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Abstract- Abrasive water jet machining (AWJM) is an emerging machining process, where material is removed
from the work piece by impact erosion of pressurized high velocity water stream mixed with high velocity grit
abrasives on a work piece. Because of that abrasive water jet machining has become one of the leading
manufacturing techniques. There are so many process parameters which affect the quality of machined surface cut
by AWIM. But, the traverse speed, hydraulic pressure, stand-off distance, abrasive flow rate and type of abrasive are
important. However, the important performance measures in AWJM are Material Removal Rate (MRR), Surface
Roughness (SR), Kerf width, Depth of cut. This paper reviews the research work approved out from the inception to
the development of AWIM within the previous few years. It reports on the AWIM research relating to improving
performance measures, monitoring and control of process, optimizing the process variables. A wide range of AWJM
industrial applications for different category of material are reported with variations. The paper also discusses the
future trend of research work in the same area.
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L INTRODUCTION

Abrasive Water jet cutting machines on track to operate in the early 1970s for cutting wood and plastics material and
cutting by abrasive water jet machine was first commercialized in the late 1980s as a revolutionary innovation in the
area of unconventional processing technologies. In the early 1980s, AWJ machining was deliberated as an
unrealistic application. Today, state-of the art abrasive jet technology has grown-up into a full-scale production
process with precise, reliable results.

In AWJ machining process, the work piece material is machined by the action of a high-velocity jet of water mixed
with abrasive particles established on the principle of erosion of the material upon which the water jet impact. AWJ
is one of the most unconventional modern approaches used in manufacturing engineering for material machining.
AWIJ has advantages such as high machining flexibility, lesser cutting forces, high flexibility and zero thermal
distortion.

Linking with other corresponding machining processes, no heat affected zone (HAZ) on the work piece is created.
Great speed and high cutting efficiency, multidirectional cutting ability, capability to cut intricate shapes of even
non flat surfaces very effectively at close tolerances, negligible heat build-up, little deformation stresses within the
machined part, stress-free completion of changeover of cutting patterns under computer control, etc. are a few of the
advantages existing by this process which make it best for automation. Due to its flexibility, this cutting tool is

finding use not only in contour cutting, but also in additional machining techniques such as milling, drilling,
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threading, turning, cleaning, and hybrid machining. AWJ Machine is widely used in the processing of materials such
as titanium, brass, aluminum, Inconel, stone, and any kind of glass and composites. Being a modern manufacturing
method, abrasive water jet machining is however to undergo enough superiority so that its fullest potential can be
gained. This paper offers a review on the several research activities carried out in the previous decade on AWIM.
The paper categorizes the major AWJM academic research region with the titles of AWJIM process optimization,
AWIM process monitoring and control. The Schematic diagram of an abrasive water jet cutting system is shown in
Fig. 1
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Figure .1 Schematic of an abrasive water jet cutting system

1L LITERATURE REVIEW

A literature review of the recently published research work on AWIM is carried out to understand the research
issues involved and is presented here,

Guru Sewak Kesharwani [1] investigated on using Non- spherical (Triangular & Trapezoidal) Sharp edge shape
ceramics abrasive particle as abrasive for cutting surface material modeled is a titanium based super alloy (Ti-6Al-
4V) extensively used in the aerospace industry. It is observed that traverse speed is an important parameter in the
case of controlled depth milling (CDM) for AWJM. By experiment they found that with the modified setup of
abrasive feed system, a reduction of approximately 20% time for milling the Ti-6Al-4V sample is achieved. It is also
confirmed that surface waviness can be reduced as traverse speed is increased by using modified abrasive feeding
system.

Chithirai Pon Selvan M et al. [2] has carried out study on the influence of process parameters on the irregularities
of alumina ceramics surfaces generated by abrasive water jet. Taguchi’s design of experiments was carried out in
order to collect surface roughness values. Experiments were conducted in varying water pressure, nozzle traverse
speed, abrasive mass flow rate and standoff distance for cutting alumina ceramics using abrasive water jet cutting
process. They concluded that a combination of high water pressure, more abrasive mass flow rate, low traverse
speed and short standoff distance be used to produce more surface smoothness.

Ramprasad et al. [3] carried out work to optimize the metal removal rate (MRR) of Stainless steel 403 in abrasive
water jet machining using ANOVA and Taguchi method. The MRR is optimize by using three parameters water
pressure, abrasive flow rate and stand-off distance and L9 orthogonal array of Taguchi method used to analyze the
result. They concluded that the water pressure (WP) was the most influencing factor for stainless steel 403 work

material followed by stand-off distance and abrasive flow rate.
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Vishal Gupta et al. [4] investigated on Minimization of kerf taper angle and kerf width using Taguchi’s method in
abrasive water jet machining of marble. They considered three process parameters viz. water pressure, nozzle
transverse speed and abrasive flow rate. Experiments were conducted according to Taguchi’s design of experiments.
It was concluded that the nozzle transverse speed was the most significant factor affecting the top kerf width, the
kerf taper angle.

P. Shanmughasundaram [5] presented the influence of abrasive water jet machining (AWJM) parameters such as
water pressure, standoff distance, and traverse speed each at three different levels on the surface roughness (SR) of
the Al- graphite composites which are fabricated through the squeeze casting method. The experiments were
conducted using L9 Taguchi technique. It was observed that the contribution of water pressure on surface roughness
found to be more significant than traverse speed and standoff distance. It was confirmed that obtained mathematical
modeling can be successfully employed to predict the surface roughness of composites.

D. Sidda Reddy et al. [6] studied optimization of the process parameters on abrasive water jet machining (AWJM)
using Taguchi method for Inconel 800H material. The approach used is based on the analysis of variance (ANOVA)
and signal to noise ratio (SN Ratio) to optimize the AWJIM process parameters for effective Material Removal Rate
(MRR) and Surface Roughness (SR). They confirmed that determined optimal combination of AWJM process
parameters satisfy the real need for machining of Inconel 800H in actual practice.

Leeladharnagdeve, vedanshchaturvedi&jyotivimal [7] performed experiment on Abrasive water jet machine to
find out optimum process parameter for supreme Material removal rate and quality surface finish after cutting.
Before this the work has performed in this field that Previous examination indicated even that through some efforts
have been made to increase the material rate , the taper of the drilled holes was not being decrease. This effort has
been made to amplify MRR and to decrease the taper by varying standoff distance with different chemical setting
and chemical concentration. Methodology used is Taguchi approach L9 array, ANOVA & F-Test, they have taken
four parameters Pressure, Stand of distance, Abrasive flow rate, Traverse rate, and T material for experimentation is
Aluminum. Conclusions from this they got are, Pressure is the most important factor on MRR throughout AWJM, In
case of surface Roughness Abrasive flow rate is most major control factor.

Ushasta Aich et al. [8] carried out experiments on cutting of borosilicate glass by AWJIM. Depth of cut is measured
with different machine parameter settings as water pressure, abrasive flow rate, traverse speed and standoff distance.
Optimum condition of control parameter setting is also searched through particle swarm optimization (PSO).Also,
scanning electron microscopic (SEM) image reveals to some extent, and the nature of cut surface and erosion
behavior of amorphous material qualitatively.

K.S. Jai Aultrin and M. Dev Anand [9] investigated work on Optimization of Machining Parameters in abrasive
water jet machining (AWJIM) Process for Copper Iron Alloy Using RSM and Regression Analysis. The process
parameters considered was water pressure, abrasive flow rate, orifice diameter, focusing nozzle diameter and
standoff distance. They studied the effect of five process parameters on metal removal rate (MRR) and surface
roughness (SR) of the Copper Iron alloy using regression analysis.

Derzija Begic-Hajdarevic et al. [10] studied the effects of material thickness, traverse speed and abrasive mass

flow rate during abrasive water jet cutting of aluminum on surface roughness. They analyzed that traverse speed has
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great effect on the surface roughness at the bottom of the cut and the correlation between the surface roughness and
other abrasive water jet cutting variables.

B. Satyanarayana and G. Srikar [11] investigated work on optimization of abrasive water jet machining process
parameters using Taguchi grey relational analysis (TGRA). The process parameters are chosen as abrasive flow rate,
pressure, and standoff distance. From ANOVA it is found that water jet pressure has more significant effect on kerf
width and MRR rather than abrasive flow rate and standoff distance. They analyzed that predicted S/N ratio is
nearest to the conformation test S/N ratio; it concludes that the TGRA process adopted for optimization of
parameters is accurate.

Deepak Doreswamy et al. [12] carried out work to find the effect of stand-off distance and feed rate on kerf width
and surface roughness for machining of D2 heat treated steel using abrasive water jet. They observed that, in single
pass machining, for the same increase in standoff distance, the top kerf width increases (=18%) whereas the bottom
kerf width decreases (=25%). Also, the increase in standoff distance and feed rate increases the surface roughness
(Ra) value.

T. V. K. Gupta et al. [13] investigated the role of process parameters on pocket milling on SS 304 material with
abrasive water jet machining (AWJM) technique. They considered process parameters are Abrasive size, flow rate,
standoff distance and traverse speed. Pockets of definite size are machined to investigate surface roughness (SR),
material removal rate (MRR) and pocket depth. ANOVA for individual output parameter has been studied to know
the significant process parameters. It was observed that higher traverse speeds gives a better finish because of
reduction in the particle energy density and lower depth is also observed. Also, Increase in the standoff distance and
abrasive flow rate reduces the rate of material removal as the jet loses its focus and occurrence of collisions within
the particles.

G.A Escobar-Palafox et al. [14] carried out work on characterization of abrasive water-jet process for pocket
milling in Inconel 718. They considered a design of experiments approach and process variables as water pressure,
nozzle stand-off distance, traverse speed, nozzle orifice diameter, abrasive mass flow rate and tool-path step over
distance. Statistical analysis was carried out in order to develop mathematical models which include process variable
interactions and quadratic terms. The results showed that water pressure has a non-linear behavior and is of
paramount importance for controlling the depth of cut and geometrical errors. In addition, nozzle diameter and the
interaction between feed rate and abrasive mass flow are critical factors affecting the depth of cut.

P. R. Kubade and V. S. Jadhav [15] investigated the influence of EDM process parameters on electrode wear rate,
material removal rate and radial overcut while machining of AISI D3 material. It was found that the MRR is mainly
influenced by (Ip). Electrode wear rate was mainly influenced by peak current (Ip) and pulse on time (Ton), duty
cycle (t) and gap voltage (Vg) has very less effect on electrode wear rate. Peak current (Ip) has the most influence on
radial overcut then followed by duty cycle (t) and pulse on time (Ton) with almost very less influence by gap
voltage (Vg).

P. R. Kubade et al. [16] had carried out work on parametric study and optimization of wire electrical discharge
machining (WEDM) parameters for Titanium diboride (TiB2) component. The experiments were conducted using

Taguchi’s L27 orthogonal array. It was found that pulse-on time and pulse-off time has most significant effect on
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MRR whereas wire feed rate is insignificant. In addition, pulse-off time has most effect on surface roughness
followed by pulse-on time and wire feed rate.
Kashid D. V., P. R. Kubade et al. [17] investigated the effect of process parameters on material removal rate in
wire-cut electrical discharge machining of steel grade EN9 component. Three process parameters selected for this
study; Pulse-on time, Pulse-off time and wire feed. Taguchi’s method, analysis of variance (ANOVA) and signal to
noise ratio (SN Ratio) are used for investigation. It was concluded that pulse-on time and pulse-off time are the most
significant influencing machining parameters affecting material removal rate. The wire feed parameter have very
less effect on material removal rate.
111. SUMMERY

So many investigations so far had done on AWIM process. Study of process parameters such as abrasive flow rate,
traverse speed, standoff distance, pressure, abrasive size, orifice diameter and performance measures as Surface
roughness (SR), Material removal rate (MRR), kerf width, Depth of cut (DOC) is carried out more by researchers.
From the literature review it is observed that mostly combinations of process parameters like abrasive size, traverse
speed, standoff distance and performance measures as DOC, SR, and MRR are investigated. MRR or production is
improved by increasing the traverse speed and abrasive flow rate but major problem with increasing traverse speed
is that surface roughness and kerf quality are decreased. By increasing abrasive flow rate MRR increases but,
decrease surface roughness. So it is important to find the optimum conditions for process parameters to give better
quality of cutting surface. It was found that many researchers have employed different optimization techniques like
Taguchi method, ANOVA, Regression analysis to find out the optimum cutting condition for AWJM operation. But
less work has been reported on Multi-objective optimization of AWJM process. Also very little work has been
reported on effect of nozzle and orifice diameter. So, more work is required to be done in this area.

V. CONCLUSIONS
The work presented here is an overview of recent developments of AWJM and future research directions. From
above discussion it can be concluded that:
1. It was shown that AWJM process is receiving more and more attention in the machining areas particularly for the
processing of difficult-to-cut materials. Its unique advantages over other conventional and unconventional methods
make it a new choice in the machining industry.
2. Apart from cutting, AWIM is also suitable for precise machining such as polishing, drilling, turning and milling.
The AWIM process has sought the benefits of combining with other material removal methods to further expand its
applications.
3. Very little literature available so far shows the standoff distance at the optimal value during the AWJ cutting
process by monitoring and control. This kind of work has not been reported for any other parameters. So, more work
is required to be done in this area.
4. In most of research work, mainly traverse speed, water jet pressure, standoff distance, abrasive grit size and
abrasive flow rate have been taken into account. Very little work has been reported on effect of nozzle size and

orifice diameter.
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5. Most of the research on optimization work has been carried out on process parameters for improvement of a

single quality characteristic such as depth of cut, surface roughness, material removal rate, kerf geometry and nozzle

wear.

There is no any research paper found based on the optimization for the power consumption, dimension accuracy and

multi-objective optimization of AWIM process. So, this area is still open for future research work.
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