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Stator-Core and Rotor-Core Losses Compensation for Direct-Field-Oriented Induction Motor
Toshihiko Noguchi, Member (Nagaoka University of Technology), Takehide Omura, Member (ASMO Co., Ltd.)
Daichi Hiraishi, Member (Denki Kogyo Co., Ltd.)

This paper focuses on a stator-core and rotor-core losses compensation technique devoted to a direct field-oriented control
system of an induction motor incorporating parameter identification. The fundamental control algorithm is based on the direct
field orientation, which essentially requires rotor flux estimation using several motor parameters and detection of line currents
and rotor position. In order to suppress the flux estimation error caused by parameter mismatch, the magnetizing inductance and
the rotor resistance are identified insensitively to the stator resistance by using instantaneous reactive power. However, due to a
model mismatch associated with the stator-core loss and rotor-core loss, neither the field orientation nor the parameter
identification can be achieved as is expected, which mainly results in degradation of flux and torque control accuracy. This paper
describes characteristics of the motor parameters precisely measured under various operating conditions, the influence of both
stator-core loss resistance and rotor-core loss resistance on the field orientation and the parameter identification, and a
compensation technique to obtain higher controllability than conventional field-oriented control techniques. Effectiveness of the
proposed technique has been examined through experimental tests as well as computer simulations, and the absolute accuracy and

linearity of the motor torque has been improved as a result.
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TABLE 1 Specifications of test motor.

Wound rotor type induction motor

Rated power 2.2 (kW) | Rated frequency 50 (Hz)
Rated voltage 200 (V) Rated speed 1430 (rpm)
Rated current 9.6 (A) Number of pole 4
Secondary 232 (V) Secondary 5.75 (A)
voltage current
(253770
VVVF linear 227 21(_0_C)/
power supply Induction ED DC
/’0~30(kH2)\\ motor motor
\ 0.3(%) THD , ( - —
R, £,
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Fig.1 System configuration for parameter measurement

and equivalent circuit.

—956—

E -
E100 :— =
N
o 80
Q
S 2
S 60 -
3 - no-load test 1
E 40 :' ----- no-load test 2
§ 20 -
<
B | L | L | |
5 0
0.5 1.0 1.5 2.0
E/f ratio (V/Hz)
@) BETA T I
e - —a—5(H2)
o —e—6(Hz)
2 15 —a—8(HD)
S = ~—v—10 (Hz)
g 1.0} ——12(Hz)
o < —<4—14 (Hz)
o F §$§\ —p—16(Hz)
Zoslk d—— . —e—18(i)
< .\\\i Si Eiii 203
B “——— —— —e—25 (Hz)
§ 0.0 |- = —3—30 (Hz)
- | 1 | 1 | 1 | _4—+35(H2)
£ 05 1.0 15 20 TXTdn
s . —K—45 (Hz)
7] E/f ratio (V/Hz) 50 (Hz)
(b) Bl EFEIBIHT
a - —m—5 (Hz)
o, — —8—6 (Hz)
é 13 %\ —A—8 (Hz)
s F —w—10 (Hz)
210}~ ﬁ%i\ ——12 (Hz)
2] i \x\— —<4—14 (Hz)
" 3§;§§\_ —»—16 (Hz)
805 P e 35—k —e—18 (Hz)
2 ——y 33— §§ —%—20 (Hz)
T YYsst=—31—= —8—25 (Hz)
S00}- — == —9—30 (Hz)
& | \ | L | ! |1 ——35(H)
2 0.5 1.0 1.5 20  —X—40(Hy)
C‘z . —¥—45 (Hz)
E/f ratio (V/Hz) —— 50 (Hz)
(c) [EEn Tk HHT
@0.8 C —a— Rml
8 N —@&— Rm?2
= 0.6~ _-®
S °
RZE e ./'
4 04 = /././
; - ./'/l
8 0.2 - ...4-/
- L '_.'.
2 00p=P
8 P TS STV T AT
0 10 20 30 40 50
Operating frequency (Hz)
(@) BEFB LU EERTSBED
Elo —
é -
o 9
g N - /.‘-.,I—l:l:l:l
Y °¥e x:g%_%_t% —8—25 (%)
3 k $4 —3 3 3—3— —e—50 (%)
T F Y 33T —a—75 (%)
NI S —v— 100 (%)
e | ——125 (%)
ﬁ 6 P | \ | T | 1 | '
3 0 10 20 30 40 50

Operating frequency (Hz)

QBN FIE R
2 E—FINT A DEE

Fig.2 Characteristics of motor parameters.
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TABLE 2 Parameters of test motor.

Stator resistance R, 0.685(Q)
Rotor resistance Rz 0.723 (Q)
Stator inductance L, 79.0 (mH)
Rotor inductance L, 71.0 (mH)
Leakage inductance ‘o 8.0 (mH)
Magnetizing inductance M 71.0 (mH)
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Fig. 3 System configuration of direct field-oriented controller

with iron-core losses compensation.
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Fig. 4 Block diagram of parameter identifier.
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(simulation results).
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