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Abstract— In this paper the wear behaviour of AA8011-5% 

ash composite fabricated via stir casting technique. The test 

samples are prepared and recognized as per ASTM- G99. 

The wear tested by pin-on-disc equipments with several 

input parameters of the wear rate. Wear rate rises with the 

rise of normal load. It is attributed to excessive damage of 

the composite. Wear rate increases dependably with interval 

due to deduction of the majority of material when exposed 

to sliding force. 
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I. INTRODUCTION 

Metal matrix composites occur as a vital category of 

material used in automotive and space industries [1]. AMCs 

certify more properties connected through the large alloys 

moreover container is future to suitable specific 

applications. AMCs produced by numerous ways equally 

invented superior than, stir casting technique is now 

operating to a large quantity as it is meek, soft, inexpensive, 

and while not dangerous the reinforcements 

[2].Vivekanandan et al. [3] have fabricated the aluminium 

fly ash composite by stir casting process. The fly ash to the 

aluminium in molten state increases the abrasive wear 

resistance. This strengthening of the composite is as of the 

solid solution strengthening and particle reinforcement.  

Prasad et al. [4] fly ash with 7.5% weight fraction has high 

hardness and wear rate when compared to the aluminium 

alloy produced by squeeze casting and gravity casting. The 

specimen produced in this gravity casting has low hardness 

and high wear rate. Uthayakumar et al. [5] have used 

AA6351 and fly ash with weight percentage as the 

reinforcement to produce the composite by stir casting. The 

composite does not wear at low loads and the result shows 

that the applied load has the greatest effect on dry sliding 

wear. Mandal et al [6] studies the wear and tear performance 

of AA6061-SiC through the 10 % SiCp beside hard and 

annealed steel below joint rolling-sliding things. 23 factorial 

designs of experiments are distributed to examine the results 

of few parameters, i.e., interaction stress, hustle and amount 

through detail to wear. Kumar et.al [7] developed a 

regression prototypical was valid by normal mathematics 

code SYSTAT 12 and normal arithmetic tools equivalent to 

ANOVA and student’s t-check. It has been found that the 

establishing the regression prototypical is also effectively 

wished to calculate the wear rate with the assistance of worn 

surface morphologies. 

II. EXPERIMENTAL WORKS  

The current investigation is AA8011-5 wt. % fly ash 

composite produced through stir-casting technique. The 

cylinder-shaped composite were tested in pin-on-disc wear 

tester with a computer data action system as per ASTM-G99 

standard. The weight loss from the composite surface is 

measured employing an accuracy electronic balancing 

machine with an accuracy of ±0.0001g. This study also 

investigates three factors four levels composites are 

designated for conducting the experiments as shown in 

Table 1. 

Parameter 1 2 3 4 

Load (N) 5 10 15 20 

Time (min) 5 10 15 20 

Sliding velocity(m/sec) 1.5 3 4.5 6 

Table 1: Process parameters and their levels 

III. RESULTS AND DISCUSSION  

In Taguchi method, the influence of wear parameters to 

analyze on the objective functions like wear rate and S/N 

ratio values are calculated by using the Minitab 17 software 

and the same is shown in Table 2. The optimum process 

parameter values of these control factors could be easily 

identified from S/N ratio response table and main effects 

plots. 

Exp. 

No. 

Load 

(N) 

Time 

(min) 

Sliding 

Velocity 

(m/sec) 

Wear Rate 

(g/min) x105 

S/N ratio 

(dB) 

1 5 5 1.5 398 52.00 

2 5 10 3 430 52.67 

3 5 15 4.5 425 52.57 

4 5 20 6 544 54.71 

5 10 5 3 268 48.56 

6 10 10 1.5 254 48.10 

7 10 15 6 488 53.77 

8 10 20 4.5 553 54.85 

9 15 5 4.5 417 52.40 

10 15 10 6 468 53.40 

11 15 15 1.5 249 47.92 

12 15 20 3 412 52.30 

13 20 5 6 376 51.50 

14 20 10 4.5 361 51.15 

15 20 15 3 383 51.66 

16 20 20 1.5 368 51.32 

Table 2: Experimental results with S/N ratio 

A. Response Table 

The level wise average of S/N ratios and their delta values 

as shown in the response Table 3 are used to rank the wear 

parameters to study the influence on the objective functions. 

The order of influencing factors from high to low is 

identified as sliding velocity, time and load for wear rate. 

Level Load Time Sliding velocity 

1 52.99 51.12 49.83 

2 51.32 51.33 51.30 

3 51.51 51.48 51.74 
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4 51.41 53.30 51.35 

Delta 1.67 2.18 3.51 

Rank 3 2 1 

Table 3: Response table for S/N ratio of wear rate 

B. Main Effects Plot 

According to Taguchi’s the “Smaller is better’’ quality 

characteristic, the optimum combination of these control 

parameters can be easily determined by considering the 

lowest points in the main effects plot lines. 

 
Fig. 1: Main effects plot for wear rate 

 From the main effects plot for wear rate shown in 

Figure 1, it is observed that in order to get minimum wear 

rate, the optimum parameters should be in high level for 

load and low level for time and sliding velocity. Sliding 

velocity is the most control parameter for the wear rate of 

the materials. When sliding velocity is increasing wear rate 

increases linearly which shows more metal removal from 

the contact surface between pin and counterpart material. 

C. Interaction Plot 

From the interaction plot for wear rate as shown in Figure 2 

it is observed that the interactions of load with time is 

insignificant for lower loads and significant at higher loads 

the reason is at higher loads and large time, the ploughs 

formed are deeper, wider and more in numbers which in-

turn increases the wear rate. The interactions of load with 

sliding velocity are observed to be significant as the lines of 

interaction are most non-parallel. The interactions of load 

with sliding velocities for low and high loads are 

insignificant. 

 
Fig. 2: Interaction plot for wear rate 
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D. Contour Plot 

Contour plots indicating ranges of wear rate against (a) load, 

time; (b) sliding velocity, time; and (c) sliding velocity, load 

are shown in Figure 3 (a-c). From the contours shown in 

Figure 3 (a), it is observed that for all the materials tested 

the wear rate is less than 250 g/min when the load is lower 

than 5 N. When the sliding velocity is higher than 4.5 m/s, a 

better wear range of 350-450 g/min is observed irrespective 

of the time as shown in Figure 3 (b). From Figure 3 (c), it is 

observed that the wear rate is high in the range of 350-450 

g/min for low sliding velocity and high load combination. 

Whereas, a better wear range of 300-350 g/min is observed 

for the combination of low load and high sliding velocity. 
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Fig. 3: Contour plots for wear rate with respect to: (a) Load, Time, 

(b) Sliding velocity, Time, (c) Sliding velocity, load 

E. ANOVA Studies 

Based on the Table 4 shows, sliding velocity and load are 

found to be the significant process parameters on the wear 

rate respectively and load is found to be insignificant effect 

on the wear rate. 

S.No. Source DFa AdjSSb AdjMSc F Pd 

1. Load 3 13.907 4.636 1.02 0.448 

2. Time 3 26.799 8.933 1.96 0.221 

3. 
Sliding 

velocity 
3 55.378 18.459 4.05 0.068 

4. Error 6 27.339 4.557 - - 

5. Total 15 123.424 - - - 

6. S = 0.50256      R-Sq = 97.85% 

Table 4. Analysis of variance for S/N ratios of wear rate 

a Degrees of freedom, b Adjusted sums of squares, c Adjusted 

mean squares,d Probability. 

F. Regression Studies 

To predict the wear rate within the specified level values of 

parameters, using regression analysis, linear regression 

equation for wear rate with significant parameters is derived 

and given as Equations below. 

WR = 399.6 + 49.6 Load_5 - 8.9 Load_10 - 13.1 Load_15 -

 27.6 Load_20-34.9 Time_5 

     - 21.4 Time_10 - 13.4 Time_15 + 69.6 Time_20 -

 82.4 Sliding Velocity_1.5 

     - 26.4 Sliding Velocity_3.0 + 39.4 Sliding Velocity_4.5   

     + 69.4 Sliding Velocity_6.0 

IV. CONCLUSIONS  

 The developed regression prototypical is with 

success match the nearest predicted  wear rate of cast 

AA 8011- 5% Fly ash Composites at 95% confidence 

level within the range of investigation.  

 The wear rate of composite compound values strongly 

depends on the investigational limits.  

 The tribological behavior of AA 8011-5% fly ash 

composite is nonlinear.  

 Wear rate rises with the rise of normal load. It is 

attributed to excessive damage of the composite.  

 Wear rate increases dependably with interval due to 

deduction of the majority of material when exposed to 

sliding force.  
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