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6-26 WHEEL AND TIRE BALANCE

Wheel and tire balance is the equal dis-
tribution of the weight of the wheel and tire
assembly around the axis of rotation. Wheel
unbalance is the principal cause of tramp and
general car shake and roughness, and contrib-
utes somewhat to steering troubles.

All wheel and tire assemblies are balanced
when assembled at the factory. Tire casings
and tubes are assembled with the valve stem
located in line with a red mark on the sidewall
of the casing, so that the weight of the valve
i1s placed on the light side of the tire. When
assembled in this manner the off-balance of the
tube tends to counter-balance any off-balance
of the tire. After installation of tube and tire
on the wheel, the assembly is further corrected
for balarice, if necessary, by installing balance
weights on the rim of the wheel.

The original balance of the tire and tube as-
sembly may change as the tire wears. Severe
acceleration, severe brake applications, fast
cornering and side slip wear the tires out in
spots and often upset the original balance con-
dition and make it desirable to rebalance the
tire, tube and wheel as an assembly. Tire and
wheel assemblies should be rebalanced after
punctures are repaired.

It is recommended that wheel and tire assem-
blies be checked for balance every 5000 miles.

6-27 STATIC AND DYNAMIC BALANCE

a. Static Balance

Static balance (sometimes called still bal-
ance) is the equal distribution of the weight of
the wheel and tire assembly about the axis of
rotation in such a manner that the assembly
has no tendency to rotate by itself, regardless
of its position.

For example: A wheel with a chunk of dirt
on the rim will always rotate by itself until the
heavy side is at the bottom. Any wheel with a
heavy side like this is statically out of balance.
Static unbalance of a wheel causes a hopping
or pounding action, commonly known as wheel
tramp, which will also develop into wheel
shimmy.

b. Dynamic Balance

Dynamic balance (sometimes called running
balance) means that the wheel must be in static
balance and also run smoothly at all speeds on
an axis which runs through the center line of
the wheel and tire, and is perpendicular to the
axis of rotation.

To explain the principle of dynamic balance,
let us first consider what happens when we
swing a weight attached to a string. If we start
to swing this weight slowly, it is apparent that
the weight swings in a sharp angle with refer-
ence to the axis of rotation (the hand). But if
the speed is increased, the weight climbs until
the weight mass is at right angles to the axis
of rotation. Now, let us apply this principle to
a spinning wheel.
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Figure 6-30—S$tatic ond Dynamic Balonce

By referring to figure 6-30, view No. 1, it
can be seen that when a wheel and tire assem-
bly is in static balance, the sum of the weights
of sections “A” and “B” is equal to the sum of
the weights of sections “C” and “D”; or, in
other words, the weight is equally distributed
about the axis of rotation. View No. 2 is a
drawing of a wheel that is in static balance be-
cause the shaded heavy point “B” is balanced
by the shaded heavy point “C.” However, it can
be seen that with reference to the center line,
section “A” is lighter in weight than section
“B,” and that section “D’" is lighter in weight
than section “C.”’

When we start to spin this wheel, as in view
No. 3, the center line of the weight masses “B”’
and “C” tries to get at right angles to the axis,
just as the weight on the string tried to get at
right angles to its axis of rotation (the hand).
This tendency to get at right angles exerts a
force on the wheel, as shown by the arrows.
This force, in turn, tends to move the center
line of the wheel and, in so doing, distorts the
axis of rotation.

When the wheel has turned 180°, the forces
exerted by the heavier sections “B” and “C”
now tend to move the center line of the wheel
in the opposite direction. In other words, the
wheel’ tries to rock first in one direction, then
in the other. The result of the movement of
these unbalanced forces causes the wheel to
wobble or shimmy, and the condition becomes
more violent with increased speeds.

To correct this condition we must add weight
to sections “A” and “D,” so they will be equal
to the weight of sections “B” and “C.” Notice

that this addition of weight now distributes the
total weight evenly about both the axis of rota-
tion and the center line of the wheel as seen in
view No. 4. Therefore, this wheel is now both
statically and dynamically balanced.

6-28 WHEEL AND TIRE BALANCING
PROCEDURE

a. Static Balancing

Static balancing is a simple procedure and
can be done on any good balancing equipment
of either the vertical or horizontal type.

If such equipment is not available, a simple
static balancing fixture may be made from a
used steering knuckle, hub, and bearings. Mount
the steering knuckle solidly on edge of bench
by means of suitable steel straps. Remove the
felt packing from hub, wash bearing free of
lubricant and adjust bearings so that a very
slight looseness may be felt. When a wheel and
tire assembly is mounted in a vertical position
on the fixture, the heavy side will go to the
bottom.

With any type of static balancing equipment
the first atep is to locate the light spot on the
wheel and tire assembly. Mark this spot with
chalk and add sufficient weight at this point to
exactly balance the assembly statically. Wheel
balance weights having metal clips for attach-
ment to the flange of wheel rim are listed in
14, 1, 2, and 3 ounce sizes under Group 6.367
of the Master Parta List.

If a single weight will balance the wheel,
one weight may be used. If more than one
weight is used, the weights should be distrib-
uted equally from the light point on the same
flange. See figure 6-31, views A, B, C.
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Figura 6-31—Location of Static Balancing Walghts

Where weights are assembled to only one
flange of wheel rim they should always be as-
sembled to inside flange. When more than 38
ounces of weight is used, divide the weight
equally between inside and outside flanges in
order to maintain dynamic balance. See figure
6-35, view D.

In some cases wheel and tire balance "does
not always overcome wheel balance complaints
because the brake drums themselves are out
of balance. Balancing drums with wheels and
tires as an assembly is not always satisfactory
because the balance is destroyed when wheels
and tires are removed or interchanged. On cars
where trouble is experienced in maintaining
proper wheel balance, it is suggested that all
drums be individually checked for static bal-
ance and corrected, if necessary, as described
under Brake Drum Balance (par. 8-17).

Nearly all cases of off-balance can be cor-
rected by balancing statically. If the trouble
still persists after the complete rotating assem-
bly has been balanced statically (balance when
the wheel assembly is at rest), then the assem-
bly must be checked for dynamic balance.

b. Dynamic Balancing

Dynamic balancing of a wheel and tire assem-
bly must be done on a machine designed to indi-
cate out of balance conditions while the wheel
i8 rotating. Since procedures differ with differ-
ent machines, the instructions of the equipment
manufacturer must be carefully followed.

6-29 FRONT WHEEL ALIGNMENT
FACTORS

Wheel alignment is the mechanics of prop-
erly adjusting all the factors affecting the posi-
tion of front wheels 80 as to cause the car to

steer with the least effort and to reduce tire
wear to & minimum.

Correct alignment of the frame is essential
to proper alignment of front and rear wheels.
Briefly, the esaentials are that the frame must
be square in plain view within specified limits,
that the top and bottom surfaces of front croas
member must be parallel fore and aft, and the
bolt holes for front shock absorbers and lower
control arm shafts must be of correct size and
location. Checking frame alignment is covered
in paragraph 9-1.

It should also be understood that wheel and
tire balance has an important effect on steer-
ing and tire wear. If wheels and tires are out
of balance, “‘shimmy” or “tramp” may develop
or tires may wear unevenly, and give the erro-
neous impression that the wheels are not in
proper alignment. For this reason, the wheel
and tire assemblies should be known to be in
proper balance before assuming that wheels
are out of alignment.

Six factors must be considered in determin-
ing correct alignment of front and rear wheels.
These are as follows:

a. Front Wheel Caster

Caster is the fore and aft angle or tilt of the
king pin with reference to a line at right angle
to road. See figure 6-32. When top end of king
pin tilts rearward the caster is positive; when
top end of king pin tilts forward the caster is
negative.

b. Front Wheel Camber

Camber is the outward or inward angle or
tilt of the wheels from centerline of car, with
reference to a line at right angle to road. See
figure 6-32. When top of wheel tilts outward
the camber is positive; when top of wheel tilts
inward the camber is negative or reverse.

c. King Pin Inclination

King pin inclination is the inward angle or
tilt of the king pin towards centerline of car,
with reference to a line at right angle to road.
See figure 6-32.

d. Front Wheel Toe-In

Toe-in is the setting of the front wheels so
that the distance between them is less at the
front than at the rear, when wheels are in
siraight ahead position. See figure 6-32.

e. Steering Geometry (Turning Angles)

Steering geometry is the mechanics of keep-
ing the front wheels in proper relation to each
other when making right or left turns. As the
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wheels are turned sideways, the inside wheel
must turn through a greater angle than the
outside wheel in order to compensate for the dif-
ference in turning radius of these two wheels.
This is necessary to avoid sidewise scuffing of
front tires on a turn. See figure 6-32.

6-30 FRONT WHEEL ALIGNMENT
PROCEDURE

Close limits on caster, front wheel camber,
and king pin inclination are beneficial to ease
of steering but require only reasonable accu-
racy to provide normal tire life. With the type
of front suspension used, the toe-in adjustment
is much more important than caster and cam-
ber in so far as tire wear is concerned. Caster
and camber adjustments need not be consid-
ered unless visual inspection shows these set-
tings to be out, or unless the car gives poor
handling on the road.

In the majority of cases, services consisting
of inflating tires to specified pressure and in-
terchanging tires at recommended intervals
(par. 6-8), balancing all wheels and tires (par.
6-28), adjusting steering gear (var. 7-4), and
setting toe-in correctly (subpar. e, below) will
provide more improvement in car handling and
tire wear than will front end alignment adjust-
ments as usually made on front end alignment
equipment.

The use of accurate front end alignment
is essential to determine whether front suspen-
sion parts have been damaged by shock or acci-
dent, and to obtain correct alignment settings
after new parts have been installed.

a. Inspection Before Checking Front Wheel
Alignment
Before any attempt is made to check or make
any adjustment affecting caster, camber, toe-in,
king pin inclination, or steering geometry, the

'CURB WEIGHT

MEASUREMEMNT AT CURB WEIGHT
INCLUDES GAS, OIL, WATER, SPARE
TIRE AND BUMPERS BUT NO
PASSENGERS.

TOE-IN

CURB WEIGHT.
DISTANCE A" TO BE ™
Y4 TO A LESS THAN
“B” MEASURED OUTSIDE
FRONT TIRES.

MARK TIRE, MEASURE,
ROLL CAR 4 WHNEEL
REVOLUTION AND MEASURE
DIFFERENCE AT MARK

CAMBER

ICURB WEIGHT.

34° POSITIVE DESIRED
BOTH WHEELS,

UMITS: %4° POSITIVE
TO % ° NEGATIVE.
NOTE: — CAMBER ON
BOTH WHEELS SHOULD
BE WITHIN %° OF
EACH OTHER.

—f= CAMBER

.

FRONT OF CAR LEVELED—

FRAME TO LOWER CONTROL ARM
SAME ON EACH SIDE.

CORRECT TIRE PRESSURE.

FRONT

STEERING GEOMETRY
(TOE-OUT)

WHEN OUTER WHEEL TURNS 20°
INNER WHEEL TURNS 21% 2 %°

VERTICAL

FRONT OF CAR 4%° AT %°

A

CAMBER,
veRTIAL T KING - PIN
CASTER INCLINATION
CURB WEIGHT, CURB WEIGHKT

%° POSITIVE DESIRED BOTH SIDES
UMITS:. °TO 1%4° POSITIVE
NOTE:—CASTER ON BOTH SIDES

SHOULD BE HELD WITHIN 'A° OF
EACH OTHER.

Figure 6-32—Frent Whesl Alignment Specificatien Chart—All Seriea
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following checks and inspections must be made
to insure correctness of alignment equipment
readings and alignment adjustments.

1. The front tires should have approximately
the same wear and all tires must be inflated to
specified pressures (par. 6-8).

2. Check front wheel bearings for looseness
and adjust, if necessary (par. 6-14).

3. Check for run-out of wheels and tires and
correct to within limit of 14” run-out at side of
tires, if necessary.

4. Check wheels and tires for balance and
correct if out of balance (par. 6-28).

5. Check for looseness at king pins and tie
rod ends; if found excessive it must be cor-
rected before alignment readings will have any
value.

6. Check shock absorber action and correct,
if necessary (par. 6-10).

7. Car must be on a level surface and at curb
weight (no passengers, no load in car, spare
tires in place. and full of water, oil, and yaso-
line).

8. Bounce car at front and rear ends scveral
times to allow frame to come to its normal
level, Check spring trim dimensions and make
anyv correction indicated (par. 6-17 and 6-20).

9. It is also advisable to check the condition
and accuracy of any equipment being used to
check fromt end alignment, and to malke cer-
tain that instructions of the manufacturer are
thorouyhly understood.

b. Checking Caster and Camber Settings

Since caster and camber ave both adjusted
by turning the eccentric knuckle support upper
pivot pin, both of these settings must be checked
before changing cither setting.

CAUTION: Regardless of cquipment used
to checl cuaster and camber, car must be on
level surface both transversely and fore and
aft, and must be at curb weight. Since camber
varies 1n proportion lo the height of the front
springs, it i8 very important that the correct
spring brim dimension is maintained while
checkimg camber (par. 6-17).

When equipment is uxed which bears against
the tire or wheel rim to obtain readings, it
18 very essential that the tires or wheels be
checiced for run-out. Readings must be taken
at points which have no run-out or which lie
n the same planc,

Caster and camber should be within the lim-
it8 shown in figure 6-32. Note that the caster
angles at both front wheels need not be exactly

the same but must be within 14 degree of each
other. Likewise, the camber angles on both
sides must be within 34 degrees of each other.
If caster and camber are not within the speci-
fied limits, adjust as deacribed below.

¢. Adjustment of Caster and Camber

Caster and camber must be adjusted together
to obtain the best average setting of each
within the specified limits given in figure 6-32.

1. Loosen pivot pin clamp bolt on upper end
of knuckle support. Remove grease fitting from
the clamped type upper pivot pin bushing. This
bushing is on front end of the right pivot pin
and on rear end of left pivot pin. See figure
6-33.

FITIING BUSHING  UPPER PIVOT PN

A

LOWER CONTROL AR

Figure 6-33—Steering Knuckin Support and Pivet Pins

2. Insert 14” Allen wrench into hex socket
in end of upper pivot pin, then turn pivot pin
as required to bring the caster and camber set-
tings within the limits specified in figure 6-32.
One-quarter turn of pivot pin changes caster
angle 14 degree. One-half turn of pivot pin
gives the maximum available range of camber
adjustment.

3. Tighten pivot pin clamp bolt and recheck
caster and camber settings. Install grease fit-
tings.

4. Any change greater than 14 degree in
caster will require checking of toe-in (subpar.
e, below), since a change in caster will change
toe-in to some extent.
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5. If camber is incorrect and cannot be ad-
justed to proper limits, adjust camber as close
to specifications as possible and then check king
pin inclination (subpar. d, below) before at-
tempting further correction.

d. Checking King Pin Inclination

CAUTION: When checking king pin inclina-
tion, car must be on a level surface, both trans-
versely and fore and aft. It must be at curb
weight and must be maintained at specified
spring trim height while checking (par. 6-17).

With camber known to be within specified
limits, king pin inclination should check within
specified limits given in figure 6-32. )

If camber is correct and king pin inclination
is not correct, a bent steering knuckle support
18 indicated.

which fatigue and breakage may develop in
service.

e. Checking and Adjusting Toe-In

CAUTION: Car must be at curb weight and
specified trim height, with steering gear and
front wheel bearings properly adjusted and no
looseness at tie rod ends. See subpaeragraph a,
above. The car should be moved forward one
complete revolution of the wheels before the
toe-in check and adjustment is started and the
car should mever be moved backward while
making the check and adjustment.

1. Turn steering wheel until lower spoke is
vertical, with front wheels in straight ahead
position,

2. Measure the horizontal distance from the
near edge of front boss of lower control arm
shaft to the front edge of brake backing plate,

Figure 6-34—Front Toe-in

If camber is incorrect beyond limits of ad-
justment and king pin inclination is correct, or
nearly 80, a bent steering knuckle is indicated.

1f camber and king pin inclination are both
incorrect by approximately the same amounts,
a bent upper or lower control arm is indicated.

There is no adjustment for king pin inclina-
tion as this factor depends upon the accuracy
of the front suspension parts. Distorted parts
should be replaced with new parts. The prac-
tice of heating and bending front suspension
parts to correct errors is not recommended as
this may produce soft spots in the metal in

on each side. Adjust tie rods, if necessary, to
make measurements equal on both sides. See
figure 6-34 dimensions “X.”

3. Using a suitable toe-in gauge, measure
the distance between outside walls of tires at
the front at approximately 10” from the floor.
See figure 6-34 dimension “A.” Mark points
where gauge contacts tires. NOTE: An accu-
rate check also can be made by raising and
rotating front wheels to scribe a fine line near
the center of each tire, then. with tires on the
floor and front spring trim height correct,
measure between scribed lines with a suitable
trammel. See figure 6-34, dimensgion “C.”
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4. Roll the car forward until measuring
points on tires are approximately 10” from the
floor at the rear, and roeasure the distance be-
tween points used in Step 3 above. The mea-
surement at the front (dimension “A" or “C")
should be 14,” to %" less than the measurement
at the rear (dimension “B” or "“D’). See fig-
ure 6-34.

5. If toe-in is not within specified limits,
loosen clamp bolts and turn adjusting sleeves as
follows:

(a) Series 40-4#4-50. Decrease toe-in by turn-
ing left sleeve in same direction as wheel
rotates moving forward and turn right sleeve
in opposite direction. Increase toe-in by turning
both sleeves in opposite direction.

(b) Series 70. Increase toe-in by turning left
sleeve in same direction as wheel rotates mov-
ing forward and turn right sleeve in opposite
direction. Decrease toe-in by turning both
sleeves in opposite direction,

CAUTION: Left and right adjusting sleeves
must be turned exactly the same amount but in
opposite directions when changing toe-in, in
order to maintain front wheels in straight
ahead position when steertng wheel lower spoke
18 straight down.

6. After correct toe-in is secured tighten
clamp bolts securely. On Series 70, make sure
that tie rod clamps are within %" of end of
rods and that ear of clamp overlaps slot in tube
not less than 4", See figures 6-35.

f. Checking Steering Geometry
(Turning Angles)

CAUTION : Be sure that caster, camber, and
toe-in have all been properly corrected before

" FROM END

EA¥ OF CLAMP MUST OVERLAP 81T -
IN TUBE NOT LESS THAN 1, 14"

Figure 6-35—Correct Position of Tle Rod Clamp

checking steering geometry. Steering geometry
must be checked with the weight of the car on
the wheels.

1. With the front wheels resting on full float-
ing turntables, turn wheels to the right until
the outside (left) wheel is set at 20 degrees.
The inside (right) wheel should then set at
angle specified in figure 6-32.

2. Repeat this test by turning front wheels
to the left until the outside (right) whee] sets
at 20 degrees; the inside (left) whee] should
then set at angle specified in figure 6-32,

3. Errors in steering geometry generally indi-
cate bent steering arms, but may also be caused
by other incorrect front end factors. If the error
is caused by a bent steering arm it should be
replaced. Replacement of such parts must be
followed by a complete front end check as de-
scribed above.
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