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Abstract-:The present work focuses on the study of mechanical 

and tribological properties of Ti-3Al-2.5V titanium alloy. The 

most influencing process parameters of wear process are 

investigated in this work. Taguchi technique was used to carry 

out the experiments. The results indicate that load, sliding 

distance and sliding velocity were the process parameters which 

make significant contribution in wear properties. The optimal 

wear process parameters were found using the regression 

equation developed by the taguchi method. 
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I. INTRODUCTION 

Light weight materials play a vital role in aerospace and 

automobile sectors due to their excellent combination of 

properties. Compared to all other materials, titanium alloys 

are widely used in various applications due to its inherent 

properties. It is also used in biomedical applications due to 

its high corrosive resistance and biocompatability. Galling, 

abrasive wear, plastic deformations are some of the wear 

mechanisms observed during the dry sliding treatment of 

titanium alloys [1, 2, 3]. 

Though most of the authors studied the effect of sliding 

distance and load on wear behavior of titanium alloys but its 

effect at different working environments viz., atmospheric, 

vacuum, High temperature condition , simulated body fluid 

and cryogenic conditions has been merely explored [5, 6]. 

Chauhan, et al [7] discussed about the wear behaviour of 

titanium alloy using response surface methodology 

technique. Sahoo, et al [8] reported the effect of 

microstructure on dry sliding wear behaviour of titanium 

alloy. Sharma, et al [9] reported the tribological behaviour 

of Ti-3Al-2.5V alloy sliding against EN32 steel disc of 

hardness 62HRC, under dry sliding condition. In 2016, 

Sharma, et al [10] investigated the optimization of friction 

and wear characteristics of Ti-3Al-2.5V alloy sliding against 
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EN32 steel disc. It is clearly understood from the literature 

survey that very few studies have been published on the 

wear behaviour of Ti-3Al-2.5V alloy. Thus main objective 

of this study is to predict the wear rate of Ti-3Al-2.5V alloy 

and analyse its wear process parameters. 

II. MATERIALS AND METHODS 

2.1 Materials: 

Commercially available Ti-3Al-2.5V titanium alloy with 

the dimensions (100*100*8mm) is used as the workpeice 

material.  The EN32 steel disc is used as counterface 

material. The experiments were performed using pin-on-disk 

tribometer.The layout of the control factors and their levels 

are shown in Table 2. 

Table 1. Chemical composition of Titanium alloy. 

Elements Al V Ti 

% 3 2.50 Remaining 

2.2 Testing details 

Tensile Test. The tensile tests were carried out using 

electronic tensile testing machine as per the ASTM standard. 

The specimens were machined and prepared using the Wire 

Electrical Discharge Machine (WEDM).Figure 4 shows the 

specimens for tensile testing. In order to observe the nature 

of fracture in the tensile specimens, SEM images were taken 

for all the samples. Figure 5 shows the fracture surfaces of 

tensile specimens. From the micrographs, it is evident that 

the titanium alloy posseses ductile fracture.  

 
Figure 1. Tensile specimen samples 

 

 

 

Optimization of Dry Sliding Wear Parameters of 

Titanium Alloy using Taguchi Method 

Babu Narayanan, G.Saravanabava, S.Venkatakrishnan, R. Selvavignesh, Sanjeevi V   

https://www.openaccess.nl/en/open-publications
http://www.ijitee.org/
https://www.openaccess.nl/en/open-publications
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://crossmark.crossref.org/dialog/?doi=10.35940/ijitee.K2501.0981119&domain=www.ijitee.org


 

Optimization of Dry Sliding Wear Parameters of Titanium Alloy using Taguchi Method 

 

3141 

Published By: 
Blue Eyes Intelligence Engineering 

and Sciences Publication (BEIESP) 

© Copyright: All rights reserved. 

Retrieval Number: K25010981119/19©BEIESP 

DOI: 10.35940/ijitee.K2510.0981119 

Journal Website: www.ijitee.org 

Table 2. Tensile properties of Titanium alloy 

S.No Material YS ( Pa) UTS (Pa) 

1. Ti-3Al-2.5V alloy 384 500 

 
Figure 2. SEM micrographs of fractured tensile 

specimens 

Hardness Test.  

The hardness tests were performed using Rockwell 

hardness testing machine with the diamond indentor of load 

with 150 kg with dwell time of 15 s. The specimens were 

prepared as per the standards. The hardness value of the 

specimen is found to be 25HRC. 

Impact Test.  

The IZOD impact test was performed on the material to 

find the total energy observed. The dimension of the test 

specimen 64*12.7*3.2mm was obtained from WEDM. The 

test specimen was prepared as per the standards. The impact 

energy value is found to be 42 Joules. 

Pin-on-Disk Test.  

Wear tests were carried out using pin on disc tribometer. 

Figure 5(a) shows the setup of pin on disk tribometer. The 

investigating parameters were set as load applied, sliding 

distance, and sliding speed. The dimension of the test 

specimen is 10*10 mm. The significant parameters affecting 

the wear rate and coefficient of friction was to found to be 

the load, sliding speed, and sliding distance. ANOVA 

method has been used to find the interactions between the 

process parameters carried out during the experiment. 

 
Figure.3 Pin on disc apparatus setup 

III. DOE USING TAGUCHI TECHNIQUE 

The effect of process parameters on the wear parameters 

was studied using the Taguchi’s technique. It is a tool used 

to optimize the process variables. After conducting the pilot 

test, it was decided to select the levels of experiments. For 

the present case, input parameters considered are load, 

sliding distance, and sliding speed varying at three different 

levels.  Wear experiments were conducted in accordance to 

aforesaid experimental design and response was measured 

as indicated in Table 3. Wear samples are shown in the Fig. 

2. 

The process parameters such as load (A), sliding distance 

(B) and sliding velocity(C) at three different levels were 

considered for this present work. The experiments were 

conducted and the average values are taken into 

consideration. With the support of L27 Taguchi’s 

orthogonal array, the experimental levels were decided and 

it is shown in Table 2. The below mentioned equations the 

characteristics of process parameters using S/N ratio: 

 
Table 3.  Input variables and their levels. 
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Table 4.  Experimental observations for wear rate. 

 

 

IV. RESULTS AND DISCUSSION 

The input variables such as load (A), sliding distance (B) 

and sliding velocity(C) were considered for this present 

work. The standard L27 orthogonal array design was used in 

this study. The experimental observations for wear rate and 

their values are given in Table 3. The S/N ratio values are 

also tabulated to find the optimal value for wear rate based 

on ranking, it is shown in Table 4. Fig. 2 shows the 

graphical representation of each factors and their effect on 

wear rate. The optimal values obtained are A1 (load of 

50N), B1 (sliding distance of 2000m) and C3 (sliding 

velocity of 2m/s). ANOVA analysis was performed to 

identify the significant input variable and it is shown in 

Tables 5. Based on the S/N ratio levels, the overall optimum 

results thus obtained were A1, B1 and C1. The percentage 

contributions of input variables are shown in Fig. 3. 

Table 5.   Response table for S/N ratio 

 
Table 6. ANOVA for wear rate 

 

 
Figure 4. Response curve for SN ratios 
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Figure5. Percentage contribution of process 

parameters 

4.1 Confirmation test 

The confirmation tests were conducted for the optimal 

values obtained from Taguchi method. The value of wear 

rate for optimal parameter is 0.4981mg/m and the S/N ratio 

value is found to be 26.50(dB). The values obtained were in 

coincidence with the experimental results. 

4.2 Development of mathematical models 

The regression equation for the desired output was 

obtained with the help of statistical software MINITAB 18. 

The relationship between the wear rate and the input 

variables were modelled in Eqs. 2 

 
From the above regression equation, it was found that 

R2=0.98 .The value of  R2 indicates the closeness of the 

model representing the process. As R2 is nearing unity, this 

model can be considered for predicting the optimal process 

parameter combination. 

V. CONCLUSION 

In this work, Taguchi technique was used for determining 

the optimal dry sliding wear parameter for titanium alloy. 

The optimal value was found to be Load of 50N, Sliding 

Distance of 2000m and Sliding Velocity of 2m/s. The 

applied load is the most contributing input variable for the 

dry sliding wear of titanium alloy. Mathematical model has 

been developed for wear rate as a function of input 

variables. The predicted models will give you the optimum 

results for wear rate 
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