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Control of a CNC Machining Center Uéing the Indirect Measure-
ment of the Cutting Force
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ABSTRACT

In recent manufacturing process, the increase of productivity has been attempted by reducing machining
time with the increase of cutting force. However, the excessive increase of cutting force can cause tool
breakage and have a bad effect on both manufacturing machine and workpiece. Thus, it is necessary to
estimate and control the cutting force in real time during the process. In this study, use of disturbance
observer is proposed for the indirect cutting force estimation. The estimated cutting force is used for the
real-time control of feedrate, making the actual cutting force follow the reference force command. Since the
suggested method does not need an expensive sensor like a dynamometer, the method is expected to be
used practically. Since the actual cutting force follow the reference force, resulting the reducing of the
machining time the increase of productivity are also expected, and the quality of cutting surface has been
improved due to the adjusted feedrate. Besides, an actual constant cutting force guarantees the prevention
of tool breakage. To show the effectiveness of the suggested cutting force control method, an experimental
setup has been made without sensor and applied to several workpieces. Experiments show that the sug-
gested method is effective to cutting force control of a CNC machining center. '

Key Words : Disturbance Observer($}@& #%7]), Cutting Force Control (244 o),
Cutting Force Estimation, (348 %) Feedrate Control(e]4$&ZA9])
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Table 1. Estimation and computation results of the inertia at the Y-axis

Moment of inertia

Equivalent moment of inertia of

Jr Feed motor + ball screw + their following part
Jz Z-axis link
Js Spindie motor + motor base

Jt Summation of three parts(J+Jz+Js)

Moment Estimation Method Difference between |
of Inertia Manual Recursive Least Square two methods
Jr 3.3926 x10°% 4.5812x10% -1.1886x 105
Jz 1.0193 x104 0.8568 x104 1.1620%x 105
Kgm?2
Js 6.0793 X105 4.9039%10°S 1.1754 105
Jr 1.9665 X104 1.8053 %10+ 1.6119%10%
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etk 9 ate] AL BAFF vl AYE FAL &
& NE 12 AL 8§97 dEole A€}, 1Y 6-
(a)& ol%E°] 200mm/ming BT FefelA At
o7t AgP o2 HYAQ WslE & W, 2% 6-(b)
t A4 Role AW oj$ 80 ] 100mm
/min®l4 50mm/min® WAE HY w9} FLEHA
o] 29 Fx, Fyol A A4 ,/(F}+Ff)°lui ag7ea
A 6olA A4d 5L 22 solM g AT B2V 4
A &Yoit}, & 1S vlmslgl S v & #357]9] &9
o] F7EEAg 22 AP Yehin IS ¢+ A
3, el A A A A Ee F9] ¥E As K,
o o FAHARE & 4 g} waA ol T F&
717 375 AL 2L AA 9 g o2 A sPsslthe
A& BolFE o}, 44 AH-E Aie of2 el

15

5. HAE Hof AlZzo]d | Hof

5.1 B HA 2lo], o|FEZHe] A o4
AN A4 o], o|FE e AAle 7HEETHAA
oP1de 7155ty 23w ol S3E FI< HA €
Aol 7l Sl QEAo|U 71&old AL 713
Fol 71X &2 BEF 2 oAV e, A3
A8 7131eA 2218 SaAor WAL AT Ay
3 dE A4S oJEA DEVIE ot wahA, A
< 3% Aedu 53 AN dade §,
2IA, 71017 4L v AAG udBF d4e
TFIA . oFu, AA e T A
e dAolut 7123 olA e T4 adE FAY T 9
A dd. 2y, o2l E ZE 4%E nd AAIF B



$29 - &% - A%5 - AN

Fig. 8 Merchant's 2-dimensional cutting model
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