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Abstract— In this experimental work tests were conducted 

on inocnel 625 material  using AWJC . The aim of this 

experimental work is to optimization of process parameters 

to get best combination output like surface roughness, MRR, 

kerf width. The experimental results shows  that the pressure 

and traverse speed are influencing parameter for multi 

objective optimization and  abrasive size and standoff 

distance are not influencing parameter for multi objective 

optimization. 
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I. INTRODUCTION 

Non-conventional machining utilises other forms of energy. 

Water Jet.Machining (WJM) and Abrasive Water Jet 

Machining (AWJM) are two nontraditional or non-

conventional machining processes. They belong to 

mechanicalgroup of non-conventional processes like 

Ultrasonic Machining (USM) and Abrasive Jet Machining 

(AJM). In these processes (WJM and AJWM), the 

mechanical energyof water and abrasive phases are used to 

achieve material removal or machining. The general 

grouping of some of the typical non-traditional processes are 

shown below. 

 
Fig. 1: Abrasive Water jet machine Setup 

II. LITERATURE REVIEW 

El-Domiaty et al. [1]   study that Drilling of glass sheets 

with different thicknesses have been carried out by Abrasive 

Jet Machining process (AJM) in order to determine its 

machinability, under different controlling parameters of the 

AJM process. The present study has been introduced a 

mathematical model and the obtained results have been 

compared with that obtained from other models. The 

experimental results of the present work are used to discuss 

the validity of the proposed model as well as the other 

models.  

J. John Rozario Jegaraj et al. [2]   had worked on 

strategy for efficient and quality cutting of materials with 

abrasive water jets considering the variation in orifice and 

focusing nozzle diameter in cutting 6063-T6 aluminum 

alloy. They have assessed performance in terms of different 

parameters such as depth of cut, material removal rate 

cutting efficiency. They have worked the variation in depth 

of cut with different sizes of orifice and focusing nozzle. 

This variation is based on three different jet pressures and 

abrasive flow rate. They found that the depth of cut 

increased with an increase in water jet pressure for different 

combinations of orifice and focusing nozzle size. Similarly, 

the depth of cut has increased with an increase in abrasive 

flow rate with different combinations of orifice and focusing 

nozzle. Further, they found that the depth of cut is found to 

be maximum when the focusing nozzle size to orifice size is 

in the range of 3–4.5 for orifice of 0.25 mm and 2.5–3.4 for 

an orifice of 0.3 mm diameter. The variation in focusing 

nozzle is tolerable up to 1.2 mm beyond which it should be 

replaced.  They found that the volume of material removed 

increased with an increase in abrasive flow rate and water 

jet pressure.  

A.A. Khan et al. [3]   had worked on Performance 

of different types of abrasive materials like garnet, 

aluminum oxide and silicon carbide during abrasive water 

jet machining of glass. They have used varying parameter as 

Abrasive flow rate (gm/min), work feed rate (mm/min), 

SOD (mm) and analyze for Taper of cut and average width 

of cut with different abrasive materials. increases with SOD 

with abrasive materials like garnet, aluminum oxide and 

silicon carbide. As SOD is increased, the jet focus area also 

increases resulting increase in the width of cut. It shows the 

relationship between work feed rate and taper of cut during 

AWJM using different abrasive materials shows that the 

average width of cut increases with increase in SOD which 

is due to the divergence shape of the jet. It was found that 

SiC produced the widest slot followed by Al2O3 and garnet. 

Average width of cut decreases with increase in work feed 

rate since with increase in feed rate the work is exposed to 

the jet for a shorter period.  it was  found  that  in  all  the  

cases  the  average  width  of  cut produced by SiC was 

higher than those produced by Al2O3 and garnet abrasives. 

As a result they found that taper of cut increases with 

increase in SOD. Garnet abrasives produce a larger taper of  

cut  followed  by  Al2O3  and  SiC. Taper of cut increases 

with increase in work feed rate. SiC is harder than Al2O3 

and garnet. As a result, its cutting ability is also higher than 

that of Al2O3 and garnet. Therefore, the average width of 

cut produced by SiC is higher than those produced by 

Al2O3 and garnet  

M.A. Azmir et al. [4] conducted experiment to 

assess the influence of abrasive water jet machining 

(AWJM) process parameters on surface roughness (Ra) of 

glass fibre reinforced epoxy composites. It has been found 

that the type of abrasive materials, hydraulic pressure, 

standoff distance and traverse rate were the significant 

control factors and the cutting orientation was the 
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insignificant control factor in controlling the Ra. They 

revealed that the forms of glass fibres and thickness of 

composite laminate showed the greatest influence on Ra. It 

was confirmed that the determined optimum combination of 

AWJM parameters satisfy the real need for machining of 

glass fibre reinforced epoxy composites in practice. 

Ahmet Hascalik et al. [5] had worked on Effect of 

traverse speed on abrasive water jet machining of Ti–6Al–

4V alloy. They have used varying traverse speeds of 60, 80, 

120, 150, 200, and 250 mm/min by abrasive water jet (AWJ) 

machining. After machining, the profiles of machined 

surfaces, kerf geometries and microstructural features of the 

machined surfaces were examined using surface 

profilometry and scanning electron microscopy (SEM). 

cutting surfaces of samples revealed three distinct zones 

which were identified as: (1) a initial damage region (IDR), 

which is cutting zone at shallow angles of attack; (2) a 

smooth cutting region (SCR), which is cutting zone at large 

angles of attack; (3) a rough cutting region (RCR), which is 

the jet upward deflection zone 

Chidambaram Narayanan et al. [6]  modelling of 

abrasive particle energy in water jet machining. They took 

process parameter with wide variations in cutting-head 

geometry, operating pressure, and abrasive mass flow rates. 

The cross-sectional averaged abrasive particle velocity at the 

exit of the focussing tube has been predicted with good 

accuracy over the whole range of experiments 

III. EXPERIMENTAL RESULT 

The process parameters include parameters relating to the 

forming of the AWJ as shown in table 1 . These parameters 

can be sorted into following sub-groups :Hydraulic 

parameters including water pressure and orifice 

diameter,high pressure water ,orifice abrasive supply mixing 

chamber focusing tube ,Mixing parameters including 

focusing tube (or nozzle) diameter and focusing tube length. 

Abrasive parameters including,Abrasive material, Abrasive 

particle size, Abrasive shape, andAbrasive mass flow rate. 

parameter

s 
unit 

Level

1 

Level

2 

Level

3 

Level

4 

Abrasive 

size 
mesh 80 120   

Pressure MPa 250 350 450 550 

Traverse 

speed 

Mm/mi

n 
50 75 100 125 

Sod mm 2 3 4 5 

Table 1:  Levels of Parameter 

IV. ANOVA ANALYSIS 

1) analysis shows the percentage contribution of individual 

parameters on surface roughness. The percentage 

contribution of is Abrasive size 8.5 %, Pressure is 59.3 

% , Transverse rate is 28.9  % and Sod  is 0.2 %. And 

error is 3.07% .  

2) analysis shows the percentage contribution of individual 

parameters on MRR. The percentage contribution of is 

Abrasive size5.9 %, Pressure is 30.8 % , Transverse rate 

is  50.4% and Sod  is 0.6  %. And error is 12.27 % . 

3) analysis shows the percentage contribution of individual 

parameters on Top kerf width. The percentage 

contribution of is Abrasive size15.5 %, Pressure is 25.9 

% , Transverse rate is 49.1  % and Sod  is 1.1 %. And 

error is 8.4   

4) analysis shows the percentage contribution of individual 

parameters on Bottom kerf width. The percentage 

contribution of is Abrasive size1.0 %, Pressure is 61.4 

% , Transverse rate is 20.3  % and Sod  is 3.0 %. And 

error is 14.24 % .this error is due to human 

ineffectiveness 

V. REGRESSION MODEL 

The regression equation takes the form of:        Response= 

constant + coefficient (predictor) +… + coefficient 

(predictor) 

SR = 2.78 -0.00163(Abrasive size) + 0.000710 (Pressure)-

0.00214 (Traverse Speed) + 0.00125(SOD) 

MRR = 0.696 - 0.00928 (Abrasive size) + 0.00353 

(Pressure) + 0.0182 (Traverse    Speed)   - 0.0347(SOD) 

Bottom KW = 0.451 + 0.000250 (Abrasive size) + 

0.000307(Pressure) + 0.000670(Traverse Speed) + 

0.00775(SOD) 

Top KW = 0.508 + 0.000828(Abrasive size) + 

0.000191(Pressure) + 0.00105(Traverse Speed) - 

0.00338(SOD) 

VI. MULTI RESPONSE OPTIMIZATION OF PROCESS 

PARAMETER 

As we know that higher grey relational grade value will give 

optimum value of MRR, SR and Kerf width. Thus it is 

revealed that response will be optimum abrasive size  no 80, 

pressure 550 bar, traverse speed 125 mm/min and stand of 

distance 5 mm 

 
Fig. 2: Main effect of factor on Grey Relational Grade 

VII. CONCLUSION 

While studying the effect of the cutting parameters on the 

top kerf width and bottom kerf width, it was observed that 

both the traverse speed and Pressure play important roles in 

the effect on the both kerf width. The role of the abrasive 

size and sod given is not crucial to the same extent, 6.From 

grey relational analysis, the optimal parameter values are at 

optimum abrasive size afs no 80, pressure 550 bar, traverse 

speed 125 mm/min and stand of distance 5 mm.. At these 

combination of process parameters the values of surface 

roughness, MRR top and bottom kerf width are 2.61, 3.79 

mm3/min, 0.68 and 0.51 mm respectively which give result 

optimum among 32 experiment 
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