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ABSTRACT

Solar PV has unique characteristic called maximumes point
(MPP). This MPP will always changed depend on sghtl
intensity and electrical characteristic of the lod@ maintain
MPP of solar PV, external device is needed sucib@sDC
converter. Most of DC DC converters are using baostverters
or buck-boost converters nowadays, but they hagliion power
transfer rate (typically double). This paper disctisee phase DC
to DC converter to achieve MPP of 67V solar PV ¢barging
300V battery pack. Pertube and Observe (P&O) methesiused
to control the switching and to maintain MPP ofasoPV by
sensing the output voltage and the output currdsitthe result,
this DC DC converter was able to step up the velfagm 67V to
300V and nominal charging current is 0.7A. In thieeo hand, the
MPP of solar PV can reached up to 260 WP. The &ffsress of
the proposed method was proven in PSIM simulation.

KEY WORDS: Pertube & Observe, Full Bridge Converter,
Sx-Legs, Three-Phases, MPPT.

NOMENCLATURE

DC Direct Current

PV Photovoltaic

MPP Maximum Power Poin

MPPT  Maximum Power Poin Tracking
Voc Voltage Open Circuit

SCC Expansion

PO Pertube and Observe

PWM Pulse Width Modulation

lc Current Short Circuit

1.0 INTRODUCTION

For some of the renewable energy resources, sdldas Bne of
them which has to be considered [1]. It is clead fiee energy
source, less maintenance and easy to install. PoitaaE

converts the sun light into electricity on the atorhevel. Some
materials exhibit a property known as the photdateeffects

that cause these material to absorb photons of #gh release
electrons. When these free electrons are captwittghroduce an
electric current that can be used as electricitywéver, solar PV
has its own problem. One of the most critical avadles is its
power efficiency. Solar PV efficiency is absolutelgpendent of
material junction, solar radiation, temperatured amcertaint
load. One way to keep output power of solar PVsstaymaximal
range is by using power point tracker (PPT). Sdveethods are
used to maximize PPT and the common usage is Rednd
Observe. DC/DC converter is very important deviceathieve
maximum power point, especially for stationary poaglication.

Basically, there are three basic dc dc convertdrigiware: buck
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converter, boost converter and fly-back convertAnother
development for these three basic dc dc converees half
bridge converter, full bridge converter or evenethphase half
bridge converter. Most of them are valid in limitexhd range.
The idea used in this paper is to step up solafdtimes using
isolated circuit by using Yt transformer connection to minimize
transformer ratio. At the load side, 300V battesyneeded. And
all processes are simulated in order to get tha deference for
real implementation.

Changrong Liu [2] in his project quotes that, mdgatures
of this converter are:

1. Able to improve power rating by phase parallelinet by
performing whole unit parallel

2. Able to increase voltage output dramatically bynsfarmer
delta-y connection without adding more coil winding

3. Able to reduce value of capacitor as output filter.

4. Able to reach zero voltage — zero current switching

It is stated by Tse, K.K [3] and Fabregat [4] tt&olar PV
s one of the renewable electrical energy resourtas its own
unigue output power characteristic which is depahd®
material, load impedance, temperature and solahtitg.
Maximum Power Point Tracker or abbreviated as MPBTan
important step in order to gain the maximal valdiesaar PV
output power as reviewed by Bhatnagar [5] with savmethods
such as OVC and SCC based on MPPT, look up tabteode
curve fitting based MPPT, PO method, INC MPPT arahyn
more [6]. Other related researches about MPPT ttateMPPT
can also work using frequency modulation, fuzzydpgnd PI, as
it has been observed by Efticios [7] that; MPPT cessfully
optimized using several algorithms including PI tcoler.
However, due to most of the researches are usin@O®uck-
boost converter as the MPPT medium, the applicasidrasically
used at relatively low power solar PV. DC/DC budobt
converter application actually can be used in highewer
appliances, such mentioned at Zang Fan reseaicHysit has to
be mounted in parallel and therefore will incregsitost and
component used in the designated application.

Other studies regarding power electronic technolbgs
been done to streamline DC/DC converter by imprpvaoft-
switching PWM technique using full-bridge converfét, [10],
[11], [12]. still, most of the experiments and rashes use DC
stabile power supply such as battery or fuel aedt, solar PV
which has a fluctuate power depends on the envieomah
condition.

Some of these studies have their own advantagds an

disadvantages depend on the aim of the researdb. stindy,
however, will implement several combinations fromlated
researches in order to apply the maximum powertpaaking of
solar PV using DC to DC converter 3 phases to amme
efficiency and reduce switching losses by Pertuth arodified
Observe method plus a PI controller.

In this simulation, dc/dc converter 3 phase 6lisgable to
be used as MPPT hardware by using pertube & obseetkod.
DC/DC converter 3 phases 6 legs is applied for mee power
output from two solar PVs type CHN200-72M. At thewer

storage side, battery modeling R-C order 1 is usemh acid

battery type GS premium model GMZ5-3B with 12v DC

arranged in series as many as 25 pieces in ordegaith total
voltage as high as 300 DCV.

2.0 SYSTEM DESIGN

In broad outline, this study had circuit such dkfes:
3 phase, 6 legs full bridge

Rectifier

Figure 1. lay out 3 phases 6 legs dc/dc converter

It was consisted of solar PV as electricity eneyggerator,
DC/DC converter as power regulator and battery msrgy
storage.

This research used incremental steps or procedusanuolation
as follow:

1. Understood characteristics of each PV cell and titgle

2. Gained battery modelling.

3. Earned PO-MPPT method.

4. 6 legs 3 phases converter modeling.

The modeling of each part represented the reanpeter
components based on data sheet and measuremeatsol€hted
data will be inserted into available simulation graeters. PSIM
simulation was used in this experiment.

2.1 Solar PV Characteristic

As seen on figure 2, two modules of solar PV typelid$

CHN200-72M were used for this study which had bemmbined
in series to gain more current. From datasheeh salar PV had
maximum power rate at 200W, voltage open currerdacj\Vof

45V, and current sort circuit (Isc) doubled int8/5.,
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From measurement result. V-1 and P-V charactesistiere
gained as in the graph 5 below:

1200 1320
2 i i

. —)
Figure 2. Solar PV type CHN200-72M ’ ® v “ *

©

In order to gained knowledge of solar PV real
characteristics, measurement on the field had lesmlucted.
Mensuration required 3kVA variable resistor. It 2@itimes step
with resistance value 1.5A for each step.

(b)
Figure 5. (a)Characteristic V-I of solar PV, (b)@aeristic P-V
of solar PV. (1 at 12.00PM, 2 at 13.30PM, 3 at ABNI)

It could be seen, over the time, current value akE®

decreased due to the lessening amount of sunlighosere.
Nevertheless, Voc value was still constant at 76V.
Apart from that data, P-V graphic was gained frorh &drve. As
the time went by, maximum power value of solar P¥svalso
decreased. The same case also applied to voltdge a& the
maximum power.

Figure 3. Variable resistor 3KVA 30A

Measurement referred to circuit in figure 4. Sanglof
measurement had been done for three times betw266 PM
until 16.00 PM at the same day. For every timerentr and

voltage data were taken out at each alteratiormoéble resistor.
2.2 Energy Storage

_(%? s ﬂir“n + As energy storage us_ed 25 pieces batteries, 12battiery each

- was connected in series to get 300VDC. One measuntea one
real battery was enough to have an idea about ripatte

; Ampere meter characteristics and modeling. Battery type for teigperiment

T - : @) would be acid GS premium model GMZ5-3B.

&
volt meter |

variable resistance

55
mp

Figure 4. Circuit measurement of V-1 solar PV Figure 6. Cell layout in the system architecture
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Measurement method was done by quantified battery

voltage at charging power/current and dischargiogey/current
of battery. Power supply GW Instek type PSW 30-3& wsed
for this research. Measurement result could be aefgure 7:

Lgent Techaciages THU AUG 11 1515.65 200
| B AL B E—— A —

Charging ‘ Discharging |

i

N e

Figure 7. Result of charging-discharging battery

'_I_:mTI

Battery charging used voltage source 13vdc witlci&kent
for 0.25 seconds. At that moment, exponential getstepped up
and down, approximately valued for 0.2 VDC. Thisswhie to
self impedance of battery. Normally, impedance feasied as R
and C circuit arrangement, such as described infithee 8
below:

.

EO-I-. Cr )

Figure 8. Thevenin Battery Model

Battery equation consisted of Eo=0OCV, Rl=Internal

resistance, while RT and RC were the paralel nétwesistances.
The addition of RT and RC aimed to gain transienve from
charging and discharging battery graphic.

2.3 MPPT
Figure 9 explained about I-V curve of solar PV, which
explained the characteristic of maximum power itas®V or
commonly referred to as maximum power point (MPRiclv
earned from certain coordinate point of maximunrentr (Impp)
and maximum voltage (Vmpp) of solar PV. By using P
algorithm, maximum power could be reached with agsion
that irradiant changed of sunlight was at constahte.

The output power had to be maintained at maximomtp
(MPP) in order to get good solar PV efficiency,sas described
in figure 9(a).

P
A

Is¢

Ipmax

Fr

v

(@)

P-V curve

dv

VvV

(b)
Figure 9. (a) Current and Voltage characteristivewf solar PV,
(b)Power and Voltage characteristic curve of sBMr

Maximum power point tracker (MPPT) was a systeat th
designated to get the highest power point in 98V\ar The way it
worked by changing work point of current and vod#taig I-V
curve with the help of DC/DC converter. MPPT systsenved
adaptively towards maximum point, taken into acdotimat
maximum power of solar PV would always changed in
accordance with solar radiation and work tempeeatifr solar
PV.

From the figure 9(b) it could be seen that in life hand
side of MPP, the power transition to voltage traosidP/dV>0,
whereas at the right hand side, dP/dV <0 [14].hHré was a
change in solar radiance or solar PV temperathe tt would
change power value to voltage. Hence the algoritatoulated
whether dp/dv rate would be greater or smaller thanull). If
dp/dv < 0, voltage would be reduced to reach MRReverse if
dp/dv > 0, voltage would be increased to get MPP.
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2.4 Pertube & Observe

One most commonly method used for Maximum Powem Poi

Tracking was Pertube and Observe like describéderollowing

flow chart:

Sense the
V(k) and I(k)

N

Calculate P(k)
P(k) = V(k)*I(k)

y

Calculate
AP = P(k)-P(k-1)
AV = V(k)-V(k-1)

Return

[

Figure 10. flow chart PO MPPT

At that flowchart in figure 10, current and voleagrom
solar PV were read and power value would be caledlarhe
recorded data were then compared with previous umeant.
The results were used to determine voltage referemorder to
reach optimal power from solar PV. By using thistimoee,
maximum power of solar PV would always reached thamgh
P-V solar PV curve decreased or increased duettoaldactors
(sun radiation and temperature).

2.5 DC to DC converter

DC/DC converter 3 phases 6 legs was used for MR®dware.
This converter had switching component twice ashmg 3 legs
3 phases converter. It was designated as suchder ¢o gain
higher efficiency in converter by reducing switahitosses. This
could be achieved because it already used IGBT oot so
that switching frequency could be elevated andvenend, ripples
were reduced, so were filtering processes.

6 legs 3 phases full bridge converter

Ll O B 1
.

Figure 11. Dc/DC converter 3 phases 6 legs

m

Figure 11 described converter 6 legs-3 phasegegiich
would be used in this research. It consisted @&gs lfor obtained
3 phases switching with each of its phase used)2 Bhasel is
A, phase 2 is B and phase 3 is C.

Table 1: Switching vectors for each transistor

Timel | Time2 | Time3 | Time4 Timeb Time6
Alp 1 1 1 0 0 0
Aln 0 0 0 1 1 1
A2p 0 0 0
A2n 1 1 1 0
Blp 0 0 1 1 1 0
Bln 1 1 0 0 0 1
B2p 1 1 0 0 0 1
B2n 0 0 1 1 1 0
Clp 1 0 0 0
Cln 0 1 0 0
C2r 0 1 1 1 0 0
C2n 1 0 0 0 1 1

Switching regulation could be divided into two fsawhich
were mosfet switching upper part (p) and lower f@rtat each of
Al, A2, B1, B2, C1, and C2 legs. If the top-mogigtéf switch
was triggered then leg was in “+” state (Time Iheowise if the
bottom-mosfet(n) of switching was trigered then fggpwas in “-
" state (Time 1). For example at Alp and Aln lagshe top-
mosfet was triggered and botom-mosfet was opehetgant that
Al leg was in “+” state (condition 1) and vice \eer&urther, this
implied that for 6 legs would have 6 time switchowndition and
earned 72 switching vectors with each cycle explim Table 1.
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3.0 EXPERIMENT RESULT
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Figure 12. Complete simulation circuit of DC/DC werter three-phases six-legs

Experiment includes solar PV modelling, batterydeiting,
DC/DC converter examining and obtaining overall maxm
power point solar PV response. PSIM simulator isdus this
experiment. It has to be considered that all coreptmin the
simulation are at ideal conditions.

3.1 Solar PV Modeling

[ Solar Module (physical model)
Manufacturer Datasheet
Number of Cells Ns: 2]
Maximum Power Pmax: 200 (W)
Voltage at Pmax: 388 (V)
Current at Pmax: S.15 (&)
Open-Circuit Yoltage Yoc: 21,1 (V)
Short-Circuit Current Isc: 58 (A)
Temperature Coeff., of Yoc: 034 (%foC or oK)
Temperature Coeff, of Isc: 0.06  (%JoC or oK) 800
Standard Test Conditions: ight
Light Intensity S0: 1000 Wj(m*m)
Temperature Tref: 25 (oC)
dv/di (slope) at Yoc: -0.68  (V/A) —
(if available) -
Model Parameters (defined)
Band Energy Eg: 112 (ev)
Ideality Factor A: 1.2
Shunt Resistance Rsh: 1000  (Ohm)
Coefficient Ks: 0
Model Parameters (calculated)
Calculate Parameters
Series Resistance Rs: 0.008 (Ohm)
Short Circuit Current Isc0: 38 (&)
Saturation Current Is0: 2.16e-8 (&)
Temperature Coefficient Ct: 0.0024  (A/K)
Operating Conditions
Light Intensity S: 1000 W/(m*m)
Ambient Temperature Ta: [—25 (oC)

Figure 13. solar PV spesification and modeling

By entering several parameters of solar PV likecdpson in
figure 13, solar PV characteristic will be earni lin figure 14
belows:

(b
Figure 14. (a)Current-Voltage simulation of solaf, Pb) Power-
Voltage simulation of solar PV

At simulation 1 (figure 13-a), actual current amtsuto ISC
= 4,8A with saturated voltage OCV = 78V and maximpaower
point MPP= 200W.
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3.2 Battery Modeling

As it is explained in figure 8 and equation 1, withitage of 13
VDC and 1 A current, resistance value R1 can beutated.
However, impedance rate is assumed constant byineliimg
other factors such as fluctuative temperature atat sadiation.

_v2-v1
i

Ri

(1)

_ 12,05-12,07
1

Ri (2

After having R1 result, some experiments will e in
order to get the values of RT and CT with the sesallerror
possible, such as explained in this following table

Table 2. Experiment results for RT and CT

No R1 Cl Error
1 0,01 0,1 0,0109¢
2 0,01 15 0,01099
3 0,01 2 0,0109¢
4 0,05 0,1 0,01099
5 0,05 15 0,01099
6 0,08 2 0,0109¢
7 0,1 0,1 0,0109¢
8 0,1 15 0,0109¢
9 0,1 2 0,01099

According to the calculation and experimental ltesid
simulation, inner resistance is found, such as shiavfigure 15:

®)
L

Figure 15. Result of battery modelling using themenodel

- R1=10,120Q
- RT = 0,05Q
- CT=15F

——]
C:zm

While this following graph compares between measerg of
single cell battery and battery modelling:

RN |
W o
o [ LN L AN AY
R Ve s

N i o™
WA ol % Yy

Figure 16. Measurement result of battery modellinging
thevenin model

At figure 16, parameter of battery modelling (simowith
the red line) is nearly approaching the real battandel (blue
line) (figure 7). The simulated batteries are ttoemnected in
series (25 cells) in order to have 300V voltagdessred.

3.3 Pertube and Observe
voltage sensor

dp>0
- b4 dvrdt
I av<o

>

current sensor

=
- PAM reference
60 QUTPUT
DC26
dp>0 dPp<0
vDC24 VvDC25

Figure 17. Pertube and Observe in PSIM schenario

Figure 17 is P&O circuit for PSIM simulator. It wsists of
voltage sensor, current sensor, comparator derevatind voltage
adder for PWM reference output. PWM reference vii#
automatically increased or decreased to reach MP®lar PV.
Increment or decrement of PWM reference dependsottage
and current sensor connected to solar PV.
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3.4 DC to DC Converter
Simulation model of solar PV, converter and battsrgssembled
like the figure 14 above and the result of batwgrging for 60
seconds is explained in the following image 18 &8d
Voltage (v)
400~
TR
300~

200~

100-
0

Time(s)
Figure 18. Voltage response (blue line) and Cumresponse (red
line) of battery charging

In the simulator, solar PV can produce 56 V vaitagy
using 6 legs 3 phase DC to DC converter, the veltegan be
stepped up until 300V voltage (blue line) to chatge battery
pack. The voltage increases up to 360V in 50 secomith
average current injected is 0.7 ampere (red line).

Voltage (v)

300 |

200 |

100+ |

Figure 19. Maximum power point respons of Solar FRéd line
is maximum power point reference base on datasBked.line is
actual power point result using P&O DC/DC convetteree-
phase six-legs).

From figure 18, power point result (blue line) cae
adaptive to follow maximum power point referencen@ which
is needed to reach maximum power point is 0.012®rsts.
Average power produced is 260W out of 278W (maxinpawer
of solar PV).

4.0 CONCLUSION

This paper has proven that DC/DC Converter threeselsix-legs
can be used as MPPT with PO method for solar P¥¢htrge
battery pack. Output voltage of solar PV which Tswlt can be
increased up to 300 volt using step up transforreminal

charging current is 0.7 ampere at average andciagable to be
used for power charging of 300V battery modelling.
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