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Abstract—This work is devoted to investigation of the power 
factor corrector’s (PFC) dual-loop control systems. Two control 
systems of PFC with different structures were studied: with main 
voltage and main current feedbacks. A subharmonic stability 
analysis has been performed for PFC based on conventional 
boost converter. However, the expression for input current of the 
storage inductor can be used for PFC based on zero-current 
switching quasi-resonant boost converter. The stability condition 
at the main subharmonic frequency has been formulated. The 
calculation results of the voltage change rate at the current loop 
input and factor of pulsations have been presented. The PFC 
subharmonic stability margin has been assessed and condition 
for choosing the reference voltage amplitude has been proposed.  

Keywords—boost converter; control system; current feedback; 
dual-loop control; energy efficiency; power factor correction 
(PFC); subharmonic stability; voltage feedback 

I. INTRODUCTION 

The studies devoted to the problems of energy efficiency 
and particularly on the development of power factor correctors 
(PFC) have increasing relevance worldwide. Thus, in Micro 
Grids an active rectifier with power factor correction must be 
used to resolve the problem of non-sinusoidal currents [1]. An 
energy efficiency analysis of various PFC circuits and its 
energy performance estimation under different control methods 
are quite important issues [2], [3]. 

A power part of the structure of PFC usually includes a 
two-stroke single-phase diode rectifier and high-frequency 
boost converter (Fig. 1). Its informational part comprises a 
control system, current and voltage sensors included in the 
corresponding feedback channels. Due to parameters inequality 
of rectifier diodes the basic subharmonic may appear in the 
output voltage curve, whose frequency is two times lower than 
the fundamental frequency of the rectified voltage. Since the 
filter units of PFC will not have a significant effect on its 
amplitude, under appropriate conditions (balance of amplitudes 
and balance of phases) the undamped self-oscillations may 
occur at the basic subharmonic frequency. 

Although the most of works are focused on analysis of the 
input current spectrum [4], [5] and dynamic processes in PFC 
[6], [7], unfortunately, there is quite limited amount of works 
devoted to the problems of PFC subharmonic stability [8], [9], 
[10]. In some articles these issues have not got enough 
attention [11]. 

 

Fig. 1. The power stage of the power factor corrector 

The causes of subharmonic oscillations in closed-loop 
structures of power electronics devices and possible ways to 
solve such problems are studied in details in [12]. 

The most of PFC systems as usual are built based on 
conventional boost converters [1], [3], [5], [9]. From the other 
hand, the PFC system based on zero-current switching quasi-
resonant boost converter is prospective subject for further 
research due to its high-frequency operation with high 
performance [4], [6], [13]. 

The input current spectrum analysis for PFC power stages 
based on conventional and quasi-resonant boost converters was 
performed in [4] and the regulation accuracy for dual-loop 
control systems of PFC was estimated in [13], that affects 
significantly on PFC overall energy efficiency. However, the 
issue of subharmonic stability of PFC with dual-loop control 
system remains omitted. 

Moreover, there are currently no works on PFC 
subharmonic stability analysis with proposed results which 
could be used for PFC based on conventional boost converter 
as well as for PFC based on zero-current switching quasi-
resonant boost converter. This work aims to address the 
mentioned challenge. 

II. CONTROL SYSTEMS DESCRIPTION 

By further analysis we will compare the subharmonic 
stability margin for dual-loop control system of PFC with main 
voltage feedback and main current feedback, which have the 
influence of the boost converter input voltage on the control 
system gain. 



 

)(nI
REF

CtrS

LF

L

RpС

R

1

REF
U

––

CS

┴ VSpW
CL

CVC

V C

)(nU

out
u

K
V

p K
C

p K
F
p

)(ni
in

)(nu
out

PE

 
(a) 

 
(b) 

Fig. 2. The structures of dual-loop automatic control systems of power factor correctors with main voltage feedback (a) and main current feedback (b) 

The structures of these PFC control systems are presented 
in Fig. 2. The blocks and symbols mean the following:
 ∆V, ∆C are voltage and current regulation errors;  
 KV(p), KC(p) are transfer functions of regulators in voltage 
and current loops;     
 CtrS is control system;     
 PE is pulse element;     
 KF(p) is transfer function of the forming element;  
 WVL(p), WCL(p) are voltage and current transfer functions 
of the load;      
 UREF, IREF are reference signals of the voltage and current 
loops;     

 U(n) U sin( n)M gω=  is the input voltage of boost 

converter; n = 1, 2, 3, ... N;   

 g g SТω ω= is the relative frequency of the grid voltage; 

 TS is working period of the power switch SW;  
 N is the number of switching periods within one period of 
the rectified voltage fundamental frequency;   
 RL is the load resistance;    
 CVC is current-voltage converter;   
 CS, VS are current and voltage sensors;   
 iin(n) is the input inductor current. 

There are two switching intervals within the working period 
of a boost converter associated with accumulation energy by 
inductor L (when switch SW is open) and transfer the energy to 
the load while it is connected to the mains (when switch SW is 
closed).  

The current and voltage transfer functions of the load for 
the second switching interval represented by (1) and (2) 
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In [6] the values of discrete transfer functions for open 
current ( )* ,1OCW z  and voltage ( )* ,1OVW z  loops, as well as for 

closed current ( )* ,1CCW z  and voltage ( )* ,1CVW z  loops for dual-

loop control system of PFC were obtained. Taking into account 
their values, the current transfer functions for closed-loop PFC 
control systems at the switching moment of pulse element ε = 1 
were obtained: for the main current feedback (3) and for the 
main voltage feedback (4). 
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After appropriate transformations using [6] one can write 
the complete expressions for PFC with main current loop (5) 
and main voltage loop (6): 
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where 0 0
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The control system gain at a relative switching period of 
boost converter equal to unity ( ) /CtrS SMK F n U= , where USM is 
a reference sawtooth voltage amplitude of the control system, 
F(n) is a factor of pulsations. Expressions (5) and (6) were 
obtained under condition KC(p) = KV(p) = 1 and the 
coefficients 1 2 3, ,С С СB B B , 1 2 3, ,V V VB B B were obtained in [14].  

Based on (5), (6) one can write the characteristic equations 
of the closed-loop control system of PFC for main voltage 
feedback (7) and main current feedback (8): 
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A high-frequency power switch in PFC is working with 

relative frequency 2Sω π= . It is known [14] that the discrete 
systems are characterized by the periodicity of the frequency 
response.  

This property is retained for the complex transfer function, 
and hence for the frequency response of the pulse system, i.e. 

( ) ( ) ( )* * *( 2 ), , ,R S RW j n W j W jω π ε ω ε ω ε+ = = , (9) 

where the relative frequency of the rectified voltage pulsations 
is R R RTω ω=  and R ST NT= . 

III.  SUBHARMONIC STABILITY ANALYSIS 

The abovementioned feature of the discrete systems allows 
investigating the PFC stability at the main subharmonic relative 

frequency Subω π= , which is two times lower than the relative 

frequency of the rectified voltage Rω π= , using the frequency 
characteristics obtained from equations (7), (8), in which 

cos sinSj
S Sz e jω ω ω= = + . 

For Sω π=  using (7), (8), one can write the values of PFC 
frequency characteristics at the main subharmonic frequency, 
which have the same values for the structures in question: 
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Thus, from (10) we obtain the PFC stability condition with 
the main voltage loop and main current loop at the main 
subharmonic frequency 
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Obviously, the PFC has infinite stability when U(n) → 0 
and minimal stability when U(n) reaches maximal value. In this 
case a significant effect on the region of subharmonic stability 
will have a factor of pulsations F(n). It largely depends on the 
rate of change of inductor current iL(n), which under small 
value of inductance and high input voltage may be significant. 

Let us find the value of factor of pulsations, using the rate 
of change of the inductor current iL(n) at the ON time point of 
pulse element (ε = 1). 

Under the analysis of processes in parallel pulse converter 

[13], the expression for steady state current 2( )Li t   was 

obtained (12) within the time interval 1n t nγ+ ≤ ≤ + , when 
the PFC load is connected to supply voltage. 
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Putting t n ε= +  and
S

t

T
ε ∆= , one can write: 
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where 1( ) ( )(1 ( ))Li n M n F γ −= − is an inductor steady state 

current at t n= , 
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For the PFC based on a zero-current switching quasi-
resonant boost converter, discussed in [4], [6], [13], 

coefficient 1
sin S

L

S

d
R

L ωω ε
= −

⋅
, where 

S S
Tω ω=  is the relative 

switching frequency and 
1

S

R RL C
ω = is the frequency of the 

resonant circuit.  

For the PFC based on a conventional boost converter 
(Fig. 1), e.g. investigated in [2], [3], [5], [7], where the resonant 
circuit is absent, coefficient d = 1. 



Expression (13) can be written as follows 
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where the coefficients ai are as follow: 
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A signal from the current sensor UCS(ε) = RCS·iL2(ε).  

In view of (14) one can write the rate of change of the 
current loop signal in the control system for ε = 1. 
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A factor of pulsations as known [14] is as follows: 
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Let us calculate the rate of change of the voltage applied to 
the current loop input in PFC control system and the factor of 
pulsations for the following conditions: 
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The results of calculation are presented in Table I. 

TABLE I.  VOLTAGE RATE OF CHANGE AND FACTOR OF PULSATIONS 

Values calculated for USM = 5V 
n 

a1 a2 a3 
dUCS(ε)/dε 
for  ε=1 

dUREF/dε F (n) 

125 4,67 48,6 133,7 -1,42 5 0,788 

250 8,34 87,1 239,6 -2,54 5 0,663 

375 10,56 110,0 303,3 -3,22 5 0,608 

500 11,79 122,9 337,9 -3,58 5 0,583 

 

As could be seen from Table I the factor of pulsations 
depends on the magnitude of the input voltage, however, this 
relationship is not abrupt.  

The factor of pulsations has a stabilizing effect on the 
system, since its value is less than unity. However, condition 
(11) in PFC, wherein the gain depends on the input voltage, is 
performed only for low voltage magnitudes.  

It is obvious that in such PFC the stability margin on the 
main subharmonic at USM = 5V is minimal. It can be seen from 
Table II, where 
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TABLE II.  ESTIMATION OF STABILITY PARAMETERS 

Values calculated for USM = 5V 
n U(n),

V 
ΣВ

V ΣВ
C N(M) F(n)/USM N(M)/U(n) 

125 118 8,19 4,512 0,463 0,1456 0,39·10-2 

250 219 8,19 4,512 0,463 0,1326 0,21·10-2 

375 286 8,19 4,512 0,463 0,1216 0,16·10-2 

500 310 8,19 4,512 0,463 0,1166 0,14·10-2 

 

To eliminate the dependence of the gain on the input 
voltage in the PFC with the main voltage feedback (e.g. IC 
UC3852) the special blocks are envisaged (rectified voltage 
squarer, voltage loop error divider, reference current 
multiplier). The output of the multiplier is connected to the 
input of the current loop.  

In this case the PFC subharmonic stability condition is as 
follows: 

( )
(M)

SM

F n
N

U
≤ .   (18) 

As could be seen from Table II, this condition at USM = 5V 
is performed for the entire range of input voltage. The selection 
of the reference sawtooth voltage amplitude of the control 
system, which will ensure the necessary subharmonic stability 
margin, could be performed based on this condition. 

In the performed analysis assumed that the transfer function 
of the current controller KC(p) = 1. In the case of IC UC3852 
there is a PI controller in this circuit, the output signal of which 
will affect the rate of change of the control signal. However, 
when you consider the factor of pulsations is determined in the 
mode of infinitely small variations of the control signal near 
the stationary state, then in the presence of proportional 
component of the signal at the output of the PI controller, the 
rate of its change will not be significantly different from the 
rate of change of the current iL(ε), (15). Therefore, the stability 
condition (18) can be also extended to such PFC as based on IC 
UC3852.  

In general case the factor of pulsations should be calculated 
taking into account the derivative of the controller output 
signal, that is its response for the input inductor current iL(ε). 

As for the PFC with the main current feedback, the 
performed analysis showed that its subharmonic stability 
margin does not differ from the PFC with the main voltage 
feedback. Conditions (11) and (18) are valid for both PFC's 
characteristic equations (7) and (8). 



IV.  CONCLUSIONS 

The power factor correctors with dual-loop control system 
were investigated in this work. Those power factor correctors, 
in which the open structure's gain depends on the input voltage, 
are stable at the main subharmonic frequency only under low 
input voltage values. 

The power factor correctors with the main current feedback 
and main voltage feedback, in which the gain of the open 
structure is independent from the input voltage, have the same 
stability margin at the main subharmonic. Its value is 
determined by the choice of the reference voltage amplitude in 
the control system.  
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