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ABSTRACT

To determine the effective factors for microparticle blasting with precise sequence position control in the
x-axis and y-axis directions, we conducted a statistical experimental analysis of blasted square shapes by
considering five condition factors. The control input and output were operated simultaneously by rotation—
linear motion conversion and fine particles were blasted onto the aluminum specimen by precise position
control driving using multiple execution codes. The micro-driving device used for processing was capable of
microparticle blasting and of controlling the system through contact with a limit sensor at high speed and a
two-degree-of-freedom driving mechanism. Our experiments were conducted on 1,050 specimens of pure
aluminum (containing <1% of other elements). The effects of several factors (e.g., particle and nozzle
diameters, blasting pressure, and federate and blasting cycle numbers) on the surface roughness and blasted
surface’s depth were verified through a statistical experimental analysis by applying the dispersion analysis
method. This statistical analysis revealed that the nozzle diameter, the blasting pressure, and the blasting cycle
number were the dominant factors.
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(a) Dual tank micro blaster (MB1006)
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(b) 2-axis sequence control stage

Fig. 1 Micro particle blasting equipment and 2-axis
orthogonal stage machine
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(a) platform of control devices consisting of Arduino Mega

(b)structure of control box
Fig. 2 Internal structure of control box and control
platform

(a) Before

(b) After blasted
Fig. 3 Photographs of aluminum 1050-T2 specimens
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Table 1 Five factors of micro particle blasting experiment
for experimental analysis

Division 0 1
A Particle (50um) SiC ALO3
B | Nozzle diameter (mm) 0.46 1.5
C | Blasting pressure (KPa) 175 700
D Feed rate (mm/sec) 1 3
| mmberieselo LS

Table 2 Experimental conditions to find out main factors
by using Lg(2") in place of the five factor

No Experimental Column index Experir.n.ental
procedure 11213|4|5|6]| 7| condition
1 3 0[0[0]0|0] 0] 0 |AoBoCoDoEo
2 2 0] 0[O0 1 | 1| 1|1 AoBoCoDIE:
3 4 O[1[1]0[0]1]1]|AoBiCiDoEo
4 1 Oy 1|1|1]1]0]|O0]|AoB:CiDiE:
5 5 10| 1[0]1]0]|1]|AiBoCiDoE:
6 8 1{0]1]1[0]1]0]|AiBoCiD:iEo
7 7 1717070110 |AiB:iCoDoE:
8 6 1[1]0]1[0]0]1]|AiBiCoD:iEo
Fundamental a a|b?
Presentation a|b b|c]|e tc)
Batch A|/B|C|D|/E|e|e
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Table 3 The Ra, Rz and maximum depth values
according to the y- axis direction measured
from blasted square shape

Experiment Y Axis Direction
number Ra Rz Max Depth
1 1.2651 11.8421 13.5407
2 1.0053 8.2302 12.5271
3 22236 17.7670 34.2702
4 2.8001 21.1200 36.6862
5 1.9490 13.6886 17.5221
6 1.3026 12.2061 16.7613
7 1.8723 12.6633 19.3593
8 1.1380 10.228 12.2205

Table 4 The factor analysis of variance for y- axis
direction of micro blasted square surface

level of
Source |DF|Seq SS|Adj SS|AdjMS| F | P |contribution
(%)

Particle | 1| 11.08 | 11.08 | 11.08 [2.28|0.27| 10.66%
Nozzle
diameter| 1 | 19.69 | 19.69 | 19.69 |4.05]0.18| 18.95%
(mm)
Blasting
pressure | 1 | 50.84 | 50.84 | 50.84 |10.5|/0.08| 48.93%

(KPa)

Feedratel | | 06 | 006 | 0.06 0.01/092] 0.06%
(mm/sec)

Blasting
cycle | 1| 1251 | 12.51 | 12.51 |2.5710.25| 12.04%
number
Error | 2| 9.73 | 9.73 | 4.87 9.36%
Total | 7 |103.91 100.00%

Main effects plot for Y- Axis Direction(um)
(Data average)

A B C D E

B o o o~

Average

o 1 0 1 0 1 0 1 0 1
Fig. 4 Main effects plot for maximum hole diameter of
y- axis direction of micro blasted surface
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Table 5

The Ra, Rz and maximum depth values
according to the x- axis direction measured
from blasted square shape

Experiment X Axis Direction
number Ra Rz Max_ Depth
1 0.8171 7.5973 11.7801
2 1.2801 9.5066 18.3853
3 3.3316 26.2924 40.1135
4 3.0599 21.0575 37.5796
5 1.5774 129184 17.7923
6 1.3484 11.0031 18.3686
7 1.8265 12.7165 28.9058
8 1.1581 9.8311 14.8737
Table 6 The factor analysis of variance for x- axis
direction of micro blasted surface
Level of
Source |DF|SeqSS|AdjSS|AdjMS| F | P |contribution
(%)
Particle | 1 | 7.08 7.08 7.08 11.910.30 8.14%
Nozzle
diameter| 1 | 1594 | 1594 | 1594 | 43 |0.17| 18.34%
(mm)
Blasting
pressure | 1 | 45.23 | 45.23 | 45.23 |12.19]0.07| 52.02%
(KPa)
Feedrate) 4 g 15 | 015 | 0.15 |0.04/0.86| 0.18%
(mm/sec)
Blasting
cycle 1] 11.11 | 11.11 | 11.11 3 10.23 12.78%
number
Error 2| 742 7.42 3.71 8.54%
Total | 7| 86.93 100.00%

Main effects plot for X- Axis Direction(um)

(Data average)
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Fig. 5 Main effects plot for maximum hole diameter of

1 0 1 0 1 0 1 0 1

x- axis direction of micro blasted surface
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