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ABSTRACT 

Wear testing is a method for assessing erosion or sideways displacement of material 

from its "derivative" and original position on a solid surface performed by the action of 

another surface. This test is commonly used as a simple measure of workability of 

material in service. Materials behave differently in friction state so it may be important 

to perform mechanical tests which simulate the condition the material will experience 

in actual use. 

INTRODUCTION 

Mostly the wear behavior and service life of the clad layer are affected by the sliding condition 

and temperature. It is essential to study the wear behavior of 317L stainless steel. The wear of 

the cladded specimens were studied at different normal load, sliding velocity and heat input 

conditions. The wear testing parameters and their levels, units and notations are given in Table 

1. 

Table 1.Wear control parameters and their levels 

S.No. Parameters Units Notations 
Levels 

-1 0 +1 

1 Normal Load kg N 4.5 5.0 5.5 

2 Sliding Velocity m/sec S 2.5 3.0 3.5 

3 Heat Input kj/cm HI Low Medium High 

2. DEVELOPMENT OF WEAR MODELING 

Statistically designed experiments based on the Factorial technique were used to reduce the cost 

and time involved as well as to obtain the required information about the direct and interaction 

effects of the input parameters on the response. The experiments were based on the Central 

Composite Folded Design Matrix of Three-factor, three-level factorial technique. The selected 

design matrix, shown in Table 5.4, is a Central Composite Folded Design Matrix of Three-

factor, Three-level factorial technique consisting of 15 sets of coded conditions comprising of 

6 factorial points, 6 star points and 3 central points. All input variables at the intermediate level 

(0) constitute the central points, and the combinations of each of the variables at its lowest level 

(-1) or highest level (+1) constitute the star points. Thus, the 15 experimental runs allowed the 

estimation of the linear, quadratic and two-way interactive effects of the input variables. 

IJMERD 

© PRJ Publication 



A Study of Wear Analysis 

2 

The response function representing any one of the wear characteristics can be expressed as 

y = f (N, S, HI). The second order polynomial (regression) equation used to represent the 

response surface for K factors is given below : 

For three factors, the selected polynomial could be expressed as 

y  = b0 + b1N + b2S + b3HI + b11N
2 + b22S

2 + b33HI2  

  + b12NS + b13NHI + b23SHI    (5.1) 

The values of the coefficients were calculated by regression analysis with the help of the 

QA Six Sigma DOE IV PC software package for different responses. The ANOVA / Regression 

analysis was used to develop the models and to test their adequacy, which is available in the 

QA Six Sigma DOE IV PC software package. 

3. EXPERIMENTAL PROCEDURE 

3.1. Sliding wear tests 

Figure 1 shows the schematic diagram of pin-on-disc wear testing apparatus which is used for 

conducting wear tests, under varying sliding speed and applied pressure against steel disc of 

hardness 500 HV. The pin samples were 30 mm in length and 10 x 10 mm in size is shown in 

Figure 2. The surfaces of the pin sample and the steel disc were ground using emery paper (grit 

size 240) prior to each test. A set of pins of low, medium and high heat input was subjected to 

running-in-wear for an applied load and sliding velocity as per design of experiments up to 15 

minutes. In order to ensure effective contact, during sliding, the load is applied on the specimen 

through cantilever mechanism and the specimens brought in intimate contact with the rotating 

disc at a track radius of 100 mm. The test was integrated with winducom software and the wear 

loss was recorded. The initial weight of the specimen was measured in a single pan electronic 

weighing machine with an accuracy of 0.001g. 

 

Figure 1 Schematic diagram of pin-on-disc test setup 
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Figure 2 Pin Samples for wear test 

After the test, the specimen was removed, cleaned with acetone and weighed prior to and 

after each test to determine the weight loss. The difference in weight gives the wear loss of the 

specimen.  The wear rate was calculated from the weight loss measurement and expressed in 

terms of volume loss per unit sliding distance as given below : 

Wear volume, m3 = Weight loss / density  

Wear rate, m3/m = Wear volume / sliding distance  

Table 2 shows the calculated values of wear rate. The wear track of the specimens were 

obtained using an Optical microscope and are presented in the results. 

Table 2 Design matrix and observed values of wear studies 

S.No. 
Normal 

load (N) 

Sliding 

Velocity 

(S) 

Heat 

Input 

(HI) 

Wear rate x10-11 

m3/m 

1 0 -1 -1 2.51 

2 -1 0 -1 2.09 

3 0 -1 1 1.36 

4 1 0 1 3.30 

5 0 0 0 2.47 

6 0 1 -1 2.38 

7 -1 -1 0 2.34 

8 0 1 1 1.67 

9 -1 1 0 2.12 

10 0 0 0 2.46 

11 1 -1 0 2.83 
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Table 3 (Continued..) 

S.No. 
Normal 

load (N) 

Sliding 

Velocity 

(S) 

Heat 

Input 

(HI) 

Wear rate x10-11 

m3/m 

12 -1 0 1 2.24 

13 1 0 -1 2.86 

14 1 1 0 2.57 

15 0 0 0 2.46 

3.2. Final Mathematical Models 

Mathematical models were developed correlating wear rate of the clad specimens to the normal 

load, sliding velocity and heat input. To study the direct and interaction effects of the normal 

load, sliding velocity and heat input, second order response surface equation was developed as 

explained in Chapter 3. Coefficients of regression equation and results of analysis of variances 

were calculated. Initial models developed based on the calculated coefficients are given below. 

The input control variables are in their coded form. 

Wear rate (Wr) = 2.463 + 0.346N - 0.037S - 0.159H  

 + 0.322N2 - 0.320S2 - 0.163H2  

- 0.010NS + 0.072NH + 0.110SH  (5.2) 

The significant coefficient for the reduced wear rate model was calculated. It was found that 

the reduced mathematical model was better than the full model because of higher adjusted 

square multiple R and lower standard error of estimate values compared to that of full model as 

shown in Table 4.  

Table 4 Adjusted R2 and standard error of estimate values 

S.No. 
Wear 

Parameters 

Full model Reduced model 

Adjusted R2 

Standard 

error of 

estimate 

Adjusted R2 
Standard error 

of estimate 

1 Wear rate 0.376 0.425 0.506 0.329 

For the purpose of plotting graph and for further analysis of the results only reduced 

mathematical model was considered. The final mathematical model reduced to predict the wear 

rate of the clad in coded form are given below :   

Wear rate (Wr) = 2.363 + 0.346N - 0.159H  

  + 0.335N2 - 0.308S2   (5.3) 

3.3. Validation of the Models 

The adequacy of the model was then tested by the analysis of variance technique (ANOVA) 

and results are given in Table 5. From the table, it is evident that the wear rate model is adequate.  

Table 5 ANOVA for testing adequacy of models developed 

Wear 

Parameters 

Regression Residual Lack of fit 
Errors of 

Terms F-Ratio R2 

S.S D.F S.S D.F S.S D.F S.S D.F 

Wear rate 2.167 9 0.904 5 0.904 3 0 2 0.823 0.647 
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Figure 3 Scatter diagram for wear rate model 

Validity of the model was tested by drawing scatter diagram, which shows the degree of 

closeness to 45o line between observed and predicted values of wear rate indicating an almost 

perfect fit of the developed empirical model. Scatter diagram for wear rate is shown in Figure 

5.8. 

5.3.6. Results and Discussion 

The mathematical models furnished above can be employed to predict the wear of 317 L for 

the range of parameters used in the investigation by substituting their respective values in coded 

form. The direct effect of the different input parameters on the values of the wear predicted 

from the mathematical model is depicted in Figure 5.9 showing the general trends between 

cause and effect. Also, by substituting the values of the desired parameters, the values of the 

control factors, in coded form can be obtained. 

5.3.6.1. Direct effect of wear parameters on wear rate 

From Figure 4, it is found that the wear rate increases with the increase in normal load. It is 

evident from the figure that wear rate increases with the increase in heat input. It may be 

important to explain the difference in wear behavior of claddings produced under different heat 

input conditions. Wear rate is marginally higher at low heat input conditions which could be 

attributed to fracturing of surface due to more hardness and less ductility resulting from low 

dilution. It is true from the wear track Figures 5 to 7 obtained from the microscope, the depth 

of abrasion scoring marks is more on the wear surfaces of low heat input claddings than that of 

high heat input claddings, which could be due to the effect of low dilution for low heat input 

clad. 
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Figure 4 Direct effect of wear parameters on wear rate 

 

Figure 5 Optical micrograph of wear track of low heat input overlay under 4.5 Kg load 
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Figure 6 Optical micrograph of wear track of medium heat input overlay under 4.5 Kg load 

 

Figure 7 Optical micrograph of wear track of high heat input overlay under 4.5 Kg Load 

It is also found that the wear rate increases with increase in sliding velocity upto middle 

level and then wear rate decreases for further increase in sliding velocity. It may attributed to 

the fact that under influence of increasing sliding velocity wear occurs in three distinct regions: 

Mild or oxidative wear under low velocity, severe or metallic wear under medium velocity and 

oxidative wear with decreasing wear rate under high velocity (Rai and Pathak 2004). 

CONCLUSION 

1. Mathematical models were developed to correlate wear parameters with waear 

rate. From these models the \wear rate could be controlled on cladding. 

2. It was observed that the wear rate was high at high load and low heat input. 
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