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) 1. General.—a. This manual describes the functions and operating
! fundamentals of all the usual devices employed in transmitting the
power of the engine to the wheels of a motor vehicle, as well as the
| . = . T . .
: several power take-off devices sometimes used. These units include
clutches, transmissions, auxiliary transmissions, transmission driven
o4 accessories (winches, hoists, and special power take-off equipment),

transfer cases, propeller shafts, universal joints, final drives, differen-
tials, live axles, devices for resisting drive torque and thrust, and the
bearings used therein.
b. A knowledge of these units is essential to the intelligent opera-
l tion, maintenance, and repair of the motor vehicle.
¢. The more common elements of the power transmission system
i assembled in their proper relation are shown in figure 1. The trans-
' mission, sometimes referred to as the change gears, is dviven by the
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engine through the clutch and enables a vehicle to operate over differ-

ent types of roads at different speeds with varying loads by changing

gears. Power is transmitted from the transmission to the rear or driv-
ing axles by the propeller shaft, universal joints, final drive, and
differential.

2. Terminology.—For purposes of clarity and ready reference,
the following terms are defined :

Acceleration.—The average rate of change of an increasing velocity
or speed, as feet per second per second. The opposite of decel-
eration.

Anqgular velocity—The rate of angular motion, usually expressed in
degrees, revolutions per second, or revolutions per minute (r. p. m.).

Automotive—~Self-propelling; hence pertaining to vehicles or ma-
chines such as automobiles, motoreycles, airplanes, or motor boats.

Awial—In the direction of the axis.

Aaxis—A center line, A line about which something rotates or about
which it is evenly arranged.

Bearing—A part in which a journal, pivot, or pin turns or revolves.
A part on or in which another part slides.

Bevel gear—One of a pair of meshing gears whose working or pitch
surfaces are ineclined to the center lines of the driving and driven
shafts. The pitch surface is a portion of a cone.

Body—A mass or portion of matter distinet from other masses, as
a moving body.

Bogie—A unit consisting of two axles joined by a single crosspiece
(trunnion axle). Generally used with the rear four wheels of a
six-wheeled vehicle,

Bronze—An alloy consisting essentially of copper and tin.

Bushing.—A detachable lining of bronze, babbit, or other anti-fric-
tion metal used as a bearing for a shaft, spindle, or pivot.

Centrifugal force—The force acting on a rotating body which tends
to throw it away from its center of rotation.

Compression.—Act of pressing into a smaller space or reducing in size
or volume by pressure.

Concentric—Having the same center, as circles or spheres, one within
another. Opposed to eccentric.

Deceleration.—The average rate of change of a decreasing velocity
or speed, as feet per second per second. The opposite of acceleration.

Energy—Capacity for doing mechanical work, usually measured in
foot-pounds.

Foaot-pound —The work done in lifting 1 pound 1 foot. A measure-
ment of energy, work, or torque.

L rETITATITY
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Foree—~The action that one body may exert upon another to change
its motion or shape. Forces between bodies are always equal in
amount and opposite in direction. Forces are measured in pounds.

Friction—The resistance to relative motion between two bodies in
contact. If the bodies are in sliding contact, the resistance is called /
sliding friction; if they are in rolling contact, it is called rolling
friction. §

Fulerwm—~The support, as a wedge-shaped piece or a hinge, about
which a lever turns. s

Gear ratio—The ratio at which gears can transmit speed or torque. g
When speed is increased, torque is decreased, and vice versa. For
example, a 60-tooth gear driving a 12-tooth gear gives a ratio of s
1 to 5, which means that the driven gear revolves five times as fast s
as the driving gear, increasing speed and reducing torque. On the s

other hand, a 12-tooth gear driving a 60-tooth gear gives a ratio of
5 to 1, which means that the driven gear revolves five time as slowly
as the driving gear, increasing torque and decreasing speed.
Heat.—A form of energy.
Helical—In the shape of a helix, which is the shape of a screw thread 7
or coil spring.

1
Herringbone gear.—A gear with double helical teeth inclined in oppo- 'S
site directions from the center of the face. ;
Horsepower—A unit for measuring power, which is 550 foot-pounds
per second or 33,000 foot-pounds per minute.
Idler gear—A gear placed between a driving and driven gear to make
them rotate in the same direction. It does not affect the gear ratio. 1
Integral —Part of the same piece. An integral part as distinguished
from a separate part that is fastened on.
Jack shaft—An intermediate driving shaft.
Member—Any essential part of a machine or structure.
Meshing.—The mating or engaging of the teeth of two gears. ]
Pilot.—A short plag at the end of a shaft to aline it with another shaft
; or rotating part. i
it Pinion.—The smaller of two mating or meshing gears.
i Poppet.—A spring loaded ball engaging a notch. A ball latch.
% Power—The capacity to do work or the rate at which it is done. Tt i
i is measured in horsepower. i
s Radial —Originating from or acting upon a common center, as the
i spokes in a wheel. N
i Ratio—The numerical relation between two things expressed as the
B division of one quantity by the other. Thus the ratio of 48 to 12
is represented by 48/12 or 48: 12, or 4 to 1, as in gear ratio.
1
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Reaction.—An opposing force.

Rotating—Turning or revolving.

Shackle—A swinging support for the end of a spring that permits it
to vary in length as it deflects.

Solenoid—A coil of wire that has magnetic properties when an
electric current is passed through it.

Spider—A part consisting of a ring or solid center with projections
outward used to space and aline adjoining parts.

Spiral bevel gear—A bevel gear having curved teeth.

Spline—A series of parallel keys integral with a shaft, mating with
corresponding grooves cut in a hub or fitting.

Spur gear— A gear having straight teeth.

Strain—A deformation or change of shape resulting from stress.

Stress—The forces exerted on, within, or by a body during tension or
compression. The opposing reaction of the interior elements of a
solid body against forces tending to deform it.

Synchronize—To make two or more events or operations occur at the
proper time with respect to each other.

Tension—A stress caused by pulling.

T'hrust.—A force tending to push a body out of alinement. A force
exerted endwise through a member upon another member,

Torque—A twisting or wrenching effort. Torque is the product of
force multiplied by the radial distance from the center of rotation
to the point at which it is applied. It is usually measured in foot-
pounds.

T'orsion—The act of twisting or the state of being twisted. The
deformation of a body caused by twisting.

7'runmion.—Either of two opposite pivots or eylindrical projections
from the sides of a part or assembly, supported by bearings, to pro-
vide a means of swiveling or turning the part or assembly.

Velocity—The rate of motion or speed at any instant. Usually
measured in miles per hour or feet per second or minute.

Vibrate—~To move back and forth unceasingly over the same path;
generally said of the rapid succession of motions of the parts of an
elastic body.

Work.—The energy expended to overcome resistance.

Worm.—A short revolving serew, the threads of which mesh with the
teeth of a worm gear.

Worm gear—A gear having concave, helical teeth that mesh with
the threads of a worm. Also called a worm wheel.
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Secrion 11

CLUTCHES
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3. Purpose.—The purpose of a clutch in a motor vehicle is two-
fold. First, it provides a means of disconnecting the power of the

engine from the driving wheels. When the clutch is disengaged by
the operator, the engine can run without driving the vehicle. This
is made use of when gears are shifted and when the vehicle is stopped
after applying the brake. When a vehicle stands for long periods or
when the operator leaves it and therefore cannot keep the cluteh pedal
depressed, the same result can be obtained by placing the transmission
in neutral and engaging the clutch. A gasoline engine develops but
little power when running at low speed. It takes considerable power
to start a vehicle, especially uphill. Means must therefore be pro-
vided to allow the engine to run at a sufficiently high speed to develop
enough power to start a vehicle and at the same time apply this power
to the wheels without jerks and without stalling the engine. There- ;

fore, when a vehicle is started, the clutch allows the engine to take up !
the load of driving the vehicle gradually and without shock. !
4. Operation.—Clutches generally transmit power from the clutch {
driving member to the driven member by friction. This is accom- I
plished by bringing one or more rotating driving members, secured to ‘
the crankshaft, into gradual contact with one or more driven members, :
:

secured to the unit being driven, which are either stationary or rotat-
ing at a different speed. This contact is established and maintained
by strong spring pressure controlled by the driver through the clutch
pedal and suitable linkage. As the spring pressure increases, the fric-
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tion increases. Therefore when the pressure is light, the compara-
tively little friction between the members permits a great deal of
slippage. As the spring pressure increases, less slippage occurs.
When the full spring pressure is applied, the speed of the driving and
driven members is the same, all slipping stops, and there is in effect a
direct connection between the driving and driven shafts.

5. Clutch facings.—The driven members of a clutch are usually
faced with a frictional material to assure sufficient friction for a

COUNTERSUNK
RIVETS

~

WITH INTERWOVEN BRASS WIRE

Ficrrr 2,—Clutch facings of asbestos fiber interwoven with brass wire riveted to clutch-
driven members,

smooth positive drive. Since friction produces heat, the facing ma-
terial should be heat resistant. Leather was formerly used extensively
for this purpose, but since it will not withstand much heat without
charring, it is not now used. Today the most usual clutch facings are
molded or woven materials containing asbestos fiber. Sometimes brass
wire is interwoven with the asbestos fiber to give it additional strength.
Such materials are very similar to brake linings and have satisfactory
frictional and heat resisting properties. Clutch facings are usually
attached to clutch plates or disks by rivets as shown in figure 2.

6. Pilot bearings.—Pilot bearings are used in all antomotive main
clutches. The purpose of a pilot bearing is to maintain positive aline-
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ment between the clutch shaft and the engine erankshaft while allow-
ing each to rotate independently. Probably the most usual pilot bear-
ing arrangement consists of a needle bearing, held in a hole or cup in
the rear end of the crankshaft. that supports the forward end of the
cluteh shaft. The end of the clutch shaft is reduced in diameter to
fit into the needle bearing. Ball bearings and plain bronze bushings
are sometimes used instead of needle bearings. In some types of
clutches, the pilot bearing is formed by a projection of smaller
diameter on the rear end of the crankshaft that enters a hole in the
clutch shaft. Various pilot bearing arrangements are shown in figures
of different clutches. Needle and ball bearings as well as roller bear-
ings are classified as antifriction bearings. They are used throughout
the power transmission train and are described in section VIL.

7. Clutch release bearings.—Clutch release bearings, sometimes
called throwout bearings, are important parts of all antomotive main
clutches. The funection of the release bearing (figs. 3 and 4) is to trans-
fer the heavy thrust of the clutch springs from the driving plate or
disks to the clutch housing and clutch pedal while the clutch is dis-
engaged. A ball thrust bearing is almost always used for this pur-
pose. The release bearing is contained in the clutch release shoe, or
clutch release bearing housing. It is moved by the release yoke to
separate the clutch driving members from the driven members when
the cluteh pedal is depressed by the driver.,

8. Plate clutch.—a The plate cluteh has three plates, one of
which is clamped between the other two. Exploded and cross sec-
tional views of a plate clutch are shown in figure 3. This type of clutch
is used today in most passenger cars and light trucks. The driving
members consist of the flywheel and the driving (pressure) plate. The
driven member consists of a single plate, or disk, splined to the clutch
shaft and faced on both sides with friction material. When the clutch
ig fully engaged, the driven plate is firmly clamped between the fly-
wheel and the driving plate by pressure of the clutch springs, forming
a direct, nonslipping connection between the driving and driven mem-
bers of the clutch. In this position, the driven plate rotates the clutch
shaft to which it is splined. The clutch shaft is connected to the
driving wheels through the transmission, propeller shaft, final drive.
differential and live axles.

b. When the driver disengages the clutch by depressing the pedal,
the release yoke lever is moved on its pivot and pressure is applied to

b r————
o A =t 5.
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-
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i the release shoe containing the release bearing (nonrotating members)
E and the sleeve which rotates with the elutch assembly. The sleeve in
I’ turn presses against the three pressure levers and moves them on their
i
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pivots. The outer ends of the pressure levers are pivoted to the driv-
ing plate and force it back, compressing the clutch springs and reliev-
ing the pressure on the driven plate which is then left free between
the flywheel and the driving plate. When the clutch is in the disen-
gaged position, the driven plate and the clutch shaft can come to rest
while the driving members continue to rotate. As long as the driver
keeps the clutch pedal depressed, the engine will run without trans-
mitting power to the transmission.

e. The cluteh housing is stationary at all times. The release lever
moves only on its pivot which is fastened to the housing by means of its
bracket; it does not rotate. All other parts of the clutch assembly
rotate with the flywheel when the cluteh is engaged. When the clutch
is disengaged, all these parts rotate with the flywheel except the driven
plate with its friction facings and the clutch shaft.

d. In the plate clutch and in several other types, the flywheel itself
is used as one of the driving members of the elutch. This is advan-
tageous for three reasons. First, it reduces the number of parts re-
quired, simplifying construetion. Second, the flywheel is usually made
of cast iron which contains graphite; the graphite content of the cast
iron provides a lubricant which helps the friction surfaces to engage
gently without “chatter.” For this reason, the driving plate is also
usually made of cast iron. Third, friction causes heat and heat is
more readily conducted and dissipated by a member containing a large
amount of metal than by a small, light member. Therefore, in ordi-
nary operation, the clutch assembly is kept from overheating without
using cooling devices.

e. In some clutches, a diaphragm spring is used instead of a number
of coil springs. This is a saucer-shaped piece of spring steel punched
to give it greater flexibility as shown in figure 4. When the clutch
is engaged, the spring is almost flat and its entire outer rim exerts
pressure against the driving plate. Its action is similar to that of the
botton of an ordinary oilcan. Figure 4 also shows the shape of the
spring when the clutch is engaged and when it is disengaged.

f. Another popular clutch has a large number of pressure levers ar-
ranged in a circle which exert pressure at many points around the
pressure plate when the clutch is disengaged. It also has one large
coil spring at the center.

g. In an effort to make clutch engagement as smooth as possible
and to eliminate “chatter”, several methods have been used to give
a little flexibility to the driven plate. One method (fig. 5) uses a plate
punched to form spokes or segments. The plate is also dished so that
the inner and outer edges of the facings make contact with the driving

10
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Ficore 4. —Diapliragm spring for plate cluteh operation.
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Fisurn 5,—spoked and dished driven plate showing gradual contact with driving plate,
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E: members first and the rest of the facings make contact gradually as

e more spring pressure is applied and the plate is flattened out. In

{88 another type, the spokes are twisted slightly which also causes the |
*ﬁié facings to make gradual contact as the plate flattens out. In still '
et i .

i another type the spokes are alternately bent slightly forward and

‘i back. When these designs are employed, the plate must be made of
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Ficure 6,—Clutch driven plate with flexible center,

a spring steel so that it will resume its bent shape every time the
pressure of the driving members is relieved.

k. The driven members in many plate clutches are provided with
flexible centers as shown in figure 6. The power impulses of the
pistons make the engine crankshaft and flywheel turn at varying
speed. This causes torsional vibration which would be transmitted
to the power train unless it is lessened or eliminated. One method
of doing this is to provide the driven plates with flexible centers
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(fig. 6) which absorb much of this vibration by allowing some rela-
tive rotation between the driven plate and its hub. The large driven
plate to which the facings are attached and the small top plate which
is riveted to it are free to rotate around the hub. A smaller middle
plate is rigidly attached to the hub. Rivets with spacer washers
connect the top and bottom plates through clearance spaces in the
middle plate. Coil compression springs are placed in slots punched
through the three plates and retained in position by wire rings on both
sides of the assembly as shown in figure 6. The driven plate turns
slightly with relation to its hub until under extreme conditions the
springs are fully compressed, when relative motion stops. Then the
plate can rotate slightly backward as the springs de(‘omp1e9<~ This
slight backward ‘mcl forward rotation permitted by the spring con-
nection between the hub and plate allows the clutch shaft to rotate
at a more uniform rate than the crankshaft, thereby eliminating some
of the torsional vibration and preventing it b&'l]li" carried back through
the transmission. The springs arve called damper springs because
they damp or check the vibration.

9. Semicentrifugal clutch.—A variation of the ordinary plate
clutch is the semicentrifugal clutch (fig. 7) which is used in several
passenger cars. The three pressure levers in this clutch are provided
with weights on their curved outer ends which fly outward as the
engine speed increases. This causes the pressure lever to turn counter-
clockwise on its pivot, thereby pressing the needle bearing and the
driving plate to which it is attached against the driven plate. The
higher the engine speed, the greater is the pressure. This device
permits the use of less total clutch spring pressure with a cor-
responding decrease in the pedal pressure necessary to decluteh at
low engine speeds. This is advantageous when it is necessary to
hold the clutch pedal down for fairly long periods, as while waiting
for a traffic light. Otherwise, the semicentrifugal clutch is very
similar in construction and operation to the ordinary plate elutch.

10. Lubricated plate clutch.—A rather unusual variation of the
plate clutch, which has been used in one passenger car for a long
time, is shown in figure 8. This clutch has an oiltight case and runs in
a light-bodied oil mixed with a small amount of oleic acid. In
this respect, it is similar to the lubricated disk clutches described in
paragraph 14c. The driven plate contains a large number of
tempered cork inserts. These inserts are factory assembled and
when worn out the entire plate must be renewed.

11. Cone clutch.—The cone clutch was the first type used in auto-
mobiles, It is now seldom used in motor vehicles, having been super-

13
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FIGUEr 7.—Cross sectional view of semicentrifugal eluteh.

seded by the plate and disk types. However, a small cone clutch
having a metal-to-metal contact is used in the synchro-mesh trans-
mission described in paragraph 26. The flywheel, which forms the E
driving member of a cone clutch, has the inside of the rim machined
on a taper. The driven member, or cone, faced with friction ma- '
terial fits into the taper of the flywheel rim. The usual type of '

14
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cone clutch is the direct cone in which the cone disengages from the
flywheel away from the engine although the inverted cone and
double cone types have had very limited use. In the inverted cone
clutch, the cone is turned around the other way and disengages
toward the engine. The double cone clutch is a back-to-back arrange-
ment that is used only where very high power must be transmitted.
A good idea of the arrangement of parts and operation of the
simple, direct cone clutch may be gained from figure 9, which shows
the combination plate and cone clutch.

12. Clutch brakes.—Clutch brakes are devices used to stop the
driven members from spinning after the clutch is disengaged. Gears

CLUTCH RELEASE
/BEARING

OIL SEAL

CLUTCH

INSERTS

Freure 8.—Lubricated (wet) plate eluteh with cork inserts in the driven plate.

can be shifted without clashing only when the teeth of the meshing
gears are stationary or rotating at approximately equal speeds.
Clutch brakes are not necessary with plate and disk clutches of
small diameter, but they are sometimes used with large heavy
clutches of this type. A clutch brake is simply a mating pair of
disks or cones, one of which is faced with friction material. They
are arranged so that one of the pair rotates with the driven member
and one remains stationary. When the clutch is disengaged, the
stationary member bears against the rotating member, under spring
pressure, and stops it from spinning.

13. Plate and cone clutch.—The plate and cone clutch (fig. 9)
combines the features of both the plate and direct cone clutches. It
has a large friction area, will transmit high power, and is especially

15
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FLYWHEEL
(DRIVING)

Fiivre 9.—Plate and cone eluteh,
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adapted to heavy bus and truck use. Springs between the plate and
cone cause the plate to make contact with the flywheel before the
cone. This particular clutch is disengaged by moving the entire in-
ternal assembly back away from the flywheel by means of a release
voke and bearing located to the right of the assembly, but not shown
in the figure. The pilot bearing in this clutch consists of a reduced
end on the erankshaft that extends into a bushing in the clutch shaft.

14. Disk clutch.—The disk elutch is one having more than three
disks. Tt is used to obtain greater frictional area than can be had
with a plate clutch of the same diameter and consequently it has a
greater capacity to transmit power. It is often used on the heavier
and more expensive passenger cars and on trucks. It consists of
alternate driving and driven disks. The driving disks are rotated
by the flywheel through a eylindrical housing which has inner splines
or lugs that engage corresponding teeth on the rims of the disks.
The driven disks are splined or otherwise connected to the clutch
shaft. When the clutch is engaged, the disks are all pressed tightly
together by the clutch spring. When the clutch is disengaged, the
pressure is relieved and there is no longer sufficient friction for the
driving disks to rotate the driven disks. Consequently the clutch
shaft and driven disks can come to rest while the driving members
continue to rotate with the engine flywheel,

a. A popular and simple form of the disk cluteh, sometimes called
a double plate elutch, is shown in figure 10. Tt is substantially the
same as the plate eluteh (fig. 3) except that another driven disk and
an intermediate driving disk are added. The driving disk and pres-
sure plate are connected to the flywheel by parallel pins. Both driven
disks are mounted on the same splined hub in this case, although
some manufacturers employ two separate hubs. The release mecha-
nism is the same as that for the plate clutch.

b. A multiple disk clutch extensively used and suitable for trans-
mitting high power, is shown in figure 11. A large number of disks
are used, often as many as eleven driving and ten driven disks for
heavy trucks, The driving disks have teeth around their outside
edges, similar to gear teeth, that mesh with internal teeth in the
clutch case which is bolted to and rotates with the flywheel. The
driven disks are carried on parallel pins which are solidly set in the
clutch spider. This construction permits movement of all the disks
and the pressure plate in order to provide clearance between them.
When the clutch is engaged, the spring presses the pressure plate for-
ward, holding all the disks firmly together. This causes the clutch
spider to revolve and turn the clutch shaft to which it is keyed.
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"' Frorre 10.—Disk cluteh with two driven disks. ’

When the clutch pedal is depressed, it acts through the release yoke
and bearing, moving the pressure plate backward. This action dis-
engages the vise-like grip of the driving disks upon the driven disks
and allows the driven disks and cluteh shaft to come to rest while
the driving members continue to rotate. In multiple disk clutches,
the facmm are usually attached to the driving disks,

v n"e:_i;‘ff'?;‘,_,_"“""‘ Py P
b g

-

1 This reduces
E‘: the weight of the driven disks and consequently their tendency to
i continue spinning after the clutch is released. Because of the con-
il siderable number of disks involved, the pressure plate has to move
i
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Fioure 11.—Mulfiple disk elutch,

farther to separate the plates completely than it does in clutches hav-
ing fewer driving and driven members. There is, therefore, less
mechanical advantage on the clutch pedal and a greater foot pressure
is required to depress it. The tendency to drag after declutching is
somewhat greater than in single plate clutches.

¢. In a lubricated disk clutch, sometimes known as a “wet” disk
clutch, the disks and entire internal assembly run in an oil bath.
The gradual engagement between the driving and driven plates is
partly effected by pressing the oil from between the disks. As the
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oil is éliminated, the friction increases. Obviongly the oil in the
bath must not thicken too much at low temperatures. To prevent
this, engine oil diluted with kerosene is often used. Some lubricated
disk clutches employ a large number of unfaced metal disks which
have metal-to-metal contact when engaged. Lubricated disk clutches
are not extensively used.

15. Centrifugal clutch.—The centrifugal clutch is an automatic
clutch consisting of internal shoes similar to brake shoes which are
expanded inside of a cast iron clutch drum by the centrifugal force
of two governor weights. The clutch starts to engage at a speed
of 400 r. p. m. and is fully engaged at 800 r. p. m. Quick engagement
can be effected by rapid acceleration of the engine. When the engine
speed drops to 400 r. p. m., the clutch disengages. This type of clutch
has had extensive application on buses having automatic transmissions.

16. Vacuum-operated automatic clutches.—Vacuum-operated
automatic clutches of different designs are used on some motor
vehicles but their principle of operation is the same. A cylinder
having suitable valves and containing a piston is mounted along-
side the engine. The piston rod is connected to the clutch release
shaft lever in such a way that the piston, in moving forward in the
cylinder, disengages the clutch. The forward end of the cylinder
is connected through valves to the intake manifold of the engine.
When an engine is running, there is a partial vacuum in the intake
manifold which increases when the throttle is closed and decreases
when the throttle is opened. A vacuum is simply a pressure less
than that of the atmosphere; the lower the pressure, the higher
the vacuum. When atmospheric pressure is applied to the back of
the pistol and the pressure in front of the piston is reduced to less
than atmospheric by the vacuum in the intake manifold, there is an
unbalanced pressure on the back of the pistol that causes it to move
forward with considerable force. This force, transmitted through
the piston rod, is used to disengage the clutch. This type of clutch

control can be arranged to disengage the clutch automatically every D
time the accelerator is released and to reengage it when the ¥
accelerator is depressed. ;

a. One design of vacuum cluteh is shown in figure 12. When the 6
solenoid valve is opened from the control switch on the instrument &
panel, the intake manifold of the engine is connected to the control 5
valve plunger which controls the vacuum in the power cylinder. y
Releasing the accelerator pedal pulls this plunger out, a vacuum is ¢

formed in the front of the cylinder, air is admitted to the rear of
the eylinder through a check valve in the piston and a bypass in the :
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piston rod, and the piston moves forward, disengaging the clutch.
When the accelerator pedal is depressed, the plunger closes the
vacuum port and admits air to the front of the power cylinder,
equalizing the pressure on both sides of the piston. The clutch
springs then pull the piston back, forcing air out of the rear of the
cylinder through the air bypass which is a groove in the piston rod.
The air bypass extends to within 114 inches of the piston and is
closed as soon as its inner end enters the seal in the cylinder head.
The piston is allowed to move rapidly up to this point where the
cluteh plates are ready to engage. Now the air can escape from the

21

=TI TTARY

NSy



TM 10-585

16-17 QUARTERMASTER CORPS

rear of the cylinder only very slowly through the bleed line and
cushion control, or pendulum, valve. When the vehicle is at rest
or accelerating slowly, the pendulum hangs straight down and per-
mits the air to escape through a tapered slot in the control valve
plunger. The farther the plunger is pushed in by the accelerator,
the larger is the portion of the taper slot allowing air to escape. As
the accelerator is depressed, the air flow increases, so that there is
slow clutch engagement as the accelerator is slightly depressed and
more rapid engagement as it is increasingly depressed. If the clutch
engages too rapidly, tending to jerk the car, the pendulum swings
backward, partially or completely closing the air passage and slow-
ing up the clutch engagement. The clutch pedal is normally used
only for emergencies and when the engine is not operating.

b. Another type of vacuum-operated automatic clutch employs a
“vacuum suspended” piston, which means that pressure is equalized
by having vacuum on both sides of the piston. The pressure dif-
ference for disengaging the clutch is produced by admitting air to
the rear of the cylinder when required. In this type of control, the
travel of the piston is closely balanced against the travel of the
accelerator pedal.

17. Dog and spline clutches.—Dog and spline clutches are used
in transmissions, transfer cases, and power take-off devices. They
are not used for the same purpose as the clutches described above.
They make metal-to-metal contact and eannot bring the speed of the
driven member up to that of the driving member gradnally. They
can be engaged only when the two members are at rest or running at
approximately the same speed. They are called “positive” clutches
because they do not depend upon friction to transmit power. How-
ever, their funection is similar to that of the main elutch in a motor
vehicle, because when they are disengaged, the driving member rotates
independently of the driven member and when they are engaged, both
members rotate as a unit.

a. The dog, or gear, clutch shown in cross section in figure 13
consists of a driven gear with internal teeth cut on the inside of its
rim. It has a splined hub and slides on its shaft. The internal teeth
of the driven gear mesh with external teeth on the driving gear which
is a part of the driving shaft. A pilot bearing keeps both shafts in
alinement and permits them to rotate independently when the clutch
is disengaged.

b. The spline clutch (fig. 14) is similar in its action to the dog
clutch. It connects or disconnects two splined shafts by means of a
sliding splined hub.
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18. Fluid drive.—FlInid drive has lately been introduced in
American motor vehicles. The principle of this type of drive is
illustrated by the action of two electric fans (fig. 15) placed facing
each other; one with power connected, and the other with power
disconnected. As the speed of the power-driven fan is increased,
power is transmitted to the motionless fan by the flow of air and
it starts to rotate. The free running fan gains speed until it is
rotating almost as rapidly as the power-driven fan. The same action
takes place in the fluid drive, or liquid coupling as it is sometimes
called, except that oil instead of air transmits the power. The fluid
drive consists of a centrifugal pump, or impeller, driven by the
engine; and a runner or turbine mounted on the driven shaft. These
parts are shown in figure 16 unassembled on the erankshaft. There
is no metallic connection between them. The entire assembly is
mounted on the engine crankshaft in place of the conventional fly-
wheel and the starter gear is attached to the impeller or driving
member. An oiltight joint unites the case and the impeller so
that the runner or driven member is inclosed between them. The
driven shaft is made oiltight by a spring loaded bronze sealing ring
attached to the center of the case. The assembly is about four-fifths
full of oil. When the crankshaft and impeller rotate, the oil is
thrown by centrifugal force from the center to the outside edge of
the impeller between the vanes. This increases the velocity of the
oil and increases its energy. 'The oil then enters the runner vanes at
the outside and flows toward the center imparting a rotating motion
to the runner. The oil circulates as long as the impeller and runner
rotate at different speeds. When the two members ave rotating
at the same speed, the oil stops circulating. Both members of the
drive are the same so that when coasting, the wheels drive the
engine as they do in the usnal type of drive. In this case, the oil
circulates in a reverse direction. When the engine is idling, the
energy imparted to the oil by the impeller is insufficient to rotate
the runner. However, the percentage of power lost through slippage
at normal driving speeds is said to be very small, ranging from
1 percent at 25 miles per hour to 14 of 1 percent at 60 miles per
hour. The principal purpose of the fluid drive is to eliminate
torsional vibration thereby giving a smooth flow of power from
the engine to the wheels, and to eliminate all jerks resulting from
use of the clutch and shifting gears. The fluid drive is sometimes
used as a liquid coupling in place of the flywheel and is connected
to the nsual clutch and transmission (fig. 17). It is also used in
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Ficure 15.—Principle of the fluid drive.

~—— ASSEMBLED FLUID DRIVE UNIT
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Figure 16.—Units of a fluid drive assembly.

NT S I rEsTRArY



TM 10-585

QUARTERMASTER CORPS

STARTER GEAR
CASE OF FLUID
DRIVE UNIT

PLATE
CLUTCH

RUNNER
SHAFT
BEARING

e

et 3 4

s B

o gt
boves e

roa
ety
s aia b miet

IMPELLER
OIL SEAL

RUNNER

FI1GURE 17.—Cross section of fluld drive unit and cluteh.

place of the main clutch in passenger cars, trucks, and busses in which
automatic transmissions are used.

19. Clutch lubrication.—The two important bearings to be lubri-
cated in clutches are the clutch shaft pilot bearings and the release
(throwout) bearings. In various clutches, there are other places
to be lubricated and the manufacturer’s instructions should be ob-
served in each case. It is important that no lubricant get on the
clutch plates or disks of dry clutches as it makes them slip. The
clutch pilot bearing is usually packed with Iubricant at the factory
and requires no further attention until it is disassembled for repairs,
when it should be repacked. A grease fitting outside the clutch
housing, which is connected to the bearing by means of a tube, is
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often provided for the clutch realease (throwout) bearing. Some-
times an oil reservoir packed with felt is used, to which oil can be
added occasionally through a flexible connection from the floor
boards. In some cases, the release bearing like the pilot bearing is
packed with grease at the factory and requires no further attention
until the clutch is disassembled for repair. When clutch release
bearings are provided with grease fittings and are greased every
time the chassis is lubricated, care should be taken not to overlubri-
cate and cause lubricant to work into the clutch plates or disks.
The internal parts of a lubricated (wet) disk clutch are lubricated
by the oil contained in the case. The oil level should be checked
occasionally through the oil filler plugs and oil of the kind and
quantity recommended by the manufacturer added as required.
Fluid drives are lubricated in the same manner as lubricated (wet)
disk elutches.
Section 11T
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20. General.—a. Construction—The transmission of a motor ve-
hicle consists of a train of gears contained in a case usually imme-
diately back of the clutch housing through which the power of the

o engine is transmitted from the clutch shaft to the propeller shaft.
i When an overdrive or transfer case is used, it is placed between

the transmission and propeller shaft or shafts.

The transmission serves several purposes. With the
gears in the neutral position, it provides a means, in addition to the
clutch, of disconnecting the power of the engine from the driving
3 wheels, Tt also changes the direction of rotation of the driving wheels
when the gears are meshed in the reverse position. This is necessary
because the engine crankshaft always rotates in one direction. Fur-

b. Purpose.
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ther, when the gears are meshed in the low- or second-speed position, u
the transmission allows the engine to run at a high speed while the )
vehicle runs at a low speed. However, the most important funetion of !
i the transmission is to provide sufficient mechanical advantage to in- 2
crease the torque or turning effort delivered by the engine to turn the 0
i driving wheels. More torque is needed when a vehicle is started,
heavily loaded, climbing a hill, or traversing rough or soft terrain. b
than when it is rumning lightly loaded on a smooth, hard, level ch
pavement. >
21. Use of terms.—The terms given below are used frequently ol
3 in the discussion of the mechanics of the motor vehicle and other to
machines. The student should familiarize himself with their mean- l'“_
ings in order to understand texts or lectures on automotive or other 12
mechanical subjects. e
a. Work—When a body is moved against resistance or is accelerated.
3 work must be done upon it. The work done is the force exerted mul-
tiplied by the distance through which it moves. Work is measured
in foot-pounds. Thus, if a weight of 1 pound is lifted 1 foot, 1 foot-
$1 pound of work is done. If a body offering a resistance (load) of 1
pound is moved for a distance of 1 foot in any direction, 1 foot-pound
of work is done. If a 5-pound resistance is moved 4 foot, 214 foot-
pounds of work are done, etc. The amount of work done in raising
a 5-pound weight 10 feet and a 10-pound weight the same distance is
shown in figure 18,
b. Power—Power is the rate of doing work. The unit of power
generally employed in automotive practice is the horsepower, which
is 33,000 foot-pounds per minute, or 550 foot-pounds per second.

4 Thus, if an engine develops 1 horsepower for 1 hour (60 minutes). it
b does 1 horsepower-hour of work of 33,000 x 60= 1,980,000 foot-pounds.
A horsepower is a unit of power, but a horsepower-hour is a unit of

work equal to 1,980,000 foot-pounds. The term “horsepower” may
; refer to capacity for doing work as well as the rate at which work
i is actually done. Thus, a 100-horsepower engine will develop 100
' horsepower when fully loaded or working at capacity ; but it develops
or delivers less than 100 horsepower when it is not fully loaded.

e. Torque—Torque is turning effort. Tt is the force exerted mul-
tiplied by the distance from the center of rotation. For example, a
force of 40 pounds exerted on the end of a 1-foot, pipe wrench would
: produce 40 pounds times 1 foot, or 40 foot-pounds of torque or turning
effort on the pipe. Forty pounds of force exerted on. the end of a
2-foot pipe wrench would produce 40 pounds times 2 feet, or 80 foot-
pounds of torque on the pipe. This indicates why it is easier to 4

e Lo
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unserew a pipe coupling with a 2-foot wrench than with a 1-foot
wrench. While it is easier to turn the pipe with the longer wrench.
the end of the 2-foot wrench must travel twice as far as the end of
the 1-foot wrench to make one turn. This fact has to do with
| mechanical advantage explained in ¢ below.

d. Mechanical advaniage—(1) Mechanical advantage is the force
I exerted by a machine divided by the force required to drive the ma-
ol chine. The distance traveled by the driving force divided by the dis-
tance traveled by the force exerted by the machine is also a measure
of mechanical advantage. The number of foot-pounds of work used
to drive a mechanism will exactly equal its output, except for those
lost in overcoming the friction of the mechanism. At the top of ficure
18 is shown a 5-pound weight suspended by a rope passing over a
pulley. A pull of 5 pounds (force driving the machine) is required

d & IS 10 FEET |
k- { / t
{ g
q S5 LB. rux10 .=50 r.185. (WORK) ¥
d i
o
B
_‘ [y :}
s S 0
5 LBS. ¢
s o A
g P\A“:/E;_M' e
S 3
. \ PULL
| \_:: A | :i
y L,’J-..\ 20 FEET —
I:( “ I
o

5 LB. ruux20r= |00 FT, LBS. (WORK)

- = 5 L8S.

10 s

10 P38

o Fieure 18.—Work and mechanical advantage.
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on the rope through a distance of 10 feet in order to raise the 5-pound
weight (force exerted by the machine) a distance of 10 feet. In this
mechanism, the mechanical advantage is 5 divided by 5 or 1. That
is, there is no mechanical advantage because the driving force required
is just as much as the force exerted by the machine and both forces
move through the same distance. The total work done is 5 pounds
times 10 feet or 50 foot-pounds. This is comparable to the direct drive
in a transmission. At the bottom of figure 18, the weight is shown
increased to 10 pounds and suspended by an additional pulley. The
weight is now suspended by two parts of the rope so the pull in each
part remains 5 pounds, the same as in the first case. With this mech-
anism, the 10-pound weight can also be raised 10 feet by the same
5-pound pull that was required for the 5-pound weight in the first
case, but the pulling force must travel twice ag far. The mechanical
advantage of this mechanism is 10 pounds (force exerted) divided
by 5 pounds (driving force), or 2. That is, the force exerted by the
machine is twice as great as the force used to drive the machine, but
the driving forece (hand) must travel twice as far as the exerted force
(weight). The work done is 5 pounds times 20 feet or 100 foot-
pounds. This is comparable to the low speed of the transmission.

(2) Further illustrations of this principle will be given, but it
should already be realized that if a suitable mechanism is employed,
the force exerted by the mechanism can be much greater than
the force used to drive the mechanism provided the driving force moves
through a greater distance than the force exerted. The transmission
of a motor vehicle is such a mechanism. The driving foree of an
internal combustion engine is exerted on the crankshaft by the pistons
which move through a certain distance in turning the crankshaft one
revolution. If the engine crankshaft made two revolutions while the
driving wheels of the vehicle made only one revolution, the driving
wheels would turn with twice the force they would if they made one
revolution for each revolution of the engine crankshaft. In actual
practice, the engine crankshaft makes three to five revolutions in direct
drive and twelve to fifteen or more, in low gear, to one revolution of
the driving wheels. This change in speed is obtained by speed re-
ducing gears in the transmission and final drive units.

22. Principles of gearing.—«. When two gears are in mesh, one
driving the other, they will rotate in opposite directions as shown at
the left of figure 19. An internal gear in mesh with a pinion (small
gear) is shown in the center of figure 19. The internal gear rotates
in the same direction as the pinion as shown by the arrows. At the
right of figure 19, three gears are shown in mesh. The middle gear
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is usually an idler gear which transmits the driving effort of one
of the outside gears to the other and make them rotate in the same
direction.

b. Gear ratio is a term frequently used. The word “ratio” im-
plies division. For example, the ratio of 48 to 12 is 48 divided by
12, or 4, which is nsually expressed as a ratio of 4 to 1. The ratio
of 10 to 4 is 10 divided by 4, or 214 to 1. The term “gear ratio”
applies to the number of revolutions the driving gear makes while
the driven gear is making one revolution. The gear ratio is found
by dividing the number of teeth on the driven gear by the number
of teeth on the driving gear (with the exception of worm gears).
An idler gear between the driving and driven gears makes no dif-
terence in the gear ratio.

——
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Fieune 19.—Rotation of meshed gears.

c. When a load is too heavy to be lifted by hand, a erowbar or
lever may be used as shown in the upper part of figure 20. If the
distance from the block (fulerum) to the hand is twice the distance
from the box to the block, only half the force is required to raise the
box off the ground that would be required to lift it directly by
hand ; but the hand moves twice as far as the box, as shown by the
arrows at the lower left of figure 20. The mechanical advantage
of this device is the ratio of the longer lever arm to the shorter; 2
divided by 1, or 2. A gear driving another may be compared to
a lever, as shown at the lower right of figure 20. The small gear
is driving a gear twice as large; that is, the large gear is twice the
diameter of the small gear and has twice the number of teeth. The
small gear makes two complete turns to turn the large gear once.
The turning effort available from the large gear is twice that used
to turn-the small gear. Therefore, the mechanical advantage of this
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Ficuee 20, —Mechanical advantage of gearing,
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Ficure 21.—Application of the gearing principle.
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device is also 2. Disregarding a small frietion loss, the mechanical
advantage of two meshed gears is the same as the gear ratio. If the
large gear shown at the lower right of figure 20 drives the small one,
the turning effort exerted by the small gear is half that used to turn
the large driving gear; that is, reversing the path of power trans-
mission in a gear train also reverses the mechanical advantage.

d. Figure 21 shows these principles applied directly to the motor
vehicle. An automobile is placed at the foot of a hill and its engine
is removed and placed at the top. One end of a rope is attached to
the car and the other end is wound around a drum on the engine clutch
shaft as shown at the top of figure 21. A pull of 300 pounds is re-
quired to move the ear; that is, if a spring scale were connected in the
rope, it would read 300 pounds when the car started to move. The
engine develops 150 foot-pounds of torque and the radius of the drum
is 1 foot. Therefore, the force at the outside of the drum which is
the pull of the rope is 150 foot-pounds divided by 1 foot (radius) or
150 pounds. This pull is not sufficient to move the car and the engine
will stall when the clutch is engaged. 1In order to inerease the pull
on the rope enough to start the car and pull it up the hill. gears are
used as shown at the bottom of figure 21. A small gear is put on the
clutch shaft in place of the drum and meshed with a gear twice as
large on a countershaft parallel to the clutch shaft. The drum is
fastened on the countershaft. The mechanical advantage of the gear
frain is 2 and therefore the force exerted on the rope is doubled, mak-
ing it 300 pounds or just enough to start the automobile. The engine
makes two revolutions while the drum makes one; that is, the driving
force of the engine acts through twice the distance that it did without
the gearing and the force exerted by the drum is twice as great. The
arrangement at the top of figure 21 represents direct drive and that
at the bottom of figure 21 represents low gear drive. This explains
the chief function of the transmission in a motor vehicle which is to
provide sufficient mechanical advantage to increase the torque on the
driving wheels to the amount required by driving conditions.

e. Two types of gears are generally used in transmissions : spur gears
and helical gears. Spur gears have their teeth cut straight across the
face of the gear, while helical gears have their teeth cut diagonally
across the face. Helical gears run more silently than spur gears and
are widely used for this reason. Herringbone gears are sometimes
used but these are really double helical gears with the teeth cut slant-
ing in both directions to the center of the gear face. The object of
this design is to equalize the side thrust which occurs in plain helical

gears,
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23. Types of transmissions.—a. The motor vehicle transmission
provides three or more forward gear ratios and one reverse, commonly
known as speeds. With the usnal three-speed transmission, the prt;-
peller shaft runs at engine crankshaft speed in direct drive about half
as fast in second speed and about one third as fast in low gear. The
speed reduction in reverse is somewhat greater than in low. There
is a further speed reduction in the final drive which varies from 3 to 1
in some passenger vehicles to 5 to 1 in others. Therefore, in direct
drive, the engine crankshaft makes from three to five revolutions while
the driving wheels are making one revolution; in second speed. the
engine makes about six to ten revolution to one of the driving wheels;
and in low speed, the engine makes from approximately nine to fifteen
revolutions while the driving wheels turn once. The speed reduction
in reverse in still greater.

b. Three types of transmissions have been used in motor vehicles:
progressive, planetary and selective; today the selective type is used
almost exclusively. With this form of transmission, it is possible to
shift directly from neutral to any speed or from any speed to neutral.
With the progressive transmission, in shifting from the highest to the
lowest speed or back again, it is necessary to pass through an inter-
vening speed. It is used only on motorcycles today. The planetary
transmission is no longer used in motor vehicles but planetary gears
are used in overdrives, in some dual-ratio rear axles, and in the hydra-
matic transmission.

¢. The three-speed selective transmission is used at present on almost
all passenger cars and light trucks. The gear arrangements of a
transmission of this type having spur gears are shown in figures 22 to
27, inclusive. The parts are shown in their correct relative positions
but unassembled in the case. The names and functions of the parts
are as follows: The clutch shaft and transmission main drive gear
(fig. 22 (@)) are one piece and rotate with the clutch driven plate or
disks; that is, they rotate all the time the clutch is engaged. The
transmission main drive gear is in constant mesh with the countershaft
drive gear (fig. 22 @). Since all the gears in the countershaft cluster
are either made integral or keyed on, they also rotate at the time the
clutch is engaged. The transmission main shaft (fig. 22 @) is held
in line with the clutch shaft by a pilot bearing at its front end, similar
to the clutch pilot bearing, which allows it to rotate or come to rest
independently of the clutch shaft. The transmission second-and-high
and low-and-reverse main shaft gears, shown on the main shaft, have
garooved hub extensions into which fit the shift forks which slide them
back and forth on the main shaft spline. Thus, the second-and-high

34

e




| TM 10-585

| AUTOMOTIVE POWER TRANSMISSION UNITS 23
n ! main shaft gear can be shifted rearward to mesh with the counter-
Iy | shaft second speed gear. The second-and-high main shaft gear also
0 | has internal teeth which mesh with the external teeth on the rear of
If || the transmission main drive gear when the gear is shifted forward into
he §| the direct-drive position. The low-and-reverse main shaft gear can be
re || shifted forward to mesh with the countershaft low speed gear or rear-

i1 || ward to mesh with the reverse idler gear. The countershaft reverse
vt § gear is usually in constant mesh with the reverse idler gear (fig. 22 @).
In some transmissions, the reverse idler gear is shifted to mesh with

PN TS I 2SS TCATCY

|
w | a
i T s 2 f

| Iransmission main shaft assembly, @ Reverse idler gear.
I8 @ Cluteh shaft assembly, @ Countershaft gear cluster,
i | Froovee 22.—Prineipal gear groups of a three-speed selective transmission.
or

he § the countershaft reverse gear at the same time that the low-and-reverse
aft | main shaft gear is shifted to mesh with the reverse idler gear.

: d. The main, counter, and clutch shafts with their respective
gears are mounted on antifriction bearings in the transmission case.
Shift rails and forks are provided to move the gears when the control
lever is moved by the driver to change speeds. The countershaft is
generally placed below the main shaft which permits a deep, narrow
case, This construction allows a considerable quantity of oil in the
case without danger of leakage since the oil level is maintained below
em | the oil seals where the clutch shaft enters the case and the main
gh | shaft leaves it.
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e. In figure 23, the gears are shown in the neutral position. The ¢
clutch shaft drives the countershaft through the main drive gear and d
countershaft drive gear. None of the countershaft gears are in
mesh with the main shaft sliding gears, however, so the main shaft Jor
is not driven. Therefore, when the gears are in this position, there W
is no connection between the engine and the driving wheels so the
vehicle remains stationary while the engine is running. In the
transmission shown in figure 23, the gear ratio between the trans-
mission main drive gear and the countershaft drive gear is about

:
3
GOUNYﬁ,NfaH:’«F T
REVERSE GEAR
COUNTERSHAFT
LOW: SPEED CEAR
Fiorne 28, —Transmission gears in neutral position.
1.5 to 1. Therefore the countershaft rotates at approximately 0.7
times the speed of the clutch shaft or crankshaft. The path of
transmitted power is shown by arrows.
f. The low-speed position of the gears is shown in figure 24. The
low-and-reverse main shaft gear has been shifted forward to mesh with |
i § o the
and be driven by the countershaft low-speed gear. The path of power 3
transmission is shown by the arrows. The countershaft rotates at it
: I,

about half crankshaft speed. There is a further speed reduction

between the countershaft low-speed gear (driving) and the low-and- A
5 s > . i % v 1]

reverse main shaft gear (driven) of about 1.5, Therefore the crank- 1
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shaft rotates 1.5x1.5=225 times for each turn of the propeller
shaft.

¢. The second-speed position is shown in figure 25. In passing from
low speed to second speed, both sliding gears have been shifted rear-
ward ; the low-and-reverse main shaft gear out of engagement into

LOW-AND-REVERSE . TRANSMISSION

MAIN SHAFT GEAR Saa_

= MAIN DRIVE GEAR
' g-{tLLJ‘ICH SHAFT

T
i

m—

TRANSMISSION _ / j== == |y NS
MAIN SHAFT

COUNTERSHAFT
y DRIVE GEA
COUNTERSHAFT 7 R

LOW SPEED GEAR
Figree 24, —Transmission gears in low-speed position,

"SECOND-AND-HIGH TRANSMISSION
MAIN SHAFT >
GEAR

TRANSMISSION

MAIN SHAFT
COUNTERSHAFT
. DRIVE GEAR
COUNTERSHAFT
SECOND SPEED
GEAR
FIGURE 25 —Transmission gears in second-speed position.

the neutral position and the second-and-high main shaft gear into
mesh with the countershaft second speed gear. The clutch shaft and
the main drive gear are now driving the countershaft through the
countershaft drive gear (as is the case in all speeds) and the counter-
shaft is driving the main shaft through the countershaft second-speed
gear and the second-and-high main shaft gear as shown by the arrows.
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Since the countershaft second-speed gear and the second-and-high
main shaft gear are the same size, their gear ratio is I'to 1. This means
that the transmission main shaft rotates at the same speed as the
countershaft; that is, the engine crankshaft makes about 1.5 revolu-
tions to one of the propeller shaft.

h. The high-speed, or direct-drive, position of the gears is shown
in figure 26. In passing from second speed to high speed, the second-
and-high main shaft gear has been shifted forward, causing the
internal teeth in this gear to engage the external teeth on the main
drive gear. This is an application of the dog clutch deseribed in
paragraph 17. It makes a direct connection between the clutch shaft

SECOND ANDHIGH TRANSKISSION
MAIN SHAE T GEAR ' T MAINDRIVE GEAR

THANSMISSION |
MAIN SHAFT

CLUTGH SHAFT

COUNTERSHAFRY
| DRIVE GEAR

FieUer 26.—Transmission gears in high-speed or direct-drive position,

and transmission main shaft as shown by the arrows. The propeller
shaft therefore rotates at crankshaft speed.

7. The reverse position of the gears is shown in figure 27. 1In order
to better illustrate the reverse idler gear, the parts have been turned
end for end and are shown from the opposite side from previous
illustrations. In passing from neutral to reverse, the low-and-reverse
main shaft gear has been shifted rearward to mesh with the reverse
idler gear. The sole function of this gear is to make the transmission
main shaft rotate in the opposite direction to the clutch shaft as
shown by the short, heavy arrows; it does not influence the gear ratio
between the countershaft reverse gear and the low-and-reverse main
shaft gear. The gear ratio between these gears is about 2. In re-
verse, therefore, the crankshaft rotates 1.5X2=3 times for every rev-
olution of the propeller shaft,
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h j. For the purpose of simplicity, the transmission deseribed above
5§ is of the spur gear type. In modern practice, however, helical gears
e § are wideiy used because they run more quietly than spur gears. There
- § is a side thrust on a helical gear, due to the angularity of the teeth,
which tends to slide the gears out of mesh. This difficulty is avoided
1 § in constant-mesh transmissions because the gears do not slide on the
I- § shaft. When sliding helical gears are employed in a transmission the
e § splines on which they slide are also cut helically to the same angle as
n § the teeth, which offsets the side thrust.

ii 24. Transmission controls.—a. The three-speed selective trans-
ft § mission deseribed in paragraph 23c¢ is operated by a control lever

TRANSMISSION LOW-AND-REVERSE
MAIN DRIVE GEAR MAIN SHAFT GEAR

TRANSMISSION
MAIN SHAFT

GLUTCH SHAFT

T ES I AT Y

GOUNTERSHAFT 3
URIVE SEAR COUNTERSHAFT i
REVERSE GEAR 4
REVERSE 10LER 4
GEAR
Frorne 27 —Transmission gears in reverse position.

assembled to, and extending from the transmission cover as shown in
figure 28, The lever has a ball fulerum fitting into a socket in the
4 f cover. It is kept from rotating by a set screw entering a slot in the
side of the ball fulerum but is free to move back, forward, and side-
« | wise. The end of the lever below the ball fulerum engages slots in the
shift-fork castings attached to the shift rails. In the neutral position,
i I the end of the level engages both slots, but there is an interlock device
(usually a ball or pin engaging notches in each rail) that permits one
io § rail to move at a time, but not both. This prevents two speeds being
i 0 engaged at once. When the control lever handle is pressed to the
o- | left, the slot in the low-and-reverse shift rail is engaged and the fork
v~ § can be moved back or forward. After the low-and-reverse shift rail
has been returned to the neutral position, the control lever can be
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pressed to the right and the second-and-high shift rail and fork can
be moved forward or back. The shift rails are held in the different
speeds and the neutral position by spring loaded balls, or poppets
engaging notches in the shift rails,

b. Since 1939, transmission control levers on the steering column
have come into general use. These are generally used with the
synchro-mesh type transmission and are described in paragraph 264.

3

GCONTROL

BALL

FULCRUM
= CONTROL
SETSCREW HOUSING
AND SLOT

SHIFT RAIL
INTERLOCK

SECOND-
ANDAHIG SEGOND- LOW-AND-

A A AND-HIGH REVERSE
ND- 35 2k
SHIET e | SHIFT :'('!FEK SHIFT FORK
LOW-BRHD-
REVERSE POPPET
SHIFT RAIL SPRING

POPPET

Ficure 28 —Transmission shifting meehanism.

25. Constant-mesh transmissions.—In transmissions of this
type, all the countershaft gears and the transmission main drive gear
are fixed to their shafts; the low-and-reverse and second-and-high
main shaft gears rotate on the main shaft. All the main shaft and
mating countershaft gears are constantly meshed as shown in figure 29.
A speed change is made by sliding the driving member of a dog cluteh
along the splined main shaft until it meshes with a driven member
integral with the required gear, causing it to rotate with the main

40

oL
PL

maj
.‘:'iu:[
or |
whi
i3 i
clut
Sty
g

b,
figy
fhe
It




TM 10-585
AUTOMOTIVE POWER TRANSMISSION UNITS 25-26

‘¥ shaft. Constant-mesh gears are seldom used for all speeds. Common
I} practice is to employ constant-mesh helical gears for second speed, or
for low and second speed, and a sliding helical or spur gear for low
and reverse, or for reverse only.

26. Synchro-mesh transmissions.—a. The synchro-mesh trans-
mission is a type of constant-mesh transmission that permits gears to
be selected without clashing by synchronizing the speeds of mating
parts before they engage. It employs a combination metal-to-metal
friction cone clutch and a dog or gear positive clutch to engage the

D06
PILOT CLUTCHES
BEARING
MAIN DRIVE
GEAR
GLUTCH SHAFT . HIGH |, SECOND LOW \REVERSE MAIN SHAET
= = — L : =
et AW . = = =a i T
e— R e _..)
Y : = = = | = 4
% 14
SHIFT FORK SHIFT FORK -
? GROOVE GROOVE B
% 8
COUNTERSHAFT ’ .J
/ — == T SR = —— s ——— :}
= . = — 5
/ [
COUNTERSHAFT [ 4
DRIVE GEAR /

CONSTANT
MESH GEARS

Ficrer 29.—Prineiples of constant-mesh transmissions.

main drive gear and second speed main shaft gear with the transmis-
sion main shaft. The friction cone clutch engages first, synchronizing,
or bringing the driving and driven members to the same speed, after
which the dog clutch engages easily without clashing. This process
is accomplished in one continuous operation when the driver de-
clutches and moves the control lever in the usual manner. The con-
struction of synchro-mesh transmissions varies somewhat with different
manufacturers but the principle is the same in all.

b. The construction of a popular synchro-mesh clutch is shown in
figure 30. The driving member consists of a sliding gear splined to
the transmission main shaft with bronze internal cones on each side.
It is surrounded by a sliding sleeve having internal teeth which are
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SHIFT FORK L SLIDING
T SLEEVE

EXTERNAL ‘BRONZE INTERNAL
TEETH CONES
INTERNAL
'&f TEETH

BALL AND
SPRING |

SLIDING
GEAR

MAIN DRIVE
GEAR

Faore 30.—Synehro-mesh eluteh disengaged.

meshed with the external teeth of the sliding gear. The sliding
sleeve is grooved around the outside to receive the shift fork. Six | slid
spring loaded balls in radial drilled holes in the gear fit into an J s
internal groove in the sliding sleeve and prevent it from moving | fig

endwise relative to the gear until the latter has reached the end of ¢
its travel. The driven members are the main drive gear and second- §

speed main shaft gear, each of which has external cones and external § @
teeth machined on its sides to engage the internal cones of the § i
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=—SHIFT FORK

SLIDING
AL SLEEVE
BRONZE INTERNAL
CONES

SLIDING
GEAR

MAIN DRIVE
GEAR BALL AND
SPRING

INTERNAL
TEETH

FicUpe 31 —S8ynchro-mesh clutch engaged.

g

sliding gear and the internal teeth of the sliding sleeve. The
synchro-mesh clutch is shown disengaged in figure 30 and engaged in
fisure 31.

¢. The synchro-mesh clutch operates as follows: When the trans-
mission control lever is moved by the driver to the high speed or
direct drive position, the shift fork moves the sliding gear and
sliding sleeve forward as a unit until the internal cone on the slid-
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|
ing gear engages the external cone on the main drive gear. This T
action brings the two gears to the same speed and stops endwise § 4
travel of the sliding gear. The sliding sleeve then slides over the J g
balls and silently engages the external teeth on the main drive gear, i
{ - ;- . = . - .
5 locking the main drive gear and transmission main shaft together as .
: shown in figure 31. When the transmission control lever is shifted SVl
to the second speed position, the sliding gear and sleeve move rear- Sl
ward and the same action takes place, locking the transmission main {0
shaft to the second speed main shaft gear. The synchro-mesh cluteh § s
[r
' BELL CRANKS — pe
r POPPETS
SHIFTER
FORKS
:
1
X
o LOW-AND-REVERSE
- SLIDING GEAR
SEGOND SPEED
HIGH SPEED SYNCHRO-MESH
SYNOHRO-MESH SLUTGH LOW SPEED
CLUTCH 006 CLUTEH
Froure 32,—8ynechro-mesh transmission with arrangement for steering colump transmission
control,
i is not applied to low speed or reverse. Low speed is engaged by
| . : - ;
: an ordinary dog clutch when constant mesh is employed or by a | i;
sliding gear; reverse is always engaged by means of a sliding gear. aly
Figure 32 shows a synchro-mesh transmission in cross section which trq
uses constant mesh helical gears for the three forward speeds and el
a sliding spur gear for reverse. fai
d. This transmission is controlled by a steering column control the
lever (fig. 33). The positions for the various speeds are the same ing
as those for the vertical control lever except that the lever is hori- the
zontal. The shifter forks are pivoted on bell cranks which are by
turned by a steering column control lever through the linkage shown. g
"!'-!E
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- The poppets shown in figure 32 engage notches at the inner end of
vise each bell crank. Other types of synchro-mesh transmissions con-
the trolled by steering column levers have shift rails and forks moved by
aly a linkage similar to those used with a vertical control lever.

L8 e. Transmissions of heavy duty trucks are not always equipped with
ted synchro-mesh gears. To assure smooth engagement of the gears in
a- § such transmissions, double clutching is often employed. In shifting
to a lower gear ratio, or speed, double clutehing is accomplished in six
feh steps as follows: first, depress the clutch pedal; second, move the
transmission control lever to neutral position ; third, release the clutch
pedal and at the same time depress the accelerator until the engine

/i\“
7,
i )
: COLUMN
LOWER "
LEVERS ¥
; i
:j
LEVERS TO SHIFTER o)
BELL CRANK SHAFTS ]
ON SIDE OF -
TRANSMISSION Z
: GEARSHIFT LINKAGE
sion BELL CRANKS
Fiovee 33.—S8teering column transmission control linkage.
by

is running somewhat faster than it would be if the lower speed were
, already engaged; fourth, depress the clutch pedal; fifth, move the
ich transmission control lever to the next lower speed; sixth, release the
ud | eluteh pedal and at the same time depress the accelerator to main-
tain the speed of the engine as the load is again connected to it by
i the reengagement of the clutch. The procedure is the same for shift-
ing to a higher speed, except that the engine is not accelerated while
the gears are in neutral. This procedure sounds rather complicated
but becomes almost automatic with practice.

27. Typical truck transmissions.—a. More gear ratios are re-
quired for trucks than for passenger cars because of the wide variation
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in loads carried by trucks. Therefore, four- and five-speed transmis-
sions are often used. Figure 34 shows a popular four-speed truck
transmission which uses spur gears. The various speeds are obtained
by sliding the gears on the transmission main shaft into mesh with
the fixed countershaft gears. The reverse idler gear is a double gear
and also slides in and out of mesh with the countershaft reverse gear

and the main shaft reverse gear. ‘
in
sta
an
ol
i
#
MAINSHAFT 3RO, AND =
ATH, SPEED SLIDING GEAR
MAIN DRIVE — -onla N (R & N .
GEAR ——
GLUTGH
SHAFT
s
COUNTERSHAFT
ORIVE GEaR = i
COUNTERSHAFT Lo
REVERSE GEAR
COURNTERSHAET
COUNTERSHAFT s, LOW SPEED GEAR
3RD. SPEED GEAR
COUNTERSHAFT . i i]:!*
ZND; SPEED SEAR _""
i}
Frsune 834.—Four-speed truck transmission. fur'r
in |
b. The control lever moves three shift rails and forks. two of which pan
are shown in figure 34. The front fork moves the main shaft gear tive
forward for direct and backward for third speed; the middle fork Wwhe
moves the main shaft low-second-and-reverse gear forward for second whe
speed and back for low. The back fork moves the reverse idler, which the
is a double gear, forward to mesh with the countershaft reverse gear the
and the low-second-and-reverse main shaft gears and backward out 15 1
of mesh. The positions of the control lever for the various speeds g

are shown in figure 35. bra}
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The gear ratios (engine crankshaft to propeller shaft) are—
Low, 7.23 to 1.
Second, 3.48 to 1.

i Third, 1.71 to 1.
i Fourth, 1 to 1.
- Reverse, 7.15 to 1.

e. A five-speed fransmission for a truck is shown in cross section
in figure 36. Third and fourth speeds in the transmission are con-
stant mesh helical gears. Sliding spur gears engage second, low,
and reverse. The reverse idler gear is in constant mesh with the
countershaft reverse gear as shown in the insert in figure 36.

28. Freewheeling.—a. A few years ago some type of freewheel-

LOW 3-D

NEUTRAL

ISt v

it

REV. 2-D HIGH

NS

Fieure 35.—Positions of the control lever for a four-speed transmission.
¢

ing, or coasting, device was incorporated into passenger motor ve-
hicles by most manufacturers. Freewheeling devices consist of some
form of overrunning clutch built into the transmission or connected
in back of it. They all include a control, usually on the instrument
i panel, to make the device operative or inoperative. When it is inopera-
| tive, the transmission functions in the usual way. When the free-
wheeling device is operating, the engine drives the vehicle except
when the vehicle gains sufficient momentum to drive the engine. Then
the engine is automatically disconnected from the driving wheels,
the vehicle coasts, and the engine idles. As soon as the vehicle speed
" is reduced and equals that of the engine, the freewheeling device
1 again connects the engine to the driving wheels. The wear on the
brakes is much more severe with freewheeling than without it, since
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no braking action can be had from the engine. This is probably the o
main reason why this device is now seldom used except in connection !
with overdrives. 10

b. The purpose of the freewheeling device is to save gasoline, An- lo
other advantage claimed for it is that it permits shifting between I
second and high gears without declutching; the cluteh being used ol
only for starting and stopping. ¢

TRANSMISSIGN COVER ZHD.-AND- IR0 SPEED SMIFT RAIL |

@——C

CONTROL LEVER
PORITION

HAIN BHAFT B3RO0,
SPLED GEAR

MAIR DRIVE QEAR———
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=
M:ll mgp;gg:_ﬂ | i U :

AMD- HIBH - it il -

DOH QLUTEH 3 o e i WATN SHAFT
AN SHAFT 4TI
SPEED GEAR

LOW-AND-REVERSE
T BPEED SLIGING GEAR

COUNTERSHAFT
ORIVE GEAR

COUNTERDMAFT __—
472_ SPEED GEAR
COUNTERSHAFT
IR0, SPEED GEAR

” 1
REVERSE IDLER BEAR
FIGURE 36.—TFive-speed truck transmission.

c. Figure 37 shows a freewheeling device built into the transmis-
sion. The freewheeling unit consists of an overrunning clutch which

can be shifted back and forth on the transmission main shaft. The {
outer shell of the clutch has internal teeth at each end which engage Inis
with external teeth on the high- or second-speed main shaft gear. e
Freewheeling is possible, therefore, only in second or high gear with 2
this arrangement. The overrunning clutch consists of three groups of o
four rollers, each in wedge-shaped pockets, held in contact by springs for

which form the connection between the driving and driven members.
When the shell is driving, the rollers are forced into the narrow ends
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of the pockets, locking the shell to the splined hub cam. When the
speed of the hub cam exceeds the speed of the shell, the rollers are
forced into the wide ends of the pockets where they are loose, un-
locking the driving and driven members and allowing them to rotate
independently. The freewheeling device shown is put into or taken
out of operation by a button on top of the handle of the transmission
control lever.

QUTER SHELL
/(DRIVING MEMBER]}

OVERRUNNING CLUTCH HUB
~"{DRIVEN MEMBER)

——ROLLERS
~—WEDGE SHAPED POCKET

Ficure a7,—Freewbheeling unit bullt into transmission,

d. Another type of freewheeling device, separate from the trans-
mission and connected at the rear of it, has the driving and driven
members connected by an expanding coil spring.

29. Overdrives.—a. A knowledge of planetary gears, a form of
gear train ordinarily used to obtain speed reductions, is necessary be-
fore the overdrive can be understood. These gears consist of three
elements shown diagrammatically in figure 38. The central gear is
known as.the “sun gear.” Three or more gears, mounted on a spider,
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rotate on their axes and also in space around the sun gear. These are
called planetary gears because their motion around the sun gear is
the same as the motion of the planets revolving in their orbits around
the sun. There is also an internal gear surrounding the planetary
gears and in mesh with them. Any one of the three parts of the gear
train (sun gear, spider, or internal gear) may be used as the driving
member to drive one of the other two members while the third member
is held stationary. The methods of determining the various gear ra-

PLANETARY

GEAR

SPIDER

INTERNAL
GEAR

Ficvee 38, —Planetary gear frain,

tios obtained through planetary gearing are rather complicated and
beyond the scope of this manual.

b. A transmission overdrive provides a gear ratio less than 1 to 1.
It reduces oil consumption and engine wear by requiring less revolu-
tions of the engine for a given mileage than required if direct drive
is used, and reduces gasoline consumption by providing a more suitable
gear ratio for high speeds on level roads. When in operation, the
overdrive reduces the engine-to-rear-axle gear ratio by approximately
30 percent. A freewheeling device is usually incorporated in the
overdrive which also helps to save gasoline. The overdrive is usually
a separate unit bolted to the rear of the transmission case.

¢. A control button is provided on the instrument panel to lock
the overdrive out of operation when necessary. The overdrive can
be locked out when the car is standing still or when it is rTunning.
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When the car is running, this must be done only at speeds below 25
miles per hour when the overdrive is freewheeling. The accelerator
is depressed, making the engine drive the vehicle, and the control
button is pulled out without releasing the clutech., While the button
is being pulled out, the accelerator is released momentarily to com-
plete the shift and the overdrive will be locked out of operation.

CVERDRIVE IKTERNAL SVERDRIVE
SUN GEAR PLATE Rirl GLUTCH PAWL

|
TRANSWISSION | PLANETARY - OVERDRIVE EXTEANAL OEAR ON
MAIN SHAFT { BEAR ToH GORE FREE WHEEL CLUTCH
; l l CAM HUB
. OVERDRIVE XKTERNAL GEAR AROUND

/rﬁf WHEEL CLUTOH

SHIFT COLLAR

SVERDRIVE
TAIL BHAFT

=

Tt
s
i
J
g
FREE WHEEL £LUT |
CAM U o i
REE WhEFL ]
CLUTOH -AOLLER -
\|‘5-UFI GEAR
BALK RING
Figrer 39 —0verdrive unir.

d. When overdrive operation is required, the control button is
pushed in and the vehicle accelerated above the overdrive cut-in speed
of approximately 33 miles per hour. Then the accelerator is released
momentarily making the propeller shaft speed greater than the trans-
mission main shaft speed, the automatic clutch engages, and when the
accelerator is depressed again the overdrive is operating. When this
takes place, freewheeling becomes inoperative since it operates only
below the cut-in speed, or until the overdrive cluteh is engaged. The
overdrive unit (fig. 89) has four paths of power transmission as
follows:

(1) Control button pulled out; overdrive locked out of operation—
The transmission mainshaft drives the overdrive tail shaft, to which
the propeller shaft is connected. through the overdrive shift collar
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which is engaged with the external gear around the freewheel clutch
and driven by the external gear on the freewheel cluteh cam hub which
is splined to the transmission mainshaft,

(2) Control button pushed in; car speed below cut-in speed (33

miles per hour)—The overdrive shift collar is disengaged from the

gear on the freewheel cluteh eam hub and the drive is from the latter

to the overdrive tail shaft through the freewheel clutech. The vehicle
is then freewheeling as described in paragraph 28.
(8) Control button pushed in; car speed above cut-in speed

(47 miles per hour) —When the car speed is above the eut-in speed of

33 miles per hour and the accelerator is released momentarily a re-
versal of torque takes place (propeller shaft drives engine). Cen-
trifugal force causes the overdrive clutch pawls to engage slots in
the overdrive shift collar which are in line with the clutch pawls
when the vehicle is in overdrive; that is, when the control button is
pushed in.  The drive is now from the planetary gears which rotate
around the stationary sun gear, to the internal gear which causes
the 30 percent reduction in engine-to-axle ratio. The drive from the
internal gear to the tail shaft, to which the propeller shaft is con-
nected, is through the overdrive clutch core to the overdrive shift
collar to the overdrive tail shaft.

(4) Control button pushed in; car speed above 33 miles per howr
(step-down) —When the vehicle is operating in overdrive and quick
acceleration is required for passing another car or ascending a hill,
the overdrive can be temporarily eliminated without decreasing the
car speed below the cut-in speed of 33 miles per hour. This is done
by means of a solenoid which is energized through a relay when
the accelerator pedal is ll('pl‘(qud beyond wide open throttle }mk‘i-
tion. When the solenoid is ({)I\Il{_‘l.lt‘l].. a plunger which is held in
engagement. with the sun gear plate by a light spring is released.
The relay also cuts the engine ignition for about two revolutions to
cause a reversal of torque relieving the tooth pressure and per-
mitting a pa\\l to disengage from the sun gear plate. By the time
the pawl is fully released, the ignition has been restored and the
pawl engages a step on the balk ring. The sun gear is now free to
rotate and the drive is from the transmission main shaft through the
freewheel clutch to the tail shaft, as given in (2) above, even though
the overdrive clutch pawls are still engaged in the slots of the over-
drive shift collar. This condition will continue until the accelerator
s mmplorelv released, the spring loaded pawl returns to one of the
notches in the sun gear plate locking the sun gear and restoring the
overdrive; that is, lhe condition (ll"«(‘l]bl_t] in (3) above.
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FiGURE 40.-—Vacuum-assistor gear shift mechanism,

| 30. Vacuum power gear shift.—At least one passenger car now
0 has a vacuum gear shift in connection with a synchro-mesh trans-
- mission as standard equipment. A vacuum-power cylinder similar
0 to that described in paragraph 16, mounted alongside the transmis-
1 sion ease, furnishes the power for shifting the gears. This system is
o sometimes known as the vacuum-assistor type because both manual
0 effort and power of the vacunm eylinder are used to make gear changes.
i Most of the effort is exerted automatically. However, the gears can
- be shifted by manual operation of the steering column control lever
- alone when the engine is not running. The arrangement of this
0 device is shown in figure 40.

31. Hydramatic drive.—One passenger car manufaeturer is offer-
ing a four-speed, automatic transmission in conjunction with the
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fluid drive deseribed in paragraph 18. This transmission is a unit
contained in a case bolted to the back of the liquid coupling housing.
It contains three planetary gear trains, two brake bands, two disk
clutches, two oil pumps, and a governor. Two of the planetary units
provide the four forward speeds and are engaged and disengaged in
these speeds by the brake bands and disk clutches. The brake bands
and disk clutches are operated by pistons actuated by oil pressure
through valves jointly controlled by the position of the throttle and
the governor. The third planetary unit provides the reverse speed
and is engaged manually by means of a dog cluteh. There is a lever
on the steering column which has four positions: neutral, high range,
low range, and reverse. Neufral is used when the engine is started.
Driving is ordinarily done in the high range where all four forward
speeds are available. Only the accelerator and brake are used in
driving; there is no clutch pedal. Moving the hand lever to the low
range cuts out third and fourth speeds, leaving first and second
available. A manual shift is made to the low range position when
it 1s desired to use the second gear as a brake and when a hill too
steep for third speed is encountered and it is desired to ascend it at
a speed in excess of 15 miles per hour. The manual shift is used
for reverse.

32. Transmission lubrication.—e. A high quality, heavy-
bodied, semifluid gear lubricant is usually required for transmission
gears. A lighter, fluid lubricant may sometimes be necessary to
assure distribution over and around the gears and to facilitate shift-
ing and prevent “channeling” at very low temperature. Heavier
transmissions may require heavier-bodied lubricants to prevent lubri-
cation failures. SAE 90 gear lubricant is generally used for winter
operation and SAE 140 for summer operation. On rare occasions, it
may be advisable to use SAE 140 in winter and SAE 250 in summer
for extremely heavy duty trucks, but only when specifically recom-
mended by the manufacturer.

b. In transmissions having the countershaft below the main shaft,
the lubricant should at least touch the bottom of the countershaft.
Excessively high oil levels tend to make the main shaft oil seal leak.
and if there is a fransmission brake, its lining as well as clutch lin-
ings may become oil-soaked.

e. Transmissions are usually filled through a filler plug at the side
of the case which also serves as an oil-level indicator. These units
should be checked at least every 1,000 miles and lubricant added
when necessary. They should be drained and refilled each 6.000 miles
or 6 months of operation, preferably in the spring and the fall of
each year.
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i Secrmion IV

AUXILIARY TRANSMISSIONS; TRANSFER CASES;
POWER TAKE-OFFS
Paragraph
\ OB R i e e R e L e e e e e et 33
Auxiliary transmissions______________ AT LT T L, e = B
sty s g o g g o it s s 33

Power tARe-off - o .o setr T e e o 306

l

1 33. General.—a. Trucks require more engine-to-axle gear ratios
7 than passenger cars because of the wide variation in loads and the
different types of roads and terrain over which they are operated.
. The usual truck transmission provides four or five gear ratios, or
1 speeds. In order to double the number of gear ratios available, two
methods are used; one is a dual ratio driving axle and the other is
a two-speed auxiliary transmission located at the rear of the main
1 transmission. The auxiliary transmission is sometimes preferred be-
cause it does not add to the unsprung weight of the vehicle, while the
dual ratio axle does. In the case of all wheel drives, two-speed
transfer cases serve the purpose of auxiliary transmissions,

; b. Heavy duty trucks for use in military service must operate over
steep grades and rough, muddy, and sandy soil. In order to provide
enough tractive effort to enable a vehicle to pull itself out of bad

DTN i

" spots, all wheel drives are used almost exclusively for military pur- %
" poses. When vehicles are driven by all four or all six wheels, a -
3 transfer case is added back of the transmission to furnish one or 2
,.]. more additional propeller shaft connections and to provide the nee-
- essary offset to permit the front propeller shaft to clear the engine
crankease.
! e. Motor vehicles for special purposes require engine-driven acces-
7 sories such as winches, hoists, and pumps. These machines are driven
S off some part of the power transmission train by a gear attachment
known as a “power take-off.”

34. Auxiliary transmissions.—a. These are very similar to
. main transmissions except that they usually have only two speeds
k. and no reverse. They are also obtainable with three forward speeds.
) The auxiliary transmission is mounted on a frame ecross member
back of the main transmission and is connected to the transmission
e main shaft by a short propeller shaft and universal joints.
- b. A cross sectional view of a two-speed auxiliary transmission
‘:.'1 is shown in figure 41. It is of the constant-mesh type employing
3 helical gears. The main drive gear is integral with the drive shaft
:f and is in constant mesh with the countershaft drive gear. A pilot
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bearing alines the main shaft with the drive shaft. The counter-
shaft low-speed gear is in constant mesh with the low-speed main shaft
gear which runs free on the main shaft when direct drive is used.
A gear type dog clutch. splined to the main shaft, slides forward
to make a positive connection between the drive shaft and main
shaft and rearward to cluteh the low-speed main shaft gear fast
to the main shaft. Radial ball bearings are used throughout.

¢. Since the shifter shaft slides straight forward and back, no

SHIFT FORK

.- DOG GLUTCH

LOW SPEED
MAIN-SHAFT GEAR

TRANSMIESION - : : ————| LR
i BHAFT

NTERSHAFT

BAIVE GEAR A
L Al SPEEDOMETER DRIVE

MR . BEARING FOR COMSTANT
MESH GEAR

LOW SPEED GEAR

Ficure 41.—Sectional view of auxiliary transmission showing gear arrangement,

special control is required and any lever may be used. The auxiliary
transmission gears can be shifted while the vehicle is standing still
or in motion, provided the clutch is disengaged, in the same way
as the main transmission gears.

d. The underdrive gear ratio of the auxiliary transmission shown
in figure 41 is 2.34 to 1, although 1.5 or 2 to 1 is more usunal. The
underdrive may be used in conjunction with any of the main trans-
mission speeds and therefore doubles the number of speeds available.
When the auxiliary transmission is in high speed, power is trans-
mitted directly through it to the propeller shaft and the speeds
available are those of the main transmission. When the auxiliary
transmission is in low speed, it provides a reduction for each speed
of the main transmission. It can readily be seen that when the low
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speed of the auxiliary transmission is used with the lowest speed
of the main transmission, it causes a very large torque to be exerted
1 by the driving wheels.

P e. Auxiliary transmissions are lubricated the same as main

transmissions.

35. Transfer cases.—a. The simplest type of transfer case con-
sists of a drive gear, idler gear, and driven gear mounted on shafts
and bearings in a case (fig. 42). It is the type used on light four-

Fiovne 42.—Single-speed transfer case,

he § wheel drive vehicles. The transfer case is placed in the same loca-
tion as the auxiliary transmission and the drive gear shaft is con-
nected to the transmission in the same way. The rear propeller
shaft is connected to the rear end of the drive gear shaft and to

ds | the rear axle through universal joints. The front axle propeller
ry shaft is connected to the driven gear shaft. Helical gears are used
sedl throughout.
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b. The transfer case (fig. 42) has a sliding driven gear on a helical
spline that can be slid out of mesh by means of a lever in the driver’s
cab connected to the shift rail and fork, shown in the insert in figure
42. 'This disconnects the front axle drive, permitting the vehicle to
be driven by the rear wheels only. Formerly many transfer cases

A
TRANSMISSION gE AR
BRAKE SHIFTER
MAIN SHAFT SHAFT)

L REAR ae'.nmn? _

SLIDING GEAR
MAIN SHAFT

DRIVE FROM
TRANSMISSION =

§
LOW SPEED GEAR
5 s SPEEDOMETER DRIVE GEAR

GLUTGH
CONTROL
LEVER

GEAR FRONT WHEEL
DRIVEN _ w— - DRIVE
GEAR ;

REAR WHEEL
DRIVE

FRONT DRIVE
SPLINE CLUTCH

evre 43, —Cross seetion of two-speed transfer case.

were used without this feature; that is, four-wheel drive had to be
used at all times. This resulted in excessive wear on the front tires
when the vehicle was run on hard pavements and excessive wear on
the transfer ¢ase mechanism. Most of the newer transfer cases have
some means of disconnecting the front-wheel drive and the all-wheel
drive is used only when additional traction is needed. However, some
transfer cases of this type are equipped with an interlocking mecha-
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cal nism that makes it impossible to shift the low and reverse gears in the
transmission unless the transfer case is in four-wheel drive. There-

e 8 fore, when this device is used, the shift connecting the front-wheel

to | drive should always be made just before stopping or parking the
ws W vehicle to allow the immediate and easy shifting of the low and reverse

oears when the vehicle is again to be started.

Transfer cases for heavier vehicles incorporate two speeds. Thus
they perform the same function as auxiliary transmissions in addi-
tion to providing the offsets and adidtional propeller shaft connec-
tions for all wheel drives. A common type of two-speed transfer case
is shown in figure 43. In this mechanism, the mainshaft has a sliding
spur gear and is alined with the drive gear shaft by a pilot bearing.
The helical drive gear, idler gear, and driven gear are in constant
mesh. When the sliding gear is moved rearward, its external teeth
engage internal teeth in the drive gear forming a positive connection
between the main shaft and the drive gear and shaft. The path of
r power transmission is from the transmission to the drive gear to the
idler gear to the driven gear and through the driven shaft to the front
and rear propeller shafts. The drive gear shaft, in this case, is con-
3 nected only to the hand brake drum. When the sliding gear is moved
forward into mesh with the low-speed gear, the drive is from the trans-
mission to the main shaft to the sliding gear to the low-speed gear to
the idler gear, to the driven gear, to the driven shaft and propeller
shafts. The sliding gear is in a neutral position between the drive
gear and the low -,apevcl gear when the spring loaded ball, or poppet.
l engages the middle notch on the shifter shaft (fig. 43). The front-
| wheel drive declutching mechanism consists of a sliding sleeve spline
L clutch, The actual connections of this transfer case installed in a
four-wheel drive vehicle are shown in ficure 44.

This same type of transfer case is used for a six-wheel drive
vehicle having an independent propeller shaft connected to each rear
axle. TIn this case, the propeller shaft to the rearmost rear axle is
connected to the drive gear shaft in back of the brake drum. A short
part of it, having universal joints at each end, passes through a bear-
ing mounted on the forward rear axle. This arrangement is shown
be § at the top of figure 45 and the control levers and linkage are shown
res at the bottom of figure 45.
on e. A single-speed transfer case having an interaxle differential is
Ve shown in figure 46. If the front pair of wheels is not exactly the
eel | same diameter as the rear pair of wheels, due to tire wear, there must
me be slippage between them unless a differential gear is interposed be-
- 1 tween the axles; and the front and rear wheels must travel at different

N adAd atoanies i
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Fi1GoRE 45, —Transfer case connected to front driving axle and dual rear axles,
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Frourn 46 —Transfer case with interaxle differential for dual rear axle drive,

rates of speed when the vehicle makes turns. The interaxle differen-
tial works the same as the driving axle differential described in para-
graph 48. The transfer case shown is for a six-wheeled vehicle which
drives on the rear four wheels; the front wheels are not driven. The
transmission is connected through the main shaft to the differential
case in which the four differential spur pinions are pivoted. These
pinions drive the differential side gears which are integral with the
helical drive gears. The latter drive the two helical driven gears
which drive the two driven shafts to which the propeller shafts are
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connected through universal joints. One propeller shaft goes to the [ ¢
forward rear axle and the other to the rearmost rear axle. A disad- [} e
vantage of this type of drive is that if one pair of driven wheels lose Jf It
traction and spin, the other pair will not be driven. For this reason, if <h
a differential lock as described in f below is sometimes used. chy

f- A type of transfer case employing a silent chain and interaxle
differential is shown in figure 47. The drive is from the sprocket on
the driving shaft through the silent chain to a sprocket on the differen-
tial case, thence through the differential case and pinions to the differ-
ential side gears to the driven shafts to which the propeller shafts are

TRANSMIESION

TRA

e SILENT
Al

~ PROPELLER
SHAFT

|
.
.

DIFFERENTIAL (7 ]

LOGK CONTROL '\ DIFFERENTIAL

LEVER LOCK PAFFERENTIAL
CASE

:
; Figury 47,—Silent chain type transfer case with differential. i

connected. Transfer cases of this type are provided with a differential
lock consisting of a dog clutech which locks the two driven shafis to-
gether. It is operated by a lever in the driver’s cab. If either the |
front or rear wheels lose traction and spin leaving the other pair |
stationary, the differential is locked out of action and power is dis-
tributed equally to both pairs of wheels. lep

g. The automatic compensator transfer case (fig. 48) contains a
mechanism that automatically disengages the front-wheel drive at any
time the front wheels rotate faster than the rear wheels, as in turning
a corner; that is, overrunning of the front wheels is permitted. This
transfer ease is the same as the two-speed transfer case described in
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¢ above except for the driven gear and shaft assembly. The driven
gear is wider and it floats on the driven shaft except when clutched to
it by one of the ratchet-toothed dog clutches splined to the driven
shaft on either side of the driven gear. The ratchet teeth on these
clutches are opposed: that is, the jaws of the rear clutch engage the

TO FRONT

AXLE

RATOGHET TOOTHED
DOG CLUTCHES

Fiarig 45, —Transfer ease with antomatie compensator.

teeth on the rear of the driven gear hub when the vehicle is moving
forward, and the jaws on the front clutch engage when the vehicle is
in reverse. The driven gear is free to move forward or back on the
driven shaft. When the vehicle is driven forward, the side pressure
on the helical teeth of the driven gear eauses it to move rearward
against spring pressure, engage the rear clutch, and rotate the driven
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Fiuvnr 4. —FPower take-off connected at left side of transmission,

shaft and front propeller shaft. When the front wheels start to
rotate faster than the rear ones, the driving action is reversed; that is,
the front wheels begin to drive instead of being driven, which moves
the gear out of engagement with the rear clutch and permits the front
wheels to rotate independently of the rear ones. When the front
wheels slow down to the same speed as the rear ones and are again
driven instead of driving, side pressure on the helical teeth of the
driven gear again moves it into engagement with the vear clutch. The
same action takes place in an opposite direction when the vehicle is in
reverse, at which time the forward clutch engages and disengages the
front-wheel drive.

h. Transfer cases are lubricated in the same way as transmissions
and auxiliary transmissions.

36. Power take-offs.—a. These are attachments for connecting
the engine to power driven auxiliary machinery when its use is re-
quired. (See par. 33¢.) They are attached to the transmission, auxil-
iary transmission, or transfer case.

b. A power take-off installed at the left side of a transmission is
shown in figure 49. It is used to drive a winch, located at the front
of the truck, through the universal joint and propeller shaft.
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¢. The simplest type of transmission power take-off is the single-
gear, single-speed type shown in figure 50. This unit is bolted over
an opening provided for the purpose at the side of the transmission
case. This opening is closed by a cover plate when no power take-off
is used. The opening in the transmission case and the power take-off
unit are so designed that when the latter is bolted on, the power take-
off gear meshes with a gear on the transmission countershaft. As

MESHES WITH
THANSMISSION
COUNTERSHAFT
SEAR

N DA v g

ik}

ing

gil-

olil
Fraune 50 —Single-speed, single-gear, power take-off,
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shown in figure 50, the gear slides on the splined main shaft off which
the power is taken. The shifter shaft, controlled by a lever in the
driver’s cab, slides the gear in and out of mesh with the countershaft
gear. Since it is driven by the countershaft, the power take-off shaft
rotates in the same direction as the engine crankshaft.

d. Transmission power take-offs are available in several different
designs: a single-speed, two-gear model in which the rotation of the
power take-off shaft is opposite to that of the engine; a model having
a single-speed forward and reverse; and a model having two speeds
forward and one reverse. Several different mountings are also avail-
able.

TRANSMISSION

ALUXILIARY

.. POWER
TRANSMISSION  TAKE-GEF

Fioore 51, —Auxiliary transmission power take-off driving wineh.

e. The same types of power take-offs are also applied to auxiliary
transmissions. Figure 51 shows a winch driven off an auxiliary
transmission.

7. Power is sometimes taken off a transfer case as shown in figure
| 52. The transfer case drive shaft, which is connected to the trans-
| mission, extends through the case and the power take-off shaft is
‘ engaged to it by a dog clutch. This transfer case has two speeds
and a neutral position. It is necessary to put the transfer case
sliding gear in the neutral position if the vehicle is to be stationary
while the power take-off is in use. If the power take-off is needed
while the vehiele is in motion, the transfer case may be shifted either
into high or low range. With this arrangement, the power take-off
will work on any speed of the transmission. The positions of all the
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ich «ab control levers of one model of vehicle are shown diagrammatically
e i in figure 53 as they are placed on the instruction plate in the cab.
afi When the power take-off clutch is engaged the winch capstan oper-
At ates: but the winch drum does not rotate until the winch cluteh is

engaged.

nt g. The several types of power take-offs have been described as
Le operating winches; but their use for operating various kinds of hoists,
N pumps, and other auxiliary power-driven machinery is essentially the
ds § same. :
il-
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"l'.l‘l Fievre 52.—Two-speed transfer case with power take-off,
e h. Crash trucks usually have small gear pumps driven by transmis-
is- 1 sion power take-offs. Fire engines have large pumps which are

is | driven off the transmission main shaft. This shaft passes through
ods | the driving member of the pump and the pump is connected to it by
e | a dog clutch. When this clutch is engaged, it also disengages the
propeller shaft from the driving wheels. Thus the pump can be
driven while the yehicle is stationary and can be controlled by the
main transmission and cluteh,

7. Power take-offs do not ordinarily require separate lubrication,
e 1 being lubricated by the oil in the transmissions, auxiliary transmis-
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Micvee 53.—Positions of transwission control lever and transfer ease control lever for

two-speed transter case with power take-off

sions, or transfer cases to which they are connected. However, the
type of power take-off that is connected to a transmission or auxiliary
transmission sometimes requires separate drainage. This is usually
accomplished by removing a separate drain plug or one or more of
the lower cap screws in the lower bearing caps.

Seeron 'V

PROPELLER SHAFTS AND UNIVERSAL JOINTS

Paragraph
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37. General.—Power must be transmitted from the transmission
to the live axle through a variable angle, because the driving axle of
a motor vehicle is attached to the springs while the transmission is
mounted on the frame, resulting in relative motion between the two.
The distance between the two members is also constantly changing
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slightly due to the flexing of the springs. Some type of flexible drive
is required, therefore, between the transmission and driving axle.
The chain and sprocket drive was first used for this purpose, but it
has been almost supplanted as a motor vehicle drive by the propeller
shaft and universal joint.

38. Propeller shafts.—There are two types of propeller shafts:
solid and tubular. The torsional stress in a propeller shaft varies
from zero at the axis to a maximum at the outside. Since the center
of a shaft resists only a small portion of the load, hollow shafts are
used wherever practicable. A solid shaft is somewhat stronger than
a hollow shaft of the same diameter, but a hollow shaft is stronger
than a solid shaft of the same weight. Solid shafts are generally
nsed for torque tube drives (par. 450) because shafts of small diam-
eters are required to fit inside the shaft housing. Hollow shafts are
always used for Hotchkiss drives (par. 45d) where the shafts are
in the open.

39. Slip joints.—a. A slip joint is provided at one end of the pro-
peller shaft to provide for end play; that is, lengthening and short-
ening of the propeller shaft as the springs flex and the axle moves
up and down. The usual type of slip joint consists of a splined stub
chatt, welded to one end of the propeller shaft, which fits into a
splined sleeve integral with the universal joint yoke. (See fig. 54.)
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Fiourg 54.—S8lip joint and universal joint.
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b. Lubrication of slip joints is important because if they do not
slide freely there will be an excessive end thrust on the bearings that
support the propeller shaft and the universal joints which will cause
rapid wear and possible failure. A chassis lubricant is usually
recommended by the manufacturer.

40. Universal joints.—A universal joint is a connection between
two shafts that permits a driving shaft to drive a driven shaft at an
angle.

a. Hooke's coupling—An early type of universal joint is the
Hooke's coupling (fig. 55) consisting of a cross with two yokes
pivoted to its ends. Most universal joints in use today embody the
same principles.

b. Cross and two yokes—A type of universal joint widely used is
the cross and two yokes (figs. 54 and 56) which is very similar to
Hooke’s coupling. The cross is drilled to receive lubricant for the
needle bearings which pivot the ends of the cross, or trunnions, to the

PIVOTS

a5, —Hooke’s caupling.
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Universal joint cross and bearings.
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F1GURE 537.—Assembled eross pin universal joint,

two yokes. Caps held by cap serews and locking plates hold the needle
bearings in place in the yokes. A relief valve is shown at the center
of the cross. This is to prevent damage to the needle bearing retain-
ing parts and oil seals in case excessive oil pressure is applied to the
fitting. The universal joint is shown assembled in figure 54. One
yoke is integral with the splined sleeve of the slip joint and the other
voke is integral with a companion flange which bolts to a mating
flange on the transmission shaft. The oil seals can be seen at the inner
ends of the needle bearings. The ears on the locking plates are bent
up to prevent the cap serews from loosening.
e. C'ross pin type—This universal joint, which is somewhat differ-
_ ent, from the preceding type both in construction and operation, is
' shown assembled in figure 57 and in eross section in fisure 58. Two
pins, one having an enlarged cross section at the middle and the other
of uniform diameter, are locked into a cubical block by means of a
hollow locking screw. Both pins and the locking screw are drilled
for lubrication. Four cups with needle bearings fit into the yokes
and around the ends of the pins. The cups are held in the yokes by
cap serews and locking plates with ears which are bent up to prevent
the cap serews from loosening. Bronze washers between the yokes
and sides of the center block take part of the torque transmitted by
the joint, while in the type deseribed in & above, all of the torque
must be transmitted through the needle bearings. The bronze washers
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SCREW

_CENTER BLOCK

Fads §

STRAIGHT PIN

Fiovie 58.—Cross section of cross pin universal joint.
|

@ LOGK RING

" BUSHING

SLIP JOINT

SLEEVE
TRANSMISSION

SHAFT YOKE

Fisupe 50.—Ring and trunnion universal joint.
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can be replaced with oversize ones in case of wear. A plug is screwed
into the end of one of the needle bearing caps which is removed to
fill the passages with lubricant. Felt gaskets are placed under each
needle bearing and cup to retain the lubricant.

d. Ring and trunnion type—This type of universal joint (fig. 59)
is quite similar to the cross and two yokes type, but the trunnions
are integral with a ring instead of a eross. Steel bushings held in
the yokes by wire lock rings are unsed in place of needle bearings.
The universal joint is used in a torque tube drive and the entire
assembly runs in oil in a ball housing connecting the torque tube to
the rear of the transmission case.

e. Split ving type—In this design of universal joint (fig. 60)
the trunnions are integral with the yokes and a split ring holds the
bushings in place around the trunnions. The two halves of the ring
are held together by bolts with lock washers, or castle units and cotter
pins. It has no means of retaining lubricant and is used only in
torque tube drives where the entire assembly runs in oil.

f- Split ving and pin type—This type (fig. 61) is similar to the
split ring type in that a split ring holds the trunnions in place. One
pair of trunnions is integral with one of the yokes. The other yoke
and pair of trunnions are formed by the projecting ends of a pin in-
serted in a block integral with a companion flange. The split ring is so
designed that it retains lubricant and no other housing is required.

SPLIT RING

BUSHING

SPLINED
SLEEVE

TRUNNIONS

Fiourn 00.—Split ring universal joint,
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TRUNNIONS
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Figore 61, —Universal joint with split ring and pin,

THRUST
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LEATHER BOOT
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\NEEDLE
BEARINGS

UNIVERSAL JOINT
SPRING =~ ————

Fiovre 62,—8lding ball and trunnion universal joint,

q. Sliding ball and trunnion type.

having two opposed U-shaped milled orooves.
= =

rotate on needle bearings on both ends of the pin.
are inserted into the ends of the pin.

4

This type differs from any of
those discussed above in that it permits end movement and does not
require a slip joint. One member consists of a cup-shaped forging
This is attached to
the transmission shaft by a companion flange (fig. 62). A pin is
pressed through the end of the propeller shaft and hollow balls
Rounded buttons
These balls and buttons fit into
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the milled grooves in the cup forging and together with the pin form
the other member. Since the pin and balls can turn both longitu-
dinally and transversely in the grooves in the cup forging, universal
joint action is obtained with only one pair of trunnions. The pin
and balls can also move in and out of the cup making a slip joint
unnecessary. A spring is placed between the driving and the driven
shafts, as shown in figure 62. When universal joints of this type are
used at both ends of the propeller shaft, which is the usual practice,
springs in both joints limit the endwise movement of the propeller
shaft in the two cups and prevent the balls from bottoming in the
grooves. A leather boot, to keep out dust and confine the Iubricant,
completes the assembly.

41. Velocity fluctuations.—a. All the universal joints deseribed
so far cause speed fluctuations in the propeller shaft, the amount of
the fluctuation depending upon the degree of angle between the driv-
ing and driven shafts. This will be discussed more fully in para-
garaph 58¢ in connection with front-wheel drive.

b. When two universal joints are employed, one at either end of 2

the propeller shaft, the second universal joint is used to compensate

: for the speed fluctuations caused by the first. In order to accom- z
plish this, the angle between the transmission shaft (driving) and 1

the propeller shaft (driven) must be the same as the angle between
the propeller shaft (driving) and the final drive shaft (driven).
This will be the case if the transmission shaft and final drive shaft
are parallel (fig. 63) in which angles A and B are equal. The other
requirement is that both yokes of the universal joints attached to the
propeller shaft lie in the same plane as shown in figure 63. When
this arrangement is used, some torsional vibration is imparted to
the propeller shaft, but no velocity fluctuation is transmitted to the

N LoD

YOKES IN FINAL
SAME PLANE DRIVE SHAFT

(11

FIGURE 63.—Arrangement of drilling and driven shafts and universal joints to compensate
nto for speed fluctuation,
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driving axle and wheels. If, however, the yokes of the universal
joints on the propeller shaft lie in planes perpendicular to each
other, the velocity fluctuation caused by the first universal joint will
be doubled by the second. It is very important, therefore, that the
parts be assembled correctly.

¢. Only one universal joint is ordinarily used in a torque tube
drive. When the usual type of universal joint is used, the fluctua-
tion in the speed of the propeller shaft relative to the transmission
shaft is not compensated for and is carried to the rear axle and
driving wheels. It is minimized by making the angle between the
transmission shaft and propeller shaft as small as possible, It can
be eliminated by using one constant velocity universal joint (par.
580).

FLEX/ELE
DI5KS

DD

CORAL IG&T} ]
WASHERS

Al FLEXIBLE
SPIDERS DIsKS

Ficoie 64.—Flexible disk coupling.

d. Passenger vehicles usually have one or two universal joints at
one or both ends of the propeller shaft. Trucks usually have two
universal joints for each propeller shaft. Figure 45 shows a six-
wheel drive truck that has ten universal joints.

42. Flexible disk couplings.—Flexible disk couplings, which
may be considered universal joints, have been used extensively for au-
tomobile propeller shafts, water pump and generator drives. A pop-
ular type is shown in figure 64. It consists of three flexible disks
made from fabric and rubber, similar to the way tires are made, and
two three-pronged spiders with hubs for attaching them to the shafts.
The three disks are used together and arve separated by corrugated
washers to prevent friction between them. They each contain six
holes (fig. 64). One spider is fastened on each side of the disks by
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bolts which go through in alternate holes. This type of joint per-
mits a certain amount of end play due to the flexibility of the disks
and can be used without a slip joint when the amount of end play is
small. It runs quietly, requires no lubrication, and does not need
to be protected from road dirt. However, it will not transmit power
through a large angle, about 10° being the maximum.

43. Lubrication.—«. The slip joint of a propeller shaft entirely
enclosed in a housing provided with a lubricant fitting requires greas-
ing with chassis lubricant about every 1,000 miles.

h. A propeller shaft slip joint enclosed within a forque tube is
nsually lubricated antomatically from an adjacent unit or assembly
and requires no attention. A center bearing is often used, which
is Tubricated from a fitting on the outside of the torque tube once a
month or every 1,000 miles.

e. Slip joints of propeller shafts having partially exposed splines,
such as the drive shafts of some winches, must be lubricated with a
heavy-bodied fluid to prevent the joint from rusting and sticking.

d. As a rule, the lubricant used on universal joints should be fibrous
and fairly viscous so that it will not “throw off” as the joint rotates
at high speed. Oil is recommended for lubricating some makes of
universal joints, in which case “Use Oil” is usually imprinted on the
joint.

Section VI

FINAL DRIVES; DIFFERENTIALS; LIVE AXLES
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44. Final drive.—a. A final drive is that part of a power trans-
mission system between the propeller shaft and the differential. Its

v
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function is o change the direction of the power transmitted by the
propeller shaft through 90° to the driving axles, At the same time
it provides a fixed reduction between the speed of the propeller shaft
and the axle driving the wheels. In passenger cars, this speed re-
duction varies from about 3 to 1 to 5 to 1. 1In trucks, it vavies from
about 5 to 1 to 11 to 1.

b. The gear ratio of a bevel gear final drive is found by dividing
the number of teeth on the bevel drive gear by the number of teeth
on the pinion. For a worm gear, it is found by dividing the number
of teeth on the worm gear by the number of threads on the worm.
In case of chain drives, the sprockets are considered as gears and the
number of teeth on the driven sprocket is divided by the number of
teeth on the driving sprocket.

45. Types of drive.—When a turning force, or torque, is exerted
through the final drive and axle shafts to turn the driving wheels,
there is an equal and opposite torque, or reaction. tending to turn
the axle housing in the opposite direction. The tractive effort of the
wheels on the road which propels the vehicle forward or backward
is also exerted on the axle housing. Some member or members must
be provided, therefore, to prevent the axle housing from turning
and to transmit the forward or backward thrust of the driving wheels
to the frame of the vehicle. Four methods and at least one combina-
tion of these methods are used for accomplishing this result. They
are radius rod drive, torque arm drive, torque tube drive, and Hotch-
kiss drive. (See fig. 65.)

a. In the radius rod drive, two radius rods, sometimes known as
torque rods, are used to transmit the driving thrust to the frame
and to maintain the alignment of the rear axle. The radius rods are
connected both to the rear axle and to the frame by jointed connections
which permit full vertical, and sometimes lateral, movement of the
axle housing relative to the frame. Therefore, the torque reaction is
resisted by the springs, as in the Hotehkiss drive. An open propeller
shaft with two universal joints is usually employed with this type of
drive. This type of drive is used only to a very limited extent. Simi-
lar radius rods are employed in the bogie four-rear-wheel drive (par.
55a) but in that case there are radius rods both at the top and bottom
of the axle housing and therefore they also take the torque reaction,

b. The torque tube drive is used on a number of passenger and light
commercial vehicles. Tn this type of drive, the propeller shaft is
housed in a steel tube. The rear end of the tube is rigidly bolted
to the rear axle housing by a flange and its front end is connected to
the transmission or a frame cross member through a ball and socket
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ed

Y

"'|: @ Torque tube drive. @ Hotehkiss drive. i
w1 Fievne 65.—Types of drive. |
H]
oy joint. One universal joint, the center of which is placed at the center 3;
- of the ball and socket joint of the torque tube, is used in the propeller -
shaft. A slip joint is used in the propeller shaft, since there is some z
a3 lengthening and shortening of the shaft as the rear axle moves up and
e down. A center bearing for the propeller shaft is generally put in the
e torque tube. Two radius rods connect the ends of the axle housing
ns with the forward end of the torque tube and maintain the axle hous-
he ing alined at right angles to the torque tube. The springs are shackled
is at both ends. With this type of drive, both the torque reaction and
or the driving thrust are taken by the torque tube. Since the springs are
of relieved from both torque reaction and driving thrust, they can be
i made flexible, which it is thought imparts better riding qualities to
. the vehicle than other types of drive. When the torque tube drive is
m employed, the driving pressure is applied toward the forward end of
the frame, either through the engine mountings or a frame cross
ht member ; whereas. in the torque rod and Hotehkiss drives, it is applied
i at the rear of the frame. Some designers prefer one and some the
ed other., Both are satisfactory.
to
cet
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¢. The torque arm drive is little used. Tt consists of a solid or
tubular arm, rigidly connected to the axle housing at its rear end and
connected to a frame cross member through a ball and socket joint
or a bracket similar to a spring bracket at its front end. An open
propeller shaft is used. This type of drive is very similar to the
torque tube drive, the principal difference being that it employs an
open propeller shaft parallel to a torque arm instead of a housed
propeller shaft within a torque tube.

d. The Hotchkiss drive is used for a large proportion of the passen-
ger cars and most of the heavier trucks. In this type of drive, an
open propeller shaft with two universal joints and a slip joint is used.
The torque reaction, driving thrust, and alinement of the axle hous-
ings are all taken care of by the springs. The springs are pivoted on
the brackets riveted to the vehicle frame at their forward ends and
shackled to the frame at their rear ends. The rear spring brackets are
the points of application of the driving thrust to the frame. Because
the springs must take the torque reaction, stiffer springs are required
than for the torque tube drive. Because they must take the driving
thrust they must be fairly straight, or flat. Some designers thing that
these considerations make for inferior riding qualities, but Hotchkiss
drives are used very extensively with complete satisfaction. An ad-
vantage of the Hotchkiss drive is that the flexible connection between
axle and frame throws less strain on the driving mechanism than other
types of drive. When sudden loads are applied, as in letting the clutch
in suddenly or quickly applying the brakes, the axle housing can rock
slightly which cushions the shock on the parts and prevents extremely
high pressures between the gear teeth of the final drive mechanism.

e. One manufacturer employs a semitorque tube drive for passenger
and light commercial vehicles. It is the same as the conventional
torque tube drive, except that the torque tube has a slip joint and no
radius rods are used. The torque tube resists the torque reaction:
but sinee it has a slip joint, it cannot take the driving thrust. As in
the Hotchkiss drive, the springs transfer the driving thrust to the
frame and maintain axle alinement. Therefore this drive might be
said to be semitorque tube and semi-Hotchkiss.

46. Chain drives.—In early automobiles the final drive consisted
of a chain and two sprockets. The engine was placed with the
crankshaft crosswise in the frame. The crankshaft was connected
through a clutch to a transmission and a sprocket on the transmis-
sion shaft was connected to a sprocket on the differential case of the
rear axle. The speed reduction was accomplished by having a small
sprocket on the transmission shaft and a larger one on the rear axle.
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This type of final drive is obsolete. Double chain drives are still
used to a limited extent for heavy duty work. A jackshaft, having
sprockets at each end, is mounted at about the middle of the chassis
on a frame cross member. It is driven through a bevel pinion and
bevel drive gear which furnish the first speed reduction and differ-
ential in the same way as the driving axles described in paragraph 49.
This mechanism is located at the rear of the transmission and is
usually built into it. Chains connect the sprockets on the ends of the
jackshaft to sprockets on the rear driving wheels which rotate on a
dead (fixed) axle. The sprockets and chains provide a second speed
reduction between the transmission shaft and the rear wheels. The

ke double chain drive is rugged and efficient, but becomes very noisy and
e is open to mud and dirt.

d 47. Gear drives.—All the final drives in general use are geared
" types. The commonest type consists of a pair of bevel gears; that is,
‘] a drive pinion connected to the propeller shaft and a bevel drive
el

gear attached to the differential case on the driving axle. These
bevel gears may be spur, spiral, or hypoid. Spur gears have straight
teeth, while spiral-bevel and hypoid gears have curved teeth. Spur
gears are little used for this purpose because they are noisy. Spiral-
bevel gears are most used. Hypoid gears are used in several pas-
senger cars and light trucks because they permit the bevel drive
pinion to be placed below the center of the bevel drive gear, thereby
lowering the propeller shaft to give more body clearance. Worm
gears are also used extensively in trucks because they allow a large
speed reduction. These consist of helical worms, similar to screws,
and meshing toothed gears. The worms have single, double, triple,
or quadruple threads. These types of gears are shown in figure 66.
Internal gear final drives were once popular and are still used in rare
instances. They permit a large speed reduction like the double chain
drive to which they are similar. A jackshaft is driven by the pro-
peller shaft through bevel gears and differential as it is in the double
chain drive (par. 46) except that the jackshaft is mounted on the

T T L L ]
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dead rear axle and parallel to it. Spur pinions, keyed on the ends of
. the jackshaft, drive internal gears attached to the wheels. The first
et gear reduetion takes place in the bevel pinion and drive gear and
h"' the second in the internal gears.
i 48. Differentials.—«. When a column of marching men turns a
15- corner, the man in the inside file must take short steps, almost
he marking time, while the man in the outside file must take long
all steps and walk a much greater distance to make the turn as shown
le. in figure 67. When a motor vehicle turns a corner, the wheels on
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Frovee G6.—Gears used in final drives.
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Frgonn 67.—Track of inside and outside wheels when turning a corner.
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the outside of the turn must rotate faster and travel a greater
distance than the wheels on the inside. This causes no difficulty
with the front wheels of the usual passenger car which are not
driven because each rvotates independently of the other on opposite
ends of a dead axle or on independent spindles (knee action). In
order for the rear wheels to turn at different speeds, however,
their individual axle shafts must be connected to the bevel drive
gear in such a way that each shaft can turn at a different rate of
speed and still be driven as a single unit. This is the funection of
the differential. The type of differential in general use (fig. 68)
consists of a differential case bolted or riveted to the bevel drive
gear, and two or more differential pinions pivoted radially in the
case and meshed with two differential side gears. These are splined
to the two axle shafts which drive the wheels. The axle shafts pass
through each side of the differential case but rotate independently
of it. Spur bevel gears are almost always used for the differential
pinions and side gears. Usually, either two or four differential
I pinions are employed. .

b. An actual differential, with the parts in their proper relative :
positions but without their housing, is shown in figure 69. Figure £

70 shows an exploded view of a differential. The differential pinions !
are pivoted on the trunnions of a spider. These trunnions extend
outward beyond the pinions and their outer ends are held in ve-
cesses between the two parts of the case which holds the side gears

IR MRS
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AXLE
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Fiaupy 68, —Differential.
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Ficure 69.—Differentinl with part of case eut nway. 4

in mesh with the pinions. The action of the differential is as follows: e
The drive pinion rotates the bevel drive gear and the differential ¥
case and spider which are attached to it. The power is transmitted {')’
to the axle shafts through the differential pinions and side gears. v
When there is equal resistance on each rear wheel, the differential %
pinions rotate the differential side gears and axle shafts at the same e

speed which is the speed of the bevel drive gear. In this case, there
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Ficuny T0.—Parts of differential.

is no relative motion between the pinions and the side gears; that
is, the pinions are not turning on the spider trunnions and their
teeth are not moving over the teeth of the side gears. When the
vehicle turns a corner, one wheel must turn faster than the other.
Consequently there is a movement of the differential pinions around
the spider trunnions and over the teeth of the side gears. This
makes one side gear, axle shaft, and wheel revolve faster than the
the other. Any movement of the differential pinions over the side
gears accelerates one axle shaft and retards the other. The average
speed of the two side gears, axle shafts, and wheels is always the
speed of the bevel drive gear.

c. A fault in the usual differential is that if one driving wheel
loses traction and spins, the other wheel which has more traction
remains stationary and does not drive the vehicle. In order to over-
come this, several devices have been employed from time to time.
One of these is the manually controlled differential lock. This is
simply a dog cluteh, eontrolled by a hand lever, which clutches one
axle shaft fast to the differential case and bevel drive gear. This
forms a rigid connection between the two axle shafts and makes

[ B I B
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both wheels rotate at the same speed as the bevel drive gear while the
differential lock is engaged. This device is used very little, probably
because a driver oftenr forgets to disengage the differential lock be-
fore the differential action is again requived. It is used on a type of
interaxle differential described in paragraph 35f. Automatic devices
for doing almost the same thing have been designed. One of these.
which is rather extensively used today, is the high traction differen-
tial. Tt consists of a set of differential pinions and side gears which
have fewer teeth and a different tooth form: from the conventional
gears. These are compared with the standard gears in ficure 71.
These differential pinions and side gears depend on a variable radius.

@ Conventional differential pinion and side @ High reaction differential pinion and side

geiirs. gears,

Figure TL.—Hich traction diferential sears compared with standard differentinl gears,

from the center of the differentia. pinion to the point where it comes
in contact with the side gear teeth which is in effect a variable lever
arm. The operating theory of this differential is beyond the scope
of this manual. However, as long as there is relative motion between
the pinions and side gears, the torque is unevenly divided between
the two driving shafts and wheels; whereas, with the usual differen-
tial, the torque is evenly divided at all times. With the high traction
differential, the torque becomes greater on one wheel and less on the
other as the pinions move around until both wheels start to rotate
at the same speed. When this oceurs, the relative motion between
the pinion and side gears stops and the torque on each wheel is again
equal. This device assists considerably in starting the vehicle or
keaping it rolling in cases where one wheel encounters a slippery spot
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and loses traction while the other wheel 15 on a firm spot and has
traction. It will not work, however, when one wheel loses traction
completely. In this respect it is inferior to the differential lock.

49. Live axles.—a. A live axle is one that supports part of the
weight of a vehicle and also drives the wheels connected to it. The
term is applied to the entire assembly which consists of a housing con-
taining a bevel drive pinion, bevel drive gear, differential and axle
shafts together with their bearings, and sometimes additional mech-
anisms. The term “live axle” is opposed to the term “dead axle.” A
dead axle is one that carries part of the weight of a vehicle but does
not drive the wheels. The wheels rotate on the ends of the dead
axle. The usual front axle of a passenger car is a dead axle and the
rear axle is a live axle. In four-wheel drive vehicles, both front and
rear axles are live axles and in six-wheel drive vehicles. all three axles
are live axles.

b. There are four types of live axles: plain, semifloating, three-quarter
floating, and full floating. These are distinguished by the way in
which the axle shafts are connected and what stresses they must carry.

50. Plain live axle.—The plain, or nonfloating, rear axle was one
of the first used. In this type, the axle shafts are supported in the
housing by roller bearings at the center and at the outer ends, The
rear wheels are keyed on tapers at the outer ends of the axle shafts and
held by castle nuts and cotter pins. In addition to turning the wheels,
the rotating axle shafts carry the entire weight of the rear of the vehicle
on their outer ends. All stresses caused by turning corners, skidding
or wobbling wheels are taken by the axle shafts. The differential
side gears are keyed on the inner ends of the axle shafts which carry
the weight of the differential case. The stresses created by the opera-
tion of the differential are taken by the axle shafts. Side thrust on
the axle shafts is taken care of by the roller bearings, and ball bearings
are provided at each side of the differential case to take care of end
thrust. This type of rear axle is now obsolete.

51. Semifloating.—The semifloating rear axle (fie. 72) is used on
most passenger and light commereial vehicles. The principal differ-
ence between it and the plain live axle is in the manner of supporting
the differential assembly. In the plain live axle, the differential case
is carried on the inner ends of the axle shafts. In the semifloating
axle, it is carried by bearings mounted in the differential carrier. The
axle shafts ave splined to the differential side gears. This relieves
the axle shafts of the weight of the differential and the stresses caused
by its operation which are taken by the axle housing. The inner ends
of the axle shafts transmit only turning effort, or torque, and are not
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MiGure 72, —8emifloating rear axle,
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Fraure 73 —Three-quarter Noating rear axle,

acted upon by any other force. They are said to be “floated.” The
wheels are keyed to the outer ends of the axle shafts and the outer
bearings are between them and the housing as in the plain live axle.
The axle shafts therefore take the stresses caused by turning, skidding,
or wobbling of the wheels. In both the plain and semifloating live
axles, a wheel can come off in case an axle shaft breaks or twists off.
The axle shaft cannot be removed until the wheel is pulled off.

52. Three-quarter floating.—The three-quarter floating rear
axle (fig. 73) is used on a few passenger cars. The inner ends of the
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axle shafts are sometimes secured with nuts and the axle shafts can-
not be withdrawn without removing the differential cover. In other
designs, the axle shaft can be withdrawn after the nuts holding the
hub flange have been removed. The wheels, however, are supported
by bearings on the outer ends of the axle tubes. The housing instead
of the axle shafts carries the weight of the car. Since the wheel is

h rigidly keyed on a taper at the end of the axle shaft as in the semi-
i’ floating axle, the stresses caused by turning, skidding, and wobbling
| of the wheel are still taken by the axle shaft.

' 53. Full floating.—The full floating rear axle (fig. T4) is used on

most heavy trucks. It is the same as the three-quarter floating axle
except that each wheel is carried on the end of the axle tube on two
ball or roller bearings and the axle shafts are not rigidly connected to
the wheels. Each wheel is driven through a dog clutch, or through
a spline cluteh, or through a flange on the end of the axle shaft that
is bolted to the outside of the wheel hub. The latter construction is
{requently used but is not truly full floating, since there is a rather
rigid connection between the axle shaft and the wheel hub. With
the true full floating axle, the axle shaft transmits only the turning
effort, or torque. The stresses caused by turning, skidding, and wob-
bling of the wheels are taken entirely by the axle housing through i

the wheel bearings. The axle shafts can be removed and replaced I
without removing the wheel or disturbing the differential. )

54. Types of rear axle assemblies.—a. Figure 75 shows a semi )
floating rear axle of the type generally used in passenger cars. The i

final drive consists of a spiral bevel pinion and gear. Spur gears
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Ficure T4, —Full floating rear axle.
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were formerly used for this purpose, but they have been generally ]'l
replaced by spiral bevel gears because they run more quietly. The 3
drive pinion which is connected to the propeller shaft by the com- °
| panion flange (fig. 75) runs in two tapered roller bearings mounted in g
| the differential carrier and is considered a part of the rear axle assem- i
bly. The drive pinion meshes with the spiral bevel drive gear which is !
viveted to the differential case. The differential case rotates in ":
| tapered roller bearings mounted in the differential carrier. The inner 3
1' races of these bearings fit on machined extensions on each side of the "'
; case and the outer races are held in brackets cast integral with the b
' differential carrier, The differential carrier is a easting which holds
e CARRiER T
, B | e e
d‘i-_i'l SHAFY .
SRIVE PiNION, eh. BEARING
Froune 75.—Semifloating rear axle with a spiral bevel gear.
the final drive and differential. Tt is inserted in the forward open-
ing of the rear axle housing and fastened with cap serews through b
a gasket to make the joint oiltight. The axle shafts are splined to D
the differential side gears. Machined hub extensions on these gears 2
rotate in plain bearings in each side of the differential case. The “
vear axle has two differential pinions. The path of power transmis- i
sion is from the propeller shaft to the pinion drive shaft and pinion s
to the spiral bevel drive gear, to the differential case, to the differen-
tial pinions, to the differential side gears, to the axle shafts, to the
wheels. §
b. Hypoid gearing has come into rather extensive use in late years, g
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mainly for passenger cars. The middle portion of a hypoid rear axle
is shown in figure 76. This rear axle is practically the same as the
spiral bevel gear rear axle except that the drive pinion and bevel drive
gear are cut with a somewhat different tooth form which permits the
drive pinion to mesh with the bevel drive gear below the center of
the latter. This construction allows the propeller shaft to be lowered
and sometimes makes a shaft tunnel in the floor of the rear compart-
ment of the vehicle unnecessary. Due to their design, hypoid gears
operate under extremely high tooth pressure and require a special
hypoid lubricant. (See par. 605.)

DIFFERENTIAL
CARRIER

HYPOID
_~“DRIVE GEAR

DRIVE SHAFT
DIFFERENTIAL ROLLER BEARINGS

CASE

HYPOID
DRIVE PINION

Frevre T6.—Hypoid rear axle.

c. The worm gear rear axle (fig. 77) is used in some trucks mainly
because it allows a large speed reduction. It is the same as the bevel
pinion and bevel drive gear rear axle deseribed in paragraph 54a,
except that the bevel pinion and bevel drive gear are replaced by a
worm and worm gear. The threads on the worm are similar to screw
threads and may be single, double, triple, or quadruple. The worm
shown has quadruple threads; that is, there are four helical grooves
cut in the worm. The worm meshes with a gear having helical teeth
eut in its outside circumference. The worm may be compared to a
screw and the worm gear to a nut. As the worm rotates, it pulls the
gear around. The worm is usually made of steel and the worm gear
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of bronze. The driving worm may be mounted either at the top of
the worm gear (fig. 77) or at the bottom. It is usually necessary to
place the worm at the top in order to allow sufficient road clearance
under the rear axle housing. The rear worm bearing must be very
strong and rugged since it takes the entire thrust reaction from driv-
ing the worm gear. If play develops in the worm due to wear, this
bearing must also withstand repeated impact. When the vehicle is
operated in reverse, or when the road wheels are driving the mecha-
nism, the front bearing resists these forces. Sometimes a worm of
“hourglass” form is used in the worm gear final drive. This type of
worm meets more teeth on the worm gear and therefore provides more
tooth bearing surface and consequently less stress in the teeth.

d. Double reduction rear axles are often used for heavy duty trucks.
A usual design of the full floating type is shown disassembled in figure
78. The first gear reduction is obtained through a spiral bevel pinion
and gear as in the common single reduction rear axles. The bevel

WORM SHAFT
FRONT BEARING

BEARINGS

DIFFERENTIAL
"SIDE GEAR SPLINE

Fieure 77.—Worm gear rear axhe,
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Foure 78, —Arrangement of gears in double reduction rear axie.

pinion runs in brackets on the differential carrier in two roller bear-
mgs (fig. 78). The bevel gear is mounted rigidly on a jackshaft with
a spur pinion that runs on roller bearings at each end, which are also
mounted in the differential carrier. The spur pinion drives a spur
gear bolted to the differential case. These parts are shown in their
proper relative positions in figure 78, The differential and axle shafts
are the same as those already described.

¢. Dual ratio, or two-speed, rear axles are sometimes used on trucks
I and passenger cars. They contain two different gear ratios which
can be selected at will by the driver, usually by a manual control lever.
A dual ratio rear axle serves the same purpose as the auxiliary trans-
mission described in paragraph 34 and, like the latter, it doubles the
number of gear ratios available for driving the vehicle under the
various load and road conditions. This type of rear axle is shown
in cross section in figure 79. It is driven by the conventional spiral
bevel pinion and bevel drive gear, but a planetary gear train is placed
between the bevel drive gear and differential case. (See par. 294
for an exphumtion of planetary gears.) The internal gear of the
planetary train is rigidly bolted to the bevel drive gear. A ring on
which the planotfuy gears are pivoted is bolted to the differential
case. A member consisting of the sun gear and a dog clutch slides on
one of the axle shafts and is usually contw]lm[ by a htmd lever acces-
sible to the driver, When this slldmg part is in the high ratio posi-
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Froore T9—=Seetional view of doal ratio rear axle,

tion, the sun gear meshes with internal teeth on the ring carrying
the planetary gears and disengages the dog clutch from the left bear-
ing adjusting ring which is rigidly held in the differential carrier.
In this position (fig. 80), the planetary gear train is locked together,
there is no relative motion between the gears in the planetary train,
and the differential case is driven directly by the bevel drive gear the
same as in the conventional, single ratio rear axle. In the lower ratio
position (fig. 81), the sun gear (not shown) is slid out of mesh with
the ring carrying the planetary gears and the dog clutch makes a
rigid conmection with the left bearing adjusting ring. Since the sun
gear is integral with the dog cluteh, it is also locked fast to the bear-
ing adjusting ring and remains stationary. The internal gear rotates
the planetary gears around the stationary sun gear and the differen-
tial case is driven by the ring on which the planetary gears are pivoted.
This action produces the gear reduction or low speed of the axle.

f. Double reduction, dual ratio rear axles are also sometimes used
in heavy duty motor vehicles. Rear axles of this type combine the
features of the double reduction and dual ratio axles in one unit. A
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Ficure S0, —Position of gears for high ratio. (Planetary sgears are locked and cannot
revolve,)

PR o w

" popular design is shown in figure 82 with part of the differential hous-
- ing cut away. A spiral bevel pinion drives a jackshaft through a
spiral bevel drive gear. Two helical pinions of different sizes and
or. a two-way dog elutch are mounted on the jackshaft. The two helical
5 pinions are not fast to the jackshaft but rotate freely on it on bearings.
e They are in constant mesh with two helical gears of correspondingly
i different sizes, both rigidly mounted on the differential case. The
ith sliding dog elutch is controlled by a hand lever and clutches either
one of the helical pinions fast to the jackshaft. The cluteh is shown
in the low-speed position in figcure 82. The drive is from the propeller
shaft to the drive pinion, to the bevel drive gear, to the jackshaft, to
the right helical pinion, to the right helical gear, to the differential
case, to the differential pinions, to the differential side gears, to
the axle shafts, to the wheels. When the dog clutch is in the high-
speed position (moved to the left) the drive is the same except that
it is through the other pair of helical gears.

55. Four-rear-wheel drives.—Motor vehicles that ecarry ex-
tremely heavy loads are often equipped with four rear wheels in
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Ficure 82.—Double reduction, dual ratio rear axle.
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order to increase traction and to avoid excessive weight on the rear
tires; that is, the weight of the load is divided among twice as many
tires as when only one rear axle is used. Dual wheels are generally
used with this arrangement; therefore, the weight of the rear of the
vehicle and load is divided among eight tires instead of four.

a. Different spring suspensions are used but the bogie type (fig. 83)
is most general. A bogie consists of two axles joined by a trunnion
axle. The trunnion axle passes directly beneath the rear cross mem-
ber of the frame and cannot be seen in figure 83. It is rigidly attached
to the frame by two support brackets. The springs are attached to the
frame by spring seats which pivot on each end of the trunnion axle.
The ends of the springs rest on hardened steel plates that are integral
parts of the axle housings. The tractive effort of the driving wheels
is transmitted to the vehicle frame through six torque rods. Two
of these, connecting each axle with the frame cross member, are shown
in figure 83. There are four more underneath, connecting each end
of each axle to the frame cross member, which are concealed by the
springs in figure 83. When the vehicle moves forward, the forward
Jdriving axle pulls the chassis and the rear driving axle pushes it by
means of the torque rod system. The torque rods also prevent
the tendency of the driving axles to roll over when the vehicle is

TRUNNION
SHORT SHAFT AXLE
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FORWARD RE AR\_\
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TRANSFER
CASE

REAR AXLE
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.
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IMiGure 85 —DBogle four-wheel drive with independent propeller shafts.
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being driven and when the brakes are applied. In addition, they
maintain the vertical positions of the axles.

b. Vehicles having this equipment may be either four- or six-wheel
drive. Sometimes the dual rear axles are driven by independent
propeller shafts from a transfer case as shown in figure 83. In this
case the propeller shaft to the rearmost rear axle is divided into
three parts, the short middle part passing through bearings mounted
on the forward rear axle. The transfer case may contain an inter-
axle differential but usually does not.

e. Another arrangement is the tandem drive (fig. 84) employing
double reduction axles. A single propeller shaft from the transmis-
sion or transfer case is connected to the forward rear axle drive pinion

SPIRAL INTER-AXLE
BEVEL GEAR PROPELLER SHAFT

DRIVE PINION
THROUGH SHAFT
/

FIRST REDUCTION
SECOND REDUCTION

T-DIFFERENTIAL
CASE

FROM
EROF‘ELLEH

HAFT SPUR GEAR

FiGrre 84.—Tandem dual rear axle arrangement with donble reduction final drives,

through a shaft and another short, interaxle propeller shaft connects
the drive pinion shaft of the forward rear axle with the drive pinion
shaft of the rearward rear axle. Ordinarily no interaxle differential
is used, but one is sometimes used which is built into the forward rear
axle. With the tandem drive, no transfer case is required if the vehicle
drives on the four rear wheels only. If the front wheels are also
driven, a transfer case is required.

56. Rear axle housing construction.—a. Rear axle housings
must be strong. In addition to carrying the weight of the rear of the
vehicle, they must transmit the starting and braking torque to the
frame. When the brakes are applied, the rotating brake drums tend
to carry the stationary brake shoes around with them. The torque
thus created is transmitted to the axle housing by the brake shields to
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which the brake shoes are anchored. It is necessary therefore that the
axle housing ends be fastened very solidly to the central housing when
they are not integral with it. A stress similar to that caused by brak-
ing, but opposite in direction, is placed on the axle housing when the
vehicle is accelerated. Besides these torsional stresses, the axle housing
also must resist the thrust of driving the vehicle produced by the
tractive effort of the driving wheels. This thrust is transmitted by
the axle housing to the frame through the springs, a torque tube, torque
arm. or radius rods, according to which type of drive is employed.
When the vehicle is retarded, a pull instead of a push is exerted on
the frame by these parts.

b. In general, rear axle housings arve of three types; pressed steel,
single-piece castings, and built-up.

(1) The pressed steel housing is used for some light vehicles. This
type of housing is formed in halves from sheet steel in the dies of
large presses and the two halves are then welded together. The weld
may be either along the side or top and bottom.

(2) Single-piece cast housings are used mainly for very heavy
duty trucks where exceptional strength is required. They are usu-
ally made of cast steel but have been made of malleable iron and cast
aluminum.

(3) The axle housing ends of both pressed steel and single-piece
rast housings arve often reinforced by inserting drawn steel tubes.

(4) Built-up rear axle housings are the most usual. They con-
sist of one or more castings forming the enlarged portion at the
center, to which axle housing ends of seamless drawn steel are
attached. They are usually pressed into bored holes in the central
castings and riveted or welded.

c. Rear axle spring seats are cast integral, welded, or riveted on
the rear axle housing. Brake shaft brackets are ordinarily bolted
fast. Brake shields are usually riveted to flanges cast integrally or
welded to the housing ends.

d. Many rear axle housings are designed so that the final drive and
differential mechanism may be inspected by removing a steel cover.
The mechanism may be taken out by first pulling the axle shafts and
then removing the differential carrier. Others, of the split type, must
be removed from the chassis, which must be otherwise supported
before they can be disassembled. A rear axle having a split housing
is shown disassembled in figure 85.

57. Front-wheel drives.—«. In four- or six-wheel drives the
front wheels are driven through a driving axle assembly very similar
to a rear axle. It may be of the single or double reduction type.
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Figure 86 shows a usual arrangement of transfer case, propeller sha fts,
universal joints, driving axles, and springs for a four-wheel drive
vehicle. Front-wheel drives are ordinarily Hotehkiss drives with
the front springs pivoted at the rear and shackled at the front. Axles
are of the full floating type. As in the case of rear live axles. the
axle housings are usually built up but they may be pressed steel for
| light vehicles and single piece castings for extremely heavy duty
vehicles. The split type housing is frequently used. The prin-
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Ficure 85.—Disassembled rear axle having a split housing.
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FrourE SO.—Arrangement of transfer case, propeller shafts, universal joints, and live axles
for four-wheel drive,
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Fiaore S7T.—Front live axle assembly.

cipal difference between front live axles and rear axles is that in
front wheel drives provision must be made for steering. In rear
driving axles, the axle shafts are directly connected to the wheels.
Since the front wheels must turn on the steering knuckle pivots,
they are usually driven by the axle shafts through universal joints
concentric with the steering knuckle pivots. Figure 87 shows the
housings of the steering knuckle pivots and constant velocity uni-
versal joints, as well as the tie rod, brake drums, hub flanges, |
and wheel mounting studs for a typical front live axle assembly. ;

b. A type of front wheel drive which drives the front wheels
through gearing and permits them to steer without the use of a
universal joint is shown in figure 88. It has been used to a very
limited extent. A spiral bevel pinion keyed to the end of the axle
shaft drives the lower half of a double bevel gear on the lower end
of the steering knuckle pivot. The top half of the double gear
meshes with a fourth gear that is integral with the wheel hub.
The gear and hub turn on the steering knuckle. VWhen the wheels
are cramped, the bevel gear on the wheel hub rotates around the
bevel gear on the steering knuckle pivot.

58. Constant velocity universal joints.—a. The speed fluctua-
tions caused by the usual types of universal joint (par. 41) do
not cause much difficulty in propeller shafts where they have to
drive through only small angles. In front-wheel drives, where the
wheels are eramped to angles up to 30° in steering, velocity fluctua-
tions present a serious problem. Ordinary universal joints cause

hard steeringe. slippage, and tire wear each time the vehicle turns
= - b
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Fiovne s8.—Helleal gear steering for a front-wheel drive,

a corner. Front-wheel drives were not very successful until con-
stant velocity universal joints were deyeloped. These are used ex-
clusively today to connect the front axle shafts to the driving wheels.
They eliminate the pulsations and consequent torsional vibration,

or “whipping”, of the shaft driven through the unmiversal joint. b
When the driving shaft runs at constant velocity, the driven shaft 0

does not run at constant velocity when the ordinary universal joint
is used. There is an acceleration and deceleration twice per revolu-
tion producing for a speed of 3,000 r. p. m.. for example, 12,000
changes per minute in the driven shaft velocity. The variations
of the angular velocity during one revolution, or 360°, of a shaf
driven through a conventional universal joint by a driving shaft run-
ning at constant velocity are shown in figure 89 in revolutions per
minute. The driving shaft is running at a constant velocity of
1,000 r. p. m. and the driven shaft is driven at an angle of 30° to
it. In a quarter of a revolution, the speed of the driven shaft varies
from a minimum of 866 r. p. m. to a maximum of 1.155 r. p. m. The
speed of the driven shaft equals that of the driving shaft only
at four points during the revolution; that is, 45°, 135°, 225°, and
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315°, where the curve intersects the constant velocity (dotted) line.
The positions of the universal joint yokes and trunnions at the

quarter points are shown in figure 89. The extent of each fluctua-

tion depends upon the degree of angle at which the driving shaft
drives the driven shaft. The maximum variations for other angles
of drive are shown in the table in figure 89.

b. Two types of constant velocity universal joints are popularly
used in front-wheel drive vehicles for connecting the axle shafts
to the wheels; the Rzeppa and the Bendix-Weiss type. Each of
these universal joints connects the driving and driven members by
rolling contact between accurately fitted balls and grooves, or races.
Both are practical for drive angles up to 30°. In order for the
driving shaft (running at constant velocity) to drive the driven
shaft at constant veloeity, it is requirved that the plane of driving
engagement between the two yokes of the universal joint be main-
tained at half the shaft angle. This principle is applied in both
these constant velocity universal joints: that is, a plane passed
through the points of contact of the balls with their races would
at all times bisect the angle between the driving and driven shafts
as shown in figure 91. A plane passed through the cross of the
usual type of universal joint would bisect the angle between shafts

T———

at only four points during each vrevolution, hence the speed
fluctuation.

¢. The Rzeppa type of universal joint is shown unassembled in
figure 90 and assembled in figure 91. It consists of three main ele-
. ments; a driving member. a driven member, and a close-fitting ball
cage separating the driving and driven members. These three mem-

bers have spherical contact surfaces and are assembled concentrically.
Each of the six balls engage a groove in the driving member with a
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Fiauge 88 —Speed fluctuations caused by conventional universal joint,
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Figune 90,—Rzeppa type of constant velocity universal joint unassembled.
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Firouke 91.—Rzeppa type of constant veloeity universal joint assembled.
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Froune 92,—Bendix-Welss type of constant velocity universal joint unassembled.
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groove in the driven member; thus the balls form the driving con-
tact. The pilot pin has ball ends, is held in its seat in the end of
the driving shaft by the pilot spring and plunger, and passes through
a hole in the pilot. The pilot assembly is the device that controls
the position of the cage and balls. The pilot pin is so designed that
it always forms an angle with the driven shaft that is half the drive
angle and is so connected to the pilot and ball cage that it maintains
the plane of ball contact at half the angle between the driving and
driven shafts.

d. The Bendix-Weiss type of constant velocity universal joint is
shown unassembled in fisure 92 and assembled in figure 93. As in
the Rzeppa type of universal joint, there is rolling contact between
the driving and driven members and constant velocity is obtained by
maintaining the plane of driving engagement between the two yokes
at half the shaft angle. Four steel balls are placed in nonconcentric,
intersecting races cut in the yokes. Without any ball retainer, cage,
or other positioning device, the races cause the balls to roll angularly
one-half the distance traversed by the yoke. A fifth steel ball, some-
what smaller than the rest, fits into ball sockets at the centers of both
yokes. This ball has a hole drilled partly through it and is retained
in position by a pin which extends into a drilled hole coneentric with
the ball socket in one of the yokes. This ball does not rotate but
merely acts as a thrust block between the two yokes and as a lock
in holding the other four balls in position. This universal joint also
permits a small amount of end movement by allowing the balls to
roll endwise in their races, thus making slip joints unnecessary. It is
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Ficure D3 —Bendix-Welss type of constant velocity university joint assembled,
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thought that the balls roll with much less effort than is required to
slide a spline. Figure 94 shows this type of constant veloci ity uni-
versal joint assembled in a front live axle.

59. Interwheel differential.—One of the latest developments in
front-wheel drives is dual wheels havi ing an interwheel differential
which makes them easily steerable. Bach wheel is equipped with its
own brake. Vertical steering knuckle pivots are used. The differ-
ential is of the spur gear type, the pinions havi ing a tooth form that
gives it the same action as the high traction differential deseribed in
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Ficure 94,—Bendix-Weiss type of constant veloeity universal joint assembled in front
live wuxle,

paragraph 48¢. When dual front wheels are used in addition to dual
rear wheels, a greater portion of the total load can be carried by the
front axle. This makes possible a greater pay load without increas-
mg the overall length of the vehicle. Interwheel differentials can
also be used for front dead axles, live rear axles, tandem rear live
axles, and trailer dead axles to provide for the difference in distance
traveled by each of the pair of dual wheels in rounding curves and
for the different rolling radius of each of the dual w heolk caused by
the crown of the road, ruts, ete. It is thought that a great saving in
tire wear results due to the elimination of slippage which must occur
when dual wheels are rigidly bolted together.
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60. Lubrication.—«. In the bevel gear or worm driven live axle,
it is common practice to use an ordinary gear lubricant of S A E 90
or 140 viscosity for winter and SAE 140 or 250 for summer. How-
ever, the exact grade to be used depends essentially upon the clear-
ances and pressures involved and whether the unit does light or heavy
duty. Manufacturers’ recommendations should be observed.

b. The hypoid gear drive (par. 545) is a rather recent development
that requires special lubrication. Due to the fact that the pinion in
this drive is below the center of the bevel drive gear, the pressures
between the contact surfaces of the teeth are much higher than in the
more usual spiral bevel final drive. This necessitates a specially com-
pounded lubricant known as a hypoid, or powerful E. P. (extreme
pressure) lubricant. Such a lubricant is manufactured by adding
chlorine compounds, sulphur, lead soaps, and other ingredients to
a mineral oil. When inspection indicates that a hypoid lubricant
must be added to the original lubricant in the housing, the same kind
of lubricant must be used. If the only lubricant awvailable is of a
different kind or make, the old hypoid lubricant must be completely
drained out of the housing before the new lubricant is added.

¢. The axle housing should be filled with gear lubricant to within
14, inch of the filler plug opening which provides enough lubricant
for the moving gears to dip into and still prevents it from reaching
too high a level when expanded from heat. Live axle housings should
not be filled to too high a level because the lubricant when expanded
by frictional heat tends to break through the seals at the outer ends
of the axles and leak or seep onto the brake linings.

Sectrox VII
BEARINGS

Paragraph
General - ) i e - . - I il
Sliding surface bearings_. . s = - G2
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Lubrieation - ___. . Cam 5 ! B ] 64

61. General.—Iissentially a bearing is a support for a load. In

automotive practice, bearings support moving parts most of which are

rotating parts.

a. Bearings used in automotive power transmission systems may
be classified, depending on the way in which friction is produced in
them, according to forms as follows:

(1) Sliding surface bearings—Include those that depend on lubri-
cating films of oil, grease, graphite, or other material for their sliding
qualities.
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(2) Rolling contact bearings—Include all forms of ball and roller
bearings known as antifriction bearings,

(3) Sliding rolling face bearings—Include those found in gear
lvvlh cams, and some forms of roller bearings.

Bvumtw may be classified by function as follows:

(I) Radial bearing—A bearing .|p|1]1('t] to a rotating shaft to hold
its axis in line and prevent movement in a radial (sidewise) direction.

(2) Thrust bearing—A bearing applied to a shaft to prevent free
endwise movement or to take endwise loads on a rotat ing member,

(3) Angular bearing.—A bearing to constrain a shaft against both
radial (sidewise) and axial (endwise) movement ; the load is received
in an angular direction.

62. Sliding surface bearings.—«. These include bearings for
rotating parts and for parts that merely slide over each other without
turning. Most of the bearings of the mechanisms described in this
manual are for rotating parts. However, two ex: unples of hearings
for parts that do not rotate relative to each other are the shift rajls
I transmissions which merely slide endwise in holes in the case and
slip joints of propeller shafts.

b. The simplest type of sliding surface bearing applied to a rotating
part is one in which an accurately finiched shaft, or journal, rotates
in an accurately finished hole without any 1:1:-!:111" the two being
separated by an oil film. Such bearings ave nsed for differential
side gears.  Ground extensions of the side gear hubs rotate in around
holes in the differential case. Both parts are usually case hardened.
These bearings receive the radial loads on the side gears. Bronze
washers are placed between the side gears and the case to take the
thrust loads. Similar bearings are used for differential pinions, the
difference being that the holes are in the ot ating pinions which turn
on the stationary differential spider or cross pin. Such bearings are
usnally known as plain bearings and are used only for low speeds
or ]whf duty or both.

» Probably the next simplest plain bearing, also of the sliding-
.um'f:u-v type, is the bushing which is replaceable when worn. A
bushing is usually of bronze and is pressed into a hole and reamed
to fit, forming a lining in which a journal rotates. Plain bushings
are suitable for radial loads only. Bronze bushings were formerly
used to a considerable extent in automotive power transmission sys-
tems but have been almost entirely superseded by antifriction bear-
ings. Bronze bushings are still used extensively for wrist pin bush-
ings in internal combustion engines.
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d. Another simple type of bearing of the sliding surface type is
the babbitt bearing which is also a plain bearing. Babbitt metal is
an alloy, mainly of copper and tin, having low friction properties.
It may be cast directly in the hole surrounding the journal or in a
separable bronze or steel backing which is inserted in the bearing
q hmis.ing.. S()ll‘l(’{il?lf‘ﬁ gl'ulﬂli.t(’ is cast in the nwt:ll‘ to gi\-'e"it selt-
lubricating qualities. Babbitt bearings may be solid or split. The
split type provides a means for compensating for wear by removing
shims from under the bearing cap. Babbitt bearings are used mostly
for radial loads but sometimes flanges are cast at the ends of the
bearings which also enable them to resist end thrust. Such bearings
are not used in present day automotive power transmission systems.
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Ficore 95.—Usunal location of antifriction bearings in truck chassis,

They are used in internal combustion engines for crankshaft main
and connecting rod bearings and are more fully described in
" TM 10-570.
| 63. Ball and roller bearings.—These are used throughout anto-
motive power transmission systems. The usual locations of antifric-
tion bearings in a truck chassis are shown in figure 95. They are com-
* # monly known as antifriction bearings because friction is largely elimi-
§ nated in them since they depend upon rolling contact rather than
gliding contact. Ball bearings often are referred to as having point
5 contact between balls and raceways; in the same sense, roller bearings
are said to have line contact between rollers and races. These are
merely descriptive terms, since the elastic deformation occurring under
load results in substantial areas of contact in either type. Starting
friction of ball and roller bearings is but slightly greater than running
| friction, an important advantage in machinery that is required to
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start frequently under load. They can also sustain high overloads for
short periods without failure. Ordinarily a ball or roller bearing does
not fail suddenly, but gives warning by a gradual decrease in smooth-
ness of running; whereas the plain bearing is subject to an accelerated
type of failure often resulting in seizure and making it necesary to
take the machine out of operation for immediate repairs.

a. Types of ball bearings—A ball bearing consists essentially of a
grooved inner race and outer race with a number of balls spaced by a
suitable cage or retainer between them. They are made with either
a single or double row of balls. Ball bearings for various purposes
differ considerably in the details of their construction but are of three
general types; radial, thrust, and angular. These terms are deseriptive
of the direction at which the load is applied to the bearing and the
angle of contact between the balls and races designed to resist tha
load. A single row radial ball bearing is shown in figure 96. This
bearing has radial contact between balls and races and is desiened pri-

——CAGE

W OUTER
~ < RACE

MGUuRE Y6, —~8ingle row radial ball bearing.
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or M marily to resist radial loads but also provides for lengthwise stability .‘

s where moderate lengthwise displacement is permissible. It is suitable
for usual combined radial and thrust loads and for high speeds. The
ol B double row radial ball bearing (fig. 97) is suitable for heavy combined
radial and thrust loads, medium speed, and close control of endwise
movement under reversing thrust. Single row, angular contact ball
bearings (fig. 98) have substantial thrust capacity and provide rigid
lengthwise support in one direction only. Double row, angular con- |
e § tact bearings are available which have high combined load capacity '
together with rigid lengthwise support in both directions. Thrust
¢ § bearings of the so-called flat type (fig. 99) have a contact angle of 90°

e § or a load line between ball and race that is parallel with the axis of
he § the shaft. The small bore race is secured to the shaft and the large

at. § bore race is supported by the housing. Thrust in one direction presses
is § the races and balls together; thrust in the other direction separates

BALL

Figuee 97 —Double row radial ball bearing. r
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INNER
< RACE

— BALL

Ficune 98 —Single row angular contaet hall bearing.

them. Therefore, this type is essentially a one direction thrust bear-
mg. Thrust in both directions necessitates the use of duplicate units
or a bearing of the double direction thrust type. Such bearings are
suitable for limited speeds and minimum lengthwise displacement.

b. T'ypes of roller bearings—As in the case of ball bearings. the
details of construction of roller bearings vary considerably for differ-
ent applications, but there are three general types; straight roller,
tapered roller, and spherical roller. Like ball bearings, they are
designed for radial, thrust, and combined loads, Roller bearings,
which have greater contact area than ball bearings, are used for
heavy duty applications.

(1) Cylindrieal, or straight, roller bearings are bearings in which
the outer races, rollers, and inner races are all eylindrical. Rollers
are usually solid as shown in figure 100 and the rollers are guided by
flanges on one or both races. If both races are flanged, the bearing
has some ability to resist end thrust, otherwise it is good for radial
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Fravne 99,—Flat type thrust bhall bearing.

loads only. One manufacturer nses rollers formed by helically wind-
ing strips of alloy steel info hollow cylinders which are then heat
treated and ground to size. This construction imparts some flex-
ibility to the rollers and enables them to adjust themselves to small
inaccuracies. Rollers wound right and left hand are assembled
alternately in the bearing and held in proper alinement by a cage
retainer. These bearings are made with solid inner and outer races,
with solid outer race and no inner race, and with a split outer race
and no inner race. Figure 101 shows such a bearing having a solid
outer and inner race and with no inner race; that is, the shaft itself
forms the inner race. Needle bearings, or quill bearings as they are
sometimes called, are cylindrical roller bearings in which the diameter
of the roller is not over one-eighth the roller length. Separate outer
and inner races may be used, or the inner race may be the shaft and
the outer race integral with the housing. No spacing cage is or-
dinarily used; the rollers are merely constrained a

gainst endwise
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CYLINDRICAL
ROLLERS

FLANGES

RACE

‘e Fraure 100.—Cylindrieal roller bearing with solid rollers.

OUTER RACE
OUTER RACE
WOUND ROLLER WOUND ROLLER |
~ ~ i, X

Fisure 101.—Wound roller bearing with solid outer and inner races and with no inner race.
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TAPERED %9
ROLLER

Ficure 102, —Principle and assembly of tapered roller bearing,

movement. Needle bearings are suitable for radial loads only. These
bearings are used where a high load carrying capacity is required in
a small space. Typical needle bearings applied to a universal joint
are shown in figures 54 and 56.

(2) Tapered roller bearings (fig. 102) are used extensively in auto-
motive power transmission systems. especially for the more heavily
loaded rotating members. The rolling members and raceways of
the tapered roller bearings are constructed on the elements of a cone,
so that lines that coincide with the contacting surfaces of rollers

and races all meet at a common point on the axis of the bearing as
shown at the bottom of figure 102. True rolling contact is thus
obtained. The essential parts are an inner race, or conej an outer

s, or roller retainer. These

race, or cup; tapered rollers: and a cag

i
bearings are suitable for heavy duty and can withstand radial loads
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QUTER
/"~ RACE

CAGE
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“RACE

FLANGES

SPHERICAL
ROLLERS

Msure 103.—Double row splierical roller bearing,

and thrust loads in one direction or a combination of both. Such
bearings are also available with double and quadruple rows of tapered
rollers. Flat thrust bearings having tapered rollers and suitable for
thrust loads only are also available.

(3) Spherical roller bearings (fig. 103) are similar to cylindrical
roller bearings except that the outer race is a spherical surface having
its center at the center of the bearing. The rollers are barrel-shaped
and have line contact with both the inner and outer races. Cages and
flanges space and aline the rollers. Such bearings are self-alining and
are suitable for extremely heavy duty aplications. They are used
little, if at all, in automotive practice.

64. Lubrication.—a. A basic requirement of ball and voller bear-
ing lubrication is protecting the highly finished surfaces from corro-
sion. The supporting surfaces of the cage, or retainer, are essentially
plain bearings and require an oil film. A small quantity of oil or
grease will lubricate a bearing if it is evenly distributed. An excess
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quantity of lubricant is undesirable becanse it will canse the bearing
to heat and aggravate leakage from the bearing housing. Operating
temperature is the controlling factor in selecting the proper grade
of lubricant. Load, speed, and weather conditions directly affect this
temperature, as does the particular type of bearing and the shaft

enclosures.
b. The antifriction bearings in automotive power transmission sys-

tems are not lubricated as separate units but as parts of assemblies
such as elutches, transmissions, universal joints, transfer cases, rear
| axles, ete. If these assemblies are lubricated in accordance with
TM 10-540, with the lubricant prescribed for each, the bearing
requirements will be satisfied.
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