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Abstract: Irregular particulates of Silicon carbide (SiCp) 

augmented aluminium 7075 metal matrix composite (MMC) was 
processed by vortex route of stir casting. Homogeneous dispersion 
of the reinforcement was verified by metallurgical microscope. 
Machining performance of the synthesized MMC was investigated 
during turning, considering surface roughness, cutting 
temperature, tool flank wear and material removal rate as 
performance criteria. The chips formed during the turning trials 
were also analyzed. The machining quality targets were optimized 
simultaneously through grey relational analysis (GRA) based 
Taguchi method, which resulted that the optimal combination of 
parametric levels was 154 m.min-1, 0.04 mm.rev-1and 0.1 mm of 
cutting speed (V), feed (f) and cutting depth (d), respectively. 
Mathematical models were then generated for the individual 
responses using response surface method, followed by verification 
of their adequacy. 

 
Keywords: Composite, Grey relational analysis, Response 

surface model, Turning  

I. INTRODUCTION 

Superior mechanical properties, high corrosion 

resistances and low density of Al based MMCs make them 
potential for application in aerospace and automotive 
industries [1-4]. However, consistent dispersion of reinforced 
particles [5] and machining [6] are some of the major 
challenges for these materials. Though different processes 
have been investigated to synthesize the MMCs, liquid 
processing method is widely followed, because of their 
economical mass production in this process [7]. Presence of 
hard ceramic particles causes difficulty in machining, leading 
to high tool wear rate and deteriorated surface quality [8-11]. 

Lin et al. [12], while machining SiCp reinforced 
aluminium 359 MMC using Poly Crystalline Diamond (PCD) 
tools reported the deterioration of surface finish at higher 
feed, but there was not significant change with speed of 
cutting.  
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Moreover, with increasing the speed of cut or feed rate, the 
flank surface worn out quicker, which was as a result of 
elevated tool tip temperature at greater speed and feed levels. 
Ciftci et al. [13] reported lower surface imperfections and 
more tool flank wear while cutting aluminium 2014/SiCp 
MMCs in dry machining condition using un-coat WC tools in 
comparison to TiC/Al2O3/TiCN coated WC inserts; and 
increase of tool wear was reported on increasing either of 
cutting speed, reinforcement particlate size or reinforcement 
concentration in the MMCs. Ding et al. [14], during cutting 
Al/SiCp MMCs using Poly Crystalline Boron Nitride (PCBN) 
and PCD inserts in both dry and wet environment, observed 
better machining performance with the PCD inserts. Surface 
roughness, abrasion on the tool flank face and groove wear 
increased when coolant was used during machining. More 
rate of material removal along with improved surface finish 
on increasing the cutting speed was noticed by Venkatesh et 
al. [15], while cutting aluminium 356/SiCp MMC with PCD 
tool. Built up edge (BUE) was observed on rake surface; and 
hard ceramic reinforcements present in the matrix alloy 
caused abrasion leading to tool wear. Minimum value of mean 
surface roughness was noticed during cutting LM6/SiCp 
MMC with PCD tools at the lowest level of reinforcement 
content (7.5 wt.%), minimum cutting depth (0.5 mm) and 
maximum cutting velocity (90 m.min-1) [16]. Decreased 
roughness of AA 2124SiCp MMC was reported by Schubert 
and Nestler [11], during turning the material using diamond 
tipped tools with wiper geometry. Surface finish of the 
material was affected by width of flank wear in the cutting 
tool. Improved quality of surface and accelerated tool flank 
wear were reported by Sahoo et al. [17] at higher cutting 
speed, during turning SiCp impregnated Al MMC with multi 
TiN-layer coated WC inserts. Also, with the increase of feed, 
the surface quality deteriorated and flank wear increased. 
From the results of Analysis of variance during machining 
Al/SiCp MMC, Sahoo and Pradhan [18] reported speed of 
cutting was most influential for surface roughness, next to 
feed; however, for tool flank wear feed was most influential, 
next to cutting speed. Moreover, for both the responses depth 
of cut was insignificant. During dry turning the chemically 
synthesized Al/TiC MMCs using uncoated ceramic tools, 
Kumar et al. [6] reported higher surface roughness values at 
low speed of cutting, high rate of feed and large cutting depth. 
Formation of less amount of BUE was the basic reason for 
good quality of surface at greater levels of cutting speed. 
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Mishra et al. [19], during straight turning the SiCp 
impregnated aluminium 7075 MMCs by uncoated WC tools 
in both dry and spray cooled conditions, noticed lower values 
of surface roughness and tool temperature in spray cooled 
condition than those in dry condition for the identical levels of 
speed, feed and cutting depth. Bhuyan and Routara [3] 
optimized the machining parameters through VIKOR 
followed by entropy weight method while electro discharge 
machining (EDM) Al/18 wt.% SiCp MMCs, and reported that 
116 µsec pulse on time, 20 Amp pulse current and 0.836 
Kg/cm2 flushing pressure were the optimized cutting factors 
for the multi performance machining criteria (rate of material 
removal, rate of tool wear, radial overcut and average 
roughness of machined surfaces). During turning the 
thermally-treated aluminium MMCs with titanium nitride 
coated WC cutting tools in spray cooled environment, Das et 
al. [20] reported that 40 m.min-1, 0.05 mm.rev-1 and 0.2 mm of 
V, f and d were the optimal factor setting for various response 
targets, where the optimization problem was solved through 
WPCA (weighted principal component analysis) based on 
Taguchi method. 

Above discussion reveals that machining performance 
of Al/SiCp MMCs was influenced by the types of matrix and 
reinforcement used, particle size and their % of 
reinforcement, levels of machining parameters, machining 
environment etc. Very few literature is available on 
investigation of influence of turning parameters on cutting 
temperature and material removal rate of Al 7075 MMCs. 
Accordingly, in this paper the machining performance of 
aluminium 7075/SiCp MMC is investigated with respect to 
arithmetic average of surface roughness (Ra), cutting tool 
surface temperature (T), tool flank wear (VBc), material 
removal rate (M) and chip forms using the low cost uncoated 
carbide inserts in dry environment. Moreover, GRA and 
Taguchi method are used for simultaneous optimization of the 
quality targets under consideration. Finally, mathematical 
models are generated for the quality targets using response 
surface method. 

II. MATERIALS AND METHODS 

Discontinuous SiCp (20 wt.% and average particle size of 
30.65 µm) incorporated aluminium 7075 matrix composites 
were synthesized following vortex stir casting route. Table I 
presents elemental composition the matrix alloy. During the 
MMC synthesis, sliced Al ingots were melted and 
superheated to 820 ± 100C in a three phase electrical furnace. 
Vortex was generated on the liquid alloy surface during 
stirring it mechanically at a speed of around 160 rpm. 
Preheated (9000C) SiC particulates were entered into the 
generated vortex manually at around 10 g/min. After 
completing the SiC addition, the stirring process was pursued 
for about 10 min at an increased speed of 230 rpm. Position of 
the stirrer was about one-third height of the composite slurry 
from its bottom. Some degasser (hexachloroethane) was then 
added to the slurry to restrict the H2 contamination. At the 
end, the degassed composite slurry was filled into a mould at 
8000C, made of alloy steel. Fig. 1 presents the synthesized 
MMC sample. Dispersion pattern of the reinforced particles 
was observed by an inverted microscope (Lieca-DMI3000 M) 

and the micrograph (Fig. 2) depicts consistent dispersion of 
the SiCp in the aluminium alloy. The composite workpiece 
deployed for the turning trials was of 50 mm diameter and 110 
mm length. But machining was carried out for 80 mm length. 
Hardness of the workpiece was 70 HRB. 

The MMC specimen was turned in dry condition using 
HMT-NH 22 precision lathe. WIDIA make uncoated WC 
cutting tools (SNMG 120408) mounted rigidly to PSSNR 
2525M 12 tool holder were utilized for metal cutting during 
turning. The workpiece was securely backed up by tailstock 
during turning. Cutting speed (V), feed (f) and depth of cut (d) 
were the variables (machining parameters) during the turning 
trials, each assigned to four levels (Table II). Moreover, the 
turning trials followed Taguchi L16 DOE (Table III). 

 

Fig. 1. As-synthesized MMC sample. 

 

Fig. 2. Optical micrograph of the MMC sample. 

Table I: Results of chemical composition test 
Constituents Wt.% Constituents Wt.% 
Zn 5.60 Mn 0.137 
Mg 2.46 Ti 0.044 
Cu 1.39 Cr 0.198 
Si 0.143 Al 88.9 
Fe 3.313 Others Rest 

Table II: Parameters of machining with their levels 

Machining parameter 
Levels 

1 2 3 4 

Cutting speed (V), m.min-1 40 81 98 154 

Feed (f), mm.rev-1 0.04 0.08 0.12 0.16 
Depth of cut (d), mm 0.1 0.3 0.5 0.7 

 
Fluke-Ti32 infrared (IR) thermal imager was employed for 

measurement of T during turning and it was positioned at 
about 200 mm from the work-tool interface. Fig. 3 presents 
the experimental setup while conducting turning trials of the 
MMC. 

 
 



International Journal of Innovative Technology and Exploring Engineering (IJITEE) 
ISSN: 2278-3075 (Online), Volume-9 Issue-2, December 2019 

83 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: A4964119119/2019©BEIESP 
DOI: 10.35940/ijitee.A4964.129219 
Journal Website: www.ijitee.org 

 After each turning trial, Ra was evaluated by Taylor 
Hobson surface roughness tester of model Surtronic 25 (Fig. 
4). VBc was measured and images of worn cutting edges were 
captured using Olympus-STM 6 optical microscope (Fig. 5) 
installed with Stream Basic analysis software. As the cutting 
depth was smaller than radius of tool nose (0.8 mm), VBc was 
measured at the nose corner only. All the measurements 
followed three-times average method. M was calculated using 
the formula mentioned in Eq. (1) [19].  

NfDDmmM .).(
4

min)/( 2
2

2
1

3 


 
(1) 

Here D1 and D2 symbolize diameters of composite sample 
prior to and after turning (mm), and N symbolizes spindle 
speed of the lathe (rpm). 

 

Fig. 3. Turning setup of the MMC. 

 

Fig. 4. Surface roughness measurement. 

 
Fig. 5. Measurement of tool flank wear. 

III. RESULTS AND DISCUSSION 

A. Effect of machining process parameters 

Table III presents results of experimentation for Ra, T, VBc 
and M while turning the MMC in dry condition.  

Maximum value of Ra (3.44 µm) was observed for trial 4, 
i.e. for minimum cutting speed, maximum feed and at depth of 
cut 0.7 mm. At the same cutting depth while turning with 
maximum cutting speed level and minimum feed (trial no. 
13), minimum value of Ra (1.25 µm) was observed. From the 
above observation, it is evident that Ra is highly influenced by 
cutting speed; and high speed machining produces surfaces of 
better quality. Moreover, while machining the MMC at 
constant cutting speed at increased feeds and reduced depth of 
cuts (trial nos. 13-16), the Ra value increased consistently. 
Main effects plot for Ra is shown in Fig. 6 (a), which reveals 
that the mean Ra value decreased with increase of speed of 
cutting; but it increased parallel with feed and cutting depth. 
BUE formation and more tool-work contact area at low 
cutting speed may be the reason behind higher Ra values. 
During high speed machining, the BUE formation and the 
tool-work contact area reduces, thus by improving the surface 
quality. On increasing feed of machining, more thrust force is 
induced which leads to vibration and deteriorated surface 
quality. Similarly, increasing depth of cut during machining 
the MMC, more amount of reinforcement particles are 
fractured leading to void formation and increase in Ra [6]. 
Optical micrographs of machined surfaces of the MMC 
sample are shown in Fig. 7 (a-d), which reveal particle 
fracture, particle pull out and formation voids. 

Minimum value of T (38.70C) was observed for trial no. 1, 
i.e. while turning the MMC at the minimum parametric levels. 
It was maximum (84.120C) at V, f and d of 154 m.min-1, 0.04 
mm.rev-1 and 0.7 mm, taken in sequence (trial no. 13). 
Further, from the trials 13-16, it was observed that even 
turning at constant V, T reduced with increasing f and 
reducing d. It clearly explained that depth of cut was more 
influential than feed for T. However, increase in any of the 
machining parameters caused increase in mean T (Fig. 6 b). 
At higher levels of these parameters more heat is generated at 
the machining zone due to increased friction, which causes 
increase in T. Infrared thermal images of some trials are 
exhibited in Fig. 8 (a-d) as exemplar. 

Experimental outcomes for VBc (Table III) divulge that 
the wear on flank surface was least (0.101 mm) at the 
minimum levels of machining parameters, i.e. at 40 m.min-1, 
0.04 mm.rev-1and 0.1 mm of V, f and d, respectively (trial no. 
1); and highest (0.303 mm) at 154 m.min-1, 0.16 mm.rev-1 and 
0.1 mm of V, f and d, respectively (trial no. 16). In all the trials 
(except trial no. 16) the VBc was bellow 0.3 mm (limiting 
criterion as per ISO 3685:1993), which was because of stable 
BUE formation on the tool tip that protected its rapid wear. At 
the combination of highest levels of V and f (trial no. 16) the 
VBc just crossed 0.3 mm. Main effects plot of VBc (Fig. 6 c) 
depicts that the mean VBc increased on increasing V or f; but d 
was insignificant. At higher parametric levels friction 
between flank face and reinforced abrasives increases, which 
causes an increased VBc. Flank wear image of some trials are 
portrayed in Fig. 9 (a-d). Though abrasion was the 
predominant mechanism of flank wear, adhesion was also 
reported on the rake surface at low cutting speeds causing 
BUE formation.  
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At the higher speeds of cutting, deep scratches are clearly 
visible on the flank surface (Figs. 9 c and d), which are due to 
abrasion with hard reinforcements.  

Least value of M (90.34 mm3/min) was noticed at 
parametric settings of 40 m.min-1, 0.04 mm.rev-1 and 0.1 mm; 
however, that increased to 6105.3 mm3/min while turning the 

MMC at 154 m.min-1, 0.08 mm.rev-1 and 0.5 mm of V, f and d, 
taken in sequence. Main effects plot of M (Fig. 6 d) depicts 
that M increases on increasing V, f or d, i.e. high speed cutting 
of the composite at higher values of f and d results more 
material removal, leading to increased productivity. 

Table III: Results of turning experiments 

Trial No. V f  d Ra (µm) T (0C) VBc (mm) M (mm3/min) 

1 40 0.04 0.1 1.37 38.77 0.101 90.34 

2 40 0.08 0.3 1.83 54.83 0.143 549.55 

3 40 0.12 0.5 2.96 62.38 0.189 1411.57 

4 40 0.16 0.7 3.44 70.83 0.232 2740.46 

5 81 0.04 0.3 1.54 55.53 0.133 666.70 

6 81 0.08 0.1 1.94 49.53 0.170 449.99 

7 81 0.12 0.7 2.38 80.33 0.203 4841.01 

8 81 0.16 0.5 2.62 80.43 0.244 4776.33 

9 98 0.04 0.5 1.29 67.37 0.149 3597.22 

10 98 0.08 0.7 1.83 79.90 0.189 4623.14 

11 98 0.12 0.1 1.86 61.10 0.236 1012.23 

12 98 0.16 0.3 2.35 72.87 0.277 4092.05 

13 154 0.04 0.7 1.25 84.12 0.167 4146.01 

14 154 0.08 0.5 1.48 78.60 0.204 6105.30 

15 154 0.12 0.3 2.01 67.00 0.255 5604.23 

16 154 0.16 0.1 2.11 63.12 0.303 2515.09 

 

 

 

Fig. 6. Main effects plots for the means of (a) Ra; (b) T; (c) VBc and (d) M. 
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Fig. 7. Optical micrographs of machined surfaces of the MMC sample at (a) V = 40 m.min-1, f = 0.16 mm.rev-1, d = 0.7 mm; (b) V = 81 
m.min-1, f = 0.16 mm.rev-1, d = 0.5; (c) V = 98 m.min-1, f = 0.16 mm.rev-1, d = 0.3 and (d) V = 154 m.min-1, f = 0.16 mm.rev-1, d = 0.1. 

 

 

 
Fig. 8. Infrared thermal image during turning the MMC at (a) V = 40 m.min-1, f = 0.04 mm.rev-1, d = 0.1 mm; (b) V = 81 m.min-1, f = 

0.04 mm.rev-1, d = 0.3 mm; (c) V = 98 m.min-1, f = 0.16 mm.rev-1, d = 0.3 mm; and (d) V = 154 m.min-1, f = 
0.04 mm.rev-1, d = 0.7 mm. 
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Fig. 9. Flank wear image during turning the MMC at (a) V = 40 m.min-1, f = 0.04 mm.rev-1, d = 0.1 mm; (b) V = 81 

m.min-1, f = 0.04 mm.rev-1, d = 0.3 mm; (c) V = 98 m.min-1, f = 0.16 mm.rev-1, d = 0.3 mm; and (d) V = 154 m.min-1, f = 
0.16 mm.rev-1, d = 0.1 mm. 

B. Chip forms 

Chips were collected after each turning trial of the MMC 
and image of some of them are presented in Fig. 10 (a-f) as 
illustrative. Short, C-shaped and saw-teeth shaped broken 
chips (Fig. 10 a) were removed at the lower level of 
parametric conditions. Visual inspection reveals that the chips 
became thicker and wider (Fig. 10 b) at higher levels of f and 
d. While machining at the intermediate level of V (81 
m.min-1), C-shaped broken chips along with some debris (Fig. 
10 c) were observed at lower levels of f and d; however, 
semi-continuous and close-coiled helical chips (Fig. 10 d) 
were formed on increasing those parameters. At the high 
speed turning (154 m.min-1), helical open-coiled chips (Fig. 
10 e) were removed at larger depth of cut (0.7 mm); whereas, 
C-shaped  discontinuous chips (Fig. 10 f) were formed while 
machining at smaller cutting depth (0.1 mm). Formation of 
short and discontinuous chips may be attributed to reduction 
of ductility of the MMC due to SiCp addition and formation of 
unstable BUE on the tool tip that acted as chip breaker. High 
stress concentration near the reinforced ceramics, reduction 
of chip deformation coefficients, increase in angle of shear 
[21] and severe plastic deformation at the shear zone [22-23] 
may be the causes of broken and semi-continuous chip 
formation during turning the MMC. 

C. Grey relational analysis 

Multi-criteria decision making methods are adopted when a 
decision is to be taken out of various conflicting criteria [24]; 
however, these are troublesome to use in machining area [25]. 
GRA can be successfully applied for prediction and decision 
making in a system with less or incomplete information 

[26-30]. Machining is one of such system, where this method 
can be applied to optimize its different variables for several 
quality targets simultaneously [31-32]. In the present work, 
GRA and Taguchi method are used for simultaneous 
optimization of response (Ra, T, VBc and M) while cutting 
aluminium 7075/SiCp composite in dry condition. Among the 
responses Ra, T and VBc are based upon "smaller is better", 
whereas M is based upon "larger is better" criteria. Results of 
Ra, T and VBc are normalized utilizing Eq. (2) and the results 
of M are normalized through Eq. (3). Coefficients of deviation 
are then determined using Eq. (4). Table IV presents the 
normalized data and deviation coefficients for all the 
responses. Eqs. (5) and (6) were utilized to calculate the grey 
relational coefficients (GRCs) of each response and grey 
relational grades (GRGs) of all responses [33], respectively, 
which are presented in Table V. The GRGs are then arranged 
in descending order. GRG is a quality criterion for the 
multiple responses under simultaneous consideration. Largest 
value of GRG indicates a strongest co-relation among the 
sequence of reference and the compatibility sequence [34]. 
Means of GRGs at different parametric levels are calculated 
and listed in Table VI. Fig. 11 portrays the main effects plot 
for the means of GRG. As observed from Table VI and Fig. 
11, GRGs are highest for V= 154 m.min-1 (4th level), f = 0.04 
mm.rev-1 (1st level) and d = 0.1 mm (1st level), i.e. for the 
parametric combination of V4-f1-d1, which is the optimized 
factor setting for Ra, T, VBc and M, considering at a time.  
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Fig. 10. Image of collected chips during turning the MMC at (a) V = 40 m.min-1, f = 0.04 mm.rev-1, d = 0.1 mm; (b) V = 
40 m.min-1, f = 0.16 mm.rev-1, d = 0.7 mm; (c) V = 81 m.min-1, f = 0.04 mm.rev-1, d = 0.3 mm; (d) V = 81 m.min-1, f = 0.16 
mm.rev-1, d = 0.5 mm; (e) V = 154 m.min-1,  f = 0.04 mm.rev-1, d = 0.7 mm; and (f) V = 154 m.min-1, f = 0.16 mm.rev-1, d 

= 0.1 mm. 

)(min)(max

)()(max
)(*

ayay

ayay
ay

o
i

o
i

o
i

o
i

i



  (2) 

)(min)(max

)(min)(
)(*

ayay

ayay
ay

o
i

o
i

o
i

o
i

i



  (3) 

)()()( ** ayaya iooi   (4) 

max

maxmin**

.)(

.
))().((











a
ayay

oi
io

 (5) 

))(().((
1

).(
1

**** 



n

a
ioio ayay

n
yy   (6) 

where )(* ayi  = series of normalized data, )(0 ayi  = initial 

sequence of target value for thi  experiment and tha  

response [31,35-37], )(aoi  = deviation coefficient, 

)(* ayo  = ideal sequence,
 

))().(( ** ayay io  = GRC,   = 

distinguishing coefficient (within the range 0 to1) and 

)).(( **
io yy  = GRG for n  responses. 

 

 

 



 
Machining Performance of Aluminium 7075 Composite: A Grey Based Taguchi Concept  

 

88 

Published By: 
Blue Eyes Intelligence Engineering 
& Sciences Publication  

Retrieval Number: A4964119119/2019©BEIESP 
DOI: 10.35940/ijitee.A4964.129219 
Journal Website: www.ijitee.org 

Table IV:  Normalized data and deviation coefficients 

Trial No. 
Normalized Data Deviation Coefficients 

Ra T VBc M Ra T VBc M 

1 0.9452 1 1 0 0.0548 0 0 1 

2 0.7352 0.6459 0.7921 0.0763 0.2648 0.3541 0.2079 0.9237 

3 0.2192 0.4794 0.5644 0.2197 0.7808 0.5206 0.4356 0.7803 

4 0 0.2931 0.3515 0.4406 1 0.7069 0.6485 0.5594 

5 0.8676 0.6304 0.8416 0.0958 0.1324 0.3696 0.1584 0.9042 

6 0.6849 0.7627 0.6584 0.0598 0.3151 0.2373 0.3416 0.9402 

7 0.4840 0.0836 0.4950 0.7898 0.5160 0.9164 0.5050 0.2102 

8 0.3744 0.0814 0.2921 0.7791 0.6256 0.9186 0.7079 0.2209 

9 0.9817 0.3693 0.7624 0.5830 0.0183 0.6307 0.2376 0.4170 

10 0.7352 0.0931 0.5644 0.7536 0.2648 0.9069 0.4356 0.2464 

11 0.7215 0.5076 0.3317 0.1533 0.2785 0.4924 0.6683 0.8467 

12 0.4977 0.2481 0.1287 0.6653 0.5023 0.7519 0.8713 0.3347 

13 1 0 0.6733 0.6743 0 1 0.3267 0.3257 

14 0.8950 0.1217 0.4901 1 0.1050 0.8783 0.5099 0 

15 0.6530 0.3775 0.2376 0.9167 0.3470 0.6225 0.7624 0.0833 

16 0.6073 0.4631 0 0.4031 0.3927 0.5369 1 0.5969 

Table V:  GRCs (at 5.0 ), GRGs and their order 

Trial No. 
GRCs 

GRGs Order 
Ra T VBc M 

1 0.9012 1 1 0.3333 0.8686 1 

2 0.6537 0.5854 0.7063 0.3512 0.5742 6 

3 0.3904 0.4899 0.5344 0.3905 0.4513 15 

4 0.3333 0.4143 0.4353 0.4720 0.4137 16 

5 0.7906 0.5750 0.7594 0.3561 0.6203 5 

6 0.6134 0.6782 0.5941 0.3472 0.5582 8 

7 0.4921 0.3530 0.4975 0.7040 0.5117 10 

8 0.4442 0.3525 0.4139 0.6935 0.4760 12 

9 0.9648 0.4422 0.6779 0.5453 0.6575 3 

10 0.6537 0.3554 0.5344 0.6699 0.5533 9 

11 0.6422 0.5038 0.4280 0.3713 0.4863 11 

12 0.4989 0.3994 0.3646 0.5990 0.4655 13 

13 1 0.3333 0.6048 0.6055 0.6359 4 

14 0.8264 0.3628 0.4951 1 0.6711 2 

15 0.5903 0.4454 0.3961 0.8572 0.5722 7 

16 0.5601 0.4822 0.3333 0.4558 0.4579 14 

Table VI: Response table for means of GRG 
Level V f d 

1 0.5620 0.6806 0.5778 

2 0.5416 0.5892 0.5580 

3 0.5407 0.5054 0.5640 

4 0.5843 0.4533 0.5287 

Delta 0.0436 0.2273 0.0491 

Rank 3 1 2 
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Fig. 11. Main effects plot for means of GRG. 

D. Confirmation tests 

Confirmation tests were carried out to verify the 
performance of optimized parameters and to compare with the 
predicted results. Second levels of all parameters were 
assumed as initial parametric setting during the tests. Table 
VII presents the results of confirmation tests, which shows a 
good agreement between the experimental and predicted 
results. Furthermore, there was an improvement of 0.1082 or 
20.27% of GRG for the optimal parameters than the initial. 

E. Analysis of Variance (ANOVA) 

ANOVA was computed at the level of 95% confidence 
through MINITAB 2017 software to observe the importance 
of machining parameters on GRG. Outcomes of ANOVA for 

GRG are manifested in Table VIII. From the results, it can be 
concluded that only feed was significant for GRG, as it’s 

P-value (probability of significance) was below 5%. 
Moreover, the tabulated F-value (Fisher’s constant) at a 

confidence level of 95% is 4.76 [38], which is sufficiently 
lesser than its statistical value, i.e. 7.54. Also feed posses the 
highest % of contribution (74%) among all the considered 
parameters. 

F. Mathematical models for responses 

Second order mathematical models are generated using 
response surface methodology (RSM) for prediction of Ra, T, 
VBc and M. Experimental data of Table III were computed 
and processed by MINITAB software to develop the models. 
The models are demonstrated in Eqs. (7)-(10) for Ra, T, VBc 
and M respectively, during turning the MMC with uncoated 
carbide inserts. The R2 (determination coefficient) values are 
96.39%, 98.89%, 99.25% and 96.2% for Ra, T, VBc and M 
respectively, which are close to 100%. These are also in 
logical accordance with their corresponding values of 
adjusted R2. Therefore, the models are adequate and fit to the 
data sample [39]. In the normal probability plots (Fig. 12 a-d), 
residuals are situated reasonably close to the lines of normal 
probability and distributed normally. Therefore, the models 
can be considered as significant as well as adequate [40]. 

Table VII: Confirmation test results 
 

Initial parameters 
Optimal parameters 

Prediction Experiment 
Level V2-f2-d2 V4-f1-d1 V4-f1-d1 

Ra 1.82 0.8625 0.88 
T 64.43 54.4488 55.23 

VBc 0.182 0.1728 0.176 
M 2470.33 1831.99 1846.82 

GRG 0.5336 0.7284 0.6418 
Improvement in GRG =0.1082 (or 20.27%) 

Table VIII: ANOVA results of GRG 
Process 

parameters 
Degree of freedom Sum of squares Mean square F P % of contribution 

V 3 0.0051 0.0017 0.32 0.809 3.2 
f 3 0.1189 0.0396 7.54 0.019 74 

d 3 0.0051 0.0017 0.33 0.807 3.2 

Error 6 0.0316 0.0053 
  

19.6 

Total 15 0.1607 
   

100 
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Fig. 12. Normal probability plots of residuals for (a) Ra; (b) T; (c) VBc; and (d) M. 

IV.  CONCLUSIONS 

 Liquid metallurgy stir casting method was able to 
produce aluminium 7075/20 wt.% SiCp (30.65 µm) 
MMC with homogeneous dispersion of the 
reinforcements. While turning the MMC with uncoated 
WC inserts in dry machining condition, minimum Ra 
(1.25 µm) was observed at V of 154 m.min-1, f of 0.04 
mm.rev-1 and d of 0.7 mm. There was an improvement 
of surface quality at higher values of V and lower 
values of f and d. Particle fracture, particle pullout and 
voids were observed in optical micrographs of the 
machined MMC surface. T increased on increasing any 
of the considered cutting factors (V, f and d), which 
was due to more heat inception at the zone of 
machining for increased friction. For T, d was more 
influential than f. Minimum value of VBc (0.101 mm) 
was observed at the lowest levels of machining 
parameters, i.e. 40 m.min-1, 0.04 mm.rev-1 and 0.1 mm 
of V, f and d, respectively. The mean VBc increased 
with increasing either V or f; however, the influence of 
d was not significant. Principal tool wear mechanism 

was abrasion, though adhesion was reported at lower 
speed of cutting, leading to BUE formation. M was 
maximum (6105.3 mm3/min) while turning the MMC 
at V of 154 m.min-1, f of 0.08 mm.rev-1 and d of 0.5 
mm. It enhanced on increasing the cutting parameters 
considered in this study. 

 C-shaped and saw-toothed broken chips were 
produced at the lower level of parametric conditions. 
The chips became thicker and wider at higher values of 
f and d. At the intermediate level of V (81 m.min-1), 
C-shaped broken chips along with some debris were 
observed at lower levels of f and d; however, 
semi-continuous and close-coil helical shaped chips 
were observed on increasing the f and d. At the high 
speed turning (154 m.min-1), open-coiled helical chips 
were formed at larger d (0.7 mm); whereas, C-shaped 
discontinuous chips were formed while machining the 
MMC at comparatively smaller value of d (0.1 mm).  
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 Ra, T, VBc and M were optimized simultaneously using 
GRA based Taguchi method, and results revealed that 
the optimized parametric setting was V4-f1-d1 (i.e. 
V=154 m.min-1, f=0.04 mm.rev-1 and d=0.1 mm). From 
the confirmation tests, improvement in GRG for 
optimal parameters was observed to be 0.1082 or 
20.27%. Results of ANOVA divulged that only feed 
was significant for GRG, which also possessed 74% 
contribution (highest among all). 

 Mathematical models for Ra, T, VBc and M developed 
through response surface method were adequate, 
significant and fitted with the data sample. 
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