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Fig. 1. Figure of the voltage mode controlled buck-

boost converter.
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Fig. 2. Bifurcation diagram of buck-boost converter

with k increasing.
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Lk, (20)
To =11 = 6(21?. —iq).
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Hrb, o ZRFPEMEE R, B TREHNEE, o
FIERRT 0 PO S > o, FFeHA, S < O, FF
KW B 11 W78 Tl AR 20T buck-boost AE 2%
— AN AP EB LR AR R R R, DI T
WA TR S A, Hoip #0, v =F, ig=0; DT
B BN R S, Hip # 0, vy = —v, = —u,
iq = irs DT BN IF R ST, Hip = 0,
v, =0, iqg=0. g M bR DSEL WL

1, §>0,
g= (22)
0, S<0,
1, i1 =0,
b= r (23)
0, ir #0.
L A (a)
0} DT ; D,T ; DsT | T =t
I
! g=1,b=0 'g=0,b=0 'g=0,b=1"
“ 1 )
|
|
|
|
|
i
0 ‘ >
B DT . DT i DT T t
[ I I |
! g=1,b=0 ' g=0,b=0 'g=0,b=1"

E11  (a) =N R IRIBOEEL (b) — A
N AR RO 1
Fig. 11. (a) Figure of i1-t within one cycle; (b) figure

of i4-t within one cycle.
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x1 = k(U —u),
(24)
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SH g B, BRIE T M 3E N8 AR (S = 0).
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ff 1261

lim S-S < 0.

s—0
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(25)

. 1
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. 1

XTEE (26) 200 (27) 2, EATRIE M E, (HE/ S
PRI, I JE, B D% 5 A fe B8 B 3 48 5
Pt e R4, B S0

i BA B2 B AT BUE B, I ) A S R A
SCHR [25, 26] 52t A AR A RS & 2 1N
RS T v FHL, 2 R DS H AR
T, Wwy AHEHBRILL— REL buck L
P10 LS FUIL SRR R B ORIE Y, (H buck-
boost 4 e 2% (1) HL 25 HL IR 2 BLHE S RS LR AR
RECH, 5 HURAB R RGN R, EWS 38
BEAR, HE 11 A VR 3, R DT, DoT,
D3T W] [8) B AR A HAN ], T 4E DT F1 D3 T I [8]
BUA AR RARSE, #Oh0, RSB T Bk
J&, BT LA A SCUHE 1 R 48 0 ARG N 21 BT HL
S8 g, b AR, EFNERCRS AR & 2o LLA|
N FELJBG L LR T A LU

x1 = k(U —u),

562:5514-%(1}1—%): g(iR—iﬁ
kfu gE — (1 —g)u
=olr-u-n [

(28)
DI e HeATs oy (21) 2K, [FIRE, 0200005 A2 2 e Ve K
55k, B (25) AT RIEA:
a)0< S <e M:

S:k[(% —a)u—%] <0;  (29)
b) —e < S <0, Hip #0, N
S:k[(% —a)d—i—%] >0, (30)
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ANEET (29)—(31) LA I B0 264, % T
(31) X, BT Ui 2 A4 R b ae &, AR K
EMSETN, Hu=i./c<0, TR
a> L (32)
RC
W 12 o, 97 BRIDTSRBE, Jel N e
BENTEBEAE R, 51N B SO ) S
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9= 07 S < —Ww2, (33)
fREE,  Hiph,

Fordt wy Ml wo A& & RO 5L S 8. AR I
iﬂﬂmwﬂﬁaﬂﬁé@%ﬁﬁ, SEPLX 7 L)
YT DAV T4 F e, PR B SRS = wy BgE I
2 Q5 xo I HIAZ 55 A0, kU /RC), — H HL K HL I
bR 0, B 5 4k Q AR AR K 215 Q18
HEF SR LR S = w ST A, B E
W, LR FRINERSHH RS = —w,
FHAZ T 05 B, SR G R Wi T, AHELIE X ) FIZ23) E
B 5L Q AT A C. BEMPUTHIRIEE 2R
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Fig. 12. Phase trajectory of the sliding mode controller
with adaptive hysteresis band.
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Fig. 13. Figure of the voltage mode controlled buck-
boost converter after introducing the sliding mode

control.
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Fig. 14. (a) Figure of u-i, after introducing the slid-

ing mode control at ¢ = 0.07 s; (b) phase diagram of

u-i7, in stable state after introducing the sliding mode

control at ¢t = 0.07 s.
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Abstract

Due to the limitation to the development level of modern science and technology, DC-DC (where DC stands for direct
current) converters operating in chaotic state cannot be used to achieve some desired goals yet and the chaotic phenomena
occurring in DC-DC converters are almost restrained. For DC-DC converter operating in continuous conduction mode
(CCM), its characteristic has been widely studied, but DC-DC converter needs to operate in discontinuous conduction
mode (DCM) at light load. Because if it always works in CCM, the inductor current will be less than zero when the load
is light, which will increase conduction loss and reduce conversion efficiency. Moreover, DCM operation is frequently
encountered, since power converters are usually required to operate with loads removed. For buck-boost converter, the
obvious oscillation will appear when it works under the condition of varying operating point, so it is difficult to control.
Considering the reasons above, the voltage mode controlled buck-boost converter operating in DCM is chosen to be
studied to verify the validity of the two control methods presented in this paper. Under a certain condition, chaos
and bifurcation will occur in the voltage mode controlled buck-boost converter operating in DCM. Having discussed its
chaotic phenomenon, in this paper we present two ways to control the system to operate stably in one-cycle state. The
first way is the self-controlling delayed feedback control method. The basic idea of this method is to use the difference
between the delayed output signal and the output signal to form a feedback signal, and return it to the control circuit
in a form of negative feedback to control the output signal. The simulation results show that the self-controlling delayed
feedback control method can make the system which has already entered into chaos operate stably in one-cycle state.
Besides, its dynamic response speed is fast and it does not change the system frequency. However, this method fails to
work when the disturbance is too large. Therefore, the self-controlling delayed feedback control method is more suitable
for small disturbance condition. The second way is the improved sliding mode control method. The basic idea of the
sliding mode control is to design a switching function to determine a switching surface which represents a desired system
dynamics, then, design a variable structure control law to drive any state to reach the switching surface, therefore, the
sliding mode takes place and the system follows the desired dynamics. The simulation results show that the improved
sliding mode control method can force the system which has already entered into chaos to operate stably in one-cycle
state even when the system encounters large disturbance. In addition, although it is more complicated to design, it
has great dynamic response characteristics and excellent robustness. Because the methods presented in this paper do
not rely on the buck-boost converter itself, both methods can be used to control other DC-DC converters. When the
disturbance is small, the self-controlling delayed feedback control method should be considered first, for it is easier to
achieve. When the system encounters large disturbances the sliding mode control method has the priority, because this

method is valid while the self-controlling delayed feedback control method may fails under such a condition.

Keywords: buck-boost converter, chaos control, self-controlling delayed feedback control, sliding mode

control
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