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Composite Controller Design for Buck Converters Based on
Terminal Sliding Mode and Disturbance Observer

GAO Wei'? NI Yuanyuan' DING Shihong'
(1. School of Electrical and Information Engineering, Jiangsu University, Zhenjiang 212013, China
2. School of Electrical Engineering, Wuhu Institute of Technology, Wuhu 241000, China)

Abstract; It can be seen from the literature that the existing control methods for the control of DC — DC
Buck converters are mostly based on the pure state feedback. When the disturbances are large, the gains
of the controllers are usually required to be tuned large enough so as to suppress the adverse effects of
disturbances, while the large gains usually affect the dynamic and steady-state performance of the closed-
loop systems. To tackle this problem, a composite control scheme was proposed by combining the
terminal sliding mode and disturbance observer techniques to further improve the dynamic and steady-
state performance of Buck converter’ s control system. First of all, taking the external disturbance,
system uncertainties and parameter perturbations into account, the average state model of DC — DC Buck
converters should be firstly built. On this basis, a sliding mode controller by virtue of the non-singular
terminal sliding mode control technique was designed for the Buck converter such that the fundamental
voltage regulation can be implemented. Finally, by applying the disturbance observer technique, a
nonlinear disturbance observer was constructed to estimate the unknown disturbance, and the estimated
value as the feedforward term plus the state feedback constitute the composite controller, which can
further improve the performance of the closed-loop system. Simulation and experimentation results verified
the effectiveness of the proposed method.

Key words: Buck converter; terminal sliding mode; disturbance observer

0 == S LI s HL AL, E 8K L Tl I AS R B X S A
- PEATHe A0 o 0 T OG R POk B3, L% ) R e ) Ho s T
T 5% L IR — Bl i RE AL 4 B MR AT BT TR DD RE I M E B, I 5 AR 4 T B IO T 1 O

Wk H . 2018 —06 —29 & [Al H b1 : 2018 —08 —25

E£WMAB: HEARBFESTA (61573170 31571571 ) JLIHAE m A G H % B TR A VLR A A i 4F 254 50 H ( BK20180045 )
LA HE T BRBHF I 4T H (KJ2016A760)

EZ BN : w6 (1981—) 5, i ia) 3, 80 Ol BER 25 e @) 042, £ S AR IE 5T, E-mail : gaowei@ whit. edu. cn

BEMEE: TR (1983—) 3, 802 , LA S0, 2N FARLM RS0 A DC - DC 2R 27 53158, E-mail : dsh@ mail. ujs. edu. cn



388 & o Bl B ¥ iR

2018 4

WU TR R O ik R L PID O L
P . R4 PID #5 5) F L (% ik K25
0L T FAEAS 2 5 3 2 i 45 5L, B2 80— i e i
SEUTY R 2SI 3l A8 R I, G R A A 1 L
BRI R REAG L. LT, BE¥
BT TR AR e g 0 A R g ) Oy vk, SR
VEA MR BRI T R e g s o
DA RO

WA R Ok T EA LI R SRS
AR 2o oA £ M 4 o) 2k B R HL 2 0 0 A 3 AR Ok HE
P RAS W I Bt p A B TR
RAG RS I AR T 2 s T A E X
(25 B SR T B AT 4% SR A7 7E — SE L PRl A, 24 4k
AR, 75 2238 Ao 3 K i 4 o 38 45 A RE D i T4 Y
S T R B g 23 T B BR R G800 B A RS A e
AR HELBIEAGREMRE . WA, BT
P ) g B R 5 ST A T A% 0 3 25 IE B, R O v
fi AL 0 )Y A o 2 0 B R ) % g i AR B
AT RS BUORES A9 A R B RS 8, A TR B H AT
BT T PEVERE o BRI I ) P 28 o T A58 4 o) R R 5 1
Uy A4 25 i 5 i Bt AT DA ek s Rac g Re. Uk
Hh A RS KT T H0HE AT I, % I A7 Ab A2 D) b
B J5 22 45 1 1% 22 X 2 58 1 5% A% 25 1 T4 AR B/
Rz,

FE T, AR SO H T 2 s R ) R A
Sl e A 2 A E AR R .

1 o) 3% i

Buck 7Y A7 45 1) B A B B AR AN AN AT 1 s

VT

Bl 1 Buck A8 4 A % 4]

Fig.1 Circuit diagram of Buck converter

K, DC Jy B S 9, VT S JF 5G4, D o —
WAL U, C A R O s WL B, i, 4R
RO, u, B, V, NS

H T R 45 T O A A7 78 T 38 O Wy P AOIR 2, X
IO 48 e LA AR AR TARBEZS . T VT JF il
I, Zhy AR 4R 25 ) LU A S

di, 1

E:T(Vg_uc) (])
duu_l .o,
dt ~ ¢ (L"_R)

HIF & VT G W i, Ly 58 A8 4 25 DR 25 n LA fil

di, | _m

&t L

du, 1 /. wu,
it C ( g _F)
R4 DL PG 50, 0] DL ST Buck 7 1) 3R AR
i H — P BRI B R y
Gy )
de — LT
du, 1 /. wu,
Wl
X p— I RS
e, F A F X R G R e, 2L (3) 7]
LS

(2)

(3)

. _,u,( V,+AV,) —u

'L LeaL Th®

R (4)
. " R+AR
*T  C+AC

Hf AV, (AL AR AC 53 B3R BEARWE , d, (1)
ST N T 1 2 G5 B R DL S AN A B, O iR L A
B, () BEA RN, TR (4) s

_Vg,u,—u(,

L I +& (1)
o (5)
lL—F
uc= C +&,(1)
Hrp
AV,L -uALV, + Alu,
£i(n PP S () (6)
£.(1) = u, AR u,AC —i,ACR

R(R+AR)(C+AC) T CR(C+AC)
(7)

BT d, (1) AV, . AL.AR AC 4 £ A B, 1
& (o) FNE (o) A A,

) RAS e FRAE S bR T 00T 2252 3 S5 4 3h A
TR B s o AP S W T R T AR
FRE, N T 2GR TR S BN R
B, BGBARL (X (3)) IR IE SR E &
P RPIRE A B, & F b, 5 &AM 3 Al
TCER SR G RR A (3) Al TE
TnAF G LB o0 r B R AR e g5 (0 (5) ) .

I H bR B T AR A R K oum T R AR Ltk
P LI 5 1) 2 il O %8, 18 R G AE R 3h 1E Ol
T R RE S R R S



5 12 3]

R A T I BOR S UL  Buck BYAE e g7 5L

AR A 389

2 E6EHFRIT

2.1 FHRLRBERFHF
TE SCHL IR 22
e, =u, -V,
AV, — W ERBIESEME

ZiaX () R ARGRERE TN

{, v, Vi e & D (8)
2=t el " er TP
R e XUINCY

X D) —FR G5
ERER d, (o) S —Br 8O0 A A, AR
X (6) (7)) AR AFAEH T d, 7 d, (715

ID(1)1<d,
{ (10)
ID(1) | <d;
St mg(e) o) = ih e O R
Yepete e =t en top MR ENE
FREB) A IRE N
{“.31:"32 (1)
=g(e)u—f(e) +D(1)
T AR A S 2 ity 1 A T
1 s
s=e, +—ey 12
+ﬁ (12)
Herp.g HIEAE, H B.pqliE B>0,p>q>0,
1<£<2o
q

A5 45 5 2 O R
w=g" (o) (o) Bl T Ksign(s) ) (13)

Ko K>d, +7,7>0 FALEL K, WIS 227 s

Tﬁ@ﬁ@ﬂ%*o
%%=L%ﬁ LR R 22 (13) 3B 1k R

12 G 1 T A 42 T

w=g"' (o) (f(e) -Ple, - Ksign(s) )

5%&%%%0&*%%%&%mﬂuﬁfﬂ
B SRR L B (13) W DL W
u= ((ﬂ)— sign(e,) 1,17 = Ksign(s) |

Hrh l<a<2

HIERRGE (11) L (13) By A B[] i 8Pk 43 A
W

A0 XM AE s SRSl 1

-1 -

s=e, + e, =

b
"(gle)u—fle) +D(1))  (14)
el as (13)AAARK (14) 7715

e, + B7q€2

s = - 762 “'( = Ksign(s) +D (1)) (15)
A0 (15) 7]
§s = — 762 "(Klsl =D(1)s) <
q
L SI(K = 1D(1) | 16
B¢ ( () 1) (16)
TEFID()I<d, L K>d, +9, 1 ss <
—p;f’.e%’llslO
By *

R () WIERITF , ZE (D) MRS K2
TEAT BRI ] PR SHCE) 0, 4 R GRS e, 20 I, 5
er ™' >0, M TELE — RN 8 > 0 (178
i >8, MEEHEAEN

Por-tis) < Pyt 5]

$S < —*el

Bq Ba
R A BRI ) B AT, R GRS ST
P Bsf 1] P s 553 0.
HRGRE e, =0 0, BrfEdl & (13) AR
e(11) "4

e, = —@eif% - Ksign(s) +D(t)
P

R e, =0 1, A
e, = —Ksign(s) +D(t) < —Ksign(s) +d, (17)

B (17) AT, % s >0 B A 6, <0,
Z, M s <O, A e, >0, XULH RGN A 215
FTEH e, =0 I

i bR el g (13) BAER T, R (1)
AR S 2 TE A BRI ] 83 0,

Pl fw (13) S dE & 22 19, A7 76 ™ 5 1Y BHR A

o BUAL B B DT RN BR PR AR A S 4
lﬁﬁ(‘%*%ﬁ%]%%(”)TUEﬁ‘ﬁjﬂ

&' (o) (o) B k(o) ) (18)

(Isl >&)

(lsl<eg)

Hr sat(s) =
A

{SSIgn( s)

PR KK
SH,e >0
2.2 JEZMHM BN LT
FIEARLIER G
{9'6 =F(x) +6,(x)u+6G,(x)D

y=b(x)

(19)



390 & A Hl

L

2018 4

A« EE R NN u ARG
D—EE RS
F(x) G (x) G,(x) b(x)J&5 « AHRME H K EL .
FEXPARRAIE R GE(19) , A4 40 3l L 4% B 2
0 AR LR PRI S 25 TT
P=-L'G,(x)P-
L'[G,(x)L's+F(x) +G (x)u] (20)
D=P+L's
AP P——ARLR LI SO &5 1 P9 EOIR 25
454 0(20) F1 Buck B/ 6 5 1 45 4 1] 5 G A
BI(14) , AT 3l W 4% Ay

2
q

P=-1Llei Py (Le?}“L’s ‘e, -

Bq Bq -~
p -1 P L (2])
ey f(e) +——ey g(e)u)
Bq By’
D=P+L's

4 D'=D - D, WA 2% 1 550k

D=D-D=D-(P+L's) (22)
B (18) (21 AKX (22) Al 14
D=D +L'Lez+;’1P+L'2 Lejfls —pre;ﬁlD(z) =
Bq Bq Bq
Dar e (Pars) ~EPe D(1) =
ﬁq 2 2
r P Loy
D-1'ey'D (23)
Baq

M (10) AT 1D () | <dg. B (23) F W]
Tt 31158 2 5 20 SO - 4 5 B — AN /N K I

Zr b A AR AT A RO ZS R B (5(18))
TR 3 WL 5% (3% (21) ) 952 45 5 1 2 ol Rt

u=g '(e) (f(e) —'que?%—Ksat(s) -D
p

(24)
5 8 10 2 P IR LE , 4 S i A5 B AT AT BRI
[ S i, HBA S 3R A 0T TR RE , HOR I
i T RSB AR HEAT 5 BT, DGR A5 P 3R R 8 AT B
UFHOPRPR IR BE o fHL 2 Iy AL 42 1 45 75 B o 9% 4 %)
FPUREAT B, T A A 2 T BOIR 5 0 P PR
FOL b T I WL e k) AT A O, O Bt
A bR DUAR 785 o 5t 4 i 48 2 m) KOR I/ I
7 SR T T 2 S i Y A ) BT, BR AR
3 i P SRR Dol /N 2 S AR A) PHIR , 2E TR 3 AR
i 1 RE

3 hE
Oy 36 Ik SC A I BT B3 G AL AT PR AT R A

JA Bl FENN A7 A8 9 0 A A B g AR T 3 BRI B
fH 6L, AT Matlab #£47 70l 3 Hr o Buck U748 it
MRS EANER 1 iR

®1 Buck BITMBFTHESH

Tab.1 Component parameters of Buck converter

ZH BfE
A V,/V 30
HE L/wH 330
B C/uF 1000
T E AL R/Q 25
SHEEEV,,/V 15

N T ARBUT B SEE B A B AL ST PID 5
2 I ¥R AL AR (TSM) DL R 52 5 45 46 (TSM + DOB) ik
Frxtbee &, Y i 2 B AR AE A i 2R T
RG] LIAG B B b B DR PR RE . B Tk, PID 280
Bl K, =8,K,=5,K,=0.2, Ml 4% (18) .(24) i1y
SHMB=3,p=9,¢=T, WHRZWMEN ¢ =
0.5, LE MM AR S H L =40, WK 2 s, ol LA
H AL G2 14 PID 12 Sy 2 AL 42 1] D7 95 1) MG Sk 1] 249 2
0.4 s, 1M 52 A 45 il 14 W SO ) B . 5 i D L, 24
0. 1se P, W S8, &G4 AT LA
P e PR A WS SIGH 2, T PTD R 2% g i 42 il 4 1147 WA
S AE [F]— K F-

i

B2 JEHt st s i i s

Fig.2 Simulated start-up waveform of output voltage

in absence of disturbance
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