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Abstract-In this draft the application of high pressure is described 

in metal cutting. In the era of modern manufacturing, 

unconventional machining plays an important role in the 

machining of hard and  advanced materials. For the past few 

decades, there is considerable interest in the development of 

special materials that are difficult to machine such as high 

strength and tough alloys, ceramics and composites for certain 

applications in aerospace, automotive and nuclear industries .The 

extraordinary properties of special materials are the high strength, 

high heat resistant, higher hardness, resistant to corrosion. 

Technical and economic difficulties in processing of such materials 

with conventional machining processes along with the demand for 

intricate and complex geometries led to the development of several 

non-traditional machining processes. These processes can be 

classified into several categories such as mechanical, electrical, 

thermal and chemical methods based on the energy utilized and 

the material removal mechanisms. Most commonly used 

unconventional machining processes for machining advanced 

materials are Ultrasonic Machining (USM), Abrasive Jet 

Machining (AJM), Abrasive Water Jet Machining (AWJM), 

Electric Discharge machining (EDM), Electrochemical Machining 

(ECM), Chemical Machining (ChM), Electron Beam Machining 

(EBM), Laser Beam Machining (LBM) and Plasma Are 

Machining (PAM). 

 

Keywords—Abrasive Water Jet Machining, Advanced 

Material.  

I. INTRODUCTION 

Abrasive water jet machining (AWJM) is a machining 

process developed primarily to machine hard and difficult- to- 

machine materials such as ceramics and super alloys. It is a 

non-conventional machining process in which a mixture of 

abrasive with high pressure water is converted to high velocity 

jet to cut various materials ranging from soft to hard like 

titanium, inconel etc. The high speed abrasive water jet 

machining employs the erosion phenomenon for material 

removal when the abrasive particles along with high velocity 

water hit the target surface. An abrasive water jet has three 

phases of the jet consisting of water, abrasive particles and air. 

These jets are obtained by injection of abrasive particles in a 

formed water jet, when air is added together with abrasive 

particles. Since there is no thermal and electrical energy 

involved in this process, many material  

 

 

 

 

defects are avoided. The material removal rate (MRR) is high 

in AWJM compared to other unconventional machining 

processes. Most of the applications of AWJM are  

for shape cutting of different materials, in the form of turning, 

drilling, blind pocket generation, etc.[1] 

AWJM primarily depends on the following four input 

parameters – abrasive flow rate, traverse speed, standoff 

distance (SOD), and water jet pressure. Finnie proposed a 

mathematical model for material removal by erosion of 

surfaces [2]. Later, modified Finnie’s model for curved 

surfaces [3]. Study about  the formation of striations due to 

particle distribution, dynamic characteristic and the vibration 

of machining system in AWJM[4]. Wakuda et al. (2003) 

identified the material response to impact for alumina 

ceramics in AWJM, while [5] optimized the AWJM process 

for cutting ceramics. [6] Studied the effect of material type and 

thickness of work piece on drilling time using AWJM.The 

effect of traverse speed on surface morphology during 

machining of Ti-6Al-4V alloy using AWJ by studying the 

profiles of machined surfaces, kerf geometries and micro 

structural features of the machined surfaces [7-8]. 

Most of the works done using AWJM is for machining 

through pockets, but of late, researchers have also started 

experimenting on generating blind pockets using AWJM. This 

process is called Controlled Depth Milling (CDM). [9] 

developed the process of CDM and studied the effects of 

various parameters like traverse speed, jet impingement angle, 

milling direction, grit size, etc. on surface characteristics while 

machining titanium alloy. [10] studied rectangular pocket 

milling by AWJM by  using simple technique of milling 

consisting of longitudinal and transverse passes and studied 

the effect of different parameters in the variation of the depth, 

the material removal rate etc. The authors have observed that, 

the variation of depth of the pocket decreases at high traverse 

speed and lower mass flow of abrasive. In pocket milling by 

abrasive water jet most of the researchers have concentrated 

on high variation in the depth. [11] proposed a geometric 

modelling- based methodology to find kerf for a traverse 

speed. The abrasive water jet - controlled depth milling (AWJ-

CDM) process is defined by parameters which in turn govern 

both the material removal rate and surface characteristics of 

the milled surface. AWJ- CDM shows some promise as a 

method for shaping materials (including free form) and 

structures that are difficult to machine by conventional 

processes. However, the tendency and severity of grit 

embedment onto surface of an AWJ machined component 
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depend critically on a number of processing and material 

variables. In this work, the process parameters like pressure of 

jet, impingement angle of jet and abrasive flow rate are kept 

constant. [12] studied the role of machinability in AWJ-CDM 

for materials like AL 6061 alloy, AL 2024, Brass 353, 

Titanium AISI 304 (SS) and Tool Steel, due to their wide 

spread usage. The effect of depth of milling and the material 

characteristics on milling time was investigated. The authors 

have observed that machinability index of the materials milled 

plays an important role in AWJ process. It was found that 

traverse speed of AWJ process is lower for the materials with 

low machinability index and vice versa. Besides, the time 

taken to mill increases as the depth of milling increases non-

linearly due to loss of energy of jet and increase in stand off 

distance (SOD). [13] introduced a novel plain water jet milling 

using AWJM without masking on Titaninum material to make 

pockets having a better surface finish than abrasive water jet 

machining. The idea   resulted from the conventional jet-path 

design, which does not consider the accumulative effect of 

over-erosion on the work piece during the jet on/off or when 

reversing the jet (i.e. acceleration and deceleration).  

CDM-AWJ is the new area of research for milling those 

materials which are difficult to mill by conventional 

machining. It has been observed that previous researchers 

studied the variation of surface waviness on pocket, pocket 

size, surface roughness etc. on different parameters. However, 

no comprehensive work has been reported, to the best of 

authors knowledge, trying to optimize the path followed in 

CDM-AWJM. The objective of the present work is to identify 

the best suited path of CDM –AWJ for minimizing the milling 

time. In this work, simulation of blind pockets is carried out 

and the influence of path on five different materials is 

investigated, milling time being the major concern. The paths 

used in present study are rectangular, square, circular and 

elliptical. Square path is found to be the best suited path for 

minimizing milling time. A methodology has been suggested 

to remove most of the area by square path on any general 

shape of blind pocket by CDM-AWJM. Simulations are 

performed on five different materials, widely used by the 

industry and having a range of “Machinability Index” for the 

same volume. The CDM simulation performed at two 

positions with respect to four corners of the path so as to 

obtain the average data. It is observed that square and elliptical 

paths are best suited for minimizing milling time in straight 

and round pass respectively because of less tool traverse 

length and square path is best suited among these two paths 

followed in CDM-AWJM. 

II. VARIOUS SYSTEMS USED IN HIGH PRESSURE 

GENERATION 

A. Abrasive Wate Jet Injection Systems 

A schematic of the Abrasive Water Injection Jet cutting 

system has been shown in Fig. 2.2. The unit consists of several 

systems namely, water preparation, pressure generation, 

abrasive water jet cutting head and the abrasive feeding 

system. The catcher tank and the CNC controller for the 

motion controller are the inbuilt systems. Many times water 

contains Ca, Fe dissolved salts tends to damage the orifice and 

seals working at higher pressures. This also aids for the 

formation of scales on the walls of the tubes and casings. To 

avoid this type of culmination, water is maintained at a 

particular quality where it is de-harden and also the salts are 

removed from the input water using some purification 

systems. 

 
Fig .1 Schematic of the Abrasive Water Injection Jet System (AWIJS)  

B. High Pressure Generation System 

High pressure water is required to be delivered to the 

cutting head of the machine at a given rate, which can be 

achieved by the use of a high pressure generation system. 

Pressures upto 280 MPa are generated using plunger type, i.e. 

positive displacement pumps and if the required pressures are 

beyond these values, then an intensifier can be used to 

generate a higher pressure. The intensifier acts as an amplifier 

as it converts the energy from the low-pressure hydraulic fluid 

into ultra-high-pressure water. The ratio of the pressures 

between the working fluid and the system fluid is known as 

the intensification ration of the intensifier which ranges from 

1:10 to 1:25 to generate water pressures up to 400MPa. The 

schematic diagram of the double acting hydraulic intensifier is 

given in Fig.2. The operating cycle of the intensifier consists 

of two strokes, suction and power stroke in each reciprocating 

motion. There are two phases in each stroke – acceleration 

phase and superseding phase. The phase in which water is 

compressed and the pressure is increased is known as 

acceleration phase. In this phase the plunger moves very 

rapidly as the fluid pressure in the cylinder at the beginning of 

the stroke is relatively low and the net force driving the 

plunger is high. Normally this phase lasts only for a few 

milliseconds and the duration depends on mass of the piston 

and its multiplication ratio. The superseding phase is the phase 

where the pressure becomes stabilized (reaches its maximum 

pressure) and is also balanced with its duration depends on the 

orifice size and the geometrical parameters of the high-

pressure cylinder . Therefore a large deviation in the size of 

orifice may affect the superseding phase of the stroke of the 

plunger. Due to the reciprocating action of the intensifier, the 

pressure drops each time at the end of the active stroke. The 

first 15% of the stroke of a piston is used to pressure and 

compress the water in the cylinder without delivering water to 
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the system due to compressibility of water at 350 MPa. This 

gives rise to undesirable pressure fluctuations in a double 

acting intensifier design which affect the quality of cut and 

shorten the life of the components such as orifice, seals and 

valves due to fatigue loading. In order to reduce these 

fluctuations during reversal of the hydraulic piston, an 

attenuator is mounted on the pressure line from where it is 

supplied to nozzle. 

 

Fig.3 Schematic of an ultra-high pressure water preparation system 

(Kulekci, 2002) 

III. ABRASIVE FEEDING SYSTEM 

The abrasive particles should possess properties of high 

toughness and hardness when compared to the work material 

so as to use them without much fragmentation. Abrasives used 

in AWJ cutting system should possess high toughness and 

hardness when compared to the work materials so as to use 

them without much fragmentation. Normally, garnet is used as 

abrasive for processing a range of materials with AWJ cutting 

systems. The particle diameters range from 125 um to 177 um, 

which correspond to mesh numbers of #120 to #80. These 

abrasives are stored in a hopper and are transported into the 

mixing chamber by gravity feeding or forced feeding. Based 

on the carrier medium, there is dry and wet transportation. In 

dry abrasive feeding, air is used as carrier medium. In wet 

feeding, a part of the energy of waterjet is used for mixing and 

transportation of abrasives. 

.  
Fig. 4 Acceleration process of abrasive  particle and nozzle principles in AWJ 

 

Fig. 5 Cutting head assembly of the machine used 

a) Catcher Unit 

In quality and precision cutting, only 10% of the total jet 

energy is utilized and the remaining 90% of the energy is 

dissipated in catcher unit. Depending upon the application and 

the type of handling system used for jet manipulation, various 

designs of catcher units are employed. 

b) CNC Controlled Motion System 

The motion system provides the desired motion for the 

cutting head so as to generate the required contour on the work 

piece. Generally, the motion system is provided with servo 

drives to achieve precise motion. The number of axes 

controlled may vary from two to five axes and is chosen based 

on the complexity of the geometry to be cut. 

IV. JET FORMATION THEORY 
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The acceleration of a certain volume of pressurized water 

in an orifice generates high speed water jets. When high 

pressure water passes through an orifice, it is converted into 

high velocity stream of waterjet. Bernoulli’s law gives: 
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where pat is the pressure at the exit of the nozzle, p is the pump 

pressure, V0 and Vpipe are the velocities at the exit and entry to 

the orifice. ρw is the density of water. Considering h1=h2 and 

V0>>Vpipe, the approximate velocity of the exit water jet is 

given by  
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where µ is the efficiency coefficient that characterizes 

momentum losses due to wall friction, fluid flow disturbances 

and the compressibility of the water. The velocity of fluid at 

the entry of orifice is very much less when compared with the 

velocity at the exit of orifice. The pressure at the nozzle exit is 

atmosphere pressure which is very less when compared to the 

water pressure at the entry of the orifice. The water 

compressibility has a small effect. i.e. less than 3% on waterjet 

velocity [14]. 

 

The flow rate of water Q can be obtained  
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where A0 is the cross-sectional area of the orifice. The overall 

efficiency coefficient µ includes coefficient of velocity Cv, the 

contraction coefficient Cc and the compressibility factor. 

Orifice coefficients vary with changes in pressure, which in 

turn affects the flow rates of water (Hashish, 1989c). It was 

observed that any increase in pressure and orifice size reduces 

the overall coefficient of discharge. This indicates that the 

efficiency of jet would be high for higher overall coefficient of 

discharge, which indicates efficient conversion of potential 

energy to kinetic energy. As the high-speed water jet leaves 

the orifice, the kinetic energy of the jet Ew is given by 
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where wm is the mass flow rate of water ( Qmw  ) and 
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where α is a number that considers the reduction in the water 

mass flow rate due to the sudden changes in the fluid-

mechanic conditions on the orifice outlet as well as the 

reduced jet velocity due to orifice wall friction.  

V. CONCLUSION 

From the advancement of technology, the capability of 

AWJM process can be extended to fabricating more features 

used in industries. 

Used of high pressure generation system has been 

explored. 
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