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Modeling and Stability Analysis on Boost Converter

Feeding Constant Power Load
GU Qiang, WANG Rongjie
( School of Marine Engineering, Jimei University, Xiamen 361021, China)

Abstract: The paper analyzes the effect of constant power load on the system stability performance. Taking
the generation mechanism of constant power load as the starting point, and regarding Boost converter as the re-
search object, it builds the Boost converter model with constant power load by the state space averaging meth-
od. Finally, the simulation tests verify that the Boost converter system is unstable when feeding constant power
load. The Bode diagrams and simulation results show that the constant power load oscillates the output voltage
of the Boost converter, making the system unstable.
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Fig.1 Schematic diagram of converter cascade structure

o SRR AR AN R A, IS4 Baix — A T 3R 5 H R 6 R ) TR PR AR E ) e 2K
HFEXHP =0, i, . . P CPL B AN, v, A CPL FISI AT ; i, i CPL AT,

e A LR AR C R o, , A RRAVAELENC R iy, , R4 CPL /M54 2 Fi B mT i it
Rep = dv,/diy, = dv,/d(P/v,) = - v, /PR,

CPL MR P dh e an & 2 Frow U A
1.2 ERAHFHAEEE b CPL -
FflE CPL BRZAFPERRZR, /W7 CPL - AR Y 5 ~ i Constant

Feoetk, BRGSO RREIE 3 B, A SR RGO
M, CURGHE - ZIZ RS, fEREN A, G CPL
& Vo KTHIRRE v, 2 CPL RYZHEIEE, MIifd CPL H
Wi o, WD, IREPEATS, fRGET A RGE, RZINMA,
Frn AR, AR R AR 2N R 4 BITR

dv,,

B SHRGOPHI, MRS AR, Rk o @ >
Ai, MEETHEBHELE V, > v, AIIEFBHALI 1, S22 M2 CPLHKRESMEE
)N, RIEPE S, [fRGEETiRE, ZINA, Fig.2 Volt-Ampere characteristic curve of CPL
V“ VA
A ‘ CERERiE
v, v, B Resistive load
V(‘I’L I(‘I’L
CPL#1 %
CPL load
0 —Air+nA; 7 0 —Nil+A; T
E3 fi#AsCPLHMNBESAHXRE B4 B8 BEENNBESAHEXRE
Fig.3 Relationship between voltage and load Fig.4 Relationship between voltage
when the load is CPL and load when the load is resistance

http : /xuebaobangong. jmu. edu. cn/zkb



513 R, S HPEIIR G AR Boost AR AL SRR E MEA BT ©59-

2 THIENE A Boost TIRAFEE
2.1 THIEHE A Boost Tk HIFF XIEE

ARSCLAAF CPL Y Boost Z8 e g8 7B x4, HL g% JRBR AN IR 5 Firos

TR FMBAT , VT AR & 0 I b Al i TP OCAR AL , AR B R e, 1 BIRAS Dy
(I

{i,{ =- (1 -—u)v,/L + E/L; ()

v, = (1 —u)i,/C —v,/Rep,C,
Hrr, EMEERIERE; o AFFCRE, BUEN 130,
HEC (1) 15 H7 CPL ) Boost A8 #ags (14 FF SCAR R S 340 H i T AN Al 6 FTom

L i D iy
N
. i L (1-uw)i,
Hi |y CPL (Lo,
E LH " (— V H
N
B 5 # CPL i Boost 25 # 88 & B % B 6 7 CPL i Boost Z#88 FF X R B E 3L FE BE B

Fig.5 Main circuit of Boost converter with CPL Fig.6 Exact equivalent circuit diagram of Boost converter with CPL
2.2 HIEINER A HE Boost - HzRH) T HHEEY

PR~ B RO B O T OF S, ELSE 7 e T L oA, R P SO R et i R O T
PRI, RARRPEEIETAH, & X x, (i) FRREHRTRERE, v, = (v,), ZREERIEFY
B, Kb« O 7 FoFRRBREFRYE, AR TRy

:\;/]= E—le—a /L;
{. [ ( )] (2)
% =[x, (1 —a) —x,/(RunC)]C,
A ;o FARRRETIF SRR w B 2
Bl (2) FBOEE, HRMREFES, TR “e” F5,
{xlﬁ =E/[(1 —a,)” + Ry C]l; (3)
v, = E/(1 —a),

N T AR R IME SRR, BIA
a=a, +a;
{xl =x, +1,; (4)
X, = Xy + Xy

C 7 RS RS, Bars (2) ~ 3 (4), IR ESME SR, HOREAEIE AN

[;1} { 0 - -ae)/L}P} { E/[L-(1-a)] }

= |+ o (5)
. (1 —a,)/C -1/(Ry.C) Iy, -E/[(1 —=a,)® + R C]

X (5) MAFERHBEANEL 7 s,

SRR PR S T ERRCE N o, s o/, =1 —a, , M (5) fiR/MES AL ERAOIRA 25 1] 3Rk =
W

http : /xuebaobangong. jmu. edu. cn/zkb



* 60 - FFRR A (HARBERRD 525 %

{%:A%+ﬁ£ (6)
y = Cx,
Hor
: {?l}“4 ) [ 0 - (1 —cn)/L};B _ { E/(L-(1~-a,)) };c - [1.0].
Xy (1 _O‘e)/c - 1/(RCPLC) -E/[(1 - ac>2 : RCPLC]

HEIR AR 2 (0] e A Sl 11 25 LRSS AR
H,, (s) =y(s)/a(s) = C(sl -A)"'B + D, (7)
Her, D=0, REEHIRA o 25 EE (0,), BfESEECN .
H,,(s) ={(v)/a =x/0 + {[1 =5-Lx,/(x,,0')]/[s - LC/a'} + 5+ L/(Rpya'?) +11},  (8)
= (8) 5B BRI T/ MEALRSGE, H AR A .
si, = [(=1/Ry) = /(1/Ryy) = (4Ca’2/L) /2C (9)
BT Rep, RIFPHITRE, BV R, < 0, MBS TEA BV, i) Boost ZEHa s 76 FF IR
BT RAREN,

) A e

7 7 CPL B Boost Tz H/MES FIRB W &L B
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Fig.8 Bode diagram of the transfer function of duty cycle to output voltage under different loads
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Fig.10 Simulation waveform of circuit inductor current and output voltage under different loads
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