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T EANE S, R AR E B 5 B (i, 1) <
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Wi, JE U AR R AR, RIS n YOI
I 220 1) i SRS AL AL i, 2R AN 225 AL
i £ 5 JE T e 18 52 R, I ) L B S flk
S, LR Sy 52 A I 220 %) v R e, Y L AR A AR
B 0P 25, A H R Y B O
wr, =i, + myD, T,
ir, =1,(1 + Asin(2wD,) ), (8)
Ly =ir, =my(1 =D, )T;
wn s
ir,,, =1,(1 +Asin(2%wD,,,)), (9)
iz =il = my(1 =D, )T,
SM=I,A(sin(2wD,, ) —sin(2wD,)) , &3
(8) F1(9) 3, Arf
Al =Air, =ir,,, —ir,
M - Ai
Wm0, oyt Y
ML AE S BOE L8 T Zead o 8wl L)L
WitaE TR, AD, = (D, - D,) WEHE/, HE
FEF 0, LR A
M =1A(sin(27wD,,;) - sin(2wD,))
=2ml AAD, cos(w(D,,, +D,)). (11)
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FL Bk SRR J 32 2 AP B, P 2t o 4
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v
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TS N EUE AT B BARWESE Boost HE 12 5IE 7%
PeohiR(EE R S EE R LR, HE kS
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4.1. V,e (0.75V,,V,) B e

W ST F B PR M S R 2, TR 2B A A il A
BT IRE TR, R LA D, e (0,0.25) , cos
(2mD,) >0. BEAR ML B FRRAEME ] A, WA A
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D, JEAEkaE A D, R UEh Y A
D, =(D,,, +D,) /2 WA15 3 A 45575 0 5 1E 5% 4
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—K - AD,, (16)
VT (0.5-D.)
H = ° = : .
Hot. K 2’11']1‘9fL’AD1 cos(2mD,)

i 25 FEVE o il P B B B i R AR 5, B IR

P IRAE IR 1 B, Horh JoIt sh A0 e 5tk (e 4
St AR D L AnIE 2 P
RV, (0.75V,,V,) B ERH SR S

ARTF] A B AP i A
WOT AR R R R AR, s WY e
FoEZ ik v = B AR S E M, B -1 <A, <0,
gy L 61.75 0.05 -0. 0526 0. 005465 0. 006798
(D,,, +D,)/2 Z#naEE D,. Rt tr, il BUs s
\ \ - N N SN . 58.50 0.10 -0.1111 0. 005537 0. 007104
7 25 R RS S IR IR AR, 1Ay 2 B i 3 e 7
*E‘Ji@)ﬂ%ﬁﬁl{ﬁﬁ‘]ﬁ}% iﬁiﬁﬁ@;@%lﬁ%&ﬁ%j}@ 55.25 0.15 -0.1765 0. 006399 0. 008556
L A A T Y R A ERE S, A A = - 0.7 52.00 0.20  -0.2500  0.009846 0. 013949
YE R AT R H B ) REAE R B0, AN [RREAE (BB BT 55 19
1.0 1.0 1.0
0.8} @ 0.8} (b) 0.8} ©
0.6 F 0.6 -~ 0.6 [~
Q Q Q
0.4 0.4 0.4
0.2 0.2 0.2 + _
0.0 L= : : 0.0 L === : ool e
1.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0
t/ms t/ms t/ms
1.0 1.0 1.0
0.8} @ 0.8} © 0.8} ()
0.6 0.6 0.6
Q Q Q
0.4 0.4 0.4
0.2 - 0.2 —-__ 0.2F —-——-—-------
ool= . - () I - ool — o ]
1.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0
t/ms t/ms t/ms

12V, e (0.75V,,V,) RS S IR  f 28 Hoa e

(a) V,= 61.75 V; T#hsh; (b) V, = 61.75 V, A = 0.005465; (c)

V,=61.75 V,A =0.006798; (d) V, = 55.25 V,T&dizh; (e) V, = 55.25 V,A = 0.006399; (f) V; = 55.25 V,A =0.008556
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4.2. V,e (0.5V,,0.75V,) BH= s aE
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<0 NSIXEIO < A, < = Ao P48 XHEAR 25 B B A
M E BB T ZAR RN HZEIX ] 0 < A, < — A NPT
T AL SIIRIE AN FLIX E] A <A, <O PNFTE L3N IR
fERARZ2, 1M A =0 i A % A9 B0E B h o™ 1
Ao <A <O ¥R HWAUE TR, (D,,, +D,)/2 &
IR WET D, , R A =0 B TR 148 30 e
PRI Ay

0. (17)
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0.0 L L
1.0 2.0 3.0 4.0
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1.0
©
0.8t
0.6

0.4 =

0.2

0.0 L L
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A = Vo - Vi
= 2@l Leos(2wD ) /T
VT -D,
2wl L cos(2wD,)
_K - AD,. (18)

XN 5251 D, 5 AD, 4 ani&l 3 fik,
M2 LU A9 X3k 3 2 ARIE e e i B 5% 3 25k
SEPRATREREIX B &3 it il 1 IXE] V, e (0.5V,,
0.75V,) N A, = — A BT T £, A0 N 9 48 2 i L 3
PE DB DX ] P X 3 FIX 4, I 2800k £
XSO AE 9

TeH BN R RREE FVRRIE (A O I BT RS 19430
WRAELANER 2 PR 341 D PR 2 an &l 4 fs.

%2 Ve (0.5V,,0.75V,) BHE LI SR SRR
(44 D, Ao A =0 IHEF R A

0. 013949

45.50 0.30 -0.4286

42.25 0.35 -0.5385 0. 008556

39.00 0. 40 -0. 6667 0. 007104

35.75 0.45 -0.8182 0. 006798

1.0

®
0.8

Q 0.6F

0.4

0.2 1 1
1.0 2.0 3.0 4.0

t/ms

1.0
@
0.8
0.6

0.4

0.2

0.0 . .
1.0 2.0 3.0 4.0

t/ms

(a) V, = 45.50 V, T4k 5h; (b) V, = 45.50 V,4 =

0.013949; (c) V;=39.00 V, JTeizh; (d) V;= 39.00V,A = 0.007104
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M2 FE 4 A LLEH: 1)V, e (0.5V,,
0.75V,) IXIA Y, Boost Hi, ¢ A< Bf A H A #5058 (14 FH o
BT, HL I 28 3 R AR 35 1T LAAR DA T ok s HUH
JE B 7 IR I i A %) 385 DR 348 K, 081 i) 4 i
EIE R  RR SRR D, = (V, -V,)/V,
W 2) V, — W], B A P S IR E 3G 0, A8 B i
{14 FE B AE A AR AS B S IR 5 (A () 7 2 LR
fIE(E A J2 S N TUEHE K E) 0, FE e 0 Mg R 1.
3)FE -1 <A <O X [H P, 25K (1% 2l 24 mm i 3 5 AH
[ Hsf A A FE (AR, T 0 1) DA sl s 1 e i e
X5 Ve (0.75V,,V,) KX [a] 3 13t 3h 45 2 R
(). 4) X ) NE AR 5 AR A, = 1, TR B IE
SEMR SR AR I, DA o r B 1 B 9 A g ) AR
A TAEX.

4.3. V,e (0.25V,,0.5V, ] B4l 1 ge

HL I R RS PR AR PR AN AL, LB AN B AN TR
“3<Aos - 1L YV —EM, BEIIRIE A 1Y

KA, WBHRHER, BB A, = -1 RS, ARG
PHEARRERDS. 75 Ao = — 1 0, D, WR2IRHHY, W
ARG A SRR A5

0.5V, -V,

- 2ml Leos(2wD,) /T
_ VT (0.5-D)
2wl L cos(2wD,)
=K - AD,. (19)

VRIS B R FRUE 1 3R G A8 3 W 1S K 2 404k
T BB AR E RS I R N AR S A
It D, 5 AD, &l 3 pros, KB 2 2L iy
DX 3l R fifT A5 AN R F AT DA E AR 1 JE 5% 4R B
ST PR DI AN [RVREAE A B T 75 () 0 20 e i
3 iR, #r D R AN EL S s,

MFE 3 FIE S afLAEH: 1)V, e (0.25V,,
0.5V, JIX[8] ) Boost HY, i A B A 1 8 1Y) $H /& fiE
71,708 A B ik ARE s B IS 1 S BUE R R ] L
IR AR E. 2) 28 V, —E I, B G E X R 3l iR

Acr3 =

1.0 )
0.8f @ T TTmTmmT 0.8t ® _
0.6 0.6 o
Q Q T
0.4} 0.4 | -
o.2F _________ 0.2} _
0.0 " " 0.0 . L
1.0 2.0 3.0 4.0 1.0 2.0 3.0 4.0
t/ms t/ms
1.0 — 1.0 0.8
0.8f © - - 0.9f @ ©
- 0.7
0.6 0.8}
Q _ Q Q
0.4} - - 0.7 -
_ S — 0.6 | -
0.2} - 0.6
0.0 - C 0.5 I 0.5 s s
2.0 3.0 4.0 5.0 2.0 3.0 4.0 5.0 2.0 3.0 4.0 5.0
t/ms t/ms t/ms
1.0 — — Lo 1.0
L (f) N (® (h)
0.8 _ 0.9 0.9}
0.6 | - -
Q Q0.8 Q0.8
o4 | | oo ____ ~
0.2} _ -~ 0.7 0.7 -
0.0 1 L B L 1 - 1 L
3.0 4.0 5.0 6.0 3.0 4.0 5.0 6.0 3.0 4.0 5.0 6.0
t/ms t/ms t/ms

K5 V,e(0.25V,,0.5V, A FEE SRR 525 st feh4l  (a)V, = 32.50 V,6483h; (b)V, = 32.50 V,4 =0.001268;
(e)V,=26.00 V,G#3h; (d)V,=26.00V, A =0.001776; (e)V, = 26.00 V, A = 0.003343; (f)V, = 19.50 V, T4izh; (g)V, =
19.50 V, A = 0.009299; (h)V, = 19.50 V, A = 0.013402
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#3 V,e(0.25V,,0.5V, IR IEZ s S5 S EAE

AR A B R B PR Sl E E A

V,/V D, Ao

A= -1 A=-0.7
32.50 0.50  -1.0000  0.000000 0. 001268
29.25 0.55  -1.2222  0.000755 0. 002088
26.00 0.60  -1.5000  0.001776 0. 003343
22.75 0.65  —1.8571  0.003667 0. 005824
19. 50 0.70  -2.3333  0.009929 0. 013402

(ELEE N, A B AN A B HL B ) DLOK B AR E , R
b A RBEELIFRT -1 19.3)fEA = -1 3%
AR S D, RAERE B D, RIS
1,55 D, = (D,,, +D,)/2 [AFE L. 4) X Al €
(1 P B, 204 55K 114 30 285 g 7 S5 A () i, RIS AR
FHIR, A R e g, o A PR Bl R AR/ 5) A, <
-1 AR A B, — B ATRTRZS, Bk

4.4. V, e (0,0.25V,) Bl gE

HEL 6 A P 2R ANl AL, A B Y 4R E B AR

559,00 < =3. V, —E N, BEE ILARIF(E A A3 K, A
BN ARARTCEIE RN EE A, = -1, Bk
FNFE. VEHISEUE 7248 30k Fh T8 58 4 o ik id
FH 755 s H, s v —F RV, > 0. 3V, BRHAS SO -
PHEX R T

5. % #

Boost HL B 7E S HUE s AR SR I, A8 B AR
(A L ] LR SE M IR A 3h T, B e b R e ik
B A GRE MR S — EIRENIE T, o
AAFREARAS 3 8 BH F 5 (9 B R R RS 7
B2 S BOE 5230 3 F o7 LAAH B 544k, S 80E 5% 1%
PR 0] LR 9 i A B 715 B9 Boost HL [,
SR BV PR — A1 1) IE 52 4R sh S 5K, LR
TE4x % A 9 Boost HL B REMS R . W LIEE R4
0 — B S E0E S SR AR, o nT A 436 e {1 bl
i A FL RS P 3o DA AR 1 T 5% 4 B0 s HAR S B 5
WERAE P AR B S [ fL S DX 0] ) i A 25 12 A 0 285 i) i
R B SR BE L
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Adjustment and stability control for wide range input voltage
Boost converter with small sinusoidal perturbation®
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(Received 21 July 2009 ; revised manuscript received 2 September 2009 )

Abstract

The Boost converter with wide range input voltage, operating at both stable section and unstable section, the chaos
phenomenon makes the system work unsteadily. Based on continuous current conduction mode, the adjustment and
stability control with small sinusoidal parameter perturbation for Boost converter are discussed. The transition process
between stable state and unstable state for different perturbation amplitudes are analyzed in detail, the critical transition
conditions between stable state and unstable state are deduced, and the stability conditions are also determined. It is
shown by digital simulation that sinusoidal parameter perturbation can not only suppress the chaos phenomenon, but also
cause the converter originally in steady state to turn into unsteady chaos state. The consistent and appropriate perturbation
amplitude range can be selected for the wide range input voltage, so as to ensure the Boost converter to start, be adjusted

and operate steadily and reliably.
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