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CUTTING FORCE PREDICTION USING SPINDLE DISPLACEMENT IN MILLING

HunKeun Chang*, DongYoung Jang™ DongChul Han"

JL Abstract {

Cutting force is important to understand cutting process in milling, To measure cutting force, tool dynamometer is widely
used but it is hard to apply in workshop condition. Cutting force measurement which doesn't affect cutting process is needed.
Using relations between cutting force and spindle displacement, cutting force can be predicted. Cylindrical capacitive sensor
was used to measure spindle displacement during cutting. And signals from tool dynamometer collected to compare with
spindle displacement. The result shows spindle displacement has a linear relation with cutting force. Using this result,

a simple method to predict cutting force could be applied at workshop condition.
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Fig. 1. Cylindrical capacitive displacement sensor
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Fig. 2. Installed sensor on a vertical milling machine spindle
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Fig. 3. Schematic view of monitoring system
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Fig. 4 Concept of displacement measurement of cutting force
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(a) Spindle displacement in X direction
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(b) Spindle displacement in Y direction
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(c) Cutting force in X direction
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(d) Cutting force in Y direction
Fig. 5. Spindle displacement and cutting force
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(a) Spindle displacement and cutting force
in X and Ydirection at 10th cutting
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(b) Spindle displacement and cutting force
in X and Ydirection at 30th cutting

(c) Spindle displacement and cutting force
in X and Ydirection at 66th cutting

Fig. 6. Comparison between spindle displacement
and cutting force

$19] Fig6.& g3t} 5% H9] Ao Fafg sl i
&0l AY SRS & 5 Utk o= FA7NAY FHo] A
ol whet FeiA whg W] ZAAE 7HAIs 1 dske

R MRS 7 FEEASH BAEo] 9T 4
o] w2 vEdte A BAET 75 B9 *‘iﬂ e
A8 Alzef Hla A O B¥o| & AolE HolA| = A
£ ¢ & Utk 2HE ¥ v g st Yol ofd
HE Ao g0l Fapels £50 9 U E vasigct

1o Aol 7jzste] zh Yol disie] A F5H
9 Az BAE AR 7 B8] Aol figtod 2
% Wiflo} Hateo) Bk olgste] R Y BA=
ozl Table 1] vttt

Table 1 Relatioship between spindle displacement and
cutting force
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Fig. 7. Relationship between spindle displacement
and cutting force
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