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A Study on Cutting Force Measurement Using a Cylindrical Capacitive Spindle Sensor

Il-Hae Kim*, Dong-Young Jang**, Dong-Chul Han***

*IL Abstract %

A cylindrical capacitance-type spindle displacement sensor was developed and its effectiveness as a system to monitor
cutting forces during hard turning was tested in this research. The sensor was installed between the face of spindle cover
and the chucking element, and measured pure radial motion of the spindle under the condition with presence of roundness
error at measured surface. To prove the effectiveness of the developed system, hard tuming tests using ceramic inserts
and tool steel as workpiece were conducted. The workpiece was hardened up to 65 Rc. The variations of pure radial motion
of the spindle were measured during the cutting tests. The signals from the sensor showed the same pattern of cutting
force variations from the tool dynamometer due to the progress of tool wear. As the flank wear of the ceramic tool increased,
both static component of cutting forces and the amount of center shift of spindle orbit increased. Results from the research
showed that the developed sensor could be utilized as an effective and cheap on-line sensing device to monitor cutting
conditions and tool performance in the un-manned machining center.
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Fig. 1 Spindle model for vibration simulation
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Fig. 2 Displacement at each node point
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Fig. 3 Displacement along the axial node position
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Fig. 5 Measured spindle displacement sensor signals by
impulsive forces at workpiece end point
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Fig. 7Measured signals by spindle sensor and dynamometer
when cutting state was normal
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Fig. 8 Measured signals by spindle sensor and dynamometer
when chattering was detected
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Table 1 Regression analysis result of measured orbit center
signals and cutting position

Label Estimate Std. Error t-value
Constant 0.035360 0.0012218 28.9419
Position -0.00331 9.832¢-5 -33.739

R Squared 0.7795
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Fig. 10 Experiment results of both spindle sensor and
dynamometer measurement at cutting condition
of d=300 £ m, Vc= 48m/min, =50mm/min
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Fig 12 493} 738 4337 9 3738 A3
EZE $8 HE 29009, 2wt A4 25l 938
AdRE 4 N2EeR ARY 5 Qa.

S, FAEH 25 AAUE ATE RAA ol
Hosd JUuE N BY £ U9 A4 48X 944
Ao WGt g e mUEE The A3t 2ol AT
% qet.

_ Mg

€S T Fl ¢))
o714, ¥s& A4 AZA, Y 7HgE A oY
oA AA AXE7AQ A, ¥ol= A} FEHEL vl

22

o 57 24 23S He5u 4 3t 2ol 3T 4 9k

2
(xc —xg)Fc " xg

S - =
CCS | xmxc aCCS XmXo 2ET (2)
Aé E, x5
__M rore ® ¥ =13.31706
Ax[em] VS 2EI 3)

A 3)elA A4 28 Aol e 5 37 F4 Wst
T A= vzt ST dAlze T3 4
of T W3k 5% vinte] 22 o2, W AN E
He-g Lestd o2 1% FF2 wl¢ Ak & 4 Ao
oj9} 22 7hgste] HA 9 A F4 T Bty
3 EXE Ao BAE o2 7kA) da 2 9 obd e
of haf Agste] chaat 2 ABsHE #AAE Aot



BRI ET|H &5 =28 Vol.11 No.2 2002. 4.

F, =109.2-CCS, -5.66 )
F, =88.6-CCS; +33.66 ®)

9 AYZAROINS BERAE X ol il 5.5%,
Y ol W 6.7%¢] g HTk X B9 44k o
el Ao T 2 Ut go BUHE, Y By
o 34 A% @ AL £3 0 332 W] ot o
goz weum.

oln B4 24 9 37 oh2 Aeeld SHE A
22 32 AR 34 ol5F ol 9 Fig1334 Zo] o
2 MYotE WAE Bolw, 3 WA SRgony
B AAEY WEE 3T & USE BAY 4 Utk

4. 8 &

B4 A A2YIA B4 Ae BT ohEe) A g
BA A AA B4, A5Y A5 5o 2ol o)
9 Zase, QAR E FEEAAC] 48 B4 250
M A4 o, Aol Held YHos FEuolg:
o aE, R BasS A Wel A4S B4 A4
29| YA 2A0] Thsatel, 229 4 (@9 23] 9
5Hl o 109NS] F4r2lo] ol A8 25 99 Ao
£ 1ume) go] 245, A4 ali5o] S0nm ofzfolm
2 5N ojst w9le] HAY Wabt 24 st ¢ 4
ek E3, ANE £2 W9 AAE 10kHz9) 3545 o)
& 7be] D3} 1% el 230 festch 1993, 4
AW NS LT ) B4 YT BAGT EATE 87
JNE AHgol ZH53t, MM ARl B2 AAge FE
4 ST A9 93, T FFEAA B35 vhe A
stol B S A, AA A2H o] Fhssi, =
AAE WATRS) BA4RE BE 9, A4 59 A0
= 385 A8 A4l g Aoz Busm, FH7A
o 2% AguAe] A4EcH 59 FANA F302
A BME 3 £ 4 9& A2 JlYHt.

23

7

£ ATE ISTE 2A7]2872000-1-30400-0083)
Moz $YE9E.

= U

re

(1) LIchiro, “Trends of the Manufacturing Technology
Development in Japan - keynote paper,” Proceedings of
the Manufacturing Engineering: 2000 and Beyond,
pp. 16~21, 1996,

(2) DE.Jr.Dimla, PMLister, NJLeighton, “Neural Network
Solutions to the Tool Condition Monitoring Problem in
Metal Cutting - a critical review of methods,” Int. J.
Mach. Tools & Manufact. Vol. 37, No. 9, pp. 1219~
1241, 1997.

(3) LHKim, S.S.Park, D.C.Han, “Measurement of Radial
Error Motions in a Precision Air Spindle,” Proceedings
of the 6th Int. Symposium on Transport Phenomena
and Dynamics of Rotating Machinery, Vol. 1, pp.
753 ~761, 1996.

(4) 9%, “A4 7137, pp. 166, 1997.

(5) €93t “FA7IAY Hapo|2”, pp. 73, 1995.

(6) S.Chatterjee, A.S.Hadi, B.Price, “Regression Analysis
by Example,” pp. 97, 2000.

(7) AL, A, #5H, 989 AgAdx AME
o4 2¥Y F71FEY FHe 47, =AY
43 2ATEHS =4, pp. 637~642, 1995

(8) AHE, A, TFH, “FA A7t 45 E FAHE
F HING S3dexte] £3 njXE 9, &
AUFe}3| EAEUS =23, pp. 487~490, 1997.

O) AY3, 459, E54, “F% WY AAE o]§T 4
A 24 ¥ A7, ITHAIIAES AT
3 =&4, pp. 89~94, 2001.



