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Abstract 

 

Abrasive Water Jet Machining (AWJM) is one of the advanced manufacturing processes (AMP) that is gaining manufacturers 

attention in present days. AWJM is relatively environmental friendly and economical process and suitable to cut various materials 

with good quality. Due to its varied advantages AWJM is very much capable for machining complex shapes even in hard to cut 

materials. Various parameters such as hydraulic pressure, stand of distance, grain size, types of grains, abrasive flow rate, etc., 

affect the quality of machining in AWJM. Hence to get good quality product economically, optimization of such parameters is 

necessary. In Recent times, various researchers are trying to optimize the machining parameters by applying different traditional 

and evolutionary algorithms. In the current study, an attempt is made to identify the work reported by number of researchers in 

AWJM. 
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

AWJM is gaining more attention by manufacturing industry due to its advantages over many traditional and some non-traditional 

machining processes. It can machine both metals and non-metals including ceramics, glass etc., A jet of Water with high pressure 

through an orifice is used to cut the material by varying different parameters depending on the material to be cut. Due to no thermal 

deformation, it is becoming the choice of manufactures to produce complex shapes even in hard to cut materials. Various benefits 

of AWJM made it as one of the modern methods used in manufacturing industry for material processing. AWJM is widely used in 

the processing of materials such as titanium, Inconel, steel, brass, aluminum, stone, glass and composites. As an advanced 

manufacturing technology, abrasive waterjet (AWJ) cutting is being increasingly used in various industries. The operational aspects 

of AWJ machining consist of polishing, drilling, turning, 3D machining and milling. The parameters that affect quality of cutting 

in AWJM are shown in figure 1. Factors concentrated by many researchers are Hydraulic pressure, traverse speed, stand-off 

distance, abrasive flow rate, types of abrasive, etc., The quality parameters considered are Material Removal Rate (MRR), Surface 

Roughness (SR), Depth of Cut, kerf Characteristics and Nozzle wear. 

 
Fig. 1: Classification of Process parameters influencing the AWJM (1) 

 In recent years, a large amount of research has been carried out to understand the process and improve its performance. Being a 

modern machining process, abrasive waterjet machining is yet to undergo sufficient perfection so that its fullest potential can be 

obtained. Many researchers demonstrated the capability of AWJ technology for machining different types of materials by 

considering various combinations of process parameters. In this paper a review on various research activities carried out in the past 

decade on AWJM is provided. 
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II. AWJM ON VARIOUS MATERIALS 

 Metals: 

Arola and Ramulu (2) discussed the influence of material properties for machining various metals using AWJM. Through 

profilometry, micro hardness measurement and structural analysis, they have concluded that the depth of deformation is inversely 

proportional to material strength. A full factorial design is applied by Hloch et al (3) to analyze the parameters on macro geometrical 

cutting quality. Zhu et al. (4) studied the precision machining using AWJM on hard-brittle materials with ductile erosion process. 

They found good agreement of theoretical and experimental results with low pressure and small erosion angle. Pon Selvan et al. 

(5) studied the influence of cutting parameters on surface roughness. With Taguchi L9 orthogonal array, From the experimental 

study on Aluminum, they have identified, higher pressure and abrasive flow rate combined with low speed and standoff distance 

cause good surface finish. 

 Alloys:  

In Modern manufacturing alloys are the demanding materials. various researchers presented number of observations in the study 

of AWJM for Alloys. Manu and Babu (6) used AWJM for turning by rotating the work piece to produce a turned surface. Effect 

of impact angle on final diameter is reported in the work. Asif Iqbal et al. (7) studied the effect of cutting parameters, to machine 

AISI 4340 and Aluminum 2219 using AWJM, on three responses by  developing a response surface equation. Through the 

experimentation, they have determined that different parameters influence the responses at various levels. Uthaya kumar et al.,  (8) 

conducted experimental analysis to study the machinability of  nickel-based super alloys with AWJM. Along with Surface 

topography and MRR, the kerf characteristics are also identified by varying different process parameters at three levels.  

 Modern Composite Materials:  

Due to High tool wear, some of the composite materials are considered as difficult to cut materials. Studies have been conducted 

on such materials by various researchers to check the suitability of AWJM to machine such materials.  Hocheng et al. (9) studied 

cutting of Fiber Rein forced plastics using AWJM. They used dimensional analysis to study the influence of cutting factors on 

MRR and SR initially for single pass milling, then for multi-level cutting. Experimental studies of Wang (10) on polymer matrix 

composites using AWJM showed that this process gives good productivity and kerf quality. Nontraditional processes like EDM, 

ECM, Laser Machining etc., are also suitable to machine the composite materials. Muller et.al,(11) compared these processes and 

with experimentation they concluded that AWJ cutting results in no thermal damage within the composite.  Metin Kök et al.(12) 

discussed effect of process parameters on surface roughness in machining  7075 Al alloy composites reinforced with Al2O3 

particles. They applied genetic expression programming (GEP) to analyze SR. The models results and experimental results are in 

good agreement with each other. Manoj et al.,(13) conducted multi-response optimization to identify the effect of process 

parameters on MRR,SR and taper angle while machining TiB2 reinforced Al7075 composite. They found that the deviation of 

predicted value from experimental value is very less. Puneet Kumar et al., (14) studied the effect of cutting parameters on various 

responses while machining of Kevlar Epoxy Composite using AWJM. From the study they have determines that hydraulic pressure 

and traverse speed are the most influencing factors on SR and Kerf taper. Azmir and Ahsan (15) experimentally investigated the 

machining characteristics of glass/epoxy composite surfaces using AWJM. From the study, they identified that AWJM is well 

suitable process for machining these composites.  

 Advanced Ceramics Materials: 

Due to the high strength and hardness of ceramics, conventional machining technologies are not economical for processing(16).  

Though, Advanced manufacturing processes like EDM, LBM, USM and ECM are proved to be suitable for machining these 

materials, AWJM is proved to be more advantageous due to its no thermal distortions(17). Gulhane et al.,(18) studied the effect of 

process parameters for machining hard and brittle materials like Ceramics using AWJM. Saurabh et al.,(19)(20) conducted 

experimental study on Machining alumina ceramics using AWJM. They studied the influence of cutting parameters on kerf 

characteristics and found satisfactory results for both experimental and predicted values. Precision machining with AWJM is 

reported by Dittrich et al.,(21) to machine aluminum oxide Al2O3. To improve productivity and precision in machining, optimal 

parameters are identified using process design with Design of Experiments (DoE). Putz et al., (22) compared  AWJ cutting of 

brittle materials like ceramics with Dimond grinding and Laser process. They have identified that AWJ technology gives good 

surface and kerf characteristics economically when used with suspension technology of abrasives.  

 Granite:  

Due to the special characteristics and esthetic appearance, Granite is widely used for flooring, sculpturing and for beautification of 

paths etc.,. Granite is one of the hard to cut material in the world(23). The abrasive water jet (AWJ) is a new innovative tool for 

cutting rocks and rocklike materials. It can be used for cutting, pre-weakening and drilling of rocks (24). Chakravarthy and 

babu(25) presented neuro genetic method to optimize the cutting parameters for machining Granite economically using AWJM. 
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They found that results obtained with this technique were good agreement with the experimental results. This unique nature of 

AWJM makes the technology ecofriendly over other traditional processes. 

III. MAJOR AREAS OF AWJM RESEARCH  

Due to the unique characteristics like no thermal distortion, eco-friendly machining AWJM is gaining attention of many 

manufacturers. To improve the efficiency of AWJM, researchers are concentrating on different parameters to study their effect on 

various the responses. The areas of research in AWJM are presented in the following discussion. 

 Modeling and Optimization of AWJM:  

Modeling and optimization studies of AWJM are the scientific ways to optimize the process parameters. The work reported by the 

researchers in this field are based on DOE and evolutionary techniques like, Genetic Algorithms (GA), Neural Networks (ANN), 

Particle swarm Optimization (PSO), Simulated Annealing (SA) etc.,  

 Effect of the process parameters on surface roughness:  

Multi Objective optimization is performed using Grey relational Analysis (GRA) by Azmir et al.(26) at four heights of Kevlar 

laminates, to optimize surface roughness. With Taguchi Orthogonal Array (OA) and GRA   abrasive flow rate, hydraulic pressure, 

standoff distance and traverse speed are analyzed. Through experimental verification, the predicted results are verified and found 

satisfactory. Hascalik et al. (27) reported experimentally, the influence of traverse rate on surface geometry, while machining Ti-

6Al-4V alloy with AWJM. By varying traverse speeds, it is identified that kerf and micro structural Characteristics are 

predominantly affected by the speed. It was also noticed that with in the specified conditions kerf taper ratio and surface waviness 

are directly proportional to traverse speed. By applying GA and SA, zan et al. (28) observed the effect of cutting parameters on 

surface roughness while machining Al7075 with AWJM. Predicted results with regression equation are on par with experimental 

results when GA and SA are applied. 

 Zohoor and Nourian(29) studied nozzle wear characteristics and surface roughness by varying the process parameters with 

Response surface Methodology (RSM). Naresh and Muthu Krishnan (30) investigated surface roughness in AWJ machining by 

Response Surface method. For this test they had taken brass-360 of 3mm thickness as the work material. Experimental investigation 

was conducted by Jankovic et al., (31) to identify the impact of variation of cutting conditions on surface roughness while 

machining Aluminium alloy and stainless steels using OA and full factorial design. Regression equations are developed and the 

predicted values are in good agreement with the experimental values. Jagadish etal., (32) predicted the surface roughness and 

process time by generating a relation between input and output with RSM combined with Fuzzy, for green abrasive water jet 

machining. Modern evolution techniques like simulated annealing, Artificial neural networks(33), cuckoo algorithm (34) are 

applied by various researchers to optimize the process parameters. They have also compared the results with the actual machining 

and regression analysis.  

 Effect of the Process Parameters on Depth of Cut:  

A semi empirical model was developed by Wang and Guo (35) for determining the jet penetration depth while machining polymer 

matrix composites with AWJ. The model they have concluded that the developed model is suitable for determining the relation 

between the response and the parameters. ANN model combined with genetic algorithm (GA), i.e. neuro-genetic approach, is 

proposed by Srinivasu and Babu(36) studied effect of controllable parameters along with nozzle diameter to predict depth of cut 

by the jet. They applied Neuro genetic approach to determine the influence of process parameters on depth of cut and found a good 

agreement between the experimental and predicted values. Wang (37) presented an experimental study on alumina ceramics with 

multi pass cutting with AWJ. In the study, he predicted the depth of cut by controlled nozzle oscillations using Taguchi OA. The 

results are compared with single pass cutting and found that multi pass cutting provides good response characteristics. He also 

developed a predictive model for contouring operation of alumina ceramics using Dimensional analysis (38). The model is proved 

to be adequate with experimental investigation to predict the depth of cut. Kolahan and Khajavi(39) applied taguchi and regression 

analysis to develop an empirical relation between the response and process parameters with experimental results. In cutting 6063-

T6 aluminum alloy with AWJM, the proposed model combined with SA is found to be useful to estimate the depth of cut. Several 

authors also work on the optimization of process parameters such as water pressure, nozzle traverse speed, abrasive flow rate, 

standoff distance and abrasive size by using Taguchi method and regression analysis for various materials such as Stainless steel 

(40), granite (41) and Cast Iron(42). 

 Effects of the Process Parameter on Kerf Geometry:  

Kerf geometry in another response that influence the machining properties in AWJM. An experimental study was conducted by 

Wang and Wong (43) to study the kerf characteristics and machineability of metal matrix composites  with AWJM. A mathematical 

model is obtained to show the relationship between the input and output parameters. The predicted results are found satisfactory 

when compared with experimental values. By applying, kerf taper compensation techniques, Shanmugam et al.,(44) tried to 

minimize the taper in machining alumina ceramics with AWJ. From the study they have identified that kerf-taper is much 

influenced by the compensation.  Srinivasu et al., (45) analyzed influence of multi-pass jet erosion in kerf generation. They 

analyzed the effect of kinematic operating characteristics on the kerf geometry in multi-pass machining by controlling the erosion 

depth for machining complex shapes using AWJM. Shanmugam and Masood (33) studied the variation of kerf taper when 

machined epoxy pre-impregnated graphite woven fabric and glass epoxy with AWJM. They have identified that kerf taper angle 
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can be predicted and compensated during the design stage itself.  Vaxevanidis et al. (46) optimized  kerf geometry and SR using 

ANN while cutting TRIP steel sheets with AWJM. The results obtained with ANN are within the prescribed limits for the given 

conditions. Most influencing factor on kerf angle is identified by Karakurt et al. (47) while machining Granite with AWJM. Taguchi 

method is applied to find the optimal parameters. Cosansu and Cogun (48) conducted experimental investigation to identify the 

kerf taper angle variations  with two types of abrasive materials viz,  colemanite powder  and garnet, in machining AL7075 with 

AWJ. They have also compared the kerf variation characteristics with other materials like marble, glass, Ti6Al4V and a composite 

material. ANOVA is used to evaluate the data obtained to determine the significance of process parameters on kerf characteristics 

by Vishal Gupta et al.(49). revealed that traverse speed is the most influencing factor in the formation of kerf characteristics. Bruno 

Arab and Celestino (50) conducted experimental research to investigate the effects of  cutting parameters in AWJM for machining  

various rocks. With SEM analysis and petrography, they have identified that impact action and erosion capacity of jet is the most 

influencing features in kerf formations.  Rajkamal Sukla and Dinesh Singh (51) generated a regression equation for kerf top width 

and taper angle, with the experimental data obtained in machining  AA631-T6 with AWJ. They have applied seven evolutionary 

algorithms along with Taguchi and identified that bio-geography algorithm generated suitable non- dominated data set. The results 

obtained from taguchi and bio-geography algorithm are verified experimentally. Maojun etal., (52) studied AWJ process for 

slotting Ti6Al4V/CFRP stack. Surface topology and Kerf characteristics were identified by varying the process parameters with 

Full factorial design.  Kechagias etal (53) investigated the influence of sheet thickness, nozzle diameter ,standoff distance and 

transverse speed during AWJM of Transformation Induced Plasticity (TRIM) sheet metals on surface topology and kerf 

characteristics.  

 Effect of the Process Parameters on Material Removal Rate (MRR):  

MRR is also one of the important responses to be considered as it it influences the productivity of AWJM. Leeladhar Nagdeve et 

al.(54) investigated experimentally to find the significant cutting factor on MRR for Aluminum.  From the Results they have 

identified that hydraulic pressure highly influences MRR followed by Stand-off Distance (SOD), flow rate and traverse speed. By 

applying GA and PSO, Ushasta Aich et al. (55) attempted to Optimize the machining parameters in AWJM. MRR and depth of 

cut are optimized by developing single objective optimization. Fuzzy-logic modeling and optimization technique was applied by 

Aultrin et al., (56) to optimize the process parameters for MRR and SR. GA was applied to determine the quality parameters from 

the regression equation obtained from the experimental values of different combinations of process parameters.  Satyanarayana 

and Srikar (57) experimentally investigated the influence of cutting conditions on MRR and kerf characteristics. BY applying 

GRA, they tried to optimize the responses for Inconel718 by varying flow rate of abrasives, Hydraulic pressure, and stand-off 

distance. Fuzzy modelling with the experimental results is attempted by Mahesh and Jyoti (58) to optimize MRR with proper 

selection of machining parameters.GA is applied to the fuzzy model data set to determine maximum MRR. Zohourkari et al. 

studied the influence of cutting parameters for AWJ turning on MRR by applying central composite design (CCRD). The influence 

of parameters was identified by forming a regression equation and applying ANOVA for interaction effects.  

 Effect of the Process Parameters on Nozzle Wear:  

Nozzle wear is one of the important parameter to be considered, as it significantly effects the kerf characteristics in AWJM 

environment(16). Nozzle wear is influenced mostly by nozzle geometry and abrasive material properties. [9] studied the 

phenomenon of nozzle wear characteristics are studied by Nanduri et al (59) in AWJM. The influence of nozzle geometry was 

studied experimentally with accelerated wear tests. Jegaraj and Babu (60) experimentally investigated the influence of nozzle wear 

and focusing tube bore variation on the working conditions of AWJ in machining Al6063-T6. They Applied Taguchi method and 

ANOVA to analyze the parameters. Fuzzy analysis was also applied to determine the set of machining parameters for the regression 

equations. 

 Multi response optimization techniques are applied by number of researchers to study the characteristics of various parameters 

for machining materials with AWJ. Yuvaraj and Pradeep (61) carried out experimental studies on AWJ cutting process with 

multiresponse characteristics based on Multi Criteria Decision Making Methodology (MCDM). Using the Technique for Order 

Preference by Similarity Ideal solution (TOPSIS) approach, the parameters like depth of penetration (DOP), Cutting rate (CR), 

Surface Roughness (SR), taper cut ratio (TCR) and top kerf width (TKW) are determined for multi response optimization. Anish 

and Kumanam (62) applied  Weighted Principal Component Analysis(WPCA) to optimize MRR, cylindricity, circularity, 

parallelism and perpendicularity. Dhanawade and Kumar (63) studied kerf taper and surface topology with multi response 

optimization in machining Carbon epoxy composite with AWJM. Taguchi combined with GRA is applied to determine the best 

level combinations to minimize kerf taper and surface roughness. 

 AWJM Process Monitoring and Control 

Many researchers tried to model and simulate AWJ process to identify the performance of the process at various conditions. 

Modeling process helped them to monitor and control the parameters during the process.  To monitor the nozzle wear, infrared 

thermography is applied by  Mohan etal.,(64) to analyze distribution of thermal energy using isotherms and line scans. From the 

results obtained by non-contact optical shadow technique, Valíček et al. (65) monitored geometric characteristics of the surface 

for quality control of AWJM. Wenjun et al., (66) performed Numerical simulation for AWJ machining based on Arbitrary 

Lagrange-Euler [ALE] algorithm. The effect of jet penetration was implemented by coupling the grids of ALE and Lagrange. The 

results of simulation generated the relation between processing parameters and the cutting depth. Hloch et al. (67) discussed the 

analysis of vibrations generated during the AWJ machining of AISI309 with frequency spectrum. Hreha et al. (68) investigated 



A study on Recent development in Abrasive Water Jet Machining  
(IJSTE/ Volume 7 / Issue 11 / 009) 

 

 All rights reserved by www.ijste.org 
 

48 

the reasons for vibration and acoustic emission with the help of frequency spectrum in AWJM. Using specialized software, Data 

was collected by varying the parameters in AWJ cutting with touch sensors in controlled environment. The studied revealed the 

dependency of vibration on surface characteristics. An experimental study to develop an innovative flow control system of 

abrasives was conducted by Patel and Shaikh(69) to control the flow of abrasives accurately. Anwar et al.,(70) developed a finite 

element model to simulate the overlapping AWJ milled surfaces. A range of step-over, Hydraulic pressures and speeds at 90-

degree jet implementation angle are applied to simulate the results. The obtained results are validated through experimental values. 

Sulitka etal.,(71) attempted to model the cutting force by collecting data from AWJM of C45 carbon steel.  From this modelling 

analysis, they have identified that flank wear of the tool effects the cutting force more significantly than tool geometry. 

IV. SCOPE FOR FUTURE WORK 

Major areas of research presented in previous sections shows that AWJM is gaining much importance in manufacturing. Various 

researchers have contributed their works in different fields of AWJM. But due to the unique features, there is much scope to work 

with AWJ process. The discussions presented in the last sections represent the attention given in the field of AWJM. From this 

study, the scope for further work may be as follows. 

 AWJM can also be used for precision machining process. Most of the researchers concentrated on Kerf geometry and surface 

topology. Nozzle wear also one of the important parameters to be considered in AWJM which effects the characteristics of 

machining.   Many researchers studied Hydraulic Pressure, speed of nozzle, standoff distance, grit size and flow rate of abrasives. 

Less work was reported on influence of nozzle parameters. Multi-response optimization can be extended to more than one 

parameter with evolutionary algorithms. Research may be reported on the optimization for the power consumption and dimension 

accuracy also.  
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