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Abstract – Abrasive water jet machining is used to
investigate the metal removal rate (MRR) of Al – 7075 –T6
and Fly Ash Metal Matrix Composite (MMCs). The present
tendency towards abrasive water jet machining (AWJM)
process is getting focused on Machining and cutting of
MMCs. In this investigation, experiments were carried out
on Al – 7075 –T6 and Fly Ash MMCs to check the possibility
of using AWJM process for variation of MRR. A design of
experiment approaching Taguchi method was taken
considering the input variables such as pressure (P) , standoff
distance(SOD), traverse speed (TS), and abrasive flow rate
(AFR) as process parameters they are varied in three levels
fixing orifice diameter as 0.30 mm and AMS size as garnet
80# and the Material Removal Rate (MRR) is studied and
analyzed. From the analysis, it depicts that, high waterjet
pressure; low standoff distance (SOD), low traverse speed
(TS) and high abrasive flow rate (AFR) are resulted in higher
material removal rate (MRR) in the unreinforced Al 7075-T6
as well as MMCs.

the conventional machining. The most practicable
machining process in the industry is abrasive water jet
machining (AWJM). In AWJM, a high pressure and high
velocity waterjet mixed with garnet abrasive particle is
introduced in the stream of flow. The momentum of the
flow is gained by the abrasive particles and directed to the
cutting target for cutting. [3-5]. MMCs are cut with no
thermal distortion and good surface roughness by AWJM
and also cut difficult –to- machine materials ,low stress on
the cutting materials etc. In this experiment, there are large
number of variables which have influence on the cutting
performance such as size of orifice, mixing tube, nozzle,
materials properties, type of abrasive mesh size, standoff
distance and machining parameters. From literature survey
on machining aspects of MMCs using AWJM can be
acquired from [6-8]. It is observed that any small variation
in the AWJM process parameters will affect the MRR.
Several works have been carried out by researchers [9-14]
to machine aluminum based MMCs reinforced with SiC It
is also observed that there has been no attempt to machine
MMC consisting of Al 7075-T6 and Fly Ash using AWJM
process. Hence, in this work an experiment is carried out
to study the effect of AWJM process parameters such as
waterjet pressure, SOD, abrasive flow rate and traverse
speed on MMCs consisting of Al 7075-T6 and Fly Ash in
various proportion (15%, 20% and 25%) and to compare
the results with that of unreinforced Al 7075-T6 in order
to achieve higher material removal rate (MRR).

Keywords – Stir Casting, Abrasive Waterjet Machining,
Aluminium Alloy 7075-T6 and Fly Ash Metal Matrix
Composite, Taguchi, ANOVA.

I. INTRODUCTION
In the last 25 years MMCs advanced from laboratories
to world class materials with numerous applications such
as defense, aerospace and transportation industry as well
as in military and commercial markets. There is a
continued interest in metal matrix composites (MMCs) in
developed countries and developing countries. The
manufacturing of MMCs is adopting different methods.
One of the most reliable method and economic process is
stir casting process. The metal matrix composites (MMCs)
are born by adding the matrix is usually an alloy and
reinforce material is usually a hard material to improve the
properties of MMCs. The widely used application in
MMCs consisting of Al (SiC/B4C), Al (SiCp + Grp).
(Al/Al2O3/Gr) and (Al6061/SiC/Al2O3) [1,2].
Numerous varieties of MMCs are produced with
superior properties and continuous shapes and sizes. To
get require size and shape the MMCs requires cutting
process. In this conventional machining has poor surface
finish, poor dimensional accuracy, excessive tool wear and
high cutting force etc. Unconventional machining process
is preferred by the manufacturer due to the advantage over

II. FABRICATION OF MMCS AND
METHODOLOGY
The fly ash is collected from the Lanco industries near
Srikalahasti in the form of particulate size of (1-53 µm)
which is industrial waste converted in to industrial wealth.
The Aluminum alloy of 7075 –T6 is brought from Bharat
Aero Space Metal, Mumbai in the form of flat plate. The
chemical composition of the Al-7075-T6 alloy obtained
with optical emission spectrometer is given in Table 1.
Table 1. Chemical Composition of Al 7075-T6
Alloy
Si
Fe
Cu
Mn
Mg
Content
0.35
0.164
2.02
0.015
2.06
Alloy
Cr
Ni
Zn
Ti
Al
Content
0.15
<0.01
5.989
0.05
Remainder
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The reinforcement fly ash is added to the Al-7075-T6 of
particulate in various proportion of such as 15 %, 20 %,
and 25% by weight. The unreinforced Al -7075-T6 and
MMCs are prepared using stir casting process (Fig.1).
During the preparation of MMCs, the Al-7075-T6 was
melted in electric induction crucible furnace and heated up
to a temperature of 800°C and the reinforcement material
(Fly Ash) is preheated upto 600°C in other furnace to
remove the gases and improve the wettability. While
melting of matrix metal is degreased by adding hexa
chloro ethane at 750°C in order to remove the slag. The
stirrer starts rotation at the speed of 350 rpm about 10
minutes in the molten metal, than the Fly ash particles
were added to the melt to mix thoroughly and distribute
uniformly in the molten metal. The die is preheated to
remove the dirt and gases formation while pouring the
molten metal matrix composite. Before pouring the molten
metal in to the die the stirrer is raised and slows down the
formation of vortex and poured in the die and then it is
allowed to solidify in the die itself for about 2 hours. The
specimens are removed from the die after solidification
shown in fig 2. The presence of the fly ash is identified by
SEM images and identifies that the distribution of the
reinforcement particles of Fly Ash in the matrix (Fig. 3).
The Brinell harness test is carried to measure the hardness
of the four samples.

b

dxhcvxvcv

a) Al-7075-T6
Xxxmd vcmd vm v

b) Sample-1

c) Sample-2

Fig. 1. Stir Casting Unit

hvbhdbvb
bhv

d) Sample -3

Fig. 3. SEM photograph of the Unreinforced Al-7075-T6
and 15%, 20% and 25% MMCs (Mag =1.00KX).
Fig. 2. MMCs at 15%,20% and 25% Fly ash
Abrasive Water Jet Machining Center (Model: 2626)
manufactured by M/s OMAX Corporation, is used in this
work (Fig. 4). The input process parameter such as water
jet pressure, standoff distance, traverse rate and abrasive
flow rate are varied at three levels shown in Table 2. The
machining is carried out using garnet abrasives of mesh
size 80#. Experiments were conducted using orifice
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diameter of 0.3 mm focusing nozzle diameter of 0.76 mm
and jet impacting angle at 90⁰ on a rectangular shaped
work-piece based on the response Surface Methodology
(RSM). Fig. 5 shows a typical machined work-piece. The
significant AWJM Process parameters and their levels are
identified using response graphs for achieving higher
MRR, in all the three fabricated workpieces using Design
of Expert software.

Input process parameters
22
23
24
25
26
27

200
200
200
200
200
200

4.5
4.5
4.5
6
6
6

200
200
200
250
250
250

440
440
440
240
240
240

Material Removal Rate
mm3 /min
1695
1961 1849
1611
1725
1989 1835
1639
1788
1991 1514
1716
1819
1857 1728
1233
1675
1808 1576
1364
1530
1630 1494
1462

III. RESULT AND DISCUSSION
The regression models for material removal rate
generated using the results obtained from experimental
data are given in Equations 1 to 4. Each model is used to
generate the 3D surface graph to analyze the effect of
various combinations of input variables on the output
MRR in all samples. Fig. 6 shows MRR graphs obtained
with different combination of AWJM input process
variables for unreinforced AL7075-T6.
Fig. 4. Abrasive water jet machine

Fig. 5. Machined workpieces
Table 2.Experimental Data
Input process parameters
Sl
no
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Pres
sure
Mpa

TS
SOD
mm/
mm
min

150
150
150
150
150
150
150
150
150
175
175
175
175
175
175
175
175
175
200
200
200

3
3
3
4.5
4.5
4.5
6
6
6
3
3
3
4.5
4.5
4.5
6
6
6
3
3
3

200
200
200
250
250
250
300
300
300
250
250
250
300
300
300
200
200
200
300
300
300

AFR
g/min
240
240
240
340
340
340
440
440
440
440
440
440
240
240
240
340
340
340
340
340
340

Material Removal Rate
mm3 /min
Al+15 Al+20
Al
%
%
Al+25
(unreinf
Fly
Fly
% Fly
orced)
ash
ash
ash
1413
1337 1304
1204
1444
1373 1281
1211
1289
1308 1202
1175
1251
1132 1254
1160
1323
1128 1231
1148
1253
1126 1283
1165
1289
1242 1149
1062
1294
1294 1185
1150
1319
1197 1176
1160
1636
1371 1420
1482
1484
1410 1459
1392
1509
1355 1438
1374
1496
1643 1458
1341
1464
1576 1284
1191
1458
1592 1431
1360
1519
1491 1462
1406
1645
1595 1529
1501
1636
1585 1568
1519
1827
2033 1865
1806
1916
1988 1837
1730
1779
1981 1869
1614

a) Pressure Vs SOD

b) Pressure Vs TS
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c)Pressure Vs AFR

f) Standoff distance Vs TS
Fig. 6. MRR for different combinations (Unreinforcement
Al 7075-T6)

d) Abrasive flow rate Vs SOD

e) Abrasive flow rate Vs TS

Fig.6 shows the response surface graphs that are resulted
in higher MRR with various combinations of AWJM
process parameters and their levels in the unreinforced Al7075-T6. Fig. 6a depicts that the higher MRR is achieved
by varying the Jet pressure (150 – 200 MPa) and SOD (3 –
6mm), while abrasive flow rate and traverse speed are
maintained at any one of the levels.(low, medium and
high). Among these combinations, it is observed that by
varying the jet pressure and SOD, the abrasive flow rate is
held at high level (440g/min) and the traverse speed is
held at low level (200 mm/min) which leads to higher
MRR. The MRR value achievable with the above
combinations is found to be around 1800mm3/min (Fig.
6a). Similarly, it is observed that higher MRR of about
1800 mm3/min can also be achieved with different
combinations of AWJM process parameters. They are
detailed below.
As for the higher MRR of 1800 mm3/min, it can be
achieved by varying jet pressure (150 – 200MPa) and TS
(200 – 300 mm/min) with high abrasive flow rate and low
TS. The response surface for the above combination is
shown in Fig. 6b. From the Fig. 6b it is observed that high
jet pressure (200MPa) and low SOD (3mm), leads to
higher MRR. Similarly, higher MRR can be achieved by
varying the jet pressure and abrasive flow rate with high
jet pressure and high abrasive flow rate. The response
surface for the above combination is shown in Fig. 6c.
From the Fig.6c, it is observed that high jet pressure
(200MPa) and high abrasive flow rate (440 g/min), leads
to higher MRR. Similarly, higher MRR can also be
achieved by varying abrasive flow rate (240 – 440 g/min)
and SOD (3 -6 mm) with high jet pressure and low TS.
The response surface for the above combination is shown
in Fig. 6d. From the Fig. 6d, it is observed that high
abrasive flow rate (440 g/min) and low SOD (3 mm), lead
to higher MRR. Similarly, higher MRR can also be
achieved by varying abrasive flow rate (240 – 440 g/min)
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and TS (200 – 300 mm/min) with low SOD and high jet
pressure. The response surface for the above combination
is shown in Fig. 6e. From the Fig. 6e, it is observed that
high abrasive flow rate (440 g/min) and low TS (200
mm/min), leads to higher MRR. Higher MRR can also be
achieved by varying SOD (3 – 6 mm) and TS (200 – 300
mm/min) with high jet pressure and high abrasive flow
rate. The response surface for the above combination is
shown in Fig. 6f. From the Fig.6f, it is observed that high
jet pressure (200 MPa) and low TS (200 mm/min), leads to
higher MRR.
From the above analysis, it is observed that the
combinations of AWJM input process parameter and their
levels such as high jet pressure, low SOD traverse speed,
low traverse speed and high abrasive flow rate results in
higher MRR in the unreinforced Al 7075-T6. The
relationship between the input process parameters and the
response (MRR) for unreinforced Al-7075-T6 is expressed
in the form of linear equation and it is given below.

%and 25% ) prepared through stir casting process. The
experiments are carried out as per RSM historical data
method. It is found that combinations of the AWJM
process parameters and the levels such as low level
standoff distance (3mm), high level jet pressure (200MPa),
high level abrasive flow rate (440g/min) and low traverse
speed (200 mm/min) resulted is in higher MRR in all the
materials studied in this work.

MRR
(unreinforced
Al-7075-T6)
=+180.62579+8.61974* Pressure -21.15497* SOD 0.34613* TS+0.084702* AFR --- (1)

[5]

Analysis of MMCs for the other samples also carried
out considering higher MRR for Al7075-T6 +15% Fly
ash, AL-7075-T6 +20% Fly ash and Al7075-T6 + 25% Fly
ash. The material removal rate for each sample reduces
due to increase of reinforcement in the MMCs. This is due
to the fact of increased hardness and reduces the erosion
rate during material removal. The response equation for
the three samples is given below.

REFERENCES
[1]
[2]
[3]
[4]

[6]

[7]

[8]

[9]
[10]

MRR (unreinforced Al-7075-T6 +15% Fly ash) = 491.96522 +13.96148 * Pressure -24.21247* SOD0.68142* TS-0.28337* AFR --- (2)
MRR (unreinforced Al-7075-T6 +20% Fly ash) =116.14496+10.00489* Pressure -29.94908* SOD 0.32362* TS+0.14917 AFR --- (3)
MRR (unreinforced Al-7075-T6 +25% Fly ash) =
+70.78660+8.31323* Pressure-41.85486*-0.62910 SOD*
TS+0.57917* AFR --- (4)

[11]

[12]

[13]

[14]

IV. CONCLUSION
The influences of the AWJM process parameters such as
jet pressure, abrasive flow rate, standoff distance and
traverse speed are analyzed on the MRR while machining
unreinforced Al 7075-T6 and MMCs consists of Al
7075T6 with different weight fractions (15 % and 20

[15]

Surppa, M.K., 2003. Aluminium matrix composites: Challenges
and opportunities, Sadhana, pp: 55-63.
Chawala, K.K., 2013. Composite Materials Science and
Engineering, Spinger New York.
A.W. Member, R. Kovacevic, Principle of Abrasive Waterjet
Machining, Spinger-Verlag, London, 1998.
J. John Rozario Jegaraj and N. Ramesh Babu, A strategy for
efficient and quality cutting of materials with abrasive waterjets
considering the variationin orifice and focusing nozzle diameter,
International Journal of MachineTools & Manufacture, 45
(2005) 1443–1450.
A. Pramanik, Developments in the non-traditional machining of
particle reinforced metal matrix composites, International
Journal of MachineTools and Manufacture (2014) 44–61.
G. Hamatani and M. Ramulu, Machinability of high temperature
composites by abrasive waterjet, J. of Engineering Materials and
Technology, (1990) 318–386.
M. Ramulu, S.P. Raju, H. Inoue and J. Zeng, Hydroabrasive
erosion characteristic of 30 vol %SiC /6061-T6 Al composite at
shallow impact angles, Wear,166 (1993) 55–63.
S. Srinivas and N. Rameshbabu, Penetration ability of a brasive
waterjet in Cutting of aluminum-silicon carbide particulate metal
matrix composites, International journal Machining Science and
Technology, (2012) 337–354.
Momber, A.W., R. Kovacevic, 1998. Principle of Abrasive
Water-jet Machining, Spinger- Verlag, London.
Pramaink, A., 2014. Development in the non- traditional
machining of particle reinforced metal matrix composites, Int .J.
of Machinie Tool and Manufacturing, pp: 44-61.
Chithirai PonSelvan, M., Dr. N. Mohana Sundara Raja, 2012.
Analysis of surface roughness in abrasive water-jet cutting of
cast iron. International Journal of Science, Environment and
Technology, 1(3): 174–182.
Wang, J., T. Kuriyagawa and C.Z. Hunag, 2003. An
experimental study to enhance the cutting performance in
abrasive water jet machining, Machining Science and
Technology, 712: 191-207.
Leeladhar, NagdeveVedansh, Chaturvedi JyotiVima, 2012. I
Parametric Optimization of abrasive Water jet machining using
taguchi methodology.International Journal of Research in
Engineering & Applied Sciences Volume 2, Issue 6.
Shamughasundaram, P., 2014. Influence of Abrasive water jet
machining parameter on the surface roughness of Eutectic ALSi-Alloy –Graphite Composites. J.of Materials Physics and
Mechanics, 19: 1-8.
V. Mohan kumar, M.Kanthababu, 2016, Experimental
Investigation on Depth of cut in Abrssive Water Jet machining of
Al/B4 C Metal Matrix Composites, International journal of
engineering Research. Volume 5, issue 4.

All copyrights Reserved by ICEMS -2017
Santhiram Engineering College, Nandyal, Kurnool Dist., Andhra Pradesh, India
Published by IJEIR (www.ijeir.org)

16

