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ABSTRACT 
The main aim of this paper is to focus on the mechanical design and analysis on assembly of gears in gear box when they 

transmit power at different speeds i.e-2500 rpm, 5000 rpm and 7500 rpm. Analysis is also conducted by varying the 

materials for gears, Cast Iron, Cast Steels and Aluminum Alloy. Presently used materials for gears and gear shafts is Cast 

Iron, Cast steel. In this paper to replace the materials with Aluminum material for reducing weight of the product.  

Stress, displacement is analyzed by considering weight reduction in the gear box at higher speed. The analysis is done in 

Cosmos software. It’s a product of Solid works. In the present work all the parts of differential are designed under static 

condition and modeled. The required data is taken from journal paper. Modeling and assembly is done in Solid Works. The 

detailed drawings of all parts are to be furnished.  

KEYWORDS: Gearbox design, Assembly Analysis, Model Analysis, Weight reduction. 

1.0 INTRODUCTION 

A differential is a device, usually but not necessarily 

employing gears, capable of transmitting torque and 

rotation through three shafts, almost always used in 

one of two ways: in one way, it receives one input 

and provides two outputs this is found in most 

automobiles and in the other way, it combines two 

inputs to create an output that is the sum, difference, 

or average, of the inputs. 

In automobiles and other wheeled vehicles, the 

differential allows each of the driving road wheels to 

rotate at different speeds, while for most vehicles 

supplying equal torque to each of them. 

A vehicle's wheels rotate at different speeds, mainly 

when turning corners. The differential is designed to 

drive a pair of wheels with equal torque while 

allowing them to rotate at different speeds. In 

vehicles without a differential, such as karts, both 

driving wheels are forced to rotate at the same speed, 

usually on a common axle driven by a simple chain-

drive mechanism. When cornering, the inner wheel 

needs to travel a shorter distance than the outer 

wheel, so with no differential, the result is the inner 

wheel spinning and/or the outer wheel dragging, and 

this results in difficult and unpredictable handling, 

damage to tires and roads, and strain on (or possible 

failure of) the entire drive train. 

1.1 Functional description 

The following description of a differential applies to 

a "traditional" rear-wheel-drive car or truck with an 

"open" or limited slip differential: 

Torque is supplied from the engine, via the 

transmission, to a drive shaft (British term: 'propeller 

shaft', commonly and informally abbreviated to 

'prop-shaft'), which runs to the final drive unit that 

contains the differential. A spiral bevel pinion gear 

takes its drive from the end of the propeller shaft, and 

is encased within the housing of the final drive unit. 

This meshes with the large spiral bevel ring gear, 

known as the crown wheel. The crown wheel and 

pinion may mesh in hypoid orientation, not shown. 

The crown wheel gear is attached to the differential 

carrier or cage, which contains the 'sun' and 'planet' 

wheels or gears, which are a cluster of four opposed 

bevel gears in perpendicular plane, so each bevel gear 

meshes with two neighbours, and rotates counter to 

the third, that it faces and does not mesh with. The 

two sun wheel gears are aligned on the same axis as 

the crown wheel gear, and drive the axle half shafts 

connected to the vehicle's driven wheels. The other 

two planet gears are aligned on a perpendicular axis 

which changes orientation with the ring gear's 

rotation. In the two figures shown above, only one 

planet gear (green) is illustrated, however, most 

automotive applications contain two opposing planet 

gears. Other differential designs employ different 

numbers of planet gears, depending on durability 

requirements. As the differential carrier rotates, the 

changing axis orientation of the planet gears imparts 

the motion of the ring gear to the motion of the sun 

gears by pushing on them rather than turning against 

them (that is, the same teeth stay in the same mesh or 

contact position), but because the planet gears are not 

restricted from turning against each other, within that 

motion, the sun gears can counter-rotate relative to 

the ring gear and to each other under the same force 

(in which case the same teeth do not stay in contact). 

1.2 Cosmos works 

Cosmos works is a useful software for design 

analysis in mechanical engineering. That’s an 

introduction for you who would like to learn more 

about COSMOS Works. COSMOS Works is a design 

analysis automation application fully integrated with 

Solid Works.  

This software uses the Finite Element Method (FEM) 

to simulate the working conditions of your designs 

and predict their behavior. FEM requires the solution 

of large systems of equations. Powered by fast 

solvers, COSMOS Works makes it possible for 

designers to quickly check the integrity of their 

designs and search for the optimum solution.  

A product development cycle typically includes the 

following steps:  

• Build your model in the Solid Works CAD 

system.  

• Prototype the design.  

• Test the prototype in the field. 

• Evaluate the results of the field tests.  

• Modify the design based on the field test 

results.  
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2.0 PROPERTIES OF MATERIALS 

2.1 Nickel Chrome Steel 

 
2.2 Aluminum Alloy 

 
2.3 Cast iron  

 
3.0 APPLICATION OF TANGENTIAL LOAD  

3.1 Nickel Chrome Steel 
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3.2 Aluminum Alloy 

 
3.3 Cast iron  

 
4.0 APPLICATION OF STATIC LOAD  

4.1 Nickel Chrome Steel 
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4.2 Aluminum Alloy 

 
4.3 Cast iron  

 
 

5.0 RESULTS AND DISCUSSIONS  

2400RPM 
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5000RPM 

 
 

6400RPM 

 
 

6.0 CONCLUSION 

By observing the structural analysis results using 

Aluminum alloy the stress values are within the 

permissible stress value. So using Aluminum Alloy is 

safe for differential gear.  When comparing the stress 

values of the three materials for all speeds 2400rpm, 

5000rpm and 6400 rpm, the values are less for 

Aluminum alloy than Alloy Steel and Cast Iron. By 

observing the frequency analysis, the vibrations are 

less for Aluminum Alloy than other two materials 

since its natural frequency is less. And also weight of 

the Aluminum alloy reduces almost 3 times when 

compared with Alloy Steel and Cast Iron since its 

density is very less. Thereby mechanical efficiency 

will be increased. By observing analysis results, 

Aluminum Alloy is best material for Differential. 

REFERENCES  
1. J.O.Nordiana, S.O.Ogbeide, N.N.Ehigiamusoe and 

F.I.Anyasi., 2007,”Computer aided design of a spur 
gear, “Journal of Engineering and Applied Sciences 2 

(12); pp 1743 1747. 

2. Zeping Wei., 2004”Stresses and Deformations in 
Involute spur gears by Finite Element method,” M.S, 

Thesis, College of Graduate Studies and research, 

University of Saskatchewan, 
3. Darle W.Dudley, 1954, Hand book of practical gear 

design Alec strokes, 1970, High performance of gear 

design 
4. Maitra, G.M, 2004, Hand Book of Gear Design, 

TataMcGrawHill, New Delhi. 

5. S.Md.Jalaluddin., 2006, “Machine Design, “Anuradha 
publications, Chennai. 

6. Thirupathi Chandrupatla, Ashok D.Belegundu, 
“Introduction to finite element in Engineering” ,2003 

7. PSG, 2008.”Design data,” Kalaikathir Achchagam 

publishers, Coimbatore, India. 

8. S.Mahalingam, R.E.D Bishop, 1974, “Dynamic loading 

of Gear tooth”, Journal of sound and vibration, 36(2), 
pp179189 

9. S.H.Choi, J.Glienicke, D.C.Han, K.Urlichs, April 1999, 

“Dynamic Gear Loads due to coupled lateral, Torsional 
and Axial Vibrations in a helical Geared System” , 

Journal of vibration and acoustics, Vol 121 /141. 


