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Improving the Flux-weakening Torque Response Speed Strategy of Permanent Magnet Synchronous Motor
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Abstract: Flux-weakening control technology can effectively broaden the speed range of the permanent
magnet synchronous machine(PMSM) , therefore, it is of great significance to the research on the flux-weakening
control of permanent magnet synchronous machine. Most of flux-weakening modified the flux-weakening current
command through a single PI link, and its response speed is slow and difficult to meet the high-performance
control requirements, and due to the high coupling and nonlinearity of the flux-weakening loop, PI parameters
setting is difficult. In order to solve the above shortage, a method of using a conversion look-up table was proposed
to be added to the control system as a feedforward, having accelerated the speed of flux-weakening adjustment.
While, the method of gain linearization was adopted, by analyzing the changes of the small signal model at
different operating points, it solved the problem that the fixed PI parameters of the flux-weakening loop controller
that have been set by experience cannot cope with the change of the operating point, which improved the stability
and accuracy of the system. Finally, according to the simulation and experiments, it was verified that the improved
method can improve the performance of flux-weakening control.
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Fig.2  Voltage-limited elliptic and current-limited circle

A ARSI OR iR aE AT KU BB A

Y (13)

MTPV

o R

MTPV i £k ) Hy Fs A FR AR B o i (i, , 0) 13 30, H
ML 0 7 S AR, O ELI JE 4, < dno SCHIRIS]
PEHE T MTPV By TR HE T P2, e 2 nT 15 31 Hoth
LortEh

udc
-LW¥.+ [L:W?+8(L,~L,)( )
2 f / ‘ ' V3w,
Ly= +
L(l 4(Ld - Lq)LrI
2
u(‘,
b=
(15)

2 B3EESRAT AT

L AILIB A7 7 55 i DI 55 G H D ) 4 A 1B
A A RS A U EE SR L3 NmIPN € i A LS W TR/AS 20
TR AR R 0 S Es, TS br b i il S5
biE AL PrizdT & AR B R A AR UL A
A HS AR o 75 55 1% LU RE L B Y T SE PR
BLIZATEUE 25t W3R GEs A B0 A3 1 sl 2 e )3
RE o DA SCBCTH T 7R i it 1 >R FH B i it
SR 7 AR e L/ R — e A i A R A
AT d AT A
AN TR BEL L e B R/ ML 23 5200 o il L I Y 45
FEAH BT LAAS SCUET T 108 S5 I P s (BRI B A
] ()RR L R B 5 58 o TE R, iP5 (13) 45
FLAT H Ho e BR A [ 75 e «
(i, + ¥,/L,)? .\ i <1 36)
1 1 Uge
- lw)’ 30w,
H T RS R R N R R IE AT, B
K B AR B4 L A2 i, @ Bl L IR (E map , A
TN

., + WIL)*? »
(lld f {1) + 1 L, <1 (17)
U jemin U gemin
— .(*7 )2 — - ! )2
3L; ., 3L; ,

XA A F B 2 FRL T AT R BRI A 3R B e i 4
A b IR I R PR AS B 7R [ A R AR R B

. 2 2
(i, + ¥,/L,) i
+ <1
2 2
W e Uy,
1 udu u 1 1 udcmin u !
S| |l
3Ld U jemin 3Ll1 U gemin
o, w,*
U, u,
(18)

BT B AR AR BRA 2



VAR B, 55 < KRS ) 7 0 WU B5 Rk 2k 4E vl 51 3% JE 42 I ek

W AT 20245 HS54K F 1B

. + 2 *2
(Ld lI/r/Ld) + L, <1

2 2
1 U demin 1 U jemin
3L(21 @, (g1t 3L(21 @, (U gopin/104,)

(19)
RN ARk L R 3 2 e il g 2 1 A
W okuptable,, — Do * Udemin lu,, (20)

AL DL SR AR AR R SR R i R
R ) 553 1 PR IS, AT DA LA Sk B AR RE 2 L R
AR RV PR A TR A P EA A TR
B S5 G LI o KRR LT X AR L R R Y
B Ve A RO AT R/ T i B F AL

B i I, B e AR R L R N AT
MLE ZRIE, 45 21 Iy 5 LG 3 0 L 55 1 L T AH
B, SR JF K A B e R . AR SGE I
B} Matlab I 1) 75 X A5 21 BT 75 22 16 4% £dis , It
FE HLAILA T P2 1 % A R A T 2 MR AR AE, 15 2 B
B T R X IO 1 R A 55 i L A

JT T Y i 0 E 25 A AN ] 3 s, B 4
BRSO ARAT 1 0, 18 A8 = 4 R
5 AR B0 3 AR RIS I A 55 8% P il 2%
TIPS % PLVE S R

K3 s i HE AR

Fig.3 Flux-weakening current feedforward frame diagram
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Fig.8 Voltage conversion simulation model
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