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ABSTRACT 
  

The nonlinear dynamics such as bifurcation and chaos has got lot of attention in research fraternity. The 

power electronics is a dynamic and nonlinear field in which chaos plays an important role. The time 

dynamic and nonlinearity is cannot be neglected or it is default case in power electronics. The present 

paper discusses the simulative study of Bifurcation and chaotic behaviour in the single stage boost 

converter with the help of bifurcation diagram. It is also confer the parameter variation and its respective 

effect on bifurcation diagram and stability. 
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1. INTRODUCTION 
 

Looking at the age of science, it is all the time supposed that, deterministic system having 

predictable outcomes with considering initial condition constants or zero. But it was completely 

fall down when chaos come in to the game. The nonlinear phenomena and particularly chaos are 

intensively studied, investigated and implemented by many research groups [1-5]. The history of 

chaotic dynamics can be traced back to the work of Poincaré on celestial mechanics around 1900 

[1, 6]. In 1963 Lorenz give idea about simple nonlinear systems can have complex, chaotic 

behaviour [1]. The first version of chaotic behaviours in the electronics sphere of influence was 

described by Van der Pol in 1927 [7]. In 1980 Ballieul, Brockett and Washburn give the idea 

about chaotic behaviour in DC-DC converter [5]. The other researcher such as, Linsay and L. 

Chua‟s work on nonlinear circuits based on capacitor and diode is very famous one in the 

electronics [6, 8-9]. The Chua‟s diode is now famous with the name of „Memristor‟ [10-12]. 

  

Recently the power converter topologies are very much investigated with single stage as well as 

multistage converter topology with respect to chaos and stability [13-17]. The power electronics 

is deals with the conversion and handling of large amount of power by means of electronics 

circuit. The conversion of power is in the form of AC-AC, AC-DC, DC-AC and DC-DC. The 

DC-DC converter is also known as chopper or DC amplifier. The linear and steady-state 

performance of converters and electric controls are investigated by conventional means [18-21], 

but nonlinear aspects and dynamic behaviour of converter is not studied and examined at its large. 

The present paper focus on the nonlinear dynamics of DC-DC boost converter with respect to 

bifurcation diagram and stability.  

 

The rest of the paper is organized as follows, in the second section, the circuit operation of the 

boost converter briefly presented. In section III chaos and bifurcation phenomenon is briefly 



International Journal of Chaos, Control, Modelling and Simulation (IJCCMS) Vol.2, No.3, September 2013 

60 

presented. Section IV reported the chaos and bifurcation phenomena under variation of selected 

circuit parameters such as Input supply voltage (VIN) and Load resistance (RL). In the last section 

conclusion is portrayed.   

 

2.  BOOST CONVERTER  
 

Boost converter is also well known as step up DC-DC converter. It is mostly used where, output 

voltage required higher than that of input supply voltage e.g. power supply, motor control etc. 

The typical boost converter is shown in fig. 1. The circuit diagram consists of DC supply (VIN), 

Inductor (L), MOSFET as a switch, Diode (D), Capacitor (C) and Load resistance (RL). The 

output voltage is controlled by controlling the duty cycle of MOSFET. The circuit is operated is 

as follows, When MOSFET is on; the diode is reverse biased and hence it cut off the output stage. 

At this stage the inductor current increases linearly, in other words, inductor gets the energy from 

the supply and stores it, at this stage capacitor come into the picture, it discharges through load 

resistance. The next case, when switch is open  

the diode becomes forward biased and the output stage receives the energy from the inductor as 

well as the input. Thus the net energy transferred to the output from input is always greater in a 

given switching cycle. [22-23] 

 

Figure 1: The DC-DC Boost converter. The circuit diagram consist of DC supply (VIN), Inductor in series 

(L), MOSFET as a switch, Diode (D), Capacitor (C) and Load resistance (RL). (The simulation is carried 

out in the PSIM Software Environment) 

 

3. CHAOS AND BIFURCATION PHENOMENA IN POWER ELECTRONICS 
 

The stability and linearity are two great forces for any real-time systems.  The stability comes in a 

controlled environment but controlled environment is not possible in real time operations. 

Linearity or predictable behaviour is also not possible at any instant. We are assuming that the 

stable and linear behaviour of system is possible at controlled or constant initial condition, but 
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question is appears when, initial conditions are changed. In this framework chaos is came into the 

picture. The chaos means unpredictable phenomena or instability, in which system give different 

results when some parameter is changed i.e. deterministic system, gives unpredictable outcomes. 

If you change any internal system parameter then system behaviour is changed qualitatively, it 

simply called as Bifurcation [3].    

 

The power electronics is also faces the chaotic effect. The chaos is due to the switches; feedback 

and storage element such as capacitor, inductor and memristor; lumped as well as distributed [11-

12]. Bifurcation phenomena having two types, first is smooth bifurcation phenomena and other is 

border collision bifurcation phenomena. In smooth bifurcation, the system stability degrades 

without structural changes and in border collision bifurcation; the system stability degrades with 

structural change [24]. For controlling of chaos there are different methods are available in the 

literature such as, slope compensation method [25], modulated off-time current mode control 

technique [26], linear state-feedback control method [27], self-inductor current feedback method 

[28] and dynamic feedback control method [29]. 

 

4. STUDY OF BIFURCATION PHENOMENA IN BOOST CONVERTER  
 
Bifurcation theory was originally developed by Poincaré [3]. It describes the qualitative change in 

system behaviour when one or more parameters are changed. These system parameters are 

popularly known as system state variables. The state space variable and controlled variable graph 

is called as state control space. In this state control space, locations at which bifurcations occur 

are called bifurcation points [3, 13, 30]. Basically the boost converter is a nonlinear system and it 

having complicated steady state behaviour which some time called as chaos [3, 30]. For study of 

bifurcation of single stage boost converter, the current through inductor (IL) is considered as state 

variable. The IREF is considered as a controlled variable [3, 30]. The following figures show the 

variation of input voltage (VIN) and load resistance (RL) along with the corresponding effect on 

bifurcations diagrams of single stage boost converter.  

 

4.1 Variation of Input Voltages 
 

In this case the input voltage is varied and other parameters are kept fixed. The detail parameter 

declaration is depicts in table 1.  

 

Table 1: Parameter for Case No- 1 (Variation of Input Voltage VIN) 

 

Sr. No Parameter Values 

1.  Inductor (L) 1 mH 

2.  Capacitor (C)              5 μF 

3.  Load Resistance (RL)              10 Ω 

4.  Switching Frequency (F) 10 KHz 
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a) VIN = 5 V          b)  VIN = 10 V 

       

c)  VIN = 15 V                                                  d)  VIN = 20 V 

       

Figure 2 (a, b, c and d): Bifurcation diagram for Inductor Current (IL) with reference current (IREF) as the 

control Variable. Here the input voltage (VIN) is varied and other parameters are kept fixed. In this case 

current through inductor (IL) is considered as state variable and the reference current (IREF) is considered as 

a controlled variable. The graph of IL and IREF is called as state control space. The red solid line in the figure 

respect to A, B and C represent the period- 1 bifurcation, period- 2 bifurcation and period- 3 bifurcation 

respectively. 

 

4.2  Variation of Load Resistances 
 

In this case the load resistance is varied and other parameters are kept fixed. The detail parameter 

declaration is depicts in table 2.  

 

Table 2: Parameter for Case No- 2 (Variation of Load Resistance) 

 

Sr. No Parameter Values 

1.  Inductor (L) 1 mH 

2.  Capacitor (C)              5 μF 

3.  Input Voltage (V)              10 V 

4.  Switching Frequency (F) 10 KHz 
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a) RL= 15 Ω                                                     b)  RL= 20 Ω 

 

         

c)  RL= 25 Ω                                                       d) RL= 30 Ω 

         

Figure 3 (a, b, c and d): Bifurcation diagram for Inductor Current (IL) with reference current 

(IREF) as the control Variable. Here the load resistance (RL) is varied and other parameters are 

kept fixed. In this case current through inductor (IL) is considered as state variable and the 

reference current (IREF) is considered as a controlled variable. The graph of IL and IREF is called as 

state control space. The red solid line in the figure respect to A, B and C represent the period- 1 

bifurcation, period- 2 bifurcation and period- 3 bifurcation respectively.  

 

5. ANALYSIS OF NONLINEAR DYNAMICS IN BOOST CONVERTER WITH 

RESPECT TO PARAMETER VARIATION 
 

The fig. 2 and 3 (a, b, c and d) represent the bifurcation diagram for Inductor Current (IL) as a 

state variable and IREF as the control Variable. The effect of supply voltage variations on 

bifurcation diagram is presented in the fig.2 and the effect of load resistance variations on 

bifurcation diagram is presented in the fig.3. The supply voltage (VIN) is varied from 5 V to 20 V 

and corresponding effect is depicted in the same figures (fig.2). On the same ground, load 

resistance varied from 15 Ω to 30 Ω and corresponding effect is depicted in the same figures 

(fig.3). The red solid line A, B and C represent the period- 1 bifurcation, period- 2 bifurcation and 

period- 3 bifurcation respectively. It is clearly shown from above fig. 2, as the supply voltage 

(VIN) increases corresponding bifurcation points are also shifted in increment order and it become 

chaotic after period- 3 bifurcations in each case. It is found that from fig. 3, as load resistance 

increases the period- 3 bifurcation point is shifted in decrement fashion. Hence for stable 

operation of boost converter, the load resistance should be minimum in the circuit. The table 3 
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shows the numerical relationship between period-bifurcation and corresponding IREF and IL with 

variations of supply voltage (VIN).  
 

Table 3: Relation between Period-Bifurcation and Corresponding IREF and IL with Variations of 

Supply Voltage (VIN). 
 

Supply 

Voltage 
Period-Bifurcation IREF in Amp. IL in Amp. 

5 V 

Period- 1 Bifurcation 0.80 0.70 

Period- 2 Bifurcation 1.25 1.20 

Period- 3 Bifurcation 1.35 1.30 

10 V 

Period- 1 Bifurcation 1.60 1.50 

Period- 2 Bifurcation 2.50 2.60 

Period- 3 Bifurcation 2.65 2.80 

15 V 

Period- 1 Bifurcation 2.40 2.20 

Period- 2 Bifurcation 3.70 3.80 

Period- 3 Bifurcation 4.00 4.10 

20 V 

Period- 1 Bifurcation 3.20 2.90 

Period- 2 Bifurcation 5.00 5.20 

Period- 3 Bifurcation 5.40 5.60 

 

It is clearly evident from table 3, as the input supply voltage increases from 5V to 20V the 

Period- 3 Bifurcation point is also increasable shifted. The shifting of Period- 3 Bifurcation points 

means the chaotic behaviour of boost converter is also shifted. It is become unstable or chaotic 

system after Period- 3 Bifurcation points. These phenomena indicate the chaotic behaviour of 

boost converter in the presence of input voltage variations. The table 4 shows numerical details of 

period-bifurcation, reference current (IREF) and Inductor current (IL) with variations of load 

resistance (RL).  
 

Table 4: Relation between Period-Bifurcation and Corresponding IREF and IL with Variations of 

Load Resistance (RL) 

 

Load 

Resistance 
Period-Bifurcation IREF in Amp. IL in Amp. 

15 Ω 

Period- 1 Bifurcation 1.30 1.00 

Period- 2 Bifurcation 2.00 2.00 

Period- 3 Bifurcation 2.35 2.40 

20 Ω 

Period- 1 Bifurcation 1.15 0.90 

Period- 2 Bifurcation 1.70 1.85 

Period- 3 Bifurcation 2.10 2.05 

25 Ω 

Period- 1 Bifurcation 1.10 0.80 

Period- 2 Bifurcation 1.60 1.80 

Period- 3 Bifurcation 1.90 1.95 

30 Ω 

Period- 1 Bifurcation 0.90 0.60 

Period- 2 Bifurcation 1.50 1.50 

Period- 3 Bifurcation 1.70 1.80 
 

The table 4 shows the effect on period-bifurcation by variation of load resistance (RL). It is found 

that as a load resistance increase, the period-bifurcation points are decreasingly shifted towards 

origin value. The region above the period-3 bifurcation is considered as a chaotic region of boost 

converter. The region above the period-3 bifurcation simply treated as an unstable region of boost 

converter in the case of load resistance variation.  
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6. CONCLUSIONS 
 

This paper presents study of nonlinear dynamic in the boost converter. The period-bifurcation 

diagram and chaotic effects are clearly seen in the fig. 2 and 3. It is clearly evident from the fig. 2 

(a, b, c and d) and table 3 that for stable operation of any boost converter the input supply voltage 

must be high but in the permissible limit. It is also clearly indicate from the fig. 3 (a, b, c and d) 

and table 4 that for stable operation of any boost converter the load resistance must be minimum. 

The basic principle behind the boost converter is to boost the supply voltage hence there is some 

practical limitation in providing the supply voltage, but in the view point of stability 

consideration the keeping the load resistance minimum is the natural choice.  
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