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Abstract：TIlis paper studies the bifurcation and chaos in current-mode controlled Buck-Boost converter．The discrete 

model for Buck-Boost converter in continuous conduction mode(CCM)is derived．nIe bifurcation and chaos phenomena of 

Buck—Boost conveRer have been investigated with input voltage E reference current l resistor R．inductor L and capacitor C 

as bifurcation~ ters． 
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Doemnent code：A 

Buck．Boost DC．DC变换器中分叉与混沌问题的研究(工) 
— — 建模与仿真 

吴 捷 刘明建 杨 苹 

(华南理工大学电力学院·广州，510640) 

摘要 ：研究了电流控制型 Buck-Boost变换器中的分又与混沌问题．首先，对连续模式下的 Buck Boost变换器建 

立了离散数学模型，在此基础上 ，在输入电压 、参考电流 ，小 电阻 R、电感 ￡和电容 C等分叉参数作用下，通过数 

值方法对 Buck-Boost变换器中的分叉与混沌进行了详细的仿真研究 ．仿真研究结果表明：Buck-Boost变换器具有丰 

富的非线性行为——分叉与混沌，随着各个分叉参数的变化系统会遵循倍周期分叉的规律走向混沌 ． 

关键词 ：电力电子 ；分叉 ；混沌 ；建模 

1 Introduction 

It is well known that the topologies of DC·-DC con·- 

verters ale changed due to the switching operation．Usu— 

ally，swi tched —mode DC—DC converters may be thought 

of as nonlinear an d time-varying system ．Hence，DC- 

DC converters exhibit a wi de range of bifurcation and 

chaos be havior under some conditions．The nonlinear 

phenomena，which appear to be have randomly in a de— 

tenninistic system even though there is no random input， 

are particularly interesting and have interested po wer 

electronics， circuit and system，mathematics and con— 

tro1．Recen tly，the research on bifurcation and chaos in 

DC—DC converters has been greatly developed．In[1]。 

detailed information about recent developments is avail— 

able．Most pubfished papers are mainly about the bifur- 

cation and chaos study in Buck converte~2 引。Boost 

converter[9 12]and Oak c叽vener[13 l 6I．On the other 

hand，Buck—Boost converter，one of the impo rtant con． 

verters that have wi de industrial applications，has not yet 

been reported．Our paper deeply studies the bifurcation 

and chaos in the current．mode Buck．Boo st D(：．D(：con． 

verter．It must be po inted out that po wer converters usu· 

ally work at 20l(Hz t0 50l(Hz in practical enginee ring．In 

other published papers，people have used swi tching foe- 

quencies which are much lower than the actual value in 

practical power electronics to avoid high-·frequency pmb-· 

lems，such as 50oHz，2．5kHz，5kHz，etc．Here ，this 

paper presents the results at 20KHz，which is the highest 

switching frequency in this area． 

田lis paper is organized as follows．In Sec tion 2．the 

state equations of the current-mod e Buck—Boo st DC-DC 

converter are presented an d the discrete model is derived 
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under the condition of continuous conduction mode 

(CCM)．In Section 3，we investigate the bifurcation and 

chaos phenomena under variation of a range of circuit 

parameters including input voltage，reference current， 

load resistance，inductance and capacitance ．The simula— 

tion results including the strange attractors，bifurcation 

diagrams an d waveforms ale presented．A conclusion is 

given in Section 4 

2 Iterative model for the Buck-Boost con- 

verter ’ 

In power electronics circuits，the famous State—space— 

averaging mod el is widely adopted by power electronics 

engineers in their analysis and design．However，an av‘ 

eraged mod el aban dons the switching details and only fo— 

cuses on the envelope of the dynamical motion．It is on— 

ly useful to an alyze the low—frequency characteristics in 

the po wer electronics circuits．Therefore ，in order to ex— 

plore the nonlinear phenomena which may appear across 

a wide spectlum of frequency．the exact discrete—time 

lrel‘ 

maps must be derived ．In this paper，we use stroboscop‘ 

ic map ，the most widely used type of discrete-time ma ps 

for modeling DC．DC converters，to obtain the Poincare 

section．i．e．the system states，the inductor current and 

capacitor voltage，are period ically sam pled at time in- 

stants，t= nT． 

le current．mod e Buck．Boost co nverter is shown in 

Fig．1(a)．The waveforms of inductor current and ca‘ 

pacitor voltage are shown in Fig．1(b)．We assulTle that 

the converter ope rates in OaM．where the inductance 

and swi tch pe riod  T are so chosen that the inductor cur‘ 

rent never falls to zero．Hence， there ale two circuit 

configurations， according to whether S is closed or 

opened ．It is assumed that S is closed at the beginning of 

each cycle，i．e．，at t= nT．Th e inductor current rises 

linearly un til i= ， f．Any clock pulse arriving during 

this period  is ignored．W hen i = ， f，swi tch S ope ns 

and remains open until the arrival of the next cloak 

pulse ，where it is closed again． 

— —l ， 

—、 ／ _＼． ／  ／ 、 ／ l l 
1 

一  

I 
t／s 

、r ‘ ． 。＼ ＼ V 
．厂 ＼、 、-．～ 

(a) (b) 

Fig．I The circuit diagram and waveforms in current—mode Buck—Boost conveaer 

Wh en switeh S is closed，the State equations are (1) 

and(2)： 

f ：孚， (1) I d￡一 ’ 

【 ：一 1。． (2) 
Wh en switch S is opened，the State equations are(3) 

and(4)： 

f ：一 (3) I d￡一一 。’ ＼J 

【警：寺一 1。． (4) 【 一丽 c‘ 4 
Wh ere we omit the parasitic elements of inductor and 

capacitor so as to simp．fy the derivation of discrete 

mod e1． 

Let(i ，Vn)be the inductor current and capacitor volt． 

age at a clock pulse at which the swi tch is closed． 

From Fig．1(b)，we know that the switch S is opened 

when the inductor current reaches reference current Iref． 

The close—State time t can be obtained from(I)by inte— 

gration，so the closed—State time t is calculated by(5)： 

= 蚩(k—in)． (5) 
Th e capacitor voltage correspo nding to instant tn is 

calculated by(6)： 

(tn)： e—R C． (6) 

Th e iterative mod el for the Buck．Boo st converter can 

be derived as follows according to two situations，i．e．， 

t ≥ T and t < T． 

CaSe 1 t ≥ T．It mc&ns that the swi tch S in the 

converter is held on closed··State during a swi tching pe ri·· 
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od T．The values of in and at next clock instant， +1 

and t， +1，ale calculated from(1)and(2)with i and／3 

as initial values． 

+ 

(7) 

L Vn+1 ‘e-RC． 

Case 2 t < T．It mealls that the swi tch S in the 

converter is swi tched from closed--state to open--State dur-- 

ing a swi tching period  T．Th e values of i and t， at next 

clock instant，in+1 and／3n+1，ale calculated from(3)and 

(4)with and t， e一惑as initial values． 

According to the relationship of R，L and C，廿1e iter- 

ative model for山e Buck—Boost converter is divided  into 

1 1 l 1 4R C 
2 一 一 一丁 ， 

T 
Vne。Rc+ Lr I 

c1 ref一■ ’ 

I
^ 

， 

Vne—RC + 厶 1，ref 

。2 ref一■ ‘ 

② l一4丁R2C
= 0，i．e．R=吉√吉．II1 tllis case， 

the roots of the characteristic equation corresponding to 

the original differential equations (3)and(4)are real 

an d eq ua1．It also describes a monotonous rising process 

without oscillatory motion．Hence，(10)and(11)give 

the iterative map for the Buck—Boost converter． 

i =[cl+c2(T一￡ )]e l(r—n)， (10) 

t， +l=一Leq(r-t．)c2+ncl+rlc2( —tn)]， (11) 

w  一 ： c：： 一 ． 

③ l一4丁R2C<0
，i-e-R>吉√吉．II1 tllis case， 

the solutions of the characteristic equation corresponding 

to the original differential equations (3)and(4)are a 

pair of complex conjugate roots．It leads to a damped 

oscillatory process．Hence，(12)and(13)give the iter- 

ative map for the Buck—Boo st converter． 

i +1=ea(r一‘n)[Clcosfl(T—t )+c2sinfl(T—t )]， 

(12) 

t， +1=一Le~(r-f̂)[(Cld+c2p)co~p(T—t )+ 

(c2a—Clf1)sinfl(T—t )]， (13) 

where 

a：一丽1 ， ：  

1

c ．
／4R 2C—l， 

c =， d，c：=一吉( 生 呈： +Imf~)． 
3 Simulation study of bifurcation and 

chaos in the Buck．Boost converter 

Based on the itemtive ma p in Section 2，we can study 

the bifurcation and chaos in the Buck．Boo st converter 

wi th numerical method ．Several visual aids that we can 

utilize to visualize chaos and bifurcation phenomena in— 

cluding fime-waveform of state variables，phase portrait， 

Poincare or first—retum ma ps and bifurcation diagrams． 

Among them ，bifurcation diagram is the most powerful 

tool to investigate the nonlinear phenomena．In a bifur— 

cation diagram，a periodic steady state of the system is 

represented as a signal po int or several po ints eq ual to 

the periodicity of the system for a f-Ⅸed parameter．For 

chaos，numerous po ints ale plotted  in the diagram be— 

caus~chaos means period infinity and the po ints never 

fall at the same po sition．Therefore ，in such a bifurca— 

tion diagram， the change of behavior of a system is 

clearly shown as a parameter is varied ． 

From the theoretical po int of view，any circuit param— 

eter can work as bifurcation parameter．In this section， 

we wi ll investigate the chan ge of behavior in the Buck- 

Boo st converter when a parameter，such as input voltage 

E，reference current 14，load resistance R，inductance 

L and capacitance C，is varied ． 

In the simulation，the values of the compo nents are 
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chosen to ensure that the converter operates theoretically 

in the continuous conducfion mode． 

3．1 E as the bifurcation parameter 

In the Buck-Boost co nverter witI1 input voltage E as 

bifurcation parameter， input voltage E is varied from 

45V to 7V with a step of 0．IV，while other circuit pa— 

rameters are fixed at the following values．i．e．，，ref= 

4A，R =200，L =0．5mH，C = ￡F，T =50／-~(f= 

20kHz)．The bifurcation diagram of the converter is 

shown in Fig．2． 

4O 

35 

30 

25 

之 20 
l5 

lO 

5 

0 
5 JO J5 2O 25 3O 35 4O 4 

E／ 

Fig．2 The bifurcation diagram in the Buck-Boost 

conve~er with input voltage as parameter 

As shown in Fig．2，the Buck-Boo st converter goes 

through period一1， peried 一2， period-4， period-8， and 

eventually exhibits chaos as input voltage E is varied 

from 45V to 7V．Th e stable period一1 is observed while 

4． 

3． 

2． 

1． 

t／s 

(a) 

Fig．3 

4O 

35 

3O 

之25 

20 

15 
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the input voltage E is varied  from 45V to 43．2V．The 

first bifurcati0n occurs at E =43．3V and the converter 

enters a stable period-2 region．As the input voltage is 

continuously decreased to 29．0V， the converter bifur— 

cates to period-4．Further，peroid-4 bifurcates to peried -8 

at 24．4V an d SO on．Hence，the converter goes to chaos 

via pe riod-doubling route ． 

In Fig．2，it Can be interestingly ob served that a small 

pe riodic window，which also exhibits period—doubling 

cascade，is embedded in the chaos region．In the pe riod- 

ic window，the converter experiences period-3 to pe riod-6 

an d SO on when the input voltage E is chan ged from 

12．4V to l1．8V． 

At E =20V，the waveforms and phase portrait of the 

converter are shown in Fig．3(a)，(b)，(C)．In Fig．3，it 

Can be observed that the waveforms appear tO behavior 

randomly and there is a strange attractor in the phase 

portrait．A strange attractor occurs means that the con— 

verter is working in the chaotic state． 

Moreover， if input voltage is respectively equal to 

50V，35V， and 25V，which correspo nd to pe riod-1， 

pe riod-2，an d pe riod一4，the waveforms and phase po r— 

traits of the converter are shown  in Fig．4，Fig．5，and 

Fig．6 respectively． 
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The waveforms and phase portrait in the Buck—Boost converter with E=20V 

>  
＼  

>  
＼  
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(c) 
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(a) (b) (c) 

Fig．4 The waveforms and phase portrait in the Buck-Boost converter with E=50V 
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Fig 5 The waveforms and phase portrait in the Buck-Boost converter with 35V 
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Fig．6 The waveforms and phase portrait in the Buck-Boost converter with E：25V 

i／A 

(C) 

3．2 Jref as the bifurcation parameter behave randomly and there is a strange attractor in the 

In this section，we use reference current Iref as bifur- 

cation parameter．Reference current，ref is varied from 

0．8A to 4．5A with a step of0．01A，while other circuit 

parameters are f-Ⅸed at the following valu~ ．i．e．，E = 

12V，R=20t2，L=0．5mH，C=4 ，T=50№(f= 

20kHz)．The bifurcation diagram of the converter is 

shown in Fig．7． 

Similarly in Fig．7，the Buck-Boost converter goes 

through period-1， period-2， period-4， period-8， and 

eventually exhibits chaos as reference current，ref is Var- 

ied from 0．8A to 4．5A． 

At，ref=4．5A，the waveforms and phase portrait of 

the converter are shown in Fig．8(a)，(b)，(C)．In 

Fig．8，it can be  observed that the waveforms appear to 

5 
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Fig．8 

> 
＼  

phase po rtrait． 

For the concision of the paper，here，the waveforms 

and phase po rtrait of pe riod-1，period-2，and period-4 

are not presented again． 
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f cfA 

Fig．7 The bifurcation in the Buck—Boost con- 

verter with reference current as parameter 

，／s 

(b) 

> 
＼  

The waveforms and phase portrait in the Buck—Boost converter with 

3．3 R as the bifurcation parameter 

Similarly，load resistor R works as bifurcation pararn- 

(C) 

fre【=4 5A 

eter，the resistance is varied from 112 to 250 with a step 

of 0．050，while other circuit parameters are fixed at the 
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following values．i．e．， E = 12V，Iref= 4A，L = 0．5 

mH，C= ￡F，T=50Ps(f=20kHz)．The bifurcation di— 

agram of the converter is shown in Fig．9． 

Similarly in the bifurcation diagram in Fig．9，the 

Buck-Boost converter goes through period-1，period-2， 

period -4，period-8，and eventually exhibits chaos as re- 

sistor R is varied from 1Q to 25Q． 

At R =1512，the waveforms and phase portrait of the 

converter ale shown in Fig．10(a)，(b)，(C)． 
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Fig．9 The bifurcation in the Buck—Boost 

converter with resistance as parameter 

|『s |『s ¨A 

(a) (b) (C) 

Fig．1 0 The waveforms and phase portrait in the Buck—Boost converter with R= 1 5Q 

3．4 L as the bifurcation parmneter Fig．12(a)，(b)，(C)show the waveforms and phase 

Similarly，in this section，inductor L is used as bifur— 

cation parameter．Th e inductance is varied from 0．07mH 

to 1．5mH with a step of0．0olmH．while other circ：uit 

parameters ale fi)(ed at the following values．i．e．．E= 

12V，Iref=1．7A，R=200，C= cF，T=50gs(f= 

20kHz)．11le bifurcation diagram of the converter is 

shown  in Fig．11． 

Similarly in the bifurcation diagram in Fig．11．the 

Buck-Boo st converter goes through period一1，period 一2， 

period-4，pe riod-8，and eventually exhibits chaos as in— 

ductance is varied from 0．07mH tO 1．5mH． 

po rtrait of the converter at L=1．5mH 

25 

2O 

> 15 

＼  

10 

5 

0 
O O．5 

￡／mH 

Fig．1 1 The bifurcation in the Buck-Boost 

converter with inductor as parameter 
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f／s 
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＼  

Fig．1 2 The waveforms and phase portmit in the Buck-Boost converter with L=I
．5 

3．5 C as th e bifurcation parmneter 

Similarly，we use capacitor C as bifurcation parame— 

ter．Th e capacitance is varied from 38t~F tO 0．鄯 with a 

step of O．01gF，while other circuit parameters ale fixed 

i／A 

(c) 

mH 

at the following values．i．e．，E =12V，Iref=4A，R = 

16g2，L=lmH，T=50Ps(f：20kHz)．The bifurcation 

diagram of the converter is shown  in Fig．13．Th e zoom- 

iIl of Fig．13(a)is shown in Fig．13(b)． 

一 
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> 
＼  

C／#F C／#F 

(a) (b) 

Fig．1 3 The bifurcation in the Buck—Boost conve~er with capacitor as parameter 

From the bifurcation diagram shown in Fig．13(a) 

and Fig．13(b)，we can see that the Buck—Boost con— 

verter goes through period 一1，period -2，period -4，peri— 

Od一7．and eventually exhibits chaos as capacitance C is 

t 

(a) 

50 
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35 

之2350 
20 

l5 

10 

0 

varied from 38#F to 0．3t~tF．The stable period一1 is ob— 

served while the capacitance C is varied from 38#F to 

33．99gF．At C=l ，the waveforms and phase portrait 

of the converter ale shown  in Fig．14(a)，(b)，(c)． 

1 1．5 2 2．5 3 3．5 4 4．5 5 5．5 6 

t／s 

50 

45 
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20 

5 
x10-3 5 
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Fig．14 The waveforms and phase portrait in the Buck—Boost conveaer with Cl=JuF 

4 Conclusion input． 

It is well known  that the topologies of DC—DC con— The research about the domains of bifurcation and 

verters are chan ged due to the switching operation．This chaos in the parameter space is particularly impo rtant be— 

results in a nonlinear time-varying system ．Hence ，DC— cause the po wer electronics engineers must choose the 

DC converters exhibit a wi de range of bifurcation and parameter values in order to obtain the desirable behav— 

chaos be havior under some conditions．In this pape r，we ior．Moreover，the engineers wi ll consciously avoid the 

deeply study the bifurcation and chaos phenomena in the bifurcation  and chao s domains if they thoroughly un der- 

current-mode Buck-Boo st converter． stand when the nonlinear phenomena  occur
． W e will dis— 

This paper derives an iterative map for the Buck—Boo st cuss this topic in our future pape rs
， numerical analysis 

co nverter un der current-mode contro1．On the basis of an d experiment． 
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