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Abstract— As Abrasive jet machining (AJM) is similar to 

sand blasting and effectively removes hard and brittle 

materials. AJM has been applied to rough working such as 

deburring and rough finishing. With the increase of needs 

for machining of ceramics, semiconductors, electronic 

devices and L.C.D., AJM has become  useful technique for 

micromachining .The   abrasive jet machining  is based on 

the principle of erosion of the material upon which the jet 

hits. This project gives the information on the Abrasive jet 

machining and the related parameters and latest 

developments in this field for the cutting of brittle materials 

like glass and ceramics, Also a design is developed and used 

for improved collection of the abrasive after the machining . 

The abrasive jet machining (AJM) is considered as an 

attractive and effective machining method for hard and 

brittle materials. 
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I. INTRODUCTION 

Abrasive machining is a machining process where material 

is removed from a work piece using a multitude of small 

abrasive particles. Common examples include grinding, 

honing, and polishing. Abrasive processes are usually 

expensive, but capable of tighter tolerances and better 

surface finish than other machining processes chances, 

delectability, costs and safety aspect etc.). Abrasive jet 

finishing combined with grinding gives rise to a precision 

finishing process called the integration manufacturing 

technology, in which slurry of abrasive and liquid solvent is 

injected to grinding zone between grinding wheel and work 

surface under no radial feed condition. The abrasive 

particles are driven and energized by the rotating grinding 

wheel and liquid hydrodynamic pressure and increased 

slurry speed between grinding wheel and work surface 

achieves micro removal finishing Abrasive water jet 

machines are becoming more widely used in mechanical 

machining. These machines offer great advantages in 

machining complex geometrical parts in almost any 

material. This ability to machine hard to machine materials, 

combined with advancements in both the hardware and 

software used in water jet machining has caused the 

technology to spread and become more widely used in 

industry. New developments high pressure pumps provide 

more hydraulic power at the cutting head, significantly 

increasing the cutting performance of the machine. Analysis 

of the economic and technical has been done by researchers. 

Those technology advancements in applying higher power 

machining and intelligent software control have proven to 

significantly improve the overall performance of the 

abrasive water jet machining operation, thus widening the 

scope of possible applications of this nnovative and 

promising technology. One of the important  applications of 

the AJM process is decoration  of brittle materials, for 

instance, window glass and mirrors, where the engraved 

holes  are provide an optical effect on the surface and give 

better surface finish. 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 

 
Fig. 1: Abrasive Jet machine 

 
Fig. 2: Effect of Nozzle pressure on MRR 

 
Fig. 3: Effect of Abrasive flow rate on MRR 
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II. METHODOLOGY 

In the traditional one-variable-at-a-time approach, only one 

variable at a time is evaluated keeping remaining variables 

constant during a test run. This type of experimentation 

reveals the effect of the chosen variable on the response 

under certain set of conditions. The major disadvantage of 

this approach is that it does not show what would happen if 

the other variables are also changing simultaneously. This 

method does not allow studying the effect of the interaction 

between the variables on the response characteristic. The 

interaction is the failure of one factor to produce the same 

effect on the response at different levels of another variable. 

On the other hand, full-factorial designs require 

experimental data for all the possible combinations of the 

factors involved in the study; consequently a very large 

number of trial need to be performed. Therefore, in the case 

of experiments involving relatively more number of factors, 

only a small fraction of combinations of factors are selected 

that produces most of the information to reduce 

experimental effort. This approach is called fractional-

factorial design of experiment. The analysis of results in this 

approach is complex due to non-availability of generally 

accepted guidelines. The Taguchi method provides a 

solution to this problem. 

III. TAGUCHI‟S EXPERIMENTAL DESIGN METHOD 

Taguchi‟s comprehensive system of quality engineering is 

one of the great engineering achievements of the 20
th
 

century. His methods focus on the effective application of 

engineering strategies rather than advanced statistical 

techniques. It includes both upstream and shop-floor quality 

engineering. Upstream methods efficiently use small quality 

method is applied, the greater leverages it produces on the 

improvement, and the more it reduces the cost and time. 

Taguchi‟s philosophy is founded on the following three very 

simple and fundamental concepts. 

 Quality should be designed into the product and not 

inspect into it. 

 Quality is the best achieved by minimizing the 

deviations from the target. The product or process 

should be so designed that it is immune to 

uncontrollable environmental variables. 

 The cost of quality should be measured as a 

function of deviation from the standard and the 

losses should be measured system-wide. 

Taguchi‟s proposes an “off-line” strategy for 

quality improvement as an alternative to an attempt to 

inspect quality into a product on the production line. He 

observes that poor quality cannot be improved by the 

process of inspection, screening and salvaging. No amount 

of inspection can put quality back into the product. Taguchi 

recommends a three-stage process: system design, parameter 

design and tolerance design. In the present work Taguchi‟s 

parameter design approach is used to study the effect of 

process parameters on the surface roughness of CNC turning 

process. Taguchi suggests two different routes to carry out 

the complete analysis of the experiments. First the standard 

approach, where the results of a single run or the average of 

the repetitive runs are processed through main effect and 

ANOVA analysis (Raw data analysis). The second approach 

which Taguchi strongly recommends for multiple runs is to 

use signal-to-noise (S/N) ratio for the same steps in the 

analysis. The S/N ratio is a concurrent quality metric linked 

to the loss function. By maximizing the S/N ratio, the loss 

associated can be minimized. The S/N ratio determines the 

most robust set of operating conditions from variation 

within the results. The S/N ratio is treated as a response 

parameter (transform of raw data) of the experiment. 

Taguchi recommends the use of outer OA to force 

the noise variation into the experiment i.e. the noise is 

intentionally introduced into the experiment. Generally, 

processes are subjected to many noise factors that in 

combination strongly influence the variation of the response. 

For extremely „noisy‟ systems, it is not generally necessary 

to identify controllable parameters and analyze them using 

an appropriate S/N ratio. In the present investigation, both 

the analysis: the raw data analysis and S/N data analysis 

have been performed. The effects of the selected parameters 

on the selected quality characteristics have been investigated 

through the plots of the main effects based on raw data. The 

optimum condition for each of the quality characteristics 

have been establish through S/N data analysis. No outer 

array has been used and instead, experiments have been 

repeated three times at each experimental condition. 

IV. EXPERIMENTAL RESULTS 

In machine the initial weights of glass specimens were 

measured with the help of digital balance. After machining 

the final weights were measured with the help of digital 

balance to calculate the material removal rate. In our 

machine the movement to specimens in x-y directions is 

provided with the help of cross slide and in z direction with 

help of worm and worm wheel drive. First the abrasive that 

was alumina in powder form was fed in the hopper 

carefully. After that compressor connections were checked. 

The glass specimen was properly clamped on cross slide 

with the help of various clamps. As the compressor was 

switched on, the hopper gate valve was opened so that 

abrasive grains were mixed with air jet coming from the 

compressor and focused on the specimen with help of 

nozzle. Different readings were taken using different 

process parameters on the glass specimens. Find Metal 

removal rate 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 

Abrasive(mesh size) C 800 600 250 

Nozzle tip distance(mm) D 6 12 18 

Table 1: AJM Process Parameters 

Expt. 

No. 
A(pressure) B(angle) C(mesh 

size) 

D(nozzle tip 

distance) 

Initial 

weight 

Final 

weight 

Time in 

sec. 
MRR 

1 4 45 800 6 28.6382 28.6245 6 0.0023 

2 4 25 600 12 28.2774 28.2578 6 0.0033 

3 4 5 250 18 28.5980 28.5664 6 0.0056 
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4 6 45 600 18 28.7710 28.7366 6 0.0057 

5 6 25 250 6 28.4685 28.4301 6 0.0064 

6 6 5 800 12 27.5457 27.5049 6 0.0068 

7 10 45 250 12 28.6185 28.5733 6 0.0075 

8 10 25 800 18 28.2459 28.1955 6 0.0084 

9 10 5 600 6 28.1965 28.1373 6 0.0099 

Table 2: Parameters 

Analysis of the S/N Ratio 

The S/N ratio values are calculated by using this equation. 

The S/N ratio for the larger-the-better is:  

S/N = -10*log (mean square deviation) 
 

 
=   -10*log10[

 

 
 

 

  
] 

Where n is the number of measurements in a 

trial/row, in this case, n=1 and y is the measured value in a 

row. The S/N ratio values are calculated by taking 

consideration above equation. The MRR response table for 

the pressure, angle, SOD and abrasive mesh size was created 

in the integrated manner 

V. CONCLUSIONS 

The maximum metal removal rate is calculated as 

0.0099g/sec. by Taguchi‟s   optimization method. Metal 

removal rate increases with decreasing the value of angle in 

abrasive jet machining of tempered glass. Metal removal 

rate increases with pressure and abrasive size in microns in 

abrasive jet machining of tempered glass. The optimum 

cutting parameters which are pressure=10 kgf/cm
2
, angle= 

5
0, 

SOD=6 mm and abrasive = 600 mesh.  
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