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Speed Sensorless Torque Monitoring During Machining on CNC Lathe
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Abstract

In this paper, the torque of CNC spindle motor during machining is estimated without speed measuring
sensor. The CNC spindie system is divided into two parts, the induction spindle motor part and mechanical
part. In mechanical part, the variation of the frictional force due to the increment of the cutting torque and the
effect of damping coefficient is investigated. Damping coefficient is found to be a function of spindle speed
and not influenced by the weight of the load, while frictional force is a function of both the cutting torque and
spindle speed. Experimental equations are drawn for damping coefficient and Coulumb friction as a function
of spindle speed. Incremental frictional torque is also obtained as a function of both cutting torque and spindle
speed. Graphical programming is used to implement the suggested algorithm to monitor the torque of an
induction motor in real time. Torque of the spindle induction motor is estimated well in about average 3%

error range under various cutting conditions.
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Table 1 Specification of induction motor

Phase/Pole Rated Rated Current
Power
3phase/4pole T kw] 41.8[A]
Rated Rated
Rated Speed Voltage Frequency
750[1/min] 217[V] 26.3[Hz]

Table 2 Parameter of induction motor

Parameter Value
Stator resistance(R ) 0.1348
Rotor resistance(R ) 0.1012
Stator self-inductance (L ) 0.0419H
Rotor self-inductance (L ) 0.0423H
Mutual inductance (/) 0.04006H

Moment of Inertia(J ) 0.085 kg + m’
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Fig. 12 Cutting torque estimation algorithm
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Fig. 20 Errors of estimated cutting torque
at given cutting conditions

Table 3 Errors of estimated cutting torque at given
cutting conditions (%)

500ppm  700rpm  900rpm  1000rpm  1100rpm  1500rpm
05mm 230 220 330 228 344 2.60
1.0mm 2.84 3.10 278 246 530 1.87
Lsmm 230 - - 1.88 - 3.60
2.0mm 1.90 3.20 - 216 - 5.48
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