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Performance Improvement of Mechanical-Sensorless IPM Motor System Using Harmonic Current Injection
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Abstract

This paper describes an instantaneous harmonic-reactive-power based motor control system without a rotor position sensor and

three techniques to improve the control performances. The first one is a harmonic-current injection control technique using

resonant regulators in a current control loop, which prevents the injected harmonic currents from being distorted , which is mainly
caused by spatial harmonics of the motor. The second is a method to compensate for coordinate transformation errors of the

currents and the voltage commands by using a position estimation error. This method is effective to suppress current oscillation

as well as speed ripples that depend on the position estimation error. The last technique is devoted to compensation of the

disturbance torque, which utilizes an acceleration information in the position estimator. In the paper, all techniques were

examined with a DSP based prototype and performance improvement was confirmed through the tests.
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Fig. 1. Definition of reference frames and IPM motor model.
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Fig. 2. Position-sensorless [PM motor control system.
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Fig. 3. Operation of rotor position and speed estimator.

MEHRICEETNE, FEEZEDLETOREREREIC
PBOTHEHEREHREZRILT B ENTES,

Q. OWBUBEHETIVTY XA

(7 DE2HE=Q, £ 5.

Q,I, = (w, +Aw, _wh)Lllhz cos(2w,t _2A3m) ............................. (8)
O IZHEERTHME S & 72D cos2w,¢ IR L THIEHER T
206, ICHISTHAMAZEE DD, LA T, @ Aicos2w,t
ERMERDE DI, #BINCEET NS, WENEL
YL AHBEEBRTHIENTE S,

Fig. 2 {ZLA EOHEE 7 IV T XLITEDWTH L IPM
FE— Y OB YL ARE AT LTH S TOMK
TR, (6) DHBEBAELE (2) OEAPEERZ +.0ARBE
w, DNV RNRAT 4T ERNTd -G BELOBESS
BEBFKET4— BNy ZEMSHIELTWS., TOE, (7)
D EEMERENE S o, ZHET S, ARSI,
ORI 20, DN BIRAT 4 WFIZAHLTED Q,



DA ESEEHT 5, —7, (8) SHET AEKEMMHEESIE
74— KNy VBROSBHBR S EZHNTRRADOE D ITE
mEhs,

Q,:wf = i;/' _ i(;z». = ]hl cos 2“’;:’ ....................................................... (9)
CORYEMIEES Q,,, o, EFEKIZ, POEBK 20, DN
SRNATANIWCADA LA T LY FORWERLKHTRE
FLTD MMLBROAIEE Fig. 31I0RT. £T, 0, £0,,
3 LUV h & S DHHUREEMICA N T 5, T THO
3P RIERFNIL A0, >0 DEEEDGREL NI, Ag, =0 D
EEOLNIL, MG, <0DEEADWELNJLEHAL, H
hansEEid 240, D/IVARESDEELZAL )LD
RrAHEZE IV AER 05, ZOMEAE/ IV AESE Fig3
KRLAEE DT @ 1 Bliric 2 Ehah, >k
=) RIC XD fEEL NVEFICERE NS, Y27 ILK
—)VROHNEB A BHEEEE A0, IKHETHL X)L E
HO®, BMOAREATIHET NIV XLIZANTSEI &
kD, BEEAKEHE, ERODDIENTES, TITH
FTINT) XLOREIMEENEL TWAETH 4, ME
BDe, ITBRTHLIIC 3 KOGEBEKET D, EBIZIX
Fig. 2 (b) WKRLA2BERDOHAIES L Fa L —% EMNEE
THRE N3 EEHKEE L CTREAEEHEG, 2R 5.,
PEXORDSNAIBHEEMEIINY BIVEE (EEREEE
B, EEEEHEIETHERMEISIOCEERMEIZHAND,

I BREEREATH

G.DEBELFLL—-FERWVEEFHETREAZ

KK 27 AT, BREAERICPI LF2L—F A
ALTWaED, EATAERKERICH L TIIL—77 1
UAMEL, EMERABREICEIVERAEERNELOT, &
RO BRI EREERITT,

FIT, T—FICEATREERKERICH LU TERMIC
N—T71 2 EFBOHDEDIICHME L ZERGIHRZE Fig.4 D
EOITHRT D, COHKRTE, BEOPILFaL—Fidi,
BLU, OEREAICHT 5HHETO. £LT, PILLFa
=& EWINCHEBLIAHRLF L —FIZL>THEAT
AR ERE D i, PL L, OBBETS. TO/RLF
2L — Y OmERKIT, EATE2RAKEROARBEK o,
T A NERK S DX DITHRE L TWBEE, Lizdi->T,
BRBERESEIINLT I — RNy JBRIZEEND
BB IEEMICEEREL <EBRL, O—5 OFRIR
ECEEFAOY MUERT 2 ZEMERKOMEEZZITIC
KLK8B,PlLFalb—FiHfRELFal—FEadl—K

3 2 2 2
Krs"+(K, +7))s" + 0K, 7,5 + 0, K

P

1
R, +sL,,L, 44

B4 iRV FalL—FE2bDOEBRMEN—T

Fig. 4. Current control loop with resonant regulator
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TABLE 1 MOTOR PARAMETERS AND RATINGS

Nominal Parameters of Test Motor

Field flux linkage 0.306 (Wb) Rated power 100 (W)
Armature resistance 14.8 (Q) Rated voltage 200 (V)
Moment of inertia | 0.00414 (kgm?) | Rated current 0.7 (A)
d-axis inductance 0.248 (H) Rated speed [ 1500 (r/min)
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Fig. 6. Injected harmonic current loci.
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Fig. 7. Estimated initial rotor position and estimation error.
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Fig. 13. Speed controller with disturbance torque compensation.
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