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Adaptive Cutting Force Control of 2Axes
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ABSTRACT

“"his paper presents adaptive cutting force control in milling process using indirect cutting force measurement. The
cutting forces in X, Y, and Z axes are measured indirectly from the sensing current of the feed-drive servo motor. After
r1odelling the feed-drive system of a horizontal machining center, the relation between the cutting force and the servo
11otor current is analyzed. The pulsating milling forces are measured from the sensing current within the bandwidth of
the servo. It is shown that indirect cutting force measurement can be used in adaptive cutting force control. The adaptive
control scheme which is globally convergent and stable is attached to a commercial CNC machining center. Cutting

experiments on end milling are performed for diagonal cutting.
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diagram of the FANUC feed-drive system
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Fig. 2. Frequency response of the feed drive system
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“ig.3 Static characteristics of the indirect cutting force

measurement system

T, = sgn(Q)T, + T, ©)

¥, PMSM 9] F¢ EE FF EF 7,2 F7t
9 ¢% IAA AF Lo HHGER OgF A
2o 2¥d + Aok

I,=Kl, @)
A7 K& 2H FF, Le 71 ¢F 1A
AFolet,

A(5), He) & ~ (7)°ﬂ &t A% Fefol A
4485t ol% RE AR Alold FAE Ged 2
* KI, =T, =sgn(Q)T; + K,F, 8)
ol 714, K r‘:‘ 493} E3 Afolg HlFFsolH,
FE ol5WEY Aol wE A 4Ye Fi
o d& I%EE14 AFot "zl A94 &

Az the A3 o] mAAY.

X-axis; I,=412+000362F, ')

Y -axis: 1, =724 +000450F, (10)

Z-axis: 1,.=185+000289F, (11

99 A 4Ee BNY By 54 Nade 34
%42 Uehiz Qo

v ) |

controller model
mechanism estimator N
K D
A l

Foref] robust CNC !
4| serve- teed-dri cutting

controlier Ve Lervo 2"“ va'| processP [TFE

%

Fig.4 Basic structure of an adaptive robust servo control
for cutting force regulation
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Fig.5 Schematic diagram of the experimental setup
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Fig.7 Results of the cutting experiment on the diagonal
end-milling process
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