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Abstract: 

The present study is an effort to model lubricated sliding wearing of AZ Alloys and wear parameters. The effect of wear 

parameter like Applied load, slid ing speed, sliding time on the dry sliding wear of the alloy have been studied using pin-on-disc 

test machine. A design of experiments, based on technique of Taguchi, was accomplished to acquire data in well-ordered way. An 

orthogonal array and the analysis variance were employed to investigate the way of process parameter on the wear of alloys the 

correlations were obtained by multiple regression analysis. Both linear as well as nonlinear regression analysis have been carried 

out. It is found that the linear method for the guess of wear behavior of material. For lubricated sliding wear of alloy, the sliding 

time (d istance) and pressure has great impact on the wear. However, wear volume of the alloys sliding wearing found to be 

virtually independent of sliding speed. 
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 I. Introduction 

 

Tribological performance of Zn-Al Alloy have been tested and 

applied in a variety of engineering   applications. These Alloys 

in general were found to be better to the traditional materials 

including bronze, cast iron, steel, as far as their h igh resistance 

to wear , high strength,  low density, low cost, low coefficient 

of frict ion these alloys are still found limited application 

involving high stress condition due to its lower slide 

resistance, compared to the traditional Aluminum alloys and 

other structural materials, especially at temperature 

above100
0
C.The second important problem relating to zinc-

aluminum alloys refers to dimensional in stability and lower 

ductility. It has been shown that zinc based alloys for 

tribological applicat ions. Wide research on the aluminum 

based alloys resulted in the development of ternary Al-40Zn-

3Cu and Al-25Zn-3Cu. These Alloys were found to be greater 

to bearing bronze and equivalent to the zinc based commercial 

alloys as far as their mechanical and tribological properties 

concerned. However, effect process parameter on dry sliding 

wears of Al-25Zn-2Cu alloy have not been scrutinized and no 

comparison was made between the process parameter which 

was made between the process parameter which influence the 

dry sliding wear of the alloy. The p lan of tests were developed 

with aim of relating the influence of sliding speed, pressure, 

sliding time with dry slid ing wear [1-10]. 

 

                    II. Taguchi technique 

 

The Taugchi methods offers a systematic approch to study the 

effect of mult iple variables on processes performance by 

providing structural set of a analysis in a design matrix. A  full 

factorial design will identify by all posssible combination for a 

given set of factors.All the number of factors are considered at 

multilevel rises, it becomes progressively difficult  to conduct 

the experiment with all t reatment conditions. Taguchi method 

reduces the number of experiments to practical level, only a 

small set from all the possibilities is selected.This method uses 

a special set of arrays called orthogonal arrays. These standard 

arrays allow the way of conducting the minimum number of 

experiments, which  could give the whole informat ion of all  

the factors that affect the operation parameter. The 

Experimental results are analysed using analysis of means and 

variance to study the influence of factors  

 

                      III Experimental Studies 

 

A. Alloy preparation  

 

One ternary Al-25Zn-2Cu was prepared from commercially  

pure Aluminum (99.2%), high purity Zinc (99.8%), 

Electrolytic copper (99.97%). Alloys were melted in an 

electric furnace and poured at a temperature of 680
0
c in to a 

steel mould at a  room temperature. The mould had a 

cylindrical shape with a length of 155mm and diameter of 

18mm  the chemical composition of alloys were determined 

by automatic absorption analysis method., Approximately 1 

gm of the alloy sample is weighed out accurately into an acid 

cleaned dry 200ml conical flask and the alloy is reacted with 

30ml of 30% hydrochloric acid. After the reaction has almost 

stopped the mixture is gently heated and 5ml o f concentrated 

nitric acid  are slowly added. The clean sample solution is 

cooled and transferred to a standard volumetric flask and 

diluted to exactly 100ml with distilled water. This sample 

solution may be further, if necessary, in order to convey each 

metal into the appropriate concentration range for 

measurement by atomic absorption spectrophotometer.  

 

B. Wear test experimental setup 

 

 The friction and wear test were carried out using single pin -

on–disc friction and wear monitor TR20, Ducon make 

Bangalore. Test were carried out at the room temperature 

under wet operating condition . Lubrication was provided by 

dropping SAE 20W/40 oil on the revolving disc at the rate of 

1.5cm
3
/hr. The cylindrical pin flat ended specimens of size 

10mm diameter   and  length  were tested against EN-31 steel 

disc (62% Si-0.35Mn-1.02C-1.05Cr-0.3 Ni).The average 
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surface roughness value Ra of disc before test was measure as 

0.5µm.Measurement o f Ra value was obtained by using 

“Taylor-hobson:Surtonic-10”. Denmark instrument with least 

count of 0.1 µm  

 

C.Plan of Experiments 

 

The experiments were conducted as per the standard 

orthogonal array. The selection of the orthogonal array was 

based on the condition that the degree of freedom  for the 

orthogonal array  should be equal to or sum of the wear 

parameter. In the present investigation L9 orthogonal array 

was chosen which has nine rows and four columns are shown 

in table 1.The wear parameter for experiments are 1) slid ing 

speed, 2) Load 3) sliding time. Tab le 2 shows factor at their 

level the experiment  consists of 9 tests each row in the L9 

orthogonal array and the columns were consigned with 

parameter. 

 

  IV Result and discussion.  

 

The plan of test were developed with the aim of relat ing the 

impact of slid ing speed (V), load (P) and sliding t ime (T) with 

the dry sliding wear of the alloy. On conducting the 

experiments as per orthogonal array, the wear results for 

various combination of parameter were obtained and are 

shown in Table 3. Both linear as well as nonlinear regression 

analysis have been carried out, based on the data collected as 

per design of experiments, which are d iscussed below.  

 

A. Linear regression analysis using 2FI Model  

 

To establish the correlation between the wear parameters  such 

as sliding velocity, pressure, time and slid ing wear, mult iple 

linear regression model is obtained using stastical software 

“DESIGN EXPERT 7” the term that are statistically  

significant are involved in the model. The regression 

coefficient of the model is 0.99.Table 4 and 5 shows that for 

penetrating the wear behavior of material, the 2FI approach is 

better compared to the quadratic, cubic approach. Hence 2FI 

approach is used for linear regression analysis of the model.  

The last columns in table shows the percentage contribution of 

each factor on the total variation indicating their degree of 

influence on the result. One can observe from the above table 

that the sliding time, d istance (79.32%) has a great effect on 

the wear, followed by pressure (14.76%). The interaction 

between the above factors does not have major variation on 

the wear. However, sliding speed (2.14%) and the interaction 

between the pressure and time (3.0%) has some influence on 

the wear. Th is analysis was carried out for level of 

significance of 5% i.e. the confidence 95% of. The model F 

value of 539.13 implies the model is significant. There is only  

a 0.19% chance that a “Model F Value” this large could  occur 

due to noise. Value of “Probe>F”. This large could occur due 

to noise. “Value of Prob>F” less than 0.0500 indicate model 

terms are significant. In  This case A, B, C and BC are 

significant model terms. Values greater than 0.1000 indicate 

the model terms are not significant. The “Pred R-Squared” of 

0.96 is in reasonable agreement with the “Adj R-Squared” of 

0.99. “Adeq Precision” measures the signal to noise ratio. A 

ratio greater than 4 is desirable. Th is rat io of 63.09 ind icates 

an adequate signal Final Equation in terms of coded Factors: 

Wear= 55.4+4.7A+12.4B+28.8C+8.4BC+0.29AB+3.8AC   (1)  

 

Final equation in terms of Actual Factors: 

Wear= 13.7+0.14 Velocity+3.4 Pressure+ 13.031 Time+ 0.73*  

pressure* Time+0.70 Velocity* pressure +0.12*  Velocity* 

Time                                                                                      (2)  

Substituting the recorded values of the variables for the above 

equation the sliding wear o f the material A can be calcu lated. 

The positive value of the coefficient suggests that the slid ing 

wear of material increases with their associated variables. 

Whereas the negative value of the coefficient suggest that the 

sliding wear of the material will decreases with the increase in  

associated variables [12-14]. 

 

B.Nonlinear regression analysis considering Archards 

Approach 

 

Nonlinear regression analysis can be carried out of its different 

forms such as quadratic, cubic, power and others. In the 

present approach the input- output relationships are assumed 

to follow the form given below   [4]  

 

TABLE.1 

Orthogonal Array L9 [3] of taugchi 

Test A B C D Y 

1 -1 -1 -1 -1 Y1 

2 -1 0 0 0 Y2 

3 -1 1 1 1 Y3 

4 0 -1 0 1 Y4 

5 0 0 1 -1 Y5 

6 0 1 -1 0 Y6 

7 1 -1 1 0 Y7 

8 1 0 -1 1 Y8 

9 1 1 0 -1 Y9 

 

TABLE.2 

Process with their values at their parameter. 

Level Speed v(m/s) Pressure 

Mpa 

Sliding Time 

T(min) 

1 1.0472 0.3747 30 

0 2.0944 0.3747 60 

-1 3.1416 1.1421 90 

 

TABLE.3 

Orthogonal Array L9 of Taugchi for Wear 

Test Velocity 

m/s 

Pressure 

Mpa 

Time 

Min 

wear 

1 1.0472 0.3747 30 22 

2 1.0472 0.7584 60 52 

3 1.0472 1.1421 90 96 

4 2.0994 0.3747 60 42 

5 2.0994 0.7584 90 84 

6 2.0994 1.1421 30 30 

7 3.1416 0.3747 90 72 

8 3.1416 0.7584 30 28 

9 3.1416 1.1421 60 73 

 

Wear= abc / K*p*V*I                                                      (3) 

Where K is constant and a, b, c are coefficient of the model 

under consideration and are these obtained using data fit 

analysis. To solve the coefficient, nonlinear form of above 

equation is converted linear form by taking logarithm on both 

sides, as given below 

Ln (wear) = ln(k) + a ln (p) +ln(V) +c ln (T)                         (4)  

The above equation can be easily  solved for constant values, 

using data-fit statistical software. 

The equation obtained is as follows  

Wear= 3.762 P0.184V0.533 T1.121                                     (5) 
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TABLE.4 

Model Fit summary  

Source Sum of 

squares 

Df Mean 

square 

F 

value 

P value 

probe>F 

Mean vs 

total 

27.6668 1 27.6668   

Linear vs 

mean  

5593.67 3 1864.56 58.07 0.0003  

2FI vs 

linear 

157 3 52.3333 29.44 0.0330 

suggeste

d 

Quadratic 

vs 2FI 

3.55556 2 1.77778  Aliased 

Cubic vs 

Quadratic  

0 0   aliased 

Residual  0 0    

Total 33421 9 3713.44   

Select the higher order polynomial where the additional terms 

are not significant and models are not aligned.  

 

TABLE.5 

Model summary statistics 

Sourc

e  

 R 

squared 

R 

squared 

R 

squared 

press 

Linea

r 

5.666

7 

0.97209

778 

o.955356 0.88693 654.877 

2FI 1.333

3 

0.99938 0.997538 0.9616 220.5 

Suggested 

 

Quad

ratic  

  + + Aliased 

Cubic    + + Aliased 

Focus on the model maximizing the “adjusted R squared” and 

“Predicted R squared”  

TABLE 6 

Model ANOVA results 2FI model 

Sour

ce 

Square Df Squa

re 

Valu

e 

Prob>F % 

contribu

tion 

Mod

el 

5750.7 6 958.

44 

539.

1 

0.0019 Signific

ant 

A- 

Velo

city 

58.3 1 58.3

4 

32.8 0.0291 2.124 

B-

press

ure 

405.5 1 405.

48 

228.

1 

0.0044 14.764 

C-

Time 

2178.7 1 2178

.72 

1225

.5 

0.0008 79.329 

AB 0.1 1 0.10 0.1 0.8385 0.003 

AC 17.4 1 17.3

6 

9.8 0.0890 0.632 

BC 82.9 1 82.8

8 

46.6 0.028 3.018 

Resi

dual 

3.6 2 1.78    

 

TABLE 7. 

Model statistics for 2FI model 

Std. Dev  133 R squared 0.99 

Mean 55.44 Adi R squared 0.99 

CV 2.40 Pred R Squared  0.96 

Press 220.50 Adeq Precision 63.09 

TABLE. 8 

Regression variable results for Archards Approach 

 

Variable  Value Std d Error t-ratio  Prob(t) 

A  4.0E-02 3.15 0.02544 

B  4.2E-02 9.33 0.00024 

C  5.4E-02 19.53 0.00001 

k 0.75 2.4E-01 -1.17 0.29375 

 

Substituting the recorded values  of the variable for the above 

equation the sliding wear of the material can be calcu lated. 

 

 C. Comparison of 2FI and Archards Approach 

 

The performance of the above two  approaches developed are 

compared for the set of 9 randomly generated test cases. The 

% deviation in p rediction is determined by using the 

expression given below 

% deviation = (Actual value -p redicted value)/  Actual Value *  

100 

Fig 1 shows the deviation for the 9 tes t trial. From this figure 

it can be observed that the 2FI approach is better than the 

nonlinear approach for the prediction of wear behavior of 

material. From ANOVA both approaches the R2 Value of 2FI 

approach is 0.99 and for nonlinear approach 0.90. From the 

above discussion, it can be observed that the 2FI approach 

better than the nonlinear approach for the prediction of wear 

behavior of material. Hence 2FI Approach is used for further 

analysis.  

 

 
                                      FIGURE 1 

                      Comparison of 2FI and Archads model 

Fig. 2. Shows for wet sliding wear of material pressure 

(14.76%) and slid ing time (79.32%) has great influence on the 

wear. However, sliding speed has less influence on the wear 

(2.124%). Fig 3 shows for wet sliding wear of material all the 

interaction between the factors has some influence on the 

wear. 

                          

                                 V Confirmation Test 

 

To test the efficiency of the model the confirmat ion tests were 

completed by selecting the set of parameters as shown in table 

6. The wear value for materials calculated from the 

mathematical model developed by linear approach wear 

compared with values obtained experimentally, it can be 

observed from table. 7 that the calculated error varies from 1% 

to 14% for wear. 

 

TABLE 9 

ANNOVA for Archards Approach 

Source DF Sum of 

squares 

Mean 

squares 

F 

ratio 

Probe f 

Regression 3 5711.9 1904 225.1 1.00E-0.5 

Error 5 42.3 8   

Total 8 5754.2    

 

Coefficient of multip le determination(R2) =0.99 Adjusted 

coefficient of multiple determination (R2)=0.98 
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                                      TABLE 10  

              Comparision between 2FI and Archards Approch 

 

o

r

d

e

r 

Veloc

ity 

 

m/s 

Pres

sure 

 

Mpa 

Ti

m

e 

 

mi

n 

Act

ual 

val

ue 

2Fi 2Fi

% 

Pre

dict

ed 

Arc

har

d 

Archa

rd 

deviat

ion 

1 1.047 0.37

5 

30 22 22.0

6 

-

0.28

9 

19.

05 

13.43 

2 4.047 0.75

8 

60 52 50.7

3 

2.44

2 

52.

39 

-0.7 

3 1.047 1.14

2 

90 96 96.2

5 

-

0.26

5 

94.

59 

1.47 

4 2.094 0.37

5 

60 42 43.0

2 

-

2.41

9 

43.

30 

-3.11 

5 2.094 0.75

8 

90 84 84.2

5 

-

0.30

2 

87.

80 

-4.52 

6 2.094 1.14

2 

30 30 30.6

3 

-

2.11

6 

32.

15 

-7.17 

7 3.142 0.37

5 

90 72 71.6

8 

0.44

1 

70.

02 

-2.75 

8 3.142 0.75

8 

30 28 27.4

9 

1.81

4 

28.

79 

-2.84 

9 3.142 1.14

2 

60 73 72.8

7 

0.17

4 

70.

53 

70.53 

 

 
FIGURE 2 

Effect on slid ing time, pressure and  Velocity on wear 

 
 

FIGURE 3 

Interaction effect of process parameter on wear.  

 

Therefore the mult iple regression equation derived above 

correlate the evaluation of wear in the alloy with degree of 

approximation. 

TABLE.11 

parameter used in the confirmation wear test 

 

Test Speed(m/s) Load(Mpa) Time(min) 

1 1.57 1.124 30 

2 0.52 0.999 30 

3 2.61 0.500 30 

 

TABLE 12. 

Confirmat ion test results 

 

Test Predicted wear 

(Micron) 

Experimenal Wear 

(Micron) 

Error% 

1 

 

          30 

 

29.5 

 

-1.15 

2 28 26.75 -3.06 

3 24 26 6.90 

 

Both linear as well as non linear regression analyses have been 

carried out, based on data collected as per design of 

experiments, for response factor, the best fit was described by 

2FI (Factorial interaction) models while quadratic cubic model 

were aliased. Non linear models also developed and analysed, 

but the 2FI models were found better than the non linear 

models for the prediction of wear behaviour of this material . 

ANNOVA performed to evaluate the statisticl significance of 

fitted models and factors involved there for response factor i.e  

wear. To verify the developed models, the additional 

experiments were performed. The percentage deviation was 

calculated to judge the predictive power of all developed 

models. 
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