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ABSTRACT 
This paper describes the experimental destructive testing of spiral bevel gears used in automotive differential 

gear box. The experimental testing is aimed at early detection of failure of spiral bevel gears during operation by 

continuously recording and comparing the sound and vibration characteristics during testing. For this purpose, a 

special fatigue test rig has been developed which can apply dynamic rotational loads with the help of a three 

phase AC electric motor. The accelerometers located on the drive side (crown pinion) and the slave side (crown 

wheel) measures the vibration characteristics and an acoustic sensor place near the gears in mesh measures noise 

levels. The acquired data in time domain are then converted to frequency domain by using a FFT. The signature 

of failure of pinion was obtained. Three pairs of gears were tested a new gear pair, a used gear pair and a gear 

pair after breakage of one teeth of pinion. The results obtained show that there is a significant increase in sound 

and vibration level for used and damaged gear pair. By comparing the results, it is possible for early prediction 

of point of failure which can be a significant finding in early detection of failure of spiral bevel gears. 

Keywords –Differential gearbox, Endurance testing, Fatigue life, Finite element analysis, Noise, Spiral bevel 

gears, Vibration 

 

I. INTRODUCTION 
Gears are the mechanical components used 

to transmit rotary power between two shafts without 

slippage at different speeds, torque, even in different 

direction depending on their configuration. Bevel 

gears are widely used in power transmission because 

of their ability to transmit power between two shafts 

which are almost at any angle to each other. Spiral 

bevel gears are main components of power 

transmission used in almost all automotive 

differential gear box.  Due to the demand for 

maximum power capacity, reliability and minimum 

weight the fatigue strength of individual gear is 

significant. These gears are typically required to 

operate at extremely high fluctuation of speeds and 

carry high loads during such operating conditions; 

hence successful operation of geared system is very 

important for safety and reliability. Testing and 

analysis of spiral bevel gears has been an emerging 

area of research and very scarce open literature is 

available as compared to that existing for spur and 

helical gears. This may be due to very complex gear 

geometry and specialized test equipment necessary to 

test these components and arrive at proper 

conclusions. 

Failure of a gear during operation results not 

only in higher cost of replacement or repair but also 

the down time of the system. Hence early detection 

of the failure of gear may play a significant role in 

saving these costs. 

 

Handschuh and Lewicki [1] carried out experimental 

endurance testing of prototypes of Face gears for 

feasibility of use in Helicopter transmission.  All four 

gear sets ran successfully at hundred percent of rated 

speed and torque for thirty million pinion cycles and 

further thirty million pinion cycles at two hundred 

percent of rated speed and torque. They measured 

and compared sound pressure levels and vibration 

levels at both pinion and slave side during operation. 

Lewicki.et.al [2] tested experimentally the improved 

design spiral bevel gears for reduction in weight and 

noise and increase in life. Improvement in design 

were achieved by changing the material, modifying 

fillet radius to reduce stress due to tooth bending and 

tooth geometry modification to reduce noise by 

reducing transmission errors. Strain, noise and 

vibrations were measured and compared with original 

gears, and a significant reduction in noise and gear 

stresses were achieved. 

Vogel, Griewank and Bar [3] has used a 

mathematical model for Spiral bevel and Hypoid 

gears generating process to propose new method to 

carryout analysis of tooth contact. They have 

developed a first and second order condition for the 

contact of gear tooth generated by considering 

singularity of first order along line of action. 

Akata.et.al and Gasparini et.al [4,8] carried 

out a bending fatigue test of single tooth by using a 

three-point bending load. It gives very rapid results 

compared to life tests which are very time consuming 
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and expensive. Finite element analysis was carried 

out to determine stresses in spur gears. 

Ural.et. al [5] used linear elastic fracture 

mechanics theory combined with finite element 

method to predict and simulate fatigue crack growth 

in spiral bevel gear. They employed a parallel PC-

cluster approach to reduce the computation time. 

Sureshkumar.et.al [6] carriedout failure 

analysis of bevel pinion and gear of gearbox of an 

aero engine. By studying visual inspection, stereo-

binocular, fractographic, microstructure, hardness 

and composition they concluded that failure was due 

to multiple independent fatigue cracks. 

Sheveleva.et.al [7] developed algorithms for 

analysis of contact stress and mesh kinematic and 

geometrical analysis, based on presentation of 

contacting surfaces grid and distance between their 

fields for spiral bevel gears. Classical Hertz contact 

pressure was found by using first algorithm and 

second algorithm used boundary element method for 

finite dimensions elastic solids contact. 

Rontu, Szanti and Masa [9,10] has carried 

out computational analysis of a complete drive line 

which involves loaded tooth contact analysis and 

study of tooth contact pattern due relative 

displacement of gears arising from shaft or bearing 

deflections. He found that the point contact in the 

unloaded teeth changes to Hertzian ellipse when the 

load or temperature changes are applied. 

Astoul.et.al [11] proposed a method for 

simulation of generation and meshing of spiral bevel 

gears. Based on Fong’s approach they formulated a 

mathematical model for generating tooth surfaces of 

Spiral bevel and Hypoid gears. They have also 

proposed a numerical algorithm for contact analysis 

of unloaded tooth. 

Deng.et.al [12] analyzed the contact fatigue 

on the surface of teeth and the bending fatigue in the 

root of teeth by proposing a three-dimensional finite 

element model of straight bevel gear pair based on 

the cumulative fatigue criterion and stress-life 

equation. They found that maximum contact fatigue 

stress occurs near the pitch line and the maximum 

bending stress occurs at the highest point of single 

tooth contact for gears. Both the above stresses are 

directly proportional to operating torque. 

Vijayakar [13] determined life and damage 

due to contact and bending fatigue of spiral bevel 

gears, by using a software tool Transmission 3D from 

ANSOL and compared them with experimental 

results from a fatigue test rig of spiral bevel gears at 

NASA GR center. 

Bhavi.et.al [14,15,16] has reviewed work done 

so far in the field of analysis and testing of 

differential gear box of an automobile. They have 

carried out static and multi body dynamic analysis of 

differential gear box assembly of Mahindra Bolero 

and determined the limiting torque at which the 

gearbox fails. In one paper, they have proposed an 

experimental setup to determine the fatigue life of 

spiral bevel gears by using noise and vibration 

approach. They have tested a pair of spiral bevel 

gears for its suitability for the required application by 

running it for several required number of cycles 

before failure. They have measured the change in 

characteristics of noise and vibrations produced by 

the spiral bevel gears pair after specified number of 

life cycles, which can be used as a basis for early 

detection of gears failure. 

 

II. METHODOLOGY 
As limited work has been recorded in the 

prediction of fatigue life of spur & helical gears and 

very scarce work has been recorded for bevel gears 

which is clear from the literature survey made. Hence 

in the present work a Fatigue test rig which can apply 

dynamic (rotational) load as compared to the 

available static loading test methods which use static 

fatigue loading for testing of spiral bevel gear pair 

has been developed. 

 
Fig.1 Layout of Experimental setup 

 

Fig.1 shows the layout of equipments in the 

experimental setup. Fig.2 and Fig.3 shows the 

experimental setup that has been developed at 

Research center, Basaveshwar Engineering College, 

Bagalkot for testing of spiral bevel gears used as 

crown pinion and wheel in automotive differential 

gearbox. 
 

 
Fig.2 Fatigue test rig 
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Fig.3 Fatigue test rig with instruments 

 

A three phase AC electric motor is used to 

supply the driving power which is connected to the 

input shaft of the pinion and an eddy current 

dynamometer is used to apply loads on the driven 

side i.e., crown wheel. The accelerometers located on 

the drive side (crown pinion) and the slave side 

(crown wheel) measures the vibration characteristics 

and an acoustic sensor place near the gears in mesh 

measures noise levels. The acquired data in time 

domain are then converted to frequency domain by 

using a FFT. Three pairs of gears were tested a new 

gear pair, a used gear pair and a gear pair with one 

damaged teeth of pinion.  
 

 
Fig.3 Test pinion with one broken teeth 

 
 

 
Fig.4 Test Crown gear with cage assembly 

III. RESULTS AND DISCUSSION 
As the maximum rated torque for the given 

differential gearbox was 37Nm, hence 200 percent of 

the rated torque i.e., 74Nm was applied on the drive 

pinion at 1500rpm. The results of noise spectrum 

from Fig.5 and vibration spectrum from Fig.6 

obtained show that there is a significant increase in 

sound and vibration level for used crown wheel and 

pinion pair and further increase in sound and 

vibration levels gear pair with one broken teeth of the 

pinion as compared to new pair of crown wheel and 

pinion. Hence by studying and comparing the noise 

and vibration spectrum it is possible to know the 

status of the crown wheel and pinion pair and even a 

peak rise in noise and vibrations level are observed 

just prior to failure. 

 

 
Fig.5 Comparison of noise spectrum 

 

 
Fig.6 Comparison of Pinion side acceleration 

 

Pitting on the surface of gear tooth was 

observed after 3 x 10
6
 pinion cycles, which were due 

to surface fatigue. And at 7.2x10
6
 cycles there was 

failure of one gear tooth of the pinion resulting in 

peak rise in vibration and sound level. 

 

IV. CONCLUSION 

Following conclusions are drawn from the above 

work, 

a) The given crown wheel and pinion pair showed 

surface pitting due to fatigue after 3x10
6
 pinion 

cycles and there was breaking of one tooth of the 

pinion at 7.2x10
6
 pinion cycles. 

b) Due to additional overlapping of gear tooth in 
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case of spiral bevel gears, the gear pair 

performed well even after the breakage of one 

teeth of the pinion. 

c) The noise and vibrations measured were very 

low for new set of gears and increased 

considerably for used gear pairs and there was a 

very peak rise in noise and vibration level for the 

damaged gear pair. 

d) By studying the sound and vibration spectrum it 

is possible to know the status of the given spiral 

bevel gear pair and it is also possible for early 

detection of failure of given spiral bevel gear 

pair during operation. 
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