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In this paper, period-doubling bifurcation in a two-stage power factor correction converter is analyzed by using

the method of incremental harmonic balance (IHB) and Floquet theory. A two-stage power factor correction converter

typically employs a cascade configuration of a pre-regulator boost power factor correction converter with average current

mode control to achieve a near unity power factor and a tightly regulated post-regulator DC–DC Buck converter with

voltage feedback control to regulate the output voltage. Based on the assumption that the tightly regulated post-

regulator DC–DC Buck converter is represented as a constant power sink and some other assumptions, the simplified

model of the two-stage power factor correction converter is derived and its approximate periodic solution is calculated

by the method of IHB. And then, the stability of the system is investigated by using Floquet theory and the stable

boundaries are presented on the selected parameter spaces. Finally, some experimental results are given to confirm the

effectiveness of the theoretical analysis.
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1. Introduction

In engineering applications, the power factor cor-
rection (PFC) converter is one of the basic require-
ments of power systems since it can force the input
current to follow the input voltage to obtain a near
unity power factor. Therefore, many topologies of
PFC converter and various control methods have been
proposed in Refs. [1]–[7]. In general, by considering
tight output regulation, there are two types of typical
active PFC converter,[5−7] i.e., single-stage PFC con-
verter, and two-stage PFC converter. For the single-
stage PFC converter, the pre-regulator PFC converter
and the post-regulator DC–DC converter share the
same control circuit to reduce the cost and complex-
ity. However, the low efficiency and the variation
of the bulk capacitor voltage lead to its limitation
in practice. For the two-stage PFC converter, the
pre-regulator PFC converter and the post-regulator
DC–DC converter has its own control circuit, and ac-

cordingly it can achieve both power factor correction
and output regulation, and this leads to many advan-
tages, such as low total harmonic distortion (THD),
high power factor, and constant bulk capacitor volt-
age. Thus, the modeling, dynamical behaviours, and
control methods of the two-stage PFC converter have
received a great deal of attention. Especially, since
the complex behaviours in PFC converter will have
an adverse effect on its performance,[8−17] the complex
behaviours in the two-stage PFC converter have also
been more and more concerned in recent years.[18−21]

For example, Orabi et al. pointed out that the period-
doubling bifurcation, which occurs at the line fre-
quency, could be observed in the two-stage PFC con-
verter through computer aided simulations and cir-
cuit experiments.[18] Chu et al. proposed the double-
averaging method to analyse this period-doubling bi-
furcation theoretically and gave the critical condition
of the stable operation for practical design.[20] How-
ever, if the accuracy of the results is highly improved
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or the original system is very complex, the double-
averaging method may be too difficult to identify the
type of instability. Most importantly, the two-stage
PFC converter is a periodic structural vibration and
thus the solution of the system is also periodic. Ac-
cordingly, if we use a more general method to directly
analyse the stability of the periodic orbit of the sys-
tem, the results will be more straightforward and eas-
ier to understand. Note that only the period-doubling
bifurcation at the line frequency, which is generally
called slow-scale instability,[18−20] is concerned with
in this paper.

The incremental harmonic balance (IHB), which
was originally developed by Lau et al.[22] for treat-
ing periodic structural vibrations and widely applied
to tackle different kinds of dynamic problems,[23−27]

is a semi-analytical method and is remarkably effec-
tive in computer implementation for obtaining the
periodic solutions. For example, Ge et al. utilised
the method of IHB and Floquet theory to investigate
the bifurcation and chaotic responses in a single-axis
rate gyro mounted on a space vehicle.[23] Raghothama
et al. used the IHB to investigate the periodic mo-
tions of nonlinearly geared rotor-bearing system.[24]

The method was also applied by Shen et al. to in-
vestigate the bifurcation and the route-to-chaos of
Mathieu–Duffing oscillator.[27] In this paper, we ap-
ply the method of IHB and Floquet theory to investi-
gate the period-doubling bifurcation in the two-stage
PFC converter, i.e., the approximate periodic solution
of the simplified model is calculated by the IHB, and
the stability of the system is identified by using the
Floquet theory.

The rest of the paper is organized as follows. In
the next section, the simplified model of the two-stage
PFC converter under some assumptions is derived. In
Section 3, the approximate periodic solution of the
simplified model is calculated by the IHB and the sta-
bility of the system is identified by Floquet theory. In
Section 4, the period-doubling bifurcation in the cir-
cuit system is analysed and some typical figures are
given. In Section 5, some experimental data are given
to confirm the effectiveness of the method of IHB and
Floquet theory. Finally, some concluding remarks and
comments are given in Section 6.

2. Two-stage PFC converter and
its simplified model

A two-stage PFC converter typically consists of
a pre-regulator Boost PFC converter with average

current mode (ACM) control and a post-regulator
DC–DC Buck converter with voltage feedback con-
trol, as depicted in Fig. 1. Obviously, this system is
a rather complex nonlinear one for theoretical analy-
sis. Fortunately, if the DC–DC Buck converter is well
controlled, the tightly regulated DC–DC Buck con-
verter under a fixed load condition can be replaced by
a constant power sink,[18,20] and its detail is shown in
Fig. 2. Note that the ACM control is usually realized
by IC UC3854.[28]

PFC

Boost

converter

DC-DC

Buck

converter

voltage

feedback

control

average

current

control

load

tightly regulated DC-DC

Buck converter

Fig. 1. Schematic of the two-stage PFC converter.

The constant power sink can be described as fol-
lows.

iPFC =
P0

ηvPFC
, (1)

where vPFC is the output voltage of the pre-regulator
boost PFC stage, P0 is the constant power, iPFC is the
current through the constant power sink, and η is the
efficiency of the DC–DC Buck converter. One can see
that the constant power sink has a negative impedance
characteristic since the current iPFC decreases when
the voltage vPFC increases, and vice versa. This is dif-
ferent from a pre-regulator PFC converter with a resis-
tive load, so that we cannot simply extend the stability
conditions of a pre-regulator PFC converter with a re-
sistive load to a practical two-stage PFC converter.[19]

In other words, the stability of the two-stage PFC con-
verter should be reconsidered completely.

The system in Fig. 2. is also a high order piece-
wise one with low frequency excitation signal even
if the post-regulator DC–DC Buck converter is re-
placed by a constant power sink. Thus, without losing
the main dynamical behaviours, the following two as-
sumptions should be made for simplicity.

(i) All the components in the system are regarded
as ideal and the voltage across the sensing resistor Rs

is ignored. Also, the efficiency of the DC–DC Buck
converter is assumed to be 100%, i.e., η ≈ 1. Ad-
ditionally, the output of the second-order filter vff is
regarded as a constant value since its ripple is very
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Fig. 2. Boost PFC converter terminated by a constant power sink.

small. Its value is[28]

Vff =
0.9Rff3

Rff1 + Rff2 + Rff3
Vin, (2)

where Vin is the root-mean-square (rms) value of the
input voltage.

(ii) The system only operates in continuous con-
duction mode (CCM). Also, if only the period-
doubling bifurcation occurring at the line frequency
is considered and the current compensator is well de-
signed, the current iin can be considered as following
the current programming signal iref linearly.[20]

Under the above two assumptions, the simplified
model can be obtained as

dvvf

dt
= − vvf

CvfRvf
+

( 1
CvfRvf

+
Rvi + Rvd

RviRvdCvf

)
Vref1

− 1
RviCvf

vPFC,

dvPFC

dt
= − P0

C1vPFC

+
RmoV

2
in(1 − cos(2ωlt))

RsV 2
ff RacC1vPFC

(vvf − 1),

(3)
where ωl is the angular frequency, vvf is the output
voltage of the voltage compensator of the ACM con-
trol, and Vref1 is the desired reference voltage of the
pre-regulator boost PFC stage. Obviously, the ob-
tained simplified model is a nonlinear non-autonomous
system.

3. Theoretical derivations

First, the periodic solution of the simplified model
of the two-stage PFC converter is derived by using the
IHB method. And then, the stability of the circuit
system is identified by using Floquet theory.

3.1. Formulation for IHB

Let ω0 = 2ωl and τ = ω0t. the simplified model
(3) of the two-stage PFC converter can be rewritten
as follows:

v′vf = − α

ω0
vvf +

F1

ω0
− β

ω0
vPFC,

v′PFC = − F2

ω0vPFC
+

γ

ω0vPFC
(vvf − 1)(1 − cos(τ)),

(4)
where v′vf = dvvf/dτ , v′PFC = dvPFC/dτ , α =
1/CvfRvf , β = 1/RviCvf , γ = RmoV

2
in/C1RsV

2
ff Rac,

F1 =
( 1

CvfRvf
+

Rvi + Rvd

RviRvdCvf

)
Vref1,

and F2 = P0/C1.
From the first equation of Eq. (4), the solution for

vPFC can be derived as

vPFC = −ω0

β
v′vf − α

β
vvf +

F1

β
. (5)

Substituting Eq. (5) into the second equation of
Eq. (4) yields
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ω3
0v′′vfv′vf + αω2

0(v′vf )2 + αω2
0v′′vfvvf + α2ω0v

′
vfvvf

− F1ω
2
0v′′vf − F1αω0v

′
vf

= −β2F2 + β2γ(vvf − 1)(1 − cos(τ)), (6)

where v′′vf = d2vvf/dτ2.
Let

vvf = Vvf + ∆vvf , (7)

where Vvf is the guessed solution and ∆vvf is the in-
cremental part. By substituting Eq. (7) into Eq. (6)
and ignoring the higher-order terms of ∆vvf since
their values are very small, the following incremental
equation is derived

K1∆v′′vf + K2∆v′vf + K3∆vvf = M1 + M2, (8)

where

K1 = (ω3
0V ′

vf + αω2
0Vvf − F1ω

2
0), (9)

K2 = ω3
0V ′′

vf + αω2
0V ′

vf + αω2
0V ′

vf

+ α2ω0Vvf − F1αω0, (10)

K3 = αω2
0V ′′

vf + α2ω0V
′
vf − γβ2(1 − cos(τ)), (11)

M1 = −ω3
0V ′′

vfV ′
vf − αω2

0V ′′
vfVvf + F1ω

2
0V ′′

vf

− αω2
0V ′

vfV ′
vf − α2ω0V

′
vfVvf + F1αω0V

′
vf , (12)

M2 = −β2F2 + β2γ(1 − cos(τ))(Vvf − 1). (13)

Let the voltage Vvf and ∆vvf be expressed in the fol-
lowing harmonic series of τ

Vvf = a0 +
N∑

n=1

[an cos(nτ) + bn sin(nτ)], (14)

∆vvf = ∆a0 +
N∑

n=1

[∆an cos(nτ) + ∆bn sin(nτ)], (15)

where N is a natural number and is to be determined
in the required accuracy, ∆an and ∆bn are the incre-
ments of an and bn, respectively.

Define

E =
[
cos(0), cos(τ), . . . , cos(Nτ), sin(τ), . . . ,

sin(Nτ)
]
, (16)

A = [a0, a1, . . . , aN , b1, . . . , bN ] , (17)

∆A = [∆a0,∆a1, . . . , ∆aN ,∆b1, . . . , ∆bN ] . (18)

Thus

E′ = [0,− sin(τ), . . . ,−N sin(Nτ), cos(τ), . . . ,

N cos(Nτ)], (19)

E′′ = [0,− cos(τ), . . . ,−N2 cos(Nτ),− sin(τ), . . . ,

− N2 sin(Nτ)]. (20)

Hence

Vvf = EAT, V ′
vf = E′AT, V ′′

vf = E′′AT, (21)

∆vvf = E∆AT, ∆v′vf = E′∆AT,

∆v′′vf = E′′∆AT. (22)

Substituting Eqs. (21) and (22) into Eqs. (8)–(13) re-
spectively, the following equations can be obtained

K1E
′′∆AT + K2E

′∆AT + K3E∆AT

= M1 + M2, (23)

K1 = (ω3
0E′AT + αω2

0EAT − F1ω
2
0), (24)

K2 = ω3
0E′′AT + 2αω2

0E′AT

+ α2ω0EAT − F1αω0, (25)

K3 = αω2
0E′′AT + α2ω0E

′AT

− γβ2(1 − cos(τ)), (26)

M1 = −ω3
0E′′ATE′AT − αω2

0E′′ATEAT

+ F1ω
2
0E′′AT − αω2

0E′ATE′AT

− α2ω0E
′ATEAT + F1αω0E

′AT, (27)

M2 = −β2F2 + β2γ(1 − cos(τ))(EAT − 1). (28)

With the implementation of the Galerkin
procedure,[27] the differential equation of the system
becomes∫ 2π

0

ET(K1E
′′ + K2E

′ + K3E)∆ATdτ

=
∫ 2π

0

ET(M1 + M2)dτ . (29)

Since the term ∆AT has no relation to τ , the
above expression can be changed into the following
form

K∆AT = M , (30)

where

K =
∫ 2π

0

ET(K1E
′′ + K2E

′ + K3E)dτ, (31)

M =
∫ 2π

0

ET(M1 + M2)dτ . (32)

Also, since the matrix K is full rank, the values
for ∆AT can be derived by multiplying both sides of
the Eq. (30) by K−1, i.e.,

∆AT = K−1M . (33)

First of all, an initial guess of the coefficients in
AT is centred upon Eq. (33) and the solution to ∆AT

is found. The solution to ∆AT are added to AT such
that

AT
h+1 = AT

h + ∆AT
h . (34)

The process is ended when the value of M is suffi-
ciently small. In this way, the solution to AT can be
calculated.
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3.2. Stability of the periodic solution

After obtaining the solution of AT, the steady
state of the simplified model is also obtained, which is
in periodic form, and its stability can be investigated
by introducing a small perturbation ∆vPFC to VPFC

and ∆vvf to Vvf , i.e.,

vPFC = VPFC + ∆vPFC, (35)

vvf = Vvf + ∆vvf , (36)

where Vvf has been given in Eq. (14) and VPFC is given
as follows:

VPFC =
N∑

n=1

[(nanω0

β
− αbn

β

)
sin(nτ)

−
(ω0nbn

β
+

αan

β

)
cos(nτ)

]
+

1
β

F1 −
α

β
a0. (37)

Thus, the following equations can be obtained by lin-
earization of Eq. (4) at (Vvf , VPFC).

V ′ = Y (τ)V , V = (∆vvf ,∆vPFC)T ∈ R2, (38)

where

Y (τ) =

 − α

ω0
− β

ω0

γ(1 − cos(τ))
ω0vPFC

F2 − γ(vvf − 1)(1 − cos(τ))
ω0v2

PFC

 .

(39)
Obviously, Y (τ) is a periodic matrix with the

same period as (Vvf , VPFC), i.e., Y (τ +T ) = Y (τ). If
Φ(τ) = [Φ1(τ),Φ2(τ)] is the fundamental solution to
Eq. (38), which satisfies the initial condition Φ(0) = I,
Φ(τ + T ) is also the fundamental solution. Therefore,
the relation between Φ(τ + T ) and Φ(τ) can be ex-
pressed as[27]

Φ(τ + T ) = TMΦ(τ), (40)

where TM is the transition matrix.
By taking τ = 0 and using Φ(0) = I, the transi-

tion matrix TM is written as

TM = Φ(T ). (41)

From the calculated eigenvalues of the transition
matrix TM , the stability of the system and the type of
bifurcation can be determined. If all the eigenvalues
are within the unit circle with its centre at the origin
of the complex plane, the periodic solution is stable.
Otherwise, the periodic solution is unstable. That
is, a bifurcation occurs.[29] For example, the period-
doubling bifurcation will occur if there is a real eigen-
value moving out of the unit circle in the negative di-
rection (cross at −1) with remaining eigenvalues stay-
ing inside the unit circle. The Hopf bifurcation will
occur if there is a pair of conjugate eigenvalues mov-
ing out of the unit circle with remaining eigenvalues
staying inside it.

First, the period T (= 2π) is divided into Nk

subintervals, and the k-th interval is ∆k = tk − tk−1,
where tk = Tk/Nk. And then, the value of the time-
varying Y (τ) can be approximated to the following
constant matrix in the k-th interval when Nk is cho-
sen to be sufficiently large since Y (τ) is continuous
with respect to τ . So, let

Yk =
1

∆k

∫ tk

tk−1

Y (τ)dτ ; (42)

the transition matrix TM is

TM =
1∏

i=Nk

[exp(Yi∆i)]

=
1∏

i=Nk

I +
Nj∑
j=1

(Yi∆i)j

j!

, (43)

where Nj denotes the number of terms in the approx-
imation of the constant matrix Yk exponential and

Yk =

 − α

ω0
− β

ω0

1
∆k

∫ tk

tk−1

[
γ(1 − cos(τ))

ω0vPFC

]
dτ

1
∆k

∫ tk

tk−1

F2 − γ(vvf − 1)(1 − cos(τ))
ω0v2

PFC

dτ

 . (44)

From the above derivations, one can see that the stability of the nonlinear non-autonomous system is
directly identified by detecting the stability of the obtained approximate periodic solution.

4. Bifurcation analysis

It is necessary to analyse the period-doubling bi-
furcation in detail so as to understand the nonlinear

phenomenon and to determine the boundaries about

the stable operation. Note that, since the objective of

the pre-regulator PFC converter is to achieve a near-
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unity power factor, the higher-order harmonic con-
tents can be ignored, and here we take N = 3. Addi-
tionally, we take Vin = 75 V, fl = 60 Hz, Ts = 10.9 µs,
L1 = 3 mH, Rs = 0.5 Ω, Rmo = 3.9 kΩ, Ri = 3.9 kΩ,
Rac = 620 kΩ, Rvi = 510 kΩ, Cvf = 44 nF, Rz =
30 kΩ, Cp = 220 pF, Cz = 1 nF, Rff1 = 910 kΩ,
Rff2 = 91 kΩ, Rff3 = 22 kΩ, C1 = 107 µF, Rvd =
33 kΩ, and P0 = 20 W.

First, the period-doubling bifurcation is generally
investigated as the variation of the resistance Rvf . Let
Rvf = 150 kΩ, the approximate periodic solution of
the simplified model is calculated by using the IHB,
the results are shown as follows:

Vvf =1.54248750270047 − 0.106091992117667 cos(τ)

+ 0.225259934801700 × 10−2 cos(2τ)

− 0.165169946946469 × 10−4 cos(3τ)

+ 0.257910642836605 × 10−1 sin(τ)

− 0.100366762695911 × 10−2 sin(2τ)

+ 0.212029740660364 × 10−4 sin(3τ), (45)

VPFC =143.664633399909

− 0.756555641813270 × 10−1 cos(τ)

+ 0.263039928190563 × 10−1 cos(2τ)

− 0.102006456066546 × 10−2 cos(3τ)

− 1.88269837433712 sin(τ)

+ 0.796375548269231 × 10−1 sin(2τ)

− 0.910461119027192 × 10−3 sin(3τ). (46)

Meanwhile, by comparing the results from the
IHB on the simplified model with the results from the
time-integration on the complete model, as plotted in
Fig. 3, it is found that it is reasonable and effective

to use the simplified model to replace the system ter-
minated by a constant power sink, when the current
compensator is well designed, and the IHB is used
effectively to calculate the approximate periodic solu-
tion of the simplified model. Also, it is reasonable to
choose N = 3 to describe the approximate periodic
solution and to assume that the system only operates
in CCM operation.

The eigenvalues of the transition matrix TM

can be obtained: λ1 = −0.4842046332, λ2 =
−0.5842778744. Obviously, the two eigenvalues are
staying inside the unit circle, and this leads to stable
operation of the system. But, when the value of the
resistance Rvf is varied, the eigenvalues of the transi-
tion matrix TM may change, as shown in Table 1 and
Fig. 4(a).

From Table 1 and Fig. 4(a), it is clear that there
is a real eigenvalue moving out of the unit circle in the
negative direction (cross by −1) with the remaining
eigenvalue staying inside the unit circle for increasing

Table 1. The eigenvalues for different Rvf .

Rvf/kΩ λ1 λ2 State

150.0 −0.4842046332 −0.5842778744 stable

170.0 −0.4484592726 −0.7318757010 stable

190.0 −0.4448330802 −0.8296477718 stable

210.0 −0.4471104033 −0.9076230096 stable

230.0 −0.4512533897 −0.9726551753 stable

239.4 −0.4534370222 −0.9997797017 stable

239.5 −0.4534606264 −1.0000579450
period-doubling

bifurcation

260.0 −0.4583524545 −1.0530372540 unstable
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138
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v
P
F
C
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V

Fig. 3. The solutions of the system by using time-integration for the complete model (solid line) and the IHB for the

simplified model (dashed line): (a) the voltage vvf and (b) the voltage vPFC.
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resistance Rvf . This denotes that the period-doubling
bifurcation occurs and the bifurcation point is Rvf =
239.5 kΩ. Therefore, the system will operate in stable
operation at Rvf < 239.5 kΩ. Otherwise, it will be
in unstable operation. Also, the above conclusion can
be obtained by the bifurcation diagram, as shown in
Fig. 4(b).

Furthermore, we record the critical value, at
which period-doubling bifurcation occurs, when the
other parameters varies at Rvf = 200 kΩ/250 kΩ,
as shown in Figs. 5(a), 5(b), and 5(c). One can ob-
serve that the stable region increases as Rvf decreases,
while the period-doubling bifurcation develops as C1

decreases (as Rvd increases, Rvi decreases, the Rff3

decreases, the output power P0 increases, and the Cvf

decreases).
Additionally, for the same circuit parameters and

Rvf = 250 kΩ, the comparison about the boundaries
in the parameter space of P0 versus Cvf between the
pre-regulator PFC converter with a resistive load and

the two-stage PFC converter are shown in Fig. 5(d).
It is found that the period-doubling bifurcation in the
two-stage PFC converter develops as the output power
P0 increases and its stable region is A1, but the one in
the pre-regulator PFC converter with a resistive load
develops as the output power P0 decreases and its sta-
ble region is A1+A2. Therefore, indeed we cannot sim-
ply extend the stability conditions of a pre-regulator
PFC converter with a resistive load to a practical two-
stage PFC converter.
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5. Experimental verification

To verify the theoretical analysis, an experimen-
tal circuit prototype of a two-stage PFC converter
is constructed. The pre-regulator boost PFC con-
verter under ACM control is accomplished by IC
UC3854, and the post-regulator DC–DC Buck con-
verter is controlled by a typical PI controller. The
full schematic diagram with detailed specifications in-
dicated is shown in Fig. 6. In our experiment, an Agi-
lent 10074C voltage probe is used to detect the voltage
vPFC, the voltage v0, and the voltage vvf . A Tektronix
A622 current probe is used to detect the inductor cur-
rent iin. An Agilent DSO-6014A digital oscilloscope is
used to display the signals from the probes.

Firstly, according to the dictation in Section 4, the

period-doubling bifurcation will occur with increasing
Rvf . In depth, as described in Table 1, the system will
operate in period-1 operation with Rvf < 239.5 kΩ.
Otherwise, it will operate in period-2 operation. Let
Rvf = 150 kΩ, which is smaller than the bifurcation
point, the time-domain waveforms of the inductor
current iin, the voltage vvf , the voltage vPFC, and the
voltage v0 are shown in Fig. 7(a). It is easy to see
that the system is in stable operation. Furthermore,
for convenience to compare the results from the cir-
cuit experiment with the results from the IHB on the
simplified model and time-integration on the complete
model (Fig. 3), the value of per vertical division about
the voltage vvf and the voltage vPFC are reduced, as
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Fig. 6. Full schematic diagram of the experimental circuit.
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Fig. 7. Measured waveforms from the circuit experiment for Rvf = 150 kΩ; (a) the inductor current iin (the first

channel: 1 V/div), the voltage vvf (the second channel: 2 V/div), the voltage vPFC (the third channel: 50 V/div),

and the voltage v0 (the fourth channel: 50 V/div), time scale: 10 ms/div; (b) the voltage vPFC (upper trace:

5 V/div) and the voltage vvf (lower trace: 500 mV/div), time scale 10 ms/div.
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Fig. 8. Measured waveforms from the circuit experiment for Rvf = 250 kΩ: (a) the inductor current iin (the first

channel: 1 V/div), the voltage vvf (the second channel: 2 V/div), the voltage vPFC (the third channel: 50 V/div),

and the voltage v0 (the fourth channel: 50 V/div), time scale 10 ms/div; (b) the voltage vPFC (upper trace: 5 V/div)

and the voltage vvf (lower trace: 500 mV/div), time scale 10 ms/div.

shown in Fig. 7(b). Obviously, the results from those
three aspects are in good agreement with one other.
But, when Rvf = 250 kΩ, which is bigger than the
bifurcation point, the experimental results are shown
in Fig. 8. It can be observed that the system is losing
stability and operates in period-2 operation.

Secondly, in order to obtain the boundaries of
the stable region, we locate the critical points where
period-doubling bifurcation occurs. Taking Rvf =
200 kΩ, we determine the values of C1 at the bifurca-
tion point for different values of Rvd. From the results
shown in Fig. 9, we see clearly that the experimental
data are also in good agreement with the theoreti-
cal results. Thus, it is confirmed that the method of
IHB along with Floquet theory is an effective semi-
analytical one to analyse the period-doubling bifurca-
tion in a two-stage PFC converter.
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Fig. 9. Stable boundaries in the parameter space of Rvd

versus C1 from the theoretical result (solid line) and cir-

cuit experiment (×).

6. Conclusion

The approximate periodic solution of the simpli-
fied model, which has been derived for a two-stage
PFC converter, has been calculated by using the IHB
method. Then, both the period-doubling bifurcation
and the bifurcation point are identified by Floquet
theory. The results of time-domain voltage waveform
from the time-integration, the IHB and the circuit
experiment are in good agreement with one other.
The results of the stable boundaries of the system
from the method of IHB and Floquet theory and cir-
cuit experiment are also in good agreement with each
other. In addition, by comparing with the double-
averaging method, it is found that the method of IHB
and Floquet theory is simpler, straightforward, easier
to understand and generally applied. Therefore, the
method of IHB along with Floquet theory is an ef-
fective semi-analytical method to analyse the period-
doubling bifurcation in a two-stage PFC converter.
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