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Abstract— Generally the abrasive jet machining process is
used for the materials which are insulator of electric and heat
and which are brittle also. Here to obtain the particular shaped
cavity in the material, a jet of air and abrasive is impacted
fastely. By this the material is removed in many number of
small particles. Here the effectiveness of the abrasive jet
machining process depends on the various factors as type of
abrasive used, hardness of the workpiece material, velocity of
jet, pipe nozzle crossectional area and position related to the
workpiece etc. So by improving these factors we can improve
the effectiveness of the abrasive jet machining process
sufficiently.
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. INTRODUCTION

Generally the porcelain, quartz and ceramic etc. are machined
by abrasive jet machining process. Here the material is
removed in many number of small particles so the rough
surface may be obtained after completing the process.
Besides it there are various factors which may be responsible
for the finish obtained after completing the process like very
high velocity of air jet, non-homogeneous mixture of air and
abrasive, non-homogeneous structure of the workpiece
material and position of nozzle with respect to the workpiece
etc.

Il. METHODOLOGY OR LITERATURE SURVEY

A. Methodology Related to Nozzle Position and Its Outlet
Crossectional Area —

To cut the material fastely with sufficient depth the nozzle of
the jet pipe should be vertical to the workpiece as far as
possible. Besides it the gap between the nozzle and workpiece
surface should be fixed such that the maximum Kinetic energy
is obtained by the air jet. Here the convergent type nozzle
should be used to increase the kinetic energy of the jet. To
obtain the lengthen cavity the crossection of outlet of nozzle
should be elliptical.

B. Methodology Related to Kinetic Energy and Type of
Abrasive Particles Used —

To obtain the deep cavity the high kinetic energy is required
while the abrasive particles should be very hard and tough.
To obtain the large cavity the size of abrasive particles should
be triangular and to obtain the small cavity the pentagonal
size of abrasive particles is sufficient. Besides it to obtain the
finish over the large size cavity the pentagonal or round sized
abrasive particles should be used at the end of process.
Besides it to obtain the good surface finish the proper value
of kinetic energy should be used between the nozzle and
workpiece surface.

C. Methodology Related to Basic Fluid Used in Abrasive Jet
Machining Process —

If such type gases are used which are completely dry and do
not react with the environment then by this the effectiveness
of the abrasive jet machining process is increased sufficiently.
Besides it if the gas or air of the jet is preheated before use
then by this the kinetic energy of jet is increased sufficiently.
It also may be proved by the following relation between
velocity of jet (V) and increase in temperature of air (T2 — Ta).
V =12(h,—hy)
where —h; =0 , ho=mcy(T2—T1)
V =1 2[mep(T2 — T1)]

Where m = 1kg, ¢, = 1.005 KJ/kg k.

If T1=25+273 =298 K is taken every time and T»
is varied every time like given fig.(A).

Then by this figure it is clear that as well as the
temperature or enthalpy of the air is increased the velocity of
the jet is also increased sufficiently. Besides it if the liquid
(like oil) is used at place of air then the mixture of liquid and
abrasive particles may give the better results than the mixture
of air and abrasive particles
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I1l. ANALYSIS

A. Analysis over the Impact Force Applied on the Workpiece
Surface —

Here it is clear that the impact force applied (Fi) on the
workpiece surface depends on the crossectional area of outlet
of nozzle (A), velocity of jet (V), gap between nozzle outlet
and workpiece surface (L) and the density of fluid of jet (p).
Here we will have to use the Buckingham’s =-
theorem to provide relation between these above given
quantities.
So by using Buckingham’s n-theorem we can write as —
f(F,L,A,V,p)=0— Equation (A)
Then number of variables (n)=5
Now on putting the all dimensions of all variables —
Fi=(MLT?),L=(L), A=(L?),V=(LTY),p=(ML?

All rights reserved by www.ijsrd.com 22



Analysis over the Improvement in Abrasive Jet Machining Process
(I3SRD/Vol. 9/Issue 08/2021/006)

So the number of dimensions (m) = 3
So the number of = — terms = 5-3 =2
So we write as
fi(m, 12)=0 —
Where m1= (L% VP p°xRi)  — Equation (C)
M = (L% VP« p%»Ri) — Equation (D)
Now on putting the all dimensions on both sides in
Equation(C) —
(MLOTO)={(L)*+(LT )1 (MLP¥)°1+(MLT?)}
On comparing the dimensions on both sides —
a1+b;1-3c1+1=0—Equation (E), -b;-2 =0 — Equation (F)
Thenby=-2and c;+1=0
Soc=-1
then from Equation(E) —
a1-2-3(-1)+1=0 or a1=-2
then again from Equation(C) »mi = (Fi/ pV?L%?) —
Equation (G)
Now on putting the all dimensions on both sides in
Equation(D) —
(MOLOTO)={(L)%2+(LT )2 (ML )%+(L%)}
On comparing the dimensions on both sides —
+hy-3c+2 =0 —

Equation (B)

Equation (H)

Co = 0, bz =0
then from Equation (H) —
ap=-2

then again from Equation (D) —mn; = (A/ L? )— Equation (I)
Then from Equation (B) »f.i(Fi/ pV2 L2 A/L%) =0
Fi/pVZLZ=¢ {A/LY}
Fi=pVZL2o{A/L%} — Equation (J)
Now if ¢ { A/ L2} is constant then from equation (J) —
Fi o pV2L2— Equation (K)
According equation (K) it is clear that the high
impact force will be applied if the density of jet fluid is high,
the jet velocity is high and gap between nozzle and workpiece
is sufficient.

B. Analysis over the Metal Removal Removal Rate (M) in
g/min. —
Here the metal removal rate (M) in g/min. depends on the
velocity of jet (V), crossectional area of outlet of nozzle (A),
gap between nozzle outlet and workpiece surface (L) and the
bonding strength of the material to be removed (o).
Now by using Buckingham’s n-theorem we can write as —
fM,L,A,V,00)=0— Equation (A)
Then number of variables (n)=5
Now on putting the all dimensions of all variables —
M=(MT?,L=(L), A=(L?),V=(LTY,6o=(ML*T?
So the number of dimensions (m) =3
So the number of © — terms = 5-3 =2
Sowe writeas fi(m, 12)=0 —
Where m1 = (L% VPix 6p%+xM)  — Equation (C)
M2 = (L%~ VP 6p°x A) — Equation (D)
Now on putting the all dimensions on both sides in
Equation(C) —
(MOLOTO)={(L)*+(LT )1 (ML T2 )°1(MT™)}
On comparing the dimensions on both sides —
athi-c1=0—
-b1-201 -1=0—
citl=0 Soci=-1
then from Equation (F) —
b1 =1

Equation (B)

Equation (E)
Equation (F)

then from Equation (F) —

ap=-2

then again from

Equation(C) »m= (VM / cpL?) — Equation (G)
Now on putting the all dimensions on both sides in
Equation(D) —

(MOLOTO)={(L)%2+(LT )2 (ML T2)%2+(L?)}

On comparing the dimensions on both sides —

ath2-c2+2=0 —

c2=0 and -by-2c,=0 so b, =0

then from Equation (H) -

a=-2

then again from Equation (D) —m2= ( 1 )— Equation (I)

Then from Equation (B) »fi(VM / cpL2, 1) =0

VM / opL.2 = ¢(1)
M = (osL2/ V) $(1)
Let §(1) =1, then —
M = (c,L.2 / V)

Now if jet velocity (V) is fixed and then (1 / V) is taken as

constant then — M a opl?

So we can say that if the jet velocity (V) is taken
constant for every type material then for this there are
following two results are obtained —

—  If the bonding strength (o) of the material is high then
the gap (L) should be low for particular value of metal
removal rate (M).

— If the bonding strength (op) of the material is low then
the gap (L) should be some high for particular value of
metal removal rate (M).

Equation (H)

IV. FINALRESULT

Here it is clear that if some required changes are provided in
abrasive jet machining process, the better results may be
obtained with good metal removal rates.

V. CONCLUSION

It is possible to improve the abrasive jet machining process
by changing some physical, technical and material science
related factors.
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