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The man behind
the Chaparrals
explains vehicle
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in language
your wife can

understand
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HANDLE?

This is a discussion of automobile
handling, or dynamics, presented in
language thet any intelligent reader
can understand. Its purpose is to
help the averdge reader—not the
automobile engineer—to compre-
hend the forces that control and
limit the behavior of ¢ moving auto-
mobile. We’ll explain the phenomena
of over/understeer, and we'll ex-
plode some myths in the process. A~
lot of the experts in this field are
going to disagree violently with
some of the facts that we’re present-
ing, but our expert is one of the best,
and it won’t be the first time that’s
happened to Car and Driver any-
way.

We asked Jim Hall to teach us the
fundamentals of automobile dynani-
ics because we believe that he knows
as much, or more, about the subject
as anybody else (see page 4). If you
have any doubis, the great success
and technical advances of his Chap-
arrals should settle them.

From this point on, it’s Jim Hell's
show. The material presented, and
the pattern of presentation are his,
and we have aftempted to use his
words as much as possible, recon-
structed from a solid week of con-
versations, demonstrations, end tests,
during which he taught us these
fundamentals, and proved his poinis
to our complete satisfaction.

: ~Dawvid E. Davis, Jr.

n any car driven by the rear

wheels, there are fundamental
dynamie advantages in rearward
weight-bias. This is generally
achieved by sticking the engine be-
hind the driver, but engine place-
ment alone doesn’t really niean any-
thing~—for instance, there are quite’
a few front-engined cars that carry
the greatest percentage of their
weight on the rear wheels. Even if
somebody came up with a racing
powerplant that only weighed five
pounds, rear-drive cars would still
handle better with rearward weight-
bigs. There are also a number of
secondary advantages: the engine
and drive train become a compact
“one-piece unit,” visibility can he
improved with the bulk of the
engine behind the driver, and a rear-
engine chassis can actually be
strengthened and reinforced by the
transaxle structure.

Historically speaking, racing, and
road racing in particular, has led the
way with innovations and develop-
ments that ultimately found their
way info our regular passenger cars.
This is also true in this rear weight-
hias business. Any vehicle that runs
on tires can benefit from these fun-
damental advantages, whether it’s a
race car oOr a passenger car or a
Greyhound bus, And when we say

CONTINVED
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fundamental, we're not theorizing,
we're talking basic physics.

There aren't a whele lot of rear-
engine, or rear weight-bias cars
around yet, but we're going to see
more ¢f them in the future. Prac-
tically everybody in Europe builds
one of some size or another, and
there are a handful here In the
States, too. The Corvair and the Cor-
vetie, the Ford GT, and most Amer-
ican station wagons carry a greater
percentage c¢f their weight in the
rear. Since these advantages are
fundamental, and since they do
apply to the entire range of rear-
drive wvehicles, we're not going to
limit this to a discussion of the
Chapparal, or race cars generally.

Any useful vehicle must be ca-
pable of changes in body velocity

and direction. According to one of.

Newton’s laws, any mass (like an
automobile) undergoing a change
in wvelocity or direction must be
acted upon by some external force.
Newton alse said, “For every
action, there must be an equal and

(13
w

opposite reaction.”

Vehicles generally fall into two
classes: (1) those in which the re-
action is accomplished by the dis-
charge of a portion of the vehicle’s
own mass, as in rockets, and (2)
those in which the reaction forces
are applied by some external mass
such as water, air, or ground, as
in boats, aircraft, and automobiles.

The automcbile propels and
guides itself through reaction to
the ground. Automohiles and similar
vehicles are unigue in that these
forces are generated through and
limited by the friction of the tires.
Nearly everything connected with
the subject of autormobile dynamics,
or handling, is related directly to the
unique qualities of tires. A great part
of this discussion will deal with that
relationship, but we ought to get
back to the fundamentals for now,

It’s important to understand the
balance of forces acting on a car in
a turn. Figure 1 i3 a “force diagram”,
or “free-boedy diagram®”, which

shows the forces acting on a ball

“Any vehicle that
runs on tires can
benefit from rear-
ward weight-bias.’

that’s being propelled in a circle at
the end of a string. The centrifugal
force generated goes in z straight
line from the hand through the ball’s
center of gravity. The reaction force
is the string, which prevents the ball
from leaving the circle and flying
away, out of controel.

Figure 2 is practically the same,
except that the bhall has been re-
placed by a car going around a
circle, Centrifugal force remains the
saine, represented by a foree pushing
out from the center of the circle in
a straight line through the car’s
center of gravity., But the ball’s
string has been replaced by the
car’s tires, which provide a reaction
force through their friction with the
pavementi. As long as the reaction
force provided by the friction of
the four tires is equal to the centrif-
ugal force generated by the car as
it goes around the cirele, it will stay
on its path {i.e., maintain equilibri-
um). But should the centrifugal
force become greater than the fric-
tion force of the tires, the resuit

CAR and DRIVER

will be exactly like the ball’s string
breaking—the ecar will leave the
circle (i.e., lose equilibrium), out of
control. Remember, for a vehicle to
remain in equilibrium, the sum of
all the forces must be equal.

Neot only does the sum of the
forces have to be equal, the sum of
the moments must also be equal—-+
just as they equal in Figure 3, the
teeter-totter. A “moment” is a force
at a distance: for instance, the rela-
tionghip of force “F” and distance
“a’” to the fulerum, Fer the teeter-
totter to be in a state of equilibrium,
forces “F” and “R” must equal force
“C", and moment “a” must equal
moment “b”. That simply means that
the heaviest kid has to sit closer to
the fulcrum in order to balance the
teeter-totter. In a car, if the turn-
ing moments are not “balanced” or
equzal, the vehicle will turn around
either axle, or its center of gravity—
either increasing or decreasing the
radius of the circle.

Everything we know ahout auto-
mobile dynamics is based on the
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application of the simple rules out-
lined above and pictured in Figures
1, 2, and 3. If that was all there was
to i, automobile design would be
as exact a science as simple mathe-
matics, but there are some compli-
cating factors—most important of
these are the basic and unique guali-
ties of tires that we mentioned be-
fore. In order to understand the be-
havior of an automobile, you must
have some knowledge of (1) the
frictional characteristics of tires, and
(2) the elastic characteristics of
tires.

Friction forces are the same in all
directions. For example, the force
required to slide a book sideways is
exactly the same as lengthways, re-
gardless of its proportions. Try it—
take a fish-weighing scale, or any
similar scale, and connect it to a
book or some similar mass. No mat-
ter whether you pull sideways or
lengthways, the force regquired to
move the book will always be the
same. In the same way, a sled hasg
absolutely no directional integrity

on a hard, smooth surface. Regard-
less of its runners, it can be moved
sideways just as easily as length-
Ways.

Suppose it takes a force of 100 oz.
to slide the book in Figure 4. If a
force of 98 oz. is applied on the right
side, the boock won't move. How-
ever, if you apply another force of
20 oz. sideways the book will start
to slide in the direction of the
dashed arrow. The net result, or
‘resultant”, of the two forces (100
oz.) was sufficient to overcome the
friction force of the book, and make
it slide. Remember, if fwo or more
forees are acting on a body, their
resultant cannot be greater than the
limit of friction. The dashed arrow
in Figure 4 is the resultant, the “net”
or equivalent single force. The circle
represents the limit of friction—mno
one force, or the resultant of all the
applied forces, can exceed this limit,
without breaking the bock loose.

Like the book and the sled, @
sliding tire is incapable of steering

(Continued on page 78)
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RACING CAMS f

Iskenderian is the world leader in the pro-
duction of racing camshafts and coordinated
valve gear assemblies. Dynamometer tests
are ccnducted daily in our testing labs in
our continuing search for developing in-
creased power. I1BM computors are used in
developing new formulas such as the fa-
mous Isky Polydyne profile.

Leading European, as well as American,
auto manufacturers have consulted with
Iskenderian, and work in close alliance
with Isky's experimental department to
supplement their engineering staffs,

All Isky road and competition rzcing grinds
are designed 1o improve your car's existing
performance. No matter what type of car
you have, there is probably an Isky cam
and coordinated valve gear assembly avail-
able to give your car the desired extra
power and performance,

New Advanced More
Powerful Cams For
Imported Cars
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New all-out competition grind for the follow-
ing engines: MG-A MG-B 7-66 cam and co-
ordinated assembly Veolvo P-16 P-18 cam and
co-ordinated assembly Triumph TR-2-3-4
TR-777 _cam and co-ordinated assembly
Datsun ZM-66 cam and co-ordinated assem-
bly Alfa Romeo D. 0. H. ¢, ZM74L grind
only Sprite and Midget MM-66 cam and co-
ordinated assembly Daimler ¥8 C-55 grind
only and many more.
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Write to: Technical Assist-
ance Dept. for specs and
prices. Send ten cents for
Imported Car Supplement or
$1.00 for big new 72 page
1965 catalog.
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or maintaining a desired course. This
means that an automobile tire must
be rolling to maintain control or
directional stability.

This is important, because, while
rolling, the tires are required to pro-
vide the driving (traction) and
braking forces as well as the side-
ways [(cornering) force. The force
diagram for a tire is the same as
the one for the hook. Figure 5 shows
this (we have drawn a two-wheeled
car for the sake of simplicity). The
circle arcund the axis of each wheel
represents the limit of friction. Re-
calling that the resultant of all
the forces acting on a tire cannot he
greater than the limit of friction, the
force diagram shows that braking
or traction will limit the amount of
side force the tires can produce.
The traction force does not neces-
sarily limit the cornering ability of
the driving wheels, but it does have
a big effect on the behavior of the
car while cornering.

The forces (Figure 5) that act on
a car in a corner are (1) centrifugal
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force, (2) front and rear wheel side
forces, (3) rear wheel traction force.
Braking force is also a factor, but
we’ll get to that later.

The limit of frietion we talk about
is based on the “coefficient of fric-
tion”. This coefficient of friction is
defined as the sliding force divided
by the weight. For practical pur-
poses, this value is essentially con-
stant for any pair of surfaces and
is independent of weight, For tires
on any normal paved surface, the
coefficient of friction is roughly 1.0
—=so that, for example, a wheel
that’s supporting 1000 Ibs. is ca-
pable of supporiing a side force of
1000 Ibs. and a wheel that supporis
500 1bs. will support a side force of
500 1bs. (Some race cars have coeffi-
cients as high as 1.3.)

From the standpoint of friction,
weight distribution—that is, front
or rear weight-bias in itself—has no
effect on the balance of the car in
a corner. On the other hand, inertia
forces (acceleration, braking, and
centrifugal) act on the mass of the

CAR and DRIVER

vehicle, and are distributed accord-
ing to the distribution of the wve-
hicle’s mass. In other words, the
centrifugal force generated In a
corner would be twice as great on
the 1000 1b. wheel as that of the 500
1b. wheel (see Figure 8). But this
has no effect relative to the limit of
friction bhecause the 1000 lb. wheel
is capable of twice the side force of
the 500 1b. wheel. Thus, all the
forces are balanced, the vehicle in a
state of equilibrium, and there is no
turning moment. Remember the ex-
ample of the teeter-totter?

This is an important point to
remember. From the standpoint of
friction, weight distribution alone
has no effect upon the “balance” of
a car in a corner—there is absolutely
no truth to the commonly held be-
lief that “the heavy end of the car
will always break away first”.

Fore and aft forces, like accelerat-
ing and braking, can change the
distribution of vertical forces sup-
ported by the tires (weight trans-
fer}. {The atmosphere can also have

g
=
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this effect, but that starts to get us
into aerodynamics, which is a whole
new subject, best saved for another
story.) Accelergtion results in a
force transfer from front to rear,
while deceleration has exactly the
opposite effect. The imporiance here
is that these forces are made to
change without affecting the distri-
bution of mass. This does cause the
vehicle to change its ‘“balance” be-
cause the potential force at either
end is changed without changing
the center of mass. More imporiant,
this foree transfer has a very sig-
nificant effect on the sideways
(lateral) deflection of the tires in
a corner, which we’ll explore in
detail later on.

So much for the frictional charac-
teristics of tires. Now we come to
their elastic characteristic. This is
the most important and the least
understood of all the factors in-
fluencing the behavior of a car in a
corner. Friction only affects the be-
havior of the automobile at or near
the limit of adhesion. The typical

EE: ‘
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“It is not necessarily true
that ‘the heaviest end of the car

will always break away first'.
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does |
practically
everything
for you
automatically

and loads
instantly, too

The KODAK INSTAMATIC 800 Camera is
the most convenient, most automatic,
most helpful precision camera in the
world today. It loads automatically...
automatically adjusts for film speed
...automatically advances the film
for you after each shot...automat-
ically adjusts the fast /2.8 lens for
correct exposure ... automatically
switches to flash speed. when you
pop up the built-in flash holder...
automatically indicates by range-
finder when focus is correct...and
more, much more! This extraordinary
precision camera costs less than
$130. See the KODAK INSTAMATIC 800
—and the many other KODAK INSTA-
MATIC Cameras—al your Kodak
dealer's.

Price subfect fo change withaut notice.

KODAK INSTAMATIC 800 Camera

EASTMAN KODAK COMPANY, ROCHESTER,N.Y,
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Hit shifts
right on
the head
with a
Stewart-Warner
Tachometer.

1t tracks every rpm change in-
stantly, accurately. No lag, no
overrun. Whatever the dial shows
is it, because Stewart-Warner
Tachometers are very sensitive.
No doubt about it. When you flip
the stick, you can be absolutely
sure it's the right time to do it. Let
a Stewart-Warner Tach help give
you the winning edge. There are
three classic dial styles in electri-
cal and mechanical tachometers:
New Custom, Standard Black &
White, and Twin Blue . . . 258"
and 338" diameter faces. Speed
ranges to 10,000 miles. Zip down
to your dealer today and ask him
to show you the most complete
line of automotive instruments in
America...from Stewart-Warner.

[Eymbaial

N

STEWRRT-UIRRNER
INSTRUMENT opvieion

Dept. K-45, 1840 Diversey Parkway, Chicago, 111, 60614
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enthusiast driver has experienced it
in hard cornering or wheelspin, but
the average citizen will only ap-
proach this limit in the avoidance
of an accident (though he has often
encountered it on ice or snow or wet
pavement). Conversely, the elastic
characteristic of the tires is sig-
nificant throughout the driving
habits of every driver—whether he’s
a conservative plugger or a hot dog.

A tire subjected to a side force
will deflect just like any other elastic
body. If it’s rolled along a flat sur-
face in this deflected condition, it
will diverge from the path that
would have otherwise been in line
with the wheel. The angle between
the center plane of the wheel and
this divergent path is called the slip
angle., (Note: this does not mean
that the tire is sliding.) If the front
and rear tires are deflected by the
same amount (i.e., if the slip angles
are equal) this path will be a
straight line. If the front and rear
tires are deflected by different
amounts (i.e., if the slip angles at

one end are greater than at the
other) this path will be curved.

This is a crucial point, and it must
be understood if vou're going to get
anything out of this, Any change in
the curvature of the vehicle’s path
results in a change in centrifugal
force which changes the deflection of
the tires which changes the curva-
ture, et ceterg. This coupling he-
tween slip angles, radius, and cen-
trifugal force is the basis for all
automobile dynamic behavior.

If the change in slip angle is
greater in the front than in the rear,
the curve gets larger, reducing the
centrifugal force and thus bringing
the car back into a state of equi-
librium. Such a car ig self-compen-
sating, in that it will seek that radius
which results in a balance of forces
(equilibrium) independent of the
driver’s reactions. Understeer is of-
ten called “safe” because of this. The
truth is that the radius where equi-
librium is restored may be far larger
than the road permits—meaning
that the car might just understeer

“Within
certain limits,
oversteer
can be both
useful and

desirable.”
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straight off into the trees.

On the other hand, if the change
in slip angle is greater in the rear
than in the front, the car may not be
self-compensating. The larger change
in the rear slip angles steers the car
into a smaller circle, increasing the
centrifugal force which further re-
duces the circle, et cetera. If this
rate of slip angle change is fast
enough, the car could become un-
centrollable, regardless of the driv-
er’s skill.

If the rate of change in slip angle
is greater in the front than in the
rear, the resulting condition is called
understeer.

If the rate of change in slip angle
is greater in the rear than in the
front, the resulting condition is
called oversteer.

If the rate of change is equal, it
is called neutral steer.

This is where the confusion starts.
Everybody and his brother has an
opinion, and too many claims and
counterclaims are made on the basis
of oversteer or understeer, It’s prac-
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Any New Foreig
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any car made in Europe, can be yours at the European tax-free
price if you're going to Europe. Auto-Europe’s complete package delivers the
car of your choice in Europe where and when you want it. Auto-Europe is the

leading dealer for all foreign cars and

the auto travel service which delivers

your car, takes care of it (and you) en route abroad. Auto-Europe provides
all documents, manufacturer’s guarantees, insurance, travel information, etc.
and ships your car home for you. Because we're car enthusiasts too, we handle
your car with respect. Request Auto-Europe’s free “ABC’s of European Auto
Travel’—the full color booklet covering everything on wheels. If you specify
the car you like, we'll include the special Analysis Report and overseas price data.

Neaw Yerk: 25 W 58 'St, PL 2-2424. Chicago:

18 South Michigan Ave. Fi 6-1361. Bewerly

Hills; 268 8. Beverly Drive, TR 8-3535. San Francisco: 150 Powell 8t.,, EX 2-7894. Seattle:
White-Henry-Stuart Bldg. MA 2-3456, Vauncouver, 8.0.: 685 Hornby Street. MU 1-5936.

Name,
Address
City State
member: National 4u{omabile Car preference (if any) oo eee—__-.Dept. 86
Dealers Association. :

SPEED-MG - POWER

Fit the IL.R,G.-DERRINGTON 4 port light alloy
cylinder head for 20% increase in power and
worque, to vour M.G.-A and obtain ourstznding
results. Will also fit Magnette, Riley, Wolseley,
Oxford, Ass, €0, Isos, 1588, 1622 and all r8oo
models using the “B” series B.M.C. engine.
Complete head kit assembled . . . . $220
Laystalt Lucas, for T.C., T.D., T.F. models M.G. $150
Packing and Post free
POWER & SPEED EQUIPMENT for:

TRIUMPH T.R., HERALDISPITFIRE, all FORD {Brit)., AfH
SPRITE, 700/4, 100/6, 3,000, SUNBEAM range and most
British and Continental makes.

LIGHT ALLOY, CYLINDER HEADS, FLY-WHEELS,

OIL RADIATORS, ENGINE PLATES, PUSH RODS,
ROCKER COVERS.

WEEER twin choke carburetter Inlet assemblles. Power

Brakes, Suspension Modifications, Lightweight Bucket
Seats, Antl-Sway Bars.

EXTRACTOR EXHAUST MANIFQLDS
SPECIAL RACING CAMSHAFTS
The originator of Sporis and Speed Equipment in
r9zo.  Suppliers te all the leading Racing Car

‘| Manufacrurers.
For Airmail reply or lists enclose 40¢. coin
Mention make and model when writing

V.W.DERRINGTONLTD.

169-161 London Read, Kingston-on-Thames, England
q Cables: PERONICC, LONDON A

.l.ll...'.l.l..l\.ll""ll.l..

" STUDY CAR STYLING

Learn automotive ar product design from
working professionals. Accredited collepe,
Bachelor's Degras, Terms: Feb., June,
Sept. Write J. Culley, 5353 West 3rd Si,
Los Angeles 5, California.

THE ART CENTER SCHOOL

BLAUPUNKT AUTO RADIOS

Solid State Transistor circuitry. AM/FM, AM
Hi-Fidelity. For Foreign and American cars.
Economically priced. State model/year of car.

For our complete catalog, write:

FOREIGN CAR SPECIALTIES

*ensnsssnnse?

Dept. CD-4, 4875 Broodway, New York, N. Y. (10084)

FIRST WITH
THE NEWS!

COMPETITION PRESS

TWICE MONTHLY JOURNAL .&
OF MOTOR SPORTS
15 BOARDMAN PLACE

SAN FRANCISCO, CALIF. 94103

Enter my subscription to Competition Press:

[ U.5. and Canada airmail,
O Two years, $10 and $10 add'\t_lﬂnafr per year,
I Three years, $13 Canadz [ Foreign airmail,

110 Oneyear, $6 f u.s,
[ Fereign, $2 per year $16 additional, per year.

Name
Address
City /State

[0 New or []Renewal subscription .o
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SHOP MANUALS

FOR BRITISH AND EUROPEAN CARS

AUTHENTIC!
OFFICIAL!

Alj are AUTHENTIC, QFFICIAL, printed in ENGLISH and
ISSUED by the automckile MANUFACTURER. Average
size 250 pages 107 x 87, includes official compre-
hensive instructions for adjustment, overhaul, tuning.

BLFA ROMEO Guilia, 1600 .............,.. $16.50
ALFA ROMED Guiliettas............ ......, $16.50
ASTON MARTIN all models 1921 ta 1950, ., ... $ 8.70
ASTON MARTIN DB2, DB3, DB4, DB4GT, DBE

state which . ... ... ... ..............}% $25.00
AUSTIN, all models, state which,........... $ B.00
AUST[N Mini, Conper ..................... $ 8.00
ALISTIN HEALEY, 100/4.....;.....,........!5 8.00
AUSTIN HEALEY Sprite [, T1, inc. 1100, ..., ,. $ 8.00
AUSTIN HEALEY' 1006, 3000, 1, 1, 0it. o000 $ 8.00
BOREWARD, isabella ,................... $10.00
CITROEN DS-18, 1D-19, state which. . ..., . .4 $25.00
FIAT 600, 500, 1100, 1200, state which. . ... .3 516.50
FIAT 1300, 1500, state which.,........... $25.00
FIAT 180072300 _........................1% 20.00
HILLMAN Minx all years, state which. . . . .. 4 8.50
JAGUAR V11, XK120, (OKXK140). . coe . 512,00
JAGUAR 2. 4 3.4, MK (DKXK150). . .$15.00
JAGUAR 2.4, 3.4, 3.8, MKl (DKXK15[]S) $£17.00
JAGUAR E l'ypes Mark X, state which, . ... . .4 -$20.00

LANCIA Appiz, Flammla, Flavia, state which. K $24.00
LOTUS ELA.

MG MGA, 1500, 1600, I, 11,
MG New M:dget ine.' 1700
MG. MGB

MG 100 ..
MORGAN all models................_..._.. .
MORRIS ali models, state which. . .. ... .. .. .} 8.00

N.8.U. Prinz I, II, HI IV, Sports Prinz. $20.00
PEUBEDT 403 .

PEUGEDT 404
PORSCHE 356A
PORSGHE 356B

RENAULT Dauphine
RENAULT 4L

SKODA Octavia, Felicia $ 8.
SUNBEAM Rapier, Alpine, Imp, state which. . $12.00
SUNBEAM Tiger 260. ... ................. $18.00

S.U. Fuel pumps, Needles, parts lists. ... .. 5 4.50
TRIWMPH TR2/3 ... ... ... ... .......... §12.50
TRIUMPH, TR4, Heralds Spitfire Vitesse,

12/50 “state Which. ... ................ $15.50
VOLVO PV-544, PV444, PY443, PY545, B-16,

B-18, state which..... .. . ... .. ..... $18.50
YoLvo 121 122 1228, B16, B18,

state which

YOLVO P800 .. .. .., .. ... ..
VOLKSWAGEN 1200 ... .....,,,..
WEBER Carburetters

THOUSANDS MORE AVAILABLE

_ DON'T LEAVE IT UNTIL YOU ARE IN TROUBLE
Alr mail details your car teday for rapid gquotation.

BUOKS Save money on our Iow prices. All

the best books on RACING . . . RALLY[N TUNIN
ANTIQUES . GLASSICS . DES[GN

VIEWS . ROAD TESTS are avallable from us the
largest ‘motorists bookseliers in the U.K, Just request
our free catalogue and drool—such a choice—and
very easy on the pocket. We have regular customers
in every State, many of over ten vears standing, who
rely on our prompt gelivery but still query how we
do it for the money.
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tically impossible to argue this sub-
ject on an “either/or” basis—there’s
no “good” or “bad” connotation in-
volved, they are simply transient
conditions in vehicle behavior.
What’s important is not “which?”,
but “how much of which”. There
are acceptable and useful degrees of
both. The degree varies in any given
car with changes in speed, traction,
braking, distribution of passengers
and luggage, et cetera. Neutral steer
is only an imaginary boundary he-
tween over/understeer. The likeli-
hood of actually attaining neutral
steer over any broad, useful range
is pretty remote since it’s really just
a phase, a delicate balance affected
by dozens of factors.

Furthermore, there’s no such thing
as a state of over/understeer. They
are, in fact, events. It's the self-
compensating or self-energizing
characteristic that’s significant in a
car’s behavior. These are what the
driver can feel, and what he talks
about. He expects his car to do what

he wants, not what it wants. This

is what makes a car easier or more
difficult to handle (not easy or dif-
ficult).

We've established that oversteer
is a transient where the propor-
tionately greater increase in rear
slip angles results in a smaller
turning radius, which increases cen-
trifugal force, which makes the
radiug still smaller, et cetera. How-
ever, if each increment-increase in
centrifugal force produces succes-
sively smaller increments of radius
reduction, it’s possible for the car
to achieve a state of equilibrium.
Thus, contrary to a popular miscon-
ception, it’s guite possible to attain
“stable” oversteer.

There will always be some speed
at which the degree of oversteer,
however small, will result in self-
energization. Increasing self-ener-
gization will require increasing

degrees of driver skill, and ulti-
mately this requirement can exceed
any driver’s capabhility. However,
oversteer can bhe both useful and
desirable,

Well, now that we've defined slip
angles, and their basic relation-
ship to over/understeer, we’d better
examine them in detail. It’s safe to
say that if it wasn’t for slip angles—
if we could have cars that literally
cornered “on rails”—there’d be no
such thing as over/understeer. Slip
angles, and not weight distribution
or engine location, are the determin-
ing factor in the way a car nego-
tiates @ corner.

Slip angles can cause a car {o be
“steered” or deviated from its path
by factors other than a change in
the angle of the steering wheels.
There are several such factors, and
they’re listed here for reference.

1. A change in centrifugal force.

2. Changes in atmospheric forces
(wind gusts).

3. Changes in the plane of the
road surface,

4. Changes in the plane of the
wheels, due either to suspension de-
flection or to ‘““toe” and “camber”
changes in the suspension geometry.

5. Changes in wvertical force or
pitch, due to acceleration or de-
celeration.

6. Changes in vertical force due
to lateral weight transfer.

The graph in Figure 8 shows the
relationship of wvertical force (i.e,
weight) and side force to slip angles,
It should be noted that although a
tire’s ability to produce a side force
increases with increasing vertical
loads, the resultant slip angle also
increases, getting progressively
closer to the tire’s limit of adhesion
(line 90 on the graph, representing
90° of slip angle).

Let’s consider a typical passenger
car, being gradually deflected from

its course into an ever-diminishing
turning radius. The increasing de-
flection of the tires and the result-
ing slip angles will determine the
precise path of the car as the turn
tightens. If there is a difference
between the paths of the front and
rear wheels, the car will generate a
curve which will produce a change
in centrifugal force, which will cause
further tire deflection and a chang-
ing curvature in the car’s path. This
curve is shown in Figure 8, and
shows the angle between the paths of

‘the front and rear wheels of a car

with a 9-f{. wheelbase. This angle—
the difference in the paths of the
front and rear ends of the car—often
results in the tail-out cornering at-
tityde of racing cars, and is some-
times erronecusly referred to as a
“four-wheel drift”, or a “power-
slide”, All it ig, really, is the natural
attitude of a cornering vehicle at a
given speed-—there’s no “drifting’ or
“sliding” going on at all,

The curve in Figure 10 illustrates
the effect of velocity and radius on
centrifugal force. Figures 9 and 10
can be combined to show the rela-
tionship between the difference in
path angles, centrifugal force, and
car speed. Study the two for & mo-
ment, and youw’ll see just how critical
tire characteristics are in cornering.

For example, if a car is traveling
at a speed of 70 mph on a curve re-
sulting in a lateral acceleration of
.15g, the difference in paths would
be only ¥4 degree. If some disturb-
ance such as an uncalculated move-
ment of the steering wheel were to
cause an increase in rear slip angle
of 34 degree, the lateral accelera-
tions would increase to .62; far be-

yond normal operating limits and
approaching the limit of control-
lability for any passenger car,

Take another look at Figure 8,
the curve of tire slip angle charac-
teristics, and consider again our sim-
plified two-wheeled car—a heavy
one, 1500 lbs., with 609 of the
welght rearward for 900/600 Ilbs.
distribution (Figure 12). If this ve~
hicle is traveling in a circle at a
velocity that results in a eentrifugal
force equal to 400 lbs. or .267% of
the 1500 1b. total weight (this, in-
cidentally, is described as a lateral
acceleration of .267g), the resulting
force at the front wheels would be
267 x 600=160 1bs. and .267 =x
900=240 lbs. at the rear. The reso-
lution of these forces is illustrated
graphically by connecting the heads
and tails of the force vectors, as in
Figures 13 and 14. It is clear that
the side forces on the tire must be
somewhat larger than the balancing
forces. In fact, the balancing force
(160 1bs.} on the front wheels is the
component of the front side force
parallel to the centrifugal force.

How much larger the side force
must be is dependent on the angle.
It is, in faect, a function of the co-
sine of the angle. This angle is
significant when operating at large
slip angles and/or on small circles,
and insignificant at small slip angles
and large circles. The small cirecle
need not be considered here. Let's
assume that the balance or corner-
ing force is equal to the side force.
Referring to the slip angle curve
again, the front tires, with 600 lbs.
vertical force and 160 Ibs. side force,
would be operating at a 1.4° slip
angle, and the rear (900 lbs. vertical
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and 240 lbs. side) would be about
1.8°. In other words, in going from
a straight Iine to this .267 lateral g
curve, there would have been a 1.4°
change in front and 1.8° in the rear.
(Some degree of oversteer because
the larger rear end deflection steers
the car in a smaller circle, et cetera.)
Assume that the driver is able to
correct by reducing his steer angle.
Now, suppose the speed is increased
on this same radius until the centrif-
ugal force is increased by another
400 lbs. (to 800/1500 lbs., or .533g).
This will require a reaction force
of .533 x 600=320 lbs, at the front
and .533 x 900=480 lbs, at the rear.
Referring again to the curve, this
would result in a front slip angle
of 4° and a rear slip angle of 5.5,
an increase of 2.6° front and 3.7°
rear. With another 400 lbs., or 1200
1bs. total which would be .8g—a re-
quirement of 480 Ibs. front and 720
Ibs. rear—the front slip angle would
be 12° and the rear 15°—a change
of 8° front and 9.5° rear. By this
process you can see that the degree
of oversteer increases with the in-
creasing speed (Figure 15). If the
weight distribution is reversed, the
wvehicle will understeer. If the dis-
tribution is equal, it will be neutral.

If the distribution is 60% rear, the
vehicle can be made to understeer
by changing the relative stiffness
of the front and rear tires. This
could be done by using different
tires, or by using the same tires with
lower pressure in front, or wider
rims in the rear.

From most every standpoint, ex-
cept cost and cooling, the rear engine
car and its rearward weight distri-
bution is desirable. This is especially
true in the handling characteristics
of a high performance car. A front
engine, rear drive configuration with
a predominance of weight forward
is an inferior race car due, among
other things, 1o inferior acceleration
and cornering capability. It has
limited tractive ability, the inside
rear wheel gets lighter in the corner
and slips under traction, and loses
its side force. This can be corrected
by use of a locking differential.
However, the resultant unegual
tractive forces constitute a turning
moment of such magnitude that it
is much more difficult to cope with.
The heavier the rear end, the less
important this problem. In fact, all
world championship race cars are
rear-engine rear drives with about
609, of their weight on the rear

wheels. The same is true of the
world’s best sports cars, and it will
socn apply to American Champion-
ship, or Indy, cars as well. This is
a recent trend because only recently
have engineers had enough under-
standing to balance a predominantly
heavy rear end. It’s inevitable that
we will learn how to cope with even
more rearward weight bias and the
resulting cars will be even better.

It’s often assumed that all race
cars are roughly alike, that an ex-
pert driver makes the difference in
the corners, This is far from true. In
short, it is extremely importent to
realize that o rear engine car is not
inherently oversteering, that it is,
in fact, capable of superior handling.
Unfortunately, many people intui-
tively, and by hearsay, believe that
the rearward concentration of mass
is a controlling factor in cornering
bhehavior. This is true only because
of the slip angle characteristics of
tires. If there were no slip angles,
there would be no problem. As long
as there is a means of controlling
the slip angle through tire and wve-
hicle design, the “problem” can be
and has been solved.

(End of Part One—Jim Hall will
conclude the story next month.)
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