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Extended Field Weakening Control of Adjustable Field PM Motor

Based on Permeability Modulation

Kanta Yamada*, Kiyohiro Iwama and Toshihiko Noguchi (Shizuoka University)

This paper describes extended field weakening control applied to an adjustable field PM motor based on permeability modulation. The drive
circuit is a dual inverter system using two full-bridge inverters. Sharing the DC bus power source with two inverters, the drive circuit can
control the 0-axis current ip in addition to the d-axis current ia and q-axis current iq used in the conventional motor drive. This io is used to
control the magnetic saturation between the PM poles, and can change the magnetic field established by the PM. Therefore, it is possible to
extend the current vector control defined in the dq coordinate system to the three-dimensional 0dq coordinate system with the added io. In the

paper, an extended field weakening control algorithm used in a high-speed range is proposed, where the voltage limitation is a problem.
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Fig. 2. Proposed motor model.

Fig. 1. Current vectors.
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Fig. 3. Motor drive system with dual inverter.

BWOWEREEIINC 2 BOA v _R—FEZANWET 2T A v
i#&ﬁﬁ%ﬁﬁbfm o ZDVAT LTIZEHRDER
NAZIGRIZTHZ LT, Tiéﬂ%@d%sa{uuld, q AL i 1

INZ T 0 VL io DI Z AIREIZ LT\ 5, Z D ip % Fig.2
WZBIR L7z ] WﬁMPM%-& s+ ArZ T, B—4
R ORI FUIRRE 2 2L S, PM R OFRIE % J2814
5o Fio, AIERBIC LB AR AR T BT, &
SAHBMIC ﬁbfﬁﬂ CHENER BN L 2T ER S e

W, ZhiZ FEAERUTIT A FH ORI O = FH M5Bk 5

imn,nﬁtﬁféﬁ 3ARDFENERZRNDTE D

iy iy i1 XV FEAET DB RSB S LD, LJL

% xf: 0dq HIE R O EEFERNE LLTICRT,

vw| [R+R 0 o i1 [z, 0 o] i 0

v, |=| 0 R+R -oL |i|+|0 L, 0 Eid 0 1 ")
de| .

v, 0 oL, R,+R. 0 0L i, oy, (i)

T 2T, R ATITAEBBIRYL, RIIFABIHEGT, Lo, Lo, Lg
WX 08, dih, qiihA > F 7 XA, Waio)iT 0dq JEE W ERO R
WA, o ITEBRAREE TH D, Fig 4 IZBRETF
#Y 7 b IMAG-Designer 19.1™ THEHT L 7= Wa(io) & io DB
RERT, FKED Plio)ld io DHERMEIZIEFE L TRY, #
IERL L= &2 & BRI £ 3 X OV BERE R B I D I
IME ymin ZHNT IR TEREND, T2, BT i BIE
OFFHDHEHERT 5,

¥ (i) = klig| + ¥ 3)

Table 1 {Z Fig. 2 O AR PM — X O EHiEnE w1,
FZFELD io & Palio)DBARZFR T LLBIREL £k 1TRDME L 72
éo

0.050

'//max
0.045

0.040

0.035

0.030

V/min
0.025

Armature flux linkage (Wb)

12410 -8 -6 -4 2 0 2 4 6 8 10 12
0-axis current (A)

Fig. 4. Relationship between magnetic field and 0-axis current.
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Table 1. Specifications of adjustable field PM motor.

Maximum modulation current 22.1A
Number of poles 8 poles
Number of armature winding turns 12 turns

Number of modulation winding turns 42 turns

Stator diameter $148 mm

Rotor diameter ¢ 96.6 mm
Magnet Length 48 mm
Resistance of armature winding 0.09 Q
Resistance of modulation winding 0.109 Q

d-axis inductance 0.372 mH

q-axis inductance 0.947 mH

Minimum magnetic field 0.0263 Wb

Maximum magnetic field 0.0470 Wb
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Fig. 5. io map of voltage limiting ellipsoidal sphere.
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Fig. 6. Relationship between torque and 0-axis current.
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Fig. 7. io map of current limiting sphere.
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Fig. 8. Simulation results of current command and torque.

© 2021 IEE Japan



3-83

2021 FEBR AR PEEICHT M RS

IR DN E 2R CTE B, £, 0" 0A IZ72D
il i PREREO L O L —FT B2, JEIESS O R
FNEIFIE RO TS REHIEE 2 DE T 2 HIFEE 22, &
I, LIRS D FUREHIE 2 3 9 5 E IR T e
KIEL D B RE 2 MV RELNTEY, EifEEO 1.40
BOWKEERLTWD, ZHICX Y, kR TH 1.24 1%
DOPERZEBLL TRV, EIRFEILK OBLE D & JEIRH
BT AR PM E—X Ok E L TR TH D Z &0
DLind,

(3-2) —fBMLE—FERFLEDOLE

Table 2 |ZFEMEFUENT > 7 b CRREHT LI — 728 — X &
TNDINTG A =B Emd, R —2L LT, ha R
TV AETIL, BRFER D T, REBEARYT—X
(SPMSM) Z £V Eif %, —fRET VD AT — Z i1 Table
| OFZERPEPM E—Z LFHETHY, Fig. 9D L HITr—
Z R b — 2 (R L OWA & (Bea ofE & (5 bRk
ERDEDITHI/INLIZ b DOEMEH L7, Fig. 10 12 AZ8 74
PM “&— % L YRaRHI A A G ot 7 B s, — 72—
Z EPERIE M AE DT BEENTD b Lo & [ElfisEE DB
RETRT, FAKEVIRET I FET - RE—FBEILY b
RHEERRF D MV 7 TIEAFITH 528, @EIEERREO F L
JCIERNERD, Lo T, AIERE: PM £ —4% L LIRS

Table 3.

Operating range of compared motor systems.

Motor system

Constant torque

range (Nmr/min)

Constant output

range (Nmr/min)

Operating

range (Nmr/min)

Proposed motor 43785 54017 97802
Prius model 48279 21589 69868
D model 46674 30695 77369
SPM model 50216 8010 58226

Table 2. Specifications of standard motors.
model Ly (mH) L, (mH) 7, (Wb)
Prius model 0.385 1.19 0.0613
D model 0.497 1.17 0.0554
SPM model 0.291 0.322 0.0797
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(a) Prius model.
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Fig. 10. Relationship between torque and rotating speed.

[ III-470]

REHEEZHREDED LT, —RE—ZBHLY &E
HOEA OEISEIR A LR TE D AL N E o T,
T/, AR PM T~ X Ou—F A SRR L, KR
Wy T —XIZEDIT D I LT, REHERRETL T
— X EREh RSO ) MV Y B EBTE, Wi 5 EiRmEHEK
DYREZWHFT 22 L HTE D, Table 3 IZHE—FDOE b
Jb 7 SRR IS L OVE R SEIR O I AR T, 2T,
TEHRAEIEK & 1 Fig. 10 O N-T g CHHENZHE TH D, [
REVRET D FIETIE, EHEREE S — T — B
IV HKBIIERLTNWD, ZHICXY, SEEERTH—
e — 2 BRE A EEY, AR EE PM E— & LHERFR O 5
eI oA AERH L E Ao T2,

4. FEDH

AFEClE 0dq FERESRIZHEIR L7259 Sl 2 324 L,
B PR2S R & 72 2 mdGE BRI 3\ T, PEIREE O S
HEHEEAT 22 E TRRMNVZEZHDTESD Z L 2R
L7z, ZORRIY, BRI  ATE S PM £ —
& O EEIEEEOHIEIC T, TR O ALK 2 LT
LEBEZLND, Fio, —RHIRTE— X ERE) & R L
F, AIZEREE PM B— X IZHLREISD R A mAT 5 2
&, EHINEEEEO KB/ E BB T, W4 R
PM & — & L Y8R O SEEHIE O A M & iR T & 72,

e D dq FEAE R CHESL STl R DB T, s
HEREIZ 59 0 FBEHIE 2> DIk SV 7 B FEE SIS (MTPV
A 28z 52 LT, Hin EERKOEESEE E T R
VU wIEETE D, %1%, AR TS L7 IEIRSS O S
ME Vb EBGERREICHEA SN D 0dq BEEERICIRE Lz
MTPV HlEIZ DN T HRF L TS FTETH D,

X ik

(1) K. Sakai, K. Yuki, Y. Hashiba, N. Takahashi, K. Yasui, and L.
Kovudhikulrungsri, “Principle and Basic Characteristics of Variable-
Magnetic-Force Memory Motors,” IEEJ Trans. Ind. Appl., Vol. 131, No. 1,
pp. 53-60, 2011.

(2) T. Mizuno, K. Nagayama, T. Ashikaga, and T. Kobayashi, “Basic Principles
and Characteristics of Hybrid Excitation Type Synchronous Machine,” IEEJ
Trans. Ind. Appl., Vol. 115, No. 11, pp. 1402-1411, 1995.

(3) M. Namba, K. Hiramoto, and H. Nakai, “Novel Variable-Field Motor with
a Three-Dimensional Magnetic Circuit,” JEEJ Trans. Ind. Appl., Vol. 135,
No. 11, pp. 1085-1090, 2015.

(4) AR -BH0 - Fil: IFREEREFI LBl AP &S < AR
I PM & — 4 O MR PR 31 FERFEEEKRE, pp. 50-51
(2019)

(5) =M - NafiaNindita « B 11 « 3 (11 : [BBEREFN IS < ATE R PM
E— & OfLHE MTPA I BT 2 SRR O SE A RS,
(2019)

© 2021 IEE Japan



