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Design and Implementation of Bipolar Sepic-Cuk Converter
with Fuzzy Logic Control for Battery Charging Application

D J Triandy', E Wahjono?, F D Murdianto?

! Department of Electrical Engineering, Politeknik Elektronika Negeri Surabaya. Surabaya, East
Java, Indonesia

Abstract. This research presents the design of an electricity distribution system with a solar cell
source that is applied to the battery charging process. The charging setting uses a modified DC-
DC converter configuration from the modified Sepic and Cuk converters. With one Bipolar
Sepic-Cuk Converter voltage source produces two outputs of the same voltage value with
different polarities. The method applied is constant voltage, where the voltage generated by the
solar panel will always be constant and the same in accordance with the setpoint specified in the
charging process. The control used is a fuzzy logic control that functions to regulate the PWM
output signal by getting the duty cycle value. The voltage sensor is used as feedback from the
control to be processed by the microcontroller so as to produce a PWM signal which will be used
to regulate switching on the Bipolar Sepic-Cuk converter circuit. The output voltage of the
converter has been achieved with fuzzy control with irradiation and temperature variations. The
results of the output voltage can be maintained at a predetermined voltage. The error percentage
of the generated voltage is equal to 0.14 - 0.5%.

1. Introduction

The use of energy to meet the needs of human life plays an important role in the economic growth of a
country. Solar cells are power plants that are able to convert sunlight into electric current. Problems
arising from the use of solar cells that depend on environmental conditions where the amount of
electrical energy produced depends on the intensity of light and temperature, thus making the power
output in the system vulnerable to instability. Therefore we need a battery to store the energy produced
during the irradiation process so that when the solar cell does not get solar radiation, the system already
has the energy stored in the battery. With DC microgrid systems, energy can be transmitted in three
types, namely monopolar, bipolar,and homopolar [2]. The advantages of bipolar type microgrid design
can minimize power loss, if there is interference in one line, then the other line will continue to operate.
Bipolar dc links have two different polarities, namely positive polarities and negative polarities with the
same voltage output and good efficiency[3].

Bipolar Sepic-Cuk converter is a type of non-isolated converter that can be operated with 2 modes,
namely boost mode and buck mode. In this paper, a bipolar converter system is designed using a Sepic-
Cuk type converter that functions to charge batteries from solar panels. Where the main voltage of the
solar panel used to supply batteries is 17.5 volts with the constant voltage method with a battery capacity
of 12 volts 20 Ah in a low state (80%). The control of this system uses fuzzy logic control to keep the
charging voltage stable.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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2. System Design
In this research, a charging system was created which is capable of charging batteries where only one
input voltage produces two voltage outputs with two different polarities.

Sepic Converter

Panel .
Surya :

Battery

Cuk Converter

[y

I
1

FUZZY
CONTROLLER

Figure 1. Overall system design

Figure 1 shows the overall system block diagram that will be examined in this paper. In a previous
study, the method used to charge a battery was to use a PI control. Using the PI control produces a longer
output response and produces a voltage ripple that is rated as not good [2]. Therefore to produce a faster
output response the fuzzy control method is used and to maintain the output voltage of the converter the
constant voltage method is used. The converter used in this paper is a bipolar sepic-cuk converter. The
output voltage on this converter is kept stable with a constant voltage condition until the battery is fully
charged.

3. System Modelling

3.1 Bipolar SEPIC - CUK Converter

A Microgrid is a low voltage network that is used independently or in a small and independent scope.
The microgrid consists of three types, namely monopolar microgrid, bipolar microgrid, and homopolar
microgrid. Of all these topologies, bipolar microgrids are widely used. The advantages of bipolar type
microgrid design that can minimize power losses, if there is interference in one line, then the other line
continues to operate. Bipolar dc links have two different polarities, namely positive polarities and
negative polarities with the same voltage output and good efficiency.
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Figure 2. Bipolar SEPIC - CUK Converter

This research using a Bipolar Sepic-Cuk Converter which is a type of non-isolated converter that can
be operated with 2 modes, namely boost mode and buck mode. The Sepic and Cuk converter has the
same operating cycle so that the output voltage is also similar. This converter acts as a Buck or Boost
Converter depending on the duty cycle. If the duty cycle value is greater than 50%, the converter
functions as a boost, the response of the Sepic converter voltage value becomes positive and the voltage
response of the cuk will be negative. When the duty cycle is less than 50%, this converter functions as
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a buck, the response of the output voltage value will be in accordance with the polarities of the sepic
and cuk converter.

The design of the sepic and cuk converters to combine two structures is capable of making bipolar
type converters as shown in Figure 2. There is only one switch that is controlled to control both
converters namely the sepic side and the cuk side. No need to synchronize multiple switches because
the switch is connected to the ground. The bipolar sepic-cuk converter circuit has two operating modes,
namely:

Mode 1: When switch S is turned on, the energy supplied by the input voltage is stored in L; and Lo.
The L3 and L4 inductors also store energy due to the discharge of capacitors C; and C,. During this
interval, the freewheeling diode is dead or open. The energy supplied to the load is provided by the
output capacitor.

Mode 2: When the S switch is off, the inductor refills capacitors C; and C, through the freewheeling
diodes D, and D> and supplies power to the load.

The output voltage of the Sepic - Cuk converter is as follows:

D
Vo=-Vs () (1)
To determine the value of the Inductor and Capacitor of SEPIC using the following equation:
Vs.D
L1=12=_— 2)
Vout .D
(1=02=7vor 3)

To determine the value of an Inductor of Cuk using the following equation:

Vs.D

L1= AIL1 f ®)
Vs.D

2= AIL2 f (©)

To determine the Capacitor value of Cuk using the following equation:

Vout.D
¢1= R.AVC1 f ™
€2 = (1=D) (8)

312 AVO], L7

Where:

Vs = Input Voltage (V)

Vo = Output Voltage (V)

D = Duty Cycle (%)

Iin = Input Current (A)

Iout = Output Current (4)

AIL = Inductor Ripple Current (4)
AV, = Output Ripple Voltage (V)
AV¢q = Output Ripple Voltage C1 (V)

L = Inductor (H)

R = Resistance(ohm)

F = Switching Frequency (Hz)
C = Capacitor (F)
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Table 1. Results from Bipolar Sepic - Cuk Converter Calculations

Parameters Symbol Value Unit
Input Voltage Vin 17.5 Volt
Output Voltage Vout 13.8 Volt
Input Current I 5.72 A
Output Current I 4 A
Inductor Ripple Current AlL 1.144 A
Inductor Ripple Current AlL> 0.8 A
Inductor RMS Current I} rMs1 5.73 A
Inductor RMS Current I} rRMs2 4.01 A
Switching Frequency F 40 Khz
Inductor L, L» 67.461 uH
Inductor Ls 96.469 uH
Output Ripple Voltage AV, 0.0138 Volt
Output Ripple Voltage AV, 0.0313 Volt
Capacitor C 1408.9 uF
Capacitor C 470 uF

3.2 Solar PV Model
A solar cell is a device or component that can convert sunlight energy into electrical energy using the
principle of the photovoltaic effect. The photovoltaic effect is a phenomenon in which the emergence of
an electric voltage is due to the connection or contact of two electrodes that are connected to a solid or
liquid system when getting light energy. Therefore, solar cells are often referred to as photovoltaic cells

(PV).

Electric current arises because of the photon energy of sunlight it receives successfully liberating
electrons in a type N and P-type semiconductor connection to flow. Just like a photodiode, this solar cell
also has a positive foot and a negative foot that is connected to a circuit or device that requires a power

source.
Table 2. Spesification Of PV
MIXENOCH
SOLAR MODULE
Rated Power (Pmax) 100 W
Open Circuit Voltage (Voc) 220V
Short Circuit Current 6.35 A
Rated Voltage (Vmp) 175V
Rated Current (Imp) 572 A
Module Dimensions 1085 x 675 x 25 mm
Weight 8,7 kg

(IRRADIANCE OF 1000 w/m?* AM1.5 SPECTRUM AND CELL TEMPERATURE OF 25 C)
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Figure 3. PV panel equivalent circuit

PV modeling equation using 1 diode.

Ipy = Ipyn — (o (EZ& - 1) - %:VRS (15)
Where :
Ipy = Solar Panel Output Current
Ipyn = PV Panel Current
Rs ,Rp = series and parallel resistors
Iy = Reverse Saturation Current
a = diode ideality factor
Vr = thermal voltage

3.3. Modeling Fuzzy

In this research, the control used to adjust the output voltage of the converter to match the setpoint by
using fuzzy logic control. The concept of fuzzy theory in the classical set, the value of membership is
clear meaning that it is included in members that are valued at 1 or not included in members valued at
0. An element in a universe for fuzzy sets the nature of membership is vague or blurred. Fuzzy set
contains elements that have varying membership values in a set. In the fuzzy control system that works
between 0 and 1 can be defined so that the controller can work like a human nervous system that can
feel the external scope that is less, somewhat, ordinary, very or even blurring can be more than that
category by adding linguistic factors that are collected in the degree of membership.

By using a fuzzy logic controller, we get facilities that are not owned by conventional control
systems. Among other things in the design of a controller does not need to find a mathematical model
of a plant. While the fuzzy-based controller has several stages before going to the plant. These stages
are fuzzification, rule base, and database then fuzzification. The fuzzy logic process is presented as
shown in Figure 4.

Fuzzy Logic Controller

Knowledge
Base

Fuzzification Defuzzification [

A
Decision |

Making

Your | Controlled d(n)
System

Figure 4. The basic structure of the Fuzzy system.
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Fuzzification is the process of changing the input from a crisp form into fuzzy (linguistic variable) which
is presented in the form of a fuzzy set with each membership function. Figure 5. and Figure 6. is the
process of fuzzification.

3.3.2 Rule Base

phtpoits.
Membership function plots
T T
B NM NS z PS PM

FIS Variables

ERROR output

XX

DERROR

181

PB

T n T

input variable "ERROR"

Figure 5. Input Variable Error

FIS Variables Membership function plots

DNB DNM DNsS DZ DPS DPM

ERROR output

DERROR

input variable "DERROR"

Figure 6. Input Variable Delta Error

The rule base consists of IF-THEN statements. Fuzzy rule base determination is made after the process
of fuzzification, which consists of a set of rules based on fuzzy logic to declare a condition. This rule
base arrangement affects the precision of the model, at the decision-making stage is determined based
on the rule base design. Table 3 shows the rule base used in this research.

3.3.3 Defuzzyfikasi

Table 3. Rule Base
E/AE NB NM NS z PS PM PB
NB NB NB NM NM NS Z Z
NM NB NM NM NS Z Z PS
NS NM NM NS NS Z Z PS
z NM NS NS Z Z PS PS
PS NS NM Z Z PS PS PM
PM Z Z Z PS PS PM  PM
PB Z PS PS PS PM  PM PB

The output of the rule base is still a fuzzy value, so the defuzzification process is needed to change the
fuzzy value (linguistic variable) to a firm value which will then be sent to the system/plant. The
defuzzification used in this system is the weighted average. In this method, each output membership
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function above the value indicated by each fuzzy output is truncated. Using the weighted average
fuzzification method, the output singleton values are combined using average weights. This method
applies to fuzzy sets with symmetric output membership functions.

4. Simulation and Discussion

The simulation carried out in this research is to compare the output voltage of the uncontrolled bipolar
sepic-cuk circuit with the bipolar circuit using fuzzy control. The bipolar circuit in this simulation uses
2 pieces of PV with a power of 100 WP for every 1 piece of PV, where PV is arranged in parallel so as
to produce an output voltage of 17.5 Volts and an output current of 11.44 Amperes. The complete circuit
simulation can be seen in Figure 7.

RS
P1 .
- m;l cs
@ ) Gr Tinput L1 Cl L2 ToCuk VoCuk
P00 I Bl 1 Pegm e
1 T = - R 1
+ L Q’?éﬁ) PV1 Vinput = L E =
1T 11 J_o =T o 0 I;
> § I3 T Cs nseRIC FDD_D ém "°SEP1C
L L |
= - L+ VoSepic
@*—DPZ VoSepic

Figure 7. Sepic — Cuk Converter Circuit

The first simulation experiment was to try a bipolar sepic-cuk circuit without using controls. With a
Duty Cycle value of 44.1%. The voltage output response when not using the control can be seen in
Figure 8. Where the output voltage of the converter is not worth the setpoint of 13.8 Volts.

VoCUK VoSEPIC

| |
T
20 ‘ i
T T T H
i : 15.37V !
0 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, !
L1537V !
10 [1S:37V
e tMrih S B R i ;
V15§
800 ¢ :
800W/m2 600W/m2 :
600 i : : L
400 S50W/m2 | 1 S50W/m2|
; i ; i
200 |- 300W/m2 i
H e =
0 Tine =
/oCUK
0 0.2 0.4 0.6 VoSERC 1
Time (s) vis

Figure 8. Voltage Output Response Without Control

In Figure 9 try the bipolar sepic-cuk circuit using controls when disturbed on the irradiance side.
Condition 1 disturbance is given at seconds 0, 0.2, 0.4, 0.6, 0.8 and 1. Voltage output response when
using control produces a stable voltage when disturbed.
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VoCUK VoSEPIC n

1000
800
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400
200
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Figure 9. Output voltage response when disturbed on the irradiance side

In Figure 10, trying a bipolar sepic-cuk circuit uses controls when given an irradiance disturbance.
The second fault condition is given in seconds 0, 0.2, 0.4, 0.6, 0.8 and 1. Voltage output response when
using the control produces a stable voltage when disturbed

VoCUK VoSEPIC .
T

15 : ‘
10 i i !
; 13.85
5 : 1
0 : :
I

B T S T
I
113.85 .

-10 \¥ T
-15 i

irradiance

300 Wim2 300’.\“' fm2

100 Wias
300 100 wim2

200 X

Time (s)

Figure 10. Output voltage response when disturbed on the irradiance side

In Figure 11, we try to control the bipolar sepic-cuk series using controls when disturbed on the
irradiance side. The third condition is given at 0, 0.2, 0.4, 0.6, 0.8 and 1. The output voltage response
when using the control produces a stable voltage when disturbed

VoCUK VoSEPIC ™

00 v

Time (s)

Figure 11. Output voltage response when disturbed on the irradiance side
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In Figure 12, trying a bipolar sepic-cuk circuit uses controls when subjected to temperature
disturbances. The condition of the 4 disturbances is given in seconds 0, 0.2, 0.4, 0.6, 0.8 and 1. The
output voltage response when using the control produces a stable voltage when disturbed

VoCUK VoSEPIC n

Temperature

20 NS Measure

H H I
10 i 1 25 Tme B -
H H I
VoCUK -1.3862968e+001

: : : || voserc 1.3863437€+001
0 02 0.4 0.6 Temperature 388646294001 1
Time (s)

Figure 12. Output voltage response when given disturbance on the temperature side

In Figure 13, trying a bipolar sepic-cuk circuit uses controls when given a temperature disturbance.
The fifth fault condition is given in seconds 0, 0.2, 0.4, 0.6, 0.8 and 1. Voltage output response when
using control produces a stable voltage when disturbed

VoCUK VoSEPIC [ ]

Time (s)

Figure 13. Output voltage response when given disturbance on the temperature side

In Figure 14, we try to control the bipolar sepic-cuk series using controls when disturbed at the
temperature side. The sixth fault condition is given in seconds 0, 0.2, 0.4, 0.6, 0.8 and 1. Voltage output
response when using control produces a stable voltage when disturbed.

VoCUK VoSEPIC n

13.87

- (1387

Temperature

45
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Figure 14. Output voltage response when given disturbance on the temperature side
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In the next bipolar converter simulation by comparing fuzzy control and PI control. Figure 15 shows
a bipolar converter circuit using PI control. PI values are obtained from the tuning process and running
open-loop simulation. The bipolar circuit in this simulation uses 2 pieces of PV with a power of 100 WP
for every 1 piece of PV, where PV is arranged in parallel so as to produce an output voltage of 17.5
Volts and an output current of 11.44 Amperes.
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Figure 15. Sepic — Cuk Converter Circuit with PI Control

Figure 16 shows the output voltage response of the PI control. The results obtained after running the
simulation are the Cuk output voltage is -13.85 Volt and the Sepic output voltage is 13.82 Volt. The
error generated from the PI control simulation for the Cuk converter is 0.36% and the Sepic converter
is 0.14%. It can be concluded that the time needed to reach the setpoint using the PI control for the
SEPIC converter is 0.269 second and for the Cuk converter is 0.269 second while using fuzzy control
the time needed to reach the setpoint for the SEPIC converter is 0.228 second and for the Cuk converter
is 0.228 second. 0.228 second.

PISepic F pic -

11 e T T ety Fesssessssesstsenasenesassannsiona
3 1000W/m2
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200\Y/m2 VoCuk -1.3812095¢+001
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0 0.2 0.4 0.6 1

PiSepic 1.3826967e+001
Time (s)

Figure 16. The Output voltage response of PI Control and Fuzzy Control

From Table 4 and Table 5 the Bipolar SEPIC-CUK converter simulation results are obtained using
fuzzy control. Where the simulation is given interference on the Irradiance and Temperature side. With
a Setpoint Voltage of 13.8 Volts, a change in condition from condition 1 to condition 6 shows that the
range of error percentage output voltage is 0.14 - 0.5%.

10
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Table 4. Simulation Results Using Fuzzy Control When Given Interference

irradiance change
V Output  V Output

Setpoint % Error % Error

No Condition SEPIC CUK
\% SEPIC CUK
) ) ™
1 1 13.85 -13.85 13.8 0.36 0.36
2 2 13.85 -13.85 13.8 0.36 0.36
3 3 13.82 -13.82 13.8 0.14 0.14

Table 5. Simulation Results Using Fuzzy Control When Given Interference

Temperature change

V Output Ou\t;ut Setpoint % Error % Error
No  Condition SEPIC CUK V) SEPIC CUK
) W)
4 13.86 -13.86 13.8 0.43 0.43
5 13.85 -13.85 13.8 0.36 0.36
3 6 13.87 -13.87 13.8 0.5 0.5

5. Conclusion

The Bipolar SEPIC-CUK Converter system has been simulated. Simulation results show that the
system can run well. The output voltage of the converter has been achieved with fuzzy control with
irradiation and temperature variations. The results of the output voltage can be maintained at a
predetermined voltage. Error percentage of the generated voltage is equal to 0.14 - 0.5%.
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