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 The main objective of this project is to developed parametric model of differential Gearbox by using CATIA-V5 under 

various design stages. It is observed that Glass filled polyamide composite material is selected as best material for differential 

gearbox and is found to suitable when apply moment 200 N/m under static loading conditions. Comparisons of various stress and 

deformation, shear stress results using ANSYS-14.5 with Glass filled polyamide composite and metallic material (grey cast iron) 

are also being performed and found to be lower for composite material.  
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1. INTRODUCTION 

A differential is a particular type of simple planetary 

gear train that has the property that the angular velocity 

of its carrier is the average of the angular velocities of its 

sun and annular gears. This is accomplished by 

packaging the gear train so it has a fixed carrier train 

ratio R = -1, which means the gears corresponding to the 

sun and annular gears are the same size. This can be done 

by engaging the planet gears of two identical and coaxial 

epicyclic gear trains to form a spur gear differential. 

Another approach is to use bevel gears for the sun and 

annular gears and a bevel gear as the planet, which is 

known as a bevel gear differential.  

In automobiles and other wheeled vehicles, the 

differential allows the outer drive wheel to rotate faster 

than the inner drive wheel during a turn. This is 

necessary when the vehicle turns, making the wheel that 

is traveling around the outside of the turning curve roll 

farther and faster than the other. The average of the 

rotational speed of the two driving wheels equals the 

input rotational speed of the drive shaft. An increase in 

the speed of one wheel is balanced by a decrease in the 

speed of the other.  

When used in this way, a differential couples the 

input shaft (or prop shaft) to the pinion, which in turn 

runs on the crown wheel of the differential. This also 

works as reduction gearing to give the ratio. On rear 

wheel drive vehicles the differential may connect to 

half-shafts inside an axle casing or drive shafts that 

connect to the rear driving wheels. Front wheel drive 

vehicles tend to have the pinion on the end of the 

main-shaft of the gearbox and the differential is enclosed 

in the same casing as the gearbox. They have individual 

drive-shafts to each wheel. Older 4x4 vehicles and 

tractors usually have a solid front axle, the modern way 
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can be a separate differential and drive shaft 

arrangement for the front.  

A differential consists of one input, the drive shaft, 

and two outputs which are the two drive wheels, 

however the rotation of the drive wheels are coupled by 

their connection to the roadway. Under normal 

conditions, with small tyre slip, the ratio of the speeds of 

the two driving wheels is defined by the ratio of the radii 

of the paths around which the two wheels are rolling, 

which inturn is determined by the track-width of the 

vehicle (the distance between the driving wheels) and the 

radius of the turn.  

 Non-automotive uses of differentials include 

performing analog arithmetic. Two of the differential's 

three shafts are made to rotate through angles that 

represent (are proportional to) two numbers, and the 

angle of the third shaft's rotation represents the sum or 

difference of the two input numbers. The earliest known 

use of a differential gear is in the Antikythera 

Mechanism, circa 80 BCE, which used a differential gear 

to control a small sphere representing the moon from the 

difference between the sun and moon position pointers. 

The ball was painted black and white in hemispheres, 

and graphically showed the phase of the moon at a 

particular point in time.[1] See also the Chinese 

South-pointing chariot. An equation clock that used a 

differential for addition was made in 1720. In the 20th 

Century, large assemblies of many differentials were 

used as analog computers, calculating, for example, the 

direction in which a gun should be aimed. However, the 

development of electronic digital computers has made 

these uses of differentials obsolete. Military uses may still 

exist. SeeElectromagnetic pulse. Practically all the 

differentials that are now made are used in automobiles 

and similar vehicles. 

 
FIG 1GEAR BOX 

 

 The chain of processes between the initial design 

and the final realization of a product. CAE software helps 

in product designing, 3-D visualization, analysis, 

simulation and impacted a lot on time and cost saving to 

the industry.A Gear box is one of the important 

mechanical components of transmission system used in 

variety of machines. Differential Gear box increases 

effective weight of vehicle which in turn directly affects 

the performance and efficiency of the vehicle. So there is 

a requirement to make light and effective gears 

.Therefore, in the present work composite materials are 

used to make light weight gears in order to perform such 

duty efficiently. 

 
FIG 2 DIFFERENTIAL GEAR BOX 

BACKGROUND  

The Differential Box transmits mechanical energy 

from a prime mover to an output device. It also changes 

the speed, direction or torque of mechanical energy. 

Differential gearbox is used when high speed, large 

power transmission where noise abatement is important. 

Some limitations in existing Differential gear box are as 

follows: It has poor weight to strength ratio so high 

power loss.  

Metallic parts lead to corrosion so need to properly 

shielded. More wear in between the gears so required 

proper lubrication. Due to heaviness of Differential gear 

box, it needs to be strongly mounted thus increasing 

more weight and decreasing fuel efficiency.  

It has less elastic modulus and tensile strength.  

Its cost is more due to increasing cost of metals.  

Due to poor weight to strength ratio power loses in 

gear trains are higher. 
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2. PROJECT OVER VIEW 

SOLID MODELLING  

 Solid modelling consists of set of principles for 

mathematical and computer modelling of 

three-dimensional solid model. It refers to theories and 

computations that defines and manipulates 

representations of physical objects, their properties and 

the associated abstractions, and that support a variety of 

processes. Solid modelling of bevel and spurgears is done 

using parametric approach. Bevel gears for different 

dimensions can be generated by changing the variables 

(number of teeth, pressure angle, helix angle, tooth 

thickness, module). Required parameters that are used as 

variable for generating bevel gear and dependent 

parameters with relations are shown In the reference 

model there are five bevel gears variable values for each 

gear as given Steps involved in the creation of parametric 

solid model of bevel gear are shown in while Figure 

shows the solid model models of gears. 

 
FIG 10 STEPS INVOLVED IN WORK FLOW 

 
STEPS INVOLVED IN THE CREATION OF 

PARAMETRIC SOLID MODEL OF BEVEL GEAR 

MATERIAL PROPERTIES:  

MATERIAL SELECTION  

Engineering data imparts the material properties. 

Composite materials made from two or more constituent 

materials with significantly different physical or chemical 

properties. These constituent materials combined to 

produce a material with characteristics different from the 

individual components 

2.3.1 Polyamide material  

A polyamide is a macromolecule with repeating units 

linked by amide bonds.[1]  

Polyamides occur both naturally and artificially. 

Examples of naturally occurring polyamides are proteins, 

such as wool and silk. Artificially made polyamides can 

be made through step-growth polymerization or 

solid-phase synthesis yielding materials such as nylons, 

aramids, and sodium poly(aspartate). Synthetic 

polyamides are commonly used in textiles, automotive 

applications, carpets and sportswear due to their high 

durability and strength. The transportation 

manufacturing industry is the major consumer, 

accounting for 35% of polyamide (PA) consumption 

 
2.3.2 Gray cast iron material  

Gray iron, or grey cast iron, is a type of cast iron that 

has a graphitic microstructure. It is named after the gray 

color of the fracture it forms, which is due to the presence 

of graphite.[1] It is the most common cast iron and the 

most widely used cast material based on weight.[2]  

It is used for housings where the stiffness of the 

component is more important than its tensile strength, 

such as internal combustion engine ,cylinder blocks, 

pump housings, valve bodies, electrical boxes, and 

decorative castings. Grey cast iron's high thermal 

conductivity and specific heat capacity are often 

exploited to make cast iron cookware and disc brake 

rotors 
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3. DESIGN PROCEDURE IN CATIA 

Go to the assembly workbench after go to the new 

part and select xy plane create the half rectangle protion 

distance is 75mm over all length create the 15 mm offset 

distance apply chamfer after go to the shaft option apply 

angle 3600 optio now go to the yz plane create the  line 

after apply plane in part design work bench create the 

tooth profile in sketcher workbench apply rib option in 

part design workbench again go to circular pattern apply 

around 50 instances apply rib as well as same pattern 

create remaining parts also axle shaft gear, bevel gear, 

inner gear, ring main gear(sun gear). This figure 

represents the modeling of first side gear in catia. 

 It is created by drawing the bevel gear profile from 

prerequisites and removing the faces of bevel gear tooth 

for 45 deg mating of other gears for assembly. and 

adding an extruded stub axles rods to it It is the second 

bevel side gear. This figure represents the modeling of 

second side gear in catia. It is created by drawing the 

bevel gear profile from prerequisites and removing the 

faces of bevel gear tooth for 45 deg mating of other gears 

for assembly. and adding an extrude stub axles to it. This 

figure represents the modeling of ring gear in catia. It is 

created by drawing the bevel gear profile from 

prerequisites and removing the faces of bevel gear tooth 

for 45 deg mating of other gears for assembly. and 

adding an extrude stub axles to it.  

The ring rotates while the vehicle is takinga turn. It 

rotates in it’s own axis. This figure represents the 

modeling of sun gear in catia. It is creaeted by drawing 

the bevel gear profile from prerequisites and removing 

the faces of bevel gear tooth for 45 deg mating of other 

gears for assembly. and adding an extruded sun gear 

plates for the fixing of two side and two ring gears. The 

sun gears carry the torque that is coming from the engine 

as shown below figure 

 
FIG 12AXLE SIDE SHAFT GEAR 

 
FIG 13 BEVEL GEAR 

 
FIG 14 INNER GEAR 

 
FIG 15 RING MAIN GEAR 
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FIG 16 MAIN ASSEMBLY 

 

4. RESULTS AND ANALYSIS 

4.1 STATIC STRUCTURAL ANALYSIS  

The static structural analysis calculates the stresses, 

displacements, shear stress and forces in structures 

caused by a load that does not induce significant inertia 

and damping effects. Steady loading and response 

conditions are assumed; that the loads and the structure’s 

response are assumed to change slowly with respect to 

time. A static structural load can be performed using the 

ANSYS WORKBENCH solver. The types of loading that 

can be applied in a static analysis include:.  

4.1.1 Meshing and boundary conditions 

 
FIG 17 GEAR BOX MESHING 

 

 
FIG 18 BOUNDARY CONDITIONS 

4.2 STATIC ANALYSIS RESULTS:  

This analysis is performed to find Structural 

parameters such as Stresses shear stresses , Deformation, 

Here we observed results on two materials namely grey 

cast iron and polymide  

4.2.1 Grey cast iron: 

 
FIG 19 STRESS ON GREY CAST IRON 

 

 
FIG 20 SHEAR STRESS ON GREYCAST IRON 

 

 
FIG 21 TOTAL DEFORMATION GREYCAST IRON 

 

4.3.2 Glass gilled polyamide: 

 
FIG 22 STRESS ON POLYAMIDE 

 
FIG 23 SHEAR STRESS ON POLYAMIDE 
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FIG 24 TOTAL DEFORMATION ON POLYAMIDE 

 

4.3 GRAPHS  

4.3.1 Stress graph  

This graph shows the different maximum stress 

values in different materials, polymaide (2.5256 

Mpa)material has least stress value compared to another 

materials as shown in the graph 1

 
FIG 25 STRESS GRAPH 

 

4.3.2 Shear stress graph  

This graph shows the different maximum shear stress 

values in different materials, polymaide 1.0799 Mpa 

material has least shear stress value compared to another 

materials as shown in the graph2 

 
FIG 26 SHEAR STERSS GRAPH  

4.3.3 Total deformation graph  

This graph shows the different total deformation 

values in different materials, polymaide 4.1932 material 

has least deformation value compared to another 

materials as shown in the graph3 

 
FIG 27 TOTAL DEFORMATION GRAPH 

 

5. CONCLUSIONS 

 The present work relates to composite material 

differential gear box as an effective alternative to existing 

metallic differential gearbox. Computer aided 

engineering is found to be useful tool for various design 

stages. Reference model of Differential gear box is 

selected and CATIA is used to develop various 

parametric models. Glass filled polyamide composite 

material is used for gears and are analysed using ANSYS 

for equivalent (Von-Misses) stress, displacement (total 

deformation) and maximum shear elastic strain for 

different revolutions (2500 rpm, 5000 rpm and 7500 rpm) 

under static conditions. Comparisons of various stress 

and strain results with Glass filled polyamide composite 

and metallic materials (Aluminium alloy, Alloy Steel and 

Cast Iron) are also being performed and found to be 

lower for composite material. By observing these analysis 

results, Glass Filled Polyamide composite material is 

selected as a best material for Differential gear box which 

in turn increases the overall mechanical efficiency of the 

system. 
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