
Citation: Tao, R.; Yue, J.; Huang, Z.;

An, R.; Li, Z.; Liu, J. A High-Gain DC

Side Converter with a Ripple-Free

Input Current for Offshore Wind

Energy Systems. Sustainability 2022,

14, 11574. https://doi.org/10.3390/

su141811574

Academic Editors: Wenbin Yu and

Guang Zeng

Received: 19 August 2022

Accepted: 8 September 2022

Published: 15 September 2022

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2022 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

A High-Gain DC Side Converter with a Ripple-Free Input
Current for Offshore Wind Energy Systems
Ran Tao 1, Jingpeng Yue 1, Zhenlin Huang 1, Ranran An 1, Zou Li 2 and Junfeng Liu 2,*

1 Guangdong Key Laboratory of New Technology for Smart Grid, Guangzhou 510062, China
2 School of Automation Science and Engineering, South China University of Technology, Guangzhou 510641, China
* Correspondence: jf.liu@connect.polyu.hk

Abstract: Considering that the distance between offshore wind farms and onshore converters is
getting farther and farther, dc transmission becomes increasingly more applicable than conventional
ac transmission. To reduce the transmission loss, a feasible solution is using a high-gain dc/dc
converter to boost the rectified output voltage to thousands of volts. Thus, a novel single-switch
high-gain dc/dc converter with a ripple-free input current is presented in this paper. The structure
consists of two cells—a coupled-inductor cell and a switched-capacitor cell. The coupled-inductor
cell in the proposed converter provides a ripple-free input current. The switched-capacitor cell
provides a high voltage gain. The converter has a simple control strategy due to the use of a single
switch. Moreover, the output capacitor is charged and discharged continuously by a 180◦ phase
shift to eliminate the output voltage ripple. A steady-state analysis of the converter is proposed to
determine the parameters of the devices. In addition, a 240 W, 40/308 V laboratory prototype at
35 kHz switching frequency has been developed, in which the input current ripple is only 1.1% and a
peak efficiency of 94.5% is reached. The experimental results verify the validity and feasibility of the
proposed topology.

Keywords: dc/dc converter; high voltage gain; ripple-free input current; offshore wind farms

1. Introduction

With the beginning of global carbon neutrality, offshore wind energy has become one
of the main and growing sources of renewable energy worldwide [1–3]. The European
Commission stated that the offshore wind power capacity in Europe would reach 450 GW by
2050, making it a key part of renewable energy [4]. Compared with its onshore counterpart,
an offshore wind farm has the merits of less land occupation, higher wind speeds, and more
stable wind conditions [5–7]. However, there are some problems that need to be solved,
such as the difficulties of installation and maintenance [8,9]. Once an accident occurs, the
long time for fault correction will have an adverse impact on the continuous power supply.
Moreover, with the increase in offshore distance, conventional high voltage ac (HVAC)
transmission is no longer suitable for long-distance offshore wind farms, as it brings higher
power loss and significant power fluctuation [10–12].

Considering the above problems, high voltage dc (HVDC) transmission appears to be
a more promising solution for long-distance and large-scale offshore wind farms [13–15].
The traditional HVAC transmission system of an offshore wind farm consists of a medium
voltage ac (MVAC) collection grid as shown in Figure 1. Each wind turbine is connected
to a transformer to boost the turbine’s output voltage. To avoid the use of large volume
transformers, a HVDC transmission system uses a medium voltage dc (MVDC) collection
grid as shown in Figure 2 [16–18], where the traditional MV transformers are replaced by
MV step-up dc/dc converters. The use of MV dc/dc converters can significantly reduce
the volume and weight of the offshore platforms which leads to lower installation costs.
Meanwhile, due to the low output voltage generated by wind turbines, high-gain dc/dc
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converters become one of the key levels of MV dc collection grids [19–21]. In the existing
research, there are bidirectional and unidirectional high-gain dc/dc converters. However,
there is no need for bidirectional power flow capacity due to the inherent characteristics of
offshore wind farms, so a simpler unidirectional dc/dc converter is more applicable for
offshore wind energy systems [22]. In addition to a high voltage gain, there are some other
challenges such as low input current ripple, high conversion efficiency, and high-power
density. To overcome these challenges, a large amount of relevant research has been done.
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To reduce the power loss and maintain high efficiency, researchers have generated
much interest in high-gain dc/dc converters for offshore wind farms. In [23], a high-gain
resonant switched-capacitor (RSC) dc/dc converter was introduced, which provided low
switching losses and high efficiency by the resonant switching transitions. In addition,
the voltage gain was increased through the series-modular configuration. However, to
reach a high voltage gain, lots of switching devices and passive components were used
in the topology. Meanwhile, the voltage stress increment of the switches and diodes
blocked its application in offshore wind energy systems. To reduce the number of power
switches, [24,25] both presented step-up dc/dc converters which worked only by one
switch. The control of the converters was easy, and the conduction loss of the switch was
decreased due to the use of a single-switch structure. But the voltage gain was not high
enough. In [26], a high-power multilevel step-up dc/dc converter was studied with the
merits of outstanding dynamic performance and low voltage stress. Although there was a
filter inductor in this converter that could reduce the input current ripple, the step-up ratio
was not high enough for offshore wind farms. Moreover, the concept of modularization
used in offshore wind farms has attracted considerable interests recently due to its high
reliability and excellent expandability [27–30]. Nevertheless, a complex switching scheme
is usually required in the modular structure. Furthermore, a large number of power devices
connected in series increase the volume and weight of the offshore platforms and may raise
the overall costs.

In order to ensure the long-distance and stable transmission of electricity, a ripple-free
input current is necessary for a high-gain dc/dc converter. Generally, bulky and huge
electrolytic capacitors are used at the input stage of the dc/dc converters to decrease the
large input current ripple. To avoid the use of bulky electrolytic capacitors, a filter inductor
is placed at the input stage to reduce the current ripple [31]. However, the current ripple
still exists, and the effect is not ideal. By utilizing the interleaved structure of switches
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and inductors on the input side, the input current ripple was significantly reduced in [32].
Nevertheless, the switching scheme is relatively complex and the input direct current still
consists of a little ripple. An improved dc/dc converter with a ripple-free input current
was proposed in [33]. The input current ripple was reduced to zero with the use of the
coupled inductor. Moreover, the converter can reach a high voltage gain through the
use of a transformer. However, the use of too many magnetic components also limits its
application in offshore wind farms due to the increase in volume and weight. Nonetheless,
the coupled inductor is a promising component to achieve a ripple-free input current.

Considering the above problems, this paper presents a single-switch high-gain dc/dc
converter with a ripple-free input current. The proposed converter combines the coupled
inductor with the switch-capacitor structure and has the following features by comparing
with the existing converters: (1) high voltage gain; (2) ripple-free input current; (3) simplicity
of control strategy; (4) low voltage stress across the components; (5) high efficiency. Given
all of the advantages, the converter is very suitable for offshore wind energy systems.

The rest of this paper is organized as follows. The proposed topology and operat-
ing principle are discussed in Section 2. The detailed steady-state analysis is presented
in Section 3. The performance comparisons of the converters are provided in Section 4.
Section 5 illustrates the parameters design and the selection of the components. Experi-
mental results are shown in Section 6. Finally, conclusions are drawn in Section 7.

2. Topology and Operating Principle
2.1. Topology

Figure 3a shows the proposed single-switch dc/dc converter with a high voltage gain
and a ripple-free input current. A coupled inductor LC is inserted at the input stage to
eliminate the input current ripple. Figure 3b shows the equivalent circuit of the converter
where the coupled inductor LC is described by the magnetic inductor Lm, the leakage
inductor Lk, and the ideal transformer (turns ratio n = Ns/Np). The switched-capacitor
cell uses only one switch with a new arrangement of the diodes and capacitors to raise
the voltage gain significantly. The control strategy is very simple due to the use of one
switch which can reduce the incidence of failure in offshore wind energy systems. The
theoretical waveforms of the main devices are shown in Figure 4. The voltage at both ends
of the primary side and the secondary side of the coupled inductor are defined as vp and vs,
respectively. The analysis of the converter during a switching period TS can be divided
into two operating modes, and they are shown in Figure 5.
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2.2. Operating Principle

Since the circuit is controlled by one switch, there are only two operating modes
during a switching period. The following assumptions are made before the analysis.

(1) All the switches, capacitors, diodes, and inductors used in the circuit are assumed to
be ideal components;

(2) All the capacitors are large enough to maintain output voltage constant;
(3) Vin is an ideal dc voltage source, and the load is modeled by a pure resistor RL.

Mode 1 [t0,t1] in Figure 5a: In this mode, the switch S begins to conduct under the
action of the gate driving signal. The current iLm increases linearly from its minimum value
due to the positive voltage. The diodes D1, D2, D5, and D6 are reverse biased. The magnetic
inductor Lm starts to be charged by the input voltage source Vin. C1 is discharged to C3
through diode D3 and C2 is discharged to C4 through diode D4. Meanwhile, C5 and C6
are discharged in series to C7 and RL through diode D7. Figure 6 shows the simplified
equivalent circuits in this mode.
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the input voltage source, magnetic inductor, and leakage inductor are defined as iin, iLm,
and iLk, respectively.

Mode 2 [t1,t2] in Figure 5b: At t1, the switch S is turned off. The diodes D3, D4, and D7
are reverse biased. The input voltage source Vin and magnetic inductor Lm are discharged
in series to C1 and C2, respectively. Meanwhile, the input voltage source Vin, magnetic
inductor Lm, and C4 are discharged in series to C5 through diode D5. The input voltage
source Vin, magnetic inductor Lm, and C3 are discharged in series to C6 through diode
D6. Therefore, the current iLm starts to decrease linearly from its maximum value, and the
output capacitor C7 is discharged to the load RL. This mode ends when the driving signal
of the switch S comes in the next period. Figure 7 shows the simplified equivalent circuits
in this mode.
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3. Steady-State Analysis
3.1. Voltage Gain

Referring to Figures 5a and 6, when the switch is turned on, the following equations
can be obtained according to Kirchhoff’s voltage law, where vLm(on) is the voltage across the
magnetic inductor when the switch is turned on.

vLm(on) = Vin
VC3 = VC1
VC4 = VC2
VC5 + VC6 = VC7 = VO

(1)

Similarly, from Figures 5b and 7, the voltage relationship of each loop can be expressed
as follows, where vLm(off) is the voltage across the magnetic inductor when the switch is
turned off. 

Vin − vLm(o f f ) = VC1 = VC2
Vin − vLm(o f f ) + VC4 = VC5
Vin − vLm(o f f ) + VC3 = VC6
VO = VC7

(2)

By applying the volt-second balance principle to the magnetic inductor Lm under
steady-state conditions, the equation is given below:∫ t0+TS

t0

vLmdt = 0 (3)

where vLm is the voltage across the magnetic inductor.
From (1)–(3), the steady-state voltage expressions of the capacitors and the load are

given below, where D is the duty cycle.
VC1 = VC2 = VC3 = VC4 = Vin

1−D
VC5 = VC6 = 2Vin

1−D
VO = VC7 = 4Vin

1−D

(4)

Therefore, the voltage gain M of the proposed converter can be derived as follows:

M =
VO
Vin

=
4

1 − D
(5)

3.2. Ripple-Free Condition

As shown in Figure 5, the direction of the current can be obtained. From Figure 5a,
when the switch S is turned on, the voltage vLm across Lm is Vin. Hence, the current iLm
increases linearly from its minimum value ILm,min as follows:

iLm(t) = ILm,min +
∫ t

t0

Vin
Lm

dt (6)

The voltage vLk across Lk is −(VC0 − nVin). Therefore, the current iLk decreases linearly
from its maximum value ILk,max as follows:

iLk(t) = ILk,max −
∫ t

t0

VC0 − nVin
Lk

dt (7)

Since the average inductor voltage must be zero under the steady-state conditions, the
voltage VC0 can be shown as follows:

VC0 = Vin (8)
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It is apparent that the input current iin is the sum of iLm and niLk. Therefore, combining
(6)–(8), iin can be derived as follows:

iin(t) = ILm,min + nILk,max +
∫ t

t0

(
1

Lm
− n(1 − n)

Lk
)Vindt (9)

To achieve a ripple-free condition, the variation of input current must be zero during
this stage as follows:

d
dt

iin(t) = 0 (10)

From (9) and (10), since (ILm,min + nILk,max) is a constant value, the input current ripple
is eliminated with the following condition:

Lk = n(1 − n)Lm (11)

Consequently, the input current iin in Mode 1 is only determined by

iin(t) = ILm,min + nILk,max (12)

Similarly, with the turn-off of the switch S shown in Figure 5b, the voltage vLm across
Lm is −(VC1 − Vin). The current iLm decreases linearly from its maximum value ILm,max
as follows:

iLm(t) = ILm,max −
∫ t

t1

VC1 − Vin
Lm

dt (13)

The voltage vLk across Lk is (VC1 − VC0 + nvLm), which can also be written as (1 − n)
(VC1 − Vin). Therefore, the current iLk increases linearly from its minimum value −ILk,max
as follows:

iLk(t) = −ILk,max +
∫ t

t1

(1 − n)(VC1 − Vin)

Lk
dt (14)

Combining (13) and (14), the input current iin can be derived as follows:

iin(t) = ILm,max − nILk,max +
∫ t

t1

(
n(1 − n)

Lk
− 1

Lm
)

DVin
1 − D

dt (15)

Since (ILm,max − nILk,max) is a constant value, the input current ripple is also eliminated
with the condition of (11). Therefore, the input current iin in Mode 2 is only determined by

iin(t) = ILm,max − nILk,max (16)

From Figures 4 and 5a, the value of ∆iLm can be obtained as follows:

∆iLm = ILm,max − ILm,min =
Vin
Lm

DTS (17)

From (7), (8), and Figure 4, the maximum value ILk,max can be derived as follows:

ILk,max =
(1 − n)Vin

2Lk
DTS (18)

Combining (11), (17), and (18), ILk,max can be further expressed by

ILk,max =
1

2n
Vin
Lm

DTS =
1

2n
(ILm,max − ILm,min) (19)

From (19), it can be concluded that

iin(t) = ILm,min + nILk,max = ILm,max − nILk,max (20)
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Consequently, the input current iin is a constant value during the whole switching
period with the condition of (11).

3.3. Voltage Stress Analysis

Referring to the circuit diagrams shown in Figure 5 and according to Kirchhoff’s
voltage law, the following voltage relationships can be obtained:

VDS = VD1 = VC1
VD2 = VD4 = VC4
VD3 = VC3
VD5 = VC5 − VC2
VD6 = VC6 − VC1
VD7 = VC7 − VC4 − VC6

(21)

where VDS and VD1~VD7 are the voltage stresses of the switch S and the diodes D1~D7,
respectively.

From (4), the simplified voltage stress relationship is given as follows:

VDS = VD1 = VD2 = VD3 = VD4 = VD5 = VD6 = VD7 =
Vin

1 − D
(22)

Therefore, all the diodes and the switch have the same voltage stress which means
the same type of diodes can be selected. Due to the relatively low voltage stress, the
components with a lower-rated voltage and a lower on-resistance can be used to further
reduce the power losses and costs.

3.4. Real-Gain Analysis

In fact, all the active and passive components contain some non-idealities in practice
that influence the voltage gain and efficiency of high-gain dc/dc converters. Figure 8 shows
the equivalent circuits of the proposed topology considering all the non-idealities in the
two operating modes. In Figure 8, RLp and RLs are the equivalent series resistance (ESR)
of the primary and secondary sides of the coupled inductor, respectively, RC0–RC7 are the
ESRs of capacitors, RD1–RD7 are the forward diode resistances of diodes, Vd1–Vd7 are the
forward voltage drops of diodes, and RS is the on-state resistance of the switch.
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By applying the volt-second balance principle to the magnetic inductor Lm, the real-

gain of the proposed converter can be deduced and is given below after simplification. 
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Referring to Figure 8a, when the switch is turned on, the following equations can be
obtained according to Kirchhoff’s voltage law.

vLm(on) + iinRLp = Vin
VC3 = VC1 − iSRS − iD3(RC1 + RC3 + RD3)− Vd3
VC4 = VC2 − iSRS − iD4(RC2 + RC4 + RD4)− Vd4
VC7 = VC5 + VC6 − iSRS − iD7(RC5 + RC6 + RC7 + RD7)− Vd7

(23)

Similarly, from Figure 8b, the voltage relationship of each loop can be expressed as
follows when the switch is turned off.

VC1 = Vin − vLm(o f f ) − iinRLp − iD1(RC1 + RD1)− Vd1
VC2 = Vin − vLm(o f f ) − iinRLp − iD2(RC2 + RD2)− Vd2
VC5 = Vin − vLm(o f f ) + VC4 − iinRLp − iD5(RC4 + RC5 + RD5)− Vd5
VC6 = Vin − vLm(o f f ) + VC3 − iinRLp − iD6(RC3 + RC6 + RD6)− Vd6
VO = VC7 − iORC7

(24)

By applying the volt-second balance principle to the magnetic inductor Lm, the real-
gain of the proposed converter can be deduced and is given below after simplification.

VO =
1
H

·
[

Vin −
1 − D

4
(Vd1 + Vd2 + Vd3 + Vd4 + Vd5 + Vd6 + Vd7)

]
(25)

where the parameter H is defined as follows:

H =
1 − D

4
+

4RLp

(1 − D)RL
+

(3 + D)RS

4RL
+

1 − D
4RL

·
[
(RD1 + RD2 + RD3 + RD4 + RD5 + RD6 + RD7)+

2(RC1 + RC2 + RC3 + RC4 + RC5 + RC6 + RC7)

]
(26)

3.5. Losses Analysis

The power losses of the proposed converter are caused by diodes, capacitors, the
switch, and the coupled inductor.

In the diodes D1-D7, the forward voltage drop and forward resistance are the reasons
for the power loss PD, and it can be derived as follows:

PD = Vd ID + RD ID
2 (27)

where Vd, RD, and ID are the forward voltage drop, the forward resistance, and the average
current of the diodes, respectively.

As for capacitors C0–C7, the power loss PC caused by the ESR can be calculated by

PC =
fS · C · ∆U2

2
(28)

where C and ∆U represent the capacitance and voltage ripple of the capacitor, respectively.
As for switch S, the power losses comprise conduction loss PS-C and switching loss

PS-S. The on-resistance is the reason for the conduction loss of a switch. By defining the
on-resistance and rms current of the switch as RDSon and IS, respectively, the conduction
loss PS-C can be obtained as follows:

PS_C = IS
2RDSon (29)

The switching loss PS-S can be estimated by linearizing the voltage and current of the
switch during the turn-on and turn-off processes as follows:{

PS_SON = VDS · Ion · tondelay · fS/6
PS_SOFF = VDS · Io f f · to f f delay · fS/6

(30)
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where Ion and Ioff are the turn-on and turn-off currents, and tondelay and toffdelay are the
turn-on and turn-off time delays.

As for the coupled inductor, the power losses are mainly composed of copper loss
PL-copper and core loss PL-core. According to [34], the theoretical estimation formula of copper
loss can be obtained as follows:

PL_copper = IL
2rL (31)

where IL and rL represent the rms current and the ESR of the coupled inductor, respectively.
The core loss can be calculated by

PL_core = KFe · Ve · fS · (
∆B
2

)
α

(32)

where KFe and α are constants determined by the core material, Ve is the volume of the core,
and ∆B is decided by the current ripple of the coupled inductor.

The total power loss of the proposed converter can be obtained as follows:

Ptotal = PD + PC + PS_C + PS_SON + PS_SOFF + PL_copper + PL_core (33)

In order to exhibit the losses distribution of the proposed converter intuitively, the
losses of each component at 240 W are calculated through (27)–(32) and shown graphically
in Figure 9. It can be seen that most of the total power loss occurs in the diodes, which is
mainly caused by the large output current. However, the conduction loss of the switch is
significantly reduced due to the use of a single switch compared with other multi-switch
high-gain converters.
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4. Performance Comparisons

The performance indexes of relevant high-gain dc/dc converters are summarized in
Table 1, including the number of switches, voltage gain, voltage stress of switches and
diodes, total standing voltage (TSV), and input current ripple. According to [35], the total
voltage rating of switching power devices can be reflected by TSV which is defined as

TSV =
∑n

i=1 VSn + ∑m
j=1 VDj

Vo
(34)

where VSn and VDj represent the voltage stress of each switch and diode, respectively.
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Table 1. Comparisons among different converters.

Parameters [24] [25] [26] [32] Proposed
Number of switches 1 1 3 2 1

Voltage gain
3D

1−D
3+D

2(1−D)
1+D
1−D

D(1+D)

(1−D)2
4

1−D

Voltage stress of switches VO
3D

2VO
3+D

VO
3(1+D)

VO
1+D , (1−D)VO

D(1+D)
VO
4

Voltage stress of diodes VO
3D

VO
3+D , 2VO

3+D
VO

3(1+D)
VO

1+D , (1−D)VO
D(1+D)

VO
4

TSV
4

3D
8

3+D
3

1+D
2+D

D(1+D) 2
Input current ripple Low High High Low Zero

Figure 10 gives the comparison curves of different converters in Table 1. From
Figure 10a, the proposed converter has the highest voltage-boosting capability compared
to other converters in the optimal duty cycle range. From Table 1, the switches and diodes
of all the converters have the same maximum voltage stress. Thus, the maximum voltage
stress curve of switches and diodes is plotted in Figure 10b. The voltage stress in the pro-
posed converter is lower than other converters except for the converter in [26]. Although
the voltage stress in [26] is lower when the duty cycle is greater than 1/3, its voltage gain
is much lower than that in the proposed converter. Similarly, Figure 10c shows that the
proposed converter has the lowest TSV when the duty cycle is smaller than 0.5. The TSV
in [26] is lower than that in this paper when the duty cycle is greater than 0.5; however,
its voltage gain is also much lower. It can be deduced from Table 1 and Figure 10 that the
proposed converter has a high voltage gain and a low voltage stress. That is to say, the
active power devices with low withstand voltage can be selected.
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Moreover, from Table 1, the number of switches used in [24,25] and the proposed
converter is the smallest. The proposed converter uses only one switch which can signif-
icantly simplify the control strategy. Meanwhile, the proposed converter has the lowest
input current ripple, and it achieves a ripple-free input current condition which is of great
importance in offshore wind energy systems. Owing to the ripple-free input current, the
HVDC transmission will be more stable. Consequently, the proposed converter is well
suited for offshore wind farms due to the above-mentioned superiorities.

5. Design Guideline
5.1. Design of the Coupled Inductor

To achieve ripple-free conditions, the converter should operate in CCM mode which
means the current iL must be continuous. Thus, combining the current waveform in Figure 4
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and (13), the minimum value ILm,min should be greater than zero. Equation (13) can also be
written as follows:

ILm,min = ILm(1 +
λ

2
)− VC1 − Vin

Lm
(1 − D)TS (35)

where λ is the ripple rate of the current iLm.
Since the average current ILk is zero, the average current on the primary side of the

coupled inductor is also zero. The average current ILm can be expressed by

ILm = Iin (36)

Combining (4), (35), and (36), the minimum value of Lm can be obtained below:

Lm,min =
2VinTSD
(2 + λ)Iin

(37)

Therefore, to ensure that the circuit operates under CCM mode, Lm should be selected
with the following condition:

Lm > Lm,min (38)

When the value of Lm is determined, Lk can be determined by (11).

5.2. Design of Capacitors

In mode 1, the current flowing through C0 is iLk. The currents flowing through C3,
C4, and C7 are iD3, iD4, and iD7, respectively. Assuming that the capacitor voltage ripple
rate is xc%, the minimum values of the capacitors C3, C4, and C7 can be obtained from the
capacitor’s characteristic equation as follows:

Cnmin =
∫ DTS

0

iDn
xc%VCn

dt (39)

and C0min can be expressed by

C0min =
∫ DTS

0

iLk
xc%VC0

dt (40)

Similarly, in mode 2, the currents flowing through C1, C2, C5, and C6 are iD1, iD2, iD5,
and iD6, respectively. Thus, the minimum values of the capacitors C1, C2, C5, and C6 can be
obtained as follows:

Cnmin =
∫ TS

DTS

iDn
xc%VCn

dt (41)

5.3. Selection of Switch and Diodes

For switch S and diodes D1-D7, according to the voltage stress relationship obtained
from (22) and considering an appropriate margin, the maximum withstand voltage value is
given below:

VDS = VD1 = VD2 = VD3 = VD4 = VD5 = VD6 = VD7 =
kVVin
1 − D

(42)

where kV represents the voltage margin factor.

6. Experimental Results

To verify the validity and feasibility of the proposed topology, a 240 W laboratory
prototype converter at 35 kHz switching frequency was designed. Detailed parameters and
selected components are given in Table 2. Since the experimental leakage inductance of the
coupled inductor was about 2 uH, an auxiliary inductor was connected in series with the
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secondary side of the coupled inductor to meet the requirements. The main voltage and
current experimental waveforms of the converter are shown in Figure 11.

Table 2. Parameters of the converter.

Parameters Value/Model
Input voltage Vin/V 40

Output voltage VO/V 308
Switching frequency fS/kHz 35
Magnetic inductor Lm/uH 250
Leakage inductance Lk/uH 62.5

Turn ratio n 1:2
Capacitor C0/uF 330

Diodes D1–D7 MBR10200CT
Switch IRFP260NPBF
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From Figure 11a, VC1–VC4 reach nearly 80 V. Due to the RDSon of the switch and
the forward voltage drop of the diodes, VC1–VC4 are slightly lower than the theoretical
values. From Figure 11b, VC5 and VC6 reach nearly 160 V, and VC7 reaches nearly 320
V. Due to the loss of devices on different loops, VC5–VC7 are also slightly lower than the
theoretical values.

From Figure 11c,d, the voltage stresses on the diodes D1–D7 are about 80 V which is
consistent with the theoretical analysis. Figure 11e shows that the output voltage reaches up
to 308 V under 40 V input voltage. Hence, the experimental results verify that the proposed
converter has the characteristic of high voltage gain. According to the theoretical calculation,
the output voltage should have been 320 V under ideal conditions. The difference between
experimental results and ideal conditions is caused by the non-idealities in the circuit. As
can be seen from the waveform of iin in Figure 11e, the input current iin is constant. The ac
component of iin shown in Figure 11f is about 60 mA. The ripple rate of iin is only 1.1%, thus
the proposed converter provides a ripple-free input current through the aforementioned
parameter design. From Figure 11g, the voltages at both ends of the primary and secondary
sides of the coupled inductor change at the same time and have the same value. Figure 11h
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shows the currents of the coupled inductor, where ip and is represent the current on the
primary and secondary sides of the coupled inductor, respectively. Also, the voltage
and current waveforms of the coupled inductor in Figure 11g,h are consistent with the
theoretical waveforms in Figure 4.

In summary, the experimental results verify the validity and feasibility of the proposed
converter. Some deviations from the theoretical analysis are inevitable. The proposed
converter exhibits an efficiency of 93.7% at a 240 W load. Figure 12 shows the measured ef-
ficiency curve of the proposed converter under different loads and the maximum efficiency
is 94.5%. Figure 13 shows the photograph of the experimental prototype.
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7. Conclusions

Aiming at the MVDC system in offshore wind farms, a novel single-switch high-
gain dc/dc converter with a ripple-free input current is proposed in this paper. Since the
converter uses only one switch, the control strategy is not complicated which is beneficial
for the stability of offshore wind energy systems. The converter provides a high voltage gain
through a switched-capacitor structure. Additionally, the converter provides a ripple-free
input current by utilizing a coupled inductor which can avoid the use of a large electrolytic
capacitor. Hence, the volume and weight of the converter are reduced. Moreover, the
output capacitor is charged and discharged continuously by a 180◦ phase shift to eliminate
output voltage ripple which can further improve the stability of the systems. The steady-
state characteristic under CCM of the converter is analyzed. Comparisons of the proposed
converter with its counterparts show various beneficial characteristics as follows: (1) high
voltage gain; (2) ripple-free input current; (3) simple control strategy; (4) low voltage stress
on devices; and (5) high efficiency. Finally, to verify the validity and feasibility of the
proposed converter, a laboratory prototype has been built for a power of 240 W, input and
output voltages of 40 and 308 V, respectively, and a switching frequency of 35 kHz. The
input current ripple is only 1.1% and the maximum efficiency is measured to be 94.5%.
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Experimental results confirm that the proposed converter is well suited for high-gain
offshore wind energy applications.
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