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Abstract. The paper focuses on a DC/DC converter that is useiapt a varying output voltage from a solar
panel to demands of an electrolyzer unit or batthigrging purposes. The converter covers an inplige span
from 9 V to 24 V and has an output voltage of 1atva maximum current of 50 A. A modular topologytioé
converter is described along with a microcontroléantrol strategy. Finally, the efficiency increasé the
synchronous interleaved buck-boost converter iriouar operating modes and load changes is experathent
evaluated and compared to the 2-transistor buckttmmverter.
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DC/DC pretvornik z visokim izkoristkom za nizkonapetostne aplikacije

Povzetek. V ¢lanku je predstavlien DC/DC pretvornik, them, the battery power management and consequently

namenjen vmesni ntoostni stopnji med spremenljivim ; ; ;
napetostnim izhodom soémih panelov in porabnikom - the number of charging/discharging cycles of thiteiop

elektrolizno enoto. Pretvornik zagotavlja konstantehodno are crucial. Another aspect that is becoming meme a
napetost kljub spremenljivi izhodni napetosti &tih panelov, more relevant is connected with the treatment edus

ki je posledica spremenljivega smega obsevanja. patteries. A possible way to overcome the battery-

Predstavliena zgradba in krmiljenje pretvornika regp . . .
omogaata tudi polnjenje baterijskih celic s konstantnimrelated problems is to implement an electrochemical

elektricnim tokom. Poleg opisa pretvornika in regulacijedevice — an electrolyzer producing hydrogen frontewa
izhodnih veltin so v ¢lanku podani tudi izmerjeni rezultati by means of electricity. With this approach, thepfus

izkoristkov predstavijenih topologij pretvornika. of electricity that can not be used immediately ¢an
Klju &ne besedesinhroni pretvornik navzdol-navzgor, stikalni N0t be stored in batteries) is used to convert atediy-
pretvornik, elektrolizna enota, proizvodnja vodikeoristek bonded energy of water into hydrogen gas. This can
then be used in another electrochemical deviceel fu
cell, when there is a demand for electricity. Sitice
1 Introduction effici.ency of these electrochemi_cgl transforma_lti_cisls
relatively low [2] compared to efficiencies of eigcity
Among various approaches to electricity generatiiat  transformation  (modern  transformers, inverters,
are environmentally friendly, photovoltaic (PV)converters, etc.), a special attention is requikaimely,
modules are becoming more and more popular. Due ttee electrochemical transformation, and thereforghis
their low production costs, high efficiency and don case the hydrogen production, is only justified wkige
lifetime, the number of installed PV modules iswing  electricity for its operation is obtained eithemorfr
rapidly with the annual growth rate of more thar¥30 renewable sources and there is a surplus of alailab
[1]. Consequently, there is a great demand foresyst electricity at that point or from conventionallytamed
that enable electricity transformation and — ifgible —  electricity in a “low tariff” period.
also energy storage. The latter is of significant A principal block diagram of a system that enables
importance due to a non-constant available solagie storage of surplus electricity in a form of ygkn
radiation. A traditional approach here is to impéma is shown in Figure 1. Normally, a direct path of
system with a stack of batteries that are chargéldl av electricity from renewable sources is set through a
surplus energy from the PV panel and are being us&t/DC converter, followed by a DC/AC inverter which
when electricity demands are higher than the asigila can be finally synchronized and connected to aipubl
energy from the PV panel. At a first sight, such @lectrical network or be used as a stand-alone AC
solution is not problematic, however several issuesystem. Alternatively, the electricity is used tgpply
regarding the batteries have to be addressed. Amothg electrolyzer for hydrogen production. In bo#ses,
the output of renewable sources has to be adapted f
Received 22 February 2010 further use. In this paper, a DC/DC converter fisat
Accepted 12 March 2010 designed to cover an input voltage span from 9 240
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V and delivers 12 V of output voltage is described e u ar o
H L
detail. T J : J B J
Blectrolyzer  corsge  PEMfuel cel Un TA TQ CT R | Up
A
ﬁ> |H20= H, | — H, | —_— | PEM N
ﬂ DC/DC I
converter
il L T3l
L7 -+RAF- Tl S~
moF:ilvule TA;E TQ
l ILS
LT N il
DCI/AC inverter ?\ ’Tﬂ
230V 50 TA:: TQ

Power | Stati:éonel Figure 4. Proposed modular topology

grid

In order to increase the power capability, three
_ . _ _ identical modules are connected in parallel (Figdire
Figure 1. Electricityconversion with hydrogen general |n this way, transistors with lower current ratican be

option used, since the output current is shared equallyngm
the modules. Interconnection of multiple (N) coriges
2 DC/DC converter operates with identical switching frequerfgybut with

The proposed scheme for hydrogen production iscbas@hase shifting of i
on a DC/DC converter that can operate in a step-up _ 360° (1)
(boost) mode when the input voltage is lower thaa t . N i ]
output or in a step-down (buck) mode, when the tinp®etween them (Figure 5). The benefit of such ieteré
voltage is higher than the required output. Norgdtir ~ POWer conversion technique is the ripple cancelfati
this operation, a buck-boost topology of conveiter €ffect [4]. As seen in Figure 5, the frequency of the
selected (Figure 2). One can observe that theréoare COmmon current ripple is three times the frequeoty
semiconductor devices implemented in the diagram the single module current ripple.
two transistors and two diodes. Since the voltagg d ; 1

Sl digy O 2
on these elements can represent a significantopaine fs
output voltage, MOSFET transistors with I®ys.oyare Due to the inverse proportion of the inductor caotre
required. To minimize the voltage drop andipple di,, and switching frequenck (2), the modular
consequently losses, two diodes can be replaced wibpology of the synchronous buck-boost converter
transistors, as seen in Figure 3, to utilize thévac offers lower common current ripple. In an interledv
conducting of transistors [3]. Such topology is kmoas Mmultiphase converter, the value of the common adirre

synchronous non-inverting buck-boost converter. ripple is also a function of a duty cyd The current
N ripple cancellation factoK, is introduced, which is
141 L L1 X . .
T D, defined as the ratio of the magnitudes of common
1 . . . . .
u, /N0, TjE tic | |r v, currentrippledio, and inductor current rippldi,.
my/m+1
s NON)OR -0
Figure 2. 2-transistor buck-boost converter K,= L‘“ = (3)
A7 dip D((1-D)
% - % The valuem corresponds to the maximum integer that

does not exceed the product of the number of ph&Bes
and the duty cyclelY). The waveform of the normalized
common current ripple for a built converter canseen

in Figure 6, if all three modules operate with tane
duty cycle. Such effect enables the use of a smalle
inductance that improves the transient response.
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Figure 3. 4-transistor buck-boost converter
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transistor T is switched on. Until the beginning of the

T, | | | | | | next cycle, the stored energy in the inductor isvdeed
B B B to the capacitor and to the load.
T || BEN ] BER The proposed topology of the DC/DC converter also
Do P BN BN permits the use of a buck-boost operating mode when
To | [P e [ the input voltage is close to the controlled output

Lo voltage. In this mode, the transistorsahd T; represent
IR one switching pair and are responsible for magimefiz
PN the inductor like in the boost mode, while trarmistT,

and T, form another pair that carries the stored energy
to the output, similar to the demagnetizing bucldeo

Due to the use of a 4-transistor buck-boost cdever
and its symmetrical topology, the flow of energy dze
reversed. Such an operation is viable in the cdse o
Figure 5.Characteristic waveforms of three parallel moc low or no solar radiation, thus delivering the stbr
in a buck mode energy from batteries to the load.

3.1 Implementation of the PWM controller

o The described switching strategies are implemented

using a Microchip microcontroller, which enable® th

converter to operate in either voltage or curreotien

For hydrogen generation by means of electrolysis,

voltage control mode is being applied. Its blockgiam

is seen in Figure 7. The output voltagk, of the

converter is controlled in the outer control lodfhe

0 0: 02 03 o1 o5 o5 o071 o8 oo voltage errorg, is an input to the proportional-integral

puty cycle (PI) controller which sets a referente for the inner

current loops. Due to the interleaved control, each

module has its own current control, consisting tsf i

inductor current feedback and a PI controller, siifjig

3 Transistors switching strategies a duty cycle for the switching transistors. One oied

contributes one-third of the overall load current ats

The proposed synchronous non-inverting buck-booghmmutation cycle is phase shifted by 120° comptwed

converter in Figure 3 offers three operating maithe$  other two modules. The presented current contibdo

are implemented due to variable input voltage [S]. ~ prevent the uneven distribution of current through
When an input voltageUi, is higher than the modules, especially during transients, due to sligh

controlled output voltag®,,, the converter is set up for gifferences between modules that occurs during
a buck mode. In this mode, the transisterisT always cgnstruction.

on, transistor T is always off, while transistors; Tand
T, are in a complementary mode, therefore switched ¢
and off sequentially. Turning transistor iii an on-state
(transistor T} is consequently switched off) the
magnetization cycle of the inductor L begins and th
supply energy is transferred to the load. In th
demagnetization cycle (transistot i§ switched off and
transistor T is switched on) the energy stored in the
inductor L is delivered to the load and currentrdases
nearly linearly, until transistorTis switched on again.

If the input voltage drops below the desired otitplrigure 7. Voltage and current control loops
voltage, the boost mode of the converter ic )
implemented. In such mode, the transisterisTalways Such control scheme also permits a current control

on, transistor Tis always off and the output transistorT0de for charging batteries. In such mode, the caer
pair (T, and T,) is being switched complementary.d'reCtly set the current reference and therefoeev&ige
While transistor § is on, the inductor is being of the load current. Here, the output voltage feetitis

magnetized by the input current and the capacitor }S€d only for measuring purposes.

supplying output current to the load. At the endtaf ~ APart from a microcontroller and its peripheral
duty cycle, the transistor sTis switched off and circuits there is also an electrical circuit thabmtors

Ripple cancellation factor

Figure 6. Normalized common current ripple vs. duygle
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inductors’ currents. If the inductor current duringswitching losses of the MOSFETSs are predominant and
demagnetizing period of the switching cycle fals ttherefore a single buck-boost converter has the
zero, it prevents discharging of the output capaclt,; advantage regarding efficiency. The current wawvefor

through the inductor back to the source by switghoff  of various operating modes and hardware set-ups are

transistors Tand T,. presented (Figure 10 - Figure 13).

4 Experlmental I'eSU|tS Efficiency vs. ouput power of the DC/DC converter

A 600 W - prototype of the described DC/DC conwverte ——

was built and tested (Table 1, Figure 8). - '_\*i'?-‘u'.‘*«-‘\

g | [T—s

Cio 4400F i \\ T
Lise 30 pH ’ \
Uou 12V i
fs 40 kHz W
MOSFETs IRFB4310Z ' " T oweew " h
Microcontroller | dsPIC30F2023 I;?I()imiiii(}

Table 1. Parameters and relevant components ob@/@®C

converter Figure 9. Efficiency of the buckdwst converter as a functi

of the output power in various hardware settings
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I .
[t i R T T

Figure 8. Prototype of an interleaved synchronows+ n ]

inverting buck-boost converter Figure 10. Buck mode, single modulg;, = 24V; I, = 25A;
Ch1 — Inductor currenk{ = 10A/div), Ch2 —Output currer

The main focus of the testing setup was to verifg a ripple (g = 100mA/div):k, = 2Qus/div;

experimentally determine the efficiency increase df-

transistor buck-boost converter compared to a : LeCroy
transistor buck-boost converter. All of the present R T B
results were measured using a resistive load with |~ i M o ‘
constant input voltage of 24 V for buck mode andl 9 Tt Tt ot B S}
for boost mode. P ’*"‘h\k_,r/*“mmr/r” M —+

Comparing the synchronous and 2-transistor convert
(Figure 9), an average increase of 5,8% in efficjyen
was measured when operating in a buck mode. In t
boost mode, the increase is 3,6%. One can furibtézen
that in the boost mode the efficiency is decreasin
rapidly with the output power increase, due ftc
dominating conduction losses [6]-[8]. There is akso
noticeable increase in efficiency when the converte :
operates interleaved with all the three modulesv@ct Figyre 11. Synchronous buck mode, three modulgs;=
apart from the single buck-boost converter. Theseaa 24v:; |, = 25A; Ch1,2,3 — Inductor currents;, I, andl s
for such increase is in the distributed currendtigh the (k, = 10A/div), Ch2 — Output voltage( = 10V/div); k, =
interleaved converter. The conduction losses aious/div;

decreased since they are a square function ofot |

current. In the region where the output power g, lthe
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achieving higher efficiency in power transformation
systems.

The focus of the future work will be on determigin
an optimum operating point for a system consistihg
PV panel and its maximum output power point, DC/DC
converter and electrolyzer with its hydrogen prditurc

LeCroy|

efficiency.
x..»»’ L l ..Al L ‘i Lll” M |l AL L_JL
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