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Sliding Mode Variable Structure Controller Design for Permanent Magnet

Synchronous Electric Steering System

SU Weijie, ZHANG Jun, ZHANG Bo, WANG Houhao, TAO Jian
(Shanghai Aerospace Control Technology Institute, Shanghai 201109, China)

Abstract: Based on electric steering system, a vector control model of the surface permanent magnet
synchronous motor (SPMSM) is established. A sliding mode variable structure controller based on index reaching
law is designed. and chattering inhibition is carried out on this basis. A combined controller is designed by the
combination of variable index reaching law sliding mode controller and PID controller. This controller can not only
maximize the rapidity and robustness of sliding mode variable structure control, but also make use of the advantages
of PID to reduce the chattering. Finally, the chattering inhibitory effect of this electric steering system is verified by
comparing with the simulation of sliding mode controller based on index reaching law. The simulation results show
that the combined controller can reduce the static error by 85% and basically eliminate the chattering at the end of
the sliding mode.

Keywords: permanent magnet synchronous motor; electric steering; sliding mode variable structure; chattering

inhibition; variable index reaching law; combined controller; static error

0 Bl i GRE R . e 0 TE R L S0 A BB R

b B A HL R GBS 4 A7 e U e ks gz ke ARG ORREIR A ot S LR S ey UL LA 5
SR H R G R et 0 gy PR O B AR 80 A BL AR SR AR A 4 -
55 14 AR 40— 18 43 (PID) 325 1 52 75 2 ) 1 fig FEL YL L PR P 42 0[] Bl R AL Y R L 5 R A
G ) SR . R G R g e R PRI AR RIEATBOR AR O SR
g AT R ARG R A AL RS PR S5 R GATE Y B R T I JE B . RG] S L B e
By AN AR SRR S R A A S, HUREET R OLE e U P R Y R A )
NI TEACRE ) 2 v S e L R G i @ e vk i 3N FE i = O YRRl SR AU T o il EL O AR

W RS B HE.2016-06-27; {8 B H #3 : 2016-07-25
EHE BN AR 991, B WL W55 A, AT ST 5 1) Ry 0 R 2 A A d il B R



o oM X

102 AEROSPACE SHANGHAI

2 35 4% 2018 45 3 1

G R4 R RE - EL R BE A5 8 o e % A T A L A
T B8 E PR LR AT DL S i . SR . A2 e e 2 s
i R FEAR JEE A BIR A (491 4 e /N U3 48 0 30 1/min)
SEBR AR GEAEARHOR T BRAT A9 38 A5 B I AN HE .
o BRI Bl . o 0 A e T AR 2 A
LS WA T R PR . B
L S 18 A A 4 o e A ) 58 IR T T O T A
T BOCR AR BR ) £ A 1) BB R A5 B BT AT R0 fige
Peo FEA Ja B — BURE ] AL B4R ) ET) 4 i L 3)
FrE ML 45 K 2 1l OF 5 1) T Ao LA % i) 249 78 45 4 4
A TR M ERNR, BRER SRk 5 L4
PR ARG G 095 1 7 1 AR ek e 4 ) B e
ATAT RO 5 R GBI ARZTT R FE S 2% TR S EL
HEJSE R o LR o K5 3k A ik DR A TR R L A A
XE ) 55 B R G A T . ) B O 9k AT R
i B HL 5y T 52 B A 4 4 4 1 A R 1207 TR A E
J 2 IO I B S AR  AEAT AR ff pR B IR [ R
DR 0 S S X T A5 25 i B O 1 IR A 0 » et T
BT AR A A B AR AR TR . TR R T R A
il AR S 5 PID $ i A AR & Bt T4 & 4%
il o XL g IR AT e KRR i A T AR 2
ey o]y R o A v, SURT M PID 5 i (9 00
Hapl/N R G R M PHR, HIAE B0 . 5 T Tk
TR FEAREARAS T AR B A 3R T R A G R
ELUR ARG J5 3 i X B ST oo SR A R
TR AOPR AT B B A A

1 kR w sl & R A

FE AT 2 L BL 2 R o) R SRS BT R g
) A e A b R RO MR O L A d
FESUAERE T 1 N W b B A g [ 26 He 6 A b
AT KB A M LS BB AT 5

dig R . 1

E = Ldld + nywt + Ldud

di, R,. . n, 1
EZ—Elq—nPwu—%wJﬁquuq (1)
dicu _ 377p5[)fl' _E_L

de 2] " J

A cugou, WET doqg W IR 0000, HET
d . q WA o R R TR A TR s R, Ry T 4R
YR Ly L, @ THRAd . q SRS 5 o Wi
FIKBEARRESE s ny AR B F O T E R8T
W E MR T h R .

7K B[R] A VL Bl B ATL AR 48 R A -3 3 v 9 =
P B 1 4 o O L A R AR 18T 1 s . e, 0. o
FreAim #1145 % 0 A ME AR A0 SABE » cor O 8 SUABE U e A
WS A% L BE 2R R TR . -l R A5 48 T R
R PR e IR AR o MR A LR 45 R 4, s RIS
KM i = 0 BYREE 52 d g Bl R R 22 5 S 4
PLAN R TE B d o q Bl BLW A R 25 5 1 Z R X L
U P T 2 5 i R AT % 1) Ok B s B A B A O R A
(7O R o, 52 B K ik [R) A0 1 S RE L AR 48 19 K 1
Pl .

=0 e
) 2 Q> PLI>dq /| —
— i > SVPWM || @
O yisMVSCIPRD P/ %B > >
o | 4 LY
lq d,q a, ﬂ lg
. iy
: aBe—\/4.b.d
0 >
@ @—mMSM
4/ @ ‘/ ®

B 1 sk#;[E 4 i EhAE i 6 R IR AE
Fig. 1 Principle diagram of permanent

magnet synchronous motor servo
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Fig. 2 Two phases of sliding mode variable structure control
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Fig. 4 Simplified block diagram of permanent magnet

synchronous motor vector control system
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Fig.5 Schematic diagram of combination controller
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Fig.8 Torque, speed and current chattering of combination controller(k=1 000)
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