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 Metal matrix composite Al2O3 particle reinforced Al have become useful engineering 

materials due to their properties such as low cost, wear-resistant, heat-resistant and low 

weight. The present study focused on prediction of temperature produced during 

machining of Al2O3 reinforced with Al7075. In this investigation the percentage of Al2O3 

(mesh size of 100-300) was varied 1%, 3%, 5%, 7% and 9% to the base material of 

Al7075. The temperature was measured using thermal gun at machining tip of the tool at 

which maximum temperature were measured by varying operational parameters such as 

depth of cut (0.25, 0.5, 0.75, 1 and 1.25mm), spindle speed (80, 112, 140, 200 and 

355rpm) and feed rate (0.10, 0.12, 0.16, 0.2 and 0.25mm/sec). Experimental results revels 

that the temperature increases with increase in feed rate and depth, whereas, in case of 

spindle speed there is a fluctuation in temperature for all the combinations considered. 

The percentage contribution of operational parameters on temperature was determined 

using ANOVA analysis. Overall analyses for all the combination considered shows that 

feed rate (45.07%), depth (33.75%) and spindle speed (5.2%) on temperature. The 

developed models with a P-value are less than 0.05 were considered to be a statistically 

significant with 95% of confidence interval. A good agreement between experimental 

and statistical modeling were achieved and comparison of experimental and statistical 

analysis were drawn. 
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1. INTRODUCTION 

 

In aluminium series composites Al7075 is one of the good 

qualities and high strength material for many applications. 

Many investigations were carried out to find out the 

mechanical and thermal properties of Al2O3 reinforced with 

Al7075. As the alumina particulates of average 150m 

varying from 2% to 6% and wear rate were investigated. The 

experimental investigations revealed that loss of material 

increased with increase in load applied and sliding distance [1]. 

In case of 10%, 15% and 20% weight percentage variation of 

Al2O3 by varying speed and feed rate. There is a better quality 

of surface roughness were achieved for low feed rate with high 

speed [2]. Increase in Al2O3 and SiC with a wt% of 2 to 6% to 

Al7075 resulted in the increase in hardness, tensile strength 

and density of the material [3]. In case of hybrid composites 

(Al2O3+SiC+Mg) by increasing the Mg from 1 to 4 wt% with 

base metal of Al7075, the results reveled that the compressive 

strength, tensile strength and hardness of the material increases 

with increase in Al2O3 and SiC contents [4]. If 9 wt% of TiC 

and CNT by 0.5, 0.75 and 1.0 wt% to the Al7075, the material 

removal rate is low for 9% TiC with 0.75 wt% CNT [5]. To 

measure these optimum values of mixing and operational 

parameters, mathematical model was developed to optimize 

the turning process for better surface finish and to reduce the 

machining cost [6]. Due to the high level of shear strength the 

chip tool interface temperature increases, when the cutting 

conditions such as cutting speed, feed rate, depth of cut and 

cooling system increases [7]. When the process parameters i.e., 

depth of cut, spindle speed and feed rate increases, there is a 

proportional increase in cutting temperature [8]. To set the 

drilling parameters during dry drilling of Al7075-T651 

material, Taguchi design method was used and analysis the 

effect of drilling parameters [9]. During turning of Al7075 

with HSS tool, the maximum temperature was attained is 

around 44.7℃ at a depth of 1mm, speed of 710rpm and feed 

of 1mm/min and similarly minimum temperature was 35.5℃ 

at a depth of 0.4 mm, speed of 280rpm and feed rate of 0.4 

mm/min respectively [10]. The thermal and mechanical 

behaviour of Al7075 using PDC and cemented carbide tool, it 

was concluded that cutting force and feed force is superior in 

case of PCD compare to cemented carbide [11]. Distribution 

of Al2O3 about 15% wt. with a particle size of 20m to Al7075, 

the optimum cutting conditions for surface roughness is 80 

m/min, 0.103 mm/rev and 0.9 mm depth of cut [12]. Heat 

generated during the process, dictates the tool life and residual 

stresses in the workpiece. Hence, transient temperature during 

FSW using different thermocouple layouts, and it yields 375 

to 420℃ during the process [13]. The Al7075 has a high 

temperature resistance, high tensile strength and hardness was 

obtained about 69.51 N/mm2 and 148.09 VHN, also 

temperature distribution is superior at 10% reinforcement of 

aluminum oxide [14]. Investigation of aluminium metal matrix 

composites have been widely used in all the industrial 

applications, because it has an excellent wear resistance and 

mechanical properties and temperature resistance in nature but 
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life of the tool is mainly dependent on the cutting temperature. 

Al7075 alloy reinforced with Al2O3 play a predominant role in 

all the streams of applications. 

The present experimental investigations were carried out to 

perform the percentage variation of Al2O3 with the base metal 

of Al7075 to observe the temperature variations and identify 

the performance of machining process. Finally, comparisons 

were made to find out the percentage contribution of each 

factor on temperature produced during machining process. The 

observations were made based on the main effect plots and 

statistical analysis. 

 

 

2. MATERIALS AND METHODS 
 

The Al2O3 of 100 to 300 mesh size was reinforced with 

Al7075 composite was prepared by using stir casting method 

and is shown in Figure 1. In order to obtain matrix, 99.9% pure 

aluminium was melted in the graphite crucible at 700℃ on 

furnace and is shown in Figure 1. Then the alumina was added 

in the crucible and stirred continuously. The prepared samples 

for testing with varying percentage of Al2O3 and dimension 

of the samples is 40mm in diameter and 300mm length is 

shown in Figure 2.  

 

 
 

Figure 1. Stir casting method 

 

 
 

Figure 2. Specimen preparation as per the standard 

 

 

3. EXPERIMENTAL INVESTIGATIONS 
 

Investigations was run using L15 design and carried out 

using HMT Vikram lathe (Figure 3) by varying three major 

important operational parameters i.e., depth of cut, spindle 

speed, and feed rate on temperature. Cutting temperature has 

one of the important parameters in machining studies to find 

out the thermal aspects for Al2O3 reinforced with Al7075 alloy 

were identified and interface temperature gives the heat 

generated during turning operations (Figure 4). The heat is 

generated mainly due to friction between moving chip and tool 

face to measure the temperature using thermal gun and the 

continuous temperature was measured.  

 
 

Figure 3. HMT Vikram lathe 

 

 
 

Figure 4. Temperature measurement using FLUKE thermal 

gun  

 

 

4. RESLUTS AND ANALYSIS 

 

4.1 Experimental results 

 

(a) 1% Al2O3 (b) 3% Al2O3 

(c) 5% Al2O3 
 

(d) 7% Al2O3 

(e) 9% Al2O3 
 

(f) 0% Al2O3 

 

Figure 5. SEM analysis of AL7075 with varying percentage 

of Al2O3 (a) 1% (b) 3% (c) 5% 

(d) 7% (e) 9% (f) 0% 
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In the present study Al2O3 varies from 0% to 9% with an 

interval of 1% reinforced with the Al7075 using Taguchi 

method L15 design array. The temperature was measured using 

thermal gun to predict the turning interface temperature. The 

operational parameter such as feed rate, depth of cut and 

spindle speed were considered to perform the experimental 

investigations. SEM analyses were performed to identify the 

distribution of Al2O3 from 0% to 9% is shown in Figure 5. The 

results revealed that for 5% and 7% of Al2O3 the feed rate and 

the depth of cut increases linearly with increase in turning 

temperature and is show in Figure 9 & 10. Whereas in case of 

0%, 1% & 3% there is a similar trend was obtained for feed 

rate, spindle speed and depth of cute and is shown in Figure 6, 

7 & 8. But in case of 9% of Al2O3 there is a fluctuation in 

temperature for spindle speed and there is a gradual increase 

in temperature from 28.4 to 35.4 for 0.10 mm/sec to 0.20 

mm/sec and 0.50 mm to 1.25 mm of feed rate and depth of cut 

respectively and is shown in Figure 11. 

 

4.2 Main effect plots 
 

Figures 6 to 11 shows that main effect plots of factor 

effecting on temperature during machining process. The 

maximum slope gives the significant in the model [15, 16]. 

The steeper the slope of the line in this investigation is 

penetration rate followed by depth of cut in all the 5 causes 

except for 3% of Al2O3 and is depicted in Figures 6, 7, 9, 10, 

and 11 respectively.  

 

 
Figure 6. Effect of operational parameters on 

temperature for 0% Al2O3  
 

 
Figure 7. Effect of operational parameters on 

temperature for 1% Al2O3  

 
Figure 8. Effect of operational parameters on 

temperature for 3% Al2O3  
 

 
Figure 9. Effect of operational parameters on 

temperature for 5% Al2O3  

 
Figure 10. Effect of operational parameters on 

temperature for 7% Al2O3 

 
Figure 11. Effect of operational parameters on 

temperature for 9% Al2O3  
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5. STATISTICAL ANALYSIS 

 

Regression analysis is carried out from the results obtained 

from the experimental investigations. The machining variables 

like speed, depth of cut, feed rate on temperature using 

multiple linear regression method to get a common equation. 

Using Taguchi method L15 array was used for the combined 

effect of operational parameters on temperature were carried 

out and results were drawn to identify the percentage 

contribution (ANOVA) of each parameter using Minitab-18 

[16, 17]. The coefficient of correlation for all the fifteen trials 

is calculated. Thus, the machinability variables are correlated. 

The detailed results were given in Table 1. Mathematical 

models were developed based on multiple regression analysis 

for temperature using three independent variables and are 

given in Eqns. (1)-(6) respectively. 

 

Temp. at 0% Al2O3 = 19.434 + 0.00731 CS + 37.20 

FR + 1.981 DOC               R2 = 87.64% 
(1) 

 

Temp. at 1% Al2O3 = 23.270 + 0.00171 CS + 21.09 

FR + 2.365 DOC               R2 = 80.88% 
(2) 

 

Temp. at 3% Al2O3 = 19.434 + 0.00731 CS + 37.20 

FR + 1.981 DOC               R2 = 87.64% 
(3) 

 

Temp. at 5% Al2O3 = 24.955 + 0.00153 CS + 13.03 

FR + 3.159 DOC               R2 = 75.95% 
(4) 

 

Temp. at 7% Al2O3 = 24.161 + 0.00050 CS + 14.82 

FR + 3.027 DOC               R2 = 81.34% 
(5) 

 

Temp. at 9% Al2O3 = 22.17 + 0.00077 CS + 51.81 

FR + 2.740 DOC               R2 = 90.67% 
(6) 

 

5.1 Regression models 

 

Regression models were developed based on the percentage 

variation of Al2O3 (0% to 9%) to the base metal Al7075. The 

independent operational parameters such as cutting speed, 

feed rate and depth of cut to predict the temperature were 

analyzed. Based on the combinations considered mathematical 

models were developed as is given in Eqns. (1)-(6). The 

Models clearly explain the effect of operations in terms of 

percentage contribution for all the combinations considered 

out of which P-values for feed rate and depth of cut are less 

than 0.05 where considered as statistically significant with the 

output parameters [18-20]. In some case such as 0% Al2O3 and 

3% Al2O3 cutting speed also a signification factor with P-

values are less than 0.05 and is shown in Table 1. Finally 

predicted vs measured temperature for all the combinations 

considered shown in Figure 12 (a)-(f). 
 

Table 1. Analysis of Variance for varying Al2O3 reinforced 

Al7075 by varying operational parameters 
 

0% Al2O3 

Source DF Contribution F-Value P-Value 

Regression 3 87.64% 26.01 0.000 

CS 1 0.01% 8.23 0.015 

FR 1 75.35% 77.89 0.000 

DOC 1 12.28% 10.93 0.007 

Error 11 12.36%   

Total 14 100.00%   

1% Al2O3 

Regression 3 80.88% 15.51 0.000 

CS 1 5.69% 0.63 0.444 

FR 1 37.15% 35.18 0.000 

DOC 1 38.04% 21.88 0.001 

Error 11 19.12%   

Total 14 100.00%   

3% Al2O3 

Regression 3 87.64% 26.01 0.000 

CS 1 0.01% 8.23 0.015 

FR 1 75.35% 77.89 0.000 

DOC 1 12.28% 10.93 0.007 

Error 11 12.36%   

Total 14 100.00%   

5% Al2O3 

Regression 3 75.95% 11.58 0.001 

CS 1 5.24% 0.39 0.545 

FR 1 4.61% 10.40 0.008 

DOC 1 66.09% 30.22 0.000 

Error 11 24.05%   

Total 14 100.00%   

7% Al2O3 

Regression 3 81.34% 15.98 0.000 

CS 1 9.49% 0.06 0.816 

FR 1 9.09% 17.92 0.001 

Depth 1 62.77% 37.00 0.000 

Error 11 18.66%   

Total 14 100.00%   

9% Al2O3 

Regression 3 90.67% 35.65 0.000 

CS 1 10.76% 0.06 0.816 

FR 1 68.87% 94.13 0.000 

DOC 1 11.04% 13.02 0.004 

Error 11 9.33%   

Total 14 100.00%   

 

 

 
(a)                                                                    (b) 
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(c)                                                                        (d) 

 
(e)                                                               (f) 

 

Figure 12. (a)-(f) Predicted and measured temperature by varying Al2O3 reinforced Al7075 

 

 

6. CONCLUSIONS 

 

In the present investigation, the machining temperature of 

fabricated Al2O3 reinforced Al7075 was measured. 

(1) Based on the L15 orthogonal array for all the 

combinations of Al2O3 reinforced Al7075 considered on 

temperature. The temperature increases with increase in feed 

rate, depth of cut and spindle speed. 

(2) Bases on the results temperature increases with 

increase in feed rate and depth of cut whereas, spindle speed 

for 0% and 5% of Al2O3, there is a fluctuation in temperature 

was obtained. Out of three operational parameters considered, 

percentage contribution of feed rate is 45.07%, depth of cut is 

33.75% and spindle speed is 5.2% respectively. Hence, feed 

rate and depth of cut is the most influencing parameters on 

temperature produced during machining process.  

(3) The developed models are statistically significant 

with 95% confidence interval and good agreement between 

experimental and statistical modeling with an error of less than 

10% error were observed. 
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NOMENCLATURE 

CS Cutting speed 

FR Feed rate 

DOC Depth of Cut 
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