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Fast terminal dynamic sliding mode control-based three-phase
voltage-source PWM rectifiers

Zhang Yuan Fan Chunling Zhang Chuntang
(College of Automation and Electronic Engineering, Qingdao University of Science and Technology,Qingdao 266061, China)

Abstract: In the application of traditional sliding mode control in three-phase voltage-source PWM rectifiers, the inherent
discontinuous switching characteristics lead to high-frequency oscillations on the DC bus voltage, making it difficult to achieve
ideal control performance. Therefore, a dual-loop control strategy that integrates outer-loop Fast Terminal Dynamic Sliding
Mode Control and inner-loop feedforward-decoupled PI control is proposed in this paper. Firstly, inner loop employs
feedforward decoupling-based PI control to eliminate the coupling terms in the mathematical model and achieve precise tracking
of the current waveform. Secondly, the outer loop transfers the switching term to a higher-order differential element and
introduces a fast terminal sliding surface design to suppress system chattering, enhance dynamic performance, and ultimately
achieve accurate and stable tracking of the reference voltage. The stability of the controller is proved by Lyapunov stability
theory, and experimental validation is conducted through simulations using Simulink. The results demonstrate that the
proposed strategy effectively suppresses the inherent chattering phenomenon in sliding mode control. During system startup,
the DC voltage overshoot is merely 6.5 V, with the peak voltage deviation reduced by over 92% and the settling time
shortened by 91% compared to PI control. Voltage step-response tracking completes within 0. 02 s. while transient voltage
error remains bounded within £ 1% under £50% rated load disturbances. This control method ensures high steady-state
accuracy while maintaining excellent dynamic response performance.

Keywords: PWM rectifier; dynamic sliding mode;fast terminal sliding mode;nonlinear control
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Fig. 1 Topology of three-phase voltage-source PWM rectifier
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Fig. 2 System control structure block diagram

2.1 HERAIREIT

FL O PN 32 A E D R R AN A 4 S I PR T A
A I dg Bl 0932 SRS T4 I ITTBR £f PWM % 35
R A YERE . 7E A H R PWM & 48 1 1k AR AR R
T BRI 20T A AR ARG AE dg AR bR R T B B T
d 5 g SiAEfe RS EL A AR o SR 138 X
AW, XA S FE d #5 q M s E T
P BB W R G0 AR BE TR R BOE R . A I,
2 500 SR W 5 LA T R AR B T Y PT 45 < 58 ik A L R N
RN A Jr B v S I )R A T, 3 B HE T ECE A )
GO LI dg s AR

TEMCEE RN b, SRR R B0 R LR A R R AR IR
d MRS % H i, [ OB 0 4% = o R B2 AT
T PEw i, = 0, MTATIE 2 N FR PR R B S A B 5 )

Oy RS R A R P DT R 2O

Ko oo .
Juj =e, twlLi, — (K, +T)(ld —i,)
2 ) (€Y
. . Koo oo .
{uq =e,—wli,—(K,,+—)0G, —1i,)
s

K. Koo Ky 4050028 P  b B3 25 AR 4 3 25
2.2 HEMFEIT

i PR AN AR 3 2 H ARG 2 R E v 5 RS A IR BE 2 % L R
U s BTRT LR A ER 500G 3 BR T KL SR 3h A 08 AR bk
LI B Rl S 1T FTDSMC, 45 & 3l 25 M B 114 3 9% 4100 4
R R % i T AR O PR R S SIS R AR
BIE R 5B MR,

RGNS A5

Xy = Uge = Ug

. 5
Xy =T,
RS AR, 45 A0 3T, Al 15 .

BS‘IZ.‘/ SS'Jiq U g
2= T - + 6)

2C 2C ' CR,
MRS TRENL B, = 0se, = 0,di,/dt = di,/
de = o B, FIREIEAEIAT S, f1S, M1E.

e, —Ri,
S, =
U g

) )

wli,

S =

q

U g

K 2K C6) a3 Mgt Sl 5 B 23 AL B o 3 o LA 3 e 42 7 £
RIS E XS BORE I ¢ REFL I D,
PG

x, = gi,+D (8

_ 3leq —Rip
¢ = 2u,C

9
D= U g
{ CR,
SR FH 25 B2 T AT M
Sp = Cc1x, T, (10

K e >0, W2 Hurwitz 5544,

Bl 725 A ) A S o D) 6 TR B A s o A
14 155 B I 43 1T, O 3 R0 38 S Y i sk b B A B S
WA R . 1 s MM RGEARAS i — 2B 1 AT

o = Asp +s$p 1D
KL a >0,

XD R, R 2 AR Bl R AT 15

6 =Asp +sp =0 (12)

0 = —esgn(o) — ko (13)
KF.e>0.k >0,

X¢ Sp Iﬁ*ﬂﬁ%&fim‘ﬁ%

Sp :J(é\*/\s',))dl (14)

¢ 30 o



949 B 2 F o

T # K

2E A0 BEHI A1 .
T, = —0CiX» +J(5—}{.§D)dt

B3 3 (8) A1 (9) , 3% T v 45 By A5 W AL 45 1l 2R OK

B 1

YTy

TR AR Sy WA I 9 B AR T RIS B i R
PSSR T, 454 W A T R BE S B0 I AR E L (R K
SOEBENS . A T MR PR FH R BT B R GRS AR B
e PR sF () PRy AT S04 i) R, 5 DR SR 44 it AT

AR S 3 37 B R 2 v v AR T R AR O

St = C.x, T, —0—,81']{”” a7
K, >0.1,>0,>0,0<q/p <<1(p.q HIEAHD.

M R GUARAS AR B B VA 7 B, T A R VL
i ST T R T 5 20 bR S 4 3 T A U T R R A
LA 20 LR FRAE . PR 2o R T A A R A
AR e S .

FEALL Y i 2 25 W AT T, o G RR A B, B AT A
FTDSMC il #

(15

[D+J@@y+ﬁ—&+mmmnm}<w)

D +J(('ZIZ +p 11‘1%711‘2 —
o 1 b
iy = *7 . (18)
J(32+A§T)dz‘)dt

2.3 BREMESH
S UE B B B3 FTDSMC 5 il 2% RE % 52 B 41 H AR
I i, WS R E IR R 3T Lyapunov 2 8 T # i
X4 5 AT AR PEE W
EHL Lyapunov B
1

X/:7O‘2

I Lyapunov BE M #, RFIEH V <0, MRS
Wk R e (9 R T4 .

19

V=060 = o(—esgn(o) —ke) = —ko* —e | o | (20)
H Barbalat 5|3, 405 — M5 L V(e 20 W -
DVG.x) =0, I VG.x) BT ;

D) V(t.a) <0, BV, 2) P

3D VG&,a) RTHE ¢ B—BUELLMN;

W ¢ —> oo WA V(@ ax) = 0 AL,

X (20) 3k 215 .
—2ke —eoc =0

vV = 2D
— 2ko +ecoc << 0O

ARERV —HES WIETIH, ¢t >0 B, V, ~0 &
3, HE—BRAE ORI ¢ > oo B H 6 — 0 W07,

XFF DSMC il % . R fift o = 0 W4 FL 3 A i M v
ki U e &

Sp = e(O)eﬂl

B2 ¢ —>coli} 5,—0,

t

22)

o 40 o

HBRIYKIE s, = 0, R ESE, ¢ - oo FPIRES
g o, B RIRZE T 0.

XFF FTDSMC £ &%, AT M 24 £ — oo [ s, — 0, Hf
coxy Fay + B, — 0, KAFTIE .

q a

1 d e, = —B (23)
TR Ay =2 Wy = (p—q)/pey e Hg
HAARXCHE:
j_b—a. _ _p—a
b 4
R4l — Bi k43 A oK A Tl A5 31 2K (240 38 A
—[(%Aznu

y =e"

Her, C HsL.

R RAEAE ¢, >0,8>>0,0<< (p—q)/p FLREMN, N
Mt—>cofify—>0, TUFRHY s, LT 00, REIRZER
e PR B s TR S0EA T T 0, RAEWILFE A

3 EREGERSH

3.1 HE&RR

T B EAS SCHR A SRS AT B T A R T
PWM 8 3t 4% 1 R h P8 i 3 40 0 BT 1 1 19 45 3l 2% 9E 47 56
WER BT, LT RESEANE 1 PR, & o R SR
FEHl AR B EH SR 2 iR, AR RN B
kb, =66k, =20,

3 (24)

_ b=,
(J(AfZnggBe T+ O (25)

x1 R4GSH
Table 1 System parameters

S8 PR M

A M € 311V
CNE f 50 Hz
LGN R 0.01 Q

TR H U L 5 mH
IR LA C 3000 puF

T R, 50 Q
HitES%H g, 800 V

3.2 SRS

RS0 1R I 3 K B8 kA F T 1R 25 BR B OF (R E R
AR P AR [ B B A R R S 3 . S Ah
0 Ji5 4 VR U R o e v A Y BRI 4 ST
MUERZAWELERTEXR, T ERIEA W
FTDSMC 1y % 2 mi R &% SR W i 8 $E, 5 PL. SMC.
HITSMC #l DSMC # 17X} b 525, =4 PWM #& i 4% 75 T
4 T L R 4 e R AR S 1 i e R 3 R

M 3 s m R I % L o] L, SMIC 45 il 89 B 3t B 28
HRFEAEZ) 2 VR BHR  H Al 4 ) 5 s i) F i 4235 g
A%, DSMC, FTDSMC J5 ¥ i 5 o 25 W 45 45 #4 A9 1%



K G FAThe%EnapEFHEY =ML ER PWM ik E =4 2
T R ENSS T SR R EHR B R AR S B (290, 3 ) L A 4 T SR R B R A o I ) A —

PT 42 il 5 W% 45 1] — 7K -

®2 BEIFEHRSH
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Fig. 3 Steady-state response curves of DC bus voltage
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Fig. 7 Response curves under sudden load change

NI 7 875 47 38k mg JB7 1y 28 0T AR 3 6 3k 28 A8 i PT 9%
HilF=A: 20 VA H R g BRI 29 0.2 s, HITSMC #f
TE 8.2 V B EE . 5 P&l I8 % i} ] — 3 DSMC #5119
HLE Bk 9% A X 85N 29 7.3 VL H SE K T 9 5
FTDSMC i@ i 3k 28 1 W 5% 1w 3 31 % 0K & B 80 45 2 =
0.11 s, % PLFI DSMC 4342 T} 45 %6 A1 89 %%, 3 I T 30

ML PEAl FTDSMC 4 il 5 s /e 2 30 3h 35 F 1 3
AE BN B A S 50 X BT TR B BRAE (LY 10 415878
T 3E A X R R R AT FET S5385 40 7, 42 R ok 2k
H.(total harmonic distortion, THD) M B i £k £k i &8 7
R[] 0 R A 18 22 L SR B AN 2 4 IR

K4 ARERTEMBEETIHHE
Table 4 Experimental data under different

sudden-change resistance values

RAJEHUE/Q  THD/% WEE/s BESRE/V
25 1.03 0. 106 —7.3
30 1. 20 0.075 —4.8
35 1.38 0. 050 —3.0
40 1.55 0.028 —1.6
45 1. 69 0.015 —0.6
50 1. 66 — —
55 2.09 0.012 +0.6
60 2.27 0.018 +1.1
65 2. 46 0.028 +1.6
70 2.64 0.035 +1.9
75 2.81 0. 040 +2.3
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HITSMC 1 DSMC H-A5 3y 45 i )i ik 2 R L B3 L 1 8 4
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