is and the smaller the ratio is of the load on the 
driving wheels, the greater the tendency for the wheels to 
spin and grind away the road surface will be; but the ten- 
dency is lessened when four wheels of a truck are driving 
wheels or if the load on the driving wheels is proportion- 
ately large. 

TYPES OF SIX-WHEEL-TRUCK CONSTRUCTION 

Recent California laws limit the weight of a four-wheel 
truck to 22,000 Ib. and that of a six-wheel truck to 34,000 
lb. The maximum load per inch width of tire is 700 lb. Mr. 
Favary explained that the first advantage gained by dis- 
tributing a given load over a greater number of wheels is 
the reduction of load on each wheel. With the type of six- 
wheel construction shown in Fig. 1, the two rear wheels on 
each side are tied together by a wheel-connector that is 
swiveled at the center where it is attached to the spring 
above. When one wheel is raised, the tendency is to raise 
the chassis only one-half the distance that the chassis raises 
in an ordinary four-wheel construction... Hence, when passing 
over an obstruction that raises one wheel to a certain height, 
since the center of the connector tying the two axles together 
is raised only one-half this height, the wheels can go over 
larger obstructions than possible with a four-wheel construc- 
tion without raising the chassis to more than one-half the 
distance, provided both wheels on the same side are not 
raised at the same time. The springs between the axles 
and the chassis are flexed only one-half the amount, even 
though the wheel should rise the same distance as for a 
four-wheel truck; therefore, this six-wheel construction 

lessens the impacts between the wheels and the road con- 
siderably. 

In addition, Mr. Favary remarked that, while the load on 
each rear wheel of the ordinary four-wheel truck of 22,000- 
Ib. total load is 8500 lb., the load on each rear wheel of 
the six-wheel truck shown in Fig. 1, with a total loading of 
34,000 lb., is less than 7000 lb.; on this account, the weights 
of wheel and of axle can be reduced correspondingly, thus 
gaining also a reduced unsprung weight. 

ECONOMY OF OPERATION 

Comparing percentages of pay load to dead weight of 
truck, Mr. Favary quoted for the six-wheel truck a total 
load of 34,000 lb., a pay load of 20,000 lb., a dead weight 
of 14,000 lb. and a pay-load to dead-weight ratio of 142 per 
cent; for a modern 5-ton four-wheel truck with a dump body 
and a hoist, a dead weight of 11,000 lb. and a pay load of 
10,000 lb., or a similar ratio of only 91 per cent. In a 
recent run from Los Angeles to San Francisco made by a 
10-ton six-wheel truck of the type shown in Fig. 1, the 
average running speed was 13.5 m.p.h. with a full load and 
the fuel consumption was 4 miles per gal. of gasoline. 

Supposing a demand for the transportation of 1000 tons 
of merchandise per day over a stated route, Mr. Favary 
estimated the needed number of six-wheel trucks weighing 
7 tons each and having a pay load of 10 tons each to be 100, 
or a total dead weight on the road of 700 tons; and the 
number of four-wheel trucks weighing 5.5 tons each and 
having a pay load of 5 tons each to be about 200, or a 
total dead weight on the road of 1100 tons. In such case, 
an extra 400 tons per day must pass over the road with 
four-wheel units and, even if but 180 of these were needed 
to equal the performance of the six-wheel units described, 
this would call for 80 more trucks and 80 more drivers. For 
a 100-mile route, allowing 4 gal. of gasoline per mile, the 
100 six-wheel trucks would use 2500 gal. of fuel; allowing 
5 gal. per mile, the 180 four-wheel trucks would use 3600 
gal. of gasoline. The saving of 1100 gal. of gasoline per 
day by using six-wheel trucks then represents a decrease of 
44 per cent in transporting the 1000 tons of merchandise, 
and a corresponding decrease in oil consumption. 

IMPACT TESTS 

Mr. Favary quoted other results of tests made by the 
Bureau of Public Roads. It was shown that the impact 
forces of a six-wheel truck loaded with 6 tons were lower 
than those arising from an ordinary 2-ton truck, both being 
equipped with pneumatic tires. Further, that the ordinary 
3 to 5-ton solid-tire Army truck exerts a maximum subsoil 
pressure of 6% lb. per sq. in.; but the 5 to 7%-ton six- 
wheel truck exerted a subsoil pressure of but 2 lb. per sq. 
in., each truck having been loaded by 10,000 lb. All four 
rear wheels of the six-wheel and of the Army truck are 
used for driving and braking. 

STEERING ABILITY 

After making an illustrated mathematical analysis of 
impact forces due to four-wheel 5-ton and six-wheel 10-ton 
trucks, Mr. Favary discussed the steering qualities of six- 
wheel trucks, some of which being steered by the two front 
wheels only and others using four wheels for steering. 
When the distance between the two rear axles is more than a 
given amount, steering through four wheels is a necessity 
to avoid a sliding action between the tires and the road 
surface when rounding a curve. When the two rear axles 
are close together, as in Fig. 1, in which the distance be- 
tween the centers of the rear wheels is 40 in., no such slid- 
ing action takes place, this having been proved by tests; 
consequently, no steering linkages are required for the mid- 
dle wheels, driving as well as braking being through the 
four rear wheels and steering by the front wheels only. 

SUMMARY OF ADVANTAGES 

In conclusion, Mr. Favary compared the capabilities of the 
four-wheel and the six-wheel truck. Among the advan- 
tages of the six-wheel truck, he mentioned the reduced load 
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Fic. 1—REAR CONSTRUCTION OF A 10-TON Srx-WHEEL TRUCK 

The Two Rear Wheels Are Tied Together by a_Wheel-Connector 
That Is Swiveled at the Center Where It Is Attached to the Spring 
Above. When One Wheel Is Raised, the Tendency Is To Raise 
‘he Chassis Only One-Half the Distance That the Chassis Rises in 

an Ordinary Four-Wheel Construction 

on each wheel, which results in lessened static and sub- 
soil pressure; reduced impact forces; improved traction; and 
reduced tendencies toward wheel spinning and skidding. 
Also, increased economy in freight transportation, and a 
smaller number of trucks on the road to carry the same 
amount of tonnage. Further, that fewer trucks represent 
an important part in decreasing road destruction, increase 
the traffic capacity of existing roads and minimize traffic 
congestion. 

As proof of the keen interest in the activities of the So- 
ciety on the Pacific coast, 130 representative members of 
the automotive and allied industries attended the Los An- 
geles meeting. During the progress of the animated dis- 
cussion that followed the presentation of his paper, Mr. 
Favary enlarged upon the information he already had pre- 
sented, and illustrated his replies to queries by blackboard 
sketches. 

LOS ANGELES FEBRUARY MEETING 
At the meeting scheduled for Feb. 27 at the Elite Restau- 

rant in Los Angeles, the subject for discussion will be the 
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Cost of Operation and the Economic Life of a Motor Truck. 
Three representative speakers have been invited to prepare 
papers and prominent members of the automotive industry 
have been requested to submit written discussions. The 
papers are to be presented by Joseph Scott, of the Bureau 
of Power and Light, City of Los Angeles; Eugene Power, 
superintendent of automotive equipment of the Union Oil 
Co., which uses more than 1800 units; and W. F. Fairbanks, 
superintendent of shops and vehicles for the Southern Cali- 
fornia Telephone Co. An interesting meeting is promised, 
and a large attendance is expected. 

PRINCIPLES THAT GOVERN LUBRICATION 

Buffalo Section Informed Regarding What Constitutes 

“Quality” of an Oil 

Problems that confront the engineer in selecting the 
proper grade and character of lubricating oil to give the 
best average performance in particular types of automotive 
units operating in widely diversified service were enumer- 
ated by E. W. Kimball, service engineer of the Vacuum Oil 
Co., at the meeting of the Buffalo Section held on Jan. 6. 
He also made suggestions for solving these problems, based 
upon his own experience and that of the company he rep- 
resents. 

Speaking first of the importance that the producers of 
automotive equipment attach to lubrication, Mr. Kimball 
stated that more than 50 per cent of the complaints handled 
by service-stations are traceable directly or indirectly to 
lack of care in the lubrication of the vehicle. Further, that 
the cost of lubricating the vehicle with oil of the best quality 
obtainable represents less than 3 per cent of the total cost 
of its operation. By using a lubricant of something less 
than best quality, it may be possible to effect a saving of 
one-half the lubrication costs, or 1% per cent of the total 
operating cost; but this saving cannot be made without 
risking a considerable increase in the cost of repairs. 

An oil is called. upon to perform three major functions: 
Prevent metal-to-metal contact and consequent wear; seal 

o 

SCHEDULE OF SECTIONS MEETINGS 
FEBRUARY 

3—DayYTON SECTION—Engineers’ Club—Charles F. Kettering 

4—MILWAUKEE SECTION—The Advantages of Different Voltage Electrical Systems for Motorbuses—L. P. 

Michaud; Advantages of Voltage-Regulated Generators over Third-Brush Regulation for Currerit 
Generators—D. S. Cole 

4—-NEwW ENGLAND SECTION (Boston)—Possible Improvements in Passenger Car Design—Herbert Chase 

5—Detroit SecTionN—Chassis Lubrication—Joseph Bijur 

10—PENNSYLVANIA SECTION—Digest of Winter Meetings Papers—John Younger 

12—INDIANA SECTION—Automobile Finishes—H. C. Mougey; Nitro-Cellulose Finishes from the Service 
Angle—L. Valentine Pulsifer 

13—WASHINGTON SECTION—An Analysis of Steering Mechanisms—F. F. Chandler 

16—CLEVELAND SECTION—Modern Electrical Instruments—J. H. Hunt 

17—BuFFALO SECTION—Modern High-Speed Marine Engines—L. M. Woolson 

19—METROPOLITAN SECTION—Personal Equations in Driving—H. H. Allen 

20—CHIcAaGo SECTION—The Air Mail—Paul Henderson, Second Assistant Postmaster-General 

26—SAN FRANCISCO Group—FEfficiency of Air-Cleaning Devices—Prof. A. H. Hoffman 

27—Los ANGELES Group—Cost of Operation and the Economic Life of a Motor Truck—Joseph Scott, 

Eugene Power and W. F. Fairbanks 

MINNEAPOLIS SECTION—No meeting 

MARCH 

9—PENNSYLVANIA SECTION—Service Paper—A. E. Hutt 
17—BuFFALO SEcTION—Automotive Airbrake Equipment—H. D. Hukill 
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the pistons and piston-rings, prevent “blow-by” and con- 
serve power; and transmit heat, thereby assisting in main- 
taining the working temperatures at a practical maximum. 
To obtain best results from the standpoint of lubrication, an 
oil possessing real quality must be employed, it must be of 
the proper. body and character to meet the requirements of 
the engine design and the operating conditions, and care 
must be exercised to maintain the condition of the oil within 
a safe working range during the operation of the engine. 

Essentials of lubricating quality for an oil are: Careful 
selection of the grade of crude with reference to its possi- 
bilities from the standpoint of lubrication; carefulness 
throughout the refining process to avoid destroying any 
of the inherent properties that make for real lubricating 
value; and careful packing, shipping and handling to pre- 
vent contamination. The degree to which a lubricating oil 
becomes thinned by engine heat depends upon the original 
character and body of the oii and the temperature to which 
it is heated. Operating temperatures of engines are ex- 
tremely variable. For high operating-temperatures, oils 
heavy in body and rich in character are best adapted to 
protect the mechanism against wear under the stresses im- 

posed by high temperature; when such stresses are absent, 
lighter-bodied cleaner-burning oils become suitable. 

Discussing details of the foregoing factors of lubricating 
effectiveness, Mr. Kimball went on to describe differences in 
lubricating systems and commented also upon sludge and 
carbon formations. An oil must have sufficient body to 
provide an adequate seal, and burn clean enough to prevent 
carbon formation. Engineering experience with lubricants 
and a knowledge of their properties are required in deter- 
mining their serviceabilty. The major complaints regard- 
ing the performance of a lubricant are: Rapid dilution, 
emulsification or sludging due to the presence of water, and 
carbon formation which is an aftermath of oil pumping. In 
conclusion Mr. Kimball presented specific instructions on 
how to avoid crankcase dilution, oil sludging, oil pumping 
and carbon deposits. 

In the discussion that followed the presentation of the 
paper, Mr. Kimball replied to many queries. A_ point 
brought out by L. H. Pomeroy in the written discussion he 
submitted had reference to the internal temperature of the 
engine, which is, of course, a function of cylinder-wall and 
piston temperature and, as such, not necessarily dependent 
upon the size of the engine. Mr. Pomeroy said the deter- 
minant is heat-flux per unit time in its relation to the con- 
ductivity of the various parts concerned. For example, an 
aluminum piston having a thick head will run at a lower 
temperature, at the same engine speed, than if the piston- 
head were thin. The heat-flux depends upon the total 
amount of heat rejected, according to Mr. Pomeroy’s state- 
ment, and is therefore dependent upon the product of cylin- 
der capacity and engine speed. He said also that crankcase- 
oil dilution is desirable, with the proviso that the thickness 
of the oil-film with the diluted lubricant shall be greater 
than the average size of the dirt particles carried by the 
lubricant. To this last, Mr. Kimball agreed and mentioned 
recent research work by his company in which particles of 
dirt were added to the lubricant and microphotographs made 
that contribute valuable data regarding dilution effects. He 
said also that the greatest reliance is placed on service 
tests, following extensive laboratory tests for determining 

the lubricating value of an oil. 

GOVERNOR CHARACTERISTICS 

New England Section Discusses Devices for Speed Regu- 
lation of Internal-Combustion Engines 

Characteristics desirable for a governor intended for mo- 
tor-vehicle usage were summarized by E. F. Lowe, general 
manager of the K. P. Products Co., New York City, in the 
paper he presented at the meeting of the New England Sec- 
tion held at Boston on Jan. 14. These are compactness and 
sturdiness of construction; dependability; ease of installation 
and adjustment; capability for being sealed to prevent tam- 
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pering with the fixed adjustment; ability to prevent over- 
speeding without affecting the engine’s power; provision of 
quick acceleration by opening within 100 r.p.m. of the gov- 
erned speed; refusal to increase speed at partial throttle- 
opening; and failure to over-run, but actually having a 

sharp cut-off at the governed speed. Such a governor should 
not cause the engine to “surge,” should be impervious to 
injury due to backfiring, be reasonably priced and available 
for all types of gas engine. 

STUDIO PARTY IN CHICAGO 

Entertainment and Dancing Party Given by Local 

Section During Show Week 

The activities of the Chicago Section during the Auto- 
mobile show of last month took the form of an entertainment 
and dance at Chez Pierre, of which the presiding genius is 
Pierre Nuyttens, an artist renowned for his etchings. At 

the time of this event Mr. Nuyttens was working on a por- 
trait of President Coolidge. 

This party, which was held on Jan. 29, was perhaps the 
happiest and most gratifying ever held by or participated in 
by the Chicago Section from the good fellowship and enter- 
tainment point of view. Over 100 members dined at Chez 
Pierre and danced until the wee small hours were well under 
way. A special feature of the occasion was the presentation 
to President Horning and General Manager Clarkson of 
three-quarter size crayon portraits of themselves. These 
works of art had just been finished in Mr. Nuyttens’ studio. 

LUBRICATION AND DILUTION 

Popularized Version of Bureau of Standards Research 

at Indiana Section Meeting 

Lubrication and dilution problems were treatca in a most 
unusual vein at the January meeting of the Indiana Section. 
S. W. Sparrow, member of the automotive research staff 
of the Bureau of Standards in the City of Washington, took 
occasion to present the results of lubrication studies by that 
organization in a popularized style and greatly pleased the 
members present with his unusual presentation. It is as- 
sumed that Mr. Sparrow’s comments will prove as interest- 
ing to the reader as they did to the Indianapolis audience 
and they are published here as an example of deft handling 
of a highly technical subject with what one might term a 
human interest appeal. 

That peace-destroying invention, the cross-word puz- 
zle, has acquainted us with the dictionary which ap- 
pears to know something about everything. Let us see 
what it knows of that puzzle called lubrication. Web- 
ster’s Unabridged defines “to lubricate” as “to supply, 
as moving parts and their bearings, with grease, oil, 
or other lubricant for the purpose of lessening fric- 
tion.” The chief flaw of this definition is that it sug- 
gests the force required to move one surface relative 

to another rather than the wear occasioned by the rub- 
bing of one surface against another. As far as the in- 
ternal-combustion engine is concerned, the primary 
object of lubrication is to prevent or reduce such wear. 
It is accomplished by maintaining between the two 
working surfaces some substance which will prevent 
them from being in contact while they are in motion. 
In the language of the divorce court lubrication is a 
“separation arranged on the grounds of mutual incom- 
patibility.” 

The maintaining of this desired separation between 
the two working surfaces depends upon the unwilling- 
ness or reluctance of the lubricant to depart from 
between them. That property upon which the reluc- 
tance depends is known as viscosity, and the unit of 
absolute viscosity is defined as the force that will move 
a unit area of plane surface at a unit speed relative 
to another parallel plane surface from which it is sepa- 
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rated by a layer of the liquid of unit thickness. If an 
increase in viscosity is added insurance against con- 
tact, why then should not the highest possible viscosity 
be sought? The answer has a familiar ring—‘“It costs 
more.” Cost as here used does not refer to the money 
that much be paid to obtain a gallon of oil but to the 
force that must be exerted to shear the oil-film. 

PouR-TEST MAY NoT INDICATE COLD PROPERTIES 

A recent advertisement for an oil states, “The lung- 

ing thrust of plunging pistons is smoothed to silence 
and smoothed to power by this lubricant which leaps 
to its work in defiance of cold.” This “leaping to work 
in defiance of cold” is an extremely desirable but some- 
what rare characteristic. The ability of an oil to flow 
at low temperatures is of the utmost importance in 
aviation-engine practice because of the extremely low 
temperatures encountered. For this reason experi- 
ments have been made at the Bureau of Standards in 
which oils at a temperature of —10 deg. cent. (14 deg. 
fahr.) were caused to flow through a tube about \%-in. 
in diam. and 3-in. long. It was found that the rate 
of flow of a paraffin-base oil increased more than 
in proportion to the pressure causing flow. This did 
not occur with oils of other bases. The investigation 
has shown that the present pour-test fails as a measure 
of the tendency of an oil to flow at the low temperatures 
sometimes encountered in the operation of an air- 
plane engine, as under these conditions a paraffin-base 
oil shows a more rapid rate of flow than a naphthenic 
oil of much lower pour-test. 

Too high a viscosity is bad, too low a viscosity is 
worse for if the viscosity is too low there will be 
excessive friction and excessive wear under full-load 
conditions. With every engine there is some speed, 
some load, some part of the cycle where unit pressures 
are a maximum and if the viscosity of the lubricant is 
adequate for this condition it will, of course, be more 
than adequate for all other conditions. 

Dilution reduces the viscosity of the crankcase oil. 
Someone has said that it does no harm provided the oil 
originally is more viscous than necessary. That is 
granted provided the dilution is considerate enough 
to stop just when it reaches the critical viscosity. It 
seldom does. The seriousness of dilution is not 
primarily the reduction in viscosity but the instability, 
the continuous changing of viscosity. We sometimes 
hear the idea advanced that dilution is somewhat of a 
blessing in that being greater in winter than in sum- 
mer it automatically provides the less viscous oil which 
is generally recommended for winter use. It is even 
pointed out that when the oil is badly diluted operation 

at full load will eliminate this dilution and thus auto- 
matically supply the more viscous oil which such opera- 
tion demands. Unfortunately the kindness shown by 
the diluted oil in these instances does not appear to be 
premeditated but is what in legal jargon is known as 
an “accessory after the fact.” The high viscosity de- 
sired for full-load operation comes after a period of 
operation at full load and the low viscosity which makes 
the engine easy to turn over in starting comes after 
the engine has been turned over and supplied with the 
rich mixture necessary for starting. 

CAUSES OF DILUTION 

What causes dilution? Under normal operating con- 
ditions, that is to say, after the engine has reached its 
normal operating-temperature, it appears that it 

(1) Depends primarily on the average tem- 
perature of the cylinder-walls 

(2) Depends directly on fuel volatility 

(3) Depends directly on the average fuel-air 
ratio 

(4) Does not depend much upon the charge 
temperature or the degree of vaporiza- 
tion 

It appears that the four influences stated above can 
be explained by a knowledge of the dew-point tempera- 
ture, the temperature at which the first drop of fuel 
will condense on cooling or the last drop will evaporate 
on heating. If the temperature of the oil-film on the 
cylinder-wall is below this value liquid spray striking 
this wall will not be evaporated and vapor striking 
the wall will be condensed. Hence the influence of 
jacket-water temperature upon the rate of dilution. 

Obviously the dew-point temperature does not de- 
pend upon the intake temperature; hence the tempera- 
ture of the cylinder-walls at which dilution stops should 
not depend primarily on intake-charge temperature 
nor should dilution depend upon it directly. If the fuel 
were entirely evaporated before entering the cylinder, 
condensation on the cylinder-walls and consequent dilu- 
tion would occur if the walls were below the dew-point 
temperature. Upon fuel volatility, however, the rate 
of dilution is directly dependent and the lower the 
volatility the more dilution one would normally expect. 
The reason for the dependence of crankcase-oil dilu- 
tion upon fuel-air ratio is evident since the dew-point 
temperature depends upon fuel-content as well as upon 
volatility. 

It is interesting to know that the influence of wall 
temperatures has been investigated using a tempera- 
ture of the cooling medium as high as 100 deg. cent.- 
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(212 deg. fahr.). Oil was the medium employed, its 
choice being dictated solely by convenience. No at- 
tempt was made to study its efficiency as a cooling 
medium, attention being directed only at the problem 
of dilution. The dilution under such conditions was ex- 
tremely small, the viscosity actually increasing as is its 
normal change when dilution is absent. This experi- 
ment is of practical interest in that temperatures of 
this order can be obtained with steam-cooling systems. 

EFFECT OF STARTING ON DILUTION 

The dilution which has been discussed thus far, that 
which takes place under normal operating-conditions, 
is likely to proceed at a rather steady rate and eventu- 
ally to reach an equilibrium value. The situation is 
somewhat different with respect to the dilution that 
occurs during the starting period. An enormous in- 
erease in fuel must be provided at low temperatures 
to get sufficient fuel vapor to form an explosive mix- 
ture. It is not an increase of 10 or 20 per cent but 
of more than 1000 per cent. The portion of the fuel 
that under such conditions vaporizes in time to enter 
effectively into combustion bears about the same rela- 
tion to the total as the frosting does to the rest of 
the cake. This unvaporized fuel comes in contact with 
the cold oil-film, dilutes it and eventually reaches the 
crankcase. Where starts are frequent and periods of 
continuous operation are rather short, the rate of dilu- 
tion is likely to be extremely high and the diluent 
must be eliminated from the oil at a comparatively 
rapid rate to maintain the viscosity of the oil at a 
safe value. How the diluent gets out of the oil is an 
important question and should receive attention as 
well as how the diluent gets in. 

MacCoull, in a paper’ presented at the 1924 Semi- 
Annual Meeting of the Society showed that the tempera- 
ture of the crankcase oil had a marked influence on 
the rate of dilution. This influence is probably the 
result of increasing the rate at which the diluent gets 
out rather than of decreasing the rate at which it gets 
in. Some investigators have found that the extent 
to which the crankcase is ventilated is important. The 
theory may not be known to every washerwoman but 
the facts are, namely, that heat and a breeze are neces- 
sary for evaporation. Devices for eliminating dilu- 
tion are usually designed to heat all or a part of the 
oil and their action in principle is somewhat as just 
described. 

There are certain penalties attached to avoiding or 
eliminating dilution by increasing the average tempera- 
ture of the jacket-water or by increasing the average 
operating temperature of the crankcase oil. Increas- 
ing the jacket temperature is likely to increase detona- 
tion troubles. Increasing the average operating-tem- 
perature of the crankcase oil means that its initial 
viscosity must be higher. This, of course, means in- 
creased effort to crank the engine when starting. 

LUBRICANT’S FUNCTION AS A PISTON SEAL 

Thus far, we have dealt with the subject on the 
assumption that oil serves only as a lubricant. To 
some extent at least it must act as a seal between the 
piston and the cylinder-walls and at times this func- 
tion of the lubricant is decidedly important. Recently 
some tests were made at the Bureau in which the fric- 
tion horsepower of an engine was measured with the 
cylinder-head on and then with it removed. The 
difference is or at least bears some relation to the 
pumping loss. 

An increase in pumping loss resulted from remov- 
ing the rings due, of course, to leakage. This increase, 
however, was only about % hp. when the jacket-water 
temperature was 20 deg. cent. (68 deg. fahr.), but it 
was more than 2 hp. when the jacket-water was at 
90 deg. cent. (194 deg. fahr.). The effect of a change 

2See Tue JourNa., July, 1924, p. 97. 

in viscosity upon the oil’s effectiveness as a seal is 
apparent. At a speed of 1200 r.p.m. with a jacket- 
water temperature of 20 deg. cent. (68 deg. fahr.), this 
pumping loss was the same with and without the rings 
which appears to indicate that the oil itself forms an 
adequate seal under such conditions. 

While this matter of leakage is under consideration 
it may be of interest to know that recent tests have 
shown no increase in dilution to result from an in- 
crease in clearness of + in. in diameter or from re- 
ducing the number of rings from 3 to 1, but that re- 
moval of the last ring caused a very marked increase in 
the dilution. 

The target to be aimed at in lubrication is to pro- 
vide a lubricant which will keep the metal surfaces 
apart, produce the minimum amount of friction, ef- 
fectively seal the combustion-chamber, and not go 
where it is not wanted. To prepare the target is not 
difficult; to hit it is no small achievement. 

MEETINGS ON INSPECTION 
Two round-table meetings of inspectors were held in De- 

troit during January under the auspices of the Detroit 
Section for the purpose of organizing a series of meetings 
devoted to matters directly concerning automotive inspec- 
tion. It will be remembered that the Detroit Section de- 
voted one of its meetings last spring to papers on inspection 
methods and the interest aroused at the time indicated that 
more such meetings would be popular. The committee that 
has the inspection meeting programs in charge is made up 
of engineers in the Detroit district who are directing the 
inspection work of some of the principal car and parts fac- 
tories. 

CLEVELAND SHOW EXHIBIT 
Enterprising officers and committee workers of the Cleve- 

land Section staged an interesting Society exhibit in one 
of the booths at the Cleveland Automobile Show during the 
third week of January. The exhibit included motion pic- 
tures and slides depicting automotive industrial activities 
in the city of Cleveland and vicinity, posters setting forth 
the objects of the Society and describing its work and dis- 
plays of Society literature and other material which gave 
the motorist some conception of what the Society is and 
what helpful things it has done for him. The Clevelanders 
are commended for their interest and justifiable pride in the 
parent Society and their Section as demonstrated by the 
unselfish effort needed to stage this exhibit successfully. 

PAINT A POPULAR SUBJECT 
Methods of finishing automobile bodies continue to at- 

tract wide interest among members of the Society. This 
is evidenced’ by the fact that both the Milwaukee and Min- 
neapolis Sections devoted their January meetings to papers 
on nitro-cellulose enamels, their properties and methods of 
applying them. Both meetings were addressed by R. P. 
Thayer of Valentine & Co. and R. C. Williams of E. I. du 
Pont de Nemours & Co. They presented the advantages of 
the nitro-cellulose materials introduced by their respective 
companies. 

Incidentally, the Indiana Section is to devote its February 
meeting to this same topic. The meeting will be addressed by 
H. C. Mougey of the General Motors Research Corporation 
and L. Valentine Pulsifer of Valentine & Co. It will be 
held on Feb. 12 at the Hotel Severin, Indianapolis. 

SAN FRANCISCO ACTIVITIES 
Air cleaners were the topic treated at the meeting held 

by San Francisco members of the Society in that city on 
Jan. 29. F. J. Annis, California distributor of the Protecto- 
motor Co., read a paper on Tests of Air-Cleaners in the 
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Voleanic Ash Districts of California. The meeting was well 
attended and the paper was productive of considerable inter- 
esting discussion. 
Members interested in the San Francisco activities of the 

Society should get in touch with A. A. MacCallum, &. K. F. 

a 

_ MEETINGS OF THE SOCIETY ee ee 

Industries of California, Inc., 115 New Montgomery Street, 
San Francisco. 

The San Francisco members will meet on Feb. 26 when 
Prof. A. H. Hoffman, of the University of California, will 
speak on the Efficiency of Air-Cleaning Devices. 

THE ANNUAL MEETING 
A Complete News Account of This Important Gathering 

ANNUAL MEETING IS GREAT SUCCESS 

Papers, Exhibits and Demonstrations Received Enthu- 
siastically by Large Attendance 

Judged from all angles, the Annual Meeting in Detroit, 
Jan. 19 to 22, may be regarded as one of the most success- 
ful national gatherings ever held by the Society. Attend- 
ance numbered close to the 900 mark, but the number was 
not the significant thing. Of far greater importance was 
the predominance of men whose interests are primarily 
those of a purely engineering nature, the technicians who 
bear the major responsibilities of current automotive en- 
gineering development. Assuredly this was an engineering 
meeting. There were new things to hear, see and learn in 
every session. Exhibits and demonstrations that featured 
nearly every paper aroused an unusual amount of favorable 
comment. Never before has such keen interest been taken 
in models, samples and demonstrating apparatus as was 
evidenced in the displays at this year’s Annual Meeting. It 
was not an uncommon sight to find large numbers of men 
grouped about the exhibit tables a half-hour after the close 

of a session. 
It is not an easy task to select the topic that aroused the 

greatest interest at the Detroit meeting. Usually one or 
two sessions of a national meeting stand out as the ones most 
largely attended and on that basis the topics discussed in 
them are judged as those which appeal most to engineers at 
the time. This was not the case with the 1925 Annual Meet- 
ing. Little difference was noticed in the number present at 
the Wheel-Shimmy, Balloon-Tire, Engine Vibration, Lubri- 
cation, Aeronautic or Research Sessions. All sessions were 
well attended, even when two were being held simultaneously. 
So no attempt will be made to judge which of the several 
topics discussed is uppermost in the minds of engineers to- 
day. It may be said advisedly that the Meetings Committee 
struck a respondent chord in laying out a program that 
seemed to have such a general appeal to the engineering 
fraternity. 

Exceptionally able delivery of papers featured the Annual 
Meeting program. Perhaps the large number of demonstra- 
tions and the quantity of exhibition material was responsible 
in part for the commendable presentations. At any rate, 
many members spoke particularly of the unusual amount 
of interest taken in the actual presentations of thé several 
papers. Formality seemed to have been erased, audiences 
evidenced an uncommon concentration on the matters in 
hand, all were alert and the attentiveness was that of an 
engineering conference of associates keenly interested in a 
problem, rather than that of a conglomerate assembly of 
men from many ranks and companies listening to the formal 
delivery of technical theses. The same keen interest was 
taken in the discussions. 

A complete and illustrated news account of the Annual 
Meeting will be found on the following pages. This includes 
abstracts of the discussion of all papers, descriptions of the 
many exhibits, an account of the Carnival, and the reports 
of the Administrative Committees and the Treasurer. Also, 
a majority of the papers read at the meeting are published 
in full in this issue of THE JOURNAL. The remainder of the 
papers will, it is expected, appear in full in the March issue. 

RESEARCH SESSION DRAWS CROWD 

Instruments and Committee Work Discussed; Interesting 

Exhibits Featured 

A real indication of the ef- 
fectiveness of any activity of 
the Society is the degree to 
which the members take ad- 
vantage of the opportunities 
that are offered. In the work 
of the Research Department 
the information service may 
be taken as illustrative. One 
thousand requests for infor- 
mation handled through cor- 
respondence and a_ great 
number of questions an- 
swered by direct conference 
is the record for the past 
year as presented at the Re- 
search Session of the Annual 
Meeting -by President-Elect 
H. L. Horning in his report 
of the activities of the Re- 
search and Highways Com- ; 
mittees, in which the Research Department. cooperated. 
Among the major research projects with which the Society 

is directly connected; those on highways, automotive fuels 
and riding-qualities are perhaps the most important. The 
highway research, an investigation of motor-truck impact, is 
being carried on by the Bureau of Public Roads with the 
Rubber Association and the Society through its Highways 
Committee cooperating. In the fuel research, satisfactory 
progress has been brought about through the joint activities 
of the Bureau of Standards, the American Petroleum Insti- 
tute, the National Automobile Chamber of Commerce and the 
Society. Work on the riding-qualities project has thus far 
been confined to the Research Committee. A Riding-Quali- 
ties Group of the Committee includes in its membership H. C. 
Dickinson, E. C. Newcomb and E. P. Warner. 

The Automotive. Research columns of this issue of THE 
JOURNAL, p. 161, contain a detailed summary of the Society’s 
research activities as they were discussed by President Horn- 
ing at the Annual Meeting. 

INSTRUMENTS FOR AUTOMOTIVE RESEARCH 

J. A. C. WARNER 

Exhibits of some 20 instruments, adapted to automotive 
research, presented an interesting accompaniment to the pa- 
per given by J. A. C. Warner, the Society’s research manager. 

The following were among the exhibits and exhibitors that 
so largely contributed to the success of the meeting: 

Bureau of Standards 
Apparatus for measuring fuel flow by volume 
Clearance volume indicator 
Carbon pile telemeter 
Engine indicator made by the American Instrument 

Co. 
Vibrometer 
Pedal pressure indicator 
Decelerometer made by the American Instrument Co. 
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The Cambridge & Paul Instrument Co. of America, Inc. 
Electrical apparatus for exhaust gas analysis 

Engineering Division of the Air Service 
Farnsboro electric engine indicator 
Elverson oscilloscope 

International Motor Co. 
Riding-qualities accelerometer 

Lubricating Appliance Mfg. Co. 
Apparatus for determining viscosity and dilution 

Rotsastat Instrument Co. 
Stroboscopic apparatus 

Wniversity of Michigan 
Modified engine indicator 
Gas analysis apparatus 
Apparatus for measuring fuel flow by weight 
Loudness evaluator developed for the Timken Roller 

Bearing Co. 
Waukesha Motor Co. j 

Phaneloscope for the study of sound, made by H. G. 

Dorsey 

Mr. Warner first discussed the general considerations that 
apply to all instruments adapted to automotive research and 
then described a number of special instruments. 

GENERAL CONSIDERATIONS 

Characterizing the automotive industry as outstanding in 
its effort to obtain with utmost speed the answer to engineer- 

ing and research problems, the speaker called attention to 

the hazards sometimes involved in the type of procedure 
demanded by tremendous production schedules and rapid 

advancement. Costly errors have resulted from experimental 

work improperly planned and executed, from conclusions too 

quickly drawn and from unjustified interpretation of observed 

indications. The widespread use of cut-and-try procedure 

was said to be due largely to the failure of hastily applied 
research methods in many cases in which mature considera- 
tion would have shown the apparently longer course to be 

promising of more prompt and satisfactory results at a 

lower net cost. 
DESIGN REQUIREMENTS 

Clerk Maxwell, in his General Principles of the Construc- 
tion of Apparatus wrote in part: 

There are certain primary requisites which are com- 
mon to all instruments and which therefore are to be 
carefully considered in designing or selecting them. 
The fundamental principle is that the construction of 
the instrument should be adapted to the use that is 
made of it, and, in particular, that the parts intended 
to be fixed should not be liable to become displaced; 
that those which ought to be movable should not stick 
fast; that parts which have to be observed should not 
be covered up or kept in the dark; and that pieces in- 
tended to have a definite form should not be disfigured 
by warping, straining or wearing. 

The concise statement of requirements above quoted was 
amplified by the speaker under the headings of adequate 

accuracy amd sensitivity, sturdiness ami durability, adapta- 
bility or corvenience in use, good workmanship and reason- 
able cost. 

ROUGH-AND-READY DEVWECES 

Mr. Warner called attention to the fact that many of our 
most serviceable and valuable instruments and laboratory 
set-ups are constructed from miscellaneous material picked 
up around the plant and assembled by the use of a pair of 
pilers and a screw driver, with a generous admixture of in- 
genuity. It is often undesirable, he said, tw expend relatively 
large sums of money on instruments that are to be usedi for 

a short series of observations only and’ that can be con- 
structed in a very homely fashion with the minimum: ex- 
penditure of time and funds. Good workmanship and flaw- 
less finish are impressive but are often unjustified. 

Attention was called to the items that should be considered 
in determining the type of design and corstruction with re- 
spect to the cost. 

MotTmon STUDY 

Automotive engineers are often reauired to analyze the 
motion of moving parts or systems. This may be done by 
(a) direct observation, (5) graphical recording, (c) stro- 

boscopic means and (d) photographic processes. The speaker 
discussed the advantages of the above methods and empha- 
sized the value of stroboscopic and photographic apparatus 
for this work. 

In connection with motion-picture metheds, it was stated 
that camera speeds of from 32 to 5000 exposures per: see. 
have been satisfactorily used. A 5000-per-sec. camera pro- 
duced in England was said to weigh approximately 4 tons, 
and the cost of negative film alone for this camera was said 
to be approximately $1,500 per min. 

Motion-picture methods for studying moving parts have 

many advantages for certain types of work. The records 
may be projected in large size upon a screen or the film 
may be examined carefully through a magnifier. Reasonably 
accurate measurements may be made by the use of a fixed 

scale and when desirable a time scale may be produced upon 
the film by a regulated high-tension spark maintaimed by a 
tuning fork. One obstacle to the more extensive use of 
motion-picture methods is the high relative cost. Continuing 
his discussion of methods of motion study, the speaker de- 
scribed several types of stroboscopic apparatus and called 
particular attention to the Elverson oscilloscope which was 
included in the exhibit. 

How Loup Is Loup? 

Direct analysis of sounds or noises by the unaided human 
ear has the limitations characteristic of other human records. 
The development of apparatus for the study of noise was 
reviewed from the application of the listening rod to the 
modern devices which utilize electrical methods. Among the 
latter, one of the most interesting is the apparatus developed 
at the University of Michigan under the direction of Floyd 
A. Firestone for the Timken Roller Bearing Co. 

wat 
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FIRESTONE DESCRIBES NOISE EVALUATOR 

In his description and demonstration of the electrical ap- 
paratus for determining the loudness of noise from bearings 
or other sources, Floyd A. Firestone called attention to the 
wide field of usefulness of this arrangement. The instrument 
was said to consist essentially of an ordinary microplone 
combined with a sensitive alternating current voltmeter. 

In the demonstration the voltmeter scale was projected 
upon the stereopticon screen and the pointer moved across 
its scale in accordance with the loudness of noises that were 
produced. The extreme sensitivity of the arrangement was 
of great interest. Mr. Firestone stated that the indications 
of the instrument are practically independent of pitch and 
that the quantity indicated is loudness. 

In the factory the indicating dial is observed by the in- 
spector who compares indications from the bearings under 
inspection at the rate of one every 3 sec. with a dial-reading 
obtained from a bearing known to be satisfactorily quiet. 

The apparatus was said to be susceptible of accurate cali- 
bration against a given standard. For comparative pur- 
poses this may be a 110-volt 60-cycle current properly regu- 
lated to cause a certain deflection of this voltmeter. 

The loudness of sounds varies greatly from the faintest to 
the loudest that one would be interested in studying; the 
factor involved in this variation may be a million or more. 
It is thus necessary to equip the loudness evaluator with a 
control device that enables the operator to arrange for a 
sensitivity adapted to the réquirements. 

FIRESTONE WITH His LOUDNESS EVALUATOR 

This Apparatus Has Been Used by the Timken Roller Bearing Co. 
To Study the Loudness of Noise Issuing from Bearings and Other 
Parts. The Apparatus Developed at the University of Michigan 
Includes a Microphone Element Connected in a Suitable Electric 
Circuit Which Utilizes a Voltmeter To Show the Loudness of 
Sounds or Noises. A Special Microphone Is Used for Studying 

Vibrations of Solid Parts 

“MEETINGS OF THE SOCIETY 

DEVICE FOR MEASURING FUEL FLOW BY WEIGHT DEVELOPED BY PROF. 

W. E. Lay aT THE UNIVERSITY OF MICHIGAN 

The Apparatus Includes Devices for Operating. through Electric 
Circuits, the Stop-Watch and the Counter-Mechanism That’ Is 

Attached to the Dynamometer Shaft 

Mr. Firestone called attention to the fact that the type of 
apparatus described is not selective and that it measures the 
total loudness without being capable of differentiating between 
the various component parts of a given noise. He stated fur- 
ther that work is now in progress on an apparatus which 
will confine the attention of the instrument to any given 
pitch or frequency that is to be studied. With this arrange- 
ment it should be possible to assign the proper noise values to 
the various parts included in a given mechanism. A number 
of possible applications of this device in the automotive in- 
dustry were enumerated. 

For measuring the vibration of a given surface from which 

noise issues a different kind of microphone, resembling the 
stettoscope is used. This microphone may be likened to a 
small brass cylindrical container, with a projecting point 
that is held against the vibrating surface. It was demon- 
strated that this type’responds very little to air vibrations 
but that it does show a marked effect when subjected to the 
vibrations from solid objects. 

FURTHER DISCUSSION 

Prof. W. E. Lay, of the University of Michigan, described 
certain modifications that he had made upon a well-known 
type of maximum-pressure engine-indicator of the balanced- 
piston type. The modification consisted of a cooling arrange- 
ment which permits the indicator to be screwed directly into 
the cylinder instead of at the end of a long constricted pas- 
sage. 

Professor Lay also described and demonstrated an in- 
genious automatic arrangement for measuring fuel flow by 
weight in connection with engine tests. The apparatus is 
rendered automatic by the use of suitable electrical] circuits 
to operate a stop-watch and the counter at the proper point. 
It was said to require little attention during a run, thus 
leaving the observer free to make necessary observations and 
adjustments. The recording may be done at any time after 
the run at the convenience of the observer. The possibility 
of error is reduced to the minimum and the apparatus is 
accurate enough to show consistent results in a run of less 
than 2-min. duration. 

Prof. George Granger Brown, of the University of Mich- 
igan, discussed his methods of exhaust-gas analysis and de- 
scribed and demonstrated the apparatus which he uses. The 
application of this apparatus to the study of distribution, 
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combustion and other factors not only in a laboratory but 
on the road was expiained. 

S. H. Woods, of the International Motor’ Co., described a 
recently developed apparatus for studying riding-qualities 
by measuring vertical, accelerations. Two records are made 
simultaneously upon the chart, one being the shock and the 
other the rebound. 

w 

AVIATION PROGRESS 

Woolson Describes ‘New Aircraft Engines; Stout, the 

All-Metal Plane 

Recent Advances in Aircraft Engine Design, as exemplified 
by the Packard Models 1500 and 2500, and the Design of All- 
Metal Airplanes were the topics discussed respectively by 
L. M. Woolson and ‘W.'B. Stout before a crowded session 
over which Charles L. Lawrance presided. 

Improvement in airplane performance during the last 6 or 
7 years, said Mr. Woolson in part, has been due to two fac- 
tors: (a) advances in aerodynamics, which have improved 
the structure and decreased the parasite resistance of air- 
planes so that less power is required.to fly at a given speed 
with a given load and (b) improvements in powerplants, 
which have served to produce more power for the same 
weight of engine and require smaller overall dimensions for 
the same power. In addition to being more compact than the 
Liberty engine in both length and height and weighing 140 lb. 
less, the Model 1500 500-hp. engine develops about 100 hp. 
more, when each engine is run at its rated speed. Similarly, 
comparing the Model 2500 800-hp. engine with its predecessor, 
the Model 2025, a gain of 250 hp. is made with a decrease of 
75 Ib. in weight. 
When these superiorities are translated into terms of air- 

plane performance as applied to commercial aviation, a com- 
parison of the Model 1500 with the Liberty engine, when used 
in the Stout “air pullman,” shows that it is possible to trans- 
port double the pay-load over the same distance at a higher 
speed, or to transport the same pay-load over 2% times the 
distance at a higher speed. This means a 100-per cent in- 
crease in revenue; and lightweight engines properly designed 
are not more expensive to manufacture, less reliable, or 
shorter lived than is the Liberty. 

STuDY OF DETAILS 

In designing the new engines precedent was disregarded 
when unsupported by well recognized and proved engineering 
limitations. Nothing was taken for:granted and every de- 
tail was given the closest possible scrutiny. Believing that 
the foundation of engine design is represented by the bear- 
ing layout, exact knowledge was sought as to the loads to 
which the bearings were to be subjected, and the design pro- 
ceeded accordingly. The connecting-rod and main bearings 

February » 1925 

THE JOURNAL. OF THE SOCIETY OF AUTOMOTIV E ENGINEE RS” 

L. M. WooLson WILLIAM B. Stout 

received first consideration. Providing generous bearings 
means increasing the length of the engine, hence, increasing 
its weight, although in many cases the length is dictated by 
cylinder design. 

But, as a new type of cylinder construction and assembly 
was adopted, the necessity arose for thorough investigation 
into the possibility of shorter crankshaft and connecting-rod 
bearings than have hitherto been customary. It was found 
that failures of bearings were rarely due to lack of lubrica- 
tion and that the wear often was not measurable, but that the 
failures were caused by fatigue of the babbitt lining that 
had been produced by minute flexing of the bearing backing. 
The importance of more-rigidy bearing-backing was thus 
brought out; and it was evidegt that if the babbit were pre- 
vented from flexing under load far greater loads could be 
carried without distress. Tests, accordingly, were made to 
determine the limitations of various types of bearing metal, 
under no appreciable flexing of the bearing and with ample 
force-feed lubrication. 

The results showed that the greatest PV value without seiz- 
ure was obtained from babbitt-lined steel-backed bearings 
and that this value ranged from 44,500 to 48,500 lb. per 
sq. in., depending on the size of the bearing. The PV 
value of the bearing loads, as compared with those of the 
Liberty engine, were found to be: for the crankpin, 18,520 
Ib. per sq. in., as against 13,200; center, 35,000, as against 
22,650; and intermediate, 27,000, as against 14,000. In 
general, the tests showed that the new bearings will have 
at least double the life of the corresponding Liberty bearings. 

Experience with the Liberty engine having shown that 
rigidity of the crankshaft is highly desirable, because tor- 
sional vibrations of the crankshaft induce troubles in the 
timing-gear train, the new crankshafts were designed so 

PART OF THE PACKARD EXHIBIT 

At the Left Is a Completely Assembled Model 1500 Engine Developing 
Various Component Parts Are Shown 

500 B. Hp. and Weighing 835 Lb.; at the Right the 
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that the primary critical speed would occur far beyond 
the critical range of the engine. On the Model 1500 engine 

the critical speed of vibration is 64 per cent higher than on 
the Liberty engine and the crankshaft is about twice as 

stiff as that of the Liberty, although the weight is ap- 
proximately 30 per cent less, the result being a marked 
smoothness of operation accompanied by freedom from wear 
in the timing-gear train. 

CYLINDER DESIGN 

Two major considerations dictated the type of cylinder 
design that was adopted, namely, (a) that adjacent cylinders 
should be placed as close together as possible, to diminish the 
bulk and weight of the engine as a whole, and (b) that the 
cylinder assembly should be as light as possible. A com- 
pleted Model 1500 cylinder weighs 9.5 lb., and it develops 
nearly 50 hp.; a Model 2500 cylinder weighs 15.2 lb., and it 
develops nearly 70 hp. 

The advantages of the construction selected are that water 
circulation is provided in close contact with all heated sur- 
faces, the steel cylinder-barrel is used as a wearing surface 
and also carries the explosion loads down to the crankcase, 
the hold-down flange is located some distance from the end 
of the cylinder barrel, which allows a very compact con- 
struction and adds depth and rigidity to the crankcase, and 
the engine can be run successfully in an inverted position. 

Other advantages of individual cylinder construction in- 
clude ease of manufacture, ability to install the largest 
possible valves while maintaining adequate water-circula- 
tion around the valve-seats, and a more closely spaced 
cylinder arrangement than is possible with any other form 
of construction. 

The aluminum valve-housing is bolted to the six cylinders 
to form a cylinder-block, which remains assembled through- 
out all the usual operations of assembling and disassembling, 
but any individual cylinder can be replaced, if necessary, 
with the minimum of delay. This housing performs the 
functions of distributing the mixture to the six cylinders 
from the two carbureter cross-header manifold connections, 
of forming the exhaust passages into each of which are 

siamesed the two pairs of exhaust-ports from two adjacent 
cylinders, of collecting the water circulated through each 
cylinder-jacket and delivering it through a single outlet at 
the front of the engine, and of supporting the pedestals and 
the valve-stem guides. 
A single camshaft is used interchangeably for each block 

of cylinders, each camshaft having 12 cams for operating 
the six pairs of inlet and six pairs of exhaust-valves in each 
block. A positive means of cooling the exhaust-valve is pro- 
vided by pumping a fixed quantity of oil through the valve 
each time it is opened. The exhaust-valves, consequently, 
operate at a very low temperature and the valve-seat is pre- 
served in excellent condition for long periods of time. 

VALVE-SPRINGS 

The valve-springs are of the multiple-cluster type and 
consist of a group of small-diameter piano-wire springs ar- 
ranged in planetary fashion around the valve-stem, 7 of 
these springs being used for each valve of the Model 1500 
engine and 10 for each valve of the Model 2500 engine. 

An important point in this construction, and one of the 
least obvious, relates to the natural period of vibration of 
the small springs. Other advantages result from the in- 
creased factor of safety in numbers, since any valve will 
continue to function even if several of the springs should be 
broken, the reciprocating weight of the springs is reduced, 
and the properties of the small-gage piano wire are superior 
to those of springs heat-treated after forming. 

It has been clearly proved that the cause of failure of the 
valve-springs, previously attributed to fatigue and to minute 
imperfections in the material, is due to a resonance effect 
between the natural vibrations of the springs and the forced 
vibrations of the engine produced by the firing impulses. In 
the multiple type of spring, the natural frequency of vibra- 
tion is 250 per sec., as compared with 72 per sec. in the 
single type; in other words, the frequency is 3% time as 
high. 

MEETINGS OF THE SOCIETY 

A VeRY INTERESTING EXHIBIT OF CRANKSHAFTS 

The Progress Made in Weight Reduction from the Liberty Engine 
Assembly Weighing 105 Lb. to the Packard Model 1500 Weighing 
73 Lb. Is Strikingly Brought Out. The Crankshaft Assemblies of 
the Shenandoah and the Packard Model 2500 Engines Are Also 

Shown 

Previously, breakages of the valve-springs have occurred 
in six-cylinder engines at speeds in excess of 4000 r.p.m., 
in 12-cylinder engines, at about 2000 r.p.m., and in 18- 
cylinder engines at speeds not exceeding 1600 r.p.m. Al- 
though used in many prolonged tests with high-speed engines, 
the small springs have been immune from failure. Copious 
lubrication is furnished by full pressure-feed to the in- 
dividual camshaft-bearings and is aided by the oil discharge 
from the exhaust-valve stems at each opening. 

As the minimum number of gears is employed, the timing- 
gear and accessory-drive layout combines simplicity with the 
integral construction of the shaft and gear, wherever permis- 
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COMPARISON OF THE LIBERTY AND THE PACKARD Mopex 1500 ENGINES 
FROM DIFFERENT STANDPOINTS 

The Two Blocks at the Top Illustrate the Reduction in Weight and 
the Increase in Power of the Model 1500 Engine (Above) as Com- 
pared with the Liberty Engine (Below). The Liberty Engine 
Weighed 2.15 Lb. per Rated B. Hp.; the Packard Engine Weighs 
Only 1.44 Lb. Comparative Performance Curves Are Also Shown 
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PROFILES OF 

The Compact Design of the Lat tter Engine a 

sible, and with the use of pressure-lubricated chilled-alumi- 
num plain bearings throughout. These features combine to 
save weight while preserving dependability to the utmost 
extent. 

PUMPS 

All fuel, oil and water-pumps are grouped into a single 
unit, which is used interchangeably on both the Model 1500 
and the Model 2500 engines. The pump unit contains three 

spur-gears that are housed in to form the oil-scavenging 

pumps; and these gears, in turn, each drive another unit, 

the first driving the water-pump, the second, the fuel-pump, 
the third, the oil-pressure pump. The entire pump unit 
weighs only 16 lb. including the oil-strainer and the oil- 
pressure relief-valve. 

A special magneto is driven by a laminated spring-coupling 
connected with the camshaft center drive-shaft, 
continued through the top of the case. This magneto is a 
single mechanical instrument with all its electrical parts 
duplicated and independent throughout. It has one magnetic 

circuit and two electrical circuits, the failure of either one 
of which will not appreciably affect the other. In this system, 
a generator may be substituted for the magneto and, by 
providing a suitable contact-breaker on the end of the gen- 
erator shaft, battery ignition may replace magneto ignition 

with no changes in the engine itself nor in the wiring be- 
tween the distributors and the spark-plugs. Airplanes hav- 
ing little demand for electric current may be equipped with 
magnetos, and those requiring more current, for wireless, 

lighting, and the like, can be equipped with battery ignition. 
The weight of the engine in either kept at the 
minimum. 

Slipper-type pistons, very short and comparatively light 
though of rugged construction, are used in both the 1500 
and the 2500-type engines. The smaller piston, notwith- 

which is 

case is 

THE LIBERTY AND THE PACKARD MODEI 

- ~ © aan ——---, 

1500 ENGINES 

s Compared with the Earlier Design Should Be Noted 

standing the fact that it has 15 per cent greater area, 
weighs only 90 per cent as much as the Liberty piston, 
whereas the larger piston weighs only 63 per cent as much 
as that used on the Shenandoah, while having only 9 per 

cent less area. The lengths of the pistons, 344 and 3+% in., 
respectively, were finally determined upon after the skirt 
had been gradually diminished. 

Although both engines were originally designed for direct 
drive, both have been built in geared form for use with a 
special gear-reduction of the spur-gear single-reduction 
type, which is entirely self-contained. A shock-absorbing 
drive between the crankshaft and the pinion has proved 
very successful in preventing the gear 
from impact loading. 

trouble resulting 

ADVANTAGES OF THE INVERTED-TYPE ENGINE 

The Model 1500 engine has also been built in the inverted 
type, the four major advantages of which are: (a) improved 
vision, (6b) a high center of thrust, which ensures better 

flying-quality in that it offsets the tendency of the airplane 
to climb when under full power, (c) accessibility for inspec- 
tion and overhauling while on the ground, and (d) favorable 
location of the carbureters, which allows gravity feed and 
renders complicated piping and pumping arrangements un- 
necessary. 

As the weight of the Model 1500 airplane engine is 
about 1.4 lb. per hp., the weight of the airplane complete is 
but little more than that of the engine alone a few years 
ago; consequently, maneuvers can now be performed that 
previously were impossible. 

Contemporaneous progress in aviation-engine development 

consists largely of detailed improvements intended to yield 
lighter and more reliable engines that will have lower first- 
cost and be more economical in operation and maintenance. 

OFFICERS FROM SELFRIDGE FIELD WHo ATTENDED THE AERONAUTIC 
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Although experimental work in engine design is continually 

directed along unconventional lines, the most important 
advances during the next few years, in the opinion of the 
author, will be made with 12-cylinder water-cooled and nine- 
cylinder fixed radial air-cooled engines, for these types offer 
the best opportunities for immediate engineering advance. 

In the near future, an engine weighing about 1 lb. per hp. 
is a strong probability. Such an engine would consume its 
weight in fuel every 2 hr. and the carrying capacity would 
be reduced correspondingly by the amount of fuel that must 
be carried. 

THE DISCUSSION 

In the discussion that followed the reading of the paper, 
the numerous questions that were asked elicited further 
information from Mr. Woolson, and his replies are sum- 
marized as follows: 

The valve ports, he said, are not bored but are formed 
after. assembling. The cylinders are interchangeable to a 
very large degree and are frequently interchanged after 
the valve-seats have been formed. Rotary engines are prac- 
tically obsolete for they have been superseded by the fixed 
radial type, which is superior in every way. A radial-type 
engine can produce as much power as a rotary engine and 
does not consume power in rotating itself. Rotation is not 
necessary for cooling and the centrifugal forces produced 
in the rotary engine require that it be made of much better 
material. Inverting the Model 1500 engine requires no 
change in the method of feeding oil to the bearings, but the 
drainage of oil from the crankcase is somewhat different. 
The various compartments formed by the cylinder barrels’ 
projecting through the crankcase must each be drained. 
Acceleration is greater than gravity and no difficulty is 
experienced in getting oil into the cylinders, provided the 
cylinder barrels project inside the crankcase. 

The break mean effective pressure, he continued, is about 
140 lb. per sq. in., but the operating pressure will depend 
on the degree of throttling. The fuel consumption is about 
the same as that of other aviation engines and varies from 
0.53 lb. for the maximum output to 0.47 lb. for the maximum 
economy. 

Lack of the necessary flexibility in two-cycle engines was 
given as the reason for their infrequent use. Aircraft en- 
gines must have flexibility. If two-cycle engines could 
throttle, accelerate and operate wide-open as well as do 
four-cycle engines, they would be used very largely. The 
fuel consumption of two-cycle is higher than that of four- 
cycle engines. 

If impedance were present in the circuit, he added, it 
would make no difference whether one circuit of the primary 
of the magneto were short-circuited or merely open. If 
no impedance were present, the engine would miss and pos- 
sibly stop. The temperatures at which the exhaust-valves 
operate would make the use of either silchrome or tungsten 
valves satisfactory, but high-tungsten valves have been 
preferred. The valve-seats are chrome-nickel forgings, con- 
taining 0.40 per cent carbon. 

BEARINGS 

No trouble has been experienced with the babbitted bear- 
ings on the steel shells, continued Mr. Woolson. The babbitt 
will loosen when backed with bronze but the elasticity of steel 
is about double that of bronze. 

The disadvantages of flying with an inverted engine, Mr. 
Woolson continued, have not been fully determined, but the 
question will undoubtedly be settled by flight tests during 
= coming year. The lubrication problem is not difficult to 
solve. 

Driving the auxiliaries from the front end of the crank- 
shaft is merely a matter of convenience. Driving them 
from the rear end would be satisfactory, provided the crank- 
shaft were stiff enough to avoid the effects of torsional 
vibration. 

The size of the engines is largely one of demand. The 
recent tendency in airplanes has been toward the use of 
small high-speed engines geared down to slow-speed pro- 
pellers, but in lighter-than-air craft, the demand has been 
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for heavier engines. Designs have been produced for en- 
gines of 3500 hp., which would weigh about 1 lb. per hp. 

In arranging the valves so that the four inlet-valves are 
in one compartment and the four exhaust-valves in an- 
other, he continued, no appreciable difference has been noticed 
because one pair of stems is nearer to the port than is the 
other. 

Babbitt is molded to the steel back by a centrifugal 
process and is held against the steel by grooves cut into the 
steel circumferentially. So far, the steel-backed bearings 
have given perfect satisfaction. Carbonization of the oil in 
the exhaust-valves does not occur because of the rapidity of 
the flow of oil through them. The temperature of the oil 
does not exceed 220 deg. fahr. and carbvnization will not 
take place below 400 deg. fahr. 

The very entertaining paper on the Design of All-Metal 
Airplanes presented by Mr. Stout is printed in full on p. 
209 of this issue of THE JoURNAL. Before proceeding with 
the reading of the paper a series of slides, showing the de- 
velopment of the thick-wing type of airplane and various 
details of its construction, was thrown on the screen. On 
account of the lateness of the hour at which the meeting 
came to a close, no discussion of Mr. Stout’s paper took place. 

ALL-METAL PASSENGER CAR BODIES 

Comparisons Made Between All-Metal and Composite 
Design Features 

— bodies and their advantages when compared with 
J the usual wood-and-metal construction formed the sub- 
ject for discussion at one of the sessions devoted to passen- 
ger-car bodies. The paper on All-Metal Body Design and 
Construction, by E. G. Budd and Joseph Ledwinka, was pre- 
sented by Mr. Budd and is printed in this issue of THE 
JOURNAL on p. 219. 

Replying to questions, Mr. Budd first explained how the 
“ring” or tinny sound credited generally to an all-metal body 
has been exaggerated. He acknowledged a difference in the 
quality of the sound, compared with that produced by a wood- 
and-steel body, but claims that an all-metal body is less 
noisy than one built of wood and steel. He said there is 
no more thin sheet-metal in a steel body than in a wood- 
frame body. Although the outer shell is somewhat heavier, 
it is formed in a manner that stiffens it and eliminates the 
noise that people like to designate as “tinny.” Also, that 
the shell of the body referred to in his paper is of a more solid 
construction than is the outer shell of a composite body. 
As to servicing an all-metal body in case of collision and 
wreckage, Mr. Budd was not prepared to say that repair is 
easier than for a composite body but is certain that it is 
no more difficult. With suitable equipment, he mentioned 
that repairs on all-steel railroad-coaches have been found to 
be accomplished more easily than was true for the wood- 
and-steel type of construction. 

J. LEDWINKA E. G. Bupp 
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Comparing the weights of all-steel and of composite bodies, 
Mr. Budd stated that any structure for which a definite re- 
quirement of strength is demanded will be lighter if made 
of steel than if made of wood, and instanced bridge structure 

and modern steel-frame building-construction as examples. 
To the query regarding what conditions determine the selec- 

tion of gas or of electric spot-welding, he replied that gas 
welding is almost exclusively for seams while spot-welding 
is used as a substitute for rivets; but by making the spots 
of welding very close to each other, the effect of seam- 
welding is attained electrically. He said that both forms of 
welding have respective merits and that both are needed. 
For an equal strength of body and an equal weight, he 
claims that an all-steel body will withstand a crash better 
than would the composite construction. 

“Blind spots” due to the obstructions to the driver’s vision 
interposed by the two front supporting columns of a closed 
body can be minimized better in all-metal than in composite 
construction because, for a given strength, the columns can 
be made smaller. 

Production problems were touched upon by Mr. Budd, who 
said that analysis determined details regarding whether hand- 
work or expensive tools and dies were to be used. For 
great quantities of product, expensive tools and dies are 
justified, but for costly bodies, few in number, they are not. 
As an instance he cited a supposed order for 5000 cars, 
calling for say 5000 doors. The question then is presented 
whether to expend say $20,000, or $4 per door, for door dies 
or to use say half the number of dies and do half of the 
work by hand at a less costly rate. He explained the prob- 
lem as being a mechanical one. 

T. J. Litle, Jr. 
Air-Cleaner 
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Mr. Budd believes that the all-steel construction for auto- 
mobile bodies will become as universal as for railroad coaches. 
Regarding roof construction, he said that, as yet, his com- 
pany has not determined how to make a roof of steel that 
will be as light in weight as is the composite roof ordinarily 
used. He compared methods of trimming all-steel and com- 

posite bodies, and said that trimming for the all-metal con- 
struction is entirely made up on the bench. Operators who 
are skillful at handwork replace the former skilled uphol- 
sterers. No tacks are used on the trim below the roof line. 
The material is mounted on three-ply wood veneer 3/32 in. 
thick, after being made into pads, folded over the edges 
of the form and glued to its back, in the case of door and 
other panels. The panels are clamped in place and then are 
fastened almost entirely by the hardware fittings that are 
screwed on afterward. At locations where no such hard- 
ware is used, clips on the back of the veneer project under 
the in-turned flange of the door or the upper back panel. 
The roof is covered on the bench, inside and out, including 
head-lining. It is installed after the body is completed and 
painted, and after the inside fittings of upholstery are put in. 
It is fastened by screws that come up through the roof rail, 
through the upper rail of the body in door openings, window 
openings and the real windows, as well as along the wind- 
shield in front. Holes are drilled in the metal work and 
the wood screws engage in the wood rail of the roof. 

In conclusion, Mr. Budd discussed strains that are intro- 
duced when a metal sheet is put over a wood frame, due to 
the different physical characteristics of these materials. Such 
a metal shell does not strengthen the frame, and distortions 
of the wood tend to break the shell. 

THE BUSINESS SESSION 

Remarkable Sections Growth and Good Financial and 
Membership Conditions Shown 

The adjourned session of the 1925 Business Meeting of 
the Society, which had been convened at the Hotel Astor, New 
York City, on Jan. 8, was held in Detroit on Jan. 20, with 
President Crane in the chair. Reports were made by various 
Administrative Committees and by the Treasurer. 

MEMBERSHIP COMMITTEE REPORT 

Chairman W. R. Strickland, of the Membership Committee, 
reported that the Society had on its rolls 5174 members and 
affiliate member representatives, this constituting an in- 
crease of 121 during the last year. This increase represents 
the difference between 569, the total number of new members 
who were elected and qualified during the year, and 448, the 
total number who ceased to be members through resigna- 
tion, being dropped for non-payment of dues or other cause. 

The Committee felt that the practice of dropping members 
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who are not sufficiently interested in the Society to pay their 
dues, within the time provided by the rules, is resulting in 
a strengthening of the membership. This is indicated by the 
fact that 83 per cent of the members paid their dues for 
1925 before Jan. 1. It is interesting to note that most of the 
members who resign or drop their membership do so because 
they have severed their connections with the industry; in 
parting, they usually have a good word for the Society and 
its work. 

The status of the Society’s membership at the end of last 
year, as compared with that of 1923, was as follows: 

Dec. 31, 1923 Dec. 31, 1924 
Members, including Service 

and Foreign Members 2,871 2,885 
Associates 1,422 1,492 
Juniors 556 512 
Affiliates 103 105 
Affiliate Representatives 101 180 

5,053 5,174 
Enrolled Students 258 246 

5,311 5,420 

The Membership Committee expressed its appreciation to 
the members who assisted it by sending in the names of pros- 
pective members on post cards mailed to them from time 
to time. The Sections Membership Committees also were 
complimented on their work. The splendid cooperation of 
the members with the Society’s headquarters staff in carrying 
out the mail campaign outlined by the Committee at the 
beginning of last year resulted in the receipt of 760 applica- 
tions, or an increase of 157 applications over the number 
received in 1923. The mail campaign was begun about 
April 1. 

REPORT OF THE MEETINGS COMMITTEE 

On behalf of the Meetings Committee, Chairman T. J. 
Litle, Jr., stated that the meetings of the Society dur:ng 

the administrative year were generally successful. 
Efforts had been made to secure papers of specific inter- 

est to each of the various groups of the membership and to 
select the papers on the basis of their scientific and prac- 
tical merit. Care was exercised to confine the meetings to 
topics of current interest. Most of the papers dealt with 
problems awaiting solution rather than with problems al- 
ready solved. 

The Meetings Committee has appreciated the increasing 
importance of industrial research and the year’s programs 
reflect the leadership of the automotive industry in scientific 
and production activity. A large percentage of the papers 
have revealed results of what may be termed research in- | 
vestigations. Data of this nature have been invaluable to the 
members in their development work. Many specialists have 
been called upon to address the meetings. 

The Society intends not only to continue its production 
activities but to strengthen and extend them. Those mem- 
bers whose interests are primarily of a production nature 
are urged to assist the Meetings Committee and Council in 
making the 1925 Production Meeting the best yet held by the 
Society. 

It is the intention of the Meetings Committee to arouse 
greater interest in aeronautics during the present year. 
More papers and meetings on commercial aviation are desired. 
The active interest of those engaged in the aeronautical in- 
dustry is solicited. 
*Greater enthusiasm must be aroused in the motorboat 

field. The number of optimists who look upon this branch 
of the automotive industry as possessing great possibilities 
in the immediate future is increasing. The Society has made 
repeated efforts to be of service to the motorboat industry 
and intends to continue its work in that field, despite the 
recent postponement of the New York Motorboat Meeting 
for lack of industrial interest. 

Members of the Society who do not make a practice of 
attending its meetings are denying themselves a great 
privilege. Automotive progress is rapid and there is no 

THREE FRANKLIN EXECUTIVES WHO ATTENDED THE MEETING 

From Left to Right They Are E. S. Moore, Chief Engineer; R. 
Murphy, Manager of Works; and S. R. Castor, Assistant Chief 

Engineer 
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Unexpended Income 

TOTAL LIABILITIES AND RESERVES 

better means of keeping pace with new developments than 
attending Society meetings and studying the accounts of 
them in THE JOURNAL. 

SECTIONS COMMITTEE REPORT 

The substance of the report of the Sections Committee, 
which was submitted by Chairman J. H. Hunt, was that 

FARNBORO ELECTRIC ENGINE INDICATOR 

This Instrument Developed at the Royal Aircraft Establishment in 
England Is of the Balanced-Disc Type and Is Being Demonstrated 
by R. Insley of the Powerplant Section, Engineering Division, Army 

Air Service 
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the billing of Section dues by the central office at the same 

time the bill for Society annual dues is sent out has had most 
gratifying results. There has been an increase of about 1000 

in the total number paying Section dues. This very desir- 
able situation carries with it increased responsibility for the 
Section officers, who must organize the work of the Sections 
so that the new members will feel that Section membership 
is a paying proposition. 

The Council has taken steps to put through the following 
changes in the Constitutions of the Society and of the Sec- 
tions, these changes having been recommended by the Sec- 
tions Committee: 

(1) Make enrolled students and affiliate member repre- 
sentatives eligible to Section membership upon 
election by the Section Governing Board 

(2) Members of the Society automatically become 
members of Sections upon paying Section dues 

(3) Reorganize the Sections Committee personnel to 
make it directly representative of all of the 
Sections 

The Sections are carrying on their work in a very satis- 
factory manner and there is every promise of a successful 

year. 
There is considerable interest in the possibility of estab- 

lishing Sections on the Pacific coast. 

have already held several meetings. 

REPORT OF THE TREASURER 

Members in California 

Treasurer C. B. Whittelsey, in presenting copies of detail 
figures, made the following remarks: 

The last fiscal year of the Society ended Sept. 30, 

1924. The figures for the year show that our gross in- 

come was $325,509.60, or an increase of $23,955.63 

over the gross income for the previous fiscal year. 

After the cost of sales was deducted, a net revenue 
of $238,448.94 was available for use in connection with 

membership benefits. 
The total expenses were $216,467.41, an increase of 

$8,826.47 over the previous year; and the net unex- 

pended income was $21,981.53, or an increase of $3,- 

193.34 over 1923. 
The Society owns securities representing a cost value 

of $133,639.69, which is an increase of $35,839.06 over 

the previous year. These securities are held in cus- 
tody by the Chemical National Bank of New York as 
funds to be drawn upon as emergencies or necessities 

arise. 
The Society’s finances are budgeted. First the in- 

come is estimated, and, secondly, the expenditures are 
planned not to exceed such estimate. The actual in- 
come of the Society for the year ended Sept. 30, 1924, 
exceeded the estimated income by $32,100.95; and the 

Sr mere 



2 Vol. XVI February, 1925 No. 2 

MEETINGS OF THE SOCIETY | ey 

Hiram Walker L. '.. Williams A. A. Cripps Ferdinand Jehle 
Chandler Cleveland Dodge Bros. White 
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actual expenses exceeded the budget figures by $10,- I cannot tell you with what interest the Council and 
a. . 119.42. But, as above stated, we finished the year with the officers watch the reaction of the members to the 
0 an unexpected income of $21,981.53. Society activities. The Society is for the members. It 
“d Increases in expenditure were made only when they is not for anybody else. Whether the members approve 
“a would increase the income ; for instance, by improving of the activities or not can be determined largely by 
ne the work of the Sections, by increasing the member- the attendance at meetings, by the papers that are 
ip ship, and by increasing the miscellaneous and adver- prepared, by the increase in membership, and by a 

tising sales, which constitute two-thirds of the total hundred smaller details that stow real interest. 
. income of the Society. The general expense of conduct- _ I can see no place for the Society in the automotive 
“4 ing the business of the Society was lower than the industry just as a social club. It has its good points, 

budget figures by over $2,000, which adds one more ac- 
complishment to the praiseworthy record of our Gen- 
eral Manager and genial friend, Coker F. Clarkson, 
and his efficient and painstaking organization. 

PRESIDENT CRANE’S REMARKS 

I think that you have seen from the reports of the 
committees that materially in any case the year has 
been a successful one. If it has been so, it is because 

of the work of the committees of the Society. I can- 
not think of any organization of the size of ours of a 
voluntary nature in which so large a proportion of the 
members willingly work for the benefit of all the mem- 
bers and the society as they do in ours. In most or- 
ganizations a committee is appointed and it is appar- 
ently understood and expected that the chairman will 
do all the work. From attending the meetings of many 
of our committees this year, I know that that is not 
the case with us. Committee meetings are enthusias- 
tically attended by a truly surprising percentage of 
their total members, who take an animated part in all 
of the discussions. 

Besides my connection with the Society, I have been 
connected with the General Motors Corporation for a 
couple of years and have therefore been brought much 
closer to the duties of the engineers actually engaged 
in production, and in the merchandising of this 
Country’s cars. Seeing, as I do, the conditions under 
which they work, the stress, the long hours, it becomes 
increasingly surprising to me that they are able to 
find the time to do the Society’s work in the way they do. 

It will be absolutely impossible to prevent the ad- 
vance of this Society continuously and with increasing 
strength so long as the members remain in their pres- 
ent frame of mind toward it. Its present position is 
not the work of any one man or any small group of 
men. It is the work of all the members. 

My own feeling is that the advance in professional 
standing has fully equalled the advance in material 

as we all know, in that direction but, unless it advances 
our professional standing and the strength of the in- 
dustry as a whole, it cannot succeed. 

Wken we see an increase in the number of members 
taken into the Society we feel that this is probably due 
to the fact that the members already in have been 
spreading the good word that it is a good thing to be 
a member; and that is the only strength that we re. 
quire. An occasional campaign in which by good sell- 
ing methods men are interested in something they 
know little about and join, and then become discour- 
aged and disgusted would never get us anywhere at all. 

The officers have always been and still are glad to 
receive any suggestions, comments or questions regard- 
ing the operations of the Society. The fullest possible 
publicity from the officers about the operations of the 
Society, the reasons for certain courses of action, are 
not only the right of the members but they are the 

BUREAU OF STANDARDS CARBON PILE ELECTRIC TELEMETER 

matters; that the meetings of the Society, and of the 
Sections, have added materially to our total sum of 
knowledge and that the publication of the papers and 
discussions in THE JOURNAL has been of great benefit 
to all the members and to the industry. 

Apparatus Shown Is for Demonstration Purposes. A Force Exerted 
Upon the Lever Shown at the Center of the Illustration Causes a 
Variation in Pressure on the Carbon Discs of the Telemeter. These 
Discs Are in Series in an Electric Circuit with a Voltmeter. As the 
Resistance Changes the Flow of Current in the Circuit Varies and 
by Suitable Calibration It Is Possible To Determine the Force 

Applied 
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Four OTHER SESSION CHAIRMEN 

strength of the Society if the news is broadcast as to 
what we are doing and why we are doing it. 

We have had various questions brought to the office 
in the last year. Almost invariably the questions were 
based on misunderstanding. When the actual facts 
were brought out, the members were entirely satisfied. 
For that reason we encourage questions. I hope we 
shall always anticipate questions by giving as full pub- 
licity to all of the detailed business of the Society as 
we can. 

I am glad to tell you that in many instances this 
year I have taken advantage of contact with executives 
of high position in the business by telling them what 
the Society is and what it does. They may not under- 
stand some of the papers that we have at the sessions 
but, when I shake this balance sheet in their faces and 
point to the fact that we have in cash in the bank and 
in securities about $140,000, that we are operating on a 
budget in the most highly businesslike way, that the 
Society is a paying proposition and that it is run by 
the members in that way, I find they have an entirely 
new respect for us. I suggest that the more the mem- 
bers acquaint themselves with the real strength of the 
Society, and the more they tell about it among their 
superiors who are not of the engineering lines, the 
greater will be the respect of those superiors for what 
the engineers have done in their own private job. 
We are entering upon a year that will be a trying 

one for everyone in this business, I feel convinced. It 
will be a year of intense competition that is apt to be- 
come rather ruthless at times. 

The engineers in the past have been accused of many 
deficiencies and, if car sales fall off or prices ha¥e to 
be cut, the engineers are apt to be again singled out 
by other interested parties as the probable cause of 
the lack of interest in the product. , 

I believe that by a closer adhererige to the Society, a 
greater interest in the gee lhg et a close at- 
tendance at meetings, a closer cooperation, we*can 
greatly safeguard our position. If we really know,your 
work; if we carry ‘out our engineering on principl on 
basic facts, not on temporary expedients; if we stand 
with our feet firmly on the ground and do not attempt 
to recover ground that has been lost for one reason 
or another, possibly not of an engineering nature, 
by some wild and extravagant motion that appears as 
a life-saver; we will certainly go through the year in 
a much stronger and in a more highly respected posi- 
tion. 

From our very work we should have a cooler grasp 
of what is going on than those who are in the hectic 
business of selling, or financing, or possibly produc- 
tion. We, in our business, are dealing with facts which 
do not change from day to day, the force of gravity, 

the tensile strength of steel the qualities of fuel, and 
that very dealing with every-day facts should make 
our judgment on the whole situation sounder, provided 
we come together as much as we have in the past, or 
even more, and concentrate our knowledge in all our 
hands for the benefit of all of us. 

PRESIDENT-ELECT HORNING’S COMMENTS 

I wish to extend my thanks and to express the hope 
that I can come through this year with the wonderful 
cooperation which has been given President Crane on 
account of his character and because we all love him 
and the great results which came about from that co- 
operation. 

I am more impressed every day by the fact that the 
Society has a growing position in the industry and 
that it has particularly the duty of getting before the 
members information concerning great movements in 
the industry before they happen. I think in this con- 
nection that four-wheel brakes are a wonderful thing 
because they allow a man to stop at a place long after 
he has passed there. 

I am going to put all the force I can behind the 
Society to see that we get information on new things 

at least within 2 years after they have been put into 
cars. I notice that the most interest in such things 
occurs after the fellows have put them in cars and 
they are commencing to give trouble. If you want 
a real active and interesting session, right after a 
bunch of engineers have adopted some new kind of top 
or a new kind of a crankshaft is the time to do it. 

I think it is the duty of the Society, and we have 

usually succeeded in this respect, to get the informa- 
tion before the ‘second year of use. 

I am very pleaséd to announce that one of the major 
sessions of the Sunimer Meeting this year will relate to 
the elements of design of motor cars in which highway 
safety is involved.’ Mr. Crane produced a report that 
I was mighty proud of. I wrote him to that effect. It 
was one of the best written reports that has ever been 
put out on any subject. Mr. Crane, representing the mo- 
tor-car industry, had to soft-pedal a lot, and I kad to tell 
him so, too. But he did a fine job. At the Summer 
Meeting I want to see the report extended honestly, 
frankly, sincerely, into all the things that go to make 
for safety. I want to retire from the presidency next 
year with the feeling that I have done my duty in 
regard to highway safety. . 

Some very interesting sessions will be held during 
the year. I never attended a more satisfactory con- 
ference than that of the Meetings Committee today. 
There will be meetings during the year on special 
subjects. They are practically planned for, the type 
of papers has been outlined, and the meetings will all 
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be conducted like this one. We have a wonderful exhi- 
bition here tonight. We had a great showing this 
afternoon in both sessions. 

With those things in view and soliciting your hearty 
cooperation, I will ask you to do just one more thing. 
We will have a wonderful session this summer. I do 
not believe we ever approached a Summer Meeting 
with such forward planning as we have right now for 
this meeting. 

The subjects that are coming up are ripping sub- 
jects. We are going to White Sulphur Springs, which 
every one admits is a real place to go. The Sports 
Committee is lining up for a real program, and the 
management of the meeting will be unusually good. 
I want to ask your utmost cooperation to the end of 
having as large a meeting there as possible. We will be 

able to take care of over 1000 and I want every room 
filled. 

I want to thank you again for the great honor that 
you have conferred upon me. I want to say that, after 
going through about 16 pp. of lists of Divisions of the 
Standards Committee alone, and about 18 or 20 more 
of lists of other committees, I realize that I have been 
given a job that I did not deserve. 

STANDARDS COMMITTEE REPORT 

In the absence of Chairman E. A. Johnston, Manager R. 
S. Burnett of the Standards Department presented the an- 
nual report of the Standards Committee, as approved and 
modified by the Council. This is summarized elsewhere in 
this issue of THE JOURNAL. Upon motion, duly seconded, it 
was voted unanimously that the report be approved for sub- 
mission to letter ballot of the voting members of the Society. 

CONSTITUTIONAL AMENDMENTS 

The amendments of paragraphs 2, 8 and 45 of the Consti- 
tution of the Society, proposed at the meeting held in Spring 
Lake, N. J., last June, were brought up for consideration. 

Copies of these, together with comments of the Council and 
the Constitution Committee, had been mailed the Members 
last November. Upon motion, duly seconded, it was voted 
that the proposed amendments of C2 and C8 should be sub- 
mitted to letter ballot. 

Upon the motion of T. J. Litle, Jr., which motion was duly 
seconded, it was voted to amend the proposed amendment of 
C45 so as to provide for the appointment annually by the 
President of 12 instead of 5 members to serve on the Meet- 
ings Committee. Upon motion, duly seconded, it was voted 
that this proposed amendment of C45, as amended, should 
be submitted to letter ballot. 

February, 1925 

C. E. SuMMeErRs’ APPARATUS To SHOW CRANKSHAFT VIBRATION 

A Small Gearbox Driven by an Electric Motor Imparts Vibrations 
of Known Frequency to the Crankshaft under Investigation. This 
Apparatus Was Developed by General Motors Research Corporation 

ENGINE VIBRATION 

Summers Makes Remarkably Interesting Demonstra- 
tion of Factors Involved 

In presenting his paper entitled Measurement of Engine 
Vibration Phenomena, which is printed in full in this issue, 
C. E. Summers spoke extemporaneously in a very vivid and 
forceful manner. Undoubtedly, this paper and demonstration 
constituted one of the hits of the whole meeting which made 
it of unparalleled value. Probably the most striking thing 
about Mr. Summers’ address were the demonstrations of run- 
ning apparatus. 

The theme was that a number of things have combined to 
accentuate engine vibration as an undesirable thing, principal 
among these being higher average driving-speed on good 
roads, the more extensive use of closed cars, greater engine- 
speeds and gear-reductions, and higher compression-ratios 
with consequent increased tendency to detonation. 

The causes of vibration reside in unbalance, bending of 
shafts, centrifugal force and torsional vibration of shafts. 
Mr. Summers has made an extended study of just what 
happens in a crankshaft under the various conditions of 
operation; both mathematically and through various forms 

GENERAL Morors RESPARCH CORPORATION APPARATUS FOR STUDYING EFFrects OF UNBALANCE IN CRANKSHAFTS AND OTHER 

VIBRATION PHENOMENA, INCLUDING TORSIONAL VIBRATION 
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of apparatus. The crankshaft in recent years has become 
heavier and stiffer in all its parts. Still all the difficulties 
are not eliminated. This is due to the fact, President Crane 
pointed out, that balance involves the whole length of the 
shaft and localized additional mass does not necessarily 
suffice. 

Illustrating torsional vibration in a shaft, Mr. Summers 
showed a simple disc so mounted on a rod that it could oscil- 
late torsionally. Not much happens when the disc oscillates 
at other than its natural frequency, but at its natural fre- 
quency great amplitude is built up. Just so, at some speed 
impulses reach the crankshaft through the connecting-rods at 
the natural frequency of the shaft. Mr. Summers showed 
this clearly by clamping a shaft to reduce its effective length. 
This sort of effect is of course latent in various parts of 
the chassis. 

Mr. Summers’ demonstration of the effect of a three-lobe 
cam, set forth in his paper, was particularly illuminating. 
Three-sided, six-sided and nine-sided images indicated the 
torsional vibration at the different speeds. With ordinary 
engines, Mr. Summers said, the condition of the nine-sided 
figure occurs at about 30 to 35 m.p.h., other rough spots 

BUREAU OF STANDARDS CLEARANCE-VOLUME INDICATOR 
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coming at one and one-half times the speed of a former one. 
A more rigid shaft tends to vibrate more rapidly, coming 
into phase at a higher speed of piston impulse. In no prac. 
tical engine that he knows of does the triangular effect exist 
within the driving range. 

Mr. Summers demonstrated an instrument that has been 
designed by his assistant, C. L. Lee, for recording the fre- 

quency and amplitude of vibrations. It operates under gov- 

ernor control at uniform speed. He also showed how small 
gears slightly out of balance can produce marked shaft 
vibration, emitting a sound very like that of shaft torsional 
vibration. 

The effect was indicated, with running diagrams, of the 
explosion pressure bending the shaft, a real vertical period 
being shown by the greater vibration at one speed than at 
another. The centrifugal force acting on a_ six-cylinder 
crankshaft was also illustrated. The manner of measuring 
crankcase deflection was described. As compared with the 
deflection under the same force applied statically, the deflec- 
tion of a crankcase force is about twice as great. 

Typical indicator-cards were submitted of the effect of 
weight at the front end of a shaft. As the front end is 
lightened, the periods occur at higher speeds. With most 
engines the audible periods can be placed above the ordinary 
driving-speeds. In cooperation with J. H. Hunt, an elec- 
trical torsional vibration indicator was developed to show the 
relation of each vibration to the firing of the engine. The 

characteristic vibrations of different types of engine were 
set forth by Mr. Summers. 

Many of the graphs exhibited by Mr. Summers were 
reminiscent of nightmares of our worst disturber of sleep. As 
President Crane, who presided at the session, said, they made 
plain the great power that resides in small increments of 
force. 

W. R. Griswold, of the Packard Motor Car Co., said that 
at the plant of that Company about the same conclusions 
that Mr. Summers stated has been arrived at mathematically, 
the calculation of torsional speeds having been reduced to a 
very simple graphical method. 

Mr. Summers replied to questions that: 

The judicious use of front-end flywheels is a good 
thing. 

The Lanchester slipping-flywheel type of dampener 
pulls down the period and also reduces the amplitude. 

That it is questionable whether the conventional posi- 
tion of flywheel can be improved upon for all-round 
utility. 

A good six-cylinder crankshaft can be made with 

anywhere from two to seven bearings. 

The principal objection to torsional 
unpleasant noise. 

The variation in turning effort can be lessened by 

changing the firing order of certain engines, in which 

gas pressure rather than piston invention is the pre- 
dominating cause of vibration, but ordinarily uneven- 
ness of torque is the prceblem to be wrestled with. Se- 
curing the ideal is a very long story. 

In its vibrations, the camshaft follows the crank- 
shaft, in lesser degree. 

vibration is 

H. L. Horning stressed the importance, for smooth engine 

running, of horizontal as well as vertical stiffness of crank- 
case. He said that, if timing-gears are maintained in good 
alignment, they will last almost indefinitely. He pleaded for 
the avoiding in parts of the chassis, such as foot pedals and 

radiator rods, of natural frequencies synchronous with those 
of the engine. The laws of chassis vibration and counter- 
vibration must be grappled with. 

Prof. H. N. Jacklin, of Ohio State University, said that, to 
reduce torsional vibration, the flywheel weight should be 
distributed along the whole length of the shaft. 

D. G. Roos, of the Locomobile company, reported that he 
had found that such construction involves a torsional vibra- 
tion point so persistent that a Lanchester dampener with a 
very large inertia-element and very high frictional setting 
is unable to eradicate it. Also that by far the greater amount 

of deflection is due to torsional twisting of crankshaft cheeks. 
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Prof. E. P. Warner, of Massachusetts Institute of Tech- 
nology, took exception to what Professor Jacklin said, on 
the ground of practical experience and also of theory. 

Chairman Crane advanced as the probable solution of the 
crankshaft problem the picking of a shaft for a given job. 
He cited the practice of the aeronautic-engine designer in 
operating the engine at a speed outside a period of vibration. 
The motor-car problem, involving various speeds, is of course 

much harder. 
O. M. Burkhardt, of the Pierce-Arrow Company, acquitted 

the flywheel of being source of vibrations. It acts as a 
resonator of impulses. The front-end flywheel under cer- 
tain conditions will do some good. The secondary cause of 

vibrations is a yielding. In a seven-bearing crankshaft tor- 
sional vibration originates only in the main bearings, and 
this can be balanced with frictional elements. 

FRONT-WHEEL SHIMMYING 

Its Causes, Effects and Remedies as Seen from Different 
Viewpoints 

The causes of and the remedies for front-wheel shimmying 

had their innings at the Steering and Wheel-Shimmy Session 
and the viewpoints taken and the opinions expressed were as 
numerous as the speakers. Agreement was notable for its 
absence. No two persons seemingly had had like experiences 
under like conditions and what was suggested as an infallible 
remedy by one was considered inadequate by another. Among 
those who presented formal papers or submitted written dis- 
cussions were W. R. Strickland, O. M. Burkhardt, F. F. 
Chandler, H. A. Huebotter, R. S. Begg, and J. W. White. 
H. W. Alden presided. 

Mr. Strickland was the first to present his views and he 
did so in an elaborate outline in which each of more than 
20 possible causes of shimmying was considered in turn. 
In his opinion, the predominating reason that shimmying has 
reached its position as a leading present-day problem is that, 
of the known expedients used to effect a cure, the most im- 
portant one, namely, raising the air-pressure, has been denied. 
Low air-pressure in the tires had been known to produce 
wheel wabble years before the balloon tire was introduced, 
and caster-angle, toe-in, stiff and tight parts were recognized 
specifics for the ailment, with an occasional raising of the air- 
pressure when it dropped too far below the then high stan- 
dard. 

In the last 3 or 4 years the pressure cure has become more 
important because tire-builders began to furnish all tires 
oversize, the public drove with lower pressures than those 

specified, and cord tires with more flexible side-walls were 
used. These practices reduced the leeway between the per- 
missible pressure and the shimmying pressure to a point be- 
low that to which it was desirable to go. 

Shimmying, he said, is used in a general sense. Wabble is 
a sidewise vibration of the front wheels about the knuckle- 
pin, and tramping is a bouncing of the wheels vertically, 
alternately on the two sides. 

CAUSES OF SHIMMYING 

The more important conclusions reached by Mr. Strickland 
are that balancing the tires and the wheels will give a smooth- 
running car in any case; modifications of the geometry of the 
steering-gear failed to give beneficial results; reversing the 
shackles and making the drag-link are and the steering- 
knuckle arc coincide solves neither the shimmying nor the 
kick-back on the wheel when encountering severe or choppy 
bumps; the flexibility of one system having deep-camber 
springs seemed to reduce the shimmying as much as did any 
other tests; a semi-reversible steering-gear seemed to give 
the greatest satisfaction over 99 per cent of the driving range 
regardless of the type of gear; an hydraulic check, although 
effective, is not allowable, because control of the car for quick 
maneuvering is lost; no shock-absorbers or checks of any 
kind that would be allowable will cure tramping; tightening 
the joints in the steering and axle connections will stop mild 
forms of shimmying caused by loose joints; other mild forms 
of shimmying can be cured by using plain bearings in the 

W. R. STRICKLAND J. W. WHITE 

steering-knuckle or by providing loose joints transversely in 
the spring-eyes and long spring-shackles; the results ob- 
tained from the use of reversed or multi-leaf springs are in- 
conclusive; straightening the front wheels or toeing them out 
would probably not be allowable on account of the wear of 
the tires; the general use of four-wheel brakes may be re- 
sponsible for the preponderance of evidence that shimmying 
is increased by their use; the inertia of balloon-tire wheel- 
equipment is less than that of high-pressure-tire equipment, 
but adding weight to compensate for the difference, although 
reducing the shimmy effect, is undesirable; tests indicate 

that, in any axle, the greater the distance from the center of 
gravity of the wheel to the center-line of the pivot, the less 

F. F. CHANDLER DEMONSTRATING THE INSTRUMENTS FOR RECORDING 

WHEEL AND DrRaAG-LINK MOVEMENT DESCRIBED IN HIS PAPER 
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will be the intensity of the shimmying; the use of a vertical 
pivot-pin, with near center-point steering has produced im- 
provement; the turning effect before and behind the pivot-pin 
can be equalized by reducing the caster-angle or by giving it 
sufficient reverse-caster action; a stiffer or better supported 
tread will better resist the forces that produce shimmying, 
and closed cars, because of their extra weight and greater 
stiffness of the frame, increase shimmying. 

LATERAL INSTABILITY 

The lateral instability of balloon tires, in the opinion of 
O. M. Burkhardt, has a profound effect on steering and is the 
cause of shimmying; their property of absorbing more kinetic 
energy than do high-pressure tires causes them to assume a 
periodic rebound on slightly bumpy roads and is responsible 
not only for shimmying and tramping, but for pitching and 
bobbing as well. This effect may be alleviated by the use of 
some device for absorbing the kinetic energy, such as a 
dash-pot. The three remedies suggested are (a) designing 
so that no slackness can develop. (b) designing for rigidity, 
and (c) using devices to absorb the kinetic energy wherever 
it is likely to accumulate. 

H. M. Crane attributed the shimmying effect to the very 
insecure connection between the steering-rod and the rim of 

the wheel, even in a normal tire, and this connection becomes 
still more indefinite with balloon tires. Center-point steering 
is uncertain because of the continual shifting of the center 
of pressure of the tire on the road. The caster-angle cannot 
be accurately determined. A surprising thing, he said, was 
that one car shimmied the worst while running at 45 m.p.h. 
on the smoothest possible road, the concrete road at the 
proving ground. It is customary in marine and in airplane 
work to balance the rudder effect, and in aviation work not 
only the rudder but the elevators. A practically perfect bal- 
ance is obtained by having approximately one-third the area 
in front of the pivot and two-thirds behind it. If more than 

ENGINE VIBRATOR INSTRUMENT 

one-third is in front, a violent action is produced that is 
almost identical with the shimmying of a car. 

The effect, said Mr. Crane, may be likened to the violent 
zigzag motion of an oar held edgewise in the water. Shimmy- 

ing, he thought, was caused by the tire’s taking a zigzag 
course on the rim, for it doés not noticeably increase tire 
wear. A balloon tire produces the same effect on the rear 
wheels as on the front, the result being a very violent chatter. 
A car with stiff rear-springs and stiff shock-absorbers that 
let the tires do all the work on a rough road could make only 
10 m.p.h. over a road that could easily be traversed at 25 
m.p.h. with high-pressure tires. The effect of balloon tires is 
like that of trying to skate with case-hardened rubber blades. 
Shimmying, he believes, starts in the natural instability 
of the tire itself and is augmented by any instability in 
the mechanism of the car that can synchronize with it. 

TRAMPING 

In a written communication read by L. C. Hill, R. S. Begg 
stated that in his experimental work he had not been con- 
fronted with low-speed shimmying but with a combination of 
so-called tramping and shimmying that began at about 
52 m.p.h. and continued at higher speeds, according to con- 
ditions. The tramping action, so far as could be determined, 
preceded the wheel wabble, was very severe, and resulted in 

a swinging motion of the whole front of the car with a 
very considerable deflection of first one tire, then the other. 
It was found that, by making minor changes to increase 
the accuracy of the steering and the wheel balance and by 
using different rims and tires, the shimmying period could 
be raised to between 58 and 62 m.p.h., but could not be 
entirely prevented. 

Tests of wheel balance showed that wheels were satis- 
factory as they were received from the makers, and ran as 
well as did those that had been accurately balanced. If, 
however, a severe out-of-balance condition were produced, 
such as that caused by hanging weights on the wheel rim, 
the shimmying would be increased and would begin at a 
lower speed. Four-and-one-half-inch rims ran as well as 5 
or 5% in. 

Inasmuch as the speed at which shimmying occurs can be 
lowered by using weak steering-knuckle arms and a large 
bow in the axle tie-rod, the conclusion was reached that rigid 
steering-arms and tie-rods are desirable. 

It was found that the caster-angle could be held within 
close limits, and that, when the tire pressure exceeded 20 
lb. per sq. in., tramping and wheel wabble could be eliminated 
up to the limit of car speed by blocking up the front spring. 
This led to experiments with stiff front-springs and various 
shock-absorbing devices, which reduced the wheel wabble but 
produced hard riding. It was also found that tramping and 
wheel wabble could be prevented on that car by increasing 
the tire pressure from 25 to 32 lb. 

SYNCHRONIZED VIBRATION 

Returning to the original spring specification and continu- 
ing the tests, it was discovered that the periodicities of the 
front tire and of the spring were the same. Drawing con- 
clusions from the experiments in blocking the front springs 

and increasing the tire pressure, it was considered possible 
that the trouble might lie in a combination of the vibra- 
tion of the tires with those of the springs. By trying 
weaker front-springs, one was found that gave the right 
combination with the periodicity of the tire. Since then, 
repeated tests with it over all types of road have failed to 
produce either a tramping or a shimmying action. 

The rates in the first case were from 187 to 190 per min.; 
the weaker spring has a rate of 140. This difference in 
periodicity tends to damp out the tendency for road in- 
equalities to set-up a rate of vibration in the spring and the 
tire that would build up to the maximum and create tramping 
action and shimmying. 

When requested to give his experiences, P. H. Geyser said 
that all shimmying in his taxicabs had been overcome by 
merely inclining the steering-knuckle pin. For his purposes, 
a strictly balloon tire is not satisfactory, but a semi-balloon 
tire has been found superior to anything that has been 
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tried. Rubber shock-insulators: have assisted in reducing 
shimmy effects. 

Low-speed shimmying, remarked Mr. Strickland, is apt 
to occur with rubber shackles and can be cured by increasing 
the caster-angle, but curing low-speed shimmying makes 
high-speed shimmying worse. 

BLOCKING THE FRONT SPRINGS 

R. W. Brown remarked that his experiences had differed 
from those of Mr. Strickland, and that he had yet to find 
a car that would shimmy at any speed, with any inflation- 
pressure or with any size of tire, if the front springs were 

blocked. They should be clamped rigidly to the axle by a 
stirrup or other means. Merely placing a block between the 
springs and the frame is not sufficient. He had, likewise, yet 
to find a car in which shimmying cannot be prevented by 
using an hydraulic steering-gear. He agreed with Mr. Burk- 
hardt that shimmying, that is, the transverse motion of the 
front wheels, is produced by various harmonizing vibra- 

tions that produce resonance. Tramping, or vertical rota- 

tion about the center of gravity of the car, he considered 
to be a product of the spring-suspension alone. 

DorRSEY PHONELESCOPE APPARATUS FOR STUDYING SOUNDS 

By the Use of a Sensitive Diaphragm and Mirror Sounds or Noises 
That Are Introduced through the Transmitter Tube Cause Varia- 
tions in the Position of a Beam of Light Which Traces a Curve 

Characteristic of the Sound upon a Suitable Screen 

F. F. Chandler’s paper, entitled How Hard Does a Car 
Steer? which is printed in full on p. 183 of this issue of THE 
JOURNAL, described a method of determining, mechanically, 

the relative ease of steering by a graphical record that 
eliminates the personal factor and indicates simultaneously 
(a) the amount of steering effort and the reactions at the 
steering-wheel and (b) the stress imposed upon the drag- 
link. In designing the instruments, he was assisted by H. A. 
Huebotter, who presented a supplementary written discussion. 

Mr. Huebotter asserted that the entire so-called unsprung 
weight of a car is suspended between highly elastic sup- 
ports: the tires below and the springs above. In this posi- 
tion, the front axle is free to vibrate vertically with a 
wide range of amplitude, damped only by frictional resis- 
tance. If the axle receives enough impetus in phase with its 
oscillations to overcome friction, the vibrations will con- 
tinue indefinitely. The problem, then, is, (a) to determine 
the conditions of axle vibration, (b) to analyze the effect of 
the vibration upon the car, and (c) to show that a force may 
exist which will amplify the vibration. 

BOUNCES 

A study was made of the free vibration periods of the tire 
and the spring. The tires, mounted on a wheel and spindle, 
were bounced under varying loads and air pressures, the 
number of bounces being registered by a counter actuated 
by a lever and the time being taken with a stop-watch. The 
ratio of the two readings gave the vibration frequency. 
In tests of tires, the frequency seems to be a function chiefly 
of the load on the tire and of the air pressure. 

EXHIBIT OF BALLOON TIRES 

This Shows the Various Sizes and Forms of Tread Described in Dr. 
Lemon’s Paper 

Analyzing the forces induced by the bouncing wheels, it 
was found, among other things, that, if the axle is castered, 
another force is built up.that tends to amplify the tire vibra- 
tion. The amplitude of tire deflection induced by the original 
cause is aggravated by the castered pivot and a system of 
self-generating forces tends to bounce the axle and to turn 
the car. 

The elements necessary to the inception and perpetuation 
of front-wheel shimmying are: (a) low free-vibration periods 
in the front springs and tires under a load equal to the un- 
sprung weight per front wheel, (6) a road shock that causes 
equal deflection in the two front-tires, (c) sufficient deflec- 
tion of the tires to affect appreciably their instantaneous 
angular velocity, (d) high enough road speed for large 
kinetic forces to be set-up by the angular acceleration of 
the wheels, (e) fore-and-aft rake in the steering pivots, and 
(f) a small amount of friction in the steering mechanism and 
the front springs. 

Mr. White then presented his paper entitled Some Possible 
Causes of Wheel Shimmying, which is printed in full on p. 
205 of this issue of THE JOURNAL. 

BALLOON TIRES 

Their Development, Durability and Effect on Shimmy- 

ing and Riding Comfort 

Balloon tires being closely related to the subject of shimmy- 
ing, the discussion for the most part continued that begun 
at the other session, and the opinions expressed were equally 
diversified and contradictory. Papers were presented by 
R. B. Day on the Relation of Balloon Tires to the Shimmy 
Problem; by B. J. Lemon on Advances in the Design of 
Balloon Tires; and by E. A. De Waters on a Car Manu- 
facturer’s Experience with Balloon Tires. Written dis- 
cussion was also submitted by W. R. Griswold and J. E. 
Hale. Under the chairmanship of J. G. Vincent, many 
valuable data were contributed to those already available 
on the subject. 

E. A. DEWATERS B. J. LEMON 
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Shimmying, said Mr. Day, consists of two kinds: the iow- 
speed variety, which is chiefly a persistent front-wheel wabble 
without bouncing, and the high-speed type, which is largely 
a persistent bouncing accompanied by wabbling. As the 
solution of the problem seemed to lie in making the car 
control the tire rather than allowing the tire to control the 
design of the car, recourse was had to stabilizers for check- 
ing the bouncing of the axle and to hydraulic dampers for 
preventing the wabble. He believes that shimmying is a 
resonance effect between the tire and the body springs that 
can be worked out mathematically. His paper is printed in 
full on p. 192 of this issue of THE JOURNAL. 

In the light of his own experiments, which concerned 
principally a study of vibration frequencies, said H. A. 
Huebotter, he had found in one particular problem that, at 
a car speed of 40 m.p.h. and a vibration frequency of 7.5 
cycles per sec., the force between each wheel and the road 
is 64 lb. The turning effort required to steer the car would 
be the product of this force multiplied by the distance between 
the steering-pivot and the point of contact with the road 
and, since the two efforts are built-up, will be double that 
amount for each wheel. Vibration will always occur regard- 
less of the individual characteristics of the spring and the 
tire. The stiffer the spring and the higher the air-pressure 
in the tire, the more rapid will be the vibrations, which may 
reach a point that is out of the range of the car speed. 

DEVELOPMENT 

Giving satisfactory appearance, practicability and trans- 
portation comfort as the reasons for the acceptance of 
balloon tires, B. J. Lemon outlined the various factors that 
have been considered in the development of balloon tires. 
His paper is printed in full on p. 172 of this issue of THE 
JOURNAL. 

The problem of standardization, said J. E. Hale in a 
written communication read by C. F. Clarkson, is very 
important. This is essentially something for the automobile 
manufacturers to handle, for the public has not given 
approval to the full balloon tire and the industry has had 
sufficient experience to judge wisely between the. various 
sizes, dimensions and types of construction. The tires them- 
selves have been properly perfected and any claims to the 
contrary are not justified, as is evidenced by the superior 

durability and lower tire-mile cost that they are rendering 
in comparison with those of preceding types. Any standard 
line-up that does not provide four-ply tires in a full range 
of sizes for passenger cars is defective and cannot serve 
as a real standard. The six-ply tire in certain sizes is 
apparently logical as a transition move toward the final 
standard, but proof is forthcoming that the four-ply large- 
section tire offers most in the aggregate of comfort, appear- 
ance, traction and durability. 

Too few sizes, in Mr. Hale’s opinion, would be a mistake. 
Although such a program might have an appeal from a 
purely engineering point of view, the original cost to the 
car manufacturers justifies rather small step-ups in cross- 
sectional sizes, so that the assemblies can be worked out 
satisfactorily. 

While agreeing with most of the points regarding tire 
technique set forth in Dr. Lemon’s paper, designing tires is 
more or less a compromise as regards details and his ex- 
perience has taught that the wide flat or shoulder profile 
has shortcomings that offset the benefits outlined in the 
paper. This refers particularly to the tendency of a shoul- 
der to cause tread separation and premature failure of the 
cord plies inside the carcass. The shoulder localizes the 
flexing to such a degree that the so-called flexing breaks 
are very frequent, particularly when the tires are neglected 
or abused. Round-tread tires are proving their own case 
by rendering an unsurpassed degree of all-around satisfac- 
tion. 

Drop-CENTER RIMS 

H. Willshaw called attention to the fact that reference 
had previously been made to the use of drop-center rims as 
a remedy for shimmying and that they also have consider- 
able merit in connection with the difficulties concerning wide 

rims and flaps, as referred to by Dr. Lemon. The use of 
19-in. wheels in England is prompted by economy and is 
possible because of freedom from ruts and snowdrifts in 
that country. English’ manufacturers have adopted as 
standard the American type straight-side tire fitted to drop- 
center rims. 
Commenting on the reference made in Dr. Lemon’s paper 

to the uneven wear of balloon tires, because of excessive 
toe-in and pitch of the wheel planes, W. R. Griswold stated 
that excessive wear of front tires, in the eyes of the car- 
owner, is about as inexcusable as is failure of the steering- 
gear. Many believe that the greater inclination of the king- 
pin required in center-point steering is the cause of ex- 
cessive tire wear, but whatever the relation to tread design 
may be, the same laws of wear apply if the slippage of the 
tread is increased. 

To obtain satisfactory steering, a definite relation must 
exist between the toe-in of the front wheels and the inclina- 
tion of the wheel planes. A thorough investigation and 
tests have shown that the pitch of the wheel rather than 
the inclination of the king-pin is largely responsible for the 
tire wear produced by the mechanics of steering. In one 
test, in which the wheel pitch was decreased but center- 
point steering was maintained by further increasing the 
inclination of the king-pin, tire wear was greatly reduced 
and unevenness was almost eliminated. 

Too much emphasis cannot be placed on the need of uni- 
formity of the rolling circumferences of all makes of tire 
denominated by a particular standard size. Increasing tire 
sections to gain sales advantage has been the cause of many 
complaints to the car manufacturers. When a large tire 
and a smaller one are run together on the rear axle, steering 
is not only affected but the control is exceedingly trying. 

MAINTENANCE OF SIZES OF TIRE 

The outside diameter of the tire selected for a car of new 
design, continued Mr. Griswold, is governed chiefly by road 
clearance. Once this diameter has been selected and the 
design of fenders, axle and speedometer ratios giving a de- 
sired performance of the car has been established, it is 
essential that the rolling circumference should be maintained. 

Noise is a very troublesome factor. Audiometer tests 
are based on the relative energy in the sound wave rather 
than on the psychological value of the sound. Tires are 
selected in accordance with their effect in inducing noises 
in other parts of the car. One of the most distressing 
noises is that of the rear-axle gears. This noise has a very 
small volume but a very penetrating and irritating pitch. 
An audiometer would hardly show it to be of importance, 
consequently, audiometer tests are of little value in proving 
contentions regarding the noise produced by balloon tires, 
and tires will be chosen for their effect in exciting other 
noises. 

The springiness of the tires is just as much a fundamental 
factor in producing shimmying as is the steering layout or 
the elasticity of the front axle and the steering-system. In 
any mechanism, when periodic changes take place in the 
magnitude or the direction of the forces that act on elas- 
tically connected bodies, so that these forces are timed with 
any external forces, a state of synchronized vibratory motion 
is set up, the amplitude of which will grow until equilibrium 
is established with the damping forces. 

In producing shimmying, the elements entering into the 
motion are (a) the external forces, (b) the rotation of the 
front wheels, (c) the mass and the mass distribution of the 
bodies and (d) the elastic properties. When all the forces 
are in equilibrium, no shimmying will take place. 

EFFECT OF UNBALANCE 

By means of a flywheel-balancing machine, the centri- 
fugal forces in a tire due to unbalance were found to range 
from 3.1 to 107.6 lb. for a speed of 60 m.p.h. If only one tire 
is unbalanced, a complete oscillation of stress and deflec- 
tion of the steering-system is produced with each revolution 
of the wheel. If the revolutions of the wheel correspond to 
the frequency of the steering-system, the deflection will grow 
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until the spindle is wabbling back and forth over a consid- 
erable angle. The first wabbling brings in other forces, 
such as those acting through the center of gravity of the 
car and tending to list it from one side to the other. This 
listing can occur only because the elasticity of the tires and 
the springs allow it, hence, periodic elastic forces are ex- 
cited and, when the condition of synchronism occurs, wheel 
wabble or shimmying results. 

If the wheel at the same time is also rotated about the 
king-pin axis, because of the wheel’s striking an obstruc- 
tion, a gyroscopic couple is produced that tends to lift one 
wheel and to depress the other. The influence of king-pin 
inclination, wheel camber and toe-in are of relatively small 
importance. 

REMEDIES FOR SHIMMYING 

To overcome shimmying with balloon tires, the most prac- 
tical method of procedure is 

(1) Obtain the best balance possible in the tires 

(2) Reduce the exciting forces due to road shocks to 

the minimum by the proper geometry of the 
steering layout 

(3) Provide sufficient stiffness in the mechanical lay- 
out of the steering-system 

(4) Take advantage of all the damping forces pos- 
sible without sacrificing riding comfort or ease 
of steering. This includes utilizing the inter- 
leaf friction of the front springs to dissipate 
vibratory energy 

Slippage of tires, said H. D. Ayres, has seemed to him 
to be caused by predominance of the toe-in, that is, by the 
constrained motion of the tire from the free path in which it 
would tend to move. He likened the motions of high-pres- 
sure and of balloon tires to those of two blocks of wood to 
one of which a thin piece of rubber and to the other a thick 
piece had been cemented. If these pieces were moved over a 
surface the distortion produced in the thin piece of rubber 
would be so small that the motion would be relatively smooth, 
whereas friction would cause the thick piece of rubber to 
move by jumps. The balloon tire not being stiff moves in 
the path taken by the wheel until distortion causes it to 
spring back to the path of the car. 

Replying to a question, Dr. Lemon stated that the com- 
parative areas of the flat and round treads are as 36.3 to 21.5. 
The pressure of the round tread is 10 lb. per sq. in. more 
than that of the flat tread. Both the forward traction and 
the resistance to side slipping are better in the flat tread. 

DIFFERENCE IN AREA OF CONTACT 

In the opinion of R. K. Jack, the balloon-tire problem on 
a light car is entirely different from that on a heavy car. 
Inasmuch as a balloon tire flattens more than does a high- 
pressure tire, the area of contact with the road is greater 
and this tends to throw the point of contact of the tire with 
the road forward relatively to the center line of the king-pin. 

This gives a greater arm through which to start a pendulum 
action and is, he believes, the cause of shimmying. 

Unbalance in the tires, he thinks, is the cause of gallop- 
ing. The fact that manufacturers are advertising steering- 
gears suited to balloon tires is an admission that the steer- 
ing-gears were not entirely good enough before. Tire sec- 
tions and air-pressures should be selected with a view to 
withstanding certain car weights and should not exceed the 
size of section and the air-pressure at which the easiest rid- 
ing occurs. 

In reply to further questions, regarding the comparative 
noises. produced inside the car by flat and round-tread tires, 
Dr. Lemon said that, although any configuration will pro- 
duce noise, the noise made by a flat-tread tire was the lesser. 

Discussion on this subject showed a difference of opinion. 
Mr. Smith of the Firestone Company averred that experi- 
ments made by that company over brick pavements showed 
that the type of profile had very little to do with the volume 
of noise produced. Mr. Jack remarked that a ribbed-tread 
tire causes less noise inside the car than does a tire with 
a non-skid surface. Dr. Lemon took the opposite viewpoint. 
Mr. Smith added that on pavements in which the spaces be- 
tween the bricks were deep, no design of tread seems to 
eliminate all noise but that a combination of the ribbed and 
the non-skid treads produce the best tire for all-around use. 

Mr. Wells’ observation indicated that on a brick pavement 
the plain tread tire is more noisy, but that on a smooth 
concrete road the smooth tread does not make the hum pro- 

duced by a rough tread. 

IMPROVING OPERATION 

Deprecating the fact that the tendency seemed to be to- 
ward minimizing the importance of noisy treads, Chairman 
Vincent related an incident regarding a complaint received 
from one of the directors of his company, who said that he 
could not understand why the company turned out so poor 
a car. When a trial trip with the car had been made in 
company with one of the assistants in the experimental de- 
partment, it was found that the car was equipped with a 
special kind of tire unknown to Mr. Vincent or the assistant. 
The tires were quietly changed and the car returned to the 
owner. The report received was that they changed it into a 
wonderful car. 

R. E. Wilson’s query, whether the fact that the round- 
tread tire has a longer tread than the flat-tread tire would 
not increase the difficulty of turning, brought an affirmative 
response from Dr. Lemon. 

Two distinct contributions toward the advance in balloon- 
tire construction cited by Dr. Lemon were stressed by Sid- 

A DEVICE FOR CONTROLLING SHIMMY 

An Hydraulic Cylinder Is Mounted on the Rear Face of the Front 
Axle. A Piston Moves within This Cylinder and the Piston-Rod Is 
Attached through a Link to the Left Steering-Knuckle Lever. This 
Device Tends To Dampen-Out Rapid Oscillation of the Steering 
Cross-Tube But It Permits Movement of the Front Wheels for 

Steering Purposes 
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ney Schott, of the United States Rubber Co., namely, the 
overcoming of premature wear of the tread and the pre- 
vention of noise. As a statement had been made that a dif- 
ference in pressure of 5 lb. per sq. in. is the margin between 
success and failure, Mr. Schott believed that the so-called 
semi-flat tread, which makes this difference unimportant, 
Was an advance in the industry. Regarding Mr. Hale’s 
statement concerning the separation of the rubber and the 
consequent failure of tires at the edges of the tread, Mr. 
Schott said that he had examined 300 tires under test at the 
factory and in no case had a semi-flat tread tire shown fail- 
ure at the point mentioned. Nor has the flat-tread tire the 
tendency to throw stones and to produce clouds of dust that 
is apparent in a round-tread tire. The noise produced inside 
a car and characterized as rumble may be reduced, he said, 
by substituting three plain ribs along the center portion of 
the tire for the true anti-skid design. 

RACING CARS 

A written communication received from Ray Harroun 
called attention to the use of small tires on the front wheels 
of racing cars. Cars so equipped handle more easily and 
are free from shimmying. He questioned the right to as- 
sume that the same tires would answer the requirements of 
both ends of a car any more than that the same springs 
would serve both ends. 

Chairman Vincent agreed that smaller tires on the front 
wheels improved the driving quality but said that the prac- 
tical answer was that the public did not wish to be bothered 
with carrying two spare tires and two spare wheels. 

Mr. Jack’s experience, on the other hand, with standard 
tires in front and balloon tires in the rear had been un- 
satisfactory, probably, he said, because the spring-suspen- 
sion had not been altered to suit the conditions. 

In presenting his paper on a Car Manufacturer’s Experi- 
ence with Balloon Tires, E. A. De Waters outlined the course 
of development through which balloon tires had gone in 
the Buick Company. When the first balloon tires, 32 x 6.20 
in. in size, with four-ply casings, were used, the most notice- 
ably objectionable feature was a so-called galloping action. 
To this was added the familiar steering difficulties, the 
development of shimmying to a serious degree, the lack 
of proper clearance for the external brakes because of the 
small size of the wheels, excessively rapid wear of the tire 
tread, greater susceptibility to punctures and leaks result- 
ing from pinched inner tubes. 

After trying a small size of tire on a smaller car, then 
the original size with a six-ply instead of a four-ply casing, 
it was decided to use tires that approximated in size to 
those previously in use but with a reduced air-pressure. 
Seven test-cars driven 24 hr. per day covered 1,500,000 miles. 
An analysis of blowouts and punctures in this test led to 
the conclusion that although four-ply construction was good 
for the front wheels, the greater load and driving strains 
on the rear wheels demanded a ‘heavier construction. The 
number of plies was accordingly increased. The records 
clearly show that the front tires are much less susceptible 
to punctures than are the rear tires. Having settled the 
matter of tire construction satisfactorily as regards punc- 
tures, blow-outs and the like, the remaining trouble was 
excessive tread wear on the outer edges of the tread of 
the front tires. This was overcome by raising the pressure 
10 per cent. 

CONCLUSIONS 

The results of the tests and experiences were summarized 
as follows: 

(1) Large-section thin-walled balloon tires increase the 
resistance to steering, particularly at the curb; 
they increase the tendency to shimmy at the 
higher speeds; when inflated to relatively low 
pressures, they tend to set up a galloping action 
of the car which is distinctly disagreeable; and 
when driving in or over deep hard ruts, blowouts 
are likely to be caused by the inner tubes being 
pinched 
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(2) Reducing the section of the tire and raising the 
air-pressure, so that the resulting casing repre- 
sents a compromise between the very large thin- 
walled balloon type and the conventional high- 
pressure type, will eliminate the galloping 
tendency 

(3) Four plies are sufficient to ensure ample protec- 
tion against punctures and blowouts when low- 
pressure tires are used on the front wheels 

(4) More than four plies are needed on the rear wheels 
as a protection against the greater wheel-loads 
and the absorption of driving strains 

(5) From the standpoint of durability it is important 
that tire pressures should be maintained at the 
recommended figures 

WEYMANN BODIES EXTREMELY LIGHT 

Weight Is 30 Per Cent Less Than Conventional Body 
and Cost 20 Per Cent Less 

At the Passenger-Car Body Session on Wednesday after- 
noon George W. Kerr submitted an interesting paper cov- 
ering the Weymann method of body construction based on 
information which he obtained on a recent trip to Europe. 
This paper is printed in full on p. 215 of this issue of THE 
JOURNAL. The paper as presented was illustrated by a large 
number of slides showing various details of construction. In 

the discussion that followed, Paul H. Geyser reviewed the ex- 
perience of the Yellow Cab Mfg. Co. with the Weymann 
method of body construction. His company, which is the only 
licensee under the Weymann patents in this Country, has 
built 35 taxicabs with bodies of this type during the last 6 
months. 

With reference to the weight of these bodies, Mr. Geyser 
stated that they weighed about one-third less than the taxi- 
cab bodies as usually constructed. Compared to a high- 
grade passenger-car body, Mr. Kerr thought that such bodies 
as built in England would weigh about 25 per cent less. Ac- 
cording to Mr. Geyser the absence of noise in taxicabs having 
bodies of the Weymann type is what appeals to them most, 
as, with the four-cylinder engine used in taxicabs, the noise 
is considered objectionable. This difference is very notice- 
able, according to Mr. Geyser, when changing from a taxi- 
cab as usually constructed to one having a Weymann body. 

Although only 35 bodies of the Weymann type have been 
produced by the Yellow Cab Mfg. Co., Mr. Geyser predicted 
that in regular production the cost would be approximately 
20 per cent less than that for the conventional construction. 
He emphasized the fact that in the construction used the 
posts and pillars are not cut in half by half lapping at the 
joints, but are bolted together, so that the strength of the 
framework is much greater, in proportion to the amount of 

material used, than the framework of a conventional body. 
With reference to the durability of the paint on fabric- 

covered bodies, George J. Mercer cited a car built in 1922 
which had been exhibited at the automobile shows and which 
had been driven 37,000 miles under average conditions. This 
car had been subjected to extremes of heat and cold and had 
been allowed to accumulate road tar and mud. Although it 
had been washed and polished several times, he said, the 
finish was still in very good condition. He also stated that 
part of the rear fender fabric had been replaced, yet the 
difference in appearance between the old and the new fabric 
was not noticeable. Mr. Geyser thought that this was largely 
due to the fact that a dark color had been used and that more 
difference would be noted with light colors. His experience 
had been that the paint of taxicabs of this type in service 
for 6 months would be in as good condition as the day they 
were placed in service. The fact that the usual type of taxi- 
cab body has to be revarnished after about 4 months of 
service clearly shows that the paint on the Weymann body 
stands up better than that on the usual body. The reason 
given for the ability of the paint to stand up better on the 
fabric than on metal was the lack of electrolytic action usu- 
ally present when metal is used. 
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With reference to the matter of assembling the bodies 

made by his company, Mr. Geyser stated that, although Wey- 
mann assembled all bodies on chassis, his company assembled 
them on sleepers. He extended an invitation to all those 
present who were interested in the Weymann body construc- 
tion to visit their plant during the Chicago Show. He stated 
that a representatiye of the 'Weymann Company had worked 
with them for the last 6 months in connection with the con- 
struction of the bodies made during that time. 

J. B. Judkins presented an interesting paper on the rela- 
tion of the custom body-builder to the car producer. Although 
not of an engineering nature, Mr. Judkins’s paper was of 
particular interest in view of the coming importance of the 
custom body-builder in connection with large automobile pro- 
ducers. For the purpose of his paper Mr. Judkins considered 
the custom body-builder as making from 25 to 50 bodies of 
the same design, these being made for individual or groups 
of dealers or distributors or for automobile manufacturers. 

While the automobile manufacturer has devoted his time 
and thought to perfection of the chassis, perfection in body 
design has been left to the custom body-builders according 
to Mr. Judkins. His ideas of today are found in the standard 
bodies of tomorrow. The general acceptance of the chassis 
as being commercially perfect results in the fact that a buyer 
of a passenger car is influenced largely by body design, com- 
fort, construction and detail. The custom body-builder is con- 

sequently playing an even more important part than before. 
Although even a successful custom-built model might result 

in a total production of 300 or 400 bodies of identical de- 
sign, their exclusiveness is still retained, not only through 
the great variety of colors and upholstery materials speci- 
fied, but also through their nation-wide distribution. The 
appeal of a custom-built job is neither surprising or un- 
usual. It is that same desire to which we yield when we 
purchase tailor-made clothes or bench-made shoes. 

A line of custom bodies insures the availability of dis- 
tinetive models for show exhibition and it increases the 
morale of the dealer and his sales personnel. It also supple- 
ments his standard line by the addition of such bodies as 
broughams and cabriolets, for which there is a limited de- 
mand and which can be sold at prices that will return a nor- 
mal profit. Association with a custom builder also makes 
available to the chassis manufacturer all of the former’s tal- 
ents, ideas and experience. The ownership of cars with 
custom-built bodies by prominent people carries an advertis- 
ing or publicity value which reacts to the benefit of the car 
makers. 

Mr. Judkins summed up the réle of the custom builder as 
to create new designs and originate new refinements, to 
meet the demand for the exclusive and distinetive, and to 
furnish the production builder with accepted improvements 
and fashions. 

Although many production practices in a custom-body- 
shop may seem antiquated and uneconomical, it must be 
borne in mind that his equipment cannot equal that of a 
large producer. The small production, however, permits a 
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careful supervision which reacts beneficially on the character 
and the quality of the work. 

Fifteen or 20 standard bodies of one design are, accord- 
ing to Mr. Judkins, the minimum number which it is eco- 
nomical to produce. Drying kilns are standard equipment 
in most plants. Milling machinery is not used extensively. 
The gluing and sub-assembly work is carried on in much 
the same fashion as practised by larger producers, but the 
setting-up or erection of the body frame differs. The small 
quantities ordered as a rule do not permit of a great invest- 
ment in jigs. It must be admitted that through the lack of 
such equipment, interchangeability of parts is not assured, 
but this is not as serious as it may appear to be because the 
only parts thus affected are the metal panels which are 
not pressed from dies, but are either hand or power-beaten, 
depending upon the shape of the panel. Flanging may take 
place prior to or at the time of installation and the final 
fitting is always made on the body for which the panel is 
intended. 

Since frame reinforcements on individual jobs are gen- 
erally hand forgings, forges are found in all custom plants. 
The usual run justifies the making of patterns for all rein- 
forcements excepting possibly a few simple angles or straight 
stock pieces, which are generally hand-forged. The castings 
will be found to be manganese bronze fully as often as mal- 
leable iron. 

The methods employed in wiring, blocking, regulator and 
glass installation and final assembly differ from those of 
large producers only in that these operations will be manual 
to a greater extent and each workman, instead of being a 
specialist, will have several duties. The custom body- 
builder is rapidly installing paint spraying systems and, like 
the car manufacturers, some have already adopted a nitro- 
cellulose painting schedule. In the trimming department a 
considerable difference wili be noted. Few, if any, panels 
will be made up prior to installation. Upholstery costs will 
obviously be relatively higher, but by this method every body 
is assured of an accurate and correct fitting of lining, re- 
gardless of variations or irregularities, and in a custom job 
the trimming details must be beyond reproach. 

CARNIVAL PLEASES GAY MULTITUDE 

Social Event of the Annual Meeting Is Attended by 
Over 900 Revelers 

Painting a word picture of an S. A. E. Carnival is a tough 
job. Though cross-word puzzles have done much to extend 
the vocabulary of the average engineer, an insufficient sup- 
ply of adjectives and superlatives seems available for such a 
task as the description of the annual Oriole Terrace gaieties. 
We might start by saying that the 1925 Carnival hit the 

tL 

George L. McCain (at the Left) Was Chairman of the Reception 

DETROIT’S HOSTS TO THE SOCIETY 

Committee and H. T. Ewald (at the Right) Directed the Activities 
of the Carnival Committee 
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bullseye. That is to say, it satisfied. It was everything that 
a well-ordered Carnival should be, plus! 

As one entered the scene of the carryings-on, gayly col- 
ored decorations pleased the eye. Large papier-mache re- 
plicas of clownish faces grinned amusingly from the walls. 
A sea of wriggling dolls and grotesque animals, patterned 

after the more famous personages of the Sunday funny 
sheet, dangled over the dance floor. Femininity drifted about 
in beauteous raiment much the same as the colored crystals 
that tumble about at the end of a kaleidoscope. Male es- 
corts belied the formality of their dignified evening clothes, 
prancing about in childish glee like so many youngsters at 
a May-Pole festival. 

Carnivals soon swallow one up in their atmosphere of 
familiarity. Mr. and Mrs. are dropped for plain Bill and 
Mary. Everyone knows everyone; the formal handclasp 
gives way to the more expressive slap on the back. The main 
topic of conversation is nothing at all. You just talk, laugh 
and aerate your otherwise serious soul. Bits of nothing- 
ness supplant business worries and elderly scions of the 
commercial world become youths rinsed in merriment. 

This year’s Carnival was made more resplendent by the 
presence of an attractive group of young ladies who kicked, 
wriggled and danced about in impressive chorus numbers 
produced especially for the occasion with an abundance of 
automotive flavor. Presumably they sang also; at least their 

pretty mouths went through the accustomed contortions that 
are a part of vocal exertion. But the Carnival hub-bub 
drowned them out. Carnival hub-bub is just that discour- 
teous and unappreciative. However, the antics of the chorus 
pleased the eye. This is particularly pertinent to their ef- 
forts as emulators of the red-hued bathing ladies who grace 
the windshields and rear windows of America’s motor cars. 

The much heralded monkey dance exploded prematurely. 

INTERNATIONAL Motor Co 

AND REBOUND OF 
ACCELEROMETER FOR 

AUTOMOTIVE VEHICLES BEING 
S. H. Woops 

RBCORDING SHOCK 

DEMONSTRATED BY 

So tantalizing did the dangling souvenirs appear to the 
wriggling mass of humanity on the dance floor, that desire 
got the better of decorum and sponteous jumption spread 
through the revelers like the flame-front of a combustion 
wave. In a few minutes of energetic activity, dolls, animals, 
Boob McNutts and the rest of the jungle were pulled down 
into the waiting arms of their future guardians. 

When the happy throng was not dancing, they gazed on 
the beauties of the Oriole Terrace performers. When the 
performers retired, the dancers monopolized the floor until 
the wee hours of the morning. Then Henry Theis called his 

strumping troubadours home to their well-earned rest and 
Phil Overman took up their labors. Seated serenely in the 
center of the dance floor he crooned sweet melodies from the 
strings of his soulful banjo-ukulele while the sun rose over 
the horizon to begin another day. More and more weary 
grew the dancing feet. Slowly the enthusiasm began to 
wane. Finally Phil and his banjo succumbed. The Carnival 
had not ended; it just wore out! 

Congratulations to Henry Ewald! He and his hard- 
working committee can now rest on their well-earned laurels. 
In every detail the 1925 Carnival was well done and the 
praise that is theirs is deserved. Here are the enthusiastic 
committeemen who made Carnival history in Detroit in 

January, 1925: 

CARNIVAL COMMITTEE 

H. T. Ewald, Chairman 

R. O. Gill 
John R. Ide 

Ralph S. Lane 
T. J. Litle, Jr. 
Loren Robinson 
DuBois Young 

Gould Allen 
F. E. Booth 
W. A. Brush 

M. Howard Cox 
George E. Edmunds 
Walter R. Flannery 

Silica Forms Major Part of Dust and Causes Wear 

Cleaners Have High Efficiency 

Dust from widely separated parts of the Country is much 
alike in character, contains more than 50 per cent of silica 
having hard sharp edges, and all is injurious to an auto- 
mobile engine, causing wear of the cylinder-walls:and piston- 
rings. The amount of dust breathed in by the engine varies 

with the character of the road, whether paved or not, how 
closely one car follows another, and other conditions affecting 
the amount of dust in suspension in the air and the time 
that has elapsed since the dust of road and field was stirred 
up. The larger the dust particles are, the more injury they 
are likely to do to the engine. Ajr-cleaners, if properly 
designed and located, remove a high percentage of the dust 
from the air, as much as from 90 to 99 per cent. Position 
of the intake to the carbureter or the air-cleaner is of great 
importance. It should be as high as possible, well back 
and turned away from the direction of movement of the 
car. The designers of one American car which has a high 
reputation for long engine life have accidentally achieved 
an air-cleaner without knowing it, in that the intake is up 
high, is placed well back and is turned so that the air has to 
whip around the edge of the intake to get in. 

These were some of the high-light points of the addresses 
of C. E. Summers of the General Motors Research Corpora- 
tion, and Prof. A. H. Hoffman of the University of Cali- 
fornia, at the Air-Cleaner Session. Their papers are printed 
in full in this issue of THE JOURNAL, together with illus- 
trations. Exhibits, demonstrations and lantern slides added 
greatly to the interest of the expositions of their subjects. 

CHARACTERISTICS OF DUST DEMONSTRATED 

Mr. Summers displayed samples of dust collected by traps 
on cars operated in Iowa, Alabama, Texas and California 
and a chart of the chemical analyses of the samples showing 
that in every case more than 50 per cent by weight was silica 
and that iron oxide was present in a considerable percentage, 
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especially in California. Slides of photomicrographs of dust 
particles were thrown on the screen to show the relative 
sizes and the character of the particles as compared with a 
commercial abrasive. The particles looked like crushed 
stone, some having sharp edges like broken glass. He demon- 
strated the specific gravity of dust by pouring 50 grams of 
dust into 150 grams of colored kerosene and got a reading 
of 220 cc., showing that the dust has a specific gravity of 
about 2.5, which is about the same as quartz. 

To illustrate the rate of fall of particles of different sizes, 

the speaker made a demonstration with an apparatus that 
dropped two very light balls, one about 1 in. in diameter 
and the other about 3 in. in diameter, from a pair of mag- 
nets at the top of a pole reaching to the ceiling, both balls 
being of the same specific gravity. The larger reached its 
basket at the floor first. He also showed a chart of the rate 
of fall of dust particles, indicating a rate of fall for the 
finer ones of 60 ft. per hr. 

Results of tests of wear of cylinder bore and piston-rings 
were shown by charts and indicated that most wear occurs 
at the top of the cylinder and is caused by grinding of the 
dust between the rings and the cylinder-wall. 

MODEL OF CENTRIFUGAL CLEANER OPERATED 

A centrifugal air-cleaner patterned after development by 

Professor Hoffman was demonstrated by a celluloid model 
into which 50 grams of dust was fed and driven through 
by a spirally rotating current of air, the dust being separated 
out by its greater specific gravity. Relative vacuums in 

different parts of the cleaner, created by the whirling mo- 
tion of the air, were demonstrated by inserting two nozzles 
connected by flexible tubes with a manometer. Loss of 
energy due to the whirling motion, Mr. Summers said, was 
recovered by two spiral vanes at the intake from the cleaner 

to the carbureter, which straightened out the air current and 
reduced the restriction. The centrifugal cleaner, he said, 
was most efficient in taking out the larger dust particles 

that do most harm in engines. Its efficiency depends on 
the rate of air whirl or centrifugal force generated. 

More than half a hundred slides were used by Professor 
Hoffman to illustrate his address on the 6-months’ test of 
tractors and trucks in California to determine engine wear 
due to dust. He also showed a cast-iron ring-gage for meas- 
uring piston-rings before and after the test and said that 
the readings were checked up by weighing the rings on a 
chemical balance. A taper-gage slipped in between gave the 
readings in hundredths of an inch, whereas with a micrometer 
it was difficult to get accurate readings with two curved 
surfaces, and feeler-gages slipped in in a bunch could not 
be depended on at all. Samples of eiderdown cloth used 
as air filters were displayed, both unused and after they had 
collected some dust in tests. A number of the slides showed 
different types and makes of air-cleaners, in external and 
sectional views, such as the dry-filter, dry-inertia and oil 
types. One cleaner had a heater attached and Professor 
Hoffman observed that, in his opinion, manufacturers were 
making a mistake in not providing means for heating the 
air to facilitate starting in cold weather. 

OIL-TYPE AND DRY-TYPE CLEANERS SHOW HIGH EFFI- 
CIENCY 

Charts of the tests showed high efficiency for the oil and 
the dry types, all about equally good and close to 100 per 
cent effective. Another chart showed that with many of the 
cleaners the restriction to air passage did not increase greatly 

after they began to collect dust. Most of them were under 
7 in. of water in vacuum reading. It was very difficult to 

determine efficiency above 99 per cent, the speaker said, but 
by incinerating the cloth and recovering tne dust, it was 

possible to differentiate among cleaners above this efficiency. 
All cleaners should be made so that they can be taken 

apart for inspection and cleaning and be easily refitted, 
Professor Hoffman said, as he believed that the only air- 

cleaner that could be used year in and year out and that 
is service proof, is simply a periscope that will take the 
air from high up, about 10 ft. in the air, when the engine 
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will run about the same and wear about the same as it 
would if it were run on water. 

REMOVAL OF COARSE PARTICLES PREVENTS WEAR 

Discussion on both papers followed, that on Mr. Summers’ 
paper coming first. In reply to questions, C. L. Lee, in the 
absence of Mr. Summers, who-was called away, said that 
whether coarse particles caused more wear than fine ones 
depended on the quantities and that it often happens that 
large particles do not get down between the piston-rings 
and the cylinder-walls but go out through the exhaust. As 
to whether the wear in an engine is proportional to air- 
cleaner efficiency, it was found tnat the larger dust came in 

smaller quantities and if the cleaner took out the larger 
particles up to approximately 90 per cent, the wear was 
very slight. 

Asked if it would be advantageous to take the air from 
inside of a closed car, he said that had been done several 
times but that in case of a back-fire from the carbureter, the 
gas was blown back into the car although the expedient was 
effective as an air-cleaner. On a new engine the fine dust 
would cause most wear because the clearances would not 
permit the coarser dust to get between the piston-rings and 
the cylinder-walls. Asked what efficiency Mr. Summers’ 
cleaner gave on a car, with average dust of 2.5 specific 
gravity, at 20 and 40 m.p.h., Mr. Lee replied that results 
varied with the type of carbureter- the cleaner was used 

THE GLASS AIR-CLEANER 

This Was One of the Features of the Demonstration at the Air- 
Cleaner Session 
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on and the restriction the carbureter would stand. The ef- 
ficiency may be changed to suit the car. If the maximum 
restriction were put at 5 in., the efficiency at 20 m.p.h. would 
be around 60 per cent. In reply to another question as to 
the extent that turbulence due to pulsation of a four- 
cylinder engine affects the operation of centrifugal air- 
cleaners, Mr. Lee said that at the higher speeds the length 
of the manifold would take care of the pulsations and that 
when there is a vacuum there would not be very much pulsa- 
tion in the cleaner. 

No tests had been made, he said, to determine the amount 
of dust expelled through the exhaust in an ordinary engine 
under normal operating conditions. 

HOFFMAN QUESTIONED ON CALIFORNIA TESTS 

Professor Hoffman then answered a number of questions 
relating to the California air-cleaner tests. Asked whether 

any check was made on fuel consumption to determine the 
effect of increased vacuum due to the cleaners, he said that 
records of gasoline and oil consumption were all included 
in the report given in his paper. Chairman Litle asked if 
dust samples should not be measured by volume instead of 
by weight, but Professor Hoffman said it was difficult to 
get any determination by volume because the volume de- 
pends on how much the dust is shaken down, so it is more 
accurate to take the weight. 

The material used in his so-called absolute cleaners was 
white eiderdown blanketing but he considered a heavier 
eiderdown, a sample of which was displayed, better. Some- 
times, when making a chemical analysis of the dust cloths 
to determine the residues of dust collected, there is as much 
as 10 or 12 times as much moisture in the cloth as there is 

dust, he said, and therefore he relies on burning of the 
cloth to get the residues. 

Asked if oil vapor from the crankcase breather tended 
to clog the filter of the dry-filter type air-cleaner when the 
filter was installed under the engine hood, Professor Hoff- 
man said that he had not observed that himself, but it had 
been called to his attention that a tractor-type cleaner used 
for a number of years on the Fageol tractor is located so that 
oil vapor from the crankcase is breathed on the filter cloth 
and that, while this produces rather high restriction after 
dust collects on the cloth, the oil-saturated filter cloth was 
said to be responsible for the long engine life that the 
tractors have been getting. 

DEMONSTRATIONS MADE SESSION VIVID 

President Horning proposed a resolution of thanks to the 
contributors to the session and to the General Motors Cor- 
poration for the use of the General Motors Building for the 
Annual Meeting. He wondered, he said, if those present 
realized that the reason the session had been such a good 
one was because of the illustrations, the apparatus and 
samples displayed and the demonstrations made which en- 
abled the audience to visualize as well as to hear. That is 
the type of exhibition, he said, that made this a vivid and 
vital session, and it will be followed as far as possible dur- 
ing the present year. 

Chairman Litle said he would see that the resolution was 
presented and said that in future the Society will have 
plenty of demonstration apparatus at meetings, which will 
be staged very carefully. An attempt will be made to have 
a Motorboat Session next year. 

LUBRICATION PROBLEMS DISCUSSED 

Dilution Evaluation and Contamination Among Lubri- 

cation Session Topics 

One subject seems to be perennial with the Society 
of Automotive Engineers, and that is lubrication. 
Three or 4 years ago we were particularly interested 
in the exact properties of the oil when put into the 
crankcase, and most of the discussion at that time re- 
lated to whether we should have 250 or 300 viscosity 
and what the cold test should be. Today we have for- 
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gotten what we put into the crankcase and the much 
more important problem relates to what is there after 
we run awhile, the foreign material that gets into the 
crankcase and the lubricating system in general. 

With these apt remarks R. E. Wilson, of the Standard Oil 
Co. of Indiana, who acted as chairman, opened the Lubrica- 
tion Session of the Annual Meeting. 

A paper by G. A. Round, of the Vacuum Oil Co., on For- 
eign Material in Used Oil; Its Character and Effect on En- 
gine Design, is printed on p. 232 of this issue of THE JouR- 
NAL. 

A paper by S. W. Sparrow and J. O. Eisinger, of the 
Bureau of Standards, on Recent Cooperative Fuel Research 
Progress, will be- found on p. 237 of this issue of THE JOUR- 
NAL, 

In the January issue of THE JOURNAL, p. 17, an article 
appeared, entitled A New Way to Evaluate Dilution, which 
was included by T. S. Sligh, Jr., as an appendix to his An- 
nual Meeting paper on The Measurement of Crankcase-Oil 
Dilution. Mr. Sligh presented additional material which will 
be summarized below. 

H. C. Mougey, of the General Motors Research Corpora- 
tion, called attention to the recommendations of the oil and 
the automobile companies that oil be changed at more or less 
definite intervals, about every 500 miles. He asked if there 
is any rational criterion based on the percentage of contami- 
nation that can be used to determine the frequency of crank- 
case-oil replacement. Mr. Round replied that this depends 
largely upon the unit under consideration. To quote, 

The average car in summer will run perhaps 1500 
or 2000 miles before trouble is experienced, particularly 
with the splash lubricating system. When a high per- 
centage of insoluble material is in the oil and when a 
force-feed system is used, much of this material is 

thrown out into the crankshaft drillings. This forms 
the chief objection to not removing the insoluble ma- 
terial; it continues to build up in the oil until clogging 
occurs at some important point. I think the average is 
1000 miles in summer and 500-miles in winter. I know 

of a doctor’s car that ought to be drained every 250 
miles as he drives with the choker pulled up all the 
time. 

W. G. Wall, consulting engineer, emphasized the fact 
brought out by Mr. Round that if the mesh of the strainers 

is too fine, they are certain to catch water that will freeze 
in cold weather, and in cases where a quantity of steam ac- 
cumulates, the oil-pump will not function properly. In reply 
to Mr. Wall’s question as to the most suitable mesh for a 
strainer, Mr. Round replied that a mesh of from 25 to 40 
will do everything that a screen can be expected to do in an 
engine. He went on to say that the only way to remove 
certain insoluble materials is either by filtering or by a cen- 
trifugal process. The finely divided particles will not settle 
out in any reasonable length of time. Mr. Round felt that 
the screen should be made as nearly self-cleaning as possible. 
It should be placed so that clogging can be minimized, and 

a pocket should be provided for the settling of heavy ma- 
terial, like flakes of carbon, and for the collection of water. 

Prof. P. H. Schweitzer, of Pennsylvania State College, 
called attention to the Hele-Shaw filter that is composed of 
layers of paper between which the oil is led and the dirt 
deposited. Mr. Round stated that this type of filter has been 
made up of metal discs held apart about 0.001 in. The device 
was said to be very effective, but of comparatively small 
capacity when reasonable size and weight are considered. 

John Younger, editor of Automotive Abstracts, asked if 
settling tanks in the sump would not assist in separating 
some of the insoluble materials. Mr. Round believed that on 
account of the slowness of settling, this arrangement would 
not be successful. He felt that some form of filter using 
either a fabric or centrifugal means is the most satisfactory 
solution. 

R. R. Matthews, of the Roxana Petroleum Co., inquired 

if draining the crankcase removes most of the foreign mat- 
ter or if much of it has a tendency to stick in the crankcase. 
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Mr. Round stated that any material that is likely to circu- 
late with the oil will be drained off in case the draining is 

done when the oil is hot. Material that is not thus removed 
ean best be left undisturbed. 

DISCUSSION OF SPARROW AND EISINGER PAPER 

In reply to Chairman Wilson’s question as to why the 
tests reported by Mr. Sparrow showed percentages of dilu- 
tion considerably lower than those experienced under ordi- 
nary operating conditions, the latter stated that the lack of 
frequent starting periods would probably account for this 
fact. Certain other tests with an engine in poor mechanical 
condition showed much higher dilution. 

Prof. H. M. Jacklin, of the Ohio State University, re- 
ferred briefly to a study of the influence on oil dilution of 

BUREAU OF STANDARDS BALANCED-DIAPHRAGM TYPE OF ENGINE 
INDICATOR 

crankcase temperature. Mr. Sparrow stated that the crank- 
case temperature undoubtedly has a marked effect upon dilu- 
tion. This was accounted for by the more rapid elimination 
of the diluent from the oil under high-temperature condi- 
tions. 
Chairman Wilson raised the following question: 

Evidence has been presented at previous meetings 
to show that the fuel once vaporized will not condense 
under any condition existing in the manifold or cylin- 
der. Your work seems to indicate the contrary. Am I 

correct in believing this? 

Mr. Sparrow replied that this question can probably not 
be definitely answered. He believed the whole matter to be 
associated with the factor of time and the way the gas is 

swept against the cylinder. It was his belief that if the 
charge is vaporized and if the cylinder with which it comes 
in contact is cold enough, the gas will condense. To quote 
from Mr. Sparrow’s remarks: 

Another phase of this must be considered. The 
change in economy that would be likely to result from 
the amount of fuel that goes to form crankcase dilu- 
tion is extremely small. Therefore, a general state- 
ment which might be entirely correct as covering the 
matter of carburetion and the conditions which in- 
fluence economy might not cover the general conditions 
that are of importance in considering crankcase dilu- 
tion. 

STANWOOD W. SPARROW 

Professor Schweitzer asked if no dilution would occur 
with cylinder-wall temperature considerably higher than the 
dew-point temperature of the fuel or higher even than the 
high-end point constituents of the fuel. To quote from Pro- 
fessor Schweitzer’s remarks: 

Another factor enters this question. I have sprayed 
gasoline and other fuels against frosted glass and have 
found that gasoline wets the glass even when the tem- 
perature of the glass is considerably higher than the 
dew-point temperature of the mixture. The explana- 
tion to my mind is that the fuel does not evaporate as 
fast as it hits the wall. So, if the wall receives a spray 
that is so finely atomized that it absorbs sufficient 
heat from the wall, the fuel vaporizes. If the fuel spray 
is too coarse or the temperature of the oil is too low, 

then the surface will become wet. So, in fact, it would 
not be exactly an evaporation but a film formation 
that would cause the crankcase dilution. We, at the 
Pennsylvania State College, have taken an electric 

T. S. SuieH, Jr., BUREAU OF STANDARDS, DEMONSTRATING APPARATUS 
DEVELOPED AT THE BUREAU IN CONNECTION WITH THE COOPERATIVE 
FuEL RBPSEARCH FOR EVALUATING THB PERCENTAGE OF DILUTION IN 
CRANKCASE OIL BY THE TRANSITION METHOD OF VACUUM DISTILLATION 
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globe and frosted it. The temperature of this globe, 
as regulated by a rheostat and measured by thermo- 
couples, was as high as 500 deg. fahr. If we kept the 
temperature of the globe above a certain point and 
sprayed gasoline against it, the surface remained dry. 
When the temperature was lowered, the frosted glass 
became wet. This temperature did not correspond to 
the dew-point temperature. It was invariably con- 
siderably higher. So I believe that there is another 
critical temperature besides the dew-point temperature 
that would detemine to a great extent the crankcase 
dilution. If the wet particles in the fuel-air mixture 
are sucked into the cylinder and impinged upon the 
cylinder-wall, the temperature of the latter must be 
higher than this critical temperature for these particles 
to evaporate as fast as they impinge upon the wall. 
Otherwise, even if the temperature were higher than 
the dew-point temperature of the fuel, it would not 

be able to evaporate all the fuel and some would drain 
down. 

Mr. Sparrow stated: 

It seems to me that the question raised is that if the 
cylinder-wall is at the dew-point temperature and fuel 
is sprayed upon it, the evaporation of that fuel would 
necessarily lower the temperature and would wet the 
surface. Of course, if the temperature of the wall is 
as high as the dew-point temperature, this does not 
mean that gasoline can strike it very rapidly and 
evaporate entirely. In this connection, both the time 
element and the amount of heat must be considered. 
It is, of course, highly essential that the rate of heat- 
flow through the wall must be sufficient to maintain the 
temperature of the latter high enough to evaporate 
the fuel. If the wall is below that particular value, 
evaporation will not take place. 

Chairman Wilson called attention to the apparent con- 
flict between the results of different investigations, some of 
which tend to show that crankcase-oil temperature is im- 
portant in determining dilution, whereas others show that 
it is not. It is believed that this fact can be accounted for 
by considering that crankcase-oil temperature is undoubtedly 
important if the case is well ventilated. In this event there 
is an opportunity for the gasoline vapors to be swept out 
when the temperature is high. To quote Chairman Wilson’s 
remarks: 

The amount of ventilation will depend upon two 
things: (a) the amount of blow-by and (b) the in- 
equalities in crankcase volume with different positions 
of the pistons which in four-cylinder engines is very 
high and causes rather rapid fluctuations, whereas 
this is not the case with six-cylinder engines. I be- 
lieve that six-cylinder engines as a class generally tend 

to accumulate more diluent than do the four-cylinder 
types and that crankcase-oil temperature in them is 
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not nearly as important unless by chance there is 
considerable blow-by. It is interesting in this connec- 
tion to note that when one difficulty is remedied, an- 
other becomes aggravated. The flapper valve on a 
breather pipe to prevent dust from entering the crank- 
case is an excellent device for its intended function. 
It was mentioned as being important on four-cylinder 
engines. Attention should be called to the fact that the 
flapper valve would reduce the ventilation effect and 
would in my opinion make four-cylinder engines about 
as bad as six-cylinder engines from the dilution stand- 
point. 

John Younger mentioned the development of an internal 
heater that was designed during the war to maintain truck 
engines at the proper temperature while not in use. He be- 
lieved that the application of some such device to engines in 
general would remedy many of the difficulties that now pre- 
vail. 

Additional discussion of the Sparrow and Ejisinger paper 
related to the advantages of having a certain amount of 

dilution for starting in cold weather, suitable viscosities and 
ventilation requirements. 

SLIGH ON DILUTION MEASUREMENT 

T. S. Sligh, Jr., of the Bureau of Standards, presented a 
discussion of certain work on the measurement of crankcase- 
oil dilution that has been included in the cooperative fuel 
research program. The paper summarized various methods 
of measuring the percentage of diluent in used crankcase- 
oils, but did not treat the broader questions of differentiation 
of the oil due to other factors. 

The characteristics of viscosimetric and of steam-atmos- 
pheric and vacuum-distillation methods were discussed. It 
was pointed out that as dilution is not the only change which 
the oil undergoes in service, methods that are based upon 
the assumption that the oil is unchanged except by the pres- 
ence of diluent may yield misleading results. 

Distillation methods seem best suited for this determina- 
tion and those which are rational, in that the evaluation of 
the diluent is based on the change in the properties of the 
distillate as the distillation proceeds from diluent to oil, 
seem to promise the greatest accuracy over a wide range of 
diluents and oils. 

Since the accuracy that is necessary for research work is 
not attainable with the simple apparatus and procedure de- 
sirable for general routine work, two rational methods were 
suggested for determination of the percentage of crankcase 
dilution. The first was a vacuum-distillation method car- 
ried on at a pressure low enough, about 4 cm. (1.57 in.) of 
mercury, to avoid cracking of the oil. In this method, distil- 
lation date, volume of distillate and vapor temperature are 
taken, and the percentage of diluent is deduced from these 
data or from a curve plotted therefrom. Results are accurate 
to within about % per cent. 

The second method described is a rapid atmospheric distil- 
lation in which no thermometer is used. The distillate is fed 
from the condenser through a funnel having a capillary sec- 
tion in the stem. The transition from diluent to oil is ac- 
companied by an abrupt increase in the viscosity of the dis- 
tillate and also by a rapid increase in the rate of distilla- 
tion with constant heat-input. These two effects combine to 
produce a rapid rise in the head of distillate in the capillary 
section. The volume of distillate corresponding to this rapid 
increase is taken as the diluent. Results may be expected to 
fall within 2 per cent of the true value. 

DEMONSTRATION 

Mr. Sligh demonstrated the Bureau of Standards appara- 
tus for measuring crankcase-oil dilution. As mentioned 
above, the details concerning the transition method of dilu- 
tion determination by vacuum distillation were printed in 
the January issue of THE JOURNAL, p. 17. Additional ma- 
terial will be printed in a forthcoming issue. 

In the discussion of Mr. Sligh’s paper attention was 
called to the fact that the methods described are satisfactory 
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ELVERSON OSCILLOSCOPE, A DEVICE FOR STUDYING THE MOTION OF 
MOVING PARTS 

By the Use of the Stroboscopic Principle the Parts May Be Made 
To Appear at Rest. By the Use of a Creeper Gear Attached to the 
Engine or Other Apparatus Under Investigation the Parts May Be 
Shown in Motion at Any Desired Speed of Rotation. The Mech- 
anism Is Viewed under Light Produced by Neon-Filled Tubes, the 
Light from Which Is Interrupted at Suitable Frequency by an 

Appropriate Mechanism 

for determinations with blended oils or compounded oils. 
Mr. Sligh stated that the transition method using atmos- 
pheric distillation is not satisfactory, owing to the fact that 
results are meaningless in cases where cracking of the oil 

takes place. 
Chairman Wilson , stated with regard to the constant- 

temperature method which so many are using at the present 
time that the objectionable cracking of the oil can be very 
greatly lessened by making the distillation toward the end 
very rapid, for example, by limiting the time between the 
thermometer readings of 400 and 460 deg. fahr. to 2 min. It 
was stated that in this event practically no cracking will 
occur, but in case the temperature is allowed to increase 
slowly in this range, a marked increase due to cracking will 

be noticed. 

AN APPRECIATION 

L. C. Hill, Retiring Assistant General Manager, Receives 

Regrets and Best Wishes 

During the Lubrication Session, President Crane made 

the following announcement: 

The saddest job at the end of my term is to have to 
tell you that Clayton Hill is leaving the Society’s cen- 
tral office organization for work in a private field. The 
Council and officers have already told him a little how 
they felt about it and I wanted to tell you all that it is 
to take place so that you can take advantage of the 
opportunity of saying what you think about it person- 
ally or in a concerted manner. 

General Manager Clarkson took the floor and made the 
following remarks: 

I have had intimate and long contact with Hill and 
I want to have the pleasure of adding briefly and sub- 
scribing the best certificate of merit we can make as 

to his faithfulness, extraordinary enthusiasm and ef- 
fectiveness in constructive work of the Society. He 
is an artist by nature, an engineer by training, and a 

prince of good fellows by avocation. 
I propose three cheers for L. Clayton Hill. 

After the demonstration had subsided, Mr. Hill responded 
with what he termed his “first propaganda talk for the 
S. A. E.” He expressed his great regret at leaving the 
Society and predicted for it a future that cannot at present 
be fully appreciated. 

Mr. Hill said in part: 

When I look down the list and find the outstanding 
successes of the industry, I invariably find that these 
companies are affiliated actively in the work of the 
Society. * * * I am for interesting meetings. 
They are what Mr. Litle calls high post-graduate 
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courses in automotive engineering. Everyone of them 
ig given for the good of the industry. I have been 
given a large share of credit for these programs, but 
the real credit should go to the men who have taken 
the trouble, the pains and the care to give unselfishly 
of their own work and of their time to the general 
benefit of the industry. It should go to the companies 
in the industry who have done worlds of good in re- 
leasing information of a type which in other industries 
is considered highly confidential and mysterious. 

I only hope that in leaving the Society I can con- 
tinue to be of service to it. I hope that you will con- 
vince others that the activities of the Society have as 
their real purpose the promotion of scientific advance- 
ment. 

VAPOR-COOLING ADVANTAGES DISCUSSED 

This Session of Annual Meeting Produces Lively Debate 
and Lack of Agreement 

Advocates or defenders of 
the vapor-cooling system for 
internal-combustion engines, 
who took part in the discus- 
sion following the delivery of 
a paper on the subject by 
N. S. Diamant were very 

confident that the system 
offers advantages over the 
water-cooled system but some 
skeptics cited cases that they 
believed proved the contrary 
and raised questions of the 
practicability of applying the 
vapor-cooling system to pres- 
ent engines. Mr. Diamant’s 
paper appears elsewhere in 
full in this issue. The ad- 
vantages claimed for this 

system of cooling are that it 
is apparently a simple way 
of attaining quick warming-up of the engine, constant oper- 
ating-temperature irrespective of the load on the engine 
or of weather conditions and a slow rate of cooling down 
after the engine has been stopped. 

As an example of a satisfactory steam or vapor-cooling 
system, John Erskine mentioned the Fairbanks-Morse farm- 
lighting plants developed some years ago having a small 
radiator above a small hopper, the radiator acting as a con- 
denser from which the water ran back into the hopper. This 
maintained a constant operating-temperature of 212 deg. 
fahr. He said that it seemed to him entirely feasible to 
build an engine, with suitable design of the water passages 
and cooling space, that would operate without any circula- 
tion or pump and in which the radiator would be used 
simply as a condenser for the steam formed. 

On the other hand, Charles P. Grimes inquired what it was 
hoped to gain with the steam system over the water system, 
and referred to work he had done during the last 2 or 3 
years with an engine which had a combustion-chamber 
temperature of 520 deg. fahr. when running normally under 
full load but which appeared to give a better performance 
when the temperature was reduced to 360 deg. fahr. with 
the engine working at full load in a room having a tempera- 
ture of 160 deg. fahr. The combustion-chamber tempera- 
ture was taken s4 in. from the inner wall of the cylinder and 
about 34 in. above the piston. Chairman Alexander Taub, 
replying, said that the temperature mentioned was an ex- 
treme and that anything done to lower it would be of some 
benefit whereas ordinary operating-temperatures might be 
too low. 

N. S. DIAMANT 

No BOILING AWAY OF WATER 

Absolutely no boiling away or loss of water occurs in the 
vapor-cooling system, said Chairman Taub, when C. B. 
Dicksee suggested that deliberate boiling away of the water 
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would cause a more rapid accumulation of lime on the cylin- 
der-jacket walls. A car fitted with a vapor-cooling system 
had been driven from Los Angeles to Detroit and arrived 
with the same water with which it started. Further dis- 
cussion developed that whereas, with the water-cooling sys- 
tem, it is necessary to have from 30 to 40 lb. of water, the 
vapor-cooling system requires only 5 or 6 lb. With a con- 
stant temperature of 212 deg. the top of the combustion- 
chamber immediately over the exhaust-valve was at 242 deg. 
but by using a 50 per cent alcohol solution the constant 
temperature would be 184 deg. and that of the combustion- 
chamber, 226 deg. The ideal steam-cooling system, said Mr. 
Taub, is one that maintains the maximum safe operating- 
temperature. A temperature of 245 deg. is not one of which 
we need be afraid. As the operating temperature goes down 
the friction goes up. In going to a higher operating-tempera- 
ture with an existing water-cooled system, in which the 
exhaust-manifold is heated to rather an excess, some means 
must be used to lower the heat of the manifold or a loss of 
volumetric efficiency and consequently of engine power will 
be noticed. 

Hot-Spots Do Not DEVELOP 

Arthur Pull expressed doubt if some of the vapor-cooling 
systems described could be applied practically and success- 
fully to present engine constructions, because the increase 
in temperatures would bring about conditions of unequal 
expansion and improper valve operation as a result of dis- 
tortions, which conditions arise when the boiling-point of 
water is exceeded, although it is entirely practical to operate 
at a considerably higher temperature than those to which 
we are accustomed. Mr. Taub replied that no trouble had 
been experienced in fitting the system to present cars. 

Probable development of hot-spots at the exhaust-valves 
and spark-plugs, particularly if fins are accidentally formed 
in the jackets when casting the engine block so that pockets 
are formed, was cited as an objection to vapor-cooling, but it 
was pointed out that there was a misunderstanding regarding 
the system and that the cylinder-heads were always covered 
by water and not by steam alone. Greater turbulence 
occurred at the hottest places and the heat was carried away 
more rapidly, so that there was greater uniformity of heat 
than when operating at lower cooling temperatures. Fins 
that restricted the flow of the water in water-cooling systems 
caused little trouble in the vapor-cooling systems. Uniformity 
of heat in the cylinder-block was one of the beautiful points 
about vapor-cooling, said Mr. Taub. As the temperature 
reaches 205 or 212 deg. fahr., hot-spots do not occur but all 
parts become of the same temperature. 
A laugh was raised when Mr. Diamant, replying to a ques- 

tion by Mr. Erskine as to whether it would not be entirely 
possible to build an engine with a suitable design of water 
passages and cooling space that would operate without any 
circulation or pump and in which the radiator would be used 
simply as a steam condenser, said that, while the problem was 
more complicated than that, the whole thing was very simple; 
all that was necessary was to analyze the engine and de- 
termine the effect of engine temperature and of water-jacket 
temperature on volumetric efficiency, on mechanicai efficiency 
and on the thermodynamic efficiency. Determine these, he 
said, and the problem is solved. 

No TECHNICAL DIFFICULTIES IN THE WAY 

Difficulties that stand in the way of adoption of vapor- 
cooling are commercial rather than technical, according to 
Mr. Taub, but Mr. Young remarked that the chief trouble 
was in getting the steam into the radiator, the radiator in 
present automobiles being set low so that it is necessary to 
bring the steam down low to introduce it into the radiator 
or condenser. He said he had conducted the tests for the 
Fairbanks-Morse lighting outfits, 12,000 of which had been 
built and were working successfully. The manifold was 
taken off the top of the engine and the core of the cooler 
outfit was set on. The steam, of course, rose. The top was 
not sealed and no vent was provided, he said. 

In rebuttal, Mr. Taub remarked that he knew personally 
of 300 cars with conventional radiators in the usual location 

ee 

which were steam cooled and that no trouble whatever was 
experienced in getting the steam into the radiators. There 
were several ways, he said. The steam could be brought 
downward or could be run in direct. He believed the simplest 
form was best, merely letting the water come to a boil and 
allowing the steam to pass directly from the head into the 
top of the radiator and from there down. 

H. A. Huebotter suggested that an experiment might be 
made in steam jacketing the lower half of the crankcase in 
winter and, instead of having all the condenser surface at 
the front of the car, run the hot water or steam down to a 
steam jacket in the crankcase so as to keep the lubricating 
oil at a temperature of 212 deg. fahr. and evaporate the 
gasoline and water diluents, at the same time reducing the 
viscosity of the oil to aid in its circulation when starting. 

Regarding the simpler applicability of the vapor-cooling 
system to aircraft engines, because of the possibility of plac- 
ing the radiator high, a point raised by E. W. Weaver, Mr. 
Diamant said that one system he had shown in the slides had 
a condenser and radiator that had been used for aircraft 
work and that, so far as cooling was concerned, there did 
not seem to be much difference between the automobile and 
aircraft engines. However, some work done by the Bureau 
of Standards seemed to indicate that the factor of safety in 
high-compression engines is reduced when the water-jacket 
temperature is increased. If the temperature is raised from 
180 to 212 deg. fahr., detonation may occur and in any case 
there is no certainty that the factor of safety is not reduced. 

NEW SECTIONS COMMITTEE ACTIVE 

Plans for Student Branches and Other Matters Dis- 

cussed at Informal Dinner 

A generally successful year 
among the Sections of the 
Society has provided an 
added impetus for the cur- 
rent year’s activities. The 
meetings have been success- 
ful, the membership has in- 

creased, financial problems 
have been solved. The new 
committee, the personnel of 
which is listed elsewhere in 
this issue, has already taken 
the reins and at an informal 
dinner in Detroit on Jan. 22, 
the members expressed a de- 
termination to make the 
present year the best ever. 

STUDENT BRANCHES 

Installation of student 
branches of the Society was 

favorably discussed and attention was called to the fact 
that a number of engineering institutions are even insistent 
in their demands that the Society’s work be extended to in- 
clude this activity. By this means it should be possible to 
establish a contact with prospective automotive engineers 

that will at once be beneficial to the student, to the Society 
and to the industry at large. Work now in progress should 
soon result in the formulation of definite plans concerning 
this proposed extension of the Society’s services. 

J.H. HUNT 

PAcIFIC CoAST ACTIVITIES 

Considerable interest was expressed in the activities of 

Society members resident in the Pacific Coast States. Some 

assistance has already been rendered these members in con- 

nection with meetings and other activities. It was generally 

agreed that this important phase of Society work should be 

fostered. 
PRESIDENT TO VISIT SECTIONS 

President Horning showed great enthusiasm in Sections 

work and told of plans to visit as many of the Sections as 
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possible during the year. He bespoke for the central office 

organization tke continued fine cooperation of the Section 
units. President Horning mentioned the increasing effective- 
ness of the Society’s research work and promised to discuss 
this among the Sections. 

Assistant General Manager Hill expressed regret in retir- 
ing from the central organization and stated that his interest 
in Society activities will not cease. He called upon the Sec- 

tions to continue their efforts toward more successful meet- 
ings. The advisability of devoting considerable thought to 
details and to the formulation of plans well in advance of 
meetings was emphasized. 

The following attended the meeting above reported. Chair- 
man J. H. Hunt presided. 

H. W. Asire H. L. Horning 
O. C. Berry J. H. Hunt 
G. T. Briggs G. L. McCain 
F. F. Chandler H. O. K. Meister 
C. F. Clarkson R. E. Plimpton 
G. W. Gilmer, Jr. F. T. Robinson 
A. W. S. Herrington J. A. C. Warner 
C. E. Heywood R. E. Wilson 
L. C. Hill F. M. Young 

John Younger 

LIFE INSURANCE IN 1950 
IFE insurance fact and fancy are in daily contest. Had 
the earliest life-insurance pioneers prophesied the pres- 

ent-day accomplishments of life insurance, the soundness of 

their mentality would have been questioned. During the 
last 25 years the development of the submarine, the air- 
plane, the radio and many other remarkable inventions 
have occurred coupled with a marked development in all 
of our many and varied industries. During the same period 
the United States has acquired and completed the Panama 
Canal, which has revolutionized the trade routes of nations 
and today extends its wonderful benefits to the whole world. 
Developments in trade, commerce and state have been little 
short of miraculous. These facts, indeed, warrant the as- 
sumption that the creations and achievements of the future 
will. rival and possibly surpass those of the past. Our 
economists are unwilling to attempt prognostications for a 
period much beyond the immediate future. This attitude is 
sane, as economic forces are continually changing not only 
as to themselves but in their relation to each other. Were 
these forces to remain the same in all respects, and were 
it possible adequately to record and measure them over a 
sufficiently long historical period, we could obtain a sight 
accurately disclosing the future. It will readily be seen 
that this cannot be done with certainty, but at the same 
time we can foresee within reasonable limits of probability. 
Such a forecast serves our purpose in broadening our views, 

that we may the better be able to lay our plans and conduct 
our activities for future prosperity. 

At the close of the last century, the continental United 
States had scarcely 77,000,000 inhabitants, but now we 
approximate 114,000,000 individuals. Giving various factors 
consideration and consulting the best authorities, we may 
estimate for our purpose a population by 1950 of 150,000,- 
000 people. It is estimated that not more than 50,000,000 
of our 114,000,000 persons are now insured. It also may be 

safely assumed that less than 1 per cent of these 50,000,000 
policyholders made voluntary application for their insurance. 
It is true that one of the best-sold ideas in our country today 
is that “I should insure my life.” It is also true, however, 
that a surprisingly small percentage of men make any 
effort toward accomplishing this result until influenced to 
do so by a life insurance underwriter. Aside from any in- 
crease in the volume of business in 1950, I believe that life 
insurance will show a marked increase in value to each 
individual, because it will be more accurately adapted to 
his needs. Then fewer men who carry insurance for 
ridiculously inadequate amounts will be found. Then their 
policies will correspond more nearly with their needs and 
will be valued and retained, and the waste now due to 
heavy lapsing of insurance will, I am confident, be reduced 
to the minimum.—From address by F. H. Davis before the 
Association of Life-Insurance Presidents. 

GEORGE LOUIS LAVERY 

T is with sincere regret that we announce the death on 
Jan. 11, 1925, of George Louis Lavery, formerly of Chicago 

and recently a resident of Cleveland, who died suddenly of 
heart disease at the home of his daughter, Mrs. Henry A. 
Bogardus of Elkins Park, Pa., in the 68th year of his age. 
He was born Feb. 18, 1856, at Boston, and received his 
technical education in mechanical engineering at the Massa- 
chusetts Institute of Technology, being a member of the 
class of 1876. Following his apprenticeship as a drafts- 
man for the Boston Machine Co., he was successively de- 
signer, foreman and superintendent for the Miles Iron Works, 
Boston, from 1877 to 1884. 

Becoming connected with the Yale & Towne Mfg. Co., 
Stamford, Conn., in 1884, he went to Chicago later as man- 
ager of its branch office there and continued this connection 
until 1900, when he organized and became president of the 
American Post Office Equipment Co., Chicago. He invented, 
designed and sold keyless lock-boxes and standardized post- 
office equipment until 1905, when he disposed of his interests 
and became president of the American Bank Equipment Co., 
Chicago. Subsequent to 1908, he became mechanical engi- 

neer and Western manager for the West Steel Casting Co., 
Cleveland, Ohio, and was actively associated with the Metal 
Wheel Manufacturers Association, being influential in inter- 
esting it in metal-wheel standardization. 

Appointed a member of the Truck Division of the Society’s 
Standards Committee in 1920, Mr. Lavery was active in 
standardization work on tires, wheels and rims, and their 
equipment. He was appointed a member of the Axle and 
Wheels Division in 1921 and had been reappointed for the 
year 1925. In January, 1923, he was appointed secretary 
and general manager of the Tire and Rim Association of 
America, in Cleveland, which position he held at the time 
of his death. An important development resulting from his 
connection with this Association was the Handbook of the 
Tire and Rim and Felloe Standards of the Association. 

Mr. Lavery was elected to Member grade in the Society, 
March 16, 1916, and exerted a strong influence in building 
up the cooperative work of the Tire and Rim Association, as 
well as that of the Society’s tire and rim standardization. 
He is survived by his wife, Marion J. Lavery; his daughter, 
Mrs. Henry A. Bogardus; and his son, George Louis, Jr. 
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USE OF PREFERRED NUMBERS 

Purpose and Derivation of Preferred-Number Series 
Explained by F. J. Schlink 

In view of the large amount of discussion occasioned by 
the develupment and use of preferred numbers in Germany 
and France, a special committee was recently appointed by 
the American Engineering Standards Committee to ascer- 
tain what has been accomplished, what series would be most 
applicable for use in this Country and in what manner the 
use of such series as are found applicable could be furthered. 
Cornelius T. Myers was appointed to represent the Society 

on this Committee, the Chairman of which is C. E. Skinner, 
assistant director of engineering, of the Westinghouse 
Electric & Mfg. Co. 

In order that the Society members may have a clear un- 
derstanding of the purpose and derivation of preferred num- 
bers, F. J. Schlink, assistant secretary of the American En- 
gineering Standards Committee, who has made a study of 
the subject, prepared the following article. In commenting 
upon this article, Mr. Myers stated that 

The selection of a series of sizes is often a primary 
consideration in our standardization work, and at 
times the selection has been more or less haphazard. 
Some may argue that, within the ordinary limits of 
error in estimation and calculation, the selection of 
a particular size does not matter greatly. If this is 
the case it is certainly advisable to make the selection 
on a definite and well-known basis, if for no other 
reason than that it is well-known. 

Mr. Myers desires to have the views of the members of the 
Society on this important and interesting subject as well as 
suggestions for the application of preferred-number series to 
automotive parts and materials so that the sentiment of the 
industry can be placed before the special committee of which 
he is a member. 

PREFERRED NUMBERS 

A good deal has been written of late on the subject of pre- 
ferred numbers. In France and Germany particularly, these 
numbers, or “numbers for standardization,” as they are now 
often called, have been discussed extensively in the technical 
press. The Germans regard it as one of the two most im- 
portant projects before their very active national Standards 
Committee. Several of the more important European papers 
on the subject have been translated by the American En- 
gineering Standards Committee. C. F. Hirshfeld and C. H. 
Berry of the Detroit Edison Co. prepared an interesting 
treatment of preferred numbers which was reprinted by the 
American Society of Mechanical Engineers with an extended 
discussion including the views of specialists on ball bear- 
ings, bolts and nuts, steam engines, machine tools, engineer- 

ing physics, engineerig education, electrical machine design, 
rolled shapes, ordnance, small tools, telephone manufacture 
and others. An extensive discussion on the subject by C. C. 
Stutz, C. F. Hirshfeld, C. H. Berry and A. S. McAllister also 
appeared in Mechanical Engineering recently. At the World 
Power Conference an important paper entitled Considera- 
tions as to the Most Economical Ratio of Increase in Series 
of Standardized Principal Dimensions was read by Dr. 
Goudriaan, until recently director of the Dutch National 
Standardizing Body. 

It is evident from the amount of discussion that the sub- 
ject must have considerable importance in the minds of 
those who are familiar with it. 
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STANDARDIZATION ACTIVITIES 
The work of the Divisions and Subdivisions 

of the S. A. E. Standards Committee and 

other standards activities are reviewed herein 

140h 

A good many of the foreign standardizing bodies have 

recognized for years the need for a system of standard num- 
bers, especially applicable to diameters. These were known 
as standard diameters and had for their purpose the re- 
duction of the number of gages, tools, patterns, and cores 
to the minimum. It is obvious that a multiplicity of di- 
ameters selected in the drafting room and designing office 

necessarily implies a multiplicity of apparatus, tools, fittings 
and supplies to carry out the casting, machining and finish- 

ing processes. In the general case every additional diameter 
means a new pattern and core; a different drilling, boring, 

grinding, milling, broaching, or threading tool or tools if 
the article is manufactured in mass production; a different 
polishing fixture if the surface is to be polished; several 
different gages to measure it in the process of inspection or 
test; and finally, even a different plug, protecting sleeve, or 
container in which to pack it. Obviously any reduction in 
the number of diameters, occasioned by a selection of a few 
diameters that will equally serve the purpose, out of a large 
number of diameters that have grown up more or less at 
random and to suit individual judgment or fancy, can affect 
the cost of production at various points by the elimination 
of unnecessary patterns, tools, jigs, fixtures, gages, handling 

devices, shipping containers and many other items. 

The basic plan of the preferred numbers is to set up series 
of dimensions which increase, not by uniform increments, 
Oe Ty ee ee Oe Bs Beads es ves, but by a uniform percentage 
or proportion, as 2. 4, S, 16, 32............ 

In order to get an idea in the briefest possible form of 
what preferred numbers seek to accomplish, it may be well 
to examine one of the simplest ways for setting up a series 
of preferred numbers. Fig. 1 shows a 10-in. slide rule with 
a scale of equal parts, the L scale, adjacent to the lower or 
D seale. If we project every even graduation of the equal- 
part scale onto the D scale, as shown in the lower portion 
of Fig. 1, we obtain the numbers 10, 16, 25, 40, 64, 100, 

falling 2 in. apart along the lower scale. This is the first 
and simplest series of preferred numbers, providing five 
intervals equally spaced on a scale of proportionate increase 
between 10 to 100, each number being about 60 per cent 
larger than its predecessor in the series. Such numbers 
have the property, which is accounted for by the principle 
of construction of the slide rule, that the difference of their 
logarithms is constant and numbers whose logarithms lie 
in arithmetical series themselves lie in a geometrical or 

proportionate series. By successive subdivision of the D 
scale, projecting from the equal-parts scale, we may set 
up series with increasing numbers of terms, such as 10, 20, 
40, and 80, between 10 and 100, 100 and 1000, 1000 and 
10,000 and so on, each series covering one “order of magni- 

tude.” Series founded on other bases than roots of 10 would 
possess the disadvantage of not repeating in successive or- 
ders as is the case with the German and French proposal. 

The 80-term series corresponds to a difference in size from 
one standardized article to the next, of only 2 per cent, a 
much finer division than there is ordinarily any practical 
need for. 

A most important property of these numbers is related 
to a characteristic of a slide rule which makes it so useful 
in calculations. If we are calculating the strength of a 
beam having a cross-section of 2 x 4 in., we can compute our 
results no more and no less accurately, relatively, than in 
the case of a beam 20 x 40 in. In each case the errors 
in our knowledge of the properties of the material and the 
true cross-section of the beam as manufactured, enter in a 
proportionate sense, so that our calculated result is likely 
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to be in error by about the samé percentage in each case or, 
conversely, reliable to about the same number of significant 
figures. If it were not for this fact, the slide rule would 
be useful only for calculations involving small numbers, 

since in the case of large numbers, the errors would be too 
great to be tolerable. In fact the error in reading the slide 
rule is about the same on a percentage basis throughout 
the whole length of the scale. With care we can read to 
four significant figures at the lower end of the scale, which 

corresponds to an error of about 1 in 1000, or 1/10 of 1 
per cent, and to three significant figures at the upper end of 
the scale, as 1 in 990, which is about the same percentage. 
Now in setting up a series of standardized elements or 

parts, we have much the same problem. Take the simple 
case of paint brushes: there could be no occasion for spac- 
ing the sizes of brushes closer together than could be readily 

discerned as giving a distinct difference in the use of the 
brush; yet in a narrow brush of %-in. width, a %-in. differ- 
ence would be quite important, while in a brush 5 or 6 in. 
wide, the user would never detect such a small difference 
without actual measurement. As a matter of fact psycho- 
logical experiments dating back to 1850 show that diffen- 
ences in sizes of objects which are directly related to our 
sense impressions—in the example given, the muscular and 

visual sense—should lie in a geometrical or proportionate 
series if they are to give the impression of equal spacing 
in the light of our senses. 

As another example, we are able to distinguish two 
weights as different when lifted by the hand if they are 
about 10 per cent apart in value. Certainly there would 
be no sense, therefore, in spacing the sizes of paper weights 
any closer than this and more likely they should be spaced 
much farther apart. Thus there would be no reasonable 
ground for a set of paper weights of 1, 1%, 2, 2%, 3 and 
3% lb. and so on, while a series starting out about the same 
way, but giving a 60-per cent increase from one size to the 

next, might be quite useful. Thus: 1, 1%, 2%, 4, 6% and 
10 would be such a series, and would cover the range of from 
1 to 10 lb. with only six sizes, while an evenly spaced or 
arithmetic series like that first mentioned, would require 
19 sizes to cover the same range. It is easy to see what this 
difference would mean in excess manufacturing costs for 
the closely-spaced series. 
Now as a matter of fact no one would think of setting up 

a series including every % lb. from 1 to 10 lb. The man- 

ufacturer in the past would have approximated such a series, 
without explicitly realizing his object, by running along 
with a constant increase of % lb. for one or two terms, 
then jumping to a 1-lb. increase for the next and so on. 
Thus the commercial nominal diameters of hexagon-head 
bolts run as follows: 4, Ys, 3%, ve, %, f, %, 4, %,1,1%, 

1%, 1%, 1%, 2, 2%, 2%, 3 in.; and of wrought-iron pipe: 
%, 1, 1%, 1%, 2, 2%, 3, 3%, 4, 4%, 5, 6, 7, 8, 9, 10 in. 
and so on. 
We thus see that in practical work, a series which is in 

sufficiently common use, tends to develop into an approxima- 
tion to geometric series, probably due oftentimes to the 
gradual elimination of some of the arithmetically spaced 
sizes as they are less and less called for by the consumer. 
This very slow and rather wasteful process seems to be suf- 
ficient evidence for the desirability of a rational scheme of 
geometric series for size standardization. 

As has been stated, in practice we usually arrive at some 
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TABLE 1—PREFERRED-NUMBER SERIES 

5-Series 10-Series 20-Series 

10 10 10 
Ae Ne 11 

12.5 12.5 
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16 16 16 

, - 18 
20 20 
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25 25 25 
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os 50 50 
4 Er 56 
64 64 64 
£2 a 72 

80 80 
ee wie 90 

100 100 100 
oe esi 112 

125 125 
re ae 140 

160 160 160 
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sort of approximation to the geometric series without being 
aware of it. In some fields we are aware of it and find the 
whole scheme very useful and practical. For example, cop- 
per wire sizes have been for many years on a proportionate- 
increase basis to the very great satisfaction of all concerned. 
Similarly the aperture, or shutter openings, of photographic 
lenses are in a geometric series, having a rate of increase 
of 2 to 1 or 100 per cent. The great “latitude” of photograph 
plates and films makes this coarse series possible. Thus the 
usual shutter openings are equal to the focal length divided 
by 4.0, 5.6, 8.0, 11.0, 16.0, 22.0, 32.0, 45.0, a series giving a 
50-per cent increase in diameter per term which is propor- 
tional to the smallness of the area of the openings and hence 
required times of exposure of 16, 32, 64, 120, 250, 500 and 
1000. These numbers appear in the French and German 
series. 

Similarly with incandescent lamps, the watt ratings and 
hence candlepower of the common Mazda “B” lamps are 10, 
15, 25, 40, (50), 60 and 100. 

Again in radio sets, each successive stage of amplification 
increases the audibility of the output in a fixed ratio, thus 
in the three stages of audio frequency amplification, the 
sound energy outputs may be in the series: 

Detector First Stage Second Stage 
1 30 900 

Machine-tool speeds are already largely on a proportionate- 
series basis, and those that are not are rapidly being put 
upon such a basis. Thus at Watertown Arsenal, motor 
speeds of machine tools are carefully set up by changing 
rheostats and other control features to produce an accurate 
speed series in a geometric ratio, each speed being 1.2 times 
as fast as the preceding, this being determined by a proper 
combination of the characteristic of the motor and the re- 
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Fic. 1—10-IN. Stipe RULE SHOWING DERIVATION OF NUMBERS IN GEOMETRIC SERIES 

The Lower Illustration Shows the D and L Scales, with Graduations Simplified for Clearness, Giving over Each Number on 

the Equally Divided L Scale, a Preferred Number of the 10-Series (See Table 1). On the Old Mannheim Slide Rule, the 
Sume Result Can Be Obtained in Conjunction with the D Se ale, by the Use of the Log Scale Found on the Back of the Slide 
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sistance in the controller units. It is pointed out in a 
memorandum by F. Bauer of the Watertown Arsenal that 
in the selling of motor-driven machine tools a statement that 
a machine has a given number of speeds is an ambiguous 
expression to one who wants uniform production. Mr. Bauer 
shows that when there are 48 speeds, for example, the group- 
ing of speeds toward the lower end of the range may give a 
very uneconomical and inconvenient distribution with the 
higher speeds too far apart and too irregular. According to 
Mr. Bauer, 

If the motor speeds were correctly apportioned ...a 
statement that a lathe has 16 speeds correctly arranged 
to give the maximum production would have some 
weight. 

As an example of the waste of material, patterns, stock, 
and storage space that may be involved in the selection of a 
uniform spacing of sizes, reference may be made to the 
1914 American Standard for Pipe Flanges and Fittings 
which specifies flanges and fittings increasing by 2-in. steps 
all the way from the 16-in. size to the 100-in. size. In the 
smaller sizes the increase in diameter is 12 per cent, 25 per 
cent on area, and in the larger sizes only 2 per cent, 4 per 
cent on area. When we come to analyze the basis which must 
rationally determine the spacing of such sizes, we come to 
the conclusion that the errors of estimating the size of pipe 
required for any given purpose on a basis of capacity of 
connecting pipe-lines, run-off over a drainage area, the extent 
of the drainage area itself and the probable demand are 
pretty large at best, and probably just as large on a per- 
centage basis on the 100-in. pipe as on the 16-in. pipe, so 
that it seems from general engineering considerations, that 
the larger sized pipes in such a series are spaced far more 
closely together than the accuracy of the basic data used in 
a pipe-line calculation can possibly warrant. On the other 
hand, those near the 16-in. size, corresponding to the 25-per 
cent increase of area from one pipe to the next, may be too 
far apart. 

On superficial study of the subject of size standardization 
it appears that there are a good many size series that prob- 
ably ought to be on a geometric basis, for instance, shoes. 
Obviously the thing that determines how much larger one 
size ought to be than the next is how much “pinch” is 
tolerable, and equally obviously the pinch is a question of 
proportion. If % in. is the right increase for a No. 5 shoe, 
then it is wrong for a No. 12, which is a foot so large 
that the same % in. would hardly be noticed. What happens 
in practice is that half sizes are stocked in the smaller shoes 
and not in the larger ones, which gives a crude and unsys- 
tematic approximation to what is needed. In collar sizes 
the question is probably not so vital, as the total range of sizes 
is not very large. In clothing of all sorts the unsystematic 
spacing of sizes, with transition from boys’ to men’s sizes, 

and the like, involves a good deal of wasted energy and 
error which could be avoided if there were one smoothly 
progressing size series from the very smallest up to 46-in. 
chest measure or wherever they stop. 

Geometric systems of sizes can be constructed without 
reference to particular numbers, which is the way the 
English tend to regard the application of the method, for 
example, building up geometric series of telephone switch- 
boards, wire, motors, magnetos, push-buttons, and transform- 
ers each on an independent basis just as our collar, glove, 
hat and shoe sizes have no evident relation to each other; or 
we can fit the whole thing into one great framework by using 
the same numbers over and over again for diverse purposes. 
Thus we find the same numbers 

10.0 16.0 25.0 40.0 64.0 100.0 
12.5 20.0 32.0 50.0 80.0 

which we may use with their derivatives obtained by intro- 
ducing decimal points or zeros, for all sorts of things, of 
which the following is an imaginary, and numerically a very 
crude, picture, but which is not so far-fetched in the light 
of what the Germans and French are doing with these num- 
bers in the mechanical, and more particularly the electrical, 

1See the Journal of the American Institute of Electrical Engi- 
neers, June, 1924, p. 504. 
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TABLE 2—POSSIBLE USES OF PREFERRED NUMBER SIZES, 

SHOWING DIVERSITY OF POSSIBLE APPLICATIONS 

Picture-Frame Dimensions, in. 
5x8, 8x10, 8x12, 8x16, 10x12, 10x16, 10x20 

Weight of Sash Weights, lb. 12, 20, 32, 50 
Length of Scissor Blades, in. 

1.0, 1.6, 2.5, 4.0, 6.0, 10.0 
Diameter of Slip Rings, in. 

8.0, 10.0, 12.5, 16.0, 20.0, 25.0, 32.0, 40.0 
Length of Carbon Brushes, in. 

1.6, 2.0, 2.5, 3.2, 4.0, 5.0, 6.4 
Length of Slide Rules, in. 5, 8, 10, 20 
Capacity of Freight Cars, lb. 

32,000, 40,000, 50,000, 64,000 
§, 8, 12.5, 20, 32 

32, 50, 80, 125, 200 
1.6, 2.5, 4.0, 8.0 

Magnification of Telescopes 
Number of Bolts in a Carton 
Weight of Tobacco in a Tin, oz. 
Packing-Case Dimensions, in. 

10.0x12.5x16.0, 12.5x16.0x20.0, 16.0x20.0x25.0 
Length of Flags, ft. 1.6, 2.0, 3.2, 4.0, 5.0, 6.4, 8.0, 10.0 
Height of Lettering for Signs, in. 

1.0, 1.6, 2.5, 4.0, 6.4, 10.0 

industries. A fundamental advantage of the scheme, if it 
could ultimately reach an almost universal application, would 
be that one would know what the next size would be in 
planning for a box, a sheet of bristol board, or a desk without 

forever needing to refer to a catalog or call up a dealer, and 
then finding that different dealers and catalogs show little or 
no agreement, and that because of the enormous total 
diversity of sizes made, the one wanted is out of stock or has 
been discontinued, or what not. The happy alternative 
might be a few well-chosen sizes that every merchant could 
afford to carry. 

The English system of weights and measures, particularly 
the inch and its customary subdivisions such as quarters, 
eighths and sixteenths, and the pound and its subdivision 
into ounces, form in practice what amounts often to a pre- 
ferred numbers system. For example, the lengths, 4, 2,1, % 
(0.500) % (0.250), % (0.125), 1/16 (0.064), 1/32 (0.032), 

and 1/64 (0.016), with their rounded decimal equivalents 
given in parentheses, fall into the regular 10 series of pre- 
ferred numbers, taking every third term. This series, with 
the third terms italicized, is 4.000, 3.200, 2.500, 2.000, 1.600, 
1.250, 1.000, 0.800, 0.640, 0.500, 0.400, 0.320, 0.250, 0.200, 
0.160, 0.125, 0.100, 0.080, 0.064, 0.050, 0.040, 0.032, 0.025, 
0.020, 0.016. Fortunately, due to the fact that the con- 

version factor from metric to English units is itself very 
approximately a preferred number, and since the product 
of preferred numbers is also a preferred number, the metric 
equivalents of these are, approximately speaking, preferred 
numbers as well. 

In electrical standardization one runs up against applica- 
tions of geometric series everywhere, particularly in Eu- 
ropean practice. A recent paper entitled the Transmission 
Unit and Telephone Transmission Reference Systems, by W. 
H. Martin of the engineering staff of the Bell Telephone Sys- 
tem, sets up a system of units for the determination and ex- 
pression of transmission efficiencies of telephone circuits and 
apparatus. Table 3 shows the equivalents of the transmis- 
sion units, which we note are the familiar preferred num- 
bers in the 10 series. 

TABLE 3—TELEPHONE TRANSMISSION UNITS, SHOWING 

THEIR IDENTITY WITH PREFERRED NUMBERS 

No. of Units For Losses For Gains 

1 0.800 1.25 
2 0.630 1.60 
3 0.500 2.00 
4 0.400 2.50 
5 0.320 3.20 
6 0.250 4.00 
7 0.200 5.00 
8 0.160 6.00 
9 0.125 8.00 

10 0.100 10.00 
20 0.010 100.00 
30 0.001 1,000.00 
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STANDARDIZATION 

In addition to some items already mentioned, the foilow- 
ing is given as a partial list of some of the articles that 
have been dimensioned by preferred number methods, for 
the greater part in German or French standardization work. 

Colors of solutions 
Motor, generator and transformer ratings in kilowatts 
Carbon-brush dimensions 
Motor and generator slip-ring dimensions 
Pulley diameters and rotational speeds 
Switch and fuse ratings in amperes 
Motor-frame dimensions 
Dimensions of handles for tools, controllers, etc. 
Sizes of aluminum and copper strips for switchboard 

wiring 

Dimensions of handles for tools, controllers, etc. 
Sizes of aluminum and copper strips for switchboard 

wiring 

Dimensions of spools for insulated wire 
Volumetric capacity of oil cups 
Dimensions of knife-edges for weighing scales 
Dimensions of washers 
Dimensions of thumb screws and knurled nuts 
Dimensions of non-circular openings 
Dimensions of motor shaft-ends 
Dimensions and tolerances for aluminum shapes, tubes, 

bars, strips, plates and sheets 
Dimensions of tool posts 
Dimensions of bollards, chocks and manholes 

Diameters of steel and iron piping and pipe flanges 
Diameters of steel, copper and brass piping 
Working and test-pressure ratings of piping, fittings 

and valves of all sorts 
Mesh and diameters of wire for sieves 
Dimensions of hoisting machinery drums 

Dimensions of handwheels of various types 
Diameters of core plugs for patterns 
Dimensions of foundation castings 
Heights of lettering for signs and drawings 

A comment of A. W. Whitney, chairman of the American 
Engineering Standards Committee, on this subject is very 
illuminating. Mr. Whitney says of the system of’ preferred 

numbers that it has 

An ear-mark that is found in every fundamental 
solution, namely, that it clears up a larger field than 
we had hoped initially to affect. As illustrating this 
I will instance the facts: first, that the number series 
that obtains where increased refinement is called for 
can easily be made to include the numbers in all lower 
series; second, that if linear dimensions are expressible 
by a geometric series, then areas and volumes are also 
expressible by number series which are contained in 
the original series; and third, by the apparent adapta- 
bility, due to fundamental consideration, of such num- 

ber series to the simplification of machine design. 
All these facts taken together indicate that we have 

before us a singularly fundamental and powerful in- 
strument that can scarcely fail to exert a profound 
effect upon standardization. 

One other obvious fact should be noted. The funda- 
mental character of this method adapts it for use as a 
basis for international standardization. It has been 
suggested by two foreign national standardizing bodies 
that no time should be lost in getting the countries of 

the world together not only in an agreement upon the 
particular number series to be used, but upon a stand- 
ardization of roundings. With such a common number 
series as a basis, we may go far in securing interna- 
tional standardization along other lines. 

STANDARDIZATION IN RUSSIA 
A standardization movement has now been under way in 

Russia for about a year. An organization has been devel- 
oped and is actively at work under the leadership of a com- 
mission appointed by the Supreme Council of National Econ- 
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omy of the Soviet Republic, according to information ob- 
tained by the American Engineering Standards Committee 
from D. N. Borodin, of the Russian Agricultural Agency in 
America. Mr. Borodin states that the Russians are anxious 
that their standardization work shall be correlated with that 
going on in the other industrial countries of the world 
which are active in industrial and engineering standardiza- 
tion, and to that end are giving careful study to the whole 
subject. 

A problem of great importance to Russia, and to coun- 
tries that export farm machinery to Russia, is that of the 
standardization of agricultural machinery and implements. 
A project is being carried on in this connection by the Com- 
missariat of Agriculture, jointly with the commission men- 
tioned above and with the cooperative and state stores deal- 
ing in agricultural machinery and implements. 

PATCHING OF LEATHER PERFECTED 

Certain Tanners Can Now Supply Second-Grade Hides 
Patched Acceptably 

At the 1924 Annual Meeting the patching of grub-holes and 
other defects in upholstery leather was recommended by K. 
L. Herrmann of the Studebaker Corporation of America in 
a paper on Automobile Upholstery-Leather. It was stated 
that patching methods had been developed which resulted in 
patches as strong and as flexible as the hide, and which could 
not be detected from the finished side. 

The use of patched hides was not permitted in the S. A. E. 
Recommended Practice for Upholstery Leather Specifications 
approved at that meeting, however, as there were no manu- 
facturers equipped to patch leather in production, the patches 
being used at that time being of a temporary nature intended 
to prevent the coatings from penetrating the hide. Informa- 
tion recently obtained from the tanners of upholstery leather 
indicates a rather divergent practice. In general the tanners 
do not wish to give out any information as to what they have 
or have not accomplished or are developing. Of the more in- 
teresting comments received, the following, submitted by 
American Oak Leather Co., Blanchard Bros. & Lane, Con- 
neaut Leather Co., General Leather Co., Radel Leather Mfg. 
Co., John Reilly Co. and Stengel & Rothschild, Inc., are of 
interest. The comments from these companies are not given 
in the same order as the company names. 

We have not, up to the present time, experienced any 
difficulty or complaints with patched leather. We have 
confined the permanent patching of leather to the 
lower grades, such as the splits and deep-buffs. Hides 
were sent in large and small quantities practically all 
over the world. 

We have not had one complaint in the period of 1 
year on any of the patchings coming loose or showing 
the defects on the finished side of the leather. The 
flexibility of the patch is equal to the flexibility of any 
other part of the hide. Several trimmers, purchasing 
agents and engineers have been unable to detect the 
patches in the leather, some hides examined having 
contained as many as 16 of these invisible patches. 

It is our desire to keep both the type of machine 
and the kind of cement a secret. 

After a series of experiments involving much time, 
labor and expense, we have developed a method of 
patching with which we were satisfied to go into pro- 
duction and are now patching in this manner all our 
upholstery hides which require patching. 

In strength, durability and flexibility frequent tests 
show these patched portions practically equal to the 
original hides. In appearance the patches are practi- 
cally 100 per cent invisible on most finishes, while on 
some there is still room for improvement, which we 
believe we are making. 

We are using a machine of our own development. 
A pyroxylin cement is used. 

As no product we know of has ever been or probably 
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ever will be 100 per cent efficient, we cannot claim per- 
fection in this. But we are confident we have a propo- 
sition which is practical. The results so far have 
borne this out and we do not hesitate to recommend 
that a hide patched in this manner be cut up as if it 
were free from patches. 

There is one point we would like to emphasize, which 
is that, while we and no doubt all makers of upholstery 
leathers have been aware of the fact that some im- 
proved system of patching would very naturally in- 
crease the cutting value of leather, it was not until 
Mr. Herrmann of the Studebaker Corporation of 
America got behind the proposition that any real con- 
structive work was done along this line. 

It is possible to put on patches with a special ad- 
hesive “pyroxylin” mixture, which makes an excellent 
job and if properly done, we do not think the patch 
would give any trouble in service. Of course no 
patches can be put in a job without showing when 
the leather is finished with linseed oil. The only finish 
this could be done successfully with is what is com- 
monly called “dope” finish; that is, a cold process re- 
quiring no baking. It is used by very few in the trade 
requiring the best service in the wear and feel of 

leather. 
When we find trade requiring dope-finished leather 

and they want to use the patched hides, we will give 

them this leather patched in that way. We believe 
that, if the patch is properly put on, properly beveled, 
and applied with the pyroxylin adhesive, they can be 
assured of proper wearing conditions, and in this way 

save money by buying No. 2 hides. Such patches will 
not show in the dope finish. 

We feel we have always patched leather suecess- 

fully. In the majority of instances, the patch cannot 
be detected from the finished portion of the hide. So 
far as strength and durability are concerned, we feel 
that this is practically equal to that of the other por- 
tions of the hide. 

We have never seen a machine that would skive suc- 
cessfully the various sizes of patches. The cement 
that we are using is a combination of the best fish 

glue, with a nitro-cellulose product. 

We have experimentally developed a method of 
patching leather which we believe will produce a patch 
equal in strength to that of the body of the hide, and 
will be practically invisible from the finished side of 
the leather. The machine which we have used is not 
yet perfected to our satisfaction and we prefer at this 
time not to go into details as to the design. 

So far as we know, the apparatus used by different 
tanners varies according to their individual ideas and 
they are not inclined to divulge their methods. 

In our opinion, the problem of patching leather in 
such a manner as to permit automobile manufacturers 
to cut a patch into a cushion, seat or back with full 
confidence that it will not develop trouble for them, is 

so close to a solution by most of the large tanners, 
that the Society of Automotive Engineers would be 
justified in revising its specifications on leather ac- 
cordingly. 

We have experimented with various cements with 
the idea of patching leather so that such leather could 
be used successfully. Thus far we have been unable 
to find a cement which would hold the patches so that 
we could recommend the use of such leather. 

We have a cement which will give a waterproof 
patch that is sufficiently flexible. However, we are 
not using it, as we do not find any call for it among 

our customers. We kave not found a machine for 
skiving, although we have found a machine which will 
skive the patches. It does not work on the hide. How- 
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ever, the patching can be done with a plain knife, pru 

vided a little more care is taken than in the ordinary 
patching. 

We notice that one manufacturer states that patches 
cannot be put on without showing if linseed-oil finish 
is used. On hand-buffed hides we believe that this is 
not the case, and we feel that this idea should not be 
given to the body engineers. If the pyroxylin finish is 
used, it should be in combination with the linseed-oil 
finish, as a better grade of leather is made thereby. 

Our experience of a great many years has taught us 
to patch hides in such a manner that the most critical 
upholstery examiner in most cases is unable to detect 
the patches. We have as yet to receive the first com- 
plaint from any of our customers regarding the patch- 
ing method now employed. 

It is regrettable that the tanners are not cooperatively 
working out a universal method of patching that could be 

generally adopted for automobile upholstery-leather. If the 
automobile manufacturers were faced with a similar problem, 
it would, without doubt, be solved in open discussion at 
technical sessions and meetings rather than by each manu- 

facturer developing a method without regard to the work 
done and the results obtained by other manufacturers equally 
interested in furthering the interests of the industry. 

STANDARDIZATION IN GERMANY 

Paper by Dr. Neuhaus Outlines Procedure Followed by 
German Industry 

The following article is abstracted from a paper con 
tributed by Dr. F. Neuhaus at the World Power Conference 
in July, 1924, and printed in the July 25 issue of Engineering, 
(London). It will be found of special interest in indicating 
the businesslike way in which German industry has under- 
taken standardization. 

Systematic standardization in Germany dates back 
to the spring of 1917, when the leading engineering 
firms formed, in cooperation with scientists, an Engi- 
neering Standards Committee. The work of this Com- 

mittee very soon overstepped the limits of engineering 
and invaded nearly all branches of industry. The con- 
sequence was that in December, 1917, the Standards 
Committee of the German industry, the Normenaus- 

schusses der Deutschen Industrie, was established. 
The constitution of this body is based on the prin- 

ciple that German standards should be developed by 
the cooperation of manufacturers, consumers and sci- 

entists. It is understood that the, Normenausschusses 

der Deutschen Industrie should establish fundamental 
standards for all branches, and should be responsible 
for the conformity of the standards established for the 

several branches by special committees with the gen- 

eral standards and with each other. All suggested 

standards for the German industry are examined at 

the Inspection Department of the Normenausschusses 

der Deutschen Industrie, and are published in the 

official journal of the Normenausschusses der Deutschen 

Industrie, the N.D.I.-Mitteilungen, for criticism. Sug- 

gested special standards are published in the technical 

journals of the branch to which they pertain. Objec- 

tions are carefully investigated and the suggestions 

that have been corrected in accordance with such ob- 

jections, unless the objections are such as to require 

the complete remodeling of the suggested standards, 

are laid before the Board of the Normenausschusses 

der Deutschen Industrie, which causes the standards 

to be incorporated in the schedule of standards. Only 

after a standard has been so incorporated is the stand- 
ard schedule passed for publication and general use. 

The entire German industry cooperates with the Nor- 
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menausschusses der Deutschen Industrie. Funds for 
its work are obtained by selling the standard schedules 
and from contributions of comparatively small amounts 
on the part of the industry. No government subsidy 
is given. Schedules of the standards that are final, and 
of those that are being prepared, are issued every 

quarter, so as to indicate the progress of standardiza- 
tion. 

German industrial standards comprise three groups: 
fundamental standards, dimensional standards, and 
standards concerning material. Fundamental stand- 
ards are those which are found in all branches of engi- 
neering and must, therefore, be considered when estab- 
lishing all other standards. Among the most impor- 
tant fundamental standards are screw-threads. An- 
other fundamental standard for the mass production 
of interchangeable standardized parts and for inter- 
changeable production manufacture generally are fits 
or the establishing of tolerances and allowances. These 
standards are of extreme importance. 

A number of special standards have been prepared in 
cooperation with interested industries. An _ inter- 
national agreement has already been arrived at for 
ball bearings by the countries that are most concerned 
with the manufacture of such bearings: America, Swe- 

den and Germany. Special committees have been ap- 
pointed for the various industries. These committees 
work independently, but put their standards before the 
Normenausschusses der Deutschen Industrie for uni- 
form and final consideration and publication. 

The third group of standards, materials, comprises 
three divisions: (a) testing of materials, (6) iron and 
steel and (c) non-ferrous metals. In testing mate- 
rials, symbols and definitions and general rules for 
testing materials by tensile, Brinell and technological 
tests are being standardized. Standardization of iron 

and steel, recently any wrought iron manufactured in 
liquid condition and without further treatment has 
been called “steel,” comprises the standardization of 
properties, strength and analyses and of dimensions of 
rolled and drawn products, such as plates, tubes and 
sections, and the exactitude of manufacture thereof. 

Similarly, with non-ferrous metals, the properties of 
the several metals, such as copper, zinc, tin, aluminum, 
nickel and their alloys, on the one hand, and dimen- 
sions and tolerances for stock made from such metals, 
such as plates, tubes, bars and wire, on the other hand, 
are standardized. 

Contrary to practice in other countries, the stand- 

ardization of materials has not been developed in Ger- 
many to the same extent as has the standardization of 
dimensions. The reason for this is that in Germany 
this matter has been regulated to a great extent by the 
authorities, the standardization of materials, on ac- 

count of the opposing interests of producer and con- 
sumer, being much more difficult than the standard- 
ization of dimensions. Work on the standardization 
of materials, however, has made considerable progress, 
and it is to be expected that more than 70 standards 
will be ready for publication in a short time. 

MARKET FOR STANDARD PARTS IN EUROPE 

German Manufacturers Consider the Use of S.A.E. 

Standards in Assembled Cars 

Information received from a German automobile builder 
indicates the possibility of the importation of American 
automobile parts by the German automobile industry. The 
German companies will follow S.A.E. Standard practice as 
far as possible in carrying out this program. The comments 
given hereinafter, extracted from a letter from a German 
manufacturer, indicate the possibilities in this connection: 

As the German automobile industry is at the present 
time still handicapped by unfavorable working condi- 
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tions, a certain amount of tariff protection is necessary. 
On the other hand, the manufacturing of parts, such as 
engines, propeller-shafts and axles, is so highly special- 
ized in the United States that it would be desirable to 
import such parts under a low tariff. The German 
automobile industry might then be able to save a part 
of her business. 

To make this possible, it is necessary that the German 
automobile industry adopt the principal standards of 
the American automobile industry so that parts so 
purchased can be used in German designs. 

BOLT AND NUT REPORTS TO BE VOTED ON 

Sectional Committee to Take Final Action as Result of 
Meeting Held on Jan. 8 

At the meeting of the Sectional Committee on Bolt, Nut and 
Rivet Proportions held in the rooms of the American Society 
of Mechanical Engineers in New York City on Jan. 8, the 
reports of Sub-Committees Nos. 1, 2, 3 and 6 covering rivets, 
wrench-head bolts and nuts and wrench openings, slotted-head 
screws, and plow bolts were ordered to a final letter ballot of 
the Sectional Committee members. 

While the reports were not in final form as presented at the 
meeting by the Sub-Committees, the changes it was thought 
desirable to make were of such a minor nature that it was not 
considered necessary for the reports to be held for resubmis- 
sion at the next meeting. It was therefore understood that 
the Sub-Committees would revise the reports in some details 
before they were submitted to the letter ballot. 

As the Society is a joint sponsor with the American Society 
of Mechanical Engineers for the Sectional Committee on Bolt, 
Nut and Rivet Proportions, the reports will be eventually sub- 
mitted to the Society for approval. The usual standards pro- 
cedure will be followed in approving these reports as is now 
followed for all subjects referred to the Divisions of the 
Standards ‘Committee. 

METRIC-TYPE THRUST BALL-BEARINGS 

Revisions of Present Standards Proposed To Obtain 
International Agreement 

At the Ball and Roller 
Bearings Division meet- 
ing held on May 2, 1924, 
it was voted that the Sub- 
division on Thrust Ball- 
Bearings, of which D. F. 

Chambers, of the Bear- 
ings Co. of America, is 
chairman, should consider 
the possibility of corre- 
lating the present S.A.E. 
Standards for Metric- 
Type Thrust Ball-Bear- 
ings with the German 
Standard Thrust Ball- 
Bearings. 

A preliminary study of 
these standards showed 
that the Light, medium 
and Heavy Service Series D. F. CHAMBERS 
adopted by Germany do 
not correspond to the S.A.E. Light, Medium and Heavy 
Series; but that the German Light and Medium Series 
correspond to the S.A.E. Medium and Heavy Series re- 
spectively, there being no corresponding series for the 
S.A.E. Light Series or the German Heavy Series. 

To make an intelligent study of the matter, Mr. Cham- 
bers plotted the outside diameters and heights of the German 
Light and Medium Series and the S.A.E. Medium and 
Heavy Series against the inside diameters. He found that 
many of the German bearings were badly proportioned and 
that certain of the S.A.E. bearings could be improved. It 
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was, therefore, found desirable to revise the. present S.A.E. 
Medium and Heavy Series to conform to the best engineer- 
ing practice, such revisions meeting the German dimensions 
where warranted. Full-size drawings of the revised S.A.E. 
Series were superimposed upon the German Series to check 
the bearing proportions. As information covering the ball 
diameters used in the German Standards was not submitted 
to the Subdivision upon its urgent request, the German F. 
& S. sizes were used in the bearing layouts. 

Mr. Chamber’s report was considered and approved with 
out change by the Subdivision on Thrust Ball-Bearings at 
its meeting in New York City on Oct. 7, which was at- 
tended by D. F. Chambers, chairman, and A. J. Rudy, of 
the Bearings Co. of America; E. R. Carter, Jr., of the 
Fafnir Bearing Co.; H. Wickland, of the Strom Ball Bear- 
ing Mfg. Co.; O. R. Wikander, R. A. Cornforth, of the 
Nice Ball Bearing Co., and C. E. Heywood, of the Society’s 

Standards Department. 
As there is no present need in this country for the Ger- 

man Heavy Series, which would correspond to an S.A.E. 
Extra-Heavy Series, it was not considered by the Sub- 
division, but should such a need arise the Subdivision would, 
of course, consider the adoption of this series. The S.A.E. 
Light Series, as printed in the S.A.E. HANDBOOK, is satis- 
factory and it is suggested that its adoption as an Inter- 
national Extra-Light Series be considered, if a need for 
such a series should arise in other countries. 

QUALITY NOT DETERMINED BY STANDARD 

Society's Present Oil Specifications Indicative of 
Suitability, Not Quality 

As a result of matters now being discussed by the members 
of the Lubricants Division, it seems probable that definite 
action will be taken in the near future to further the use of 
the S. A. E. Recommended Practice for Crankcase Lubricat- 
ing Oils, as printed on p. D151 of the S.A.E. HANDBOOK, not 
as definite specifications determining the quality of an oil, 
but as minimum requirements indicating its suitability. 

Anyone who is faced with the problem of recommending 
to dealers what oils should be used in a given model will 
appreciate the advantages of being able to state definitely 
in terms generally understood by oil producers, automotive 
engineers, dealers, service-men and car owners what body 
of oil should be used, providing it were also generally under- 
stood that oils of the same body were not necessarily of the 
same quality and that consequently the brand of oil used 
would have to depend on the knowledge of the purchaser and 
the reputation of the oil producer. 

As this entire subject is of general interest, the following 
has been abstracted from correspondence recently referred 
to thé members of the Lubricants Division. 

Our Service Division has received numerous requests 
from our dealers for a recommendation for oils to be 
used in our cars. This is against our policy as we can- 
not conscientiously recommend a few companies, whom 
we consider satisfactory, without working a hardship on 
others, and especially the smaller companies, which are 
to be found in every locality. For this reason we wel- 
come the S. A. E. Lubricating Oil Specifications. How- 
ever, they have proved of little value, in that the oil 
manufacturers have failed to make use of them to the 
extent of placing the S. A. E. Specification Numbers on 
labels and in the hands of the oil distributors so that 
the man actually selling the oil to the car user knows it 
by S. A. E. Number. 

The reason for this is logical. The oil manufacturer 
realizes that an oil may meet an S. A. E. Specification 
and still not be of high quality. Therefore, if he puts 
the S. A. E. Number on his product, he takes the 
stand that he is putting his oil on a par with that of a 
company not using the best refining methods. I believe 
that, perhaps, too much has been expected of the lubri- 
cating oil specifications. In my opinion physical speci- 
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fications of oil aid us in purchasing oils of a certain 
body or viscosity, but we still have to depend upon the 
trade name for quality. In other words, due to the 
field from which the oil is removed, and to the different 
methods of refining, there is a difference in lubricating 
value of oils of close physical properties. 

With this as a premise, what I would like to do with 
regard to service requests for specifications, is to give 
them the S. A. E. Number of both summer and winter 
oils, but tell them that in addition to this, they would 
have to depend upon trade names or letting the dealer 
use his own judgment based on his own experience and 
knowledge of the companies with whom he is in con- 
tact. 

May I have your opinion as to the wisdom of such a 
policy. At the present time, would an S. A. E. Specifi- 
cation help the dealers? Are there any oil companies 
using the S. A. E. Specifications to the extent that their 
distributing stations are kept informed of which oils 
meet certain S. A. E. Numbers? Furthermore, do you 
know of any automobile company which is making use 
of the S. A. E. Specifications, in a similar way to that 
I have outlined? 

It would seem highly desirable for the Society to 
take some definite action in furthering the use of these 
specifications, both by the oil companies and by the 
car manufacturers. 

We know that a few oil companies are using the 
S. A. E. designations, both in their advertising and on 

their labels. A general letter to the oil producers em- 
phasizing the importance of using the S. A. E. Num- 

bers in addition to their brand names should be sent out 
and a similar letter should go to the car manufacturers 
indicating the reasons why they should use S. A. E. 
designations in indicating what grade or grades of oil 

should be used on their product. 

I believe the present S. A. E. Oil Specifications are 
about as satisfactory as is possible under present con- 
ditions. We feel that there is a great deal of misun- 

derstanding about the so-called “quality” of lubricat- 
ing oil. When the specifications were being drawn up, 
I bought oils ranging in price from $0.20 to $1.35 per 
gal. and these oils were submitted to the members of 

the Lubricants Committee for test. All of these oils 
passed the present S. A. E. Specifications and our ac- 
tual service tests on these oils showed that they were all 
satisfactory for use in automobiles. 

There was no agreement among the men testing these 
oils as to the “quality” of the oils, some of the men 
giving the $0.20 oils first place in “quality,” and the 
$1.35 oils last place in “quality,” and no relation could 
be shown between the price and “quality” or any real 

indication that any of these oils were really lacking 
“quality for use as an automobile lubricant.” 

I believe the S. A. E. Oil Specifications can be used 
for the purchase and inspection of oils with as high 
a degree of safety as the S. A. E. Steel Speeifications 

for the purpose of purchasing and inspecting steels. 
It is true that the larger oil companies prefer to 
market their oils under their trade names, rather than 
S. A. E. Specifications, since their entire advertising 
policy is based on trying to make the public believe 
that their particular oils have more “quality” than 
oils made by other companies. 

The automobile companies prefer to use their own 
oil specifications rather than the S. A. E. Specifications 
since they feel that they can make slight changes in 
their own specifications to make them more nearly in 
accord with the changing commercial conditions than 
would be the case if they were held to one set of speci- 
fications in which it was difficult to make small changes. 

As you know, the same thing is true with the steel 
specifications. The large automobile companies have 
their own steel specifications which differ slightly from 
the S. A. E. Specifications and the automobile steel 
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specifications are constantly subject to slight changes 
depending upon commercial conditions. I believe that 
the real merit of the S. A. E. Steel Specifications is 
that they have established a system of nomenclature 
so that when anyone refers to S. A. E. No. 2315 steel, 
for example, everyone knows the kind of steel that is 
required, although each one of the companies may have 
slight differences in the requirements of the specifica- 
tions for No. 2315 steel. For example, S. A. E. No. 
2315 steel permits 0.045 per cent as the maximum 
amount of sulphur. General Motors Corporation Spe- 
cification No. 2315 permits 0.05 per cent sulphur as the 
maximum. The specifications agree in other chemical 
properties. Neither the Society of Automotive En- 
gineers nor the General Motors Gorporation specifica- 
tion for No. 2315 steel is absolutely complete, since 
other impurities are always present in small amounts 
and these impurities are not even mentioned in the 
specifications. The specifications do not indicate the 
maximum amounts of oxygen, nitrogen, silicon, chrom- 
ium, tungsten, molybdenum, and the like, all of which 
might be present and many of which are present in 
No. 2315 steel. 

Physical properties of the S. A. E. Steels, determined 

by the nature and amount of hot and cold-working, 
could differ greatly in steels meeting the requirements 
of the S. A. E. No. 2315 Steel. 

I would suggest that in order to get the S. A. E. 
Oil Specifications more in use, attempts be made to 
see if the oil companies and the automobile companies 

can get together with the Society of Automotive En- 
gineers and use a similar system of nomenclature so 
that when anyone refers to No. 020 lubricating oil, he 
will know that an oil approximately in accord with 
S. A. E. Oil Specification No. 020 is required, although 
different automobile and oil companies may have slight 
differences in some of the requirements, just as the 
steel specifications are subject to slight differences in 
the requirements in specifications of different com- 
panies. 

It is very true that the S. A. E. Oil Specifications 
can be used for the purchase and inspection of oils 
with as high a degree of safety as the S. A. E. Steel 
Specifications for the purchasing and inspection of 
steels. We have our own oil specifications, but as far 
as physical properties are concerned, they cover the 
same points as the S. A. E. Standards. Considering 
the S. A. E. Steel Specifications, when we are buying 
steel we add more to our specifications than what is 
specified in the S. A. E. Steel Specification. When we 
buy special forging grade we include a specification 
stating the amount of dirt allowed or state that it 

shall meet the McQuaid-Ehn test. All of these specifi- 
cations demand better control at the steel mill. Again, 
for some car parts, we specify that they shall be made 

from electric furnace steel. 

Now, I believe that we have the same situation with 
our oil specifications with this difference, and that is— 
as yet we have no positive means of testing for this 
extra quality, and must depend upon personal judgment 
based upon road-testing and dynamometer work. 

As I stated in my previous letter, due to the field 
from which the oil is taken and to the methods of re- 
fining, there is a difference in lubricating value of oils 
that will meet the same S. A. E. Oil Specifications. 
Indications of these differences sometimes can be 
noticed from a comparison of the flash-points, viscosi- 
ties of 210 deg. fahr. when compared with viscosities 
at 100 deg. fahr., color, and the like. 

The oil specifications are excellent for grading as 
to physical properties. However, they will not fulfill 
their purpose until it can be admitted that oils meeting 
these specifications are not necessarily equivalent in 
quality. It is unfortunate that personal opinion enters 
to such a large extent in determining quality, but I 

believe it is something we still have to accept and 
allow for. 

In my opinion, one of the big possibilities for appli- 
cation of S. A. E Oil Specifications is to provide a 
common language for the automobile manufacturers, 

the automobile dealer and the man at the oil-filling sta- 
tion. We would welcome the opportunity of being able 
to recommend to our dealers that they use a certain 
S. A. E, Oil and who in turn would recommend to their 
customers that they ask for a certain S. A. E. Oil at 
the oil-filling station. As yet, this is not a practical 
thing to do. 

Since oil becomes contaminated so rapidly after being 
put into an engine and since the properties of the oils 
change so greatly as soon as it is put into use in the 
engine, it seems to me that until we can give reasonable 

answers to the questions as to how much water, dilu- 
tion, iron oxide, silica and silicates, and the like, we 
can have in the oil before the oil is no longer fit for 
use, we are wasting time in trying to draw up the 
S. A. E. Oil Specifications with closer limits. 

No clear idea of the matter can be obtained unless 
“lubricating value” is defined, and unless a distinction 
is made between quality and suitability. Viscosity is 
a typical test for suitability, but throws no light on 
quality. When refiners sell oil by brand, they sell 
engineering experience as well as oil, and it is quite 
possible that this is the cheapest way that the small 
consumer, who cannot afford to employ a chemist, can 
get his engineering advice. Large consumers prefer 

to employ their own engineers and chemists and buy 
by specification and not pay extra for branded oils 
and the advice which goes with them. 

It is true that there may be a difference in quality of 
oils of close physical properties and that the S. A. E. 
Oil Specifications throw little light on quality. The 
question which I will take up later is, therefore, how 
can oils be tested for quality? 

At the present time it seems to me that automobile 
dealers could furnish the public the most valuable in- 
formation by stating what S. A. E. Oil should be used 
in their cars in summer and in winter. This at least 
will insure that the driver of the car uses oil of the 
right viscosity. Oil refiners claim to assure the same 
thing by publishing the brand of oil which should be 
used with a given make of car, but I shall not attempt 
to decide whether oil refiners or manufacturers of cars 
are in the best position to know what viscosity is best 
suited for a given car. Oil refiners, however, attempt 
to make certain also that oil of high enough quality is 
used, and here again it is a question whether their 
testing methods are better suited to test quality than 
the methods used by the chemists employed by the auto- 
mobile manufacturers. If the oil refiners can be in- 
duced to put the S. A. E. Number on their cans of oil, 
it would be a great advantage. 

There is no force to the argument that in putting an 
S. A. E. Number on a product, the refiner “is putting 
his oil on a par with that of a company not using the 
best refining methods.” The S. A. E. Number only 
guarantees that the oil is of suitable viscosity; the 
brand name, which would also be on the can, would 
have to be relied upon as regards the quality of the oil. 

At the time the specifications were decided upon the 
feeling was that they should not exclude any oil on 
the market and they were so written. I believe, how- 
ever, when it is stated that “no relation could be shown 
between price and quality,” that this was due simply 
to the fact that neither service nor laboratory tests 
were used which were capable of detecting differences 
in quality. There is considerable justification for writ- 
ing specifications which will not exclude any oil on the 
market, so long as the length of time which an oil can 
be used in service depends upon crankcase dilution, 
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and the crankcase dilution depends upon other factors 
and not at all upon the quality of the oil. But I be- 
lieve crankcase dilution is a temporary condition which 
will be overcome, and then the length of time an oil can 
be kept in service will depend on the quality of the oil. 
If we are to plan for the future, or even to have a re- 
gard for the fact that cars are made today which re- 
claim crankcase oil in the car, continuously, then we 
need tests for quality not now included in the specifi- 
cations. 

If it is assumed that “we have no positive means of 
testing for this extra quality,” as mentioned in the 
preceding discussion, then the question arises as to 
why we assume the oil refiners have such a means? If 

the means is “road-testing and dynamometer work,” 
then we should remember that such tests can only 
apply to a given sample of oil, and when we want to 
specify and buy some more oil like a sample which has 
proved acceptable in service tests we must either as- 
sume that two oils of the same brand are equally ser- 
viceable, which there is abundant evidence is an unten- 
able assumption, or we must assume that if two samples 
of oil are alike in laboratory tests they must be alike in 
regard to all properties which influence their value in 
service. Without meaning to imply that the second 
assumption is any more justified than the first, I feel 
certain that the second assumption is more nearly cor- 
rect if a suitable oxidation test is included, than when 
only those tests are included which are now in the 
S. A. E. Oil Specifications. 

It should be admitted that “oils meeting the S. A. E. 
Oil Specifications are not necessarily equivalent in 
quality.” The choice is therefore whether to change 

the S. A. E. Oil Specifications by the addition of other 
tests which more accurately determine quality, or to 

regard the S. A. E. Oil Specifications as minimum re- 
quirements to which further requirements may be added 
by individuals as far as their necessities demand and 
their knowledge and courage in regard to valuable new 
tests permit, realizing that we have much to learn. 

It would seem, however, that there could be agree- 

ment on the desirability of taking some means for ex- 
tending the use of the S. A. E. Oil Specifications and 
making it possible for manufacturers to recommend to 
dealers. and dealers to recommend to customers “that 
they ask for a certain S. A. E. Oil at the oil-filling sta- 
tion.” I believe it highly probable that the great 
majority of troubles with crankease oil is not due to 
quality at all, but to the use of the wrong grade or 
viscosity for a certain purpose. If so, much of the 
trouble could be eliminated if customers could be in- 
formed what S. A. E. Number to ask for, and could 

get it. 

We consider the S. A. E. Oil Specifications a very 
serviceable aid in specifying the proper grade of oil for 
our engines, and refer to the S. A. E. Numbers in our 
instruction books. It clears up the mixups that arise 
from using the terms heavy, medium, light, extra heavy, 
and the like, and gives the user an idea of what the 
lubricating properties of an oil are at crankcase tem- 
peratures, the temperature at which he uses the oil, not 
the temperature at which he buys it. 

It is true that these specifications do not tie up the 
quality of the oil to the extent that all oils of a given 
S. A. E. Number would be of equal quality, but until 
better and more uniform methods are devised for 

checking the various characteristics of lubricating oils 
we see no better way of helping the operator to select 
oils of the proper grade. 

We send out reprints of the S. A. E. Oil Specifica- 
tions to parties asking information on oils, and if other 

companies will help disseminate this information we 
believe the oil companies will soon make use of the 

numbers. 
The opinion that using these numbers places a manu- 
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facturer of high-grade oil on the same footing as a 
competitor making cheap oil is holding back the wider 
use of this standard. The use of these numbers does 
not necessarily put all oils on an equal footing, as the 
wide use of S. A. E. Standards in other fields does not 
have a similar effect. 

NON-STANDARD TERMINALS COSTLY 

Die Expense Not Included in Cost of S.A.E. Standard 

Cable Terminals 

The importance of buying cable terminals as specified in 

the S.A.E. Standard on p. 21 of the S.A.E. HANpbBook, 
instead of terminals slightly different, which would require 
special dies, has been brought to the attention of the Society 

by a large manufacturer of terminals. Comments submitted 
in this connection, which are given below, indicate that it is 

desirable for engineers or purchasing agents to check their 
terminal requirements to the S.A.E. Standard. Even large 
automobile producers will find that, if differences exist, con- 

siderable saving can be effected by buying S.A.E. Standard 
terminals on order or from stock. 

The cost of cable terminals is such a small item, 
compared to the cost of larger component parts in the 
car, that the possibilities of saving on the former are 
usually overlooked by the average engineer. 

However, a checking of the details will show that, 
while the costs are small as compared with those of 
other car parts, they amount to much more than neces- 
sary, if it is necessary to include die costs. 

A small change in any terminal, which may not seem 
to affect the cost of the part itself, would perhaps 
require entirely new tools, and in most cases these tools 
would be idle a great part of the time. This would 
correspondingly increase the number of parts carried 
in stock and the replacement difficulties. 

For instance, on a terminal that could be purchased 
from the manufacturer without change at $4 per 1000 

in quantities of 5000, should a change be required in 
the hole, it would mean a $10 total increase on the lot 
of 5000 or a 50-per cent increase in the cost of the 
terminal. This charge for repunching would simply 
cover the manufacturer’s cost in changing tools and 

rehandling the parts. With terminals, when the shape 
of the part itself is changed, the quantity would have 
to run well up in the thousands, and then, unless it 
were a trade standard, the chances are that the cost 
of the dies would have to be charged over a very long 
period of time in order that the terminal cost per 
thousand should not be excessive as compared with that 
of the standard parts. 

With this in mind, the value of standard terminals, 
whether made by the manufacturers or purchased, will 
be appreciated. An odd shape or a different hole for 

screw clearance means a special screw, new tool costs 
and a considerable increase in the terminal cost, espe- 

cially if the parts are to be purchased, and correspond- 
ing delay in obtaining these parts. With standard 
parts, the purchase can be made from the reserve stock 
of the manufacturer to suit any delivery specifications. 

It is only in meeting the keenest competition that the 
small details receive the attention they merit. The 
value of standardization is realized by the engineer 

who takes advantage of the standards for such details. 

CHROMIUM-SILICO-MANGANESE STEEL 

To determine the extent to which chromium-silico-manga- 

nese steel is used in the industry and the chemical analyses 

used, a survey of the practice of passenger-car, spring and 
valve manufacturers was recently made by the Standards 
Department. The accompanying table gives the various 
compositions that this survey indicates are used at the 
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CHROMIUM-SILICO-MANGANESE STEEL COMPOSITIONS USED 

Carbon Chromium Silicon Manganese | Phosphorus Sulphur 
Range Range Range Range | Maximum Maximum 

0.15-0.25 | 0.60-0.90 0.2°'-0.40 | 0.25-0.55 0.030 0.030 

0.35-0.45 | 0.60-0.90 0. 40-0 .60 | 0.60-0 .90 | 0.030 } 0.030 
0.35-0.45 0.70-0.90 0.40-0.60 0.70-0.90 | 0.045 | 0.045 

0.35-0.45 0.65-0.85 | 0. 40-0 .60 | 0.65-0.85 | 0.030 0.030 

0.40-0.50 0.70-0.80 0.45-0.55 | 0.70-0.80 | 0.025 | 0.025 

0.40-0.50 ; 0.60-0.90 | 0.40-0.60 0.60-0 .90 0.030 | 0.030 

0.40-0.50 } 0.70-0.85 0.40-0.60 | 0.70-0.85 | 0.040 | 0.040 

0.40-0.50 | 0.20-0.40 | 0.30-0.35 0.20-0.50 | 0.035 0.035 

0.40-0.50 0.70-0.90 0.30-0.35 0. 20-0 .50 } 0.035 | 0.035 

0.45-0.52 0.70-0.90 | 0.25-0.40 0.70-0.90 | 0.030 | 0.025 

0.45-0.55 | 0.60-0 .90 0.40-0.60 | O 60-0 .90 | 0.030 9.030 

0.45-0.55 | 0.70-0.90 0.40-0.60 | 0.70-0.90 | 0.045 0.045 

0.45-0.55 0.70-0.85 0.45-0.55 | 0.70-0.85 0.025 } 0.025 
0.45-0.55 0.65-0.85 | 0.40-0.60 0.65-0.85 | 0.030 } 0.030 

0. 50-0 .60 0.65-0.90 0.40-0. 50 0.70-0.90 | 0.045 | 0.045 

0.50-0 .60 0.65-0.90 0. 40-0 .55 0.70-0.90 | 0.045 | 0.045 

0.55-0.65 0.70-0 .90 0.40-0.60 0.70-0.90 | 0.045 0.045 

0.42-0.52 | 1.00-1.20 | 0.20 Max | 0.75-1.00 0.040 0.040 
0.45-0 

50-0 
55 1.00-1.25 0.12-0.20 0.70-0.90 0.030 0.030 ) 

0. 90-0 95 0.80-1.00 0.50-0.75 0.70-0.80 0.020 0.020 

present time. The total yearly production of this steel re- 
ported was approximately 5000 tons. 

L. A. Danse, of the Cadillac Motor Car Co., is chairman 

of the Subdivision to which is assigned the work of recom- 
mending a limited number of specifications that will meet 
general requirements. 

RATING AT 5 AMP. INCORRECT 

Storage-Battery Division Favors 20-Hr. or an Intermit- 

tent Battery-Rating 

That the 5-amp. rating for storage-batteries is technically 

incorrect, and for this reason should not be approved by a 
technical society, even though it is widely used by pas- 
senger-car engineers, was the consensus of opinion at the 

Storage-Battery Division meeting held at New York City in 
September. The present S.A.E. Standard specifies both a 
20-min. rating and a 5-hr. rating. The Division members 
favored withdrawing the 5-hr. rating in favor of either a 

20-hr. or an intermittent rating. It was thought, however, 
that, if the situation could be made clear to the car manu- 
facturers, who at the present time are not familiar enough 
with storage-battery design to appreciate the objections to 
the 5-amp. rating, it would be possible to obtain general 

adoption in practice of either the 20-hr. or an intermittent 
rating. 

To bring about a better understanding of the matter, the 
following statement was prepared by the Storage-Battery 
Division. Copies of it will be sent to every car manufacturer. 
The comments of Society members as to what rating should 
be adopted will be appreciated. 

STORAGE-BATTERY RATINGS 

The S.A.E. Standard given on p. B23 of the S.A.E. 
HANDBOOK provides for rating passenger-car batteries 
on the bases of 20-min. and 5-hr. discharge. Two 

ratings are given because of the dual character of the 
service that such batteries render. The 5-hr. rate is 
designed to indicate the ability of the battery to pro- 
vide lights when the car is standing, and also for 

ignition when for any reason the generator fails to 

operate. The 20-min. rate is designed to indicate the 
ability of the battery to crank the car. Two ratings 
for batteries of this type are necessary. The perform- 
ance of the various batteries at high, as compared with 
low, rates of discharge is influenced by the plate thick- 
ness, the separator resistance, the concentration of 
electrolyte and other factors, so that adequate infor- 
mation cannot be obtained from the performance at a 
single rate. 

The 20-min. rating for these batteries has met with 
general acceptance. The 5-hr. rating, however, has 
been used by comparatively few manufacturers, the 

tendency being to retain the 5-amp. rating previously 

used. 
The following is a brief resume of the advantages 

and disadvantages of the various methods for rating 
these batteries, and it is presented for discussion by 
those interested because the Storage-Battery Division 
believes that it is desirable that ratings for these 
batteries should be established which will be satisfac- 
tory to the manufacturers of both cars and batteries, 
and at the same time be technically sound and logical. 

5-Amp. Rating—The 5-amp. rating has long been 
used in the industry. By definition, it is the ampere- 
hour capacity of a battery when discharged con- 
tinuously at 5 amp. The 5-amp. rate was originally 
supposed to indicate the approximate load on the bat- 
tery for lighting service. The rating possesses the 
advantage that engineers have acquired the habit of 
speaking of batteries as of 80 or 100-amp-hr. capacity 
on the basis of the discharge at the 5-amp. rate. 

There are certain serious disadvantages, however, to 

this method of rating automobile batteries. 

(1) It is not logical to rate batteries of different 

voltages and cell sizes at the same dis- 
charge rate. The 5-amp. rate is a more 
severe tax upon small cells than upon large 
ones. The capacities of the different sizes 
of battery, therefore, are not proportional 
to the number of positive plates that they 
contain. For example, when a seven-plate 
battery is compared with one of 13 plates, 
which contains double the number of posi- 
tive plates, at the 5-amp. rate, its capacity 
is material'y less than half. Anomalous 
results may be expected in some cases, 
when tests are made at the 5-amp. rate, 
irrespective of the size of the battery 

(2) The 5-amp. rating necessitates testing all 
sizes of battery to determine their ratings. 
This greatly increases the amount of test- 
ing work, especially when it is considered 
that discharges at the 5-amp. rate will 
terminate at various times during the day 
and night. It is very convenient to repre- 
sent the performance of any type of bat- 
tery on the basis of given discharge rates 
per positive plate, irrespective of the size 
of the battery, by one set of performance 
curves; but this is impossible with the 
5-amp. rating. A separate and a char- 
acteristic curve is required for each bat- 
tery 

(3) The 5-amp. rating does not represent a fixed 
lighting-load as it was originally supposed 
to do. The load in amperes for a 12-volt 
battery is in general about one-half that 
required for lamps of the same candle- 
power with a 6-volt battery, and the park- 
ing requirements for different types of car 
using the same 6-volt battery vary all the 
way from 1 to 8 amp., depending upon the 
lamps and whether the resistance dimmers 
or parking-lights are used 

(4) It is inconsistent to rate this type of bat- 
tery at 5-amp. in the one case and 20-min. 
in the other. The ratings should be on the 
same basis 

(5) Rating these batteries on the basis of current 
discharge is inconsistent with the method 
used for other types of battery, such as 
those for isolated electric-lighting plants, 
stand-by service, electric vehicles, electric 
locomotives and others, for all of which 
time ratings are used 

5-Hr. Rating.—The 5-hr. rating that was adopted 
by the Society of Automotive Engineers and by the 
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Motor Transport Division of the War Department in 
1920, avoids the disadvantages mentioned above. On 
the 5-hr. basis, as for any other time-rate, the capaci- 
ties for the different sizes are comparable and propor- 
tional to the number of positive plates contained. The 
performance curves for any series of batteries, irre- 
spective of the number of plates, may be represented 
by a single diagram. Tests of batteries at the 5-hr. 
rate can conveniently be made within the limits of the 
working-day with an ample allowance for the time 
necessary in adjusting the specific gravity and the 
temperature to the proper values before beginning the 
test. The 5-hr. rating has proved satisfactory to the 
military service and it is specified in the specifications 
for starting and lighting batteries for military auto- 
mobile and truck service, Quartermaster Corps Specifi- 
eation No. 70-1, adopted Nov. 5, 1920. At the 5-hr. 
rating the performance is consistent irrespective of 
the thickness of the plates that the batteries may 
contain. Certain disadvantages of the 5-hr. rating 
are well recognized. 

(1) The period is generally considered too short 
to approximate the requirements of service. 
An effort on the part of automobile manu- 
facturers has been made to diminish the 
load on the battery during the time the 
ear is parked, and it is, of course, expected 
that the battery should give service under 
light-load conditions for a much longer 
period than 5 hr. 

(2) The capacities of the batteries are materially 
less than when they are tested at 5 amp. 
This means cutting the catalog figures for 
capacity, which inevitably meets with oppo- 
sition from the sales point of view 

(3) Because of the similarity between 5 hr. and 
5 amp., some possibility exists of confusion 
on the part of those who are not familiar 
with the subject. In such a case the lower 
capacity at the 5-hr. rate appears at a 
disadvantage as compared with the capac- 
ity measured at 5 amp. 

20-Hr. Rating—A 20-hr. rating has been proposed 
to overcome the objections raised to the 5-hr. rate. 
This more nearly approximates the period of service 
required from the battery and has the added advantage 
that, for batteries having a capacity of 100 amp-hr., 
the result would correspond exactly with its capacity 
on the old 5-amp. basis. The capacity figures for the 
other sizes would also be of the same order of magni- 
tude as under the old 5-amp. rating. The 20-hr. rate 
has all the advantages of the time method of rating 
which were mentioned above for the 5-hr. rate. The 
chief disadvantage of the 20-hr. rating is the difficulty 
of making accurate tests over so long a period of time. 

Tests may be made without the presence of an observer 
during the night, by adjusting the discharge rate 
slightly above the desired average current at the end 
of the working-day. Such a procedure, however, is not 
satisfactory in cases where accurate tests are to be 
made. It inevitably happens that some batteries are 
on the border-line between passing and failure. In 
such cases it would be necessary that the tests be given 
constant attention. 

Intermittent Rating—An intermittent 72-hr. dis- 
charge is another method of rating proposed. This 
would probably approximate most closely the average 
conditions of service required at the battery and is 

advantageous for this reason. The importance of 
knowing the capacity of the battery at low rates of 
discharge arises primarily in such cases when the 
generator on the car may be inoperative. It is evident 
that, with the intermittent use which the battery re- 

ceives, a test covering a period of several days would 
most closely approximate the conditions of service. A 
discharge covering 72 hr. may be described as measur- 

ing the ultimate capacity of the battery. The most 
serious disadvantage of this method of rating arises 
from the prolonged test and the difficulty of making 
clear what is meant by an intermittent 72-hr. test. 
This same difficulty arose with the rating of isolated 
electric-lighting-plant batteries for which the Society 
has established a dual method of rating based on 8-hr. 
continuous discharge or an intermittent discharge cov- 
ering the period of 72 hr. In the latter case recom- 
mendations are made covering the method of test so 
that no uncertainty can exist as to the proper method 
of measuring the capacity at this rate. 

The Storage-Battery Division feels that now is the 
proper time to take a definite stand in this matter. A 
rating should be adopted which will be satisfactory to 
and be used by all concerned. If the 5-amp. rating 
is to be perpetuated by car and battery manufacturers 
and the 5-hr. rating by the Society and by the military 
authorities and these methods perhaps increased by 
the adoption by other organizations of ratings at 20 hr. 

or some other period of discharge, confusion will in- 
evitably result. It is the opinion of the Division that, 
whatever basis for rating these batteries is selected, 
it should be technically sound. The Division does not 
think that the 5-amp. rating is technically sound and 
recommends that a rating on a time basis be established. 

Cases have arisen in which batteries have evidently 
been mis-rated. This may have been done through 
ignorance or by wilful attempt to deceive. The battery 
manufacturers should do all in their power to inspire 
the confidence of the public in the matter of rating 
batteries. The ratings should be such as the public as 
well as the manufacturer can understand, and they 
should be technically beyond criticism and on a basis 
that may logically be extended to future changes and 
extensions in battery usage. 

NUMBER AND LIFE OF CARS 

URING the last year the number of people in the Coun- 
try for each car has been cut from seven to six. Cali- 

fornia has the most cars per capita, with one for less than 
every three people. If California’s average were nation-wide, 
approximately 40,000,000 cars would be in use in the Coun- 
try, or more than double the present registration. If the in- 

- dustry continues to grow at its present rate, within the next 
2 years the figure will be one car for every average American 
family of five people. The fewest cars per capita are found 
in Alabama, where the average is 1 car for every 15 in- 
habitants. 

About 3,551,000 new cars and trucks were produced in 
1924. Deducting the increase in registrations last year, 

2,676,426, the remainder, 874,472, gives the approximate 

number of cars that were discarded in the last year. It is 
stated that the average life of a car is over 8 years. This 
relatively great increase in the life of cars reflects the high 

standard of quality that is being maintained by motor- 

vehicle manufacturers at the present time. 
In the value of finished products, the automotive industry 

ranks first among all business enterprises. In one branch 
or another it provides the living for 1 out of every 10 Ameri- 

can people. Over 500,000 miles of improved roads now carry 
the Nation’s automotive traffic. This stupendous growth has 
practically all taken place within the past 25 years—B. F. 
Goodrich Co. : 
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Personnel of 1925 Technical Committees 

HE accompanying personnel of technical Committees of 

the Society and of representatives on the Committees of 
Governmental Bureaus and Departments and other organi- 
zations, appointed under the Standards Department activi- 

ties, practically completes the personnel for 1925. The per- 
sonnel of Special and Cooperating Committees of the Society 
and the representatives on other committees is published in 
this issue to give the members a more definite idea of the 
fields of work in which the Society is taking an active part 
and the men who are participating directly. It has been 
found that many members of the Society do not have a very 
broad conception of the work that is being done and as a 
result they do not get as much benefit from their membership 
in the Society as they might, and the Committees in many 
eases find it more difficult to obtain the cooperation of the 
membership in general in much of their work. The per- 
sonnel of certain committees, especially the Standards Com- 
mittee and some of the Sectional Committees, changes more 
or less during the year but in general will remain as pub- 

lished herein. 
The Standards Committee is divided into 29 main Divi- 

sions classified according to types of vehicle, major automo- 
tive component units, parts and materials. Divisions are ap- 
pointed annually and handle groups of subjects. They are 
further divided into Subdivisions, each of which handles a 
specific subject. The Motorcoach Division is a new one 
succeeding the Special Motorcoach Committee appointed last 
year. It is anticipated that this Division will be active in 
this comparatively new branch of the automotive industry 
from now on. 

Special and Cooperating Committees are appointed either 
temporarily or pemanently to handle specific subjects or such 
subjects as may not come within the classification of the 
Divisions. Their reports as a rule are eventually passed 
upon by the Standards Committee. 

Sectional Committees are classified into two groups, one 
for which the Society is a sponsor and the other on which 
the Society only appoints representatives. Under the rules 
of procedure of the American Engineering Standards Com- 

. mittee, of which the Society is a member body, reports issued 
by Sectional Committees for which the Society is sponsor, 
must be approved by the Society by regular Standards Com- 
mittee procedure before they are finally approved by the 
American Engineering Standards Committee. Reports from 
Sectional Committees on which the Society is only repre- 
sented need not necessarily be approved by the Society. 

The work of the Committees and Governmental Depart- 
ments and Bureaus and of other organizations does not as a 
rule proceed through the Standards Committee but may be 
acted upon by the Council of the Society in special cases. 
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Cincinnati Victor Co. 
White Motor Co. 
General Motors Corporation 
Culver-Stearns Mfg. Co. 
Providence Base Works of 

the General Electric Co. 
Studebaker Corporation of 

America 
Cleveland Automobile Co. 
Chicago Motor Coach Co. 

Lamp 
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LUBRICANTS 

H. C. Mougey, Chairman 

W. S. Cochrane, Vice-Chair- 
man 

Sydney Bevin 
A. B. Dawson 
J. B. Fisher 
R. K. Floyd 
W. H. Herschel 
K. G. Mackenzie 

Walter Miller 

C. H. Osmond 
W. E. Perdew 
H. J. Saladin 

C. W. Simpson 
H. G. Smith 
C. W. Stratford 

MOTORBOAT 

C. A. Carlson, Chairman 

Irwin Chase 

Carleton Bradley 
J. W. Hussey 

Q. B. Newman 
Leonard Ochtman, Jr. 

P. A. Proal 
W. A. Roos, Jr. 

W. H. Young 

February, 1925 

DIVISION 

General Motors 
Corporation 

Research 

Buick Motor Co. 

Tide Water Oil Co. 
General Motors Corporation 
Waukesha Motor Co. 
Frank H. Floyd Co. 
Bureau of Standards 
Texas Co. (also representing 

the American Society for 
Testing Materials) 

Marland Refining Co. (also 

representing Western Pe- 
troleum Refiners Associa- 
tion) 

Atlantic Refining Co. 
Derby Oil Co. 
Standard Oil Co. of Indiana 
White Motor Co. 
Gulf Refining Co. 
Associated Oil Co. 

DIVISION 

New Jersey Motors, Inc. 
Eleo Works of the Electric 

Boat Co. 
New England Boat Works 
Greenport Basin & Construc- 

tion Co. 

United States Coast Guard 
Eleo Works of the Electric 

Boat Co. 
Red Bank Yacht Works 
Consolidated Shipbuilding 

Corporation 
Belle Isle Boat & Engine Co. 

MOTORCYCLE DIVISION 

A. W. S. Herrington, Chair- 
man 

C. B. Franklin 
W. S. Harley 

Quartermaster Corps 

Indian Motorcycle Co. 
Harley-Davidson Motor Co. 

MOTORCOACH DIVISION 

G. A. Green, Chairman 
A. F. Masury, Vice-Chair- 

man 
A. T. Clark 

F. R. Fageo) 

David Fenner 

R. E. Fielder 

G. E. A. Hallett 

E. A. Joknston 
William T. Lutey 
A. J. Scaife 
E. W. Templin 

Yellow Coach Mfg. Co. 

International Motor Co. 
United Railways & Electric 

Co. (also representing 
American Electric Railway 
Association) 

Fageol Motors Co. 
National Automobile Cham- 

ber of Commerce 
Fifth Avenue Coach Co. 
General Motors Research 

Corporation 
International Harvester Co. 
Lang Body Co. 
White Motor Co. 
Six Wheel Co. 

NOMENCLATURE DIVISION 

H. L. Pope, Chairman 

H. R. Cobleigh, Vice-Chair- 
man 

W. P. Culver 

Leonard Ochtman, Jr. 

B. M. Smarr 

O. B. Zimmerman 

Montclair, N. J. 

National Automobile Cham- 
ber of Commerce 

American Auto Parts Co. 
(also representing Motor 
& Accessory Manufactur- 
ers Association ) 

Eleo Works of the Electric 
Boat Co. 

General Motors Corporation 
International Harvester Co. 

No. 2 
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NON-FERROUS METALS DIVISION 

W. R. Webster, Chairman 
W. H. Bassett, Vice-Chair- 

man 

A. H. Ackerman 

Bridgeport Brass Co. 

American Brass Co. 
Metallurgical Research En- 

gineering Co. 
H. R. Corse Lumen Bearing Co. 
G. K. Elliott Lunkenheimer Co. 
A. P. Eves International Harvester Co. 
E. S. Fretz Light Mfg. & Foundry Co. 
A. J. Hall General Motors Corporation 
Zay Jeffries Aluminum Co. of America 
H. G. Lamker Wright Aeronautical Cor- 

poration 
H. C. Mougey General Motors’ Research 

Corporation 
W. B. Price Scovill Mfg. Co. 
C. W. Simpson White Motor Co. 
T. H. Wickenden International Nickel Co. 

PARTS AND FITTINGS DIVISION 

W. C. Keys, Chairman Gabriel Snubber Sales & Ser- 
vice Co. 

C. G. Spring & Bumper Co. 
Underwriters Laboratories, 

Inc. 
Durant Motors, Inc. 

Montclair, N. J. 

H. S. Jandus, Vice-Chairman 
C. R. Alling 

F. A. Bonham 
Joseph Berge 
A. Boor Willys-Overland Co. 
S. V. Norton General Motors Truck Co. 
W. J. Outcalt General Motors Corporation 
C. W. Spicer Spicer Mfg. Corporation 
E. W. Weaver George T. Trundle, Jr., En- 

gineering Co. 

Stewart Warner Speedometer 
Corporation 

PASSENGER CAR DIVISION 

Jordan Motor Car Co. 

F. G. Whittington 

R. S. Begg, Chairman 
L. A. Chaminade, Vice-Chair- 

man Studebaker 
America 

Durant Motors, Ine. 
Packard Motor Car Co. 
Buick Motor Co. 
Oakland Motor Car Co. 
Checker Cab Mfg. Corpora- 

tion 
H. H. Franklin Mfg. Co. 
Nash Motor Co. 

PASSENGER-CAR BODY DIVISION 

G. J. Mercer, Chairman Model Body Corporation 
Kingston Forbes, Vice-Chair- Buick Motor Co. 

man 
E. J. Bartlett 
P. E. Breneman 

Corporation of 

F, A. Bonham 
H. N. Davock 
E. A. DeWaters 
Benjamin Jerome 
J. A. King 

Ralph Murphy 
G. W. Smith 

Baker R & L Co. 
Studebaker Corporation of 
America. 

C. R. Wilson Body Co. 
Unison Seat Co. of America 
Murray Body Corporation 
Hupp Motor Car Corporation 

RADIATOR DIVISION 

McCord Radiator & Mfg. Co. 

E. J. Connolly 
E. W. Goodwin 
R. A. LaBarre 
A. J. Neerken 

J. D. Harris, Chairman 
H. A. Higgins, Vice-Chair- 

man 
R. A. Armstrong 
Charles Oppe 
C. T. Perkins 
L. P. Saunders 

Long Mfg. Co. 

Oakland Motor Car Co. 
G & O Mfg. Co. 
Modine Mfg. Co. 

Harrison Radiator Corpora- 
tion 

Racine Radiator Co. 

SCREW THREADS DIVISION 

E. H. Ehrman, Chairman Standard Screw Co. 
O. B. Zimmerman, Vice- 

Chairman 

F. M. Young 

International Harvester Co. 
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E. J. Bryant 

Earle Buckingham 
Ellwood Burdsal] 

Luther D. Burlingame 
G. S. Case 
H. H. Edge 

Einar A. Hanson 
K. L. Herrmann 

Wm. R. Mitchell 
A. W. Reader 

Greenfield Tap & Die Cor- 
poration 

Pratt & Whitney Co. 
Russell, Burdsall & Ward 

Bolt & Nut Co. 
Brown & Sharpe Mfg. Co. 
Lamson & Sessions Co. 
Kelly Press Division of the 

American Type Founders 
Co. 

Hanson-Whitney Machine Co. 
Studebaker Corporation of 

America 
National Acme Co. 
General Motors Corporation 

SPRINGS DIVISION 

F. A. Whitten, Chairman 
W. E. Dunston, Vice-Chair. 

man 
R. S. Begg 
B. R. Benjamin 
S. P. Hess 
A. M. Laycock 
H. R. McMahon 
W. M. Newkirk 

J. E. Reid 
A. H. Remsen 

E. W. Stewart 

General Motors Truck Co. 

C. G. Spring & Bumper Co. 
Jordan Motor Car Co. 
International Harvester Co. 
Detroit Steel Products Co. 
Waukesha Motor Co. 
Standard Steel Spring Co. 
William & Harvey Rowland, 

Inc. 
International Motor Co. 
Rickenbacker Motor Co. 
William D. Gilson Co. 

STATIONARY ENGINE DIVISION 

L. F. Burger, Chairman 
V. E. McMullen, Vice-Chair- 

man 
D. B. Jahnke 
T. C. Menges 

William E. Morgan 
W. R. Olmsted 

International Harvester Co. 

Hercules Corporation 
Fairbanks-Morse Co. 
Associated Manufacturers 

Co. 
Novo Engine Co. 
Nelson Bros. Co. 

STORAGE-BATTERY DIVISION 

W. E. Holland, Chairman 

W. E. Gossling, Vice-Chair- 
man 

E. W. Allen 
A. K. Brumbaugh 
R. N. Chamberlain 
E. L. Clark 
Bruce Ford 
Cc. T. Klug 
A. R. Lewellen 
I. M. Noble 
J. L. Rupp 

G. W. Vinal 

C. H. Williams 

Philadelphia Storage Battery 
Co. 

Prest-O-Lite Co., Inc. 

Edison Storage Battery Co. 
Autocar Co. 
Gould Storage Battery Co. 
Commercial Truck Co. 
Electric Storage Battery Co. 
Willard Storage Battery Co. 
Chevrolet Motor Co. 
Consolidated Battery Co. 
Westinghouse Union Battery 

Co. 
Bureau of Standards 
Studebaker Corporation of 

America 

TIRE AND RIM DIVISION 

To Be Appointed Later 

TRANSMISSION DIVISION 

C. Fuller, Chairman 
L. Tenney, Vice-Chairman or 

. C. Bryan 
E. Gamble 

. A. Gloetzner 
SS. Hendrie 
K. Jack 
F. Myers 

. W. Sweet 

> > 

moo 

Fuller & Sons Mfg. Co. 
Muncie Products Division of 

the General Motors Cor- 
poration 

Durston Gear Corporation 
The Borg & Beck Co. 
Covert Gear Co., Inc. 
Detroit Gear & Machine Co. 
Olds Motor Works 
Service Motors, Inc. 
Brown-Lipe Gear Co. 

TO) 

. E. Swenson 

. O. White 
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Mechanics Machine Co. 
Warner Gear Co. 

TRUCK DIVISION 

A. J. Scaife, Chairman 
B. B. Bachman, Vice-Chair- 
man 

Nels G. Anderson 
F. W. Davis 
J. C. Haggart, Jr. 

W. S. Herrington 
. C. Horine 
R. Ingersoll 

. R. Keith 
A. Kraus 

. F. Myers 
. M. Sternberg 
. B. Veal 
. A. Whitten MOmMOSZOZY 

White Motor Co. 

Autocar Co. 

International Harvester Co. 
Waltham, Mass. 
Republic Motor 

Inc. 
Quartermaster Corps 
International Motor Co. 
Federal Motor Truck Co. 
International Harvester Co. 
Lima, Ohio 

Service Motors, Inc. 

Sterling Motor Truck Co. 
Manly & Veal 
General Motors Truck Co. 

Truck Co., 

SPECIAL COMMITTEES 

COMMITTEE ON STANDARDIZATION POLICY 

. M. Crane, Chairman 
. B. Bachman 
. L. Horning 
. A. Johnston 
. M. Manly Ommny 

New York City 
Autocar Co. 
Waukesha Motor Co. 
International Harvester Cc 
Manly & Veal 

METHODS OF EXPRESSING LIMITS AND TOLERANCES 

Earle 
man 

E. H. Ehrman 
G. S. Case 

Buckingham, Chair- 

Pratt & Whitney Co. 
Standard Screw Co. 

Lamson & Sessions Co. 

PATENTS COMMITTEE 

B. B. Bachman, Chairman 
Lloyd Blackmore 
R. A. Brannigan 

C. M. Manly 

Autocar Co. 

General Motors Corporation 
National Automobile Cham- 

ber of Commerce 

Manly & Veal 

COOPERATING COMMITTEES 

HARDWOOD LUMBER STANDARDIZATION COMMITTEE 

G. J. Mercer, Chairman 
R. A. LaBarre 
T. J. Litle, Jr. 
F. F. Murray 

Representative 

Model Body Corporation 
Murray Body Corporation 
Ford Motor Co. 
Hardwood Manufacturers’ 

Institute 
Forest Products Laboratories 

SECTIONAL COMMITTEES SPONSORED BY THE 
SOCIETY 

AERONAUTICAL SAFETY CODE 

H. M. Crane, Chairman 

Archibald Black 
V. E. Clark 

G. C. Loening 

G. J. Mead 

I. M. Uppercu 

R. H. Upson 

New York City 
Garden City, N. Y. 
Consolidated Aircraft 

poration 
Loening Aeronautical Engi- 

neering Corporation 

Cor- 

Wright Aeronautical Cor- 
poration 

Aeromarine Plane & Motor 
Co. 

Aircraft Development Cor- 
poration 

AUTOMOBILE HEADLIGHTING SPECIFICATIONS 

M. Crane 
N. Falge 

A. Miche) 

H. 
R. 

T. J. Litle, Jr. 
C. 
A. J. Scaife 

New York City 
National Lamp Works of the 

General Electric Co. 
Ford Motor Co. 
Guide Motor Lamp Mfg. Co. 
White Motor Co. 

—E 
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BALL BEARINGS 

R. Strickland, Chairman Cadillac Motor Car Co. 
M. Manly, Vice-Chairman Manly & Veal 
S. Burnett, Secretary Society of Automotive En- 

gineers, Inc. 
S. K. F. Industries 
Standard Steel & Bearings, 

Inc. 
Elektron Metals Corporation 

of America 
W. Gurney Marlin-Rockwell Corporation 
G. Hughes New Departure Mfg. Co. 

BOLT, NUT AND RIVET PROPORTIONS 

A. Cummings 

W. 
C. 
R. 

H. E. Brunner 

L. 

C. H. Day 

F. 
F. 

J. A. Anglada New York City 
M. C. Horine International Motor Co. 

W. A. McKinley Midland Steel Products Co. 
C. B. Segner Domestic Engine & Pump Co. 

NUMBERING OF STEELS 

F. P. Gilligan Henry Souther Engineering 
Corporation 

C. N. Dawe Studebaker Corporation of 
America 

G. L. Norris Vanadium Corporation of 
America 

SCREW THREADS 

P. W. Abbott Studebaker Corporation of 
America 

D. G. Baker American Thread Co. 
Earle Buckingham Pratt & Whitney Co. 
E. H. Ehrman Standard Screw Co. 
H. E. Fromme Consolidated 

Corporation 
Curtis Bay Copper & Iron 

Works 
Manly & Veal 
Herschell-Spillman Motor Co. 
International Harvester Co. 

TRANSMISSION ROLLER CHAINS AND SPROCKETS 

Committe now being organized 

SECTIONAL COMMITTEES ON WHICH THE 
SOCIETY IS REPRESENTED BUT NOT 

A SPONSOR 

BRAKES AND BRAKE TESTING 

Clarence Carson 
R. E. Fielder 
C. L. Sheppy 
John R. Cautley 

Shipbuilding 

W. F. Graham 

C. M. Manly 
E. O. Spillman 
O. B. Zimmerman 

Dodge Bros. 
Fifth Avenue Coach Co. 
Pierce-Arrow Motor Car Co. 
Perrot Brake Corporation 

CODE ON COLORS FOR TRAFFIC SIGNALS 

W. A. McKay Westinghouse Lamp Co. 

GEARS 

Detroit Gear & Machine Co. 
Pratt & Whitney Co. 

INSULATED WIRE AND CABLE 

Glen Head, N. Y. 
Packard Electric Co. 

MACHINE-TOOL SAFETY CODE 

H. E. Blood 
Earle Buckingham 

F. W. Andrew 
W. S. Haggott 

A. J. Gifford Leland-Gifford Co. 

PIPE FLANGES AND FITTINGS 

T. C. Menges Associated Manufacturers 
Co. 

PLAIN LIMIT GAGES 

P. W. Abbott Studebaker Corporation of 
America 

W. J. Outealt General Motors Corporation 

USE, CARE AND PROTECTION OF ABRASIVE WHEELS 

A. J. Gifford Leland-Gifford Co. 

STANDARDIZING ASSOCIATIONS AND COMMIT- 
TEES ON WHICH THE SOCIETY IS 

REPRESENTED 

ADVISORY BOARD FOR UNITED STATES DICTIONARY OF 

SPECIFICATIONS 

C. F. Clarkson Society of Automotive Engi- 
neers, Inc. 

R. S. Burnett, Alternate Society of Automotive Engi- 
neers, Inc. 

AMERICAN ENGINEERING STANDARDS COMMITTEE 

B. B. Bachman 
C. F. Clarkson 

Autocar Co. 
Society of Automotive Engi- 

neers, Inc. 

C. M. Manly Manly & Veal 
Alternates 
R. S. Burnett Society of Automotive Engi- 

neers, Inc. 
C. C. Carlton Motor Wheel Corporation 
E. A. Johnston International Harvester Co. 

AMERICAN ENGINEERING STANDARDS COMMITTEE’S SPECIAL 

COMMITTEE ON PREFERRED NUMBERS 

Cornelius T. Myers Rahway, N. J. 

AMERICAN MARINE STANDARDS COM MITTEE 

R. S. Burnett Society of Automotive Engi- 
neers, Inc. 

H. R. Sutphen Submarine Boat Corporation 

AMERICAN SOCIETY FOR TESTING MATERIALS COMMITTEE 

Al ON STEEL 

F. P. Gilligan Henry Souther Engineering 
Corporation 

AMERICAN SOCIETY FOR TESTING MATERIALS COMMITTEE 

AT ON MALLEABLE IRON 

H. T. Chandler Vanadium Corporation of 
America 

W. F. Graham Curtis Bay Copper & Iron 
Works 

COMMITTEE ON FERROUS METALS OF THE BUREAU OF 

STANDARDS 

F. P. Gilligan Henry Souther Engineering 
Corporation 

Standard Automotive Parts 
Co.; Fredericksen Co. 

W. C. Peterson 

COMMITTEE ON STRUCTURES AND FABRICATED METALS OF 

THE BUREAU OF STANDARDS 

C. L. Burns Wright Aeronautical Cor- 
poration 

J. H. Nelson Wyman-Gordon Co. 

CONFERENCE ON AERONAUTICAL NOMENCLATURE OF 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

G. C. Loening Loening Aeronautical Engi- 
neering Corporation 

Stout Metal Airplane Co. 
Aircraft Development Cor- 

poration 

W. B. Stout 
R. H. Upson 
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CONSULTING COMMITTEE OF THE CENTRAL COMMITTEE ON 

LUMBER STANDARDS 

International W. B. Swift Harvester Co. 

GAGE STEEL COMMITTEE OF BUREAU OF STANDARDS 

C. N. Dawe Studebaker 
America 

Hupp Motor Car Corporation 

Corporation of 

J. M. Watson 

HARDWOOD CONSULTING COMMITTEE OF CENTRAL 

MITTEE ON LUMBER STANDARDS 

F. J. Bickelhaupt Studebaker 
America 

Baker R & L Co. 

COM- 

Corporation of 

W. C. Fischer 

JANUARY COU 
HE session of the Council held in New York City on 
Jan. 8 was attended by President Crane, Vice-Presidents 

Strickland, Pope and Ware, Councilors Hunt, Scaife and 
Rumney and Treasurer Whittelsey, and by O. M. Burkhardt, 
H. D. Church, C. H. Foster, H. L. Horning, T. J. Litle, Jr., 

C. F. Seott and P. G Zimmerman, nominees for service on 
the 1925 Council. 

One hundred and forty-one applications for individual 

membership were approved. The following transfers in 
grade of membership were made: From Member to Service 
Member, Rico Botta; Junior to Service Member, J. Macken- 

zie Miller; Junior to Member, Victor R. Ellison, James W. 
Galloway, Osear P. Liebreich, A. Rolstan Stalb and Maurice 
Walter; Junior to Associate, Livingston Disbrow, John A. 
Heckman, David H. Hirsh, George Ralph Metcalf, Jr., Edwin 
K. Purchase, Wesley B. Pusey, Henry Schlachter, Harold B. 
Sweet and John M. Walter. 

The resignations of 17 members were accepted and the 
names of six members were stricken from the rolls for de- 
fault in payment of dues. The reinstatement of two members 

who had previously resigned or been dropped for non-pay- 
ment of dues was approved. 

It was voted that the Society accept, jointly with the 
American Society of Mechanical Engineers, sponsorship for 
the Sectional Committee on Standardization of Transmission 
Chains and Sprockets. The following members were named 
as representatives of the Society on the Sectional Committee 
on Automobile Lighting: H. M. Crane, R. N. Falge, T. J. 

Litle, Jr., C. A. Michel and A. J. Scaife. 
T. L. Lee, B. M. Smarr and W. B. Stout were appointed as 

representatives of the Society on the Sectional Committee on 
Specifications for Zinc Coating of Iron and Steel. Paul G. 
Zimmerman was named to attend the conference of the Na- 
tional Aeronautic Association in the City of Washington, 
Jan. 29, in connection with program for 1925 aviation con- 
tests. 

The 1924 Council held the last session of its administration 
on Jan. 19 in Detroit. The following were present: President 
Crane, First Vice-President Johnston, Second Vice-Presidents 
Strickland and Ware, Councilors Hunt, Rumney and Scaife, 
and Treasurer Whittelsey, and O. M. Burkhardt, H. D. 
Church, H. L. Horning and T. J. Litle, Jr., nominees for 

service on the 1925 Council. 
Thirteen applications for individual membership and one 

application for reinstatement were approved. The following 
transfers in grade of membership were made: from Junior 
to Service Member. M. A. Thorne; from Junior to Associate, 

R. L. Smith and W. W. Wing; from Associate to Member, 
Harvey M. Cronk and W. Ledyard Mitchell. 

ORGANIZATION SESSION OF 1925 COUNCIL 

The organization Session of the 1925 Council was held in 
Detroit on Jan. 19 and was attended by President Horning, 

First Vice-President Litle, Second Vice-President Church, 
Councilors Burkhardt, Hunt and Rumney, Treasurer Whit- 
telsey and Past-President Crane. 

THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 

JOINT ARMY AND NAVY AERONAUTIC CONFERENCE 

E. W. Rounds Wright Aeronautical Cor- 
poration 

P. G. Zimmerman Paul G. Zimmerman Metal 
Aircraft 

JOINT COMMITTEE ON INVESTIGATION OF PHOSPHOR AND 

SULPHUR IN STEEL 

Henry Souther 
Corporation 

F. P. Gilligan Engineering 

NATIONAL SCREW THREAD COMMISSION 

Pratt & Whitney Co. 
Lamson & Sessions Co. 

Earle 
G. S. 

Buckingham 

Case 

NCIL MEETINGS 
President Horning announced tke personnel of the 

Administrative Committees as follows: 

CONSTITUTION COMMITTEE 

A. L. Riker, Chairman 

H. M. Crane A. J. Seaife 

FINANCE COMMITTEE 

A. R. Erskine, Chairman 

W. L. Batt Christian Girl 

A. J. Brosseau C. B. Whittelsey 

HOUSE COMMITTEE 

David Beecroft, Chairman 

G. P. Dorris 

E. H. Ehrman 

Vincent G. Apple 

A. W. Copland 

MEETINGS COMMITTEE 

r. J. Litle, Jr., Chairman 

H. W. Asire G. W. Kerr 
O. M. Burkhardt L. L. Roberts 
Charles O. Guernsey S. W. Sparrow 
A. W. S. Herrington O. B. Zimmerman 
K. L. Herrmann P. G. Zimmerman 
L. Clayton Hill 

MEMBERSHIP COMMITTEE 

\. F. Masury, Chairman 

F. A. Cornell W. S. Nathan 

W. L. Moreland C. H. Warrington 

PUBLICATION COMMITTEE 

E. P. Warner, Chairman 

O. C. Berry W. E. Lay 
Herbert Chase F. C. Mock 

SECTIONS COMMITTEE 

J. H. Hunt, Chairman 

F. F. Chandler, Vice-Chairman 

George T. Briggs R. E. Northway 
William E. England R. E. Plimpton 
G. Walker Gilmer J. W. White 
A. W. S. Herrington R. E. Wilson 

George L. McCain John Younger 

The names of tte members who will serve this year as 
chairmen and vice-chairmen of the Standards Committee and 
its Divisions were reported. These are listed elsewhere in 
this issue of THE JOURNAL, as well as those named by the 
Council for service on the various Divisions. 

Those designated to serve during the year on the Re- 
search Committee, the Highways Committee, the Fuels Group 
and the Riding-Qualities Group are listed in this issue of 
THE JOURNAL in the section devoted to research matters. 

ed 
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Standards Committee Meeting 
HE regular annual meeting of the Standards 
Committee was held at the General Motors Build- 
ing at Detroit during the afternoon of Jan. 19 

with Chairman E. A. Johnston presiding. Fifteen re- 
ports by nine Divisions, which were printed in the Jan- 

uary issue of THE JOURNAL, commencing on p. 33, were 
approved as presented or amended in the meeting. The 
action of the Standards Committee Meeting was ap- 
proved by the Council and at the deferred business ses- 
sion on Tuesday evening, except in the case of the recom- 
mendation for head-lamp doors, which was referred by 

the Council to the Society’s Standardization Policy Com- 
mittee for a recommendation to the Lighting Division 
based on the principle of the policy involved. 

In accordance with the Standards Committee regula- 
tions, a letter ballot of the Society members on final ap- 
proval of the reports will be returnable and counted 21 
days following publication in THE JOURNAL of the action 

taken on them at the Standards Committee Meeting. A 
ballot on the following reports is, therefore, returnable 
on Feb. 25, 1925. The usual ballot-form will be sent to 

each Member of the Society and will provide for affirma- 
tive and negative votes and waivers. Each subject to be 
voted upon will be given in the ballots by title accom- 

panied by the page reference of the report as published 
in the January issue of THE JOURNAL, which should be 
consulted by the members together with this issue in 

which is recorded the principal discussion on reports and 
the action taken on them. ' 

Often letter-ballots on Standards Committee reports 
are returned unsigned by members. These, of course, 
cannot be counted. Also a considerable number of bal- 
lots are usually received after the date on which ballots 

are counted. Many of these ballots undoubtedly repre- 
sent the opinion of members who are particularly quali- 
fied to vote on the subjects, and to avoid having these 
ballots thrown out it is urged that all members be par- 

ticularly careful to sign their ballots and return them 
within the specified time. 

The following includes only such changes as were 

made in the Division reports printed in the January is- 
sue of THE JOURNAL referred to above that were ap- 

proved for submission to letter ballot by the members 
and the principal discussion of subjects at the Standards 
Committee Meeting. This report, together with the 

original reports published in the January issue, should 
be considered when filling in the letter ballots. 

(1) DIFFERENTIALS 
(Azle and Wheels Division) 

THE DISCUSSION 

S. O. WHITE:—I have no particular comment to make 
on this proposal for differentials except that the prin- 
cipal purpose the Division has in mind is to establish a 
recommended practice as a guide chiefly in designing 

new axles. 
In our experience as differential manufacturers we 

find that nearly every job that comes to us to figure on 
is frequently different in non-essentials. Sometimes, of 
course, certain items such as flange offsets on differ- 
ential cases have to vary but a number of the other 
dimensions could be maintained in many designs where 
the proposal could not be adopted in its entirety. Adop- 
tion of the proposal will make it possible to reduce the 
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immense variety of designs that are now used, reduce 

tooling, forgings, patterns and many other items. The 
inside gears are of a type that has been almost auto- 
matically standardized through their use for probably 
9 or 10 years. 

I move that the report be approved for adoption as 
S. A. E. Recommended Practice. 

|The motion was seconded and carried. ] 

(2) STORAGE-BATTERY TRAY TERMINALS 
(Electric Vehicle Divison) 

THE DISCUSSION 

R. S. BURNETT:—As no members of the Division are 
here I will present the report. This work was started 
some time ago and is a considerable refinement of the 
original report which was in complete detail. The pro- 
posal includes the dimensions required for interchange- 
ability for the three sizes of terminal and lug which it 

is believed will be sufficient for all general requirements. 
There are two corrections to be made in the report as 

printed. Dimension EF should be from the cable end of 
the lug to the center-line of the slot in the lug instead 
of to the end; and in the table, dimension E for the 0000 

size should be 2%% instead of 2-5/16 in. 
I move that this report be approved for adoption as 

S. A. E. Recommended Practice. 

[The motion was seconded and carried.]} 

(3) FLYWHEELS AND FLYWHEEL HOUSINGS 

(Engine Division) 

THE DISCUSSION 

Mr. BURNETT:—This report should include limit di- 
mensions 2.0472 to 2.0480 in. for the pilot-bearing bore 
in the flywheel which have been approved by the Di- 
vision. The present standard gives only the dimension 

2.0472 in. 
R. J. BROEGE:—I move that this be approved for 

adoption as an extension of the present S. A. E. Stand- 
ard. 

[The motion was seconded and carried. ] 

(4) ENGINE REAR-SUPPORT ARMS 
(Engine Division) 

THE DISCUSSION 

Mr. BROEGE:—I move that the report be approved for 
adoption as a revision of the present S. A. E. Standard. 

[The motion was seconded and carried. ] 

(5) HeAD-LAMP Doors 
(Lighting Division) 

THE DISCUSSION 

C. A. MICHEL:—I move that the report be approved 
for adoption as S. A. E. Recommended Practice. 

[The motion was seconded and carried.] 
[This report was discussed again following its 

approval by the Standards Committee’s vote, but re- 
mained as approved. ] 
B. M. SMARR:—The majority of the Sub-Division ap- 

pointed to report on this subject was in favor of aban- 
doning the bayonet type of head-lamp doors but could 
not make a report. In the Lighting Division we were 
able to make a definite decision against the bayonet type 
of door. The report as printed says that the bayonet 
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type of door is permitted. We tried to make a distinc- 
tion between the bayonet and the rotating types of door, 
ruling against the former and permitting the latter. 

C. E. HeErywoop:—The meaning of the report might 
be more definite if the word “conventional” in the second 
line of the last paragraph was omitted. As the report 
reads it might be considered as meaning that the ro- 
tating type is really a bayonet type of door. 

PRESIDENT H. M. CRANE:—I think it will be very re- 
grettable if we attempt to use the Standards Committee 
to approve or disapprove any particular form of design 
or construction. There is no limit to what we can try 
to do if we standardize from that point of view. I am 
not advocating the bayonet or any other type of door. 
I do think, however, that the present head-lamp equip- 
ment on the cheaper cars is bad beyond belief, but I do 
not think it is entirely a matter of design. One car that 
I have operated had a bayonet type of door that was 
pretty handy to operate. 

G. S. CASE:—Does this report include any real stand- 
ardizing? 

Mr. BURNETT :—This is one of the more difficult prob- 
lems that we have been asked to consider, being largely 
an outgrowth of a request by the motor-vehicle admini- 
strators of several States to do something definite toward 
improving head-lamp construction. 

PRESIDENT CRANE:—lI do not believe the Society should 
attempt to solve this kind of problem for the motor- 
vehicle administrators. It reminds me of the request 
we had to standardize the motor truck and define what 
is a 2-ton and what is a 3-ton truck. I am thoroughly 

convinced that we cannot accomplish it. 
If this report included dimensional standards for in- 

terchangeability, I would favor it; but as it is simply 
an attempt to censor the design and construction of 
lamps on automobiles, I think it is wrong. 
CHAIRMAN E. A. JOHNSTON:—It seems to me that 

much of this discussion would have been to better ad- 
vantage before we voted on this report. 

Mr. BURNETT :—Unless we can get frank and full dis- 
cussions on the reports at this meeting, reports regard- 
ing which questions are raised are bound to be held up 
later by the letter ballot of the Society’s members. 

I would like to have the members who are familiar 
with this subject discuss it thoroughly here and hold up 
this report if necessary because it will save considerable 
time and trouble if we can clear up these questionable 
reports at the meetings of the Standards Committee. 

L. C. PorTer:—I believe the general public has diffi- 
culty in operating the present types of lamp door on 
their cars. I have known of many cases where car- 
owners have tried to get the lamp doors off to replace 
the bulbs or focus the lamps and have been unable to do 
so. This indicates that something is radically wrong 
with many present lamp-door designs. Whether the 
matter involves a question of policy, or whether the 
motor-vehicle administrators want us to standardize de- 
signs, I think they are right in trying to in some way 
bring about the use of better equipment and greater 
ease of operation. I think that the Division has made 
a good start in this matter and that the recommendation 
should stand as approved. 

(6) HEAD-LAMPS 
(Lighting Division) 

THE DISCUSSION 

Mr. MICHEL:—The present standard maximum mount- 
ing height for head-lamps on all vehicles is 42 in. Some 
of the motor-truck manufacturers have had trouble in 
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mounting their head-lamps as low as 42 in. because they 

wish to mount them back from the front end of the 
truck. Motorcoach manufacturers also have experienced 
considerable trouble in mounting their head-lamps and 

it is therefore recommended that the 42-in. mounting 

height be restricted as applying to passenger cars only. 
There is a Sub-Division now working on the problem to 
determine upon a recommendation for motortrucks and 
motorcoaches. 

I move that the report be approved for adoption as a 
revision of the present S. A. E. Recommended Practice. 

[The motion was seconded and carried. ] 

(7) WRouGHT ALUMINUM BRONZE 

(Non-Ferrous Metals Division) 

THE DISCUSSION 

Mr. BURNETT:—I move that this report be approved 
for adoption as a revision of the present S. A. E. Stand- 
ard. 

[The motion was seconded and carried. ] 

(8) Door HINGES. 
(Passenger-Car Body Division) 

THE DISCUSSION 

Mr. CASE:—The Sectional Committee on Bolt, Nut and 
Rivet Proportions, which is sponsored by the American 
Society of Mechanical Engineers and this Society, has 
a tentative standard on the included angle of the counter- 
sink, the limits being, as I recall, 80 and 82 deg. I know 

that is present practice. Seventy-eight degrees, which 

has been suggested, is the old rivet standard, but I think 

the minimum of 80 deg. should be adopted in this report. 
E. H. EHRMAN:—I think the nominal included angle 

of the countersink should be 80 deg., which is the mini- 

mum angle for flat-head screws or bolts, and will make 
the bolt or screw heads set on the bearing edge and not 

at the hole. 
W. J. OUTCALT:—I think the angle should be from 80 

to 82 deg.; also that the diameter of the hole that is now 

0.438 in. should be 7/16 in. 
Mr. CASE:—I move that this report be approved for 

adoption subject to correction of the countersink both 
as to minimum angle and diameter, to agree with the 

tentative Sectional Committee report on wood-screw 
heads. 

[The motion was seconded and carried. ] 

(9) STORAGE-BATTERIES 
(Storage-Battery Division) 

THE DISCUSSION 

W. E. GOSSLING:—I move that the report be approved 
for adoption as an addition to the present S. A. E. Stand- 
ard. 

[The motion was seconded and carried.] 

(10) GAGING OF CASTLE-NUT SLOTS 
(Screw Threads Division) 

THE DISCUSSION 

Mr. EHRMAN:—A slight revision should be made in 
the text beginning in the sixth line of the descriptive 

paragraph so that it will read: “owing to differences of 

bore due to drilling and to tapping of the nut.” 
This report specifies a simple means for gaging the 

useability of cotter-pin holes in bolts and cotter-pin slots 
in nuts that has been tried out in practice and has served 
its purpose very well. 

I move that the report be approved for adoption as 
S. A. E. Recommended Practice. 

[The motion was seconded and carried. ] 

a 
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(11) TAP-DRILL REFERENCE TABLES 

(Screw Threads Division) 

THE DISCUSSION 

Mr. EHRMAN :—Table 1 is a proposed list of standard 
tap-drills for general commercial purposes. 

Tables 2 and 3 might be more precisely named if the 
captions were changed to read, “Reference Table—Minor 

Diameters—Basic, maximum and minimum, with nearest 

drill sizes available.” These two tables are for reference 
purposes only with relation to tap drills for the standard 
series of coarse and fine threads. The Division is ready 

to offer a third series covering the S. A. E. Extra Fine 
Threads. 

A few typographical errors and some slight revisions 
should be noted and these will be made before the report 
is printed in the S. A. E. HANDBOOK. 

With reference to Table 1, the whole series has been 

worked out within the limits specified in the report of 
the Sectional Committee on Screw Threads. 

All important points bearing on the selection of the 

drill sizes have been taken into account in the formula- 
tion of these tables, which will, I believe, meet general 
requirements in practice. 

A. W. READER:—The %-18 size should be included. 
Since the S. A. E. Standard for bolts and nuts includes 
1% in. I would suggest that this size be added to have 

the tables and standards consistent. 
The larger holes might be reamed instead of drilled 

and I therefore suggest that such sizes be indicated by 

a footnote. 

Mr. EHRMAN:—When these tables are made more 
complete in accordance with the suggestions just made, 
is it the wish of the Standards Committee to include the 
S. A. E. Extra Fine Thread tables and to extend the 
reference tables to include the 3-in. diameters to con- 
form to the American Standard tables? 

I move that the report, including the changes and 
extensions recommended here today, be approved for 
adoption as General Information. 

[The motion was seconded and carried. ] 

(12) APPLICATION OF SCREW-THREAD FITS 

(Screw Threads Division) 

THE DISCUSSION 

Mr. EHRMAN :—The Screw Threads Division has made 
a survey of all of the various screw threads specified in 
S. A. E. Standards and Recommended Practices. Some 

threads in the standards are of special pitch with refer- 
ence to diameter, but these are to be reported later on. 

Mr. CASE:—Is it intended to give all the tolerance 
dimensions for each thread in all the standards listed or 
to refer only to the class of fit? 

MR. BURNETT:—Only to give a reference to the class 
of fit. Where such a reference is made to a series of 

screw threads in the several standards, the complete 
dimensions will be found in the S. A. E. Standard for 
Screw Threads in the S. A. E. HANDBOOK, which is com- 
plete. 

Mr. OUTCALT:—It seems to me that the report is in- 
consistent with regard to the code letter N being used 
to denote American Standard. The standard taper pipe 
thread is referred to as American Standard while the 
letter N, meaning National, is used in this report. 

I think it should be changed to American, using the 
code letter A. 

Mr. BURNETT:—This question of nomenclature has, I 
understand, been thoroughly considered by the Sectional 

Committee and the National Screw Thread Commission, 
which have not included pipe threads in their reports. 

Mr. OUTCALT:—The point I want to bring out is that 
the Society was one of the sponsors for the Sectional 
Committee and yet we are proposing something that is 
different from a previously adopted report. 

Mr. CASE:—This matter has been discussed by the 
Sectional Committee to the extent of very many more 
hours than it seemed to me was worthwhile. 

The tentative standards for screw threads were issued 
by the National Screw Thread Commission before the 
Sectional Committee was active in this work. The re- 
port was published and widely distributed by the Com- 
mission as the proposed national standard, the Commis- 
sion having been authorized by Congress for that pur- 

pose. 
The Sectional Committee then took over the report of 

the Commission and after modifying it somewhat adopted 
it as standard. The Commission’s report was later re- 
vised to agree with the Sectional Committee’s report. 
It has been customary for the standards of Sectional 
Committees to be known as American standards al- 
though there may be some exceptions. 

In this case, as the data have been widely distributed 
as the National Standard it was thought that it would 
only confuse the matter to introduce the word American 
and after numerous discussions it was left as National 
and is so published here. Although I am a member of 
the Commission and the Sectional Committee, it never 
seemed to me a matter of much importance. 

Mr. BURNETT :—As a matter of information, two rep- 
resentatives each that were appointed by the Society and 
the American Society of Mechanical Engineers com- 

prised the civilian representation on the National Screw 
Threads Commission. 

Mr. EHRMAN:—I move the approval of this report for 
adoption in revision of the standards listed in the report. 

[The motion was seconded and carried. | 

(13) LICENSE-PLATE BRACKET SLOTS 
(Parts and Fittings Division) 

THE DISCUSSION 

H. S. JANDUS:—I move that the report be approved 
for adoption as S. A. E. Standard. 

[The motion was seconded and carried. ] 

(14) FLEXIBLE Discs 
(Parts and Fittings Division) 

THE DISCUSSION 

Mr. JANDUS:—I move that the report be approved for 
adoption as an addition to the present S. A. E. Recom- 
mended Practice. 

[The motion was seconded and carried. ] 

(15) COMPRESSION-TYPE TUBE FITTINGS 
(Parts and Fittings Division) 

THE DISCUSSION 

Mr. OUTCALT :—Two things in particular in this report 
I think should be changed. The 17/32-24 thread for 
the 3,-in. size and the 19/32-24 thread for the 7/16-in. 
size are odd, and should be changed to 9/16-24 and 

59-24 respectively to conform with the Screw Thread 
Standards. 

I also think the dimensions O and Q for the 7/16-in. 
size, which read 27/32 and 29/32 in. respectively, could 
be changed to even sixteenths. 

B. B. BACHMAN :—I question also the 11/16-20 thread 
which it seems to me is outside of any public standard 
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that I know of. I also question the amount of stock from 
the bottom of the threads to the counterbore of the fit- 
tings which is shown as dimension /. 

The report also seems to specify a relatively large 
number of hexagon sizes differing within this list as 
well as differing from those already established in the 

flared tube sizes that we now have. This brings up the 
point of whether proper consideration has been given to 

the wrench situation as ordinarily found in a tool kit, 
and whether the dimensions that are included in the re- 
port are not an incentive for the use of pliers. 

Mr. JANDUS:—I believe the sizes listed in the report 
are somewhat of a compromise between those of the 
various manufacturers. While they do not represent a 
perfect service, probably they are the best that could be 
arrived at in view of existing circumstances. 

PRESIDENT CRANE:—Are we adopting a unified set of 
sizes of article in common use today or are we trying 

to design new ones? If we are going to design new 
ones, we would do it from an entirely different point of 
view than if we were attempting to bring a little order 

out of a more or less chaotic condition at the present 
time. If we are standardizing what is already in use, it 
might be better to leave out any sizes that are not in 
extensive use at the present time. 

These fittings are evidently made of the smallest 

amount of material to produce the result, which is a very 
commendable thing, but if we are bringing out any new 
sizes or types, their utility also ought to be considered. 

It might be desirable to have a second series of fittings 

in which utility is given a greater consideration, and 
eventually allowing the manufacturers and public to de- 
cide between the two types. In other words, we would 
approve the best compromise on the existing type and 
ask the Division to lay out another set of a heavier, 
stronger, and more easily serviced design. 

I feel hopelessly at. sea when it comes to redesigning 

a table like this in a Standards Committee meeting. I 

do not see how any one can do it and know what they 
are doing. If any figures are to be changed in this re- 

port, that mean more than clerical corrections, the re- 

port had better be referred back to the Division. 
Mr. EHRMAN :—Are some of the larger sizes that have 

apparently been more recently added to the list new 
enough to stand a little further revision along the lines 
suggested by Mr. Outcalt and others? If svch is the 
case, we could pass upon the smaller sizes that are merely 

a unification of present practice and leave two or three 
of the larger sizes for further consideration. This 
would avoid holding up the entire report and allow of 
some progress by accepting those that are clearly uni- 

fications of present practice. 
Mr. Outcalt stated that the 17/32-24 thread is used by 

some and 9/16-24 by others, showing that a division of 
practice exists which might warrant not adopting that 

size of fitting at this time. 
PRESIDENT CRANE:—I did not propose to return the 
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whole report to the Division but only such parts of the 
report as are subject to design changes. If the Stand- 
ards Committee thinks the designs are not satisfactory 

let us withdraw the sizes that need changes in design 

and pass the rest of the report. 
Mr. OUTCALT:—When this report was first presented, 

the thread diameter was 9/16-24 but was changed later. 

I move that this table be approved for the 4 through 
and including the %¢-in. sizes, changing the thread size 
from 17/32-24 to 9/16-24 and referring the 7/16 and 

'y-in. sizes back to the Division. 

Mr. CASE:—It seems to me it is unwise to change that 
figure. A note under the table reads “A short flat will 

appear on the sleeves for the 44, 5/16 and %-in. sizes as 

a result of the stock diameters selected.” Apparently, 
if we change the 17/32-in. diameter it will be necessary 
to change some other dimensions. 

We should either pass them as they are or else refer 
the entire report back. 

Mr. OUTCALT:—The only reason for specifying the 
17/32-in. diameter is to take care of stock that is dis- 

tributed among the jobbers and dealers. 
Mr. CASE:—I move as an amendment to Mr. Outcalt’s 

motion to approve the report up to and including the 
5/16-in. size and refer back to the Division the %%-in. 

and larger sizes. 

Mr. OUTCALT:—I accept the amendment. 
|The amended motion was seconded and carried. 

ATTENDANCE AT MEETING 

The members of the Standards Committee 

Society and the guests in attendance were 

and the 

Standards Members Committee 

A. H. Ackerman J. H. Hunt 
Azel Ames H. S. Jandus 
B. B. Bachman EK. J. Janitzky 
A. Boor E. A. Johnston 
Cc. C. Bowman B. M. Leece 
R. J. Broege G. C. Mather 
E. J. Bryant Cc. A. Michel 
O. M. Burkhardt A. J. Neerken 
R. S. Burnett W. M. Newkirk 
R. J. Burrows S. V. Norton 
G. 8S. Case W. J. Outealt 
L. A. Chaminade IL.. C. Porter 
Cc. F. Clarkson A. W. Reader 
H. M. Crane J. E. Reid 
W. V. DeGalan L. P. Saunders 
W. E. Dunston A. J. Scaife 
H. H. Edge M. H. Schmid 
E. H. Ehrman B. M. Smarr 
R. N. Falge W. R. Strickland 
L. C. Fuller P. L. Tenney 
LD. FE. Gamble R. H. Upson 
G. Walker Gilmer, J: W. C. Ware 
EK. W. Goodwin E. E. Wemp 
W. E. Gossling Ss. O. White 
C. E. Heywood F. A. Whitten 
F. C. Hubley G. A. Young 

Society Members and Guests 

L. L. Baker R. W. Gibson 
Cc. E. Banta H. L. Horning 
Donald Blanchard W. L. Kaiser 
S. H. Caldwell R. R. Keith 
c. S. Collinson O. A. Parker 
R. W. Daniels J. A. C. Warner 
W. H. Fenley Cc. B. Whittelses 

W. EB. Williams 
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AUTOMOTIVE RESEARCH 

The Society’s activities as well as 

research matters of general inter- 

est are presented in this section 

RESEARCH ACTIVITIES IN 1924 

The Department's Cooperative Work with the Re- 

search and Highways Committees 

The 1924 activities of the Research and Highways Commit- 
tees with whom the Research Department cooperates may be 
said to comprise the following divisions: major projects, mis- 
cellaneous activities and routine work. An enumeration and 
a brief discussion of the items that compose these three div- 
isions should be of interest at this time in a survey of the 
work of the past year. 

The major projects deal with investigations relating to 
highways, fuels and riding-qualities. 

HIGHWAYS 

The highway research, an investigation of motor-truck im- 
pact, under the direction of the Highways Committee, B. B. 
Bachman, chairman, is pursued in cooperation with the Bu- 
reau of Public Roads and the Rubber Association of America. 
The work during the early part of the year was devoted prin- 
cipally to studying instrumentation, determining what ought 
to be measured and how and selecting suitable instruments. 
Considerable progress has been made on the motor-truck im- 
pact tests, and the results obtained therefrom were outlined 
in a report presented by C. A. Hogentogler in December, 1924, 
at the annual meeting of the Highway Research Board of the 
National Research Council. This report appeared in the 

January, 1925, issue of THE JOURNAL, p. 21. 

FUELS 

The cooperative fuel research program has been continued 
throughout the year. The research work has been carried on 
at the Bureau of Standards. The other bodies cooperating in 
the investigation are the American Petroleum Institute and 
the National Automobile Chamber of Commerce. An im- 
portant phase has been the stimulating contact of the par- 
ticipating organizations, one with another. 

The work of the past year has resulted in the development 
of a satisfactory method for measuring dilution, the state- 
ment of a reasonable explanation of the mechanism of dilu- 
tion and the establishment of much additional information 
relating to the factors that influence the rate of dilution. 

The investigation has substantiated the conclusions that 
under average operating conditions crankcase-oil dilution 

(a) depends primarily on the average temperature of the 
cylinder-walls, (b) is likely to reach an equilibrium value if 
starting periods are not too frequent, (c) depends directly 
on fuel volatility, (d) depends directly on the average fuel- 
air ratio, (e) does not depend much upon the piston tempera- 
ture and (f) does not depend much upon the charge tem- 
perature or the degree of vaporization. 

A progress report covering these points was prepared by 
Dr. H. C. Dickinson and S. W. Sparrow and presented in 
December, 1924, at the annual meeting of the American Pe- 
troleum Institute by H. K. Griffin, who also read a paper by 
T. S. Sligh, Jr., of the Bureau of Standards, on the measure- 
ment of crankcase-oil dilution by the vacuum distillation 
transition method. Mr. Sligh’s paper was printed in the 
January, 1925, issue of THE JOURNAL, p. 17. 

In accordance with the wishes of the Research Committee, 
the attention of Committee D-2 of the American Society for 
Testing Materials has been called to the need for a practical 
and precise method for crankcase-oil dilution evaluation, and 
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details concerning the transition method have been trans- 
mitted to that committee for its careful consideration in de- 
termining the method most suitable for adoption. 

Another paper read at the annual meeting of the Amer- 
ican Petroleum Institute was one entitled Automotive Fuel 
Observations that was prepared in the Research Department. 

Progress reports of the fuel research have been published 
during the year in THE JOURNAL in the following papers: 
Winter Tests Show Greater Dilution with a Heavy Fuel, by 
John A. C. Warner, February, 1924; Economic Motor-Fuel 
Volatility, by Roger Birdsell, March, 1924; and Factors Af- 
fecting the Rate of Crankcase-Oil Dilution, by J. O. Eisinger, 
July, 1924. 

RIDING-QUALITIES 

An investigation of the many factors influencing the riding 
qualities of automotive vehicles was initiated in January, 
1924, and a symposium to discuss the subject was held in 
Detroit during the Annual Meeting of the Society. Accounts 
of this meeting appeared in THE JOURNAL, February, 1924, 
p. 254, and March, 1924, p. 335. The year’s work on this 
problem embraces the accomplishment of the necessary pre- 
liminary work and the appointment of a Riding Qualities 
Group of the Research Committee to formulate plans for 
future research. The preliminary work included: the hold- 
ing of interviews with psychologists and physiologists as well 
as with engineers interested in the project, by whom many 
interesting ideas have been suggested; a survey of technical 
literature from which has been obtained a view of what has 
hitherto been attempted or accomplished in this connection; 
the presentation of a paper, at the Summer Meeting, sum- 
marizing work thus far done by other organizations, describ- 
ing instruments and methods, and suggesting lines of suit- 
able attack; and the compilation of a bibliography covering 
18 factors that enter into the riding qualities problem. This 
bibliography contains over 500 references, more than 100 of 
which have been abstracted briefly. 

In addition to the three major projects just discussed, 
several miscellaneous activities have engaged the attention of 
the Committee. 

SULPHUR IN FUELS 

Early in 1924 a Fuels Group was appointed as a division of 
the Research Committee to cooperate with the Research De- 
partment on matters relating to fuels. The most im- 
portant question thus far studied by the Fuels Group has 
been an investigation of the effects of sulphur in fuels, with 
a view to obtaining recommendations on the proper maximum 
allowable content for satisfactory gasoline. The attitude of 
the industry as regards the allowable sulphur-content in- 
cluded in Government fuel specifications has been sought 
through a questionnaire and through personal conferences 
and interviews. A number of companies reported that they 
possessed no information upon which they could base their 
conclusions intelligently. The Group does not feel justified 
at this time in recommending the reduction of the amount 
that is allowed by the Government specifications, but addi- 
tional study is being devoted to this matter. 

VARIOUS PHASES OF THE DILUTION PROBLEM 

Another matter that has been under consideration is a pro- 
posal that the Research Committee sponsor a project calcu- 
lated to determine the importance of various factors that 
enter the general problem of erankcase-oil contamination. The 
criterion which should determine the frequency of changing 
crankcase oil is involved, and it is believed that the topic is 
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of wide-spread interest and that it should be investigated in 
a practical and thorough manner. The Committee now has 
under consideration plans for this work. 

Interest has been expressed by the Committee in a proposal 
that was submitted relative to the simpler methods for crank- 
case-oil dilution evaluation that may be used by service-men 
and others for rough determinations. Helpful suggestions in 
this regard have been obtained. 

As the result of an effort to ascertain the views of the in- 
dustry regarding the danger-point of dilution, the frequency 
of changing crankcase oil and other phases of the dilution 
problem, answers were obtained from 26 engineers, repre- 
senting as many prominent firms of the industry, who very 
kindiy presented conclusions based upon their experience. 
A summary of their statements was published in THE JourR- 
NAL, August, 1924. 

GEARS 

The possibility of doing some research with reference to 
gears has been brought to the attention of the Committee; 
and, with a view to obtaining opinions on the subject from 

both automobile men and gear men, a gear dinner meeting 

was arranged which took place in Detroit at the time of the 
Society’s Production Meeting. The interesting ideas brought 
out at the dinner were presented in a brief account of this 
meeting which was published in the November, 1924, issue 

of THE JOURNAL, and in a more detailed report of it in the 
January, 1925, issue. 

SAFETY CODE FOR BRAKES 

A Sectional Committee on a Safety Code for Automobile 
Brakes and Brake Testing has been organized under the 

procedure of the American Engineering Standards Commit- 
tee. The Research Department, representing the Society, has 
participated in all preliminary work required for the formu- 
lation of a tentative code, and has arranged for Society rep- 
resentation on the Sectional Committee besides actively par- 
ticipating in meetings and reporting them to the Society 
through the medium of THE JOURNAL. An account of the meet- 

;ing of the Sectional Committee appeared in the January, 
\1925, issue. 

TRAVEL 

Approximately one-fourth of the time of the Research Man- 
ager has been devoted to travel, for the purpose of attending 
committee and other meetings, discussing research projects 
with the members of the Society, obtaining information on 
various engineering problems and imparting information 
requested by members. 

AUTOMOTIVE COURSES OF STUDY 

With a view to having available correct and up-to-date 
information concerning the educational facilities in automo- 
tive work in universities and colleges throughout the Coun- 
try as well as in vocational schools, catalogs and other de- 
scriptive literature have been obtained from as many educa- 
tional institutions as possible. This material has been an- 
alyzed to show the maximum of information about automotive 
courses that are being offered, and it is planned to present 
the results of this analysis in THE JOURNAL at an early date. 

CONTRIBUTIONS TO THE JOURNAL 

Copy contributed by the Department to THE JOURNAL dur- 
ing 1924 has amounted to more than 250 columns, comprising 
two papers, 46 columns of Automotive Research, 55 columns 
of reports of meetings and 111 columns of Notes and Reviews. 
Eleven items for Chronicle and Comment are not included 
in this frzure. Besides material published in THE JOURNAL, 
a leaflet telling about the services of the Department to So- 
ciety members was written and distributed last summer. 

INFORMATION SERVICE 

The Information Service is a very interesting activity of 
the Department. In this connection, 100 technical and trade 
journals are perused each month, and a card-index file is 
kept that makes more readily available the outstanding ar- 

A Technical Informa- ticles in current technical literature. 

THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 

tion file contains much material of value in the form of 
reports and clipped material. More than 3000 letters were 
written in the Department during the year; of these, approxi- 
mately 1000 were in connection with the Information Service. 
Other information was given by the Department in personal 
interviews and in telephone conversations. 

PERSONNEL OF COMMITTEES AND GROUPS FOR 1925 

The following constitute the membership of the Research 
Committee and the Highways Committee for the coming 
year, as well as the Fuels Group and the Riding-Qualities 
Group of the Research Committee for the same period: 

RESEARCH COMMITTEE 

H. C. Dickinson, Chairman 

H. W. Alden T. J. Litle, Jr. 
B. B. Bachman Thomas Midgley, Jr. 
O. C. Berry F. C. Mock 
H. M. Crane A. L. Nelson 
H. L. Horning E. C. Newcomb 

W. S. James O. R. Skelton 
KE. A. Johnston S. W. Sparrow 
C. F. Kettering J. G. Vincent 

B. J. Lemon E. P. Warner 

R. E. Wilson 

HIGHWAYS COMMITTEE 

B. B. Bachman, Chairman 
2. S. Begg W. E. Lay 
H. C. Dickinson C. M. Manly 

FUELS GROUP, RESEARCH COMMITTEE 

W.S. James, Chairman 

O. C. Berry N. F. LeJeune 
H. M. Crane Thomas Midgley, Jr. 
H. C. Dickinson F. C. Mock 
H. L. Horning S. W. Sparrow 

R. E. Wilson 

RIDING-QUALITIES GROUP, RESEARCH COMMITTEE 

H. C. Dickinson, Chairman 

E. C. Newcomb E. P. Warner 

A RIDING-QUALITIES BIBLIOGRAPHY 

Loose-Leaf Book, Containing More Than 500 Refer- 

ences, Available to Members 

A bibliography, prepared by the Research Department as 

part of the preliminary work on the riding-qualities investi- 

gation, has been printed and is available for members who 

desire a copy. Although the references center around the 

problems connected with riding-qualities, a great many topics 

are necessarily included because of the number of elements 
involved in the study of riding qualities. 

The 534 references that compose the bibliography are 
divided into 18 sections as follows: balance, body, brakes, 
chassis, engine and transmission, instruments, methods of 
test, psychological and physiological, riding comfort, roads, 
seating, shock-absorbers, springs, steering-gear, tires, torque, 
vibration and wheels. 

The articles listed in the section on Instruments have been 
briefly abstracted and are grouped in the following sub- 
divisions: accelerometers, decelerometers, impact, integra- 
tor, miscellaneous, oscillation, photographic, profilometer, 

roll, torsion and vibration. 
The loose-leaf form was adopted in the preparation of the 

bibliography to facilitate the insertion of additional material. 
It will, therefore, be possible, with the minimum of effort, 
both to keep the present topics up to date and to add new 
topics when desired. The size and the form of the sheets 
were chosen with a view to their suitability for insertion in a 

regulation binder. 
In accordance with the announcement made at the Re- 

search Session of the Annual Meeting, the whole bibliography 
or any portion thereof will be sent to members who will 
express their desires by writing to the Research Department. 



A TTS A I 

Vol. XVI February, 1925 No. 2 

Measurement of Engine Vibration 
Phenomena 

By C. E. SumMErs! 

ANNUAL MEETING PAPER Illustrated with PHorosRAPHS AND DRAWINGS 

ABSTRACT 

MOOTH operation of motor cars becomes increas- 
ingly important as average driving-speeds become 

higher and as the public demands greater luxury and 
freedom from vibration. An analysis of vibration 
shows that it is caused by forces which can be caleu- 
lated with considerable accuracy. Vibration itself is 
very complex, due to the inter-relation of forces, deflec- 
tion and periodicity in the parts of the engine. In this 
paper a number of indicating and recording instru- 
ments devised for recording the actual resultant vibra- 
tion and determining its exact character, are described 

and their operation explained. Vibration due _ to Fic. 1—VisRATION RECORDING INSTRUMENT 
unbalance of rotating parts, piston unbalance inherent This Instrument, Which Is Capable of Following with Accuracy 

in four-cylinder engines, bending of the crankshaft, Vibrations up to 300 per Sec., Has Been of Value in Measuring the 
: , ‘ ‘ Vibration of Various Parts of a Motor Car 

centrifugal force and torsional periods are discussed. 
Indicator-diagrams of the various kinds of vibration 
are shown. 

Unbalanced force and elastic reaction are the two 
general causes of vibration. The former includes 

static and dynamic unbalance of reciprocating and 
rotating parts, while elastic reaction includes bending 
and twisting of the crankshaft and crankcase caused 
by centrifugal forces of unopposed masses and uneven 

turning-effort. The‘amplitude and frequency of tor- 
sional vibrations can be calculated from indicator- 
diagrams made by the new instruments. Half of all 
vibration in motor cars is due to simple unbalance of 
rotating and reciprocating parts and as much care 
should be given to balancing pistons, connecting-rods, 
flywheel and clutch as to balancing the crankshaft. 
Four-cylinder engines are inherently unbalanced and 
when the vibration impulses come into step with the 

1Special problems section, Gener: y" *s Research Cor ‘ation, . * . . : 
, ee natural period of the chassis on its springs, a period Dayton, Ohio 

Fic. 2—THE COMPONENT PARTS OF THE INSTRUMENT ILLUSTRATED IN Fia, 1 
In Measuring the Vibration of Any Object the Plunger Is Held against the Object, the 
Motion Imparted to the Plunger Being Multiplied Seven Times in Its Transmission to 
a Brass Needle That Makes Contact with a Strip of Chemically Treated Indicator 
Paper and Traces Thereon a Record of the Vibration under Consideration. The Paper 
Is Carried by a Governor-Controlled Spring-Driven Drum That Rotates One Revolution 
at a Uniform Speed when Tripped by the Operator. The Indicator-Card Therefore 
Shows a Space-Time Chart of the Vibration Together with Its Amplitude, Frequency 

and Wave Character 
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Fig. 3—Grovup or ReEcorps MADE BY THE INSTRUMENT 

These Indicator-Cards Show the Lateral Vibratory Deflection at the 
Middle of a Crankcase for Different Speeds 

of large amplitude results. In an engine operated at 
full load and slow speed, explosion pressure causes 
downward deflection of the crankshaft, and this effect 
is practically doubled when detonation occurs. Cen- 
trifugal forces, although balancing one another, are in 

different planes and introduce bending stresses in the 
shaft which are transmitted to the crankcase. Deflec- 
tion caused by the dynamic centrifugal force is twice 
that caused by equal static force. The crankcase has 
its own period of vibration and bending increases as 
the square of the speed, so that it becomes significant 
only at the higher speeds. 

The crankshaft tends to wind and unwind under 
intermittent turning-efforts, the degree varying with 

the stiffness of the shaft, the inertia of the pistons and 
the mass of the flywheel. It therefore vibrates tor- 
sionally at a definite frequency which, at some definite 
speed, falls into step with the natural rate of vibra- 
tion of the shaft assembly. When the period is deter- 
mined for cne rate of rotation, it can be calculated for 
all other speeds. The frequency of vibration ranges 
from 180 to 250 cycles per sec. and the amplitude 
ranges from 0.01 to 0.03 in. at crankpin radius at 

normal speeds. 
It is not desired to emphasize the importance of 

vibration unduly, as the most smoothly running engine 
may not be entirely free from vibration in some of its 

forms and even a rough engine may not be seriously 
objectionable to its owner. However, undue vibration 
must be overcome and progress is being made by a 
better understanding of its causes, so that eventually 
an engine that is free from vibration may be more 
cheaply built than one in which vibration occurs. 

EMAND for smoothness in motor-car operation 
is one phase of the broader requirement on the 
part of the automobile buying public for great- 

er all-round refinement of the product. The higher 
average driving speed which has come as a result of 
good roads has served to accentuate engine vibration as 

an undesirable quality. Vibration is objectionable prin- 
cipally because it is annoying to driver and passengers. 

The noise produced by vibration, aside from being dis- 

agreeable, gives the driver a feeling that his engine is 

undergoing strain and damage, which it is to some de- 
gree. An automobile owner seldom complains of vibra- 
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tion to his dealer, because he realizes that it was pres- 
ent when the car was purchased and believes it cannot 
be remedied. For this reason, the sales resistance 

caused by a rough engine is sometimes underestimated. 

Vibration of automobile engines results from two 

general causes. For convenience, in this paper we shall 

call the first unbalanced force and the second elastic re- 
action. 

Unbalanced force includes static and dynamic unbal- 

ance of rotating parts, piston unbalance inherent in con- 
ventional four-cylinder engines and piston inertia tor- 
que. The forces involved are all capable of accurate 

calculation and have been presented many times. The 
nature of this vibration is a displacement of the engine 

block, which transmits the motion to the entire car. 
Elastic reaction includes bending of the crankshaft 

and crankcase, due to the centrifugal forces of rotating 

masses equal but not oppositely disposed, vertical de- 
flection of the crankshaft under piston forces, and tor- 
sional displacement of the crankshaft caused by uneven 
turning-effort impressed upon it by the connecting-rods. 

This class of vibration is developed characteristically be- 
tween parts of the engine itself and affects the chassis 

only to a small degree. It is heard rather than felt. The 

quantities involved in this elastic reaction cannot be 
calculated with accuracy. 

The complexity of the problem becomes apparent when 
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Fic. 4—ANOTHER SET or INDICATOR-CARDS 

The Vibration of Different Parts of a Car Caused by the Inherent 
Piston Unbalance in a Four-Cylinder Engine Is Illustrated From 
Top to Bottom These Are the Vertical Movement of the Cylinder- 
Head, the Side of the Iengine, a Point on the Fender, Another Point 

on the Fender and the Head-Lamp 

ee 
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Fic. 5—TORSIONAL VIBRATION INDICATOR AND RECORDER 

The Instrument Consists Essentially of a Shaft Capable of Being 
Coupled Rigidly to a Crankshaft. a Dise Keyed Tightly to the Shaft 
and a Spring-Driven Flywheel Floating upon the Shaft. With the 
Instrument in Position and Torsional Vibration in the Crankshaft, 
the Disc Vibrates with the Crankshaft and the Flywheel Rotates at 
1 Constant Speed The Relative Motion of These Two Members 
Transmits and Multiplies Itself through a System cf Links to a 
Stvlus Carrving a White Disc, the Displacement of Which Is Radial 
und Representative of the Torsional Vibration Multiplied by a 

Known Coefficient 

we attempt to determine by calculation the amplitude 
and frequency of the torsional vibration of a given 
crankshaft. The solution requires an accurate pressure- 
volume and pressure-time indicator-diagram, the piston 

and connecting-rod weights, the crankshaft rigidity in 

bending and torsion for each section, the effective mo- 

ment of inertia of the crankshaft at every pin, the rela- 
tive phase of the vibration wave with respect to piston 
position, the piston friction, the bearing conditions and, 
perhaps, other data. The variables introduced in the 
gas-pressure characteristics caused by distribution, 
spark-advance and detonation may result in 100-per cent 
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difference in the amplitude of vibration and, owing to 

the irregular shape of a crankshaft, its simultaneous 

distortion by bending and to centrifugal and torsional 

forces having assembled with it the rods and pistons, 
which vary throughout the revolution in effective mo- 

ment of inertia—it is not possible to calculate the natu- 
ral rate of vibration of the shaft assembly with even 
approximate accuracy. 

NEW INSTRUMENT MAKES RECORDS OF VIBRATIONS 

In beginning research work on engine vibration, it 

seemed necessary to design instruments which would 
indicate and record the character of vibration which is 
actually taking place in an automobile engine under the 
various conditions of load and speed to which it is sub- 
jected in practice. Actual measurement of the fre- 

Fic. 6—-THB INDICATOR IN PLACE ON THE CRANKSHAFT 

This Instrument Indicates and Records the Torsional Vibration 
Occurring in a Crankshaft Operating Normally throughout Its 
tange of Speed and Load. If the Speed Is Normal and Torsional! 
Vibration Is Absent, the Trace of the White Disc, Which Has Been 
Removed and Can Be Seen at the Left, Appears as a Circle. Any 
Torsional Vibration of the Crankshaft and Angular Displacemen! 
between the Disc and the Flywheel Cause the End of the Leve1 
Carrying the White Disc To Move In and Out while Rotating. This 
Makes the Trace of the White Disc Stand Out as a Wave Cur 
Departing from a True Circle in Proportion to the Intensity and 

the Frequency of Vibration 

Fic. 7—TORSIONAL VIBRATION RECORDS OF A TYPICAL FourR-CYLINDER CRANKSHAFT 

‘These Records Were Obtained at the Various Speeds Marked. The Middle Card in the Lower 
‘tow Shows That the Natural Frequency of Vibration Is 180 Cycles per Sec. The Loop at 
“L O'clock” Brings Out the Relative Deflection Caused by the Firing in the No. 1 and No. 4 

Cylinders 
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Fic. 8—ANOTHER Set OF TORSIONAL VIBRATION INDICATOR-CARDS 

These Show the Second and Third Harmonic cf a 

quency, amplitude and wave character of the vibration 
not only saves doubtful calculations of these quantities 
but forms a convenient and accurate means for com- 
paring different engines and various combinations in the 
same engine. 

Fig. 1 shows an instrument which has been of value 
in measuring the vibration of various parts of a motor 
car. The instrument, shown disassembled in Fig. 2, 
carries a plunger which may be held against any object 
the vibration of which it is desired to determine. The 
motion imparted to the plunger is multiplied seven times 
in its transmission to a brass needle, which contacts with 

chemically treated indicator paper and leaves thereon a 
record of the vibration. The paper is carried by a gov- 
ernor-controlled, spring-driven drum, which, when 

\ ie 

\. 2000 RPM. 

Fic. 9— 

Fairly Rough Crankshaft at Different Speeds 

tripped by the operator, rotates one revolution at uni- 

form speed. The indicator-card, therefore, shows a 

space-time chart of the vibration, together with its am- 

plitude, frequency and wave character. The instrument 

is capable of following vibrations up to 300 per sec. with 
accuracy. Sometimes it is desirable to know the relation 

which a certain vibration wave bears to some definite 
part of the cycle. In order to secure this information, 
the instrument is provided with a quick-acting electro- 
magnet which operates a second brass needle bearing 

on the indicator-card. The winding of the magnet is 

connected to a battery through a contact which estab- 

lishes current at some known point in the cycle, thereby 

shifting the brass point suddenly to make a jog in the 

line. From this reference line, all of the vibrations re- 

2200 RPM 

A TuHirRD Set or INDICATOR-CARDS 

The Almost Entire Freedom of a Six-Cylinder Crankshaft from Torsional Vibration Is Strikingly 
Brought Out 
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corded can be studied in their relation to the movements 600 
of the parts of the engine. Indicator-cards made by this 
instrument are shown in Figs. 3 and 4. 550 

How TORSIONAL VIBRATION Is RECORDED 500 

In the study of torsional vibration, it is necessary that 450 
the instrument record the vibratory motion which is 
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Fic. 12—VARIATION OF THE CENTRIFUGAL FORCE WITH THE SPEED 

Fic. 10—AN ELECTRICAL INSTRUMENT FOR MEASURING TORSIONAL 
VIBRATION 

This Instrument Is Valuable in Making Detail Studies cf Individual 
Vibration Waves in Their Relation to the Movements of the Pistons 
Any Torsional Vibration in the Crankshaft Produces a Displace- 
ment between the Six Pairs of Windings on the Armature and the 
Six Poles of the Perinanent. Magnet, Which Induces an Electro 

motive Force in the Windings 

This Chart Shows the Centrifugal Force of 1 Lb. at a Radius of 
2% In. for Various Speeds of Rotation 

superimposed upon the rotary motion of the shaft. Fig. 
5 shows a torsional vibration indicator and Fig. 6 its 
installation on a test engine. This instrument indicates 
and records the torsional vibration occurring in a crank- 
shaft operating normally throughout its range of speed 
and load. The instrument consists essentially of a shaft 
‘apable of being coupled rigidly to a crankshaft, a disc 
keyed tightly to the shaft, and a spring-driven flywheel 
floating on the shaft. With the instrument in position 
and torsional vibration in the crankshaft, the action of 

the indicator will be as follows: 

The rigidly mounted disc vibrates with the crank- 

Fic. 11—OSCILLOGRAM OF CRANKSHAFT TORSIONAL VIBRATION 

The Armature Windings of the Indicator Illustrated in Fig. 10 Are Connected to Slip Rings and 
through Brushes Establish a Circuit through an Oscillograph Causing a Deflection of the Instru- 
ment, Which Is Proportional to the Current and This, in Turn, Is Proportional to the Rate of 
Angular Displacement between the Poles and the Windings. By Suitable Calibration Curves 

the Operator Can Translate the Diagram That Is Photographically Produced by This Instrument 
into Terms of the Frequency and the Amplitude of the Torsional Vibration 



Vol. XVI February, 1925 No. 2 

168 

Fu 13——Mopet. SHOWING THE RELATIVE MOVEMENT OF THE PISTON 
AND THE CRANKSHAFT 

This Shows That Approximately 58 Per Cent of the Stroke Is 
Accomplished in 90 Deg. of Crankshaft Revolution 

shaft; the floating flywheel rotates at substantially con- 

stant speed, and the relative motion of these two mem- 
bers transmits and multiplies itself through a system of 
links to a stylus carrying a visual white disc, the dis- 

placement of which is approximately radial and repre- 
sentative of the torsional vibration multiplied by a 
known coefficient. The trace of the white disc can be 
seen as a circle when the engine is run at normal speed 

and if there is not torsional vibration. When, however, 
there is torsional vibration of the crankshaft and angu- 

lar displacement between the disc and the flywheel, the 

end of the lever carrying the white disc moves in and 
out while rotating. Since torsional vibration is of har- 

monic nature, it repeats itself, making the trace of the 

white disc stand out as a wave curve departing from a 

true circle in proportion to the intensity and frequency 
of vibration. Frequency of vibration is the product of 
the number of waves and the engine speed. Amplitude 

of vibration is proportional to the distance between the 
peaks of the waves and a- true base-circle. When it is 

desired to make permanent records of the vibration of a 
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crankshaft in operation, an indicator-card of the special- 
ly prepared paper referred to in connection with the for- 
mer instrument is brought into contact with the stylus 
which registers a trace. These records may be preserved 
for study and comparison. Typical indicator-cards made 
by this instrument are shown in Figs. 7, 8 and 9. 

An electrical instrument for measuring torsional 

vibration, developed by the Electrical Section, is shown 
in Fig. 10. This instrument is valuable in making de- 

tail studies of individual vibration waves in their rela- 
tion to the movements of the pistons. The instrument 
is made as follows: An armature, having six pairs of 

windings, is mounted rigidly on a shaft which is con- 

nected as an extension of the crankshaft. A relatively 

heavy brass ring, carrying permanent magnets which 

terminate in six poles, floats on ball bearings and is 

driven through weak springs. Any torsional vibration 
in the crankshaft results in a displacement between the 
windings of the armature and the poles, which move- 
ment induces electromotive force in the windings. These 

windings are connected to slip rings, which, through 
suitable brushes, establish a circuit through an oscillo- 

graph, causing a deflection of the instrument that is 

proportional to the current, the current in turn being 
proportional to the rate of angular displacement betweer 

the poles and the windings. Suitable calibration curves 

enable the operator to translate the diagram into terms 

of frequency and amplitude of torsional vibration. Dia- 
grams, photographically produced by this instrument, 

are shown in Fig. 11. 

PARTS OPERATING IN ENGINE NEED BALANCE 

Perhaps half of all the vibration in motor cars is 
caused by simple unbalance, either static or dynamic, of 
rotating and reciprocating parts. The importance of 

balancing the crankshaft is generally recognized but 

equal care should be given to the pistons, connecting- 
rods, flywheel and clutch. The force due to unbalance 

increases as the square of the speed, causing vibratior 
from this source to manifest itself particularly at the 
higher speeds. The force of a 1-lb. weight at a radius 

of 234 in. at various speeds of rotation is shown in Fig. 

12. Frequency of the vibration caused by unbalance is 
relatively slow, being only one cycle per revolution of 
the engine. If we assume any engine running at 1500 

r.p.m., the rates of vibration in cycles per second due te 
various causes are as follows: simple unbalance, 25; 

piston unbalance inherent in four-cylinder engines. 50; 
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iG, 14—INDICATOR-CARDS SHOWING THE VERTICAL DEFLECTION 

When an Engine Is Operated at Full Load and More Especially at 
Deflection of the Crankshaft, This Condition 
ment 

of This Vibration Were Taken on the 
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OF THE CRANKSHAFT CAUSED BY THE EXPLOSION PRESSURES 

Slow Speed the Explosion Pressure Causes a Downward 
Varying with the Relative Sizes of the Piston and the Crankshaft, the Arrange 

of the Bearings, the Compression-Pressure, the Spark-Advance and the Character of the Combustion. Measurements 
Extension of the Crankshaft as Shown 

es ae ee 



smear 

Vol. XVI 

piston inertia torque of a six-cylinder engine, 75; tor- 
sional vibration of the crankshaft of a six-cylinder en- 
gine, about 200. The vibration due to lack of balance, 
therefore, manifests itself as a quiver of the chassis, 

being of too low a frequency to produce an audible 
sound, except as it may cause loose parts to rattle or 

come into resonance with other vibrating parts of the 
car. The remedy for this class of vibration is more 

careful balancing. 
The four-cylinder engine and, to a lesser degree, the 

conventional eight, are subject to a vibration caused by 

unbalanced piston inertia. This subject has been dis- 
cussed and analyzed many times and need not be re- 
viewed, since it is generally well understood. In the 
indicator-diagram shown in Fig. 4, it is noted that the 
vibration frequency is double the engine speed. The 

force due to this unbalance increases as the square of 
the engine speed and is the result of the inharmonic mo- 

tion imparted to the piston, as illustrated by Fig. 13, 
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Fic. 15—-MEASURED CRANKCASE DEFLECTION WITH AND WITHOUT 

COUNTERWEIGHTS 

This Chart Shows How the Bending Strain Introduced into the 
Crankshaft by Unbalanced Forces Is Transferred by the Bearings 
to the Crankcase and the Effect of the Elimination of These Forces 

which shows approximately 58 per cent of the stroke 
accomplished in 90 deg. of crankshaft revolution. The 
amplitude of forced vibration set-up in the chassis is 

practically constant. When, however, the vibration im- 

pulses come into step with the natural period of the 
chassis on its springs, a period of large amplitude re- 
sults. At higher or lower speeds the force comes into 

interference with the natural rate of vibration, limiting 
movement to the relatively small forced vibration. Means 

commonly used to reduce or eliminate this vibration are 
light pistons, long connecting-rods, the generation of 
equal and opposite forces to cancel the vibratory forces 

generated in the engine, and means to prevent the vibra- 
tion of the engine from being transmitted to the chassis. 

BENDING STRESSES IN SHAFT AND CRANKCASE 

When an engine is operated at full load, and more 
especially at slow speed, the explosion pressure causes 
a downward deflection of the crankshaft. This condition 
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Fic. 16-—-RELATIVE DEFLECTIONS OF THE CRANKCASE CAUSED BY 
DYNAMIC AND STATIC FORCES 

The Upper Curve Shows the Measured Deflection of a Crankcase 
Caused by the Centrifugal Force Exerted upon It by the Rotating 
Parts and the Lower Curve the Deflection in the Same Engine 
Produced by a Static Loading of the Crankcase. It Should Be 
Noticed That the Deflection Caused by Centrifugal Force Which Is 
Dynamic in Character Is Practically Twice That Caused by an 

Equal Static Force 

varies with the relative sizes of piston and crankshaft, 
arrangement of bearings, compression pressure, spark- 
advance and the character of combustion. Where there 
is detonation, with other conditions the same, the crank- 
shaft deflection is practically twice as great as for nor- 
mal combustion. The deflection of the crankpins down- 
ward causes the forward end of the shaft to move up- 
ward. The nature of this vibration is shown by the 
diagram in Fig. 14. 

The centrifugal forces in any crankshaft balance one 
another, making their resultant zero; however, the forces 
which cancel one another are in different planes, be- 
ing applied at different points along the axis of the 

Torque, |b-t 

270° 300 330 360 0 30 60 90 i20 150 

Crank Angle, deg. 
180 210 240 

Fic. 17—DIaAGRAM OF THE Forces TENDING To ExXciITE TORSIONAL 
VIBRATION IN CRANKSHAFT 

This Applies to a Six-Cylinder Engine at a Speed of 2500 R.P.M. 
The Character of This Curve Changes with the Speed Owing to 
the Relative Effect of Piston Inertia, but at All Speeds the Turning- 
Effort Diagram of a _ Six-Cylinder Engine Is Characteristically 
Variable, Going from Zero or Even a Negative Value to the Peak 

of Positive Turning-Effort 
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crankshaft. This introduces a bending strain in the 
shaft which is transferred by the bearings to the crank- 
case. A chart of crankcase deflection, showing the 

effect of the elimination of unbalanced rotating forces, 
is given in Fig. 15. Referring again to the curve in 

Fig. 13, it is noted that the centrifugal force generated 
by a 1-lb. weight rotating at 3000 r.p.m. is 605 lb. The 
effective mass which is thus rotating in conventional 
six-cylinder engines may be from 7.5 to 12.0 lb. or more. 
The upper curve of Fig. 16 shows the measured deflec- 
tion of a crankcase due to the centrifugal force exerted 
upon it by the rotating parts. The lower curve shows 
the deflection caused in the same engine by a static 
loading of the crankcase. It will be noted that the de- 
flection caused by centrifugal force, which is dynamic in 

character, is practically twice that caused by an equal 
static force. This measurement of deflection checks 
with the well-known law that a force which follows up 
a yielding body causes twice the deflection that would 

result from the same force statically applied. The na- 
ture of vibration induced in a crankcase by centrifugal 

force is a bending of the case, the center and ends go- 
ing in opposite directions, which directions are reversed 
twice during each revolution of the shaft. The vibration 

is confined largely to the engine but is transmitted in 
some degree to the chassis. The diagrams in Fig. 3 

show the nature of vibration of the middle of the crank- 
case and how it varies with the engine speed. A crank- 
case, being elastic, has its own natural period of vibra- 
tion, at which point the amplitude is built up higher 
than at immediately preceding or following speeds. 
Bending of the crankcase, so far as it is controlled by 
force alone, increases as the square of the speed. It is, 
therefore, significant only at the higher speeds. 

CRANKSHAFT WINDS AND UNWINDS 

Torsional vibration is characterized by periods which 
occur along the speed range with intervals of relatively 
smooth operation between. Torsional vibration is in- 

duced by the uneven turning-effect impressed upon the 

crankshaft by the connecting-rods. A typical turning- 
effort diagram is shown in Fig. 17. The character of 

this curve changes with the speed, owing to the relative 

effect of piston inertia, but at all speeds the turning- 
effort diagram of a six-cylinder engine is characteristic- 
ally variable, going from zero or even a negative value 

to the peak of positive turning-effort. It is evident that, 
under these forces, the crankshaft is alternately wound 
up and allowed to unwind through the small angle which 
its elasticity permits. A crankshaft, while relatively 
rigid, is nevertheless an elastic member. Being an- 

chored to a flywheel at.one end and torsionally deflected 
at any point along its length, a crankshaft tends to un- 

wind and, in so doing, to vibrate torsionally at a defi- 
nite frequency. It is evident, therefore, that there must 

be a speed of the engine at which the piston impulses 
will fall into step with the natural rate of vibration of 
the shaft assembly. Under this condition, we should 
expect the amplitude of vibration to be much greater 
than the yield of the shaft under any single piston-im- 
pulse, since each swing of the shaft would be followed 
by a force tending to augment the motion. As a matter 
of fact, we shall find that, when the piston impulses be- 
come a multiple of the rate of vibration of the shaft, a 
period is built up; that is, the shaft may vibrate one, 
two, three or four times for each piston-impulse and yet 

build up a definite audible period. 
The torsional indicator shown in Figs. 5 and 6 has 

been found very useful in determining the various quan- 
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tities involved in the torsional vibration of crankshaft 
and camshaft. The indicator-cards shown in Fig. 8 were 
taken from a typical six-cylinder engine. It will be 
noted that at 2100 r.p.m. the indicator-card has six sides, 
This shows that the rate of vibration was 6 « 2100 — 60 
or 210 cycles per second. On another card we note the 
diagram has nine sides, the speed in this case being two- 
thirds the speed at which the six-sided figure was taken, 

or 1400 r.p.m. The frequency of vibration computed 
from this card is 9 « 1400 — 60 or 210, which is exactly 
the same as the frequency computed in the former case. 

RIGIDITY AND WEIGHT DETERMINE VIBRATION PERIOD 

The rate of vibration of the crankshaft assembly— 
namely, the crankshaft, connecting-rods, pistons and 
other parts—is as definite as that of a tuning-fork. As 

soon as one period is located, all the others can be deter- 
mined readily. If a hexagon shows on the indicator at a 

certain speed S, we know that a nine-sided figure will ap- 
pear at a speed of 2/3S, and a 12-sided figure at a speed 
of 42S. It is also known that, if the engine could be oper- 
ated at a speed double that at which the hexagon occurs, 

the indicator would show a triangle and a vibration of 
such tremendous amplitude that it would break the shaft 
if it were operated very long in the period. In practical 

crankshafts, the first harmonic is very seldom reached, 

since it would occur at a speed of from 3600 to 5000 r. 
p.m. The point at which the various periods occur 

along the speed range is a function of the torsional 

rigidity of the shaft and the effective moment of inertia 
of the shaft assembly. A stiff, light shaft having all 
excess metal trimmed off, vibrates at high frequency, 

the periods occurring well up along the speed range. A 

shaft which is relatively long, slender, or equipped with 
counterweights or with a front-end flywheel, vibrates at 
a relatively slower rate. We have not tested any com- 

mercial engine, however, in which the first harmonic 
falls within the driving range. 

The frequency of torsional vibration in the crank- 
shafts tested ranges from 180 to 250 cycles per sec. The 
amplitude of torsional vibration in practical engines 
operating in the second harmonic ranges from 0.01 to 

0.03 in. at crankpin radius. Experimental engines which 
have been pushed up into the first harmonic have shown 
as much as 14 in. deflection at crankpin radius. 

Fig. 18 shows a set of cards taken from a crankshaft ° 
in which the natural frequency of vibration is sufficiently 
low to permit the occurrence of four periods. The rela- 
tive amplitudes of these periods, as taken from the cards, 
with the car and engine speeds, is shown by the insert 

below the indicator-cards. 
By the display of measurements shown in the paper, 

we do not wish to emphasize vibration unduly nor to 
place it out of its proper perspective. As stated at the 
outset, smoothness is one of the many improvements 
included in the demand for better motor-cars. Perhaps 
the smoothest engine is not entirely free from vibration 
in some of its forms and the roughest engine may not be 

seriously objectionable to its owner. The fight against 
vibration is more or less a common cause. Vibration 
must be overcome, not alone by correct design, but also 
by eternal vigilance in balancing. Progress is being 

made throughout the industry. The concentrated effort 
of many minds is beginning to overcome the difficulties 

which were not solved at all, or were solved in an in- 
efficient way, when the problem was less perfectly un- 
derstood. When we finally understand this thing, we 
may be able to leave the vibration out of an engine more 
cheaply than we can put it in. Then smooth operation 
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will become universal and another milestone in the de- 

velopment of the automobile shall have been reached. 
I wish to express my appreciation of the cooperation 

of the members of my section and the laboratory in de- 
termining and compiling the data given in this paper. 
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INDICATOR-CARDS TAKEN FROM A CRANKSHAFT IN WHICH THE NATURAL FREQUENCY OF VIBRATION Is 
SUFFICIENTLY Low To PERMIT THE OCCURRENCE OF FouR PERIODS 

This Chart Shows How Torsional-Vibration Periods Are Disposed throughout the Entire Speed-Range. 
plitudes of These Periods, as Taken from the Cards, together with the Car and the Engine Speeds, Are Shown in the Insert 

below the Indicator-Cards 

No. 2 

~ 4 —— 
ae 

3200 Fr. "VY 

ee 

, ee VW SS 
i. 

\ 

| | 
2800 3200 3600 4000 

The Relative Am- 

I am especially indebted to R. K. Lee for valuable assis- 
tance in the design of instruments and apparatus, and 
to W. H. Manning, M. A. Trisler, and H. A. Niedermayer 
for their part in planning and executing the many tests, 
the results of which are presented in the paper. 
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Glimpses of Balloon-Tire Progress 
By B. J. Lemon' 

ANNUAL MEETING PAPER 

ABSTRACT 

eer balloon tire has run the gauntlet of skepticism 
and credulity, and has received scientific and pop- 

ular approval from engineers and car-owners. The 
reasons for acceptance are satisfactory appearance, 

practicability and transportation comfort. Tire and 
rim sizes, masquerading for years under wrong dimen- 
sional markings, have caused immeasurable inconven- 
ience. This condition resulted from poor standards or 
entire lack of standards supervision. A committee 
with backbone is needed to fix and to maintain stand- 
ards. 

Rapid balloon-tire tread-wear depends on tread pro- 
file, pressure and movement. Increased _inflation- 
pressure and a scientifically designed tread will re- 
duce the rapidity of this wear. Tread-contact areas 
and pressures are pictured to explain the advantages 
of a properly designed tread, and to demonstrate that 
the casing carries an appreciable part of the tire load. 

Tread configuration should assure traction, flexibility, 
easy steering and good wear, and should be not too 

rugged. Tread surface should be largely non-skid for 
best all-year and all-highway service. The public is 
confused by diverse balloon-tire inflation-pressure ta- 
bles offered by tire and vehicle makers. One standard 
table can and should be adopted for all balloon tires. 

Increasing the number of plies in a balloon tire in- 
creases the ease of entry of a puncturing object into 
the tread, but it decreases the probability of complete 
penetration and actual deflation from puncture. Grad- 
ual loss of air from tires is due chiefly to diffusion 
through the tube rubber. The rate depends on daily 
mileage, road conditions, tube quality and thickness. 
Average diffusion amounts to from 1 to 5 lb. per week. 

Volume of noise in closed cars is no greater with 
balloon tires than with high-pressure tires, as indicated 
by audiometer measurements. Different cars show im- 
portant differences in noise volume, due principally to 
differences in engines. Balloon tires are not a funda- 
mental cause of shimmying. Improper balance be- 
tween front-end units appears to offer the chief cause. 
There is no common remedy. More original and thor- 
ough research by experts in their particular fields is 
urged so that America will lead in the refinement as 
well as in the production of tires and automobiles. 

PPLICATION of new developments invariably 
meets opposition. Production engineers abhor 
changes, and resist adopting them in proportion 

to the difficulty of accommodation. The balloon tire is no 
exception. Yet within less than 2 years this tire has 
run the gauntlet of skepticism on the one hand and of 
unwarranted credulity on the other, has passed from 
the realm of uncertainty and received scientific creden- 
tials from the majority of forward-looking automotive 
engineers. Moreover, the public has approved the idea 
of the large-section tire. Its currency and significance 
are established through acceptance by a multitude of 
first users, as well as by the willingness of non-users to 
test it. Such tolerance by the engineer and by the user 
is of far-reaching commercial-significance. 

1M.S.A.—E.—Research department, tire division, United States 
Rubber Co., Detroit. 
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Illustrated with DRAWINGS AND PHOTOGRAPHS 

Apparently, no one knows definitely what determines 
the success of a new idea; that is, what secures its vic- 

tory over indifference and rival beliefs. The public ap- 
pears less attracted by the science of engineering em- 
bodied in an automobile tire, regrettable as this is, than 

by certain unconscious reasonings. That technical pro- 

gress in automobile and tire industries has not been hu- 
manized to an understandable extent is proved by the 
fact that our salesmen are largely without technical 
training. With the salesman and his prospect, the per- 
sonal element and not the engineering element is em- 

phasized. The public accepts the balloon tire because 
the tire is useful and satisfactory and fits in fairly well 
with the existing notions of tire requirements. If the 

tire were ugly and disturbing to our present idea of 

vehicular appearance and performance, it would be 
shown the door quickly. The car-owner appreciates 
transportation comfort. The balloon tire provides this 
comfort. It smooths out the big bumps and totally ab- 
sorbs the small ones. It makes good-riding cars better 

and hard-riding cars good. 

No tire manufacturer or engineer, however enthusias- 
tic, has any right to claim that the balloon tire sprang 

perfect or full grown from his own fertile brain. It did 
neither. It came when it did because numerous minds, 
whose pigeon holes were stored with historical facts and 
experiences, willed that another step be taken in tire 
history. Every apparently new idea has its roots reach- 
ing far back into the past, and its branches extending 

into the future. The balloon tire is the third important 
step in tire history. Like development in other lines, 
each progressive tire change has pointed the way for 
improvement beyond. It is no discredit today to admit 
a lack of finality in what has been accomplished in the 
balloon tire. Time did not allow an attack on the bal- 
loon-tire problem in the true research spirit. There 
must be an uncolored purity in such an approach. Also, 
the commercial element was too strong. The effect on 

the automotive engineer and on the public had to be 
considered. The moment they were taken into account, 
our ideas of purity were necessarily changed and our 

facts shifted away from their real relation to discover- 
able truth. That is the price all commercial research 
pays in comparison with investigation for the develop- 

ment of science for its own sake. 

The rapid spread of the balloon-tire idea created a 
healthy commotion in automobile and tire fields; in the 
automobile field because it compelled closer study of 
front-end layout including wheels, brakes, springs, steer- 

ing mechanism, vibrations and noises; in the tire field 
because it featured the demand for closer cooperation 
among tire manufacturers. That this cooperation was 
sadly lacking is evidenced by the number of tire sizes 
first adopted. We manufacturers ventured at length to 
look each other shyly in the face and the encounter was 
more comforting than we anticipated. 

How the balloon-tire commotion was met by the auto- 
motive engineer is not for me to tell; but I ean draw an 

analogy from the tire makers’ predicament. They were 
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like the suburbanite in the Christmas crowd who had 

spilled a basket of miscellaneous presents and was trying 
to gather them all up and at the same time not get left 

in the onward rush. Some tire makers caught the first 
train home carrying only a few of their bundles of high- 
pressure-tire tricks. Others carried along all their past 
experience, but caught a later train. The most success- 
ful took what he could comfortably carry, but not so 
many as to impede steady progress toward an ultimate 

goal. 
TIRE SIZES 

Since the advent of the high-pressure cord-tire, nomi- 
nal section tire sizes have been very much of a camou- 
flage and a misnomer, for several reasons. Cord tires 
were more flexible than fabric tires and, due to resulting 
greater deflection, tire sections were made larger with- 

--No Load! 
‘~~ /300-Lb. Load 

--/600-LB Load 

Fic. 1—ACTUAL PROFILES OF A ROUND-TREAD TIRE UNDER DIFFERENT 

STATIC LOADS 

Note Distortion of the Blocks as Compared with the Absence of 
Such Distortion in Fig. 3. Note Also the Small Amount of Support 

Afforded by the Outside Rows of Blocks 

out change of size markings. Tire production was in- 
creasing by leaps and bounds to keep up with automobile 
manufacture. Competition had not yet reached the pres- 
ent stage in which a small increase in production cost 
means little or no profits. As there were no fixed limits 
for sectional sizes, it was comparatively easy for a tire 
maker to increase a tire size, quietly let the fact be 
known and extend the sales of his product. The sales 
aspect was beginning to become paramount instead of 

being secondary. Also, there were always a few cars 
fitted with undersized tires. If a tire maker protested 
this practice and stood by his principles, a competitor 
filled the order, perhaps by boosting his tire sectional 
size a small percentage. The tire maker who protested 
not only lost original-equipment business, but dealer 
trade as well; because his smaller tire could not com- 
pete with a larger one in the field. So, the practice of 
Oversizing sectional rather than nominal sizes became 
customary. As a result, energy and profits were spent 
buying competing products and feverishly recutting 
mold equipment to a size equal to the largest. Only an 
occasional outcry was heard from a user who unwit- 
tingly tried to run a 5-per cent oversize tire on one 
wheel, against a 15-per cent oversize casing on the oppo- 

site wheel. Finally, the industry agreed on a 10-per cent 
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Fic. 2—THE PROFILE TO WHICH A ROUND-TREAD 

BALLOON-TIRE WEARS IN RoaD SERVICE 
A Tread Designed to Such a Profile, Which Is Called 
a Natural-Wear Profile or Flat Tread, Will Give Even 
Wear If Run at from 16 to 22-Per Cent Deflection 

oversize, which is the present status for high-pressure- 
tire sections and this is not too closely followed. 

Original balloon-tire sectional sizes were chosen so as 
to allow a considerable increase in air volume and cor- 
responding reduction of inflation-pressure for loads 
equal to those carried by the replaced high-pressure tire. 
The early tires actually measured the advertised section- 
al width. Balloon-tire heights also were selected so as 
to permit interchange with high-pressure tires, both for 
immediate use on cars in service and for original equip- 
ment, without appreciably affecting vehicle performance. 
These sectional sizes and overall tire-heights required 
for a 20 to 22-per cent sectional deflection a range of in- 
flation-pressure from 20 to 40 lb. per sq. in. to take care 
of the differences in front and rear-wheel weights of 
vehicles falling within rather distinct weight classifica- 
tions. As there was early disagreement regarding the 

--~ 500-Lb. Load 
--~/300-Lb Load 
--/600-Lb load 

Fic. 3—ACTUAL PROFILES OF A NATURAL-WEAR PROFILE OR FLAT- 
TREAD TIRE UNDER DIFFERENT STATIC LOADS 

Note the Evenness with Which the Blocks Carry the Weights as 
Compared with Evidences of Strain in Fig. 1. Also Note the Better 

Support Afforded by the Outside Rows of Blocks 
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adoption of one common wheel-diameter, (the 20-in. 
diameter), for all sectional sizes of balloon tire, no defi- 
nite standards of balloon-tire heights were adhered to, 
this resulting in the use at present of 11 tires for origi- 

nal equipment covering 20, 21 and 22-in. wheel-diam- 

eters, as set forth in Table 1. 
With an increase in demand for balloon tires, the 

question of sectional tolerance was. discussed. An 
agreement was reached to limit tolerance to 2'2 per 
cent oversize. One example will show what happened 
then. A certain car manufacturer invited a number of 
tire makers to supply balloon tires, the understanding 
being that the nominal size of tire would be furnished. 
In less than 2 months, one make of tire measured 3 per 
cent oversize. The other sources of supply were then 
asked to bring their products to this oversize. The re- 
sult, of course, was more feverish mold-recutting. So, at 

present, when we get some 6.00-in. balloon-tires, they 
are nearer 6.20 in.; and some 6.20-in. tires are nearer 

6.40 in. Present signs point to another orgy of over- 

sizing unless all religiously respect the 2'2-per cent 
limit, and that applies equally to motor-vehicle and to 
tire engineers. 

A glance at the sectional sizes of tires, Table 1, used 

on 20, 21 and 22-in. wheels, indicates that it appears 
possible from the standpoint of vehicle construction, to 
confine overall tire-heights to either a 20 or a 21-in. 
wheel-diameter; that is, both light and heavy cars have 
been designed successfully to use 20 and 21-in. wheels. 

From the tire maker’s standpoint, one main objection 
exists at this time to standardizing on an ideal program 

of 2l-in. wheels; it is the amount of investment in tire- 

building equipment for tires already used on 20 and 22- 

in. wheels. So, the tire maker cannot exactly be blamed 
for not voicing at once strong approval of a list of 21- 
in. ideal-sizes, at least until such time as the change can 
be brought about without too sudden and great an equip- 
ment loss. This, too, is the position of many car, wheel 
and rim manufacturers. However, in spite of failure 

to advocate immediately and enthusiastically a simpli- 

TABLE | 

Number of 
Manufacturers 
Using Each 

Overall 

Diameters, 
W heels 

Percentage of 
Wheels and 

Nominal Rims in Each 
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fied program by tire and vehicle makers, there is a de- 
cided undercurrent running through both industries for 
simplification, and a rather general belief that such pro- 

cedure will be a satisfactory solution from both practi- 
cal and economical standpoints. 

For years, the tire industry has reported progress in 
the standardization of tire sizes. On this problem 
of supreme moment to the tire maker, and of major im- 
portance to the vehicle manufacturer, confusion rather 
than order has ruled. The reason is the lack of definite 
orderly development supervision. The existence of a 
permanent supreme council representing those vitally 
interested, with power and initiative to control, could 
have kept order. Such control as has been exercised was 
called into being to guide rather than standardize a 

new development. We shall continue to report only 
progress until a representative committee with power, 
and backbone to use it, is placed in permanent control. 

RIM WIDTHS 

Rim widths for balloon tires vied with tire sizes in 
the early disagreement. Table 1 shows that this dis- 

agreement still persists. The advocates of the narrow 
rim cite lower weights and costs, better and less localized 
flexing and therefore greater cushioning, with no un- 

satisfactory front-end performance, if synchronized 
vibrations are cared for otherwise. On the subject of 
rim weights, a 28 x 4-in. rim of one make differs from a 

29 x 41%4-in. rim by 1.5 lb.; and the latter differs from a 
30 x 5-in. rim by 1.2 lb. The difference of cost between 
these consecutive sizes is about 50 cents per set. Flexing 

is better and less localized on a narrow rim. As to front- 

end vibrations, some car-makers have used the 4-in. rim 
with the 6.20-in. tire for 1 year and had no appreciable 

trouble. 
The wide-rim champions cite greater carrying-capa- 

city because of greater air-volume, greater stability, 
less destruction to tires if run flat, easier steering, per- 
haps, and a reduction of costs where a tire of smaller 
sectional-size can be adapted. Wider rims give some- 

BALLOON-TIRE SIZES, PLIES, WHEELS AND RIMS USED BY AUTOMOBILE MANUFACTURERS 

‘ — . Number of Manufacturers Using 
Plies of Fabric \ Sa PD; Each Size of Rim 

Tire Size, In. Size Tire and Rims, In. Diameter Four-Ply Six-Ply (314 In.) 4In. [41% In| 5 In. | 6 In. 2 \t 2 
a tf Sapiens . ‘ 7 tee ot SARS! 19S eae 
29 x 4.95 i i | 
30 x 5.77 4 , 3 l { 
32 x 6.20 22 ” ” 22 1° 5 | ié i 
34 x 7.30 9 9 | 6 3 

aetal..... 36 

29 x 4.40 2 2 2 q 
31x 5.25 | 16 | 16 14 2 
33 x 6.00 | 5 21 41 4 I 1 9 2 
33 x 6.20 3 | | 3 3 a 
33 x 6.75 | 6 \ 3 3 | 3 2 1 

Total . a 32 | | 

31x 4.95 | 3 | ka | ee eR ree ae 
32x 5.7 | 5 if 22 10 ‘ 3 | 3° tee 

Total. ... | 8 | 

Totals... .| 76 100 _ 9 2 28 | 37 8 | “we 
| | i a = — 

78 76 

* One car manufacturer uses four and six plies, 6.20-in. tires. 
* One car manufacturer uses four and six plies, 5.77-in. tires. 
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what greater air-capacity, thereby permitting in some 

cases the use of the tire next smaller in size. For ex- 
ample, a 33 x 6.00-in. tire on a 5-in. rim has the same 
deflection as a 32 x 6.20-in. tire on a 4%-in. rim; that is, 
their load-carrying capacities for the same deflection are 
equal. However, the possibilities of such substitutions 
occur only where different nominal-size tires vary but 
little in actual size. In such instances as the 6.00-in. 
and the 6.20-in. tires, one tire should be made standard 
and the other should be eliminated. The wide rim un- 
questionably permits less side-swaying on turns, and 

perhaps less bead and rim strain. As yet, however, 
there are no large number of failures of narrow rims in 
ordinary passenger-car service. Instances have occurred 

where 4'2-in. rims have failed when used on 11 passen- 
ger touring-car buses fitted with 7.30-in. tires. This, 
however, is an exceptional condition of service. 

| tT) 
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Fic. 4—-COMPARISON OF THE PROFILES OF Two TIRES 

The Solid Lines Show the Profile of a 32 x 6.20-In. 
Natural-Wear Profile or Flat-Tread Balloon-Tire, 
while the Dotted Lines Are the Profile of the Same 

Size of Tire of the Round-Tread Type 

Due to varied practice of using one size of tire on 
rims of varied size, and vice versa, tire makers and 

dealers are faced with a complicated flap-problem, since, 
to function properly, each flap should fit the rim seat and 
the tire beads accurately without wrinkling. Even with 
the exercise of the utmost care in factory assembly, and 
branch and dealer education regarding this problem, 
cases are bound to occur in which flaps will be used 
wrongly and trouble will result. The flap situation 
would be simplified greatly by the adoption of a standard 

rim line-up, using one size of rim for each tire size. Our 

opinion is that a satisfactory rim-width is one that 
measures, between the flanges, from 62 to 65 per cent of 

the width of the inflated-tire cross-section. This does 
not mean that tires will not function well on narrower 
or on wider rims, for tires are doing so today; but the 

industries should simplify, adopt a standard and live 
up to it, as the most satisfactory solution of the rim 
problem. 

PLIES OF CORD FABRIC 

The number of plies of fabric in balloon tires depends 
on the size, the strength and the spacing of the cords 
and the load to be carried. Tire-manufacturing practice 

; a 

aeeee.... 

we en ar ee oe 

Tog play a 
Je dealeae 

‘CTE ICAL 
f ot a ee . = 

—___>—_————_ -— 

| 7) a 
CI CID 

WRI alee scuff 
Sta CaCO es 

——S>—§«_§ CE | Ce 

Fic. 5—TREAD-CONTACT AREA AND PRESSURE FOR A 32 x 6.20-IN. 

ROUND-PROFILE BALLOON-TIRB 

These Measurements Show the Smaller Area and the Higher Pres- 
sures of a Round-Profile Tread as Compared with the Larger Area 
and the Lower Pressures for the Natural-Wear Profile or Flat-Tread 
Tire Shown in Fig. 6; also the Small Amount of Weight Carried by 
the Outside Rows “of Blocks. The Load in This Case Was 1300 Lb.; 
the Inflation-Pressure, 30 Lb.; the Gross Contact-Area, 35.45 Sq. In.; 

and the Net Contact-Area, 21.48 Sq. In. 

discloses differences mainly in the size and the spacing 
of the cords, but shows practically no difference in the 
number of plies, due to economic reasons. Regardless 
of the number of plies, the size and the spacing of the 
cords, sufficient fabric must be used in all tires to main- 
tain a safe bursting-strength factor as determined by 
road, hydraulic and bruising tests, under conditions com- 
parable with maximum tire-load and vehicle-speed. On 
the other hand, because of constant flexing and the heat 
generated therefrom, and to secure a riding-quality de- 
manded of balloon tires, the number of plies and the 
amount of cotton must be kept at the lowest point con- 
sistent with the strength requirement. Reference to 
Table 1 indicates that 90 per cent of the car manufac- 
turers use four-ply balloon-tires. In regard to ease of 

Fic. 6—TREAD-CONTACT AREA AND PRESSURE FOR A 32 x 6.20 IN. 

FLAT-PROFILE-TREAD BALLOON-TIRE 

These Measurements Show the Larger Area and the Lower Pres- 
sures of a Natural-Wear Profile or Flat Tread as Compared with 
the Lower Area and the Greater Pressures of the Round-Profile 
Tread Shown in Fig. 5; also the Greater Support Provided by the 
Outside Rows of Blocks. The Load and the Inflation-Pressure Were 
the Same in This Case as in Fig. 5, 1300 and 30 Lb. Respectively. 
The Gross Contact-Area Was 41.47 Sq. In. and the Net Contact- 

Area 26.30 Sq. In. 
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riding, six plies of fabric will not afford the flexibility 
of a four-ply tire of the same sectional size, because of 
the stiffer carcass and because higher inflations are ad- 
vocated and logical. 

But riding-comfort is not determined solely by tires. 
In the higher-priced cars, more care can be given to 
spring-suspension and to the coordination of springs 
with tire inflations; therefore, in such cars, it may be 

possible to adopt a stiffer tire, run at higher pressure, 
and still obtain satisfactory riding. Tire equipment at 
present consists of six plies of fabric in tires for a small 
number of such cars. This, however, does not mean that 
the four-ply large-section tire is faulty because it is 
large. On the contrary, 7.30-in. four-ply tires are giv- 
ing remarkable service when used under loads and in- 
flations for which they are designed. 

TREAD PROFILE 

Surface wear of a tire tread on the road is dependent 
mainly on tread profile, pressure, movement and ma- 
terials. Pressure and movement are closely related to 
profile. Tread materials must be able to resist cutting, 
wear better than steel and flex over 6,000,000 times in 

10,000 miles of service. Tread compound will not be 
considered, since we are interested in the mechanics of 

the tread and not in its composition. 
Physics teaches that confined gases exert equal pres- 

sures in all directions, so that any perfectly elastic 
casing inflated to 30 lb. per sq. in. and carrying a 1300- 
lb. load will flatten to a theoretical area of 43 sq. in. of 
road surface. A 6.20-in. natural-wear-profile tread four- 
ply Royal Cord balloon tire covers a gross area of 42 
and a net area of 26.3 sq. in. under the above-named load 
and inflation. The average road-pressure is therefore 
50 lb. per sq. in. These differences between the theo- 
retical area and the air pressure, 43 sq. in. at 30 lb. per 
sq. in., and the actual net area and the road pressure 26.3 
sq. in. at 50 lb. per sq. in., amount in part to the load car- 
ried by the carcass and not by the air, and indicate the 

extent of strain concentrated on a certain undefined area 
of tire tread and carcass mainly adjacent to the region of 
road contact. The differences also refute assumptions 
that the pressure inside a tire, and outside on the tread 
contact-area, are approximately the same. The fact is 
that, with all tires, the carcass walls carry an appreciable 

portion of the load. For a given tread profile stiffening 

the tire carcass by additional plies of fabric or boosting 
the inflation-pressure reduce the area of tire contact 
with the road and correspondingly increase the load 
pressure on each square inch of contact area. 

Another factor that tends to decrease road-area and 
increase tread-pressure is a round-profile tread. Tire 
casings are cured on a rubber bag so that the inside of 

the carcass will be curvilinear. This too is the shape 
the tire assumes on inflation. When the tread of a 
balloon tire has a round profile, the area of road contact 
is minimized, because the tread farthest from the center- 
line does not come completely into contact with the road 
and therefore does not bear its proportionate share of 
the weight on the tire. The pressure is therefore in- 
creased on those tread portions actually in contact. 
Since rubber is practically incompressible, the loaded 
tread touching the ground flows or stretches toward any 
available surface openings. If there are no openings, a 
wave results as in a smooth-tread solid-tire. As the 
tire deflects under load, the greatest wear occurs at 
points of greatest pressure and movement, and that is 
the cause of irregular wear on balloon-tire treads. On 
front wheels, this uneven wear is accentuated on one 
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side of the balloon-tire tread when excessive toe-in and 
pitch are permitted. On rear wheels, irregular wear is 
reduced somewhat because the tire squats appreciably, 
due to transmittal of the driving force, and thus brings 
more surface into contact and grips with less movement 

than in the case of front tires, due to this same power 
transference. 

One remedy for irregular wear on round-profile treads 

is to use a greater inflation-pressure. While this re- 
duces the width of the contact area and increases the 
tread-pressures per square inch, it confines tread move- 
ment to an area closer to the tread center-line and re- 
sults in a smaller movement and more even wear. This 
is analogous to tread wear on high-pressure tires which, 
from the irregularity standpoint, was never a factor of 

proportions sufficient to cause worry. Another method 
of reducing irregular tread-wear is to design the tread 
so that it conforms to a profile to which the tire wears 
at its normal load and inflation. We have adopted such 
a design; it is illustrated and compared with a round- 

profile tread in Figs. 1, 2, 3 and 4. The natural-wear- 

profile tread contrasted with the round tread in Figs. 5 
and 6 offers several advantages; a greater road-contact 
area, 26.3 sq. in. against 21.5 sq. in., a lower tread-pres- 

sure, 50 lb. as compared with 60 and a reduced tread- 
movement. Tests extending over a period of 6 months 
indicate that the natural-wear-profile tread produces 
longer and more even wear over a larger range of infla- 

tions, helps stabilize front-end unbalance and reduces 
sidesway and strain on bead and rim, as indicated in 
Fig. 7. 

Tire designers were put to the test to overcome un- 

even balloon-tire tread-wear. The solution demanded a 
thorough study of the mechanics of tread movement, 

and of the wear of a moving resilient material under 
load distortion. Wear of a uniformly compounded mov- 
ing surface is dependent on profile, pressure and velocity. 
Slow-motion pictures showed a complex uneven balloon- 
tire-tread velocity. We feel it to have been demonstrated 
satisfactorily that tread-pressure and velocity and wear 
therefrom: can be slowed-down by the natural-wear- 

profile tire. j 
TREAD CONFIGURATION 

Anyone who has worn hob-nail mountain-boots appre- 
ciates their non-skid features when negotiating sand, 
ice, rocks and rough going in general. Athletes wear 
cleats, spikes and corrugations or depressions on their 

shoes for the one purpose of getting a firm hold on the 
ground, especially when making a supreme effort. The 
same practice obtains in shoeing an automobile, except 
that rubber has displaced metal. If all our roads were 
hard-surfaced, always clean, dry and free from snow 
and ice, automobiles might run on smooth or rib-tread 

tires. But we still have 7 miles of dirt road to every 1 
mile of hard-surface highway, sand, mud, snow, ice and 
oil, which require a sure grip under ordinary conditions 
and the maximum grip under adverse conditions. This 
accounts for the popularity of the non-skid tread to pro- 

vide traction and prevent skidding. On the other hand, 
tread configuration can be too rugged. The time is past 

when a design with large obtruding, widely separated 

nobs or bars will be tolerated on the tires of a high-class 
passenger-car. Better roads, the popularity of closed 
cars, demand better riding-qualities and more attention 

to riding refinements by car engineers. The public have 
eliminated many bumpy treads and should cause others 
of that type, which served their purpose on dirt roads, 
to become obsolete. 

In the larger-section balloon-tire sizes, the companies 
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Fic. 7—COMPARISON OF THE WEAR ON ROUND AND NATURAL- 

PROFILE OR FLAT-TREAD TIRES 

Note the Irregular Wear on a Round-Profile Tread After 8032 
Miles (Middle Tire) as‘Compared With Two Natural-Wear Pro- 
file or Flat-Tread Tires after 10,134 Miles (Left) and 9679 Miles 

(Right) 

started with an all non-skid design, only to compromise 

later on a combination rib non-skid design in about equal 
proportions. The change was brought about by irregu- 

lar tread-wear and vibration that affected riding-quality. 
Our own opinion is that the car owner still needs a non- 
skid design in larger doses than 50 per cent of the tread- 

contact area. We designed and tested our quota of 
treads in the search for one to give maximum traction 

and flexibility in all directions, stability, ease of steer- 

ing and uniform wear over a reasonable range of infla- 

tion-pressures. The result was the present Royal-Cord 
balloon-tread built to the natural-wear profile, having 
one central rib flanked on each side by three rows of 

sharp-edged blocks, as shown in Fig. 8. This tread can 

be modified to become a composite Royal-Rib design as 
indicated in Fig. 9. This compromise however does not 

produce as good traction on wet asphalt, in snow, sand 

or mud as does the Royal tread. 
Results of a preliminary series of traction tests, Table 

2, made with the Royal tread and the Royal-Rib tread 
on dry asphalt and dry concrete indicate no appreciable 
differences in traction between the two treads, or be- 
tween the two road surfaces at a temperature below 40 
deg. fahr. However, on wet asphalt the Royal tread 

showed 15 per cent better traction and on asphalt cov- 
ered with 2 in. of snow, 12 per cent better traction than 
does the combination tread. All inflation-pressures were 
at 30 lb. per sq. in. Tape measurements for distances 
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were supplemented by readings on the James deceler- 
ometer. All results are averages of a number of tests. 

INFLATION-PRESSURE 

The car-owner is less influenced by fact than by prece- 
dent, and is indifferent to tire pressures. With his un- 
limited capacity for taking things for granted, he already 

TABLE 2—TRACTION-TEST, ROYAL TREAD AND ROYAL-RIB 

TREAD 

Royal Tread, One Rib and Six Rows of Blocks 
Light 

Dry Dry Wet Snow Cov- 
Speed, Asphalt, Concrete, Asphalt, ered As- 
M.P.H. Ft. Ft. Ft. phalt, Ft. 

20 35 37 29 ee 
25 51 60 42 ciel 
30 77. 87 74 140 
35 109 117 109 oy 

Royal-Rib Tread, Three Ribs and Four Rows of Blocks 

20 33 40 35 

25 50 57 51 tie 
30 80 80 81 160 
35 109 114 115 Jee 

* These preliminary results of traction tests indicate that an 
ill-non-skid tread affords from 12 to 15 per cent more trac- 
tion than does a rib-non-skid tread under wet conditions. 
The figures given are foot-brake stopping-distances for a car 
equipped with two-wheel brakes 

is applying to the balleon tire the past practice of run- 
ning high-pressure tires underinflated. Only one way 

Fie, 8 

This Tire, It Is Ciaimed, Affords Even Tread-Wear, Easy Steer- 

A COMMERCIAL FLAT OR NATURAL-PROFILE TIRE 

ing and Excellent Traction vunder Practically All Road 
Conditions 
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exists in which to impress the owner with the impor- 
tance of proper balloon-tire inflation; it is to have fac- 
tory, sales and dealer representatives administer copious 
doses of education. Continually living with tires and 
testing them on the road and in the laboratory leads to 
the unmistakable conclusion that a tire will give its best 
service when run at a specific deflection that results from 
a definite fixed load and inflation. With high-pressure 
cord-tires that deflection varies with sizes from 9 to 13 

per cent; with four-ply balloon tires from 18 to 22 per 
cent. For high-pressure tires, there is a standard load 
and inflation table that is generally approved and recom- 
mended by all tire companies. There is no such table for 
balloon tires. Three companies follow one table, based on 
very nearly a 20-per cent deflection. Other companies 
have tables differing from each other and from the three 
previously cited. Some car manufacturers, with the as- 

sent of companies supplying tires, adopted a still differ- 
ent table. Other car-manufacturers altered a previously 
adopted table without consulting the tire manufacturer. 
Small wonder that the car-owner is confused and negli- 
gent of his inflation-pressure when manufacturers them- 

selves do not agree within limits which are called abuses 
if adopted by the car-owner. 

The causes for such a babel of tables are not hard to 
find. Earlier steering difficulties, shimmying, under- 
size-tire equipment, variation in number of plies of 
fabric and premature tread-wear offer the explanation. 
With easier-steering methods, better diagnosis of the 
causes of shimmying, adequate tire equipment to carry 
the car, stabilization of the number of tire sizes and 
corresponding carcass-strength requirements, no sound 
reason exists to prevent the majority of tire and auto- 
motive engineers from agreement upon a standard load- 
inflation table for balloon tires. It is just as important 
that the related industries get into prompt agreement 
regarding inflation-pressures as it is concerning agree- 
ment upon sectional and overall-height dimensions. The 
principal advantage of the balloon tire is its provision 
for improved riding-comfort. That should be kept clearly 
in mind. We lose this improvement if high inflation- 
pressures are used. 

Some persons claim that riding-comfort is supplied 
mainly by rear tires and that front-tire inflation-pres- 
sures can be raised, without appreciable discomfort, 
considerably above the deflection required on front-wheel 
loads. This has been done in a number of cases, but it 
sounds illogical because the tire fights the road. The 
fact that front-seat riding usually has been considered 
more comfortable than rear-seat riding is no reason that 
we should not accept the full front-seat riding-benefits 
from the balloon tire instead of part of those benefits. 
Besides, the engine will benefit by the additional cush- 
ioning. If the tire will stand up under 20-per cent de- 
flection on the driving wheels, when properly designed it 
will give corresponding service on front wheels; so, any 
material increase of front-wheel inflation-pressure is a 
temporary expedient and not a solution of the problem. 

Other authorities claim the need of high inflation- 
pressures all around to permit quick pick-up and more 
speed. Granting that they get this, which, so far as we 
know, is yet unproved, they are sacrificing the ease of 
riding for which the balloon tire was adopted. Still 
others justify the use of higher inflation-pressures by 
the fact that their system of superior springing does not 
require low air-pressure to secure adequate riding-quali- 
ties. Probably, there is merit in this contention; how- 
ever, if put into practice, our load-inflation tables must 
be based on car classifications, and a different table 
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provided for each class and perhaps each make of car. 
A movement in this direction already has begun. Under 

present go-as-you-please practice, it is impossible for 
a tire manufacturer to uphold his contention that a cer- 
tain deflection resulting from a definite load and definite 
inflation-pressure gives best all-around tire results. He 
must sacrifice fundamental principles and facts to en- 
gineering caprice and the haste of the moment and, in 
the scramble for orders, that is exactly what he is doing. 

To indicate how closely tire manufacturers can come 
to agreement and yet not agree on a load and inflation 

table, Fig. 10 shows load-deflection curves of four dif- 
ferent well-known makes of 6.20-in. four-ply balloon-tire. 

The curves represent 26 and 34 lb. per sq. in. inflation- 
pressure. The makers of three of these tires, including 

those showing greatest and least deflections, have agreed 
on one table for the public, while the fourth company, 
whose tire falls between the extreme deflection limits, of- 
fers a different table. The greatest average variance in 

the two tables for any load is 2 lb. per sq. in. inflation, 
which is less than the small differences in carrying 
capacity of some makes of tire. It is not contended that 

the three companies are entirely right, necessarily, and 
that the fourth company is partly wrong, but that the 
differences are too small to warrant disagreement. The 

problems of standardizing balloon-tire inflation-pres- 

sures, as well as urging their better maintenance, should 
be given immediate attention by leaders in tire and 
automobile lines. The need is acute; the obstacles are 
by no means insurmountable. 

PUNCTURES AND BRUISES 

Punctures are distinguished from bruises and cuts 

by the fact that punctures are produced by slim, sharp 
objects, such as tacks, nails and phonograph needles. A 

series of puncture and bruise tests were run on four 
and on six-ply balloon-tires with the following results: 

(1) A nail or other sharp object penetrates or enters 
the tread rubber of a six-ply tire more easily 
than it does a four-ply tire, due to the greater 
rigidity of the six-ply carcass 

(2) The higher the air pressure is, the more easily the 
puncturing object first penetrates the treads of 
the two types of tire 

(3) The complete penetration of the carcass as well as 
the tube, after the object has entered the tread, 
is less difficult with a four-ply than with a six- 
ply tire. The ‘difference in degree is about pro- 
portional to the carcass thickness 

(4) When a tire is dealt a heavy blow by a stone or 
rut and the obstruction does not drive the car- 
cass to the rim, generally, a four-ply tire suf- 
fers less than one with six plies of fabric. The 
reason is that the thinner carcass deflects to a 
greater degree and over a longer period, and 
thus slows-up the acceleration or rate of change 
of velocity of the blow. This ability to stretch 
out the time period of an impact blow is one of 
the great virtues of the balloon tire, and is more 
conspicuous in a thin than in a thick carcass 

(5) The rupture of a balloon tire by bruising does not 
occur usually in stages of one ply at a time, 
except where the tire is first cut. The blow 
breaks either all plies or none. In this respect 
cord tires differ from those made of square 
woven fabric. Therefore, a balloon tire may 

endure thousands of reasonably heavy road- 
blows without damage, but he put completely out 

, of service by one crushing impact 

Reason and judgment should be exercised in all 

things; but both are badly strained by the motorist who 
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Loss OF AIR FROM TUBES 

The balloon tire has been accused of losing air faster 
than does the high-pressure tire, either by diffusion 
through the rubber tube or by escape from the valve- 
stem. It appears that this accusation has not been fol- 
lowed up with the necessary evidence to accomplish a 
clean-cut indictment. To get some preliminary facts, 

tests were made with a view to locating the sources and 
measuring the amounts of such reported losses in dif- 
ferent types and sizes of tubes of varied thickness. 
These preliminary tests definitely indicate that loss of 
pressure in tubes is due chiefly to diffusion through the 
rubber and not through the valve-stem or about the 
valve base, since similar losses are obtained when the 

valve is sealed. Conclusions reached are that: 

(1) Tubes in balloon tires, at both high and low in- 
flation-pressures, do not lose air more rapidly 
than do tubes in high-pressure tires; generally 
they lose air less rapidly. However, the effect 
of such air-loss is more detrimental to the bal- 
loon than to the high-pressure tire, due to a 
lower initial inflation 

(2) In balloon-tire tubes as made at present, the in- 
flation-pressure loss runs from 1 to 5 lb. per 
week, depending on the quality of tube, the 

Fic. 9—A COMMERCIAL NATURAL OR FLAT-PROFILE TIRE 
WITH A RIBBED TREAD 

The Rib Tread Is Said To Afford Even Tread-Wear, Easy 
Steering, but Not as Good Traction under Wet Conditions 

as Does the Tire Shown in Fig. 8 
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Fie. 10—LOAD-DEFLECTION CURVES FOR FouR DIFFERENT MAKES OF 

3ALLOON TIRE 

Four Different Makes of 6.20-In. Four-Ply Balloon-Tire Were Meas- 
ured for Deflection under Identical Conditions. Curves 1, 3 and 4 
Represent Tires of Makers Who Use the Same Inflation Table; 
Curve 2, a Maker Who Uses a Different Table. The Greatest Aver- 
age Variance in the Two Tables Is 2-Lb. Inflation, Which Is Too 
Small To Warrant Disagreement. The Tests Were Made at Inflation- 

Pressures of 26 and 34 Lb. as Indicated 

0 20 40 G00 

length of time in service and the mileage of 
such service 

(3) Tubes operated at both high and low pressures 
continue to lose pressure steadily in proportion 
to the nature of the gas used and to the thick- 
ness of the tube 

(4) Inflation-pressure loss is greater for tubes run- 
ning than for tubes static. The greater the 
daily mileage is, the greater the loss will be 
when measured at uniform temperature 

(5) A tube inflated with carbon dioxide loses pressure 
much faster than one inflated with nitrogen, 
the ratio being approximately the same as the 
rate of diffusion of these gases through a rubber 
diaphragm 

(6) The loss during the first day is higher in all tubes 
than for the second day. Thereafter, pressure 
diminution follows a slowly decreasing constant. 
Evidence is not yet available to permit drawing 
conclusions regarding the limit of pressure loss 
with an increase in tube service 

(7) There may be a period in tube service, before the 
tube structure begins to weaken, at which pres- 
sure loss is negligible. A series of pressure-loss 
curves for tubes run to destruction in service 
would be interesting 

(8) Balloon-tire experience clearly points to the need 
of more frequent inspection of inflation-pressure 
than has been customary with high-pressure 
tires. Once a week is not too often even when 
tubes are in first-class condition. To the three 
prerequisites of automobile operation, water, oil 
and gasoline, the motorist should add a fourth, 
air, and be sure that what is free is neither 
forgotten nor short-measured. 

SOUNDS AND NOISES 

In general, there art two sorts of sound produced by 
or attributed to balloon tires. The first is a true sound 
resulting mainly from air waves set in motion by the 

tread configuration. This sound varies in pitch with 
the size and shape of the non-skid design and with the 
speed of the car. Except in an exaggerated form, and 
when in harmony with gear sounds which it then mag- 
nifies, tread sound is not disagreeable and is rarely ob- 
jected to by car-owners. 
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The second sound attributed to or revealed by balloon 
tires is not a true sound but a grating, grinding noise 

or roar most noticeable in closed cars when driving over 
transversely laid bricks with worn joint grouting, or 
on roads surfaced with large-size loose gravel. Under 

such driving conditions, the balloon tire is accused of act- 
ing like a drum to magnify or focus car-mechanism noises 

er vibrations, so that the result appears more noticeable 
than with high-pressure tires. This quality of producing 

resonance is traced by some car-manufacturers to all 

makes and types of balloon tire, regardless of tread de- 
The smoother the tread is, the greater the reso- sign. 

nance has been reported to be. It has been suggested 
that the public ought to be advised of this property of 
balloon tires, so that car mechanisms will not be blamed 

for causing noise. 
In an endeavor to learn something of this complaint 

and, if possible, to measure vibration roar in closed 

cars, some experiments were made with an instrument 

known as the No. 3A audiometer, shown in Fig. 11, de- 

veloped by the Western Electric Co. and described in 
detail in a bulletin issued by that company. This audio- 

meter produces a sustained complex tone, the intensity 
of which is adjustable on a control dial. The faintest 

tone from the vibrator or buzzer that can be heard by 
the ear under given conditions is taken as the threshold 

of hearing. The sound to be measured, for example, that 

in a closed car at 20 m.p.h., is then produced and the 

Vehicle 

Two Ejight-Cylinder 
Sedans 

Two Eight-Cylinder 
Sedans 

Two Eight-Cylinder 
Sedans 

Two Eight-Cylinder 
Sedans 

Six-Cylinder Sedan 
Six-Cylinder Sedan 

Six-Cylinder Sedan 

Six-Cylinder Sedan 

Four-Cylinder Sedan 

Four-Cylinder Sedan 

Four-Cylinder Sedan 

Four-Cylinder Sedan 

Single-Deck Motor- 

buses, Detroit 
Double-Deck Motor- 

buses, Detroit 
Double-Deck, Six- 

Wheel, Motorbus, 
Detroit 
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buzzer tone is increased to a point at which it just masks 
the noise outside the audiometer. The difference between 
the dial readings of the arbitrary scale, at the threshold 
of hearing and when the buzzer tone masks the outside 

noise, is the measure of the outside noise. Table 3 shows 
the results that were obtained. 

Since only small variations were shown between au- 

diometer readings for balloon and high-pressure tires on 

the same car, results with high-pressure tires are not 
given in Table 3. It is therefore evident that the use of 

balloon tires does not generally increase noises in closed 
cars, as determined by audiometer measurements. This 
does not mean that the two types of tire have the same 

effect on passengers, for vibrations not measured by the 
audiometer may produce more discomfort than noises. 
Also, only minor differences were noted when windows 

were open and when they were closed. Readings were 
slightly higher with closed windows. Engine noises, 

especially in the four-cylinder car, far exceeded those 

from other sources. Traveling upgrade or in second 

speed materially increased engine noises. 

It should be understood that such measurement of 
noises in automobiles by the audiometer as has been 

accomplished is merely preliminary and incidental to a 

more technical research that should be undertaken to 

locate the sources and causes of these noises. It is not 
our intention to pursue the project to such a termina- 

tion. Problems of greater importance to the tire in- 

Kind Audiometer Reading 
Speed, M. P. H. of Tire Inflation- Gear ali 2 _ vid 

Pressure, 
Lb. per Smooth Asphalt Cross Laid Brick 
Sq. In. 

Car 1 Car 2 Car 1 Car 2 

Standing Balloon | 25 to 30 High 31 ' 32 
Standing, Engine 

Running 30 Balloon | 25 to 30 High 40 47 
Standing, Engine 

Running 20 Balloon | 25 to 30 High 38 15 45 47 
Standing, Engine 

Running 35 Balloon | 25 to 30 High 45 48 49 51 

Car 3 Car 3 
Standing Balloon | 25 to 30 High 33 
Standing, Engine 

Running 30 Balloon | 25 to 30 High 42 
Standing, Engine 

Running 20 Balloon | 25 to 30 High 42 44 
Standing, Engine | 

Running 35 Balloon | 25 to 30 High 52 19 

Cobblies 
Car 4 Car 4 

Standing High 
Pressure High 25 

Standing, Engine High 
Running 30 Pressure High 55 

Standing, Engine High 
Running 20 Pressure High 40 45 

Standing, Engine High 
Running 25 Pressure High 50 50 

20 Solid High Speed 56 Third Speed | Accelerating 61 

25 Solid High Speed 50 Third Speed | Accelerating 60 

20 Pneumatic High Speed 35 Third Speed | Accelerating 41 

3 Audiometer measurements failed to prove that balloon tires magnify noises in closed cars. Table 3 gives representative 
readings of this instrument used in four different makes of car and in motorbuses operated in Detroit. 
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dustry take precedence. The audiometer as a sound- 
measuring device is brought to your attention for 
whatsoever future use you believe it merits. We be- 
lieve it has possibilities of application that are both 

practical and worthy of further utilization. 
It seems feasible to develop the idea of the audiometer 

or a similar device further, so as to measure separately 

the source, quality and volume of each important group 
of sounds or noises produced in an automobile. A possi- 
ble refinement is some modification of the two-direction 
detector used during and since the war to magnify un- 

derwater sounds, such as the approach of submarines 
and icebergs. This detector was invented by the French 

and was improved in this Country. It consists of a lens 

for bringing to a focal point incoming sound impulses. 
Submarines could be heard at a distance of from 1 to 10 
miles, and the direction was determinable within 1 or 2 
deg. Thus, the device was five times as accurate from 
the directional standpoint as the human binaural sense, 

which can determine sound directions within from 5 to 
10 deg. Utilizing the recent advances made in elec- 

tricity and telephony, we ought to be able to refine the 
audiometer, or instruments devised for similar purposes, 

in order to locate accurately, segregate, and measure 

noises in automobiles as easily, quickly and accurately 
as a physician stethoscopes our pulmonary regions. 

SHIMMY 

The word “shimmy” and the motion it describes have 
provoked more discussion than any other factor uncov- 
ered by the balloon tire. The reason lies as much in the 
word itself as in the motion. Give the salesman and the 
consumer a familiar, non-technical word that suggests 

but does not explain, and this word travels faster than 
rumor. Such nomenclature is good advertising and good 

sales psychology—witness the “balloon” tire—but it is 

poor engineering practice. The problem of shimmying 
would have been solved quietly, by vehicle and allied 
engineers rather than by salesmen, car-owners and 

SIGNAL BUTTON. 

ART ING iTCH 

pro POTENTIOMETER CORD 

SIGNAL LIGHT 

RECEIVER CORD 

TONE INTERRUPTER 

POTENTIOME TER . 
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INSTRUMENT USED To MEASURE VIBRATION ROAR IN CLOSED CARS 

The Audiometer Produces a Sustained Complex Tone Transmitted by a 
to the Ear. The Volume of the Tone Can Be Varied Until It 

Inside an Automobile. Sound Volume 

Double Telephone-Receiver 
Is Masked by Sounds, for Example, 

Is Read on an Arbitrary Scale 

editors, had the motion been described as magnified 

synchronization of front-end vibrations, for such term- 
inology would have been as little understood and dis- 
cussed by the layman as torque or turbulence. This 
does not mean that final solutions of such problems 
should not be a matter of general public concern. A 
radical change like the balloon tire, in any part of a 
rather delicately balanced automobile, is bound to upset 

several things. But, in such cases, the thing to do is to 

talk our own language until a solution is well under way. 
Then let democratization take its course. 

The first impulse was to attribute shimmying to the 
tire, because the tire was the recipient and focus of the 
motion. This diagnosis is like treating our shoulder for 

the first tinge of rheumatism. It is only local treatment 
and generally does not reach and correct underlying 
constitutional causes. Wheels, rims, axles, brakes, speed, 
steering mechanism and toe-in, each in turn, have been 

diagnosed as the producer of the trouble and in some 

instances, special remedies have been employed. Some- 
times such treatment sufficed, but the fact that each par- 
ticular make of car requires a specific and generally 
different remedy is reasonable evidence that the cause 
of shimmying motions lies in improper balance. The 

correction is to take-up lost motion, to change funda- 
mentally the unbalance to balance whenever and wher- 
ever it occurs and not to increase inflation-pressure 

unduly or add otherwise unnecessary devices which, even 
at best, are, generally speaking, nothing better than 

temporary expedients. 

Therefore, shimmying is not exclusively a tire prob- 
lem, although a tire greatly out-of-balance may be a 

contributing factor. That it was first blamed on the 

tire has been beneficial to the tire industry, for atten- 
tion was thereby directed to possible refinements and 

resulted in producing tires of better average balance. 
There is no common panacea for shimmying as revealed 
in different makes of car. Each designer must study 
his own problem and make such corrections as will elim- 
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inate the motion for his particular assembly for all 
serviceable conditions. 

SUMMARY 

For 2 years we have seen the balloon tire in the 
making and watched its progress step by step. We had 
to understand before we could control, and to under- 
stand required careful investigation. To shut our eyes, 
secure that we were right at the start, would not do. 

The most difficult thing to achieve with the new tire 
was, and still is, an open mind ready to mold convictions 

in the light of new developments. Today, refinements 
of the balloon tire and of the automobile to accommodate 
it appears as our greatest problems. How are we attack- 
ing them? Are we showing a straightforward advance 
against the major difficulties of engineering and the 

minor troubles of service? We are not! Many of us 
are zigzagging all over the field, dissipating our energies 
in minor flank encounters while more important diffi- 
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culties directly in our own line of advance remain un- 
solved. Tire manufacturers are grappling with shimmy; 
spring makers with balloon tires; snubber and shock- 

absorber manufacturers with springs. 
As automotive engineers, let us get ourselves exam- 

ined! Are we doing our share to make automotive-en- 

gineering research a growing vital force of genuine 
experiment, leavened with personality? Are we to 

initiate our own refinements or continue contentedly to 

take an annual pilgrimage to foreign shores for next 
year’s ideas? We must lead the world in refinement as 

well as in production and still find time to make our work 
a matter of public concern. 

The surest solution of the balloon-tire problem is a 
closer exchange of real facts, an understanding that 

amounts to an informal conspiracy among all concerned 

to promote a diffusion of the best knowledge we have of 
the tire’s virtues and shortcomings as it is designed and 

manufactured at the present time. 

COST OF PRODUCTION HERE AND ABROAD 
HE experienced student of the economics of production 

in an international sense is well aware that no process 
is more apt to give rise to misleading conclusions about the 
relative cost of national production and the relative ability 
of the various national industries to compete in the world’s 
markets than that of comparing the bald figures of the wage 
rates or the other rates of compensation obtaining in the 
competing countries. The truth is that the question of the 
ultimate general cost of production in a given country is 
an extremely complex one, many other factors entering into 
the determination of this cost besides the amount of the 
remuneration which the productive workers derive from their 
services. Certain of the most important of these other fac- 
tors, indeed, are antecedent to the wage element of cost 
and decisively affect the magnitude of that element itself. 

This truth is well illustrated by the statistics compiled by 
English economists before the war in which comparisons 
were made between the mechanical equipment at the disposi- 
tion of the workers in various British industries, as measured 
by the number of horsepower employed per 1000 workers, 
with that at the disposition of the workers in the same in- 
dustries in the United States. It appeared from those sta- 
tistics that in the American industries from two to five 
times as much machinery was in use for a given number 

of workers as in the same industries in Great Britain. And, 
what is more important still in the present connection, the 
statistics also demonstrated that the per capita production 
of the American workers is larger than that of the British 
workers in virtually the same proportion as the mechanical 
equipment of the former is greater than that of the latter. 
If British industry is taken as a whole the sum-total of 

capital invested per 1000 or per 1,000,000 workers is not 
much more than one-third of the similar investment in the 
industries of this Country. The necessary consequence, of 
course, is that British industrial production per 1000 or per 
1,000,000 workers is correspondingly smaller than that in 
the United States, and that the relative remuneration which 
their productive services yield to the British workers follows 

the same rule. The assumption is warranted that, if the 
fundamental conditions of industrial production in Germany, 
France, Belgium and Italy were investigated statistically, 
it would be found that the industrial wage rates of these 

countries, except insofar as they have been temporarily dis- 
torted by the economic effects of the war, closely harmonize 
with the capital invested and employed in the countries’ in- 
dustries, proportionately to the number of wage-earners. 

The average number of persons employed in American 
agriculture per 1000 acres of crop land is 41, whereas the 
corresponding number in England and Wales is 105; in 

France, 120; in Germany, 160; and in Italy, 235. That is, the 
land capital investment per 1000 or per 1,000,000 American 
farmers is greater than that in the other countries named 
in proportions very closely approximating those obtaining 

for our industries. Furthermore, it is matter of common 
knowledge that the capital investment of American farmers 
in farm machinery is likewise greater than that of British, 
French, German and Italian farmers by similar ratios. The 
economic effect of this larger capital investment in American 
agriculture in relation to the number of persons employed is 
unquestionably to increase the per capita production and the 
normal per capita remuneration of our farmers to a cor- 
responding degree.—A. R. Marsh in Economic World. 

AUTOMOTIVE EXPORTS 

N 1920, the United States had 73.0 per cent of the auto- 
motive export trade of the world; Canada, 9.8 per cent; 

and all other countries, less than 18.0 per cent. In the first 
6 months of 1924, the United States’ share was 54 per cent, 
Canada’s 17 per cent, and other countries had increased 
their quota to nearly 30 per cent. The significance of this 
development lies in the quickness with which it has occurred. 
France, at present, due to the recent development of the 
small-type car, is selling more passenger cars in Belgium, 
United Kingdom, Germany, Switzerland and other countries 
than is the United States. Italy ships twice as many cars 
to Switzerland as we do, and many more to Austria, France 
and Egypt. The United Kingdom is directing its attention 
to Australia, for years the chief passenger-car customer of 

the United States, and is selling its motor vehicles in increas- 
ing numbers to its other colonial possessions. In 6 months 
of 1924, as many British made cars were sold as in the entire 

year of 1923. 
In quantity of production and exports America still stands 

alone, our manufacturers having built in 1923 more than 
4,000,000 cars and trucks, shipped 221,000 from the United 
States and Canada, and assembled 106,000 more abroad; 
while the rest of the world built 500,000 units at most and 
exported perhaps 70,000. Operating 90 per cent of the motor 
vehicles of the world and accounting for 80 per cent of its 
production, the United States and Canada lead the world in 
motor-transport development.—Percy Owen, chief of the 
automotive division of the Department of Commerce. 

oOo 



en RR ene — nner 

Vol. XVI February, 1925 No. 2 

How Hard Does a Car Steer? 
= — ee — 

ANNUAL MEETING PAPER 
ee = —_—— —-- 

By F. F. CHanpier’ 

Illustrated with PHoTtoOGRAPHS AND DRAWINGS 

ABSTRACT 

Qe ease or difficulty of steering has in the 
past been largely a matter of psychology, of com- 

parison rather than of measurement. One driver may 
find a car difficult to steer that another finds easy. 
Safety is the first essential, then comfort. Because 
the parts used in steering seldom break, present prac- 
tice is considered safe, but the steering-ratio is very 
important. A low ratio that produces fast steering- 
effects may be entirely safe in the hands of a strong, 
safe, experienced driver, but absolutely unsafe in those 
of a weaker driver, even though he may be expert. 
Fatigue, however, will eventually affect the strong as 
well as the weak driver, so that comfort enters as 
well as safety. 

With a view to eliminating the personal factor and 
determining by exact measurement the steering-effort 
exerted by a driver and the reactions termed road 
shock, road fight, shimmying and the like, instruments 
have been devised to produce a graphical record simul- 
taneously of (a) the amount of steering-effort and the 
reactions at the steering-wheel, and (b) the stress im- 
posed upon the drag-link; note is also made whether 
the steering-effort is to the right or to the left. 

The details of construction and operation of these 
instruments are described and the results of tests made 
on roads of various types when the car is traveling at 
various rates of speed are discussed. A study also was 
made of the comparative effort exerted in making 
turns to the right and to the left, in suddenly revers- 
ing the direction of stress, and of the effect produced 
by striking a curbstone. 

Statements are made that tests show that the drag- 
link stress of a car not in motion ranges from 400 to 
600 lb., that balloon tires require 50 per cent greater 
steering effort than do high-pressure tires, that in 
some high-grade popular cars a difference of only a 
few ounces of steering@effort changes unsatisfactory 
conditions into very satisfactory results, that differ- 
ences as great as 450 per cent have been found in the 
friction of the steering-knuckle thrust-bearings of cur- 
rent models of well-known cars, and that a difference 
is apparent between the steering-efforts required in 
cars having and in those not having center-point steer- 
ing. 

E steering of automotive vehicles has always 

been a matter of comparison rather than measure- 
ment. A car that steers easily for one driver may 

steer hard for another. It has been and may always be 
largely a matter of psychology. As has been pointed out 
in a previous article,’ safe steering is of the first im- 
portance. After safety, comes comfortable steering, the 

kind one individually likes. 
Because the safety factor has heretofore been con- 

trolled by the making of steering parts that. do not break 
and because these steering parts do not frequently fail, 
we look upon present practice as being safe. This view 
of safe steering is not altogether sufficient, however, be- 

1M.S.A.E.—Chief engineer, Ross Gear & Too] Co., Lafayette, Ind. ; 
trustee, Purdue University, Lafayette, Ind. 

*See THE JOURNAL, June, 1924, p. 585. 

°M.S.A.E.—Research assistant, Purdue University Engineering 
Experiment Station, West Lafayette, Ind. 

cause the low ratio that produces fast steering-effects 
may be entirely safe in the hands of a strong fast ex- 
perienced driver and be absolutely dangerous in the hands 
of a weaker though expert driver. The weaker operator 
might drive safely for a short distance with a fast gear, 
but the manual labor thus imposed upon him would tire 
him to a point at which his driving might actually be- 
come unsafe. A strong driver contends that he cannot 
drive a high-reduction gear that produces slow steering- 
effects, because he cannot dodge obstacles quickly; and 
so the argument goes on, yet, if we bring in the factor 
of comfort, we must admit that even a strong driver 
eventually will become tired and a weak driver will be- 
come more tired; so, after all, do not the two factors, 
safety and comfort, go hand in hand? 

NECESSITY FOR SECURING RELIABLE DATA 

The trouble resulting from these differences of opinion 
usually begins with the designer. Being an expert, he 
thinks he knows how a car should steer. What he does 
know is, how a car should steer to suit him He fre- 
quently overlooks the fact that he is a strong and ex- 
perienced driver and usually a fast one, whereas the cars 
he produces are built for the public, most of whom are 
not strong, experienced or fast. 

I have had a very strong feeling for many months that 
the best results in steering cannot be secured without 

considering certain well-defined facts which, up to this 
time, have not been known. 

In designing the instruments used in the tests, in which 
H. A. Huebotter’® played a prominent part, we desire to 
secure, if possible, an actual measurement of the steer- 
ing-effort exerted by the driver, as well as a measured 
record of the unpleasant reactions usually termed road 

shock, road fight, shimmy and the like. As the actual 
steering-effort exerted by a driver is dependent upon the 
design of the steering-gear and its ratio of reduction, as 
well as upon the general set-up of all the steering 
linkages and the friction of ‘those parts, it was quickly 
seen that two instruments had to be devised, one to 
record the steering-effort and the steering-reactions at 
the steering-wheel, and the other, the stress imposed upon 
the drag-link, and that both instruments had to be suf- 
ficiently efficient not only to record these things quickly 
and accurately, but to record definitely whether the 
steering-effort was made to the right or to the left. 

It was finally decided that it was necessary to produce 
a third instrument; making one for application to the 
steering-wheel, one to the drag-link, and the third, a 
recording instrument, to produce simultaneously a chart 
record resulting from the action of the first two. 

Figs. 1, 2 and 3 show views of the strip-chart record- 
ing-instrument. This consists of a conventional clock- 
work mechanism so modified that the strip-chart will 
move in a horizontal plane while two records are being 
made by two pens, as shown in Figs. 1 and 2. Each of 
these pens is operated by its own piston and spring- 
assembly. The pistons and springs are contained in 
cylinders mounted at either end of the instrument. 
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Fic. 1—FRONT VIEW OF THI 

This Instrum: Consists of a Conventional Clockwork Mechar 
in a Horizontal Plane and Records Are Made 

The pistons are operated by hydraulic pressure car- 
ried through flexible tubes that are connected with the 

ends of the cylinders by the fittings shown. As one of 

the pens produces a record of the driver’s effort applied 
at the steering-whee:, it must, therefore, not only record 
the time at which the effort is produced and its amount, 
but whether the driver is making a right-hand or a left- 

hand turn. As the instrument is held in the lap of an 
observer seated beside the driver, and as the strip-chart 
moves forward, or in the direction in which the car is 

traveling, to carry out the logical arrangement further, 
the recording-pens are designed to move to the right of 

a zero-line drawn through the middle of the strip-chart, 
when a right-hand steering-effort is being produced, and 

to the left of the zero-line, when a left-hand turn is made. 

RECORDING INST! F 

: That Has Bee So Modifi That the Strip Chart Move 
Sir i is] b the Two R rding Pens 

The arrangement of the parts is shown in Fig. 4. In 

the drawing at the left pistons a and b both lie in cylinder 
c. When pressure is admitted through openings d and e, 
these pistons move toward each other until the piston a 
meets the stud f, which projects from the piston b. The 

space left between the ends of the two pistons is just 
sufficient to allow the insertion of the pen-arm g. 

Connected with piston b is a steam-engine indicator- 

spring, the opposite end of which is connected with the 
cylinder-head. If a preponderance of pressure is on pis- 

ton a, the piston will move toward the left and, since it 
presses on the projection f, it will also move piston b 
toward the left, compressing the spring and pushing 

liquid out of the opening d. In this presumption, the 
part g of the pen-arm will also move to the left, moving 

Fic, 2 View Li 

Each of the Recording Pens Is Operated by Its Own Individual Piston 
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Fic. 3—REAR VIEW OF THE INSTRUMENT 

The Clockwork Mechanism Is Shown as Well as the Connections for Admitting Pressure to the Cylinders That Actuate the 
Recording Pens 

the pen itself to the right of the zero-li1e on the strip- 
chart. With a preponderance of pressure in the opposite 
direction, the pen will be moved to the left of the zero- 

line. The same result could be accomplished if the two 
pistons were made into one, but it was thought that 
better fits could be preserved by the method adopted. 

The drawing at the right of Fig. 4 shows the mounting 

of the pen-arm and of the capillary tube which dips into 
the inkwell so that ink is fed to the glass penpoint. 

WHEEL INSTRUMENT 

The instrument attached to the wheel is shown in 

Fig. 5. This is an auxiliary steering-wheel made with a 
universal bracket so that it can be mounted on.the driv- 
er’s wheel by clamping it to the wheel rim. Portions h 
of this mounting move rigidly with the driver’s wheel. 

At the point k, a bearing is turned on portion hk on which 
turns the auxiliary wheel j. In the rim of the auxiliary 

wheel j is inserted a cylinder that moves whenever the 
auxiliary wheel is moved. In this cylinder is a piston 
with a ball-joint in the center and connections with the 
other portion h. Two flexible tubes are connected at 
points 1, the opposite ends of the tubes being connected 
with the ends of the cylinder in the recording-instrument 
shown in Fig. 4. 

If the cylinders in Figs. 4 and 5 and the tubes con- 
necting them are filled with liquid, and if a steering ef- 
fort to the right is imposed upon the auxiliary steering- 
wheel,’ pressure will be set-up in the instrument and will 
be recorded on the right side of the zero-line on the 
strip-chart. A left-hand steering-effort produces a record 
to the left of the zero-line. 

SS 
~~ 

CEEKAL LEE EERE > 

— re 
E SMe 

eceant, 
NOOR. 

Ul 

RISE 
: > aa as 

yy , Ae Shy tbege- 

Fic. 4—SECTION THROUGH THE RBCORDING-INSTRUMENT CYLINDER (AT THE LEFT) AND THE PEN MOUNTING (AT THE RIGH?) 

The Movement of the Recording Pen Is Controlled by the Pistons a and Bb Which Move toward Each Other When Pressure 
Is Admitted to the Cylinder ec through the Openings d and e. If the Pressure Admitted through e Is Greater than That 
Exerted by the Steam-Engine Indicator Spring Connected to the Piston Db, the Stud f on the Piston b Is Forced to the Left 
and the End g of the Pen Arm Is Moved to the Left, Causing the Pen To Move to the Right of the Zero-Line on the Chart. 

Ink for Tracing the Records Is Fed from the Inkwell through a Capillary Tube to the Glass Pen-Point 
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DRAG-LINK INSTRUMENT 

Fig. 6 shows a pressure-producing instrument for use 
with the drag-link so that stress, alternation of stress, 
steering-effort, the result of impact, and road inequalities 
all will produce corresponding pressures in the liquid in 
the cylinder. These pressures, similarly, are transferred 
to the other cylinder of the recording-instrument. Rec- 
ords of results are thus made either to the right or to the 
left of the zero-line on the chart, simultaneously with the 
effort put into the steering-wheel by the driver. 

The reasons for making the drag-link instrument in 
the form shown are not of consequence. A standard 
drag-link, as used on the test-car, is cut off, threaded and 
screwed into the connection at m, Fig. 6, a separate 
steering-ball » is inserted into the steering-arm, and 

—- 

xx [ Section 

Fig. 5—THE STEERING-WHEEL PRESSURE-ELEMENT 

This Is in Reality an Auxiliary Steering-Wheel That Is Made with 
a Universal Bracket for Connection to the Rim of the Regular 
Steering-Wheel. The Portion h of the Mounting Moves Rigidly with 
the Driver’s Wheel. As the Auxiliary Wheel j Moves, Pressure Is 
Produced in the Cylinder Which Is Transmitted through the Two 
Flexible Tubes Connected at 1 to the Ends of the Cylinder c, Fig. 4, 

of the Recording Instrument 

flexible-tube connections leading to the recording-instru- 
ment are made at points o. 

It can readily be seen that if such instruments can be 
made to function properly the resulting charts will be 
full of interest and valuable information. One of the 
first considerations was whether the pens could record 
slight variations of wheel effort and drag-link stress and, 
in particular, whether both pens would act simultaneously 

in recording reactions that should produce simultaneous 

results. 
SENSITIVITY AND ACCURACY 

_ 
Fig. 7 proves that the wheel instrument is sensitive 

to slight effort on the driver’s part. Although the re- 
cording-instrument has not yet been calibrated, the solid 
line, which is the record of the driver’s effort, plainly 
shows very slight variations. A movement of 1 in. to 
the right of the zero-line theoretically represents an 
effort of 15 lb. at the rim of the steering wheel, which is 

18 in. in diameter. I believe that changes of steering- 
effort of only a few ounces can be plainly recorded. As 
steering-efforts of from 50 to 75 lb. can easily be pro- 

duced by ordinary drivers, the minimum readings would 
seem to be very satisfactory. 

Fig. 7 also proves that a change in drag-link stress fol- 
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Fic. 6—TuHE DraG-LINK PRESSURE-ELEMENT 

This Instrument Te Used with the Drag-Link and the Pressures 
Produced in the Cylinder by Stress, Alternation of Stress, Steering 
Efforts and the Result of Impact and Road Inequalities Are All 
Lransmitted wo the Uther Cyiimder of the Recording Instrument 
Records of These Results Are Made either to the Right or the Left 
of the Zero-Line of the Chart and Simultaneously with the Efforts 

Put into the Steering-Wheel by the Driver 

lows very closely a change in steering-effort. The drag- 
link line is shown by dashes. As the chart was made 
while driving on a smooth street, the drag-link stress is 

a result of.the driving-effort and is not a cause of the 
steering-wheel reaction. 

Theoretically, a l-in. movement of the drag-link to 
either side of the zero-line represents a stress of 150 lb. 
in the drag-link; it will therefore be apparent that the 
set-up of the instrument is in the ratio of 10 to 1 with 
respect to the drag-link and the wheel readings. Results 
thus far secured indicate that changes of only a few 
pounds in the drag-link stress can be plainly recorded, 
and prove that the two pens will move simultaneously, as 
is demonstrated at a number of places on the chart shown 
in Fig. 8. 

To do this, a rectifying template was made so that, 
when properly placed over the zero-line on the chart, two 
curves can be drawn, the lower one, marked “wheel,” rep- 

| 

\I5Lb 
yon Whee/ 

| /50 Lb.on 
Drag Link 

Fig. 7—CHART SHOWING SENSITIVENESS OF THE INSTRUMENT TO 

SLIGHT EFFORTS ON THE DRIVER’S PART 

The Record of the Driver’s Effort Is Shown by the Full Line and 
That of the Drag-Link Stress by the Broken Line. It Should Be 
Noted That the Change in the Drag-Link Stress Follows the Change 
in Steering-Effort Very Closely. As This Chart Was Obtained while 
Driving on a Smooth Street, the Drag-Link Stress Is a Result of 
Driving-Effort and Is Not a Cause of Steering-Wheel Reaction 
The Blur in the Drag-Link Line at p Was the Result of Some 
Imperfection in the Road Which Did Not React at the Steering- 
Wheel because of the Irreversible Characteristics of the Steering- 

Gear in the Car 
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; 15 AND 20 M.P.H. 
hd On This Chart the Drag-Link Line Has Been Increased 10 Times To Show How a Chart Would Look If the 
d, Two Pens Were Recording in a Ratio of Unity instead of 10 to 1. As This Record Is One of Driving Con- 
ia ditions It Will, in This Modified Form, Picture More Accurately the Very Wide Variations of the Proportion 
as between the Drag-Link Stress and the Wheel Effort. It Also Shows the Desirability of Securing Designs of 
m Steering Systems Which Will Absorb the ted To Make Comfortable Driving without Road Shock 

to the Driver 
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Fic. 10—CHART SHOWING THE EFFECT OF MAKING RIGHT-HAND 

TURNS 

| In the First Turn Which Was Rather Sharp the Effort of the 
| Wheel from z to y Was Greater in Proportion than the Resulting 
| Stress in the Drag-Link @-y,; after the Turn Had Been Made the 

Wheel Effort from y to « Decreased Much More en than the 
| Drag-Link Stress y-2:, Thus Showing a Decided Self-Righting 
i Tendency. In the Case of the Second Turn the Wheel Effort a,-b; 
| Is in a Proportion of Less than 10 to 1 when Compared with the 

Resulting Drag-Link Stress ae-b. and the Self-Righting Effect Was 
' Much Less. The Last Turn Is More Interesting as It Proves Not 

Only the Reversible Characteristics of This Particular Steering- 
ad Gear in the Extreme Position but Also the Speed of the Recording 

Be Instrument 

ge ' . 

es Fic. 9—CHART SHOWING THE EFFECT OF A CROWNED ROAD resenting the arc through which the wheel-needle travels, 
= | The Records of the Wheel Effort and the Drag-Link Stress Accom- and the upper one, marked “drag-link,” representing the 

é panying the Gradual Change in the Direction of a Car from the : E : 
~ ' Right Side of a Crowned Gravel Street over the More or Less Rough curve followed by the drag-link pen. If the wheel line 
<a Center Section to the Left Side Are Reproduced. The Maximum li ; simi : 
6 Wheel-Effort Was about 3 Lb. and the Maximum Drag-Link Stress and the drag link line both show a similar change _ 

about 30 contour at points where the rectifying curves intersect 
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Fic. 11—CHART SHOWING THE EFFECT OF RUNNING INTO A CURB 

At the Beginning of the Chart the Car Is Traveling Down the 
Middle of a Street with Practically No Wheel-Effort or Drag-Link 
Stress. A Quick Turn to the Left Was Made from g; to hi, the 
Drag-Link Stress Being Shown from gz to he. The Car Was Moving 
toward the Curb from i, to j,; and when the Left Wheel Struck the 
Curb at jz the Drag-Link Stress Instantly Increased Greatly to the 
Maximum at k. and Immediately Dropped to l. and in Both Direc- 
tions Followed the Rectifying Curve That Shows Instantaneous 

Action 

them, this fact is sufficient proof that the reaction is 

simultaneous. 
In Fig. 7, to prove this simultaneous action, rectifying 

curves have been drawn at two points. It should be made 
plain that, in producing such charts, a very accurate log 
of events must be kept, for otherwise it would be im- 
possible to differentiate between cause and effect. To 
secure charts that will tell properly a complete story 
requires a driver who will follow directions absolutely, 
an experienced observer and a stenographer to take 
dictated log data that refer to proper cipher records made 
on the chart by the observer while it is being produced. 

At the point p, Fig. 7, a blur appears in the drag-link 
line, the result of some road imperfection that did not 
react at the steering-wheel because of the irreversible 

characteristics of the steering-gear in this car. 

CHART FROM A GRAVEL STREET 

Fig. 8 is a chart that fairly represents the driving con- 
ditions on a gravel street when the car is moving at a 
speed of from 15 to 20 m.p.h. It will be seen that the 
solid wheel-line runs both to the right and to the left of 
the zero-line, just as the steering-wheel is unconsciously 
moved slightly by the driver. At no point in the wheel 

line is a steering-effort shown that exceeds 1 or 2 lb. 
Also, at no point on the chart is there a pronounced 
similarity between the drag-link line and the wheel line. 
The drag-link line actually produced by the instrument 
is the dotted line nearest to the zero-line. 

On the chart, the dotted drag-link line has been in- 
creased 10 times, to show how the chart would look if 
the pens were recording in a 1 to 1 instead of a 10 to 1 
proportion. As this is a record of driving-conditions, it 
will, in modified form, depict more truly the very wide 
variations of proportion between the drag-link stress and 
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the wheel effort. It will also show the great desirability 
of securing designs of steering-systems that will absorb 
the drag-link forces and produce comfortable driving 
without road shock to the driver. A steering-gear may 
be irreversible in one car and extremely reversible in 
another. Some gears are reversible in all cars; others 
irreversible in all cars. 

The subject of reversibility of steering-gears is worthy 
of separate consideration. It includes overall efficiency, 

helix angles, the character and the shape of the surfaces 

in contact, the kind of lubrication, and the rapidity of 
the change of stress in the drag-link. 

The drag-link at the point gq, Fig. 8, shows a sudden 
and abrupt change in stress amounting to perhaps 75 lb., 
yet only a bare trace of the reaction, amounting to only a 
few ounces, appears at a similar point in the wheel line. 
This fact should be noted particularly, because the 

steering-gear under test had irreversible characteristics 
under ordinary straightaway driving-conditions, but, on 
the other hand, had very reversible characteristics when 
moved much to the right or much to the left, when mak- 
ing turns, as will be shown later. 

It has been particularly gratifying to find that the in- 
struments produce simultaneously curves having similar 
characteristics, and, in other cases in which conditions 
are different, produce curves of dissimilar characteristics. 

CHART OF THE CROSSING OF A CROWNED ROAD 

Fig. 9 shows the gradual change in direction of a car 
from the right-hand side of a crowned gravel street over 
the more or less rough central section to the left-hand 
side. It must be remembered that the chart moves away 
from the observer, in the direction of car travel, or up- 
ward when observed as in the illustration; the record, 

therefore, must be read from the top downward. 
Beginning at the top, in Fig. 9, it is seen that the 

wheel shows pressure to the left of the zero-line, but only 
slightly to the left. The drag-link also shows effort to 

the left, which is correct, for the tendency of the car is 
to crawl toward the right; a left-hand steering-effect is 
therefore necessary to counteract it. At the point r, a 
slighter steering-effort to the right is shown to be neces- 
sary to keep the car in the desired direction. At the 
point s, an effort to the left was produced, to change the 
direction of the car. 

After the direction had been changed, the wheel effort 
lessened at t, but the car was then traveling over a 
rougher section, so that the drag-link pen reacted to’ the 

greater and changing stress; but no road shock was pro- 
duced in the wheel. At wu, the drag-link stress lessened 
as the crown of the road was reached. 

At v, another left-hand steering-effort was made, but 
without drag-link reaction, as the car was about to go 

over the crown. At w, the car went over the crown, the 
stress in the drag-link was reversed, and the wheel effort 
again returned to zero as the smoother road to the left 

of the crown was reached. The maximum wheel-effort in 
the chart is about 3 lb. and the maximum drag-link 
stress about 30 lb. 

TURNING-EFFECTS 

Fig. 10, at the top of the chart, shows a sharp turn to 
the right. It will be noted that, during the making of 
the turn from 2 to y, the wheel shows an effort greater 

in proportion than the resulting stress x, to y, in the 
drag-link, for the reason that, in this particular steering- 
gear, the ratio changed rather quickly from 15.5 to 1.0 
in the mid-position to 7.5 to 1.0 in the turns; conse- 

(Concluded on p. 248) 
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Wheel Shimmying: Its Causes and Cure 
By O. M. Burxnarpt! 

ANNUAL MEETING PAPER 

ABSTRACT 

NHIMMYING is an oscillating motion produced by 
\J repeated impacts or forces in the linkage of a 
mechanism that lacks stability or has become loose 
because of wear. Although previously existent in 
chassis in which the steering gear was imperfect, it 
has become particularly noticeable since the introduc- 
tion of low-pressure or balloon tires. But increasing 
the rigidity means increasing the unsprung weight, 
which, in turn, means greater impacts, hence, more 
shimmying. This is apparent in the effect produced 
by front-wheel brakes. Consequently, as the amount 
of looseness that can be removed is limited, the pe- 
riodic forces that cause shimmying must be overcome. 

Tke propensity of low-pressure tires for assuming 
periodic rebounds when traversing bumpy roads and 
for causing shimmying and tramping, as well as pitch- 
ing and bobbing, is illustrated by an example involving 
the use of springs; and the deduction is made that in 
order to minimize its ill effects, the kinetic energy 
stored, in the tires must be absorbed. Another example 
proves that only 76 per cent as much kinetic energy is 
stored in high-pressure tires as in balloon tires. 

Lateral stability in a tire is a very desirable feature. 
The lack of it in balloon tires kas a profound effect 
on the steering and produces shimmying. Backlash 
will cause the same result in cars having center-point 
or near center-point steering. 

The use of a dash-pot, which prevents the lateral 
forces from synchronizing and, therefore, from gain- 
ing momentum, and of friction-discs mounted on the 
king-pin and the knuckle-shaft, to absorb kinetic en- 
ergy, is recommended as having a beneficial effect. The 
three remedies for shimmying suggested by the author 
are: 

(1) Design so that no slackness can develop 
(2) Design for rigidity 
(3) Use effective devices to absorb kinetic energy 

wherever it is likely to accumulate 

INCE the introduction of balloon tires, front-wheel 
shimmying has, under certain unfavorable condi- 
tions, become epidemic. The phenomenon was 

known to exist in some chassis before balloon tires came 
into prominence. Low-pressure tires, however, have ac- 

centuated the nuisance in chassis in which steering was 

already imperfect, and in chassis that were free from 
shimmying the symptoms have become noticeable be- 
cause of their use. 

To produce shimmying in the linkage of a mechanism, 
repeated impacts or forces must first be present. Sec- 
ondly, inasmuch as shimmying is an oscillating motion, 

it is obvious that looseness and lack of rigidity of the 
mechanism are to blame for its occurrence. 

In time, some wear will take place in any mechanism 
and this unavoidable property greatly increases the dif- 
ficulty of permanently overcoming the evil under con- 
sideration. It is difficult to design a complete steering- 
mechanism of high rigidity and at the same time keep 

the unsprung weight low. Only reluctantly can we ac- 

mea Ee -Consulting engineer, Pierce-Arrow Motor Car Co, 
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Fic. 1—EXAMPLES OF SPRING DEFLECTION UNDER THE SAME WEIGHT 

At the Left Is a Light Spring Having a Deflection Rate of 250 Lb.; 
That is, It Deflects 4 In. under a Load of 1000 Lb. The Spring at 
the Right Has a Deflection Rate of 1000 Lb. and Deflects Only 1 In. 
under the Same Load. The Potential Energy Stored Up in the Two 
Springs Is 2000 and 500 In-Lb, Respectively. The Two Springs 
Are Readily Comparable to a Balloon and a High-Pressure Tire and 
the Numerical Values Help To Make Clear the Fact That a Balloon 
Tire Has a Much Greater Capacity for Absorbing Potential Energy 

than Has a High-Pressure Tire 

cept an addition to the unsprung weight, because this 
means greater impacts, hence, more shimmying. The 
effect produced by front-wheel brakes is sufficient proof 
of this line of reasoning. Being limited in regard to the 
amount of play and looseness that can be removed, we 
must endeavor to eliminate the periodic forces that, by 
supplementing the wear in the mechanism, produce 
shimmying. 

PERIODIC FORCES BETWEEN TIRES AND ROAD 

A low-pressure tire is capable of absorbing consider- 
ably more energy than is a high-pressure tire. For 
this reason, a balloon tire very readily assumes a periodic 
rebound on slightly bumpy roads. This characteristic is 
important because it is mainly responsible not only for 

4450 lb” 

r “Path of Axle 

i eteieet Wheel 
25M PH=36.7F tperSec 

Minimum Vertical 
Acceleration ane 

ng t?. (56-7) 
: 2s" © 
a= 337 Ft.per Sec. per Sec 

‘ / 

lime 3,7 Sec 
Fic. 2—VERTICAL ACCELERATION OF A WHEEL IN GOING OVER AN 

OBSTACLE 2% IN. HIGH 

In the Example Illustrated the Wheel Is Assumed To Have a 
Velocity of 25 M.P.H. or 36.7 Ft. per Sec., and in Traveling Forward 
1 Ft. the Axle Rises 1% In. The Acceleration Is Determined by 

the Formula a(t?/2) and Equals 337 Ft. per Sec. per Sec. 
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shimmying and tramping but also for the disagreeable 
phenomena known as pitching and bobbing. 

To make this point clear, let us look at Fig. 1. At the 
left we have a light spring of 250-lb. rate, hence, it 
deflects 4 in. under a load of 1000 lb. The potential 
energy stored in the light spring is 2000 in-lb. We also 

have, at the right, a heavier spring of 1000-lb. rate, 
hence, this spring deflects only 1 in. under a load of 1000 
lb. The potential energy stored in the stiffer spring is 
only 500 in-lb., or one-quarter of that stored in the light 
spring. 

By a slight stretch of the imagination, we will agree 
that the light spring is comparable to a balloon tire, 
while the stiff spring represents a high-pressure tire. 
Even though the numerical values assumed are not those 
directly derived for tires, they should help to make clear 
that a balloon tire is capable of absorbing much more 
potential energy than is a high-pressure tire. This 
characteristic is very important yet very susceptible of 
being misunderstood. For instance, we may take two 

wheels of the same design, one shod with a high-pres- 
sure tire, the other with a balloon tire. If these two 
wheels are dropped from a given height, each will re- 

bound a distance corresponding to the kinetic energy 
involved. In a motor car, however, we have springs 
above the wheels, and the springs carry the largest part 

of the load. 

When a load falls on both the springs and the tires, if 
the tires are of the high-pressure type, the springs will 
absorb nearly all the kinetic energy, whereas, if they are 
of the balloon type, a large part of the kinetic energy 
will be stored in the tires. 

Momsagstt AAU g EA gate foo os LAUT! 

Fig. 3—THE LACK OF LATERAL STABILITY IN BALLOON TiReES Has 

CONSIDERABLE EFFECT ON STEERING AND CAUSES SHIMMYING 

The Point p Represents the Point of Contact between the Tire and 
the Road, but, under the Influence of a Lateral Force That May 
Originate from an Unevenness in the Road and Cause the Chassis 
To Sway Sidewise for the Distance zx, the Tire Becomes Distorted 
and the Center of Its Contact Area Is Now Located at p;. This 
also Causes the Distance b between the Point of Tire Contact with 
the Road and the Point of Intersection of the Axis of the King- 
Pin with the Road, Which Represents the Length of the Lever-Arm 
through Which All Forces Acting between the Tire and the Road 
Impact a Turning-Moment to the Knuckle Shaft, To Increase or 
Decrease by x for Movement of the Chassis to the Left for Right 
and Left Wheels Respectively. This Change in the Length of the 
Lever-Arm Produces an Unbalance in the Steering Mechanism and 

Is Responsible to a Great Extent for Wheel Shimmying 
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STIFFNESS OF SPRINGS VERSUS INFLATION PRESSURE 

The accumulation of energy increases in direct pro- 
portion to the stiffness of the chassis springs and de- 

creases as a function of the inflation-pressure. This 
statement is borne out by observing that balloon tires, 
under the relatively stiff front springs, give much more 
trouble that do those under the rather flexible rear 
springs. Hence, the use of stiffer springs will not re- 

move bobbing and tramping. Bobbing occurs when the 

deflection of the front spring synchronizes with the de- 
flection of both front tires. If the tire and the spring 
of one side are one-half cycle behind the tire and the 
spring of the other side, tramping is produced. 

From this analysis, the cure, of course, is obvious. 
We are dealing with kinetic energy and in order to 

minimize its ill effects we must resort to devices de- 
signed to absorb kinetic energy. As, however, we have 
no devices to absorb the energy stored in the tires, it 
cannot be good practice to use low-pressure tires and at 
the same time stiffen the springs. It is desirable that 
all road shocks should be absorbed by the tires and the 
springs, but at present the greater part of the shocks 
must be taken by the springs, because to them can be 
applied the means of absorbing the kinetic energy; and 
kinetic energy is the root of this evil. 

In further support of this fundamental law, we have 
observed that balloon tires, when fitted to cars with 
four-wheel brakes, give more trouble than when fitted 
to cars with no brakes on the front wheels. In the light 
of our theorem, the answer is simple. 

The unsprung weight of the front axle of a car having 

front-wheel brakes is about 425 lb. From Fig. 2, we 

note that the vertical acceleration, when going over an 
obstacle, is about 337 ft. per sec. per sec. This gives a 
pressure between the tire and the road of 

P = (425 ~ 32.16) x (337 ~ cos 20 deg.) = 4750 lb. 

The unsprung weight of the front axle of a car with- 
out front-wheel brakes is about 325 lb. The pressure 
between the tire and the road is, of course, in direct 

proportion to the unsprung weight; hence, without front 
brakes, we have only 100 « (325-425) = 76 per cent 
as much impact and, consequently, only 76 per cent as 
much kinetic energy is stored in the tires. 

INSTABILITY OF BALLOON TIRES 

Considerable attention has been called to the fact that 
lateral stability is a most desirable feature in a tire. 
The Dunlop Company was the first to realize the disad- 
vantages of the balloon tire in this respect; and some 
users of balloon tires have also noticed that their cars 
roll when turning curves. 

Lack of lateral stability has a profound effect on 
steering and causes shimmying. The following analysis 

will help to prove this contention. 
Let us observe Fig. 3. Normally, the point p, being 

located in the plane of symmetry of the wheel, repre- 
sents the point of contact between the tire and the road. 
But, under the influence of a lateral force, which may 
originate from an unevenness in the road, the chassis 

will sway sidewise a distance x. The tire has now be- 
come distorted with the center of the contact area at p.. 
This distortion causes an unbalanced condition; con- 

sequently, according to the principle of simple harmonic 
motion, the chassis will sway in the opposite direction. 
Point a represents the intersection of the axis of the 
king-pin with the road. The distance ap = b represents 
the length of the lever-arm through which all forces 

acting between the tire and the road impart a turning- 

moment to the knuckle-shaft. 
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The axis of the king-pin being the axis of rotation, it 

is now obvious from Fig. 3 that, if the chassis sways to 
the left, the lever-arm b for the right wheel will increase 
to b+ x, whereas for the left wheel it will decrease to 

b—z2x. This change in the length of the lever-arm 

causes an unbalance in the steering mechanism that is 

very largely the cause of shimmying. By means of a 

sketch, we can analyze this a little better. 
For instance, Fig. 4 represents a plan view of a 

primitive :chassis. The dotted areas under the front 
wheels represent the tire contact, while the forces F 
represent the road resistance, or the retarding force, or 

both. 

From the layout of the mechanism, it is obvious that, 
on a perfectly smooth road, we have in the tie-bar two 
equal and opposite forces F (c/d), which hold each other 
in equilibrium. Through some disturbance, however, a 
lateral sway of the chassis may change the lever-arm b, 
as previously stated, so that on one end of the tie-bar 

we have a force 
F.= F{(6 + x)/c] =F (c/d) + F (x/d ) (1) 

and on the other end we have a force 
F, = F ((b —«x)/c] = F (c/d) —F (/d) (2) 

The difference between F’, and F, is 
F,—F,= F (c/d) + F (x/d) —F (c/d) + F (x/d) 

— 2F (x/d) (3) 

This force 2F (x/d) causes the wheels to deviate in one 
direction. Immediately, as the chassis sways back, the 
force 2F' (x/d) goes through zero to the negative maxi- 

mum, causing the wheels to deviate in the opposite 
direction. 

EFFECT OF ALTERNATING FORCES 

Such alternating forces will, of course, cause a shim- 

mying, unless the parts are fitted so snugly that the 
alternating forces are absolutely prevented from gath- 
ering momentum. If, however, the slightest slackness 

exists in the linkage, the wheels will swing with an ever- 

increasing amplitude and, inasmuch as the steering 
mechanism is not irreversible, it is obvious that the 
steering-wheel will partake of the oscillation known as 

shimmying. 

It will be noted that the force that induces shimmying 

is independent of the length of the lever-arm b. It is 
well known, however, that cars with center-point steer- 
ing, or near center-point steering, shimmy very much 
worse than do others that have been designed so that 

a substantial lever-arm b exists between the king-pin 
axis and the center of the contact area. There is a very 

good reason that this should be so. In the case of cen- 
ter-point steering, the length of the lever-arm b may 

well be smaller than the sidesway. To give an example, 
let us take the values, b= % in. and x= % in. Sub- 

stituting these values in equations (1) and (2), we have 

the force F’, acting at one end of the tie-bar 

Fic. 4 DIAGRAM FOR ANALYZING WHEEL SHIMMYING 

This Drawing Represents a Plan View of a Primitive Chassis; the 
Dotted Areas under the Front Wheels, the Tire Contact; and F, the 
Road Resistance or the Retarding Force or Both. On a Perfectly 
Smooth Road Two Equal and Opposite Forces F(c/d) in the Tie- 
Bar Hold Each Other in Equilibrium. If However a Lateral Sway 
of the Chassis Changes the Lever Arm b, the Forces then Differ by 
an Amount 2F(a2/d) Which Causes the Wheels To Deviate in One 
Direction. As the Chassis Swings Back the Force Passes through 
Zero to the Maximum in the Opposite Direction, Causing the Wheels 
To Deviate in the Opposite Direction. These Alternating Forces 
Cause Shimmying unless Everything Is Fitted So Snugly That These 

Forces Are Prevented from Gathering Momentum 

F, = F [(1/2 + 5/8)/d] = [(1-1/8)/d] F 

and for force F,, acting at the other end of the tie-bar, 
F,=F [(1/2 —5/8)/d] = [(1/8)/d] F 

We note that F, has changed from a positive to a 
negative value. Inasmuch as we have chosen signs, the 
negative sign implies that F, is not opposing F,, but 

both act momentarily in the same direction. The re- 
versal of the force F, and the tendency of both forces to 
act in one direction remove all possible strain and back- 
lash in the linkage. As we all must agree that backlash 
induces shimmying, this analysis should be sufficient to 

show why cars with center-point or near center-point 

steering will shimmy very easily. 
We may now check our analysis with the results ob- 

tained with a dash-pot developed by the Goodyear Com- 
pany. Even though this device acts on only one wheel, 
it prevents the lateral forces from synchronizing and, 
what is more important, prevents the forces from gain- 
ing momentum. 
We know that friction-discs mounted on the king-pin 

and the knuckle-shaft will reduce shimmying, because 
they absorb kinetic energy. 

The remedies for shimmying, according to this analy- 

sis, are 

(1) Design so that no slackness can develop; for in- 
stance, use ball-and-socket joints, with springs 
to take up wear 

(2) Design for rigidity; that is, use strong levers and 
large-diameter tubes for the tie-bar and the 
drag-link 

(3) Use effective devices to absorb kinetic energy 
wherever it is likely to accumulate 

PERUVIAN PETROLEUM 
JERU is first in both the production and the exportation 

of petroleum in South America, and already takes eighth 
place among the petroleum producing countries of the world, 
having outranked Poland in both 1922 and 1923. The 1923 
Peruvian production has been estimated at more than 6,000,- 
000 bbl., a considerable increase over the figures for 1921 
and 1922, and reports following exploratory surveys indicate 
a probability of the existence of its richest petroleum fields 
in a region as yet inaccessible for exploitation. 

Consumption is small in Peru, owing to the low purchasing 
power of the people and the small industrial development of 

the country. Official statistics for 1921, the last available, 
show a per capita consumption of about 1 gal. for a popula- 
tion of approximately 4,500,000. Figures for previous years 
indicate that the consumption is increasing, but the increase 
in the production has been more rapid, so that exportation 
remains the principal petroleum trade influence in the coun- 
try. Small imports of the refined products, largely from the 
United States, are recorded, the receipts of kerosene having 
steadily decreased threugh the last several years. Lubri- 
cants and paraffin form the largest items of importation.— 
Commerce Reports. 
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ABSTRACT 

HIMMYING, although known for many years, did 
not become a serious problem until the arrival of 

the balloon tire and the four-wheel brake. Apparently, 
shimmying is of two kinds: the low-speed variety, 
which is merely a persistent front-wheel wabble with- 
out an abnormal bouncing of the axle, and the high- 

speed species, which is chiefly a persistent bouncing of 
the axle accompanied by wabbling of the wheels. The 
two most obvious effects are wheel wabble and axle 
bounce. 

As low air-pressure seemed to be the cause, the at- 
tention of the tire makers was first devoted to stiffen- 
ing the body of the tire in various ways, but the results 
obtained were not satisfactory; and the conclusion was 
reached that the solution lay in making the car control 
the tire rather than attempting to control the car 
through the design of the tire. These considerations led 
to a search for mechanical means of control. A form 
of stabilizer appeared to be efficacious in checking axle 
bounce, and an hydraulic damper, similar in principle 
to that of an ordinary door-check, in preventing wheel 
wabble. Although successful in preventing shimmy- 
ing in open cars, these devices eliminated only from 60 
to 70 per cent of the axle bounce in closed cars. This 
is believed to be a resonance effect between the tires 
with their unsprung weights and the body springs with 
their loads, and should be worked out mathematically. 
The author concludes that relief is to be found in the 
mechanical features that control the tires. 

INCE the arrival of balloon tires and four-wheel 
Sy brakes, the company with which I am associated 

has been interested in the violent shimmying that 

arrived with them. This form of trouble has been known 
for many years but has not heretofore been a serious 
problem because it never has been particularly violent. 
Natural friction in the parts of the steering-gear and the 
use of ordinary snubbers were sufficient to keep it under 
control. With the arrival of large low-pressure tires, 
however, shimmying became more prominent although 
not severe enough to demand serious attention. But 

four-wheel brakes, with their hammer-head weights in- 

1 Research division, Goodyear Tire & Rubber Co., Akron, Ohio 

Although Actually Built and Used, 
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The Prevention of iene > 
By R. B. 
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This Damper Was Found To Embody Several Undesirable Features 
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Fic. 2—AN IMPROVED FORM OF DAMPER ( 

Its Advantages Include a Twisting Stem That Does Not Carry Dirt 
into the Stuffing Box, the Pressure of the Working Fluid Comes on 
Blind-End Cavities Rather Than on the Stuffing-Box, a Storage 

Chamber for Fluid and Less Leakage 

side the front tires, 
shimmy troubles. 

It soon became apparent that shimmying is of two 
kinds, low-speed and high-speed. Low-speed shimmying 
is merely a persistent front-wheel wabble without any 
abnormal bouncing of the axle. High-speed shimmying, 
as commonly observed, is chiefly a persistent bouncing 
of the axle, accompanied by wabbling of the wheels. In 
reality, the subject is made clearer by speaking of two 
effects, wheel wabble and axle bounce. Pure wheel- 

wabble is found to occur at speeds ranging from 5 to 
50 m.p.h.; axle bounce, mixed with wheel wabble, at 
speeds ranging from 45 to 75 m.p.h. Practically un- 

caused a startling increase in 
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Fic. 1—OrIGINAL TyPE OF DAMPER TESTED 
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mixed axle-bounce may be obtained by preventing wheel 
wabble; but it is not common. 

Car manufacturers naturally accuse the tires of being 
the cause of the trouble; and, naturally, the tire makers 

resented this accusation. They had observed the in- 
crease of wheel wabble that came with balloon tires, but 
this effect was negligible when compared with that which 

followed the use of four-wheel brakes. It was observed 
early that balloon tires with high inflation-pressures 
were practically free from wheel wabble and axle 

bounce. It was evident, therefore, that low pressure 

was one of their causes. Low pressure, however, could 
not be called a fault, because the sole purpose of the 
balloon tire is to carry the car on low-pressure air. 

CHANGING THE TIRE Bopy 

As nothing could be done to alter the characteristics 

of the air enclosed in the tire, the attention of the tire 
maker was devoted to changing the body of the tire. It 

was found that, by stiffening the tire in various ways, 

some favorable effect on wheel wabbling could be pro- 
duced, but the effect on the bouncing of the axle was very 
small. On the whole, such attempts to mask the proper- 
ties of the air confined in the tire have not yielded re- 
sults that have been worth the effort. The reason, of 
course, is that the tire is very thin and flexible, relatively 
to the loads that the enclosed air must carry. Even 
though the tread and carcass be materially stiffened, the 

effect must be relatively small. The conclusion is, that 

the correction for wheel wabble and axle bounce can be 
found only in using higher air-pressure within the tire 

itself, thus partly or entirely defeating the fundamental 

purpose of the low-pressure tire. As stated, the correc- 
tion is to be found in making the car control the tire 
rather than attempting to control the car through the 

design of the tire. 

A MECHANICAL MEANS OF CORRECTION 

Such considerations led our company to look for a 
mechanical means of correcting the trouble, that is, from 

the point of view of the car-builder. The clear distinc- 
tion between wheel wabble and axle bounce suggested 
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Fic. 3—PLAN VIEW OF DAMPER 

Showing Method of Mounting over the Front Axle and between the 
Left Front-Spring and the Wheel 

that each of these motions might be restrained by prop- 

erly located damping-devices. A crude type that was 
actually built and used on our demonstration car is 
shown in Fig. 1. In Fig. 2 is a design that might be 

Fic. 4—PosiTION OF DAMPER ON FRONT AXLE 

The Cylinder Is Clamped to the Rear Side of the Front Axle and the Piston-Rod Is Attached by a 
Connecting-Rod to a Part of the Front Brake-Housing 



Vol. XVI 

194 

made into an acceptable commercial device. Various 
stabilizers on the market have mechanical elements that 
might be employed to check axle bounce, while an hy- 
draulic damper, acting on the principle of an ordinary 
door-check, might be used. The stabilizers would act in 
the vertical plane; the damper, in the horizontal plane. 
After a considerable amount of experimental work, we 
found that we could keep all forms of shimmying en- 
tirely out of our open test-cars. Ordinary stabilizers 
were used without alteration. The damper used is 
shown in Fig. 3. It consists of a small cylinder and a 
piston that pumps oil back and forth through a bypass 
between the two ends. The cylinder was clamped to the 
rear side of the front axle and the piston-rod was at- 
tached by a connecting-rod to a part of the left front 
brake-housing. Fig. 4 is a front view of the front axle 

showing the cylinder of the damper in position. 

PREVENTION OF WHEEL WABBLE AND ROAD SHOCK 

We found that the damper not only prevented wheel 
wabble but completely eliminated the road shock com- 
monly felt by the hand on the steering-wheel, for the 
reason that the resistance of the damper to a suddenly 
applied load is very high. On the other hand, the re- 
sistance to steering is low enough to be negligible. The 

wheels would caster back into the straight-running posi- 

tion very much as they did with the damper removed. 
Resistance to slow motion was low. 

In attempting to use these pieces of apparatus on 
closed cars, we found that the shimmying effects were 
much more severe than they were on open cars, and that 
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the stabilizers and dampers used on open cars would 

prevent only from 60 to 70 per cent of the axle bounce to 
which closed cars were subject. The closed body of a 
shimmying car, when placed on the chassis of a non- 
shimmying car, tended to carry the shimmying effect 
with it. 

Even though these few experiences show that axle 

bounce is more difficult to handle on closed cars than on 

open cars, they serve to intensify the general belief that 
axle bounce is a resonance effect between the tires with 
their unsprung weights and the body springs with their 

loads. Each front-wheel brake is a hammer-head that 
strikes downward against the tire, then upward against 
the body springs. The impact against the springs moves 
the car body. When the impulses produced by the 
bounding of the axle attain a period that synchronizes 

with the natural period of the body and its springs, a 

resonance condition is reached in which the action is very 
severe. This action will be maintained as long as the 

car speed is maintained. Such interaction of the springs 
and the weights is subject to mathematical treatment. 
When the mathematical analysis has been completed, it 

should be possible to tell what effects may be expected 
from changes in tires, springs, weights of parts or 
weight distribution. 

In conclusion, I wish to restate my belief that shim- 
mying cannot be corrected by changing the design of 

the tire, nor can high pressure give a correction that 

will be really acceptable to a driver who desires the 
comfort of low-pressure air. The answer is to be found 
in the mechanical features that control the tires. 

THE CHANGING WORLD 
HERE are 600,000 men in the American colleges, which 

is 70 per cent as many men as have been graduated from 
the American colleges since the time when American colleges 
first were established. Obviously, the relationship of the 
college man to the community is going to be very greatly 

changed under any such circumstances as these. College 
men are not unusual in any community at the present time, 
and the further sad fact prevails that the man who holds 
a college diploma is not necessarily either a man of unusual 
attainment or one of unusual capacity. 

It is only a little more than 100 years ago that it took only 
12 horses and 2 coaches to take care of all the traffic between 
New York City and Boston. 

Distance is not a matter of measured miles; distance is a 

matter of time consumed in getting somewhere or in com- 
munication with one in some place. We are almost certainly 
on the threshold of developments which will be even more 
rapid and more revolutionary than anything we have ever 
yet known. The world is changing so rapidly that we can- 
not safely tie up to any sort of rigid thought; we cannot 
accept in politics, in social theory, in religion, or in any 
other matter, a fixed system of belief, no matter how good 
that belief may seem to have been, without examining it 
and without attempts to understand whether that belief 
adapts itself to the needs of the present day and whether it 
can be applied to the developing problems of days before us. 
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We need to keep before us recognition of the fact that the 
world is changing faster than it ever has changed before. 
All the extraneous aspects and internal attributes of the 
world being different from what they have been, it becomes 
exceedingly necessary that we examine and reexamine all 
that we have accepted as basic in a theory of life adjusted 
to entirely different circumstances. 

The college course is the only open period of time that we 
have in adult life at the present day. I believe that the man 
will be a better specialist who utilizes the college course for 

studying those things which are going to be farthest away 
and most inaccessible when he gets outside. In a world where 
the pressure upon men is so heavy, in a world where limita- 
tions so fasten themselves upon the lives of men, and where 
the competitive features are so strong as they are at the 
present time, the man who is going to derive from his college 
course maximum benefit should get from his college course 
color and perspective which will not again be so generously 
available to him. 

Life never was as interesting as at the present time. Life 
never offered the challenges that it does at the present time. 
The colleges, in spite of all their faults and of all their weak- 
nesses and of all their mistakes, never offered to the student 
such opportunity for developing the intellect as they do at 
the present time.—From an address at Harvard University 
by President Hopkins of Dartmouth College. 

—— 
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Saturation-Point for Motor Cars Pushed 
Ahead to 27,000,000 

By Leonarp P. Ayres! ANNUAL DINNER ADDRESS 

ABSTRACT was producing a good, hot spark because, when you 
NE car per family is the measure of ultimate use went around to the rear of the car and leaned down to 
of the automobile, for the same reason that one crank it, your ear came into contact with the spark-plug. 

bathtub and one telephone serve the needs of the family Since that time we have produced in this Country some 
unit in their respective fields of utility. Thousands of « 24,000,000 automobiles, of which more than 1,000,000 
families will own more than one car and many business 
concerns will operate fleets of cars and trucks but the 
number of such extra machines will be offset by hun- 

have been exported, nearly 6,000,000 have worn out and 
about 17,000,000 are now in use. To buy and run these 

; —en ’ automobiles, we have spent more than $40,000,000,000, 
dreds of thousands of families that cannot own even which is a sum so vast that it is impossible for anyone 
one because of poverty or circumstances of location t ee i t it i It i Sinoat tiles 's 
which make an automobile useless to them. There © FOhune BUY owe + sel s oem rae wee 38 
are approximately 27,000,000 families in the United great as our military expenditures during the World 

States and, as the present number of automobiles in War. It is almost twice as much as the entire expendi- 
use is about 17,000,000, there are still ample oppor- tures of our National Government from the first admin- 
tunities for salesmanship. istration of George Washington through the first admin- 

Insatiable demand for motor cars arises from the istration of Woodrow Wilson. It is far greater than all 
inherently competitive nature of the product. It is 
constantly being compared as to appearance and per- 
formance with other cars in the street and on the road, 

the present indebtedness of our National Government, 
our States and all our municipalities. With that much 

eae Pp. aby- money our Revolutionary War could have been kept 
whether standing or running. The desire for posses- running for 2000 years at the rate of expenditure which 
sion is universal and, as cars wear out rather quickly, ? J 

the desire for a new one is never remote. Whether the it actually involved. That sum would have restored all 
industry can continue to make and market automobiles the devastated regions of France six times over. ‘ 
at the present rate depends upon the number of cars Durins this quarter of a century the automobile has 
the American people will use at one time and on the been getting constantly better and progressively cheaper, 
average length of service of the cars. The sustaining despite the fact that the raw materials entering into it 
demand must come from the normal family, which has have advanced greatly in cost. This amazing result has 
an average income not much in excess of $2,000 a year. 
If the number of cars in use should settle down to a 
constant of about 18,000,000, the average length of life 

been brought about by enormous advances in the effi- 
ciency of manufacture. When my first car was built, the 

P . rate of output in automobile and parts factories was 
of the cars will determine the number of new ones sold equivalent to each workman producing one car in 8 
annually. If the average length of service were 6 th N it j heilieat h ner 8 . 
years, the replacement requirement would be 3,000,000 areas OW B 18 CQUIVAIH’E CO CACH WOFKSE VETEINE 
a year, but, as cars become better and last longer, this out one car a month. : - 5 
figure tends to shrink so that, if the length of life is 8 In the entire history of industry there is no achieve- 
years, the number required to replace worn out cars ment comparable with that of the American automobile 
will be only 2,000,000. industry for rapidity of expansion, improvement in the 

These considerations are of real import, because the quality of product and advance in the efficiency of opera- 
annual producing capacity of American factories is tion. Two questions present themselves for answer. The 
probably at least 5,000,000 cars and the industry has first is: What has been the cause of this amazing de- 

now entered the period of diminishing numbers of first J . velopment? The second is: Can comparable progress 
purchasers, the potential replacement demand being : : 9 ; : F . continue in the future? 
cut down by the increasing length of service that is 
being built into new machines. This combination of INHERENT COMPETITION CREATES DEMAND 
conditions constitutes a hazard for the future of the 
industry and the solving of the problem depends upon My own opinion is that the explanation for the in- 
the ingenuity, skill, enterprise and energy of the engi- satiable demand for more and better automobiles is to be 
neers and manufacturers. Because of the highly com- found in the fact that the automobile is the most in- 
petitive nature of automobiles, the normal American herently competitive article ever manufactured. I do not 
citizen will continue to want new and better ones just 
so long as automotive engineers can continue to design 

new cars featuring genuine improvements, in which 

mean merely that the industry is competitive; I mean 
that every automobile is always in competition with 

ely cia edi Raa eee every other automobile. Consider the inherent nature 
‘here is an open and boundless Held. of the automobile. The desire to possess one is universal; 

Sales prospects for 1925 are distinctly good, owing to . . é - 
the balance of fundamental economic forces. The 50 people constantly think about it. The cost is con- 
author forecasts a production of about 3,600,000 auto- siderable; so they give it careful thought. It wears out 
mobiles this year. rather rapidly; so the prospect of getting a new one is 

never very remote. The old one can always be sold; 
LITTLE less than 25 years ago I bought an auto- which makes the possibility of getting a new one appear 

Awe It was an Orient. It steered with a more reasonable. When an automobile is not in use, it 
handle and had a one-cylinder engine over the’ stands out in front of the house, where the neighbors 

rear axle. You could always tell when the dry-battery compare its appearance with that of the one parked just 
a ahead of it and the one standing directly behind it. At 

! Vice-President, Cleveland Trust Co., Cleveland. such times it is passively competitive. When it is in 

. 1 vo) or 
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use, its owner compares its pick-up and acceleration with 
those of the other cars at every cross-street where 
traffic is halted and started by a police officer, and each 
time he goes up a hill he compares its power and speed 
with those of the cars that pass him. At these times the 

automobile is in active competition. 
The result of this continuous competitive comparison 

is that everybody who does not own an automobile wants 
one and everybody who does own one wants a new one. 
No other manufactured article has ever produced so uni- 
versal a covetousness. We are but mildly interested in 
other peoples’ fountain pens or safety razors or watches. 
If we have a piano or a victrola, we do not worry that 

another similar instrument will come along and show it 
up as being inferior. I think that there have been, in 
our time, only three articles of ownership about whose 
virtues men have entered into discussion with a degree 

of sustained interest at all comparable with that with 
which they debate the relative qualities of automobiles. 
These are radio sets, which notoriously invite mendacious 
comparison of achievement, and, in former days, the 
horse and the bicycle, which, like the automobile, are 

means of individual transportation. 
If we accept the uniquely competitive character of the 

automobile as being the controlling factor in its phenom- 
enal popularity, we come to the second question, which is 
whether the industry can continue to make and market 

automobiles at the present rate. The answer to this de- 
pends on two factors, of which the first is the number 
of automobiles that the American people will use at one 
time, and the second is the average length of service of 
the cars. I do not, at this time, consider the export pos- 
sibilities, because they represent, for the present, a sec- 
ondary rather than a primary factor. 

NUMBER OF FAMILIES THE LIMITING FACTOR 

My own opinion is that the number of automobiles 
that this Nation will use at one time will tend to be 
about equal to the number of families in the population. 
The natural unit for automobile ownership for the great 

mass of our people, is the family, just as that is the 
natural unit for the possession of bathtubs and domestic 
telephones, and for fundamentally similar reasons. We 
know that bathtubs are not necessities, because our im- 
mediate ancestors did not have them. It is not many 
years since the installation of a bathtub in the White 
House evoked a storm of protest in the Congress. A 
little later a number of cities enacted ordinances for- 
bidding their installation because they were considered 
to constitute a dangerous introduction of European lux- 
ury. Now they have become an integral item in the 
amenities of American civilization, and even houses oc- 
cupied by the families of day-laborers do not find tenants 
unless they have bathrooms. The real explanation for 
this is, not that the bathtub is a hygienic necessity, but 
that it has become a social necessity. The fundamental 
reason even the man of deficient income insists on hav- 
ing a bathtub in his house is that he does not dare have 
his children tell the neighbors’ children that their house 
does not have one. But the average American family 
that has one bathroom would not install a second or a 
third, even if it could purchase the entire equipment for 
$50. The reason for this is that it could not afford the 

upkeep, which is to say that it could not afford to give 
up the extra room for that purpose. The first one is an 
essential but the second and third are expensive luxuries. 
The same thing is true, in even greater degree, of tele- 
phones. The first is highly valuable and even necessary, 
but few families want a second or a third in the home. 
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It seems probable that similar principles will control 
the ultimate market for automobiles. Almost every nor- 
mal family wants one automobile and will, if necessary, 
sacrifice a good deal to get it, but, having secured one, 

most fami'ies will not sacrifice much to purchase two or 
three. Of course, the families that own several machines 

are many thousands in number, as are the business firms 

that have delivery cars and trucks, but it is not from 
these sources that the great demand for automobiles has 

come and must continue to come. That sustaining de- 
mand must come, in the main, from the normal American 

family which has an average income not much in excess 
of $2,000 a vear. 

The number of families in this country is about 27,000,- 
000, and the number of automobiles in use is about 17,- 
000,000; so there are still large opportunities for sales- 
manship before this margin will have been covered. In- 
cluded among these families are many thousands that 
will own more than one automobile, and in addition to 
them are commercial and industrial firms that will use 
many more thousands. On the other hand, there must be 

subtracted from them hundreds of thousands of families 

that cannot own even a single car. These include the 
indigents, many southern negroes, mountain whites, re- 

cent immigrants, and large numbers of soldiers, sailors, 

fishermen, lumbermen, !ighthouse-keepers and others who 
are poor sales-prospects. It seems probable that the 

maximum number of automobiles that this Country can 

use is not far from equal to the number of families in 
the population and that selling new cars will become 

progressively more difficult as that number is approached 
and the influence of diminishing returns becomes more 

keenly operative. 

CAR LIFE CONTROLS REPLACEMENT MARKET 

The number of automobiles that the Country can use 

is one of two elements which determine how many can 

be sold each year, and the other is the average length of 
service of each car. The statistical principle involved is 
simple. If there were no export demand and the number 
of cars in use should settle down to a constant of about 
18,000,000, and the average length of service were 6 

years, the new cars required each year to replace those 

worn out would be 3,000,000, or the number in use 
divided by the average years of service. As cars become 

better and last longer, the number required for replace- 
ment tends to shrink. Thus, under these conditions of a 
steady 18,000,000 in use, if the average length of service 

should increase to 8 years, the annual replacements 
would be only 2,250,000; and if the average useful life 
of automobiles were 9 years, the annual replacement de- 

mand would be only 2,000,000. 

These considerations are of real import, because the 
annual producing capacity of American factories is 

probably at least 5,000,000 cars and the average length of 

service of cars now being made will probably be as 

much as 8 years. If these figures are correct, they mean 

that the industry in this Country would now meet the 
replacement demand if 40,000,000 cars were in use, and 

that means that we have an excess of productive capacity. 
This consideration brings us to the most serious prob- 

lem confronting the automobile industry, which is that 

its most imminent danger is the product of its own 

splendid achievements in bettering the quality of its 

product and increasing the length of service of the cars 
manufactured. Careful estimates indicate that during 
the past 8 years the useful life, or length of service, 

(Concluded on p. 208) 
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month a President, a First Vice-President, five 

Second Vice-Presidents representing motor-car, 

tractor, aeronautic, marine and stationary internal-com- 
bustion engineering respectively and three Councilors 

were elected, and the Treasurer was reelected. In addi- 
tion to these officers the three Councilors elected at the 
1924 Annual Meeting and the last Past-President are 
voting members of the Council for 1925. Such photo- 
graphs of the officers and councilors as it was possible 
to secure are presented on the following pages and their 

careers are outlined below. 

A T the Annual Meeting of the Society held last 

H. L. HORNING 

President Horning secured his early training in the 
modern classical course at Carroll College Academy and 

the scientific course at Carroll College, both at Wau- 

kesha, Wis. In 1901 he was in the chemical laboratory 
and operating department of the Milwaukee Gas Light 
Co., and later served for 2 years in the steam engineer- 
ing department of the Crane Co. From 1904 to 1906 he 
was head of the mechanical engineering department of 
the Modern Steel Structural Co., his most important 
work at that time being the construction and mechanical 
operation of the Duluth steel bridge, one of three struc- 
tures of the kind in the world. In 1906 he established 
the Waukesha Motor Co. 

Mr. Horning has been a member of the American So- 
ciety of Mechanical Engineers, and of the Association 

for the Advancement of Science. He was elected a Mem- 
ber of the Society of Automobile Engineers in 1910 and 
through his connection with the Society of Tractor En- 

gineers and the National Gas Engine Association was 

active in the movement that resulted in changing the 
name of the Society to the Society of Automotive Engi- 
neers. Mr. Horning was elected third vice-president of 
the Motor & Accessory Manufacturers Association at 
the 1924 annual meeting and was elected first vice-presi- 
dent for the current year. He is also a member of the 
Street and Highway Safety Committee organized by 
Secretary of Commerce Hoover. A recent honor con- 
ferred upon him is his election as a Fellow of the Royal 

Society of London. 

He was chairman of the automotive products section 
of the War Industries Board, Council of National De- 
fense, during the war. He served as chairman of the 
Design Committee of Engineers that laid out the en- 
gines for the Class-B and Class-AA military trucks. He 
was the first chairman of the Tractor Division of the 
S. A. E. Standards Committee and was a member of the 
first Oil and Fuel Committee established by the Council 
of the Society. 

Truck and Tractor Engines was the subject of a paper 
he presented in 1916 at a Mid-West Section meeting. 
At the 1917 Annual Meeting he presented a paper on 

the Ultimate Type of Tractor Engine and at the 1917 
Semi-Annual Meeting he gave a paper on the Farm 
Tractor as Related to the Food Problem. He also pre- 
sented a paper on Tractor Engines and Fuel Limita- 
tions before the Detroit Section in 1919, and at the 1921 
Semi-Annual Meeting he gave a paper on Turbulence, 
and in 1923 at the Mid-West Section he analyzed the 

Officers of the Society 

Effect of Compression on Detonation and Detonation 
Control. 

As a representative of the Society, Mr. Horning ac- 
companied the National Screw Thread Commission on 
its trip abroad during July, 1919, to make a study of 
foreign screw-thread practice: Together with Dr. Dick- 
inson of the Bureau of Standards he visited Dr. Dixon 
of Manchester University and brought back to this 
Country a statement of the theory of engine knock and 
detonation. 

He proposed and aided in the movement to bring the 
automotive and petroleum industries together for the 
purpose of dealing promptly with the fuel question. 
Mr. Horning was chairman of the Committee on Utiliza- 
tion of Present Fuels in Present Engines, whose first 
report was presented at the 1920 Semi-Annual Meeting 
of the Society. He also proposed the plan of inviting 
the leading internal-combustion engineers of Europe to 
visit this Country to take part in meetings of the So- 
ciety. Mr. Horning was elected First Vice-President at 

the 1921 Annual Meeting. For the last year he has been 

Chairman of the Research Committee. 

T. J. LEtLe, JR. 

First Vice-President Litle was born at Philadelphia 
in 1875. He received his elementary education at the 
public schools of his birthplace, including the Manual 
Training High School. He attended the Industrial Art 
School at Philadelphia and later the University of Penn- 
sylvania, receiving the degree of mechanical engineer 
from the latter institution. 

After being graduated Mr. Litle entered the service 
of the Welsbach Light Co., Gloucester City, N. J. re- 
maining there for over 10 years and holding the position 

of chief engineer when he left. During this time he was 
credited with over 100 inventions relating to the devel- 
opment of incandescent gas lighting in America and was 
awarded a gold medal at the Panama-Pacific Exposition 
at San Francisco for research and development work in 
gaseous combustion devices. ; 

His connection with the automotive industry dates 
back to 1917 when he became associated with the en- 
gineering department of the Cadillac Motor Car Co. He 
was later made research and experimental engineer and 
left in 1918 to join the engineering staff of the Lincoln 
Motor Co., as research and experimental engineer. Sub- 
sequently he was made chief engineer of the latter com- 
pany, a position that he still holds. 

He was elected to Member Grade in the Society, March 
8, 1919, and has taken a very prominent part in the ac- 
tivities of the parent Society and also of the Detroit 
Section. Mr. Litle was a member of the Meetings Com- 
mittee for the administrative year 1923 and served as 
its chairman last year. He was secretary of the Detroit 
Section for the year beginning May, 1922, and was 

elected chairman of the Section the following spring. He 
presented a paper entitled Spring Movement and Vibra- 
tion Study of Cars in Action in the fall of 1923 at a 
meeting of the Indiana Section and outlined in a very 
interesting manner some of the methods used to record 
the movement of the springs of cars and the nature and 
amplitude of the various vibrations. 
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. H. D. CHURCH 

Second Vice-President Church, representing motor-car 
engineering, was born at Waltham, Mass., April 16, 1883. 

He received his elementary education at public and pri- 
vate schools and entered the Massachusetts Institute of 
Technology. 

His connection with the automotive industry dates 

back to 1905 when he became assistant chief-engineer of 
the Waltham Mfg. Co., Waltham, Mass., manufacturer 
of the Orient Buckboard. For a year after leaving this 
company he was engaged in experimental gasoline en- 
gine work. Subsequently he became associated with the 
Shawmut Motor Co., Stoneham, Mass., and later was 

chief engineer of the Mercer Motors Co. at Trenton, N. 
J. From 1909 to 1919 Mr. Church was associated with the 
Packard Motor Car Co., holding the position of chief en- 

gineer of the truck division for several years and being 

also chief engineer of the company during the World 
War. For the next 3 years he was vice-president of 
Hare’s Motors, which had taken over the operation of 
the Locomobile Co. of America, the Mercer Motors Co. 
and the Kelly-Springfield Motor Truck Co. For the next 
year he was engaged in consulting engineering work on 
passenger cars and truck design, as well as general 

manufacturing, policy and management problems. On 
Sept. 1, 1923, he became associated with the Chevrolet 

Motor Co. at Detroit and after doing special engineering 

work for 10 months was made assistant chief-engineer 

in July, 1924. 
Mr. Church has been a Member of the Society since 

Nov. 24, 1911. For a number of years he was a member 
of Truck Division of the Standards Committee and was 
also chairman of that Division. He was chairman of 
the Special Truck Committee of the Society which 
worked with the Government from 1915 on in an en- 
deavor to develop a set of standard specifications for 
Army motor-transport. 

OLIVER B. ZIMMERMAN 

Second Vice-President Zimmerman, representing trac- 
tor engineering, was born at Galena, Ill., Sept. 2, 1873. 

He received his early education at the elementary and 
secondary schools of Milwaukee and in 1892 entered the 

University of Wisconsin, being graduated in 1896 with 

the degree of bachelor of science in mechanical engi- 

neering. In 1900 the degree of mechanical engineer was 
conferred on him by the university. Upon leaving the 
University Mr. Zimmerman taught in the Milwaukee 

West Division High School for 2 years as instructor 
of manual training, and from 1898 to 1900 was director 
of manual training. The next 5 years was spent in 
teaching at the University of Wisconsin, first as an in- 
structor in descriptive geometry and elementary ma- 

chine-design and latterly as assistant professor of ma- 
chine design. 

Although Mr. Zimmerman did some engineering work 

in summer vacation time, his professional engineering 
career really started in July, 1905, when he accepted a 
position as mechanical engineer and assistant superin- 
tendent with R. J. Schwab & Sons Co., Milwaukee. In 
March, 1906, he left there to accept a position as drafts- 
man with the Hart-Parr Co., Charles City, Iowa, being 
successively inspector on finished parts, chief draftsman, 
chief tester, assistant mechanical-engineer and, when he 
left in February, 1909, mechanical engineer in charge of 
design and also supervisor of civil, electrical and archi- 

tectural work. From February, 1909, to March, 1911, 
Mr. Zimmerman was associated with the M. Rumely Co., 
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La Porte, Ind., as chief draftsman and mechanical en- 

gineer. Here he designed parts of the company’s oil 
tractor, designed and selected heavy equipment of the 

new plant for the manufacture of tractors, superin- 
tended the erection of the buildings and acted in an ad- 

visory capacity on contracts, purchases and equip- 

ment. In March, 1911, he accepted a position as engi- 

neer in charge of estimates, design and construction 

with the contracting firm of M. Burner & Co., South 

Bend, Ind. After remaining there 7 months he became 
associated with the International Harvester Co., Chi- 

cago, and for 1 year was advisory engineer on sales and 

manufacture at the Tractor Works of the Company. 

From October, 1912, to March, 1915, he acted in a simi- 
lar capacity with the European organization of the Com- 
pany, having his headquarters at Brussels. Returning 
on account of war conditions, Mr. Zimmerman was re- 

assigned to the Tractor Works at Chicago as engineer 

in charge of general experimental work, the complaint 

department and inspection of the sales force. In this 
capacity he also made general field reports on improve- 

ments in tractors and engines and conducted experi- 

mental and research work until September, 1916, when 

he resumed the duties of improving sales work on en- 

gines and tractors and directed the campaign of com- 
pany schools in various parts of the Country until April 

bE; SOL. 

During the war he was officer in charge of the me- 

chanical civil equipment division of the Engineer Corps, 
from May 21, 1917, to August 1, 1918, his work there 

covering the selection, purchase and design of engineer 

mobile army and coast defense equipment. On the lat- 
ter date he was appointed officer in charge of the re- 
search and development division and in this capacity 
supervised and developed new designs of equipment for 
mobile army and coast defense. He was also liaison offi- 

cer between the General Engineer Depot and Bureau of 
Standards, from June 13, 1918 to April 16, 1919, and 
served as a member of the Bureau of Standards staff 
from June 14, 1918 to April 16, 1919. During a portion 
of this time he was also a member of the board of re- 
view of the General Engineer Depot and a member of 
the National Screw Thread Commission. In recognition 

of Mr. Zimmerman’s war work, the Pennsylvania Mili- 
tary College, Chester, Pa., conferred the honorary de- 

gree of Doctor of Science upon him in June, 1919. 
On May 8, 1919, Mr. Zimmerman returned to the en- 

gineering and experimental department of the Interna- 

tional Harvester Co. and took up the work of standard- 
izing and improving the specifications for materials and 
designs of machine elements and products of the Com- 

pany. On Nov. 13, 1922, he was appointed assistant to 
the manager of the experimental and engineering de- 

partment, a position that he still holds. 
Mr. Zimmerman was elected a Member of the Society 

on Sept. 25, 1920. In addition, he is a member of the 
American Chemical Society, the American Society of 
Agricultural Engineers, the American Institute of 
Chemists and the Society of American Military Engi- 

neers. He has written a number of papers on various 

subjects, four of which dealing with tractors and one 

dealing with standardization, have been published in 

THE JOURNAL. 

CHARLES A. CARLSON 

Second Vice-President Carlson representing marine 

engineering was born, July 8, 1879, at Summit, N. J. 

After receiving a public school education, he engaged in 
bicycle racing from 1893 to 1897. 
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His connection with the automotive industry dates 
from 1898 when he became associated with the DeDion 
Bouton Co., which was the first company to assemble 

French automobile parts in this Country. Leaving this 
organization he went with the Ward Leonard Electric 
Co. and then with the Winton Motor Carriage Co. In 
1903 Mr. Carlson engaged in business for himself at 
Brooklyn, N. Y., designing and building, it is stated, 

the first four-cylinder motor-truck in the United States 
and also marine engines using oil and gasoline as 
fuel. The Carlson Motor Vehicle Co., organized in 1909, 
to build motor trucks at Philadelphia, was his next busi- 
ness venture. In 1911 he designed and built two inter- 
nal-combustion-engine-driven street-railway cars that 

were successfully used in the South. 
In 1916 Mr. Carlson was called to the City of Wash- 

ington to assist in truck and trailer designing for the 
Government. After the war he was elected president 
and general manager of the New Jersey Motors, Inc., 

Keyport, N. J. In December, 1923, he purchased the 
Remington Oil Engine Co., Stamford, Conn., and subse- 
quently acquired the controlling interest in the New 
Jersey Motors, Inc., consolidating the two companies 
under the name of Remington Oil Engine, Inc., and hold- 

ing the position of president and general manager. 
Mr. Carlson was elected a Member of the Society on 

Sept. 10, 1917. For the last year he served on the Mo- 
torboat Division of the Standards Committee. He holds 
over 30 patents in connection with internal-combustion 

engines. In December, 1906, he received from a French 

association a diploma and gold medal for a design of 
four-cylinder four-cycle internal-combustion engine. 

PAUL G. ZIMMERMAN 

Second Vice-President Zimmerman representing aero- 
nautic engineering was born at Iroquois, S. D., May 12, 

1890. He received his education in the elementary 
schools of his birthplace and Sioux Falls, S..D., and at 
the high school in San Juan, P. R. After being gradu- 
ated in 1904, Mr. Zimmerman entered the service of 
Swift & Co. at San Juan as salesman, a position that he 
held for 5 years. Returning to the United States in 
1909, he entered Rensselaer Polytechnic Institute, Troy, 
N. Y. 

Following his graduation in 1913 with the degree of 
mechanical engineer, he became associated with the 
Knox Automobile Co., Springfield, Mass., remaining 
there until November, 1914. While with that company 
Mr. Zimmerman was a student in the shops, a salesman 
and a branch manager at Rochester, N. Y. His next 
connection was with the Curtiss Aeroplane & Motor Co. 
at Buffalo and Hammondsport, N. Y., where he was suc- 
cessively chief draftsman and assistant aeronautical en- 
gineer. In November, 1917, Mr. Zimmerman resigned 

to accept the position of chief engineer with the Engle 
Aircraft Co., Niles, Ohio, remaining there until May, 
1918. The next 5 months he spent exploiting a large 

airplane to be used in the war and in September, 1918, 
he accepted a position as chief aeronautical-engineer 
with the Aeromarine Plane & Motor Co., Keyport, N. J. 
Last year he left the Aeromarine Company and engaged 
in business for himself at Keyport in the design and 

construction of metal fuselages. 
Mr. Zimmerman’s work in the aeronautical industry 

includes the design of a number of Curtiss airplanes. 
He also designed the first cabin flying-boat used in this 

Country and converted and designed the passenger-cabin 
of the first flying-boat to be used on passenger service 
in this Country. The construction of the first two metal- 
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hull flying-boats built in the United States is one of his 
achievements, as are also the construction of the first 
commercial flying-boats to make the trip between New 

York City to Porto Rico and the first American-built 
metal-fuselage airplane. Mr. Zimmerman also designed 

the first variable-thickness wing to be used on American 
military airplane. 

He was elected a Member of the Society, June 19, 

1922. For the last year Mr. Zimmerman has been a 
member of the Aeronautic Division of the Standards 
Committee. 

C. F. Scott 

Second Vice-President Scott representing stationary 
internal-combustion engineering was born at New York 
City on May 30, 1886. He prepared for college at the 
Haverford School, Haverford, Pa., for 4 years, and was 

graduated from the mechanical-engineering course at 
Haverford College in 1908. 

Following his graduation he entered the service of the 
Sprague Electric Works in the engineering department. 
After serving 1 year as designing engineer he was 
appointed commercial engineer of electric motor and con- 
trol applications. He has been identified with the de- 
velopment and application of the electric dynamometer 

almost from its inception in 1909. In connection with 
his work on dynamometers Mr. Scott specialized for some 
years in the adapting of the electric dynamometer to 
testing automobile engines and in other automotive and 
internal-combustion engine problems. He developed and 
installed the first electric dynamometer for testing a 
complete automobile chassis. Mr. Scott is now manager 

of the Sprague Apparatus Products Section of the Gen- 
eral Electric Co. and has charge of a number of special 
electrical applications. 

Mr. Scott was elected to Junior grade in the Society 
Oct. 24, 1911, and was transferred to Member grade 
Sept. 11, 1912. He was elected Chairman of the Metro- 
politan Section in 1918 and became Vice-Chairman the 
following year. He was a member of the Society Nomi- 
nating Committee, representing the Metropolitan Sec- 
tion in 1918, 1919 and 1923, was secretary of the Com- 
mittee in 1919 and 1923 and a member at large of the 
1920 committee. He has been a member of the Meetings 
Committee of the Society from 1919 to 1924 and served 
as chairman of the Committee in 1921 and 1922. Mr. 
Scott was elected a Councilor of the Society at the 1922 
Annual Meeting. 

A. K. BRUMBAUGH 

Councilor Brumbaugh was born at Hagerstown, Md., 
Dec. 29, 1883. He received his education at the Balti- 
more Polytechnic Institute, Baltimore, and at Lehigh 
University, receiving the degree of electrical engineer 
at the latter institution in 1909. 

Mr. Brumbaugh’s experience is varied, dating from 
March, 1898, when he entered the service of the Craw- 

ford Mfg. Co., bicycle manufacturer at Hagerstown, Md., 
as a toolroom apprentice. Here he remained for a little 
over 3 years, leaving in April, 1901, to become a fireman 
on the Western Maryland Railroad. After serving in 

that capacity for 7 months, Mr. Brumbaugh was trans- 

ferred to the civil engineering department of the rail- 

road. He resigned in September, 1902, to enter the Bal- 
timore Polytechnic Institute, where he studied until 

June, 1904. From that time until September of the fol- 
lowing year and from February to September, 1906, he 
was connected with the electrical department of the 
Baltimore & Ohio Railroad. 
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His connection with the automotive industry dates 
from 1907, when he became associated with the Loane 
Hiltz Engineering Co.; motorboat builder, where he did 
designing, testing and sales work. In 1909 and 1910 Mr. 
Brumbaugh was engaged in the development of vehicle 
motors bythe Westinghouse Electric & Mfg. Co., leav- 
ing in Juhe of the latter year to become engineer for the 

Maryland Casualty Co. of Baltimore. He remained with 
this organization until February, 1914, being engaged in 
the bonding department and also doing construction and 
executive work. In February, 1914, Mr. Brumbaugh 

went with the Consolidated Gas & Electric Co., also of 
Baltimore, where he had charge of the administration 
and maintenance of transportation equipment. In 1915 
he entered the service of the Autocar Co. as assistant 
engineer, doing sales and engineering work. This con- 

nection has been continued to the present time, his ap- 
pointment as electrical engineer for the Company having 
been made in the fall of 1923. 

Mr. Brumbaugh was elected to Member grade in the 
Society, Feb. 16, 1916. He was chairman of the Truck 
Division of the Standards Committee in 1921, has served 

as a member of the Division for the last 2 years and on 

the Storage Battery Division for 1924. In 1922, Mr. 
Brumbaugh was chairman of the Sections Committee 
of the Society. He was a member of the Automobile 
Insurance Schedule Committee last year. 

OTTO M. BURKHARDT 

Councilor Burkhardt was born at Meissen, Germany, 
Tan. 21, 1888. He received his elementary education in 
the schools of his birthplace and at the age of 17 entered 
the Technical Academy of Chemnitz, Germany, being 
graduated from there in 1908. The next year he worked 
as a designer in the Saechsische Maschinenfabrik Chem- 
nitz, a plant that is noted for its fine locomotives. Mr. 
Burkhardt then entered the Technische Hochschule of 
Dresden. and was graduated in March, 1909, with the 
degree of engineer. After being graduated from Dres- 

den he accepted a position as designer of electrical ap- 
paratus with the firm of Karl Flohr, of Berlin, but left 
shortly afterward to become a designer for Junkers & 
Co., remaining there until October, 1910, when he served 

for 1 year in the Engineering Corps of the German 

Army. 
After leaving the army Mr. Burkhardt came to Toron- 

to where he accepted a position as designer for the Rus- 

sell Motor Car Co., which was then beginning to build 
Knight engines. In March, 1912, he accepted a position 
as designer with the Pierce-Arrow Motor Car Co., Buf- 
falo and was subsequently promoted to mathematical 
research engineer, a position that he still holds. 

Mr. Burkhardt was elected to Member Grade in the 
Society, Jan. 10, 1917. He has been prominent in the 
Buffalo Section of the Society, serving as its Treasurer, 

for the year beginning May, 1922. Two papers entitled 
Problems of Crankshaft Design and Progressive and 
Retrogressive Designing respectively have been present- 
ed by Mr. Burkhardt at meetings of that Section. Both 
of these have been published in THE JOURNAL, as has 
also his contribution entitled Valuation of Engine Per- 
formance. 

CLAUDE H. FOSTER 

Councilor Foster was born on a farm at Brooklyn, 
Ohio, Dec. 23, 1873. He spent his early years in the 
usual pursuits of farm life and received his education in 
the elementary and high schools in the vicinity of his 
birthplace. 

202 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 

In the late 1890’s he established a small machine-shop 
and bicycle business in Cleveland and gradually drifted 
into experimental work in the automobile field about 
1898. This resulted in his becoming associated with the 
Winton Motor Car Co. in the early days of the industry. 

After extensive experimenting and testing in 1903, 
Mr. Foster invented and patented a motor-car horn 
operated by the exhaust gas from the engine and having 

a musical or pleasing tone. The following year he or- 

ganized the Gabriel Mfg. Co. to manufacture and mar- 
ket this horn and has been president of the company 
since its organization. He has invented and patented a 
number of shock-absorbing devices of various types 
which were marketed between 1906 and 1911 and in the 
following year invented and patented the Gabriel Snub- 

ber. His inventions include a special type of snubber 
to meet the requirements imposed upon such a device 
by balloon and low air-pressure tires. 

Mr. Foster was elected to Member Grade in the So- 

ciety, Feb. 6, 1911. 

J. H. HUNT 

Councilor Hunt was born at Saranac, Mich., March 24, 

1882. He received his technical education at the Uni- 
versity of Michigan, being graduated from that institu- 

tion in 1905 with the degree of bachelor of science in 

electrical engineering. 
After graduation Mr. Hunt went with the Western 

Electric Co., first in the power apparatus apprentice 
department and later in the engineering department. 
Entering educational work, a year was spent in the de- 

partment of electrical engineering at Washington Uni- 

versity and 5 years with the electrical engineering de- 

partment at the Ohio State University. Mr. Hunt en- 
tered the engineering department of the Packard Motor 
Car Co. in 1912, working on the application of electrical 
equipment. In 1913 he became research engineer for 
the Dayton Engineering Laboratories, working on all 
problems’ of electrical installations on motor cars with 
special attention to ignition. Since 1920 he has been 
head of the electrical division of General Motors Re- 
search Corporation. 

Mr. Hunt was elected to Member Grade in the Society, 
Jan. 14, 1916. He has been active in the Dayton Section 
since its organization, serving as Chairman for the 

administrative year of 1922. He was chairman of the 
Sections Committee for 1924 and also vice-chairman of 
the Lighting Division of the Standards Committee. 

MASON P. RUMNEY 

Councilor Rumney was born in Detroit, Dec. 4, 1883. 
He attended school in Detroit and Kalamazoo and was 
graduated from the high school of the latter city. He 
entered the University of Michigan in the fall of 1903 
and was graduated as a mechanical engineer 4 years 

later. In addition, Mr. Rumney specialized in metal- 
lurgy and chemistry. 

After leaving college he entered the service of the De- 
troit Steel Products Co. and was sent to Europe for 8 
months to learn the manufacture of a new product. On 
his return to the United States, he entered the engi- 
neering and sales department, introducing this product. 
After this he became superintendent, works manager 
and assistant general-manager and is now vice-president 
of the Detroit Steel Products Co. During the war he 
was a Major in the office of the Chief of Ordnance at the 

City of Washington in charge of the production of 
vehicles and the assembly of field artillery. 

Mr. Rumney was elected to Associate Grade in the 
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Society on May 17, 1912, and transferred to Member 
Grade, Jan. 9, 1923. He has been a member of the Meet- 
ings Committee since 1922 and in 1923 served as its 
chairman. Mr. Rumney has been a member of the Iron 
and Steel Division of the Standards Committee for the 
last 3 years. He is also a member of the American So- 
ciety for Testing Materials and the Detroit Chapter of 
the American Society of Steel Treaters. 

E. P. WARNER 

Councilor Warner was born in Pittsburgh, on Nov. 9, 
1894. He was educated at the Volkman School, Boston, 
and after being graduated from Harvard University 
with the degree of bachelor of arts in 1916, attended the 
Massachusetts Institute of Technology, receiving the 
degree of bachelor of science in 1917 and that of master 
of science in 1919. 

During the war he was employed as aeronautical en- 
gineer for the Air Service in connection with research 
and also as instructor in the military course in aero- 
nautical engineering at the Massachusetts Institute of 
Technology. From January, 1919, to June, 1920, he 
served the National Advisory Committee for Aeronau- 
tics as chief physicist, directing aeronautical research 
work at Langley Field; and for 3 months after that time 
he continued with the Committee as acting technical as- 
sistant in Europe. Since the fall of 1920 he has been a 
member of the faculty at the Massachusetts Institute of 
Technology where he is now associate professor of aero- 
nautical engineering. : 

Professor Warner was elected to Member Grade in 
the Society in 1917. He is also a member of the Ameri- 
can Society of Mechanical Engineers, the Society of 
Naval Architects and Marine Engineers, the American 
Physical Society and an associate fellow of the Royal 
Aeronautical Society. He is the author of about 60 
published reports and papers, including one on Com- 
mercial Aviation in the Eastern Hemisphere that was 
presented at the Annual Meeting in 1921; Airplane Per- 
formance Formulas, at the 1922 Semi-Annual Meeting; 
Design of Commercial Airplanes, at the 1923 Annual 
Meeting, and Commercial Aviation, at the November, 
1923, meeting of the Metropolitan Section. Professor 
Warner has served as chairman of the Publication Com- 
mittee for the last 2 years. 

CHARLES B. WHITTELSEY 

Treasurer Whittelsey has been connected with the 
Hartford Rubber Works Co. since 1901, beginning as its 
purchasing agent. In 1905 he was made assistant to 
the general manager; in 1906, superintendent; in 1911, 
secretary and factory manager; in 1915, vice-president 
and factory manager; and in 1916, president and factory 
manager. He served as president of the Hartford 
Chamber of Commerce and of the Hartford County 
Manufacturers’ Association of Connecticut, and at pres- 
ent is a director of the Manufacturers’ Association of 
Connecticut. 

Mr. Whittelsey was elected to Member Grade in the 
Society in 1910. In 1916 he was elected a Life Member. 
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He was a member of the Standards Committee for sev- 
eral years, beginning in 1911, and served as chairman 
of the Tire and Rim Division in 1918 and 1919. Mr. 
Whittelsey was a member of the Council in 1912 and 
1913 and was elected Treasurer in 1918, being reelected 

each year since. At the 1912 Annual Meeting he de- 
livered a paper on Solid Motor-Tires, and at the 1915 
Annual Meeting presented a paper entitled the Pros 
and Cons of Tire Inflation. 

H. M. CRANE 

Past-President Crane was born on June 16, 1874. He 
received his education in private schools, with the final 
year at Phillips Exeter Academy, being graduated in 

1891. He was graduated from Massachusetts Institute 
of Technology in 1895 with the degree of bachelor of 
science in mechanical engineering and in 1896 with a 
similar degree in electrical engineering. 

After graduating he joined the laboratory force of the 

American Telephone & Telegraph Co. in Boston and 
worked there 2 years. In 1898 he was transferred to 

the engineering department of the Western Electric Co. 
in New York City, where he worked first on the prepara- 
tion of telephone switchboard installation specifications 
and later on the development of apparatus and circuits. 
In 1905 he left the engineering department to become 
engineering assistant to H. B. Thayer, general manager 

of the company, and the following year resigned from 
the company. 

In 1906 Mr. Crane organized the Crane & Whitman 

Co., in Bayonne, N. J., for the development of gasoline 
automotive machinery and especially motor cars. This 
company later became the Crane Motor Car Co., and in 
1914 was consolidated with the Simplex Automobile Co. 
He was president of the Crane Motor Car Co. and vice- 
president of the Simplex Automobile Co. 

In 1916 the Wright-Martin Co. was organized and ab- 
sorbed the Simplex Company. Mr. Crane became vice- 
president in charge of engineering and remained in this 
position after the reorganization of the company as the 
Wright Aeronautical Corporation, about Jan. 1, 1920. 
He resigned from the latter company in March, 1920, 
and for the remainder of the year was not engaged in 
any regular business but did some consulting work. Dur- 
ing 1922 he was engaged in the development of a new 

passenger car. On July 30, 1923, he was appointed tech- 
nical assistant to the president of the General Motors 
Corporation. 

Mr. Crane has taken a prominent part in the work of 
the Fuel Committee of the Society and as chairman of 
its Research Committee and the Aeronautic Division of 
the Standards Committee. 

He was a member of the Tire and Rim Division for 
1924. At the 1920 Annual Meeting of the Society he 
was elected Second Vice-President representing aviation 

engineering, and a Councilor at the 1922 Annual Meet- 
ing of the Society, and served as First Vice-President 
for the administrative year 1923 and as President for 
the administrative year that has just recently been 
brought to a close. 
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Effects of Balloon Tires on Car Design 
By J. W. Write’ 

ABSTRACT 

| precnenigeioee as the use of low-pressure tires has be- 
come established, the conditions of car design af- 

fected by them are reviewed, particular reference being 
had to the members of the chassis included under the 
term unsprung weight, namely, the axles, the wheels 
and the tires. 

Referring to the principles that underlie basic de- 
sign, the author first investigates the effect on the 
steering of such changes and compromises from the 
perfect structure as failure of the king-pin to coincide 
with the vertical load-plane, the inclination of the king- 
pin toward the wheel, or the wheel toward the king-pin, 
or both, and the giving of a toe-in to the front wheels. 
Further modifications have served to reduce the car 
shock, to add to the strength of all the parts by in- 
creasing the dimensions, to improve the spring-sus- 
pension, and to reduce the car weight per passenger. 
But four things remain to be done, namely, to stop 
the angular rotation of the axle because of the flexing 
of the springs, to eliminate backlash in the steering 
linkage, to construct a _ positive-steering mechanism 
that will be absolutely neutral, and to divorce the steer- 
ing mechanism from all influences except those that 
occur from the road. 

In the opinion of the author, all these objectives can 
be reached, but then looms prominently the question 
of lateral stability. This is to be expected unless the 
width of the rim is increased. In high-pressure tires, 
the normal ratio of the width of the rim to that of the 
tire is about 62 per cent, but ratios of from 50 to 55 
per cent are common. Lack of lateral stability has 
amplified the errors of present design until a point 
has been reached at which shimmying has become 
prevalent. 

By studying the footprints of tires, it is found that 
the side-slip per revolution is 60 per cent greater with 
balloon tires than with high-pressure tires. As the 
forward rake of the king-pin exerts a leverage that 
tends to turn the wheels still farther in the same direc- 
tion, these two forces are said to be sufficient to cause 
shimmying even though the geometry of the steering 

mechanism were neglected. 
The conclusion reached is that, in order to avoid 

shimmying, all backlash must be taken out of the steer- 
ing-mechanism, and that, so far as possible, all rake 
of the king-pin outward leading of the wheels, and toe- 
in should be eliminated. The introduction of an hy- 
draulic steering-gear is suggested as a means of accom- 
plishing these results. 

' N yiTH the assurance that low-pressure tires have 
become established, we should study the condi- 
tions of car design and the calculations that 

have been affected by them. It is apparent that the ad- 
vance in car construction caused by the use of balloon 
tires is of more value than was the main objective, 

riding-comfort. 
Lower air-pressures were first regarded as something 

intended merely to please the purchaser, and too little 
attention was paid to the fact that they offered an 
opportunity through redesigning to add materially to 

1M.S.A.E.—Chief engineer, disc wheel division, Wire Wheel Cor- 
poration of America, uffalo. 
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Illustrated with DRAWINGS AND PHOTOGRAPHS 

Fic. 1—DRAWING SHOWING How a DISHED WHEEL CAN Ber CoNn- 

SIDERED AS THE BASE OF A CONE LYING ON ITs SIDE 

The Natural Path of Such a Wheel Rolling Free Is a Circle Having 
a Radius Equal to the ‘Apex Distance of the Cone 

the life and performance of the car and, at the same 
time, to reduce the cost, up-keep, and road shocks. 

Time being the variable factor in all shock calcula- 
tions, it is patent that if the tire pressure were cut in 
two, the deflection of the tire would approximately be 
doubled and, consequently, the time factor in both the 
shock-absorbing and the rebounding periods, insofar as 
the unsprung weight is concerned, would also be 
doubled. It follows that, inasmuch as the cushioning 
effect is doubled by the increased time-period, the shock 
will vary inversely as the square of the time and will, 
therefore, be one-fourth of that formerly considered as 
the basis of design. 

I shall confine my remarks exclusively to those mem- 
bers of the chassis that are included in the term un- 
sprung weight, that is, the axles, the wheels and the 
tires. 

Let us therefore go back to basic design and consider 
how our present standards of design have been built up, 
and why. 

CONDITIONS AFFECTING STEERING 

First, let us consider the axle and, particularly, the 
conditions that affect steering, that is, the load and 
shock stresses, vibration, backlash and wear. 

Under these limitations, the steering was compromised 
by the following changes from a perfect structure: 

eee 

Fic. 2—Wuy WHEELS ARE Mapr To LEAN OUT AT THE TOP 

The Reason Is To Give True Rolling on High-Crowned Roads 
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Fig. 3—THREE TREAD-MARKS OF A 32 x 6-IN. BALLOON TIRE ON THE 

RIGHT FRONT WHEEL OF A CAR WEIGHING 2800 Ls. 

In the Top View the Car Is Level and the Tire Makes Contact with 
Ground in Its Normal Position. The Tendency to Circular Travel 
Is Evidenced by the Arc of the Imprint. In the Middle View the 
Car Is Resting on a Laterally Inclined Plane of 6% Deg. In Both 
of These Views the Inflation-Pressure Is 25 Lb. per Sq. In. The 
Bottom View Illustrates the Print Made by the Tire when the Car 
Is Resting on a Laterally Inclined Plane of 6% Deg. and the 

Inflation-Pressure Is 20 Lb. 

(1) It was not practicable on front axles to allow the 
king-pin to coincide with the vertical load-plane 
because of backlash and the bending of the axle, 
because of the changing of the spring angles 
under excessive spring movement, and because 
the resultant of the combined load, due to the 
weight on the axle and to road resistance, is a 
slightly inclined plane. It was principally be- 
cause the car would cramp in going into or com- 
ing out of a turn, if the king-pin were in the 
same plane as the road contact, that early engi- 
neers gave the axle a rake or caster effect to 
make the wheels track and recover. At that 
time, this seemed to be the practical solution 

(2) The king-pin was inclined toward the wheel, or 
the wheel toward the pin, or both, to take care 
of the axle deflection and the wear of the king- 
pin, to keep the stress in a dished wood wheel 
in one direction as much as possible, and to make 
correction for high-crowned roads. Two degrees 
from the vertical plane was the accepted stand- 
ard that was adopted as far back as 1910, and 
it is still the practice 

(3) The front wheels were also given a toe-in of %4 to 
% in., to allow for the play and the wear of the 
king-pin, the drag-link and the cross tie-rod con- 
nections. It also reduced the front-tire wear, by 
serving to correct the imperfect tracking pro- 
duced by the other two changes referred to 

IMPROVEMENTS 

Since these standards were established we have 

(1) Reduced car shock to approximately one-fourth its 
original amount through the use of balloon tires 

{2) Added to the strength of all the parts by increas- 
ing the dimensions, improving the alloys, cutting 
down backlash and wear by means of larger bear- 
ings, and by many closer fits 
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(3) Improved the spring-suspension and the wheel con- 
struction 

(4) Reduced the proportional car-weight per passen- 
ger, and the vibration in the chassis 

In the meanwhile, roads have been so greatly improved 
that the very conditions that brought about these stand- 
ards have been largely reduced. 

Four things remain to be accomplished 

(1) To stop the angular rotation of the axle because 
of the flexing of the springs 

(2) To eliminate backlash in the steering-linkage 

(3) To construct a positive-steering mechanism that 
shall be absolutely neutral 

(4) To divorce the steering mechanism from all influ- 
ences except those which occur from the road 
and can be damped out in the axle itself 

LATERAL STABILITY 

All these objectives can be overcome; but a new prob- 
lem has arisen with the introduction of balloon tires, 
and that is, lateral stability. The standing height has 
been increased about 25 per cent; the air-pressure and 
the number of plies have been reduced 50 per cent; but, 
as the width of the rim has not been increased propor- 
tionately, lack of lateral stability is only to be expected 
in so radical a departure from previous practice. 

The only possible change of material value, with the 
exception of the carcass construction within the tire, is 

the increased width of the rim. 
The normal ratio of the width of the rim to that of 

the tire in high-pressure tires is about 62 per cent, but, 
with few exceptions, ratios of from 50 to 55 per cent 

are common in balloon tires. 
The only real indication of a return to normal pro- 

portions is shown in the new standards of rim widths 

Fic. 4—THREE TREAD-MARKS OF A 32 x 4%4-IN. STANDARD 

TIRE ON THE RIGHT FRONT WHEEL OF A 2800-LB. CAR 

The Three Views Illustrate the Same Car-Positions as the 
Corresponding Ones in Fig. 3. In This Case the Inflation- 
Pressure Is Double That of the Other Illustration, Being 
50 Lb. for the Top and Middle Views and 40 Lb. for the 

Bottom View 
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TABLE 1—RESULTS PRODUCED BY DOUBLING THE AIR-PRESSURE 

Fig. Sizeand Type Air-Pressure, 
No. of Tire,In. Lb. per Sq. In. 

3 (Top View) 32 x 6.0 Balloon 25 
4 (Top View) 32x 4.5 Standard 50 
3 (Middle View) 32 x 6.0 Balloon 25 
4 (Middle View) 32x 4.5 Standard 50 
3 (Bottom View) 82 x 6.0 Balloon 20 
4 (Bottom View) 32x 4.5 Standard 40 

a 

adopted by the Tire & Rim Association for drop-center 
rims; and this is largely responsible for very favorable 
performance. 

It is well known that a wheel that leans out at the 
top can be considered as the base of a cone lying upon 
its side, as shown in Fig. 1. The natural path of such 

a wheel, when rolling free, is a circle having a radius 
equal to the apex distance of the cone. 

Another reason for making wheels lean out at the top 

has been to give true rolling on high-crowned roads, a 
thing they do, as is indicated by Fig. 2. The rigidity 
of high-pressure tires is such that they do not lop over. 
In low-pressure tires the rigidity is proportionately less, 
and they lop over, as is evidenced by the fact that an 
increase in the bulge can be noticed on the inside of 
balloon tires as compared with the outside, when a car 

is standing on the low side of a road. 
Lack of lateral stability of the balloon tire therefore 

introduces a new problem, which has amplified the errors 
in present design until a point has been reached at which 
shimmying has become prevalent. 

The top view in Fig. 3 shows the footprint of a 32 x 6- 
in. balloon tire on the ground in the normal position. 
The tendency to circular travel is well shown by the arc 
of the footprint. The area of contact of tires and, 
therefore, the line of contact on the ground, is inversely 
proportional to the pressure within the tire. 

In high-pressure tires, therefore, the length of the 

arc is shorter, and there is less tendency for the tire to 
scuff or for the road to exert so much control over it. 

INCREASE IN SIZE OF FOOTPRINTS 

In low-pressure tires the footprint is increased in area 
about 60 per cent; consequently any change in the align- 

ment of the wheel from a true-running course will affect 
the steering and the shimmying more than it will in 
high-pressure tires. 

This is well shown by Figs. 3 and 4, which are foot- 
prints of tires taken on the right front wheel of the 
same car. The weight of the car was 2800 lb. and the 

toe-in 4% in., a 4-in. rim being used in both cases. In 
both illustrations the top view shows the normal foot- 

print of the tire. . 
The middle view of Fig. 3 shows a footprint of the 

same 32x 6-in. right front tire on a car resting on a 
laterally inclined plane of 6.5 deg. It was found that 
this car could be rocked back and forth by one man, in 
the natural period of the car, so that the lateral move- 
ment of the rim because of the rolling of the tires was 

4 in. either way, or a total of 1 in. 

SIDE-SLIP 

I have assumed, for sake of discussion, that a lateral 
influence of this kind could be easily developed by the 
car at normal speeds on an ordinary road. The car was 
inclined on a platform until the natural side-slip of the 
car allowed the rim to move more than 1% in. from the 
normal position of the tire. The middle footprint in 
Fig. 3 is the result. 
The bottom view shows the same tire under the same 
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Side-Slip per 
Footprint Area, Revolution, Footprint Length, 
Sq. In. Per Cent In. Per Cent In. Per Cent 

16 30.0 9.00 20 0.875 25 
12 7.50 0.705 
18 38.5 10.00 29 L.iau 36 
13 7.75 1.250 
26 85.5 11.75 31 2.000 60 
14 2.00 1.250 

conditions with 20 lb. of air-pressure, but the same re- 
sults would show at 25 lb. of air-pressure, if the lateral 
impact were increased. 

It will be apparent that lack of lateral stability in 
balloon tires is the cause of the above-mentioned con- 
dition and that the effect has been to reduce the apex 
distance, or the outward rolling radius, as shown in 
Fig. 1. 

It can also be seen that the center of the footprint is 
practically straight for about 4 in. (See the middle 
view of Fig. 3), so that there must be an actual shifting 
of the tire surface under the load that results in angular 
tread-wear or “scuffing” and represents the energy that 
tends to make the tire follow the apex circle instead of 
the normal path. 

The three views of Fig. 4 show the same conditions 
as in Fig. 3 with high-pressure tires, but the pressure 
has been doubled, and some remarkable results are set 
forth in Table 1. 

In Table 1 it will be seen that the side-slip of a balloon 
tire is 25 per cent greater than that of a high-pressure 
tire, according to the measurements taken of the two 
footprints resting normally on the ground. On the 6.5- 
deg. lateral incline of the car, the side-slip is 36 per 
cent greater. 

When the pressures have been reduced to 20 and 40 Ib. 
per sq. in., respectively, on the same incline, the side- 
slip per revolution is 60 per cent greater with balloon 
tires. It will also be noticed that the length of the 
footprint increases much faster with balloon tires, be- 
cause of side-sway, and that the area of the footprint 
does likewise. We can logically assume, therefore, that 
lower pressures will allow greater side-sway, area of 
contact, and length of contact, and that these factors 
will increase in a greater proportion as the pressure in 
the tire diminishes. 

As the angle of the king-pin is raked forward of the 
vertical from the point of contact with the road, a lever- 
age is exerted, when the car sways to the right, that 
tends to turn the right wheel farther in the same direc- 
tion. Mr. Burkhardt has brought out this point in his 

paper; and this effort is superimposed on the influence 
of the road over the tire, as has been stated before. 

If the footprint of the tire on the road were a circle, 
the conditions would be ideal, but the footprint of a 
balloon tire is quite a departure from that of theoretical 
contact, when compared with the footprint of a high- 

pressure tire. 
CAUSES OF SHIMMYING 

These two forces are sufficient to cause shimmying 
even though the geometry of the steering mechanism 
were neglected. Therefore, to secure any comparatively 
good results, all backlash must be taken out of the steer- - 
ing-mechanism; and pumping of the steering-arm, be- 
cause of spring and drag-link geometry, is included as 
backlash in this connection, for it represents the rela- 
tive movement between the axle and the car chassis, 
which itself constitutes backlash. 

It would seem that, aside from the corrections possi- 
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ble in spring construction, shackling, and drag-link loca- 
tion, the idea] condition for steering would be the 
elimination, so far as possible, of all king-pin rake, out- 
ward leaning of the wheels, and toe-in. But this cannot 
be done until the backlash has been taken out of the 
steering-mechanism and an irreversible gear can be pro- 
vided. 
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It is my firm belief, however, that the introduction 
of an hydraulic steering-gear will eliminate backlash 
and allow the corrections suggested. But, in order to do 
this, the actuation of the front wheels must be divorced 
from the chassis, and this would make it necessary to 
locate the piston that actuates the mechanism on the 
front axle. 

SATURATION POINT FOR MOTOR VEHICLES 
PUSHED AHEAD 

(Concluded from p. 196) 

of the average automobile tire has been increased from 
1 year to 2, or doubled, while that of the average auto- 
mobile has advanced from 5 years to 71% years, or an 
increase of 50 per cent. This means that the potential 
replacement demand for tires has been cut in half, while 
that for automobiles has been reduced by one-third. 
Moreover, these figures relate only to the tires and cars 
now going out of service. No one knows how long those 
sold this year are going to last but I have no doubt 
that the average service of the new cars will be at least 

8 years, even when the cheapest cars are included in 
making up that average. How long the best cars will 
last, no one knows. I have a Pierce-Arrow that was 
built some time after the Spanish-American War, but 
well before the World War, that has not, so far as I 
can. see, yet begun to show signs of wear. 

The prospects for the industry in the year that has 
just begun appear to be distinctly good, because it is 
entirely probable that this year is going to be one of 
general business prosperity in this Country. The influ- 
ence which has always determined the fortunes of the 
automobile industry has been, and still is, the general 
prosperity of the American people. 

Over a long series of years, periods of sustained pros- 
perity have come in this Country when certain funda- 
mental economic forces have been operating in effective 
balance with one another. Most important among these 
forces has been the combination of increasing industrial 
production, farmer prosperity, good export trade and 
easy credit conditions. As this new year begins, these 
fundamentals are all effective and well-balanced.  In- 
dustrial output is expanding, farmers are better off than 
they have been for a long time, export trade is increasing 
and credit conditions are easy and sound. Hopes for 
prosperous general business seem thoroughly justified 
and confidence in a good year for the automobile in- 
dustry seems well-founded. 

OUTPUT OF 3,600,000 THIS YEAR 

Forecasts of output for the industry in 1925 have 
been numerous and most diverse. They have ranged 

from a minimum of 2,500,000 passenger cars and trucks 
to a maximum of 5,000,000. My own estimate is that 
the total output will probably be about 3,600,000. 

The year 1925 will mark the completion of the first 
quarter of the Twentieth Century. During this period 
the American automobile industry has achieved an un- 
paralleled record in expansion of output, improvement 
of product and reduction of cost. The industry has now 
entered a period in which the number of possible new 
first-purchasers is rapidly diminishing and the potential 
replacement demand is being cut down by the increasing 
length of service that is being built into the new ma- 
chines. This combination of conditions clearly constitutes 
a hazard for the future of the industry and that thrusts 
forward the question as to how the problem can best 
be met and crowded for solution. 

If my. analysis of the situation is correct, the solving 
of the problem depends on the skill and enterprise, and 
ingenuity and energy of you, the members of the So- 
ciety of Automotive Engineers. If the phenomenal 
growth of the industry up to this time has resulted 
from the competitive nature of the product, then its 
future depends on keeping it competitive. There are 
clearly two sets of qualities of automobiles that make 
for continuous competitive comparison. The first is the 
combination of economy and convenience, and in supply- 
ing these the Ford has gone so far that it is almost 
within the bounds of accuracy to say that it has pre- 
empted the field. The second set of qualities is the 
combination of appearance and performance, and in this 
direction there is an open and boundless field. 

So long as the automotive engineers can continue to 
design new cars featuring genuine improvements, the 

normal American citizen will continue to be imbued with 
intelligent discontent toward his present car and with a 
covetous desire for a new and better one. So long as 

that keeps on, the export market will grow, the problem 

of the traded-in car will never become quite hopeless, 
the dreaded saturation-point will recede still further 
into the future and the industry will continue its tri- 

umphant march forward. 
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Metal Airplanes 

ANNUAL MEETING PAPER 

ABSTRACT 

LTHOUGH America holds practically all the 
world’s records for aircraft, no attempt has been 

made in this Country to commercialize the engineering 
knowledge and organizing ability that have been ac- 
quired. Heretofore, development has been mainly in 
the direction of military airplanes and engines. No 
industry can continue to exist that is not self-sup- 
porting; and aviation in America is just beginning to 
emerge from the charity class. To be self-supporting, 
airplanes must support themselves financially as well 
as mechanically. Previous analyses having been made 
from the standpoint of Army or Navy business, Detroit, 
following its experience with the automobile, has visual- 
ized a commercial industry based on quantity produc- 
tion. With the slogan, “Build one ‘airship’ and stick 
to it,” the project of building metal airplanes has been 
launched. 

The reasons for determining the type of engine to 
be used, as well as the size, capacity, cruising-speed, 
maximum speed, climb and other features of the air- 
plane are explained in detail. Inasmuch as safety is 
regarded as the fundamental requirement for money- 
making, adequate strength and unfailing control are 
essential; no point of instability, no tendency to stall 
or to spin, and an ability to fly under all conditions, 
whether the engine is on or off, to slow-down to less 
than flying-speed without becoming unbalanced, and to 
come out of a stall by itself without the use of controls 
and without falling off on a wing into a spin being 
qualities that are considered requisite. 

As earning capacity is a function of the ton-miles 
in the air, it is placed second only to safety, minimum 
preliminary operating schedule of 4 hr. per day being 
expected, with a maximum ultimate requirement of 20 
hr. per day. 

With these ideas in mind, the type finally chosen was 
an all-metal internally-trussed Liberty-engined mono- 
plane, carrying the maximum load at a cruising-speed 
of 100 m.p.h. or better. The considerations that led to 
the decision to build a metal thick-winged type of air- 
plane, rather than one of wood, the advantages of 

duralumin and of the method of construction by box 
sections are discussed, the arrangement of the interior 
for the accommodation either of passengers or of 
freight is described, and illustrations are shown of 

both the exterior and the interior of the airplane. 
Because a useful pay-load of 1000 lb. can be carried 
by the metal airplane of the approved design, as com- 
pared with the 250-lb. pay-load carried by the Air 
Mail, a corresponding increase of revenue is forecast, 
and advantageous developments are anticipated. As 
a result of the progress of the work, the civic spirit of 
Henry Ford kas led to his providing the airplane com- 
pany with a location for a new plant and a landing- 

field at Dearborn, near his engineering and research 

building. 

MERICA today leads the world in aircraft. We 
hold practically every world’s record, except that 
of altitude, a purely military requirement, and 

have proved that in aviation the American engineer 

need not take a back seat. Our engines are vastly su- 

perior to any foreign products. 

1M.S.A.E.—President, Stout Metal Airplane Co., Detroit. 

By W. B. Stout' 

Illustrated with PuotoGRAPHs 

Fic. 1—THBE ORIGINAL MAIDEN DETROIT IN THE AIR 

Carrying 2700 Lb. of Ammunition for the Army, the Round-Trip 
from Detroit to Oscoda, 150 Miles, Was Made in 3 Hr. 

As to air-lines, our own New York City-to-San Fran- 
cisco Air Mail flies more miles per day than do all the 
European air-lines combined; and it is the only air-line 
operating both by night and by day on a regular sched- 
ule. With all this happening, no attempt has been made 
in America to commercialize the engineering knowledge 
and organizing ability that this Country possesses; but 
the hour for such a move has now come. 

Flying got its major start during the war, but all the 
development was in the direction of military airplanes 
and engines, and all lines of thought and effort centered 
on military types. That habit of mind has continued, 
and no definite effort on the part of any concern has 
been made to translate the facts of flying into dividends. 

An industry that is not self-supporting is a charity. 
Faith and hope may be its sisters, but it is still a charity. 
We are just making a beginning toward taking aviation 
out of the charity class and making it self-supporting. 
From now on in America, an airplane, to be commer- 
cially successful, must be able to support itself in the air 
financially as well as mechanically, and in some measure 
to repay in flying the sacrifice that the industry has 
been making during lean years to the accompaniment of 
sneering encouragement. 

QUANTITY PRODUCTION OF AIRPLANES 

When Detroit tackled the airplane problem she had, 
perhaps, a different viewpoint from that of all the rest 
of America. In the first place, her vision of this new 

Fig. 2—THREE-QUARTER VIEW OF THE ORIGINAL DEMONSTRATOR 

Taken in the Spring of 1924 on the Army Field at Mount Clemens, 
Mich. Since then the Airplane Has Carried More Than 1000 Pas- 
sengers and Has Been Purchased by the Government for Use in the 

Night-Flying Air Mail Service between Chicago and Cleveland 
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transportation was that of an industry self-supporting 
and on a quantity basis. Detroit was not interested in 
making money on Government contracts. Post-war ex- 
perience had made such a procedure impossible with the 
banks and with the prospective investors of the type 
necessary for such a move. The plan had to be a com- 
mercial not a military one, in order to interest Detroit 
capital at all. 

All analyses in the past had been made from the 
standpoint of Army or Navy business. We wanted this 
business when the time came, but did not wish to enter 
into any experimental program that would necessitate 
Government expenditure unless and until we got results. 

The motor-car business was chaotic until Henry Ford 
conceived the idea of selling a car “as is.” His cus- 
tomers were told that they could have any color they 
desired “so long as it was black.” They could have light 
black or dark black, but that was all. Immediately, 
standardization of production came, and an industry 
was born overnight. Try today to buy a Studebaker 
with a wider chassis or a larger bore or stroke, or Ivory 
soap in a different-shaped cake, and see what it costs. 
Why not apply the same idea to aircraft by making an 
airplane that is right, and sticking to one design? This 
would lead to a better airplane, developed month after 
month, a cheaper airplane, as production went on, and 
an airplane that could be serviced at the minimum cost, 
which, after all, is the foundation of commercial flying. 

This was the first analysis and it was adopted as a 
policy: Build one airship and stick to it. The next step 
was to design the ship. 

Henry Ford says that business is like sorting pota- 
toes. Instead of climbing on top of the pile, sort the 
potatoes nearest to you, letting the rest alone, and as 
you work they will roll down on you fast enough in their 
proper order. The building of a commercial airplane 
was the next potato that offered itself for sorting. 

THE ENGINE 

The first problem to be considered in an airplane is 
the engine. We had built a number of different air- 
planes for various purposes during the last 6 or 8 years, 
and had found this fact to be fundamental. We had 
only recently built a small “air sedan,” as we called it, 
but inability to get engines had absolutely stopped prog- 
ress. The Liberty engine was the best available, and 
so, Liberty it was; I shall not go into engine analysis 
here. 

The airplane must therefore be Liberty-engined, and 
of a size and capacity to pay a dividend on air-line work. 
Its cruising-speed must be 100 m.p.h., and the load the 

greatest that can be carried at this speed. Maximum 
speed was not an object, but the climb with full load 
must be at least 500 ft. during the first minute. This 
dictated wing areas, total weight and light weight, and 
set the first figure to “shoot at.” We aimed at a l1-ton 
useful load with this performance. 

Check was made with Air Mail figures, since foreign 
air lines, as then constituted, were too short to give 
accurate data. The final performance figures were far 
in advance of what was being done, hence were thought 
to be adequate for the start of the development work. 
In other words, if we could do this with the first ship, 
we could add to it many per cent after a few months of 
flying experience. 

The best commercia) airplane is the one that can earn 
the most money per fiscal year. Whether this would be 
in passenger, express, freight, mail or photographic 
work, was still hidden among the pile of potatoes, and 

February, 1925 No. 
| i) 

had not yet rolled down on us, or on the industry, for 
solution. 

The fundamentals of this airplane had to be: 

(1) Maximum safety 
(a) Maximum reliability 
(b) Extreme structural strength 
(c) Extreme controllability 

(2) Most ton-miles per dollar 
(a) Low insurance rates 
(6) Maximum engine-life 
(c) Quick serviceability 
(d) Minimum take-off and landing dangers 

Irrespective of the airplane itself, it is still realized 
that 80 per cent of the safety of operation of any air- 
craft depends on the ground organization and the equip- 
ment. 

SAFETY 

Safety is the first requirement for money-making 
with aircraft. This means safety on the ground, in the 
air, and under all conditions of wind, weather and 
vision. It means safety in a crash, if a crash should 
occur, for the same reason that railroad coaches are 
made of steel. It means a structure that cannot fail in 
the worst hurricane, and controllability that will enable 
the pilot to handle the ship in any storm or wind. 

The airplane should have no point of instability, no 
tendency to stall or to spin, but an ability to fly “hands 
off” under all conditions, with the engine on or off. It 
must be able to slow-down to less than flying-speed 
without tending to anything but an even keel. It must 
come out of a stall by itself without the use of controls, 
and without falling off on a wing into a spin. Its re- 
liability must ensure it against forced engine-landings 
and its vision must allow it to continue during the most 

adverse snow and weather conditions. 
Earning-capacity is a function of ton-miles in the air. 

The ship must be designed for an earning-capacity that 
is secondary only to safety. This item involved a survey 
and study of all operating conditions, routes, types of 
service, cabin capacity, distance range, and the like. 

An airplane on the ground is a financial white-ele- 
phant. An airplane in the air is a service to mankind. 
Every minute spent on the ground is entered in the book 
in red. The ship must operate a minimum of 4 hr. a day 
in the air and eventually will be able to do 20 hr. a day. 
Only on this basis can aircraft pay dividends. The 
minimum number of hours per day spent in inspection 
and repairs therefore became imperative, and the type 
of structure dictated was metal. 

Every pound on the airplane is worth 7 cents per hr. 
in the air during a 6-hr. day. One hundred pounds of 

weight saved means $42 a day of increased earnings 
because of greater load-carrying capacity. For the 
carrying of loads at the highest cruising-speeds no other 
airplane can compare with the monoplane, so, this type 
was chosen in spite of initial sales-resistance, in the 
belief that facts would eventually prevail. More mono- 
planes would be used in America if the makers had the 
sales nerve to start. 

THE TYPE SELECTED 

Thus, we finally decided on the type: An all-metal 
internally-trussed Liberty-engined monoplane, carrying 
the maximum load at a cruising-speed of 100 m.p.h., or 

better. 
The first study was structure. In studying structures, 

the two major considerations were (a) the material to 
be used and (6) the structural arrangement. 

In airplane work, of course, the lightest material of 
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the greatest strength in any given case should be used, 
and such an arrangement of structural shape should be 
made as will give the least possible weight per unit of 
area or volume, with the most extreme strength per 

pound. 
MATERIAL: WOOD VERSUS METAL 

No one has yet developed the proper way of inspect- 
ing wood. No man in the world can take a piece of 
spruce spar and tell within 40 per cent what the piece 

will stand without breaking; the only way to tell is to 
break it. When it breaks, its structure is entirely de- 
stroyed and, in a compression test, is splintered into 
many sharp penetrating pieces. 

The strength of a piece of metal is known within 5 

per cent. In other words, before it is put to the test, 
one can tell very easily just what a piece of metal will 
endure. Metal, therefore, is a much more inspectable 
and dependable material for minimum-weight struc- 

Fic. 3—-PARTLY COMPLETED FUSELAGE SHOWING THE ENGINE SUPPORT 
AND WING-SPAR ATTACHMENTS 

The Framework Is of Heavy Box-Sections, Riveted into Bulkheads, 
with Double Gusseting. The Detachable Wing-Tips Are Clearly 

Visible 

tures than is wood, even when factors of safety many 
times beyond the actual requirements are assumed. Lack 
of knowledge of the actual strength of any wooden piece 
is the reason for much extra weight in wooden airplanes. 

STRUCTURAL ARRANGEMENT 

In making an airplane of metal, it is a distinct mis- 
take to try to copy a wood-and-cloth design. If metal 
is to be used, a structural arrangement suited to known 
metal structures should be chosen, even at the expense of 
new aerodynamics and the cost of additional develop- 
ment. To copy the old-type biplane in metal is too ex- 
pensive in both material and money, so that the saving 
in weight is very little. If, however, a design is chosen 

to suit the metal, airplanes can be made lighter in pro- 
portion to the load carried than can the old types. 

Type of service will dictate design. For mail and 
express service, the structure is arranged for major 
protection to the pilot and extreme vision in every di- 
rection. In this work, flights must be made in rain, 
snow, sleet and fog, and the actual limitation of the 

days on which these airplanes can operate depends on 
vision, one of the most deterrent features of the present- 

day Air Mail De Havilands. 
An airplane for passenger service is an entirely dif- 

ferent affair. It must have plenty of reserve power and 
climbing ability for safety; and the passenger cabin as 
well as the pilot’s compartment must be armored and 
protected against all danger of a crash. For this reason, 
when it comes to carrying passengers in the air, metal 

cabins will be more important than ever, and the re- 
quirements will be as essential as is steel in railroad 
coaches. 

METAL AIRPLANES _— 4 enn 

Fic. 4—-GENERAL ARRANGEMENT OF SEATING AND STRUCTURE 

The Dual-Control Three-Spar Wing-Construction and the Partition 
Bulkheads Are also Visible. — Windshield Is Part of the Lift 

urface 

ARMORED WALLS 

A steel-frame structure covered with cloth is not suf- 
ficient protection; the walls, and particularly the floor, 
must be armored against forced landings of unusual 
character, such as might involve contact with fences, 
rocks or stumps. 

Many Air Mail pilots have been flying for several 
years, thousands of miles every month, with no forced 
landings, except those caused by weather. When one 
does come down, however, it is well to know that he is 
in a crash-proof ship and that he will not be hurt no 
matter how severe the landing may be. 

It is easy to design an airplane having better aero- 

dynamic characteristics than those of any airplane fly- 
ing today. Models in the wind-tunnel can show a very 
much increased performance. Of what use, however, is 
perfect aerodynamics, if a structure cannot be evolved 
for a design that will enable the wings to stay on in the 
air? 

The best airplane design, therefore, is the one that 
absolutely and completely solves the structural problems 
with the very best possible aerodynamic compromise to 
fit those structural problems. Our analysis of this sub- 
ject was, that it is just as sensible to put outside the 
struts, wires and structures that will resist the air 
without giving lift, as it would be to put the keel, ribs, 
and perhaps the engine, of a motorboat, outside in the 
water, instead of inside the hull where they belong. 

THICK-WING AIRPLANES 

During the war, before this organization was completed 
in Dayton, I outlined some of the possibilities of thick- 
wing airplanes. This was at a time when no thick-wing 
curves were known or had been developed, and when, so 
far as was known in America, no one else was working 
on this type. The wind-tunnel of that day showed no 
particular advantage of the thick-wing over the thin- 
wing type; but, after airplanes of the thick-wing type 

Fic. 5—FRAMEWORK OF THE FRONT END, SHOWING THE ENGINE- 

MOUNTING AND LANDING-GBAR SUPPORTS 

The Engine Mounting Is Built of Box-Sections Riveted Together 
and Is Detachable by Removing Four Bolts . 
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had been built, wind-tunnel figures and methods of cal- 
culation were revised by Prandtl and others in order 
to make the tunnel results coincide with the actual air- 
results of later full-scale ships of the thick-wing type. 
Thick-wing curves have now been developed, so that the 
design of a thick-wing airplane is even more exact than 
that of previous thin-wing biplane types. 

The general efficiency of an airplane is gaged by the 
lift-drag ratio, that is, the ratio between the amount of 
drag, or engine-power that is necessary to pull it for- 
ward, and the resultant lift. 

By eliminating struts, wires and all possible parts 
that do not lift when resisting the air, our airplane 
showed a remarkable record in the tunnel over any pre- 
vious commercial designs with which we were familiar. 
The wind-tunnel work was done at the Massachusetts 
Institute of Technology. 

The ship was constructed of duralumin. We were 
averse to the use of steel or other metals with duralumin 
on account of electrolysis, and were prejudiced against 
the use of tubing on account of the weight of the fittings 
as well as the expense of that type of manufacture. 

The metal airplane, therefore, is built mostly of box 
sections of duralumin riveted together, with all the 

rivets placed where they can immediately be inspected, 
inside the wings and out. The box sections were tested 
for their strength characteristics by outside testing- 
laboratories and from these figures the structural work 
proceeded. 

MOcK-UPS 

The first step was the building of a “mock-up” of 
sticks, shingle-nails and building paper, until all the 
plans and structures had been taken care of in the sim- 
plest possible manner. We found that this method 
saved many days of calculation, and led to a far more 
accurate result than could be obtained on the drafting- 
board. 

Drawings were made from the complete “mock-up,” 
the stresses in each piece analyzed and calculations 
made. When structures were indeterminate, sections 
were built and sand-loaded. Most of the structure, how- 
ever, was of roof-truss or bridge design, with the maxi- 
mum of known factors to work with. 

This work has eliminated the drafting-room, for the 
drafting-tables are located in the shop, the draftsmen 
of any assembly being the foreman of construction of 
that assembly; so, if a rivet is hard to put in, or cannot 
be inspected after it has been put in, the drafting-room 
cannot condemn the shop, nor the shop the drafting- 
room. The man who creates an idea is responsible for 
the building of it, and it is his duty to make it right. 
This has led to extreme simplification of the metal de- 
sign, and proportionately lessened costs. 

Box sections are developed in dies in a 14-ft. power- 
brake; and all parts of the ship are designed to be com- 

plete, so far as bending operations go, within 15 min. of 
the time the metal comes from the heat-treating fur- 
nace. An automatic electric type of heat-treating fur- 
nace is used that keeps the temperature accurate within 
1 deg. fahr. The metal is quenched in cold water before 
being straightened and worked. Production methods, 
metal, jigs, assembly tables and the rest are separate 
topics outside the scope of this paper. 

By completing all bending operations at once after the 
heat-treatment, the development of cracks in the struc- 
ture naturally is avoided. After some 3 years’ work 
with this metal, we can now make it do everything but 

talk. 
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THE MAIDEN DETROIT 

The photographs reproduced in Figs. 1 and 2 show 
our first airplane, Maiden Detroit, which has been used 
during the last year in and about Detroit as our original 

demonstrator, and has been purchased by the Air Mail 
for night-flying between Chicago and Cleveland. This 
airplane carried more than 1000 passengers during its 

year’s work with us, and made intercity trips on which 
it carried with ease 2700 lb. of load. 
When one considers that the De Haviland Air Mail 

airplanes can carry only 450 lb. of mail, and fuel suffi- 
cient for 3 hr., and that the metal airplane has carried 
nearly 2000 lb. of pay-load with the same fuel, the same 
engine, and at approximately the same speed, the ad- 
vantage of the latter is obvious. 

This airplane flies as designed. When it has climbed 
to a stall, it merely slows-down, settling at the nose until 
it regains its flying-speed, with no tendency to fall off on 
one wing or to go into a spin. It is under complete con- 

trol, even though considerably below the landing-speed. 
We have settled for 1000 ft., when flying at less than 
a supporting-speed, with perfect control at all times and 
with a ton of load on board. 

As completed, the airplane is a step farther ahead of 
previous monoplanes built by us in the last 6 years of 
experimental work, during which time some $500,000 
has been spent and an equivalent amount learned of 
what not to do as well as what to do. 

Weights have been reduced to the minimum, yet the 
structures are very simple and have the full factor of 
safety. The airplane shown in Fig. 1 has a factor of 
safety of six, which is more than is required of an air- 
plane of the type described in the Army and Navy speci- 
fications. Flights in Air Mail work, through storms 
that have wrecked shipping on the Lakes and a trip on 
Dec. 14, 1924, the roughest day in the history of the Air 
Mail, have proved the structure against any sign of 
weaving or distress, even in bumps of the most extreme 

violence. The rivets certainly hold. Our own confidence 
is shown by the fact that we and our families occupy 
the ship on every opportunity, when factory airplanes 

go on cross-country tours. 

The fuselage or body of the airplane is square in sec- 
tion, as shown in Fig. 3, with the engine section fastened 

to the front end by the quick-detachable method. The 
framework is of heavy box-sections, riveted into bulk- 
heads with double gusseting. The cabin part, that is, 
the section from the engine to the back of the cabin, is 

framed to take all stresses without regard to the 

strength of the skin. The three main bulkheads are 

arranged to coincide with the three wing-spars above, 
and are fastened to them, as shown in Fig. 4, which also 

shows the seating and structural arrangement very 

plainly. 

ENGINE COMPARTMENT 

The engine compartment, depicted in Fig. 5, is of 
course in the front. Behind the fire-wall, which forms 
the front of the body proper, is the pilot’s compartment 
where two pilots sit side by side on either side of an 
aisle, each pilot having his individual Deperdussin con- 
trol. This is standard in every way except that pedals 

replace the former crude footbar. 
Space is provided in the freight ships, or “air trucks,” 

for the wearing of seat-type parachutes by the pilots, 
and for quick egress from the ship, since these airplanes 
are to be used in night-flying and under conditions of 
weather and fog in which it would be foolhardy to carry 
passengers. As passenger ships are intended for fair- 
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weather flying under ideal circumstances, parachutes 
are not a part of their equipment. 

A central door, shown in Fig. 6, leads from the pilot’s 
room back to the wash-room which contains toilet and 
washing equipment. One may stand in this room, look 

out into the wings on either side and back through the 
tail of the ship, and inspect everything. On either side 
is a gasoline-tank provided with a sight-gage and hold- 

ing 150 gal. of gasoline, a capacity sufficient for 6 hr. 
flying at cruising-speed, or about 600 miles. 

Another central door leads from the wash-room into 

the cabin, shown in Fig. 7. This is some 14 ft. long and 

reminiscent of the interior of a modern intercity motor- 

bus. Seats are side by side on either side of an aisle. 
In the air-truck, this room is without seats but has 

rings in the floor for fastening loads into position. The 

backs of the middle seats fold down on the rear seats, 

Fic. 6—VIEW OF MAIN CABIN LOOKING FORWARD 

The Pilot’s Room and the Wash-Room Are Also Shown. The Air- 
Speed Indicator and the Altimeter Are Mounted on the Front Wall. 

The Exit Door Is at the Right 

Fic. 7—LOOKING AFT THROUGH MAIN CABIN AND REBAR Door 

The Wing-Spars and the Luggage Space Can Be Seen Above. All 
Parts Can Be Reached for Inspection from the Inside of the Ship 

forming benches at the side so that passengers can 

face inward. A table can then be set between the seats 

for serving meals, for reading or for playing cards; or 

the benches can be used at night as berths, when the 

crew sleeps in the ship when in strange fields. 

CABIN 

The appointments of the cabin are those of a limou- 
sine, heating being provided for winter work, so that an 
even temperature can be maintained at all times. The 
windows open on an arc for ventilation in summer. 
Since three walls intervene between the engine and the 
load, no fumes of gas or oil can come through to bother 

the passengers. 
The landing-gear below is fastened to the two major 

bulkheads, as shown in Fig. 4. It is of the split-axle 
type and is arranged for 12 in. of spring-action. The 
tires are 36x8 or 44x10 in., depending on the oper- 

ating conditions involved. 
Above the fuselage are the wings. These are built in 

three sections, a central section and the wing-tip sec- 
tions, for handiness in shipping and for ease of replace- 
ment and storage. Three spars are fastened to the three 
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Fic. 8—WuING-SPAR ARRANGEMENT SHOWING METHOD OF CONSTRUCTION BEFORE METAL COVEPING OR SKIN Has BEEN PuT ON 

The Crude Type of Wooden Jigs Originally Used Has Been Replaced by Permanent Metal Jigs and Tools 
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main bulkheads of the body. These spars are tapered, 
and are of cantilever bridge-type construction, with 
double gussets, as shown in Fig. 8. 

Six bays, transversely braced with cross-bracing, take 
the torque. The skin is corrugated and forms the ribs 
proper. When complete this makes the strongest wing 
against torque and flutter that has been built and is a 
reason for the extreme rigidity in flight. 

The wing is of. double camber, a type used in this 
Country on our first airplane that is very stable in center 
of pressure movement. 

The tail assembly is of high aspect-ratio, to save 
work on the part of the pilot, and the stabilizer is ad- 
justable from the pilot’s seat. No trouble is experienced 
in the air when passengers move about, for the tail can 
be set to compensate. 

The general design and performance features of the 
airplane in its present form are as given in Table 1. 

TABLE 1—DIMENSIONS AND PERFORMANCE 

Span, ft. in. 58— 4 
Length, Overall, ft. in. 45— 8 
Chord, Maximum, ft. in. 12-10% 
Height, at Rest, ft. in. 11-10 
Wing Area, sq. ft. 600 
Wing-Tip Clearance, ft. in. 9-11 
Engine, Liberty, hp. 400 
Weight, per Sq. Ft., lb. 9.85 
Weight per Hp., Ib. 14.8 
Total Weight, lb. 6,017 
Weight, Empty, with Water, lb. 3,638 
Useful Load, lb. 2,379 
Fuel, gal. 150 
Oil, Ib. 96 
Duration at Cruising Speed, hr. 5te to 6 

The airplane is stable with the engine on or off. We can 
fly it “hands off” on a calm day and cut-off the engine 
without touching the controls. It then takes its own 
flying-angle without a tendency to go into a nose-dive. 
When diving, “hands off,” the machine goes into a nor- 
mal glide by itself. When landing in a side wind, it 
has no tendency to ground-spin and, in taxying on the 
ground, the controls are extreme. 

The take-off with 2000 lb. of load is between 600 and 
800 ft., depending on the wind. We have climbed more 
than 1 mile in 10 min., with 1 ton of mail load. Charac- 
teristics of the airplane are increasing almost daily, the 
original figures being as follows: 

Maximum Speed, m.p.h. 115.0 
Cruising Speed, at 1450 R.P.M., m.p.h. 96.8 
Landing Speed, m.p.h. 52.0 

These figures are with the Air Mail useful load of 
2000 Ib. The airplane easily carries 2700 lb., with a 
corresponding increase in the take-off and decrease in 
the climb. 

NEW PLANT AT DEARBORN 

As a result of the progress of this work, announce- 
ment has recently been made of our new plant at Dear- 
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born, on the new landing-field known as Ford Airport, 
which Henry and Edsel Ford have constructed for us, 
close to the new Ford engineering and research building. 
I wish to mention this on account of some misconstruc- 
tion that has appeared in the newspapers. 

Mr. Ford has announced no plans of going into the 
airplane business, nor of building the so-called “air fliv- 
ver,” about which the newspapers seem to be so insistent. 
The field and factory, upon which about $250,000 has 
been spent, have been arranged for our use merely as an 

encouragement to the air industry around Detroit. 

This civic spirit on the part of the Fords and others 
is the main thing that will make Detroit, we hope, the 
center of airplane manufacturing and, as a National 
move toward increasing the interest in aviation in 
America, cannot be too highly commended. 

Further developments are beginning to accrue to us. 
Our plan tentatively is to operate our own airplanes on 
subsidiary air-lines between given cities. 

By operating our own airplanes, we can control the 
safety of operation and the method of handling, so that 
we can work to a dividend point in strictly commercial 
operation in the type of carrying that proves to be the 
most profitable, be it fancy express, mail, or passengers. 

Visualize airplanes of this kind leaving Detroit and 
Chicago every hour. Ten passengers could be carried 
on each trip, and $25 per passenger would be a reason- 

able fare. The trip, including overhead expense, and the 
like, wouid cost about $150, leaving a profit per trip of 
$100. From four to six single trips per day per ship 
could be made, once full load had been accomplished. 

The Air Mail today meets all expenses of its night and 
day flying from New York City to San Francisco, in- 
cluding the searchlight stations, emergency landing- 
fields, and all the equipment, with a pay-load of 250 Ib. 
One can see the margin of profit that could be developed 
in this service with a pay-load of only 1000 Ib. 

It has been said by many persons that commercial 
airplanes cannot pay. As they have been operated in 
the past, they could not pay, no matter what might be 
the airplane. Financial success is a matter of manage- 
ment and of working from facts. 
When we fly at night between civic centers with air- 

planes that safely carry passengers, freight, collateral, 
money, antiques, films, and the like, and the ships can 
remain in the air 20 hr. out of every 24, we shall carry 
passengers cheaper than first-class railroad fare and 
shall make money by carrying goods at express rates at 
a profit. It is purely a question of business men putting 
business fundamentals into airplane operation, a thing 
as yet undone. 

A great deal of faith and hope still remains to be 
expended, in actual cash and energy, before the charity 
side will be overcome and aviation really will become self- 
supporting. Meanwhile, Detroit is letting the dollars fly, 

believing that eventually they will return like Noah’s 
dove, carrying something more than their bill. 
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The Weymann Silent Flexible Body 
By Grorce W. Kerr! 

ANNUAL MEETING PAPER 

ABSTRACT 
ODY construction, of a character such that the 
wooden framework is secured by suitably shaped 

steel joining-plates and bolts that separate the wooden 
members % in. at the joints, is illustrated and de- 
scribed. The outer surface of the body is then com- 
pletely covered with flexible textile fabric or leather- 
cloth. It is claimed that the effect is to impart to the 
finished body an easy deformability and to permit it 
to accommodate itself to distortions of the chassis 
frame, to which it is rigidly attached. 

A portion of the English patent specification is 
quoted, and details of the actual construction prac- 
tised at the inventor’s factory in Paris, France, are 
stated. Due to the absence of steel and to the extreme 
slenderness of the wooden parts, these bodies are very 
light. The required wood-working operations are few 
and simple. Only the minimum machine -equipment is 
needed to fabricate the framework, and no great skill is 
demanded in its erection. As no paint is used, the 
artistic success of the body largely depends upon the 
skill of the upholsterer. 

LTHOUGH the outer surface of the Weymann body 
Ai completely covered with flexible textile fabric 

or leather-cloth, its chief interest lies in the novel 
and revolutionary character of its construction. The 

‘ M.S.A.E.—Body engineer, Reo Motor Car Co., Lansing, Mich. 

Illustrated with DrRawiIncs AND PHOTOGRAPHS 

wooden framework is not fastened together rigidly by 
mortise and tenon, or other close-fitting joints secured 
by glue, screws and pins, as is customary in conventional 
vehicle-body construction, but is secured by suitably 
shaped steel joining-plates and bolts in such a manner 
that none of the wooden members are in direct contact 
at the joints, but are separated approximately % in. 
The effect of this peculiar frame construction, together 
with the flexible outer covering of woven fabric, is to 
impart to the finished body an easy deformability and 
to permit it to accommodate itself to distortions of the 
chassis frame, to which it is attached rigidly, due to in- 
equalities in the road or other causes. Offering practi- 
cally no resistance to such distortions, it suffers no harm 
therefrom, which is an effect wholly the opposite of that 
caused by a rigidly framed metal-covered body-shell and 
a more or less limber chassis-frame. 

Obviously, with its flexible skin and universally yield- 
able joints, the distortion at any single joint must be 
the minimum. Also, whereas extreme rigidity of some 
sections of the conventional body causes exaggeration 
of distortion and strain in weaker places such as door- 
ways and upper front-corners, this body exhibits an 
opposite condition. The virtual absence of resonant ma- 
terial in the form of wood and metal under tension must 
go far to support the claim of silence advanced by its 
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Fic. 1—Bare CHASSIS AND CROSSBARS 

The Crossbars Form Supports for the Bodywork 

inventor. Further, since the seats of this body rest upon 
the floor, the weight of the passengers is carried directly 
upon the chassis through the intervening crossbars to 
which the standing pillars are attached. Strains that 
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ordinarily are carried by the side-walls of the body and 
the wide longitudinal sills, which are absent in this con- 
struction, are diverted directly to the chassis frame 
where they must rest finally in any case. M. Weymann’s 
idea has the virtue of novelty and invention. Whether it 
is revolutionary must be proved by the extent of its 
adoption and usage by the public. 

The Weymann body rapidly is establishing a per- 
manent standing in the automotive industry on the 
European Continent and in Great Britain. M. Weymann 
has a factory in Paris that employs about 450 people. 
Under the Weymann patents, licenses have been issued 
to upward of 30 automobile and body builders in Great 
Britain. Bodies are being fitted to chassis of ail classes, 

Fic. 3—Sipe View or Bopy FRAME 

Illustrating the Method of Connecting the Frame Members 

Fic. 2 Bopy CONSTRUCTION 

Vertical Frames Form the Skeleton of the Bodywork. The Usual 
Two Longitudinal Beams Bearing on and Secured to the Meta 
Longitudinal Members a of the Chassis Are Dispensed With. In- 
dependent Crossbars b Preferably Arranged Parallel to Each Other 
and Secured to the Longitudinal Members a Are Connected by a 
Flooring or Panelling, c, of Say Thin Boards and Permit Thei: 
Relative Displacements in Case of the Warping of the Members a 
The Crossbars 6 Support the Upright d of the Bodywork. The 
Skeleton Is Therefore Constituted by a Series of Parallel Vertical! 
Frames e Which Can be Equidistant or Not and Which Are. at 
Right Angles to the Longitudinal Axis of the Chassis. These 
Frames e Are Also Connected by a ranelling, f, of Say Thin Boards 
Constructed So As To Permit Their Relative Displacements and To 
Constitute the Walls of the Bodywork. Connection of the Frame 
Members Is Effected by Using Iron Fittings Which Are Rigidl) 
Secured on One of the Elements of the Skeleton Framework and 
Carry One or More Axes on Which the Associated Element Can 

Fit and Relatively Move 

including those highest in price. Some of the bodies 
have very elaborate interior finish. This body has been 
patented in France and in England, and a United States 
patent, dated Dec. 9, 1924, has been issued to M. Wey- 
mann. The following excerpt from the English patent 
is presented: 

ENGLISH PATENT SPECIFICATIONS 

Fig. 1 illustrates a bare chassis on which are ar- 
ranged crossbars, forming supports for the bodywork. 
Fig. 2 is a corresponding view showing the method of 
construction of the vertical frames forming the skel- 
eton of the bodywork. In the vehicle bodies, accord- 
ing to this invention, the usual two longitudinal beams 
bearing on and secured to the metal longitudinal mem- 

bers a of the chassis are dispensed with and inde- 
pendent crossbars b preferably arranged parallel to 
each other and secured to the said longitudinal mem- 
bers @ are provided. These crossbars b are connected 
by a flooring or panelling, c, of, for instance, thin 
boards, permitting their relative displacements in case 
of warping of the members a and support the up- 
rights d of the bodywork. The skeleton of the latter 
is therefore constituted of a series of parallel vertical 
frames e which can be equidistant or not and are at 
right angles to the longitudinal axis of the chassis of 
the vehicle. These frames e are also connected by a 
panelling, f, of, for example, thin boards, constructed 
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so as to permit their relative displacement and to con- 
stitute the walls of the bodyworks. 

The framework is therefore formed of juxtaposed 
cells capable of relative distortions without antagonistic 
strains taking place at the points of connection and, 
consequently, without fear of the various members be- 
coming disjointed. It is obvious that, in certain cases, 
one or more of the cells may be made so as to form 
a rigid and undeformable whole, while the adjacent 
cells are made flexible as hereinbefore described. These 
rigid cells can constitute abutments or stops limiting 
the amplitude of the resilient distortions of the juxta- 
posed flexible cells. 

It will be noted that, to perfect the flexibility of the 

Fic. 4—TuHE Cow. FRAME 

Showing Its Construction and Manner of Attachment to the Chassis 

whole, the elements of the skeleton of the bodywork, 
namely, the crossbars, uprights and the like, are not 
rigidly connected by a wooden assemblage such as mor- 
tises, pegs or the like, but the connection is effected by 
means of iron fittings which are rigidly secured on one 
of the elements of the skeleton framework and carry 
one or more axes on which the associated element can 

fit and relatively move. 

DETAILS OF CONSTRUCTION 

Fig. 3 shows a side view of the frame of the Wey- 
mann body. As practised at the plant of M. Weymann, 

at Paris, France, its construction is as follows: There 

are no longitudinal main-sills. The main sub-structure 
consists of cross-sills, bolted on top of the chassis frame. 

These sills are located at the ends of the body and at 

the standing pillars, each pillar passing down outside 
the cross-sill and being attached thereto by L-shaped 
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Fig. 5—SPECIALLY DESIGNED Door-LOcK 

The Door Frames Are Very Light. The Usual Rabbets at the 
Door-Jambs Are Absent. Only Two Very Light Hinges Are Used 
On Each Door, Because the Weight of the Door is Carried Mainly 
by the Lock. A Section of the Glass-Runway Is Shown at the Right 

steel-plates and four bolts; there are plates on both sides 
of the joint and two bolts pass through each member. 
This means of attachment of parts, or its equivalent, is 
used throughout the body. The lower outer edge of the 
body is formed by suitably shaped pieces of wood, cut 
in between the cross-frame and similarly fastened. 

The body frame is assembled upon the chassis piece 
by piece, where it remains until the job is completed. 
The cowl frame and its attachment to the dash of the 
chassis, shown in Fig. 4, seem to constitute the principal 

Fic. 6—FABRIC COVERING 

Light and Strong Canvas Is Stretched Over the Assembled Frame 
To Form a Foundation for the Padding That Is Needed To Provide 
a Swelled Surface on Which To Apply the Outer Covering of 

Leather Cloth 
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Fic. 7—THE FRONT SEAT 

Indicating Its Construction and Showing Its Adjustable Backs 

means of maintaining the body in normal position. The 

door frames are very light, and the usual rabbets at the 
door jambs are absent. Only two very light hinges are 
used on each door, the weight of the door being mainly 
carried by the peculiar lock, shown in Fig. 5, which is 

arranged to hold the door in suspension. There are no 
dovetails or bumpers on the door pillars; the doors close 
against fabric-covered rubber-tubing across the top and 

Fic. 8—TuHe COMPLETED Bopy 

A Two-Color Effect Is Easily Obtainable As the Leather Cloth Is 
Made in Varied Colors. As No Paint Is Used, the Artistic Success 

of the Body Depends Largely upon the Skill of the Upholsterer 

the bottom of the door. The molding covering the joint 
at the lock side of the door is of half-oval rubber, cov- 
ered with leather-cloth to form a section similar to a 
tee molding. It is tacked to the edge of the door, and 
the tacking flange is covered with a thin strip of 
plated metal about 1% in. wide and 1/32 in. thick ex- 
tending from the top to the bottom of the door. No 

covering molding is provided at the hinge side of the 

doors. There is a small radius in the corners of the 
windows and a radius on the edges of the framework of 

the windows. 

OUTER COVERING AND FINISH 

Light but strong canvas is stretched over the assem- 

bled frame, as shown in Fig. 6, to form a foundation for 

padding; this is needed to provide a swelled surface on 
which to apply the outer covering of leather cloth. This 
canvas is also used upon the inside of the upper back and 
side quarters, the space between being filled with hair to 

swell the outer surface slightly. Mill board is also a 

resort for maintaining the contour of such places as 
the corner of the cowl, the lower back panel and the 
upper back of round-cornered bodies. The front-seat 
construction is indicated in Fig. 7, and the completed 

body is shown in Fig. 8. 
The leather cloth is applied in the simplest manner 

possible, being drawn and tacked underneath the body, 
turned into the doorways, drawn across the face of the 
pillar and tacked on the inside of the body. It is 
stretched into the window openings and tacked in the 
glass rabbets. Lead-filled molding is used to cover the 

tacking and to carry out the design, where necessary, 
upon the outside of the body and across the cowl where 
the cowl joins the body. A wheel-house panel of very 
light metal, hammered to form, is attached by nailing 

after the body has received the outer covering. This is 
perhaps the only sheet metal used in the body and, from 
its location and shape, can have little effect in adding 

rigidity to the structure. A two-color effect is common; 
it is obtained easily, as leather cloth is made in various 
colors and shades. It is interesting to note that the 
material most favored by the Weymann works is of 
American manufacture. 

Due to the absence of steel and to the extreme slender- 
ness of the wooden parts, these bodies are very light. 
As the required wood-working operations are very few 
and simple, only the minimum machine equipment is 
needed to fabricate the framework and no great skill is 
demanded in its erection. As no paint is used, the artis- 

tic success of the body depends largely upon the skill 
of the upholsterer in producing not only a luxurious and 
inviting interior but an exterior free from irregulari- 

ties of line and surface. The cost of the Weymann body 
is believed to be about 75 per cent of that of other cus- 
tom-built bodies of equal finish and quality; it ranges in 
France from $900 to $1,500 and, in England, from $700 

to $1,600 for four and for six-passenger bodies, accord- 

ing to size and finish. 

As practically all the accessory fittings such as window 
regulators, glass channels, hinges, locks, door stops and 

joining plates are of special design and are supplied by 

Weymann, this body as a whole constitutes a wide de- 
parture from the established practice of automobile- 
body construction. 

—— 
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Building of All-Steel Vehicle Bodies 
By Epwarp G. Bupp! anp J. Lepwinxka? 

ABSTRACT 

LL-STEEL automobile bodies are lighter, stronger, 
roomier and cheaper than composite bodies having 

wood framing and metal panels. They are free from 
squeaks, afford better vision of the road and scenery, 
take a superior finish with less preliminary work and 
permit marked economies in quantity production. Steel 
has 40 times the strength to resist breakage that wood 
has and, in bending, may be stressed 7 times as much 
as wood, hence the cross-sectional area of steel mem- 
bers may be only a small fraction of that of wood mem- 
bers having equal strength. This makes for lightness 
of construction and reduction of the size of frame 
members, thereby affording more space in the interior 
of the body for the passengers and reducing the amount 
of obstruction to vision. 

Whereas joints between sills and posts in a wood- 
frame body are weakened by the cutting away of a 
large part of the wood and consequently require rein- 
forcing with irons and the use of glue and screws, 
corresponding joints in the pressed-steel body are 
strengthened by flanges and riveting and the formation 
of box section. Such joints are not loosened by shrink- 
age and vibration and do not become noisy. Steel 

members lend themselves readily to riveting and weld- 

ing, which methods of fastening may produce the 
strength of continuous or integral metal. This is im- 
portant because space limitations often prevent proper 
use of screws, braces and stiffeners in wood bodies so 
that they are sometimes weakest in the planes of great- 
est stresses. 

In steel construction, where the formation is hollow, 
as in the doors, hardware such as locks has been de- 
signed which does not require the removal of any metal 
at points where the members are in tension or com- 

1M.S.A.E.—President, Edward G. Budd Mfg. Co., Philadelphia. 

*Chief engineer, Edward G. Budd Mfg. Co., Philadelphia. 

Illustrated with DRAWINGS AND PHOTOGRAPH 

pression. Side panels and the rear panel of closed 
bodies are formed in one piece from floor to roof, in- 
cluding the formation of the rear window, thus avoiding 
the expensive and objectionable horizontal joint at the 
belt line and making it possible to assemble the entire 
side structure of the body in one piece for shipment as 
a unit. The panels may be joined together along their 
vertical lines by in-turned flanges, leaving an open 
joint, or the panels can be welded so as to avoid the 
open seam. 

A factor of great economy in original manufacture 
has been the design of removable upholstery, which is 
also a great advantage in the case of repairs. The 
development of methods of working sheet metal by 
which stampings can be produced that are correct as 
to contour and free from surface defects has made it 
possible for finishing to be done without filling or 
rubbing and without the use of many preliminary coats 
of paint. It is the practice of some car manufacturers 
to finish the bodies with three coats of japan, without 
any filling and rubbing, and to bake the japan on at a 
high temperature. The steel body is also especially 
adaptable to the use of lacquers for getting hard finish 
with various colors. 

builder of steel bodies. Moreover, he finds 

y bul structural advantage is possessed by the 

219 

that the earlier body builders have already in- 
corporated in their wood bodies almost enough steel to 
make a steel body and, by putting certain in-turned 
flanges on the old-type panels and by cértain rather 
inexpensive additional interior bracings, he can make 
the outer shell, which the wood frame carries, a strong 
structure that will justify elimination of the wood 
frame. This has less weight, the joints are strongly 
welded and riveted, and the posts will not shrink nor 
warp. Thus the objectionable rattles and squeaks which 
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Fic. 1—COMPARATIVE AREAS OF CROSS-SECTIONS OF Woop 
AND STEEL OF EQUAL STRENGTH 

Steel May Be Stressed Seven Times as Much as Wood and Its 
Lower Section Modulus Makes Possible the Smaller Sections Shown 

in the Center and at the Right 

are evident in the composite body are eliminated in the 
steel body. 

The automobile body is a structure in which light 
weight is most essential. Strength is necessary and 

continued resistance to vibration must be secured if 
broken glass, disagreeable creaks and rattles are to be 

avoided. We must have a superior finish on the outer 
surface. We must have the minimum thickness of walls 
to give maximum inside seating space. We must get 
the minimum cost. The automobile body brings out the 
very highest development of the sheet-metal workers’ 
art. Expensive die and tool equipment has deterred 
many from undertaking it. However, the advantages 
are so great and the economies in quantity production so 
marked that the die cost becomes an insignificant factor 
to those who view the matter in a broad light. 

AN OUTGROWTH OF STRUCTURAL DEVELOPMENT 

The analogy between all-steel automobile-body con- 
struction and earlier structural developments is so close 
as to be obvious to even the casual observer. Let us re- 
view those developments briefly. Man has always hun- 
gered for a change of scene. From the beginning, he 
has been the one form of animal life to whose desire for 
movement there have been no bounds. There is no place 
so far north, so far south, so high or so low, that men 
do not earnestly desire to reach it. They travel great 
distances by their own physical efforts, but the desire 
for ease or for more continuous travel led men to devise 
vehicles; first, those carried by other men; afterward, 
those supported on runners or wheels and propelled by 
the efforts of other men or animals, and, finally, they 
perfected a vehicle propelled by a mechanism within 
itself. In each of these steps the requirements have 
been speed, protection and comfort. 

The sedan of the Middle Ages was a beautiful car, in 
many cases exemplifying the most skilful workmanship, 
decorated in a most elaborate style and giving the ex- 

treme of protection, seclusion and comfort to the rider. 
As luxury increased throughout the civilized world, 

the demand for greater speed and comfort was continu- 
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Fig. 2—STEEL SHAPES OF EQUIVALENT SECTION MODULI 

Equal Strength in Steel Members Can Be Secured with Less Material 
by Allowing the Greater Part of the Material To Lie Within Planes 

of Maximum Stresses 

ous. In the early manhood of those now living, a fast 

horse with a finely made carriage, often fully enclosed 

and fitted with glass, and luxuriously upholstered in 
the most delicate fabrics, reached the acme of ‘possible 
achievement and gave an air of luxury and dignity to 
men of wealth and taste which seemed unsurpassable. 
The artisans were a class to themselves, proud of their 
skill and honored by their fellow men. At this stage, the 
self-propelled vehicle was developed and those skilled 
carriage builders were called upon to put a proper body 
on this new and energized running-gear. Naturally, 
they, in great measure, copied the designs and methods 
of workmanship which were so suitable to the horse- 
drawn vehicle. These designs were quickly modified to 
meet more nearly the new requirements. The bodies 
were enlarged, doors of different type were designed, the 
lines of the body were changed materially and, step by 

step, the automobile body became in appearance more 
in harmony with the new conditions. 

Woop BoDIES ARE SHEATHED WITH METAL 

The outside surface of the automobile body was made 
of wooden panels in the early days, as in the case of 
the horse-drawn vehicle. In making these panels, the 

early body builder used the finest kind of wood, which 
was most carefully seasoned and glued and jointed so 

that it would preserve its shape. Over this was placed 
the finish, consisting of many coats of filler, paint and 
varnish. It was soon found, however, that this surface 

would not stand the severe racking which the body re- 
ceived and, to secure a more durable finish, the body 

builder first put sheet metal over the surface of the 
cowl and, later, of the doors. Then, finally, the entire 

outer surface of the body below the belt was covered 
with a number of small pieces of sheet metal. This 
metal was not intended to strengthen the body but 
simply to give a better surface on which to lay the paint. 

The process of arriving at a complete metal finish 
has extended over some years. Within the last 2 years 
the posts above the belt on the closed jobs have been 
covered with metal and within the last year the door 

jambs of the closed cars have been covered with metal, 
until now, on moderate-price cars, the entire body is 
sheathed. The composite-body builder has left the wood 
in place and this shell is added weight. 

METAL-WORKERS’ PROGRESS PAVED THE WAY 

This development of the automobile body has been 
going on during a period of 25 years. Meanwhile, there 
has been another great development in the mechanic arts 
in this Country. The forming of sheet metal into care- 
ful shapes and, at the same time, in such a way as to 
give great strength to the formed structure has had its 
beginning and entire development in this period. The 

development has been a stupendous one. 
Steel manufacturers have contributed greatly by con- 

stantly improving their methods until they are now 
marvelously suited to the demands. The taking of 50 lb. 

of rough, heavy, obdurate metal and, with a few dollars’ 

cost, transforming it into a sheet of glistening steel 48 

in. wide, 120 in. long and 0.04 in. thick, no part varying 
more than 0.003 or 0.004 in. in thickness, and every 
part of the sheet reflecting light as a mirror, and the 

whole sheet lying in an almost perfect plane, is one of 
the modern miracles. 

The users of sheet metal have not been behind in their 
skilfulness. One man makes a seamless collar-button 
from this material and another man has learned to make 
a ball out of it with absolutely no seam. The Chinese 
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workman who produces one ball of ivory within another 
is not comparable in skill with the sheet-metal worker 

who takes a flat sheet of metal and makes it into a seam- 
less ball. One group of men makes furniture out of 
sheet steel and another group has made belt pulleys. 

Going back 50 years, we find the beginning of another 
great development, the use of what is known as struc- 
tural steel to obtain strength and lightness where pre- 
viously only wood had been used: first in ships—the 
heavy metal gave greater buoyancy and strength to 
resist storms than did the much lighter oak and pine 
timbers. Steel bridge construction followed shortly 
after—a small bridge built of steel will weigh less than 

if built of wood. Where great strength in proportion to 
weight is necessary, as in the long spans which our en- 
gineers erect, steel is indispensable and no combination 
of wood would serve the purpose. Then quickly after 
the bridge conquest came the building conquest. Steel 
has supplanted wood in building construction for the 
reason that it is safer, stronger, lighter and cheaper. 

About 20 years ago, in the face of great opposition, 

the most far-sighted railroad people of the United States 
began building railroad coaches of steel. Here they 
combined the art of the steel bridge builder with the art 
of the sheet-metal interior-finish maker. Conservative 
men of that day predicted that the new cars would be 
noisy, cold, ugly and heavy. We know that the Prophet 

of Evil was wrong in each prophecy. With this picture 
as a background, we will consider the present status of 

the automobile body. 

PROBLEMS OF THE BoDY BUILDER 

To bring the subject to a point at which it can be 
discussed intelligently, it is assumed that the engineer- 
ing group is thoroughly familiar with wood body con- 
struction but is not as familiar with metal body con- 
struction. We make this assumption only for the 
purpose of inducing discussion at the end of this talk. 

To begin with, the problems of the body builder are to 

(1) Give the passenger a comfortable and strong sup- 
port on which to seat himself 

(2) Protect him from the weather, using an enclosure 
which can be opened readily 

(3) Give the passenger the utmost possible view of the 
landscape and to give the driver the utmost pos- 
sible view of the road 

(4) Protect the occupants from personal injury in case 
of collision or overturning of the car 

(5) Attain freedom from noise due to vibration of the 
chassis when moving over rough roads 

(6) Accomplish these results with the least weight 

(7) Last, but far from least, is to incorporate all of 
these in an extremely attractive form so as to 
be pleasing to the eye. 

These are the engineer’s problems. What should his 
material be? It should be material that gives the 
greatest strength with least weight for a body of a given 
size or volume. One group of body builders has selected 
wood. We have selected steel. Wood was a natural se- 

lection in the beginning. A great group of able en- 
gineers still pin faith to the wood and their arguments 
deserve serious and thoughtful consideration by the steel 
workers and no doubt will be strongly presented in the 

discussion. 

STEEL SECTIONS HAVE SMALLER AREA 

The physical properties of steel are so much higher 
than those of wood that the cross-sectional area of the 
steel member may be only a small fraction of that of 
wood having equal strength and the weight may be less. 
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Fic. 3—-STEEL AND Woop SHAPES COMPARED To SHOW RELATIVE 
ADAPTABILITY FOR ASSEMBLY 

In Each Case the Design of the Steel Section To Meet Conditions 
of Assembly Design Also Increased the Strength of the Member 

In bending, steel may be stressed seven times as much 
as wood and, in shear, it may be stressed more than this 
amount. Considering transverse bending stresses, 
which are in most cases the primary stresses acting, it 
is seen that the section modulus of a steel section need 
be only one-seventh that of a wooden section for the 
same strength. A cross-section of wood at the left of 
Fig. 1 is compared with two sections of steel of equal 
strength, shown in the other two views. The general 
character of section is the same, emphasizing the re- 
duced areas in the steel made possible by virtue of the 
higher section modulus of steel. 

A still greater advantage is obtained with steel sec- 
tions by allowing the greater part of the material to lie 
within the planes of maximum stress. This, of course, 
results in the use of less material for the same section 
modulus. This fact is demonstrated in Fig. 2, in which 
steel sections of equivalent section moduli are shown. 

This type of section is distinctly a function of the ma- 
terial and cannot be obtained with wood. 

Apart from the strengthening effect of such sections, 
the fact of their adaptability to conditions of assembly 
design may be utilized. The three views in Fig. 3 show 

steel sections superposed on wooden sections of equal 
strength. The fact is of interest that in each case the 
designing of the steel section to meet conditions of 
assembly also increased the strength of the member. In 
the view at the left of Fig. 3, much space occupied by 
the wooden section is offered for structural utilization 
and at the same time the shape affords a high section 
modulus. The two other views are sections similar to 
those of a post and door-rail slightly above the belt line 
of a sedan body. The compactness of the steel members 
affords for vision much of the valuable space which is 
occupied by the wooden members. The glass run, al- 
though of insignificant section, meets conditions of 

Long Leaf Yellow Pine Beam 
Weight /018 Ib. Cross Section !2x /41n. 

Steel Box Beam 
Weight 574 Ib. Cross Section: !2x /4 in. 

Fic. 4—WEIGHT COMPARISON OF YELLOW PINE AND TRUSS-STEEL 
BPAMS OF EQUAL SIZE AND STRENGTH 

Distribution of Metal in the Steel Beam Permits Reduction of the 
Weight by 43.61 Per Cent 
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Section X-X 

Fic. 5—Srm1L-An»n-Post JOINT CONSTRUCTION IN WooD AND STEEL 

One-Third of the Wood of the Sill Is Cut Away as Shown at Y Y 
in the Central and Upper Right Views, Weakening It at This 
Vital Point So That Reinforcement with an Iron Knee Is Neces- 
sary, as in the Lower Left View. There Are No Cut-Outs of the 
Rail in the Corresponding Stee] Construction Shown at the Lower 
Right. The Post Gets Full Support on Three Faces of the Rail and 

Attachment of the Cross Member Forms a Rigid Box-Section 

assembly design neatly and at the same time increases 
the strength of its adjoining member materially. 

Steel members lend themselves to fastening possi- 
bilities to a greater extent than wooden members. Apart 
from affording facilities in construction operations, steel 
fastenings, such as rivets or welds, may duplicate the 
strength of continuous metal. This condition cannot be 
realized with wooden members. The way in which the 
wood is fastened often results in maximum shearing 
stresses on planes of weakness. Space limitations may 
often prevent the proper use of screws, braces and 
stiffeners. Apart from the direct consequence of fasten- 
ing, upon shear, the bending stresses are considerably 
affected. A simple illustration is that of a beam sup- 
ported freely at both ends and loaded at center of span 
as compared with a built-in beam similarly loaded. The 
latter is twice as strong as the former. The glass-run 
of the wooden door-rail has little effect as a stiffener, 
due to inadequate fastening. 

GREATER STRENGTH WITH LESS BULK 

The modulus of elasticity of steel is from 15 to 30 
times that of wood, with the consequence that, under a 
given deflection, steel offers from 15 to 30 times more 
resistance than wood of the same cross-section. Bear in 
mind that steel has equal strength in all directions and 
wood has strength only lengthwise of the grain. Fig. 4 
illustrates, in a way that will be familiar, the relative 
strength and bulk of a steel member and a wood member. 

Let us analyze the members of the body. The founda- 
tion of the structure is the sill, which, in the case of the 
wood body, is cut from a piece of ash, 8/4 or 10/4 in. in 

thickness by from 6 to 8 in. in width. A great part of 
this material is cut away so the finished sill weighs less 
than half as much as the original material. The purpose 
of this sill is to support the superstructure. Fig. 5 illus- 
trates such a sill at the point where the post and cross 
member are attached to it. The construction shown is 
such as you would find in a very high-grade wood body. 
The view at the lower left corner shows the units assem- 
bled with the irons. The central view is a perspective 
showing some of the cut-outs. Section XX is cut 
through the sill, as designated, showing sections adjoin- 
ing. Section YY is cut through the sill, as designated, at 
the point where the post is attached. 

It will be noted that at this vital point the wood is 
greatly reduced in area, there being actually 6 sq. in. 
of wood remaining out of the original 9 sq. in. This 
shows clearly the handicap under which the wood-worker 
operates. He can secure a sound structure only by 
putting in a heavy iron knee. The real dependence for 
strength in the composite body is not in the mortise and 
tennon, together with the glue and screws which are put 
in, but in the ironing which has been added. The cor- 
responding section in the steel body is shown in the lower 

right corner. The rail a extends straight through, hav- 

ing no cut-outs whatever. The post b extends at its 
full section clear down to the rail, gets a full support on 
three faces or flanges of the rail and, by means of the 
out-turned flanges, covers a substantial length of the 
rail, being secured to it by rivets. Such a connection is 
more flexible than one of wood and will maintain its 
strength indefinitely. The glue and screws in the wooden 

joint become loosened by vibration and shrinkage, in the 

course of time, as we all know, with the result that these 
joints are noisy. 

In connecting the wood cross member to the wood sill, 
a large part of the sill and also the greater part of the 
cross member are cut away. In the steel section, none 

of the sill is cut away but attachment of the cross mem- 
ber c to the sill greatly strengthens the latter by tying 

the two legs of the sill together, thus making a box sec- 
tion at this point of extreme strain. By this method our 
sill is much better able to stand the strains put upon it 
by the posts. 
When placing the hardware, especially the locks, in the 

wood door, great sections of the wood have to be removed 
just at the point where strain is greatest, thus giving 
again the condition which results when joining the post 

and the sill. The door is only so strong as the section 
may be at the lock. Heavy chunks of wood above and 
below do not contribute to the strength of the job and 

are waste weight. In the case of steel, where the con- 
struction is hollow, we are able to design hardware which 
does not require removal of any metal at points where 
the members are in tension or compression. 

CLOSED-BoDY PANELS FORMED IN ONE PIECE 

It has been the custom from the beginning of closed 
body building, to have a horizontal joint running from 
one of the rear doors all the way around the back to the 
other rear door at the belt, dividing the metal into upper 
and lower panels. This is expensive and objectionable 
for many reasons. Our common practice is to make the 
rear quarters in one piece from sill to roof, including the 
integral wheel-housing. This makes possible the as- 

sembling of the entire side structure in one piece for 
the shipment of units. Then the rear panel is one piece 
from the roof to the floor, including the formation of 

the rear window. These panels may be joined together 
by in-turned flanges, leaving an open joint which we think 

is attractive in appearance and which is, from the finish- 

ing standpoint, very satisfactory. However, if it is the 
desire of the customer, these panels can be welded at 
this point, avoiding the open seam, but the unit is rather 

a cumbersome one to handle if welded. 
We have found it possible, as we progressed with de- 

velopment of the steel structure, to reduce the cross-sec- 
tion of the vertical posts greatly, thus giving a better 
view from within the car, and this has stimulated us to 
further effort in door construction. 

The design of removable upholstery has been carried to 

(Concluded on p. 231) 
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Discussion of Papers at the Production 
Meeting 

the Production Meeting held Oct. 22 to 24, 1924, 
at Detroit is printed herewith. The authors were 

afforded opportunity to submit written replies to points 
made in the discussion of their papers. For the con- 
venience of the members, a brief abstract of each paper 

Ak discussion of two of the papers presented at precedes the discussion, with a reference to the issue of 
THE JOURNAL in which the paper appeared, so that 
members who desire to refer to the complete text as 
originally printed and the illustrations that appeared in 
connection therewith can do so with the minimum of 
effort. 

UTILIZATION AND PREVENTION OF WASTE 
BY C. B. AUEL’ 

ABSTRACT 

NAVINGS that might be effected by the utilization 
of waste material and by the prevention of un- 

necessary waste, though frequently discussed, do not 
seem to be fully appreciated. Manufacturers are too 
prone to start with the assumption that a certain 
amount of waste is unavoidable and consequently have 
treated the subject in a perfunctory manner, their 
efforts being largely centered on items of design, work- 
manship and material. Even less scrutiny is some- 
times given to the so-called expense materials. But 
improvement in the reduction of waste is as surely 
possible as is improvement in the products. A full 
recognition of the importance of salvaging would mean 
the opening of a new field of engineering, that of the 
consulting salvage engineer. 

The customary assumption that no one is so well 
qualified to determine the waste in design or manu- 
facturing as the actual designer or builder should be 
true but sometimes is the reverse. The question is 
whether the best disposition is being made of the 
unavoidable waste in design, workmanship and mate- 
rial, as well as in the expense materials. If it is 
possible to sell the waste from one’s own plant for more 
than the customary scrap value it should also be 
possible to use some of the waste products of other 
concerns, instead of new materials, in one’s own plant. 

The duties of a salvaging engineer would be the 
studying of a plant for the purpose of (a) preventing 
or minimizing waste items, (b) reclaiming as much of 
the unavoidable waste as possible, (c) disposing of 
the waste to the best advantage, and (d) applying the 
wastes of other manufacturers to one’s own products. 

In the Westinghouse Company three committees de- 
vote their attention to this subject: The standards 
division of the engineering department, the standards 
committee, and the disposition department; and, in- 
directly, also, the materials and process division of 
the engineering department. 

The activities of the standards division deal largely 
with the standardization of most of the production and 
many of the expense materials; the materials and 
process division with the preparation of purchasing 
and process specifications; the standards committee, 
with the standardization of complex matters; and the 
disposition department, not only with the salvaging of 
waste but with the reduction and elimination of waste 
of all kinds. It gives the greatest share of its atten- 
tion to inactive stocks, raw, semi-finished and finished, 

’ Manager of employe’s service department, Westinghouse Electric 
& Mfg. Co., East Pittsburgh, Pa. 

?M.S.A.E.—Assistant manager, methods and standards division, 
Studebaker Corporation of America, Detroit. 

with a view to preventing their becoming obsolete. 
Under this department also come the clean-up inven- 
tories and the general inspection. 
Many instances are cited in which waste from one 

department or plant has been utilized in another. 
[Printed in the November, 1924, issue of THE JouR- 
NAL. ] 

THE DISCUSSION 

QUESTION: Where can one get a handbook on factory 
management? 

C. B. AUEL: One is published by the Ronald Press Co., 
20 Vesey Street, New York City, and is worthwhile. 

CHAIRMAN K. L. HERRMANN’: When you prepare a 
specification do you make that specification stand for a 
definite period for that particular material, or is it sub- 
ject to revision at any time? 

Mr. AUEL: Specifications are subject to revision at 
any time but often go 4 or 5 years without change. We 
have approximately 800 such specifications and 800 ap- 
proved material cards which are, in effect, brief pur- 
chasing specifications. This makes a total of approxi- 
mately 1600 more or less complete purchasing-specifi- 
cations, and we have also about 1200 process-specifi- 
cations. On the approved-material cards we list the 
item by trade name and by manufacturer’s name; if we 
buy none of his material in 18 months and the matter 
comes up again and we want to give him a chance, we 
will ask him to submit an additional sample of his pre- 
viously tested goods just to make sure that he has not 
changed the quality within that entire time. If carried 
to too great extreme, purchasing requisitions may react 
to one’s disadvantage. For example, regarding a cer- 
tain size of wire which our inspection department re- 
jected, and properly so from the standpoint of our pur- 
chasing department’s specification, the wire was of larger 
size than that specified but we had 30,000 lb. After 
making a study of its application, we found that the 
resistance was approximately correct and that the ap- 
paratus into which this material was to go had ample 
room to permit use of the larger wire; so, no reason 
existed why it should not have been used. Intelligence 
must govern the application of a purchasing specification. 

QUESTION: Do you maintain what might be considered 
a master sample room where representative parts about 
which specifications are written are held for examination 
and used later if any question should arise? 

Mr. AUEL: Yes. Certain things cannot be purchased 
advantageously except after comparison with a sample. 
For instance, we have samples of wool waste for bear- 
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ings, of felt, and of such things as marble. We have to 
make certain that marble does not contain mineral veins, 
because they would reduce its electrical resistance; but 
also, we have to buy marble according to color, and there- 
fore it must match our samples. 
CHAIRMAN HERRMANN: Do you find it practicable to 

launder your own rags and to reclaim belting? 
Mr. AUVEL: When we laundered our own rags, we had 

fires due to spontaneous combustion. If the rags were 
not reclaimed the same night, we would have a fire be- 
fore the night was over or the next day. That necessi- 
tated discarding our apparatus for rag cleaning. One 
of our companies sends all its old rags to a laundry, 
which reclaims what it can and we buy back all the re- 
claimed rags at 5 cents per lb., although the price varies. 
As to our belting, in our East Pittsburgh works we find 
it generally cheaper to reclaim our belting but, in one 
of our plants, the old belting is sent to a company that 
cleans it and sells the reclaimed belting to us at 75 per 
cent off the list price. 

HENRY W. ABBOTT’: Visits to some of the largest auto- 
mobile manufacturing plants, particularly the sheet- 
metal-stamping plants, showed considerable variance in 
waste. There was a distinct contrast in two of the 
largest shops which were capable of about equal pro- 
duction. One shop was scrapping 5 lb. of sheet metal 
to each 1 lb. scrapped by the other shop. The economy 
of the more economical shop was due to the cooperation 
of the shop superintendent and the designing department. 
Examples of this cooperation were that oil-can supports, 
radiator supports, horn brackets and the like may have 
been correctly specified by the designer to be made of 
No. 16-gage material. Without figuring stresses or 
strains on the particular piece, No. 16 gage would meet 

the requirements very well. There were many of these 
small pieces to be made, necessitating the purchase of 
No. 16-gage material for the purpose. The shop super- 
intendent pointed out unavoidable cuttings of Nos. 14 
and 18-gage sheets that would make the pieces. The 
designer cooperated by adding to the drawings of the 
pieces that No. 16 gage be purchased if new stock was 
required; but, if the pieces could be made from shop 
waste, the superintendent had the option of using No. 
14 or No. 18 gage. Another designer examining the 
details of that car might feel that he could cut down on 
the weight of certain small pieces; but, in so doing, he 
would cause new lighter weight material to be pur- 
chased that would increase the cost of the car. Through- 
out the design of that car, the shop man and the engi- 
neering department had cooperated in a commendable 
manner. 

JOHN YOUNGER‘: Some 25 years ago we used recut 
files in the shop. When working in brass and bronze, 
we preferred a recut file. In a certain plant in Ohio 
that is grinding and machining and. doing all sorts of 
work, a briquetting machine is used for steel reclama- 
tion. Each bit of steel scrap goes into that briquetting 
machine again and again, becoming more and more re- 
fined; so, for 100 tons of material used, 100 tons of 
finished product results and there are no scale or pick- 
ling losses. 

RICHARD C. DANIELS: What is the method of salvaging 
used buffing wheels? 

R. L. INGRAM: Several lamp companies make very 

* By-products section, General Motors Corporation, Detroit. 

‘M.S.A.E.—President and editor, Automotive Abstracts, Cleveland. 

5 Engineer, production division, Maxwell Motors Corporation, 
Detroit. 

* Factory manager, The Borg & Beck Co., Chicago. 

good use of the 14-in. buffing-wheels after they wear 

down to 8 or 9 in. in diameter. If we have no use for 
this small size, we find a ready outlet for them there. 

Mr. ABBOTT: A novel practice of one company is to 
take a 14-in. buffing wheel that has worked down to say 
8 in., tear the wheel apart, punch a new hole, lay a tem- 
plate on the 8-in. buffing, punch new holes off center, 
assemble it, make it out to 14 in. and press it tight. 

Mr. DANIELS:—We must have from 40 to 50 bbl. of 
buffing wheels that we have not been able to reclaim to 

advantage. Tearing them apart seems such a lengthy 
and expensive process that I think we have not profited 
very much by it; therefore, they have been accumulating 
for the past several months. 

QUESTION: How is the valuation of salvaged tools as- 
certained ? 

L. A. CHURGAY’: When a tool is rejected or scrapped, 
it is turned over to the salvage department and its value 
is the market value of scrap steel. To reclaim or sal- 
vage such tools a company work-order is issued to cover 
the necessary labor cost. This labor cost, the depart- 
mental overhead and the market value of the scrap steel 
added, make up the total cost. These tools are accepted 
by the stores as new and are charged according to the 

market value. Deducting the salvage cost from the mar- 

ket value of the tool, the salvage department is credited 
with the difference. 
CHAIRMAN HERRMANN: What is the perishable-tool 

cost per car? 
Mr. CHURGAY: It depends upon conditions, such as 

the design of the car, the number of pieces to be ma- 
chined, the method of machining, the quality of work- 
manship required and the like. The tool cost per car 
can be determined from the records of the central stores 
covering a period of from 6 to 12 months. 

CHAIRMAN HERRMANN: The discussion indicates that 
the tool allotment has been based on experience for 3, 
6 or 12 months. That method has many faults. If a 
foreman has been careless in the last 3 months he is 
likely to be careless in the next 3 months, and to have 
his allotment increased to cover it. Is there a possibility 
of predetermining for various sized drills the number 
of inches that a drill should drill in cast iron and various 
alloy steels heat-treated in certain ways? If this is done, 
the number of inches of drill that need be allotted to a 
given department for its year’s production can be cal- 
culated. What should be the procedure for drills, counter- 
bores or other important shop tools? 

Mr. CHURGAY: We prepare departmental charts show- 
ing the perishable-tool cost per car on a weekly basis. 
These charts furnish definite information of past per- 
formance. With an increase or decrease in production, 
there is a proportional increase or decrease in tool ex- 
pense. If we notice that the charts show a tendency 
toward rising tool costs, an immediate effort is made to 

return to what is considered normal. 

Mr. ABBOTT :—Budgeting a shop for tool maintenance 

is, no doubt, splendid practice and I can see no possibility 
of danger from establishing a budget figure based on 
the record of the past 3 or 6 months. Regardless of 
whether or not the past record was a poor one, any man- 
agement that is keen enough to budget such expenses 
will bear down sufficiently to see that the budget figure 

is bettered thereafter. 

J. J. HARTLEY’:—The drill is the tool on which the 
most money can be wasted. Possibly, an inspection is 
needed as a general rule in manufacturing to determine 
when a drill is dull. If an inspector were to stop a mul- 
tiple-spindle drilling machine to inspect the drills, coun- 
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terbores and reamers, it might save the tool or prolong 
its life several hundred per cent. Some workmen on 
piece work are so avaricious for earnings that they will 
continue to use a drill until it is dulled back from the 
lip, edge or corner as much as 1/16 in. That increases 

the expense of getting the drill back to size. If the drill 
were kept sharp all the time, the workman would produce 
more and, consequently, would earn more. 
CHAIRMAN HERRMANN :—On a recent inspection in our 

plant, we found some excessively dull drills, some that 

should have been sharpened and others that had been 
sharpened before they were dull. All drills receive the 
same grinding treatment; most could be sharpened by 
grinding 1/64 in. off the end, but from 1/32 to 3/64 in. 
was ground off. 

Mr. ABBOTT:—There seems to be considerable uncer- 
tainty as to when a drill is dull and needs grinding. That 
problem is no longer a complicated one for some shop 
foremen who have caused their entire grinding proposi- 
tion to be handled according to a systematic routine. 
When is a drill dull? The answer is that a drill is 

dull 1 min. after it has been put to work. Then when is 
it dull enough to be reground? It is dangerous to work 
too close to the point of ruination of the drill. A drill 
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that is overly dull requires more power from the machine 
tool, increases the maintenance cost of the machine, drills 
a poor hole and, if used too long, requires an expensive 
regrinding, not to mention a waste of good tool-steel. 
Therefore, on production drilling, according to the size 
of the hole and the material being drilled, a definite 
schedule can be adopted to change drills every hour, third 
hour, fifth hour, twice a day, and the like, whether they 
need it or not. That insures reasonably sharp drills on 
the job and results in restoring dull drills to their best 
condition at minimum expense. 

Mr. INGRAM:—What is done with grinding wheels 
after they become undersize? 

Mr. CHURGAY:—Nothing can be done except to turn 
them over to the by-product department and dispose of 
them as best one can. 

Mr. AUEL:—We have sold some undersized grinding 

wheels back to the manufacturers; otherwise, they are 
scrapped. 

MR. YOUNGER:—A machine tool’ just brought cut in 
England has for the grinding wheel a circular disc of 
steel into which are inserted pieces or segments of grind- 
ing wheels. That would allow the grinding wheel to be 
used right down to its last bit. 

THE ECONOMIC ASPECT OF TOOLING FOR 
INTERCHANGEABLE PRODUCTION 

BY JOSEPH LANNEN’® 

ABSTRACT 
HEN the volume and the variety of the parts pro- 
duced by a plant increase beyond the point at 

which the shop mechanic is capable of devising the 
methods and building the tools for accomplishing the 
desired results, it becomes necessary to make a division 
of labor, and a special department-on tool division is 
needed to determine the proper sequence of operations 
and the suitable equipment to produce the required 
quantity with the required degree of accuracy. It is 
necessary that the men be informed regarding the daily 
and the ultimate numbers of parts to be produced and 
the tolerances that will be allowed. 

The foremost consideration of the production engineer 
should be economy of production. In this phase of 
tool engineering, the ultimate number of parts to be 
produced plays an important role and equipment should 
be selected that will give the maximum production. All 
known methods of production should be compared and 
the most economical one chosen. Rules are given for 
governing economic tooling and an illustrative problem 
is worked out for the production of bearing-caps. By 
means of charts, calculations are made to determine the 
comparative economy of drilling holes in 100,000 bear- 
ing-caps by the use of single-spindle vertical drilling- 
machines, of single-spindle vertical drilling-machines 
equipped with four-spindle multiple drill-heads, and of 
multiple-spindle vertical drilling-machines. 

Having determined the economical method of select- 
ing equipment, the tools must be produced economically. 
This involves accurate knowledge of the result to be 
accomplished, care in the preparation of the preliminary 
drawings, and the avoiding of unnecessarily difficult 
pattern-work and unnecessary machining operations. 
As the principal value of a tool estimate is the paying 
of bonuses in the toolroom, the group-bonus wage- 
payment plan employed by the Paige-Detroit Motor 
Car Co. is described. [Printed in the January, 1925, 
issue of THE JOURNAL. ] 

See The Engineer, (London), Sept. 12, 1924, Supplement p. xv. 

®Tool and equipment engineer, Paige-Detroit Motor Car Co., 
Detroit. 

THE DISCUSSION 

CHAIRMAN EUGENE BOUTON:—One point that inter- 
ested me in Mr. Lannen’s paper is the fact that the sav- 
ings are spread over 100,000 pieces. Often, the first 
piecework-rate of a very expensive tool will show an 
enormous saving, but the initial cost of the tool equipment 
is so great that it will be a long time before the tool will 
be paid for. One of the principal things to be considered 
in making tools and changes is, will they pay for them- 
selves in a given length of time? 

G. A. SCHREIBER :—How long have you been using the 
bonus system? 

JOSEPH LANNEN :—We put it into effect in June. Since 
that time the toolmakers have earned the bonus up to the 
last pay-period, and during this period they have worked 
a great deal of overtime. We purposely included over- 
time hours in the bonus to discourage overtime, so that, 
at present, the men are not earning a bonus. It is sim- 
ply a period of trial, the work that we have done having 
demonstrated that the thing is feasible. We expect to 
make’ provision for overtime. Up to the present pay- 
period, the toolmakers who have earned the bonus have 
done better than was estimated. Previous to that time, 

they were as high as 75 per cent above the tool estimate. 
Mr. SCHREIBER:—I suppose that the men whose busi- 

ness it is to estimate tool costs can help the company a 
great deal, especially in the sketching of tools. 

Mr. LANNEN :—We have not followed that out to any 
great extent, possibly because of the fact that the sys- 
tem is fairly new; but ‘there are possible savings along 
those lines. We make an effort to have the tools in good 
shape before they get to the production stage, because 
that is a rather poor time to fix them. If possible, they 
should be corrected when the sketch is first made. When 
a tool is brought back to be redesigned, it is doubtful 
whether the saving is great, but it is possible to watch 
standardization. 

At present we have probably 30 tool designers and 30 
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toolmakers; one estimater takes care of all the estimat- 
ing, so that he does not have a great deal of time in which 
to do much else than keep his work up. 

L. A. CHURGAY:—How does Mr. Lannen take care of 
estimates of jigs, fixtures and the like, without pre- 
liminary sketches? In considering important changes 
to be adopted, or the building of an entirely new engine, 
the management will call for an estimate covering in de- 
tail the required equipment such as the machinery, tools, 
and gages needed to produce the engine or the proposed 
changes. As the preparation of such estimates does not 
permit the making of sketches, how will such estimates 
compare with estimates made later on after the tools 
have been designed? 

Mr. LANNEN :—When the management wishes to know 
what the possible cost of the tooling will be, in making a 
large change, the matter is gone over by several experi- 
enced men who have a good knowledge of costs based on 
previous performances. They will look over a job and 
say, “Here is a certain operation that we made on an- 
other part; the tools for that part cost so much”; then 
we add a little to be safe, going through the whole situa- 
tion in that way and arriving at the approximate cost. 

It is not possible to give the final analysis on an esti- 
mate; we simply make a good guess; but the method of 
estimating that I have described is used to squeeze the 
last drop out of the work after operation has actually 
begun, 

A. L. DELEEUW’:—For a number of years I had charge 
of the manufacturing operations as chief engineer of the 
Singer Mfg. Co., where frequently a new kind of sewing- 
machine was brought out and had to be tooled up. The 
method pursued there to get some idea of the cost of tool- 
ing was as follows: The parts of the old machine were 
brought to my office and the heads of the various depart- 
ments that were to make the various pieces were con- 
sulted, as was also the head of the tool department. As a 
rule, the head of some department could remember some 
piece similar to the new piece, for which he had already 
some fixtures or tools; and he would mention the fact. If 
the tool or fixture was small, it would be brought to the 
office and inspected. We found out the difference be- 
tween this tool and the tool that was to be designed, and 
then would look up the cost of the old tool and make an 
estimate of the difference between that tool and the new 
one. If, for instance, the old tool had cost $150, the new 
tool might cost $10, $15 or $20 more. That $10, $15 or 
$20 was, if you wish to call it so, merely an intelligent 
guess, but it was a guess just the same; the error of 
$10, $15 or $20 in the guess was only a small percentage 
of the total cost of $150 or $170. 

Then, to clinch the matter, the head of the toolroom 
was asked whether the conditions in the shop were such 
that he could, perhaps, no longer make the old tool for 
what it had cost originally. You can readily see that if 
the old tool had been made 10 years ago, the cost of $150 
would no longer apply, so that one piece of definite 
knowledge and two pieces of intelligent guess work made 
up the estimate. We had no particular plan of reward- 
ing the toolmakers, but most of the men in the toolroom 
had been with the company a long time and, as a rule, 
the tools came fairly. close to the estimates. 

One other thing I should like to mention is the stand- 
ardization of certain parts. A complete tabulation had 
been made of all the parts that could be used again and 
again on various jigs and tools. When a new part that 
was not yet on the list had to be designed and we thought 
that that part might become a standard tool, it too was 

* Consulting engineer, New York City. 

added to the list, with certain marks of reservation, so 
that it was not made a standard, perhaps, until some time 
later. Notice went out to the tool designers, that in no 
place were they allowed to use parts for the same pur- 
pose for which the standard parts had been designed, ex- 
cept under special authorization. 

Bushings, clamps, levels, feet, and all such parts as 
enter into the make-up of tools, had to be standardized 
and used again and again. 

Up to the close of the 5 years, during which the system 
was in existence, we did not add more than 2 or 3 per 
cent to the number of parts that we had on the list when 
we first made it. 

QUESTION :—Who estimates the time to be allowed for 
the making of the jigs or the fixtures? Is this estimate 
placed on a conservative basis? 

Mr. LANNEN :—We have an estimater. I do not know 
whether an estimater is a new profession; but if a job 
is sent out to a tool shop on contract, an estimate is made 

of the cost of the tool. A man may develop a high degree 
of accuracy in estimating; in fact, the last two estimates 
that we have had average within 10 per cent, in many 
cases the estimates are within 5 per cent of the cost of 
the tool. That type of estimating is largely a state of 
mind. The man that does it has no standards that 
amount to anything. He may do it unconsciously, but it 
is surprising how close men, by training and practice, 

can estimate tools. The tool estimate that we use com- 
pares favorably with the average estimate. We attempt 
to have it compare with what we should get from an 

outside concern for the same tool. 
CHAIRMAN BOUTON:—That is, 

charges. 
Mr. LANNEN :—Overhead charges are usually included 

in the rate per hour. 
CHAIRMAN BOUTON :—What happens when the jig or 

fixture estimate is low? 
Mr. LANNEN :—When it is low the toolroom loses. It 

really is based on an average. One could hardly expect 
an estimater to hit every estimate on the nose; he will 
have an occasional high one and an occasional low one. 
Even over the pay-period they average remarkably well. 
When the total estimate that is given of the jobs turned 
in or completed during a pay-period and the total time 
are taken on ali the jobs, which include all the tools, if 
one is high, it is buried; if one is low, it is buried; but 
the average should come pretty close to the right amount 
at all times, and it does. The toolmakers are guaranteed 
a standard day-rate; we simply give them more money 
for working faster. 

QUESTION :—Does the Paige-Detroit Co. employ 30 tool 
designers to 30 toolmakers? 

Mr. LANNEN :—Roughly. That does not mean that all 
the toolwork is done in the toolroom. Our policy has been 
to use the toolroom as a repair shop and supply it with 
enough new work to keep it busy. We feel that if this 
estimating theory develops properly we might be justified 
in increasing the size of our toolroom; but we send out 

a large amount of work when we are busy. 
CHAIRMAN BouTON:—Both tool designing and tool 

making? 
Mr. LANNEN :—No; just tool making. 
QUESTION :—In computing the bonus to toolmakers, is 

the cost of whatever changes may be made after the esti- 
mate has been given, or while it is in process, included in 
the cost of the fixture? 

Mr. LANNEN :—An additional estimate would be made 

(Concluded on p. 242) 

less the overhead 
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F'ront-Wheel Shimmying | 
By W. R. Srrickianp! 

ANNUAL MEETING PAFER 

ABSTRACT 
typed tear wheel wabble, even with high-pressure 

tires, is of ancient origin and the general methods 
of controlling it have been well understood, its impor- 
tance among present-day problems is due to the fact 
that the recognized specific for its treatment, namely, 
increasing the air-pressure in the tires, has been denied. 
Shimmying, as generally applied, includes wabble, or 
the sidewise vibration of the front wheels about the 
knuckle-pin, and tramping, or the bouncing of the 
wheels vertically, alternately on the two sides. 

In addition to discussing the advantages and dis- 
advantages of the low-pressure tire, the author has 
enumerated the results of tests, some of which have 
been obtained from original research work by himself, 
others from the literature on the subject, with a view 
to determining whether shimmying is caused by defects 
in design, and what are the effects when certain modifi- 
cations are introduced. Among these modifications are 
the use of moderate pressures and flexibility, wider 
rims, reversed caster-angle, increased weight on the 
front wheels, shock-absorbers, and hydraulic dampers 
on the steering-mechanism, and changes in the geom- 
etry of the steering-gear. 

The conclusions reached are that the low pressure 
and the thin side-walls of balloon tires are the chief 
factors contributing to front-wheel shimmying and 
that no acceptable changes in chassis design can be 
made to control it. A perceptible improvement in rid- 
ing comfort and freedom from shimmying can be ob- 
tained, however, by the use of a moderate design of 
balloon tire, not too thin a side wall, proper width of 
rim, and medium air-pressure. 

HEEL wabble is an old story, even with high- 
pressure tires; and the general requirements 
for controlling it have been well worked out 

and understood by both the engineering profession and 
the service department. The predominating reason that 
front-wheel shimmying has become the present-day 
problem is that, of the known expedients used to cure 
the trouble, the most important one, namely, raising the 
air-pressure, has proven unsatisfactory. Low air-pres- 
sure in the tires was known to produce wheel wabble 
years before the balloon tire was introduced; and caster 
angle, toe-in, stiff and tight connections were known to 
be the cure, with an occasional raising of the air-pres- 
sure when it dropped too far below the then high stand- 
ard, but during the last 3 or 4 years, the pressure cure 
has become more important because 

(1) Tire-builders began to furnish all tires over size, 
the next larger nominal-size being expected to 
be used on the smaller rim 

(2) The public drove with lower pressures than those 

specified 
(3) Cord tires with more flexible side-walls were used 

These practices reduced the leeway between the per- 
missible pressure and the shimmying pressure from, 

say, 75 to 35 lb. per sq. in., a working margin of 40 lb., 
to between 55 and 45 lb. per sq. in., a working margin 

of only 10 lb. 

1M.S.A.E.—Assistant chief engineer, Cadillac Motor Car Co., 
Detroit. 

id Illustrated with DRawiIncs 

In many cases, when the load was heavy and the tires 
were twice the size of the rim, pressures of 55 and 60 
Ib. per sq. in. had to be maintained in order to prevent 
shimmying at high speeds. This wiped out the leeway, 
except for city driving, unless the old higher standard- 
pressures were used. A 10-lb. drop of pressure, after 
the tire had been blown up, was small indeed, not to 
mention the zero leeway. Proper practice should demand 
from 15 to 20 lb. per sq. in. for the present high-pres- 
sure tire and an equal percentage of leeway for the lower 
pressure tires now being used. 

HIGH AIR-PRESSURE A RECOGNIZED CURE 

As stated above, the shimmying that occurred, even 
on well-designed chassis, was practically cured by rais- 
ing the air-pressure to the required amount. With the 
introduction of the balloon, or low-pressure, tire and the 
shimmying action that accompanied it, the higher pres- 

Fic. 1—SPprRING-DEFLECTION CYCLE DURING TRAMPING ACTION 

The Tramping Effect Is Produced by the Bouncing of the Wheels 
Vertically, Alternately on the Two Sides 

sure cure was not acceptable, and extensive research 
work was started with a fixed low-pressure as a basis, 
in the endeavor to find some other panacea for these ills. 

This search has not been completed, but many con- 
tributing causes have been studied with partial success 
and sufficient information has been deduced to indicate 
the immediate safe steps that should be taken in order 
that the balloon tire may be used commercially. To date, 
air-pressure control remains the dominating factor and 
the restraining influence against the extensive use of 
the full or exaggerated type of balloon tire. 

The devices or changes that have %een tried as a re- 
sult of the research work on shimmying and of the in- 
formation that has been published are given herewith, 
as are also the results of tests, and discussions as to their 
pertinence or possibilities. 

The word “shimmying” is used in a general way; 
“wabble” means sidewise vibration of the front wheels 
about the knuckle-pin; and “tramping,” Fig. 1, means 
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Fic. 2—FRONT-WHEEI. MOVEMENTS, SHOWING SPRING-DEFLECTIONS 
AND GEOMETRY 

A Turning of the Front Wheels to the Right Occurs on Either Side 
of the Central or Normal Position 

the bouncing of the wheels vertically, alternately on the 
two sides, the axle, of course, working with them be- 
cause of the flexibility of the front springs or frame. 
Cadillac chassis were used in most of the tests. 

TESTS AND DISCUSSIONS 

The balancing of the tires and the wheels will, of 
course, give a smooth-running car in any case; the tubes 
and if necessary, the wheels should be balanced uni- 
formly so as not to affect the interchangeability of the 
tires. In only a few reports, however, has balancing re- 
duced shimmying; in fact, one case is on record in which 
the shimmying was increased. 

The first 34 x 7.30-in. balloon tires mounted on a 4.5- 
in. standard rim shimmied badly at speeds of from 35 
to 50 m.p.h. The air-pressure used was 30 lb. per sq. in. 
Afterward, lower pressures were recommended and the 
shimmying became worse. A Cadillac car, equipped 
with the same nominal-size tires having outside beads 

mounted on a wider drop-base rim, but without four- 
wheel brakes, failed to shimmy at any speed, even with 
an air-pressure of 17 lb. per sq. in. Special 7-in. stand- 
ard-width rims were made and tried with 7.30-in. tires 
on the car with four-wheel brakes and, even with a 
pressure of 25 Ib. per sq. in., the wheels shimmied badly. 
Differences in the details of the two tests, considering 
the effective rim-width and the distance from the center 
of gravity of the wheel and tire to the center of the 
knuckle-pin, with and without considering the brakes 
and the make of tires, leave the matter still open as to 
the proper width of the rim on the 7.30-in. tire. 

With 6.60 or 6.75-in. tires, the rim-width tests were 
absolutely comparative with the same geometry and 
four-wheel brakes. These tires work well on 6-in. rims 
(See Table 1) and, with the pressures recommended, an 
increased speed of 10 m.p.h. can be maintained over 

?See THe JouRNAL, December, 1924, p. 501 

Fic. 3—GEOMETRY OF THE STEERING-GEAR 

When the Steering-Gear Is Clamped, the Front Wheels Move by 
Flexing the Front Springs from Zero Deflection to the Loaded 

Position on Extreme Deflection 
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rough roads with greater comfort than with high-pres- 
sure 33 x 5-in. tires. 

GEOMETRY OF THE STEERING-GEAR 

The geometry of the steering-gear has been attacked 
severely, but many designs and tests have been tried 

without tangible results, except when reversed shackles 
were used, and then only by using what would previously 
have been called poor geometry. The first tests demon- 
strated that, when the steering-wheel was clamped, the 
front wheels moved by flexing the front springs from 
zero deflection to the loaded position and to the extreme 
deflection. Such a curve was shown in J. E. Hale’s 
paper’ on shimmying delivered before the Buffalo Sec- 
tion. (See curve a of Fig. 2 and Fig. 3) These measure- 
ments and the diagram referred to show that a turning 
of the front wheels to the right occurred on either side 
of the central or normal position. 

Analyzing this movement, the front wheels must of 
necessity move to the right and back twice per cycle of 
spring deflection. This double movement does not exist, 
so far as has been learned from reports or from public 
discussion. The wabble or tramping action, or a com- 
posite action of the two, synchronizes with the spring- 

—————» 

TABLE 1—SHIMMYING TEST WITH 33 X 6.60-IN. SIX-PLY 
TIRES 

Pressures,” Rim Sizes 
Lb. per Sq. In. 414-In. 6-In. 

15 50 to 55 m.p.h. 58 to 60 = m.p.h. 
Tramped badly Tramping of a mod- 
but not so severe- erate degree 
ly as with 7.30-in. 
tires 

25 55 to 60 m.p.h. 63 to 66 m.p.h. Pas- 
Tramped badly sable tramping 

35 60 to 65 m.p.h. Trace at 65 m.p.h. 
Tramped badly occasionally, but on 

high percentage of 
installations, no 
shimmying up to top 
speed 

>Minimum pressure recommended 35 Ib. For heavy load 
ing, higher pressures to suit driver. 

deflection cycle. This has been observed from all angles 
and has been well corroborated. Motion pictures could 
provide more tangible evidence. 

Further, if the steering-wheel on a reversible steer- 
ing-gear be freed, it will move in the same cycle as the 
shimmying action and not twice as fast. The deduction 
from the above facts is that, theoretically, the forces 

produced by this type of geometry are of a secondary 
nature and are overcome by the greater force that causes 
the wheel-wabble to synchronize with the spring-deflec- 
tion cycle. 

BLOCKING THE SPRINGS 

The conclusion that the steering-gear geometry is not 

the cause of shimmying is borne out by. the test that has 
been made by several persons, of clamping a block of 
wood between the spring and the frame to prevent the 
movement that was supposed to produce shimmying be- 
cause of the geometry of the steering-gear. With the 
springs blocked, the front wheels shimmied as before 
but it was mostly a wabble, the tramping action being 

considerably less; the flexibility of the frame was the 
limit of the movement. 

Other types of steering-gear geometry were tried, 
two of the types being wheel movements resulting from 
the spring cycle that synchronizes with them; in one, the 
movement, being from right to left, as shown in Fig. 4, 
corresponds to the free-spring position to the fully-com- 
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pressed point, and in the other, which is from left to 
right, as shown in Fig. 5, it corresponds to the spring 
deflection cycle. 

The geometry used in Fig. 4 gives a wheel movement 
that is synchronized with the spring-deflection cycle and 
might, theoretically, produce the wabble. Further, this 
movement of the wheels to the right and to the left dur- 
ing the cycle is what actually occurs on cars that shim- 
my, but this layout is difficult to obtain and cannot be 
blamed for present-day shimmying. On the contrary, 
our trials of this type gave better results and less 

2) 

STEERING BALL—~ 
Fic. 4—WHEEL MOVEMENT RESULTING FROM SYNCHRONIZING WITH 

THE SPRING-DEFLECTION CYCLE 

When Moved from Right to Left It Corresponds to the Free Spring 
Position to the Fully Compressed Point 

DRAG-LINK 

shimmying than those of the first or conventional type. 
The third type, shown in Fig. 5, gave mixed results 

and is still being investigated. It will be discussed fur- 
ther under reversed shackles, which were used to give 
this geometry. 

REVERSING THE SHACKLES 

A very popular layout is the reversing of the shackles 
and the making of the drag-link arc and the steering- 
knuckle arc coincide as nearly as possible. With this ar- 
rangement (See Fig. 6), very little movement of the 
wheels takes place, probably a small amount from 
straight ahead to the left, both above and below the 
normal line, because the length of the rear left of the 
spring is shorter than the length of the drag-link, and 
the two arcs struck through the same point about the 
long and short centers must diverge. This arrange- 
ment, shown in curve > of Fig. 2 and Fig. 6, solves 

Fic. 5—WHEEL MOVEMENT SIMILAR TO THAT SHOWN IN Fig. 4 

WHEN WHEEL Is Movep From LEFT TO RIGHT 

This Corresponds to the Spring-Deflection Cycle 

neither the shimmying nor the kick-back on the wheel 
when encountering severe or choppy bumps. 

Three cars have been equipped with reversed shackles. 
The first installation, which was made with the layout 
shown in Fig. 5, with the forces opposed, was free from 
shimmying at high speeds, but instead shimmied at low 
speed. The second installation, similar to the first, so 
far as is known, was less satisfactory. 

In the third trial layout, we could vary some of the 
geometrical conditions for experimental purposes by 
changing the length of the shackle, steering-sector arms, 
spring camber, and the like. 

PERFECT GEOMETRY 

The most important determination made was that 
with the so-called perfect geometry, Fig. 6, in which the 
wheel movement was the minimum, (See curve d, Fig. 
2), the shimmying began at 50 m.p.h. and was so bad at 
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STEERING BALL 

Fic. 6—LAYOUT IN WHICH THE SHACKLES ARE REVERSED 

The Drag-Link Are and the Steering-Knuckle Are Nearly Coincide, 
Producing Very Little Movement of the Wheels 

57 m.p.h. that one could not drive through it. While 
decelerating, the shimmying continued until 45 m.p.h. 
was reached. This occurred with 7.30-in. tires, having 
25 lb. pressure per sq. in. With 15 lb. pressure per sq. 
in., the shimmying was severe at 50 m.p.h. and contin- 
ued down to 40 m.p.h. The caster angle was reversed 
about % deg. 

The next and possibly the most important finding 
was that the same car, having the layout as shown -in 

VERTICAL PIVOT 

INCLINED PIVOT 

Fic. 7—MeruHop or LOCATING THE PIVOT 

Variation of the Length of the Lever-Arm Is Re- 
duced by the Vertical-Pin Design 

Fig. 5, notwithstanding that other conditions were the 
same, shimmied worse at a lower speed. The reason for 
the importance of this finding is that the type of layout 
in Fig. 5 gave better results on the first two cars. The 
principal differences were that springs with standard 
camber were used on the first two cars, which were the 
best, and that flat springs were used on the third car, 
which was worse, the shimmying being bad at 45 m.p.h. 
and'continuing down to 17 m.p.h. 

The differences in the spring and shackle design in the 
tests just described have more influence on shimmying 

NORMAL POSITION 

eperchbubheinganstatl BALLOON WITH NARROW 
WIDE RIM BALLOON ‘ Ar [ten TRAMPING 

WHILE TRAMPING 

CENTERS OF ROAD CONTRACT 

Fic. 8—Errect oF TRAMPING ACTION 

Greater Variation in the Length of the Lever-Arm Occurs with 
Balloon Tires Because of Their Greater Lateral Instability 
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than has the geometry; and the flexibility of one system 
that had deep-camber springs or long shackles may have 
given sufficient instability sidewise to damp-out or slow- 
up the crosswise reactionary forces acting from the 
frame to the axle that are necessary as an anchorage to 
set-up and maintain sidewise shimmying or wabble. It 
is, of course, the reactionary force from the shimmying 
that is felt by the passengers. 

The importance of the flexibility theory was height- 
ened by the action of two separate and differently de- 
signed chassis in which, with known greater flexibility 
in all directions, with flat or cambered springs, standard- 
steering geometry and shackles, the shimmying was re- 
duced as much as in any other tests, such, for instance, 
as that of the reversed shackle and Fig. 3 geometry, and 
those with long shackles and cambered springs, in which 
the high-speed shimmying was eliminated. 

CASTER ANGLE 

The influence of the caster angle on low-speed wabble 
is pretty generally known. There is, however, some 
difference of opinion as to its action relatively to the 
raising or lowering of the car when turning the wheels 
and to the dragging or friction forces about the spindle. 
Increasing the caster angle helps the car to hold the 
road at the higher speeds, whereas decreasing it im- 
proves or cures low-speed shimmying. On some axles, a 
reverse caster-angle can be used with still greater effect 

on low-speed shimmying but, on account of the ques- 
tionable practice that this involves at high speed, it 
would seem, at the present time, that both high and low- 
speed shimmying should be controlled in some other 
manner. 

Steering-gear design was thought to offer another 
solution; and, possibly, the hydraulic dash-pot might be 
used, but doing so leaves us with many joints to wear or 
haramer-out between the primary force that causes the 
wheel to shimmy and the dash-pot that damps out the 
shimmying. In a great many tests, in which shimmying 
has been reduced to a moderate amount, it was found 
that, when the gear is reversible, letting go the steering- 
wheel will damp-out the shimmying action, whereas 
holding the wheel tightly will increase the action. It 
was hoped that this principle could be utilized, but a 
reversible gear cannot be successfully used when shimmy- 
ing or lumpy roads cause a kick-back through the steer- 
ing-wheel. Consequently, a semi-reversible gear is found 
to give the greatest satisfaction over 99 per cent of the 
driving range; and this seems to be true regardless of 
the type of gear. The present tendency is toward a 
greater reduction in the gear, to provide ease of hand- 
ling of low pressures and to reduce the kick-back, re- 
gardless of the certainty that by so doing shimmying 

will be increased. 

HYDRAULIC CHECK 

An hydraulic check has been tried with a view to 
damping the shimmying through a control on the tie- 

rod. This can be done, but, although it is effective, it 
is not allowable, because control of the car for quick 

maneuvering is lost. 
No shock-absorbers or checks of any kind that would 

be allowable have been found to be of interest as a cure 
for tramping. 

Tight joints in the steering and axle connections have 

been found to be necessary to stop mild forms of shimmy- 
ing that develop when the joints become loose, but when 
they are produced by other causes, such as the geometry 
of the tive and the wheel, another phase of the problem 
must be considered. 
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Wabble or tramping action is a vibration akin to the 
action of a pendulum. It is an action against and a re- 
action from a force or anchorage. If the force could 

be reduced, the trouble would be cured at the source; but 
if not, anchorage should be taken away or a flexible, 

yielding, or damping anchorage provided, to kill the 
shimmying as near its point of inception as possible, 
Mild forms of shimmying can be cured by using plain 
bearings in the steering-knuckle or, possibly, by pro- 
viding loose joints transversely on the spring-eyes, or 
deep camber-springs and long spring-shackles, or rubber 

joints, to reduce the wabble. These have been tried with 
appreciably good effect. Here, again, reactions, such as 
hard steering, occur that limit their use. 

REVERSED AND MULTI-LEAF SPRINGS 

Reversed and multi-leaf springs have been carefully 
tried, because some investigations indicated improve- 
ment, but the future must decide this question after 
more work has been done. A reversed-camber spring 
changes the geometry of the steering, reversing the 

movement of the joint, similarly in a slight degree to 
that of the reversed shackle. The friction in multi-leaf 
springs is not sufficient to produce a result, although, by 
clamping the leaves together, severe tramping can prac- 
tically be stopped in the same way that it is stopped 
when a block of wood is used between the spring and 
the frame; but a wabble still remains to be taken care of. 

Spring flexibility affects some mild forms of shimmy- 
ing, but neither stiff nor soft springs are of much im- 
portance when the total weight carried by the springs 
remains unchanged. Increasing the load increases the 
intensity of the shimmying, principally the tramping 
action. 

Late standards of % to %-in. toe-in for the conven- 
tional axle were found to prevent tire wear. Straight- 

ening up the front tires or toeing them out, therefore, 
even though it might help to control the wabble, would 

probably not be allowable on account of the tire wear. 
There is some evidence to the effect that automobiles 

equipped with four-wheel brakes shimmy more than do 
those equipped with brakes on the rear wheels only, but 
four-wheel brakes are now used so generally that this 
fact may be the reason for the preponderance of the 
evidence. We have found that generally the same chassis 
shimmies as badly without as with them. As a matter 
of fact, shimmying has been controlled by adding still 
more weight than has been added by the installation of 
brakes. 

MEASURE OF BALLOON-TIRE INERTIA 

The inertia of the balloon-tire wheel-equipment has 
been measured and has been calculated to be less than 
that of high-pressure equipment; the weight with its 

inertia has been added to the rims and has been found to 
control the wabble. The weight necessary to do this is 
more than has been thought desirable to add to a rim 
or wheel for this purpose, but the test points to it as 
one of the factors for deadening shimmying. 

Gyroscopic action should resist shimmying but, if the 
revolving wheel or tire is struck, the wheel will turn in 
accordance with the law. As the two wheels strike 
alternately in tramping, there would be two blows or 

tendencies to turn in the same direction per cycle of 
spring-deflection. The vibration per cycle should thus 
be double, but this was not the case in the test, even 
though the steering-gear geometry had been corrected, 

as it was in Fig. 5, to oppose this gyroscopic tendency, 
and the tramping at high speeds was eliminated. It 
should be pointed out also that what force is developed 
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by the deranged steering geometry acts against one 
wheel and with the other wheel, so that no action should 
result. 

Center-point or near center-point steering, as shown 
in Fig. 7, has been used to a considerable extent on four- 

wheel-brake designs, but shimmying has not been con- 
fined to them. Tests indicate that in any one axle the 
greater the distance from the center of gravity of the 
wheel to the center-line of the pivot, the less will be the 

intensity of the shimmying. 
A vertical pivot-pin, Fig. 7, with near center-point 

steering, has made an improvement by reducing the 

variation of the lever-arm from the center of the ground 
contact to the center of the pivot-pin with the change in 
the deflection of the tires, which is greater with balloon 
than with high-pressure tires, for balloon tires are de- 
pressed more on the bottom as the wheels strike the 
pavement from side to side in the deflection cycle. This 
variation is overcome through the vertical pivot-pin de- 
sign, which is a noticeable improvement, even with the 
shorter lever-arm between the center of gravity and the 
center of the piston-pin, but it does not take care of all 
the variations and requires other expedients to produce 

a cure. 
VARIABLE-POINT STEERING 

With variable-point steering, it is certain that, in the 
gyrations of the front wheels when tramping, Fig. 1, a 
greater variation of the various lever-arms takes place 
on balloon than on high-pressure tires, because of the 
greater instability of the tires transversely, Fig. 8, in 
which direction it is necessary that considerable force 
should be applied in order to hold the chassis in a 
straight line; if this is not done a great variation will 
occur in the lever-arms that synchronizes with the de- 
flection cycle. From an analysis of these forces it ap- 
pears that the moment of force about the pin center-line, 
Fig. 8, would diminish, or in some cases would reverse, 

at the end of the deflection cycle when the tire is com- 
pressed and distorted to the greatest extent, and that the 
algebraic leverage at the neutral point in the cycle will 
be the minimum when the reacting pressure of the tire 
begins to lift the wheel at the beginning of a new cycle. 
Meanwhile, the movement of the chassis and the action 

of the springs have stored-up energy through the dis- 
tortion and displacement of the tires, and the rolling of 
the wheel has carried this displaced point to the rear of 
the pivot-pin center-line and pulls in on the rear, throw- 
ing the front end violently out as it bounds up on the 
first half of the spring-deflection cycle. The pull-in on 
the tire and the rim on a lever-arm may attain a length 
of 6 or 7 in. 

This action is also conveyed through the cross-rod, 
which turns the opposite wheel in on the second half of 
the cycle and prepares it for a repeat on the other side. 
The lever-arm to the rear of the pivot-pin, being so much 
greater because of the larger contact area of low-pres- 
sure tires, can be shortened by reducing the caster angle, 
or, by giving it sufficient reverse castrr action, the turn- 
ing effect before and behind the pivot-pin can more 
nearly be equalized. The side drag, of course, can be 
reduced slightly by straightening-out the toe-in, or by 
actually toeing out somewhat; but the most important 
and practicable reduction of these forces can be at- 
tained by using stiffer sections of tire. On any given 
chassis, a limit will be found to the tire size, number of 
plies, rim width, and pressure. 

STIFF TREAD 

It seems self-evident that a stiffer or better supported 
tread would better resist the forces that produce shim- 
mying. Even in high-pressure tires, we find a variation 
in speed of 10 m.p.h. between the points at which shim- 
mying occurs. 

Closed cars have been known to increase shimmying, 
probably on account of the extra weight and greater 
stiffness of the frame. Their increased production ‘con- 
sequently aggravates the problem, but a chassis equipped 
with balloon tires upon which to conduct tests is diffi- 
cult enough. 

Many combinations still remain to be tried. It is 
hoped, however, that this review of the subject will be 
of value in enlarging the use of moderate-size balloon 
tires and of a moderate reduction of pressure on the 
heavier cars, say to 35 Ib. per sq. in. initial pressure and 
25 lb. per sq. in. before shimmying appears. This would 
give a leeway of 10 lb. per sq. in. 

BUILDING OF ALL-STEEL VEHICLE BODIES 
(Concluded from p. 222) 

completion in connection with the development of the 
steel framework. This is a great factor for economy in 
original manufacture of the product. 

FINISHING REQUIRES LESS PRELIMINARY WORK 

It was evident in the beginning to certain customers 
that finishing could be done without the great number of 
preliminary coats which were necessary on the cruder 
stampings used on the wood body. It has been the prac- 
tice of certain of the larger and better producers to fin- 
ish these bodies with three coats of japan, without fill- 
ing or rubbing, and bake them on at high temperature. 
This gives durability of finish which has not been equaled 

by any process developed heretofore. Lacquers have 
come into common use of late, because of the possibility 
of getting a relatively hard finish with various colors. 
Our steel body is especially adapted to the use of lacquers 
-as it is not necessary to do so much knifing and filling as 
is required ona composite body. It is true that'a some- 

what better appearance and a great depth of color can 
be secured by some filling, but at most, the amount of 
filling need be only a fraction of that required for other 
products, whether the final coating is varnish or lacquer. 

To summarize: Given the requirements of the automo- 
bile body, as outlined, and selecting steel as the material 
with which to operate, a body can be constructed so that 
the posts or reinforcements, together with the outside 
panel, form a system of interbracing and support, making 
the whole structure of the body, internally and externally, 
play a part in resistance to the strains and stresses of 
service. By the use of welding, the various parts are 
united integrally and form a coordinated structure that 

is durable and lasting, presenting an outer surface which 
receives the finish to the best advantage and presenting 
an inner surface on which the upholstery can be hung 
securely yet, at the same time, be readily removed. 
Every piece or part has a definite function in the 
strength-design of the body. 
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Foreign Material in Used Oil: Its 
Character and Effect on Engine Design 

By G. A. Rowunp!' 

ANNUAL MEETING PAPER 

ABSTRACT 

TUDIES of samples of used engine-oil under the 
microscope show that the carbonaceous material 

is extremely finely divided and that the particles are 
held together loosely by oxidized oil. Dust particles in 
the oil can be distinguished from other foreign mate- 
rial by means of photographs taken with polarized 
light. Examination of a number of samples shows 
that the dust particles circulating with the oil are 
small in comparison with those drawn in through the 
carbureter intake, indicating that they have been pul- 
verized on the cylinder-walls. 

The results of tests indicate that air-cleaners are 
of direct benefit, but the use of other devices to prevent 
dilution and to keep the oil free from foreign material 
is equally desirable. Oil-screens cannot be expected to 
remove any but the coarsest material, such as lint; 
hence they should be of fairly coarse mesh and of 
liberal area, in order to provide a free flow of oil at 
low temperatures. They should also be self-cleaning. 

XAMINATION of a large number of samples of 
iy used oil from the crankcases of a wide variety 

of automotive units shows practically the same 
foreign material present in every instance, although in 
proportions that differ greatly with the unit and the 
conditions under which it has been operated. The usual 
constituents of the foreign material are oxidized oil, 
carbon, metallic particles and road dust, with occasionally 
some fibrous material or lint. Although all these sub- 
stances are insoluble in the oil itself, they are, with the 
exception of the lint, of such a character that they do 
not separate quickly from the lubricant. 

Statements to the effect that used crankcase-oil some- 
times contains as high as 25 per cent of foreign material 
have occasionally been made. While not denying that 
analyses of some samples may have shown this amount, 
we are quite certain that such samples were not truly 
representative of the oil circulated to the bearings. It 
is unfortunate but true that, in most instances, crank- 
case-oil samples are taken from the drain-plug as the 
contents of the reservoir are drained off. Under such 
conditions, much of the sediment that gradually col- 
lects in the base is carried away, hence, is caught in the 
sample. An analysis of used oil obtained under such 
conditions might show a very high content of insoluble 
material but would not give a true picture of the condi- 
tions affecting the lubrication of the engine from which 
the sample was taken. In any test involving lubrication, 
the oil samples should be drawn from the lubricating 
system while the engine is running. 

Analyses of a large number of samples of used oil, 
taken from passenger cars and motor trucks operating 
under widely varying conditions, show that the entire 
quantity of insoluble material will seldom exceed 1.25 
per cent, while the average is less than 0.50 per cent. 

1M.S.A.E.—Assistant chief of engineering division, 
department, Vacuum Oil Co., New York City. 
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Of this amount, about one-fifth, or 0.1 per cent of the 
whole, usually comprises metals and road dust, the latter 
varying considerably in its proportion with the condi- 
tions of operation. 

Although comparatively simple methods of analysis 
will give a reasonable approximation of the quantities 
of the various foreign materials to be found in used oil, 
they do not give a real clue to the physical characteris- 
tics of these materials. Yet they are of the greatest 

interest and importance to the engineer, because they 
have a direct bearing on engine design. The object of 
this paper is to show what has been learned concerning 

these characteristics. 

CARBON CONTENT 

When the oil comes into contact with the heated under- 
sides of the piston-heads, some oxidation takes place 
tending to thicken small portions of the oil, making them 
somewhat gummy and, incidentally, insoluble in the 
main body of the oil. If the temperatures are high 
enough, that is, 600 deg. fahr. or above, some cracking 
takes place, forming carbon. The carbon produced in 
this way is extremely fine and should not be confused 
with the deposits that often build-up inside the piston- 
heads. These are caused by the gradual and progressive 
stewing down, or oxidizing, of the oil into a hard mass. 

With such deposits, however, we are not concerned, be- 
cause, if any of them flake off and drop into the oil, they 

are separated very quickly by gravity and the action of 
the oil-screen. 

Because of its character, oxidized oil tends to collect 
any finely divided material that may be contained in the 
oil, including the carbon caused by cracking or coming 
from the blow-by in the form of soot, fine metal particles, 
and some, if not all, of the road dust. Collectively, this 
material is opaque and only a very small amount, less 
than 0.05 per cent, is sufficient to make the oil look black. 

Some proof of this “conglomerate” theory regarding 
the nature of so-called carbon in crankcase oil is found 
when samples are examined under the microscope. Using 
white transmitted light, some of the particles of carbon 
appear to be slightly translucent and of a reddish color. 
Examination with blue light causes these particles to 
show up strongly, whereas with red light the smaller 
particles do not appear because they transmit red light. 

Referring to the photomicrograph shown in Fig. 1, 
which was taken with blue light, it will be noticed that 
the foreign material occurs largely in groups of small 
particles, the size of which may be judged from the fact 
that the distance between the two horizontal lines is 
equivalent to 0.001 in., when magnified 150 diameters. 
If this illustration is compared with Fig. 2, which is of 
the same sample when photographed with red light, it 
will be seen that part of the dark material apparent in 
Fig. 1 has disappeared, showing that it is not solid, as 
is usually supposed to be the case. 

It must be admitted that red light does not show up 
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the fine detail in a photograph that blue light does and 
is much more difficult to handle, so, to a certain extent, 
this and other photographs that have been taken with 
red light should be considered only as indicative that the 
conglomerate theory is correct. Examination of this 
sample, however, and of a number of others under much 
higher magnification, shows that the groups that ap- 
pear to be solid in either light are themselves composed 
of extremely fine particles apparently held together in 

the same way. 

Fic. 1—PHOTOMICROGRAPH OF OIL SAMPLE TAKEN 
BY BLUE LIGHT SHOWING THE CLUSTER FORMA- 

TION OF THE INSOLUBLE MATERIAL 

It Will Be Noticed That the Foreign Material 
Occurs Largely in Groups of Smal! Particles, the 
Size of Which Can Be Judged by the Fact That 
the Distance between the Two Horizontal Lines 
Is Equivalent to 0.001 In. before Being Magni- 

fied 150 Diameters 

As a further check on the oxidized oil’s forming the 
bulk of the so-called carbon, if a sample of used oil is 
treated with chloroform, a large part of the “carbon” 
will be dissolved. It is also interesting to note that, as 
the oil becomes diluted by fuel, the various groups tend 
to coalesce and to become more readily separated from 
the oil by gravity or by centrifugal force. 

From the standpoint of promoting wear, it is obvious 
that no ill effects need be expected from the material 
under discussion, for the individual particles are too fine 
to take effect with the normal oil-film thickness, even 

Fic. 2—-PHOTOMICROGRAPH OF THE SAME OIL- 
SAMPLE AS IN Fic. 1 TAKEN BY RED LIGHT 

A Comparison of These Two Illustrations Will 
Show That Much of the Dark Material Shown in 
Fig 1 Has nee. Proving That the Par- 
ticles of Foreign Matter Are Not as Solid as Is 

Usually Supposed To Be the Case 

Fic. 3—PHOTOMICROGRAPH OF THE SAME OIL- 
SAMPLE WITH POLARIZED LIGHT, THE WHITE 
Spots INDICATING THE PRESENCE OF Roap DusT 

Some of the Patches of Insoluble Material Shown 
in Fig. 1 also Show in This Illustration. A 
Comparison of the Two Will Show That at the 
Points Where the Road Dust Appears in Fig. 
3, No Evidence of Its Presence Can Be Found 
in Fig. 1. This Is Due to the Fact That Road 
Dust Is Fairly Transparent and Consequently 
Does Not Show in the Average Photograph. 
However, This Material, Which Is Fine Sand, 
Does Possess the Property of Rotating Polarized 
Light so That Nearly All the Particles, and 
Particularly the Large Ones, Show Bright on a 
Dark Field, While the Rest of the Insoluble 

Material Remains Dark 

were they of an abrasive character, which is not the 
case, insofar as the carbon particles from soot or crack- 
ing are concerned. The presence of such material in 

Fic. 4—PHOTOMICROGRAPH UNDER BLUE LIGHT OF 
AN OIL SAMPLE HAVING A HIGH INSOLUBLE- 

CONTENT 
The Presence of Road Dust Which Constituted 
Approximately One-Half of the Insoluble Content 
Is Not Definitely Indicated. The Carbon Is 

Considerably More Dense Than in Fig. 1 

engine lubricating-oil is, nevertheless, undesirable for 
other reasons that will be mentioned later. 

How RoaD Dust May BE DETECTED 

Examination of ‘either Fig. l'’or Fig. 2 does not show 
any particles that ‘could be identified as road dust or 
metallic particles. Insofar as the latter are concerned, 
it is obvious that, considering the rate at which wear 
takes place in an engine, even under the worst condi- 
tions, the particles worn off would be extremely fine, 
hence, too small to have any abrasive action. In all 
probability, some of the finest particles that make up the 
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Fic. 5—PHOTOMICROGRAPH BY POLARIZED LIGHT 
SHOWING THB ABNORMALLY LARGE DUST-CONTENT 

OF THE SAMPLE ILLUSTRATED IN Fic. 4 

This Sample Was Secured from a Motor Truck 
as the Crankcase Oil Was Being Drained. The 
High Dust-Content Was Due to the Washing 
Out of the Accumulated Grit in the Oil Reservoir 
and Did not Indicate the True Condition of the 

Oil in Service 

groups in Fig. 1 are actually worn metal. Occurring in 
so fine a form, some of the iron may possibly be dis- 
solved by the acids that usually develop in crankcase oil. 

Road dust is fairly transparent, hence does not show 
in an average photograph. This material, however, 

which is fine sand, has the property of rotating polarized 
light, so that nearly all the particles, particularly the 
large ones, show up brightly in a dark field, while the 
rest of the insolubles remain dark. Fig. 3 shows the 
same sample that has been illustrated in Figs. 1 and 2, 
when it is photographed with polarized light. The white 
spots are caused by specks of road dust in the sample. 

This photograph has been fogged by other light just 
enough so that some of the patches of insoluble material 
shown in Fig. 1 also show in Fig. 3. When they are 
compared, it will be found that, at the points where road 
dust appears in Fig. 3, there is no evidence of it in 
Fig. 1. 

The analysis of this sample showed a total insoluble 
content of 0.75 per cent, 0.20 per cent comprising metals 

Fic. 6—PHOTOMICROGRAPH OF A WEAR-TEST OIL- 
SAMPLE UNDER BLUE LIGHT 

The Degree of Magnification in This Case Is 
Not as High as in the Previous Ones. 
the Relative Pro 
Can Be Judged 

However, 
rtions of the Dust Particles 

rom the Distance between the 
Two Horizontal Lines Which Indicates 0.001 In. 

as in the Preyious Illustrations 
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and road dust. The latter was approximately 0.04 per 
cent of the total. As a matter of contrast, Fig. 4 is a 

photomicrograph with blue light of a sample showing an 
insoluble content of 1.2 per cent, of which approximately 
0.6 per cent is road dust. The carbon is considerably 
more dense than that shown in Fig. 1; but a much more 
striking contrast is shown by Fig. 5, which is the speci- 

men of Fig. 4 taken with polarized light. The far great- 

er dust-content is indicated by the very large number 

of brilliant white spots that appear, even though the 
photograph has been fogged to a certain extent by white 

light. 
A point of much interest in connection with these 

samples is that the one having the very large dust-con- 
tent was secured from a motor truck as the crankcase 
oil was being drained, while the other was taken from 
the oil circulating in the lubricating system of another 
truck operating under similar conditions of service. It 
is therefore apparent that the high dust-content of the 
former does not indicate the true condition of the oil 
in service but is caused by the washing out of the ac- 

Fic. 7—PHOTOMICROGRAPH OF THE WEAR-TEST 
SAMPLE BY POLARIZED LIGHT 

This Illustration Should Be Compared with Fig. 
5, Keeping in Mind the Likeness of Appearance 

of Figs. 4 and 6 

cumulated grit in the oil reservoir. This emphasizes 
the need of taking all the samples from the oil in circu- 
lation, if reliable indications are desired in connection 
with lubrication problems. 

RESULTS FROM OTHER SAMPLES 

The photographs thus far discussed were the first 
made in connection with these investigations. To get 
further information regarding the character of the dust 

actuallyrcirculating with the oil, a number of others have 
been taken of samples secured from engines operating 
under varying conditions. Table 1 shows the analysis 

of the insoluble content of a sample ‘taken from an en- 
gine running under load, into the carbureter-intake of 
which a meagtred.amount of road dust was introduced 
to aggravate’the ‘wear. Fig. 6 shows the oil under blue 
light, while Figs%j;taken with polarized light, indicates 
the dust-content,* These photographs were taken with 
a slightly lower dégree of magnification but the relative 
proportion of dirt particles can be judged from the dis- 
tance between the two horizontal lines. As in the pre- 
vious illustrations, this distance indicates 0.001 in. 

The size and the character of the particles of road 
dust fed into the engine are shown by Figs. 8 and 9, the 
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Fic. $‘—-PHOTOMICROGRAPH OF Roap Dust TAKEN 
BY TRANSMITTED LIGHT 

This Shows That Many of the Crystals Are 
Fairly Transparent. The Magnification in This 
Case Is the Same as in Figs. 6 and 7, So That 
a Direct Comparison Can Be Made of the Size 
of the Particles Going into the Engine and Those 
Found in the Crankcase. While Some of the 
Particles Are Fairly Small, Most of Them Are 

Far Larger than Those Showing in Fig. 7 

first having been taken with white transmitted light, the 
second with polarized light. The magnification in these 
photographs is the same as in Figs. 6 and 7, so a direct 
comparison can be made of the size of the particles en- 
tering the engine with those found in the crankcase. 

Fic. 9- PHOTOMICROGRAPH BY POLARIZED LIGHT 
or Roap Dust SHOWING How THE CRYSTALS ARE 

MADE VISIBLE AGAINST A DARK FIELD WITH THIS 

METHOD OF ILLUMINATION 

In This, as in the Other Photomicrograph Taken 
with Polarized Light, Nearly One-half of the 
Dust Crystals Do Not Appear in the Photo- 
graphs, Since They Do Not All Rotate the Light 
into the Proper Plane for Visibility with One 
Setting of the Polarizing Prisms. This, How- 
ever, Does Not Affect Their Value in Showing 
the Character and the Average Quantity of 

Abrasive Material Present 

Although some of the particles in Fig. 8 are fairly small, 
a of them are much larger than those showing in 

ig. 7. 
It should be said, regarding these photomicrographs 

taken with polarized light, that nearly one-half the dust 
crystals do not appear in the photographs, since they do 
not all rotate light into the proper plane for visibility 
with one setting of the polarizing prisms. This, how- 
ever, does not affect their value in showing the character 
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and average quantity of the abrasive material present. 
Of all the many samples that have been examined, none, 
with the exception of the one illustrated by Fig. 5, has 
ever shown the presence of any large dust particles com- 
parable in size with the larger ones shown in Figs. 8 
and 9. Figs. 10 and 11, showing a sample taken from 

A motor truck after 30 days’ use of the oil in suburban 
service near New York City, show only a few very fine 
dust particles and are indicative of what has been found 
generally in the study of oil samples under the micro- 
scope. The analysis of this sample is given in Table 2 aT 

Fic. 10—-PHOTOMICROGRAPHS UNDER BLUE LIGHT 
or A SAMPLE OF OIL FROM A MoTor TRUCK AFTER 

30 Days’ Use 

This Truck Has Been in Suburban Service near 
New York City 

The presence of this extremely fine dust in the lubri- 
cating oil seems to indicate that the grit drawn in 
through the carbureter has been more or less pulverized 
by the piston and ring action, while at the same time 
promoting wear of these parts. The results of the “wear 
test” also indicate that the ground-up particles are 
coarse enough to cause wear of the bearings, if the 
lubricating oil becomes thinned out. 

Fic. 11—PHOTOMICROGRAPH BY POLARIZED LIGHT 
OF THE O1rL SAMPLE SHOWN IN Fic. 10 

It Should Be Noticed That Only a Few Very 
Fine Dust Particles Can Be Seen. The Presence 
of This Extremely Fine Dust in the Lubricating 
Oil Seems To Indicate That the Grit Which Was 
Drawn In Through the Carbureter Was More or 
Less Pulverized by the Piston and Ring Action, 
at the Same Time Promoting Wear of These Parts 
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TABLE 1—ANALYSIS OF INSOLUBLE MATERIAL TAKEN 

FROM AN OIL SAMPLE FROM THE ENGINE ON THE WEAR 

TEST IN WHICH DUST WAS FED INTO THE CARBURETER 

INTAKE 

Material Per Cent 
Oxidized Oil 15.5 
Carbon 5 | 
Iron 58.2 
Silica and Silicates 18.6 

Total 100.04 

* This total represents only 0.96 per cent of the total sample and 
was insoluble in petroleum ether. 

THE VALUE OF AN AIR-CLEANER 

Some tests were made recently to determine the ef- 
fectiveness of an air-cleaner in reducing the amount of 
abrasive material in crankcase oil. The results obtained 
are shown in Table 3 and indicate that such a device is 
helpful. 

Obviously, if dust is drawn in through the carbureter, 
some of it will adhere to the cylinder-walls in the path 
of the piston travel and cause wear, unless the oil-film 
thickness is sufficient to float the particles. The latter 
seems doubtful in the vicinity of the top ring, even if it 
were the case in the bearings; therefore the desirability 

of an effective air-cleaner is indicated. 

THE IMPORTANCE OF CLEAN OIL 

Study of these photomicrographs seems to indicate 
that the foreign or insoluble material present in the 
crankcase oil, dust included, is so fine that very little 
bearing wear need be expected, so long as the percentage 
of dilution is relatively low. Service records of engines 
operating under widely varying conditions prove this 
beyond question. But some very real objections to the 
presence of any foreign material in the oil exist, whether 
it be of an abrasive character, or otherwise. 

In the first place, it always tends to separate from the 
oil either by gravity or by centrifugal action, and fre- 
quently collects in the vicinity of oil-holes that feed main 
or camshaft bearings, gradually blocking off the flow 
of oil. Not infrequently the crankshaft oil-passages be- 
come clogged, particularly if they are sufficiently large 
so that the oil flow is relatively slow and not sufficient to 
cause a scouring action. The result is a failure of the 
bearing, the cause of which may not be apparent because 
the dirt accumulation would be loosened by the pounding 
of the bearing that failed and would be washed out by 
the flow of oil. Another objection to insoluble material 
in the oil is the fact that it is a first-class emulsifying 

TABLE 2—ANALYSIS OF INSOLUBLE MATERIAL IN A SAMPLE 
OF OIL USED FOR 30 DAYS IN A MOTOR TRUCK IN SUBURBAN 

SERVICE NEAR NEW YORK CITY 
Used-Oil Analysis 

Flash-Point, deg. fahr. 220 
Pour-Test, deg. fahr. 0 
Viscosity at 210 deg. fahr, sec. 50 
Fuel, per cent 6.9 
Water Trace 
Material Insoluble in Petroleum Ether, per cent 0.97 

Analysis of Material Insoluble in Petroleum Ether 
Oxidized Oil, per cent 21.4 
Carbon 65.6 
Iron 12.4 
Silica 0.6 
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agent and would tend to cause trouble if any water 
should accumulate in the engine crankcase. 
Many engines have been equipped with extremely fine- 

mesh screens, apparently with the idea of keeping the 
oil clean. It is obvious from the photographs that no 
system of oil-screens can be expected to remove more 
than the coarsest particles and the lint that may reach 
the oil reservoir through carelessness. Insofar as the 
former are concerned, they will settle out very quickly 

TABLE 3—ANALYSIS OF SAMPLES TAKEN FROM UNITS 

OPERATING WITH AND WITHOUT AIR-CLEANERS 

Fuel, Insolubles, Road Dust, 
Sample No. Per Cent Per Cent Per Cent 

1? 1.2 0.030 0.001 
2 1.8 0.500 0.015 
35 1.0 0.015 0.001 
4 2.0 0.430 0.010 
5 ie 0.540 0.015 
6 3.3 0.550 0.013 
7 1.6 0.240 0.006 
8 3.6 0.340 0.008 
9 3.5 0.370 0.012 

10° 1.7 0.280 0.006 
11° 3.0 0.350 0.009 
12 1.6 0.460 0.016 

*’These samples are from engines equipped with air- 
cleaners. The results indicate that air-cleaners tend to re- 
duce the dust content of the crankcase oil. 

and not give trouble, if the pump intake is well away 
from the bottom of the crankcase. Any lint will be 
caught by a relatively coarse-mesh screen, the large 
mesh being desirable from the standpoint of providing 
an unrestricted oil-flow in cold weather. 

It cannot be emphasized too strongly that all screens 
should be either readily accessible for cleaning or as 
nearly self-cleaning as possible, preferably both. To 
give the self-cleaning characteristic, the flow through 
the screen should be vertically upward or horizontal, 
never downward; and the screen area should be large. 
It is a common experience to find the down-flow type of 
screen clogged and then punctured by the mechanic in 
the field who cleans it, so that trouble from that source 
will not again be encountered. Especially troublesome 
is this type of screen when it is of fine mesh. 

Holding the dilution down to the minimum by a recti- 
fier or other device that will get rid of the fuel will un- 
doubtedly be helpful in reducing wear caused by dust in 
the oil. In addition, it will probably allow longer peri- 
ods between crankcase drainings and improve the oil 
economy. But because of the gradual building-up of 
other insoluble material in the oil that may separate 
from it and cause trouble, draining will eventually be 
required. This could be obviated by some form of filter- 
ing or separating device that would take out the insol- 

uble material. 
From a purely lubrication standpoint, any foreign 

material in the oil is objectionable. Until grit, fuel, 
water and insoluble materials of all kinds have been re- 
moved, we cannot expect to get a full measure of service 

from either the engine or the lubricating oil. Hence, 
any device that tends to prevent the entrance of dust or 
to. eliminate fuel, water or foreign matter is bound to 

be beneficial. 
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Recent Cooperative-Fuel-Research 
Progress 

By S. W. Sparrow! and J. O. E1stncEer? 

ANNUAL MEETING PAPER 
—_—_— 

ABSTRACT 

HIS report deals with further progress in the co- 
operative fuel research. General factors under- 

lying starting ability are discussed and experiments 
showing the effect of changes in spark character and 
of gas leakage are described. The probable mechanism 
of crankcase-oil dilution is treated, and further ex- 
periments with reference to this subject are explained. 
One experiment deals with operation with oil as a 
cooling medium to obtain high jacket-temperatures. 
Other experiments show the effect of change in piston 
clearance, and in the number of piston-rings em- 
ployed. 

Factors influencing the rate at which the diluent is 
eliminated from the diluted oil are shown to be of 
importance, and methods of examining these factors 
are stated. 

N December, 1924, the President of the United 
I States created an oil-conservation board consisting 

of the Secretaries of War, of the Navy, of the In- 
terior and of Commerce. In his letter to these secre- 
taries, announcing the creation of the Board, the Presi- 
dent made these two statements: “Developing aircraft 
indicate that our National defense must be supplement- 
ed, if not dominated, by aviation. It is even probable 
that the supremacy may be determined by the posses- 
sion of available petroleum and its products” and “. _ 
the oil-industry’s welfare is so intimately linked with 
the industrial prosperity and safety of the whole people 
that Government and business can well join forces to 
work out this problem of practical conservation.” It 
must be a source of satisfaction to the members of the 
Society, to the members of the American Petroleum 
Institute and to those of the National Automobile 
Chamber of Commerce that they authorized the Bureau 
of Standards to undertake this cooperative fuel-research, 
the object of which was, most assuredly, “practical con- 
servation,” in the summer of 1922. 

DIRECTION AND SCOPE OF THE RESEARCH 

The direction of this research has rested very largely 
in the hands of a steering committee composed of mem- 
bers of the cooperating societies. To this committee, 
frequent informal reports of progress have been sub- 
mitted. Formal reports have been presented at the an- 
nual meetings of the American Petroleum Institute and 
at both the Annual and the Semi-Annual Meetings of 
the Society. Reference is made to publications of these 
reports’. No attempt will be made here to discuss in 
detail any work done prior to the Semi-Annual Meeting 
of the Society in June, 1924. The steering committee, 
in a resolution adopted with reference to the carrying 

— —Mechanical engineer, 

2Jun. S.A.E.—Assistant mechanical engineer, Bureau of Stand- 
ards, City of Washington. 

*See Tue JourNAL, February, 1923, p. 139; guly. i232" m. Bs 
March, 1924, p. 267; July, 1924, p. 69; October, 1924, 333. 

Bureau of Standards, City of 
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Illustrated with DRAWING AND CHARTS 

aS oe 
Fic. 1—SPaRK-PLuG ENCLOSED IN GLASS TUBE 

Since the Electrodes and the Spark Were Visible Orne the Glass 
of the Tube, Means Were Afforded for Determining ether the 

Spark Actually Occurred s 

on of the investigation from July, 1924, to July, 1925, 
recommended : 

First, that the factors contributing to crankcase-oil 
contamination be investigated; second, that the factors 
contributing to easy starting be investigated; third, 
that an investigation of vaporization be made to 
coordinate design of internal-combustion engines and 
the volatility of fuel. 

The starting-point of an investigation of the subject 
of vaporization consists of obtaining more exact knowl- 
edge of what constitutes effective fuel-volatility in both 
the temperature range governing crankcase-oil dilution 
and in the initial range which determines starting 
characteristics. Such work is in progress, but definite 
conclusions have not been reached. The limitations of 
the distillation curve as a criterion for judging fuels 
have been recognized by many investigators, and what 
are quite generally recognized as being better methods 
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Fic. 2—COMPARATIVE TESTS WITH Two Narre OILLs 

Oil No. 1, of 141-Saybolt Sec., and Oil No. 2, of 705-Saybolt Sec. 
Viscosity, Both at 130 Deg. Fahr., Were Used. The Highest Pres- 
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Fic. 3—PERCENTAGE CHANGE IN COMPRESSION-PRESSURE WITH 
CHANGE IN THROTTLE-OPENING 

With Throttle Nearly Closed, as the Speed Is Reduced the Com- 
pression-Pressure Increases; Whereas, at Full Throttle, It De- 
creases. At Very Low Speeds, Change of Throttle-Lever Position 
Accomplishes Little Except an Alteration of the Fuel-Air Ratio. 
Hence, an Engine Having Valve-Timing Chosen for High-Speed 
Operation May Develop Starting Trouble Because an Insufficient 
Quantity of Charge To Turn the Engine Over Enters the Cylinder 

of judging fuel volatility have been suggested. It can 
be appreciated, however, that to be of general applicabil- 
ity, any method must require only rather simple ap- 
paratus and be capable of yielding consistent results in 
the hands of various observers. 

The starting problem consists of providing in the 
cylinder sufficient fuel vapor to form an explosive mix- 
ture and a spark which will fire the mixture. The in- 
fluence of the character of the spark upon its ability to 
ignite a mixture has long been a favorite topic for dis- 
cussion. Insofar as actual experiments are concerned, 
most investigators appear to have reached the conclu- 
sion that the spark furnished by any of the conventional 
types of ignition system is adequate to fire the charge, 
and that differences in spark character have no signifi- 
cance with reference to the starting problem. In this 
connection, the following experiment is of interest, al- 
though it was not made as a part of this investigation. 

The essential part of the experiment consisted of in- 
serting a resistance in the spark-plug circuit which could 
be varied at will, thus varying the character of the 
spark. It was found that, when this resistance was suf- 
ficiently high, the spark obtained would not fire the 
charge in the cylinder. To make sure that a spark was 

*See Tue JouRNAL, July, 1924, p. 69. 

5See Automotive Industries, Nov. 27, 1924, p. 928. 
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Fic. 4—Errect oF CooLING-MEDIUM TEMPERATURE UPON DILUTION 

Using Oil as a Cooling Medium, at a Jacket Temperature of 212 
Deg. Fahr. the Amount of Dilution Was Extremely Small and the 

Oil Viscosity Actually Increased during the Run 
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actually occurring under such conditions, the spark-plug 
was enclosed in the glass-sided tube shown in Fig. 1, 
which was screwed into the hole normally occupied by 
the spark-plug. The electrodes, and the spark as it 
jumped across them, could be seen through the glass 
sides of the tube. Such a tube provides a more or less 
dead pocket around the spark-plug and, in this respect, 
gives a condition somewhat worse than is found in the 

ordinary engine. This was offset to some extent by the 
fact that the engine was of the overhead-valve type and 
operating at a much higher speed than is employed nor- 
mally in cranking an engine. Hence, it is probable that 
there was more turbulence around the spark-plug, in 

spite of its unfavorable position, than is found in many 
motor-car engines during the starting period. It may 
be added also that this same effect was found with a 
spark-plug mounted in its normal position in the cylin- 
der, although in this case an auxiliary spark-gap was 
utilized as a means for indicating whether the spark 
actually occurred. 

Sufficient work was not done to determine definitely 
upon what characteristics the efficacy of the spark as a 
source of ignition depended. It appeared, however, to 
be related to the “duration” of the spark. Such de- 
vices as are employed for indicating the position in the 
cycle at which the spark occurs indicate also its “dura- 
tion,” or the number of degrees of crank angle over 
which it persists. The description of this experiment, 
however, has not been introduced for the purpose of 

recommending any particular type of spark or spark- 
plug position, but merely as furnishing definite proof 
that, under certain circumstances, the character of the 
spark may determine whether the charge is ignited. 

AMOUNT OF FUEL 

The amount of fuel which must be introduced into the 
cylinder to furnish sufficient fuel vapor to form a com- 
bustible mixture depends upon its temperature and its 
volatility. As was shown in the report presented in 
June, 1924, and published later‘, at 32 deg. fahr., to get 
a mixture rich enough to fire, it is necessary to provide 
more than 10 times as much fuel as is required to make 
a mixture too rich to fire at 200 deg. fahr. That portion 
of the fuel which is not vaporized dilutes the oil and, in 
many cases, the chief source of crankcase-oil dilution 
may be the large quantities of fuel it is necessary to 
take into the engine to start it. The choke valve is a 
means commonly employed for getting these large quan- 
tities of fuel into the cylinder, and it is rather common 
to hear it blamed for much of the dilution trouble. So 
long as fuel in large amounts is needed, the choke is a 
blessing rather than a curse, as no one desires freedom 

from dilution at the price of inability to start. 
To decrease the quantity of fuel that it is necessary 

to take into the cylinder, heat can be applied to the 
charge in its passage to the cylinder or in the cylinder 
itself. Some of the methods which have been employed 
to heat the charge in the carbureter or in the intake- 
manifold have been described by P. M. Heldt’. The only 
heat that the charge is likely to receive in the cylinder 
itself is that derived from compression. Leakage from 
the combustion-chamber is important because of its in- 
fluence upon the amount of heat that is developed. Some 
of the factors which influence this leakage were investi- 
gated by rotating an engine, mounted in a car, at vari- 
ous speeds and throttle-openings and measuring the 
compression-pressures in the cylinder. 

It had been anticipated that the best piston-seal and, 
therefore, the highest compression-pressure, might be 
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obtained with an oil of rather low viscosity. In these 
tests, however, the highest pressures were obtained un- 
der conditions which made the oil upon the cylinder- 
walls most viscous. The lowest pressure was obtained 
when gasoline was admitted into the cylinder and the 
highest jacket-water temperature and the least viscous 
oil were employed. The highest pressure was obtained 
when gasoline was not allowed to enter the cylinder and 
the lowest jacket-water temperature and the most vis- 
cous oil were employed. Jacket-water temperatures of 

25 and 80 deg. cent. (77 and 176 deg. fahr.) were ob- 
tained, while the oils used had viscosities at 130 deg. 
fahr. of 141 and 705 Saybolt sec. Fig. 2 shows the re- 
sult of comparative tests with the two oils. 
A fact that may or may not be of importance is 

brought out in Fig. 3. This shows that, with throttle 

nearly closed, as the speed is reduced the compression- 

pressure increases; whereas, at full throttle, it de- 

creases. At very low speeds, a change in the position 

of the throttle lever would accomplish little except an 
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Fic. 5—RELATION BETWEEN TEMPERATURE OF COOLING MEDIUM AND 

RATE OF DILUTION 

Based Only Upon Tests with One Engine over a Rather Restricted 
Range of Conditions 

alteration of the fuel-air ratio. This suggests that en- 
gines with a valve-timing chosen for high-speed opera- 
tion.may give trouble in starting solely because of the 
difficulty of getting a sufficient quantity of charge into 

the cylinder to turn the engine over. 
At the 1924 Semi-Annual Meeting of the Society, Dr. 

Dickinson discussed briefly the probable mechanism of 
dilution and this discussion, somewhat amplified, was 

published’. It seems desirable to repeat the salient 
points of this discussion as summarizing the general 

conclusions reached thus far in the investigation of 
crankcase-oil dilution. It should be noted that the first 
portion of the explanation deals with what happens 
during normal operation and not with what happens dur- 
ing the starting period when large quantities of un- 
vaporized fuel are introduced into the cylinder. 

In normal operation, conditions are somewhat as fol- 
lows: (a) the cylinder-walls, particularly the side-walls, 
are covered with a film of oil, not more than a few 
thousandths or perhaps a few ten-thousandths of an 
inch thick, which is at a temperature not far from that 
of the metal of the cylinder-walls; (b) the fuel-air mix- 
ture entering the cylinder is within the range of com- 

bustibility, and the fuel that it contains is at least partly 
vaporized, any liquid that remains being in small drop- 
lets distributed with some degree of uniformity through- 

out the charge; (c) the fuel in the mixture is made up 

® See 
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Fic. 6—RELATIVE DILUTION AT Two DIFFERENT COMPRESSION-RATIOS 

Compression-Ratios of 2.1 and 4.4 Were Employed. The Marked 
Improvement Shown Is Not, Necessarily, Due Entirely to Change in 
Pressure. The Change in Ratio Involved Other Changes Whose 
Influence Would Be Expected To Decrease the Rate of Dilution 

of various constituents of differing volatility and, when 
vaporizing in the presence of its own vapor, it has a 
definite dew-point temperature for any given mixture 
proportion, the existence of a dewpoint temperature 
above which the fuel will vaporize entirely having been 
shown by different experimenters and the temperature 
having been determined for various grades of gasoline; 
and (d) the oil-film on the cylinder-walls is being inter- 
changed with oil from the crankcase by the motion of 
the piston. “ 

On entering the cylinder during the intake stroke, the 
charge probably, though perhaps not always, contains 
some liquid spray. If present, the spray or part of it 
strikes the cylinder-walls, piston-head and other parts, 
and attempts to mix with the film of oil. Will the fuel 
actually mix with the oil or not? 

The cylinder, at the closing of the intake-valve, con- 
tains a charge of air at a pressure of from 6 to 14 lb. 

per sq. in., depending upon the throttle opening. This 
is mixed with fuel vapor, which, if all the fuel had been 
evaporated, would have a vapor pressure of something 
under 2 per cent of the air pressure. It follows from 
Dalton’s law that the presence of the air can be neglect- 
ed so far as the behavior of the fuel vapor is concerned, 
except that the evaporation or the condensation of the 
fuel may take place somewhat more slowly with air 
present. 

At this time the fuel, partly liquid and partly vapor, 
is present in such an amount that the vapor pressure is 
something less than that indicated by % in. of mercury. 
For any given total amount of fuel present, as noted 
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Fic. 7—EFFECT OF DIFFERENT EXHAUST-PRESSURES ON DILUTION 

Increase of Back-Pressure When Operating with the High Compres- 
sion-Ratio Resulted in a Considerable Decrease in Dilution 
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Viscosity at 130 Deg. Fahr: 
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Fic. 8—DrmLuTION Aas AFFECTED BY CHANGES IN PISTONS AND IN 

PISTON-RINGS 

Two Experiments Were Made. One Showed a Marked Increase in 
Dilution When Operating the Pistons Without Rings, but No Appre- 
ciable Difference between Results with One Ring and with Three 
Rings; in the Second, Operating with Very Loose Pistons and 
Clearance Increased 1/32 In. on the Diameter, No Appreciable 

Increase in Rate of Dilution Resulted 

above, a temperature exists which is known as the “dew- 
point temperature,” at which the first drops of fuel will 
condense on cooling or the last drop will evaporate on 
heating. This temperature depends upon the quality of 
the fuel and on the fuel-air ratio. 

Assume for the moment that this dewpoint tempera- 
ture is 100 deg. fahr. for the condition predicated above. 
When the surfaces are covered with oil, the dewpoint 
temperature may differ somewhat from that for dry 
surfaces of metal, but it is assumed that this 100-deg. 
fahr. dewpoint applies to oil-covered surfaces. If the 
temperature of the cylinder-walls is above 100 deg. fahr., 
any liquid fuel striking them will tend to evaporate and, 
in so doing, it will absorb heat from the oil-film and cool 
it below the original 100-deg. fahr. temperature. In- 
deed, were it not for this cooling, fuel could not go into 
solution in the oil. 

AMOUNT OF EVAPORATION 

The amount of evaporation of the fuel which can take 
place in the surface film of oil, therefore, will depend on 
how rapidly heat can be supplied to the oil-film and thus 
to the liquid fuel by conduction from the cylinder-walls 
and by contact with the gases in the cylinders. The 
average amount of dilution which will exist in the oil- 
film on the cylinder-walls will depend upon the relation 
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Fic. 9—ELIMINATION OF DILUENT 

Actual Dilution of the Oil Was Accomplished by Operating the 
Engine with Ordinary Commercial Gasoline While Using a Rather 
Rich Mixture and Keeping the Temperature of the Jacket Water 
Rather Low. When the Oil Had Been Diluted Sufficiently, Aviation 

Gasoline Replaced the Commercial Gasoline as Fuel 
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between the rate at which the fuel strikes the walls and 
the rate at which heat is supplied to vaporize this fuel. 

An estimate of these rates is furnished by the follow- 
ing: The evaporation of the fuel charge in the air will 
lower the air temperature about 60 deg. fahr., while the 
heat produced by the burning of the charge is sufficient 
to raise the temperature about 3600 deg. fahr. In other 
words, the amount of heat produced is about 60 times 

that required to vaporize all the fuel. Since some 20 
per cent of the heat of combustion passes to the water- 
jacket through the cylinder-walls and the oil-film on 
their surface, it is obvious that, for each cycle, at least 
12 times as much heat passes through the oil-film as 
would be required to vaporize all the fuel used in that 
cycle. It is evident, therefore, that plenty of heat is 
available to vaporize all the fuel striking the cylinder- 
walls. 

If the temperature of the oil-film and the cylinder- 
walls is below the dewpoint of the fuel mixture, com- 
plete evaporation will not take place, because the avail- 
able heat is absorbed by the water-jacket. The tempera- 
ture of the cylinder-walls need be but slightly above the 
dewpoint, however, for the heat supply for evaporation 
to be ample. From this reasoning it would be concluded 
that the cylinder-wall, and therefore the jacket-water 
temperature, control very directly and definitely the 
average composition of the oil-film on the cylinder sur- 
faces, as regards its fuel content. This seems to be in 
entire accord with experimental results. The average 
dilution of this oil-film would be the ultimate dilution 
of the crankcase oil, were no fuel eliminated from the 
oil in the crankcase itself. 

Experiments described at the 1924 Semi-Annual Meet- 
ing indicated that crankcase-oil dilution is not dependent 
upon the temperature of the piston-head. This seems 
reasonable inasmuch as, under average operating con- 

ditions, the temperature of the piston-head is much 
higher than that of the cylinder-walls. If, therefore, 
the cylinder-walls are at a temperature anywhere near 
the dewpoint, the piston-heads are hot enough so that all 
the fuel which strikes them is evaporated. Naturally, 
a change in this temperature has little effect on dilution. 

In the earlier stages of this research it was found 
that the rate of crankcase-oil dilution was higher with 
Grade D fuel than with Grade B fuel; in other words, 
that there is a close relationship between fuel volatility 

and the rate of dilution. This is in entire accord with 
the foregoing analysis. The dewpoint temperature of 
the fuel-air mixture depends on the fuel volatility, 
though not directly on the distillation end-points; there- 
fore, the less volatile the fuel is, the higher will be the 
jacket-water temperature required to prevent dilution 
or, conversely, the greater will be the amount of dilution 

under the same operating conditions. 
In a previous report, it was pointed out that the rate 

of crankcase-oil dilution varies almost directly with the 
fuel-air ratio. This would be expected, since the dew- 
point temperature increases with fuel content as well 

as with decreased fuel-volatility. 
In the same report it was shown that the tempera- 

ture, and therefore, supposedly, the degree of vaporiza- 
tion of the incoming charge, have much less effect on 

the rate of crankcase-oil dilution than many had sup- 
posed. This, too, agrees with the foregoing analysis. 
The dewpoint temperature does not depend upon the 
intake temperature; hence, the temperature of the 
cylinder-walls at which dilution stops should not depend 
primarily on intake-charge temperature, nor should 
dilution depend upon it directly. In fact, even if the 
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fuel were entirely evaporated before entering the cylin- 

ders, condensation on the cylinder-walls and consequent 
dilution would occur, if the cylinder-walls were below the 
dewpoint temperature. From this analysis, supported 
by the data derived from experiments, the conclusions 
reached are summarized as follows: Under average 
operating conditions, crankcase-oil dilution 

(1) Depends primarily on the average temperature 
of the cylinder-walls 

(2) Is likely to reach an equilibrium value if starting 
periods are not too frequent 

(3) Depends directly on fuel volatility 
(4) Is directly dependent upon the average fuel-air 

ratio 

(5) Does not depend much upon the piston tempera- 
ture 

(6) Is not dependent much upon the charge tempera- 
ture or the degree of vaporization. 

OTHER EXPERIMENTS AND RESULTS 

By using oil as a cooling medium, the effect of jacket 
temperatures as high as 100 deg. cent. (212 deg. fahr.) 

has been investigated. Fig. 4 shows that, at this tem- 
perature, the amount of dilution was extremely small 
and that the viscosity of the oil actually increased 
during the run. It should be noted that, in the absence 
of dilution, the normal behavior of oils is to increase in 
viscosity with use. Perhaps it should be mentioned that 
oil was selected as a convenient means for studying the 
effect of high jacket-temperatures and no attempt was 

made to study its efficacy as a cooling medium. The 
experiment is of practical value, as temperatures of this 
order could be obtained with steam cooling-systems. 

Fig. 5 suggests the relation between the temperature 

of the cooling medium and the rate of crankcase-oil 

dilution. Its value is limited by the fact that it is based 
upon tests with one engine over a rather restricted range 
of conditions. Moreover, with respect to the highest 
temperature, it is open to the objection that the differ- 
ence between the wall temperature and that of the cool- 

ing medium may be different for oil than for water. 

Nevertheless, it is believed that it gives a picture of 

sufficient accuracy to be of interest. 
Recently, some experiments have been made to in- 

7See THE JOURNAL, January, 1925, p. 92. 
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Fic. 10—-ELIMINATION OF DILUENT 
Showing Similar Curves to Those of Fig. 9 But at Different 

Temperatures 
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Fic, 11—RESULTsS OF TESTS WITH DIFFERENT TEMPERATURES OF 

CRANKCASB OIL 

The Importance of Crankcase-Oil Temperature in Its Influence upon 
Dilution Has Been kmphasized. Its Influence Probably Is Due to 

Its Effect upon the Rate of Elimination of the Diluent 

vestigate the effect upon dilution of reducing the com- 
pression-ratio. If dilution takes place according to the 
mechanism already described, that is, if it is dependent 
primarily upon the dew-point, then the effect of decreas- 

ing the vapor pressure should be the same as that of 
increasing the wall temperature. If the same amount 
of fuel is taken into the cylinder, the vapor pressure 
will be lower with a low-compression engine than with 
a high-compression engine, as the volume occupied by the 
vapor is greater. 

While discussing this vapor pressure, it is well to 
mention a fact to which Professor Schweitzer has drawn 
attention, relative to the compression of wet mixtures, 
in his article entitled Another Aspect of Crankcase-Oil 
Dilution.’ With adiabatic compression, fuel tends to 
evaporate rather than to condense as the pressure in- 
creases. This is due to the rise in temperature produced 
by such compression. Professor Schweitzer points out 
that the layer of gas adjacent to the wall may remain at 
substantially wall temperature, and that its compression 
may thus be nearly isothermal. Compression under such 
circumstances would tend to cause condensation. 

The compression-ratio employed was about 2.0 as 
against a normal ratio of over 4.0. Fig. 6 shows the 
relative dilution with the two ratios. Had no decrease 
in dilution been shown with the low ratio, it would have 
disproved the theory already offered. It does not fol- 
low, however, that the marked improvement shown in 
the figure is entirely due to the change in pressure. The 
change in ratio involved other changes whose influence 
in every case would be expected to decrease the rate of 
dilution. For example, with the low compression-ratio, 
there is a much greater quantity of exhaust gas left in 
the clearance volume. which means much higher charge- 
temperatures at the beginning of the compression stroke. 

This condition was approximated to some extent by in- 
creasing the back-pressure when operating with the 
high compression-ratio, and this too resulted in a con- 
siderable decrease in dilution as shown by Fig. 7. It 
is of interest that, with the low compression-ratio, a 
spark-advance of nearly 100 deg. was required; whereas 
30 deg. was sufficient with the normal ratio. 

In previous reports, the effect upon dilution of certain 
changes in pistons and rings was discussed. Since then, 
two additional experiments have been made. The re- 
sults of the first are shown in Fig. 8. This shows a 
marked increase in dilution when operating the pistons 
without any rings, but no appreciable difference between 
results with one ring and with three rings. The other 
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experiment consisted of operating with very loose pis- 
tons, the normal clearance having been increased 1/32 
in. on the diameter. No appreciable increase in rate of 
dilution resulted. 

The foregoing discussion has applied almost entirely 
to conditions of normal operation, and not to those that 
prevail during the starting period. On a cold morning, 
it may be necessary to take into the cylinder 10 or 20 
times the normal amount of fuel to obtain sufficient fuel 
vapor to form a combustible mixture. With the piston 
at lower center, this unvaporized fuel may come into 
contact with a large area of cold oil-film. It dilutes this 
film and, eventually, finds its way into the crankcase. 
It is evident that, in a type of service involving frequent 
starts and comparatively short periods of continuous 
operation, the amount of diluent added to the oil will be 
large and, unless the diluent is eliminated at a fairly 
rapid rate, the oil speedily will become of too low a 
viscosity to give satisfaction. It is of importance, there- 
fore, to consider the factors that influence the rate at 
which diluent is eliminated from the crankcase oil. 

To study this problem, tests were made in the follow- 
ing manner: First, actual dilution of the oil was accom- 
plished by operating the engine with ordinary com- 
mercial gasoline while using a rather rich mixture and 

keeping the temperature of the jacket water rather low. 
When the oil had been diluted sufficiently, aviation gaso- 
line replaced the commercial gasoline as fuel. It is not 
likely that this caused any material change in any of 
the engine temperatures. However, to all practical 
purposes it did stop the addition of the diluent to the 
crankcase oil. This was proved by engine tests in which 
no perceptible increase in dilution occurred over a 10-hr. 
period during which aviation gasoline was the only fuel 
employed. With no diluent being added, changes in the 

percentage of dilution must be due solely to the elimina- 
tion of the diluent. Figs. 9 and 10 show such changes 
to be very marked. The figures cover two conditions of 

*See THE JOURNAL, July, 1924, p. 93 

DISCUSSION OF PRODU 
(Concluded 

to cover the change. On repair work, we furnish two 
estimates, one Of the cost of tearing-down the tool, for 
when the tool is taken apart, we can see absolutely what 
is wrong and what needs repair; the other for repairing 
the tool and putting it back into shape. 

QUESTION :—What is the ratio of the design and draft- 
ing-room cost to the total cost of the tool? 

Mr. LANNEN :—Over a period of 2 years, it has varied. 

You will find that when the volume of work is small and 
the designers are of good class, the ratio will drop; if 

the volume of work is large and must be done in a hurry, 
and if any Tom, Dick or Harry is hired to get it done and 

you take what he produces whether he produces efficiently 
or not, it will run high. As a wild guess, I would say that 
it will average pretty close to 80 per cent. 
CHAIRMAN BOUTON:—In making drawings of gages, 

that is, the simpler forms of gage, such as plug and snap 
gages, does the tool designer do all the work? 

Mr. LANNEN:—It is taken care of by the tool de- 
signer. Plug and snap gages have become pretty well 
standardized within the last 2 years. 

MR. SCHREIBER:—Are you using an experienced tool- 
designer or merely a good draftsman for estimating 
tools? 

“THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 

jacket-water temperature with two oils, No. 1 and No. 
2, of widely different* viscosities. 

In the paper on Engine-Oil Dilution and Consump- 
tion’, by Neil MacCoull, the importance of crankcase-oil 
temperature in its influence upon dilution was empha- 
sized. Its influence probably is due to its effect upon 
the rate of elimination of the diluent. Fig. 11 shows the 
results of some Bureau of Standards tests made with 
different temperatures of the crankcase oil. The various 
stills and oil rectifiers on the market accomplish, in most 
cases, the elimination of the diluent by heating a por- 
tion of the oil to a high temperature. 

REMEDIES FOR DILUTION 

The various comments on the “disease” of dilution 
suggest certain remedies. It is well to mention what 
may prove to be disadvantages of the remedies. In- 
creasing the maximum temperature is likely to involve 
increased trouble from detonation. Both high jacket- 
temperatures and high oil-temperatures mean that the 
oil must be of rather high initial viscosity in order that 

its viscosity shall be adequate at its normal operating 
temperature. . Any increase in oil viscosity means in- 
creased difficulty in cranking the engine when it is cold, 

and greater friction-losses before the engine reaches its 

normal temperature. There do not seem to be any ob- 
jections, however, to a decrease in the time required for 
the engine to reach its normal temperature, and such a 
decrease is greatly to be desired. 

While no one would have the temerity to suggest that 
there is not a great deal more to be studied with rela- 
tion to the factors influencing dilution, it appears that 
the more important factors have been examined fairly 
carefully and that further effort is likely to show 
“diminishing returns.” It is the intention, subject of 
course to the desires of the steering committee, to de- 

vote the remainder of the year to other phases of oil 
contamination and the starting problem, rather than to 
dilution. 

CTION MEETING PAPERS 
from p. 226) 

Mr. LANNEN :—I would not say that we are organized 

in accordance with the best method; that is a thing which 

is constantly changing. At the present time, our chief 

tool-designer is a first-class tool-engineer; he has an as- 

sistant, who is also very good; these two men, with the 

assistance of the few men that we have developed, plan 
the operations according to the set of rules set forth in 
the paper, and supervise the making of the sketches of 
the tools. We attempt to have the sketch so complete that 
a draftsman can design the tool with very little further 
information; and we like to have rapid draftsmen. 

ERIK OBERG:—Has Mr. Lannen any figures on total 

manufacturing costs? These would not cover any one 
piece, but would cover practically the entire range of 

manufacture, showing the relation between the cost of 
tools and tooling-equipment and the cost chargeable to 
the machine-tool equipment. It would include three 
items: the cost of the regular machine-tool equipment, of 

the tools that are applied to the machine-tools, and of the 

labor. Has Mr. Lannen any figures that give those costs 
compared with one another? 

Mr. LANNEN:—No. It would be comparatively easy to 
get the machine cost and the tool cost, but the labor cost 
is constantly changing. 



ee 

Vol. XVI February, 1925 No, 2 

The Physical Characteristics of Road 
and of Field Dust 

By C. E. Summers! 

ANNUAL MEETING PAPER 

ABSTRACT 

N a study of the dust problem that has lasted more 
than 2 years, many observations, measurements and 

experiments were made to determine the nature and 
effect of dust and the best means for its elimination as 
a cause of engine wear. The results of these experi- 
ments, which seem to be of general interest, are re- 
ported, and cover briefly such matters as the chemical 
composition of road dust, its particle size, specific 
gravity and abrasive nature and the relative amounts 
of it to which an engine may be exposed under varied 
conditions. Curves are also submitted that show the 
average cylinder-wear on a number of test cars. The 
methods of testing air-cleaners are described, the prin- 
ciples underlying commercial air-cleaners are discussed 
and a list of what the author believes to be important 
elements of air-cleaners for passenger cars is given. 

N connection with the development of the air-cleaner 
now being manufactured by the A. C. Spark-Plug 
Co., a large number of experiments were made and 

data from many sources were analyzed to determine with 
accuracy such facts as pertain to the dust problem. In 
pursuance of this idea, a number of dust samplers, con- 
structed to retain all the dust caught and actually of 

nearly 100-per cent efficiency, were sent to various parts 

of the Country, mounted on engines, operated under 
known conditions and returned to us for determination 
of the quantity and quality of dust to which the engine 
was exposed under each set of conditions. By mechani- 
cally feeding definite quantities of dust of known particle- 
size and chemical analysis, several engines were worn- 
out to determine the relation of dust quantity to wear 

and to give measurements of wear on various parts and 
surfaces. In addition, cylinder-wear records covering 

20,000 miles of car travel were made for 14 test cars of 
all makes in common use, and similar data were obtained 

on a number of privately owned cars. Further, the work 
included laboratory and road-tests of practically all air- 
cleaners now on the market, and a study of their effect 
on engine performance. The more detailed development 
work consisted of a study of the mechanics of dust-air 
mixtures, the.controlling forces and resultant movements 

of solid particles through the air, recovery of the kinetic 

energy in whirling air and a large number of tests to 
determine the effect of changes in detail and proportions. 

It is not our purpose to discuss the air-cleaner which 
resulted from, this research and development, since that 

information is available from another source. The re- 
sults of our ‘experiments and measurements are given 
in the hope that they may be of value to those interested 
in this problem from any angle and that our work may 
contribute in’¥ts small way to the betterment of the in- 
dustry. ‘ 

' Special problems section, General Motors Research Corporation, 
Dayton, Ohio 

Illustrated with CHarts AND PHOTOCRAPHS 
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Fic. 1—VARIATION IN THE CHEMICAL COMPOSITION OF Dust 

This Chart Gives the Chemical Analyses and the Specific Gravity of 
Air-Floated Field-Dust Caught in Air-Cleaners Operating in Four 
Different States. In These Samples More than Half the Mass Is 
Silica with Varying Quantities of Iron and Aluminum Oxides,- the 
Remainder Being Small Percentages of Calcium and Magnesium 
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THE DUST PROBLEM 

The dust problem in some of its phases is much older 
than the automotive industry. In a number of industrial 

processes, dust becomes so dense as to endanger the 
health of the workmen and, if the particles are of com- 
bustible matter, constitutes a possible cause of explosion. 
The Government, through the Bureau of Mines, has been 
concerned with dust in coal mines, cement and flour 
mills, wood-working and leather-working factories, textile 
factories and other industries which have dust problems. 
In this connection, many determinations have been made 

that deal with such details as the rate of fall of dust 
particles of various densities and sizes, particle count 
per cubic foot, and time required for dust density to be- 
come maximum for different rates of agitation, fall and 
ventilation. Conditions have been remedied in many 
ways by ventilation, by removal of the dust at its source 
by a vacuum system and by the use of filters, air-washing 
devices and centrifugal separators, in conjunction with 
means for the protection of the individual who may in- 
hale the particles. 

The automotive industry is particularly interested in 
road and in field dust in its relation to the wear of en- 
gines and other operating machinery. Very early in the 
development of the automobile, it was found necessary 
to house-in all gears and bearings and operate them in 
an oil-bath. It is not possible thus to isolate the engine 
itself since, to operate, it must consume large volumes of 
air that makes contact directly with cylinder-walls, thus 
exposing these high-speed bearing-surfaces to any dust 
which may be present in the atmosphere. The only 
logical means of protecting the engine from this un- 
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70 remainder being small amounts of carbonates of calcium 

Velocity of Fall, ft. per hr 
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Diameter of Dust Particles, microns 

Fic. 2—RaTe oF FALL OF PARTICLES OF LIKE DENSITY 

This Curve Was Plotted from Data Furnished by the Bureau of 
Mines. The Particles Were of Various Sizes but of the Same 
Density, 2.5. The Relation Shown by the Curve Holds Only for 

Very Fine Particles 

necessary wear is to remove the abrasives from the air 
before it enters the cylinders. 

PHYSICAL DATA 

Chemical analyses of road and of field dust show that 
samples taken from different States vary considerably in 
composition. Ninety to 98 per cent by weight is mineral 
matter. Road-dust particles of different chemical com- 
position do not differ materially in abrasive character. 
Fig. 1 gives the chemical analyses of air-floated field-dust 
caught in air-cleaners operating in the States indicated. 
In these samples, more than half the mass is silica with 
varying quantities of oxides of iron and aluminum, the 

and magnesium. Organic matter rarely exceeds 10 per 
cent in field dust, and forms a still lower percentage of 
road dust. 

The specific gravity of dust particles varies somewhat, 
but it is about 2.5, which corresponds very closely to that 
of quartz. Contrary to popular opinion, therefore, dust 
is not in itself a light substance. The ability of dust to 
float in the air for a length of time is a function of its 
size, rather than of its specific gravity. This is due to 
the greater ratio of area to volume as the size of the 
particle grows less. The volume of a cube or a sphere 
varies as the cube of the lineal dimensions, while the 
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Fic. 4—RELATIVE WEAR OF A STANDARD FOUR-CYLINDER ENGINE 
WHEN OPERATED FOR 36 HR. WITHOUT DUST AND WHEN 300 GRAMS 
(0.661 Ls.) of Dust Was FeEp To IT IN THE SAME LENGTH OF TIME 
The Engine Was Operated at Half-Load at a Speed of 1500 R.P.M. 
The Column Marked 1 Shows the Amount of Wear after 36 Hr. 
of Operation without Dust; Column 2 Gives the Same Information 
for 36 Hr. of Operation without an Air-Cleaner and after 300 Grams 
(0.661 Lb.) of Dust Had Been Fed to It. The Greatest Wear 
Occurred on the Top Piston-Ring and the Top of the Cylinder 

Fig. 3—AN EXAMPLE OF RELATIVE PARTICLE-SIZE 

From Left to Right the Microphotographs Show the Relative Particle-Size of a Commercial Abrasive, Typical Road-Dust 
and the Dust That Passes a Good Centrifugal Air-Cleaner 
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Fic. 6—DustT CAUGHT IN THE CENTRIFUGAL AIR-CLEANERS ATTACHED TO Four CARS ON A 2000-MILE Test RUN 

The 
Dusty. 

Run Was Made through Oklahoma and Texas and for about One-Third of the Distance the Road Was 
The Bottles from Left to Right Show the Order in Which the Cars Were Driven, the Cars Follow- 

ing Each Other Closely and the Second Car in Particular Keeping within a Few Yards of the Leader. The 
Air-Cleaner on the Leading Car Caught 0.13 Oz. of Dust. While That on the Second Car Caught 3.62 Oz. 

or More than 27 Times as Much 
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Fig. 5—RELATIVE CYLINDER WBAR AFTER 10,000 MiILEes oF CAR TRAVEL 

The Wear Was Measured on 14 Test-Cars, Including 10 Standard 
Makes, That Were Driven on Paved and Gravel Roads around 
Dayton, Ohio. This Chart Is Interesting Because of the Marked 
Difference in Cylinder Wear between the Cars of This Group. The 
Engine Showing the Greatest Wear Is That of a High-Grade Ex- 
pensive Car and the One was the Least Is in a Moderate 

Priced Car 
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surface varies as the square of the dimensions. For very 
small particles, the viscosity of the air is an important 
factor. 

Fig. 2 shows a curve of the rate of fall of dust particles 
of various sizes, but of the same density. It is noted 
that a size of particle is finally reached at which its 
weight is not sufficient to move it at any considerable 
velocity against the friction and viscosity of the air. 
Thus, when a large number of particles of varied sizes 

are thrown into the air by any violent agitation such as 
that caused by the wheels of a vehicle, the larger ones 
fall rapidly and remain suspended only a few seconds. 
The smaller the particles are, the longer will they remain 
suspended, until the very finest fall so slowly that the 
eddy currents of the wind tend to carry them upward; 
so, apparently, they float suspended in the atmosphere. 
When dust particles are examined under a microscope, 

they are found to consist of crystals that appear to be 
very hard and have sharp edges. There is a difference 
in the color of dust coming from various localities but, 
otherwise, the dust possesses very much the same char- 
acteristics. So far as has been observed in practice, no 
dust exists which is harmless, due to its softness and 

Fic. 7—LABORATORY Dust-Room 
TESTED AND COMPARED UNDER CONDITIONS THAT ARE VERY SIMILAR 

To THOSE UNDER WHICH THEY Must OPERATE IN PRACTICE 

In This Method a Blower That Is Located in Another Corner of 

™ Wricn AtTR-CLEANERS ARE 

the Room Agitates the Dust to Any Desired Density. The Dust 
Formation under These Conditions Is Precisely Similar to That 
Found in the Field and on the Road except That the Laboratory 

Dust May Be Finer Owing to Less Direct Agitation 
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lack of cutting edges. The very fine particles are found 
to be somewhat less abrasive than an equal weight of 
coarse material. The microphotographs exhibited in Fig. 
3 show the relative appearance of a commercial abrasive 
such as fine Grade A Cloverleaf grinding-compound, typi- 
cal road dust and the dust which passes through a good 
centrifugal air-cleaner. Dust particles in all soils vary 
from the coarsest material down to tiny crystals that are 
just visible with a microscope of 500-diameter magnify- 
ing capacity, and no doubt even smaller particles are 
present. 

The coarsest particles that an automobile engine may 
draw-in, when following closely or passing another car, 
may be 0.010 in. in diameter or even larger. Particles 
still in the air 2 min. after a vehicle has passed are ap- 
proximately 0.00025 in. in diameter. The average parti- 
cle-size of the bulk of the dust is about 0.001 in. in 
diameter. 

RELATION OF DUST TO ENGINE WEAR 

The abrasive action of dust depends upon its amount 
and coarseness, the material and the speed of the rubbing 
surfaces, and lubrication. It is evident that, to scratch 
the surface, the dust particle must be greater in diameter 
than the thickness of the oil-film. Where dust is present, 
it is always noted that more wear exists at the top than 
at the middle or the bottom of the cylinder. Undoubtedly, 
this is due to the fact that the surface is exposed to dust 
lodgment during a greater period of time; also, because 
the lubricating film is thinner in this region. 

Fig. 4 shows the relative wear of the parts of a four- 
cylinder engine operated without dust, and operated when 
300 grams (0.661 lb.), of dust was fed to it. It will be 
observed that the greatest wear is on the top piston-ring 
and at the top of the cylinder. The run being relatively 
short, the wear of parts when no dust was fed was prac- 
tically nil. The fact that this quantity of dust com- 
pletely wore the engine out shows that, in practice, great 
quantities of dust are not ordinarily drawn-in. It is 
known that an engine operated in a dustless atmosphere 
will not last forever. Under certain conditions of high 

temperature of lubricant, of high dilution and of heavy 
load, metal-to-metal contact exists at certain points and 
this results in wear. 

The curve in Fig. 5 shows the cylinder wear for 10,000 
miles of car travel on a number of test cars driven on 
paved and on gravel roads around Dayton, Ohio. We are 
unable to explain the marked difference in cylinder wear 
between the cars of this group. The engine showing the 
greatest wear is that of an expensive high-grade car; 
the one showing the least wear is in a moderate-priced 
car. Neither of these is a product of the General Motors 
Corporation. This test should not be made the basis of 
far-reaching conclusions concerning the merit of in- 
dividual cars, but it serves to show that, under average 

good conditions, a cylinder wear of 0.002 to 0.003 in. can 
be expected in 10,000 miles. None of the cars in the test 

was equipped with. an air-cleaner. Some less authentic 

figures which we have collected indicate that cars oper- 

ated altogether on unpaved roads in the Southwest show 

anvayerage wear in cylinder diameter of 0.005 in. per 

10,008. miles. 
hd actual quantity of dust to which an automobile en- 

gine is exposed varies from practically nothing on paved 

roads to as much as 1 oz. per 100 miles when closely fol- 
lowing another car on dusty roads. This latter condition 
is never realized except for test purposes; for personal 
reasons, the average driver does not make a practice of 
trailing another car closely in the dust. 

Fig. 6 shows the dust caught in the air-cleaners of 
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four cars driven through Oklahoma and Texas on a test 
run. From left to right, the bottles show the order in 
which the corresponding cars were driven. The roads 
were dusty and the cars followed each other closely, 
particularly the second car, which kept within a few 
yards of the leader. The air-cleaner on the leading car 
caught 0.13 oz. of dust; the air-cleaner on the second car 
caught 3.62 oz., or more than 27 times as much. No 
figure can be set for the average quantity of dust that 
an unprotected engine breathes-in during 1 year; but, 
from considerations of average wear and many measure- 
ments of actual dust caught, it can be approximated 
closely as being 0.5 oz. when the car is operated prin- 
cipally on paved roads and 2.0 oz. when the operation is 
largely on unpaved roads. 

METHODS OF TESTING AIR-CLEANERS 

In comparing or developing air-cleaners, a great 
amount of quantitative testing is necessary. It is essen- 
tial that test conditions either be identical with those to 
which the cleaner is subjected. in practice or differ from 
the practical condition by a known factor. In making a 
laboratory test of an air-cleaner, the following apparatus 
is necessary: Means to regulate and measure the rate of 
airflow so that the cleaner can be operated at the ex- 
tremes of the requirements of the engine which it is 
intended to serve; manometers connected to measure the 
resistance of the air-cleaner at each airflow; and ac- 
curate means for determining the amount of dust which 
the air-cleaner takes out and leaves in the air, from 

which its cleaning efficiency is calculated. If the air- 
cleaner tested depends wholly or in part on the airblast 
from the engine fan, means must be installed to give an 
air velocity the same as the measured velocity back of 
the fan when the car is driven on the road at a corre- 
sponding speed. In testing air-cleaners which depend to 
some extent for their proper functioning on the vibration 
of the car, installing and running an out-of-balance elec- 
tric-motor supplies the cleaner with vibration thus in- 
duced, 

Fig. 7 shows one corner of the dust room and apparatus 
set up for test, including two air-cleaners. The vibrator 
fixture is shown at the right. A blower by which the 
dust is agitated to any density desired is located in an- 
other corner of the room. The dust formation under 
these conditions is precisely similar to that found in the 
field and on the road, except that the laboratory dust may 
be finer owing to less direct agitation. 

Another method of testing is shown in Fig. 8. The 
dust-feeding mechanism is similar to that used for air- 
cleaner tests by Prof. A. H. Hoffman at the University 
of California. This method of testing is especially valu- 
able in development work in which comparisons in effi- 
ciency can be made accurately and conveniently. Any 
figure given as the efficiency of an air-cleaner means 
nothing unless it is accompanied by the size of dust 
particles with which the test was made. The usual fault 
in testing and rating air-cleaners is to use fine sand or 
other material much coarser than average road-dust and, 
thus, greatly to overestimate the practical cleaning effi- 
ciency. It is possible to go to the other extreme, use 
dust much finer than average road dust and, by this 

means, lose the perspective of the relative all-round value 
of the air-cleaners tested. It is most practical to test an 
air-cleaner with a quality of dust as nearly as possible 
like that with which it must operate on the road. 

PRINCIPLES EMPLOYED IN AIR-CLEANERS 

Various methods of separating dust from air have 
been in use in the industry for many years. Considera- 
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Fic. 8—ANOTHER METHOD OF TBRSTING AIR-CLEANERS 

The Dust-Feeding Mechanism Employed Delivers a Carefully Weighed Quantity of Dust, Which Has Been Thoroughly 
Mixed, into the Airstream. This Method of Testing Is Especially Valuable in Development Work Where Comparisons in 

Efficiency Can Be Made Accurately and Conveniently 

tion of the relative characteristics of air and of dust at 
once suggests the methods which have been employed suc- 
cessfully. If we draw a mixture of air and dust through 
water, oil or other liquid, a tendency exists for the dust 
to adhere to and sink in the liquid and for the air to flow 
on through. Again, if a mixture of dust and air be 
passed through a filtering material, such as specially pre- 
pared cloth, the air passes through the minute openings 
while the dust particles, being solid substances and hav- 
ing a definite size, remain entangled in the fibers of the 
material. When a mixture of air and dust is rotated 
rapidly, or is made to turn a corner sharply, the greater 
inertia of the dust particles, which are approximately 
2140 times heavier than air, makes them tend to continue 
in a straight line while the air turns the corner. The 
dust, therefore, separates itself from the air by virtue 
of its difference in specific gravity. All these principles 
used for cleaning air have their strong points, which 

commend them under particular circumstances. 

PASSENGER-CAR AIR-CLEANER ESSENTIALS 

The qualities of an ideal air-cleaner are that: it offer 
no restriction; accomplish perfect cleaning; require no 
attention, renewals or service; be rattleproof, failure- 
proof, compact and adaptable; have a good appearance; 
and be light in weight and low in cost. Different types 
of air-cleaner possess various groups of these qualities 
but, so far as I know, no one air-cleaner embodies all of 
them. It becomes necessary then to determine which 
qualities are most essential for the particular use under 
consideration. The tractor, the truck and the passenger- 
car present distinctly different problems. A heavy, bulky 
air-cleaner, requiring daily attention, is acceptable on a 
tractor, provided the cleaner is efficient and reliable. It 
is evident that other qualities are needed for passenger 
cars. 

Apparatus of this nature developed at the laboratory 
can have value only as it is applicable to motor cars. We 

must, therefore, look beyond the device itself, consider its 
relation to the motor car of which it is to become a part 
and measure its value in terms of the added utility, 
service and satisfaction which the purchaser will find in 
its use. 

The reason for installing an air-cleaner is a desire to 
protect the engine against dust. The cleaner must, there- 

fore, be high in cleaning efficiency; otherwise it does not 
fulfil its purpose. Another requirement of equally great 
importance is that the cleaner shall not under any cir- 
cumstances reduce the power or economy, or interfere 
otherwise with the satisfactory operation of the engine. 
This means that restriction must be low and stable. An 
air-cleaner should fit directly into the carbureter, thus 
avoiding the complication and restriction of long con- 
duits and bends. It should require attention not more 
than once a year, and must be neat, compact, light and 
inexpensive. 

It is not expected that the application of an air-cleaner 
will result in enabling an automobile to operate 10 years 
instead of 5 years. The actual abandonment of a car is 
not, usually, due to the engine having worn beyond repair, 
but rather to the entire car becoming obsolete, shabby 
and uneconomical to run longer. A good air-cleaner can 
and does make the normal life of the engine more satis- 
factory. It eliminates the annoyance of oil-pumping, 
leakage and noise, which follow in the wake of wear, and 
thus leaves in the mind of the owner that background of 
satisfactory service which automobile builders do well to 
establish among their customers. 

A large share of the experimental work and the col- 
lecting of the data reported in this paper was borne by 
H. G. Kamrath and M. L. Blair, then connected with the 
Laboratory prior to their transfer to the A. C. Spark- 
Plug Co. I wish also to express my appreciation of the 
help and counsel given by other members of the Labora- 
tory, including J. F. Taylor, C. L. Lee, E. S. Patch, H. C. 
Mougey and C. H. Butts. 
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HOW HARD DOES A CAR STEER 
(Concluded from p. 188) 

quently, a steering-effort greater than 10 to 1 was neces- 
sary. Because this gear is reversible in the extremes, it 
will be noted that, after the turn was made, the wheel- 
effort from y to z decreased much more rapidly than did 
the drag-link stress from y, to z,, thus showing a de- 
cidedly self-righting effect. 

On the other hand, the right-hand turn made from 
a, to b, when compared with the resulting drag-link 
stress from a, to b,, is in a proportion less than 10 to 1, 
because the part of the variable-ratio steering-gear that 
was used had a ratio greater than 10 to 1. In this case 
the self-righting effect is much less. 

The last or lowest right-hand turn shown in Fig. 10 
is more interesting, for it demonstrates not only the re- 
versible characteristics of this particular steering-gear 
in the extreme position, but also the speed of the record- 
ing-instrument. After the right-hand cramp had been 
made, the wheel showed a rapid lessening of effort from 
c, to d,, corresponding to the lessening of the drag-link 
stress from c, tod, At d,, the front wheels struck some 
obstacle that reversed the stress suddenly from d, to e,, 
and this line coincides with its rectifying curve. The 
wheel immediately reacted in the line d, to e,, and this 
coincides with its rectifying curve. A resulting reaction 
in the drag-link occurred at e,, again violently reversing 
the stress; this shows in the line from e, to f,, and co- 
incides with the rectifying line. The wheel line was in- 
stantly carried from e, to f, on its rectifying line. 
Therefore, as the lines d, to e,, e, to f,, d, to e,, and e, to 
f, all follow coincident rectifying lines, any question as 
to the accuracy and the speed of the instrument should 
vanish. As the drag-link line, in this case, shows an in- 
stant reversal of stress of about 175 lb. and, as drag- 
links and joints are subjected to many hundreds of such 
changes, it shows why such parts do not always remain 
intact and why cars rapidly accumulate rattle. 

The turns shown on this chart were made while driving 
on a straight street. The left-hand turns were made 
about as quickly as were those to the right. Just why 
the left-hand turns do not show so great effort as do the 
right-hand, I am not able to say, for the log is not clear 
as to this point. The effect is probably due to the fact 
that all left-hand-drive cars inherently steer more easily 
to the left than to the right by a considerable amount. 

EFFECT WHEN CAR HITS CURB 

Fig. 11 shows the effect when a car runs into an or- 
dinary curb. Beginning at the top of the chart, while 
the car was in the middle of the street, practically no 
wheel-effort or drag-link stress is shown. From g, to h,, 
a quick turn was made to the left. The drag-link reacted 
from g, to h, From i, to j, it ran straight at the curb. 
The left wheel struck at the point j,, instantly increasing 
the drag-link stress at k, enormously. This stress im- 
mediately dropped to J, and followed the rectifying curve 
in both directions, showing instantaneous action. The 
car was then backed slowly and the instrument recorded 
what seemed to be an illogical production of curves 
caused by backward motion. 

In other charts not shown, I have proved that, in or- 
dinary cars, when not in motion, the drag-link stress 
ranges from 400 to 600 lb. or more. I have checked 
these results by disconnecting the drag-link and meas- 
uring the moments necessary to move the wheels on vari- 

ous kinds of street, with both high-pressure and balloon 
tires. I have proved that balloon tires require 50 per 
cent greater steering-effort than do high-pressure tires. 
As the accuracy of the instruments seems to be unques- 
tioned, I suggest that reliable data relative to drag-link 
stresses should be secured. These might lead to a more 
satisfactory design of steering-gears, linkages and joints. 

I have data proving that, in one high-grade popular 
car, a reduction of only a few ounces of steering-effort 
produced the difference between unsatisfactory and very 
satisfactory results. Such results should set-up certain 
standards of perfection, with data to show how they can 
be obtained. I also have data, secured in another way, 
that show differences of 450 per cent in the friction of 
steering-knuckle thrust-bearings as they are used today 
on cars of popular make. 

Chart records should show the difference between the 
steering-effort required in cars having center-point steer- 
ing and in those not having it. I am certain that such 
charts will show the story of shimmying, from the in- 
cipient causes through the subsequent violent stages. I 
have not yet had the fortune or misfortune to drive such 
a car. Manufacturers who may be interested in obtain- 
ing chart records of steering effects may, under certain 
conditions, obtain the use of these instruments. 
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Air-Cleaners on Trucks in Service 

ANNUAL MEETING PAPER 

By A. H. Horrman' 

Illustrated with PHotoGRAPHS AND CHARTS 

ABSTRACT 

TILIZING an opportunity presented by a moun- 
tain-road construction-project in California, eight 

Class-B 34-ton trucks were assigned to the work and 
a test of air-cleaners was conducted during its progress. 
Six trucks were each equipped with an air-cleaner; two 
were not. The trucks had dump-bodies and were spe- 

er on each of six of them, the commercial air-cleaner 
names being Pomona, Protectomotor, Stromberg, United, 
Wishon and Eiderdown. Two trucks were left un- 
equipped with air-cleaners. The test was planned and 
executed by the Highway Commission, and the agricul- 
tural engineering division of the University of Califor- 
nia cooperated. 

cially prepared for the test, details of this preparation 
being specified. 

Due to varied air-cleaner design, it was not feasible 
to locate the cleaners identically on all the trucks, and 
differences in mounting may have influenced the re- 
sulting air-cleaner efficiency, but mountings were made 
as nearly identical as possible. Tables of average wear 
of piston-rings, engine cylinders and crankpins, for 
1000 hr. of use, are presented, and details of how the 
measurements were made are stated, together with a 
discussion of the “growth” of pistons and of the pe- 
culiarities of wear. 

Other features of importance treated include state- 
ments of the amount of dust encountered, compari- 
sons regarding oil consumption and analyses of carbon 
and sludge deposits. Seven essentials of a satisfactory 
road-test of air-cleaners are specified, and seven 
specific conclusions are reached. 

IR-CLEANERS are not particularly ornamental. 
A Unless they can reduce engine wear by a con- 

siderable amount, the efficiency engineer will not 
install them. For some time, R. H. Stalnaker, equip- 
ment engineer of the California State Highway Commis- 
sion, had been seeking a way to determine whether air- 
cleaners were worth installing on the hundreds of trucks 
under his supervision. In the spring of 1924, a requisi- 
tion came in for eight dump-trucks for use on a moun- 
tain-road construction-job on the Redwood, Highway 
near Cummings, Cal. Recognizing the opportunity for 
making a comparative test, he issued on the requisition 
eight Class-B 314-ton trucks, and installed an air-clean- 

1Division of agricultural engineering, college .of agriculture, 
University of: California, Davis, Cal. : 
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PREPARATION OF ENGINES FOR TEST 

The trucks were prepared in accordance with the fol- 
lowing instructions: 

(1) Select eight Class-B trucks, equipped with dump- 
bodies, that have been overhauled for delivery 
to this division. All to be in as nearly the same 
condition as possible 

(2) Record truck and engine numbers, license numbers 
and odometer readings 

(3) Equip each truck with an air-cleaner as directed 
(4) Remove the pistons, clean them thoroughly with 

Oakite, dry and weigh them. Then measure 
their diameters both parallel to and at right 
angles to the wristpin hole, midway between 
the wristpin hole and the lower ring-groove and 
% in. above the lower edge of the skirt. Meas- 
ure the width of the ring-grooves; the top, the 
second and the third 

(5) Equip the pistons with new piston-rings. Weigh 
the rings and measure their width. Make the 
ring gage of 4.75 in. + 0.05-in. diameter bore, 
and measure the tip clearance of the rings when 
inserted in the gage : 

(6) Measure the cylinder diameter, parallel to and at 
right angles to the crankshaft; at the top, % in. 
below the extreme travel of the lower ring, and 
at the bottom % in. above the extreme travel of 
the upper ring. Make a hodk gageyto locate 
these points from the top surface ofthe éylin- 
der-block ° 

(7) Measure the crankshaft diameters at the é¢rank- 
pins, especially noting any eccentricity or flat 
spots cn m 

E 
? 

I 

t = 
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LOCATION OF AIR INTAKE 

The intention was to locate the air intakes for all air- 
cleaners at the same relative place under the engine 
hoods. Because of the various shapes, sizes and opera- 
tive characteristics of the several cleaners, it was not 
found feasible to make the locations identical. It seems 
entirely possible that, in several instances, these dif- 
ferences may have obscured entirely differences in air- 
cleaner efficiency. Thus, the outside placing and for- 
ward opening of the intake of air-cleaner No. 5, Eider- 
down, probably was responsible in part for this cleaner’s 
poor showing. The inlets, except that of air-cleaner 
No. 5, were all under the engine hoods. The heights 
above the ground were: No. 1, 58 in.; No. 2, 52 in.; No. 
3, 46 in.; No. 4, 56 in.; No. 5, 48 in.; No. 6, 56 in.; and 
that of the two not having air-cleaners, 38.5 in. Fig. 1 
shows the several positions. The two breather and oil- 
filler tubes on the engines of these trucks are covered 
by flap valves that open for outward pressures but seal 
against inward pressures. Hence dust could not enter 
by that route. 

Inasmuch as air-cleaner No. 2, the Wishon, was broken 
before the end of the test, as shown in Fig. 2, and the 
time of the accident is unknown, all wear-data for truck 
No. 1188, which carried it, are omitted. The average 
wear for each part of each engine is given in Table 1. 

Since the total time of use of the several trucks ranged 
from 1160 to 1345 hr., it seemed necessary to provide 
Table 2, which gives the average wear equivalent for 
1000 hr. of use. The 1000-hr. basis was chosen rather 
than a mileage basis because several of the odometers 

were out of order either for the entire duration of the 

test or occasionally. At such times the driver estimated 
his mileage day by day. Tables 3 and 4 indicate that 
some estimates probably were higher, habitually, than 

others. As the work of all the eight trucks was similar 

eee “ 
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Fic. 2—BREAKAGE DURING THE TEST 

Due to Accident or to Vibration, the Tube Connection 
on the Wishon Cleaner Broke at Some Unknown 
Time during the Test and All Wear-Data for the 

Truck That Carried It Were Discarded 

and the engines of all were running almost without a 

stop during the 8 hr. of each shift, it seems that the 
1000-hr. basis of comparison is as fair as can be had 
under the circumstances. 

ty 

Fig. 1—Pos!ItTions IN WHICH AIR-CLEANERS WERE MOUNTED 

From Left to Right, Their Commercial Names Are United, Pomona, Stromberg, Protectomotor and Eiderdown. On the 
Engines Without Air-Cleaners, the Air Intakes Were Directed Backward, As Shown in the Lower Right-Hand Corner, and 
Had Their Inlets 38.5 In. above the Ground. On the Pomona, the Air Inlet Opened Forward until the Operator Added a 

Tin Elbow To Enable Him To Add Oil without Removing the Oil-Cup 

Seed 

a ne 
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TABLE 1—AVERAGE WEAR 

| Ring-Grooves, In. | Rings 
| Air- BE fe “nt : : vere ‘ 

Truck | Cleaner | Tip Cylinders, | Crankpins, 
No: «} Ne. 24 ] 2 3 | | Width, | Clearance,| Weight, In. In. 

| In. In. | Grams 

qi ee4 0.0008 | 0.0014 | Top | 0.0025 | 0.0170 | 2.340 | 0.0038 | 0.0021 
<n eb Aseie. Rong Sie ...... | 2 | 0.0008 | 0.0088 Ree See 2 as ee 

i | sa fg 3 | O60 | Ole. | Oot 2 a 
8 0.0036 | 0.0025 | 0.0025 | Top | 0.0028 | 0.0260 | 2.100 | 0.0033 | 0.0006 

1194 {| .... day eee, te ee 2 | 0.0006 | 0.0103 | 0.853 | ...... See 
Oh a. ei hated -. | 3 | 0.0007 | 0.0165 | 0.907 | ...... area 
(| { 0.0030 0.0016 0.0021 Top 0.0039 | 0.0451 3.788 | 0.0043 0.0014 

7 eS ree eee es SP hea cs a 2 0.0013 | 0.0274 1.830 | te 
(| gh van 3 | 0.0005 | 0.0244 & Bee he Brome 
(| 5 0.0050 0.0030 0.0045 Top | 0.0076 0.0703 7.235 | 0.0042 0.0014 

cE was Perera DPS WP LRN 2 0.0016 | 0.0338 fh . Ree, 5 ee 
U| a4 = Rae 3 0.0008 | 0.0261 5 Bees > ee 
{ | 6 0.0016 0.0010 | 0.0018 Top 0.0024 0.0274 2.700 0.0045 0.0004 

1746 | . ML pate 2 0.0008 | 0.0470 | 3. 1 ae Gee. 
ee ie et eo 3 0.0008 | 0.0120 2 Bere Beans 
\ Read Gere oe Pa Top 0.0066 | 0.1248 9.778 | 0.0034 0.0011 

1191 «tre = |-<-agiern 6 ie eee ae 2 0.0019 | 0.0675 Se ete oe areas 
ED Be Pe ae, 3 0:04 | Oe | BT. eee 
( | None 0.0055 0.0029 0.0025 lop 0.0059 0.0985 7.405 0.0034 0.0011 

1753 ¢ wake: ‘O0R cau: | ~Touet ee, R-. exeaten 2 0.0023 0.0438 Bee cae Bu See 
U| a ee See 3 | 0.0014 | 0.0343 30st | ..weet ee 

ae iS | \ 

In Table 5 and in Fig. 3, the equivalent average wear 
for 1000 hr. is reduced to a percentage basis to facilitate 
comparison. The average wear, part by part, for the 
two engines unequipped with air-cleaners is taken as 
being 100-per cent wear. 

In Table 3, hours of work, miles traveled, fuel con- 
sumption, oil consumption and the record of the number 
of drivers, troubles and the like are given as a total and 
also as the percentage each item is of the average. Table 

Ring-Grooves, In. Rings 
| Aur- _ = ee ea st = os vnar a 

Truck | Cleaner * Tip | Cylinders, | Crankpins, 
No. No. lop 2 3 Width, | Clearance,| Weight, In. In. 

In. In. | Grams 8 

0.0006 | 0.0011 Top 0.0019 | 0.0127 | 1.754 | 0.0028.| 0.0016 
1180 - ee Eat ae 2 0.0006 | 0.0066 | 0.753 | ...... | ws... 

PEPER BORE LAS apes 3 0.0002 | 0.0085 | 0.685: |... cac.1- .csces 
( 3 0.0028 | 0.0019 | 0.0019 | Top 0.0021 | 0.0199 | 1.612 | 0.0025 | 0.0005 

1194 - oi eken Ree Ete 2 0.0005 | 0.0079 | 0.654 | ..... | ...... 
{ PR Ee wey ee 3 6.005. | O.059e. | OH E. nnctie Desc, 
( } 1 0.0023 0.0012 0.0016 Top 0.0030 0.0347 2.911 0.0033 0.0011 

ee ti. ..... 1 i. seuenaeaeiod eee 2 0.0010 | 0.0211 Sr "ES RARE Rea 
ee ere cL ee 3 0.0004 | 0.0188 YTS Rtereer ge ee 

( 5 | 0.0042 0.0025 0.0038 Top 0.0064 0.0588 6.050 0.0035 0.0012 
MB Tt 4 Re a eee Pg 0.0013 | 0.0283 Sh AOR Bite a 

A as si chy ca ee eee ee Be ae 0.0007 | 0.0218 o BRR Beye 
a5. 0.0012 | 0.0007 | 0.0013 | Top 0.0018 | 0.0204 2.007 | 0.0033 | 0.0003 t 

Ob 20 ES. a oe eee 2 0.0006 | 0.0133 0000) Fc ae | 
OY ce dee. Lae 3 0.0006 | 0.0089 Oe ba: dee ‘i 

One. ho. tee eG wos. eee Top 0.0055 0.1032 8.075 0.0028 0.0009 i 
i i) ES RD EB yaee keri Poko 2 0.0016 | 0.0558 Se). . ceca eae, ! 

| eas Sees: TR es era 3 0.0012 | 0.0434 S908. 4. no ee tt 
(| None | 0.0047 | 0.0025 | 0.0022 | Top 0.0051 | 0.0850 6.382 | 0.0029 | 0.0009 

Sb fh 1 oa | ee eee 2 0.0020 | 0.0378 SER RRR Cay ii 
| ee ay | ae 5 638 3 0.0012 0.0206 1.938 ease | @'660% l 

Cpr ange ey th 0.0047 | 0.0025 | 0.002: Top 0.0053 | 0.0941 229 | 0.0029 .0009 i] 
—— | apes Mien: dies. 2 | 0.008 | 0.008 | 3.988 | ...... |) ...... | 

| ovaiaa | ocaoig. {ocean | 2 °| SRR See | Sane ae aes 4 002: 0.0015 op 0. ‘ : , k i| 
ead hs ccae: Aivaeaa ae ae 2 | 0.0008 | 0.0154 | 1.265 | -..... | 1... a 

| pete) Rage oni” 3 | 0.0me | 6ems | O@am | ...... | tae i 
Average, All Hav-(| 0.0017 | 0.0012 | 0.0016 | Top 0.0022 | 0.0219 2.071 | 0.0030 | 0.0009 | 
ing Air-Cleaner | er, meee fh ete 2 0.0007 0.0122 ae eae tees i 
underHood (| ...... ; ; 

TABLE 2—AVERAGE WEAR PER 1000 HR. 

4 gives the same data reduced to the equivalents for 
1000 hr. of work. Fig. 4 shows the same data graphi- 
cally. Table 6 gives the average data of the oils used in 
the crankcases of four trucks, three of which were 
equipped with air-cleaners, including mileage before 
draining, specific gravity at 60 deg. fahr., flash-point and 
burning-point temperatures, viscosities at 100 and at 
210 deg. fahr., and percentage of dilution and similar 
data for the same oils unused are presented in Table 7. 

0.0115 
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TABLE 3—SERVICE RECORD; TOTALS AND PERCENTAGES OF a solid taper-gage was found necessary. A bunch of 
AVERAGE thickness-gage leaves used for this purpose proved un- 

: reliable. The original piston and piston-ring weights 
wick tebe eae | fon | Go | on | Num. eeiitlie were taken on a Troemner-type balance. In the case of 
No. No. = eled | Gal. | Qt. | Dri- the former, the loss of weight by wear was found to be 

r. | | vers . . . . . — . ° 

| —|—— ii — within the limits of error in the original weighings. 
—_ . a Be 105 6| ee ' Pa oe Hence, the piston weights are omitted from the tables. 

POMREES LS. ncaa Tends Becuaitas MEE Bia ene: ; a = re : 
1188 2 | 1,206] 2,885 | 1,946 310 | -6 (Cleaner found broken at The piston-ring weights were, relatively, more accurate. 

| 102.3) 109.2 | 116.5) 94.5 end of test. Air leak The samples of used crankcase-oil were taken with 
| | | crutnadanun. ined engine hot and running for not less than 2 min. imme- 

na | 3 | 1,304 at | 1 ate, . + ie diately before taking the sample. For the sampling, a 
——| ————| oo genes weg poe mea mm er oy “a special drain-cock was tapped-in at the lowest point of 
7 | ‘ 2,420¢ , 6 346 : ane ound disman- . 4 = 

me ks 102.7| 91-6 | 100 8| 105.5 iedenidiat. the oil-sump of each truck. These cocks were similarly 

“4745 |) ~=«5 |, 196) 2,007 | 1,503) 335 1 |Pieces of valve head placed; they were covered, to prevent mud from the out- 
94.5; 76 89.8) 102.1 a in intake-mani- a P a 

Old. 

4746 | +6 ~+|1.345.5| 2.338¢| 1,679| 357 | ts eo TARLE 4—SERVICE RECORD; TOTALS AND PERCENTAGES OF 
106.3) 88.5 | 100.5) 108.8) AVERAGE PER 1000 HR. OF WORK 

“1191 ’ ane 1,210 5| 2, 888 1, 699 329 ; 4 

95.6) 109.3 | 101.7; 100.3 Air- 
agar REN ——— ——|——_ ue tae Dre, . Truck | Cleaner Miles | Gasoline, Oil, Remarks 

1753 | None | 1,160| 2.4249) 1,504! 254 5 | No. No. |Traveled| Gal Qt. 
91.6} 91.8 | 89.9; 77.4 ie . aaeiaeies sade EIS.) BEE ‘ _ ‘ : 

— - - —|————, - ——_ _ 1180 l 2,554* 1,322 295 Air leak at carbureter in- 
1191 and 122.7 100.2 114.0 let 

1753 | None | 1,135) 2,656 | 1,602| 292 | 4.5 : ra ; 
Average 89.6) 100.5 95.8) 89.1 2,227 1,502 239 Air-cleaner found broken 
| ——_|- — |__| : ; 1188 2 106.8 | 113.8 92.4 | at end of test. Air 
Totals 10, 147/21, 138 | 13,371) 2,627) 25 leak at carbureter inlet. 
Average 1,267; 2,642 | 1,671) 328 4.4 ——_—__|-_ —— —___—_ |—_— — 

~ eDMileage eotimated day by day; odometer not working 2.120 | 1,220 | 232 Mileage estimated day by day; odometer not working 1194 3 101.8 92.5 39.7 

Bee ee NS aa re 1.860* 1,294 255 Cleaner Sowa dlemen- 
How THE MEASUREMENTS WERE TAKEN 1744 4 89.4 98.1 102.8 tled at end of test. 

—_ 7" 1,678 1, 257 280 Pieces of valve head 
In addition to the usual micrometer measurements of 1745 5 80.6 95.3 | 108.2 found in intake-mani- 

piston, cylinder and crankpin diameters, and of widths PEA eS Mo: RL Ge |. 
of ring and of ring-grooves, the weights of pistons and — " fy ew AF 
of piston-rings were taken by balances. The tip clear- — escapee cy > grep eee - 

: . . . 1191 None 2,387 , A 274 
ance of the rings, when placed in a special ring-gage - 1i4.7| 106.4| 106.0 
shown in Fig. 5, was obtained by taper gage or by “4753 | Nome | 2.000 1.9071 210 | °°. > 
thickness gages. This measurement was taken in lieu 100.3 98.4 84.7 
of ring thickness and, as was anticipated, it was found 1191 
to give a distance relatively larger and therefore easier — 9214) 1.9851 228 
to measure accurately. Also, in this way, the need of Average | None | 106.4 | 102 
measuring the distance between the outer and the inner Average __| 2,081.6) 1,318 | 258.8 oe a: 
curved surfaces of the rings was avoided. The use of ‘Mileage estimated day by day; odometer not working. 

TABLE 5—PERCENTAGE OF AVERAGE WEAR PER 1000 HR. AVERAGE WITHOUT CLEANERS TAKEN AS 100 PER CENT 

| 

Ring-Grooves, In. Rings 
Air- | . ot = Ps an, eS aes 

Truck | Cleaner | Tip Cylinders, | Crankpins, 
a 1° a | ep 2 3 Width, | Clearance.| Weight, In. In. 

In. In. Grams 

i 12.8 44.0 Se i> 35.9 13.5 24.3 96.6 177.8 
Ee, ae a Ree SS 33.3 14.1 23.3 

U a Se eee 3 16.7 15.1 22.7 . 
(; 3 59.6 76.0 86.4 | Top | 39.6 21.2 22.3 86.2 55.6 

ER ee ea eee Loe 27.8 16.8 20.2 
U ick. O° Se Bee te Seite 3 41.7 34.5 29.5 
tre 49.0 | 48.0 72.7 Top 56.6 36.9 40.3 113.8 122.2 

1744 1 ACES ae CE POEp | ee. a 55.6 45.0 8 ae eee 
NES See eae Pee RCRD Be eee > i. Bs 51.5 Se Brae 

(| 5 | 89.4 | 100.0 172.5 Top | 120.7 62.5 83.7 120.7 133.3 
1745 9 Rr RE Rae, ve ietialen 2 72.2 60.3 aR Rae cae 

U aie La Ea, Sine 3 58.3 59.7 7 Se a: gee 
re 9 25.6 28.0 59.1 Top 34.0 21.7 27.8 113.8 33.3 

1746 TIES SRS, See Drea ee 33.3 Se ee ae ae 
ER EIS SSE See ieee ere 50.0 i? ee RG Bee 
= Pek Se Beer Bul aabetian | Top | 103.8 109.7 | 111.7 9.6 | 100.0 

1191 i ee te hes pets oo aarp at 2 | 988.9 119.3 ag eee array 
SS a ae Sai eee BRRRre | 3 | 100.0 118.9 «Se Breese yee 
None 100 | 100 100 | Top 9.2 | 90.3 88.3 | 100.0 100.0 

1753 | Ue ee oe Ba. Sena ery? 2 111.1 80.3 i Beets: Sar 
ME iil h so! Eg ohiaee BP res ee 100.0 81.1 2 BB ee seaTes 

1191 and case te | 100 100 | Top | 100.0 100.0 | 100.0 | 100.0 100.0 
1753 { ete Mi atbe ee OF 1 NN? hoe ge Se OB ee, ae Se 

Average (| | ....... Sotcee wee oe 100.0 100.0 a eA eee 
| | 

a Ll 

— Air Cleaner No 
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Fic. 3—COMPARATIVE WEAR ON A PERCENTAGE Basis 

The Equivalent Average Wear for 1000 Hr. of Use Is Reduced to a 
Average Wear, Part by Part, 

— Air Cleaner No 

Truck No 
Kqoqqqqqeawaoacaacaasaes faa 

295 
oo So | 
= 

A 
3 1194 Gasoline gal <5 5 === 5-0 3856 

uA ee oe = -_ —E — 

1T Eee es ees eemsus eee one 5) (oe 
4 144 Pasaiires gal ee 

SS am | nc SEDenensemmmnenmn /676 an eae 
s 1745 bale gal ee ee oe ne oe a a ee 

Ones __ ee 280 ees 

CS 

6 (146 se oo ga! ae —" */ ama 
| OiLat 265 

Tas Me —a ss se ne —aee jem Ot~™ 
rage Casclirre Ga| ee an eae ean es ees ee es om 35mm 

NoCegnet Olgt mmm 247 a BE ee ee 

Fic. 4—DaTa OF TABLE 4 PRESENTED GRAPHICALLY 
Miles Traveled, Gasoline and Oil Consumption per 1000 Hr. of Work 

side adhering to them and being washed into the sam- 
pling cans. The sample was, in each case, the first 
quart drained, and it was run directly into the can. The 
tests for viscosity and for flash-point and burning-point 
temperatures were made in accordance with the stand- 
ard specifications of the Bureau of Mines, reported in 
one of its technical papers. The percentage of dilution 
tests followed the transition method of M. E. Preble and 
T. S. Sligh, Jr., of the Bureau of Standards, which has 
been published.* The apparatus used for the dilution 
determinations was not altogether satisfactory and some 
of the values given may be in error. The specific gravi- 
ties of the used oils were obtained by the submerged- 
body method. The sinker chosen displaced 29.22 grams 
of water at 60 deg. fahr.; hence, it was large enough to 

give readings of sufficient accuracy. 

“GROWTH” OF PISTONS 

It will be noted that the piston diameters are omitted 
from the tables of average wear. All or nearly all of 
the pistons were new when the original measurements 
were taken. Tests by others have shown that a new cast- 
iron piston will increase in size when subjected to the 
normal temperature-changes it encounters in use in an 
internal-combustion engine. In many cases, the final 
diameter-measurements of the pistons in this test were 

*See ‘Bureau of Mines Technical Paper No. 323A. 

*See Tum JourRNAL, October, 1924, p. 3384; January, 1925, p. 17. 

Percentage Basis To Facilitate Comparison. The 
for the Two Engines Not Equipped with Air-Cleaners, Is Taken As Being 100-Per Cent Wear 

larger than the original. The “growth” evidently had 
exceeded the wear. We have no reason to think that 
this growth was apparent only; that is, caused by nearly 
constant errors in the original or final readings. The 
micrometers used were checked against secondary stand- 
ards that, apparently, were in as good condition as 
when received from the well-known manufacturers. 

PECULIARITIES OF WEAR 

As can be noted, several cases exist in which cylinder 
wear was greater on diameters parallel to the wristpins 
than it was on diameters at right angles. This probably 
was due to lack of proper alignment of the several parts 
concerned. It will be observed that the actual wear, 
even in the engines not equipped with air-cleaners, was 
smali as compared with what is often found in trucks 
operating in dust no more dense than. was encountered 
by the trucks in this test. The chief reason seems to be 
found in the fact that the crankcases were drained once 
a week for the first 2 months and at about 10-day in- 
tervals during the remainder of the time. This promptly 
removed the accumulated dirt and maintained the vis- 
cosity high, as indicated in Fig. 6. 

O1L CONSUMPTION NOT THE SAME 

The service records, presented in Tables 3 and 4, and 
the service graph of Fig. 4, show considerable differ- 

et 

Tip Clearance hag Res p-- with the Piston-Rings 
Fic. 5—SpreciraL Rinc-Gacp 

Placed in a x: as the Largest Over- 
size C ~ Arne on the ght Engines 
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ences in oil consumption. Some trucks required no 
additional oi] between the regular times of draining and 
refilling, while others required additional oil more or 
less regularly. If the reason for low oil was a leaky 
crankcase, the constant addition of new oil would tend to 
maintain high viscosity and so reduce wear. The records 

show some instances of leaky crankcases. It seems im- 
possible to determine under these circumstances the 
necessary correction factors to make the data of wear 
comparable. 

AMOUNT OF DuST ENCOUNTERED 

The intention was to weigh the dust caught by air- 
cleaner No. 5, Eiderdown, and, from this weight and 

the efficiency of this cleaner as found by laboratory test, 
to determine the amount of dust contended with by the 
average truck-engine in the test. Because of its large 

size, this cleaner was mounted outside the hood; also, its 
intake opening was forward, as shown in the lower cen- 

tral view of Fig. 1. Thus, it was in position to get con- 
siderably more dust than the average amount entering 
the intakes under the hood. In addition, the appearance 
of the second layer of eiderdown indicated definitely 
that the cleaner had ccnsiderably lower efficiency on the 
long-time road-use than the 99.4-per cent efficiency it 
had shown in the laboratory tests of %-hr. duration. 
The amount of dry dust caught was 160.52 grams in a 
mileage totalling 1733. This, uncorrected for the effi- 
ciency (unknown) of the cleaner, is equivalent to 0.0926 

gram per mile. 
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The Pomona air-cleaner is believed to have furnished 
a much more accurate measure of the amount of dust 
encountered. This cleaner in its position under the hood 
as shown in the center of the upper row in Fig. 1 caught 

188.1 grams of dry dust. The efficiency of this particu- 
lar cleaner has not been tested but, from its similarity 
in construction to several Pomona cleaners tested, it is 

safe to assume that it stopped and held between 96 and 
99 per cent of the dust that entered; assuming the 

former figure, the dust encountered in the total of 2550 

miles for the truck that carried it would be 195.9 grams, 
or 0.0761 gram per mile. Screen and chemical analyses 

of this dust were made under the direction of Dr. Charles 

S. Bisson, division of chemistry, University of Cali- 
fornia, and the results are given in Table 8. 

The air-cleaners having intakes well up under the hood 
undoubtedly had considerably less than 0.0761 gram per 
mile to handle; those lower had more. By how much less 
or more, in the several cases, it is impossible to deter- 
mine at present. Since the several handicaps are un- 
known, yet were undoubtedly of very considerable weight 
in determining the amount of wear in the several en- 

gines, it manifestly would be unfair to make a direct 

comparison among the air-cleaners on the basis of the 
wear of the engines on which they were used. 

CARBON AND SLUDGE ANALYZED 

The carbon accumulations shown in Fig. 7 were 

scraped carefully from the piston tops of the three en- 

Fic. 6—CONDITION OF THE PISTONS AFTER THE TEST 

Actual Wear Was Small, Probably Because the Crankcases Were Drained Once Weekly for the First 2 Months and at 
About 10-Day Intervals Thereafter. This Removed the Dirt and Maintained a High Viscosity 
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Fic. 7—CARBON DEPOSIT AFTER THE TEST 

Three Engines Had Kept Their Cylinder-Heads in Place Thro ughout. 

on the Tops of the Pistons Were Evident 

gines that had kept their cylinder-heads in place 
throughout the test. A blunt putty-knife was used to 
prevent cutting the iron, and no attempt was made to 

get all the deposit. The amount left was approximately 
the same in each case. The results of Dr. Bisson’s 
analysis are given in Table 9. 

The screens in the oil-sumps of the four trucks whose 
crankcases had not been removed during the test were 
taken out carefully, and the accumulated sediment was 
collected. Analyses by Dr. Bisson are given in Table 10. 

TABLE 6—DATA ON OILS USED IN CRANKCASES OF FOUR OF 

THE TRUCKS* 
Mileage Viscosity, 
before Specific Temperatures, Saybolt Sec. 
Drain- Gravity Deg. Fahr. cM  7~SOC*@D i lu - 

ing at —~ “~~ —— 100 210 tion, 
Truck Oil Crank- 60 Deg. Flash- Burn- Deg. Deg. Per 
No No case Fahr Point ing Fahr. Fahr. Cent 
1180 1 £82.¢6- 3953 286.8 399.0 572.38 59.38 5.44 

2 111.0 928.9 266.4 363.6 630.9 62.6 6.14 
1191 1 151.8 932.9 275.8 393.5 586.9 56.4 5.33 

2 103.5 930.5 275.0 380.7 603.1 59.0 4.93 

1194 l 135.2 927.7 227.0 302.0 370.0 652.7 8.22 
9 116.0 923.5 213.5 272.1 405.1 54.8 9.22 

1746 1 117.8 932.5 238.5 356.0 470.7 56.2 6.28 
2 70.6 927.1 227.9 320.7 502.4 59.1 6.64 

‘Trucks 1180, 1194 and 1746 were equipped with air- 
cleaners, truck 1194 was not 

OTHER DIFFERENCES UNACCOUNTED FOR 

Accidents must be expected in any work. That there 
were not more from falling rocks and trees and from 
caving mountainsides is remarkable. Several accidents 
or troubles occurred that may have had a marked in- 
fluence on the wear in the engines concerned, and two 
cases of leaks because of warped cylinder-heads. Five 
out of the eight engines had the cylinder-heads off for 

one cause or another. One had the cylinder-blocks re- 
moved. Two exchanged crankcases so that one of them 
might continue in service. The shovel fell on one truck 
and broke its frame, decreasing very considerably its 

mileage total and hours of service. 
The different personalities of the 25 men who drove 

the 8 trucks enter as another indeterminable factor. One 
truck went through the season with a single driver; 
another had seven. Even if the carbureter adjustments 
had been sealed, it seems easily possible that the driver 
may have been the only reason for a case of greater 
dilution of oil and therefore greater wear. Some of the 
trucks were on the morning shift, from 4:00 a. m. to 
noon; the remaining trucks worked from noon to 8:00 

p.m. This difference possibly had little, if any, effect. 
As to the nature of the work, there was little differ- 

ence. Other than hauling rock and earth from the 
shovels to the dumps at the edges of the fill, the work 
purposely was distributed among the trucks. This 

special work was infrequent and consisted of trips to 
town for cement, coal and steel, and to the rock crusher 
and gravel-washing plant for the aggregates to be used 

in the concrete work. 

The curiosity of the American traveling public is 
another unknown factor that cannot be evaluated in this 

No Outstanding Differences in the Amount of Carbon 

TABLE 7—DATA ON UNUSED LUBRICATING OILS, BOTH OF 

WHICH WERE OBTAINED FROM WESTERN CRUDES 

Oil No. 1 2 
Specific Gravity at 60 Deg. Fahr. 939.9 935.3 
Flash-Point, deg. fahr. 390.0 395.0 
Burning Point, deg. fahr. 447.5 463.3 
Viscosity at 100 Deg. Fahr., Saybolt sec. 646.2 964.7 
Viscosity at 210 Deg. Fahr., Saybolt sec. 59.0 68.6 
Dilution Subtrahend® 3.9 4.5 

5 See THE JOURNAL, October, 1924, p. 334. 

case. Any newfangled contraption arrests the attention 
and interest of the passerby. Possibly this may account 
for the fact that one cleaner had been dismantled at 
some time during the test and was not reassembled 
properly, thus causing a considerable leak of dusty air. 
It would seem that,.to guard against such contingencies 
and against possible malicious interferences, the engine 
hoods should be padlocked securely; but, on a test that 
is secondary to the main objective, this clearly would be 
out of the question. 

AtR-CLEANER TEST SECONDARY 

Moving earth at minimum cost and in maximum 
amount was the very laudable objective of the engineer 
in responsible charge of the road-construction job. The 
taxpayers footing the bill would require no less of him. 
The air-cleaner test was an interesting and worthwhile 
matter, but a secondary one. Hence, it would have been 
surprising had the test resulted in every respect as one 
might have hoped. No one in particular is to blame for 
the fact that direct comparisons of air-cleaners cannot 
be based with any fairness on the results of this test. 
On the contrary, the engineer in charge has undoubt- 
edly made possible a considerable increase in the store 

TABLE 8—CHEMICAL AND SCREEN ANALYSES OF DUST 

FROM DUST COLLECTOR ON ONE OF THE TRUCKS 

Total Solids in Sample, grams 188.10 
Screen Analysis on 50-Gram Sample 

Passed 200-Mesh Screen, grams 46.49 
Passed 200-Mesh Screen, per cent 92.98 
Passed 150-Mesh, but Retained on 200-Mesh 

Screen, grams 1.54 
Passed 150-Mesh, but Retained on 200-Mesh 

Screen, per cent 3.08 
Passed 100-Mesh, but Retained on 150-Mesh 

Screen, grams 1.05 
Passed 100-Mesh, but Retained on 150-Mesh 

Screen, per cent 2.10 
Retained on 100-Mesh Screen, grams 0.41 
Retained on 100-Mesh Screen, per cent 0.82 
Lost in Course of Analysis, grams 0.51 
Lost in Course of Analysis, per cent 1.02 

Chemical Analysis of Sample 
Weight of Sample, grams 0.5000 
Weight after Ignition, grams 0.4499 
Loss on Ignition, grams 0.0501 
Loss on Ignition, per cent 10.02 

Abrasives, grams 091263 
Abrasives, per cent 85.26 
Silica, grams 0.2367 
Silica, per cent 47.34 
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TABLE 9—ANALYSIS OF CARBON DEPOSITS ON PISTON TOPS 

Sample 1194 1746 1753 
Total Weight, grams 9.030 13.500 12.740 
Solids, grams 6.972 9.192 10.087 
Solids, per cent ; 77.21 68.09 79.17 
Carbon, grams 5.561 7.806 7.586 
Carbon in Solids, per cent 79.75 85.05 75.25 
Carbon in Original Sample, per 

cent 61.50 57.80 59.60 
Abrasives, grams 0.119 0.184 0.341 
Abrasives in Solids, per cent 1.707 2.004 3.380 
Abrasives in Original Sample, per 

cent 1.317 1.363 2.675 
Silica, grams 0.086 0.132 0.254 
Silica in Solids, per cent 1.228 1.4381 2.510 
Silica in Original Sample, per cent 0.950 0.973 1.988 
Copper None None None 
Iron, grams 0.105 0.122 0.379 
Iron in Solids, per cent 1.510 1.330 3.760 
Iron in Original Sample, per cent 1.160 0.900 2.970 
Ratio of Abrasives to Silica 1.390 1.400 1.350 

of knowledge on the subject, and he is certainly to be 
commended for the fine spirit of cooperation which was 
apparent throughout the tests. 

ESSENTIALS OF A SATISFACTORY AIR-CLEANER ROAD-TEST 

(1) The test itself must be the main object in the 
operation of the vehicles 

(2) The test must be in responsible control of one 
person who carries out a well-considered plan 
designed to secure uniformity of conditions in 
and for all the vehicles concerned 

(3) The tests on any air-cleaner should be run at least 
in duplicate, preferably in triplicate 

(4) The several drivers should exchange vehicles ac- 
cording to a definite plan. They should be in- 

TABLE 10—ANALYSIS OF MATERIAL REMOVED FROM OIL 

STRAINERS 

Sample 1180 1191 1194 1746 
Total Weight, grams 21.950 66.870 48.800 55.700 
Solids, grams 7.012 29.940 3.047 10.047 
Solids, per cent 31.95 33.77 6.24 18.04 
Abrasives, grams 1.006 6.187 0.268 1.488 
Abrasives in Solids, per cent 14.36 20.65 8.82 14.81 
Abrasives in Original Sample, 

per cent 3.15 9.25 0.55 2.67 
Silica, grams 0.677 4.374 0.202 0.984 
Silica in Solids, per cent 9.67 1462 6.63 9.79 
Silica in Original Sample, 

per cent 3.09 654 0.41 1.77 
Copper, grams 0.117 0.628 0.015 0.240 
Copper in Solids, per cent 167 2.10 0.49 2.39 
Copper in Original Sample, 

per cent 0.37 094 0.038 0.43 
Iron, grams 2.230 6.420 0.561 3.300 
Iron in Solids, per cent 31.90 21.40 18.40 32.80 
Iron in Original Sample, per 

cent 10.20 9.61 1.15 65.93 
Ratio of Abrasives to Silica 1.49 1.42 1.383 1.51 

structed as to the general nature and objects of 
the tests, and particularly as to their part and 
its importance. Their interest and loyalty to 
the program are highly important 

(5) All air-cleaners and unequipped carbureters must 
take their air from a standard place under the 
hood. The inlet opening, unless it be a multiple 
one, must face toward the rear of the vehicle. 
When necessary, flexible metal-tubing well taped 
can be used to extend from the inlet on the air- 
cleaner to the standard inlet-position 

(6) Engine hoods must be sealed or locked against un- 
warranted interference 

(7) Every vehicle and every air-cleaner must be in- 
spected daily, and a complete record kept of 
any troubles or accidents. Air-tightness of all 
cleaner and carbureter connections is of prime 
importance. Accidental troubles or defects must 
be remedied before the vehicle re-enters the test 

Since, in a number of respects, as already has been 
pointed out, the tests here reported did not meet these 
requirements, it evidently would be unjust to make 
direct comparisons on the basis of the wear in the sev- 
eral engines. For this reason, the names of the air- 
cleaners have been withheld so far as comparisons are 
concerned. It was indicated by this test that: 

(1) In a service test involving several uncontrollable 
variables, no just comparisons can be drawn 
among air-cleaners not differing greatly in effi- 
ciency 

(2) Nevertheless, such a service test may yield valu- 
able data, especially if, instead of one, several 
air-cleaners of a kind are entered and the re- 
sults averaged 

(3) Frequent changing of crankcase oil and conse- 
quent maintenance of higher viscosity markedly 
reduces engine wear 

(4) Placing the air inlet high up and well back under 
the hood lessens the quantity of dust encountered 

(5) The air inlet should face forward. A rearward 
opening acts as an inertia-type dust-separator 

(6) An air-cleaner is a needed and worthwhile truck- 
engine accessory 

(7) For certain types of air-cleaner, a short-duration 
laboratory-test of efficiency is inconclusive, unless 
supplemented by one or more long-time tests 

After the tables had been made up and the graphs 
drawn, it was observed that the records did not include 
the 250-mile run in about 20 hr. which each truck made 
from the shops of the Highway Commission at Sacra- 
mento to the scene of the work about 45 miles beyond 
Willetts. Any exact comparisons that may be made 
should have these added mileages taken into account. 
However, as has been pointed out, exact comparisons on 
a mileage basis are inadmissible here since some of the 
odometers were not working, the mileages in such cases 

being estimated. 
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Applicants 
for 

Membership 

The applications for membership received between Dec. 

15, 1924, and Jan. 15, 1925, are given below. The mem- 

bers of the Society are urged to send any pertinent infor- 

mation with regard to those listed which the Council should 

have for consideration prior to their election. It is re- 

quested that such communications from members be sent 
promptly. 

ALLEN, JAMES G., engineer, Beneke-Kropf Mfg. Co., Chicago. 

ALLMERS, Dr. R., geheimrat, Hansa-Lloyd Werke A.-G., Bremen, 
Germany. 

ALSBERGE, VICTOR L., garage foreman, Brooklyn Edison Co., Inc., 
Brooklyn. N. Y. 

ANDREW, T. M., JR., treasurer, Robert H. Hassler, Inc., Indianapolis. 

ASKE, IRVING E., president and general manager, Kase Electric Co., 
Minneapolis. 

BaGGALBY, RALPH, JR., inspector, Durant Motors, Inc., of New 
Jersey, Elizabeth, N. J. 

BLACKBURN, LEONARD ANDERSON, plant engineer, Olds Motor Works 
Lansing, Mich. 

Buiatir, F. R., treasurer and general manager, Edward V. Hartford, 
Inc., Jersey City, N. J. 

Boutin, ©. H., automotive engineer, Pacific Telephone & Telegraph 
Co., San Francisco. 

Brorz, ANTON F., Sr., research engineer, Kohler Co., Kohler, Wis. 

Brown, KNox T., general service-manager, Packard Motor Car Co. 
of Boston, Allston, Mass. 

Bunpy, JAMES A., chief engineer of motor trucks, Fort Wayne 
Works of International Harvester Co., Fort Wayne, Ind. 

BurREN, NewTon J., manager, Tsungani Piston Co., Tacoma, Wash. 

BURLINGHAM, CHARLES S., JR., special engineer, West Penn Rail- 
ways Co., Pittsburgh. 

CHAPIN, W. R., metallurgist, E. C. Atkins & Co., Indianapolis. 

CINCINNATI MILLING MACHINE Co., Oakley, Cincinnati, Ohio. 

€LARKSON, WILLIAM Sroup, partner, R. W. Orrell Machine Co., 
Flint, Mich. 

CorRNELY, E. A., president, E. A. Cornely, Inc., San Francisco. 

CRAMER, W. J., superintendent, General Piston Ring Co., Indian- 
apolis. 

CumMmMInNs, E. L., vice-president, Gambill Motor Co. and Michigan 
Avenue Chevrolet Co., Chicago. 

DANIELS, H. M., New York branch manager, Four Wheel Drive 
Auto Co., New York City. 

DONKIN, W. T., engineer, Cleveland Wire Spring Co., Cleveland. 

DuBois, RaLtPu N., assistant mechanical engineer, Bureau of 
Standards, City of Washington. 

EARNEST, STANLEY, instructor, Army Air Service, City of Wash- 
ington. 

EARNSHAW, WILLIAM B., head of dynamics research section, Gen- 
eral Motors Research Corporation, Dayton, Ohio. 

Emricu, M. F., manager of industrial sales department, Glidden 
Co., Cleveland, 

FABIAN, JuLpPs, designer, General Motors Research Corporation, 

Dayton, Ohio. 

Free_y, J. H., salesman, Autocar Sales & Service Co., New York 
City. 

FerGuson, Ivan P., superintendent of trimming, Murray Body Cor- 
poration, Detroit. 

APPLICANTS FOR MEMBERSHIP eee ea 

a FRED G., president, Folberth Auto Specialty Co., Cleve- 
land, 

FRANCIS, WILLIAM C., president, Hall Wheel Corporation, Phila- 
delphia. 

Cie BENJAMIN W., plating engineer, Ternstedt Mfg. Co., 
Detroit. 

GLASNER, R. W., president, Marquette Tool & Mfg. Co., Chicago. 

GRABFIELD, JOHN J., draftsman, Cadillac Motor Car Co., Detroit. 

HARPER, DONALD A., commercia! engineer, Tung-Sol Lamp Works,-. 
Newark, N. J 

HARRMAN, CHARLES R., mechanical engineer, Dodge Bros., Detroit. 

HESSLER, J. A., secretary and sales manager, Western Felt Works, 
Chicago. 

JAHNKE, CHARLES B., chief engineer, Beloit works, Fairbanks, 
Morse & Co., Beloit, Wis. 

Kara, JOSEPH F., designer and draftsman, Northern Motors Co., 
Chicago. 

KARMAZIN, JOHN, manager in charge of production, Flintlock Cor- 
poration, Detroit. 

Katz, JOSEPH B., president, Provident Machine Co., Philadelphia, 

KLEPs, EDWARD W., service-manager, Lenk Electric Co., Boston. 

LAWRENCE, W. H., lubrication engineer, Vacuum Oil Co., Detroit. 

LIVERMORE. Harvey J., engineer, National Lead Battery Co., St. 
Paul, Minn, 

Lormor, H. W., equipment manager, Willard Storage Battery Co., 
Cleveland. 

Ma, Kat YEN, training course, Ford Motor Co., Detroit. 

MAXWELL, D. Gray, salesman, Ferodo & Asbestos, Inc., New Bruns- 
wick, N. J 

mee es ae C., manager, J. C. McAdams Co., Long Island 
ay, w. Fz. 

McCLoskgy, L. T., vice-president and Western manager, Diamond 
State Fibre Co., Chicago. 

McEvoy, JAmps, director of patent section, General Motors Corpora- 
tion, Detroit. 

McGrecor, Howarp L., general manager, National Twist Drill & 
Tool Co., Detroit. 

MINICH, HENRY D., consulting engineer, Greyledge, R.F.D. No. 3, 
Troy, N. Y. 

MorGAN, Davip M., mechanical engineer, Morgan Spring Co., Inc., 
San Francisco. 

MoRIARTY, JAMES, JR., service-manager, Williams & Hastings, De- 
troit. 

NOWALK, Ropert F., factory manager, John Warren Watson Co., 
Philadelphia. 

OEHRLI, JOHN W., draftsman, Lycoming Mfg. Co., Williamsport, Pa. 

PaRSONS, CARL B., president, Parsons Mfg. Co., Detroit. 

Pearce, M. J., manager of technical service division, Glidden Co., 
Cleveland. 

R5ID, VAUGHAN, president and manager, City Pattern Works, De- 
troit. 

RICHARDSON, ELWwoop G., chief chemist and chemical engineer, Berry 
Bros., Inc., Detroit. 

Rome WIkeE Co., Buffalo. 

Rutan, ALoysius J., designing draftsman, Elevator Supplies Co., 
Hoboken, N. J. 

SMITH, GeorGE A., engineer on technical staff, American Bureau of 
Shipping, New York City. 

SPRUANCE, F. P., sales manager, American Chemical Paint Co., 
Ambler, Pa. 

Stewart, J. P., engineer, Vacuum Oil Co., New York City. 

SumMprs, C. E., research engineer, General Motors Research Cor- 
poration, Dayton, Ohio. 

VALENTIN, Dr. ERNST, consulting engineer, Westfalische Strasse 92, 
Berlin- Wilmersdorf, Germany. 

VAN DER STEMPEL, TH. M., junior engineer, Chicago Motor Coach 
Co., Chicago. 

WarpD, AARON, miniature lamp department, Westinghouse Lamp Co., 
New York City. 

WEAVER, GAILARD E., vice-president, Weaver Mfg. Co., Springfield, 
mu. 

WELLS, FRANKLIN H., engineer, Westinghouse Air Brake Co., Wil- 
merding, Pa. 

Woop, WaLtTer A., head of dynamometer testing, General Motors 
Research Corporation, Dayton, Ohio. 

WuEsTNER. C. J., planning engineer, Yellow Taxi Corporation, New 
York City. 

YERGER, FRANK H., technical manager, Gomery-Schwartz Motor 
Car Co., Philadelphia. 
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Applicants 
Qualified 

The following applicants have qualified for admission to 

the Society between Dec. 10, 1924, and Jan. 10, 1925. The 

various grades of membership are indicated by (M) Mem- 

ber; (A) Associate Member; (J) Junior; (Aff) Affiliate; 

(S M) Service Member; (F M) Foreign Member. 

BARNARD, DANIEL P., 4th (M) research chemist, Massachusetts In- 
stitute of Technology, Cambridge, Mass. 

iM, WILLIAM ARTHUR (A) automotive engineer, Associated 
Oil Co., Los Angeles, (mail) West Gate Hotel, 445 South Wes- 
tern Avenue. 

BIscHoFF, Henry C. (A) supervisor of motor transportation, Amer- 
ican Can Co., 120 Broadway, New York City. 

CARTER, ROBERT HILL (A) secretary and general manager, Rich- 
mond Forgings Corporation, Richmond, Va. 

CLARK, EUGENE C. (A) engineer in charge of road testing, Interna- 
tional Motor Co., New York City, (mail) 233 West 230th Street. 

COLLINS, CHARLES H. (A) proprietor, C. H. Collins, Utica, N. Y. 
(mail) 641 Parkway. 

CRIPPS, ALBERT A. (M) body engineer, Dodge Bros., Detroit, (mail) 
1774 Casgrain Avenue. 

CROCKETT, C. V., JR. (J) student apprentice, Cadillac Motor Car Co., 
Detroit. (mail) Room 820, Y. M. C. A 

CULLEN, W. J. (J) assistant to general superintendent of mainte- 
nance, Yellew Taxi Corporation, New York City, (mail) 522 
West 140th 3treet. 

DREYSTADT, NICHOLAS (A) maintenance manager, Cadillac 
Car Co., Chicago, (mail) 2034 Indiana Avenue. 

Motor 

EpMONDSON, O. L. (A) New York district manager, Westinghouse 
Air Spring Co., William and Henry Streets, Long Island City, 
ee A 

Evans, E. 8S. (A) president and general manager, E. S. Evans & Co., 
Inc., 2138 Dime Bank Building, Detroit. 

Fawick, THomas L. (A) president, Twin Disc Clutch Co., Racine, 
Wis. 

FIsHER, URBAN A. (A) vice-president, Standard Motor Truck Co., 
Detroit, (mail) 4449 Oregon Street. 

Germ, F. E. (A) owner of machine shop, 120 North Bloomington 
Street, Streator, IU. 

HANSEN, F. N. (A) special representative, Vacuum Oil Co., Roch- 
ester, N. Y., (mail) 427 Lake Street, Waukesha, Wis. 

HARRIS, MarK (M) body and chassis engineer, Oakland Motor Car 
Co., Pontiac, Mich., (mail) 131 Vinewood Avenue, Birmingham, 
Mich. 

HeErTsHv, D. Cromer (J) instructor in agricultural engineering, Vir- 
ginia Polytechnic Institute, Blacksburg, Va. 

Hosss, G. W. (M) assistant professor of mechanical engineering, 
Michigan State College, Hast Lansing, Mich., (mail) 613 Grove 
Street. 

HoptTuM, CLARENCE W. 
search Corporation, 
Barrman Avenue. 

(J) dynamic research, General Motors Re- 
Moraine City, Dayton, Ohio, (mail) 3112 

HOORNING, SAMUEL D. 
manager, Monarch 
Tulsa, Okla. 

(A) instructor, automobile mechanic and 
Automobile School, 14 East 1l1ith Street, 

HouPert, H. J. (M) president and treasurer, Houpert Machine Co., 
Harris Avenue and Marion Street, Long Island City, N. Y. 

HuLL, R. WINTER, (J) branch plant manager, Rex Mfg. Co., Con- 
nersville, Ind. 

JUNKERS, Pror. Huco (M) possessor and director, Junkers Works, 
21 Kaiserplatz, Dessau, Germany. 

KEPKE, JOHN (M)_ vice-president, Engineering & Commerce Cor- 
pererien, New York City, (mail) 224 Hancock Street, Brooklyn, 

LAMBERT, W. C. (A) superintendent, Westcott Express Co., 215 llth 
Avenue, New York City. 

LANG, ELMER J. (A) vice-president and general manager, 
Body Co., 3088 West 106th Street, Cleveland. 

Lang 

LEBLOND, HAROLD R. (A) secretary and treasurer, G. A. Schacht 
Motor Truck Co., 8th and Evans Streets, Cincinnati. 

LYON, First-LikgutT. A. J. 
Clemens, Mich. 

(S M) Air Service, Selfridge Field, Mount 

MANSuwUR, C. W. (A) 
General Electric 
Malden, Mass. 

assistant engineer in fabroil gear department, 
Co., Lynn, Mass., (mail) 32 Spruce Street, 

MITSCHKE, FRITz (M) designer, International Motor Co., Plainfield, 
N. J.,. (mail) 330 East Sixth St. 

Moore, MILTON G. (A) superintendent of trucks 
Boston Elevated Railway Co., Boston, 
Ave., Dorchester, Mass. 

and motorbuses, 
(mail) 1020 Dorchester 

MorskE, ALAN L. (S M) assistant aeronautical engineer, engineering 
division, Air Service, McCook Field, Dayton, Ohio, (mail) 212 
Lexington Avenue. 

PAGE, ERNEST 
land, 
land. 

(J) draftsman, Dot Motors, Ltd., Manchester, Eng- 
(mail) 36 Raweliffe Street, Rusholme, Manchester, Eng- 

POWELL, CLARENCE 
Detroit. 

HENRY (M) professor, University of Detroit, 

PRAY, LUCIAN (M) body engineer, H & M Body Corporation, Racine, 
Wis., (mail) 1609 Thurston Avenue. 

PuRVIS, JUDSON A. (A) Chicago shop foreman, Texas Co., New York 
City, (mail) 821 East 49th Street, Chicaga. 

ROVERE, LEWIS HALWORTH (A) engineer, Western Union Telegraph 
Co., 195 Broadway, New York City. 

SELLARDS, FRANK B. (J) engineer, 

68 East 25th Street, Chicago. 
Stromberg Motor Devices Co 

SHAFFER, L. 8S. 
Ohio. 

(M) chief engineer, Byers Machine Co., Ravenna, 

STEVENS, CarRL A. (A) mechanical engineer, Pierce Petroleum Cor- 
poration, Sand Springs, Okla., (mail) Box 526. 

SUMNER, JAMES W. 
Francisco, 

town, Pa, 

(M) 
(mail) 

research engineer, Emory Winship. San 
care of Light Mfg. & Foundry Co., Potts- 

TANSLEY, T. L. (A) manager, Fetherstonhaugh & Co., 
Building, City of Washington. 

401 Victor 

TOWNSEND, H. H. (A) president and general manager, Citizens Oil 
Corporation, Trenton, N. J., (mail) P. O. Box 414. 

Watr. W. Water (A) automobile distributor, 

Halifax, N. 8., Canada, (mail) P. O. Box 361, 
Hillerest Garage, 

WBEINHARDT, RoBertT A. (M) chief engineer and assistant to presi- 
dent, Erd Motors Corporation, Saginaw, Mich., (mail) 3141 
Lakewood Boulevard, Detroit. 

WILLIAMS, VILLOR P. (A) automotive research work, 224 Park Ave- 
nue, Baltimore. 

Woop, LAWRENCE (A) Detroit district sales manager, Colonial Steel 
Co., Pittsburgh, (mail) 5-253 General Motors Building, Detroit. 


