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{Magnetic Saliency Estimation of SMPM Motor for Precise Torque Control using
State—Filter in Flux—Weakening Operation)
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Abstract

The magnetic saliency effect in surface-mounted permanent-magnet (SMPM) motors on the torque control
at high speeds is first presented and analyzed in this paper. The d- and g~ axes impedance are measured by
proposed State-Filter. Measurement of the d- and g~ axes impedance difference is performed to prove the
existence of the magnetic saliency. Then, the saliency effects on the torque control performance in the flux
weakening region are discussed. Based on the developed motor modeling with the reluctance torque, the
proposed control adjusts the d~ and g-axis current toward the operating point to track the commanded torque.
The feasibility of the presented idea is verified by experimental results on a commercial 600(W] SMPM motor.

Key Words : Magnetic Saliency Effect, SMPM(Surface-Mounted Permanent-Magnet) Motor, State-Filter,
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1. M B
* FAA Qg Qs Fsty Aty
w BAAA  dgdida A7) my
Tel : 053-810-3997, Fax : 053-810-4767 g BEY 9PAA(SMPM) AE7 e IA4F
E-mail : dolj ac.
40 - 2009d 18 209 A FE Lopeld & W& F5E 42 30, 7|
LR AL £ 2000 49 279, 23H4AE 2000 649 189 b SMPM AE71E & 308 Qlgle] i

AAYSER 120099 69 269

&Y . A= H237 H8R, 20004 82 @



I E3 NOE {2 SMPM TEIY Anta FAoN 1) 239 &Y

Bl 4 s £ ddo] A e Re
2 3 deix Qo) Fools A%5d SMPM 457
o} dA ¢ FEA = HY W37l 9% uhy
0] A=H JTH1) ol F 71ee okald 949y
dAel AU Ea Aog FeE s APE
ISG(Integrated Starter/Generator)oll 3] Q75
AOR A T A2 Ag, ALE GG
A BA9] 5[%] W) EzAle] oA R =1
ATH2]

HE34E 7He SMPM A57)e E3alsd
o3} F AF} Bt A H o2 uldd) wat
M aF AHRE Aojgozm Eag Aoid 4 itk
H o7 =EolAE B ES4 9 SMPM AE 7]
ME A71EFA o) dqF ] dudx A7t &
AHgHE Bolil UTH3-6). olegt Y29 2=
& MY Ex AHo| g EA AojA]
7M. AYula ETFS WA A ETA] A
T oAFAZIT o] =RellA FTFAE HAE7)
9] A B o] dFg=EHA o hE-E midEd
TA(IPMSM:  interior permanent-magnet) 15
71tz JFH oz ATt o] FojH S ¥ 1o
A12] SMPM 7] EZA oo disire a7t
o] Foi=| 2] eFUcH7-9].

Wa 348 Falo) wE3Y SMPM RE Y A)

34 BHAT AYUs E238 TPT &
AL EEL PR PEER TS
Qekie. aelm AQHE WSl BeA e AFE]
S43ke] 600W SMPM 5718 ol85d 48g %
Pk,

2. 17| E3VA F¥

FFANY §7] WE719 d-aF) YA 2
ol 2FT o} AEE AL P2 vt 3
oH3-6). ST o] 7% YAPA AEE Aol
A #7b4el mAse) Y AR E Bew By
EE AR A% 24 99 TR v)E
o A4 #4718 BT A4 §7] 9E7) 489
77 AEH10. olel @ 2% F87]8 o8t A

(684

4L AYY, AFY 2D WA A5 5
g <

55

oA A o] UGS JHX T FEAD] Bt BA
=

=

£ =RdMe 7189 X F44 AREHAY
State-filter{11]& 7|¥o2 &9 Yuidx A S
A 22 MEA TAAT

a¥ 18 57| EA State-Filter?] 7+2& Y&}
ok HE7] 29t A2 7Retd dg% & BY
gl Pl Aloj7]e] 28 & o]83le JIYELE A
Akt o]dA A4 E State-Filters 7129 2H%
FA7180} 3 F25 73 wE $EAS U
ik,

State-Filter®] A¥®2x FAo o AAF
(R, .$,)9) 2 £& M5 L Filterd) 9o 2 53
sk ldels 34 A] State-Filtere] 720 A&
Lo} o3 2 41 A5(PM flux linkage) ©.3}
g zgjshd 4 (1), (2) 2] ¥3g + Utk

(b) d& cl=ein

38 1. State-Filter 2IE{EA FH7|
Fig. 1. State-Filter Inductance Estimator

vy = L, 6]

gt - .
=v; +w L &+ ART

rgs

13,; =v;' —wridsi,'ﬁ-w,@; (2
=vy ~w LG+ ART —w,(¢; +A¢l)

s

Journal of KIIEE, Vol.23, No.8, August 2009



o] A% Pl Moj7] 28 & olgsld Yu A
2430 ojefe} e A AL 4 gtk
. w L i+ AR, AR
o = | | = L 3)
w2, 'l

)s L@

d

ds =

i (erdsi;— AR +w.Ap,

o
w1,

A7 AF e} AR S BHHY 2 L7
S7V8ke] ko] HH FAIE £ vk PM #l1
£& 25 59 F9 370 wet 0(%)71A HEst
A Pk ol)d - State-FilterE o] 43 A€
2= FAo] Q17 s T PM T A5 23S
AE3 o] Ao RN AYH A 34 03E
Aojsta] Foh PM A A% 3= ¢ AFT ¢
7heE AR o] e, i =0,1 =09 A|
HollM 3% Y’ & A% State-Filtere] PI
Zol|x] olZie} Zo] Y = Ytk

RO

PIZH =ARi —w Ab, )

Stoll M} o] m&el N AT LS A8 A
FTHOZ o} go] AL eAHE ANT & gk

/ i
(@) 4 0
i
204/ di]
qu NNNNN o
(b) \‘*M 0.006
L -
\[mH ! div] Ldsi. ....... .
i i
Time(ls/ div]

a3 2. 9T RN S F#3 QI=EA
a) d-q& IR, b) d-qg5 QUYEHA

Fig. 2. Estimated Inductance of SMPM motor
a) d-and g-axis current,
b) d-and g-axis inductance
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Fig. 3. Torque control of SMPM motor without
magnetic saliency
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