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Abstract:  The enormous development of elite materials, for example, composites which are difficult to machine, with 
major prerequisites for items with complex shapes requires the advancement of good machining methods, especially the 
non-traditional machining techniques. Abrasive suspension water jet machining which is one of the non-traditional 
machining techniques, is a unique innovation that utilizes a flood of fine-grained abrasive particles blended in legitimate 
extent with water that is eventually centered on a workpiece through an appropriately structured nozzle setup. Material 
expulsion in this process happens because of disintegration brought about by the effect of high-speed abrasive particles 
on the work surface. This innovation is as yet developing and enhancing step by step finding far reaching applications in 
different zones, which can be relied upon to increment extensively. This research is thus aimed at parametric 
optimization of the surface characteristics of rock dust reinforced aluminum composites. 

Keywords: AWSJ (Abrasive Water Suspension Jets), MRR (Material Removal Rate), ANOVA (Analysis Of Variance), NS (Not 
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1. INTRODUCTION  

Abrasive Water Suspension Jet (AWSJ) machining: 

The most productive method for creating grating water planes is to pass a pressurized suspension of rough particles in water 
through the spout to shape a two-stage fly (no air entrainment). The expansion of polymers in water suspends the rough 
particles and create progressively homogeneous slurry henceforth the name Abrasive Suspension Jet.  

Abrasive water suspension jet machining is a one of a kind procedure that supplements and upgrades cutting abilities of 
Abrasive Water Jet. The suspension technique for abrasives can create multiple times more cut surface region every moment 
than abrasives entrained water stream. An AWJ is framed by entraining abrasive particles conveyed noticeable all around into a 
high-speed water stream, though an AWSJ is shaped by straightforwardly siphoning a grating suspension through a nozzle. 

 

Figure 1. Mechanism of an AWSJ 

In this process, abrasives are premixed with a suspended fluid which is only polymerized water to frame a suspension blend. 
The suspension is siphoned straightforwardly or by implication and removed through a spout to frame a suspension jet. Figure 
1.6 shows diverse strategies for creating rough suspension planes.  

The direct siphoning technique creates the suspension stream by pressurizing the premixed suspension specifically by 
methods for a high-pressure siphon. In spite of the fact that this strategy is extremely easy to apply, it has never achieved 
monetary significance, for the most part in view of the high abrasive water in the siphon amid pressurization of the suspension 
(figure 1, left side).  

The second strategy for producing AWSJ is the pressurization of a premixed suspension (figure 1, right). Water is pressurized 
and drives a drifting cylinder in the weight vessel. This pushes a premixed suspension out of a high-weight vessel and quickens 
the suspension in the spout. So as to balance out a suspension, a polymer arrangement of consistency around four requests of 
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greatness higher than water is utilized as a fluid segment of the cutting medium. With this strategy, AWSJs of high weight and 
intelligibility have been created. In any case, they have constrained capacity limit of the suspension in the pressurized chamber 
and in this manner, the cutting time is restricted. The trial setup created for the present investigation depends on this guideline. 

2. RESEARCH METHODOLOGY 

This experiment deals with the experimental investigation of the effect of various process parameters on the performance of 
AWSJ machining. The experimentation is carried out on rock dust reinforced Aluminium (composite plate), to study the effect 
of various process parameters on the performance on AWSJ machining. The experimental studies have been performed using 
design of experiments (DOE).  The DOE tool such as orthogonal Array (OA) has been used to design the experiments. Minitab 
(Version 15), statistical software is used for experimental design, data analysis. Results of the current research are discussed at 
the end of the experiment. 

2.1 Materials used 

Abrasive Materials 

A large number of abrasive materials are used in the abrasive water-jet machining technique. Since the abrasive particles erode 
the target material, it is necessary that they must be hard so that they are the eroders as opposed to being the eroded. The type 
of abrasives used in the present research is Garnet of different grain size. Garnet is a gathering of minerals that share a typical 
crystalline structure and a comparative substance arrangement. The most well-known assortments of monetarily accessible 
garnet are Almandite (or Almandine) and Andradite. Despite the fact that Almandite is the heaviest and hardest and Andradite 
is the lightest and gentlest of the garnet family, both are generally hard and substantial. 

Properties of Zycoprint Polymer 

Zycoprint is a water soluble chemical polymer emulsion of polyacrylic acid with a copolymer of ammonium salt and other 
ingredients like surfactants and paraffinic oils which is used to improve the viscosity of a solution. Zycoprint is a new polymer 
used in the preparation of abrasive suspension and its properties are listed in table 3.3. Its molecular formula is similar to that 
of polyacrylic acid (CH2=CHCOOH)n and its structure contains an ionizable group on each repeat unit (-COOH). The Zycoprint 
polymer solutions have better suspension capability even at low concentrations that helps in the preparation of stable abrasive 
suspension for experimentation. The pH values are ranging from 7.2 to 7.65 for these concentrations which are not harmful for 
working. 

Work material 

The work material is used in the present experimental study is Rock dust reinforced Polymer composite (Aluminium) for the 
determination of Material Removal Rate (MRR), kerf width and surface roughness during both under water and surface water 
cutting. The selection of this material is based, mainly on their brittle property which is suitable for AWSJ cutting as well as 
their availability.  The size of work piece is 75×50×6 mm. 

 

Figure 2.1 Aluminium composite plate 
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3 Results 

3.1 Results of Aluminium composite during above water machining 

The results of the experimental investigation that has been carried out on rock-dust reinforced composite during above water 
cutting, is summarized in table 4.13. It can be identified that all the process parameters have been significant effect on MRR, 
TKW, BKW and SR. The percentage contribution of each factor towards the total variation in each of the response parameter is 
also listed in the same table.  
 

 

 

 
 

      s  n     nt  t      on    nt l v l  N      not s  n     nt            p r  nt     ontr  ut on    v             v r     ontribution 
across all the response parameters (MRR, TKW, BKW and SR) 

Table 3.1 Significant factors and contribution to total variance in response parameter during above water cutting 

Process parameters BKW SR Avg SS% 

ABR SIZE (grit) NS 2.98 NS 0.1 10.97 

SOD (mm) NS 6.06 S 11.98 26.34 

ABR CONC (gm) NS 14.85 NS 3.79 7.58 

FEED (mm/min) S 67.05 S 80.21 42.88 

 
3.2 Results of Aluminium composite during under water cutting 

The results of the experimental investigation that has been carried out on Aluminium composite during under water cutting, is 
summarized in table 4.14. It can be identified that all the process parameters have been significant effect on MRR, TKW, BKW 
and SR. The percentage contribution of each factor towards the total variation in each of the response parameter is also listed 
in the same table. 

Process 
parameters 

MRR TKW 

ABR SIZE (grit) NS 18.25 NS 10.67 

SOD (mm) S 44.18 S 26.66 

ABR CONC (gm) NS 13.77 NS 0.99 

FEED (mm/min) NS 5.00 S 50.01 

 
Table 3.2 Significant factors and contribution to total variance in response parameter during under water cutting 
 

 

 

 

 

 

 

Process parameters MRR TKW 

ABR SIZE (grit) NS 18.97 NS 21.85 

SOD (mm) S 51.74 NS 35.59 

ABR CONC (gm) NS 10.5 NS 1.16 

FEED (mm/min) NS 4.13 NS 20.02 

Process parameters BKW SR Avg SS% 

ABR SIZE (grit) NS 5.82 NS 3.29 9.51 

SOD (mm) NS 4.36 NS 7.31 20.62 

ABR CONC (gm) NS 16.42 NS 9.51 10.17 

FEED (mm/min) S 63.20 S 69.28 46.87 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 06 Issue: 07 | July 2019                   www.irjet.net                                                                   p-ISSN: 2395-0072 

 

© 2019, IRJET       |       Impact Factor value: 7.211       |       ISO 9001:2008 Certified Journal       |     Page 2836 
 

4. Comparison of results 

4.1 Comparison of MRR during above water and under water cutting 

The MRR is more in under water cutting compared to above water cutting as shown in table 4.3 and 4.4 respectively. In the 
underwater cutting of Aluminium composite the jet of abrasive and water mixed with the column of water during cutting it get 
accelerate the water. Because of this it must have removed the glue (matrix) between the layers of fibers. 

4.2 Comparison of TKW during above water and under water cutting  

The TKW is more in above water cutting compared to under water cutting as shown in table 4.3 and 4.4 respectively. In the 
above water cutting there is a chance of air entrapped in to the abrasive water jet after exiting the nozzle it will increase the 
radial expansion of jet. Hence, it will increase the TKW. But, in the underwater cutting there is no chance of air entrapped in to 
the jet because, the nozzle is keeping in water hence, the TKW will be small. 

4.3Comparison of BKW during above water and under water cutting 

The BKW is more in above water cutting compared to under water cutting as shown in table 4.3 and 4.4 respectively. In the 
above water cutting because of damping of abrasive particle each other while traveling it will move upward direction as a 
result increase the kerf width. But in the underwater cutting after damping the abrasive particles are dissipated in to the water 
hence there is no chance of the abrasive particles moving upward direction as a result decrease in kerf width. 

4.4 Comparison of surface roughness during above water and under water cutting 

The surface roughness is more in case of above water cutting compared to the underwater cutting as shown in table 4.3 and 4.4 
respectively. In case of underwater cutting the cohesiveness of the jet increases, because there is no chance of air entrapped in 
to the jet after exiting from the nozzle. Also vibration of the nozzle as well as abrasive water jet is minimum. Hence it will 
decrease the surface roughness. But in case of above water cutting the vibration of the jet is more and decrease in jet 
cohesiveness will results in increase in the surface roughness. 

5. Conclusions 

On the basis of experimental results, calculation of analysis of variance (ANOVA), F-test Values the following conclusions can be 
drawn for effective machining of Aluminium composite during above water and under water cutting by AWJM process as 
follows. 

1. The standoff distance is the most significant control factor on MRR. Meanwhile, abrasive size, abrasive concentration and 
traverse rate are insignificant in influencing MRR since they failed the test of significance during above water and under 
water cutting. 

2. In case of TKW, abrasive size, standoff distance, abrasive concentration and traverse rate are considered insignificant in 
controlling TKW since they failed the test of significance during above water cutting. During under water cutting traverse 
rate is the most significant control factor on TKW fallowed by Standoff distance. Abrasive size and abrasive concentration 
are considered insignificant in controlling TKW since they failed the test of significance. 

3. In case of BKW, traverse rate is the most significant control factor. Abrasive size, standoff distance and abrasive 
concentration are considered insignificant in controlling BKW criteria during both above water and under water cutting. 

4. In case of surface roughness, traverse rate is the most significant factor fallowed by standoff distance. Abrasive size and 
abrasive concentration are insignificant in controlling surface roughness during above water cutting. During under water 
cutting traverse rate is the most significant factor in controlling the surface roughness. Abrasive size, abrasive 
concentration and standoff distance are considered insignificant in controlling surface roughness since they failed the test 
of significance. 

5. It was also confirmed that the machining of rock-dust reinforced aluminium composites during under water cutting is 
prepared compared to above water cutting.   
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