R 1R

AL B RIE A S

Taguchi AIHAI& Y & 0| S8t o|M AKX} EAIE

=

CEN TR

YHSA (S H), ol ESH 7|A3HT), DE=, dAHa(dHd 2|ASEHTF)

Experimental study for the process conditions of abrasive jet machining
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ABSTRACT

Abrasive jet machining (AJM) has a large number of parameters such as powder flow rate, air pressure, diameter
of abrasive, stand off distance, material hardness and fracture toughness, etc. It is not easy matter to control those
parameter. To achieve high accurate machining, in this study, Taguchi method was used to select process parameters.
The objective of the optimization was to get higher material removal rate (MRR). From the experiments and analysis,
some process parameters were found to make efficient machining.
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Fig. 1 The principle of material erosion
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Table 1 Single-crystal 31 Material Characteristics
Knoop hardness 850 kg/mm’
Density 2.4 gricm’

186.5 Gpa [111],

Young's moduluz(E) 168 Gpa [110],

129.5 Gpa [100]

Fracture toughness 0.94Mpa/m”[110]
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Fig. 2 Linsar graphs for L27(3"%)

Table 2 Properties of the smployed abrasive grits

. WA
Abrasive typs .
{alpha aluminia)
Dcnsity(gfcmg) 3.9
Knoop hardness{HK) 2100
Diameter 10Um, 17 m,27um
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Table 3 Lyr(3'7)series of Taguchi orthogonal arrays



actor i powder air blasting
M m rmaterial SCD ) )
diameter | pressure | time
1 <110> | 6mm | 10um | 70kpa | 1.5sec
2 <110= | omm | 17um | 140kpa| 3sec
3 <110= | omm | 27um |210kpa | 4.5sec
4 <110> | 12mm | 10um | 140kpa | 4.5sec
5 <110> | 12mm | 17um [210kpa | 1.5sec
6 <110>= | 12mm | 27um | 70kpa | 3sec
7 <110> | 18mm | 10um [210kpa| 3sec
8 <110> | 18mm | 17um | 70kpa | 4.5sec
9 <110> | 18mm | 27um | 140kpa | 1.5sec
10 <100> | omm | 10um | 70kpa | 1.5sec
11 <100> | omm | 17um | 140kpa| 3sec
12 <100> | omm | 27um |210kpa | 4.5sec
13 <100> | 12mm | 10um | 140kpa | 4.5sec
14 <100> | 12mm | 17um [210kpa | 1.5sec
15 <100> | 12mm | 27um | 70kpa | 3sec
16 <100> | 18mm | 10um [210kpa| 3sec
17 <100> | 18mm | 17um | 70kpa | 4.5sec
18 <100> | 18mm | 27um | 140kpa | 1.5sec
19 <111> | omm | 10um | 70kpa | 1.5sec
20 <111> | omm | 17um | 140kpa| 3sec
21 <111> | omm | 27um |210kpa | 4.5sec
22 <111> | 12mm | 10um | 140kpa | 4.5sec
23 <111> | 12mm | 17um [210kpa | 1.5sec
24 <111> | 12mm | 27um | 70kpa | 3sec
25 <111> | 18mm | 10um [210kpa| 3sec
26 <111> | 18mm | 17um | 70kpa | 4.5sec
27 <111> | 18mm | 27um | 140kpa | 1.5sec
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Fig. 5 Deformations of silicon wafers and SU-8 mask
patterning depend on machining rate.
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Table 4 Experimental results of Si-wafers

1 R

Num |Depth(1im) [Num |Depth{um) |Num |Depth(m)
1 65 10 60 19 60
2 215 11 230 20 220
3 470 12 480 21 460
4 50 13 50 22 47
5 73 14 83 23 38
6 36 15 38 24 35
7 40 16 43 25 38
8 36 17 37 26 35
9 37 18 38 27 37
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Fig. 6 Influence of S/N ratio for each factor

Table 5 Response of influence ratio for each factors

Facter | Crystali Powder Air | Blasting
Lavel . S0D . .
Zation diameter | pressure fime
1 3733 4588 3380 J2.71 RERs
2 03 34 0d] SHd9 | 3938 | 604
3 d8.79 |31066] G889 | 4089 | 139.456
5 ght 1583 480 8.20 457
Ranking 3 1 3 2 4
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Fig. 7 Results of SOD experiment (Pressure
280kpa, blasting time 2sec, <100>Si-wafer)
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Fig. 8 Depth of cut depend on the blasting time
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