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Abstract

Today, solar arrays, fuel cells and wind energy are highly regarded as sources of clean energy. These
sources can deliver their energy to the grid or directly to the consumer. Usually the voltage level
produced in these sources is low and the need to increase the voltage level is. To solve this problem,
high voltage gain converters can be used as single-port and multi-port. In the proposed converter to
increase the voltage gain, the voltage multiplier circuit, the switched inductors and the switched
capacitor are used, and also the clamp circuit is used to solve the problem of energy stored in the
leakage inductor. One of the features of this converter is to share the components of the converter in
different modes. This is important to reduce the number of semiconductor elements in the construction
of the converter. In the proposed converter, the power transfer can be from solar array to load or from
solar array to battery or both. Also, in peak moments, solar array and battery consumption can provide
load power at the same time. In this paper, theoretical analysis has been used to evaluate the
performance of the proposed converters and the results of the converter simulation in Orcad software
have been presented to evaluate the accuracy of the theoretical analysis. Finally, a laboratory sample
of the proposed converter with a power of 200 watts and a frequency of 100 kHz has been
implemented, the results of which show the accuracy of the analysis of the theory and performance of
the proposed converter.
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Figure (1): Renewable energy systems, a) Two converters of one port b) A three-port converter
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Figure (2): Operating mode of three-port converters, a) Load power supply as well as battery charge (one input and two outputs), b) Load
power supply by source and battery simultaneously (two inputs, one output), c) Battery power supply (one input one output), d) Total modes
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Figure (3): Proposed structure of high gain three-port converter for combined energy systems
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Figure (4): Proposed converter waveforms
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Figure (7): Operating modes of energy storage system converter in charge mode
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Figure (8): Chart of the proposed converter voltage gain based to the duty cycle changes for the different conversion ratio
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Figure (9): Voltage stress on the main switch against different duty cycles

@ 0y Je s lim@g sveblise QW Gl > bawgie jlade Jowe (ol (295 Ol 4 azsi b iJue o Sk (2

Lesl 5
(n + 1)10
[iM(ave) = 1-D) (YY)
VipD
"":‘ILM - m (YV)

el sl Gty (5500 > o L oids cales dolae (VA) alal, 5l eolaiwl b 5 (YY) 50 (YY) adal, 5 I35 L

Lo (1 — D)?DR (Yf)
™ 2(n+ D2 -D) + 1]t
S 5l s L lase obasl gl Gl (b 29,5 olgi 5l ae,0 Ve Wlgi oo s50 <l (0 Jb Cwglan jiSTas oS

6)f‘ o).»_>.> p.:.m.».w ))L..J 9 4.~.L7L’ | PN L 4.1.>).A 9o ‘5‘)4 4.»...;9.».: Ja.:‘).w wm 9 S| c(Yf) h.,uy AW u.»...u
05....)‘541 w).’.: ) &_:)5.»04) ol 00 G}fg&lmcuw)jémn A.L:;‘) U‘»’o‘ 3o O}m‘snwm
N3 Iyp

n=——=— o)
nij; Ny

hos digod el gl -#
oL sln el ool oolitl 35,5lS Ve e (G508 S8 5l cenlie adilsy S s @ ooleiinn Joee cSLe o
Sy 5 cdg VF g cds Fr (6055 aie 99 cooleinday oo 5o Vb 55 000 oobml 5 (6351 0235 s CobB (0l
Joame ailes b sl ol el S5 5095 slosliy « sl g0, Khae clo 5o sl oad il g Fe o g ,s
b b polie ol &g Vhatry= Y o Vin= ¥ 0,5 5,8 L iS5 (650 Solon cdle jo Jow a5 slaisSay el SL
S 3551 Cooy Glsiee 1) o ge po sl @i akby UKo g a3 le pal B 1) soletin Joee cilo e Sl
9 VAL po,50l 5 (6l 00l g slacalo g pew 599 S inlplis 0ol Jol> D=2170 ol 50 collas 4y
Sl lae 2 (gl oaisS Gueblise il (6550 07038 it 438 Sl )0 gl o0 SBEITID by e j9dedl 5 6
0aiiS eablize Gl oy b1 45 (VF) alal) 5 olil b S IS aonge <llo o Joee 45 05 cpass (sl3sS 4
o o el osds mice zayS 0l ol p Lo 5 Lt i s o i Gilos 305 e b olyad s aoglie

(fv)



YY-FANT e ol /s g Joz ojlods /003150 Jlo /30 Cain ;0 Jialisgd (sl oy, 4 il

Gl lsieas el Conms 00iiS pupblice Cils (Lol S ad S8 5, 5 Shas 4y Vb e« 05 S pienes 5,1
el 00 onls Lt olEylesT 45 oad ansles golyiing Jows gl (V¢) US55 08 o Joe S Joe

olBiulojl 5o ol sl golpcion Juwwo yguai :()+) S0
Figure (10): Image of the proposed converter made in the laboratory
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Figure (13): a) Voltage and current waveform of clamp diode (D¢), b) Voltage and voltage waveform of diode (D) voltage multiplier circuit,
¢) Waveform voltage and current of output diode (D)

ILM[SA/div]

t[2.5usec/div]

(Lmz) 00558 (puublizo il 5L 3o z g0 :(VF) JSC&
Figure (14): Magnetic inductor current wave (Lmz)

VO[50V/div]

t[10usec/div]

(Vo) =955 5Wg zgo (10) J&
Figure (15): Output voltage wave (vo)

Joe sl oals ools las (VF) USG j0 o Slee Galize slacdl> jo g alize sla)l )y (eolpiinn Jowo o5k
Loyl 10 9 (65,50 0,58 e 5L cdl> 50 5 e, AT/ lessly glils (6550 0,058 e adss cll> o golgainy
Sl doyo WY laadly slls LS L

(fo)



b o (S3g0 Some S = (S ylguntes (e [ S SO (3lwosls 9 >y

100
Battery charging mode
B i \J\—/.
. 96
3.?; Battery dicharging mode
E \“—\
3
£ I
w94 cggss
92
90

40 50 66 100 200

Output power(w)

liso )b byl 50 Golermin Jouwo 5590 52 1(1F) JSb
Figure (16): The efficiency of the proposed converter under different load conditions

sebdr Wl Bib e oS 09h oo )] SS9y w4 peiee Jh2 e o 62959 0 lp solerig S
P r i daee slizlolass rals jshaiedy canl plowl JB (o) 40 e 5o 5l (6551 Sl onlplo wasS I Jitns
S gy JEI 50 o5 leadle plos b (53l 0558 olKis ol (g i (o ol 1) ilies (slaids Leailge
slacdl> ) lagdgm plod uizen g Sl 10,55 (295 Sy (il 5l oleidn Jore 09d (o0 3)LE ol ool
2 6o da adlie o (2 BB SRIBl s Dleosas cul ples icl Hloys5 0 o5 Gl 5 5y eyl 5l el
g 5ty Lyl malS IYA] alae b aslio 2 @olpin Jae Soge (il g odle 0gd o Jol> Lo e (BT L anslie
Folas [ ] alio b awslio ;o cpimpd 5 ol (29,5 5 olewily 51 VAL alie b anslio 10 5 .ol bageis b2
o0l &yl Jare aiz g ooloiday Joe it (V) Joo ol 10,05 5 (65008 e (Sezmy 5l S oo ool dges

ou iyl Jume Wiz 9 goledioy Jono dunnlio :(Y) Jguor
Table (2): Comparison of the proposed converter and several converters presented
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