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Abstract— Abrasive Water Suspension Jet (AWSJ) is one of
the emerging non-traditional machining tools used in machining
of brittle, heat sensitive materials and composites. Usually
machining is carried out by the AWS jet in the air. Presence of
air around the jet may lead to jet expansion which results in
increased kerf width. In the present research work an attempt
has been made to investigate the effect of various process
parameters on kerf width using AWSJ submerged in water while
machining of Glass Fiber Reinforced Plastic (GFRP) composite
material. The experimental results indicate that the top kerf
width decreases by 3% during under water machining as
compared to that of free air machining.

Keywords— AWSJ, Kerf width, Stand off distance, Degree of
freedom Introduction (Heading 1)

1. Introduction

Advances in research and development of new engineering
materials are indispensable to meet the growing needs of
industries. To process such materials, it is necessary to
develop compatible machining techniques. Components with
complex shapes that need to be produced from brittle and heat
sensitive materials as well as composites can now be
machined by an advanced manufacturing method called
Abrasive Water Jet (AWJ) Machining (1 - 5). Abrasive Water
Suspension Jet (AWSJ) is one of the variants of AWJ
machining in which suspended abrasive particles in a liquid
medium called slurry is pressurized and expelled through the
nozzle.
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Through computer numerical control of jet movement, the
work material having complex profiles with better surface
quality and precision can be achieved. The benefit of AWSJ
over AWJ is the generation of a stable jet with higher power
density, which leads to efficient energy transfer to abrasive
particles (6-7). In AWSJ machining the abrasive suspension is
accelerated through a fine orifice to produce a high velocity
coherent jet which is capable of machining wide range of
materials.

A. AWSJ] Machining - Experimental set
up

The AWSJ machining set up used in the present research
work shown in Fig. 1 has been developed indigenously and is
based on principle of indirect pumping. Suspension mixture
consisting of water, polymer and abrasives is prepared and
charged to floating piston cylinder from top end. This
suspension is pressurized indirectly to the required pressure by
means of high pressure water supplied to the cylinder from the
bottom side of the floating piston. The high pressure
suspension is expelled through the nozzle with high velocity
which is directed on the target material to perform machining.
The nozzle movement in X and Y directions is controlled by
CNC attachment. The nozzle is made up of a stainless steel
body with a tungsten carbide insert at the center having a
length of 23 mm with inlet diameter of 8 mm and exit
diameter of 1.2 mm. The machining arrangement is shown in
Fig. 2.
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Figure 1: AWSJ machining set up
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Figure 2: AWSJ machining

n. Experimental Design

In the present research four process parameters namely;
abrasive  size, Standoff Distance (SOD), abrasive
concentration and feed rate are chosen to study their effect on
response parameter, i.e., kerf width. The process parameters
(input factors) and their levels are listed in Tablel. These
parameters are selected mainly on the basis of literature
review, their importance in AWSJ machining and also setup
limitations (8-9). The ranges for these process parameters are
chosen from the trial runs. Taguchi designs or Orthogonal
Array (OA) designs are selected for the entire experimentation
in the present study, as these designs require a minimum
number of experiments to be conducted and provide reliable
results (10). The selection of a particular OA design mainly
depends on the total Degrees of Freedom (DF) which is
determined from the number of input factors involved in the
experimentation, their levels, and their main effects on the
response. The total DF in the present experimentation is 9 (2
DF for each factor x 4 factors + 1 for overall mean). Hence,
the standard L9 (34) Orthogonal array given in Table 2 has
been selected for the present experimental study. The
specification of the GFRP test specimen is shown in Table 3.

TABLE 1: PROCESS PARAMETERS AND THEIR LEVELS

. Level
Process parameters (input factors) 1 7 eves 3
Abrasive size (microns) 185 125 105
Standoff distance (SOD) (mm) 1 3 5
Abrasive concentration (weight %) 2 3 4
Feed rate (mm/min) 100 125 150
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TABLE 2: STANDARD L9 (34) OA WITH FACTOR SETTINGS
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Columns (Factors)
Expt. Abrasive SOD Abrasive Feed rate
No. size (mm) concentration (mm/min)
(microns) ) (weight %) 4
1 185 1 2 100
2 185 3 3 150
3 185 5 4 200
4 125 1 4 150
5 125 3 2 200
6 125 5 3 100
7 105 1 3 200
8 105 3 4 100
9 105 5 2 150
TABLE 3: SPECIFICATION OF GFRP TEST SPECIMEN
Rei Bidirectional plain weave [0-90°]
einforcement . .
type glass fibers fabric
Composition Epoxy matrix: 56 % and fibers: 44%
Manufacturing Hand layup, Cured at 120° for 2 hours
Dimensions 75x50x6 mm
Aerial density 400 gm/m?

m. Results and Discussion

The experiments - with two replications have been
conducted by varying the factor settings listed in Table 2 for
both free air and under water machining. The responses of top
kerf width have been measured using a tool room microscope.
The response data is subjected to ANOVA for finding the
significant factors at 95% confidence level and results for the
response parameter is shown in Tables 4. The process
parameters that significantly affect top kerf width and surface
roughness may be identified by observing the FO (>4) values.
The ANOVA results presented in Table 4 is summarized in
Tables 5 from which it can be identified that all the process
parameters except the abrasive concentration are significantly
affecting top kerf width and surface roughness in both free air
and underwater machining. The percentage contribution of
each input factor towards total variation in each of response
parameters is also given in Tables 5.

TABLE 4: ANALYSIS OF VARIANCE FOR TOP KERF WIDTH

Free jet machining Under_w_ater
Source machining
DF| SS MS Fo SS MS Fo
Abrasive size 2 0.1015 |0.0506 | 4.32 |0.0218 | 0.0109 | 6.80
Standoff distance |2 0.3334 |0.1667 | 14.19 | 0.0179 | 0.0089 | 5.60
Abrasive 2 0.0235 |0.0118| 1.01 |0.0032 |0.0016 | 1.01
Feed rate (mm/min) |2 0.1793 |0.0897 | 7.63 |0.0419 | 0.0209 | 13.1
Error 2 0.0235 0.0032 | 0.0016
Total 8 0.6377 0.084
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TABLE 5: SIGNIFICANT FACTORS AND THEIR CONTRIBUTION TO VARIATION IN
TOP KERF WIDTH

Free jet Under water
ZProcess parameters machining machining
Remarks| %SS |Remarks| % SS
Abrasive size (microns) S 15.91 S 25.66
Stand off distance (mm) S 52.25 S 21.14
Abrasiv? V\(/:fr;;()entration NS 368 NS 377
Feed rate (mm/min) S 28.11 S 49.40

S — Significant at 95% confidence level; NS — Not significant
% SS - percentage contribution of each factor towards total variation

Iv. Effect of process parameters
on Top Kerf Width (TKW)

Fig. 3 and 4 show the main effects plots of TKW for free
air and under water machining respectively. Increase in
standoff distance results, significant increase in TKW in both
machining conditions. This is due to the fact that increase in
stand of distance results in jet expansion and hence increases
TKW. Further, it is observed from the same plots that,
increase in feed rate significantly decreases TKW. Increase in
feed rate reduces the number of retracting abrasive particles as
well as the time for complete retraction from the machining
zone, hence reduces TKW.
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Figure 3: Main Effects Plots of Top Kerf Width (free air machining)

It is seen from the Figure 3 that an increase in abrasive
particle size results in increase in TKW in free air machining.
The collision between the particles leads jet expansion, the
larger the abrasive size the larger will be the jet expansion,
hence increases the TKW. But in under water machining, the
TKW decreases with increase in abrasive size (Figure 4 top
left). This may be due to fact that, the surrounding water
column may absorb some of the particle energy which
increases the jet coherence. Larger the abrasive size, the
energy absorbed by surrounding water column is more,
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correspondingly more jet coherence, hence decreases TKW.
Also, it is seen that increase in abrasive concentration results
in marginal increase in TKW in both machining conditions
because the range selected for abrasive concentration is not
enough to show significant increase in TKW. Figures 5(a) and
5(b) show the TKW produced during machining of the GFRP
specimen by AWSJ in free air and under water respectively. It
is observed from these Figures that, under water machining
produces thinner kerf compared to that of free air machining.
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Figure 4: Main Effects Plots of Top Kerf Width (under water machining)

(@) (b)
Figure 5: Top Kerf Width of machined GFRP specimen: (a) Free air (b)
Under water

v. Conclusions

Based on the experimental results reported earlier, the

following major conclusions have been drawn.

e The experimental results of machining of GFRP
composites using AWSJ reveal that the top kerf width
increases with increase in standoff distance, abrasive size
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and abrasive concentration, and it decreases with increase
in feed rate during free air machining.

In case of underwater machining, the top kerf width
decreases significantly with increase in feed rate and
abrasive size. However there is marginal increase in kerf
width with increase in abrasive concentration and standoff
distance.

It is observed from the top kerf width decreases by 3%
during under machining as compared to that of free air
machining.
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