International Journal of Power Electronics and Drive Systems (IJPEDS)
Vol. 14, No. 4, December 2023, pp. 2183~2194
ISSN: 2088-8694, DOI: 10.11591/ijpeds.v14.i4.pp2183-2194 O 2183

Experimental validation of quadratic-boost-zeta converter
based on coat circuit

Ahmed Mahmood Ali, Turki Kahawish Hassan
Department of Electrical Engineering, College of Engineering, Mustansiriyah University, Baghdad, Iragq

Article Info ABSTRACT

Article history: This work proposed a high step-up DC-DC converter with a voltage gain of
. 12 at a duty cycle of 48.25% with a single active switch. The new design

Received Feb 19, 2023 combines the quadratic-boost converter and an isolated zeta converter with a

Revised May 10, 2023 single-stage coat circuit by a transformer with a trans ratio of 2.3. This can

Accepted May 22, 2023 result in low voltage stress on switch and diodes with low conduction losses

without using an additional clamp circuit, which in turn causes an increase in

total efficiency. It has continuous and low ripples in the input and output
Keywords: currents. The voltage conversion ratio and the component voltage stresses
are calculated in continuous conduction mode (CCM). The prototype was

C(_)at C"Fu't constructed and tested practically while considering an input voltage of
High gain 30 V, an input power of 240 W, an output voltage of 360 V, and a switching
Quadratic-boost converter frequency of 100 kHz to validate the theoretical evaluations. The maximum
Renewable energy efficiency at maximum output power is 94.5%.

Zeta converter . . )
This is an open access article under the CC BY-SA license.

Corresponding Author:

[©NoloN
Ahmed Mahmood Ali

Department of Electrical Engineering, College of Engineering, Mustansiriyah University
Falastin St, Baghdad, Iraq
Email: ahmedmahmood19862022@uomustansiriyah.edu.iq

1. INTRODUCTION

Because of worries about the environment and a lack of fossil fuels, photovoltaics (PV) and other
forms of renewable energy are becoming more popular worldwide [1]-[4]. However, the performance of a
PV panel depends on several variables, such as temperature, the amount of sunlight, and the amount of shade.
As a result, the voltage of a PV panel is typically around 12-60 volts; thus, a high step-up voltage is required
to supply energy to the AC grid or DC microgrid [5]-[9]. A conventional boost converter with a very high-
duty cycle operation can produce a high step-up voltage. However, the voltage of the main switch will
increase, it must have a large on-resistance, and an increased cost is required. Additionally, issues with the
diode's reverse recovery, electromagnetic interference, and conduction losses will accompany the used high-
duty cycle and cause more loss, decreasing efficiency.

Many ideas have been put forward to get a high step-up voltage, such as using switched capacitors,
voltage multipliers (VMs) or coat circuits, cascade structures or stack structures, transformers, and coupled
inductors. Some converters use switched capacitors to boost voltage, but these converters have three
significant drawbacks: i) The output voltage ratio is dependent on the number of stages of switched
capacitors; ii) The input current is large and pulsating, and the current is significant overshoot through the
capacitors; and iii) The converters needed two or more switches, which make the circuit and drive are
complex [10]-[12]. The converters used by voltage multiplier techniques, providing high-voltage gain, have
been presented while simultaneously lowering the voltage on the switches; however, when utilizing multi-
stage converters, the high charging currents cause a significant conduction loss when passing through the
converter switch [13]-[16]. To create powerful step-up converters, magnetic coupling is often used. A higher
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turn ratio will result in a higher voltage gain. But the leakage inductance of the connected inductor or the
transformer can cause high voltage spikes in the switches, which can cause high voltage stress, increase size,
and decrease efficiency [17]-[22]. The other approach suggested in [23], [24] uses cascading or stacking. The
converters can be connected in series or parallel to increase voltage gain. The cascade or stack converter uses
three or more converters to improve the voltage gain. Due to its many converters, the cascade or stack
converter also requires numerous components and has low efficiency.

Furthermore, in [25]-[27] A new approach has been proposed in the DC-DC converter by
combining two or more conventional transformers, in [25] has successfully combined flyback and SEPIC
topologies, but the profit is still small and requires an increase in the duty cycle, as the result increase loss.
The work of [26] shows that the boost converter has been improved and the profit is fairly good, but it
requires two keys, which makes controlling it complex and increases costs and losses. Also, in [27] has
successfully combined quadratic boost and SEPIC topologies but to increase voltage gain should be increased
duty cycle and used to switch.

High step-up converters based on zeta converters are suggested in [28]. In the circumstances
described above, it would be good to combine the advantages methods, i.e., the stacking, cascading layers,
and voltage multipliers, together while maintaining high voltage gain without reducing the converter's
efficiency [29]. This research draws from the abovementioned works and presents a high step-up converter
by combining stacking and cascading configurations of two well-known quadratic boost and isolated zeta
converters with a single stage based on a coat circuit. This converter gets the benefits of both quadratic-boost
and isolated zeta converters, which is low input and output current ripples. Additionally, the proposed
converter only needs one active switch, and the voltage stress on the switch and the diodes are much lower
than the output voltage. Therefore, switches with low on-resistance and low voltage drop diodes can be used.

2. THE STRUCTURE AND OPERATION PRINCIPLE OF THE PROPOSED CONVERTER

The proposed converter is shown in Figure 1. It combines quadratic boost and isolated zeta
converters with a single-stage of coat circuit, making it a relatively simple structure. The quadratic-boost
converter is composed of an input source V;,, one inductor ( L;), one transformer with magnetizing
inductance( Ly), three diodes ( D, D,, and D), two capacitors (C; and Cs), and one switch (SW). The zeta
converter with a single-stage of coat circuit is composed of two diodes (D, and Dg), four capacitors
(C,, C5,Cy, and Cg), and two inductors ( L, and L;). One of the characteristics of the converter that
distinguishes it is that the input and output ports are connected to an inductor( L; and L;); this may help
explain why the proposed converter can have a low ripple current from both the input and output ports.

Before the analysis, the following assumptions are made: i) All of the parts in the circuit are
assumed to be ideal; ii) Since the inductors and capacitors are sufficiently large, their current and voltage

ripples can be ignored; and iii) The transformer ratio(n) is equal to % Assuming the symbol N,, represents
P

the number of turns of the primary transformer, and the symbol N Represents the number of turns of a
secondary transformer.
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Figure 1. The proposed converter circuits
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There are two operating stages for the continuous conduction mode (CCM). The following gives a

detailed examination of the converter at (CCM).

Stage 1: Figure 2(a) shows that the switch SW and the diode D, are turned ON, the Diodes D,, Ds, D,,
and Ds are turned OFF. The voltage source V;, charges the inductor L, through the diode D, and the
switch SW, the energy stored in the capacitor C,is transferred to the inductor Ly, and the energy stored in
the capacitors(C;, C,) are transferred to the inductor L,.Also, the energy stored in the capacitors
(Ciand, C, and C, ) is transferred to the inductor L; and the capacitor C4. The capacitors C;.C,.C, and
Cs are delivering power to the load. Consequently, the currents through the inductances iy, i, and i3
increase linearly. During this stage, the capacitors C; and C, are charged, and the capacitors C,,
C,, C,4, and Cg are discharged. The inductances L, Ly, L,, and L; are charged. The following equation is
used to obtain inductors voltages:

Vi = Vin 1
Vim = Ve @)
Vi, =nVgq + Vey — Vs 3)
Viz =nVgqy + Ve + Vg — Vg (4)

Stage 2: Figure 2(b) shows that the diodes D,, D5, D, and D5 are turned ON, the diode D, and the switch
SW is turned OFF. The voltage source V;, and the inductor L, charge the capacitor C,, the capacitor Cs
charged by the voltage source V;,,, the inductors L; and Ly through the diode D5, also through the diode
D,, the inductor Ly, charge the capacitor C,, and also the inductor charges the capacitor C, through diode
Ds and the capacitor C5. The inductor L, charges the capacitor C, through the diode Ds. Finally, the
inductor L; and the capacitor C; are delivering power to the load with the capacitor C,. Hence, the
currents through these inductances iy, i;,, and i;; are decreasing linearly. Also, during this stage, the
capacitors C;, C,, C4, and Cs are charged, and the capacitors C; and C, are discharged. The inductances
L;, Ly, Ly, and L, are discharging.

Vi, =Vin—Ve, 5)
Vim = VQ - Vcs (6)
Vi ==V = _Vc4 )
Vis =V = Ve ®)
Veee = —Vez =n(Ver — Vis) )

Al
A

: qleaad

(@) (b)

Figure 2. Operation stages and the current direction for the proposed converter (a) stage 1 and (b) stage 2
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3. STEADY STATE ANALYSIS DURING CCM
3.1. Voltage gain calculation

By applying the voltage-sec balance principle on L,, Ly, L,, and Ls, and using (1), (2), (3), (4),
(5), (6), (7), and (8). The (10)-(14) can be obtained:

Vor = 5% (10)
Ves = o (11)
Vea =Vez = g[i';")’; (12)
Vee = ???Z)L; (13)
Vo=Ves + Ves (14)

The (10), (11), (12), and (13) are derived as follows.

DT T
f() VLI dt + fDT Vlet = 0
Vin* D+ (Vi = Ve) x(1—=D) =0

Vin
Ver = (1-D)
DT T
Jb ViM dt +-15TPZMC“-= O
Ver D+ (Vey —Ves) (1 —D) =0
@ = —1 - V = Vin
ver | (1-D) € 7 (1-p)2

DT T
fO Vdet + fDTVLZdt = 0
(MVer +Vea = Vez) D+ (=Vez) (1 —D) =0
(nVCl *D+V(;2*D_Vc3 = 0
gnVa»:l)_nﬁvar_Iés)*‘D'_‘Q3%;:0
Ves _Ves n — .. = MVin
Vei Ver (1-D) = Ver = Ves (1-D)?

[ Vi dt + [ Visdt =0

(Vo1 +Vea +Vea —Veg) * D+ (Vs —Veg) * (1 —D) =0
MV *D+Vey* D+ Ve —Ve) =0

(MVer * D+ —nVey = Ves) D + Vg = V) =0

Vee . 2nD 21DV,

Ver | a-py €6 T opy

So, the final equation of the converter's gain is (15).

Ve 1+2nD
M == .
Vin (1-D)

(15)

In (15) is the voltage gain M of the proposed converter.

3.2. Voltage and current stress calculation on switch SW and diodes

The voltage stress imposed on the switch SW, the diodes D,;, D,, D3, D, and Dg can be
represented by the symbols Vsyw, Vb1, Vb2, Vps, Vb, @nd Vps; respectively, according to Figure 2, the (16)-
(21) can be obtained:

Vsw = Ves 16
1
Vow = s 1, (16)
Vp1 =V 17
1
Vp1 = —(1_D) in ( )
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Vpa = Ves = Viq (18)
D
Vb2 = iy Vi
Vps = Vs (19)
1
Vbs = 7y Vin
Vpa =1V +V,,
Vps = nVey—n(Vey — Ves)
Vps = nVes (20)
n
Vba = gz Vin
Vps = —Vez + 1V +Viy + Vg
Vps = nVe—n(Vey — Vis)
VDS = Tchs (21)

n

Vs = 75y Vim J

Assuming that the converter is efficient at 100% makes the analysis easier. The average current I;, at the
input is, thus.

Pi = Poue
Vin * Iy = Vo * I (22)

1+2nD
IL]. = (1—D)2 IO

To simplify the diodes' average current calculation, the ripple was neglected. They can be obtained as (23)-(27).

ITp:(l - D)I, (23)
Ip,=D % I, (24)
1= Lo (25)
Ips=Ips=Ips=I1=113=Ip (26)
Isw=Ipy + Irp — Ip 27)

4. PARAMETERS DESIGN
4.1. Design of inductors

In practical uses, the current ripple is always predetermined. As a result, the inductance of the
inductors L4, Ly, Ly, and L; may be found by using the (28)-(31). Consequently, the inductances must be
suitable for continuous inductor current mode operation.

Vin = L 57t
V..« p from on state (28)
mn
L = —/——
Aipg+f
A
Ver =Ly ﬁ
v. »p fromon state (29)
L mn
L= diggef
A
Ves = Lo (1_lL)§T
L nsVyep [TOM ON state (30)
2 =

Aipo*f+(1-D)

Experimental validation of quadratic-boost-zeta converter based on coat circuit ... (Ahmed Mahmood Ali)



2188 O3 ISSN: 2088-8694

Al
Vee — Vea = L (l_l[LST

n*Vip *D
Aipz+f*(1-D)

from on state (31)

4.2. Design of capacitances
In practical uses, the voltage ripple is always predetermined. As a result, the capacitance of the

capacitors C,, C,, C5, C, C5 and C4 can be obtained as (32)-(36).

AV,
Ieyeon =Irp = (1= D), = G4 mfl
IL1* D(1-D) D 1+2nD (32)
C = = )
AVq*f AVgqxf (1-D)
AV,
les—on = 1o = Cs £s
DT (33)
C > Ip*xD
5 = AVesf
AV,
legeon = I1p 13 = 21, = C; D—;Z
C, > 2xIg*D (34)
2= AVeyHf
AV
lez_on =12 =1p = (5 D_S
C,=C,> JorD (35)
4T M= AV g*f

Co* AVgs = 05% - =12
C > Alp3 (36)
6 = g«fxAVCH

5. COMPARISON OF THE DESIGNED CONVERTER WITH OTHER CONVERTERS

The suggested converter is compared to current topologies in [19], [20], [22] and [29], which also
produce significant voltage gains. Table 1 details the voltage gains and the normalized equations that
characterize the voltage stresses. In addition, the number of diodes and switches used in each equivalent
circuit is also provided. To ensure that comparisons are valid, the turns ratio (n) is consistently defined as 2.
In [19], [20], and [22], the need for two active switches leads to low efficiency because of conduction losses
and complex controlling methods. Even though the displayed topology consists of a single switch and a
simple method for controlling it, it still needs a lot of diodes. Also, in [29], the voltage stress on the output
diode and the switch is higher than in the proposed structure. A low current ripple can extend the service life
of renewable energy sources; thus, it is essential to consider that at the input [30]. The topology in [19] has a
large ripple in the input and output currents. Also, the input ripple current on the input side of the boost
converter is less because it has an input inductor. Also, the output inductor of the zeta converter is one of the
components that help reduce the ripple current on the output side. So, the proposed converter is different
compared with the other converter structure.

Table 1. Comparison between the proposed converter and other converters

Topologies [19] [22] [20] [29] Proposed converter

Number of diodes 3 4 5
Number of switches 2 2 2 1 1

. 2+ (n(2-D)) 1+ 2n(1-D) 1+D+2n 1+nD 1+ 2nD
Gain 1-D 1-D)y 1-D  ({d-Dy a-py

v, v, v, v, v,

Switch voltage 2+m(2-D) 1+@n(2-D)) 1+D+2n 1+nD 1+ 2nD
Voltage stress on (1 +n)v, 2n(1 - D)V, (1 +m)V, "y n oy
outer diode 2+n+(2-D) 1+(2n(2-D)) 1+D+2n 1+nD ° 1+2nD °
Input current ripple High Low low low low
Output current ripple  High Low low low very low
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6. EXPERIMENTAL RESULTS

A 240 W experimental prototype has been constructed to test the aforementioned theoretical study's
validity, as shown in Figure 3. Table 2 illustrates the values and device type of the used components by
considering the current ripple of each inductor as Ai;; ,3 = 30% of i, , 3, and the voltage ripple of each
capacitor as AV,y ¢ = 1% 0f Vey 6, AVip 345 = 0.84 % 0f Vip345.

b >

5 P>
R Load=540¢

’(;7‘
v

Vi i
7 Power supply 30V] &

Figure 3. Shows the proposed converter, power supply, R load, and oscilloscope in the laboratory

Table 2. The parameters and device types of the proposed converter

Parameter Value Device Type
L, 63*107°H Diodes (D4, D5, D3) STPS30150CT
L, 3*1073H Diodes (D3) MBR30200
C, }3.3*107° F/100V Diodes (D, Ds) MBR30600
Cs 3.3*1076 F/240V Switch (SW) IRFP460
C, 6.6*107°F/240V
C3a 3.3*107°F/480V
Cs 0.1*1076 F/480V

Transformer magnetizing 87*107°H
inductance (L,,)

Load resistance(R) 540 ohms
Frequency (f) 100 kHz
Input voltage(V) 30V
Output voltage(V) 360V
Trans. Ratio(n) 2.3

The experimental voltage and current waveforms of the suggested converter for the input voltage of
30 V are shown in Figures 4-9. The gate pulses of the MOSFETSs and closed-loop control are produced by
the IC TL494, and the switch operates at a duty cycle of 48.25% to achieve the output voltage of 360 V.
Besides that, the experimental waveforms were measured using a Rigol DS1104Z oscilloscope.

The experimental waveforms of input voltage Vi, and input current i;,, are shown in Figure 4(a), and
the average input voltage and current are around 30V and 8.63 A, respectively. Also, the experimental
waveforms of output voltage V, and output current i, are shown in Figure 4(b), and the average output
voltage and output current are around 360 V and 0.68 A, respectively.

Figure 5 illustrates the voltage for the capacitors C;, C,, C5, C4, Cs, and C4. The experimental results
of V,, =56.6V,V,, =132V,V.3=133V,V, =132V,V, =117V, and V., = 253V are sufficiently
near to the theoretical results that are as:V., =57.97V,V, = 124.3V,V; =1243V,V, = 1243V,
Vs = 112V, and V., = 248.6 V. Figure 6 illustrates the voltage stress and current through the diodes D, D,,
Dj, and D,. The experimental results of V,; = 58.4V,Vy, = 67.2V,Vp; =145V, Vp, = 286 Vand Vs =
285V, and the average current of Ip; = 4.6 A, Ip, = 4.6 A, 13 =09A ,1, = 0.85A and Ip; = 0.68 A.
The measurements and waveforms for the current and voltage are shown in the figure, showing that the effect
of the leakage inductance of the transformer on the diodes was observed to be minor, and the results are close
to their equations. Consequently, all of the voltages agreed with the theoretical assessments.
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Figure 4. The waveforms of input and output voltage and input and output current:
(a) input voltage and current and (b) output voltage and current
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Figure 5. The waveforms of voltage for the capacitors: (a) for the capacitors C; and C,,
(b) for the capacitors C5 and C,, and (c) for the capacitors Cs and Cq
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The voltage stress and average current of the switch SW are 125 V and 8.33 A, respectively, which
are illustrated in Figure 7. Also, the voltage spikes it very small in the switch voltage, and its value is much
lower than the output voltage. This means that low-voltage MOSFETs with low ON-state resistance can
increase the converter's efficiency. Also, the results agreed with the theoretical assessments.
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(c) (d)

Figure 6. The waveforms of voltage and current for the diodes: (a) for the diode D,, (b) for the diode D,,
(c) for the diode D5 and (d) for the diode D,

Figure 8 illustrates the peak-to-peak voltage and current passing through the primary and secondary
of the transformer. The voltage is about v; = 120 Vand v, = 285V . The measurements and waveforms
for the current and voltage are shown in the figure, showing that the effect of the leakage inductance of the
transformer was observed to be minor. The desired voltage gain was reached for all cases, thus validating the
theoretical evaluation. Assuming the symbol v; the peak-to-peak voltage for the primary transformer, and the
symbol v, represents the peak-to-peak voltage for the secondary transformer.

Finally, the converter was tested when the input voltage changed. Figure 9 shows the input and
output voltage waveforms when the input voltage changes from 30 to 25 volts using a closed-loop circuit
based on the IC TL494, and the output voltage (V,) maintains its reference value.
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Figure 7. The waveforms of the voltage and the current for the switch (SW)
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Figure 8. The waveforms of the voltage and current for the transformer: (a) primary and (b) secondary
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Figure 9. Converter response (output and input voltage when changing the input voltage from 30 to 25 V)
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7. CONCLUSION

In this study, a transformer with a trans ratio of 2.3 successfully combines a quadratic-boost converter
and an isolated zeta converter with a single stage of the coat circuit. This simplifies the circuit topology and
results in a high step-up voltage gain for renewable energy applications. The voltage gain was 12 times more
than the input and output voltage of roughly 360 V at 48.25% of the duty cycle. The circuit was studied,
designed, and tested practically with an output power of 240 watts, an input voltage of 30 volts, and a frequency
of 100 kHz. As a result, a high step-up voltage gain, one switch without a snubber circuit, low voltage across the
diodes and switch, continuous input and output current, very low input and output current ripple, and the use of
MOSFETSs with low on-resistance lowers cost and loss, resulting high efficiency of (94.5%).

REFERENCES

[1]  D. Schonvogel et al., “Effect of air contamination by sulfur dioxide on the high temperature PEM fuel cell,” International Journal
of Hydrogen Energy, vol. 46, no. 9, pp. 6751-6761, 2021, doi: 10.1016/j.ijhydene.2020.11.136.

[2] H. Wang et al., “Taxonomy research of artificial intelligence for deterministic solar power forecasting,” Energy Conversion and
Management, vol. 214, 2020, doi: 10.1016/j.enconman.2020.112909.

[3] J. Zhao, W. Liu, and L. Grekhov, “Visualization research on influence of ambient pressure on CNG jet characteristics of gas
injector with outward-opening nozzle,” Fuel, vol. 257, 2019, doi: 10.1016/j.fuel.2019.116084.

[4]  A. Chitsaz, M. A. Haghghi, and J. Hosseinpour, “Thermodynamic and exergoeconomic analyses of a proton exchange membrane
fuel cell (PEMFC) system and the feasibility evaluation of integrating with a proton exchange membrane electrolyzer (PEME),”
Energy Conversion and Management, vol. 186, pp. 487—499, 2019, doi: 10.1016/j.enconman.2019.03.004.

[5] M. E. Leirpoll, J. S. Ness, O. Cavalett, M. Dorber, X. Hu, and F. Cherubini, “Optimal combination of bioenergy and solar
photovoltaic for renewable energy production on abandoned cropland,” Renewable Energy, vol. 168, pp. 45-56, 2021, doi:
10.1016/j.renene.2020.11.159.

[6] S. Pourjafar, H. Shayeghi, H. Madadi Kojabadi, M. Maalandish, and F. Sedaghati, “A coupled inductor based high voltage gain
DC-DC converter using interleaved voltage multiplier cells,” Iranian Journal of Electrical and Electronic Engineering, vol. 16,
no. 1, pp. 1-12, 2020, doi: 10.22068/1JEEE.16.1.1.

[71 H. Xie and R. Li, “A Novel Switched-Capacitor Converter with High Voltage Gain,” IEEE Access, vol. 7, pp. 107831-107844,
2019, doi: 10.1109/ACCESS.2019.2931562.

[8] F.Ren, H. Chu, L. Xiang, W. Han, and M. Gu, “Effect of hydrogen addition on the laminar premixed combustion characteristics
the main components of natural gas,” Journal of the Energy Institute, vol. 92, no. 4, pp. 1178-1190, 2019, doi:
10.1016/j.joei.2018.05.011.

[91 W. Abitha Memala, C. Bhuvaneswari, S. M. Shyni, G. Merlin Sheeba, M. S. Mahendra, and V. Jaishree, “DC-DC converter based
power management for go green applications,” International Journal of Power Electronics and Drive Systems, vol. 10, no. 4, pp.
2046-2054, 2019, doi: 10.11591/ijpeds.v10.i4.pp2046-2054.

[10] S. W. Seo, J. H. Ryu, Y. Kim, and H. H. Choi, “Non-Isolated High Step-Up DC/DC Converter with Coupled Inductor and
Switched Capacitor,” IEEE Access, vol. 8, pp. 217108-217122, 2020, doi: 10.1109/ACCESS.2020.3041738.

[11] A. Amir, A. Amir, H. S. Che, A. Elkhateb, and N. A. Rahim, “Comparative analysis of high voltage gain DC-DC converter
topologies for photovoltaic systems,” Renewable Energy, vol. 136, pp. 1147-1163, 2019, doi: 10.1016/j.renene.2018.09.089.

[12] R. Stala, Z. Waradzyn, A. Penczek, A. Mondzik, and A. Skala, “A Switched-Capacitor DC-DC Converter with Variable Number
of Voltage Gains and Fault-Tolerant Operation,” |IEEE Transactions on Industrial Electronics, vol. 66, no. 5, pp. 3435-3445,
2019, doi: 10.1109/T1E.2018.2851962.

[13] C.R.F.Mbobda and A. M. Dikandé¢, “A dual-switch cubic sepic converter with extra high voltage gain,” International Journal of
Power Electronics and Drive Systems, vol. 12, no. 1, pp. 199-211, 2021, doi: 10.11591/ijpeds.v12.i1.pp199-211.

[14] B. Zhu, G. Liu, Y. Zhang, Y. Huang, and S. Hu, “Single-Switch High Step-Up Zeta Converter Based on Coat Circuit,” IEEE
Access, vol. 9, pp. 5166-5176, 2021, doi: 10.1109/ACCESS.2020.3048388.

[15] A. Alzahrani, M. Ferdowsi, and P. Shamsi, “A family of scalable non-isolated interleaved DC-DC boost converters with voltage
multiplier cells,” IEEE Access, vol. 7, pp. 11707-11721, 2019, doi: 10.1109/ACCESS.2019.2891625.

[16] B. Zhu, Q. Zeng, Y. Chen, Y. Zhao, and S. Liu, “A Dual-Input High Step-Up DC/DC Converter with ZVT Auxiliary Circuit,”
IEEE Transactions on Energy Conversion, vol. 34, no. 1, pp. 161-169, 2019, doi: 10.1109/TEC.2018.2876303.

[17] M. F. Guepfrih, G. Waltrich, and T. B. Lazzarin, “High Step-Up DC-DC Converter Using Built-In Transformer Voltage
Multiplier Cell and Dual Boost Concepts,” IEEE Journal of Emerging and Selected Topics in Power Electronics, vol. 9, no. 6, pp.
6700-6712, 2021, doi: 10.1109/JESTPE.2021.3063060.

[18] P. Upadhyay and R. Kumar, “A ZVS-ZCS quadratic boost converter to utilize the energy of PV irrigation system for electric
vehicle charging application,” Solar Energy, vol. 206, pp. 106-119, 2020, doi: 10.1016/j.solener.2020.05.068.

[19] X. Fan, H. Sun, Z. Yuan, Z. Li, R. Shi, and N. Ghadimi, “High Voltage Gain DC/DC Converter Using Coupled Inductor and VM
Techniques,” IEEE Access, vol. 8, pp. 131975-131987, 2020, doi: 10.1109/ACCESS.2020.3002902.

[20] L. He, Z. Zheng, and D. Guo, “High Step-Up DC-DC Converter with Active Soft-Switching and Voltage-Clamping for
Renewable Energy Systems,” |EEE Transactions on Power Electronics, vol. 33, no. 11, pp. 9496-9505, 2018, doi:
10.1109/TPEL.2018.2789456.

[21] Y. T. Chen, Z. X. Lu, and R. H. Liang, “Analysis and Design of a Novel High-Step-Up DC/DC Converter with Coupled
Inductors,” IEEE Transactions on Power Electronics, vol. 33, no. 1, pp. 425-436, 2018, doi: 10.1109/TPEL.2017.2668445.

[22] K. I Hwuand Y. T. Yau, “High step-up converter based on coupling inductor and bootstrap capacitors with active clamping,”
IEEE Transactions on Power Electronics, vol. 29, no. 6, pp. 2655-2660, 2014, doi: 10.1109/TPEL.2013.2289387.

[23] M. S. Bhaskar, P. Sanjeevikumar, J. K. Pedersen, J. Bo Holm-Nielsen, and Z. Leonowicz, “XL Converters- New Series of High
Gain DC-DC Converters for Renewable Energy Conversion,” in 2019 IEEE International Conference on Environment and
Electrical Engineering and 2019 IEEE Industrial and Commercial Power Systems Europe (EEEIC / I&CPS Europe), Jun. 2019,
pp. 1-6. doi: 10.1109/EEEIC.2019.8783817.

[24] S. Salehi, N. Zahedi, R. Kheirollahi, and E. Babaei, “Ultra High Step-up DC-DC Converter Based on Switched Inductor-
Capacitor Cells,” 2019 10th International Power Electronics, Drive Systems and Technologies Conference, PEDSTC 2019, pp.
367-372, 2019, doi: 10.1109/PEDSTC.2019.8697841.

Experimental validation of quadratic-boost-zeta converter based on coat circuit ... (Ahmed Mahmood Ali)



2194

a ISSN: 2088-8694

[25]

[26]

[27]
[28]

[29]

[30]

K. A. Mahafzah and H. A. Rababah, “A novel step-up/step-down DC-DC converter based on flyback and SEPIC topologies with
improved voltage gain,” International Journal of Power Electronics and Drive Systems, vol. 14, no. 2, pp. 898-908, 2023, doi:
10.11591/ijpeds.v14.i2.pp898-908.

K. Mahalingam and G. Jothimani, “An elevated gain DC-DC converter with active switched inductor for PV application,”
International Journal of Power Electronics and Drive Systems, vol. 14, no. 2, pp. 892-897, 2023, doi:
10.11591/ijpeds.v14.i2.pp892-897.

C. R. F. Mbobda and A. M. Dikandé, “A dual-switch cubic sepic converter with extra high voltage gain-,” International Journal
of Power Electronics and Drive Systems, vol. 12, no. 1, pp. 199-211, 2021, doi: 10.11591/ijpeds.v12.i1.pp199-211.

M. R. Banaei and H. A. F. Bonab, “A High Efficiency Nonisolated Buck—Boost Converter Based on ZETA Converter,” IEEE
Transactions on Industrial Electronics, vol. 67, no. 3, pp. 1991-1998, Mar. 2020, doi: 10.1109/TIE.2019.2902785.

A.M.S. S. Andrade, H. L. Hey, L. Schuch, and M. L. Da Silva Martins, “Comparative Evaluation of Single Switch High-Voltage
Step-Up Topologies Based on Boost and Zeta PWM Cells,” IEEE Transactions on Industrial Electronics, vol. 65, no. 3, pp.
2322-2334, 2018, doi: 10.1109/TIE.2017.2745467.

K. C. Tseng and C. C. Huang, “High step-up high-efficiency interleaved converter with voltage multiplier module for renewable
energy system,” |EEE Transactions on Industrial Electronics, vol. 61, no. 3, pp. 1311-1319, 2014, doi:
10.1109/TIE.2013.2261036.

BIOGRAPHIES OF AUTHORS

-

Ahmed Mahmood Ali B4 12 was born in 1986. He received B.Sc. in Electrical
Engineering in 2010 from the Electrical Engineering Department, College of Engineering,
’ University of Kufa, Irag. He is pursuing a master's study at Al-Mustansiriyah University,
% College of Electrical Engineering, Baghdad, Irag. His research interests include Power
{ Electronics & Electrical Machines. From 2014 to now, he was a chief engineer in the Ministry

of Education. He can be contacted at email: ahmedmahmood19862022@uomustansiriyah.edu.iq.

de b

Turki Kahawish Hassan g 12 was born in 1959. He received B.Sc. in Electrical
Engineering in 1982, an M.Sc. in Electrical Engineering/Power Electronics Specialization in
1991, and a Ph.D. in electrical engineering power electronics in 2005 from the Electrical
Engineering Department, College of Engineering, University of Baghdad, Iraq from 1983-
2005 he worked in Electrical Engineering Design Centre as a designer for DC-AC Converters,
and AC-DC Converters. From 2006 to now, he was a lecturer for power electronics in the
Electrical Engineering Department, College of Engineering, Mustansiriyah University. He was
a professor in 2020. His research interests include modular multilevel converters, high-
frequency DC-DC converters, AC drive systems, and grid-connected photovoltaic systems. He
has published 27 journal articles and 5 international conference articles. He can be contacted at
email: turki_k.eng@uomustansiriyah.edu.ig.

Int J Pow Elec & Dri Syst, Vol. 14, No. 4, December 2023: 2183-2194


file:///C:/Users/dell/Desktop/ahmedmahmood19862022@uomustansiriyah.edu.iq
turki_k.eng@uomustansiriyah.edu.iq
https://orcid.org/0000-0002-0565-9707?lang=en
https://scholar.google.com/citations?hl=ar&user=zDJSK0UAAAAJ
https://orcid.org/0000-0002-0263-386X
https://scholar.google.com/citations?user=wTzJY7wAAAAJ&hl=en

