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Estimation of an Inertial Load Attached to a Stepping Motor by Neural Network
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¥—U—F: X7 v B 7 E—H (stepping motor), TE M {af(inertial load),
18 P28 Bh (variation of inertia), = =—Z /L& v b U — 2 (neural network)
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Fig.1 Experimental system.

D/A
converter

Circuit to
acquire voltage

AID

’ converter

Stepping
motor

Drive
system

Stepping
motor

10.0k
output
Ve /;L

X2 FEEESHEE (A )
Fig.2 Circuit to acquire voltage (Phase A).
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Table 1 Specifications of the stepping motor.

Holding torque 026N *m
Rotor inertia 5.4x10° N - m - s¥/rad
Rated current 1.2 A/phase
Rated voltage 4.0V

Winding resistance 3.3 Q/phase
Fundamental step angle 1.8 deg.
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Table 2 End conditions for learning.

» Number of learning = 1,000,000

- Average errors of the inertial load used for
learning = 5.0% (2.5x10° N + m - s¥/rad)
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Table 3 Moment of inertia
(rotor + inertial load).
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Table 5 Period for the acquisition of

a time-series data stream.

Case  Moment of inertia [N - m - s¥rad]
Case 1 5.4x107° (no load)
Case 2 15.4x10°
Case 3 55.4x10°
Cased 3B4x10°
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Table 4 Input structure of the neural network.

Type Number of  Sampling time At
phases [ms]

Type 1 4 0.50

Type 2 1 0.50

Type 3 1 0.20
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Number | Sampling time Acquisition
of phases | 4t [ms] (Type) time T [ms]
A 0.50 (Type 1) 4.5,9.5,12.0,
. e
P 14.5,19.5
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0.20 (Type 3) 19.8
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Fig.4 Examples of teacher data (Type 3)
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Table 6 Number of learning

(hidden layer 20, output layer 1, Type 1).

Units of input layer (T) ~ Number of learning

40 (4.5 ms) 1,000,000
80 (9.5 ms) 367,578
100 (12.0 ms) 102,508
120 (14.5 ms) 294,425
160 (19.5 ms) 1,000,000
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Table 7 Number of learning
(input layer 100, output layer 1, Type 1).

Units of hidden layer Number of learning

10 194,133
20 102,508
30 77,258
40 68,303
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: true value

A :hidden layer 40
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(b) Errors of the estimated values.
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Fig.5 Results of estimation (Type 1).
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Table 8 Number of learning
(input layer 100, hidden layer 20,
output layer 1, Type 2).

Phase used as input Number of learning

Phase A 188,042
Phase B 195,608
Phase A 106,539
Phase B 143,249

# 9 FHEME
(AJJ)E 100, hfH)E 20, HiJJkE 1, Type 3)
Table 9 Number of learning
(input layer 100, hidden layer 20,
output layer 1, Type 3).

Phase used as input Number of learning

Phase A 185,801
Phase B 192,536
Phase A 186,436
Phase B 51,219
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Fig.6 Estimated values of moment of inertia.
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Fig.7 Errors of the estimated values.
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