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Cutting Force Estimation and Feedrate Adaptive Control
Using Spindle Motor Current
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ABSTRACT

Static variations of cutting forces are estimated using spindle motor current. Static sensitivity of spindle
motor current is higher than feed motor current. The linear relationship between the cutting force and
RMS value of the spindle motor current is obtained. Using cutting force estimation, tool overload in
milling process can be well detected, and cutting force is regulated at a constant level by feedrate

adaptive control.
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(a)Static sensitivity(I#/Fx) of feed motor current
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(b)Static sensitivity(I/Fc) of spindle motor current

Fig. 3 Static sensitivity variations of feed &
spindle motor
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Cutting force VS Feedrate
Carbide Flat endmill, pie=20mm, dp=3mm
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(a) feedrate VS cutting force
Spindle current VS Feedrate
Carbide Flat endmill, pie=20mm, dp=3mm
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(b) feedrate VS spindle motor current

Fig. 4 Relationship between feedrate & cutting
force, spindle motor current
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Spindle current VS Cutting force
Cearbide Fiat endmill, pie=20mm, dp=3mm
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Fig. 5. Relationship between cutting force &
spindle motor current
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Spindle current variations
depth of cut: 1mm --> Smm

Spindle current variations
depth of cut: 1mm --> 5mm
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Spindle current variations
depth of cut : 1mm ~-> 5mm

(¢) Feedrate variations

Spindle current variations
depth of cut : 1mm --> 5mm
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Fig. 9. In case of step cutting
(When feedrate is not controlled)

Fig. 10. In case of step cutting
(When feedrate is controlled)
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