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A Novel Non-singular Fixed-time Sliding Mode Control for Buck Converter
HUANG Xi,LIU Yicheng, TU Haiyan,ZHOU Kai

(College of Eletrical Engineering,Sichuan University , Chengdu 610065, Sichuan , China )

Abstract: A fast non-singular fixed-time terminal sliding mode control method was proposed to solve the
problems of slow voltage convergence and poor load resistance in Buck converter. Based on the fixed time stability
theory,a new fixed time sliding mode surface and sliding mode approach law were constructed. Compared with the
traditional fixed time control method, the convergence rate was improved when the system is far from the origin, so
that the system can be stable in fixed time. Combined with the Buck converter circuit model, a new non-singular

fixed time controller was designed. Comparing the traditional fixed time control method and PI controller by the

simulation and experiment, the results verify the effectiveness of the method.
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Fig.1  Topology of Buck converter
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Fig.2  Error convergence comparison
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HRAEE 2 AT DA, S i R iR 228 10V
B ZEA SO RS it L F iR 25 WS S5t )
KHMEH 0.056 s, FEALSE [ B [a] 4 i ik g 7 H
T, R 22 WS E] KA R 0.069 s, AT DLAR SC ik
WA G4 L AL G ] B ) R R T 290,013 s
RIE (22) Fgh & Ll 24, /T LI E A
SCOTIEAVE TR MU ss st [B] 1 249 0.268 s, 45
UE B AE AR SC 7 AR F R WS [R] 7E 0.268 s P .
g5 2 A 3 R0 2 T LIS AR SO S
PR iy P 15 2 A [T ) A PR A S5 38 S
S FLUSCSIGH B AR 4% 49 11 g o) [ 42 ) ik o

4  FEHHHT

AR SCH) F DSPF28335 S sz i i s o, I 56
IR B R 20 kHzo S50 SR AR SC T Buck
0 [ 5 IR 5 5 5 PLAs ohl o 4% 4 [ o
Vi) s il e AT X L, X EE T AR O VS B R f gk %
AR PR LT (RS2 50 2

PUEHIZR S HEE T4  k,=20,k=10, Buck 2t
LSS R ERE R S B SR K40V
Jet hBs L U, A B 10T LRI LS SR
#h 1 30 QA5 F] 18 Q iy H e B HL N HE

HH &1 4RI, Buck 22465 AL O V Ji3 BlE, 7 PI
T A8 B AE R T S H R AR E I 1) K MR AE
100 ms, HA 2 VAL WG . A5 G i)
[i] 22 il 2% 4 F O i s LR K 29 7E 70 ms 2 A R

34

RE o AT R R P e 4 ol g AR T A o L e
TE 56 ms 7547 B IR HUE (), B I 7 8 L 55 Ab
PRI IR, H G

(=)

UJV(5 VIKR)
1JA(1 A/KE)

(=)

t/ms(46 ms/t%)
(a)PIH il

|

il

U/ (5 V/k&)
1/A(1 A/KR)
=

t/ms(4(; ms/t%)
(b) % 5 [%] 5 B 1] 47 1]

°L’

i

U,/N(5 V/k&)
I/A(1 A/K%)

’/m3(46 ms/t%)
()BT 24 52 )

&4 0V ot i i s X

Fig.4 Comparison of output voltage and current at 0 V startup

=)
I

U/V(5 V)
I/A(1 A/K%)
S

=)
I

r/ms(46 ms/t%)
(a)PIFE il

(=]
I

U./V(5 V&)
1/A(1 A/K&)

=
I

r/ms(46 ms/t%) .
(b)f& 4t [ 5 B [F) 42 ]

o
I

U./V(5 VIK&)
I/A(1 A/K&)

=
I

t/ms(4(;ms/1‘ﬁ) :
()77 8 [ ek i) 92 il

Fls Guakih 30 QZE R 18 QA i K LR LE
Fig.5 Comparison of output voltage and current

at load mutation from 30 () to 18 ()

& S A, S a3kt 30 Q28728 5] 18 QI 7F
TR ek R e VR R B H HE RE 20 ms
ZEAREF 10 V, RS/ e PLE Sl T



FME, % Buck % 3% 2 o9 37 AL 3E A 51 B 2 B IR A R AR )

WA AR 202245F H 524 H 4

W5 25 32 ms A REVK ., 7045 S8 18] 5 I 1] 2 11
VERTR RATE 26 ms IR FEE . i LR SCER 45 2R
AR AR S P 2R [T B T 42 i) 7532 9
JESPR, S gl i A b AR A R R A TR
AR A I Y R T R S DRK S B BUE (B, A R
Uy IR

5 4w

AR SCHG 3 T — Fof i 284 [T 5 P [8] 95 1 A0 A
FAT A IE] T AR GUIR S BEAE 18] i 18] Y i S5 2
S, W S AL T AR G ] S I ] 4% 4] 5
o A5 Buck 22 e fi A SRR R SE T TR AU AR AT
S 18] 7 P ) 2 o i ol 2o 7 R S 3 A T
JE I [a) P ) 7 i R PLAE fil e b A7 1 X LG, 5 EC A
SR AN SRR T AR SCTT IR RE A i A R 2
SR A IR TR, HLR Sl G R 7
PR T RAF A S5 1, BAT RSB R

S& 30k

(1] 20, AR T, WRIE, 45 T fal R B St PLEE il e 75

DC-DC A4t (19 52 )], P T AR 2441, 2014, 29(81) -
326-331.
Li Hong, Shang Jianing, Chen Yao, et al. The applications of
nonlinear PI controller based on the fal function in the DC-DC
converter[J]. Transactions of China Electrotechnical Society,
2014,29(S1):326-331.

[2] ZEHHF, &5 B PID F4I 7E Buck 28 800 FHAIFFEL)).
BACH TR, 2014,37(15) : 133-135.

Li Shuzhou, Rong Hui. Application of discrete PID control in
Buck converter[J]. Modern Electronics Technique, 2014, 37
(15):133-135.

(3] FLEE), ZEmioR , BORAE L TS5 Buck HLE 1 DC-DC
HL RS et (7 U5 W SA% 87, 2017,47(10) :33-38.
Kong Weigong, Li Lirong, Jia Yaohua. Simulation study on the
DC-DC power source converter based on digital control Buck
circuit[J]. Electric Drive,2017,47( 10):33-38.

[4] Elmas C, Deperlioglu O, Sayan H H. Adaptive fuzzy logic con-
troller for DC=DC converters|J]. Expert Systems with Applica-
tions, 2009,36(2) : 1540-1548.

[5] EFBE, A&7, WENI, 45 . i 854 DC/DC A8 42 S0
FURSE PLEE L] L) FLFHEAR 2007 (1) £ 48-50.

Wang Baoying, Zhu Fangming, Cao Binggang, et al. Study on
fuzzy self-turning PI control for DC/DC converter of electric ve-
hicle [J]. Power Electronics,2007 (1) : 48-50.

[6] /=, FRELE, HOMEN: 55 . Buck B [ 35 I A7 BIR At ] e
FEFERIFREBTTEN]. (134, 2016,42(2) :315-320.
Yang Chen, Cheng Yingying, Du Haibo, et al. An adaptive fi-

nite-time control algorithm for Buck converter systems[J]. Acta

Automatica Sinica,2016,42(2) :315-320.

(7] #fst . BT AT RIS B4 1l B AR 1) Buck 2 DC-DC 8 e 2 1]
RG] A AL Tk K, 2017 1-46.

Yang Chen. Research on Buck type DC-DC converter control
system based on finite-time control technique[D]. Hefei: Hefei
University of Technology,2017:1-46.

(8] EHEE, 5k I Mg TR I £ 1 DC-DC F+ He 8
AR, F %50, 2019,49(5) :55-58, 78.

Wang Rangrang, Zhang Guangming, Mei Lei. State observer-
based sliding mode control for DC-=DC Boost converter[]]. Elec-
tric Drive,2019,49(5) :55-58,78.

[9] Chiu C S, Shen C T. Finite-time control of DC-DC Buck con-
verters via integral terminal sliding modes[J]. International Jour-
nal of Electronics,2012,99(5) : 643-655.

[10] XU, e HG , 5K Bk . DC-DC 28 e i 4 100 e 3 A A
L1 ) ARG BH A B4R, 2018,30(1) :64-68.

Liu Yancheng, Gu Longrui, Zhang Qinjin. Sliding mode control
of DC-DC converter based on novel reaching law[J]. Proceed-
ings of the CSU-EPSA,2018,30(1) : 64-68.

[11] XD, At fE 16, 45 Buck B AR g f RS04 il B R & e
ZEIRL] HLR T AR, 2007(7)  1-4.

Liu Bin, Du Liang, Xu Fei, et al. Overview of sliding mode con-
troller for Buck-kind converters[J]. Journal of Mechanical &
Electrical Engineering, 2007(7) :1-4.

[12] 5K . FL T H 2 R A R 1 o5 1 TR il TR AT, F T
A4, 2006(3) :24-35.

Zhang Bo. Discussion on several fundamental problems neces-
sary to be solved in power electronics[]]. Transactions of China
Electrotechnical Society,2006(3) :24-35.

[13] Polyakov A. Nonlinear feedback design for fixed-time stabiliza-
tion of linear control systems|J]. IEEE Transactions on Automa-
tic Control ,2012,57(8) :2106-2110.

[14] Feng Y, Yu X H, Han F L. On nonsingular terminal sliding-
mode control of nonlinear systems[J]. Automatica,2013 ,49(6)
1715-1722.

[15] FMAEAR X SCHE, 2L TT, 45 B 2 B TR A K A 4 L6

BRI, AR Tk R4, 2016, 48(4) :26-3 1.
Sun Yanchao, Zhao Wenrui, Li Chuanjiang, et al. Hovering con-
trol for spacecraft in relative orbit based on fixed-time stabiliza-
tion theory[J]. Journal of Harbin Institute of Technology, 2016,
48(4):26-31.

[16] SKIEHT A S , 25 fR , 45 . 5 i S S 2SR P 1Y [ 5 )
RIS ). U5 2741, 2019, 40(11) :259-273.

Zhang Kuangiao, Yang Suochang, Li Baochen, et al. Fixed-time
convergent guidance law considering autopilot dynamics|J]. Acta
Aeronautica ET Astronautica Sinica,2019,40(11):259-273.

[17] Zuo Z Y. Non-singular fixed-time terminal sliding mode control
of non-linear systems[J]. IET Control Theory & Applications,
2015,9(4):545-552.

Wk H 47:2020-08-18
R H 91 :2020-09-24

35





