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Abstract: This paper proposes a novel methodology known
as internal model control (IMC) to design the Controllers
used in Single Phase power factor correction using DC-DC
SEPIC (Single Ended Primary Inductance Converter). In
this paper, an IMC strategy is applied to design the
Proportional Integral Control parameters used in the
voltage and current controllers. The closed loop
implementation of Single phase power factor correction
involves two loops which are namely voltage and current
loops . These two loops are implemented with Pl controllers
.Hence it becomes mandate to design the PI controllers with
appropriate tuning methods. The various performance
measures such as %THD, Power factor and effective
tracking of output voltage for load disturbance, set point
and supply voltage variations are verified using MATLAB
/Simulink tool.
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1. Introduction

In switched mode power supply applications, there is a
necessity to design power factor correction circuit with
DC-DC power converters of almost unity power factor
and less harmonic distortion [1]. Hence it is proposed
to design a single phase power factor corrector with
DC-DC SEPIC Converter .DC-DC SEPIC converter
has more advantages than other power converters such
as Buck, Boost and Cuk Converters in terms of its
operating characteristics like continuous input and
output currents ,and increase/ decrease of output
voltage level with positive polarity[2]. There are
various conventional tuning methods are proposed by
various researchers for finding the PI controller co-
efficients [3-5]. To overcome some limitations in the
existing tuning methods, it is decided to propose a
tuning strategy based on the model of the controller.
Since DC-DC SEPIC converter is of fourth order, its
approximate second order model is used as a model of
the converter. The application of this proposed closed
loop system brings down the total harmonic distortion
(THD) level to less than 5 % as per IEEE and IEC
standard [6].The various performance measures such as
%THD, Power factor and effective tracking of output

voltage for set point and supply voltage variations are
verified using MATLAB /Simulink tool.

2. Operation, Design and modeling of DC-DC
SEPIC Converter
A. Operation of DC-DC SEPIC Converter

The operation of DC-DC SEPIC converter is
explained in two operating modes [7, 8]. (i) Switch ON
stage (ii) Switch OFF stage. The equivalent circuits
during both stages are shown in Fig.1.
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Fig.1 Equivalent circuit (a) during switch ON (b) OFF

stage
During switch ON- stage, the diode D is in OFF stage.
The current flowing through the input and the output
inductors (L, and L) increases linearly and the
coupling capacitor C transfers energy to the load.
During switch OFF stage, the diode D gets turned ON.
The current flowing through the inductor L; and L,
now decreases and the load current is provided by an
output inductor L,.By applying KVL and KCL, the
state equations are written which are then used to
obtain equivalent state matrices.

B.Design of DC-DC SEPIC Converter

The design specifications of the DC-DC SEPIC
converter is obtained as follows [ 9-11 ].The converter
is designed for a maximum power rating of 200 W with
a duty cycle of 0.67.The following Table | gives the
values of design specifications of the DC-DC SEPIC
Converter.



Table | — Design Specifications

Parameters Specifications
Switching Frequency 50Khz

Input Voltage (Vrms) 50 V

Load Resistance(RL) 50 Ohm
Source Current (1S) 6A

Input Inductor(L1) 2mH

Output Inductor(L2) LmH

Input Capacitor 10pF

Output Capacitor 6000 pF

Since DC-DC SEPIC converter is of fourth order
type, its transfer function is obtained by
substituting the calculated inductor and capacitor
values in the averaged state space equation .The
fourth order transfer function is then obtained as
follows:
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The fourth order transfer function model is
converted to second order model for simplifying
the controller design .Hence the fourth order
model is converted to second order using Pade’s

Approximation. The second order transfer
function obtained is as follows:
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The above second order transfer function is
represented into pole - zero form which is as

follows:
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3. Closed loop Implementation of the proposed
control strategy with IMC
The closed loop implementation of the proposed
method is shown in Fig.2
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Fig.2 Closed loop implementation of proposed scheme with IMC.

It shows the PFC using cascade method which
has two loops. One is outer loop for controlling
the output voltage and inner current loop. The
outer and inner Pl controllers play a major
responsibility of providing power factor correction

with almost unity power factor and acceptable
percent Harmonic distortion. Hence the major
design aspect involves in choosing the appropriate
P1 controller co-efficients. Internal model control
is one of the techniques designed for obtaining the



parameters of Pl controller. The outer PI
controller output is used for generating reference
for an inner current loop using multiplier
approach. The generated reference current is then
compared with an input inductor current. This
current error signal at one input of the comparator
and other input with carrier pulse of required
switching frequency generates PWM pulses which
are then used to trigger the MOSFET switch.

A. Design of controllers with IMC

Internal Model Control is one of the model-based

control schemes proposed for an efficient and

robust controller design. As the name implies, the

controller has model of the process internally. The

main advantage of IMC is that very simple

structure and design procedure [12-14].The design
R

b

of IMC involves connecting model of the process
across the actual process .The controller thereby
achieving dynamic inversion of the model of the
process. The structure of IMC is shown in Fig. 3
P is actual process, Pm is the model of process,
and C is the IMC controller. The controller
objective is to make output Y to track reference R
.The following are the steps involved in the design
of IMC controller. (i) The model of the process
Pm is divided into Pd which consists of time
delays and right-half-plane zeros and transfer
function Pm- with minimum phase characteristics.
(i) a low pass filter whose time constant plays a
vital role to make the system to be robust with
improved stability.
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Fig.3 IMC Controller Structure
The selection of this low pass filter is based on the 3 1
following transfer function CE)=Ke (1+E)
1
Gi(S)=——+ “) Where K. = 2T T, =2 7
(TfS+1) c k(ﬂ+ff) U é‘r (7)

IMC control transfer function is given below
C(s) =G_(S)G, (S) ®)
The general feedback controller can be obtained

from IMC controller using following equation.
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Hence it is more important to design suitable
feedback controller such that the system should be
able to respond to changes in output voltage for
load and line variations thereby achieving voltage
regulation to desired value. The second order
model of DC-DC converter can be brought to PID
controller form using IMC design procedure.

The general transfer function in time constant
form is given as
K(-f5+1)

= ®)

778" +2£5+1
The transfer function (2) can be simplified to time
constant form as given below:
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Where k= 2.021, p =1.129¢-6; &=0.0123 and
7+=0.117. By substituting these values in Eq. (7)
the values of Kc and Ti are found.



4. Simulation Results The dynamic response of the proposed

This section presents the simulation results of IMC based closed loop scheme is shown
proposed scheme for rated and various loading in Fig.4.
conditions.

A. Dynamic response of the proposed system
Step Response of IMC based scheme
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Fig.4 Dynamic response for IMC based closed loop control

B.Closed loop simulation result

This section gives the simulation result for closed  at rated load. The output settles at t=1.6 Sec

loop IMC for rated load and set point with % THD=0.125 and almost unity power
variations.Fig.5 shows the simulation waveforms  factor.
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Fig.5 Closed loop implementation of proposed scheme with IMC at rated load.
Fig.6 shows the simulation waveforms for set 100 V to 120 V at t=2.25 sec and settles at 120 V
point variations. The set point is changed from at t= 3 sec with a settling time of Ts=0.75sec .At t
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Fig.6 Closed loop implementation of proposed scheme with IMC for set point variations.

Fig.7 presents the output voltage and current
waveforms for line voltage variations. From the
Fig.7, itis clearly evident that output gets back to

reference voltage even after it is subjected to line
variations.
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Fig.7 Closed loop implementation of proposed scheme with IMC for line voltage variations.

Conclusion

The performance of IMC based closed loop
control of single Phase power factor correction
with DC-DC SEPIC converter is realized .The
results reveal that the output voltage settles

quickly at 1.6 sec with % THD of 0.125 for rated
load. It also responds rapidly for load, line voltage
and set point variations with almost unity power
factor.
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