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Abstract— Spur gears or straight-cut gears are the simplest 

type of gear. They consist of a cylinder or disk, and with the 

teeth projecting radially, and although they are not straight-

sided in form, the edge of each tooth thus is straight and 

aligned parallel to the axis of rotation. These gears can be 

meshed together correctly only if they are fitted to parallel 

axles. In this thesis, spur gears with different contact mating 

teeth are modeled in 3D modeling software CATIA. The 

first model of spur gear has 3 contact teeth and the second 

model has 5 contact teeth. Structural analysis is done on 

both the models determine the deformation, stresses of the 

gear. Fatigue analysis is done on to determine life, damage 

and safety factor and CFD analysis is done to determine 

pressure, velocity, mass flow rate. The material used for 

gear is steel. Analysis is done in ANSYS. 
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I. INTRODUCTION 

A. Spur Gear 

Spur gears are the most common type of gears. They have 

straight teeth, and are mounted on parallel shafts. 

Sometimes, many spur gears are used at once to create very 

large gear reductions. Spur gears are the simplest form of 

Gears available. They are also the most commonly used 

gears in the market. Spur Gears are found generally in the 

form of a cylinder or disk. These gears are applied for 

varying the force and speed of a rotating axle. 

These gears have a straight teeth. They are usually 

mounted on parallel shafts. These days mostly the tooth 

form is based on the involute curve. For creating large gear 

reductions, many spur gears are used together. 

However, these spur gears can mesh correctly only 

if they get fitted to parallel axles. That is the reason why 

their teeth are cut in a manner, for making the leading edges 

remain parallel to the line of axis of rotation. Not 

withstanding the basic limitation of center distance, spur 

gears are able to provide a constant and positive speed drive. 

The speed can be varied by increasing or decreasing the 

teeth number in the driving gears. Spur Gears are used 

typically in applications where noise control does not 

matter. But in cases where noise does matter, but higher 

speeds are also essential a nylon or non-metallic gears are 

best. These can be then be operated easily up to speeds of 

around 2400 feet per minute. This way noise and vibration 

can easily be prevented. 

B. Gear and its Types 

A gear or cogwheel is a rotating machine having cut teeth or 

cogs which mesh with another toothed part to transmit 

torque. 

Gear types are categorized as follows 

1) Parallel Axes 

 Spur Gear 

 Helical Gear 

 Rack 

 Internal Gear 

2) Intersecting Axes 

 Miter Gear  

 Straight Bevel Gear  

 Spiral Bevel Gear 

3) Non Parallel, Non Intersecting Axes 

 Screw Gear 

 Worm 

 Worm Wheel 

4) Others 

 Involute spline shaft and bushing 

 Gear coupling 

 Pawl and rachet 

II. MATERIALS AND METHODS 

The material used for two sets of spur gear pair is structural 

steel. The material properties of the steel are given below. 

The spur gear design specifications are given below 

SPECIFICATION AMOUNT 

Young’s modulus(E) 210,000 N/mm² 

Shear modulus(G) 810,000 N/mm² 

Poisson ratio(v) 0.3 

Density 8,050 kg/m³ 

Endurance limit 86.2 M Pa 

Co-efficient of thermal expansion(α) 12*10⁻⁶ 

Table 1: Material properties 

Feature 
Gear 1 

Measurement 

Gear 2 

Measurement 

Number of teeth 24 20 

Module 3.5 3.5 

Pitch circle radius (Rₒ) 42mm 35mm 

Clearance circle (Rz) 39.48mm 32.9mm 

Dedendum circle(Rd) 37.625mm 30.625mm 

Addendum circle(Ru) 45.5mm 38.5mm 

Power transmission 0.5HP 0.5HP 

Table 2: Gear specifications 

The model of spur gear pair is modeled in CATIA 

by using the specifications mentioned above. The boundary 

conditions are applied to the model and static analysis is 

carried out to validate and check for correctness of boundary 

conditions. 
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Fig 5: Model of spur gear pair 

 
Fig 6: Fixed support 

 
Fig 7: Applied moment 

The both circular gears are given fixed support at 

centre and moment given to one of the gear of 511.1 N-mm 

The boundary conditions for the CFD analysis are 

shown below 

 
Fig 8: Boundary Conditions for Inlet 

 
Fig 9: Boundary Conditions for Outlet 

III. CALCULATIONS 

The necessary calculations for the analysis of problem are 

given below: 

Power transmission = 0.5 Hp 

= 0.5*0.7457 kW 

= 372.8 w 

Pressure = 210 bars 

= 210,000 kpa 

Speed (N) = 2000 rpm 

Service factor = 1.0 

Tangential force = 
𝑝𝑜𝑤𝑒𝑟∗𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑓𝑎𝑐𝑡𝑜𝑟

𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦
 

Velocity = 
𝜋𝐷𝑁

60
 

= 4.94m/s =0.00494 mm/s 

Tangential force = 74.85 N 

Consider Lewis equation 

𝜎𝑤  = 
𝑊𝑡∗ℎ∗𝑡/2

𝑏𝑡3/12
 

= 3.6711 N/mm² 

𝜎𝑤= 
𝑀∗𝑦

𝐼
 

M = 511.1 N-mm 

IV. RESULTS AND CONCLUSION 

After analysis is carried out the results acquired are given 

below 

 
Fig 10: Total Deformation of Spur Gear 

 
Fig 11: Equivalent Stress 

 
Fig 12: Life of Spur Gear 

 
Fig 13: Damage of Spur Gear 
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Fig 14: Static Pressure of the spur gear 

 
Fig 15: Velocity at Inlet 

 
Fig 16: Velocity at Outlet 

 
Fig 17: Temperature at Inlet 

 
Fig 18: Temperature at Outlet 

 
Fig 19: Heat Transfer Co-efficient 

The deformation and von mises stress are 

calculated. The deformation and stress are more in case of 

gear pair which has more number of teeth. The life , damage 

and safety of factor are under safe for given loads. The 

results are tabulated below 

Feature 
Gear 1(24) 

Minimum value 

Gear 1(24) 

Maximum value 

Gear 2(20) 

Minimum value 

Gear 2(20) 

Maximum value 

Total deformation 0 3.17e-7mm 0 3.18e⁻⁶mm 

Von mises stress 2.48e-7 M pa 0.0248 M pa 1.1158e-7 M pa 0.0273 M pa 

Life 1e6(safe) 1e6(safe) 1e6(safe) 1e6(safe) 

Damage 1000(safe) 1000(safe) 1000(safe) 1000(safe) 

Safety of factor 15(safe) 15(safe) 15(safe) 15(safe) 

Table 3: Results obtained by analysis of two sets of spur gear pair 

 
Static 

pressure (Pa) 

Velocity 

(m/s) 

Temperature 

(K) 

Heat transfer 

coefficient (W/m2 K) 

Mass flow rate 

(Kg/s) 

Heat transfer 

rate (W) 

Gear 

(24) 
1.450e+001 4.158e+000 3.030e+002 1.49e+02 1.5468104e-06 0.0070970058 

Gear 

(20) 
2.064e+001 5.559 3.03e+002 1.45e+02 2.9225e-6 0.016 

Table 4: CFD Analysis results 

The above table gives the clear information 

regarding the results of varying of gear parameters and its 

effects. 

Structural analysis is done on both the models 

determine the deformation, stresses of the gear. Fatigue 

analysis is done on to determine life, damage and safety 

factor. The material used for gear is steel. 
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By observing the analysis results, the stresses and 

deformation values are less for both the models of gears. 

CFD analysis is done to determine pressure, 

velocity, mass flow rate. By observing the CFD analysis 

result, the pressure, mass flow rate, velocity and heat 

transfer rate are more for spur gear with 5 contact teeth. 

So it can be concluded that using spur gear with 5 

contact teeth is better. 
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