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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
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Fig.3 Flux-weakening current feedforward frame diagram
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Fig.5 Voltage feedback and flux-weakening control block diagram
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&l 6 HrT DAAR J7 i s i 5% e R sl A, B d i

FEL YR 140 28 A R 2 B R/ LU 22 T R A 326 PR

BB AT D — A E O a B — AN e A2 4k

i PORFIR XA RS 4 N
7



wAEF 2024F F54% FH11H

FRA B, 5F AR AE ) 3 o WU 35 F A 4B v 0 ik AT SR

PR
_ . AU
IM-MHHM%M+BTL (22)

d

PRic < b TAE sARIE , A ic " A/ ME S

bRic . /ME 5 H R 3 a2 AL, 1K 6 B s
RIS W R Ry
vl 1 U, — aU,
ou, S e, U (23
IR R4,
ou, oU, al,
al, oI, al, (24)
Bl ) A (23) 155
ﬂﬂ_i4ﬁﬁ%f& 7 9
o, “won Y e, Ve, (29

WA (21) B IEFE AL 0,1, Z A 1T
Wy

a, 4 .
al, "= ol | 1.5n, [ W, + (L, = LI,
-i(L,-L,)
T W+ (L, - L), (26)
PR, TR0 R A et Y S AU 3
o1 — —i, (L, - L,) T.1] (27)

oI, Ul d%+uﬁ—gm+
X QD FRE 6 FHER i, — | UK/
TR %ﬁﬁﬂﬂﬁw@7ﬁro

I

| +

i || |
| | i .

! u oltage daref urrens ll .
! Ko > il ller[ ™ el
| t T+ controlle

i

i

i

i

|

Voltage | !l Current - !

U norm controller ntroller Ls+R g U |
max [— |

| | Ly |

SRR il IR |

VR = {1

K7 RRIMER
Fig.7 Voltage loop block diagram

i — U R FL 389 0] 2 sk R
2R, 8 R R R [ S A — AR
WE 7 ok, B8 1 — (U255 k., HEHE
T, DT e 72 336 o BRI iE— 25 feT Ak, TR A iE— 19
ARL B i) 2 M B i VA — AR |, B LA/

{5525 20 (27) S BIH—Ak , {844 35 R AT BT
HaES M D
!
LTI} (28)

DL T e N AR 5 A ] 4 [l
WA g AL, SORE T LAJT R4 T PT SRR B 5 i
A Z B TAR SRR

PR G RYAR LM — B £ 1 — e Az,
8

A I WA G Bl 20K S PH B TR] 2 FL R4 o
WPRAL, R N T LIPS B
FATE] A e, B

1

Lﬁ(s)z——————————— (29)

* i
s

RT3 M AIAL B AR GEARA I, 4% 453 1Y

$ i F B0 R RSV AR AR AT AT B A 5 P A

A 8 R T LA T B 3 e IO P R R

TH 8 1 PR Y 2 o Lk 8] 35 68 7, 55 T Bl AR 0T
SRR B R R R T ) -

Try = 127B, =k, [k, (30)
/E\:EF‘ kp. :Bl'“/B (31)
ook, Sk H B 25, L HA — B A 8
i 37 1) A Al 5 o

4 Ay BoHT L 5 B E

4.1 {HESH

4.1.1 PraRERIE

TESI G AT T, 1 S g TR H
R R BB 2 i R A AT A7, an SR 5 F AR
AR 25 X JA] D6 I H e 4 B A S B TR
FHAT AT 1 8 Sy L R A7 33 AR

P d 22 Sk rh BTl A Bl L 120 LS
BLE QLR K8 A 310 VL R(EIT R &
BEAE 450 V N HLBI AR T I BEZ R T,
Sheet1 R FH B 2 1) 8 B AE, g B3 38 (LT 17
AN [ A SR AR BN [R] 0 T 00, an &l 9 Fir s
5 B R R HE T L, L B R AN
K10, & 11 iR,

2-D T(u)

S ul , O
2 Favow
T, I

2-D T(u)
Sheetl Spd ul
Svd

2w |

K8 HLR TRy FLAR Y

Fig.8 Voltage conversion simulation model
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