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“AN EYE TO THE FUTURE -
AN EAR TO THE GROUND.”
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Through its Customer Research activity, Gen-
eral Motors has organized what amounts to
a vast Public Advisory Committee consisting
of hundreds of thousands of practical motor-
ists—owners of all makes of cars who are
cooperating with General Motors Customer
“THE STORY OF KNEE-ACTION™ Research Staff—pooling their practical expe-
rience with the technical skill of General
Motors engineers and giving us the benefit
of their views on new features of design.

Its engimeering aspects, its practical sigwifi-
cance and its bistorical backgrosnd. Through continuous correspondence with
This booklet has been prepared for people e g@ PRI e R g w e
you what you want whem you want it—not
who want more mformaticn than is usually only with reference to features of design and
available in advertising literature. 4 characteristics of performance—butasregards
the kimd of imformation that you feel you should
have in order to choose your new car more
intelligently.
This booklet is published because you have
told us that you would like to have more
detailed facts concerning “"Knee-Action”. [t
was prepared by General Motors Customer
Research Saaff in collaboration with General
Motors engineers bat the motoring public has
dictated the points that should be covered.
We thank you for your interest and coopera-
tion and we hope that this book—"tilored
to your order,” will prove helpful in enabling
you to better appraise this new thing called

Copyright 1938 i e % &
GENTRAL MOTORS CORPORATION Kaee-Action” when it comes to selecting

DETROIT, MICHICAN your next car.



DEFINITION OF "KNEE-ACTION™

“Knee-Action' is the name of a highly developed type
of independent front wheel mounting which is used
on General Motors cars.

With “Knee-Action” the front wheels are fastened to
the car in such a way that they are free to move up
and down independently of each other in _fixad paihs.

In the construction commonly used up to 1934, stiff,
short-travel leaf springs were emploved and the front
wheels were -not mounted independently. Thev were
rigidly connected by an axle supported underneath
the springs. So when one wheel hit a bump the
shock was transmitted to the other wheel.

With the “Knee-Action” design as worked out by
General Motors, it is possible to use long-travel. soft-
acting coil springs, with a resilience matched up to
harmonize with the rear springs.

This is only a small part of the story and before going
further it secems appropriate to quote the broad
objectives as laid down by General Molors engineers
when, some years ago, they began their baric sudies
of front wheel suspension:

“1. BRAKING CONTROL—With increasing speeds
and increasing braking power, it becomes increas-
ingly essential to design a mechanism for holding
the front wheels on to the car which will allow the
car to be pulled up to a stop withou! dirturbing
the ricering and without didurbing the dAabilily
of the car in holding lo its course.”

=
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. SOFT FRONT SPRINGS—In order to eliminate

pitching and tossing in the rear seat, the design
should allow the front spring rate to be fthe same
as the rale of the rear springs relalive lo the load
carried al each end.”

3. RIGIDITY —In order to make the car stable and

safe, the construction must be rigid enough to
give the car dability on the road when rounding
curves al high speeds, or braking suddenly.”

‘4. TIREWEAR —Should be reduced toa minimum."’
. 'KNEE-ACTION’—The suspension should allow

one wheel to pass over a bump without affecting
the opposile wheel—this is not only necessary to
protect the passengers from unpleasant jolting,
but to facilitate steering and profect vital parts
of the chassis from lwisls and slrains.”

WHEEL ALIGNMENT—It must assure that
the wheels be held in proper alignment at all
lemes and under all conditions, so0 that sleering
will be eary and long lire life insured.”

‘7. STEERING—Road shocks should not be allowed

to reach the steering wheel. Such erratic wheel
movements as ‘shimmy’ and ‘tramp’ should be
eliminated.”

SPRINGING DIVORCED FROM STEERING
—The springs should nof have to act ar structural

members. Their sole duty should be to spring the
weight of the car.”

UNSPRUNG WEIGHT —Should be reduced to

a minimum.”
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“10. RUGGEDNESS—The whole front-end suspen-
sion should be srong, durable, dependable and
SAFE."”
Now then, with these requirements of a good front-
end suspension in mind, let us next review some of
the types of suspension that have been developed.

First, of course, there is the CONVENTIONAL
AXLE SUSPENSION with two leaf spn'np run-
ning parallel with the frame. From the front it
looks something like this:

Elsewhere the limitations of this type will be dealt
with pretty thoroughly, but let's just st them down
here for clanty’s sake.

For one thing, it is scarcely practical, with this type
construction, to make the rate of the front springs
equal the rate of the rear springs (unless the rear
springs are very stiff indeed)—and since they have to
be made stiffer in the front the result is a pitching and
bucking ride for rear seat passengers.

Then, too, any motion of one wheel is transmitted to
the other wheel through the rigid axle. Thus, when
the car goes over a bump, the body tips and jolts.
It is hard to keep the road shocks from being trans-
mitted to the steering wheel, making driving more
tiring than it ought to be.

Lastly, the springs serve as structural members and
hold the axle in place under the car, and this inter-
feres with their ability to be good springs.
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Another type, very muchlike the first one, is the conven-
tional axle witha TRANSVERSE LEAF SPRING:

Since the ngid axle still connects the wheels together,
it is clear that any force affecting one wheel will affect
the other as well—hence this system does not give the
advantages of independent suspension. [t is subject
to limitations similar to those mentioned above and,
in addition, with only one spring it has to be made
even stiffer to avoid breakage—and this makes it
ride pretty hard. Furthermore the exposed position
of the spring, with its entire length stretched across
the car, allows mud and dirt to work in between the
leaves, causing squeaks and irregular spring action.

A semi-indepeadent suspension is the ARTICUH-
LATED AXLE TYPE, which is really nothing but
a conventional axle suspension, only with the center
part of the axle cut out and the ends joined together
by two parallel links, one above the other, hinged at
the ends.

—=——

The old-fashioned leaf spring is used, in spite of its
friction and its squeaking. Since the wheels in going
over bumps in the road move in and out relative to
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the frame of the car, accurate steering is almost
impossible.

This type is somewhat similar to the “HINGED
AXLE" construction of which there are three main
classifications.

_inz® | (LE—F

While there is practically no change in caster® with
these types, you do get a lot of variation in the cam-
berf of the wheel and these designs introduce diffi-
culties from the standpoint of steering control. About
the only way to get away from this is to make the
springs very stiff, and then, of course, you get a hard
riding car.

Next we have the "SLIDING SPINDLE or " SLID-
ING KINGPIN”. In this type, the axle, or anything
closely resembling it, has disappeared. Clearly, the

*Caster: The angle that the kingpins are tilted backward,

{Camber: The angle that the front wheels are tilted outward
at the top.

-

wheels move independently of each other, for there
is nothing to hook them together.

With this design, the vertical columns act as king-
pins, spring guides and shock absorbers. Most of
these types have a very poor steering geometry.
Another big difficulty is that dirt gets into the slides,
causing wear and friction, and the oil is difficult to
retain in the column. Steering at slow speeds is very
stiff due to the overhang of the wheel from the
kingpin.

Another system that has been used frequently in
Europe combines a transverse leaf spring at the bot-

tom with parallel links on top. It looks something
like this:

Here again there is the difficulty of controlling the
flexing action of the leaf spring—dirt driving in may
change its characteristics completely.

Furthermore, it is scarcely practical to get a soft

enough suspension in a single short spring.

Another thing, the spring is called upon to act as a
structural unit in holding the wheels in place, as well
as taking up some of the driving and braking forces—



and all this takes away from its ability to do a good
job of springing.

The DOUBLE TRANSVERSE SPRING type is
one of the very carliest designs worked out over in
Europe—in fact it dates back before the invention
of the gasoline automobile. The spindles carrying
the wheels are mounted at the very ends of flexible
leal springs, as shown in the sketch below:

The average American car weighs too much to use this
type of suspension unless the springs are made so stiff
that the automobile would ride like an old-time Army
truck. Here again, the springs are acting as struc-
tural units—doing two jobs at once—which does
not make for safety.

. L] L] L

The "EQUAL PARALLEL LINKS' type uses a
coil spring between the frame and one of the links,
for example, the lower link, which gets away from
all the disadvantages of the old leal spring. This
type is especially suited for heavy cars as it is possi-
ble to design a sturdy structure that is light in weight,
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However, when the upper and lower arms are the
same length, conditions are not quite at their best
either for stability on corners, or for case of steering.

In passing, it should be pointed out that this type,
while it may closely resemble the “Wishbone™ type
used on the Oldsmobile, Buick, La Salle and Cadillac,
is not really the same.  General Motors perfected a
variation of this link svstem in which the lower arm
is considerably longer than the upper, resulting in
the elimination of the disadvantages found when the

arms are the same length.

The “LONGITUDINAL LEVER' method has
found some supporters in Europe, but it really is not
very satisfactory in terms of the stundards to which

the American motorist has become accustomed,

Application of the brakes will cause the car to “squat”
suddenly or else nose up, depending on which way
the arm is placed—ahead of or behind the wheel.
The caster angle changes over a wide range, which
makes for instability and improper steering. When
the arm is lengthened to reduce the change in caster
angle this system lacks rigidity against side thrusts.
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of methods for u;u:'i||;_-i=1.__ the front wheels.

If we added the variations and combinations of these
and other types described in the files of General
Motors I{um:-.h cngineers the list would be pro-

longed il:-ErIlui.Lr:_\

Jut it does not scem necessary to go any further in
~|I1|I.l_'- zing and appraising the various Lypes ol mount-
3 that wprs ) lhied | e AR 1s i
ings that were studied by our engineers incident to
the wyears ol rescarch that ;\r.ue-i.|| the ||l'\:'|--;-

ment of the Lvpes -'Ill.-E]_\ ,1x|'-|-ll.L1 n General Motors

LCadls.

As a result of these studies and te stx, General Motors

engineers came to the conclusion that out of all the

various methods that had been devised, there were
at least two Lvpes that met ALL of the requirements
equally well: The "Wishbone" tyvpe which 15 used
on l_',n:_!!_:.‘. I ] .“\.n!]n'_ !:'”I:".. .1r1-1 "-H-.Ewtu--}-iln"

.|r1|| the Dubonnet type which 1s I‘-»--.l! on Chev-

rolet and Pontiag

- L. '
Mince the design and operation of both these types are

covered In great detail in Lterature issued by the
Divisions of General Motors, such des riptive matter

15 omitted here ex epl Lo say that both de ;,._I\

» di
comphish the engincering objectives outlined back on

ages . and 3

"Division Booklets showing the application of “Knee-Action

to any of these products will be mailed on request,

Wishbone Type

Dubonnet Type
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“There is only one person qualified to say just
what the motorist prefers and that person is
THE MOTORIST HIMSELF™

“Knee-Action” was first announced to the public late
in 1933, Since that time, General Motors, through its
Customer Research Staff, has invited more than a
million motorists—drivers of all makes of cars—to
give us the benefit of their reactions to this innovation

in chassis design,

The results of this investigation—nation-wide in its
scope—conducted among the owners of all makes of
cars show that the majority of motorists accept this
innovation without question: most of the remaining
motorists are quite open-minded as to its advantages;
while less than one-fifth retain any doubt as to the
advantages of this new system of springing.

These doubts were usually expressed in the form of
specific questions.

In the following pages are listed some of the more
common gquerics—with answers based on the wide
technical and practical experience of General Motors
engineers—the very men who since 1930 have been
working on "Knee-Action”, improving and perfect-
ing it for your greater safety and comfort

Perhaps you have wondered about some of these
points yourself. If so, you will be interested in the
straight-forward, to-the-point replies given in the
following pages.

100 YEARS AGO

rmmar = ety o e e e Yo e the

B of S St MEeSg T tegee monuboc
SIS T

MODERN INDUSTRY

By e wory soters ol Sheagn the bugger on
muton groen e e becomes e oo
Detepes Sa | tTmer Dm0 SO teApSRLOE
bt dewssng the destey of e ewemton

Wk prodecss ol tomemer we wedely
W ows f hecoean Acreowegly difoue
0 beep fu bovesn wevheely oSenes W
oy regTween o thp gt

Thers & o sewd bor aome Amd

o houces wheh wodd weve

m 7 wbntese b S gdow |
s (oebac wheeh ganied
setompecsly ook & e g

o Se 1mai sbos \

CLATOMER BELTABCH
i vy mewd by providing on gus

oy e more dewd? e of common
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“Why have two types?’
..i” t'”ii”t'”l t'1l\_'|n|;‘\'| onoe "-1|I|" =

“In engineering, there is seldom just one way
and only ONE way 1o accomplish a given result

nor is there just one BEST way. Generally
speakjng. | would say that there are about a
thousand ways of designing anv mechanical
device. A dozen of them may be worth develop-

doren may

ing on the drawing board. A bha

be worth bui ally =4 or % may

INK expenm

work out satisfactorily in practical usage LY
of this 4 or § there are likely to be 2 or § designs

where it is a toss up as o which is the best

Automotive design confirms this broad statement

Fake, for tt-tl!t;'—l: the many different tvpes of aulo

rnu]n|[r engines RIXCS, -".nle.l'.'. cights ' l--']lx
twelves and sixteens—or the vanous kinds ol carbu-
retors l'l‘t!i i(l-ll -I'\!l"‘ navi .:-|,'!.'|: part ol Q}Il' motor

' 3
car ior torty vears, vet several cifterent tvpes are in

common use today

I'be same thing is true of the front suspension. As we

have seen, there are a great many dilterent wavs in
which the front springs can be arranged. You can
use one spr or sixteen, vou can use ool springs of
Il'.l.: SPrings Vil Can ||.|'..' A Wi

or no axle at all \:l‘.'.'r;rnx-\-..n..

lot of different wavs Most of them will w Wk SOIme
will wo -.l-."..l 'i.-|1-|L|-_..~k-.::, iy only I ’
three will By Y friele I. Hirfact v J r by Tand
,"'_fu

At one stage or anothe i the devel nt ol

_'I\!J\.‘L Action suspension, practwally every Known

: )
method of spnnging the i 1

was investig

&M




unt that L Ji i | st i i - '

. ult It wa on apparent that st ol thes
| [ i |éll' ere 1 ilist torv 1O n 1

L | i L | ment lly centered

-|_|'..|'_;,| ".'.--I'.i:\'x|.-,.'|||_.|_,.\.|_|!_--_.
.'|I||:"'_.|| '.|‘.: Ty |'.|'l'- ri .i'!:-:l,,‘
I'HE RESULTS ARE THE SAMI ne ghding ride

found in whatever General Motor Knee-Action”

““But since cars already rode better in the front
seat than in the rear seat, wouldn't it have been
more appropriate and timely to improve the rear

springs instead of the front springs?"’ The OId wav
No, because surprising as 1t mayv seem. the pitel

I'o put it briefly, THE FRONT SPRINGS WERE Ot
OF HARMONY WITH THE REAR SPRINGS

““~But is ‘Knee-Action’ necessary with so many
_}.’UUJ ?'(lt?(;.'i.','r

||_:__'3--' L _ iy .ll.-'ll.:'. . |.| i :!.-l I- .1.- -I-t-': The New wuv
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dips, imperce e to the eve, that cause the '.-|||-;;;_,

"'I[‘I}If‘;,_, motion in '.||1 axle-tvpe

..'l- t:'l.l.' ‘-;\ltli. i lhl' ‘.|_|.:- ||' INCIcases, th jll;ln 3

waves which are twvpical of American highwavs
caisturo e car more and more, and 1t 15 doubtiul
listurb tl |

!|L'_u ',‘_H-[l'l':ll :.Il. road !I L|;|||_J'___' \Il ever be ,.._\.l'.'i

. 1 1
it is caused by our climate and our wide te mperature

varnahons.

You L above thirts .'1|.i:- 5 an 1:--|:|I a b ip in the

road that is three incher high and thirty feet long will

disturb a car much more than a ]-I'.Ini- three inch “Modern highqu; are full of
high and three feel long, although the second is elearly o — dip!u"

visible as a “l'LIII'i'”. whereas, the- first i1s almost

invisible "Rnee-Action” compensates f[or such

i . : ; .
irregularities and gives you much of the feeling of a

boat in a following sea—a gliding, floating sensation

And in addition to the foregonr it opens up those
mviting country roads—the trs ee byv-wavs off

the ili;_.'J".'-\.H« that vou have alwavs wanted to
t'\p} ire
“At modern speeds o long wave

A user of “Knee-Action”” wrote becomes a bump.”

“What vou have really done is o add about

50,000 miles to the American highways

an exaggerated statement but not without a point
““Aside from riding comfort are there any other
advantages in having ‘Knee-Action'?""

Decaidedly YES

Smoother riding makes smoother, easier steering

Road shocks can no longer get through to the steering

\I.l .||]|1 a Ere .|:|\ i'.|l[l|'||\|,||. “‘"‘””E— |'.n'.-i|_1 i
made possible through the new construction. The

“—by-ways off the highways.”




20 Take a block of wood and shove it

danger of accidents from blow-outs is minimized ocross a perfectly smooth surfoce—
Your car is decidedly SAFER. A more scientific dis

T

tribution of weight has been attained and unsprun
weight has been reduced which, within itself, makes
for smoother operation

AND THIS NEW CONSTRUCTION 18 DESTINED TO —t will
HAVE A TELLING EFFECT ON ECONOMY BY SLOW % tend to

ING DOWN THE RATE OF DEPRECIATION AND meve

REDUCING REPAIR BILLS BECAUSE IT PROTECTS straight.
THE VITAL UNITS OF THE CHASSIS FROM UNDUI

FRESS, STRAIN AND VIBRATION

“Just what is meant by the ‘More Scientific Dis- Bore a hole near each end and fill

tribution of Mass'?" each hole with lead —
I'h juestion ra ne Imvolved engined g profy
lems and frankly we, of the Customer Rescarch Stafi
have had difficulty in understanding the ientific
explanations of it Exspressed in simple everv-day —again it
language it seems that the Ling qualit ind stabal 2 will tend

Ly of a car at higher peeds, as vell as its stability in o move
Keepung s course VI -:-|l-:|-;.-_|:r TR wayv thi ‘l-'l'ﬂ"h'.

cight the car istributed the length of the
wheelbase altl 1zl the ©on U e the
instead ¢ : nd . WHARUL —but put the plug of lead in only
tandpoint, 10 se th 14,7 g it one end—
tLinction "

One of our engineers, in attemp
L e -.'..-'||-|- -|'| WwWn o '.|-| O il i | we
l|| ':___| t was wortl DaSSINg alon ]-,'...;l e Il seems to
convey the general idea without getting into a lot of

"|'..|l||l.l'..|l|._1l. |E|| rv

“"Knee-Action” construction makes it possible to get

a more scientific distribution of weight rrather ma
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“Is it true that the front axle has been eliminated?"”

Technically speaking “ves,” which s to say the I-

beam connecting the centers of the two front wheels is

no longer present but just above

axle used to De re has bee

ri:|\|. cross-member at the iront ol the lIrame

If we look upon the e
Suf n
!\.--.1L||-:'.---'.|'u'n wWe m rs

"Knee-Action” con

:«d up and made a part

moy

125 mounted underneath of 1n

This new approacn to chassis construction has made

: % b
It possibile to reduce unsprung -.w:._.-J'-.'_

“Just what is meant by the unsprung weight?"’

Engineers talk a lot about “sprung weight

I\;' ¥ '.i_
ol A& ar wi . 5 -
' |I.‘_If|||l.l .l i -
Are among ! the
weight” of a car.
it all the it s
s r CXaAn
+ # e #
I [ €
T f
(T
L L
EXCC ha ne i ther has n < { it £

CONVENTIONAL CAR
With umiprung weight shown in block.

"KNEE-ACTION"CAR
With uniprung weight shown in




I 'H N i N
SPRUNG W HT WILI (18] 1Al AN

CH ROUGHER IN OPERATION THAN
INE WHICH HAS THE LESS NS

“Isn't ‘Knee-Action’ construction weaker than the

11

leaf spring and axle type.
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“Why isn't it possible to make a soft acting front
spring of the leaf type?"’

Cress section of
master leaf of con-
ventional ipring

Cross section of

"Knee-Action wheel

wepport arm | Du-
benne! Typel




“What are the advantages of coil springs?"’

I'hey occupy small space. The
distributed within the n 1
spring 18 stressed IN SHEAR, and a

spring &

TENSION. Since steel is more elastic in shear than
| more work per

i i i
AoSoro

: I

m tension a coil spring will abs
pound of metal than a leaf spring

I'\:f'{I:L'[[:]lll'L'. a Cou sprng has no T

ubr n

“What happens if a spring breaks?"'
.\\- |*_]’,:_"____ SErious., I."|-=‘-". ‘:

Action” design merely
at the front-end and have no functic
1

rts together

the “Knee-Action™ paz:

can possibly be experienced. In fact
springs in General Mot Knee-A
'.!.\.'..|:|-|'_|.i~!;.i.|-_ .|" Lo Ser
out any greater inc ce I

“How does individual

alignment?"”’

vV support the we

the spnn

itsell

h .
L <
1 4
a noiding
55
.
th
1
U

springing affect

HARD STIFF SPRING

SHORT TRAVEL
QUICK STIFF REACTION

SOFT SPRING

LONG TRAVEL
SOFT REACTION
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“What about the wheels leaning when the car goes
around a curve?”’

When cars L'-|Ili]1'|‘\'|| with a fri nt axle go around a
curve the body rolls or tilts somewhat, due to the
centrifugal force, but the front wheels remain more

or less at right angles to the gréund

You will notice the center of rotation (A

somewher .l||||'\|, |I||.' axle

IS |"\.Ill'l:

With the "Knee-Action” construction, however Y
madural function ol the -fv-i; nis that the front wheels

Lt II hitls \\|1E| |,||. |:...||\

In this illustration note the center of rotation (B

at or near the ground. When properly designed this
wheel lean is extremely valuable to the saf handling
ol cars at “I"""! T'his tends to \h'mil'- the car on the
curve whether the road surface is icy, wet, or dry
preventing it going into a “flat spin” (skid

This is the way the axle-type cor
looks when rounding o curve of
high speed. The body tilts but the
wheels remain in an upright

peosition,

(Exaggerated)

| |

{Exaggerated)

The Knee-Action car looks like this
—the front wheels tilting with the
body. This maokes the car steadier
and there is less danger of skidding.
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“Does ‘Knee-Action’ permit higher speeds on
curves?"
No, but “Knec-Action” permits better and safer
handling on curves at the same speeds.

“How will a front tire blowout affect a ‘Knee-
Action’ car?"

A front tire blowout on a “Knee-Action” car will
cause a lot less disturbance in the control of the
car than it does on a conventional axle type car.
In tire bursting tests on “Knee-Action” cars it has
been found that to correct the force of the burst,
the steering wheel need be turned only about half
as far with about half the effort as compared with
a conventional axle type car.

“How will muddy roads and freezing affect ‘Knee-
Action'?"
With the General Motors designs, neither dust, dirt,

water nor ice will have any detrimental effect on the
operation or the durability.

“What effect will heat and cold have on the opera-
tion of ‘Knee-Action'?"’

No discernible effect whatever.*

*Since this question occurred mostly in connection with the
enclosed type, it is interesting to note that the fluid used in
the unit is exactly the same as that which has been used in
shock absorbers for years past. This labricant will retain its
fluid characteristics as low as 40° below zero.

3l
“How about squeaks?”’
In case of neglect squeaking is, of course, possible
with “Knee-Action’’ construction. But in actual fact,
it is very rare because there are no spring-leaves which
rub against one another and which are so difficult to
lubricate.

“How about road clearance?”’
“Knee-Action’’ cars have standard road clearance.

“What about jacking up the wheels?"’
Jacks of adequate “lift" are provided with every car,
and are used in the same way as with the axle type
suspension.

“Ien't it complicated by too many parts?"’
Any unfamiliar structure looks complicated when
first seen and until you understand how it works.
As a matter of fact, “Knee-Action' construction has
just exactly the same number of working parts as
the axle type of construction.

““How about lubrication?"”

With moving parts, there must always be lubrication.
With the axle type there were from 17 to 19 different
points to be lubricated, depending on the particular
car. With “Knee-Action” construction there are from
14 to 18 lubrication points depending again on the
type of design.
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“What is the difference between the steeringz
on a ‘Knee-Action’ car and that on a conven-
tional car?”

In the conventional construction the
: " 14 4 springs serve as structural members,
) il . : : and are therefore an essential
23 ' : element in the steering mechanism.
Since the springs are flexible the
road shocks affect steering, and if a
spring brecks the steering mecha-
nism is thrown out of commission.

'|I1| y (3 ) AL 11,I ‘I

|! ¥ 1

Aot pul

o that th 1

| Ihey Road

h ¥ | not th !

['he

. ; i el Since in “Knee-Action" construction
S i s ; the springs do not serve as shruc-

“How many miles has ‘Knee-Action’ been tested?”’ tural members, the steering is undis-

Ihrough the facilif G Mot p turbed by spring oction. Even if o

Ground, “Knee-Act 1 433 \ spring should break the steering
les under the most { bse . mechanism continues to function.
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In addition to these exhaustive and gruelling tests, it
is interesting to note that at the time this book goes |
to press, over 700,000 General Motors “Knee-Action” |
cars are in every-day use in the hands of practical
Illf‘li‘ribls lhr:)ughnut thc \l‘Ll]’[Li_. L

“But after all isn't ‘Knee-Action’ still in the ex-
perimental state of development?”’

This is a question that always arises in connection
with any basic improvement. The same question was
raised when Mr. Kettering's electric self-starter was
first introduced—the first Fisher Closed Body was
challenged on the ground that it would make the car
top-heavy and unsafe— Balloon Tires and Four-Wheel
Brakes also came in for the usual amount of question-
ing. Then too, the flame of skepticism is always
fanned |'|_1' salesmen rq_'n:scnting (ﬂmpetiti\.: pr:)du;ts
until such time as the innovation has become gener-
ally adopted.

So it is only natural that this is one of the most fre-
quent questions that has been raised in connection
with “Knee-Action.”

The answer is positively “NO"—in fact it could be
said that “Knee-Action” is one of the few—if not the
ONLY basic improvement in automotive design ever

introduced in America that can in no sense be termed
an experimental venture.

But this is a strong statement and you could hardly

be expected to accept it at its face value, without the
{acts upon which it is based

*Our Customer Research survevs indicate that the Average
Motonist drives his car 11,500 miles & vear. The average
“Knee-Action” car has been in service at least 6 months—
so assuming that they have run 5,000 miles apiece, we might The Closed Body Four Wheel Brokes
say that “Knee-Action' has been proved through 3,500,000,000
miles of practical wsage. (700,000 multiplied by 5,000
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This was due to such things as habit, past experience

and tramming, and 1t came about in this »
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When they started making cars they made the bodies
lan]-i III'LI,' \.l[fi.lE.l.'\— 1r.|:1u'~. were I-l!_"l-l_l'.,lll,'t] ||liq._ ;_'.'irri-
age frames—in fact, the real early models were re-
built out of horse drawn vehicles—substituting an
engine for the horse and h-mking it up to the wheels
with a loop of chain and a few gears. SOMETIMES
THEY DIDN'T EVEN BOTHER TO REMOVE THE
WHIP SOCKET!

'|-hr.'_\' knew how to make that lype of \'ehic]e. and
they kept right on making just about the same thing,
even after th!.‘_\' ch.‘mgud the motive power.

The long leaf spring had been used in carriages for a
good many years—so naturally that went into the
automobile too, along with other things like patent
leather dash boards and doors at the rear. Of course,
from time to time springs were improved, but they
always remained carriage springs, and were not very
well suited for travelling at modern speeds over the
dips and waves and around the curves of the modern
highway.

For a number of wvears, car owners responding to
General Motors Customer Survevs had stressed the
need for better riding rear seats—not that the rear
scat ride was any worse than it had been right along—
but because here was a thing that had not been im-
proved in the same measure as other features ot
design and the approach to perfection in other direc-
tions emphasized the -!:url.sum'im_;a of the lmunring
rear seat in comparison with the improved perform-

ance of the car as a whole.

General Motors, tll.rnu-:'!I its I".lll'lil‘l.'ulﬂ l.'l1:_..llllil.'i.':\, had
for years been studying the experiences of European
manufacturers with independent suspension and early

in the year 1950 a group of development engineers
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were assigned the job of making a very intensive
study of this and other problems relating to riding
comfort.

All the data existent in the General Motors Research
Laboratories and the Proving Ground were brought
to bear on the subject. The scientists from the tire
factories and the spring steel manufacturers were
called into consultation and certain phases of the
problem were delegated to them for special study,
analysis and experimentation.

The evolution of European practice was carefully
studied not only in Europe but through exhaustive
tests of European cars imported for that purpose and
tested at the General Motors Proving Ground under
driving conditions duplicating those encountered by
the practical motorist here in America.

Thus General Motors in adapting and improving the
principle to suit American operating conditions had
the benefit of over 25 vears of European experience.

So “Knee-Action” is not an experiment but the cul-
mination of a long series of experiments and practical
l!.*.s-l.l.b'.t'.

In the light of the foregoing facts, we feel warranted
in saying that no innovation in the entire history of
the American automotive industry has ever been so
thoroughly tested and proved as has “Knee-Action”
construction.

Motor Enthusiasts

If you have found this liule book interesting
perhaps you would like to have copies of the
following publications, provided you have not
already received them:

“The Proving Ground of
Public Opinion"
—a profusely illustrated questionnaire
which gives you the opportunity to "'cast
your vote” on 65 features of design:

‘The Automobile Buyer's Guide”
—an 84-page book based on our exten-
sive customer surveys and containing
interesting chapters onadvancesinauto-
motive design during the past five years.

“The Third Link in General
Motors Fact Finding"’
—outlining the philosophy back of
General Motors Customer Research and
reviewing the past history of this work.

Copies will be mailed free on request—and
we'll also be glad to mail copies to any of your
friends who may have a special interest in
motoring, if you will send us their names.

CUSTOMER RESEARCH STAFF
GENERAL MOTORS, DETROIT
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