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Abstract— The abrasive jet machining (AJM) is a non-

conventional machining process in which a abrasive 

particles are made to impinge on the work material at a high 

velocity.  This project deals with the fabrication of the 

Abrasive Jet Machine and machining on tempered glass, 

calculating the material removal varying various 

performance parameters like pressure, angle & abrasive grit 

size so on. Before performing the experiment fabrication 

done on AJM which are also discussed.. The different 

problem faced while machining on tempered glass are also 

discussed. Taguchi method and ANOVA is used for analysis 

of metal removal rate. 
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I. INTRODUCTION 

In Abrasive jet machining, Jet of abrasive particles is carried 

by carrier gas or air. The high velocity stream of abrasives is 

generated by converting pressure energy of carrier gas or air 

to its Kinetic energy and hence high velocity of   jet from 

Nozzles   directs abrasive jet in a controlled manner onto 

work material. The high velocity abrasive particles remove 

the material by micro-cutting action as well as brittle 

fracture of the work material. Sic  is  hard and synthetically 

produced crystalline compound of silicon and carbon. Its 

chemical formula is Sic. Since the late 19th century silicon 

carbide has been an important material for sandpapers, 

grinding wheels, and cutting tools. More recently, it has 

found application in refractory linings and heating elements 

for industrial furnaces, in wear-resistant parts for pumps and 

rocket engines, and in semiconducting substrates for light-

emitting diodes.   silicon carbide was the hardest synthetic 

material . 

The "toughened glass" is generally used for describe fully 

tempered glass but   sometimes used to describe heat-

strengthened glass as both types undergo a thermal 

"toughening" process. There are two types of   glass: heat-

strengthened and fully tempered. Heat-strengthened glass is 

twice as strong as annealed glass while fully tempered glass 

has typically four to six times the strength of annealed glass 

and withstands heating in microwave ovens. The difference 

between them is the residual stress in the edge and glass 

surface. Fully tempered glass in the US is generally rated 

above 65 mega pascals  in  pressure-resistance, while heat-

strengthened glass is between 40 and 55 megapascals . The 

tempering process does not change the stiffness of the glass. 

MRR increase with increase of abrasive flow rate and is 

influenced by size of abrasive particles. But after reaching 

optimum value, MRR decreases with further increase of 

abrasive flow rate. This is owing to the fact that Mass flow 

rate of gas decreases with increase of abrasive flow rate and 

hence mixing ratio increases causing a decrease in material 

removal rate because of decreasing energy available for 

erosion. The abrasive flow rate can be increased by 

increasing the flow rate of the carrier gas.  This is only 

possible by increasing the internal gas pressure . Standoff 

distance is defined as the distance between the face of the 

nozzle and the work surface of the work Abrasive jet 

machine is used for drilling, cutting,  deburring, etching and 

polishing of hard and brittle materials. This is used for  glass 

more economically as compared to etching or grinding. 

AJM is also used in manufacture of electronic devices  

drilling of glass wafers, deburring of plastics, making of 

nylon and Teflon parts permanent marking on rubber 

stencils, cutting titanium foils . 

 

A. Literature  Review— Tsai. F. C.,  Et Al
[7]

 (2013) 

Investigated polishing on SKD 61 mold steel using SIC with 

wax coating. This paper investigates the abrasive jet 

polishing of electro-discharged-machined and mold steel 

specimen was used 2000, 3000 or 8000 Sic particles and 

compound additive comprising pure water. The experiment 

shows that when the polishing process was performed using 

2000 Sic particle with a pure water and water was additive it 

was found that the surface roughness is reduced from Ra=1.0 

micro meter to 0.08 micro meter within 10 min of SKD 61 

surface polishing the ground SKD 61 surface using 3000 Sic 

particles with pure water and water wax, the surface 

roughness is found to reduce from an initial value of 

Ra=0.36 micro meter to a final value of Ra=0.054 m within 

60 min.  A gas atomization technique is employed to 

fabricate wax coated 3000 Sic particle for improving the 

polishing performance.  After the experiment the result 

show was that the wax-coated abrasive particle reduces the 

polishing time and achieves an improved surface finish. 

B. Nagdeve. L., et at 
[10] 

(2012) 

In this paper, Taguchi method is applied to find optimum 

process parameter for Abrasive water jet 

machining(AWJM).Further experimental investigation were 

conducted to assess the influence of abrasive water jet 

machining (AWJM) process parameters on MRR and 

surface Roughness (Ra) of aluminum. Also, optimize the 

AWJM process parameter for effective machining and to 

predict the optimal choice for each AWJM parameter such 

as pressure, standoff distance. This paper  analysis of the 

Taguchi method reveals that, in general the standoff distance 

significantly affects the MRR while, Abrasive flow rate 

affects the surface Roughness. However, experiments are 

http://en.wikipedia.org/w/index.php?title=Pressure-resistance&action=edit&redlink=1


Study the MRR of Tempered Glass by Using Silicon Carbide Abrasive   at Different Parameters of Abrasive Jet Machine 

 (IJSRD/Vol. 3/Issue 03/2015/434) 

 

 All rights reserved by www.ijsrd.com 1749 

carried out using (L9) orthogonal array by varying pressure, 

standoff distance, Abrasive flow rate and Traverse rate 

respectively. 

C. Nagdeve. L., et al 
[11]

 (2012)   

In this research paper, Taguchi method is applied to find 

optimum process parameters for Abrasive Water Jet 

Machining (AWJM).The objective of experimental 

investigation is to conduct research of machining parameters 

impact on MRR and SR of work piece of Al 7075. The 

approach was based on Taguchi’s method, analysis of 

variance and signal to noise ratio (SN Ratio) to optimize the 

Abrasive Water Jet Machining process parameters for 

effective machining and to predict the optimal choice for 

each AWJM parameter such as Traverse speed, Abrasive 

flow rate, Standoff distance and Abrasive grit size. This 

paper also presents analysis of various parameters and on 

the basis of experimental results, analysis of variance 

(ANOVA), F-test and SN Ratio. 

D. Kumar Karna, S., et al
[22]

 (2012) 

This examined  to optimize the process by applying the 

Taguchi method with orthogonal array robust design. 

Therefore, Off-line quality control is considered to be an 

effective approach to improve product quality at a relatively 

low cost. Also analysis of variance (ANOVA) was used to 

study the effect of process parameters on the machining 

process. The approach was based on Taguchi method, the 

signal-to-noise (S/N) ratio and the analysis of variance 

(ANOVA) are employed to study the performance 

characteristics. 

E. Rama Rao, S., et at
[21] 

(2012)   

In this research paper the influence of the various process 

parameters, i.e. voltage, feed rate and electrolyte 

concentration on the predominant machining criteria, i.e. the 

metal removal rate (MRR) was studied. The orthogonal 

arrays of Taguchi, the signal-to-noise (S/N) ratio, the 

analysis of variance (ANOVA), and regression analyses are 

employed to find the optimal process parameter levels and 

to analyze the effect of these parameters on metal removal 

rate values. The confirmation test with the optimal levels of 

machining parameters was carried out in order to illustrate 

the effectiveness of the Taguchi optimization method. 

F. Chatterjee, A., et al
[2] 

(2011)   

In this paper An effect of inherent characteristics of water 

jet flaring on straightness of the through cut has been 

studied. Also an attempt has been made to establish the 

effect of jet traverse speed on straightness of the cut and 

surface roughness through experiments for different 

materials like aluminum, stainless steel, sand stone and 

marble. This paper also deals with the quantitative taper 

angle analysis and qualitative roughness analysis for above 

materials. 

G. Kandpal Chandra, B., et at
[3]

 (2011)   

In this paper investigated the testing and analyze various 

process parameters of abrasive jet machining. This paper 

also includes various results of experiments have been 

conducted by changing pressure, nozzle tip distance on 

different thickness of glass plates and ceramic plates. It was 

observed that as nozzle tip distance increases, material 

removal rate (MRR) increases as it is in the general 

observation in the abrasive jet machining process. As the 

pressure increases material removal rate (MRR) is also 

increased as we found in AJM process. Similarly as abrasive 

particle size increases MRR increases. 

II. PROBLEM FORMULATION 

The main aim of this research are to carry out the 

experiments by selecting different variables and their levels, 

applying Taguchi design of experiment and then analyzing 

the results obtained. the number of experiments were done 

as suggested by the Taguchi design of experiment according 

to number of factors, their levels and their interactions. The 

aim of a parameter design experiment is, then, to identify 

settings of the design parameters that maximize the chosen 

performance measure and are insensitive to noise factors. 

Orthogonal array has been used to minimize the number of 

test runs while keeping the pair-wise balancing property in 

Taguchi’s method for that purpose. These basic principles 

serve as a screening filter, which allows the examination of 

the effects of many process variables, identifying those 

factors, which have a major effect on process characteristics 

using a single trial with a few reactions. Using an orthogonal 

array, however, an estimate of the effect of each variable 

can be carried out using only nine experiments. Providing 

that three level are used for each variable tested, the number 

of experiments required (E) is calculated from the equation 

E=2k+1, where K is the number of factors to be tested. If the 

calculated number is not a multiple of three, then the 

required number of variables to be tested is the next 

multiple. Hence, as the number of experiments required 

becomes more marked; e.g. to test 9 factors would require 3
9
 

= 19683 experiments to analyze fully, whereas using 

Taguchi’s methods this could be reduced to just 21 

(2*9+1=19), 19 is not a multiple of three and then next 

integer divisible by three is 21. OAs is used to minimize the 

number of runs (or combinations) needed for the 

experiment. S/N ratios are used as a measure of the 

functionally of the system. S/N ratios capture the magnitude 

of real effects (signals) after making some adjustment to 

uncontrollable variation (noise) 

III. EXPERIMENTAL WORK 

In experimental setup there is  

1. Reciprocating air compressor 

2. Abrasive chamber 

3. Central valves 

4. Mixing chamber 

5. Nozzle 

6. Work piece 

The problems occurs during of the test on AJM .Wastage of 

abrasives .It was very difficult work with high pressure due 

to leakages and vibrations .Too many openings which leads 

to leakage. In convenient working environment also causes 

health hazards to the operator There was problem in motion 

to the work table in up and down direction. Improper   

mixing of compressed air and abrasive. Arrangement  of an 

abrasive dust collector .Back pressure. 

Improvement during the experiment on AJM:After the 

mixing chamber a valve is provided to control the mass flow 

rate of the mixture coming out of the mixing chamber.The 
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pressure regulator and pressure gauges are replaced by the 

new ones for preventing the leakage in the flow process. 

Find MRR by using this formula:                          

            MRR= (Initial Weight-Final Weight)/Time 

Parameter 

 

Code Levels 

1 2 3 

Pressure (kg/cm
2
) A 4 6 10 

Angle between the work piece 

and nozzle jet (degree) 

B 45
o
 25

o
 5

o 

Nozzle tip distance (mm) C 6 12 18 

Abrasive(mesh size) D 800 

 

600 

 

250 

 

IV. RESULT AND CONCLUSION 

Taguchi L9 OA for MRR 

Expt. No. 

 

A B C D MRR 

1 1 1 1 1 

 

0.0023 

2 1 2 2 2 

 

0.0033 

3 1 3 3 3 

 

0.0056 

4 2 1 2 3 

 

0.0057 

5 2 2 3 1 

 

0.0064 

6 2 3 1 2 

 

0.0064 

7 3 1 3 2 

 

0.0075 

8 3 2 1 3 

 

0.0075 

9 3 3 2 1 

 

0.0099 

The following are the conclusions for the calculation of 

MRR on tempered glass -  

1. Metal removal rate increases with pressure and 

abrasive size in microns in abrasive jet machining 

of tempered glass. 

2. Metal removal rate increases with decreasing the 

value of angle in abrasive jet machining of 

tempered glass.  

3. The optimum cutting parameters which are 

pressure=10 kgf/cm
2
, angle= 5

0, 
SOD=6 mm and 

abrasive = 600 mesh.  

4. The maximum metal removal rate is calculated as 

0.0099 g/sec. by Taguchi’s  optimization method  
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