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Abstract:

This paper presents an implementation and control of a high power-factor and
fast dynamic transient response of the modular three-phase ac to dc converter using
three CUK rectifier modules with a small dc bus capacitor. The methodology aims at
finding the small dc bus capacitor which meets the desired system performance, with
power balance control technique. Modeling a modular three-phase rectifier system is
considered as the first step in the optimal sizing procedure. In this paper, mathematical
average small-signal model for characterizing modular three-phase rectifier is proposed.
Design of an analog controller for a small dc bus capacitor based modular three-phase
rectifier is presented. The controller senses the parameters of the proposed system, and
makes decisions about reject load and input voltage disturbances. The second step
consists in minimize the sizing of the dc bus capacitor according to the transient
response of dc bus output voltage and the delivered energy of capacitor concepts.
Considering various types and capacities of dc bus capacitor, which can meet the
desired system performance, are obtained by changing the type and size of the dc bus
capacitors. The proposed system with the dc bus capacitor 470 IF gives the optimal
choice. A 750 W laboratory prototype with 470 LF is implemented and tested to verify
the feasibility of the proposed system. The experimental results show that the proposed
system, meet the desired system performance. Therefore the system choice plays an

important role in cost reduction.

Keywords : «Three-phase power supply», «Harmonics», «Power factor correctiony,

«Rectifier», «Small dc bus capacitor».
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Distributed Control of Parallel AC to DC Converter
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Abstract - This paper presents the distributed control of
parallel AC to DC converter using power balance control
technique. Three single-phase CUK converters based on power
factor correction (PFC) are parallel connected at dc outputs, Each
converter operates in continuous conduction mode. The control
systems consist of the voltage loop control and hysteresis control
techniques apply to the current loop control. The microcontroller
is used to communication between each controller of each module
for adaptive power balance technique. The simulation results,
three of 250 W/module are as follows : the inductor current
sharing equally, fast transient response, tight de bus voltage
regulation, system modularity, redundancy and high power
factor. So, the simulation results are used to illustrate the
operation and investigation of the distributed control technique.

I. INTRODUCTION

Distributed power system (DPS) has been developed for
using in electronic and telecommunication systems. The
modular power converter has been paralleled in a DPS is used
to achieve the following characteristics: thermal management,
reliability, redundancy, modularity, maintainability and size
reduction [1]. A number of parallel connected single-phase
PFC has been developed such as Boost, SEPIC and CUK
converter. The AC to DC converter based on PFC approach of
the two-stage methods which can be divided the operation into
two stage: AC to DC and DC to DC. The first stage is a power
factor corrected to attain good input power factor. This stage is
cascaded with a DC to DC converter stage to tight output
voltage regulation [2]. However, the two-stage AC to DC
converter have some disadvantage such as the high cost,
increases its size, weight and low efficiency. So, the single
stage AC to DC converter has been improved for the dec DPS,
which an AC to DC converter is responsible for both input
high power factor and output voltage regulation.

The control of paralleling method for the power supply
module has been divided into two groups [3]. The first is droop
methods and the second is the active current sharing methods.
The paralleled converter modules has been investigated in
[4][5]. This focused on the current sharing methods, using
single-wire current-sharing and masterless control of the
converter modules respectively. The current sharing of the
paralleled converter modules can be used to centralized and
decentralized control [6]. The centralized control scheme
requires additional communication cable interconnected among
individual converter controllers to performing control
calculations, and then adjusting the output of each converter
modules for current sharing. This control have merit good the
current sharing but have a drawbacks of the reliability and
modularity of the system is degraded [6]. The decentralized
control, each converter module is independently controlled
based on the voltage droop method. This controller retains the
modular structure compared with centralized control. However,

078-1-4244-3388-9/09/$25.00 ©2009 [EEE
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this controller has drawbacks such as static trade-off between
power sharing and voltage regulation [6].

The distributed control exhibits merit both centralized and
decentralized control topologies. Architecture of the distributed
confrol has an external communication link between each
controller but no central controller. The advantages of the
distributed control are as follows : current sharing, redundancy,
reliability and system modularity.

This paper proposed the distributed control of parallel AC to
DC converter with CUK topology PFC based on power
balance control technique that the system is shown in Fig. 1.
The simulation configuration for investigating of the proposed
system is shown in Fig. 2. The power circuit and control
strategy are highlighted in section II. The averaged small signal
model of the CUK topology base on power balance control
technique is shown in section ITI. The voltage loop controller
designed in section IV. In section V the simulation results is
investigated of the proposed system. The conclusion is given in
section VI

II. PROPOSED TOPOLOGY AND CONTROL STRATEGY

A. The Power Circuit

The system schematic for a parallel single-phase AC to DC
converter is proposed as shown in Fig. 2. The power circuit is
CUK topology with parallel connected at dc bus of output
voltage.

Module # L

Load|

controller

Lot

Dagital control

Informatn Sigaal of Module ¥ 1

I

—

ModulaZ2n

H
-

Fig. 1. System configuration block diagram of DPS with distributed control.
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Fig. 2. Systems configuration of the proposed system.

B The Control Strategy of Distributed control

The system in Fig. 2, each modules is independently
controlled but its has communicating between each controller
of each modules. The detail of digital controller is shown in
Fig. 3(a). The communications are information signal such as
number of modules paralleled and detection of healthy or

faulty modules. Where N is the status of each module in the
DPS. If N, equal to 1 when each module is normally work.

then N, equal 0 when the overall module to malfunction.

Where N is total of N , used to the adaptive power balance

and than to achieve the current sharing of each module it is
equally. This is the detail shown in Fig.3 (b). According to the
voltage loop confroller the output voltage at the de bus has
been measured and compared to the reference voltage. The
voltage error is compensated by proportional-plus-integral (PI)
controller for an appropriate voltage controller. The peak of
mput current is computed based on power balance control
technique then summing an appropriate voltage controller. As
well as, the summation signal in the block diagram is
multiplied by a signal of absolute input voltage and than
compared to a signal of the input inductor current.

The resulting modulation signal is processed by a suitable
hysteresis current control, generating the driving signal to
control the switch.
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Information Signal of Module # 1._n

(a) Block diagram of control algorithms.
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I

Adaptive Power Balance

(b) The detail of an adaptive power balance.
Fig. 3. The distributed control of the proposed system.

ITI. AVERAGED SMALL SIGNAL MODEL [7]

The averaged small signal model of a parallel AC to DC
converter 1s based on power balance control technique. To
simplifier analysis, the assumptions are as follows, the
semiconductor is considered ideals, an operation of the
converter is steady state, the input current is controller to track
the reference current by the current controller to be in phase
with the input voltage. So, the equations of the power balance
control were considered as follows.

Vesz A (1)
f=]

j.f.:-q:‘h i;_n + "i"}? {2)

Threfti j{.._vm |5i“{(9-')] (3)



kV I

5 0T o

@

V. 1s the root mean square value of the rectifier voltage.

I, . 1s the root mean square value of the input inductor current.
n 1s number of converter in the system.
V. 1s the de bus output voltage.

I 1s the average load current.

1

o1y 18 the peak current from the inductor current calculator.

I, 1s the correcting signal from PI controller.

i 15 the mductor reference current.

Lref1i

k . 1s the roof mean square gain.

The assumptions are the peak cumrent of [, =1,,, =1,
thus.

VI

3,

Lli

Besides, the dynamic equation of the output voltage is
obtamed m (6), while 7,,, 1s the mductor current of L, and

I

Ioa

, 1s the load current.

Zn‘,[ %
i=1

V
C —=

o

(6)

load

IV. CONTROLLER DESIGN [7]

The analysis and design, the parameters of CUK converter
was considered and shown in table I. The objective of the
voltage loop used to the tight dc bus voltage regulator and an
appropriate signal controller of the reference current. So, the
mput current effected to track the input line voltage. Thus, the
control system of the voltage loop has been considered the
bandwidth of the voltage loop should be smaller than the line

frequency. A suitable crossover frequency is the interval of 1/3,

1/5 of the line frequency and phase margin usually more
than 45°, for the system 1s stable. In this paper, the phase
margin chose 70° and the crossover frequency equal to 10 Hz.
Thus,  the  parameters of PI  controller  are
K, =0.292 and K, = 6.667 respectively, while the feedback
gain isk, =1/4.8. Therefore, a closed loop system in [7] is

shown in an equation (7) and PI controller is shown in an
equation (8).

v 3G11?I_/;ks
Ry N (M
Ve V.Cs+3GV kK,
. . K
Gg(s) = K, + TI (8)

The parameters of the PI controller were designed in a
contimious and then transform to a discrete form using the
trapezoidal approximation [8]. The sampling time of digital
controller was 100 psec.
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TABLEI
CHARACTERISTICS OF THE CUK CONVERTER

Characteristic Parallel Modules
Input Voltage 220V,
Line Frequency 50 Hz

Rated Power 250 Watt/Module

Output Voltage -48V
Lll‘Lll"LlS 5 mH
L’l _LM_LH 1 mH
C11*C12'-C13 L[

@ 20000 pF
o
V. SIMULATION RESULTS

In order to verify the proposed system and control
algorithms has been simulated using MATLAB/Simulink. The
simulation system with a nominal output power of

J—— T - 5 - . -
P, =500 W operating at the proposed system and control

algorithms, that its one redundancy module. So. the simulation
results are as follows.

A. Simulation Results of Steady State and Transient Response

The simulation of the proposed system 1s shown m Fig. 2.
Figure 4 shows the dynamic response of output voltage and
load current due to step load change from 500 W to 50 W and
back to 500 W. The inductor current at step load change from
500 W to 50 W occurs are shown in Fig.5. Evidently, the line
current is exactly in phase with the input voltage and nearly
sinusoidal. So, the input power factor approaches unity and the
wave form are shown in Fig. 6.

B. Simulation results of the module failed

Figure 7 shows the one module has been failed occurring at
0.8 second and back to the system at 0.9 second. This figure
shows the inductor current, output voltage and load current
respectively. The simulation results m Fig.7 mdicate that the
distributed control 1s effective and parallel AC to DC converter
has fast transient response characteristic.

VI. CONCLUSIONS

This paper proposed the distributed control for parallel AC
to DC converter by using power balance control technique.
According to, the simulation results of the proposed system
and control algorithm to achieve the tight dc bus voltage
regulation, fast transient response, the inductor current sharing
equally, ensuring system power continues uninterrupted,
redundancy, modularity, power factor nearly unity and results
from these studies will be improved in [7]. So, the future
research will be used to fabricate prototype modules to
experimentally verification of the control algorithm.
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