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Fig. 1 Detection process of wear condition of micro mill-

ing tool
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Fig. 2 Multifunctional micro machine
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Fig. 3 Carbide micro milling cutter
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Tab.1 Geometrical parameters of micro milling tool

Iz T1H n Hif £ JEf BiEMs JIWE
d/mm * Y%/ /) B/ D/mm
0.6 2 0 10 35 4
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(b) The muximum wear depth
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Fig. 4 Schematic diagram of the muximum wear depth
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Tab.2 The cutting parameters of micro milling tool

T iiﬂi%ﬁ/ BEWIGERE/  BEHIGREL/ TAF

(kr » min™ ") pm pm 4k

1 10 600 40 k&4

2 15 600 30 AN
3 20 600 20 TE48 45 4
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Tab.3 The experimental data of micro milling tool wear at

the first condition

BeyimE /B LA TAUE R/ pm

min BEJ11 BEJ12 BEJJ3 pm

3 3.2 3.7 3.4 3.4

8 4.1 6.5 5.7 5.4
13 11.0 11.0 10. 4 10. 8
23 12.2 12.3 13.6 12.7
33 16. 2 15.5 16. 2 15.9
43 22.5  19.1  22.7  22.4
53 46.9 47.8 44.9 46. 5
63 54.1 53.7 52.6 53.5
73 58.8  61.3  63.6  62.1
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Tab.4 The experimental data of micro milling tool wear at

the second condition

emlmiE /A 2 A TOUEERpm M/
min BeJl4 815 BEaie pm
10 2.5 3.0 2.2 2.6
20 5.7 4.3 4.3 4.7
30 10. 8 7.7 9.2 9.2
50 12.6 11.9 13. 4 12.6
70 14. 4 15.5 15.4 15.1
90 20. 4 20.4 19.6 20.1
95 36.7 34.6 35.5 35.6
100 39.7 42. 8 42.3 41.6
105 58.8 57.3 60. 2 58.8
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Tab.5 The experimental data of micro milling tool wear at

the third condition

eyt B 3 ATLTBERIE/pm  yE/

min BEJIT  BEJIS BEJJ9 pm
20 2.8 3.6 2.4 2.9
40 5.3 4.9 5.7 5.3
60 9.2 9.8 10.1 9.7
90 13.0 13.2 12. 4 12.9
120 14. 8 15.2 15.0 15.0
150 19.6 18.7 17.8 18.7
160 36. 6 38.1 38.3 37.5
170 44. 1 44. 8 46. 3 45.1
180 60. 2 59.8 58.8 59.6
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Fig.5 Tool wear curve

J5 B 014 J5 77 18G50 2 2 v 8] A S B i i AR
T 55 O WA S A AR PR 5B 70 B I 0 T b ) SOWL R i
QR T

2) IEH BB BB RN 9.8~20. 2 pm, JJH
S VIS L 5 DT R — A AR R AL
I R 5 o B /0 o 50 4D 114 64 o 2 0 2% - (] i)
JE AL L B E

3) RIS AR O T 20, 2 pm. JJHZ5E
EH B B BG » VI 70 A8 6, U0 g 3O DD R
JE T s TV EBRNE FE 2 £ L ot ) R An gk 2 T
({3 1 1 o A 4 T )1 5 % 0 i

HREAE OBE T B 0 M e B T 7 AN R Y L )
JEWUR B IS HAEAR R AEA 1 BIREA 6 1 Gl
BE 15 JITE JT AL B e R AR TR BE 4330 05,10,
15,20 145 pm FEAR 7 R FEVIHI IR 7] .

2.3 BEIRBESRE

BEHIR NGS5 RERGWE 6 iR, FEES R
S FEd, SR T PCB603CO1 #1 % i) ICP & B il
R A5 SR A o R A o L 22 e AE e Ry T AT e B
L e 7 R,

R i 72 vh ICP FR H i B A% JRR 45 i o ol T
55 &k R /3B 4L DH5922 Py 85 1K U8 i

B

B A

K

| DH5922

—

L
B

K6 MRalfs o REREREA
Fig. 6  Schematic diagram of vibration signal collection

system
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Fig.7 The location of the sensor
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Tab. 6 The clustering domain of reference exemplars

o 7 30 S 45t 1F O P Ja B0 5t
ke FEAR 1 FEAS 2 FEAR 3 FEAS 4 FEAR 5 FEAR 6 AR 7
1 1.110 6 1.302 7 1.347 3 1.410 6 1.584 1 1.738 7 1.865 9
2 1.074 6 1.283 7 1.369 8 1.394 1 1.590 6 1.762 9 1.871 5
49 1.095 4 1.309 5 1.372 2 1.441 9 1.605 4 1.751 2 1.857 5
50 1.118 5 1.315 6 1.352 9 1.425 3 1.559 9 1.731 1 1.847 7

ORI (1.062 2, (1.276 2, (1.3321, (1.3798, (1.5519, (1.7268, (1.8216,

IS 1.120 2) 1.321 6) 1.375 3) 1.443 6) 1.607 1) 1.773 6) 1.873 2)
AR HLN AR I, 1505 5 O RE LK/ B o6, B %5 1 £7 GUTRMNKESTELSEE
IIE jj Eﬂﬁeﬁ%j{%jﬁ {%E hmx EI/‘J i j]l] , %’I%‘Eﬂ Tab.7 The characteristic parameters of tested tools
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D BRI R 4 04 JE 43I 4 RO AE T REAS 1 S
10 1.410 8 1.386 2 1.428 5 4

() SR S DX (B N, i 0 B 1,5 K BE 43 OB 4E 53y
VEAE TAREAS 2 I TSI IX (R oy o PR AR 0 L 1,4,
S5ETRBER. fFW IR 69,2 & 10,8 Pk
JE TR AL FREAS 3.4 15 MERKI. R
TIE® BN . Wit fFMJJHE 1,2,4,5,6,8,9,10 3
ARSI . IR A B SR A BOIR & — 2

2) R ITH 3.7 B o 8 4E B oy v A T
FEAS T FUREAS 6 19 2R 2 0N o m] ) B 1 3 74 A4 F
I B PR AGUAR 25 g Sl A A R I T R 3,7 R4 Ak
RELNEH .



%3

AR A IR TR AR BT BB D B R SR b Y T 597

3 #RIE

SEH T RlBE T A R B ARUCIR 25T A9 20 T A
PEL AR TNBEH] AR B IR 35 5 P SR UK e
HEROR S WL Bl BE ) B P BUIRAS . AE B A b A
S5 A AT A 22 2 B8 B SR HILR W 12207 % 1Y
A REVEAT T SLIR IR AIE . S ER 25 2R A R T A
S5 LB AT DA B R K JEE 20 ) 4 Ok U it
BE T B RS AE TAR LB i B — € & Tk .

2 % X K

[1] Kious M, Ouahabi A. Boudraa M, et al. Detection
process approach of tool wear in high speed milling
[J]. Measurement, 2010, 43(10): 1439-1446.

[2] Fang F Z, Liu K, Kurfess T. Tool-based micro ma-
chining and applications in MEMS, MEMS/NEMS
handbook: techniques and applications M ]. Massa-
chusetts, USA . Kluwer Academic Press, 2005:63-
126.

[3] Toh C K. Static and dynamic cutting force analysis
when high speed rough milling hardened steel [J].
Materials & Design, 2004, 25(1); 41-50.

[4] Donovan A, Scott W. On-line monitoring of cutting
tool wear through tribo emf analysis[J]. International
Journal of Machine Tools and Manufacture, 1995, 35
(11): 1523-1535.

[5] Malekian M, Park S'S, Jun M B G. Tool wear moni-
toring of micro-milling operations[J]. Journal of Ma-
terials Processing Technology, 2009, 209(10): 4903-
4914.

[6] Zhou Junhong, Chee K. Tool wear monitoring using
acoustic emissions by dominant-feature identification
[J]. Instrumentation and Measurement, 2010, 60
(2): 547-559.

[7] James T. Estimating fractal dimension[]J]. Journal of
the Optical Society of America A, 1990, 7(6);: 1055-
1073.

[8] SmithJr T G, Lange G D, Marks W B. Fractal meth-
ods and results in cellular morphology-dimensions, la-
cunarity and multifractals[J]. Journal of Neuroscience

Methods, 1996, 69(2): 123-136.

[9] He Kai, Pang Pengfei. Automatic classification meth-
od for low-dimensional nano materials based on SEM
image[ J]. Nanotechnology and Precision Engineering,
2012, 10(1) . 24-29.

[10] Ye None, Li Xiangyang. A machine learning algo-
rithm based on supervised clustering and classification
[J]. Active Media Technology, 2001, 2252(14): 327-
334.

[11] Oppenheim A V. Signals and systems[ M ]. Beijing:
Tsinghua University Press, 2005 67-98.

[12] Walker J S. Fourier analysis and wavelet analysis[]J].
Notices of the American Mathematical Society, 1997,
44(6) . 658-670.

[13] Daubechies 1. The wavelet transform, time-frequency
localization and signal analysis[J]. IEEE Transactions
on Information Theory, 1990, 36(5): 961-1005.

[14] 28 A FH e BEIGIE. L F a8t f% /0N il i 48 I 2% 11 XL

RBERAR R Z W], PR3 5 2 . 2009, 29
(2):223-226.
Li Shichao, Shi Xiuhua, Cui Haiying. Fault diagnosis
is based on genetic algorithms wavelet neural network
in dual-redundancy brushless DC motor[ ] ]. Journal of
Vibration, Measurement & Diagnosis, 2009, 29(2);
223-226. (in Chinese)

[15] Liang S Y, Dornfeld D A. Tool wear detection using
time series analysis of acoustic emission[ ] ]. Journal
of Engineering for Industry, 1989, 111(3) : 199-205.

[16] Zhu Kunpeng, Yoke S W, Geok S H. Multi-category
micro-milling tool wear monitoring with continuous
hidden Markov models[J]. Mechanical Systems and
Signal Processing, 2009, 23(2): 547-560.

[17] Salgado D R, Alonso F J. Tool wear detection in turn-
ing operations using singular spectrum analysis[ ] ].
Journal of Materials Processing Technology. 2006,
171(3): 451-458.

F—1EE® N TEME,H,19834F 6 A
AR FEBEGE 5 1 S AN B
KT B AR CBE 7T RS R 35 1 7E £
WA 2 D ae foan m 1 & g i it
¥ % # (Damage diagnosis for wind tur-
bine blades based on the shifting dis-
frequency )

tance of characteristic

((CISP"08),2009) £ 3,
E-mail : XiaoKing. ky @ hotmail. com



598 & oF.m oK 5 & W %036 &




