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Abstract— Gears are commonly used for transmitting power. 

There are four types of gears are used for power transmit i.e. 

spur, helical, bevel, worm etc. from these different types of 

gears used for different applications. Generally high stress 

concentration occurs at point of contact and root radius 

between two meshing gears. Due to repeated stress or 

fluctuating stress acting on gear tooth. In these research paper 

we have use FEA(finite element analysis) method for static 

analysis of gear tooth and in a static analysis we have focused 

only on one tooth of gear for the analysis purpose and we have 

completed static analysis of gear tooth by assuming gear tooth 

which act as cantilever beam. So one end is fixed and another 

end is carrying tangential load. In these research paper we got 

value of bending stress acting on the gear tooth. These 

bending stresses are valided with theoretical bending stresses 

which obtained by numerical method.  
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I. INTRODUCTION 

Gear can be defines as the mechanical element used for 

transmitting power and rotarymotion from one shaft to 

another by means of progressive engagement of projections 

called teeth.  Gears operate in pairs, the smaller of the pair is 

called the pinion and the larger is called the gear.  Early 

examples of gears date from the 4th century BC in China 

(Zhan Guo times – Late East Zhou dynasty), which have been 

preserved at the Luoyang Museum of Henan Province, China. 

The earliest preserved gears in Europe were found in the 

Antikythera mechanism, an example of a very early and 

intricate geared device, designed to calculate astronomical 

positions. Its time of construction is now estimated between 

150 and 100 BC. 

Gears appear in works connected to Hero of 

Alexandria, in Roman Egypt circa AD 50, but can be traced 

back to the mechanics of the Alexandrian school in 3rd-

century BC Ptolemaic Egypt, and were greatly developed by 

the Greek polymath Archimedes (287– 212 BC).  The 

differential gear first appeared in the Chinese south-pointing 

chariot, dated to the first millennium BC. The segmental gear, 

which receives/communicates reciprocating motion from/to a 

cogwheel, consisting of a sector of a circular gear/ring having 

cogs on the periphery, was invented by Arab engineer Al-

Jazari in 1206. The worm gear was invented in the Indian 

subcontinent, for use in roller cotton gins, sometime during 

the 13th–14th centuries. 

Examples of early gear applications include: 

1) Ma Jun (c. 200–265 AD) used differential gears as part 

of a south-pointing chariot. The first geared mechanical 

clocks were built in China in 725. Al-Jazari (c. 1206) 

invented the segmental gear as part of a water-lifting 

device. 

2) The worm gear was invented as part of a roller cotton gin 

in the Indian subcontinent (c. 13th–14th centuries). The 

1386 Salisbury cathedral clock may be the world's oldest 

still working geared mechanical clock. 

II. DATA COLLECTION 

For 4 module 25 teeth 200 full depth involute system further 

data are: 

Dimension Value 

Pitch Circle Diameter 100mm 

Diametral Pitch 0.251mm 

Circular Pitch 12.5mm 

Addendum 4mm 

Dedendum 5mm 

Working Depth 8mm 

Minimum Total Depth 9mm 

Tooth Thickness 6.2832mm 

Tooth Space 6.2168mm 

Minimum Clearance 1mm 

Fillet Radius 1.6mm 

III. LOAD CALCULATION 

As per the dimensions and material of gear, 

Width of tooth (b) = 10*module = 10*4 = 40 mm 

Tensile Strength (Sut) = 625-775 N/mm2 

Brinell hardness (BHN) = 179-229 

Power to be transmitted = 180 kW 

Speed of Shaft (N) = 2400 rpm 

Tensile Stress σb = Sut/3 = 700/3 = 233.33 N/mm2 

Due to 200 full depth involute we applied, 

Lewi’s Form Factor Y = 0.154 – (0.912/No. of Teeth) 

Y = 0.154 – (0.912/25) 

Y = 0.1175 

Tangential load, 

WT = σb*pc*b*Y 

WT = 233.33*12.5*40*0.1175 

WT = 13708.14 N 

Bending Stress, 

σb = [(WT) / (b*PCD*J)] * Kv * Ko *Km 

σb = [13708.14/(40*100*0.32)] * 1.2 * 1.25 * 1.3 

σb = 20.88 MPa 

Where, Kv   = Dynamic Factor = 1.2 

Km = Load Distribution Factor = 1.3 for b upto 50mm 

Ko = Overload Factor = 1.25 for light shock 

J   = Geometry Factor = 0.32 for φ=200 and No. of Teeth = 25 

Now, Torque transmitted, 

P = (2*π*N*T)/60 

180*103 = (2* π*2400*T)/60 

So, T = 716.19 N-mm 

Boundary condition: Static analysis of gear tooth by 

assuming gear tooth which act as cantilever beam. So one end 

is fixed and another end is carrying tangential load. 
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IV. STRUCTURAL ANALYSIS 

A static structural analysis determines the displacements, 

stresses, strains and forces in structures or components caused 

by loads that do not induce significant inertia and damping 

effects. Steady loading and response conditions are assumed; 

that is, the loads and the structure’s response are assumed to 

very slowly with respect to time. A static structural load can 

be performed using the ANSYS or ANSYS WORKBENCH 

solver. The types of loading that can be applied in a static 

analysis include: 

 Externally applied forces 

 Steady-state inertial forces 

 Imposed(non-zero) displacements 

 Temperatures(for thermal strain) 

Design software offers a range of tools to enable the 

generation of a complete digital representation of the product 

being designed. In addition to the general geometry tools 

there is also the ability to generate geometry of other 

integrated design disciplines such as industrial and standard 

pipe work and complete wiring definitions. Tools are also 

available to support collaborative development. 

A number of concept design tools that provide 

upfront Industrial Design concepts can then be used in the 

downstream process of engineering the product. These range 

from conceptual Industrial design sketches, reverse 

engineering with point cloud data and comprehensive 

freeform surface tools. 

The Spur Gear models are created by using Solid 

works software. The models are shown below: 

 
(a) 

 
(b) 

Fig. 1: Spur Gear Models 

V. RESULT 

 
Fig. 2: Von-Mises Stress Distribution of Spur Gear 

 
Fig. 3: Von-Mises Strain Distribution of Spur Gear 

 
Fig. 4: Total Deformation of Spur Gear 

 
Fig. 5: Maximum Shear Stress of Spur Gear 

VI. CONCLUSION 

In this, we done the static structural analysis of spur gear by 

assuming the gear teeth as a cantilever beam. So the one end 

is fixed and other end carrying tangential point load. By 

structural analysis we got the stress values for gear: 

 The maximum stress applied on teeth is 0.12767 MPa 

and minimum stress applied is 2.7029×10-6 MPa. 
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 The maximum strain applied is 6.7909×10-7 mm/mm and 

minimum strain is 9.9189×10-11 mm/mm. 

 The maximum deformation of teeth is 2.8268×10-5 mm 

and minimum deformation is 0 mm. 

 The maximum shear stress of teeth is 0.073636 MPa and 

minimum shear stress is 1.5593×10-6 MPa. 

After the structural analysis and theoretical 

calculation, we found that the stress values found in ansys are 

less than the theoretical stress value. So, the design of spur 

gear teeth is safe. 
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