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Cutting Force Estimation Using Spindle Motor Power

HAE (M2rf chEry) doch(MSch chargl), oM (M2 &), &5 (MEd] ZIAHHA St
Y. J. Choi" (Graduate School. Seoul Nat'| Univ.), G. D. Kim {(Graduate School. Seoul Natl Univ.),
S. I. Lee (Graduate School. Seoul Nat'l Univ.), C. N. Chu { Seoul Nat't Univ.)

ABSTRACT

An indirect cutting torque and cutting force estimation method is presented. This
method uses a time-domain model between the cutting torque and the spindle motor
power, which calculated from measured spindle motor current and voltage. Spindle
motor power is linear with cutting torque in this model. The cutting force is
proportional to the cutting torque. Using trial cut, parameters are determined. Static
sensitivity is suitable for various cutting conditions. The presented method is verified
under several cutting tests on the CNC horizontal machining center.

Key Words : Spindle Motor Power($5% =& %38), Cutting Torque(dAt EZ), Cutting Force(Gd4}
), Static Sensitivity(33 ¥ x)
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Fig. 3 Cutting mechanism in up milling
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Table 1. Condition of Cutting Test

Cutting Tool : ¢20 flat end mill, 2 teeth
Workpiece @ SM45C
In High Gear Ratio
spindle rpm | d.o.c.{mm) |feed rate(mm/min)
300,500
SN 1 50, 100, 2
700,900 2 ' , 200
In Low Gear Ratio
spindle rpm | d.o.c{mm) |feed rate(mm/min)
1000,1500
’ ’ 2 0,200
2000,2500 , 3 100,200,300

Table 2. Parameter List

In High Gear Ratio
W om W
R( L) T/(w—sﬁ)(Nm) (Bm(w—w)z-FBm)(Nm/s)
0.349 2.6629 0.0400
In Low Gear Ratio
Wy D
R( Q) T,(w—sp)(Nm) (Bm(a)—w)z'*'B,p)(Nm/S)
0.349 1.6160 0.0022
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Table 3. Cutting Condition

Work- | spindle feed
piece | (cpm) d.o.c.mm) (mm/min)

In High 600 step(1~3) 200
Gear Ratio| | 600 |taper(0~3) 200
In Low SM45C 1200 | step(1~3) 300
Gear Ratio| 1800 |taper{0~3) 300
Diagonal 5341 600 step(1~3) 250
Cutting 600 |[taper(0~3) 250
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