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Position-Sensorless Control Technology for PMSMs in Low-Speed Region Using PWM Waveforms
Generated by Symmetrical Carriers
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In line with the widespread dissemination of permanent magnet synchronous motors (PMSMs) with higher efficiency compared with induction
motors (IMs) in a variety of applications, demand has arisen for a position-sensorless control technology to drive PMSMs in the low-speed region while
estimating the magnetic pole position without a rotor position sensor in order to achieve compactness and reduce costs. The indirect flux detection
by online reactance measurement (INFORM) method, one of the position-sensorless control methods under consideration for this purpose, can
estimate the magnetic pole position by detecting three-phase currents when applying a test voltage. However, the audible noise generated by the
application of the test voltage is a serious issue.

To rectify this situation, Toshiba has developed a position-sensorless control technology for PMSMs in the low-speed region that eliminates the
need to apply a test voltage. This technology makes it possible to estimate a magnetic pole position using novel pulse-width modulation (PWM)
waveforms generated by symmetrical carriers. Experiments on this technology have confirmed that it achieves improved control performance in the

low-speed region and a reduction of audible noise.
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Configuration of PMSM driving system
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Comparison of conventional and newly developed position-sensorless con-
trol technologies
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Changes in derivative values of three-phase currents at time of application
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PWM waveforms generated by symmetrical carriers

B HIE, ZAWROAAEE L OMM AN 72 HEREI O
4TI, TNENOEHRIED A7 62 BRI MEE § 50

3 EERER

3.1 WiERfIEHERE

EBZHC72PMSM R UHIE O S 2 R 1128 Hilt
WO MEZF 272D O R ALIZ8 us & L7zo HERAFR O
o 1 A e BT VSR g o T T AR I K
1.5 Hz (H&HH 9 %530 min I AHY) 84 CHIIL THBY,
WAL EIFEAEEITE O THEE TETWwb, F72, BIL723H
DERZACEDOFEZ R 8ITIRTe Ve FUINEE O W HH B 22
b d L, ve & UMHERZAL R AL, ve, MOV Vo EIINRE D UAH
B R AL, v TH Y, WAL E IS L2 A2 7/3
DBEBEZALEPRINTE TS, BIRELEORMEZ0.1 A
RETHY, EHEMO6.] Am DIRMEDL % FEEEEIEH I/
SV, B HLARIHATE T2,

3.2 LBt YLARIHEFORESOLLE

PWMEILRE, &> 9 ZBRE), INFORM X2k s>

F=1. EBR/IN\TXA—4&
List of experimental parameters

& B ¥ fE

ERBR 6.1 Arms
s d#1 > EI BV Ly 9.77 mH

Q¥ > RIBVA L, 22.4 mH

KAREAIC KD HRRER D 0.288 Wb

Fv U7 RERE 10 kHz
kil

ERMAREAL 8 us

ERZ L Ea1—Vol71 No.6 (2016)



L ZERE), FROBHFE LRSS v ) 712k 5 PWM Jatic
I LA OB AIZOWT, BEoLEERICR
o FvU TR EIZ10 kHZ ISR E L7,

PWM IR, PMSM & LCREICHEEZF7LTEY, &
DEEFAELTVBEEARY MUVSHEREORE S TH 5o

— EESNRABALE
— HOBIEAE

RirEIE (°)

0 I l | J
0 200 400 600 800 1,000

BFfE (ms)

X 7. \EFEROBIBMBEHEERE — I X 2 Ak o fik
N OMAERERIL, FEOBMAFEIC EI—~H LTV,

Estimation of magnetic pole position at time of no load
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Changes in derivative values of three-phase currents at time of no load
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