57 32008 3

1000-3290/2008/57 03 /1522-07 ACTA PHYSICA SINICA

Vol.57 No.3 March 2008
(©2008 Chin. Phys. Soc.

2007 4 10 2007 6 18
DCM S
- . DCM
Matlab
Boost
PACC 0547 4660D
1.
1
2—s5
DCM
6—8
Matlab
) 2.
PWM DC-DC
20 90 Smedley ~ Cuk” "
DC-DC
9
10 11 CLK
12 13
* 50607015

*
710049
CCM
Boost CCM  DCM
1 CCM
IR1150
14
Boost
CCM
- S
Boost
Boost 1
RS
v ref CLK
RS
S D
20050698004 2006



3 Boost 1523
E 1 2
L i
C() D VrchO CO
D = 77,‘/0 5
jD— V() Vr(‘f
b L ’3, IT Boost
, i
A1 o Lc R
E— S Vo_ & ) | ]
E ~1-D
y l
Q So D - Vi Ry Cy 7
S R Co TET + VR Gy
1r 15
T —3
V;ef
L _D1-D : g
1 Boost RT = 2
7 8
% RO CO Vref 1 RO CO Vrel" ) ? 9
di, E RT Z TE + RyCoVy\" ~ TE + R, Co Vi)
de = L 1 9 CCM
do 1 DCM.
dt = RC™
U ef
o 3.
= t de 2
vrei RO COJO 1')0
RS B
S So D 00st
c i
R, C
diL ” E d = Umevo 0 10
=L __ 0,2z 0
dt L L
) 3
dw, i 1 .
E = E — R{UO Vit = Vrei' + Uref
i, v = Vo + 0y 11
CCM d=D+d
i DCM. J = R, G, {};‘fv_ DT/I/}O‘ 12
S D 0
S, 16
di; . .
di = N R,Cyv 4 — DT
di 4 d,,, = 2o ovleTﬂ:V UOk' 13
dog 1 ’
dt =7 RC™ 13 z



1524

57

RyCyvy z = DTy, z 2!

d V4 = TVO 14
14 s
, R,Coto s — DT0, s
d s =H, s v, 15
s s T 2
Hes =1+anz+w—i w,l=7 Qz:_;'
3.1. DCM
15 DCM Boost
13 S G
G\d s = "0 - = 16
s 1+i
C()p
2V, M-1 2M -1
Co=op- . = m-1rc M
4D?
1+4/ 1+ A k_Z_L
2 T RT”
15 16 Boost
7]0 S G(IOHe S R()CO
Gs =7 = TV, s ’
Vrr 8 TV, + —2" 4 GyH, s DT
P
17
17
N s = ays + a;s + a, 18
CoDT TV, GyDT
ay = Wi ]—wp+w”z a, = TV, +
Gy DT .
ay>0 a;, >0 a, >0 Routh
Boost
3.2. CCM
15 CCM Boost
. s
Uy s - z,
Gvd S = A = Kl" 2 : 19
d s LA
wé Qwo
K._FE z_l—Dsz_l—D
v I—D 2 v L 0 /fc,
C E
= 1-D R I VO_I—D'

15 19 Boost

TVO(“—2 + Q“ + 1) + (1 - —)Kﬂe s
0 0 v
N s = ays +a,s" + ays +a; =0
K,.DT
Ay = — 2
szn
_ 1, KDT KDT
o= wé * wi _szan
_ TV, KDT KDT
@ = QwO * w,. - 2,
ay; = TV, + K,DT.
Ao dy <O
Routh
D
Si=a+jo s =a-jw
4
s—x—3a0 21
X +pr+qg=0
LG a 24 a6
p= ay 3ag 1 " 27a;  3ai  ap’
23

DT

20

22

23



3 Boost

1525

2 3
9 P
4t o7 24
-1+i/3 2_—1-1@
B 2 B 2 )
a
20 slle—ralo Sy = X,
. _ 4
_3(10 s3_‘%3—3(1()
w .
Vo 12
Dy 13 = VO + Vlsin wt . 25
1 3
di, 2 Vyd
dt ~ L I-D L
d7, . . .
E__RCHO_{—C]_D LL—CILd. 26
26
& v v
120 L% Yo 1-D?2
dt RC di: " LC
Vod 1 1, dd
=7 Cl_D_CI"dt' 27
i Vrel’ROCO
dt =y Vismnwr P 28
R, C
Vo = E + V, —=2. 29
T
25 28 27 wt =2k
+ =
2
1 - LCo® -
M= e - 1o DZVO 30
4.
Matlab
E=5V L

=0.56 mH C = 47;1F R=400Q R,=1kQ C, =
0.1 pF T =40 ps.

.4

0.05 Q
1
20
1
i)‘ Vref
<4.2285V Boost
. Boost
1
V 2 V Boost 1, t
refl — 008 20 LL
v ¢
1
2 3 20
1t vy L
Vi=4.2285V Boost
V. =688 V Boost 1L
w=0. 00S 20
1 13 Vo t
4 5
1.
X)LL 13 2 13
w = 8957 rad/s w = 8267 rad/s 4
w = 8209 rad/s 5. 29
30
Vo=22.2V V,=1.9463 V
Vo=21.89V V,=1.03V 4 b
Vo=22.68V V,=1.375V 5b
1
.3 V=4.2285V Boost



1526

57

0.04 12.5
0.03
12.0
0.02
0.01 11.5
< o oo MWW 2 [ AR
~ =)
~ Y
—0.01} 11.0
-0.02
10.5
-0.03
(a) (b)
-0.04 - - - - 10,0 - - - -
0.0290 0.0292 0.0294 0.0296 0.0298 0.0300 0.0290 0.0292 0.0294 0.0296 0.0298 0.0300
t/s t/s
2 V=2V e 1, t b t
ref = a 20 7 Vo

WAAAMAAAAMAAAMAAM NN O Y

Vi

(a} (b)
3 V=2V 1, t b 3
vl = a 20 U Yo
0.04 26
0.02 24
<
S 000 2 2
~ >
-0.02 | 20}
(a) (®)
~0.04 . . . . 18 X X . X
0. 020 0.022 0.024 0.026 0.028 0.030 0. 020 0. 022 0. 024 0.026 0.028 0.030
t/s t/s
4 V=68V a gt b vt
(b)
5 Vu=6.88V L0 :
ref = 0. a 20 L Vo



Boost

1527

Boost
27[’ < RO CO Vref ( 1 _ RO CO Vref ) 2
RT TE + R, C,V TE + RyC,V

1

% RO CO Vrei' RO CO Vref ) :
RT = TE + R,C,V,\" ~ TE + R,C, V.,
Boost i t vy t
R,C
Vo= E+ Viy—p
1-LCw" - D
"S- 1-p Ve

Guan X P Fan Z P Chen C L Hua C C 2002 Chaotic control
synchronization and its application in secure communication National

Defence Press  in Chinese

2002
YoSM LiJH LeungH Chen G R 2005 [EEE Trans. Circuits
and Syst . 152 1459
LiJH YuSM Leung H Chen G R 2006 [EEE Trans. Circuits
and Syst . 153 149
Li JH Chen G R 2006 Int. J. Bifurcation and Chaos 16 775
YuSM LiJH Leung H Chen G R 2007 Chaos 17 013118
Tuo XS WangBH Chen GR Quan HJ FangJQ Zou Y L
Jiang P Q 2003 Acta Phys. Sin. 52 12 in Chinese
2003

5212
Zhou YF ChenJN XieZG KeDM ShiLX Sun W F 2004
Acta Phys . Sin. 53 3676

in Chinese

2004 53 3676
Liu J Wang Y B 2004 Proceeding of the CSEE 24 174 in Chinese
2004 24 174

Smedley K M Cuk S 1995 IEEE Transactions on Power Electronics

10

11

12

13

14

15

16

10 625
Smedley K M Cuk S 1995 IEEE Transactions on Power Electronics
10 634
HuZ B Zhang B Hu S F Deng W H 2005 Proceeding of the
CSEE 25 19 in Chinese
2005 2519
Zhou L. W Gong W Su X F 2004 Transactions of China
electrotechnical Society 19 106 in Chinese
2004 19 106
Qiao CM Smedley KM Maddaleno F 2004 IEEE Trans . Circuits
and Syst . 151 1623
Wang ' Wang Z Q 2005
Applications 8 37
837
Yang X Pei Y Q Wang Z A 2004 Switching Power supply

Power Supple Technologies and
2005

in Chinese

technology Beijing China Machine Press

2004
Tang W Lee F C Ridley R B Cohen I 1993 IEEE Transactions on
Power Electronics 8 396



1528 57

Studied on low-frequency oscillation in the Boost converter
with one cycle control
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Abstract

On the assumption that the frequencies of the inductor current and output voltage are much lower than the switching
frequency of the converter the critical condition between the discontinuous conduction mode DCM and the continuous
conduction mode CCM is given and the transfer function of the closed loop output to the reference voltage under DCM and
CCM are derived respectively. The analytical results show that the DC-DC Boost converter can be stable in the state of period 1
in DCM  but it can not be stable in CCM i.e. the low-frequency oscillation will occur. Further the frequency of the low-
frequency oscillation is calculated by using zero-pole analysis method and the oscillation amplitude of the output voltage is
calculated in terms of the topology of the circuit. Finally the theoretical results are verified by numerical simulations and circuit

experiments .
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