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A Study on Rotor Position Estimation Method of Permanent-Magnet Motor Using Spatial Harmonics
Toru Maruyama, Toshihiko Noguchi (Nagaoka University of Technology)

Abstract - This paper describes a spatial-harmonics based estimation method of rotor position of a permanent magnet
motor with concentrated stator windings. The method utilizes current ripples caused by variations of inductance to

estimate relative rotor position.

Since the inductance periodically pulsates with the rotor position depending on a

particular stator-core structure, it is inferred that the relative phase of the current ripples indicates the rotor position. In
this paper, possibility of the spatial-harmonics based method is discussed by conducting several computer simulations on

the assumption of the inductance variations.
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Fig.1. Reluctance distribution of PM motor with
concentrated stator windings.

TIT, Lao/-k) BET Ly /(1-k) ZEEDERRD S1i0 %
MWzEED dl, g1 >V ADBRKETH D, £
7= KEN I AOEBBICHEY T2 EKTH S,
2.2>UZ04% > ADEEE M BEXY@QOHDOER
k ZIRET B0, HERE—F TERWIINRY MVHEIEZT
BROWER) TV ZERLE. M2 @)EERERTHD, K
20 BERTQEEELCEIEH I 2L —2 a2
FROAERTH D, ERMEETREESGRAICHEL L) TV
MRERCRON, N5 dg BIRECE#RLIZ,, |,
WHEEEED 6 ED) TNV EED, ¥2ab—23a TR
HEBRERLIFIFELIRBRDEDICER k&2 05 L5272, %
HUZARY MIVBB LN S BEKIIME TR DM, ER
WBAEDE—Y, ¥Ial—Ta B 2BOE—FZHNT
F—DBBAEE CiEsiz L2 /cDTH 5,

—419—



SR L AP TR S 2 B P R 2

0.30
"‘f’ 2 Ad
Lk ' 025 b
0.8 [A/div] N N
1 020 |-
YT VIR ETIVY! 5
Lo MM AR A AL ARAARRRAY 2 015
osaavl IRV 20
A R N S S— <§u.10 L
Lugk . _ﬁ _ 005
500 [mA/div] W 05 1
— 0.00
0 200 400
Time Frequency [Hz]
20 [ms/div]
(a) EBRETY
030
, S
lq/bk .2D -
0.8 [A/div]
020
Luyok L&Mm “1 EU.IS -
0.8 [A/div] VWA =
i H‘l m— o}
00 [iu/b,;/ ] | \‘L Wl ;l V]L 0.05
5 mA/div - J
Y o
Time 0 100 200

F H
10 [ms/div| requency [Hz]

b)y¥2alb—alITLBER

M2 @Y IIVERE dEMEROFREART MY
Fig. 2. Current ripple waveforms and
d-axis current frequency spectra.
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Fig. 3. Relative phase displacement between
rotor position and d-axis current ripple.
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Fig. 4. Estimation algorithm of rotor position.
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Fig. 5. Simulation result of position estimation.
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