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Abstract—It has been observed that very few studies are concentrated on nickel composite 
coating on gears. Though found economical and effective, electro-deposition is rarely used 
to coat the gears. Only a few researchers have designed and implemented a proper test rig 
to study the contact fatigue of gears. Also there is found to be absence of mechanical 
properties of Ni/Ni-WC coating. There is lack of information regarding the FE analysis of 
coated gears. Therefore, the research work is carried to analyze the fatigue performance of 
gears using Finite Element Method.  
 
Index Terms— Fatigue, Electro- co deposition Ni-WC, coated, uncoated gears, FEA, 
Vibration. 

I. INTRODUCTION 

Electroplating is consistently used to change surface properties of an article, for example, wear resistance, 
hardness, corrosion resistance etc. [1]. It is known not the most temperate and simple technique for coatings 
Numerous endeavors have been made to discover techniques for improving the surface properties of metal 
segments to secure against consumption, wear and pitting and diminishing their expenses since every one of 
them are the powerful factors the erosion of modern parts. Electrodeposition is considered as a standout 
amongst the most critical and financially savvy modern systems for delivering defensive coatings [2]. 
For Electrodeposition Nickel is frequently used. Ni coatings offer corrosion resistance, wear resistance 
alongside aesthetic quality to the part. Nevertheless, the extents of such coatings are constrained by the life 
range, mechanical quality, and wear and consumption imperviousness to the harsh environment. Numerous 
studies have demonstrated that Ni composite coatings upgrade the properties by expanding the nucleation 
destinations creating decrease in crystallite size prompting changed mechanical properties of the deposit. 
Along these lines these WC composite coatings draw attention in consideration and a wide range in 
applications [3]. 
Rolling Contact Fatigue is accountable for the failure of moving parts, gears, cam-shafts and incorporates 
breaking or setting/delamination limited to the nearby surface layer of bodies in rolling/sliding contact [4]. 
Contact fatigue results from a contact or Hertzian uneasiness state. This bound tension state results when 
rolling surfaces are in contact under 
heavy loads. The contact geometry and the development of the moving parts convey a substituting subsurface 
shear stress.  Subsurface  plastic  strain  develops with expanding cycles until a crack is produced [5].There is  
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formation of cavities in the component, and the operation becomes very noisy and rough. If the crack is 
allowed to extend it leads to disastrous failure of the component [6].The gear tooth fails mainly due to cavity 
formation or pitting [7].FEA can be used to predict the fatigue life of gears [8]. Computational models to 
fatigue initiation analyses are based upon the method which determines the ratio between the specific 
deformation and the number of loading cycles, often referred to as local stress-strain method. Vibration 
analysis can be carried out using a Vibration pick device which can be a accelerometer, velocity pick up or 
eddy probes [9]. It can be used to evaluate the smoothness of operation based on the output waveforms 
displayed by the device [10]. 
The FFT decomposed data to be transformed into a series of smaller data sets. Then, it composes those sets 
into even smaller data sets. At each stage, the results from previous steps are combined in unique way [11]. 
FEA of Gears 
The FEA of non-coated and coated gears was     conducted using static structural module in ANSYS 
workbench 14.0. The modeling was done using Solidworks-2014. The 3D model was later imported into 
ANSYS workbench into the Design Modeler. Following are the parameters of the gear. 
  
 Type: Spur Gear 
 Module: 2.5 
 Number of teeth:  52 
 Pitch Circle Diameter: 130 mm 
 Outer Diameter: 135 mm 
 Root Diameter: 123.75 mm  
 Addendum: 2.5 mm  
 Dedendum: 3.125 mm 
 
The primary simulations were carried out with a gear with all its teeth modeled Figure 1 as the mesh 
refinement was conducted the time increased by large extent and to reduce the duration of the simulation the 
gear with few teeth was modeled Figure 2 to carry out the analysis. 

 
Figure 1. Gear with all teeth modeled                                                         Figure 2. Gear with few teeth modelled 

The two gears were meshed as shown in Figure 3 
The meshing of the gears was initiated with the element size as minimum size/5. The mesh was further 
refined using the Advance Functioning tool with proximity “on”. The meshing was performed such that the 
element size was minimal around the gear teeth as they are critical features on the body which will be 
involved in the contact stress determination, while the remaining bulk of the gear was meshed with larger 
element size. Figure 4 gives the outlook of the mesh applied on the gears. 
In the gear pair, the driver gear shaft area was made frictionless since a bearing was being use on the shaft 
followed by restriction of the gear translate about x, y, z axis and rotation about x, y and free about z. A 
moment was applied on the driver gear of 2.5 Nm since the gears were being loaded by pulley and rope 
system the moment was limited. It is shown in Figure 5. 
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Figure 3.  Gears in mesh 

 

Figure 4: Meshing applied to pair of gears 

 

Figure 5. Boundary conditions applied on gear pair 

To evaluate the contact fatigue performance of the Ni-WC coated gears the Equivalent Von Mises and 
Fatigue tool were used. It gives the single stress value after working down from several complex stresses. 
After applying all of the boundary condition and using proper tool to solve the problem, results were obtained 
in the form of plots. Figures 6 and 7 gives the stress plot and Figure 8 gives the life plot for the gears. 
The modeling involved creating a shell like structure Figure 9 around the gear, which would behave as a 
coating of Ni-WC on the gears, and this was the additional step in modeling in comparison with the non-
coated gears. Thickness of this layer was taken to be 100µm. 
Figure10 and 11 give the stress solution for coated gears and stress distribution plot respectively. 
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Figure 6. Stress plot for non-coated gears                                                      Figure7. Stress plot at contact region 

 

Figure 8 .Life Plot 

 

Figure 9.Coating layer modeled for gears 
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Figure 10. Stress plot of Coated Gears                                       Figure 11. Stress at the contact region for coated gears 

II. EXPERIMENTAL PROCEDURE 

A. Fatigue Testing 
Testing gears were mounted on the test rig Figure 12 and meshed properly. Torque is applied on gear by 
using a rope drive. It is varied as 0, 0.44, 0.74, 0.88, 1.32 Nm using standard weights to produce tension in 
rope. Each torque was applied for a period of 4 hours and gears were continuously running at constant rpm. 

 
Figure 12. Fatigue Test Rig                                                                                           Figure 13.Coated gears 

For measurement of vibrations at the base plate, vibration pick up device is used. It is connected to Cathode 
Ray Oscilloscope (CRO) to display the vibration waveform. The vibration plots were obtained at three 
different positions and the coating was done by using Electro co deposition technique. The coated gear is 
shown in     Figure 13. 

III. RESULTS 

The stress analysis was done for gears with and without coating under various conditions. 
The stress values for gears without coating were obtained at the following conditions 
 Torque – 2.5 Nm 
 Rotational Speed – 24 RPM 
 Boundary Conditions: 
 Driver Gear Support – Frictionless 
 Driven Gear Support – Fixed 
 Table1 illustrates the stress values 
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TABLE I. STRESS VALUES FOR NON-COATED GEARS 

 

 
 
 
Solution convergence for coated gears was obtained at a mesh size of 4.8 mm for coated gears; hence the 
analysis for coated gears was done at that mesh size Results are presented in Table 2. 

TABLE II: STRESS VALUES FOR COATED GEARS 

Element Size 

(mm) 

Stress (MPa) 

4.8 3.65 

Comparison of the average of maximum amplitudes of the three positions 
A plot of Amplitude v/s time comparing the average of maximum amplitudes for coated and non-coated 
gears for no torque and different torques are shown below  
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For no torque Amplitude of vibration starts increasing with time for non-coated gears, while it reduces 
initially for coated gears due to a more wear resistant surface.The increasing amplitude trend continues till 
the third hour of operation for non-coated gears, while for the coated gears amplitude starts to increase after 
one hour because of preliminary surface wear and starts to decrease from the second hour. Vibration 
amplitude again decreases due to the harder Ni-WC surface. A cyclic pattern is observed for coated gears. 
For 0.44 Nm torque the amplitude of vibration for non-coated gears increases with time till the third hour. 
Non-coated gears show steady vibration amplitude till the first hour. This is because of the improvement in 
wear resistance induced by Ni-WC.After preliminary surface wear, coated gears show an increase in 
amplitude till the second hour. Then again the fresh Ni-WC surface provides wear resistance, thereby 
reducing vibration. At the end of the fourth hour the amplitude trend is tending to stabilize for coated gears. 
For 0.74Nm torque the amplitude of vibration decreases till one hour for coated gears and then starts to 
increase at a steady rate. The increase continues till the fourth hour. The higher value of applied torque and 
longer operation time are accounted for higher wear. Non-coated gears show an increase trend in amplitude 
of vibration. The difference between the amplitudes of vibration of coated and non-coated gears increases 
with time. 
For 0.88Nm torque For both coated and non-coated gears, the amplitude of vibration increases with time till 
the first hour due to the increase in torque and cumulative operation time. Loss of preliminary surface after 
fretting wear reduces vibrations till the third hour. The start of fretting wear on the fresh surface promotes 
increase in amplitude for both coated and non-coated gears. The amplitude of vibration remains to be lesser 
for coated gears. 
For 1.32Nm torque, increase in applied torque increases the amplitude of vibration rapidly for non-coated 
gears. Coated gears show a very slight increase in amplitude. Though the non-coated gears have an 
increasing amplitude trend, the coated gears show a decrease in amplitude till the second hour due to the loss 
of preliminary contact surface. The wear of the fresh surface promotes an increase in amplitude till the third 
hour, after which the amplitude tends to remain steady. After 3 hours of operation the amplitude of vibration 
decreases for non-coated gears due to loss of the worn out surface and the onset of fresh contact surface. 

IV. CONCLUSIONS 

On comparison of the tabulated results of the coated and non-coated gears it was evident that the stress was 
reduced after implementation of Ni-WC coating on the gears by 1.2MPa and life was 106 cycles since the 
loading remained below the endurance limit. Simulation conducted with a suitable torque applied on the 
gears depicted that the life after coating was improved by 10 %. 
FEA analysis was carried out in several iterations with varying gear module, mesh size, element type to 
obtain converging solution. Element size of 4.8 mm and hexahedral element type provided more accurate 
results. 
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It was clear from all the plots obtained in time domain and frequency domain that the amplitude of vibration 
decreases for coated gears. Reduction in amplitude indicates reduction in fretting wear due to rolling contact 
fatigue. Hence lesser wear can be accounted for better shear stress distribution on the gear tooth. Lesser stress 
increases the fatigue life of gears which is a direct result of electro coating of Ni-WC composite.  
The amplitude of vibration had a steady increase pattern for the non-coated gears while the coated gears were 
found to have a slower increase in amplitude with time. 

REFERENCES 
[1] Strategic Analysis of the Indian Gearboxes and Geared Motors Market” - Frost and Sulivan, published:  May 2011. 
[2] Industry Study 2593 ,“Gears” – Freedonia, published on January 2007. 
[3] Electroplating- A Global Strategic Business Report published by Electronics.ca research work on November , 2010. 
[4] Dr. Sengupta B., “Comprehensive industry document on electroplating industries”,  Central Pollution Control Board, 

Delhi, published 2007. 
[5] Gopal Gundi, “Experimental Optimization of Electrodeposited Ni-SiC Composite Coating for Wear Behavior” 

Master’s Thesis, Visvesvaraya Technological University, 2014. 
[6] Babak Bakhit, Alireza Akbari “Effect of particle size and co-deposition technique on hardness and corrosion 

properties of Ni–Co/SiC composite coatings” , Surface & Coatings Technology,2012, vol.206, pp 4964–4975. 
[7] Malathypushpavanam M, Balakrishnan K., “Electrodeposited Nickel composites for High Temperature 

Applications” –    
[8] Bulletin of Electrochemistry, Vol 1, (3), May-June 1985, pp 251-255. 
[9] Fajdiga G., Sraml M., “Fatigue crack initiation and propagation under cyclic contact loading”- Engineering Fracture 

Mechanics, Volume 76, (9), 2009, pp 1320–1335. 
[10] Glaeser W.A., S.J.Shaffer, “Contact Fatigue”, ASM Handbook, Fatigue and Fracture, Volume 19, pp 331-336. 
[11] Yong Chen, Akihiro Yamamoto, Katsuyuki Omori “Improvement of Contact Fatigue Strength of Gears by Tooth 

surface Modification Processing”- 12th IFToMM World Congress, Besançon (France), June18-21, 2007. 
[12] Cannon D.F., Pradier H., “Rail rolling contact fatigue Research by the European Rail Research Institute”, Wear, vol. 

191, 1996, pp 1-13. 
[13] “Finite Element Analysis”, New Age Publication S.S. Bhavikatti, Published 2005. 
[14] Ringsberg. J. W, Loo-Morrey. M, Josefson. B. L, Kapoor. A , Beynon. J.H  - “Prediction of fatigue crack initiation 

for rolling contact fatigue” - International Journal of Fatigue 22, vol. 22, (3),2000, pp 205–215.  
[15] Report on “Vibration Measurement” , Tech-FAQ, published on  January 2015. 
[16] Chandrashekhar.B, Anoop. A.D, Gopinath.K , Jagannath.K , Sharma.S.S and Raghavendra. P - “Surface Failure and 

Fatigue Life investigation of Boron Steel” - International Journal of Research in Engineering and Technology 
(IJRET), Vol. 1, (3), 2012 ,pp 2277 – 4378. 

[17] “Frequency Analysis – Fast Fourier Transform (FFT)” Dr Michael Sek, Victoria University, 2010. 
[18] Eliaz.N , Sridhar.T.M, Gileadi.E, “Synthesis and characterization of nickel tungsten alloys by electrodeposition” 

Electrochemica Acta, vol.50,2005, pp 2893-2904. 
[19] Kodandarama L., Krishna M., Narasimha Murthy H. N., Sharma S.C.,  “Effect of Electro-Co-Deposition Parameters 

on  Nickel Tungsten Carbide Composite Coatings” International Journal of Advanced Engineering Technology., 
Volume. II/ Issue IV/October-December, 2011, pp 105-113. 

[20] Baragetti.S, Cavalleri.S, Tordini.F “A Numerical Method to Predict the RCF Behaviour of PVD-coated 
Transmission Gears and Experimental Results” - Procedia Engineering vol. 10 ,2011, pp 1485–1490. 

[21] Moorthy V., Shaw B.A., “An observation on the initiation of micro-pitting damage in as-ground and coated gears 
during contact fatigue”, Wear, vol. 297, 2013, pp 878-884. 

[22] Dhananjay kumar Singh, Manoj Kumar Tripathi, V. B. Singh - “Electrocodeposition and characterization of Ni-WC 
composite coating from non – aqueous bath” International Journal of Materials Science and Applications; Vol 2, 
(2), Published on January 10, 2013, pp 68-73. 

[23] Lekka.M ,Kouloumbi.N ,Gajo.M ,Bonora, “Corrosion and wear resistant electrodeposited composite coatings” 
Electrochemica Acta, vol.50,2005, pp 4551-4556. 

[24] Raymond Browell, ANSYS Inc, “Calculating and Displaying Fatigue Results” March 29, 2006. 
[25] Karaveer.V , Mogrekar.A and Preman Reynold Joseph.T – “Modeling and Finite Element Analysis of Spur Gear” – 

International Journal of Current Engineering and Technology, Vol.3,(5), December 2013, pp 2104-2107.  
[26] “Condition Monitoring and Fault Diagnosis of Induction Motor using Motor current Signatures”  Master’s Thesis by 

Neelam Mehala, National Institute of Technology, Kurukshetra, 2010. 
 


