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Abstract 
 
     This paper presents a new topology for parallel PWM DC/DC buck converter. The 
topological structure and operation principle of the proposed approach are presented. 
The stability analysis including Bode plot diagram technique is used to study the 
performance of this topology.Various design criteria are discussed and verified by 
computer simulations. It is found that the results are satisfactory, and the proposed 
topology can be used in high power applications by selecting the applicable values of the 
controller parameters and number of parallel modules which are needed. 
 ʝلʳʯʴʸال 

الʳافʞ للʱهʗ والǺ ʥʸʷʸعʙض الʹʷʮة  DC/DCدائʙة تʤȜʲ لʸغʙʻ القʗرة الʦʯʸازȂة ʤʻʸʶʯ تʥʸʷ الʖʲʮ اقʙʯاحا ل       
Ȃارʙقʯراسة اسʗد لʦب Ȋʠʳة مʻʹام تقʗʳʯاس ʤا تʸؕ .ةʙائʗال ʣل تلʸأ عʗʮةمع م  ʤȜʲʯالــ ʤمعــال ʥلفــة مــʯʳم ʤʻمة ولقــʦʢʹʸال

 ʦʯة على الʟʦȁʙʸات الʙʻغʸد الʗولع .ȏة ازʵمʹاق ʤة.تʻȁʦاســʲاكــاة الʲʸب  الʦام أســلʗʳʯاســǺ مʹها Ȗقʲʯلفة والʯʳم ʙʻمعاي 
ʕــائج كانــʯʹلــةمق الʦʮ  اتʙــʻغʸد الʗــادة عــȂز ȖــȂʙʟ ʥــة عــʻرة العالʗات القــʙــʻغʸامها  لʗʳʯاســ ʥــȜʸǻ حــةʙʯقʸة الʙائʗوان الــ

.ȏازʦʯة على الʟʦȁʙʸال  
  

Introduction 
 

     The parallel DC/DC converters have gained increasing attention in the past few years for 
high power applications [1]. Numerous topologies to realize these converters had been 
introduced and widely studied [2]. Many advantages are provided in using the parallel DC/DC 
converter, which can be summarized as follows: 
 
i- Increasing the capability of power processing. 
ii- Improved reliability due to more even distribution of stresses. 
iii- Enhanced availability from the fault tolerance for the system against the failure of a single 
converter. 
 
     Stability and transient response simulation of the democratic and master slave current 
sharing had been discussed in [3].  
 
     The parallel operation of DC/DC converter using 3-phase rectifier units for 
telecommunication application was also achieved [4].  
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     In this paper, a new topology of parallel PWM DC/DC buck converter is studied. The 
operation and mathematical analysis are performed for the proposed topology. The stability 
analysis including Bode plot diagram has been presented for different controller parameter 
values.  
 
     The Laplace transform method with numerical method is used to analyze the response of 
the converter topology. 

 
Small – Signal Model 

 
     There are several topologies of DC/DC converter, but PWM DC/DC buck converter is 
widely used for electronic power supplies [5], since it has simple construction and can be 
easily controlled. 
 
      Fig. (1) presents an open-loop DC/DC buck converter, in which the desired output voltage 
is small compared to the typical input voltage level. It has a voltage source input and current 
source output. 

 Fig. (1): Single module PWM DC/DC Converter 
 

     The transfer function of this small-signal model of PWM DC/DC converter can be derived 
from the average model of the converter and by assuming that the converter is operated in 
continuous condition mode only, as follows: 
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     The state variables of the average converter model can be written as a nominal value plus a 
small time varying perturbation as follows: 
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     So equations (1), (2), and (3) can be rewritten as follows: 
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     Now, the transfer function of open-loop output voltage can be obtained using Laplace 
transforms: 
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co = L C rc+ R C L  ;  
c1 = (L + rL rC C+ R C rL+ R C rC)/co    ;    c2 = (rL+R)/co  ;  c3 = 1/(C rC)  ;    c4 = rL / L  ; 
c5 = R C rc /co   ; and  
c6 = R C rc L / co  
Parallel Topology 
     The configuration of the paralleling topology is shown in Fig. (2) for two  modules PWM 
buck converter common with the same output capacitor. 
      Each module contains a buck power stage, PWM modulator inductor current sensor with 
gain ( Ki ), and subtractor. 

 Fig. (2): The proposed system  
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     A common PI controller for all modules is used. The sensed inductor current of each 
converter is subtracted from the output of the common PI controller. The output of the 
subtractor feeds a PWM modulator circuit to generate pulses to the desired switching 
transistor.This parallel topology can be studied using the equations (1) to (7) which are  
derived above for the small-single model of the converter. Bode plot diagram technique is 
used to analyze the stability of  the topology. The following three criteria for close-loop 
performance are considered: 

 i- Open-loop transfer function G(S)H(s). 
ii- Dynamic line response Δvo /Δvi. iii- Output impedance   Δvo /Δio  
     In order to analyze the parallel topology, the following assumptions are taken: 
 
Kii = Ki1 - Ki2  ;  U1 = U2 = U = 1/n  ; and  Vr1 = Vr2 = Vr 
 
     The PI controller is presented by (Kp + Kin/s). From equation (7), the three criteria of the 
closed-loop can be derived as follows: 
 
1- The control response ( open loop ) transfer function of the system is : 
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2- The dynamic line response of the system is: 
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3- The dynamic load behavior (output impedance) of the system is: 
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C = 470 μF ,  L = 100  μH  , Vi = 20 V, 
 rc = 0. Where  
c7 = c1 + c5 Vi (Kp+c14)  ;   c8 = c2 + c5 Vi ( Kin + Kp c3 + c14 c15 Ki)  ;  c9 = R Vi Kin / co c10 = c4 + c5 Vi Ki / c6 c11 = ( Kin + Kp c3 + c14 c15 Ki ) c12 = Kin c3 / c16 c13 = c5 c12 c14 = 1/R + 1/rc c15 = c3 / (R c14) c16 = Kp+c14 Kin 
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     The parameter of the power stage of the converter are selected as follows: 
C = 470 μF ,  L = 100  μH  , Vi = 20 V, 
 rc = 0.04 Ω  , rL = 0.04 Ω  , and Vo = 10 V 
 
     The stability of the system is detected by determining the cross over frequency and the 
phase margin. This can be derived from equation (8), as follows: 
     w6  + c17 w4 + c18 w2  = c19      ……….… (11) 
where 
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     When one solving equation (11) using Newton’s method,  the cross over frequency of the 
system is obtained. This value of frequency will be used in equation (8) to determine the 
phase margin of the system. 
 Results 
 
     The Bode plots diagram for the control transfer function G(s)H(s) and for different values 
of the controller parameters are shown in Fig. (3). It is shown that the variation in the 
controller parameters and in the number of module (n) will keep system in the stable region 
and only the cross over frequency is changed. 
 

    Fig. (3): Bode plots of control response when R = 1 Ω 
(a) Different values of Ki, n=2, Kp=0.1,and Kin=100  (b) Different values of Kp, n=2, Ki=0.1, and Kin=100 
(c) Different values of Kin, n=2, Kp=0.1,and Ki=0.1  (d) Differen values of n, Kp=0.1, Ki=0.1,and Kin=100 
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     The dynamic line response and the dynamic load behavior of the system for different 
number of paralleling converters are shown in Fig. (4). This figure shows that the perturbation 
introduced in the input supply voltage or load disturbance has approximately the same effect 
on the system for different number of modules. 
 

    Fig. (4): Bode plots when R=1Ω, Kp= 0.1, Ki=0.1, and Kin=100 
(a) Dynamic line response   (b) Dynamic load behavior  

      The inductor current of the two paralleling converters is shown in Fig. (5). This figure 
shows that the system is stable when Kin = 100. 
  

 Fig. (5): Inductor current and output voltage when n=2, R = 1 Ω, 
Kp = 0.1, Ki1=Ki2=0.1,Kin=100, and Vr=10 V (I) Converter 1. (II) Converter 2 

 
Conclusion 

 
     In this paper, a new topology of parallel PWM DC/DC buck converter is presented. The 
stability analysis including Bode plot diagram has been discussed using a small-signal model. 
The computer simulation results indicate that the parallel topology is stable for wide range of 
controller parameters, and the increase in the number of parallel modules has a small effect on 
the stability. It is clear that the system has satisfactory results and can be used in high power 
applications. 
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List Of Symbols 
 
C     Smoothing capacitor, F.                           Ic      Common reference current, A. 
D     Duty cycle.                                               Kin   Integral controller gain. 
D1,D2 Converter diodes.                                 Kp    Proportional controller gain. 
Δd    Perturbed duty cycle value.                      Ki    Current controller gain. 
ΔiL   Perturbed inductor current value, A.        L     Converter inductor, H. 
Δio   Perturbed output current value, A.           R     Load resistance, Ω. 
Δvi   Perturbed input voltage value, V.             rc    ESR of the smoothing capacitor, Ω. 
Δvo  Perturbed output voltage value, V.           rL Converter inductor series resistance, Ω. 
Δvr   Perturbed reference voltage value, V.      t      Instantaneous time, sec. 
Fs     Switching frequency, Hz.                         Ts    Total switching period time, sec. 
iL     Inductor current, A.                                   vc   Feed-forward signal, V. 
Ir     Reference value for the direct                    Vi    Input voltage, V. 
       clipping current, A.                                    Vr   Input reference voltage, V. 
Vo   Output voltage, V. 
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