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7-3 CAR ROUGHNESS
OR VIBRATION

Car roughness or vibration may
be caused by road surface condi-
tions as some types of road set
up unusual vibrations in cars at
various speeds. Testing the car
on a different type of road will
show whether the road is causing
the vibration.

Some types of tire treads, and
tire construction other than those
chosen for production may cause
abnormal vibration or roughness.
If car is equipped with tires other
than those which have been se-
lected for production equipment,
it is advisable to test the car
with standard tire equipment be-
fore deciding that a mechanical
condition is the cause of
roughness.

The following procedure should be
used to determine cause of rough-
ness or vibration in car operation
at various speeds, which may be
due to an unbalanced condition of
wheels, tires, brake drums, pro-
peller shaft, or engine.

1. Jack up all wheels, having jack
support rear end of car at center
of rear axle housing.

2. Check runout of front and rear
wheels and tires. Runout should
not exceed specifications shown
in Figure 7-6.

3. With transmission in third
speed or Drive run engine at
various car speeds to note speeds
at which vibration or roughness
occurs.

4. Remove rear wheels and run
engine again at the critical speeds
noted in Step 3. If roughness is
gone the condition is caused by
unbalanced rear wheel and tire
assemblies (par. 7-9).

5. If roughness still exists with
rear wheels removed, remove
rear brake drums and repeat the
running test. Elimination of the
roughness indicates out of balance
brake drums (par. 9-12).

6. If roughness still exists with
brake drums removed, run engine
with transmission in Neutral.
Elimination of the roughness in-
dicates that propeller shaft is out
of balance or not running true.
Continued roughness with engine
running alone indicates an out of
balance condition of engine.

7-4 IMPROPER STEERING
ACTION

Steering action is dependent upon
the chassis suspension members
as well as the steering gear as-
sembly and tie rods. Improper
steering actions which are most
likely to be caused by chassis
suspension are covered in this
paragraph, while conditions most
likely to be caused by the steering
gear assembly or tie rods are
covered in paragraph 8-3.

a. Car Pulls or Leads to
One Side

1. High crowned roads.

2. Low or uneven tire pressure
(par. 1-2).

3. Front tires of unequal diam-
eter due to wear.

4. Brakes dragging on one side
(par. 9-8).

5. Incorrect caster, camber, or
toe of front wheels (par. 7-18).

6. Suspension components bent or
broken.

b. Steering Affected by
Application of Brakes

1. Low or uneven tire pressure
(par. 1-2).

2. Type of road surface.

3. Wheels toe out in straight
ahead position (par. 7-18).

4, Incorrect or uneven caster or
camber (par. 7-18).

5. Steering gear adjusted too
loose or too tight (par. 8-4).

6. No lubrication in ball joints or
upper ball joint worn (par. 7-12).

7. Loose suspension components.

¢. Road Shocks Transmitted
to Steering Wheel

1. Low or high tire pressure
(par. 1-2).

2. Wrong type or size of tires
used (par. 7-6).

3. Uneven tire wear (especially
shoulder or concerning wear)
(par. 7-6).
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4, Steering gear incorrectly ad-
justed (par. 8-4).

5. Shock absorbers inoperative or
leaking (par. 7-8).

6. Improper caster or bent steer-
ing knuckle (par. 7-18).

7. Steering knuckle upper ball
joint worn (par. 7-12).

d. Front Wheel Shimmy
(Low Speed)

Low speed shimmy is a rapid
series of oscillations of the front
wheel and tire assembly as the
wheels attempt to point alter-
nately to the right and left. This
movement is often transmitted
through the steering linkage to
the steering gear. Low speed
shimmy usually occurs below 30
MPH.

1. Uneven or low tire pressure
(par. 1-2).

2. One or both wheel and tire
assemblies out of balance (par.
7-9).

3. Front wheel bearings loose or
worn (par. 7-11).

4, Incorrect alignment of front
wheels (par 7-18).

5. Steering knuckle upper ball
joint worn (par. 7-12).

6. Steering gear incorrectly ad-
justed or worn (par. 8-4).

7-5 WHEEL TRAMP

Wheel tramp, sometimes called
high speed shimmy, is a rapid
up and down movement of a wheel
and tire assembly, as though the
tire were decidedly eccentric. In
severe cases the tire actually
hops clear of the road surface.
Wheel tramp may develop in
either front or rear wheels, and
occur at speeds above 35 MPH.

1. Wheel tire or brake drum out
of balance (par. 7-9).

2. Shock absorber inoperative
(pars. 7-14, 7-21).

3. Item 1 or 2 in combination
with one or more items listed
under Front Wheel Shimmy (sub-
par. d, above).

7-6 ABNORMAL TIRE WEAR

a. General Operating
Conditions

Assuming that there is no mis-
alignment condition to cause un-
natural wear, the life of tires
depend largely upon car opera-
ting conditions and driving habits.

Tires wear at a much faster rate
in some localities than in others
because of road and operating
conditions. Some types of roads
are much more abrasive than
others. Tire wear is also de-
pendent upon the number of hills
and mountains which the car must
go up and down, the severity of
grades, the number of starts and
stops, driving speeds, the amount
of rain and snow, and prevailing
temperatures. Tire wear in-
creases rapidly with both speed
and temperature. Tires used at
low speeds or in cool climates
will have longer life than tires
used for high speed driving in
hot climates.

Driving habits have a very im-
portant bearing on tire life. A
careful driver may obtain much
greater mileage from a set of
tires than would be obtained by a
severe or careless driver. Rapid
acceleration and deceleration, se-
vere application of brakes, taking
turns at excessive speed, high
speed driving, and striking curbs
or other obstructions which lead
to misalignment are driving habits
which will shorten the life of
any tire.

Maintenance of proper inflation
pressure and periodic inter-
changing of tires to equalize wear
are within the control of the
driver. Underinflation raises the
internal temperature of a tire
greatly, due to the continual fric-
tion caused by the flexing of the

side walls. Tire squealing on
turns is an indication of under-
inflation or excessive speed on
the turns. A combination of un-
derinflation, high road tempera-
tures, and high speed driving will
quickly ruin the best tire made.

High speed on straight highways
causes more rapid wear on the
rear than on the front tires, and
driving turns and curves at too
high a rate of speed causes the
front tires to wear much faster
than the rear tires.

An inspection of the tires, togeth-
er with information as to locality
in which the car has been oper-
ated will usually indicate whether
abnormal wear is due to the oper-
ating conditions described above,
or to mechanical faults which
should be corrected.

The various types of abnormal
tire wear and their causes are
described in the following sub-
paragraphs.

b. Shoulder or Underinflation
Tread Wear

When a tire is underinflated, the
side walls and shoulders of the
tread carry the load while the
center of tread folds in or com-
presses due to the low internal
air pressure. This action causes
the shoulders to take all of the
driving and braking load, result-
ing in much faster wear of
shoulders than of the center of
tread. See Figure 7-6, view A.
For maximum results in han-
dling, riding and tire life, tire
inflation pressures should never
be allowed to go below the spec-
ified minimum pressure (par.
1-2).

Continuous high speed driving on
curves, right and left, may pro-
duce tread wear very similar to
underinflation wear and might
very easily be mistaken for such.
Side thrust when rounding turns
causes wear on the sides of tire
tread. In making a turn to the
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Figure 7-6—Abnormal Tire Tread Wear Patterns

left, especially at high speeds,
the outside shoulder of the right
tire and the inside shoulder of the
left tire take the side thrust and
naturally receive the most wear.
The only possible correction is
to advise slower speeds on
curves. Do not increase tire in-
flation pressures beyond specified
limits as this will cause center or
overinflation wear (subpar. c,
below).

Center or Overinflation
Tread Wear

On a tire that is overinflated the
center of the tread receives much
more driving and braking strain
than the sides or shoulders. The

center of the tread therefore
wears away much faster than the
shoulders and, if tire is continu-
ously overinflated, may be worn
thin while the shoulders have
plenty of tread material left. See
Figure 7-6, view B.

When tire inflation pressures are
maintained within the specified
limits (par. 1-2) the tire will
make a full contact across the
entire width of tread, thereby dis-
tributing the wear evenly over the
total surface of the entire tread
area.

d. Cross or Toe Tread

Wear

When the front wheels have an

excessive amount of either toe-in
or toe-out, the tires are actually
dragged sideways when they
travel straight down the road, and
cross wear or scraping action
takes place, rapidly wearing away
the tread of tires. This cross
wear condition will usually pro-
duce a tapered or feathered edge
on the ribs of the tire tread. See
Figure 7-6, view C. In mostcases
this can be detected by rubbing
the hand across the tire tread.

If the tapered or feathered edges
are on the inner sides of the ribs
on one or both sides, it indicates
that one or both tires have ex-
cessive toe-in, while the same
condition in the outer sides of
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ribs indicate excessive toe-out.
See paragraph 7-18 for toe-in
correction.

Cases may be encountered where
one front tire definitely indicates
toe-in wear while the opposite
tire indicates toe-out wear,
Whenever this condition is indi-
cated always check the steering
geometry or turning angles of
both front wheels as described
in paragraph 7-18. If may be
found that the turning angles are
not according to specifications,
so that the inside wheel on both
turns either toes-in or toes-out
too much, resulting in cross wear
on turns only. Incorrect turning
angles are caused by bent steer-
ing arms.

Cornering wear caused by high
speed driving on curves (subpar.
f, below) sometimes has the ap-
pearance of toe wear, Care must
be wused to distinguish between
these two types of wear so that
the proper corrective measures
will be used.

e. Side or Camber Wear

Excessive wheel camber, either
positive or negative, causes the
tire to run at such an angle to
the road surface that one side of
the tread wears much more than
the other. See Figure 7-6, view
D.

The amount or angle of the cam-
ber wear will be governed by the
amount of positive or negative
camber in relation to the perpen-
dicular, and by the shape of the
road surface. With any given
camber angle, tires driven on
modern flat concrete highways
will show greater camber wear
than when driven on the earlier
type crowned highways. Camber
wear may or may not be smooth
or uniform, depending largely on
the tire tread design.

Tire tread wear very similar in
appearance to camber wear may
be caused by driving on turns at

excessive speeds. This ‘‘corner-
ing’’ tread wear (subpar. f, below)
cannot be corrected by change of
camber angle,

Adjustments for specified camber
is covered in paragraph 7-18.

f. Cornering Tread Wear

The modern independently sprung
automobile allows the driver to
negotiate turns at a high rate of
speed with a greater feeling of
safety. This fact is responsible
for a comparatively new type of
tread wear that can easily be
mistaken for toe or camber wear.

When a car is making a turn, the
tires are supposed to be rolling
in a circle. When the turn is
made at high speed, however, cen-
trifugal force acting on the car
causes the tires to be distorted
sideways and to slip or skid on
the road surface. This produces a
diagonal cross type of wear,
which in severe cases will result
in a fin or sharp edge on each
rib of the tire treads.

Cornering wear can be distin-
guished from toe or camber wear
by the rounding of the outside
shoulder of the tire, and by the
roughening of tread surface in
this section denoting severe ab-
rasion. See Figure 7-6, view E.

No alignment or tire pressure
change can be made that will re-
lieve cornering wear. Only the
driver can effect a cure, and that
is by slowing down on curves.

g. Heel and Toe Tread
Wear

Heel and toe wear is a saw-tooth
effect with one end of each tread
block worn more than the other.
The end which wears is that which
first grips the road when the
brakes are applied. High speed
driving and excessive use of the
brakes will cause this type of ir-
regular tire wear. This type of

wear will occur on any type of
block tread design. See Figure
7-6, view F,

Heel and toe wear is not so prev-
alent on the rear tires because of
the propelling action which
creates a counteracting force
which wears the opposite end of
the tread block. These two
stresses on the rear tires wear
the tread blocks in opposite di-
rections and result in more even
wear, while on the front tires the
braking stress is the only one
which is effective. This may be
counteracted by interchanging
tires (par. 7-9).

A small amount of irregular wear,
slightly saw-toothed in appear-
ance, at the outer segments of
tires is a normal condition and
is due to the difference in cir-
cumference between the center
and the outer edges of the tire
tread. This saw-toothed appear-
ance, however, will be exagger-
ated by underinflation, improper
toe-in, or both.

h. Wavy Tread Wear, Flat
Spots, and Cupping

Many combinations of factors may
cause the types of tread wear
listed here; therefore it is never
possible to say definitely that any
one condition is the cause,

As stated above (subpar. g) a
small amount of irregular wear
at the outer segments of tiresis
a normal condition; however, ir-
regular wear extending toward
center of tread is due to wheel
misalignment conditions which
should be corrected. Careful
checking and adjustment of all
wheel alignment factors (par.
7-18) will reduce such wear.

An overinflated tire tends to
bounce instead of keeping in con-
tact with the road surface. On
turns this bouncing produces
scuffing and may cause flat spots
to develop.
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A tire that is statically unbal-
anced bounces or hops on the
road, causing rapid and uneven
tread wear.

Uneven brake adjustment or grab-
bing brakes will cause rapid and
uneven tread wear. Out of round
brake drums will cause flat spots
to develop on tire treads.

Wobble or runout of a tire, either
front or rear, due to bent wheel
or to tire being improperly
mounted will cause uneven wear.
The runout of wheel and tire when
rotated should not exceed speci-
fication shown in Figure 7-17.

Looseness of parts in the suspen-
sion system such as wornsteering
knuckle ball joints, loose wheel
bearings, inoperative shock ab-
sorbers, and any excessive loose-
ness throughout the steering
system all tend to allow the front
wheels to kick around, and if any
of the wheel alignment factors
are incorrect, irregular spotty
tire tread wear of one type or
another may result.

Regardless of the original cause
of spotty tread wear on either
front tire, no alignment or bal-
ance job, however perfect, can
prevent future excessive wear of
the spots. Once a front tire ac-
quires flat or cupped spots extra
rapid wear will continue, caused
by the braking and steering
strains on the thinner and weaker
sections of the tread.

A thorough mechanical and align-
ment inspection, plus a check for
wheel and tire unbalance, should
uncover the cause or causes of
the irregular wear. At the time
of correction, however, the cupped
tire should be interchanged with
a rear tire on which the tread
runs true. The cupped tire will,
to a certain degree, true itself
up on a rear wheel because being
rigidly mounted to the axle shaft
it can only revolve, absorbing
first the driving and then the
braking strain.

7-7 TIRE AND WHEEL
RUNOUT

Excessive vibration or shake
similar to out of balanced tires
can be caused by excessive tire
or wheel runout. This runout con-
sists of both radial and lateral.
Radial runout usually has greater
affect on vibration or shake than
lateral runout.

A dial indicator may be used to
check runout on wheel and tire
assemblies at points shown on
Figure 7-7. Tire runout should be
checked immediately after the car
has been driven, as tires take a
‘““‘set’’ after standing for a short
period. NOTE: It should be
stressed that the runout found is

a mere indication and not proof
of the source of trouble.

Procedure:

1. Make certain that the wheel
lug nuts are tightened adequately
and evenly.

2. If checking front wheels and
tires make certain that wheel
bearings are correctly adjusted.

3. Mount the dial indicator on a
firm base and check total indica-
tor runout at the points indicated
in Figure 7-7,

4, If runout exceeds specifica-
tions check for the source of the
trouble and correct as necessary.

100" RADIAL

125" LATERAL

-050" LATERAL
045" RADIAL

Figure 7-7=Runout Limit
Specifications

7-8 FAULTY SPRINGS,
SCHOCK ABSORBERS
OR BALL JOINTS

a. Springs

Measurement of the trim dimen-
sion with springs installed is the
only practical method of checking
chassis springs that are reported
to be weak. See paragraph 7-15
for checking trim dimension. The
strength of chassis springs can-
not be determined by measure-
ment of the free length when
removed from car, because
springs of equal strength under
rated load may vary considerably
in length when not loaded.

b. Weak or Inoperative
Shock Absorbers

Many shock absorbers have been
replaced and returned to the fac-
tory with the report that they
were weak. When tested with
special factory equipment very
few of these replaced units have
been found weak or otherwise be-
low standard in operation. This
indicates that these shock ab-
sorbers were needlessly replaced
in an attempt to improve riding
conditions that were actually
standard, or that erroneous meth-
ods were used in judging the op-
erating condition of the units.

Before attempting to test shock
absorbers make sure that all at-
taching bolts and nuts are tight,
Tires should be uniformly inflated
to specified pressure (par. 1-2).
The chassis should be well lubri-
cated to make sure that suspen-
sion parts are free moving.

Test each front and rear shock
absorber in turn by quickly push-
ing down and then lifting up on the
end of the car bumper adjacent to
the unit being checked. Use the
same force as near as possible
on each test, and note the amount
of resistance provided by the
shock absorber on compression
and rebound. A little practice on
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another car of the same model
which has satisfactory ride con-
trol will aid in judging the amount
of resistance that should exist.

Both front shock absorbers should
provide the same feeling of re-
sistance and both rear shock ab-
sorbers should do likewise. Any
noticeable variation between right
and left shock absorbers indicates
that one unit is not operating
normally. Little or no resistance
on compression or rebound indi-
cates air in shock absorbers,
internal leakage due to wear, or
that the valve is held open by dirt,
Excessive resistance indicates
that bleeder hole in valve is
plugged with dirt.

If there is any doubt about the
action of a shock absorber after
testing as described above, re-
move the unit from car. Mount it
vertically in vise with safe jaws
gripping the mounting eye firmly,
then move the piston rod up and
down by hand. There should be no
free movement in this test. Lack
of resistance to movement indi-
cates air in the shock absorber,
internal leakage due to wear, or
that the valve is held open by dirt.

A faulty shock absorber must be
replaced as it cannot be disas-
sembled for repairs.

In the test given above, the amount
of force that can be applied is not
sufficient to open a valve against
its spring pressure; therefore,
this test only checks the flow of
fluid through the valve bleeder
hole as well as any leakage due
to a valve being held open, or due
to internal wear of piston and cyl-
inder. Since it is unlikely that the
valve springs will weaken in
service, it may be assumed that
the shock absorber action is nor-
mal if it operates satisfactorily
in the test given above.

¢c. Loose Ball Joints

The upper ball stud is spring-
equipped and thus preloaded in its
socket at all times., This min-
imizes looseness at this point and
compensates for normal wear. If
the upper stud has any perceptible
shake, or if it can be twisted in
its socket with the fingers,
the upper ball joint should be
replaced.

The lower ball joint is not spring
loaded but firmly seated by the
weight of the car. With the
chassis spring load removed from
the ball joint, this ball joint may
show looseness. Such looseness
is probably due to normal oper-
ating clearance.

1. Place jack under lower control
arm as far outboard as possible
and still have access to the lower
ball joint grease fitting, Be sure
the upper control arm does not
contact the rebound bumper when
the car is raised. Raise car until
front wheel clears the floor.

2. Remove lower ball joint grease
fitting and install Gauge J-21240.

3. Place a pry bar between floor
and tire and raise tire. This puts
a load on the ball joint,

4, Repeat procedure several
times and take maximum and min-
imum gauge readings under load
and no load conditions.

5. Subtract minimum reading
from maximum reading. If dif-
ference is more than .070", re-
place ball joint.
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