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Abstract - Gears are amongst the frequently 

encountered components to be found in rotating 

machinery used in various applications. Even though 

inexpensive, its failure can disturb the complete 

production in a plant resulting in unscheduled 

downtime and production losses. Also the detection of 

gear failure at correct time is of utmost importance 

otherwise the system may sustain bigger loss. So this 

paper deals with study of different gears failures of 

machines used in industries and the vibration based 

techniques used to detect these failures. 
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1. INTRODUCTION 

The history of gears is probably as old as 
civilization itself. Even today, the importance of gears in 
the manufacturing industry is undiminished and continues 
to grow. Gears are wheel-like machine elements that have 
teeth uniformly spaced around the outer surface of the 
blank. They are always used in pairs and are a very 
valuable design tool. In any pair of gears, the smaller one 
is called pinion and the larger one is called gear 
immaterial of which is driving the other. Gears are 
mounted on rotatable shafts and the teeth are made to 
mesh (engage) with a gear on another shaft. Gears deliver 
force (torque) and motion (rpm) from one part of a 
machine to another.  

This paper presents different types of defects 
found in different gears of various industries and the 
various detection techniques available to detect them. As 
we know from a simple car to giant cruises and aircrafts 
there is perhaps any machine which can operates without 
gears. There are many types of gears used today which are 
manufactured depending upon their functionality, system 
requirements and operating conditions. These consist 
spur gears, helical gears, bevel gear and worm gears. Many 
gear failures occur because of some design errors, 
manufacturing faults, maintenance problem, inspection 
method, inevitable repetitive stresses resulting in surface 
fatigue, wear and degrading of lubricant properties. The 

failure of gearbox caused losses in terms of money(cost of 
gear), time(down time during replacement) and 
production losses. Gears can fail in many different ways 
but except for an increase in noise level and vibration, 
there is often no indication of difficulty level until total 
failure occurs.  

Gearboxes are generally robust and reliable 
devices. However, problems do occur particularly due to 
application error. Application errors can be caused due to 
number of problems, like mounting and installation of 
gear system, vibration, cooling, lubrication, and 
maintenance also. Normally misalignment is probably the 
most common, single cause of failure. Due to 
misalignment, the meshing of pinion and gear is not 
proper during operation, and this lead to a high stress 
concentration at the surface of gears. The misalignment 
also leads to severe wear and excessive heat generation at 
the mating surface. In gears, it is exhibited as premature 
pitting at one end of the tooth. There are many causes of 
misalignment, both static (manufacturing or setting-up 
errors) as well as dynamic, due to elastic deflections of 
components under load, and also due to thermal 
expansion. Also failures of gears in gearbox can and do 
occur as a direct or indirect result of lubrication problems. 

2. VARIOUS DEFECTS IN GEAR 

The general types of failure modes (in decreasing 
order of frequency) include fatigue failure, impact 
fracture, wear and stress rupture. Fatigue is the most 
common failure in gearing. Tooth bending and surface 
contact fatigue are two of the most common modes of 
fatigue failure found in gears. Many causes of fatigue 
failure have been identified here. These include poor 
design of the gear set, improper assembly or misalignment 
of the gears, overloading, inadvertent stress raisers or 
subsurface defects occurs in critical areas, and the use of 
inappropriate materials and heat treatments. Surface 
contact fatigue of gear teeth is one of the most common 
causes of gear operational failure due to excessive local 
Hertzian contact fatigue stresses [1, 2]. Some of the cases 
are shown here. Like gears in Fig. 1 and Fig. 2 are wear out 
gears which are mounted in drilling machine and lathe 
machine respectively. These gears are worn out due to 
lack of lubrication (scoring) and presence of metal particle 
in between the gears (abrasive wear). 
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Fig -1: View of wear out gear pair 
 
  

 
Fig -2: View of spur gear with wear 
 

Whereas the gears shown in Fig. 3 and Fig. 4 are 
the rack & pinion components used in surface finishing 
machine. In this gear pair faults are generated due to 
misalignment in bearing of that machine. Due to this, rack 
has got highly worn out and the pinion is also worn as well 
as one tooth has got broken (tooth breakage).   
 

 
Fig -3: View of rack with wear failure 
 
 

 
Fig -4: View of pinion with tooth breakage 

 
Generally, there are two types of surface contact 

fatigue, namely, pitting and spalling. The pitting of gear is 
characterised by occurrence of small pits on the contact 
surface [3]. Pitting arises from small, surface or subsurface 
very initial cracks, which advances under repeated contact 
loading. Pitting is a three-dimensional phenomenon and 
strongly depends on contact surface’s finish, material 
microstructure and operating conditions of the gears such 
as type of contact, type of loading, misalignment, 
lubrication issue, temperature, etc. Spalling, in general, is 
not considered an initial mode of failure but slightly a 
continuation or propagation of pitting and rolling contact 
fatigue. Despite pitting appears as shallow craters at 
contact surfaces, spalling  appears as deeper cavities at 
contact surfaces. 

 
Above shown failures comes under the category 

of wear failure but there is one more main type of failure, 
i.e., bending failure. Bending failure or tooth breakage 
occurs when the repetitive bending stress induced in a 
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gear tooth exceeds the bending endurance strength of the 
gear tooth or we can say that when total load acting on the 
gear tooth exceeds the beam strength of the gear tooth. 
Gear shown below in Fig.5 is bevel gear used in milling 
machine. This gear have tooth breakage problem on one 
tooth as shown. 
 

 
Fig -5: View of bevel gear with broken tooth 

 

3. VARIOUS VIBRATION BASED ANALYSIS 
TECHNIQUE 

In general, each type of failure leaves 
characteristic clues on gear teeth, and detailed 
examination often yields enough information to establish 
the cause of failure. Due to the progress made in 
engineering and science of materials, rotating machines 
are becoming faster and lightweight. They’re also required 
to run at different loading and speed conditions. Detection, 
location and analysis of faults in such machines play a vital 
role in the quest for high reliable operations. Vibration 
analysis has been used as a predictive maintenance 
procedure and as a support for machinery maintenance 
decisions. As a general rule, machines don’t breakdown or 
fail without some form of warning, which is indicated by 
an increased vibration level. By measuring and analyzing 
the machine's vibration, it is possible to determine both 
the nature and severity of the defect, and hence predict the 
machine’s failure. 

Most modern techniques for gear diagnostics are 
based on the analysis of vibration signals picked up from 
the gearbox casing. The common target is to detect the 
presence and the type of fault at an early stage of 
development and to monitor its evolution, in order to 
estimate the machine’s residual life and choose an 
adequate plan of maintenance. It is well known that the 
most important components in gear vibration spectra are 
the gear meshing frequency (GMF) and its harmonics, 
together with side bands due to modulation phenomena. 
The increment in the number and amplitude of such side 

bands may indicate a fault condition. Moreover, the 
spacing of the side bands is related to their source. Source 
identification and fault detection from vibration signals 
associated with items which involve rotational motion 
such as gears, rotors and shafts, rolling element bearings, 
journal bearings, flexible couplings, and electrical 
machines depend upon several factors as follows: 

(i) The rotational speed of the items  
(ii) The background noise and/or vibration level.  
(iii) The location of the monitoring transducer. 
(iv) The load sharing characteristics of the items, and 
(v) The dynamic interaction between the items and 

other items in contact with it.  
The main causes of mechanical vibration are 

unbalance, misalignment, looseness and distortion, 
defective bearings, gearing and coupling in accuracies, 
critical speeds, various form of resonance, bad drive belts, 
reciprocating forces, aerodynamic or hydrodynamic 
forces, oil whirl, friction whirl, rotor/stator misalignments, 
bent rotor shafts, defective rotor bars, and so on. Some of 
the most common faults that can be detected in gears 
using vibration analysis are summarized in Table 1. 

Table 1: Some Typical Faults And Defects That Can Be 

Detected In Gears With Vibration Analysis 

 

Item Fault 

Gears Tooth Meshing Faults 

Misalignment 

Cracked and/or worn teeth 

Eccentric gear 

 
With the increasing requirements for long life and 

safe operation in mechanical systems, signature analysis of 
machine vibration signals [4-6] is one of the advanced 
fault identification procedures used in rotorcraft 
mechanical systems. The acquired machine 
vibration/acoustic signature is compared with a signature 
data bank of the healthy machine allowing the detection of 
abnormalities in the input signal. This procedure does not 
require a shut down of the rotating machinery, and can be 
used as an on-line diagnostic and trend monitoring tool. 
These methods can be classified into time domain analysis, 
frequency domain analysis and joint time-frequency 
domain analysis. 

The time domain methods analyze the amplitude 
and phase information of the vibration time signal to 
detect the fault of gear-rotor-bearing system [7]. The 
difference of vibration amplitude and phase due to the 
damage of components are used to detect faults at gears 
and bearings. The use of phase and amplitude 
demodulation of the dominant meshing frequency residual 
for tooth crack detection, which has proved to be a very 
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successful technique in a number of cases. Time 
synchronous average (TSA) is a signal averaging process 
over a large number of cycles, synchronous with the 
running speed of a specific shaft in the gearbox. Advanced 
gear tooth or bearing damage can often be identified 
readily by the direct inspection of the TSA trace. In 
addition, kurtosis of the phase modulation as well as its 
derivatives can also be used for gear and/or bearing fault 
diagnosis. Kurtosis of beta function is considered to 
emphasize transients generated by a tooth crack. They 
also proposed a statistical index to assess gear and bearing 
damage. 

Spectral analysis is the classical gear/bearing 
diagnostic technique. By comparing the spectrum of a 
damaged gearbox with its reference spectrum in the 
healthy condition, some gear/bearing faults could be 
detected [8-9]. The frequency domain methods mainly 
apply numerical Fast Fourier Transform (FFT) to the 
vibration signals to obtain the frequency spectrum. Others 
use the difference of power spectral density of the signal 
due to the fault of gear and bearing to identify the damage 
of elements. Cepstrum is the inverse Fourier transform of 
the logarithmic power spectrum. It highlights periodicity 
in the spectrum; therefore, a periodic signature in the 
spectrum caused by a gear/bearing fault could be 
recognized. For complicated gear systems, however, it is 
difficult to identify faults from the spectrum or the 
cepstrum because of the large number of components 
involved. 

The joint time-frequency analysis is becoming 
more and more an important approach to gear/bearing 
damage diagnosis [10-13]. It provides an interactive 
relationship between time and frequency during the 
period of the time data window, and detects the damage of 
elements. They include Short Time Fourier Transform 
(STFT), Wigner-Ville Distribution (WVD), and Wavelet 
Transform (WT), etc. The STFT is the classical time-
frequency analysis technique, and some gear fault can be 
detected by inspecting the energy distribution of a signal 
over the time-frequency space. The WVD is obtained by 
signal self-correlation and Fourier Transform processes. It 
was used in signal processing in early 1990s, to identified 
the gear fault by using the WVD. That could easily show 
instantaneous information of vibration energy changes. It 
was recently developed to detect gear failures in a rotor 
transmission system. The WVD is used to demonstrate the 
severity of the gear fault in a transmission system. The WT 
uses narrow time windows at high frequencies and wide 
time windows at low frequencies; therefore it is suitable 
for the analysis of transient and non-stationary signals. 

The above mentioned methods do not require a 
shut down of the rotating of gear rotor- bearing 
transmission machinery and can be used as an in-flight 
diagnostic and trend monitoring device. However, very 
little work has been accomplished on the detection of 
combined multi-gear tooth damage and bearing faults in a 
rotor transmission system. 

 

4. CONCLUSION 

From the above case study of various defects 
found in different types of gear, it is found that gear failure 
affects the functioning of any machine very critically and 
we need to take care about it. These failures can be 
avoided if they are detected at right time by using any of 
the above mentioned vibration analysis technique. 
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