TRADE OF HEAVY VEHICLE
MECHANIC

PHASE 2

Module 4

Transmission

UNIT: 3 & 4

Drive Shafts and Axles



Module 34— Unit 3 & 4 Drive Shafts & Axles

Table of Contents

1.0 Learning OUtCOME.....cviiuimimiiiiiiiiiiiiie s 1
1.1 Key Learning POINES ... 1
2.0 Drive Shafts and Universal JOINES .....ccccviviieininiiciiniicicecceccenns 2
2.1 FUNCHON et 2
2.2 CONSLIUCHON 1.ttt 2
2.3 Operating Principle.... . 3
2.4 Propeller-Shaft Vibration.........ccccevvcciniiiicniciccccc, 4
2.5 Divided Propeller Shafts and Their Support ......ccccvvviciviiiciiivininnnnn. 4
2.6 Intermediate Propeller-Shaft Support Bearings .......c.ccccvveievvivinicnenne. 5
3.0 Drtive Afrangement .. ..o 7
3.1 Rear-Wheel DIIVE ... 7
3.2 Hotchkiss Open-Type DIive.....ciiiiiiiiiiiiiiininniiccccceeennes 8
3.3 Constant VeloCity JOINt. ..o 9
4.0 COINEIING ..ottt 10
5.0 Rear AXIE ..o 10
6.0 Half Shafts ..o 11
7.0 Semi-FIOAtING ...ovuiiiiiiiiciici e 11
8.0 Three-Quarter Floating ........cccoovviiiiiiniiiiiiccccesne, 12
9.0 Fully FIOAting .....cccociiiiiiiiiiiicses 12
10.0  Front-Wheel DIive. ... 14

Heavy Vehicle Mechanic Phase 2 Revision 2.0 December 2013



Module 4 — Unit 3 & 4 Drive Shafts and Axles

1.0 Learning Outcome

By the end of these units each apprentice will be able to:

e Remove a drive shaft and change a carrier bearing and universal
joint
e Refit drive shaft aligning flanges

e State the function and principle of operation of the universal
joints, CV joints (constant velocity), carrier bearings and drive
shafts of:

a) rear wheeled drive truck
b) front wheeled drive vehicle using CV joints

e Remove/refit a constant velocity joint rubber on a light
commercial vehicle drive shaft i.e. bench unit)

e State the function and principle of operation of a fully floating,
three-quarter and semi floating rear axle

e Dismantle a fully floating hub assembly, examine and report on
the condition of the bearings and reassemble the hub and adjust
to manufacturer's specifications

e Report on the condition of the bearings of the hub

1.1 Key Learning Points

Unit 3

e Lubrication procedure of drive shaft components
e Condition of joints and gaiters checked
e Aligning of shaft flanges (Yokes)

e Tunction and principle of operation of CV and universal joints on shaft
flanges

e Dismantle and assembly procedures of drive shaft and CV joints
e Condition of bearings checked
e Effects of centrifugal force and balance on drive shafts

e Hazards when working underneath vehicles
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Unit 4

Safe jacking procedure, use of axle stands

Principle of operation of different types of axle hubs
Dismantle and assembling procedure of hub components
Bearing types and adjustment procedure of hub bearings
Method of lubrication of hub bearings when fitted

Use of locking devices and checking bearing condition
Sealing methods and checking condition of seals

Pre-load on bearings, reason for pre-load and method of setting

preload

The relationships between engine speed, gear ratio, wheel diameter and
vehicle speed

Report on the condition of the bearings and seals

2.0 Drive Shafts and Universal Joints

2.1

Function

The purpose of the drive shaft and universal joints is to transmit the drive from
the gearbox to the back axle with a smooth transmission of torque even though
the gearbox and pinion shaft are never in exact alignment.

2.2

Construction

The shaft is a hollow tubular steel unit with a hook joint at each end. The joint
consists of two u shaped ‘yokes’ which are connected at 90° to each other by a
four-legged cross or ‘spider’. Needle roller bearing may be used to support the
spider legs in the yokes.

= 1

Universal joint Sliding joint Universal joint

Hotchkiss drive layout
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Bearing lubricator nipple

Cork seal Steel washer

: Dust cap
Bearing seal
TS Needle bearings and cup
Circlip
Universal joint
Splined sleeve
Splined shaft Slip spline shaft

Sliding joint

2.3 Operating Principle

When universal joints are used to connect two units (e.g. gearbox and back
axle) the driven shaft does not rotate with uniform velocity i.e. it does not turn
at the same speed during each part of a revolution. In one revolution the driven
shaft is accelerated twice and decelerated twice. This effect being increases as
the angularity is increased. These velocity differences can be cancelled in the
propeller shaft by the use of two correctly aligned joints, the acceleration of
one being neutralised by the deceleration of the second. A sliding joint is used
to allow the drive shaft to change its length as it rotates, to compensate for the
small backward and forward movement of the rear axle caused by the action of
the suspension system. It is simply a splined tubular portion built onto the
forward universal joint and it slides in splines on the gearbox mainshaft.
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Two universal joints connected in series
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2.4 Propeller-Shaft Vibration

Due to the high speeds the drive shaft reaches, in top gear its R.P.M. is the
same as the engine, the shaft must be balanced to avoid vibration. If vibrations
occur in the drive shaft it may be due to worn or broken needle rollers in the
universal joint. This may be checked by turning the drive shaft by hand to
check for free play, a seized joint may not be detected this way so removal of
the shaft may be necessary for further checks.

Small cars and short vans and trucks are able to use a single propeller shaft with
a slip-joint at the front end without experiencing any undue vibration.
However, with vehicles of longer wheelbase, the longer propeller shaft required
would tend to sag and under certain operating conditions would tend to whitl
and then set up sympathetic resonant vibrations in the body of the vehicle -
that is, cause the body to ‘drum’ or vibrate as the shaft whitls.

Shaft whirl

Simple one-piece propeller shaft with one slip-joint and two universal joints

2.5 Divided Propeller Shafts and Their Support

Two-piece drive-lines, with two shafts and an intermediate support bearing are
generally used on trucks with wheel bases from 3.4 to 4.8 m, but there is some
overlap depending on the vehicle’s work role.

—_— —

B =t

Two-piece drive-line with single intermediate support bearing

The two-piece propeller shaft has three universal joints, and the primary
propeller shaft is of the fixed-joints-and-tube-assembly type, but the secondary
propeller shaft has a slip-joint at the support-bearing end to accommodate any
elongation due to suspension movement. Usually the primary shaft is in line
with the gearbox mainshaft axis, but the secondary propeller shaft is inclined
slightly so that it intersects the rear-axle final-drive pinion shaft.
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Three-piece drive-line with two intermediate support bearings

For vehicles with wheelbases over 4.8 m, a three-piece drive-line with two
intermediate support bearings may be necessary. There are four universal-
joints, and it can be seen that the intermediate shaft lies parallel to the output
shaft of the gearbox. Again only the rear propeller shaft incorporates a slip-
joint to compensate for shaft length change.

2.6 Intermediate Propeller-Shaft Support
Bearings

Intermediate propeller-shaft bearing-and-mount assemblies are provided to
position and support the divided or split propeller shafts. The support-bearing
assemblies are of two basic types:

@) self-aligning bearing supports,

(i) flexible-mounted bearing supports.
Self-aligning intermediate-bearing supports have mostly been used on heavy-
duty trucks. One type of self-aligning bearing support is a double-row ball-
bearing with a deep-grooved inner race and an internally semicircular outer

race—VFig (a). With this arrangement, any shaft deflection is accommodated by
the inner race and balls tilting about the fixed outer-race spherical seat.

Divided propeller shaft support-bearing assemblies
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Commercial vebicle donble-row self-alignment bearing support
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A second method of providing self-alignment for the split shafts is achieved by
a single-row deep-grooved ball-bearing with a spherical profile on the periphery
of the outer races. The ball race is then received in a steel support ring which
has an internal profile to match the outside of the bearing—TFig. (b). If there is
any misalighment in service, relative movement of the bearing and the ring can
take place without imposing strains on the bearing assembly. Both
arrangements discussed need to be lubricated periodically and oil-seals are
provided to retain the grease and keep dirt out of the bearing tracks.

ez ]
L 2200
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Commercial vebicle single-row self-alignment outer bearing race

Flexible-mounted intermediate-bearing supports for divided shafts may be used
for both light and heavy vehicles. All these types tend to have a single-row
deep-grooved ball-bearing which fits directly over one of the divided shafts and
surrounding this bearing is a rubber member which is enclosed in a steel frame.
The intermediate shafts are then given support by bolting this assembly to the
chassis or body shell. This rubber mounting provides a flexible support for the
bearing so that a slight tilt of the shaft can be accommodated. In addition, the
flexible rubber acts as a vibration damper and isolates any propeller-shaft
vibrations from the body members.

For extra-heavy duty, a solid rubber ring block
fitting over a bearing hub, may be used—TFig. (c).
It can be seen that the inner bearing race is held
in position by the universal-joint flange and that
the outer bearing race is located by a shimmed
sleeve. Regular lubrication is necessary with this
assembly. Most light-and heavy-duty
intermediate-bearing assemblies now use pre-
greased and sealed-for-life deep-groove bearings.

Heavy-duty rubber block bearing mount
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3.0 Drive Arrangement

3.1 Rear-Wheel Drive

Torque reaction—To every action there is an equal and opposite reaction.’
This statement means that every component that produces or changes a torque
will also exert an equal and opposite torque tending to turn the casing. For
example, when the engine crankshaft exerts a torque in a clockwise direction,
the cylinder block will tend to rotate in an anticlockwise direction.

torque
reaction

A further example of torque reaction is shown in which a tractor with its rear
driving wheels locked in a ditch. In this situation the driver must be careful,
because torque reaction is likely to lift the front of the tractor rather than turn
the rear wheels.

Lever action of wheel
When the law stated above is applied to rear axles, you will see that some

arrangement must be provided to prevent the axle casing turning in the
opposite direction to the driving wheels.
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3.2 Hotchkiss Open-Type Drive

Two rear leaf springs, longitudinally mounted, are connected to the frame by a
‘fixed’ pivot at the front, and swinging shackles at the rear. At each end of the
exposed or ‘open’ type propeller shaft is fitted a universal joint, with provision

made for alteration in shaft length, which occurs when the springs are
deflected.

Torque reaction is resisted by clamping the axle to the springs by means of ‘U’
bolts. Under heavy driving conditions the springs will deflect up at the front
and down at the rear, and vice versa during braking.
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3.3 Constant Velocity Joint

Vehicles with front wheel drive require a special universal joint to maintain
torque at the wheel whilst turning a corner. The joint is called a constant
velocity joint. This joint does not have the disadvantage of the Hookes type
joint where two joints are necessary to maintain uniform velocity. In this joint a
mechanism is incorporated between the “yokes” which automatically align itself
when the angle is formed by the two shafts. The alignment may be obtained
through the movement of steel balls in grooves or through the deflection of
rubber components - these deflections neutralising the velocity variation.

Cage | Steel ball Fifth ball at

centre acts as
a pivot for the
two forks

outer groove radius
Birfield c.v. joint Weiss c.v. joint

inner groove /
radius

Stearing arm

Drive shaft

“Tracta’ type constant-velocity universal joint fitted to a front wheel drive axle
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4.0 Cornering

As the vehicle turns a corner, the inner wheel moves through a smaller distance
than the outer, the wheels will take the same time to turn the corner so the
outer wheel must move faster to cover the greater distance. If a differential was
not employed a lot of tyre scrubbing would take place and the vehicle would be
hard to control.

In the differential assembly the difference in road resistance on each side of the
vehicle causes the sun wheel to rotate the planet gears which increases the
speed of the outer wheel, decreases the speed of the inner wheel at the same
proportion, while maintaining an equal torque at both wheels.

Note: Unequal rear tyre pressure, bad road conditions also brings in the
differential assembly into operation.

5.0 Rear Axle

The rear axle is where the final increase in torque and decrease in engine speed
takes place. Because of the large-diameter wheels required to carry the heavy
loads, a very high torque is required at the end of the half shaft to turn the
wheels and propel the vehicle. The axle casing is usually a banjo-type casting
with support bearings for the rear wheels at each end and a detachable casting
which houses the differential gears and crown wheel assembly.

Banjo axle construction
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On light commercial vehicles, a conventional spiral bevel of hypoid-type rear
axle construction is used. As the load-carrying capacity of the vehicle increases,
the axle ratio also has to be increased to give the required torque at the rear
wheels. When this ratio reaches approximately 8:1 the single bevel gear axle
gives way to a worm and wheel arrangement or uses a double reduction
arrangement to give the desired ratio within creased strength.

—J] Axle casing

Rear wheel Adjustable tape
oaiod”  Brake drum Eﬁﬁéﬁﬂﬁéd the
an adjustable diﬁer&ntigl
laper beanngs Single-speed axle g%ﬁ.ﬁ ?mnheel

6.0 Half Shafts

Three main methods are used to support the half shafts in the rear axle case. In
all of them the inner ends of the shafts are splined into and supported by the
sun wheels of the differential assembly. The differences lie in the arrangement
of the hub bearing in relation to both the case and the shaft and in the forces
or loads imposed upon the shaft itself.

7.0 Semi-Floating

The hub and the half shaft are, in effect, a one piece unit although they may in
fact be splined or fitted together by means of a taper, key and lock nut. The
bearing is carried on the shaft and is located by a nut or a sleeve. The outer
track of the bearing is fitted into a recess in the axle case and is located by a
retainer plate bolted to the end flange of the axle case. This bearing is usually
sealed on one side to prevent excess lubricant ruining the brake lining.

[

i

(a) Semi-floating
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Forces acting on the half shaft:

1. Shear force due to the weight of the vehicle.

2. Bending force due to the weight of the vehicle.

3. Torsional or twisting forces due to the driving and braking force.
4

Side thrusts as the vehicle turns.

8.0 Three-Quarter Floating

The bearing is mounted on the casing and is held against a shoulder by a
locknut and tab washer. The hub is made in two parts, the inner part fitting
over the bearing and also enclosing a spring loaded oil seal. The outer part may
be integral with the half shaft, be splined and interference fit upon it or be
secured to the shaft by a taper, key and locknut. The brake drum may be
integral with the hub outer half or secured to it by counter sunkheaded screws.
The back plate mounting flange is nearer to the centre of the axle than the
semi-floating design. This design is mainly on light commercial vehicles.

({b) Three-guarter floating

Forces acting on the half shaft:

1. Bending force due to side thrust when cornering.

2. Torsional (twisting) forces due to the driving and braking thrusts.

9.0 Fully Floating

This design is mainly used on heavy commercial vehicles. The hub is a heavy
forging or casting of steel and is carried on the axle case by two heavy duty
opposed taper roller bearings. The tracks of these bearings are located by
shoulder and a locknut and are adjustable. The hub drive plate is integral with
the shaft and is secured to the hub by radially arranged set bolts, a gasket fitted
between the two. A spring loaded oil seal is fitted into the inner side of the hub
near the back plate flange. The half shaft may be removed without removing
the wheel.
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Axle shaft

Erake drum
retaining nut

Inner bearing
cup

Lock nut gasket Hub seal
Axle shaft and baffle
seal Inner cone

and roller
assembly
Adjusting nu Wheel siud
Quter cone and roller Hub
assembly FAxle casing

Rear hub bearing layout showing adjusting nuts and sealing arrangement

Forces acting on the half shaft:
Torsional (twisting) forces due to the driving and braking thrusts.
Note: In all of the designs described the breaking of a half shaft will result in

the loss of driving torque due to the action of the differential unit.

Drrive load
r

Torsional load

taken by half shaft I l

. Vertical load
- B
'- - A—

Reaction of verbical loads
taken by halt-shaft loads taken by half-shaft

(a) Semi-floating axle-hub
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k- =l
i Torsional load taken
by half-shaft

z "
24 ¢ A
‘@ Reaction of vertical :EE— F_H Reaction of hurizug“

taken by bearing and loads taken by bearing and
axle-casing half-shaft

(b) Three-guarter floating axle-hub

Torsional load G |,
taken by half-shaft

Reachon of vertical Iua 5 Reaction of horizontal .
ken by bearings and :1 ] loads taken by bearing and
axle-casing le-casing
(c) Fully floating axle-hub
How loads are resisted with different axle-hub arrangements

10.0Front-Wheel Drive

Transverse engine layout

The transversely mounted engine is bolted to a unit called a transaxle. This unit
gets its name from the two words transmission (a term used in America for
gearbox) and axle. In the past the general term ‘rear axle’ often applied to the
gearing as well as the axle casing, but nowadays the various drive arrangements
make it necessary to restrict the use of the name ‘rear axle’ to the member
which performs the axle duty. The two main components inside the axle of a
rear-wheel drive vehicle are the final drive, e.g. crown wheel and pinion, and
the differential.
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Transaxle front-wheel drive layout

The four-speed gearbox has two shafts: an input shaft splined to the clutch and
a mainshaft connected to the final drive pinion. A bevel gear final drive is
necessary when the engine is mounted longitudinally but in the layout shown,
the engine position allows the use of normal helical gears. Drive from the final
drive is transmitted through the differential to the two drive shafts. Speed
variation due to drive shaft angularity is prevented by using constant velocity
universal joints at each end; the inboard joint at each side being of the plunge

type.

During acceleration, or at times when the engine is used as a brake, torque
reaction tends to make the engine rotate about the crankshaft, so suitably
spaced engine mountings are fitted to resist this movement.

Driving thrust and braking torque are taken by the suspension members, in
particular the tie bar fitted from the track control arm to the body.
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