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Abstract:

In this study, a novel high step-up converter without utilizing a coupled inductor at the input is
presented. The converter incorporates two coupled inductors: one to enhance the voltage gain and the
other to facilitate zero-current switching (ZCS) and transfer snubber energy. A lossless snubber is
employed to achieve soft-switching conditions. All diodes in the circuit operate under ZCS, effectively
eliminating the issue of reverse recovery. The converter features a continuous input current and
reduced conduction losses due to low voltage stress on the switches. The proposed converter has been
comprehensively analyzed, and a 60 W prototype was simulated in PSPICE and subsequently
implemented to validate the circuit analysis. The converter achieves an efficiency of 96% under full-
load conditions, representing a 6% improvement compared to a hard-switching boost converter.
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Figure (1): Schematic representation of the proposed quadratic converter

GOl Jono 8 ySloc—)-Y

Obyz &5 905 o0 (2R el (Folo ln wdlise Si0elS e Ko 50 S Ses Condy Bl ookt Joee
lociles 25 cile 1 8,k 5l el i LT 090 55 e ) 35 Co 5 Ca 5 C1 cglagy 3 5l 5 ol ol 5505
D)5 g0 a5 Do (S5 o o eads JysS

el ool ooly las (V) S jo Camdg o Jolre slojlaw g casl ool 00,51 (V) S8 50 Jous sodS lagse JSo
4 Do s5i0 Goyb 5l Lm 551 5 wimes (535, D3 s Do 5 D2 slosges 5 ol Sigals M gises Jsl comg 51 L3
Db oo S (29,5

iJgl sy

T 42 )0 9 b (il cod b ol > Lal (6w il b 4 09b oo SETM s (b g, b oy
BDpdyoe bl Condg cpl g (heels (29,5 0 llm 4 s by o b ogdoe 585, ZC & 00 4

P9 Caxdyg

gy S sk Sl 0gd e gl ZC 550 4 D3 ogis g 0uds Jizie D1 oges 4 D3 5l by Do o Gagals L
Dgb adss JalS & g0 4 b ogd oo 5)Lbs (il yge 4 Cr ojl5 5 098 o0 el Lat 5 Cr o

P Cardy

s La2 5 Lat cilo 50 0o b2 1) aboo (225 M gdg by s 5 00 (05, Da0ges Cr Ll 55L80 L
D pdee O @ G sl b Coendy (nl sl oe

oyl Cardy

D3 5 D1 sleogs cundy ol po 05800 55l L g Laz Glo by (s Cr 55 5 M gises ol (3905 L
2008 oo Jie Da 4 D15l b2 5 95800 (290 pliinsg

IR, Cardg

@ Camdg ol b 50 5 edm; o 4 B wboe GRalS Daogs by 5 00l g, Do 5 D2 slasgss condy ol 5o

D9 hgels ZC & jg0


https://jeps.dezful.iau.ir/article-1-525-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-11 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13- No. 3- Autumn 2024

VEY 50l —pg o)led —po s Jlo —aiedign 0508 glagitunw ;0 (g Olidod sands - sole alxe

Vs (v

>
P

A\ 4
—~+

>
P

A\ 4
—+

T

D
Fy \ > 1
D,
A S — t
7 h
> t
Ib1, Ipa A LR

Mode[1[2[3[4[5]6]
to t1 tz t3 t4 t5 t6

ol S1)01gS Jouo ualS’ (slex go S5 (V) S
Figure (2): Key waveforms of the proposed quadratic converter
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Figure (3): Equivalent circuits of the proposed converter in (a) first state, (b) second state, (c) third state, (d)
fourth state, (e) fifth state, and (f) sixth state.
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Figure (4): Voltage gain of the proposed converter versus duty cycle variations for different turns ratio values.
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Table (1): Specifications of the proposed converter and the values of its components
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Figure (6): Schematic of the simulated ultra-boost converter in the proposed design using OrCAD software.
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Figure (7): Current waveform (bottom) and voltage waveform (top) of the switch M in the simulated converter
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Figure (8): Current waveforms of diodes D1 and D2 in the simulated converter.
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Figure (10): Current waveform of diode Da in the simulated converter.


https://jeps.dezful.iau.ir/article-1-525-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-11 ]

Journal of Novel Researches on Smart Power Systems - VVol. 13- No. 3- Autumn 2024

VEY Sl —pom o)lod —pad o Jlo —siedion ©)a8 slapias 3 (g Sliisd caass - ool Al

¥
+
+

HATH (] W EbE 7 MATH u WoC EDGE 7
CHZ =zl CHZ = 1@al
BRI =g ENE
T asan
......................................................................................................................
: :
............................. HoON L S S S SUNSUUr S SO SOUR S PR SO
I S S S N i, LI TSN et
oooo+oooo+oooo+oooo+oooof.ooo-:-oooo}oooo}oooo}oooo}oooo} oooooooo trerrtrrrrdrrrrtrrrrdrrrrrr ey trerrdrrrrtrrrrtrrret ey
i :
: :
...................................................................................................................
: :
: :
: :
: :
Do LN i
: :
: :
MATH u WO EDGE 7 MATH ] M- EDGE 7
CHz =1l CHZ ==z
S z

ool 53 ool aiSlu Juo Mgigas (YU)5L9 5 ((mls) Ol Ege S5 -l e (o slozrgo JSCb (VF) i
Too JSb-0D3 4D0 sdgss by zge S —z D29D1 sla 5995 (b > zao S5 — o (1 ps/div, 5A/div, 125V/div)
(1 ps/div, 1A/div) pwlis o DO gDa sleogs b,
Figure (12): Practical waveforms of the circuit
(@) Current waveform (bottom) and voltage waveform (top) of switch M in the constructed converter at scale (1
ps/div, 5A/div, 125V/div)
(b) Current waveform of diodes D1 and D2

(c) Current waveform of diodes Do and D3
(d) Current waveform of diodes Da and Do at scale (1 ps/div, 1A/div)

"


https://jeps.dezful.iau.ir/article-1-525-en.html

[ Downloaded from jeps.dezful.iau.ir on 2025-04-11 ]

Journal of Novel Researches on Smart Power Systems - Vol. 13 - No. 3- Autumn 2024

o Bl 50 (F5dS b Sl yoleS al il s Jowe

S Sozmigm SLod b (goleiity Joo (ylonly dunnlio -0
ol 0o 00ld ylis (e loe Gyao) o Cos KinmSgu diges b dmslio ;o golpiion Jowe oleail, VY S o
5 a8 Cawl 53 BB ol oo ledsly dgugs doy0 8,0 Glils solpiinn Jowe (Jol5 L 0 00,5 o colin a5 jghiles
relS o 2929 Hbl 4 S Simdaw Jowe 50 (g 4N Gugee 8l Gl (g el b g3kt Joe

0.97

0.96
0.95
0.94
093

092
091

0.9 ]
0.89
0.88
0.87 . . ®— Hard switching counterpart
0.86
0.85
0.84
0.83
0.82

10 20 30 40 50 60 70 80

Output power (W)

Efficiency

& —®— proposed converter

o 00y 1581 jlo Joo &t S (gOlonliny 00331331 Hlouns Juo 0350 10903 1 (VF) i
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