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ABSTRACT 

Te objective of this paper to present the recent development 

in the field of gear failure  analysis. By the help of this paper 

we can know about different types of failure detection and 

analyzing technique which is used to reduce these failure 

from gears. The basic reasons of gear failure misalignment 

of gear, spalling, pitting etc, follow the reason of gear 

failure. Gears generally fail when the working stress exceeds 

the maximum permissible stress. Advances in engineering 

technology in recent years have brought demands for gear 

teeth, which can operate at ever increasing load capacities 

and speeds. The gears generally fail when tooth stress exceed 
the safe limit. In this study the technology of gears is 

presented along with the various types of failure that gears 

have. The causes of these failures are studied. The type of 

stress related failure due to ( fatigue failure ) of gear tooth 

because of stress concentration is detailed in this thesis. it 

focused on the different types methodology, that is used by 

the various researcher in the past recent year to find out 

causes of failure in gear and what is final result of that to 

reduce the failure in gear. Gears are commonly used for 

transmitting power.   
Keyword: gear failure; misalignment; and spalling, stress; 
pitting; researcher 

 

1. INTRODUCTION 

 

Gears are the most common means of transmitting motion 

and power in the modern mechanical engineering world. A 

gear is a component within a transmission device that 

transmits rotational force to another gear or device. A gear is 

different from a pulley in that a gear is round wheel which 

has linkages ―teeth‖ that mesh with other gear teeth, allowing 

force to be fully transferred without slippage. A gear is a 
machine element designed to transmit force and motion from 

on mechanical unit to another. The design and function of  

 

 

 
gears are usually closely associated; various types of gears 

have been developed to perform different function, the most 

common of these being spur gears, helical gears, straight and 

spiral bevel gears, and hypoid gears. 

The characteristics of these various gear types are 

discussed in most mechanical design texts like all mechanical 

components, gears can and do fail in service for a variety of 

reasons. In most cases, except for an increase in noise level 

and vibration, total gear failure is often the first and only 

indication of a problem. Many modes of gear failure have 

been identified, for example fatigue, impact, wear or plastic 

deformation. Of these, one of the most common causes of 
gear failure is tooth bending fatigue. Fatigue is the most 

common failure in gearing. Tooth bending fatigue and 

surface contact fatigue are two of the most common modes of 

fatigue failure in gear. Several causes of fatigue failure have 

been identified. These include poor design of the gear set, 

incorrect assembly or misalignment of the gear, overloads, 

inadvertent stress raisers of subsurface defects in critical 

areas, and the use of incorrect materials and heat treatments 

[1].  A gear is a rotating machine part having cut teeth. 

which is meshing the gear teeth to transmit the torque. A 

geared device can be change the speed, direction of power 

sources and magnitude[2]. The tooth meshing on another 
gear of non rotating parts is called rack. when it a rotation it 

provide transmission in analogous to the wheels in pulley. It 

is the cylindrical shaped its teeth are parallel in axis. its wide 

range of application most commonly used[3]. Gear failure 

can occur in various modes.  In this chapter details of failure 

are given. If care is taken during the design stage it to prevent 

each of these failures a sound gear design can be evolved. 

The gear failure is explained by means of flow diagram in 

Fig. 1. 
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Fig. 1 Different modes of failure 

2. GEAR FAILURE: 

Gear failure can occur in various modes. In this paper details 

of failure are given. If care is taken during the design stage 

itself to prevent each of these failure a sound gear design can 

be evolved. The gear failure is explained by means of flow 

diagram in Fig. 1. 

There are many possibilities to describe, classify and evaluate 

gear failure. Several authors have studied gear failure and 

defined different ways to classify them: 

 An accepted way to describe gear failure is 

associated with the definition: ―A gear has failed 

when it can no longer do efficiently the job for 

which it defined‖ [4, p 85]. 

 Gear failure can be separated into lubricated-related 

failure, like overload bending and fatigue and non 

lubricated-related failure, like Hertzian fatigue ( 

pitting wear and scuffing ). These classifications are 

described in Erricho [5]. 

 Gear failure can be divided into gear tooth flank 

failure like pitting, scuffing and wear or failure 

modes on gear root fillets, like bending, and 

impact.[6]. 

 In 1973 Shipley divided gear failure in their 

frequency of occurrence. [7] He is divided it into: 

 

o Fatigue : Tooth bending, surface contact 

(pitting or spalling), rolling contact, thermal 

fatigue 

o Impact:  Tooth bending, tooth shear, tooth 

chipping, case crushing, torsion shear. 

o Wear:  Abrasive, adhesive. 

o Stress rupture: Internal, external 

 The American gear manufactures Association 

(AGMA) has classified 36 modes of gear failure 

which are described in the AGMA gear failure 

nomenclature. It is organized into board categories 

of wear, scuffing, plastic deformation, contact 

fatigue, cracking, fracture and bending fatigue. [8]. 

 

 

          Fig.2 Broad categories of gear failure 
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2.1.   SCORING: 

Scoring is due to combination of two distinct activities: First, 

lubrication failure in the contact region and second, 

establishment of metal to metal to metal contact. Later on, 

welding and tearing action resulting from metallic contact 

removes the metal rapidly and continuously so far the load, 

speed and oil temperature remain at the same level. The 

scoring is classified into initial, moderate and destructive. 

 INITIAL SCORING 

  MODERATE SCORING 

 DESTRUCTIVE SCORING  

2.2. Wear 

A surface phenomenon in which layers of metal are removed, 

or  s― worn away,‖ more or less uniformly from the 

contacting surfaces of the gear teeth. 

Wear describes a loss or removal of material of gear flanks. 

In terms of gear failure, it is more a deterioration of a gear 

profile, for instance, a damage of a tooth layer. Adhesive and 

abrasive wear are important modes of wear. Abrasive wear 

occurs when a surface is cut away by abrasive particles. 

i. Moderate wear 

The type of wear classified as moderate takes place 

over a relative over a relatively long period of time. 

The contact pattern indicates that metal has been 

removed in the addendum and dedendum area; also 

the pitch line begins to show as an unbroken line. 

ii. Abrasive wear 

Abrasive wear has taken place, contacting surface 

show sings of a lapped finish, radial scratch marks 

or grooves, some other unmistakable indication that 

contact has taken place. 

iii. Adhesive wear 

Result from high attractive forces of the atoms 

composing each of two contacting, sliding surfaces. 

Teeth contact at random asperities and a strong bond 

is formed. The junction area grows until a particle is 

transferred across the contact interface.  

iv. Excessive wear  

This is simply normal wear which has progressed to 

the point where a considerable amount of material 

has been removed from the surfaces. The pitch line 

is very prominent and may show signs of pitting. 

v. Corrosive wear  

This is a deterioration of the surface due to chemical 

action. It is often caused by active ingredients in the 

lubricating oil, such as acid, moisture, and extreme- 

pressure additives. 

2.3. FATIGUE/ PITTING OF GEARS 

Fatigue occurs under repeated stresses which are lower than 

ultimate tensile strength and higher than ―fatigue limit‖, 

pitting is the most common mode of fatigue and particular 

form of spalling. 

Pitting is a surface fatigue failure of the gear tooth. It occurs 

due to repeated loading of tooth surface and the contact stress 

exceeding the surface fatigue strength of the material. 

Material in the fatigue region gets removed and a pit is 

formed. The pit itself will cause stress concentration and 

soon the pitting spreads to adjacent region till the whole 

surface is covered. Subsequently, higher impact load 

resulting from pitting may cause fracture of already 

weakened tooth. However, the failure process takes place 

over millions of cycles of running. There are two types of 

pitting, initial and progressive. 

i. INITIAL/INCIPIENT PITTING Initial 

pitting occur  during running- in period where 

in oversized peaks on the surface get dislodged 

and small pits of 25 to 50 μm deep are formed 

just below pitch line region. Later on, the load 

gets distributed over a larger surface area and 

the stress comes down which may stop the 

progress of pitting. 

In the helical gear shown in Fig.3.9 pitting 

started as a local overload due to slight 

misalignment and progressed across the tooth  

in the dedendum portion to mid face. Here, the 

pitting stopped and the pitted surfaces began to 

polish up and burnish over. This phenomenon is 

common with medium hard gears. On gears of 

materials that run in well, pitting may cease 

after running in, and it has practically no effect 

on the performance of the drive since the pits 

that are formed gradually become smoothed 

over from the rolling action. The initial pitting 

is non-progressive. 

ii.  PROGRESSIVE OR DESTRUCTIVE 

PITTING 

During initial pitting, if the loads are high and 

the corrective action of initial pitting is unable 
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to suppress the pitting progress, then destructive 

pitting sets in. Pitting spreads all over the tooth 

length. Pitting leads to higher pressure on the 

unpitted surface, squeezing the lubricant into 

the pits and finally to seizing of surfaces. 

Pitting begins on the tooth flanks near the line 

along the tooth passing through the pitch point 

where there are high friction forces due to the 

low sliding velocity. Then it spreads to the 

whole surface of the flank. Tooth faces are 

subjected to pitting only in rare cases. 3.11 

shows how in destructive pitting, pitting has 

spread over the whole tooth and weakened  

tooth has fractured at the tip leading to total 

failure. 

iii. FLAKING/SPALLING 

In surface-hardened gears, the variable stresses 

in the underlying layer may lead to surface 

fatigue and result in flaking (spalling) of 

material from the surface. 

iv.  PROGRASSIVE PITTING: 

v. PITTING- FROSTING 

Frosting usually occurs in dedendum portion of 

the driving gear first aatd later on the 

addendum. The wear pattern doesn’t have 

normal metal polish but has etched-like finish. 

Under magnification, surface reveals very fine 

micro-pits of 2.5μm deep. These patterns follow 

the higher ridges caused by cutter marks. 

Frosting results from very thin oil film and 

some asperity contact. 

2.4 Cracking 

Cracking starts with small stress raisers quite in the root of a 

gear. This causes unsuspected overloads with a high sliding 

speed which raises the temperature of the hardened case. 

Cold lubrication and hot gears leads to thermal fatigue cracks 

or hardening cracks associated with heat treated gears. 

Grinding cracks are also a result of localized overheating but 

it occurs on the tooth surface after the tooth finished grinding 

on the gear tooth pair. Process Related failure can be of 

following types: 

 Quench Cracks, Grinding cracks 

 Grinding cracks 

 Nicks, scratches 

 Electric arcing 

 Grinding ―Burns‖ 

 Improper Edge Breaks and tool marks 

 

Fig.3 failure by cracking 

2.3 Fracture 

Fracture is also called tooth breakage or rupture. It is 

one of most dangerous gear failure because the gear 

could be damaged or it might destroy other component 

like shafts or bearings. Brittle fracture is a rapid crack 

with less deformation while ductile fracture has a 

deformation before a part of a gear breaks. A 

combination of brittle and ductile fracture is called 

mixed mode fracture. Shear fracture is caused by an 

overload of a single tooth. It starts with a weak point 

within a gear which builds up higher stresses than the 

strength of material allows. Therefore a small crack can 

grow and a tooth might break off. Depending on the 

way in which the fracture occurs, it can be of following 

types: 

 Overload 

 Random Fracture 

 Root/Rim/Web 

 Resonance 

 

Fig.4 Gear teeth fracture 
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2.6 Scuffing 

Definition: Scuffing is also called scoring. It occurs when 

there is no oil film between two acting gears. This might 

happen if the gear speed is too slow or the temperature of the 

oil is too hot to keep the teeth surface apart. It the pressure is 

very high, and depending on the heat, local welding and 

tearing can occur. As soon as deterioration starts it is difficult 

to stop scuffing because the surface becomes rough and 

reestablishing an oil film is more difficult. Scuffing can be 

divided into severe, moderate, and mild. 

Fig.5 Gear scuffing Effect 

2.7 PLASTIC FLOW  

 PLASTIC FLOW – COLD FLOW 

Plastic flow of tooth surface result when it is 

subjected to high contact stress under rolling cum 

sliding action,  Surface deformation takes place due 

to yielding of surface or subsurface material. 

Normally it occurs in softer gear materials. But it 

can occure even in heavily loaded case hardened 

gears. Cold flow material over the tooth tip can be 

seen clearly in the bevel gear 

 PLASTIC FLOW DUE TO OVERHEATING. 

  PLASTIC FLOW – REDGING/ GROOVING 

When moderately loaded softer gears run for 

sometime, they develop a narrow band of bright 

finish along the pitch line. It is due to reversal of 

direction of sliding at the pitch line. After running 

for a longer time or with heavier load, the pair of 

gears in ductile steel will often exhibit ridge along 

the pitch line of wheel and groove  in the pitch line 

of the pinion  

 

 

3. PAST / RECENT WORK ON GEAR FAILURE 

Osman Asi[8] has done his work on ―fatigue failure of a 

helical gear in a gear box‖ in this work an evaluation of 

failed helical gear was taken to assess its integrity that 

includes a visual examination photo documentation, 

chemical analysis, micro hardness measurement and  

metallographic examination. The failure zones were 

examined with help of scanning electron Microscope 

equipped with EDX facility. 

Samroeng Netpu, Panyan Srichandr[9] presented  a paper on 

―failure analysis of helical gear‖ in this paper standard 

investigation procedure was employed in the analysis, it was 

found that the gear failed by fatigue fracture sub surface 

damages in the form of spalling were also observed such 

observation indicate that the gear was under excessive 

contact  during operation. Bench mark on the surface was 

clearly visible detail examination the surface of the gear 

revealed that extensive surface damage had occurred in the 

form of pitting. Stress analysis did in fact confirm such 

hypothesis. 

K Mao [10] has worked on ―gear tooth contact and its 

application in the reduction of fatigue wear‖ this paper will 

concentrate on gear fatigue wear reduction through micro 

geometry modification method an accurate non linear finite 

element method will be employed to provide a quantitative 

understanding of gear teeth contact behaviors shaft 

misalignment and assembly deflection affect on gear surface 

wear damage will be investigate as well to achieve high 

accuracy of the gear geometry the tooth profile will be 

mathematically generated through using python script 

interfacing with the finite element analysis software instead 

of importing other cad package real rolling and sliding 

contact simulation has been achieved through latest non 

linear (FEA) techniques. 

G. Dalpiaz, A.Ribola, R. Rubini [11] has presented his work 

on ― Gear fault monitoring comparison of vibration analysis 

techniques‖ This paper deals with gear conditions monitoring 

based vibrations analysis techniques the detection and 

diagnostic capability of some of most effective techniques 

are discussed compared on basis of experimental result 

concerning a gear pair affected by  fatigue crack. In particular 

the result of new approaches based on time frequency and 

close stationary analysis are compared against those obtained 

by means of well accepted cestrum analysis and amplitude 

phase demodulation of meshing harmonics moreover the 
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sensitivity to fault servity is assured by considering two 

different depth of crack the effect of choosing different 

transducer location and different processing options are also 

shown. 

Tezeon Sekercioglu, Volker Kovan[12] investigated ―Pitting 

failure of truck spiral gear‖ In this study the fracture of spiral 

bevel gear for truck differential produced from case 

hardening steel is investigated. In order to study the causes of 

the failure specimens prepared from the experiments such as 

visual, inspection, hardness chemical analysis, metallurgical 

test pitting occurrence on the gear surface was observed the 

effect of microstructure on the fracture was considered. 

M. fonte, L. Reis,M. Frietas [13] done his analysis work on 

―failure  of gear wheel of a marine azimuth thruster ― in this 

analysis work a failure analysis of two helical gear wheel of a 

ducted a zenith thruster is presented. The research work 

consisted of a fracture damage root cause. The sample of the 

failure analysis was obtained from two broken teeth of two 

helical gear wheels. An analysis through SEM was carried 

out close to the bevel gear were by fatigue fracture mode. 

The SEM analysis shows that the gear teeth were under 

serves contact stress during the operation. 

I.Cedergrer, N.J. Surensem, S.Melia [14] presented his work 

on ―numerical investigation of power compaction of gear 

wheels ― in this study used the methodology to judge the 

powder contact 3D dilatants finite strain finite element 

program is presented. The method is demonstrated for a gear 

wheel, using a FKM Gurson model with parameter calibrated 

from experiments to model a ferrous powder. 

4. CONCLUSION 

In this paper author have been presented a brief review of 

gear failure analysis different conventional and recent 

techniques were discussed for particularly helical and spiral 

bevel gear through fatigue failure in gear while operation at 

various region. It was observed that the stresses induced the 

gear tooth were higher than the permissible/safe limit. Failure 

types in the most of the gear are high stress, low cycle fatigue 

fracture, abrasion wear and plastic deformation.  The heat 

generated at the contact under these conditions is much larger 

to enhance the likelihood of scuffing significantly. The 

stresses induced on the gear tooth can be reduced 

considerably by making hole at the root of the gear tooth.  

And after the review of this paper following points were 

calculated. 

I. The failure zones were examined with help of 

scanning electron Microscope equipped with EDX 

facility. For further investigation an analysis through 

SEM was carried out close to the crack initiation. It 

was found that the damage in the bevel gear were by 

fatigue fracture mode. 

II. The misalignment in gear teeth while meshing is the 

one of main causes of gear teeth fatigue failure. Due 

to this crack is also initiated in the vicinity of gear 

teeth. A alignment in gear wheel and pinion is 

necessary to reduce this failure. 

III. A fatigue analysis has been performed following the 

FITNET FFS procedure it has concluded that no 

fatigue problem should have occurred in failure 

section and also that this section should not have 

been the most stressed one the hypothesis. 

IV.  The conclusion inspired to further research to 

reduce the fatigue failure in gears to incorporate 

other parameters and symptoms with fatigue 

features develop more robust expert systems for 

fatigue failure in gears. 
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