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COBNERING POWER

BY PAUL LAMAR

What you can learn on a skid pad about the handling of your car

HE ARTICLE ON ultimate cornering power by Ron Wake-

field in the April 1969 issue of Road & Track has en-

couraged me to set down some of the basic physical
laws and equations that govern the maximum cornering
forces a car can develop in a steady-state turn, As that article
pointed out, this is not the whole story to handling, but
nevertheless it remains a large part.

To begin at the beginning—that is, the tire-road contact
—passenger-car tires develop their maximum cornering force
at approximately 12° slip angle on a given road surface; this
angle does vary, however, with type of tire, load, inflation
pressure, rim width, rubber compound, camber angle and
torque applied to the tire. Fig. 1 defines several of the terms
I will be using in this discussion.

A driver in the process of cornering cannot tell what his
precise front and rear slip angles are, but if he is sensitive
he'll know when he has reached maximum cornering force.
Since the mathematical equations defining cornering power
are considerably simpler at the optimum slip angle, I will
assume for the purposes of this article that the slip angles
are optimum for maximum cornering power under the
given conditions. I will also assume that the maximum lateral
coefficient of friction for a non-driven tire (a front tire on a
rear-drive car at optimum slip and camber angle) is inversely
related to the vertical load on that tire as shown in Fig. 2.
The equation for this line in Fig. 2 is

f=b—mMN (1)

where b is the maximum value of the late. .l coefficient of
friction, cceurring when the vertical load N equals zero. For
present tires, b varies from 1.1 to 1.6. The value of m is
a measure of how sensitive this lateral coefficient of friction
of the tire 15 to tire load; m varies between 0.0002 and
0.0006 for passenger-car tires. This contradicts the common
misconceptions that (a) the coefficient of friction cannot

Fig. 1. Tire forces, directions and angles. Slip angles
are exaggerared for clarity. Chassis is shown in an ex-
treme understeering attitnde with driving thrust applied.
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excezd one and (b) does not depend on load. As the activi-
ties of the drag strip boys prove every weekend, the coef-
ficient of friction of a rubber tire on pavement can substan-
tially exceed 1.

The cornering force a tire will generate at optimum slip
and camber angle is proportional te the load on the tire and
that tire’s lateral coefficient of friction at that given load.
The equation for cornering force for one-tire is therefore
CF=1{MN which is the same as CF={b-mN)N. If we combine
the load-sensitive characteristics of the inside and outside
front tires of a car negotiating a skid pad and plot the total
#ornering force of both tires as it is related to the load trans-
fer from inside to outside tire, we get a curve such as Fig.
3. The equation for Fig. 3 is

=(b—mN)N; + (b—mN,)N, (2)

N, and N, are inside and outside loads respectively. Fig. 3
shows that as you increase load transfer, the total cornering
force at the front of the car is reduced and this causes the
car to understeer more,

The situation for the rear (drive) tires is much more
complicated. In addition to being load sensitive, the drive
tires’ lateral coefficient of friction is sensitive to rear axle
torque or tire patch thrust as well, decreasing wiith driving
or braking thrust. This is what causes the Well known power
oversteer effect. In order to relate this friction coefficiant
sensitivity to thrust mathematically we must make further
generalizations; therefore, another simplifying assumption I
will make is that the maximum coefficient of friction in any
direction (lateral, fore or aft) relative to the tire contact patch
at the optimum slip and camber angle is the same. For ex-
ample, if you are using the maximum lateral coefficient to
corner with, then there’s nothing left to accelerate with and
vice versa. That is to say, if you tried to apply too much

torque or accelerative thrust while you were cornering, you #-—»

Fig. 2. The eoefficient of friction of a tire on pave-

ment ix not consiant but rather decreases with increasing
load, This is why rire size must increase as weight does.
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