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Abstract 

 
Offshore wind farms are rapidly growing owing to their comparatively more stable wind conditions than onshore and land-based 

wind farms. The power capacity of offshore wind turbines has been increased to 5MW in order to capture a larger amount of wind 
energy, which results in an increase of each component’s size. Furthermore, the weight of the marine turbine components installed in 
the nacelle directly influences the total mechanical design, as well as the operation and maintenance (O&M) costs. A reduction in the 
weight of the nacelle allows for cost-effective tower and foundation structures. On the other hand, longer transmission distances 
from an offshore wind turbine to the load leads to higher energy losses. In this regard, DC transmission is more useful than AC 
transmission in terms of efficiency because no reactive power is generated/consumed by DC transmission cables. This paper 
describes some of the challenges and difficulties faced in designing high-power-density power conversion systems (HPDPCSs) for 
offshore wind turbines. A new approach for high gain/high voltage systems is introduced using transformerless power conversion 
technologies. Finally, the proposed converter is evaluated in terms of step-up conversion ratio, device number, modulation, and 
costs.  
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I. INTRODUCTION 
 

Offshore 5-10MW marine turbines become more attractive 
for the wind power industry. Particularly, they increase 
efficiency and reduce generation costs, compared to previous 
wind turbine technologies [1], [2]. Offshore behemoths will 
make current technology inappropriate due to increased wind 
turbine component weights such as bulky and complex 
generators, transformers, and converters. Therefore, wind 
turbine manufacturers are attempting to create an optimal 
design for large marine turbines. The optimized design would 
allow for reducing the component volumes and weights, O&M 
costs, and power losses, hence increasing power density, 
reliability, and efficiency of wind turbines. 
On the other hand, high-voltage DC (HVDC) cables are more 
applicable in offshore wind farms because of the increased size 
of wind parks and the longer distance to shore. According to 

[3], high-voltage AC (HVAC) systems lead to the lowest 
transmission losses for distances of up to 55-70 km depending 
on the size of the wind parks. For longer distances, HVDC 
transmission has the lowest transmission losses. 

The voltage level of most large wind turbines are usually in 
the low-voltage (LV) range of 400-690 V due to voltage 
limitations of power electronics devices and safety regulations 
[1]. In LV systems, a high current flowing through long cables 
induces a significant I2R loss. In order to cope with increasing 
power losses and cabling costs, a line-frequency (50 or 60Hz) 
step-up transformer is required to interface with a medium 
voltage (MV) network, which is typically 25-40 kV. 
Nonetheless, this solution causes a considerable increase in 
weight and volume that leads to higher installation costs. 
Full-bridge isolated conversion systems have been widely used 
for higher-voltage gains. By replacing the bulky 50/60Hz 
transformers in these systems with higher-frequency 
transformers, a great HPDPCS can be obtained [4]-[6]. 
However, its extendibility to the MW range requires extremely 
challenging transformer designs using the latest-generation 
magnetic material, which is an enormous expense. Moreover, 
the reduction in size usually implies an increased loss density 
in the transformer, which demands notable thermal 
management efforts [7]. 
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TABLE I 
COMPARISON OF TOP 10 WIND TURBINE MANUFACTURES IN 2011 

 
 
 
 
 
 

Market sha
re 2011 
(2010)% 

Manufacturer 
(country) 

Turbine 
type 

Generator 
Power 
rating 
(MW) 

Output 
voltage 
(V) 

Grid 
connection 

12.7(14.8) Vestas (Denmark) V164-7.0MW PMSG 7.0 690 
Full power 
converter 

9.0(11.1) Sinovel (China) SL6000 DFIG 6.0 690 
Full power 
converter 

8.7(9.5) Goldwind (China) GW3000 PMSG 3.0 690 
Full power 
converter 

8.0(6.6) Gamesa (Spain) G128-5MW PMSG 5 690 
Full power 
converter 

7.8(7.2) 
Enercon 
(Germany) 

E-126/7.5 EESG 7.5 400 
Full power 
converter 

7.7(9.6) GE (US) 4.1-113 PMSG 4.1 690 
Full power 
converter 

7.6(6.9) Suzlon(India) S9X DFIG 2.1 690 
Direct 
connection 

7.4(4.2) 
Guodian United 
Power (China) 

UP3000-100 N/A 3.0 690 N/A 

6.3(5.9) 
Siemens 
(Germany) 

SWT-6.0 PMSG 6.0 690 
Full power 
converter 

3.6(NA) 
Mingyang Wind 
Power (China) 

SCD3.0MW PMSG 3.0 620 
Full power 
converter 

 

 
To overcome increasing power losses and maintain a high 

power density, it is expected that large marine turbines will 
require a higher-voltage level without transformers [1]. 
Single-module DC/DC boost converters are theoretically able 
to produce infinitely high conversion ratios. However, the 
maximum gain is practically limited by different circuit 
imperfections, such as parasitic elements [8]. Multiple-module 
boost converters offer a potential for large gains because of the 
multiplicative effect, compared to single-module boost 
converters. A transformerless multiple-module DC/DC boost 
converter tends to feature a high power density, high efficiency, 
and high reliability at locations that are often far from 
land-based facilities to decrease the installation and O&M costs 
[9]. 

This paper presents a comprehensive study of the HPDPCSs 
for offshore wind turbines. First, the main characteristics of 
wind turbines such as the output power rating, grid connection, 
and output voltage are explained. The main electrical 
components of wind turbines are considered for the design of 
the HPDPCSs. Second, transformerless power conversion 
topologies are represented with the introduction of isolated 
power conversion systems. Finally, a new transformerless 
power conversion system is proposed to overcome the 

aforementioned topology drawbacks. The proposed converter 
is evaluated for the step-up conversion ratio, device numbers, 
modulation, and costs. The cascade configuration is compared 
to an AC/DC series-connected converter to demonstrate its 
advantages in HV high-gain offshore wind applications. 

 

II. WIND TURBINE AND POWER CONVERSION 
SYSTEM CHARACTERISTICS  

The characteristics of the top 10 wind turbine manufacturers in 
2011 are presented in Table I [10]. Each wind turbine 
manufacturer has several products with different output power 
levels. Therefore, only the products with the highest power 
level are compared. Table I includes the manufacturer, 
generator type, output power, output voltage, and grid 
connection type that are obtained from companies’ websites. It 
can be seen that most manufacturers employ permanent magnet 
synchronous generators (PMSGs) to improve power density, 
controllability, and reliability, especially in unexpected 
situations like grid faults [11]. The maximum power rating in 
the current market is 7.5 MW. It should be noted that the aim is 
always to maximize the power level of a wind turbine to reduce 
generation costs, particularly in offshore wind farms. All of the 
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generators typically have relatively LV levels of 400-690 V. 
However, some manufacturers such as Repower systems 
GmbH in Germany; have a higher voltage of 6.6 kVAC [12]. 
This voltage level will reduce the stator winding currents, 
particularly in high-power wind turbines. The generator and 
converter systems are usually in a nacelle on the top of a tower, 
while a grid step-up transformer is placed in the base of the 
tower (or in the nacelle). Some companies place the AC/DC 
converter in the nacelle and the DC/AC converter in the base of 
the tower to decrease power losses in the wind turbine [13]. A 
simplified representation of a wind turbine is shown in Fig. 1. 

It can be observed that the generator, transformer, and 
converter are three main electrical components in a wind 
turbine. The general specification of a 3 MW wind turbine 
(V90-3.0 MW) indicates that the weights of the generator, 
convertor, and 50/60 Hz transformer are 8.5 ton, 2.5 ton, and 8 
ton, respectively [14]. They are the heaviest electrical 
components in a wind turbine system. These heavy electrical 
components create serious issues as they must be taken to the 
sites where the offshore wind turbines are located. Thus the 
offshore wind turbines should cope with the following 
challenges to make the HPDPCSs a feasible alternative.  

Fig. 2 shows the development trends for an optimal design 
of a high-power conversion system in offshore wind energy 
systems. Bulky and huge electrical components represent high 
investment costs due to difficult erection and equipment 
transportation from shore to the installation sites. If 
high-power-density electrical components are utilized in 
offshore wind farms, offshore floating platforms can be fully 
assembled and installed with a reduced burden for large vessels 
and time spent at sea [15]. There is a greater need for high 
reliability owing to the inherent lack of turbine access at sea 
which makes O&M more difficult. Smaller stages of 
conversion and lower device counts mean lower costs, fewer 
failure points, and lower power losses. Hence a power 
conversion system should feature a high power density, high 
efficiency, high reliability, and low costs. 

III. ISOLATED POWER CONVERSION SYSTEMS FOR 
OFFSHORE WIND TURBINES  

This section demonstrates AC/DC power converters with a 
HF transformer. Here, the combination of an AC/DC converter 
and a HF transformer is called an isolated power conversion 
system. 

 
A. AC/DC Power Converter Topologies 

Full-bridge isolated conversion systems have been widely 
used for HV gains. These systems rely on a HF transformer to 
gain a high-power-density converter. In [16], a dual active 
bridge converter with a triangular modulation and a series 
resonant converter with a constant frequency modulation were 
designed, where both can achieve zero-current-switching for 
the HV side. Here, a 1 MW, 1.2 kV to 12 kV converter was 
evaluated. The selected switching frequency is 20 kHz in order 
to reduce the size of the transformer. If an SiC JFET is taken as 
an LV side switch, an efficiency of 98% can be achieved. 
However, each power device is composed of more than one 
hundred single SiC JFETs connected in parallel and series to 
reach the available current and voltage rating. The power 
conversion system in a wind turbine is shown in Fig. 3. Several 
HF transformers with different core shapes were represented 
and evaluated for power losses and power density. A HF 
transformer with a shell-type core has the highest power 
density of 285.71 (kW/dm3) (weight power density (kW/kg) for 
20 kHz, 1 MW transformer is 20 times the 50/60 Hz 
transformer [6]) and the efficiency is measured up to 99.66%. 
For this design, the chosen HF transformer core material is 
nanocrystalline. 

In [17], a new direct AC/AC power converter was 
introduced that fulfills the aforementioned requirements of Fig. 
2 owing to fewer stages of conversion, the use of a HF 
transformer, and the absence of a bulky electrolyte capacitor 
(see Fig. 3 and Fig. 4). The power conversion system consists 
of a three-phase AC to a single-phase AC converter, a HF 

Fig. 1. Schematic of a wind turbine topology. 
 

 
Fig. 2. Development trends in power conversion systems for 
offshore wind turbines. 
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transformer, and a single-phase full-bridge AC-DC converter. 
The AC/AC converter is based on bidirectional switches with 
reverse-blocking IGBTs and the switches are controlled with a 
dedicated switching pattern. However, the HF high-power 
transformer design and the experimental results were not 
discussed. 
 
B. High-Frequency High-Power Transformer Design  

A HF high-power transformer is suggested between two 
converters to electrically isolate the LV side from the HV grid 
and to step-up the voltage to reduce the power losses in a wind 
turbine. HF transformers are used in a wide range of 
low-power applications. The main issues to consider are the 
losses, weight and leakage inductance in high-power 
applications. The weight of a transformer is lower with 
higher-frequencies, but a smaller size makes the cooling design 
of the electrical parts tougher. Isolated DC/DC conversion 
systems usually require inductances in series with the 
transformer winding to achieve zero-voltage-switching 
conditions. This inductance defines the power transfer 
capability of the system and thus its value should be carefully 
selected. In order to increase the power density of the converter, 

this series inductance is often magnetically integrated as the 
leakage inductance Lσ of the transformer (see Fig. 3). 

Fig. 5 shows the trade-offs between the physical variables 
such as the frequency f, maximum flux density Bm, and number 
of turns N (a periodic voltage applied to a coil with an effective 
cross-sectional area Ac and a coefficient waveform Kf, where 
the average applied voltage is given: cmf A.N.f.B.KV = ) in 
the design of HF transformers. The power losses include the 
core, copper, and dielectric losses. The copper losses are 
dependent on Lσ which is mainly due to the eddy current effect 
of the conductors and N. The core losses depend on the 
hysteresis and eddy current losses that are increased with f and 
Bm. From Fig. 5, it can be seen that f and Bm have a complex 
and nonlinear relationship with the core, copper losses, and N. 
Thus HF transformer design requires thorough and careful 
consideration in order to ensure an optimized electrical and 
magnetic utilization [4], [7]. Important issues such as the core 
material consideration, the core configuration, the winding 
arrangement, and the thermal management are described as 
follows. 

1) Core Material Consideration: The physical parameters 
such as Bm and f of the core material have a great impact on the 
power density and efficiency of the transformer. In [18], a 
relationship between the area product Ap (Ap is the product of 
the core window area Aw multiplied by Ac as illustrated in Fig. 
6) and the power handling capability Pt in a transformer is 
represented as 

pmuft A.B.f.J.K.KP = ,    (1) 

where Ku and J are the window utilization factor and the 
current density, respectively. The current density for a given 
temperature rise and the total weight Wt of a transformer can 
be related to Ap. The equations are expressed as 

 

cmf A.f.B.K
VN =

cmf A.N.f.B.KV =)f( )B( m

ba= mloss B.f.kP f.B.J.K.K
PA

muf

t
P =

Fig. 5. Trade-offs diagram between frequency, flux density and 
number of turns. 
 

LVV HVV
21 n/n

Fig. 3. Power conversion system for a wind turbine in [16]. 
 

21 n/n

Fig. 4. Wind energy conversion system with converter topology 
in [17]. 
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Fig. 6. HF high-power C-core-type transformer. (Cross-sectional 
area Ac=a×b, Core window area Aw=c×d and Area product 
Ap=Ac×Aw). 

 
x
pjAKJ = ,          (2) 

75.0
pwt AKW = ,  (3) 

where Kj, x, and Kw are constant values and depend on the 
core type. Then, substituting (2) and (3) into (1) yields the 
power handling capability as  

( ) )1x(75.0
t

1
wmjfut W.K.B.f.K.K.KP

+-= . (4) 

Table II demonstrates the core type constants for 
temperature increases of 25° C and 50° C. Fig. 7 shows a power 
handling capability comparison between the powder and 
non-powder core types. It can be observed that the powder 
cores have a higher power density (kw/kg), compared to the 
non-powder cores. However, the non-powder cores are cheaper 
and make core losses lower. A list of the most commonly used 
non-powder cores in HF applications is represented in Table 
III. 

As can be seen, the selected materials present high saturation 
fluxes and low core losses, especially in the case of 
nanocrystalline materials with a saturation flux of 1.23 T and 
core losses (at Bm = 1 T and f = 20 kHz) in the range of 0.08 
kW/kg to 0.14 kW/kg (core losses are evaluated using 

Steinmetz equation ba= mloss B.f.kP  where k, α, and β are 
determined by the material characteristics and usually obtained 
from the manufacturer’s datasheet). Some manufactures make 
silicon steel laminations with gauges down to 0.001 inches, for 
reducing the eddy current loss, that are suitable for HF 
applications. However, their core losses are very high 
compared to nanocrystaline materials. 

Fig. 8 compares the frequency and flux density limitations 
for nanocystaline, amorphous, and silicon steel materials at 
same maximum core losses. It can be seen that the 
nanocrystaline, amorphous, and silicon steel core materials 
have operating frequencies 20 kHz, 5 kHz, and 2.5 kHz, 
respectively. Thus nanocrystalline materials with a high 

saturation and low core losses are more suitable in 
high-power applications. Despite the great quality 
performance of the nanocrystalline materials, their cost is 

TABLE II 
CORE TYPE CONSTANTS [19] 

Core type 
Kj 
ΔT=25ºC 

Kj 
ΔT=50ºC 

x Kw 

Powder 403 590 -0.12 58.5 
Non-powder 
(Lamination 
& Tape) 

322 468 -0.14 66.5 
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Fig. 7. Normalized power handling capability comparison 
between powder and non-powder cores for ΔT=50ºC. 
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Fig. 8. Core losses in terms of frequency and flux density. 

 
TABLE III 

NON-POWDER CORE MATERIALS CONSIDERED IN HIGH 
FREQUENCY 

Non- 
powder 
core 

Types 
Sat. 
flux 
(T) 

Core 
losses 
(kW/Kg) 

Cost Manufac. 

Amorphous 

Microlite  
(2605SA1) 

1.56 1.5 

medi- 
um 

Metglas 
[19] 

Powerlite  
(260SA1) 

1.56 0.59 Metglas 

Namglass 1 1.59 0.66 
Magnetic 
metal [20] 

Nano- 
crystaline 

Finemet 
(FT-3M) 

1.23 0.14 
high 

Hitachi 
[21] 

Namglass 4 1.23 0.08 
Magnetic  
metal 

Silicon 
steel 

3%Grain 
oriented 

2 1.36 low 
Magnetic  
metal 
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very high due to their manufacturing processes (see Table 
III).  

2) Core Configuration: Two popular configurations are 
used to design HF transformers: shell-type and C-core-type 
transformers. A C-core type transformer is shown in Fig. 6. 
In the shell-type transformer, the core is built with two pairs 
of C-cores arranged in E-core configuration. The shell-type 
transformer has 15% more magnetic material (longer mean 
path length), whereas it has a 36% less winding part (shorter 
mean length of winding), compared to the C-core type. 

3) Winding Arrangement: The LV winding is built with 
thick copper foils to achieve a higher power density. The HV 
winding is built with a strand HV cable. However, by using a 
HV cable, there exists a double isolation level between each 
HV turn as shown in Fig. 6. This issue leads to an increase in 
the core size and a lower power density. A litz wire can be 
used in the HV side to gain a triple power density, compared 
to the HV cables for the HF transformer design [16]. 

4) Thermal Management: Water-cooled heat sinks can be 
placed between the core and the LV winding surface as 
illustrated in Fig. 6. Another proposed heat extraction 
mechanism consists of using a braided hollow copper 
conductor with an internal plastic hose carrying water. 

 

IV. TRANSFORMERLESS POWER CONVERSION 
SYSTEMS 

This section describes the feasibility of transformerless 
power conversion systems for offshore wind turbines. Recently, 
research efforts have turned to the design of two kinds of 
generators in a transformerless offshore wind turbine. The first 
involves generators which operate on MV levels (10-40 kV) 
using MV cables for the stator windings [1], [22]. For such a 
system, an HV three-phase converter is utilized for the grid 
connection [22]. The second involves generators that operate 
on LV levels as mentioned in Section II. They require a boost 
converter to interface with an MV network, which is typically 
25-40 kV. A full discussion of these conversion systems is 
beyond the scope of this paper and further information for each 
topology is available in [22]-[25]. 

 
A. Transformerless Power Conversion Topologies 

A transformerless, step-up, highly-reliable, and compact 
converter system would be an attractive solution for large-scale 
offshore wind turbines as mentioned in Section II. In order to 
get enough HV gains, multiple-module topologies connected to 
DC grids have been suggested. In [23], an AC/DC 
series-connected converter system suitable for direct-drive 
wind turbines was presented. Direct-drive axial flux PM 
machines can achieve a high power density in wind turbine 
systems [26], [27]. They overcome the need for a gearbox with 
its associated maintenance demands. In this design, AC/DC 
two-level converters are used and they reach an acceptable total 

DC-grid voltage due to the number of modules made by the 
multi-winding generator design. Fig. 9 shows its power circuit 
connection. Nine modules are required to make 100 kV in an 
HVDC grid. Each module uses six IGBT switches in this 
topology. 

A similar concept was represented in [25]. This 
transformerless system consists of four AC/DC three-level 
neutral point clamped (NPC) converters, with the DC-links 
connected in series. The reported voltage is 23.6 kV in the MV 
grid side. Each conversion module has an output voltage of 
5900 V DC that is made by 4500V class IGCTs. A hybrid 
boost or buck/boost converter was proposed to achieve a high 
conversion ratio for offshore wind farms applications [9]. 
Nonetheless, because the duty ratio of the main switch is very 
large for achieving a high-voltage gain, the switching 
frequency is relatively low to reduce losses and get enough 
turn-off time for the switches. Hence increasing the size of the 
passive elements, such as the boost inductors and filter 
capacitors, is inevitable due to the low switching frequency. 

 
B. Proposed Transformerless Power Conversion System  

Recently, the common types of switched-capacitor 
converters based on the Marx generator topology are 
considered as an attractive solution to meet requirements such 
as a high power density and control simplicity. The Marx 
generator is capable of achieving HV boost ratios and is 
suitable for high pulsed-power technologies [28], [29]. 

kV6.6V rm sLL =-

MW10P =

kV10

 
Fig. 9. Generator-drive topology in [23]. 

+

-

inv outv

Fig. 10. Proposed DC/DC converter. 
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The proposed DC/DC converter is characterized by resonant 
switching transitions to achieve minimal switching losses and 
maximum system efficiency in high power applications. An 
appropriate output capacitor size is considered to eliminate 
output voltage ripples and to work as a charge storage. A 
simplified circuit of the proposed converter is shown in Fig. 10. 
This topology includes two resonant capacitors Crs, an output 
capacitor Cout, an input resonant inductor Lri, an output resonant 
inductor Lro, three diodes DB1, DB2, and DC, and four switches 
SB1, SB2, SC1, and SC2. At the steady-state, in the charging mode 
(see the red dotted lines in Fig. 10), SB1 and SB2 are turned ON 
while SC1 and SC2 are turned OFF. Therefore, Lri and Crs are 
charged through a resonant phenomenon. In the discharging 
mode (see the blue dashed lines in Fig. 10), while SC1 and SC2 
are turned ON, SB1 and SB2 are OFF. It should be noted that 
three times the input-voltage is sequenced when SC1 and SC2 are 
connected to the voltage source, resonant inductors, and 
charged resonant capacitors in series to the output load. Here, 
both the switching-ON and switching-OFF instants qualify as 
soft-switching so that switching losses are minimal. At the 
steady-state, the converter gain is defined as 

( )1n
V
V

in

out += ,            (5) 

where n is the number of resonant capacitors. 
Offshore wind farms grids in the MW range must interface 

with HV power systems. In order to cope with this situation, a 
cascade configuration is introduced to achieve a higher voltage 
gain and a high rated power. The use of a multiple-module 
converter has an advantage in terms of maintenance and 
reliability at locations that are often far from land-based 
facilities. Fig. 11 shows the cascade configuration of the 
proposed DC/DC converter with two stages. The voltage gain 
can be expressed as 

9
V
V

in

out = .         (6) 

A full bridge AC/DC converter supplies a constant input DC 
voltage to the proposed cascade converter. A 10-MW wind 
turbine with an output of 6.6 kVLL,rms is considered as an input 
source. This voltage will be boosted to 90 kV for HVDC 
transmission through the proposed DC/DC converter as shown 

in Fig. 11. Here, stages I and II include two resonant capacitors 
CrIs and three resonant capacitors CrIIs, respectively. 

Mode 1 [t0, t1]: At the beginning of this mode (t = t0), SBI1, 
SBI2, SCII1, and SCII2 are ON while SCI1, SCI2, SBII1, and SBII2 are 
OFF as shown in Fig. 12(a). Therefore, LriI and two CrIs are 
charged whereas LroII and three CrIIs are discharged (CrIIs were 
previously charged by CrIs in Mode 2) through a resonant 

Cout

AC
Grid

Rload

AC-DC
Converter

Switch-capacitor-diode cell

Stage I Stage II

IriL IIriL IIroL

+

-

kV90

kV6.6V rm sLL =-

kV10
+

-

MW10P =

IIroLi
+

-
)t(v

IIrC)t(v
IrC
+

-
IIriLiIriLi

CD

IiBS

IiCS

IIiCS
IIiBS

IIiBDIiBD

IirC IIirC
+

-
outV

+

-

kV30inV

Proposed cascade configuration

 
Fig. 11. Proposed DC/DC cascade converter with two stages. 

rICV

outV

IriLi

IIriLi

2IB1IB S&S

2IC1IC S&S

rIICV

IIroLi

2IIC1IIC S&S
2IIB1IIB S&S

 
Fig. 12. Key simulation waveforms of resonant inductor currents, 
resonant capacitor voltages and output voltage under steady-state. 
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phenomenon in stages I and II, respectively (see Fig. 12(b) and 
(d)). At the time t1, CrIs are charged up to the 10 kV level (input 
voltage level). It should be noted that nine times the input 
voltage (90 kV) is sequenced when SCII1 and SCII2 are series 
connected with LroII, and CrIIs to charge Cout as depicted in Figs. 
11 and 12(c). Therefore, the proposed cascade converter offers 
the potential for a large voltage-gain because of the 
multiplicative effect. Then, SBI1, SBI2, SCII1, and SCII2 can be OFF 
under the zero-current condition as shown in Fig. 12(e) and (g). 

 Mode 2 [t1, t2]: At time t1, SCI1, SCI2, SBII1, and SBII2 are 
turned ON, while SBI1, SBI2, SCII1, and SCII2 are OFF. Then, CrIs 
are series connected with LriI, LriII, and stage II to charge CrIIs 
through a resonant condition (see Fig. 12(d)). During this 
interval, (refer to the output side that is isolated by a reversed 
biased DC), the previously charged Cout is discharged by Rload. 
At t = t2, SCI1, SCI2, SBII1, and SBII2 become OFF under the 
zero-current condition (see Fig. 12(e) and (g)). 

Here, the proposed cascade converter is evaluated against 
the AC/DC series-connected converter in [23]. The AC/DC 
series-connected approach includes nine modular two-level 
converters. The maximum output DC voltage of each of the 
two-level converters is 1.51 times the input voltage as shown in 
Fig. 9.  

Each switch or diode is made up of several series and 
parallel-connected devices to withstand the rated current and 
voltage. These converters are compared based on the following 
features: 1) number of stages; 2) device numbers; 3) costs; and 
4) losses. Normalized comparisons of the converters are 
depicted in Fig. 13. It can be observed that device counts, 
losses, and costs are significantly reduced for the proposed 
power conversion system. The AC/DC series-connected 
approach requires 220 switches (6.5 kV-250 A), whereas the 
proposed topology uses only 180 switches (6.5 kV-250 A). A 

lower device count simplifies the implementation by 
decreasing the balancing network components used with the 
series-connected devices. A lower device count means lower 
costs, fewer failure points and higher reliability. The 
soft-switching action is provided by the resonant condition of 
the proposed topology, compared with the hard-switching 
technique in the AC/DC series-connected approach. Thus the 
switching losses are minimal and the overall system size can be 
reduced by increasing the switching frequency. These results 
are in good agreement with the aforementioned requirements 
of Fig. 2 in Section II. Therefore, the proposed converter is 
superior to the AC/DC series-connected approach owing to 
lower costs and higher efficiency. Therefore, the 
multiple-module cascade approach is well suited for 
high-power high-gain offshore wind applications. 

 

V. CONCLUSIONS 
 

In this paper, several high-power-density power conversion 
systems are presented for offshore wind turbines in MV levels. 
Isolated and transformerless power conversion systems are 
illustrated for offshore wind turbines. Full bridge isolated 
conversion systems with a high-frequency transformer achieve 
a high-voltage gain and a high power density. However, 
high-frequency transformers with large turn ratios are difficult 
to design large-scale offshore wind turbines. Then, a new 
transformerless DC/DC boost converter is proposed and the 
proposed cascade converter is compared to the AC/DC 
series-connected converter. The cascade configuration makes 
the proposed converter a feasible option for high-voltage and 
high-power offshore wind applications that require a high 
power density, high reliability, and high efficiency. 
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