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“AN EYE TO THE FUTURE —
AN EAR TO THE GROUND."

Through its Customer Research activity, Gen-
eral Motors has organized what amounts to
a vast Public Advisory Commirtee consisting
of hundreds of thousands of practical motor-
ists—owners of all makes of cars who are
cooperating with General Motors Customer
Research Staff—pooling their practical expe-
rience with the technical skill of General
Motors engineers and giving us the benefic
of their views on new features of design.

Through continuous correspondence with
this great body, we are better able to give
you what you want when you want it—not
only with reference to features of design and
characteristics of performance—but asregards
the kind of information 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". It
was prepared by General Motors Customer
Research Staff in collaboration with General
Motors engineers but the motoring public bas
dictated the points that should be covered.

We thank you for your interest and coopera-
tion and we hope that this book—"tailored
to your order,” will prove helpful in enabling
you to better appraise this new thing called
“"Knee-Action"” when it comes 1o selecting
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 cach other in fixed pati,

In the construction commonly used up to 1934, stiff,
short-travel leaf springs were employved and the front
wheels were -nof mounted independenily. They were
rigidl}r connected ]1__\' an axle supix:rll:d 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.
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This is only a small part of the story and before going
further it seems appropriate to quote the broad
objectives ar laid down by General Molors engineers
when, some years ago, they began their basic sludier
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! didurbing
the sleering and withow! disturbing the stabiity
of the car in holding lo ity 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 fhe same
ar the rale of the rear springrs relative to the load
carried al each end.”

. RIGIDITY —1In order to make the car stable and

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

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

one wheel to pass over a bump without affecting
the apposile wheel—this is not only necessary to
protect the passengers from unpleasant jolting,
but to facilitate steering and profect vital parts
of the chasrie from twicle and drains”

WHEEL ALIGNMENT—It must assure that
the wheels be held in proper alignment at. all
limes and under all conditions, so that sleering
will be easy and long tire life insured.”

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 not have lo act ar dructural
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 anda
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 leal springs run-
ning parallel with the frame. From the front it
looks something like this:

Elsewhere the limitations of this tvpe will be dealt
with pretty thoroughly, but let's just set 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 15 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.

f
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Anothertype, very much like the first one, is the conven-
tional axle witha TRANSVERSE LEAF SPRING:

Since the rigid 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. It 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 |r.ngl|'| stretched across
the car, allows mud and dirt to work in between the
leaves, causing squeaks and irregular spring action.

A semi-independent suspension 18 the ARTICH-
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.

e
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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.

While there is practically no change in caster® with
these types, you do get a lot of variation in the cam-
bert 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 KINGPINT. 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 tap.
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wheels move indl:pcl'ull:nﬂ_\' of r:a.u:]1 niher, 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 sterrfng 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
stiffl 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
Nexing action of the leaf spring—dirt driving in may
change its characteristics com pletely.

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 earliest designs worked out over in
Europe—in fact it dates back before the invention
of the gasoline automobile. The spindles carrving
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 leaf 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
wame length, conditions are not quite at their best
either for stability on corners, or for ease 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 system 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 seme supporters in Europe, but it really is not
very satislactory in terms of the standards 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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T'he foregoing gives vou some idea of the great variety

of methods for springing the front wheels.

If we added the variations and combinations of these
and other Lvpes described il'| 1hl_‘ Iilg“\ |||. {l‘“'nur.lj
Motors Research engineers the list would be pro-

longed indefinitely.

But it does not secem necessary o go any further in
analyzing and appraising the various types of mount-
ings that were studied by our engineers incident to
the vears of research that preceded the develop-
ment of the types finally adopted on General Motors

CillS,

As a result of these studies and tests, General Motors
engineers came to the conclusion that out of all the
various methods that had been devised, there were
at least two types that met ALL of the requirements
equally well: The "“"Wishbone” type which is used
on Cadillac, La Salle, Buick, and Oldsmobile®*—
—and—the Dubonnet type which is used on Chey-

rolet and Pontiac.®

.\'iilll- o Iil'.' '.l.‘."'\-]'__ljl. ||1|.':! ||IN'|'J.II1\]| 1'II }’Iltl! I_I'||_"\-\.|_' I_Il. J'll‘.'l‘ arg
covered in great detail in literature issued by the
Divisions of General Motors, such deseriptive matter
15 omitted here excepl Lo say that both r!{ui__‘lh ac-
complish the engineering objectives outlined back on
pages 2 and 3

*Dhvision Booklets showing the application of “Knee-Action'

to any of these products will be mailed on request,

Dubonnet Type
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“There is only one person qr.r:rﬁ'ﬁeﬂ 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 Stwaff, has invited more than a
million motorists—drivers of all makes of cars—ta
give us the beneht 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 queries—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.

Undar tha conditions of the one mon ihap, with the
bendof the burisein wervieg oy deigaer, manuboc.
e, purcheeng ogeni, saleman, and segeie
wxpeil, on mhmote ehderdondng of cuilomer
toabes ond desires wos outomatically ovmned

By tha very noawe ol things, the bigger on
nakhfan giowi, the wider becomes te gop
Batwesn the oatamer oad fase responsibie

fer directing the desfiny of the imfiution

With producer and comumer 1o widsly
sepornied i becomm increowngly difficult
1o kewg the baniness vansitively ostuned o
the requirsmesh of the catomer

Thers n o seed lor wame kind
al hoian wheth weuld wirvs
ai 9 witsse lor the o
amrian corfacd whech pansed
autemascally bock = e dow
of the 1mall shop

Fills thin newd by providing an aux

fary anil mees dawet line of cammuni

calion between prodecer ond consumer
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“"Why have two types?"”
An eminent engineer once said—
"In engineering, there is seldom just one way
and only ONE way 1o sccomplish a given result
—nor is there just one BEST way. Generally
speakjng, I would say that there are abour s
thousand ways of designing any mechanical
device. A dozen of them may be worth develop-
ing on the drawing board. A half dozen may
be worth building experimentally—4 or 5 may
work out satisfactorily in practical usage. And
of this 4 or 5 there are ]iFu.'I:r' tobe2ord dtiigni
where it is a toss.up as to which is the best."”

Automotive design confirms this broad statement.
Take, for example, the many different types of anto-
mobile engines—sixes, straight eights, “V" eights,
twelves and sixteens—or the various kinds of carbu-
retors used. Rear axles have been part of the motor
car for forty years, yet several different tvpes are in
common use today.

The same thing is true of the front suspension. As we
have seen, there are a great many different Ways in
which the front ‘-P!"In_u:- can be .erangu‘l. You can
use one spring or sixteen, you can use coil springs or
leaf springs—you can have a whole axle, half an axle
or no axle at all. And then you can combine these in a
lot of different ways. Most of them will work—some
will work better than others but ;r.'|||"l.1."r.f_g‘.- <|rr.'f|;,|' fwa ar

three will be complelely ratisfactory from every sland- - fragments reproduced from the “log—book®

of &8 General Motors Engineser, who since Way
1930, has besn dewoting his entire afforts

to the proble=s cutlined on pages 2, 3 and 4,

poind,

At one stage or another in the I.JL"l'L‘iH]JI['IL'Hl of
“Knee-Action” suspension, practically every known
method of springing the front end was investigated

and tested, as well as several that were not known up
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until that time. H_'. careful study and omparisons of
. results, it was soon apparent that most of these
different methods were unsatisiac Ltory lor oneé reason
or another, and the developments finally centered

around the two tyvpes mentioned above

.I'||lJl-'-'.I_|'| t|‘:|'*-\.-.' I_-.|l\_'\ Lre ||i||l.|'l.l'|l il! aAppearance,
THE RESULTS ARE THE SAME— the same gliding ride
is found in whatever General Motors “Knee-Action”

LAl WVOLn Ty l.ll e,

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

3 vs .
Nno, because Surprising as it may seem, the i'-;!-.'|||.'|T

and I<'31ill'__' of the back seat passengers was nol the

fault of the rear springing svstem al all—it was due to
the stiffness of the front springs. In other words, i
had .I|'-'---._'|'*- been L wsible to make the Fear Sp ingzs solt

1 but the full benelits of such soltness could not

Con

ke :.;.lill-.'l' 50} |ll|!|;: as th car had a stiff front-end.

To put it briefly, THE FRONT SPRINGS WERE OU1
OF HARMONY WITH THE REAR SPRINGS

“—But is ‘Knee-Action' necessary with se many
good roads?""

Although roads have been greatly improved, the
crinsing speed ol cars has been greatly increased.
]!lél:i.l "F”.'L".l." |'I |F.I'\| |||||.'::|||-:I-\. 1||I' SCANs, WAves ..'_rll.l
1|i|I- that are so characteristic of our LMo el h'.-__'h'

WY B

America 15 eriss-crossed i oevery direchion by paved
highways, highways that look just aboutl as smooth

as anyvone could expect. Bul they really are nof smeoth

The Old Way

The New Way
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al alf—even the most modern are full of waves and
'rli]"\-. ili1'|1ct'l.'4.'|l1il|'l|l.' to the eve, that cause the |'-|||||li||_'_I
pitching motion in the axle-tyvpe car.

As the speed of the vehicle increases, the long, slow
waves which are typical of American highways,
disturb the car more and more, and it is doubtful i
this problem in road building will ever be solved, for
it 15 caused by our climate and our wide temperature

vanations.

You see, above thirty miles an hour, a bump in the
road that is three inches high and thivly feel long will
disturb a car much more than a bump fhree dnches “Modern highways are full of
high and three feet long, although the second is clearly waves and dips.”

visible as a "“bump”, whereas, the- first is almost

invisible.  “Knee-Action” compensates for such
irregularities and gives you much of the feeling of a
boat in a following sea—a gliding, floating sensation.

And in addition to the t-lll'cgl-in&'. it opens up those
inviting country roads—the traffic-free by-ways off
the highways—that wou have always wanted to
explore

“At modern speeds a long wave
becomes a bump.”

A user of “Knee-Action” wrote:
“What you have really done is to add about

50,000 miles 1o the American highways.”

—an exaggerated statement but not without a point.

“Aside from riding comfort are there any other

advantages in having ‘Knee-Action'?"’

Decic ||._'|”}' YES.

Smoother riding makes smoother, easier steering.
Road '\l!“l.]-l‘-ull] no longer get through to the steering
wheel—and a greatly improved steering linkage is

made possible through the new construction. The “—by-ways off the highways.”




20 Take a block of wood and sheve it

ocross a perfectly smooth surface—

|.|..'i[1E't‘!I' of accidents from blow-outs is minimized.
Your car 15 decidedly SAFER. A more scientific dis-
tribution of 't\L';_L'hl |tH.\ been attamed .||||,|_ unsprung
weight has been reduced which, within itself, makes
for smoother operation,

AND THIS NEW CONSTRUCTION IS DESTINED TO
HAVE A TELLING EFFECT ON ECONOMY BY SLOW.
ING DOWN THE RATE OF DEPRECIATION AND
REDUCING REPAIR BILLS BECAUSE IT PROTECTS
THE VITAL UNITS OF THE CHASSIS FROM UNDUE
STRESS, STRAIN AND VIBRATION

— it will
tend to
move
straight.

“Just what is meant by the ‘More Seientific Dis-
tribution of Mass'?""

Bore a hele near each end and fill
each hole with lead—

This question raises some involved engineering prob-
lems and frankly we, of the Customer Research Staff,

have had difficulty in understanding the scientific

explanations of it. Esxpressed in simple everv-day —again it
language it seems that the riding qualities and stabil- will tend
i1._1-' ol a car at |]i5h{'r ‘-|_!1.'l.'||*-\.. as well as its ‘_1|,|,Il,|i]i|,_‘| in to ﬂ:lﬂ“
keeping its course, are dependent on the way the straight.

weight of the car is distributed over the length of the
wheelbase (although the engineers use the word

“mass”" instead of “weight'' and from a scientific

—but put the plug of lead in only
one end—
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standpoint, it seems that there is an important dis-
tinction),

One of our engineers, in attempting to explain it, used
the example shown on the opposite page which we
thought was worth passing along because it seems to
convey the general idea without getting into a lot of
mathematical 1_E|I_'I||'_'L_

— it will

“Knee-Action™ construction makes it possible to get

.lrJIUrL'~'~'h'1ﬂl1u.'ul.\'li'lLluhunr:i1'.-_'|5hl—|-rr.1lJ|-.-:'rr.'.a--'.

'Ienl:'l to
“ghid”.




“Is it true that the front axle has been eliminated?"’

Technically speaking "‘ves," which is to say the I-
beam connecting the centers of the two front wheels is
no longer present but just above the place where the
axle used to be there has been added a strong and
rigid cross-member at the front of the frame.

If we look upon the ordinary front axle as a brace
supporting the springs and holding the wheels in
position—then we might say that in General Motors
“Knee-Action” construction this brace has been
moved up and made a part of the frame with the
springs mounted wunderneath if instead of on i,

This new approach to chassis construction has made
it possible to reduce unsprung weight.

CONVENTIONAL CAR

With unsprung weight shown in black.

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

Engineers talk a lot about “sprung weight' and “un-
spring weight."

“Sprung weight'” is the total weight of all the parts
of a car which are supported by the chassis springs.
]‘-I'I' 1.'.\.I-I:11|I|L'. |I'|L' 1!<'l|.|._\'. Ihl.' 1;I'|;_.;il|l.', l]l-g' 1r.||lw.|1|i_\h'i:-1|.
ITE Among the items that o to r1|.-||l.u up l||.u ““|'|"-|f|,_—'-

‘.'p'r-l':x]!l'. of a car.

The “unsprung weight” is the weight of all the items
that are nof supported by the springs. For example,
axles and wheels are items that contribute to the

“unsprung weight' of a car.

“Unepring weight” takes the direct force of bumps
in the highway without the cushioning effect of the
chassis springs. You can take two cars, each weigh-
ing the same and the same in every other respect "KNEE-ACTION" CAR

except that one of them has more of its weight With unsprung weight shown in black,
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unsprung—THE ONE WITH THE GREATER UN-
SPRUNG WEIGHT WILL RIDE HARDER AND BE
MUCH ROUGHER IN OPERATION THAN THE OTHER
ONE WHICH HAS THE LESSER UNSPRUNG WEIGHT

MNow, in the old leaf Spring N'.|\|l-.'|:*-i|-|1_ there was a
rather heavy axle along with the wheels, tires, brakes
and so forth—all of which went to make up what is
called “unsprung weight,” that is—weight which is
not supported by the springs. The unsprung weight
i5 *-\.III:'ll.liIirI:: that must be i..1'|l1 down to a minimoam

if a good ride is to be obtained. Cross section of

1 masher leaf of con- W

wantional spring

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

leaf spring and axle type?”’
No, it 1s considerably stronger.

With the axle tvpe suspension, all that held the front

2T ; : ?
wheels in place 'nder the frame were two thin strips :
Cross seclion of

of highly stressed spring steel bent up into loops at *Knss-Action whaal :
the e¢nds and wrapped around shackle pins. With support arm | Du- # //”/I
q bonnat Typas)

independent suspension, heavy arms and links, of

thick section take the place of the old spring leal

The fixed cross member to which the steering knuckles
and wheels are attached is considerably stronger than
the I-beam axle. The steering knuckles have also

been made stronger.  This assembly provides an

:'il:':'l.'l.l and durable type o

exceptionally stro

construction, prool against all ordinary road hazards.

-”'ll.' i |li|. SPrings are 0l 1h|.' Ereat st sLr |,'|'|;:|.J|. .|.I'||| 1h|;_-.

will last as ||||'|;: s l;l:\_' car itzelf.

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

It s |||Ii||.' ]lll‘-'\-illlll_' to make a leal spring just as solt as

a coul Spring but in the conventional [ront wheel
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suspension the springs have to be made stiff enough HARD STIFF SPRING
tp hold the front of the car in alignment. In other
words, they serve as braces or structural members
in addition to springing the car.

""What are the advantages of coil springs?”

They occupy small space. The stress is more equally
distributed within the metal of the 5;):'i.|15. A coil
spring is stressed IN SHEAR, and a leaf spring IN
TENSION. Since steel is more elastic in shear than
in tension & coil spring will absorb more work per T TRAVEL

QUICK STIFF REACTION

pound of metal than a leaf spring.

Furthermore, a coil spring has no friction within itself
and therefore requires no lubrication.

“What happens if a spring breaks?"’

Nothing serious. Inasmuch as the springs in “Knee-
Action" design merely support the weight of the car
at the front-end and have no function at all in helding SOFT SPRING
the “Knee-Action” parts 1.|u_.';1.'t|'|1;|', no loss of control
can possibly be experienced. In fact, if one or both coil
springs in General Motors “Knee-Action”” cars break,
the car could still be driven to a service station with-

out any greater inconvenience than a bumpy ride,

“How does individual springing affect wheel
alignment?""

The front wheels of a motor car are held in better

alignment by “Knee-Action” construction than they =
ever were before, which accounts for the greatly § LONG TRAVEL
improved roadability of “Knee-Action’ cars as well [§ SOFT REACTION

as their extremely safe characteristics under heavy

braking from high speeds.
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“What about the wheels leaning when the car goes

around a curve?" This is the way the axle-type car
When cars equipped with a front axle go around a looks when rounding o curve ot
curve the body rolls or tilts somewhat, due to the high speed. The body tilts but the

centrifugal force, but the front wheels remain more wheels remain in an upright
or less at right angles to the gréund, position.

You will notice the center of rotation (A) is located
somewhere above the axle.

®

"lyi.fl'- Lthe '-J{Ju-L--,L 1i||r1-I construi I.;.r'\-:||| I|”1_1.._-~,-._-rl_ a rEJ;'ﬂ'.E'fE‘FEIEdJ
natural function of the design is that the front wheels
tilt slightly with the body.

e

({Exaggerated)

In this illustration note the center of rotation (B) is
at or near the ground. When properly designed this : ’
wheel lean is extremely valuable to the safe handling The Knee-Action car looks like this
of cars at speed. This tends {o steady the car on the —the front wheels filting with '_h'
curve whether the road surface is icy, wet, or dryv— body. This makes the car steadier
preventing it going into a “flat spin” (skid). and there is less danger of skidding.




30

“Does ‘Knee-Action' permit higher speeds on
curves?"

No, but “Knee-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 tvpe 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 lubricant will retain its
fluid characteristics as low as 40° below zero,
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“"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.

“Jsn’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 steering
on a ‘Knee-Action’ car and that on a conven-
tional car?"’

Through General Motors construction, steering has
been entirely divorced from the problem of spring
sUspension.

If vou'll get down and peep under the front-end of an
old-style car you'll find that the springs are depended

\

upon to hold the front axle in place. A bump under

one wheel will raise the axle and tilt the other wheel
and perhaps you know from your own experience (or
from the L':\.J'IL'I;I'I!.\.' of others) that ||._\'|||.| BREEAK a
front spring, the whole steering mechanism is thrown
out of commission.

In other words, under the old-style construction the
front springs HAD TO DO TWO JOBS—fhey nol only
had to cerve ar SPRINGS but they had to keep the froni-
end of the running gear in proper alignment.

With General Motors “Knee-Action” construction, a

broken spring will not fthrow the sleering mechanimm

COFFLLELT O .

Steering 15 much easier and more efficient. “Knee-
Action” construction holds the wheels lif_i\.;.l_‘- in |_|J;|_r.'|_-
so that l]IL‘__L" move in one Llllq';_'l,u-n \_:-|:|:_1.' up and
down. T'l-\.'_\' aré not ||r."||_'\_"l;\'|,|_ ;I-_'L lrl{)hl.lLl;_"‘. Road
shocks do not get through to the steering wheel.

The control of the car is "r|..1l A JI'I'||'I||'.\.|| not only

. ¥ i P i
in :|-|rr11.'Ll |.|I'I‘.'II1:'L but 1I'| Case 0Ol II\_l_,-.,|_|','.\—_-‘.l.l:.'.-'I

“Knee-Aclion” maker a distinct coniribution fo safefy.

“How many miles has ‘Knee-Action’ been tested?”’
I.l'.l'-:-'-l__ll the facilities of Gen ral Motors ]‘::-ﬂu:

Ground, “"Knee-Action'” cars were run 1,433,000

miles under the most careful observation before the

designs were pul into production

In the conventional construction the
springs serve as structural members,
and are therefore an essential
elemant in the steering mechanism.
Since the springs are flexible the
road shocks affect steering, and if a
spring breaks the steering mecha-
nism is thrown out of commission.

Since in "Knee-Action" construction
the springs do not serve as shruc-
tural members, the steering is undis-
turbed by spring action. Even if o
spring should breck the steering
mechanism continues te 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
motorists throughout the world.*

“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 |5}' salesmen rc}:rcaunting .r_'nmrl-etiti!.'c p:ud ucts
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 “N0O"—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 vou could E1.'Lr{l[1\'
be expected to accept it at its face value, without the
facts upon which it is based.

*Our Customer Research surveys indicate that the Average
Motorist drives his car 11,500 miles a year. 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 cl | Brak

- 1] . osed Bod Four Wheel Brakes
say that “Knee-Action'’ has been proved through 3,500,000,000 The ¥
miles of practical usage. (700,000 multiplied by 5,000.)
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And in order to present these facts, it is necessary to
go back to the very beginning of the industry—in fact,
it 1s nes essary to go back to the vear |878 which was
at least 10 vears before the ;.‘:.'-llhl'll_' car was born and
a full quarter of a century before General Motors was

even organized.

Since rl;i'\ 15 an r'\l:'l.'!1'|'|_'- it'llr.'l,'-1i|';__' -‘I,--rI\_ |'|1.-_I1.'i:u:-
it's worth including here—because it is the only way
to present the real background of “Knee-Action” and
should prove especially interesting to those who
AP iate -the drama and romance of automotive

'i11.'1 4.'||'||I'II1'II['\.

Ever since the time when man invented the wheel and
began to roll himself and his belongings around,
etforts have been exerted toward L;|\.|Li|||]:|55 the
shocks of the road and this |.'\|l|.|i:||\ why i|:1|.||_"|:|_'|:1|.|.|_-|:1l
wheel suspension was attracting the attention of
il|5_'l.'|'ll-"'-|\ inventors even before the birth -::-:i. 1|:||_' gaso-

line vehicle.

Back as early as 1880 and 1890 independent suspen-

sion was receiving a lot of k1.l.|||_\. |'|'|n-\.t|_x E'_'L French

._n:||| ]'.:rl__'l';hh ENgIneers N.llllr.'.“'-.. I:]'It:;l first 11|_|_|_-|:1'|_||1_'t.
were pretiv crude li1:i|1-__':- were cluttered up with a
lot of extra levers and cranks and arms—but they had
an il|.l.'.l. and as time wenl on 1}1|_'I1.' |_'||j'|.'_i!1|l{'|.| o ¢x-
pi'l'i!lli'll'. and test .ttlll M prove, until JL.;.,EI_-.- tl'_-;_-_\- {-_-||1
'\-.:-:'lu,'t]li:|15_ l!'l.l.1. WS i L'!:_l' _\.|!i'\-LI;I.|_"'.a-.:|'_'\L lor 1|!'IL' kin:f ol

operating conditions they had to face.

MNow, American engineers have certainly been the
L|:|i.-;_'|. |_'.':-||I:|';|!'-1It-.r: 5 Lo 1|!1|.' ]'II.'I':.I.'I. :illl'l |||. Ii1|._' motor car—
they have pioneered a great many major improve-
ments. But in the work of independent suspension
the Europeans were far more active up until a few

NVCArs ago.
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This was due to such things as habit, past experience

and training, and it came about in this way:

Many of the very early European automobile makers
had been in the bicyele businesr before they started
making cars—just as the motor car industry in the
United States grew out of the carriage buriness. So it
was only natural for the Europeans to think along
lines of bicycle design because the automobile was, to
them, simply a substitute for the bicyele and an im-
provement on it.  In some instances they called their
automolbiles “Cyele cars” and made them as much
like a bicycle as possible. Of course, 1t was necessary
to add another wheel or two, but they stuck to such
things as light frames and light wire wheels, keeping the

'l.'.'l.':i:_.:]ﬂ .111\_|. size of I:|".1,' Call |Jl|u;|| ".-u:-]_li_L_‘-.'LEL' standards.

Now, coil springs and shding forks were familiar
devices 1o bic _h'h makers, and when :|u-_x came to
work out the \I.I:-|'l1.'l‘:-illl'| sysiems lor t|'.q'|." molor cars
:lu'x Mi1|]:"jl‘.' .|l.|..i|'|h'l|. 1.l.'|:|.1l l]1l.'_'. ||||l"||.||.'| ]yi1k_\k' Lo l:ln_'

new set of ¢ III'II|11.I'=-!1'-.

1'-.I.I-"l'|'L'-:-.:1 roads also had a lot to do with it, for |||_|'_'L
were pretty rough and narrow, with lots of sharp
curves, and so roadability was a most important
thing. The highways of the Continent were planned
and built long before the birth of the motor car—
\'lltll.'.rl'll"hl 1l“lllll i' an ||'|I|{ q'|:i]|1'.|1!;\'l\.l‘-.||1r1l'¢\_‘1|. '“L:ll':lt:lllL'
until the automobile came into _:;I'III'I.Il use, and then
the two sort of ETCw up t--,-_c-l'lus. Az automobiles
were improved and their speed increased, our high-
ways were being widened, straightened and paved.
So in this country our problem in roadability was
quite different from that which confronted the engi-

neers of Europe.
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Over there if was quite a problem to design a car that
would cling to their roads at all times, and take rough

l.'ll|l|l|.L*-lllI'|l.' '|l.':'.'|.'|:||.|.'|!=.ﬁ. '\'.;|!IIIII| ]---‘iu_ i -||11r|||_

And soat s I'1.'.1:|_'- not so .\l.l'.LI'I!_'\.'alll.i'l' .||.- I]|.|,| most of
the early work on independent suspension was con-
tributed I:'-_'.' men like |r||-||-.l';_ Decauville and Sizaire,
of France; and Wolseley, Parnacott, Egan and Gar-
son of England. Bollée was one of the carliest of the
inventors in this |||'|||_ ll|'1.|:I|:|'.:' a patent on a crude
system of independent suspension for steam vehicles

back in the vear 1881.*

||. WS ] ". ! I||'.'i|El\.' W |:l b W |I,\,|| ot |]|l_ '\-|; Li,i“&'l'li-”

Ly pe about fifteen YCars |:I|.|."-'_ which Sizaire modified
and used on his cars as early as 1906, 1||1'|.|'\-!,'\-\.|,'.|1'.\'
patented, in England, no fewer than five general types
ol

motive journals of the Continent are full of references

independent suspension, along in 1911. The auto

3 : 3 3
to the work of these and other engineers for a great
many vears back. The ones mentioned here are only

o lew ol Ihl.' maore |l|.'!-1.|1u|.||:|__'.

In the meantime the .III.'.II\'Iilalll. 1_'|1,_'i|:|L'|,'|'-- WOCre
dev ting their energles Lo 1|||_' i|1s.i'-."||1.'|_'||||.'r|l, of the

body, the frame and the engine, and .|||.'|.;'-I;|15‘_- their

designs Lo large -“.L|-.' |||-._-.||-.|._ Lion

As mentioned |||'I--|\__ ‘I|||.|I,'|;.-\..I.|| manufacturers had
been raised and trained in the era of the horse and
|||1_'__\ . and ”ILI\ Ii1|-||:'|'.'. in those terms. The autom
bile was, in their eves, just what they called it—A
"HORSELESS CARRIAGE".

LE1TRE L .IJI"u [ I\\I it APPCArs, Wak nol only an nvenbive

but he was also a b er of steam carnages, Cne of

FIS Salon was a um vl

Bollee in the wyear I878 and which was equipped
. |

with independent front wheel mounting,
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When they started making cars they made the bodies
look like carriages—frames were designed like carri-
age frames—in fact, the real early models were re-
built out of horse drawn vehicles—substituting an
engine for the horse and hooking 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!

They knew how to make that type of vehicle, and
they kept right on making just about the same thing,
even after they changed the motive power.

The long leaf spring had been used in carriages for a
good many vears—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 years, car owners responding to
General Motors Customer Surveys had stressed the
need for better r‘il.lil'lg rear seats—not that the rear
seat 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 of
design and the approach to perfection in other direc-
tions emphasized the shortcomings of the bouncing
rear seat in comparison with the improved perform-
ance of the car as a whole.

General Motors, through its European engineers, had
for years been studying the experiences of European
manufacturers with independent suspension and early
in the year 1930 a group of development engineers
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were assigned the job of making a very infensive
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 Moters in adapting and improving the
principle to suit American operating conditions had
the benefit of over 25 years of European experience.

So "Knee-Action” is not an experiment but the cul-
mination of a long series of experiments and practical

usage,

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

construction.

Motor Enthusiasts

If you have found this little 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 "cist
your vote” on 65 featnres of designi

“The Automobile Buyer's Guide"

—an 84-page book based on our exten-
sive customer surveys and containing
interesting chaptersonadvancesin auto-
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
GEMNERAL MOTORS, DETROIT




