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Small signal modeling for high step—up Buck—Boost converter based on
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Abstract: The high gain converter based on coupled inductance has a good application prospect in
both new energy generation and DC microgrid. The operating principle of high gain Buck—Boost converter
based on coupled inductance is analyzed, the switching flow diagram method is adopted to establish the
converter model, and the steady state model and AC small signal model are derived in detail. The
simulation results of Power SIMulation(PSIM) software on the converter small signal model prove the
correctness of the proposed model. The results of this paper have high reference value for the design of
control circuit of high gain DC/DC converter.
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Fig.1 Working principle of high-gain Buck-Boost converter
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Fig.2 Three-port generic model
(7 2 =3 1 3 A

y(t)=d(t)x(t) ®)
ﬁ%ﬂ@%%ﬁmﬁju%ﬁ% Y(t)=Y+§’(t), ;H\:EF' R(t) o D - y(t)
Y HHE R, 9 RS R AR K
B A8 AT R T A *o > »0 " K x
Y+ 90 =(D+dm)(X + %) ©) "
EI LA ’TEJI‘ #| = ﬁﬁ'ﬁ éﬂ 'ﬁ: B/‘J ﬁé\ :j|§ *ﬁ Ei} jj Y=DX, X‘T @ (a) steady state model (b) small signal model
Mo AN B 3(a) s . 2 Bt sh, wl LIS #)|
=i A A T /IME B AR R K Fig.3 Signal flow diagram model of switch branches
R n A 3 FFRHEIE S TR R
Y(t) = Xd(t) + DX(t) (10)

e FE R A A /NME S RN 3(b) B o FR R I A9 5k AT L S S KT 6 I R B R
= it 2L A4 iy i P R P i FL P R A SR
UL (1) = KU, (t) +aKUy (1) (1n)
K U Bima 1A 0 ZEAYHL R ; Uy i 2 A1 0
ZIE R ; RE K A K XtR; 25 D M D'=1-D. Bk
1M 2% R (D)l e R IR e et AT AR 211 4 =i
1 28 1) T O 37 I A AR

1

iLm = r+sl U Lm (12) Fig.4 Switch flow diagram model of three-port network
m Pl 4 =3 2% Y T G PR

22 TiesfasEs

AR AT 2 =3 RSB PE] 1 o 9 728 8 4 45 4l DU 2 S 11 1 FL R FUIR U, R, 3 11 2 Fi R S i 1) P
Uou, JiiiH O MIHLAL N 0, A2 88 AR TF RS B RLAN 18] 5 s o HLBH v ok S5 280 = o ) 26 i3 46, B4R &
LR AE | D RAT R AR A B S A A o FERH ¢ S T LA L, FR B

AR 7 H 85 19 TF 5 3L P AT ATH 3 A AR S A L SRR V, B LU AE M

m D D U, =U
i:r%r+aZD‘2R:a2D'2R (13) o
B LR U A
U, =—-aDRIi, (14)
2 A G52 D D i R TR 5 2 5 T A R B
5 2 A4V (13) 5] I 2 W = 3 IO &4 114 B4 FE 7 72 =V
Uou _ Uou y lim _ _i: (n - 1) D (15) Fig.5 Steady-st ;w;t:}lﬂli%%f;(;\;vﬁ;grim of the converter
U, T Ug aD 1-D R I EnS) ST

A (15) 45 -5 TR AR AR A 45 2 1 25 R0 — By, X0 IE W] T A A5 8 () 1E 1 7



%2 M S RE.

ETHREHBEASEI Buck-Boost THFI/NMESEIE

179

23 THBMESER
ST A B RS, K 4 = am A AR BEELARA
Bo1 Asgenih, fRAd'=—d, Alf5 308 6 i a5 /N s 5 e
R AR A% 0 L PRI T 2 FLIAL i ) A
R

Uow == ngh (16)
(I1+RCs)
A A P i R TR PR R i LR B Sl A AR
u -aDR
ot = , 1
U, (RCs+l)s,,+a’D’R (17

BITAMAGS d TEN BN EN S U, 1TLIEERE L
B /ME SR (N E 7).

BB AR I, AT LA o5 28 b 3h d B A RSB U, 19

1% 3% PR L

Uout_ _aD'R _ _h

d _(RCS+1)s|_m+a2D'2R(U9 W D l“"j (18)
3 HESH

R I 2 3 25 Buck-Boost AR g L IE A P, il PSIM B
X AR g s AR E VEAT T EE, [ BRI E 8(a) s, i
AR RAR I EESHOLE 1 N R (E 8(b) AT LLE H,
i RSy 400 Vo U5 BAF B AR AR 1 2500 8.33, Ha(15)RRAH
RIS 20 8.36 — 2, UE W8 SRR A IE A 7

S A PSIM B9 32 3t 43 Mr Th e 3 3 4 11 21 o5 25 Eb A% 3 R 3R A0 R A5, B Matlab AR 3% 20 (18) %2 il 25 # £%
(A R AR 2R (W& 9 FF7R). T LA B3 SCRE AL A PSIM B ) 7E (IR AT Ak () B i3 25 AH ), %8R 65.0 dB, #HA
#h 180°; FERT 100 Hz B SCAEAUF PSIM AR Bt ELA AR {19 — 30 (100 Hz Abi8 SO0y B R B0 42 38

iR),  HI B UEW] T3 SRR Y IE A T

M
ks
2
2
=]
g
<
(a) circuit diagram
600
500 F— e
e AN E
00 I AN 8
2,300 =
S ol
200 [
100
0
10 20 30 40 5

t/ms
(b) output voltage waveform
Fig.8 Steady-state simulation of the high gain converter
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Fig.6 Small signal model of high gain converter
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Fig.7 Simplified small signal model
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Tablel Main parameters of high gain converter

parameter value
input voltage U;,/V 48
output voltage U,,/V 400
output resistance R/Q 10
switching frequency f/kHz 100
duty cycle D 0.65

magnetizing inductance L,,,/uH 65.45
turns ratio N=N,/N; 5.5
output capacitor C/pF 220
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Fig.9 Frequency characteristics of the high gain converter
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