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DIFFERENTIAL




DIFFERENTIAL SYSTEM

= The differential enables a different
rotation speed at the two wheels of the
axles as in turns!)

= The differential allows to deliver torques
at left and right wheels even if they have
different rotation speeds.

= The device enables to split the power
and allocate it unevenly to the two
wheels




TRAVELING STRAIGHT

The planet pinions circle around within
the differential without spinning. They
drive both the half-shafts at the same
speed

In straight line, one has a rotation of
the casing solely

The differential concept

TURNING A CORNER

The planet pinions both circle around
within the differential and spin. The half-
shafts now rotate at different speeds

In turns, the spinning of the planetary
gears allows a different rotation speed
of the sun and rings



THE DIFFERENTIAL

= For vehicles with multiple live axles, there is a differential
systems to split the power and the torque between the different
axles. The central differential is also often called transaxle.

drive shaft switch for
differential lock

switch operation
for differential lock

[Audi] @) ika V1/3-88.ds4

bevel pinion hollow shaft

mean differential constant
mean differential lock velocity joint



The differential concept

= We distinguish different technologies for differential in
automobiles:

« Differential with helical gears
» Differential with bevel and hypoid gears trains
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Differential with bevel gears

bevel ring gear

differential
cage

CONVENTIONAL
axle DIFFERENTIAL

differential gear

' £, (side gear)

R differential pinion
i carrier

h  bevel pinion

"

3tud pinion shaft

K differential gear

(side gear)

axle

Differentials with bevel gears
can be regarded as planetary
gear whose sun and annulus
have the same diameters.

The only implementation
possible is to have bevel gears
between the sun and the
planets and the planets and the
annulus.

The planet carrier is the input of
the differential system.



Differential with bevel gears

= Differential is a particular planetary gear train in which sun and
ring are replaced by bevel gears with equal diameters.

= In between, the planet gear are connected to the annulus of the
differential that is a planet carrier.
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Differential with bevel gears

=  Kinematic relations

A
i=24 =1

Zs
Ws = WLEFT WA = WRIGHT WpC = WCROWN
wa+iws =(14+1i)wpg WR +wr = 2wc

o WL + WR
¢ 2
= Jorques

Cs Ca Cpc Ceo

1 i —(i+1) 2
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Differential with bevel gears

= Locking of the differential

ws = WLEFT WA = WRIGHT WwpCc = WCROWN
waA +1wg = (1—|—’é)tdps

wsg =wWpec = Wg=Ww4

WR = WC - W = WR

= Locking calls for synchronization of the crown speed with one of
the output shafts
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Differential with planetary gears

= The planetary gears can be
— used as differential systems to
= | sunwheel produce unequal torque/speed
Oh—f | @& distribution at the output shafts

bar .
(oropulsion) | | (and axles or wheels).

=== » The input shaft is the planet
carrier while the sun and the
& annulus are the output shafts.

olowwheel ®  The ratio between the two
(negative lify) output torques is given by the
pitch circle diameter hollow wheel ratio between the dlameter Of
pitch circle diameter sun wheel the sun and the annulus.

m It is often the case for transfer
boxes in all wheel drive
vehicles.

planetary wheel

©1lka V1/3-89.dsf

torque ratio:
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Differential with planetary gears
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Differential with planetary gears

= Transfer box using a planetary gear

A -
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i The differential concept

Crown whaal

= gpesd of crown wheal
= speed of left-hand sun gear

[z

N

Nl..

Ny = speed of right-hand sun gear
= 2




The differential concept

= Velocities in points A and B

M 7] E 4
va =wce Re + wp Rp = wrerr Re 1<
vp =wc Rc — wp Rp = wrrgHT Re 2
N
s Itcomesif wrprr # WricHT r

<
2we Re + 0 = (wrerr +wWricgHaT) Re g 5

 WLEFT T WRIGHT
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The differential concept

= The equilibrium of torque gives: aif
M
-
Crerr + Cricar = —Cc s /
o
uT.-' i lT

Wi () @ differential ring gear @ differential bevel gear

@ differential basket @ sun wheel
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Operation of the differential

= In straight line:
= The resistance torques left /

right are equal

= There is no spinning of the (4)
about their axis

= Same rotation speed of output
shafts (5) and (6)

m In turn:

= The rotation speeds of left and
right axles are different

= Satellites (4) have to spin about
their axis.

= Different rotation speed of the
output axles left and right




i Implementation of differential

20



Manual trans axles

‘ = For front wheel driven
A SHAET ot e vehicles, the gear box and
l 1 : a—— DMFFERENTIAL UNIT . .
e [ ] - Fhe dlfferer?tlal are |
i beve e 527 chouT OAE heEL integrated into the same unit
REVERSE GEAR = The sole difference is the

PINION SHAFT ———— \

- 9 shape and the layout of the
STNCHRONZERS -é-‘\ components
PCAWER FROM REVERSE .

\ = Engine can be further
mounted longitudinally or
transversally

CLUTCH INTERMEDIATE GEAR OR
- SHAFT CLUSTER GEAR SHAFT

AND FEARS

-——— TRANSAXLE INPUT
SHAFT

N aeans "
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Slip control in differential

With an open differential, the engine
torques are characterized by an equal
distribution of the torque but an uneven
distribution of the power between the
wheels.

If one wheel is slipping (and spinning),
the low p slip wheel limits the power
available at the high p slip wheel and
one observes a transfer of the power to
the fast-spinning wheel.

The same problem happens when one = Devices to block differentials:
wheel lift off. « Self blocking differentials
To circumvent the problem, it is « Limited slip differential
necessary to block the differential i.e. to
clamp one of the planet gears to the
differential casing.

Tire on ice
(or jacked up)xuf

= Anti skid systems



Blocking the differential

= The maximum torque that can be transferred to the wheels is
governed by the wheel with the smallest friction torque that can
transmitted between the two wheels or the two axles.

= If the wheels were connected rigidly (at the price of a loss of a
yaw torque) the maximum torque would be dictated by the
maximum torque available at wheels.

= T0 maintain a high transmissible torque, one resorts to locking
of the differential or better to a limited slip differential to
maintain a better handling.

= The locking is characterized by the ratio between the difference
between the two torques and the input torque

g — Maz — Mmin M, = M, o0 + M in
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Limited slip differentials

Limited slip differentials contains
internal elements that can transfer
the input torque to wheel shaft with
the higher friction coefficient to the
ground.

Usually this is made by friction
elements which react to different
rotation speed conditions. Some of
the systems use gears, worm gears
or hydraulic clutches.

Limited slip differential

24



Locking the differential

= One can distinguish three main categories of limited

slip differential :
= Differential with a manual engagement of the locking
mechanism

« Differential with a limiting systems based on friction
elements that are sensitive to difference of rotation speed

= Differential with friction requlated actively using electronic
controller.

25



Locking the differential

= How to lock the differential?

= A dog teeth system is linked to one of the
output wheel shaft and that can be
translated freely on a spline shaft

= The dog teeth mounted on the differential

= When the driver operate the stick, a fork
moves the dog teeth that mesh to the
teeth made in the differential casing

/
/ .
_ e = The maneuver must be realized at
Te LU - TR e ot standstill because if the wheel is slipping
. Denture a crabots solidaire du boitier . -
2g?ac:>lgtzr5rnltlflen rotation avec un des arbre the hlgh dlﬁ:erence Of Speed between the
de transmission, libre en translation. CaS|ng and the Wheel fOI’bIdS to reallze

3. Levier de commande du blocage.

, the maneuver.
Memeteau Fig /.11 6



Locking the differential

.F N——t— gear switch

// gear switch & %
Z Lt
Ny

to the
gearshift linkage

NN

|
-
Y A tothe

gearshift linkage S

© ika V1/3-91.ds4

Manual locking of the differential using dogteeth



Locking the differential

Such a locking Bevetpiniog | o . A gear pair of the
mechanism can be | ' planetary gear set is
operated manually “\ 7 Drangages extended to allow for a
whenever the speed is s SyNchronizing
below 10 km/h ] °“'°'"°":/

!ﬂnﬁﬂzlﬁah C TR w é ﬁj S:::'dng-clmm

n = é B
Cf

Above this critical e
speed, there is an ZAS = ¢/ A control fork to
automatic unlock S g - ' // 7 e engage the dog teeth
automatically of the R j wupeer possibly using an
differential to avoid e P o actuator
some bouncing Eraaoes
behavior of the car o oo ot
while turning. Heisler (1999) ’8



Locking the differential

friction
plates

The locking of the differential can be
realized using friction elements that
limit the difference in torques or in
rotation speed between the two
output shafts.

The most classical system is made of
friction plates between the two
output shafts

= The torque difference between the

two output shafts is fixed and the
rate S is reduced with the ratio. The
rate S is also reduced with input
torque.
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Self-locking differentials

The limited slip differential includes a locking system that becomes
automatically active when the difference of rotation speeds between
the two output shafts exceeds a threshold.

The working principle that is the most usual is based on the action
of centrifugal loads that act onto brake pads of clutches to lock
parts using friction.

The brake pads or clutch elements are linked to the wheel shafts
while the brake drums are attached to the differential casing.

Another working principle is to take advantage of axial loads
generated by helical gears. These forces leads to axial
displacements and later to contact between friction elements.

30



Locking the differential

= The locking of the differential can be
realized using a friction elements
/ /""a”e“"ry wheels between the wheel shafts and the
/

differential cage differential casi ng

= Types of limited slip differential:
= Using clutch plates (Sure-Grip,

cone brake

7N\

— A A Positraction, Traction Lok)
A\ | |/ ANRRNNENRRRRNY
NN R = Using conical clutches (ex. Borg-
|- 7 N\ AT Wa-rm_er system? |
NN = The friction force is independent on
2Rl the engine torque, but it depends on
A | the effort generated on the gear
et axle cone wheels teeth pushing the gear wheels

against the casing surfaces
31



Locking the differential

LIMITED-SLIP differential
" housing

, T -,,_._.#_I_.*'.d ".1_._;:‘,.’
Dy, E
. :

differential

pinion
inion

bpearing
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i Locking the differential

Clutch disks

<Différentiel autobloquant>

Planteray gears in
connection with the

wheel axles

Eaton differential
33



Differential locking

= One of the most famous system is
the TORSEN systems (for TORque
SENsistive).

= It takes advantage of the friction
developed between some helical
gears

" — = It is made of several gear pairs
pae e AR similar to worm gears for which the
S N\ helical angles has been optimized to
have a self-locking effect.

e Y (8 /‘\ = The helical angle is optimized to
' > Ed ) . . . .
S increase the friction in terms of
different wheel torques.

Fig1  Power flow

TorQUE SENSING
Traction
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Limited slip differential: TORSEN

MATHEMATICAL MODEL

TORQUE ————
APPLIED FORCE e

TORSEN = e i e =
TORque T
SENsitive

Forces and torques within the Torsen differential
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Limited slip differential: TORSEN

TOTAL TRACTIVE EFFORT

Typical Split Coefficient Performance Curve

2000

0 01

02 03 04 05 0.6 0.7 0.8 0.9

SURFACE COEFFICIENT
LOW TRACTION WHEEL VARYING
HGH TRACTION WHEEL ON 1.0 p
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Limited slip differential: TORSEN

A famous application: the
Torsen differential in the Audi
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Differentials with hydraulic locking

= The limited slip differential includes several locking elements
based on the action of one or several clutch elements.

= In a purely passive version, the visco hydraulic coupling
transfers the friction torque to the wall of the casing.

= The friction torque depends on the shear velocity of the fluid
and so on the relative velocity of the plates.

= The set up of the systems depends on the experimental curves
reporting the viscosity w.r.t. the temperature of the oil.

38
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Differentials with hydraulic locking

Druckvenil

Schahkegelrad Ausgang
|Hinsarachsgoteiobel

Sicheditsventil

Olfier
Aegelventil —
Stevorgerst —— e
Scheittmotor —

\
- Asialkolbenpumpe
\ Arteitskolben

LGInmngswom
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Differentials with hydraulic locking

transitional .- -
area sliding friction
| —— - 5
M - visco |
[Nm] -::..,:.".. \’
Y
R :
e e ___— controlled by moment |
T,

An [1/min|—p»
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Differentials with hydraulic locking

= The system can be further improved by including an active
system able to modify the friction on demand.

= The HALDEX systems uses the pressure oil

Wet multi-plate clutch Hydraulic piston pump

Clutch piston

Controllable
rotue vaive

41



Differentials with hydraulic locking

Control valve (ECU, throttie valve, stepper motor)
Power supply and CAN communication

Disc drum

Wet multi-plate clutch
Feeder pump

\ Compagnion flange

.....

Overioad protection valve

Deck e Haldex System

42



!'- TRANSMISSION SHAFTS
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Transmission shaft: propulsion case

The output shaft from the gear box is
connected to the rear differential via a
transmission shaft

The transmission shaft is generally
hollow and has to remain flexible

To allow a certain relative motion, two
universal (Hooke) joints are connected
at both sides

Homokinetic mounting requires to
mount two Hooke's joint with a shift of
90° to prevent the fluctuation of the
rotational speed.

To enable a certain suspension vertical
motion, the shaft must be able to
extend thanks to a prismatic joint

CADRE DIFFERENTIEL st
BOITE DE VITESSES - PIGNON D'ATTAQUE ™\ =

: ! ?l |i_\§:(| i e \ \‘{?
LS A Py s
r———=ARBRE o)

DE TRANSMISSION
ARBRE SECONDAIRE joiNT

DE BOITE DE VITESSES (CouLisSaNT ~ JOINT * =

UNIVERSEL
UNIVERSEL ) pE CARDAN

A

if— LONGUEUR MINIMALE—>‘
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i Transmission shaft for rear live axles

N

Engine

Trans.

—

—

S —

—

---_"_"'--_.

Proper Geometry for Conventional Two Joint Drive Shaft

(Centerline of pinion on differential & trans are porallel)

S
%

Axle

45



Transmission shaft for rear live axles

Sometimes the transmission is so long that IONTUERSEL 0PN g
its natural vibration frequency is very low >,

DIFFERENTIEL
TRAVERSE

ARBRE DE TRANSMISSION

A) VUE D’ENSEMBLE

BOULON —- 5
~ “ =— FERRURE DE SUPPORT

RACCORD-—— Wi,  ARRETOIR
/ -~ SUPPORT
/ /S
g 4 ISOLATEUR
" ' 4

RONDELLE DE RETENUE
| .4/ ROULEMENT

£
C#

Thus, it is necessary to support the | =N U
shaft at mid span to increase the J.,/ @ ' C

FOURCHE DE CARDAN —— /! S TUBE

i BN ¥ h
freq uenCIeS CHAPEAU—— O \4 ‘0 \

» ™ RONDELLE / /&
- \E‘cnou
" ATTAGHE

B) VUE DE DETAIL DE PALIER INTERMEDIAIRE 46
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Transmission shaft for rear live axles

The transmission shaft creates some
bending and torsion moments in the
differential, the shafts, and the
wheels

The tractive forces developed at the
contact patch flows to the body
through the axle connection points.
The forces are taken by the chassis
via the leaf springs, the steering links

In this case, one has not to account

for the traction forces in the driveline.

/-> SENS DE ROTATION DE LA ROUE
/A\ SENS DE DEPLACEMENT

s DU VEHICULE
a
/ EEJI:IS DE ROTATION
COUPLE DE ,
CABRAGE  DE L'ARBRE DE

TRANSMISSION

CADRE
¥

CARTER D'ESSIEU
ARRIERE

B) PAR BIELLES INFERIEURES DE POUSSEE ET TUBE DE POUSSEE
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Universal (Hooke) joints

Typical U-Joint

Needle bearings U=-bolts attach
inside cup U- joint to yoke

Yoke for
Driveshart dif ferential
pinion shaft

Two implementation of the Hook / universal joint

48



Universal (Hooke) joints

= Universal joint or Hooke joint, it stems from the 16t century by Jérome
Cardan.

= The rotation motion is transmitted by the cross link that is free in
rotation with respect to both input and output shafts (two hinge links
concurrent in the intersection point of the two shafts).

21 201 74
Ll
| I

\
\ croisillon

\ | ou W9 49



Universal (Hooke) joints

U-joints can cope with angles o rather important (up to 45°) between
the input and the output shaft.

Angles (c) possibles entre les deux arbres

vitesses maximales admissibles trés lentes 10 tr/min > 600 tr/min

angles a possibles 45° 30° 15a20°

U joint is not homokinetic since it does not preserve a constant ratio
between the output and input speed. Even if the number of rotation is
the same, the output speed (w,) fluctuates for a constant input rotation
speed ;.

The fluctuation is a function of the angle o between the two shafts.

50



Universal (Hooke) joints

= If the shaft 1 has rotated by an
angle 6 from reference
configuration sketched in figure 1
and the output shaft 2 has been
rotated by an angle ¢, one can

write
OA=7r1 =ncosf + 7 xmn sinf
OB =r3=mcos¢ + j Xxm sino

(b)
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Universal (Hooke) joints

= In all configurations, vectors OA and OB must remain perpendicular to
each other

— —

7.5 = (flcos@ + 1 X @ sinf).(Mcosd + J X m sing) = 0

= Given that

—

mXj=i (4 X 1).m = cos a

= One obtains the geometrical relationship between the input and output
rotation angles
cosf sin ¢ = cosa sinf cos ¢

tan ¢ = cos a tan 6
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Universal (Hooke) joints

Differentiating the equation, one gets
tan ¢ = cosa tan

1 q-ﬁz cosag

cos? ¢ cos? 6

Substituting, it follows

=1+ tan®¢p = 1 4 cos® 5 tan® 0

cos2 ¢

And finally, it comes

COS &x
2

Wo —

— 5 Wi
1 — sin

« sin® @
Differentiating once more, one gets the accelerations

2 2

wi sin” « cos « sin 20

Lo —
? (1 — sin? & sin? )2
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Universal (Hooke) joints

= Fluctuation of the output speed is obtained by combining the equations

tan ¢ = cosa tanf

= And
COS (v
W — . . W1
1 — sin? @ sin® 6
2 .. 92 in 20
. wi sin” « cos o sin 26 |
Wy = W1

(1 — sin? & sin® )2

= Apart from situations where the angle o remains small, Hooke joints
gives rise to variation of the output speed and thus angular
accelerations that are detrimental for a power transmission with
constant rotation speed.
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Universal (Hooke) joints

= The non homokinetic nature of the Hooke joint is a source of vibrations
which are more important for high angles and high rotation speeds.

Fluctuation de la vitesse d’un cardan en fonction de I’angle des deux arbres 7
a 10° 20° 30° 40° 50°
N, X ‘ : X ;
i 0,9841,02 0,9421,06 0874115 0,7621,30 0642155
1
Z / Ay,
i T o Z - 3o
i : | 14
\ Q
croisillon ,/ﬁ 1,3 d0°\%%
\ 12

angle de
rotation

1,1 .
0% 50° 60° 70° 80° 90°

09l 10° 20° 30°

081
07L & _ C0S &
Ny~ 1-sin% x sin?
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Universal (Hooke) joints

Output/input speed ratio
(alpha=15°)

1,4

1,2

0,8
0,6
0,4
0,2

0

AR D ODRD PO GO VO A ok D O a0 XA D D AR O Ao D
AR AR SR RN SRR IR A LA oA R IR RN IR N R A s
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Double Hooke joint

= To recover homokinetic properties, it is possible to combine two Hooke
joints with a phase shift of 90° and to adopt kink angles a that have
the same magnitude

= Let the function F that relates the engine speed to the output speed
through the Hooke joints

Wy = Fa(wl)

w3 =F_o(Falwy)) =wr
w3 = F—o:(WQ)

o 2(Mp# M)

\ NG - ] A/%(Wé
— s /e : jlﬁi I
LB ot
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Homokinetic joints

= In automotive engineering, it was necessary to develop kinematic joints
exhibiting homokinetic properties by construction (N, = N, at any
time).

= Tripod: is based on three spheres articulated at 120° and able to slide
in three cylindrical joints parallel to one of the shafts.

= In particular, it has an additional degrees of freedom in translation.

3 spheres a 120°




Homokinetic joints

= Four ball joints (Rzeppa): it is based on four balls at 90° which can
roll in grooves (like in roller bearings) of toroidal shapes.

59



Homokinetic joints

= The two former homokinetic joints (Tripod and Rzeppa) are often
coupled in transmission shafts connecting the differential and the wheel

CV Axle

Inner CV Joint

Quter CV Joint

AN
q‘\'-\'x l"-. }

Spline to
Transaxle CV Boots

Typical CV Axle
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Transmission shaft for front live axles

Constant velocity joints RZEPPA OUTER CU' JOINT

boot clamps

TRIPOD INMER PLUNGE CLY JOINT

= Two kinds of homokinetic joints:
= Tripod (Inner joint)
= Rzeppa (Outer joint)

61



Transmission shaft for front live axles

AVANT

EMBRAYAGE

BOITE-PONT VOLANT MOTEUR A QUATRE CYLINDRES
JOINTS UNIVERSELS 0U
DE CARDAN EXTERIEURS ~ ARBRE PRIMAIRE A JOINTS Ué\‘A“F’{EﬁELS 0U DE
ENSEMBLE DE PIGNONS i

ARBRE SECONDAIRE

JOINTS UNIVERSELS OU DE CARDAN INTERIEURS
PIGNON D’ATTAQUE
DE DIFFERENTIEL

DIFFERENTIEL

OU DE CARDAN
INTERIEURS

COURONNE
DE DIFFERENTIEL



Transmission shaft for front live axles

PORTE-FUSEE DEMI-ARBRE GAUCHE

PLANETAIRE

JOINT HOMOCINETIQUE INTERIEUR JOINT HOMOCINETIQUE INTERIEUR

{ '.'«-jwv':i.r : T ;K:‘ v =) ,;; _V £
; - ‘ ’ -
JOINT HOMOCINETIQUE EXTERIEUR
ANNEAU ELASTIQUE DEMI-ARBRE DROIT

ROUE

=3
(I

ECROU DE MOYEU

JOINT HOMOCINETIQUE EXTERIEUR

DISQUE - MOYEU DE ROUE

= In front driven vehicle, two homokinetic joints are used to cope
with the suspension bounce/rebound and wheel steering leading

to rotation speed fluctuation in the intermediate link and so
vibration

= Shaft properties should be adjusted (diameter, inertia) to
exhibits the same overall stiffness
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Drive axle: solid shaft

17

64
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i Wheel axles

Keep the wheel in the right position, maintain the desired
steering, and insure the transmission of propulsion torque

= It has to fix the wheels while enabling them to steer in turning
conditions

= It serves as the load path from the contact patch to the chassis
and body

= [t is able to sustain the braking torques
= [t is the supports to the shock absorber and damper
= The axle can be floating or semi floating

66



Wheel axles

CARRIER.TYPE

Split types
Banjo types

Carrier types
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= Carrier type

5 | THRUST WASHER

PINION SIDE GEAR

THRUST WASHER

_._.fi"
SIDE GEAR “-IFHHGQU:':I'.
THRUST

WASHER o o "

00 = 66

PINION SHAFT LOCK PIN o

o8

DIFFERENTIAL CASE
DIFFERENTIAL CAP

HOUSING ASSEMBLY

BEARING ASSEMBLY
SEAL
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Wheel axles: Full-floating axles

= A full-floating axle shaft does not carry the vehicle's weight; it
serves only to transmit torque from the differential to the
wheels. It "floats" inside an assembly that carries the vehicle's
weight. Thus, the only stress it must sustain is the torque (not
lateral bending force). Full-floating axle shafts are retained by a
flange bolted to the hub, while the hub and bearings are
retained on the spindle by a large nut.

FULL FLOATING AXLE

Vehicle weight

BEARINGRETAINER = | = transm ission

Bearing

69
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AXLE TUBE \

Full floating rear axle



i Wheel axles: Semi-floating axles

= A semi-floating design carries the weight of the vehicle on the
axle shaft itself; there is a single bearing at the end of the axle

housing that carries the load from the axle and that the axle
rotates through.

SEMI FLOATING AXLE

BPEARIMN& RETAIMER

WHEEL BEARING

AXLE TUBE WHEEL HUB Half floating rear axle 20



i Wheel axles: Three quarter-floating axles

In this axle bearing are on the outer side of casing between the wheel
and the axle casing. The wheels are fitted at the end of the axle by
means of a key, bolt or nut. The weight of the vehicle is supported
partly by the axle casing and partly by the axle. The main advantage of
this type of axle over the half floating axle is that the major part of the
load is taken by the axle casing and not by axle. Axle only takes care of
the rotating and transmits the power.

Three quarter floating rear axle 71



Wheel axles: Full-floating vs semi floating axles

/—AUTOMDBILL REAR \XLES
SEMIFLOATING

Weight supported by axle.
Axle subject to both bend-
ing and torque.

THREE QUARTERS
FLOATING

Axle shaft subject only to torque
except when rounding turns or
on roads that are not level,

FULL FLOATING

ject only to torque.

Weight supported entirely
by housing. Axle shaft sub-
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Wheel axles

[-_3 DRJVE
e @i = Load and deformation of
() oo different types of rear axles

)
_____%E@ %?4::";: !@ = Semi floating

REACTION
TAKEN BY HALF-SNAFT LOADS TAXEN BY HALF-SHAFT

(A)

% @% = Three quarter floating
-t [

@ L3 = Full floating

J —
e —— —
REACTION OF VERTICAL LOADS i 5 REACTION OF HORIZONTAL LOADS
TAKEN BY BEARING AND i, TAKEN 8Y BEARING AND
AXLE CASING (®) AXLE CASING
-
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REACTION
TAXEN BY BOTH BLARING AND
() HALF SHAFT



