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Abstract— Gearbox is one of the most widely used transmission systems in the world. However, due to high service load, severe operating 

situations or fatigue, faults may develop in gears. Vibration health supervising is a non-destructive technique which can be applied to perceive 

faults proliferating in gear teeth. The main objective of the work is to detect the Incipient faults in the spur gear. The spur gear is induced with 

the defects using the Electrical Discharge Machine (EDM) and damaged gear is installed in the gearbox and vibrations were captured using 

the Piezo-electric accelerometer and analyzed using the MATLAB. The experimental tests have shown that the tooth surface roughness 

changes and contact length variations will generate impulse vibrations and friction force changes with considerable amplitudes. This method 

of incipient fault detection is very easy to implement and detect the faults which reduces the time required in disassembly of breakdown 

machines. The results indicate that the Vibration amplitude intensifies with increase in fault percentage which enables us to identify the 

damage and replace the gears before breakdown. 
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1 INTRODUCTION 

The mechanism which we use for transmission of generated power 
plays a major role. There are various forms of power transmission 
techniques e.g.: Gear drive, Belt drives, Rope drives, Chain drives 
etc. Gear drives are commonly applied in today's industries. People 
use them to meet various requirements. A Gear is a machine part, 
which is used to transmit mechanical power from one shaft to the 
other. Gear is a kind of machine constituent in which teeth are cut 
around cylindrical or cone shaped surfaces with equivalent spacing. 
It is convenient for power transmission between two shafts. By 
meshing a pair of these elements, they are used to transmit 
rotations and forces from the driving shaft to driven shaft. 

Other thing is gears are useful in transmitting power for parallel, 
non-parallel shafts, while belt or chain drive transmit power only 
when shafts are parallel. Gears have high life and efficiency than 
other drives. Due to the meeting of toothed wheel of gears, some 
part of machine may get permanently damaged in case of 
disproportionate loading. They are not appropriate for transmitting 
motion over a large distance. Operating the gear is quite strident. 
There is a close relationship between gear drives and the harmonic 
vibration. Even so-called "quiet drives" cannot be free of a definite 
sum of harmonic vibration. 

 

2 LITERATURE SURVEY 

 
Over more than two-decade, huge emphasis is given to research 
on vibration-based fault diagnosis methodologies that are applied 
to vibration signals obtained from gearboxes via transducers 
mounted on gearbox casing. Even a trivial failure could lead to a 
catastrophe, therefore condition monitoring and fault diagnosis 
systems should be planted in a machine to raise alarm thereby 
escaping accidents and generate cost savings.[1] 
 
In general, gears work under severe conditions consequently they 
are subject to progressive deterioration of their state, namely at 
the teeth level. The gear defects induce generally mechanical 
effects in machines such as sound increased level and vibrations.  
 

 
 
 
However, the presence of the tooth crack defect appears at its basis 
and progress each time when running the machine. It appears 
especially on fine stainless steels, it became hard by heat 
treatment, which are very sensitive to stress constrains. The tooth 
crack appearance is a result of the stress at the tooth basis which 
exceeds the fatigue limit of the material. This tooth crack does not 
modify the contact rigidity, but affects the tooth flexion rigidity. This 
results in a change in the vibration behavior. Hence the need to 
supervise these gear vibrations continuously to detect at an early 
stage any emerging defects.[3] 
 
With the advancement of industrial systems, fault monitoring and 
diagnosis methods based on the data-Driven attract much attention 
in recent years. This kind of methods are widely used in engineering 
projects, especially in those big and complicated machines, whose 
conditions are difficult to obtain from straight view. They can provide 
the administrator with effective fault information in initial phase and 
therefore reduce the loss caused by faults. The key point to fault 
diagnosis is not the faults itself, but the diagnosis method. Because 
of the complexity of fault diagnosis process, it is necessary to use 
not a single method but a variety of methods to deal with the 
problem. [4-5] 
 
In the past few years, a number of investigations were undertaken 
to predict gear crack path. Several techniques have been proposed 
and they are mainly based on Linear Elastic Fracture Mechanics 
(LEFM). Accurate simulation on the tooth root crack propagation 
path could help capturing the right dynamic vibration features of the 
geared system. There have been numerous literatures concerning 
the vibration responses of gear systems with tooth root crack based 
on the knowledge of crack propagation path shape. Wear of gear 
pair is challenging to measure directly without disturbing the 
running contact state and lubrication condition. Indirect methods 
based on, for example, temperature, acoustic, vibration and oil 
particle contamination has been used to detect the symptoms of 
failure caused by wear. Ferrography and spectrometric methods 
are known to be powerful tools for identifying wear degree and 
mechanism, but as off-line methods based on analysis of oil 
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samples, they are considered to be too time consuming, laborious 
and hence providing too delayed information. [6-8] 
 

3 DESIGN AND ANALYSIS 

 
3.1 Spur Gear Box 

 

The design of the Spur gear box is done using Solid works 

(2016). The design is well balanced and it doesn’t have any 

deformation which can result in unbalance of mass and create 
vibration. Analysis of the same is done using ANSYS (2016), 
only the parts bearing load are subjected to Structural analysis 
and they all were in safe design condition. 
 

 

Fig.1 Final Assembled Image of Spur Gear Box 

3.2 Spur Gear and other load bearing parts 

 
The design of Spur gear is also done using Solid works (2016). 
Analysis is done with the help of ANSYS (2016). After analysis 
of the design, the gear is manufactured with 20MnCr5 material 
since it is the commonly used gear material in many machines. 
It has great mechanical properties which is why that material was 
chosen for our investigation purpose. The gear meshing 
stiffness analysis was done by considering its maximum speed 
which was 1500 rpm. 

        

           Fig.3 Meshed image of the gear      Fig.2 Von-mises stress distribution       

 

      

      Fig.4 Stress distribution in Hinged beam      Fig.5 Stress Distribution on the Shaft 

 

 

  

4 EXPERIMENTAL SETUP 

The aim of the experiment was to initiate and propagate wear 
under accelerated test conditions. Lubricant temperature, 
lubricant film thickness, vibration acceleration and tooth stiffness 
analyses were used in the detection and quantification of 
advancement of wear incurred by spur gear teeth. The 
experimental setup used for this study was designed in standard 
back- to-back arrangement. 

The arrangement consists of two parallel steel shafts and four 
gears (two pinions with 12 and 24 teeth and the other two gears 
with 24 and 48 teeth) and a pair of pinions; gears have been 
assembled on either side of the shafts. The gear sets used in this 
experiment are made of 20MnCr5 steel which heat treated for 
1mm depth, 40HRC. The gears with 12 and 24 teeth had a 

module of 3mm and pressure angle of 20° FDI. The gears with 

24 and 48 teeth had a module of 2mm and pressure angle of 20° 
FDI. 

The setup consists of a 1 HP two stage spur gearbox. The gear 
box is driven by a 1 HP, 3-phase induction motor with a rated 
speed of 1500 rpm. The speed is controlled by sleeve gearbox 
and for the present study the motor is operated at 1500 rpm. In 
other words, the speed of gear shaft in the first stage of the 
gearbox is 750 rpm. With a step-up ratio of 1:2, the speed of the 
pinion shaft in the second stage of the gear box is 1500 rpm. 

  

 

Fig.6 Spur Gear Test Rig 

Five types of gear faults were expected to be investigated such 
as: 

i. Depth wise tooth removal i.e. 0%, 25%, 50%, 75% and 100% 
tooth removal conditions across the tooth width. 

ii. Root crack with 0.5 mm of starting crack and increasing till it 
breaks and taking accelerometer reading every 0.5mm increase 

iii. Removing surface finish on every tooth. 

iv. Drilled holes in gear tooth. 

v. Multiple faults including all these above faults. 

For all operating conditions vibration signals were expected to be 
acquired and recorded after proper signal conditioning. The 
acquired signals would be decomposed using program 
developed in MATLAB. 
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5 RESULT AND DISCUSSION 

 
5.1 Table: Signals captured for healthy gear using Accelerometer 

 

 
 

Piezo-electric Accelerometer is one of the best devices to capture 
vibration signals, since it can capture 20000 sample readings per 
second which makes it easy for critical analysis of vibration of the 
device. 
 

 

 

Fig.7 Root Crack Induced through EDM 

 
Fig.8 Tooth cut using EDM 

 
After referring to previous year reports and journal papers on 
vibration analysis the expected results are as follows for tooth cut 
fault and Similarly analysis can be done for remaining faults and the 
results can be compared. 
 
5.2 ANALYSED SIGNALS: 

 

 

Fig.9 Healthy Gear (0%) tooth removal 
 
 

 

Fig.10 Faulty Gear (25%) tooth removal 
 
 

 

Fig.11 Faulty Gear (50%) tooth removal 
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Fig.12 Faulty Gear (75%) tooth removal 
 

 

Fig.13 Faulty Gear (100%) tooth removal 

 
After completion of the investigation of tooth cut fault, we can know 
that with the increase of tooth cut depth, the vibration amplitude of 
acceleration increases sharply, the value of statistical indictors 
increases gradually. Especially, for the vibration signal under tooth cut 
fault, according to the vibration signal of the tooth fault, the cut tooth 
will result in the large impulse amplitude, and the sideband 
amplitudes of meshing frequency and its harmonic will be larger than 
that of healthy gear. Based on the instantaneous energy, the tooth 
damage will bring about significant energy impacts, which can be 
regard as the obvious difference between healthy gear and tooth cut 
gear. 

 
6 CONCLUSIONS 

i. The design of the Spur gear box is well balanced so that it doesn’t 
add any additional load on the gears or on any other moving element 
which isn’t required. 

ii. The Structural analysis of load bearing parts shows that there won’t 
be any deformation under normal loading condition of the machine. 

iii. Considered expected results show that the vibration pattern 
increases its variation with increase in the damage percentage, which 
enables us to correctly identify the problem in unknown gear. 

iv. This method of incipient fault detection is very easy to implement 
and detect the faults which reduces the time required in disassembly 
of breakdown machines. 
  

7 SCOPE FOR FUTURE WORK 

 
i. The experiment can be continued for different faults and different 
combinations of fault which are mentioned in the above report. 
 

ii. The experiment can be conducted with different viscosities of oil and 
report them for easy analysis in different machines. 
 
iii. Different type of gear box can be made to analyze all types of gear 
in the same machine. 
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