LAMPIRAN - LAMPIRAN

#include <STM32F4ADC.h>
#define D1 PEO
#define D2 PE1
#define D3 PB9
#define D4 PB8

int i=1000;

int S1,52,53,54,S5,S6;

STM32ADC inADC(ADC1);

const int setOverflow = 4000;

int count,carl,car2;

int refv,iact,iload,ipv,actv,err,mod_final,car,pot,iref;

double itg,lastitg,pi,mod,Bmod,P,I;

uintl6_t analog_pins[] = {PAO, PAL, PA2, PA3, PA4, PA5, PAG};

/Icontrol
float kp=0.2;
float ki=50;

void PINMODE() {

pinMode(D1, OUTPUT);
pinMode(D2, OUTPUT);
pinMode(D3, OUTPUT);
pinMode(D4, OUTPUT);

¥
void setup() {

Serial.begin(9600);

PINMODE();

for (uint8_t x = 0; x<sizeof(analog_pins); x++)
pinMode(analog_pins[x], INPUT_ANALOG);

Timer2.init();

Timer2.pause();
Timer2.setMasterMode(TIMER_MASTER_MODE_UPDATE);
Timer2.setPeriod(3000);

Timer2.setMode(TIMER_CH2, TIMER_OUTPUT_COMPARE);
Timer2.setCompare(TIMER_CH2, 1);
Timer2.attachInterrupt(TIMER_CHZ2,INT1);

Timer2.refresh();

Timer2.resume();
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Timer3.init(); /PWM timer
Timer3.setPeriod(20);
Timer3.refresh();
Timer3.resume();

delayMicroseconds(19); //carrier phase delay

Timer4.init();
Timer4.setPeriod(20);
Timer4.refresh();
Timer4.resume();

pinMode(PB0,PWM);
pinMode(PB6,PWM);
pinMode(PB7,PWM);
pinMode(PB8,PWM);

INADC.setSamplingTime(ADC_SMPR_3);
inADC.enableDMA();

}

void loop() {
while(1){
sensor();
bidirect();

/[Serial.printin(R_acti);

void sensor(){
refv = map(analogRead(PA0),0,4095,-2000,2000);//referensi voltage
iact = map(analogRead(PA1),0,4095,-2000,2000);//act arus
iload = map(analogRead(PA2),0,4095,-2000,2000);//act arus
ipv = map(analogRead(PA3),0,4095,-2000,2000);//act arus
actv = map(analogRead(PA4),0,4095,-2000,2000);//actual
pot = map(analogRead(PA5),0,4095,-2000,2000);//potensio
¥
void bidirect(){
Il refv = 4000;
iref= iload-ipv;
err = iref-iact;
P = kp*err;
itg = lastitg+err*0.0001,;
I=ki*itg;
pi=P+I;
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mod = pi;

if(mod<-2500) //limiter

mod= -2500;

if(mod>-2500 && mod<3360)//anti windup
{

lastitg=itg;

}

Bmod = -mod; //boost mod

pwmWrite(PB6,mod); //S1
pwmWrite(PB7,Bmod); //S2
pwmWrite(PB8,Bmod); //S3
pwmWrite(PB0,mod); //S4

b

void INT1()

{
Serial.print(ipv);
Serial.print(" ");
Serial.print(iload);
Serial.print(" ");
Serial.printin(iact);

}
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DC micro grid

Renewable energy is energy that can be used indefinitely. As a result, renewable energy sources
such as solar photovoltaics developed. Conventional converters, typically used to connect the
microgrid to the battery, only change the voltage. To link the microgrid to the battery,
bidirectional converters are required. A bidirectional converter is available in a variety of
configurations. The control structure is highly sophisticated to obtain a satisfactory output. This
article proposes a bidirectional DC-DC buck-boost converter for controlling current in DC
microgrids, solar systems, and loads. A bidirectional DC-DC Buck-Boost converter is required to
transmit and receive energy from the battery to the DC microgrid. When voltage is sent to the
DC microgrid, the battery voltage is reduced. Otherwise, the charging voltage is increased when
a battery is charged by voltage. This converter produces a better output voltage than an AC-DC
Buck-Boost Converter, and its switching frequency is double that of typical converters. The
modified DC-DC converter has the simplest form and the advantage of having the highest

responsiveness.

doi: 10.5829/ijee.2022.13.04.02

INTRODUCTION

Along with the times, advanced technological
improvements are implemented to create a new electrical
energy source. Currently, electrical energy is the main
thing needed by many people [1-3]. Therefore, many
technologies have been developed to produce electrical
energy from renewable energy sources, one of which
comes from solar energy. The system converts solar
energy into electrical energy using a PV module stored in
a battery with a DC energy source [4]. A DC-AC
converter is needed to convert the electricity generated by
PV to AC electricity. When the conversion process
occurs, there is a loss of energy from electricity.
Therefore, a DC microgrid avoids energy loss in the
conversion process on the DC-DC converter [5-8].

A microgrid combines loads, energy storage systems,
and micro-generators. Microgrid control is an important
issue to make a microgrid a single controllable unit [9-
10]. The microgrid control strategy is realized by
converter control. Photovoltaic sources are emission-free
and reliable. The benefits of a microgrid include high

*Corresponding Author Email: leonardus@unika.ac.id (L.H. Pratomo)

constant [11]. Therefore, a PV system connected to a DC
microgrid is a viable energy source. Solar PV-based DC
microgrids can be cheap, flexible, and energy-efficient
for users. PV has a detriment when it comes to low DC
voltages. Thus, the PV cannot correctly supply the load
[12]. Therefore, using a DC converter connected to a DC
Microgrid produces a ripple-free output voltage and
outputs current [13, 14]. The voltage generated by the PV
is used to charge the battery. When the battery is in use, a
converter must step up the voltage because the battery
voltage is higher than the microgrid voltage and step
down the voltage to send energy from the battery to the
microgrid. These processes need to use a buck-boost
converter. When sending and receiving power requires a
converter that can do both things, a bidirectional
converter is required [15-17]. The distribution system
works in parallel and consists of a microgrid DC, PV, and
bidirectional buck-boost converter.

The detriment of the conventional converter used on
the microgrid can only lower the voltage. A bidirectional
converter is needed to send and receive voltage from the
battery to the grid. There are several types of bidirectional

Please cite this article as: L. H. Pratomo, L. A. Matthias, 2022. Control Strategy in DC Microgrid For Integrated Energy Balancer: Photovoltaic
Application, Iranian (Iranica) Journal of Energy and Environment, 13(4), pp. 333-339. Doi: 10.5829/ijee.2022.13.04.02
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converters. To get good output results, a complex
converter structure is needed. This modified converter
work at three levels [18,19]. Therefore, this paper
proposes A Buck-Boost converter bidirectional DC-DC
with a microgrid DC energy balancer to be used as a
current balancer. The modified converter uses two diodes,
four energy semiconductor switches, and two capacitors
to perform 3-levels. The operating model is based upon a
phase-shifted carrier signal [20-23]. The current
balancing system controls the current in DC microgrids,
photovoltaic systems, and loads. Current flow in the DC
microgrid, photovoltaic system, and load determine
whether the converter uses, sends energy to the DC grid,
or receives power from the DC grid.

MATERIAL AND METHODS

DC-DC microgrid configuration
This converter operates in 2 modes, namely buck mode
and boost mode. Buck mode is used to lower the voltage
from the battery when sending voltage to the DC
microgrid. When buck mode is used, only two energy
switches are used, namely switches S1 and S4. Boost
mode is used to increase the voltage from the DC
microgrid, which has a lower voltage than the battery with
a higher voltage. When the boost mode is used, only two
energy switches are operating, namely the S2 and S3.

Figure 1 is a configuration circuit of A Buck-Boost
converter bidirectional DC-DC. The PV distribution
system helps absorb solar energy and produce DC voltage
output. During the day, the load used tends to be lower
than the load at night, and the voltage generated by PV
during the day is more significant. The supply voltage on
the load comes from the DC grid and the PV. Because the
voltage sent from the PV to the load is small, the voltage
is sent to the converter to charge the battery. When
charging the battery, the converter uses the boost method
to increase the voltage because the voltage from the
battery is greater than the voltage on the DC grid.

At night the load used is more significant therefore,
the supply voltage from the grid to meet the requirements
of the load is less than the battery and supply voltage to

I LOAD
GRID g 3 LOAD
DC
| Balancer 1 PV
DC DC
DC DC
Battery PV

Figure 1. DC microgrid configuration
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the load because PV does not produce voltage at night. In
this method of operation, the converter use bucks mode to
lower the voltage from the battery and send it to the DC
grid.

There is one condition where the converter is not
sending and receiving energy. This happens when the
current generated by the PV is equal to the current
required by the load. Then the PV supplies only to the
load therefore, the converter does not receive energy, and
the converter also does not send energy because the load
used has received enough power from the PV. This
condition is called a balanced condition, where the PV
current is equal to the load current.

Control strategy

Figure 2 shows an energy circuit and control to configure
the DC microgrid, DC-DC converter, and load. This
control system has three ways of working: PV sends
energy to the load and converter, PV sends power to the
load, and PV sends energy to the converter. This system
determines how the converter works when sending and
receiving energy.

In the first operation, the energy generated by the PV
is sent to the DC microgrid. When the load on the DC
microgrid is small, the power is sent to the converter to
charge the battery. The load gets energy from the DC
microgrid and PV in this operation. The battery receives
energy from the DC microgrid and PV. The voltage on
the grid is the same. Therefore, the energy flow is the
same as the current flow. The battery is charged using
energy from the PV using the boost mode of the
converter. This operation can be formulated as
Equation (1).

)

In the second operation, the load used is significant.
The energy required on the load is also more incredible

1Batancer = 110ad - Ipv

ILoad

1
2

v MPPT

MCROCONTROLLER|—

Figure 2. System control connections
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therefore, the power from the PV is sent to the load to
meet the necessary energy. When the energy transmitted
from the PV to the balancer is lacking, the balancer sends
power to the load using the buck mode of the converter,
and it can be formulated as Equation (2).

@

In the third operation, the load used requires sufficient
energy. PV work to send power to the DC microgrid to
meet the energy requirements of the load. Still, PV cannot
transmit energy to the converter because the energy
required by the load is as considerable as the energy
generated by PV. In this condition, the converter is not
working. This operation can be formulated as Equations
(3 and 4).

ILoad = ]Balancer + ]PV

®)
©

l10aa = Ipy

/) Balancer = 0

Operation modes and switching

Based on Table 1, rows 1-4, the switching cycle of the
buck operating mode, and Figure 3, where the current
flow and output voltage are observable in Table 1. The
output voltage measured here is the output before the
inductor filter to see the switching process, and the
voltage after the inductor filter is the same as the DC grid
voltage. In the first operation, the energy switches used
are switches S1 and S4. When switches S1 and S4 are on
simultaneously, it produces the same voltage output as the
battery (E). In this operating system, the current flows
from the battery to switches S1 and S4 and then to the
filter L, the DC grid.

The second operating system where the energy switch
is used here is only the S1 switch, while the other switches
are turned off. When current flows, C1 wastes energy
while C2 fills power. Hence, The current flows from S1
to the battery and plugs into the capacitor C2. The current
flows to the diode S3 and goes to the inductor filter (L)
sent to the DC grid. When the two capacitors have a
balanced voltage in this operating system, the DC grid is
half the battery voltage (E/2).

The third operating system where the energy switch is
used is only the S4 switch, while the other switches are
turned off. The current flows from the diode on S3, fills
C1 to S1, and flows into the L filter, while C2 wastes
energy. When the voltage on the capacitor is balanced, the
voltage on the DC grid is half of the battery voltage (E/2).

The fourth operating system where all energy
switches are in the off position. The operating system that
occurs is freewheeling. The voltage flow continues until
the voltage slowly drops and runs out in this operation.
Then the output voltage to the grid is zero volts. When
operating, the current flows from diode S2 to S3 and then
to the DC grid. The resulting output voltage can be
formulated in Equation (5) below in the four operating
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modes when the converter works in buck mode.

V,=V,xD (5)

In boost mode, seen in Table 1, rows 5-6, and Figure
4, where the current flows. The first operation of energy
switches S2 and S3 are ON. When S2 and S3 are ON, the
same as short-circuiting the converter’s output, the
voltage generated here is zero, and the current is stored in
the filter L.

In the second operation, the energy switch S2 and S3
are OFF therefore, at this time, the current in the filter L
flows to the diodes at S1 and S4 and then charges the
battery. The resulting voltage at the converter’s output is
equal to the voltage at the battery. This operating system
can be formulated with the Equation (6) below. In
Equations (5 and 6), V, is the output voltage, V;, is the
input voltage, and in this equation, D is the duty cycle.
The duty cycle is the ratio between the ON time and the
period.

(6)

BUCK MODE

ST

C1

S2
DC micro grid

Battery C_)

S3

|
in

Cc2

S4.

= BOOSTM
Figure 3. Operation buck and boost mode

Table 1. Switching PWM, output, and mode

PWM
Vout MODE
S1 S2 S3 S4

ON OFF OFF ON E
ON OFF OFF OFF E/2

BUCK
OFF OFF OFF ON E/2
OFF OFF OFF OFF 0
OFF ON ON OFF

BOOST
OFF OFF OFF OFF E
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Control algorithm

The control algorithm of the energy balancer converter is
observable in Figure 4. The controller reads the output
current as feedback, the current from the load, and the
current from the PV. Here there is a proportional-integral
(PI) controller used. First, the current reading from the
load and PV is calculated, generating the first error
current signal. The first error current signal is calculated
with the output current from the output to produce a
second error current signal that the PI controller
processes. The output signal from the PI controller must
be given a limiter. Therefore, the current follows the
ability of the battery so as not to damage the battery. Then
the output signal is processed for carrier signal
modulation to produce PWM, which is used to control the
energy switch of the bidirectional converter. The resulting
signal from the converter pass through a filter therefore,
the output signal has less noise. Kp is the proportional
gain, K; is the integrator gain, e(t) is the error value, and
dt is the change of time. By using the PI controller, the
steady-state error is close to zero. The program flowchart
is observable in Figure 5.

RESULTS AND DISCUSSION

This bidirectional buck-boost converter was proposed and
simulated using Power Simulator Software. After being
simulated, the circuit simulation from Figure 2 is
implemented into hardware to prove whether the
simulation runs well after becoming hardware, as shown
in Figure 6 shows a hardware implementation. Parameters
of simulation and hardware observable in Table 2 on
hardware that has been implemented to control or
program the hardware using STM32F407VET6. The
current sensor detects current from the load, PV, and
balancer using the current sensor HX-10P. The PWM
switching is generated by driver IRFP350 controlling the
power switches.

Shows in Figure 7 indicate the current from the PV
source is lower than the current in the load. Therefore, the
converter work in buck mode. In this condition, the
current probe on the oscilloscope is at x10. The current
based on simulation at the load is 4.75 A, the current in
the balancer is 4.25 A, and the current from the PV source
is 0.5 A. The current based on hardware at the load is 1.75
A, the current in the balancer is 1.25 A, and the current

Start

Microcontroller
Initialization

Calculate Grid

Current Error Value

Boost Current Buck Current
PI Control

P1 Control
Generate 180°

Battery
Charging

ngfrgeg\g/sm Phase Shifted
PWM For S1& 54

Multilevel
Bidirectional DC-
DC Converter

Battery
Discharging

Calculate
lerr
Calculate

lerr

Figure 5. Flowchart for program algorithm

e/

SO

ultilevel DC-
DC Converter

Figure 6. Hardware implementation in laboratory test

Table 2. Hardware parameters in simulation and hardware

Pl ]—>[ Limiter HGENERATOR

Parameter Value

DC microgrid voltage 48 Vpc
Battery voltage 60 Vpc
Inductor filter 5 mH
Capacitor filter C1, C2 220 uF
Load resistance 30 Ohm
Switching frequency 25 kHz
PWM Multilevel Bidirectional\ Filter Ious

Buck-boost Converter J

N
L

Figure 4. Control algorithm for bidirectional Buck-boost converter
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from the PV source is 0.5 A. This condition is observable
as Equation (2) with the buck mode converter.

When the current generated by the PV source is
greater than the load, the converter work here in boost
mode, as seen in Figure 8. Therefore, it can be formulated
as Equation (2) when the current generated by the PV
source is greater than the load, the converter work in
boost mode. The current based on simulation at the load
is 5 A, the current in the balancer is -1 A, and the current
from the PV source is 6 A. The current based on hardware
at the load is 1.75 A, the current in the balancer is -1.25
A, and the current from the PV source is 3 A. This

Balancer 1L

@)

Balancer 1L

@)

[Balancer 1L

\
]

Time f5)

@)

condition is observable the same as Equation (1). In this
condition, the current in the balancer is negative because
the balancer receives current to charge the battery.
Figure 9 is a state where the PV and load current are
the same. The converter produces zero current or does not
work. Based on the simulation, the load is 5 A, the current
in the balancer is 0 A, and the current from the PV source
is 5 A. The current based on hardware at the load is 1.75
A, the current in the balancer is 0 A, and the current from
the PV source is 1.75 A. This condition is observable in
Equations (3 and 4), called the balance condition.

| Balancer I Load
N

(b)

I Load
N

| Balancer

(b)

1 Balancer
N

(b)

Figure 9. The idle current waveform on simulation (a) and hardware (b)
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CONCLUSION

Hardware that has been made works well as it has been
simulated. The microgrid requires a converter to connect
to the battery, add a renewable source to use PV, and be
loaded to test it. This hardware uses three current sensors
to detect the current in the converter, PV, and load.
Therefore, the converter adequately controls the detected
current to determine how the converter works. The
detection results are handled using a Pl controller's
closed-loop control system. This converter work in two
modes, namely bucks mode and boost mode. When in
buck mode, the converter sends current from the battery
to the grid to help the PV meet the current needs of the
load. In boost mode, the converter receives excess current
from the PV when the load supplied is overloaded, which
the current sensor detects. Therefore, the converter works
well to increase the voltage from the microgrid to the
battery and lower the voltage from the battery to the
microgrid. Observable from the experimental results is
that the converter hardware produces a current that has
minimal noise. The proposed implementation of this
Buck-Boost converter bidirectional AC-DC with current
detection works as expected with a current output with a
slight ripple and simple structure.
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