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ABSTRACT

Abrasive water jet machining (AWJM) is a relatively new machining technique. Abrasive
Water Jet Machining is extensively used in many industrial applications. AWIM is a non-
conventional machining process where material is removed by impact erosion of high pressure high
velocity of water and entrained high velocity of grit abrasives on a work piece. There are so many
process parameter affect quality of machined surface cut by AWJIM. Important process parameters
which mainly affect the quality of cutting are traverse speed, hydraulic pressure, stand of distance,
abrasive flow rate and types of abrasive. Important quality parameters in AWJM are Material
Removal Rate (MRR), Surface Roughness (SR), Kerf width, tapering of Kerf. This seminar report
reviews the research work carried out so far in the area AWJM.

INTRODUCTION

Abrasive water jet machine tools are suddenly being a hit in the market since they are quick
to program and could make money on short runs. They are quick to set up, and offer quick turn-
around on the machine. They complement existing tools used for either primary or secondary
operations and could make parts quickly out of virtually out of any material. One of the major
advantages is that they do not heat the material. All sorts of intricate shapes are easy to make. They
turns to be a money making machine.

So ultimately a machine shop without a water jet is like a carpenter without a hammer. Sure
the carpenter can use the back of his crow bar to hammer in nails, but there is a better way. It is
important to understand that abrasive jets are not the same thing as the water jet although they are
nearly the same. Water Jet technology has been around since the early 1970s or so, and abrasive jets
extended the concept about ten years later. Both technologies use the principle of pressuring water to
extremely high pressure, and allowing the water to escape through opening typically called the
orifice or jewel. Water jets use the beam of water exiting the orifice to cut soft stuffs like candy bars,
but are not effective for cutting harder materials. The inlet water is typically pressurized between
20000 and 60000 Pounds per Square Inch (PSI). This is forced through a tiny wall in the jewel which
is typically .007” to .015” diameter (0.18 to0.4 mm) . This creates a very high velocity beam of
water. Abrasive jets use the same beam of water to accelerate abrasive particles to speeds fast
enough to cut through much faster material.

11Page



NOVATEUR PUBLICATIONS
INTERNATIONAL JOURNAL OF INNOVATIONS IN ENGINEERING RESEARCH AND TECHNOLOGY
[IJIERT] ISSN: 2394-3696 VOLUME 2, ISSUE 10, OCT.-2015

LITERATURE SURVEY

H. Hocheng and K.R. Chang [4] has carried out work on the kerf formation of a ceramic plate cut
by an abrasive water jet. There is a critical combination of hydraulic pressure, abrasive flow rate and
traverse speed for through- out cut below which it cannot be achieved for certain thickness. A
sufficient supply of hydraulic energy, fine mesh abrasives at moderate speed gives smooth kerf
surface. By experiment they find kerf width increases with pressure increase, traverse speed increase,
abrasive flow rate increase and abrasive size increase. Taper ratio increases with traverse speed
increases and decreases with pressure increases and abrasive size increases. Taper ratio has no effect
with increase in abrasive flow rate.

M.A. Azmir, A.K. Ahsan [5] had done a practical for surface roughness and kerf taper ratio of
glass/epoxy composite laminate machined by AWJM. They considered six process parameters of
different level and use Taguchi method and ANOVA (analysis of variance) for optimization.
Parameter used are abrasive types (two-level), hydraulic pressure (three-level), standoff distance
(three-level), abrasive flow rate (three-level), traverse rate (three-level) , cutting orientation (three-
level). Kerf taper ratio is the ratio of top kerf width to bottom kerf width. Types of abrasives and
traverse rate are insignificant for surface roughness while hydraulic pressure is most significant for
that. Standoff distance, cutting orientation and abrasive mass flow rate is equally significant for
surface roughness. For kerf taper ratio hydraulic pressure, abrasive mass flow rate and cutting
orientation are insignificant. Types of abrasives are most significant for kerf taper ratio while
Standoff distance and traverse rate are almost equally significant for that. By increasing the kinetic
energy of AWIM process better quality of cut produce.

Ahmet Hascalik, Ulas Aydas, Hakan Gurun [6] has carried out study on effect of traverse speed
on abrasive water jet machining of Ti— 6Al-4V alloy. They perform practical by varying traverse
speeds of 60, 80, 120, 150, 200, and 250 mm/min by abrasive water jet (AWJ) machining. They
studied the effect of traverse speed on the profiles of machined surfaces, kerf geometries and
microstructure features of the machined surfaces. The traverse speed of the jet is a significant
parameter on the surface morphology. The features of different regions and widths in the cutting
surface change with the change in traverse speed. They also found that kerf taper ratio and surface
roughness increase with traverse speed increase in chosen condition. This is because the traverse
speed of abrasive water jet allows fewer abrasives to strike on the jet target and hence generates a
narrower slot. They identify three different zone in cutting surfaces of samples are (1) an 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. A.A. Khan, M.M. Hague [7] analyse the performance of different
abrasive materials during abrasive water jet machining of glass. They make comparative analysis of
the performance of garnet, aluminium oxide and silicon carbide abrasive in abrasive water-jet
machining of glass. Their hardness of the abrasives was 1350, 2100 and 2500 knoops, respectively.
Hardness is an important character of the abrasives that affect the cut geometry. The depth of
penetration of the jet increases with the increase in hardness of the abrasives. They compare the
effect of different of abrasive on taper of cut by varying cutting parameter standoff distance, work
feed rate, pressure. It is found that the garnet abrasives produced the largest taper of cut followed by
aluminium oxide and silicon carbide abrasives. For all kinds of abrasives, the taper of cut increases
with SOD. For all the types of abrasives used taper of cut decreases with increase in jet pressure.
Taper of cut is smaller for silicon carbide abrasives followed by aluminium oxide and garnet.

J. John Rozario Jegaraj, N. Ramesh Babu [8] 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 aluminium alloy. They found the effect of orifice size and focusing
nozzle diameter on depth of cut, material removal rate, cutting efficiency, kerf geometry and surface
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roughness. The ratio of 3:1 between focusing nozzle diameter to orifice size was suggested as the
best suited combination out of several combinations of focusing nozzle to orifice size in order to
achieve the maximum depth of cut in cutting they suggest the ratio of 5:1 and beyond cause
ineffective entrainment of abrasives in cutting head. It is noticed that with an increase in hydraulic
pressure for different combinations of orifice and focusing nozzle size the depth of cut increased.
The material removed increased with an increase in the size of focusing nozzle up to 1.2 mm
diameter but with further increase it is reduced. The abrasive flow rate is found to be less significant
on kerf width. This study suggests maintaining the orifice size and focusing nozzle size within
certain limits say 0.25-0.3 mm and 1.2 mm, respectively, for maintaining less taper on kerf. Any
increase in the size of orifice and focusing nozzle is not much effect the surface quality but larger
size of orifice produce a better surface finish on cut surface

J. Wang, W.C.K. Wong [9] had done study of abrasive water jet cutting of metallic coated sheet
steels based on a statistically designed experiment. They discussed relationships between kerf
characteristics and process parameters. They produce empirical models for kerf geometry and quality
for the prediction and optimization of AWIJ cutting performance. They perform three-level four-
factor full factorial designed experiment. Process parameter used is water jet pressure, traverse
speed, abrasive flow rate and standoff distance. The top and bottom kerf widths increase as the water
pressure increase. The top and bottom kerf widths increase as the standoff distance increase but the
rate of increase for the bottom kerf width is smaller. The traverse speed produces a negative effect on
both the top and bottom kerf widths but the kerf taper increase as the traverse speed increase. The
surface roughness decreases with an increase in the abrasive flow rate. They show the burr height
steadily decreases with a decrease in the traverse speed.

Mahabalesh Palleda [10] investigated the effects of the different chemical environments like
acetone, phosphoric acid and polymer (polyacrylamide) in the ratio of 30% with 70% of water and
stand off distance on the taper angles and material removal rates of drilled holes in the abrasive water
jet machining process. Material removal is highest when slurry added with polymer compare to three
slurries. MRR increase with increase of stand off distance because momentum of impacting abrasive
particles on the work surface creating craters of more depth. Taper holes of drilled holes reduce as
the stand off distance increase. Taper holes observed less in case of phosphoric acid combination
with slurry than the plain water slurry and the slurry with acetone combination. Taper observed in
case of polymer is almost nil. The material removal rate is increasing with increase of chemical
concentration of acetone and phosphoric acid in the slurry up to a certain level and then reducing. In
case of polymer with the slurry in material removal increases continuously. the taper of the hole is
less in phosphoric acid combination compare to acetone combination. In polymer combination taper
of the hole is very less or almost nil.

P K Ray and Dr A K Paul [11] had investigated that the MRR increases with increase of air
pressure, grain size and with increase in nozzle diameter. MRR increases with increase in stand off
distance (SOD) at a particular pressure. They found after work that initially MRR increases and then
it is almost constant for small range and after that MRR decreased as SOD increases. They
introduced a material removal factor (MRF). MRF is a non-dimensional parameter and it gives the
weight of material removed per gram of abrasive particles. MRF decreases with increase in pressure
that means the quantity of material removed per gram of abrasives at a lower pressure is higher than
the quantity of material removed per gram of abrasives at a higher pressure. This is happened
because at higher air pressure more number of abrasive particles are carried through the nozzle so
number of inter particle collisions and hence more loss of energy.
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SUMMARY OF LITERATURE SURVEY

So many investigations had done on AWIM process. MRR or production is improved by
improving the traverse speed but major problem with increasing traverse speed is that surface
roughness and Kerf quality are decreased. Types of abrasive and abrasive flow rate are also affecting
the MRR. By increasing abrasive flow rate MRR is increased but it decrease the surface roughness.
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