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ABSTRACT 

 

Abrasive Water Jet Machining (AWJM) is one of the most popular unconventional machining processes used to machine difficult-to-

machine materials. Surface roughness of machined parts is one of the major machining characteristics that play an important role is 

determine the quality of engineering components. In this work, an attempt is made to study, the effect of AWJM process parameters on 
surface roughness (Ra)  while machining MMCs consist of aluminum alloy (Al 7075) reinforced with boron carbide (B4C) in various 

proportion such as 5%, 10% and 15%. The MMCs (Al 7075+B4C) are prepared by stir casting process. The experiments were carried out 

based on Response Surface Methodology (RSM) using Box Behken method. The results were analyzed using response graphs. From, the 
analysis it is observed low abrasive mesh size, high abrasive flow rate, high waterjet pressure and low traverse rate are resulted in lower 

surface roughness (Ra) in the unreinforced Al 7075 and MMCs. Regression equations are also developed based on the experimental data 

for the prediction of output parameter.  
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INTRODUCTION 

 

 Metal Matrix Composites (MMCs) are material 

in which two constituent parts namely matrix and 

reinforcement. In MMC, the matrix is namely soft 

material such as aluminum (Al), magnesium (Mg), 

etc, and the reinforcement is usually a hard material 

such as aluminum oxide (Al2O3), silicon carbide 

(SiC), boron carbide (B4C), etc. MMCs have 

enhanced material properties like high strength to 

weight ratio high hardness, environment resistance, 

high wear resistance, improved stiffness and low 

thermal expansion coefficient, etc than that of 

conventional materials. MMCs are widely used in 

various applications such as nuclear, high 

temperature thermo electricity, ballistic protections, 

space shuttle, aerospace, electronics, defense, 

automobiles, etc [1,2]. Due to the superior properties 

of MMCs, conventional machining of MMCs leads 

to excessive tool wear, high cutting forces, poor 

surface finish, poor dimensional accuracy, etc. 

Therefore, manufacturers and researchers uses non-

traditional machining techniques such as Laser Beam 

Machining (LBM), Electrical Discharge Machining 

(EDM), Electro Chemical Machining (ECM), 

Ultrasonic Machining (USM), etc [3]. However, 

these processes have certain limitations like thermal 

distortion, stress on the target material, slow 

machining, etc. In order to overcome these 

laminations, few researches have used abrasive 

waterjet machining (AWJM). AWJM has the unique 

advantages such as no thermal distortion, minimum 

stress on the target material, high versatility, high 

flexibility, ability to cut difficult-to-machine 

materials and even MMCs. However, only limited 

attempt have been made to study the effect of AWJM 

process parameters on MMCs. In AWJM, abrasive 

particle usually garnet is introduced in the high 

velocity waterjet in such a manner that water jet’s 

momentum is partly transferred to the abrasive 
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particles. The high velocity waterjet along with 

abrasive material is directed towards the target 

materials for cutting [4].  

 Literature review related to machining aspects of 

MMCs using AWJM, is briefly presented here.[5- 9]. 

From the literature review, it is observed any small 

variations in the AWJM process parameters will 

affect the surface roughness (Ra). Therefore, the 

selection of machining parameters for differential 

materials are a difficult task and it is depends on the 

specific material. It is also observed that there has 

been no attempt to machine MMC consisting of Al 

7075 and B4C using AWJM process. Hence, in these 

work investigations is carried out to study the effect 

of AWJM process parameters such as abrasive mesh 

size, abrasive flow rate, waterjet pressure and 

traverse rate on MMCs consisting of aluminum alloy 

(Al 7075) and boron carbide (B4C) added in various 

proportions. The results are compared with that of 

unreinforced Al 7075 in order to achieve lower 

surface roughness.  

 

Experimental details: 

 MMCs is used in this  the investigation consist 

of aluminum alloy (Al 7075) reinforced with boron 

carbide (B4C) particulate of size 37µm, with different 

volume fraction such as 5%, 10% and 15%. MMC is 

prepared by using stir casting process. During 

preparation of MMCs, aluminum alloy (Al 7075) 

heated upto 750°C with help of gas crucible furnace 

B4C is preheated upto 800°C for about an hour in an 

another electric furnace in order to improve the 

wettability by removing the absorbed hydroxide and 

other gases. During the period the molten metal 

mixture was degassed by adding 5 grams of hexa 

chloro ethane at 750°C in order to remove the slag. 

Simultaneously, 1 gram of magnesium was also 

added to molten metal in order to increase the 

wettability of B4C. The molten metal mixture is 

properly stirred using a stirred at 300 rpm for about 

15 minutes. Thereafter, the molten metal poured on 

the die, which is preheated upto 200°C and then the 

molten metal is allowed to solidify in the die itself 

for about 3 hours [10,11]. The presence of B4C in the 

composites materials has been identified using 

microscope and SEM images. These images indicate 

uniform distribution of the reinforcement particles of 

B4C in the matrix (Fig. 1 and Fig. 2). The hardness of 

the composites Al 7075 has been measured using 

Vickers micro hardness tester at three different 

locations on the specimens. It is observed that with 

the increase in the percentage of reinforcement of 

B4C, the hardness of the workpieces increases. 

 

   
 

  
a) Unreinforcement 

Al 7075 

b)    Al 7075+5  % 

B4C 

c)  Al 7075+10 % B4C d)  Al 7075+15 % B4C 

Fig. 1: Microscopic images of the fabricated materials. 

    
a)Unreinforcement 

Al 7075 

b)   Al 7075+5 %B4C c)  Al 7075+10 % B4C d)  Al 7075+15 % B4C 

Fig. 2: SEM images of the fabricate materials. 

 

 Precision WaterJet Machining Center (Model: 

2626) manufactured by M/s OMAX Corporation 

used in this present work (Fig. 3). The machining is 

carried out using garnet abrasives. Experiments were 

conducted using orifice diameter of 0.25 mm, 

focusing nozzle diameter of 0.75 mm and jet 

impacting angle at 90° on a trapezoidal shaped 

workpieces. To study the effects of the input 

processes parameters, such as abrasive mesh size, 

abrasive flow rate, waterjet pressure and traverse rate 

they are varied at three levels considering in lower Ra 

(Table 1).  Fig. 4 shows the typical machined 

workpiece. 

 Roughness measurement was carried out using 

portable stylus-type profilometer, Taylor Hobson, 

Surtonic 3+. The profilometer was set with cutoff 

length of 0.8mm, phase collector Gaussian filter, 

traverse speed 1mm/sec, and 4 mm evaluation length. 
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Roughness measurements are taken in the transverse 

direction, on the workpieces and it is repeated three 

times, and the average of three measurements of Ra 

parameter values was recorded. The experimental 

designs as per RSM BBM [12] and output response 

Ra are given in Table 1. 

 

     
 

Fig. 3: Photograph of the AWJM setup.        Fig. 4: Photograph of the workpiece (unreinforcement Al 7075) 

 
Table 1: Experimental results. 

 Input process parameters Surface Roughness (Ra) 

S .No MS (#) AFR (g/min) P (MPa) TR (mm/min) a)    Al 

(unreinforced) 

b)  Al +  5 % 

B4C 

c)  Al + 10 

% B4C 

d)  Al + 15 

% B4C 

1 80 240 200 90 2.981 3.076 3.784 3.613 

2 120 240 200 90 2.304 3.694 3.979 3.041 

3 80 440 200 90 2.462 3.147 3.604 3.092 

4 120 440 200 90 3.101 2.895 3.834 3.125 

5 100 340 125 60 2.936 3.569 3.913 3.794 

6 100 340 275 60 3.822 2.464 3.747 4.027 

7 100 340 125 120 3.993 3.886 3.657 3.197 

8 100 340 275 120 3.257 3.396 3.103 3.4 

9 80 340 200 60 3.628 2.863 3.529 3.172 

10 120 340 200 60 3.374 3.359 3.716 3.142 

11 80 340 200 120 3.812 3.372 3.905 4.344 

12 120 340 200 120 3.182 3.211 3.726 3.82 

13 100 240 125 90 3.179 3.604 3.962 3.323 

14 100 440 125 90 3.955 3.834 3.402 2.975 

15 100 240 275 90 3.056 2.613 3.752 3.194 

16 100 440 275 90 3.421 3.055 3.397 3.569 

17 80 340 125 90 2.474 3.153 3.095 3.984 

18 120 340 125 90 2.218 2.877 2.258 4.044 

19 80 340 275 90 2.692 4.687 3.967 3.673 

20 120 340 275 90 3.080 3.917 4.087 2.905 

21 100 240 200 60 2.897 4.864 3.277 3.982 

22 100 440 200 60 3.642 3.682 3.086 3.091 

23 100 240 200 120 3.077 3.656 3.168 3.132 

24 100 440 200 120 3.563 3.706 3.916 3.918 

25 100 340 200 90 3.718 3.536 3.463 3.31 

26 100 340 200 90 3.139 3.201 3.496 3.894 

27 100 340 200 90 3.678 2.682 3.048 3.286 

28 100 340 200 90 3.221 3.176 3.388 3.705 

29 100 340 200 90 2.918 2.445 3.034 3.604 

 

Results and discussion 

 

 The regression models for Ra are generated 

using the results obtained from experimental results 

(equation 1-4). Each regression model is then used 

for generating the 3D surface graph in order to 

analyze the effect of various combinations of input 

parameters on the output Ra in all materials (Fig. 5). 

Fig. 5 shows typical response graphs of Ra obtained 

with various combinations of AWJM input process 

parameters.  

 

Analysis of Ra in unreinforcement Al 7075: 

 Fig. 5 shows the response surface graphs that are 

resolved to achieve lower Ra with various 

combinations of AWJM process parameter during 

machining of unreinforced Al 7075. Fig. 5a shows 

then the lower Ra is achieved by varying the abrasive 

mesh size (#80 – 120) and abrasive flow rate (240 - 

440 g/min), while waterjet pressure and traverse rate 

are maintained any one levels such as low, medium 

and high levels. Among these combinations it is 

observed that by varying the abrasive (#80 - 120) and 

abrasive flow rate (240 – 440 g/min) while, the high 

waterjet pressure and low traverse rate leads to lower 

Ra. The Ra value achievable with the above 

combinations is found to be 2.7 µm. Similarly, it is 

observed that lower Ra with different combination of 

AWJM parameters. They are detailed below. 

 Lower Ra can also be achieved by varying the 

above combinations of abrasive mesh size (#80 – 

120) and waterjet pressure (125 – 275 MPa) along 
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with high abrasive flow rate (440 g/min) and low 

traverse rate (60 mm/min). The response surface for 

above combination is show in Fig. 5b. From the Fig. 

5b it is observed that low abrasive mesh (#80) and 

high waterjet pressure (275 MPa) leads to lower Ra. 

Similarly, lower Ra can also be achieved by varying 

abrasive mesh size (#80 – 120) and traverse rate (60 

– 120 mm/min) along with high abrasive flow rate 

(440 g/min) and high waterjet pressure (275 MPa). 

The response surface for above combination is show 

in Fig. 5c. From the Fig. 5c it is observed that 

abrasive mesh (#80) and low traverse rate (60 

mm/min), leads lower Ra. Similarly, lower Ra can 

also achieved by varying abrasive flow rate (240 – 

440) and waterjet pressure (125 – 275 MPa) along 

with low abrasive mesh size (#80) and low traverse 

rate (60 mm/min). The response surface for above 

combination is shown in Fig. 5d. From the Fig. 5d is 

observed that low abrasive flow rate (240 g/min) and 

low waterjet pressure (125 MPa). Similarly, lower Ra 

can also be achieved by varying abrasive flow rate 

(240 – 440 g/min) and traverse rate (60 – 120 

mm/min) along with low abrasive mesh size (#80) 

and high waterjet pressure (275 MPa). The response 

surface for above combination is shown in Fig. 5e. 

From the Fig. 5e is observed that high abrasive flow 

rate (440 g/min) and high traverse rate (120 

mm/min). Similarly, lower Ra can be achieved by 

varying waterjet pressure (125 – 275 MPa) and 

traverse rate (60 - 120 mm/min) along with low 

abrasive mesh size (#80) and high abrasive flow rate 

(440 g/min). The response surface for above 

combination is shown in Fig.6. From the Fig. 6f is 

observed that high waterjet pressure (275 MPa) and 

high traverse rate (120 mm/min).   

 

 

   
a)  Mesh size Vs Abrasive flow rate 

(at high waterjet pressure and low 

traverse rate) 

b)  Mesh size Vs Waterjet pressure 

(at high Abrasive flow rate and  low 

traverse rate) 

c)  Mesh size Vs Traverse rate (at 

high abrasive flow rate and high 

waterjet pressure) 

 
  

d)  Abrasive flow rate  Vs Waterjet 

pressure (at low mesh size and low 

traverse rate) 

e) Traverse rate Vs Abrasive flow 

rate (at low abrasive mesh size and 

high waterjet pressure) 

f)  Traverse rate Vs Waterjet 

pressure (at low mesh size and high 

abrasive flow rate) 

 

Fig. 5: Typical response surface of Ra in unreinforcement Al 7075 for various combinations. 

 

 From the above analysis, it is observed that the 

combinations of AWJM input process parameter and 

their levels such as low abrasive mesh size, high 

abrasive flow rate, high waterjet pressure and low 

traverse rate results in lower Ra in the 

unreinforcement Al 7075. The relationship between 

the input process parameters and the response (Ra) 

for unreinforced Al 7075 is expressed in the form of 

regression equation and it is given below. 

 

 

Surface Roughness (Ra) (unreinforcement Al 7075)  =  – 4.041+ (0.12  ×MS) – (2.7× 10
-3

 × AFR) + (0.013 × P) – (7.8 × 

10
-3 

× TR) + (1.6 × 10
-4

 × MS × AFR) + (1.07 × 10
-4

× MS × P ) – (1.56 ×10
-4

 ×MS × TR) – (1.3 × 10
-5

 × AFR × 

P ) – (2.1 × 10
-5

 × AFR × P) – (9.1× 10
-5

 × P × TR) – (9.7 ×10
-4

 × MS
2
) – (1.0 × 10

-5
 × AFR

2
)   – (2.5× 10-5 × 

P
2
) + (2.6× 10

-4
 × TR

2
)                                                               (1)  

 

Analysis of Ra in MMCs (Al 7075 + B4C): 

 Similarly, analyses are carried out while 

machining MMCs of Al 7075 + 5%B4C. The lower 

Ra value is achievable with the above the 

combinations is found to be 3.325 µm. However, the 

trend of significant process parameters and their 
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levels for achieving lower Ra is found to be similar 

(i.e) medium abrasive mesh size, high abrasive flow 

rate, high waterjet pressure and low traverse rate 

results in lower Ra.  Similarly, analysis is carried out 

for MMCs of Al 7075 + 10%B4C. The lower Ra 

value is achievable with the above the combinations 

is found to be 3.400 µm. However, the trend of 

significant process parameters and their levels for 

achieving lower Ra is found to be similar (i.e) low 

abrasive mesh size, medium abrasive flow rate, high 

waterjet pressure and low traverse rate results in 

lower Ra in all the MMCs.  Similarly, analysis is 

carried out for MMCs of Al 7075 + 15%B4C. The 

lower Ra value is achievable with the above the 

combinations is found to be 3.520 µm. However, the 

trend of significant process parameters and their 

levels for achieving lower Ra is found to be similar 

(i.e) low abrasive mesh size, high abrasive flow rate, 

high waterjet pressure and low traverse rate results in 

lower Ra in all the MMCs.The response equations for 

the MMCs are given below  

 

Surface Roughness (Ra) (Al 7075 +5%  B4C)  =  +8.28 + (0.04  × M S) – (0.017 × AFR) –(0.01 × P) – (0.06  × TR) – 

(1.09× 10
-4

 × MS × AFR) –( 8.23 × 10
-5

 × MS × P) –( 6.90× 10
-4

 × MS × TR) + (7.06× 10
-6

 × 

AFR×P)+(1.026×10
-4

 × AFR × TR) +(6.83× 10
-5

 × P × TR) + (4.25× 10
-4

 × MS2)+ (2.41× 10
-5

 × AFR2 ) +  

(2.58× 10
-5

 × P2) + (4.35×
-4

  × TR2)                                                                                                           (2) 

 

Surface Roughness (Ra) (Al 7075 +10%  B4C)   = + 15.17 – (0.13  × MS) – (0.019 × AFR) – (0.013× P)- (0.03 ×TR)+ 

(4.37× 10
-6

 × MS × AFR) + (7.80 ×10
-5

 × MS × P) – (1.52×10
-4

 ×MS × TR) + (6.83×10
-6

 × AFR × P) + (7.83 × 

10
-5

 × AFR × TR) – (4.31 × 10
-5

 × P × TR) + (6.39 ×10
-4

 × MS2) + (1.54 × 10
-5

 × AFR2) + (2.00× 10
-5

 × P2) + 

(1.132 × 10
-4

 × TR2)                                                                                                                                (3) 

 

Surface Roughness (Ra) (Al 7075 +15%  B4C)  = +5.9 +(0.02  × MS) – (8.07×10
-3

 × AFR) + (5.35×10
-3

 × P) –  (0.047 ×  

TR) + (7.56×10
-5

  × MS × AFR) –(1.38 ×10
-4

 × MS × P) – (2.058×10
-4

 × MS × TR) +  ( 2.41×10
-5

 ×  AFR × P) 

+ (1.39 × 10
-4

 × AFR × TR) – (3.33 × 10
-6

 × P × TR)  -(4.26 × 10
-5 

× MS2) - ( 2.54×10
-5

 × AFR2) – ( 1.45×10
-7

 

×  P2) + ( 1.28 ×10
-4 

 × TR2)                                                                                                                    (4) 

 

 From Fig. 5, it is generally observed that low 

abrasive mesh size results in lower Ra. This is due to 

the fact that during low abrasive mesh size is 

possesses higher energy which leads to lower Ra. In 

the case of high abrasive flow rate is results to lower 

Ra. This is due to fact that at high abrasive flow rate 

to more number of abrasive particles impacting in the 

target material and also leads to smooth surface is 

occur. It is observed that low traverse rate results in 

lower Ra. This is due to the fact that during low 

traverse rate there is possibility of increase in the 

number particles impacting on the surface and hence 

improved surface roughness. 

 

Conclusion: 

 AWJM of unreinforcement Al 7075 and MMCs 

in various proportions such as Al7075+5%B4C, Al 

7075+10%B4C and Al 7075+15%B4C  are prepared 

by stir casting process have been studied considering 

surface roughness (Ra). The following conclusions 

are drawn. The optical microstructure of the prepared 

MMC is found with homogenous dispersion of B4C 

particles. The hardness, unreinforced of Al 7075 and 

MMCs are found to be the increases in the 

percentage of reinforcement of B4C.  In generally, it 

is found that the increase in volume percentage of 

B4C results in increase the surface roughness. The 

effect of AWJM process parameters on the surface 

roughness is studied using RSM. It is a founded that 

among the three different levels of AWJM process 

parameters, low level abrasive mesh size (#80), high 

level abrasive flow rate (440 g/min), high waterjet 

pressure (275 MPa) and low traverse rate (60 

mm/min) are reference in the minimum surface 

roughness (Ra) in all the material studied. Regression 

equations are also developed based on the 

experimental data for the prediction of surface 

roughness. 
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