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A Study on Tool Wear Diagnosis by Measuring Spindle Displacement
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ABSTRACT

A reliable tool wear monitoring technique is the one of important aspects for achieving an integrated and self-
adjusting manufacturing system. In this paper, a tool wear estimation approach for turning is proposed. This approach
uses the model of cutting force, spindle displacement and their relation. A series of experiments were conducted by
designing experimental techniques to determine the relationship between flank wear and cutting force coefficient as well
as cutting parameters such as cutting speed, depth of cut and feed. The proposed model performance has shown that the
spindle displacement model predicts tool wear with high accuracy and spindle displacement signal is possible to replace
cutting force signal. '
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Fig. 2 Schematic diagram of experimental system

Table 1 Specification of spindle

Rotating speed 40~8,500 rpm
Max. chuck size 152.4 mm
Inner diameter 46 mm
Spindle nose type ASA A2 No.5
Motor power 11 kW /15 kW
Front bearing HS7017 P4A
Rear bearing HS7015 P4A
Lubrication type Oil-Jet
Rotating precision 0.5~1 tam
Etc. Embedded CCS sensor
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Fig. 3 Shape of tool insert

Fig. 4 Tool microscope(sometech) and wear shape at v =
50 m/min, d =25 mm, f= 0.1 mm/rev
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Table 2 Regression result for Force X

Label Estimate Std. Error t-value
Constant | 7.94036 0.304781 26.05268
Ve -0.459209 0.0692719 | -6.62909
Feed 0.0774623 | 0.174246 0.444556
Depth 0.552575 0.0269718 | 20.4871
R Squared 0.97111

Degrees of freedom 14

Table 3 Regression result for Force Y

Label Estimate Std. Error t-value
Constant 7.85375 0.307288 25.5583
Ve -0.310952 0.0698418 | -4.45223
Feed 0.24728 0.17568 1.140756
depth 0.726621 0.0271937 | 26.7202
R Squared 0.982147
Degrees of freedom 14
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Table 4 Regression result for flank wear
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Fig. 9 Flank wear considering additional cutting at (a),(b)
v=60m/min, d = 0.2mm, /= 0.1453mm/rev,
{c) v=48m/min, d = 0.3mm, /= 0.1833mm/rev,
(d) v =80m/min, d = 0.2mm, f= 0.1856mm/rev

26



AR A20W A1E

FT7EYEe Fdls H99 YFLE £ 5um
wnele] A vt AVIARE AWAQl Ay A
o] FdsiA WL LS & F AUtk
4.3 HaHI FH WY

darga £5 Y A3E 7HEo] dE
wet A2 o) FARHA AFSeE AE E T 3
o} g 249 wFeE F HA AxRE T

o] Aol A9 A AAAHI EYE wF
FAbeith. Ao BHEd FRE 3t dHolH
e AEoZ Ao Azt i adEE 74
Z+ el Fig 9 oF #oh

(./. ;
e \-/
o~

e ‘/

A
.

A

: Displagementfum} » .

- e

AR AN AANER.

= M “ s M » M
cutting time [min] cutting ime [min]

(a) Cutting force (b) Spindle displacement

Fig. 10 Trends according to cutting time

P
W ol

Fig. 10 8 F 2dZ= N5 9 o}
B} Wsd ASL Holm Y&
gtk =, olzlg A Aty M3
W9l 259 oA Aede RAFD
oz 7o BAAE TaY 8 ARA

9.5% w9 A5 Yy gen g
o Fig. 11 & 4% A%z 2e dojx datals
% 99 dolHE e, o BAV WS %
HEAY BAE AR GANAZT. oY B

-lN

wgﬂg
o

mlo
0,

o
oL N
e N b Jx e v Ay B

_4

1_

:L

e

Ae b 2& A8 BAdez €8 F o
ot
F,=109.2 CCS, - 5.66 ®
F,=88.6 CCS, + 33.66 ©

L

714 ccs, & ccs, & 247 hE Fol IR
gte Mk F&9] x,y U] ¥MAE eI
2] ARA ()% (D& x Fol oisted A st
x, y ol el BF ¥58A FMor =45
UA, x F A3gro] Bt BE3 FFoz

KR

227

™ measured data e
""""""" linear regression o

Displacement X [pm]
@ 5
.

T T ¥ T T T T T
100 150 200 250 300 350 400 450
Cutting force X [N]

(a) X-axis

T
o 50

®  measured data
24 - linear regression

Displacement Y [um}
&
.
"\

T T T T T
120 160 200 240 280

Cutting force Y [N]

T T
0 4 80

(b) Y-axis
Fig. 11 Relation of cutting force and spindle
displacement

vebdS 2 5 3o A SARA A A €]

FHAE x G OE s, %, v Wl dia
6.7%2 & 7T x WY Aee 2abEHd
g st= —‘?—/\l?—-} F AT FoB 3&%5191, y ¥
o A4 A E e £5 % THEY FA
g% dFow %‘&%E}.

44 F5 Helel EY3 o2
A7IMEEE 2 499 A2F2NY y FHRY
x %o 237t 6% Had AA T dAE Hol
B2, x Fo i A3zt %.7}1/\]713’—1} ot
el ARA ()% (D= x Foll st st
°ll

W o 2o A g Addes d4w
=
F=F,+AF
22808 v~0.4592f0,0775d0,5526 (10)
+4.072d (w, —23.3488)
A7)0 A®)S) BAHFE WA AY BA



1

A4 - AL -

259 - ¥5E -

=PI TR AN2w0A AL E

HeNW, T2H FF W9-TYa nE

#A7 frEdY.

%(26.817 CCS,-1.39) (11)

— 689.69- 704 £ 00775 4704474 1 93 3488
ol e 713 Fo g F5 99T 4y
=43 RS 9

APzl HEAA

o olE Ak
s 9o 2o
e measureddata | | measured data
2] o cakulated deta ] o cakoulated data
Ew Em .
= E’ ,-,’
- ot :.
3 e
PR *  « ® L) L) )
Cutting Time [min) Cutting Time [min]
(@) ®)

,,,,,,
...o...Measured data
calculated data

o pFlopkWearlymly
. gFlagkWgarf[pmlg ¢

w -
Cutting Time [min} Cutting Time [min]

© @
Fig. 12 Relation of spindle displacement and flank wear

A4 o

——

200 o ol &= pre-cutting 9} 4

o] ozt A vhehA T °]
@‘Zb’]’ FAgl w9 ZAHE
, TF 99 A5 T £
&t7) -rlﬁl' shte] AxtEA AT
b=

Y

pm
3
A

o P |0
o

.

32 o

riss
= -ll)"

=
1

=

T

\_

tlo {U o o off

J,
o)
x

5. 48

£9e AEAN VY A A0S Soel 2a
o AL FASAT. rlel AAEH T3
wolel 48 BAZ AENA FTFHY BRFF
Welel #A APyox SYNrL, 4F Az

FE ofd A AFPE FAs3AT

228

F& W ATE H2E AT nude o
g 71 A 2FAE A AT A¥HQ
AAE vehdio], AaE NS E diASe T+
2 A H8E F Qe AARA FE] A
FEe FAdsi

% 7|

22 BetAee 2001 @ 2R 2AT
54712379 d#o2 FYHJAFUL

Anzs

—

K. Danai, A. G. Ulsoy, “A Dynamic State Model for

On-line Tool Wear Estimation in Turning,” Trans.

ASME. Journal of Engineering for Industry, Vol. 109,

pp. 396-399, 1988.

2. K. Koren, A. G. Ulsoy, K. Danai, “Tool Wear and
Breakage Detection Using a Process Model,” Annals
of CIRP, Vol. 35, pp. 283-288, 1986.

3. Chatterjee, S, Hadi, A.S., Price, B,
Analysis by Example,” pp. 97, 2000.

4. E. M. Trent, “Metal Cutting,” Butterworth & Co
(Publishers) Ltd., 1977.

5. J. Thusty, “Manufacturing Process and Equipment,”
Prentice-Hall, Inc., 2000.

6. M. C. Shaw, “Metal Cutting Principles,” Oxford
University Press, 1984.

7. 2R, HIH, olFx, “da THAA I
BUEP #F A7 O - TR FEA
AFe3 =], A 17 4, Al 12 &, pp. 54-60, 2000.

8. AEE, LExE, HIg, “IF SF=HYY #
g A7 @) A2 CBN T79 WHREA)
FTAYIE3INA, A 16 ¥, A 7 Z, pp. 58-65,
1999.

9. BF3 “FAVIA "Aafol 8, AL, 1985.

“Regression



