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• T H I S PORTION of the program consisted of the following papers: 
"The Fundamentals of Braking—Heat Capacity and Control," J. George Oetzel, Vice 

President—Engineering Research, Warner Electric Brake and Clutch Company. 
"Traction and Braking Characteristics of Vehicles," W. A. McConnell, Executive 

Technical Assistant—Vehicles Testing, Ford Motor Company—Engineering Staff. 
"Vehicle Road Stability as Related to Suspension Geometry," R. T. Jarman, Project 

Engineer, Suspension Laboratory, Chrysler Corporation. 
"The Dynamics of Vehicle Skid Deviation as Caused by Road Conditions," Dr. 

William Zuk, Highway Research Engineer, Virginia Council of Highway Investigation 
and Research and Associate Professor of Civil Engineering, University of Virginia. 

"Experiments with a Device to Prevent Wheel Locking During Braking," R. D. 
Lister and R. N. Kemp, Vehicle Section, Traffic and Safety Division, British Road Re
search Laboratory. 

INVENTORY OF WHAT WE KNOW 
Brake Development 

The fundamentals of brake systems are treated comprehensively and clearly in the 
paper "Fundamentals of Braking—Heat Capacity and Control, " by J. George Oetzel. 
This paper lists the primary problems confronting the brake development engineer, 
and the paper and the appendices cover a great deal of engineering data on the braking 
problem and braking systems. 

Included as a part of this report is an extensive bibliography on the general subject 
of vehicle braking which has been prepared by the subcommittee. 

The student of the literature is well aware of the numerous problems which sti l l 
confront the brake engineer in spite of the vast research over more than 50 years. 
While many problems sti l l remain, i t is to be noted that with proper maintenance the 
performance of modern braking systems on automotive vehicles is reliable and pre
dictable. 

Theory of Car Control and Stability 
During the past five years, an extensive research project at the Cornell Aeronauti

cal Laboratories ^ has resulted in a partial understanding, at least, of control and sta
bility problems of the automobile. In essence, in the earliest stages, this work adapted 
the analysis of aircraft stability and control to the automotive problems, developed a 
tentative theory, and evaluated this theory by careful experimentation. Mr. Jarman 
summarized a part of this work in his paper. Progress is st i l l continuing in this area. 

Dr. Zuk contributed an application of dynamic theory to the treatment of certain 
perturbations. 

Tire-Brake Behavior 
Many of the problems of vehicle dynamics related to the skidding problem are as

sociated with tire-brake behavior. For this reason, many aspects of tire behavior 
related to the dynamics of the tire-road system are studied by automotive engineers 

^"Research in Automobile Stability and Control and in Tire Performance." Five papers 
by W. F. Milliken and D. W. Whitcomb; Leonard Segel; W. Close and C. L . Muzzey; A. G. 
Fonda; D. W. Whitcomb and W.F. Milliken. Presented at a General Meetii^ of the 
Automobile Division, the Institution of Mechanical Engineers, in London, November 
13, 1956. 
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so that the dynamics of the vehicle may be understood better. The paper by Mr. 
McConnell presented at this Conference, "Traction and Braking Characteristics of 
Vehicles, " includes such data; significant is the demonstration that the static friction 
between the tires and the road surface is never reestablished on a rolling tire. From 
this, he concludes that the maximum benefit which can be derived from an anti-skid 
device is to regain most of the frictional reaction which is lost at high skidding speeds. 
Lister and Kemp, in their paper also presented at this Conference, "Experiments with 
a Device to Prevent Wheel Locking During Braking," give a very interesting study of 
experiments with such a device. The bibliographies of these papers, particularly 
McConnell's, include the significant references in this field. 

GAPS IN OUR KNOWLEDGE 
Tire Efficiencies 

Tire efficiencies are reasonably well established under normal conditions in the 
transmission of braking, driving, and steering forces and combinations thereof, but 
little is known about efficiencies under extreme conditions of steering and braking. 
Since these are the conditions of particular interest to this Conference, the deficiency 
in knowledge must be regarded as a gap. 

Effect of Unbalanced Brakii^ on Skidding 
There are data on the effect of unbalanced braking, front and rear, on skidding of a 

vehicle, but little data have been shown on the effect of unbalance in braking on the 
right and left sides. 

Dynamic Behavior of Suspension Systems on Brake Balance 
Little is known about the dynamic behavior of suspension systems with regard to 

changes in brake balance, and the resulting influence on skidding. 

Differential Design 
Little data are available on the influence of differential design on skidding. As an 

example, there are few quantitative measurements on record of the effect of the gener
al class of locked differentials and on the variations of locking design. 

METHODS OF FILLING THE GAP 
Research 

It is almost redundant to say that the only method of obtaining data which we do not 
now possess is through continued research. 

1. The bibliographies associated with the papers presented on this program and 
prepared by the subcommittee are testimonial of the duration, scope, and depth of the 
research in this area. A reference to these bibliographies makes it clear that there are 
thousands of engineers and scientists engaged currently in such research, principally 
because of the pressures of industrial competition. 

This research has been imder way for some years. It is continuing with increasing 
emphasis, and i t is inevitable that valuable results wi l l be derived. 

2. The Winter Driving Hazards Committee of the National Safety Council has a his
tory of more than 20 years of significant achievement in evaluating and describing the 
hazards of operation on roads made slippery by snow and ice. During this period, 
they have made critical evaluations of innumerable traction devices with respect to 
standard equipment, and i t is suggested that this unbiased group might make immedi
ate studies to measure the effect of unbalanced right and left braking and of differential 
design on skidding. 
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Exchange of Information 
It is recognized everywhere that the exchange of information through technical soci

eties and through such conferences as the International Skid Prevention Conference add 
to the rate at which new knowledge is developed. We are confident that a most effective 
method of fi l l ing the gaps in our knowledge of this problem wi l l be the interchange of infor
mation in scientific conferences. Here each of a group may add one of a series of related 
facts, so that when many of the pieces are in place, the remainder may be inferred. 

Continued Development of Anti-Skid Devices 
This Conference has seen some interesting results with anti-skid devices, and at 

least the elements of a discussion of their limitations. 
We are led to believe, from the data presented by McConnell, that the ultimate in 

an anti-skid device would be to restore a reaction between the tire and the road, equiv
alent, for example, to a 5-mph sliding speed. It has been shown many times that the 
coefficient of friction decreases with sliding speed; according to this presentation, we 
might hope to reestablish as the ultimate the sliding coefficient prevailing at 5 mph 
sliding speed to the case of a vehicle going an actual speed of 60 mph, for example. 
It is also implied that of the total reaction between the tire and the road, part can be 
used for stopping and part for steering. In the experiment described by Lister and 
Kemp, we are given some quantitative measurements of relative stopping ability of a 
vehicle with an anti-skid device, and a demonstration, but not quantitative measure
ments, of the degree of steering control available simultaneously; i t seems evident 
that continued development of these devices is essential to determine the practical 
maximum capabilities in simultaneous stopping and steering. 

Control Systems 
Vehicle control systems have developed through the years on a practical basis, 

and it is believed that they have evolved to the point where they are generally satis
factory to the majority of people. However, the effectiveness of control systems is 
determined currently by popular vote rather than by scientific evaluation. It is our 
hope that the application of the methods of experimental psychology wi l l promote the 
development of control systems more effective with regard to both precision and driver 
response. 

For the Subcommittee 
by K. A. Stonex, Chairman 

Appendix 

BIBLIOGRAPHY COMPILED BY SUBCOMMITTEE ON RELATIONSHIPS OF 
VEHICLE DYNAMICS TO SKIDDING 

1. Acres, F.A. Stepney, "Four Wheel Brakii^ Systems," The Automobile Engineer 
(April 1924) pp. 115-118. 

2. Benning, W. F . , and Horine, M. C., "Six-Wheel Braking and Its Related Problems," 
SAE Journal, Vol. 50, No. 2 (February 1942) pp. 61-62. 

3. Bode, Otto, and Merz, Herbert, "Bremsmessgerate fur Kraftfahrzei^e und Anhanger 
(Brake Measuring Instruments for Trucks and Trailers)," VDI-Verlag, 
Heft. 89 (1955). 

4. Bode, Otto, and Merz, Herbert, "Versuche zur Ermittlung der geeignetsten 
Bremsmessverfahren fur Kraftfahrzeuge und Anhanger (Tests to Deter
mine the Most Suitable Method of Measuring Brake Performance on Trucks 
and Trailers)," VDI-Verlag, Heft. 87 (1955). 

5. Booth, J. H . , "Application of Ball Joints to Front Suspensions," SAE Transactions, 
Vol. 6 (1952). 

6. Borracci, Pasquale, "Proportional Braking," The Automobile Engineer (October 
1948) pp. 398-400. 



12 

7. Bradley, J . , and Wood, S. A . , "Some Experiments on the Factors Affecting the 
Motion of a Four-Wheeled Vehicle When Some of Its Wheels Are Locked," 
Proceedings of the Institute of Automobile Engineers, Vol. 25 (1930-31). 

8. Braking Performance of Motor Vehicles. Washington: Bureau of Public Roads 
(1954). 

9. "Bureau of Standards Makes Definite Checks on Brake Performance," Automotive 
Industries (November 29, 1923) pp. 1091-96. 

10. Chase, Herbert, "Merits of Four-Wheel Brakes Proved Before SAE Members," 
Automotive Industries (March 13, 1924) pp. 603-7. 

11. Chase, T. P., "Passenger Car Brake Performance: Limitations and Future Re
quirements," SAE Transactions, Vol. 3 (1949). 

12. Close, William, and Muzzey, Clifford L . , "A Device for Measuring Mechanical 
Characteristics of Tyres on the Road," Research in Automobile Stability 
and Control and in Tyre Performance. London: The Institution of Mechan
ical Engineers (1956). 

13. Creson, W.K. , "Power Steering in 1952," SAE Transactions, Vol. 6 (1952). 
14. Davis, F.W., "Power Steering for Automotive Vehicles," SAE Transactions, Vol. 

53 (1945). 
15. "Die Wirkungsweise einer Archangerauflaufbremse (The Operation of an Overrun

ning Trailer Brake)," ATZ (Automobiltechnische Zeitschrift), Heft. 15 
(August 1934) pp. 394-6. 

16. Dietz, Otto, "Pendelerscheinungen an Strassen—Anhangerzugen (Snaking or Jack-
knifing of Trailers)," VDI-Verlag, Heft. 16 (1938). 

17. Dietz, Otto, and Harling, R., "Die Fahrlage des Kraftwagens in der Kurve (The 
Tracking Position of Automobiles on Curves)," Deutsche Kraftfahrtforschung, 
Vol. 44 (1940) p. 1. 

18. "Differential Braking," The Automobile Engineer (January 1937) pp. 29-30. 
19. Easton, A. H . , "Traction and Stability of Front, Rear and Four-Wheel Drive 

Trucks," SAE Transactions, Vol. 6 (1952). 
20. Endres, Wilhelm, "Untersuchung uber die Talfahrtbremsen schwerer Strassen-

fahrzeuge (Investigation of Down-Hill Braking of Heavy Road Vehicles)," 
Deutscher Ingenieur Verlag, Heft. 86 (1955). 

21. Fonda, Albert G., "Tyre Tests and Interpretation of E^erimental Data," Research 
in Automobile Stability and Control and in Tyre Performance. London: 
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