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Abstract: Electrolytic hydrogen offers a promising alternative for long-term energy 
storage of renewable energies (RE). The long-term excess energy with respect to load 
demand has been sent to the Electrolyser for hydrogen production and then the fuel cell 
has utilized this stored hydrogen to produce electricity when there were insufficient 
wind and solar energies with respect to load requirements. The RE system components 
have substantially different voltage-current characteristics and they are integrated on the 
DC bus through a power conditioning devices for optimal operation. The DC power 
required by the Electrolyser system is supplied by the DC-DC LLC resonant converter. 
The simulation and experimental results show that the power gain obtained by this 
method clearly increases the hydrogen production and storage rate from wind-PV 
systems. 

 
1. Introduction 
 Over recent years, it has been recognized that the combustion of fossil fuels has 
significantly increased the proportion of carbon dioxide in the atmosphere, with many 
postulating that this has and will continue to cause changes in global climate. A continuing net 
global temperature rise and increasing occurrence of extreme climate events are anticipated 
during the forthcoming century. It is therefore imperative that energy systems based on the 
utilization of non-fossil sources be developed and exploited as early as possible. The existence 
of considerable wind resources in remote places and the high costs of supplying electricity in 
those places suggest that these might be the first places to benefit from a switch to a hydrogen-
based fuel economy. To date, the possibility of using wind power and photovoltaic power 
plants with electrolyzers to generate hydrogen has received little attention for renewable energy 
systems [1]-[3]. The combination of a battery bank with long-term energy storage in the form 
of hydrogen can significantly improve the performance of stand-alone RE systems. Also, the 
overall RE system performance is very sensitive to local weather conditions. Thus, to achieve  
an adequate performance from such a complex system, one requires appropriate components 
and a well-designed control system in order to achieve autonomous operation and energy 
management in the system [4]–[7]. To ensure proper flow of power between the system 
elements, the available energy from different sources are coupled to a low voltage DC bus. A 
direct connection of DC bus to the Electrolyser is not suitable because it lacks the ability to 
control the power flow between the renewable input source and the Electrolyser. Therefore, a 
power conditioning system, usually a DC-DC converter is required to couple the Electrolyser 
to the system bus as shown in Figure 1. The DC power required by the Electrolyser system is 
supplied by the LLC resonant DC-DC converter. The Conventional PWM technique processes 
power by controlling the duty cycle and interrupting the power flow. All the switching devices 
are hard-switched with abrupt changes of currents and voltages, which results in severe 
switching losses and noises. Meanwhile, the resonant technique process power in a sinusoid

Received: May 19th, 2010.  Accepted: August 1st, 2011

278



 
 

 

form and
noises can
attentions
LLC-type
this topol
(ZVS) ov
capacitan
 

 
 
are utilize
prototype
of LLC re
can be im
output fil
with full-
the leaka
typical w
small, the
 
2. Operat
 The h
resonant 
enables th
 It is i
different 
derived. T
wave of v
ration (n=

d the switching
n be dramatica
s in various a
e resonant conv
ogy has many 

ver the entire o
ces of all semi

ed to achieve so
e converter of t
esonant conver
mplemented as
ter. Figure 2.1

-bridge output 
age inductance
aveforms of th

ere exists consi

tion Principle
half-bridge inve
network. The 

he MOSFETs t
important to n
from actual lo
The primary si
voltage, VRI ap
=Np/Ns), the eq

F

g devices are 
ally reduced. F

applications [1
verter has been
advantages ov

operating range
-conductor dev

oft-switching. 
the 250W half
rter can be buil
s a full-bridge 
, shows the ha
rectifier, wher

es in the prim
he LLC resona
iderable magne

e and Fundam
erter composed
current is lagg

to be turned on
note that the e
oad resistance. 
ide circuit is r

ppears at the in
quivalent load 

Figure 1. Stand

softly commut
For this reason
-3]. Among m
n the most pop

ver other topolo
e, and all essen
vices and the le

The design pro
f-bridge LLC r
lt as a full-brid
or center tapp

alf-bridge impl
re Lm is the ma

mary and secon
ant converter. S
etizing current 

mental Approxi
d of Q1 and Q2
ging the volta

n with zero volt
equivalent load

Figure 2.2 sho
eplaced by a s

nput to the rect
resistance show

d-alone Renew

tated. Therefo
n, resonant con
many resonant
pular topology
ogies; it can ac
ntial parasitic 
eakage inducta

ocedure is veri
resonant conve
dge or half-brid
ped rectifier c
lementation of
agnetizing ind
ndary, respecti
Since the magn
(Im) as shown 

imation 
2 applies a squ
ge applied to 
tage.  
d resistance sh
ows how this
sinusoidal curr
tifier. Consider
wn in the prim

wable Energy S

re, the switchi
nverters have 
t converters, t
y for many app
chieve zero vol
elements, incl

ance of the tran

ified through an
erter. The prim
dge type and th
configuration w
f the LLC reso
ductance and L
ively. Figure 2
netizing induct
in Figure 2.2. 

uare wave volta
the resonant n

hown in the p
equivalent loa

rent source, Iac
ring the transfo

mary is obtained

System 

ing losses and
drawn a lot of
the half-bridge
plications since
ltage switching
uding junction

nsformer,  

n experimental
mary side stage
he output stage
with capacitive
onant converter
Llkp and Llks are

2.2 shows the
tor is relatively

age (Vd) to the
network which

primary side is
ad resistance is
c and a square
ormer turns the
d as 

d 
f 
e 
e 
g 
n 

l 
e 
e 
e 
r 
e 
e 
y 

e 
h 

s 
s 
e 
e 

P. Chandrasekhar, et al.

279



 
 

 

 
Figure 2.1. A schematic of half-bridge LLC resonant converter 

 
 

 
 

Figure 2.2 Typical waveforms of half-bridge LLC resonant Converter 
 

 
Figure 2.3. Equivalent Load resistance Rac 
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Figure 2.4.  AC equivalent circuit for the LLC resonant converter 

 
 With the equivalent load resistance obtained in (1), the characteristics of the LLC resonant 
converter can be derived. Using the AC equivalent circuit of Figure 2.4, the voltage gain is 
obtained as      
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Where               
       ω୭ ൌ ଵ

L౨C౨
  ω୮ ൌ ଵ

L౦C౨
,  k = Lౣ

Lౢౡ౦
  (3)      

  Q ൌ ඥL౨ C౨ ⁄
Rౙ

                                     (4) 
 
 
The gain at the resonant frequency (wo) is also simplified as 
 

          Mனୀன ൌ  Lౣା୬మLౢౡ౩
Lౣ

ൌ ට
L౦

L౦ିL౨
 =୩ାଵ

୩
                                                               (5) 

 
 The equation (2) is plotted in Figure 2.5, for different Q values with k=5 and fo=100 kHz. 
As observed in Figure 2.5, the LLC resonant converter shows nearly load independent 
characteristics when the switching frequency is around the resonant frequency. This is a 
distinctive advantage of the LLC-type resonant converter over conventional series-resonant 
converters. Therefore, it is natural to operate the converter around the resonant frequency to 
minimize the switching frequency variation at light load conditions. 
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Figure 2.5. Typical gain curves of the LLC resonant converter 

 
 The operation range of the LLC resonant converter is determined by the available peak 
voltage gain. The frequency where the peak gain is obtained exists between fp and fo as shown 
in Figure 2.5. As Q decreases (as load decreases), the peak gain frequency moves to fp and 
higher peak gain is obtained. Meanwhile, the peak gain frequency moves to fo and the peak 
gain drops as Q increases (as load increases).  

 
Figure 2.6. Peak gain versus Q for different k values 

 
3. Design of LLC resonant converter 
The parameters need to be designed are:  
Transformer turns ratio:  n 
 
For Half Bridge LLC resonant converter, the turn’s ratio will be:  
  ൌ ࢂ ⁄  ࢂ
 
For Full Bridge,       ൌ ࢂ ⁄ࡻࢂ  
The turn’s ratio was chosen to be 5.  
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Series resonant inductor:  Lr         
࢘ࡸ  ൌ 

ሺࢌ࣊ሻܚ
 

 
Resonant capacitor:   Cr 
࢘   ൌ 

ࢉࢇࡾࢌࡽ࣊
 

 
Magnetic Inductance Lm 
ࡸ        ൌ ሺାሻ

ሺାሻ
 ࢘ࡸ

 
Resonant inductor ratio:    ࡸ ⁄࢘ࡸ  
 
The specifications for the design are: 
Input voltage range: 150 V to 200 V 
Output voltage: 14 V 
Maximum load: 1.5 Ohm 
Maximum switching frequency: 200 kHz 
 
Specifications of The 250w LLC Resonant Coverter 
 In order to let the circuit be stable when the load is changed, the circuit parameters are 
designed in detail [5], [6]. Table I, II and III are the specifications and key components of the 
250W LLC converter, respectively. 
 

Table 1. 
Normalized 

Gain 
Resonant 

Frequency Quality Factor Normalised 
Frequency 

Inductor 
Ratio 
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 L୬ ൌ Lౣ
L౨

 

 
 

Table 2 
Parameter Value 
Input Voltage Vin 150 V 
Output Voltage Vo 13.5 V 
Output Current Io 18.5A 
Output Power Po 250 W 

 
 

Table 3 
Key Components of The LLC Resonant Converter. 

Component Value 
Magnetic Inductor Lm 0.1 μH 
Resonant Inductor Lr 0.8 μH 
Resonant Capacitor Cr 0.75 μF 
Duty Ratio D 0.48 
Quality Factor Q 0.3 
Switching Frequency fs 200 kHz 
Turns Ratio n 5 
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DC/DC converter for hydrogen generation 
 This DC-DC LLC resonant converter reduces a nominal 150 volts to 13.5 volts with 
constant current. The output current is normally 18.5 amps. Two electrons are needed to 
separate the two hydrogen atoms from the oxygen atom in a water molecule. The voltage 
drives the reaction, but increasing the voltage will not increase the hydrogen generation unless 
there is also an increase in current. Therefore, this DC/DC converter is designed to run in 
constant-current mode. This constant-current converter is designed so that no matter what the 
temperature or concentration of the electrolyte is it will try to put out a constant 18.5 amps.  
This is not a pulse width modulation scheme (PWM). Although PWMs are easy to design and 
cheap to build, they are not appropriate for this application. The reason is they still deliver 
albeit in pulses. Since amps are proportional to electrons per second, it is the amps that produce 
the hydrogen. 
 
4. Simulation Results 
     The simulation circuit of half bridge LLC resonant converter with C filter is developed 
using the blocks of simulink. The simulation circuit and their current and voltage waveforms 
are shown in Figure 4.1 and Figure 4.2. 
 

 
Figure 4.1. Simulation Circuit of Half Bridge LLC Resonant Converter 
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Figure 4.2(a) DC Input Voltage 
 
 

 

 
 

Figure 4.2(b) Driving Pulses of Q1 and Q2 
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Figure 4.2(c) Output Voltage of the Inverter 
 
 
 

 
 

Figure 4.2(d) Output voltage of the LLC resonant inverter 
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Figure 4.2(e)   Output current of the converter fed to the electrolyser 
 
 

                                                                              

 
       

Figure 4.2(f)   Output Voltage of the converter fed to the electrolyser 
 

                                                                                             
5. Experimental Results 
 In order to show validity of the previous analysis and design consideration, an experimental 
prototype converter of the 250 W half-bridge LLC resonant converter has been built and tested. 
The schematic of the converter and circuit components are shown in Figure 5.1. The input 
voltage is 150Vdc~200Vdc and the output is 13.5 V/18.5 A. The pulses are generated by using 
the ATMEL microcontroller 89C2051. These pulses are amplified using the driver IC IR2110 
as shown in Figure 5.2. The modulation of the driving signals as shown in Figure 5.3(a) for the 
converter device is used as a control parameter to maintain the supply voltage value at the 
request value of 13.5 V. The Oscilloscopes of the different levels of voltage waveforms are 
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 Since the input voltage varies over wide range, if the converter is designed to operate only 
below resonance frequencies, the excessive circulating current can deteriorate the efficiency. 
Thus, the converter is designed to operate above resonance at high input voltage conditions and 
below resonance at low input voltage to minimize the conduction loss caused by circulating 
current. The minimum gain at full load is determined as 1.0.  
 

 
Figure 5.3(a) Oscilloscope of the Driving Pulses 

 
 
 

 
 

Figure 5.3(b) Oscilloscope of the Inverter Output 
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Figure 5.3(c) Oscilloscope of the LLC Resonant Inverter Voltage 

 
 
 

 
Figure 5.3(d) Oscilloscope of the Converter   Output Voltage 

 
 
Conclusion 
 This paper has presented design consideration for the LLC resonant DC-DC converter for 
electrolyser application. The design procedure was verified through experimental results. The 
power control of a wind–hydrogen energy system has been addressed. The proposed controller 
basically combines a maximum power point tracking algorithm that suits the captured power to 
the requirements of the electrolyzer. The power conditioning circuit is designed using concepts 
of resonant mode control theory to produce the hydrogen from electrolyser. The proposed 
solution is very simple to implement and shows a very fast response.  
 
 
 

Design Consideration of LLC Resonant Converter for Electrolyser

290



 
 

 

Referenc
[1] S. R

syste
Hyd

[2] K. A
K. B
Pow

[3] S. G
JOU
Stutt

[4] F. B
eval
1403

[5] M. N
a hy
Spec

[6] A. G
Rud
auto
25, p

[7] P. A
expe
22, n

[8] Yan
DC/
2002

 
 

Departme
Andhara P
 
 

of ISTE, 
reputed jo
 
 

ces 
R. Vosen and 
ems: optimizat

drogen Energy,
Agbossou, R. C
Bose, “Renew

wer Sources, vo
Galli, M. Stefa
ULE-II E.C. pr
tgart, Germany

Bonanno, A. Co
luations of hyb
3, Dec. 1998.  
N. Eskander, T
ybrid wind/PV
cialists Conf., v
G. Dutton, J. A
ddell, “Experi
onomous wind-
pp. 705–722, 2
A. Lehman, C
erience with a 
no. 5, pp. 465–

ng, B., Lee, F.C
/DC conversion
2, pp.1108-111

 
P. Ch
Engin
Unive
Anna 
degree
DC c
Engin
IAEN

ent of EEE in
Pradesh, India.

S. Ra
Unive
Reson
Chenn
Electr
worke
He is 
Engin

Member of CS
ournals. His res

J. O. Keller, 
tion of system 
 vol. 24, pp. 11

Chahine, J. Ham
wable energy s
ol. 96, pp. 168–
anoni, K. Hav
roject for sola
y, June 1996. 
onsoli, S. Lomb
brid generation 

T. F. El-Shatter
/fuel cell gene
vol. 1, 2002, pp

A. M. Bleijs, H
ence in the 
-powered hydr
2000. 
C. E. Chambe
photo-voltaic-

–470, 1997. 
C., Zhang, A.J
n’. Proc. 17th 
12 

handrasekhar
neering from 
ersity, Tumkur

University ,C
e in Bharath U
onverter for E

neering Dept. o
G and ISTE.
n Dr.Paul Raj
. 

ma Reddy rec
ersity, Chennai
nant Converte
nai India in 1
ronics Dept., 
ed in Tata Con

fellow memb
neers (India), L
SI and Membe
search areas ar

“Hybrid energ
performance a

139–1156, 199
melin, F. Laure
system based 
–172, 2001. 
vre, P. Borg, W
ar hydrogen,” 

bardo, and A. R
systems,” IEE

r, and M. T. El
eration system
p. 347–353. 
. Dienhart, M. 

design, sizin
rogen productio

erlin, G. Paul
-hydrogen ener

J., and Huang, 
Annual IEEE 

r received his 
Sri Siddharth

r, India, ME d
Chennai, India 
University, Che
Electrolyzer A

of Bharath Univ
He is presen

j Engineering 

ceived his M.E 
i, India in 198
ers from Col
995. Presently
Jerusalem Co

nsulting Engin
ber of Institutio
Life Member o
er of SPE, Indi
re Power Electr

gy storage for
and cost throu

99. 
encelle, A. Ano
on hydrogen 

W. Brocke, an
in 11th Wor

Raciti, “A logi
EE Trans. Ind. 

l-Hagry, “Ener
,” in 33rd Ann

Falchetta, W. 
ng, economic
on systems,” I

letto, and M. 
rgy system,” In

G.: ‘LLC reso
Conference o

B.E degree 
ha Institute 

degree in Pow
in 2004.  He
nnai, India and

Application. H
versity, Chenn
ntly working 
College, Bha

degree from C
7. He received

llege of Engi
y he is workin
ollege of Eng
neers and Anna
on of Electron

of Institution of
ia. He has pub
ronic Converte

r stand-alone 
ugh control stra

ouar, J.-M. St-A
for remote ap

nd J. Mergel, 
rld Hydrogen 

istical model fo
Applicat., vol.

rgy flow and m
nu. IEEE Pow

Hug, D. Prisc
s, and imple

Int. J. Hydroge

A. Rochelea
Int. J. Hydroge

onant converte
n applied pow

in Electrical 
of Technolog

wer Electronics
e is currently p
d his research 

He has worked
nai, India. He i

as an Associ
adrachalam, K

College of Engi
d Ph.D degree
ineering, Ann
ng as Dean in

gineering, Che
a University, C
nics and Telec
f Engineers (In

blished 30 rese
ers, Drives and

electric power
ategies,” Int. J.

Arnaud, and T
pplications,” J.

“SAPHYS: a
Energy Conf.,

or performance
. 34, pp. 1397–

management of
wer Electronics

hich, and A. J.
ementation of
en Energy, vol

au, “Operating
en Energy, vol

r for front end
wer electronics,

& Electronics
gy, Bangalore
s&Drives from
pursuing Ph.D
area is on DC-

d in Electrical
is a member of
iate Professor,

Khammam Dt.,

ineering, Anna
 in the area of

na University,
n Electrical &
ennai. He has
Chennai, India
communication
ndia), Member
earch papers in
d FACTS. 

r 
J. 

. 
J. 

a 
, 

e 
–

f 
s 

. 
f 
. 

g 
. 

d 
, 

s 
e 

m 
D 
-
l 
f 
, 
, 

a 
f 
, 

& 
s 
. 

n 
r 
n 

P. Chandrasekhar, et al.

291


