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Monitoring of Micro-Drill Wear by Using the Machine Vision System
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Abstract

Micro-drill wear deteriorates accuracy and productivity of the micro components. In order to improve

productivity and quality of micro components, it is required to investigate micro-drill wear exactly. In this

study, a machine vision system is proposed to measure the wear of micro-drills using a precision servo stage.

Calibration experiments are conducted to compensate for the machine vision system. In this paper, wom

volume, area and length are defined as wear amounts. Micro-drill wear is reconstructed as the 3D topography

and the quantized wear amount by using the shape from focus (SFF) method and wear parameters.

Experiments have been conducted with HSS twist micro-drills and SM45C carbon steel workpieces. Validity

of the proposed machine vision system is confirmed through experiments.
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Fig. 4 Shape of margin wear
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Table 1 Specification of the precision servo stage

Table size 300%300 mm
Travel range 300 mm
Moving resolution 1 um
Repeatable accuracy 3 pm (full stroke)
Speed 10 mm/min

Fig. 6 Machine vision system
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Table 2 3-D Calibration result [unit: ]

LVDT difference 80.2
Height of lower block
93 9
gauge by interpolated FMI 120.9:% 3.99 (95%)
Height of higher block

gauge by interpolated FMI

203.5 + 4.55 (95%)

Gaussian interpolation
difference

82.6 % 4.61 (95%)

Error deviation
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Table 3 2-D Calibration results [unit: zm]
Magnification x5 %6
Pixel size 1.41 1.13
Width of line 75 75
Width of line by 75.07+ 1.88 75.09 £ 1.74
using pixel size (95%) (95%)
Error deviation 0.07 0.09
Table 4 Measurement conditions
Chisel Flank Margin
edge wear wear wear
Pixel size 095 um | 1.41 pm | 1.13 pm
Magnification x8 x5 x 6
Image size
(Number of pixels) 640 x 480 |640 x 480 1640 x 480
Moving resolution 5 um - -
Block window M=N=5 - -
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Table 5 Cutting conditions Table 6 Parameters of chisel edge wear
Drill diameter & 1.0 mm Drilled holes Citrea [10m°] Crotume [1m°]
Drill material HSS 2 11625.77 124782.26
Specimen SM45C 4 12236.29 142949.89
Cutting speed 2,400 RPM 6 13390.00 170508.19
Feedrate 9 mm/min 8 15137.21 209932.45
10 15685.71 221178.82
13 16088.53 235995.23
16 16741.14 246025.51
19 17383.53 253565.01
22 17597.49 257678.83
25 17664.25 259282.33
: o T g 28 17734.01 262982.83
(a) Fresh micro-drill (b) After drilling 10 holes 31 17960.85 268723.39
Fig. 11 Rae images of chisel edges 34 18592.31 279130.49
37 19710.66 300839.09
_ 2x1o"
N 318 { bt
“©0 é - l ot
5 1o 1 |
>
¥ drecnon ) xawectontur S" 14 T I I I B
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.é i Number of Holes
3 (a) Wear rate of Cyyey
Ty
oo | |
e i T T
Y direcuon ) 100 «rscton ] 5 2.4 l I
(b) After drilling 10 holes § 22 t t
Fig. 12 Oblique plots of chisel edges % 20 | ] I
ﬁ 1.8 i H m ......
52 ojojaz =2 oy 3 1.6 Tibitial Wear =S?Ea!ySaleHegi0]l We31 Zohe
54
52.1 x| E0ll x| oj& 246810 13I16 1§ 22 25 zslm 34 37
Fig. 11 ()= A1&8tA] &L =29 AFoA] Number of Holes
29| o 44& Jebdrh Fig 11 ()= 10789 7 (b) Wear rate of Cioume
Mo 7}EE Fo vlgd XZox EES el Fig. 13 Chisel edge wear rates
% I (Croumd® BA(Chren) &2 74-4& A &l '
A vhEe ZRsy] AaH AR FRol5nE & Yehag,
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458k Add 2¥AAeLEE AeNd 7 B1 52 Table 6 ol 2|33t} Fig. 13 ()9 (b)=
He Hese AV Eol ANFEL AL AT A%l BE EH(Chumd® BH(Cr®l
@ty 2en AN ol ARFEL olste] T IWE uehdth ¥ AFRW oje =1
oldg EAS 3 Agos 243 Fig 12 @9 oFE Al whE ol sEuEEe] Frtkste A
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SFF Al£=Eg o]43led 3oz EAg ojnA & skl



S AE A A28 o] 4% nlo|aR=d wid o] el 719
522 33 oy Table 7 Parameters of flank wear
Vs ng :Lah Aog 93 videl WA
Ve = = A7l AsiM 28 A AE 9 Drilled holes Vg [1m] Vamar (1) | Vi trea Lem®]
2 AA3 agrg% Aozt Assk GBHL A , [ Nol 8.09 21.09 2979.98
sk 34 A2g B3] dolA olmx] Y No. 2 1046 2250 3668.88
A wlEe) £33 JEE A HolEEe o) &at 4 | No.i 11.82 2634 4512.31
o] v}EE =43} Fig 4= AMEER] ¥ = No. 2 12.89 29.27 4812.14
3 B2 g3 Fig 15= 37709 THL A3E s | No.l 1311 30.39 4937.88
F9 £33 ¥ vhdg dehdh Fig 162 £ Ro2 |t e
W oga3A A& WS ALEste] AHelg ojvAE 8 o : - :
trep. | N o 58 A ®
Z93 wEY Vg Ve ZEL BEHVppred S 10 N2:2 18.55 2135 6535.82
Table 79| A2j3lth a2 Fig. 17 @)% (T No. 1 19.05 41.06 671526
Ve & L-“l(VBArea)"] vlgd FH4e Jehid, 7hE 13 No. 2 19.93 42.48 7016.99
AFent olet =3 npd wbAo] e} mpE I No. 1 19.52 41.06 7152.32
gl Sol Frtete AL Fig 17% FlA 45 16 o3 20.46 43.39 7431.99
s 3, AZA vidy dee|gse uE FA o | No.i 20.26 359 7232.00
o] 4AMS selalgnh JdE s24 HE A No. 2 21.06 43.59 7651.08
Ad"o] vlo)aR J1E TARAAA Z83 ntE AL} 5y | Mol 20.35 44.99 7323.81
A2EOE 5832 :;Mﬂo}cgir:}, No. 2 2123 4359 771631
5 | No.l 20.54 44.99 7414.89
No. 2 2138 45.71 779388
bg L No-1 20.74 4533 7532.44
No. 2 2151 4667 7860.67
3 [ Nod 20.37 46.18 7613.49
No. 2 22.15 47.54 8041.48
14 | Mol 2117 46.80 7760.19
No. 2 24.61 49.73 9267.08
» o 37 | No- 23722 4774 §700.86
i | No. 2 2733 50.63 10320.69
(a) No. 1 (b) No.2
Fig. 14 Raw images of flank surfaces (Fresh micro-drill) 22 [ [ P,
N No. 2
5. l 34
I Sy
;? 20 Jf::f::z————" 1 -
5 e Z1 L
2 | |
5 Foei i e R
z I i
1o bt 1aitidi Wear | | Steatly Stte Regioh | We r2one |
. | L

(@No. 1 (b) No.2

Fig. 15 Raw images of flank wears (After drilling 37
holes)

“(a) No. 1 (b)No.2
Fig. 16 Edge detected flank wears by Sobel operator
(After drilling 37 holes)
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Table 8 Parameters of margin wear
Drilled holes | My [im] | Mygan [m] | Migpea [1om°]
2 No. 1 278.37 7.13 1953.33
No. 2 334,04 6.98 2267.42
4 No. 1 306.21 8.47 2622.78
No.2 342.61 7.65 2460.00
6 No. 1 331.34 9.60 3083.27
No. 2 357.35 7.85 2786.58
8 No. | 346.04 10.99 3652.99
No.2 368.66 9.27 3142.74
10 No. 1 352.40 11.68 4045.07
No. 2 395.55 10.00 3931.57
13 No. 1 388.36 12.07 4555.10
No. 2 401.54 10.55 4216.76
16 No. 1 398.42 12.96 5027.88
No. 2 410.68 11.47 4741.58
19 No. 1 404.55 13.74 5383.31
No. 2 415.59 12.33 5197.71
2 No. 1 409.14 14.03 5519.78
No. 2 418.79 12.63 5288.21
25 No. i 413.97 14.27 5608.47
No. 2 421.21 12.79 5386.38
8 No. 1 417.31 14.35 5686.44
No. 2 424.65 13.01 552291
31 No. 1 421.23 14.71 5775.81
No. 2 432.28 14.06 6010.76
14 No. 1 434.74 15.59 6276.26
No. 2 442.11 14.97 6510.71
37 No. 1 462.93 17.33 7723.63
No. 2 478.84 16.68 . 7986.32

a) o. 1

Fig. 18 Raw images of margin wears (After drilling 4
holes)

(A) No. 1

holes)

(A) No. 1

) b) No.2 B

(B) No.2
Fig. 19 Raw images of margin wears (After drilling 28

(B) No.2
Fig. 20 Edge detected margin wears by Sobel operator
(After drilling 37 holes)
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