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Flux-weakening control for
interior permanent magnet synchronous motor drive systems

CHEN NingT, ZHANG Yue, GUI Wei-hua, YU Shou-yi

(School of Information Science and Engineering, Central South University, Changsha Hunan 410083, China)

Abstract: To deal with the difficulty in the high frequency operation of interior permanent magnet synchronous motor
(IPMSM) systems, a flux-weakening control method based on g-axis voltage is proposed. On the basis of the field-oriented
control, the g-axis voltage is used to control the d-axis current, and the error signal of demagnetization current can be
obtained by subtracting the feedback value from the reference value of the g-axis voltage. The demagnetization current can
be obtained by using the PI operation of its error signal. To deal with the sharp drop in the DC bus voltage under heavy
load, we introduce the effective work-time of the space voltage vector in the closed-loop for regulating the demagnetization
current. The system model of IPMSM is built and the validity of the proposed flux-weakening method is verified by the
simulation results. The proposed control method is applied in an inverter air-conditioner compressor control system. The
experimental platform of flux-weakening control system is developed by STM32F103R8T6 ARM. It is shown that the
speed range of IPMSM is extended by the proposed flux-weakening algorithm.
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(Mathematical model of IPMSM and analy-

sis of the flux-weakening control operation)
2.1 IPMSM R 4t ) % % # #(Mathematical

model of IPMSM system)

ST T BT R 5 1) R RS AT d-q AR bR AR 1)
TPMSM 1) 25 st 42 AR, TPMSMAE #% 1 W5 AH Jie i d -
bR AR TR T AT RS

&
Ldg = —Tglq + Uq + We Ly,
; (1
ds . .
qu—tq = —rgiq + Uuq — We(Vr + Laia),

e Ly, Loyl Ad, ¢giliau K, iq, i3 A d, ¢l
W, wa, ug 73 9 d, g R, roh 8 FAH LR, o
W7 T R R, wo g W AR T
IPMSMIP] LG 55 0 T R Ky
3
T. = Sl + (La = Loialia, @)

Horip A g e 4.
22 B K FSE G Hl(Maximum torque per
amper control)

IPMSM )l k7N Tl fLER, i DL A7 il
FLUL T DG In FE LG BHL A% R0 . e K AR A L
(maximum torque per ampere, MTPA)#5 il 151551011
PRV IR AR 0 LR (R A DRI 45 o (1) e R
TATAS A - L PR 5 />

b ) U v LA OR, LR A 29 R 4k A,
KE T WL, = /i3 + 2 I8ME, KBRS H
WRARL 5 B, A 3 5l 1 o

H =84+ + MT— ple + (Lo — Lodialia)

3)

Ferp X R s B H A7 %GR 5 IF 2 L5 T
%, Wl

e e
1q = 72(11(1 ) \/4(Lq EyAE + 2(2]. “)

O RBAE - BFRETT A — 2 XU 2, W& 1
ABJroR. WMl R 1) s 4 E LR ORI ik
filh b mT DU % e KPR L B A PP 1 T
HO ML P i HE R 0 o sk /N, R LR VR 1A A
4k BC'5 fi K60 Hs EE Hh 2 (maximun torque per
voltage, MTPV)iz17.

2.3 HESHEAIHE P (Voltage and current limit)

HH ()%, YPMSMIZAT RS, d-¢MAFR R T
1) s 7 Rl P AR s i 2

Uq = Tslq — Welqly,
{Uq = Tslq + we(Yr + Laia).

7 6 3 L s 2R3 A 2% ) i 2 R L IR A
24, 5 T HIRINGE 1 i LR VI 29 ROJ7 R v] 3

IR
Is: \/i(2j+ig<Isma (6)
Vo= Ju3 +u2 < Vi, )

Forprs T ARS8 AT LUK R I IR B KRB, Ve h
AR T A PR M ) e K £

B 1 47 il b A g b HL AL, T RAAE AR IPMSMAE
HELL 1 D 4 55 1k DX TR) 38 47 I 0 13 Pl s 3T
WA AR AR PR AL TR, BIVG = Vi, WEITPR, 3L
FrEd-g P E, IRATHR G R — A LI N EA2, (0,
0) i M LK. B i A F AR PR [ ATMTPA T 2511
A i, IPMSM LI i 4 AR A I A FR) 38 B o, SR

(&)

1 IPMSMIEAT IR HLR s i P
Fig. 1 State trajectories of the current and the voltage of
IPMSM

g AL E 1 B s B, i ()43 B dl
Miq A y
. uq - 7f
4= weLd Ld. (8)

] i ek 24 M ST B 405 5 o i
i M AR 2t

2 (ia +—)?
<1 )
( sSm )2 ( sm )2



6 1M

e 25 Py BRI IR 20 A LISl 2R S 1D 55 R ol

719

() I 13, fEd-¢*F 1 _F IRAT i TAE AR 2
15 LA (Vi fwe Lo ) 2 B2 2P 51, DA(Vign fweLa ) 0 K 2= 4
RO I . PR 130 BH B A TPMIS MG 4 T v, DA 2 1
L JAE R 24 R 2 A TRV [ DX Sl oA )~

Zi b, ARSCEEIPMSMIE I3 DL P R d5 K 6 R
it L. E 55 g i DX 3, a0 3o gl P s 4 i i e
Ui, EFXTTPMSMEE £ 2 B L I BEk il s 2R T B 1)
i) 8, R FH 25 ) 2% o PR AT R0 A BN )R — A
K HPME IE 59 RGHL I, B 1 AL . 8 SR AR TR
(167 b P JAE 32 S SRS S B AL ) e o ] S 42 .

30 BT AT Rl A s B9 55 M % ] D5 ¥ (Flux
weakening control method based on g¢-axis
voltage)

3.1 59 W ¥ B vk W Tt (Design of the flux-
weakening control algorithm)

DA 1 s A AL DA SIZ o 2 FH O6F 52 () 928 ) 0%,
SR B 5 1 ST ). T3l R A A 4 il
KRS $E i A YA Bl 3 48 () T A0 A Pk A e] 4
PR TR] bt g 7 G TP A BB TR R 3 7 1) 45 761 11
IPMSM 58 JE S S5 K0 an B2 7.

4
o] . — ..
qmax| 7,
— @ [ '
PO RN Tymnn - Ug w
@, i,
: L in IGBT
s Wl | gk SVPWM
B Bl | % | w A3
S5 ik i
E 255 . (Z)—»
w | |4 d 6
Udc s u(;a u:] 5 ids Cbe s a)*e Y élé*/]( ?:a,b,c— _______ II \)
i | b
% R
0 . -
(™
s | s IPMSM
2% Ua
Ugp
K 2 IPMSM¥5 il 2 45 55 il S5 v HE

Fig. 2 Block diagram of the flux-weakening method of IPMSM control systems
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Fig. 5 Improved flux-weakening control block
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