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Abstract— Central differential is a geared mechanism 

located between the two driving axles thereby providing 

torque developed by engine in required ratio to both the 

axle. In ordinary four wheel drive vehicle, there are two 

differentials one in rear axle and other in front axle along 

with a transfer gear box in between, which converts it to 

four wheel drive. A four wheel drive vehicle without a 

central differential cannot  be driven on dry, paved roads in 

four-wheel drive mode, as small differences in rotational 

speed between the front and rear wheels produces extra 

torque to be applied across the transmission. This 

phenomenon is known as "wind-up", and can cause 

considerable damage to the transmission or drive train. But 

in all wheel drive vehicle transfer gear box is replaced by  

central differential that transmit the power for all wheel 

drive (AWD), which is used in part time four wheel drive in 

order to reduce weight and provide optimum traction. In this 

thesis, a case study has been done for Maruti Suzuki Zypsy 

which works on the principle of four wheel drive having 

transfer gear box providing torque in the ratio 50:50 to rear 

and front axle.  Literature shows that the total torque 

developed by engine should be divided in the ratio of 60:40 

to rear and front axles which is ideal ratio for better handling 

and optimum level of grip. This creates a need for replacing 

the present transfer gear box to a modified central 

differential consisting two rotating side gear having different 

diameters mounted on front and rear side of the hub. The 

rear side gear drive the differential of rear axle while the 

front side gear will drive the differential of front axle 

dividing the torque developed by engine in the required ratio 

of 60:40 . For this CAD modeling package Creo-2 was used 

to model the calculated design and then analysis is done by 

FEM methods in ANSYS software. Then finally the 

performance parameters of modified automobile central 

differential and Transfer gear box are compared. 

Key words:  Central differential, Maruti Suzuki Zypsy, 
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I. INTRODUCTION 

A central differential, allowing the drive shafts to spin at 

different speeds. This permits the four-wheel drive vehicle 

to drive on paved surfaces without experiencing "wind-up". 

4WD vehicles without a central differential should 

not be driven on dry, paved roads in four-wheel drive mode, 

as small differences in rotational speed between the front 

and rear wheels cause a torque to be applied across 

the transmission. This phenomenon is known as "wind-up", 

and can cause considerable damage to the transmission or 

drive train. On loose surfaces these differences are absorbed 

by the tire slippage on the road surface. 

A four-wheel drive (4WD) vehicle will have at 

least two differentials (one in each axle for each pair of 

driven road wheels), and possibly a central differential to 

apportion torque between the front and rear axles. The 

center differential is an epicyclic differential to divide the 

torque asymmetrically, but at a fixed rate between the front 

and rear axle. 

A. Type of limit slip differential (lsd) 

1) Clutch Plate Limited Slip 

 

 
                        Fig. 1: Clutch plate limited slip 

One of the earliest solutions to the problem of inappropriate 

torque distribution between axles is the clutch plate 

differential. This unit functions by making use of the 

difference in speed of the inner and outer wheels during a 

turn to improve traction. They employ a set of friction plates 

on either side of the differential case. Half of these plates are 

meshed with the profile of the case whilst the other half is 

meshed with each of the drive axles. In straight line driving 

the carrier and the axles turn at the same rate as the 

differential gearing remains disengaged. 

2) Viscous Limited Slip Differential: 

Similar in many ways to the clutch plate design, these 

mechanisms employ viscous couplings joined to an open 

differential. A set of friction surfaces is surrounded by one 

of several viscous fluids which have the property of 

solidifying at high temperatures. As the two axles begin to 

spin at different rates, the friction surfaces rotate in the fluid 

performing work and thus generating heat. The increasing 

viscosity of the fluid provides the resistance to 

differentiation. 

 
Fig. 2: Viscous Limited Slip Differential 

http://en.wikipedia.org/wiki/Transmission_(mechanics)
http://en.wikipedia.org/wiki/Axle
http://en.wikipedia.org/wiki/Epicyclic_gearing
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3) Torsion Differential 

 
Fig. 3: Torsion Differential 

While the aforementioned solutions employ some kind of 

addition to an open differential, the torsion differential 

involves a completely novel gear design. This differential 

makes use of in vex satellite and side gears which 

mechanically resist differentiation once engaged. The 

gearing is helically designed to distribute the torque between 

the drive axles in a predetermined ratio. The system is 

robust and engages instantaneously. The additional gearing 

causes the weight of this differential unit to be higher than 

the other types. The ratio of the torque split between the 

wheels is determined by the helical gearing angles and 

cannot be modified after the unit is produced. 

4) Electronic Clutch Differential: 

 
Fig. 4: Torsion Differential 

This type of differential is similar to a clutch type unit 

except that it uses electrical sensors and actuators in a 

feedback system to control torque distribution. The 

advantage of this type of differential is that the torque split 

between the wheels can be accurately controlled and can 

range from 0 – 100% of total torque to any one wheel. This 

means that when one wheel loses complete traction, the 

system can allocate all the torque to the other wheel with 

traction 

II. PROBLEM AREA 

The differential is found on all modern cars and trucks, and 

also in many all-wheel-drive (full-time four-wheel-drive) 

vehicles. These all-wheel-drive vehicles need a differential 

between each set of drive wheels, and they need one 

between the front and the back wheels as well, because the 

front wheels travel a different distance through a turn than 

the rear wheels. 

Part-time four-wheel-drive systems don't have a 

differential between the front and rear wheels; instead, they 

are locked together so that the front and rear wheels have to 

turn at the same average speed. This is why these vehicles 

are hard to turn on concrete when the four-wheel-drive 

 
Fig. 5: Torque vectoring diagram of a car during cornering 

4WD vehicles without a center differential should 

not be driven on dry, paved roads in four-wheel drive mode, 

as small differences in rotational speed between the front 

and rear wheels cause a torque to be applied across 

the transmission. This phenomenon is known as "wind-up", 

and can cause considerable damage to the transmission or 

drive train. On loose surfaces these differences are absorbed 

by the tire slippage on the road surface. 

A. Problems of part time 4WD are:  

 Part-time four-wheel-drive systems don't have a 

differential between the front and rear wheels. 

 Part time 4WD vehicles should not be driven in 

sharp cornering on dry, paved roads & concrete in 

four-wheel drive mode because hard to turn.  

 Part time 4WD loose traction in climbing road with 

ice or muddy surface. 

 Part time 4WD loose traction when one of the axles 

is in slipping condition. 

III. DESIGN AND ANALYSIS OF AUTOMOBILE CENTRAL 

DIFFERENTIAL 

There are many problems in part time 4wd but still uses in 

many SUV (sports utility vehicle) such as Honda CR-V 

(MK3-CR-V), Tata safari, jeep Cherokee (KK 

Cherokee),Maruti Suzuki Zypsy etc. problems of part time 

4WD are avoided by using central differential. this thesis 

mainly focuses on the mechanical design and analysis of 

central differential that transmit the power for full time all-

wheel drive (AWD) which replace transfer gear box in order 

to reduce weight and provide optimum traction. For this 

purpose we select one of SUV above and design central 

differential for that which divides torque in appropriate ratio 

i.e. 60:40 to rear and front axle which is ideal ratio for better 

handling and optimum level of grip 

IV. PRODUCT SPECIFICATION 

Engine Displacement (CC): 1298 cc 

No Of Cylinders: 4 Cylinder 

No Of Gears: 5 Speed Forward & 1 Reverse 

Power (PS):  80 bhp @ 6000 rpm  

Transmission: Manual 

Kerb Weight: 1050 kgs                                                             

Fuel Type: Petrol 

Drive Type: Part time 4WD 

Transfer gear box: Two speed 

Type: Constant mesh 

Transfer Gear ratio: High-1.409, Low-2.268 

http://en.wikipedia.org/wiki/Transmission_(mechanics)
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V. AUTOMOBILE CENTRAL DIFFERENTIAL ASSEMBLY 

CONSISTS OF FOLLOWING PARTS 

(1) Hub:  Hub is main members of automobile central 

differential in which all parts are mounted along 

with center spider which is cross shaped member 

consist of four arms which is connected with hub. 

(2) Pinion axle: Four pinion axle of proper 

specification are required for operation which is 

mounted on hub. Function of pinion axle in the 

central differential is to receive power from hub 

and transfer to the pinion gear. 

(3) Pinion Gear:  Four pinion gear of proper 

specification are required for operation which is 

mounted on pinion axle. Function of pinion gear in 

the central differential is to received power from 

hub through pinion axle  and transfer to the side 

gear 

(4) Side Gear: Two side gears having different in 

diameter are required for operation. Larger side 

gear is used to transmit 60% of total torque and 

smaller side gear is used to transmit 40% of total 

torque. These two side gear are directly connected 

with two output shaft 

(5) Casing: The casing is used for safety purpose. It 

does not serve any functional purpose. The casing 

is provided so as to protect all parts from dirt, dust, 

etc. and also from any external damage; oil of 

required specification is filled inside this casing. 

(6) Seal: The basic function of seals is to seal in oil, 

grease or other liquids, e.g., for preventing the 

leakage of oil from around a rotating shaft and to 

seal out dirt and contaminants. 

A. Gear Design: 

Specifications of Bevel Gears used: 

Table 1: Specifications of Bevel Gears 

B. Pin or axle Design: 

 
Fig. 6: Axle along with Pinion gear 

C. Specifications of axle used: 

 Length of axle = 33mm 

 b1=18mm (length of axle inside in pinion gear) 

 a= 7.5 mm (length of axle inside in hub) 

 Diameter of axle = 7mm 

D. Clutch Plate Design: 

 
Fig. 7: Clutch plate 

 Clutch plate material = steel 

 Pressure plate material = bronze 

 Inner diameter of clutch and pressure plate (d) 

=40mm 

 Outer diameter of clutch and pressure plate (D) 

=60mm 

 Coefficient of friction=0.1 

 Permissible intensity of pressure (pa) = 0.3 N/mm2 

Assumed uniform wear theory 

 Number of steel disks= 9 

 Number of bronze disks= 8 

E. CAD Modelling 

The Creo-2 parametric CAD solid modeling software was 

extensively used for the generation and analysis of the 

differential and driveline components 
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Fig. 8: Screenshots show Pinion gear, Side gear 1, Side gear 

2 

 
Fig. 9: Screenshots show side view, top view, and front view 

 
Fig. 10: Screenshots show Hub, Clutch Plate, and Pressure 

Plate 

 
Fig. 11: Screenshots show final assembly 

 
Fig. 12: Screenshots show final assembly in exploding view 

VI. FEM ANALYSIS 

Finite Element methods are numerical techniques of solving 

differential equations in engineering problems [21]. The 

theories pertaining to the generation of gear tooth surfaces 

as well as the theory of meshing are based on the differential 

geometry concept of the envelope to a family of surfaces 

[22]. Finite element methods involve the discretization of 

any one region into a finite number of tiny areas over which 

continuous quantities such as displacement or stress can be 

approximated. In the case of bevel gear design, finite 

element models can be used both for the analysis of stresses 

on different parts of gear teeth. 

ANSYS 14 was used to perform the analysis. To 

begin, each gear is decomposed in finite elements and node 

then load is applied.  To simulate a continuous force is 

applied along the side of the gear tooth. The load itself is a 

point load being at the large end of the tooth along pitch 

circle 

A. FEM Analysis of pinion gear: 

Sb= maximum tangential force applied on the tooth without 

bending failure. 

Sb= 3194.93 N 

 
FIG. 13: Screenshots show FEM analysis of pinion gear 

It is clear from above stress distribution the value 

of maximum stress developed at root fillet region of tooth 

with maximum value of σb =191.17N/mm
 

B. FEM Analysis of side gear 1: 

Sb= 4799.72 N 

 
Fig. 14: Screenshots show FEM analysis of Side gear 1 
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It is clear from above stress distribution the value 

of maximum stress developed at root fillet region of tooth 

with maximum value of σb =342.7N/mm
2
 

C. FEM Analysis of side gear 2: 

Sb= 3997.808 N 

 
Fig. 15: Screenshots show FEM analysis of Side gear 2 

It is clear from above stress distribution the value 

of maximum stress developed at root fillet region of tooth 

with maximum value of σb =380.52N/mm
2
 

D. FEM Analysis of axle: 

P = Maximum permissible force applied at center of pin       

without shear failure 

P=748.35 N 

 
Fig. 16: Screenshots show FEM analysis of axle 

It is clear from above stress distribution the value 

of maximum stress developed at end of pin with maximum 

value of τ=58.398N/mm
2
 

1) Comparison between Design stress and Actual stress 

 
Table 2:  Comparison between Design stress and Actual 

stress 

Following factor of safety indicated that each element of 

central differential is safe. 

2) Comparison of Performance Parameters of automobile 

central differential and Transfer gear box 

 
Table 3:  Comparison of Performance Parameters of 

automobile central differential and Transfer gear box 

VII. CONCLUSION 

The results of this thesis report have illustrated the entire 

design methodology into the differential and driveline 

assembly. The efforts taken to account for all the necessary 

design and analysis considerations have provided a solid 

starting point into the fundamentals of differential and 

driveline design. Finite Element Analysis was carried out on 

CAD models of potential design. Using the FEA output a 

design was created that met all the stipulated functional 

requirements and possessed a reasonable factor of safety 

while still saving significant mass and rotational inertia as 

compared to the old differential or transfer gearbox. 
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