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ABSTRACT 

In defence and aerospace industries, an unconventional machining process called 

abrasive water jet machining is used which has the advantage in cutting of electrically non-

conductive and difficult-to-machine materials more efficiently and rapidly than other process. 

In this paper, an attempt has been made to explain the influence of process parameters on 

surface finish, material removal rate and kerfs taper while machining aluminium alloy AA 

2014. The process variables considered here include thickness, abrasive flow rate, water 

pressure & standoff distance keeping abrasive size and nozzle diameter as constant 

parameters. In the first stage, design of Experiments is calculated by Taguchi techniques and 

Experiments are conducted in varying these process parameters. In the next stage, an 

empirical model is framed by using statistical tool called regression analysis.  

  Finally, the aim of maximizing the quality of surface finish is achieved through 

optimization. In a machining process, Maximum material removal rate is achieved at the 

expense of surface finish. Similarly, better surface quality is achieved at the cost of MRR. 

This is due to the conflicting effect of process control variables of MRR and surface 

roughness. Therefore, in this paper machining problem is formulated as a multi-objective 

optimization problem in which SR is minimized and MRR is maximized simultaneously, 

subject to the feasible bounds of process control variables. 

 

Keywords: Abrasive water jet machining (AWJM), Material removal rate (MRR), Surface 

roughness (SR), Regression analysis, Genetic Algorithm 
1. INTRODUCTION 

The term abrasives are used in machining processes such as abrasive jet machining, abrasive flow 

machining and ultrasonic machining but usage of abrasives differs based on area of work. A lot 

experimental and theoretical research was carried out on single objective functions by Usharta Aich 

[1] in which they have used particle swarm optimization technique to optimize the process 

parameters. They considered Water pressure, Abrasive flow rate, Traverse speed, Standoff distance as 

process parameters and depth of cut as performance measure. M.chitirai Pon Selvan  worked on 

Assessment of process parameters in Abrassive water jet cutting (AWJC) in stainless steel [2]. They 

used regression analysis to assess the process parameters i.e. Traverse speed, abrasive flow rate, 

standoff distance, water pressure and considered depth of cut as a performance measure in cutting 

stainless steel. Aleberdi and four others did an experimental study on abrasive water jet cutting of 

CFRP/Ti 6AL 4V stacks for drilling operation [3]. They used analysis of variance technique to study 

the process parameters i.e. Traverse speed rate, orifice, focusing tube diameter, abrasive flow rate, 

water pressure and the performance measures as kerf  profile, taper angle, surface roughness K.S.Jai 

Aultrin and two other has did modelling the cutting process and cutting performance [4] in AWJM 

using fuzzy logic genetic algorithm in which water pressure and nozzle exit diameter are the process 

parameters and material removal rate and surface finish are the performance measures while cutting 

aluminium silicon carbide Chitirai Pon Selvan and two other studied on the effect of process 

parameters on surface roughness in AWJC of aluminium. In this design of experiments using taguchi 

philosophy is employed. Water pressure, traverse speed, abrasive mass flow rate, standoff distance are 

the process parameters and surface roughness are the performance measure [5]. Zhongbo Yue and two 



 CMR Journal of Engineering and Technology 
Vol.2 Issue.2   April, 2018 

 
 

www.cmrjet.org 
 

25 

other has done optimization of machining parameters in AWJ turning of Alumina. Water pressure, jet 

feed speed, abrasive mass flow rate, surface speed, nozzle tilt angle are the process parameters and 

MRR, surface roughness are the performance measures. The method used is RSM model sequential 

approach [6]. 

The main aim of this paper is to reduce the defects in AWJM such as taper in kerfs, surface finish. 

To improve the product quality and to decrease the cutting time, experiments were conducted by 

varying process parameters such as thickness, abrasive flow rate, water pressure, standoff distance 

and constant parameters are abrasive size and nozzle diameter. A thorough study is done during 

material selection and its characteristics based on defence and aerospace applications. Later an 

empirical model is developed for the prediction of material removal rate and surface roughness for 

Aluminium AA 2014 by using regression analysis. The model is verified with experimental results 

that reveals a high applicability of model with in experimental range. Finally, the process parameters 

are optimized to achieve the targets such as Maximization of MRR and Minimization of surface 

roughness. 

2. EXPERIMENTAL SETUP AND DESIGN OF EXPERIMENTS 

The equipment used for machining the samples was OMAX 55100-B512305 which was equipped 

with ultrahigh pressure pump of pressure of 3800 bar. The machine is equipped with gravity feed type 

of abrasive hopper, an abrasive feeder system, a pneumatically controlled valve and a work piece 

table with dimension of 3,937 mm x 2,388 mm. A 0.35 mm diameter sapphire orifice was used to 

transform high pressure water into a collimated jet with a carbide nozzle of 0.76 mm diameter to form 

an abrasive water jet. Throughout the experiments, the nozzle is frequently checked and is replaced 

with  a new one whenever the nozzle was worn out significantly. The abrasives used were 80 mesh 

garnet particles with the average diameter of 0.18 mm and density of 4100 kg/m
3
. The abrasives were 

delivered using compressed air from a hopper to the mixing chamber and were regulated using a 

metering disc. The abrasive water jet pressure is manually controlled using the pressure gauge or even 

it can be controlled in the system. The standoff distance is controlled through the controller in the 

operator control stand. Abrasive flow rate is controlled in system settings. The debris of material and 

the slurry were collected into a catcher tank. 

Material specifications:  
Aluminium AA 2014 of varying thickness 37.5 and 25mm  

It has the following properties:   

1. Density = 2.80gm/cc,  

2. Modulus of elasticity = 73GPa 

Taguchi Design of experiments is used to run experimentation stage. A Thorough discussion is done 

with experts to select process parameters and range of the parameters were chosen accordingly. 

The process variables in AWJC which was varied are as follows:  

1. Water pressure at four levels from 3500 bar to 4250 bar (Aluminium AA 2014)  

2. Abrasive mass flow rate at four levels from 0.45 kg/min to 0.6 kg/min for both materials.  

3. Standoff distance at two levels 1.5 mm to 2 mm for both materials  

4. Thickness at two levels 25mm, 37.5mm(Aluminium AA 2014) 

L16 orthogonal array is selected from the above list and 16 number of experiments are conducted. 

One of the main criteria in this paper is to minimize the surface roughness values in the cutting zone 

of the samples. A portable Surface texture measuring equipment Talysurf is used to measure surface 

roughness. Material removal rate and taper is measured and a thorough inspection is done on the 

samples as shown in Figure 1. 
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Figure 1: Samples cut in abrasive water jet Aluminium 

3. RESULTS AND DISCUSSION ON EXPERIMENTATION 

A data sheet shows the relationship between Surface roughness, MRR versus process parameters for 

aluminium. It can be observed from the Figure 2 that the effect of pressure, abrasive flow rate and 

thickness is decreasing while standoff distance is increasing during the machining process when 

compared to SR. Similarly, it can be observed from the Figure 3 that the effect of abrasive flow rate 

and thickness is decreasing while pressure is increasing during the machining process when compared 

to MRR while standoff distance was observed to be constant and doesn’t have any influence on MRR. 

 

Figure 2: S.R V/S Process Parameters Aluminium 
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Figure 3: MRR V/S Process Parameters Aluminium 

5. EMPIRICAL MODEL FOR MRR AND SURFACE ROUGHNESS 

Based on the experimental data set, mathematical model for the MRR and SR is empirically 

developed by using regression analysis as shown in below equations. This model relates the MRR 

and SR to four process variables water pressure, abrasive flow rate, standoff distance and thickness 

of work piece. 

                                                                

          

                          

Where,           
  

   
                                  

  

   
                        

The above model is valid for the operating parameters in the following range for practical purposes 

and machine limitations. 

Water pressure: 3500 <            

                                    

                               

6. VALIDATION THROUGH REGRESSION MODEL 
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Figure 4: Experimental Data Vs. Predicated Data (Through Regression Model) of MRR for Aluminum 

 

Figure 5: Experimental Data Vs. Predicated Data (Through Regression Model) of SR for Aluminum 

The generated regression equation was used to predict the values of MRR and SR for various settings 

and is compared with the experimental results. A graph was plot using x-axis as experiment number 

and y-axis for respective responses. According to the Figure 4 and Figure 5 no high differences or 

errors are seen. These indicate that the developed models satisfactorily represent the outputs. 

6. OPTIMIZATION OF PROCESS VARIABLES 

In the process of optimization, the aim is to maximize the quality. In this paper, the machining 

problem is formulated as a multi-objective optimization problem in which SR is minimized and MRR 

is maximum simultaneously, subject to the feasible bounds of process control variables. Once the 

optimization problem is formulated, then it is solved using an evolutionary algorithm called multi 

objective Genetic Algorithm in MATLAB. However, it was noted during the runs that there was 

increase in computation times with increasing the population sizes. Thus, a reasonable size of 60 was 

considered. GA, being probabilistic by nature, it is possible that it will land at differing approximate 

solutions every time. In order to exploit this intrinsic variation, multiple runs are performed. The 

Multi objective Genetic algorithm generates a graph called Pareto chart, where the decision for 
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selecting optimum control values can be taken. The algorithm found the Pareto Optimal Front of the 

conflicting objective functions with good diversity of the solutions as shown in Figure 6. The optimal 

input variables and their corresponding objective function values are presented in Table 1. By 

analysing the Pareto’s front, some decisions could be taken, depending upon specific requirements of 

the process. For instance, at point 1, a component can be machined with the best surface quality but 

with maximum MRR. On the other extreme of the front, the highest material removal rate can be 

achieved but it will be of the worst surface quality. All the other points are in-between cassias it can 

be observed from the graph, no solution in the front is better than any other. The choice of a solution 

has to be made purely based on production requirements. For example, if a manufacturing engineer 

chooses to machine a component with a surface quality of -4.914 μm, he can select the set of input 

variables from Table 1 accordingly; he would achieve the max MRR and fine Surface Quality. 

 

 

Table 1: Optimization chart for aluminium Figure 6: pareto chart aluminium 

 

 

7. CONCLUSIONS  

 From the Pareto chat, Highest MRR for Aluminium obtained was 0.211975 gm/sec with least 

surface roughness value as -4.914 μm when cutting conditions were set to pressure 3500 Bar, Abrasive 

Flow Rate 0.45 Kg/min, Stand-off Distance 1.5 mm and Thickness 25 mm. The results show that 

Regression is a promising tool for mathematical modelling as high values of the correlation coefficient, 

R
2
 (99.73% for MRR) is obtained. Material Removal Rate and surface roughness are selected as the 

quality measures as they are important considerations for manufacturing the components with high 

accuracy and surface quality. Because of the profound effect on the performance measures are 

considered as the process control variables. Genetic Algorithm was applied for Multi-Objective 

Optimization of the conflicting performance measures to find multiple sets of optimal solutions. The 

generated Pareto-optimal set gives a clear picture to the manufacturing engineer to choose a particular 

optimal set of input variables depending upon his requirements. The optimal values obtained by the 

proposed methodology could serve as a ready-reckoner to operate the specific machine with great ease 

to achieve the quality and the production rate as demanded by the consumers. 

Exp no.MRR(gm/sec) SR(µm) P(Bar) Ma(Kg/min) SD(mm) THICK(mm)

1 0.2120 -4.914 3500 0.45 1.5 25

2 0.1591 -4.442 3698.810 0.47408 1.64218 29.28134

3 0.0155 -3.727 4001.936 0.49453 1.68467 36.60447

4 -0.0605 -3.183 4213.122 0.59997 1.91334 37.49970

5 0.1202 -4.281 3922.005 0.46190 1.58176 31.79946

6 -0.0111 -3.496 4040.686 0.54114 1.72158 36.89386

7 0.2120 -4.914 3500.000 0.45000 1.50000 25.00000

8 0.0246 -3.845 4071.944 0.47175 1.66917 36.40358

9 0.1513 -4.441 3643.595 0.46563 1.54437 29.73387

10 0.0636 -3.956 4008.589 0.48568 1.67317 34.37734

11 0.1364 -4.385 3517.299 0.46078 1.59423 30.63834

12 0.1691 -4.609 3574.951 0.45224 1.58715 28.45726

13 0.0337 -3.882 4064.094 0.47155 1.61249 35.97741

14 0.0762 -3.992 3969.746 0.48975 1.64755 33.74340

15 0.0901 -4.058 3913.066 0.48672 1.63529 33.12268

16 -0.0023 -3.547 4026.428 0.53414 1.66978 36.65976

17 0.1844 -4.702 3522.569 0.45584 1.71131 27.17917

18 0.1000 -4.197 4144.643 0.46229 1.61799 32.76820

19 0.0509 -3.949 3943.610 0.46676 1.64487 35.44771

20 0.0086 -3.647 4004.195 0.51273 1.67418 36.59380

21 0.2018 -4.829 3528.808 0.45153 1.50957 25.91807
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