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Machine Vision Inspection System of Micro-Drilling Processes
On the Machine Tool
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Abstract

In order to inspect burr geometry and hole quality in micro-drilling processes, a cost-effective method using an image
processing and shape from focus (SFF) methods on the machine tool is proposed. A CCD camera with a zoom lens and
a novel illumination unit is used in this paper. Since the on-machine vision unit is incorporated with the CNC function
of the machine tool, direct measurement and condition monitoring of micro-drilling processes are conducted between
drilling processes on the machine tool. Stainless steel and hardened tool steel are used as specimens, as well as twist
drills made of carbide are used in experiments. Validity of the developed system is confirmed through experiments.
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Table 1 Calibration results of the developed system
15
Cross window | Square window
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1ald— . A . . : . L pm
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Table 2 Cutting conditions

[Workpiece:SCM4]

1 3 5

O

Workpiece Rotation speed Feed rate
SUS304 10,000 RPM 2 mm/min
SCM 4 15,000 RPM 10 mm/min
[Workpiece:SUS304]
1 3 5

Fig. 13 Drilled hole images: SUS304

Fig. 14 Drilled hole images: SCM4
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Fig. 16 Diameter enlargement and location error: SCM4
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Table 3 Diameter enlargement: SUS304

Diameter enlargement (Ade): [um]

Hole No. 1 2 3 4
Ad, 6.0 6.8 6.4 6.2
Hole No. 5 6 7 8
Ade 6.1 6.2 6.2 6.7
Hole No. 9 10 1
Ade 7.0 6.8 7.3

Table 4 Diameter enlargement: SCM4

Diameter enlargement (Ade): [um]
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Each image for measuring FMI from SFF system

Hole No. 1 2 3 4
Ade 7.0 7.0 7.1 6.9
Hole No. 5 6 7 8
Ade 6.9 7.3 6.9 7.1
Hole No. 9 10 11 12
Ade 7.1 7.0 7.4 7.4
Hole No. 13 14 15
Ade 7.7 7.8 7.6

Reference plan 200um

Focus image on Burr B 400pum

Table 5 Hole location error: SUS304

Hole location error (E, ): [um]

Hole No. 1 2 3 4
E_ 49.2 52.7 54.5 493
Hole No. 5 6 7 8
E 459 47.1 42.8 419
Hole No. 9 10 11
E, 433 45.6 49.2

Table 6 Hole location error: SCM4

Hole location error (E, ): [um}]

Hole No. 1 2 3 4
E, 68.2 64.1 64.3 65.7
Hole No. 5 6 7 8
E, 63.7 73.5 80.8 63.9
Hole No. 9 10 1 12
E, 63.8 64.3 65.4 67.9
Hole No. 13 14 15
E, 67.3 66.8 70.9

Fig. 17 Images for measuring FMI from SFF system
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Edge detection
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i

Fig. 18 Image processing sequence for measurement
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Fig. 19 Measuring points of burr: SUS304




FAZN AR nolazED FAY BN AAA2E 875

Fig. 20 Measuring points of burr: SCM4

Table 7 Burr height and width (SUS304; um)

Burr height [SUS304] [um]

Reference A B C
0 224.5 335.8 3339
Reference D E
0 312.6 212.6
Burr width [SUS304] [ um ] 100.5

Table 8 Burr height and width (SCM4; um)

Burr height [SCM4] [um]

Reference A B
0 167.2 242.1
Reference C D
0 94.9 192.3
Burr width [SCM4] [um]
Burr width A Burr width B
239.7 30.5

Fig. 199} 202 7+ Al 10¥A =8 @ &9
Hol Fojok o] FAAHol:, ¥ Folgt £ F
2 ZA3}E Table 73 80j %,a]zs}@q.

6. & &

(1) vlolZ2=d FANA ¥ A (Fo], )T
799 FAEALA, gz JHAAE 9
3 Fd= cCDp Fivg}, AR LED ogo], &=
A AL g2y g3 2EYT SFF HE o) 43%
FEATNASY vd &4 A28E AR

) %wu 247 vlo E& 587 A&
LoG &4 A&Wde 435131, v zo&
£4357) sl A@gHoz AL sum«l %A o]

o

U 0.1ume EFZ &S5
H/\PP B g Aeskgich
) SFF &4 9] AlFA& drsr) 8 Aol
ol g3t EALE FYPilu, JAEZAE
*P—F‘iﬂic’é Ag3 A AL" SFF
AE3) 53} 0.5~1.4ume) A

—_—
LI

o

ox > o e
o |» o Ju
o
rl
S
’5
o
)l

(4 2 =wdA Atd SHPYol dgd &
d&Ad HALHY AAME AR dA T R
7ol NS 2HFAe HA AN 2+H
o, £3A%e 284 xd UdeA w38t o
o v 284 e 29y 477k 9.3
.

(5) ¥M9] 3a4 % ’e}-"»l Ed& HaiMe SFF W
HE T I A A+t dasitt

Hnes

(1) Iwata, K. and T. Moriwaki, 1981, “Basic Study of
High Speed Micro Deep Drilling,” CIRP Annals, Vol.
30, pp. 27~30.

(2) Stein, J. and D. Dornfeld, 1997, “Burr Formation in
Drilling Miniature Holes,” CIRP Annals, Vol. 46, pp.
63~66.

(3) Ziou, D. and S. Tabbone, 1998, “Edge Detection
Techniques-An Overview,” International Journal of
Pattern Recognition and Image Analysis, Vol. 8, pp.
537~559.

(4) Nayar, S. K. and Y. Nakagawa, (1994), “Shape from
Focus,” Pattern Analysis and Machine Intelligence,
IEEE Transactions, Vol. 16, No. 8, pp. 824~831.

(5) Pfeifer, T. and L. Wiegers, 2000, “Reliable Tool
Wear Monitoring by Optimized Image and
Illumination  Control in  Machine  Vision,”
Measurement, Vol. 28, Issue 3, pp. 209~218.

(6) Furness. RJ, C. L. Wu, and A. G, Ulsoy, 1996,
“Statistical Analysis of the Effects of Feed, Speed and
Wear on Hole Quality in Drilling,” Journal of
Manufacturing Science and Engineering, Vol. 118, pp.
367~375.

(7) Rafale C. Gonzalez, Richard E. Woods, 2002,
Digital Image Processing second Edition, Prentice-
Hall, Inc., Upper saddle River, New Jersey.

(8) Jain, R., R. Kasturi, B. G Schunck, 1995,
MACHINE VISION, Co-published by the MIT Press
and McGraw-Hill, Inc., New York.

(9) Shapiro, L. G and G C. Stockman, 2001,
COMPUTER VISION, Prentice-Hall, Inc., Upper
saddle River, New Jersey.

(10)Krotkov. E, 1987, “Focusing,” International Journal
of Computer vision, Vol. 1, pp. 223~237.

(11)Braggins, D., 2000, “Illumination for Machine
Vision,” Sensor Review, Vol. 20, No. 1, pp. 20~23.



