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Abstract— Recently, offshore wind farms have emerged as
the most promising sector in the global renewable energy
industry. The main reasons for the rapid development of
offshore wind farms includes much better wind resources and
smaller environmental impact (e.g., audible noise and visual
effect). However, the current state of the offshore wind power
presents economic challenges significantly greater than
onshore. In this thesis, a novel inter-connecting method for
permanent magnet synchronous generator (PMSG)-based
offshore wind farm is proposed, where cascaded pulse-width
modulated (PWM) current-source converters (CSCs) are
employed. With the converters in cascade to achieve high
operating voltages, the proposed method eliminates the need
for bulky and very costly offshore converter substation which
is usually employed in current source converter (CSC) high
voltage DC (HVDC)-based counter-parts.
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I. INTRODUCTION

Recently, offshore wind farms have emerged as the most
promising sector in the global renewable energy industry.
One of the main reasons for the offshore wind farm
development is the lack of suitable wind resources on-land.
This is particularly the case in densely populated areas such
as in some European countries. Another important reason is
that the offshore wind speed is often significantly higher and
steadier than that on-land. Considering that the energy
obtained by wind turbines is proportional to the cube of the
wind speed, the turbines can capture more energy when
operating offshore (10% increase in the wind speed will result
in 30% increase in energy) [1]. Moreover, the environmental
impact, such as audible noise and visual impact, is minimal
with the offshore located wind farms [2, 3]. These factors are
the primary drivers behind the development of the offshore
wind farm. The latest development in the field of wind power
generation is the trend towards large offshore wind farms.
The global wind power installations increased by 41 GW in
2011, which brings the total installed capacity up to 238 GW
[4]. The total installed capacity of the offshore wind farms in
Europe have increased from less than 0.1 GW in 2000 to more
than 3.8 GW in 2011 [4]. The large offshore wind farm and
its connection to the grid over distances of tens of kilometers
create a number of technical and economic challenges for the
developers and system operators [1]. Additionally, the wind
farm must be designed to respond appropriately to the grid
faults. Few research works related to the offshore wind farm
system, particularly configuration and control, have been
published so far. In this thesis, the cascaded current source
converter (CSC)-based offshore wind farm is proposed.

Comprehensive work is carried out to analyze and develop a
complete offshore wind farm system from the perspective of
wind farm configuration, system control schemes and grid
integration.

On the premise of the association strategies for twist
turbines in offshore wind ranches and the qualities of the
ability to be conveyed, the wind vitality change framework
(WECS) proposed in writing and actualized essentially can
be ordered into four sorts [4]-[7]: parallel air conditioning
association and high voltage alternating current (HVAC)
transmission systems, parallel air conditioning association
and high voltage direct current (HVDC) transmission
systems, parallel dc association and HVDC transmission
systems, and arrangement dc association and HVDC
transmission systems. The HVAC framework is reasonable
for application where the transmission separate is lower than
50 km, while HVDC framework rules the market when the
transmission remove is longer than 50 km. Every one of these
arrangements aside from the fourth one require offshore
substation which is extremely massive and exorbitant.
Besides considering unwavering quality and effectiveness as
fundamental imperatives for all coastal change systems, the
impressions and weights of the segments are especially
critical for offshore foundation. The aggregate weight of the
framework that is commanded by the offshore substation
altogether influences the cost and multifaceted nature of the
offshore wind cultivates. In this manner, the fourth one
(arrangement dc association and HVDC transmission
framework) is progressively underlined in explore in light of
the fact that it can spare altogether cost given that the
cumbersome and expensive offshore substation can be
disposed of [8].

Il. CONFIGURATION OF THE PROPOSED WECS

Fig. 1 demonstrates the general structure of the CSC-based
seaward breeze cultivate. N quantities of the proposed MV
PMSG-based WECSs are associated in arrangement with one
normal dc-connect inductor Ldc. The inland CSls are
associated with the network through multi-winding
transformers. Fig. 2 delineates the topology of the proposed
MFT-based WECS; the design comprises of a MV PMSG, a
three-stage diode rectifier, a secluded MFT-based converter,
and a CSI [17] that is associated with the lattice through a
transformer. Cf is the yield capacitor and Lg speaks to the
framework side inductance. Fig. 3 outlines the point by point
topology for the measured MFT-based converter, in which N
quantities of voltage-nourished, current-yield converters
(without a yield capacitor channel) are associated in
arrangement, at that point straightforwardly associated with
the dc-connect inductor Lde. CN (N =1, 2 ... , N) is input
capacitor of every module in the fell converter. As a front-
end converter, the inactive rectifier shows the benefits of
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dependability, minimal effort, being little and light, and
having a less complex generator-side control than a PWM
converter measurements. Then again, the inactive rectifier
prompts a generally high torque swell in the generator. In any
case, different strategies have been proposed in writing to
take care of this issue. Besides, the synchronous inductance
of a PMSG s as a rule over 0.4 for each unit (pu) for high-
control, low-speed wind applications, which additionally
helps, to relieve the torque swell [17].
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Fig. 1: Proposed configuration of CSC-based offshore wind
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Fig. 2: Proposed MFT-based WECS
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Fig. 4: Modified circuit: load with induction motor

I11. ANALYSIS OF THE MODULAR CONVERTER

The specific converter (Fig. 3) expects fundamental parts in
the proposed WECS. In any case, it is useful for achieving

both MPPT and, cross section side control. Second, MFT is
used because of the generator assurance issue which has been
analysed in the past zone, thusly not reiterated here. As
opposed to using lumbering low-recurrence transformers,
MFTs are used given their purposes of enthusiasm of high
power thickness and straightforward seaward advancement.
Extending working recurrence realizes a tremendous
diminishing in size and weight of the transformer.
Regardless, in the application MV Megawatts-level WECS, a
couple of challenges should be viewed as: (a) Losses and
warm arrangement. A basic test will be familiar with warm
what's additionally, cooling system layout in light of the mix
of minimal size besides, high setbacks as extending activity
recurrence; (b) challenge beginning from the insurance
blueprint of high-control MFT. In employments of plan
related breeze develop; the best potential the transformer
must withstand is the full transmission level.

A. Determination of the quantity of cells

The base required number of cells for the proposed game plan
depends upon: (an) input dc voltage, (b) the voltage rating of
the picked secured door bipolar transistor (MOSFET), (c) the
picked cell voltage. The assessed input dc voltage is
approximately 5000 V for a 4000 V PMSG-based system.
1700 V MOSFET is picked since it is the most suitable
trading contraption with respect to cost, voltage utilizes, and
dissatisfaction in time rate for MV applications. Given a cell
voltage of 1000 V, five cells (without overabundance) must
be related in course of action at both the info and the yield. A
converter with six cells can similarly be chosen for
redundancy (N+1); regardless, this work thinks about a
deliberate converter with five cells.

B. MFT

The topology of each module that is used in the MFT-based
converter (Fig. 3) is a voltage-supported, current yield, full-
interface converter with a run of the mill inductor channel. In
this examination, the MFT expect two sections: First, this
transformer can help recognize zero-voltage trading for the
fundamental switches through spillage inductance LpN (N =
1, 2 ..., 5) without requiring additional parts. Second, MFT
plays out a separation work. The MFT must withstand a full
transmission voltage at most; subsequently the issue of MFT
protection must be considered in down to earth plan.

IVV. OPERATING PRINCIPLE

One preferred standpoint of a secluded converter is its control
conspire can be streamlined that every single constituent
module share the same control. It implies the drive signals for
S11, S21 ... S51 are same (Fig. 3) as are different switches.
Here, we take Module 1 as an case to represent the operation
rule. The ordinary stage moved tweak conspire is utilized
where all the switches work with settled half obligation cycle,
while the period of the second leg is moved to exchange the
power. The consistent state waveform is appeared in Fig. 4
where the dead time between switches in a similar leg is not
appeared. S11, S12, S13, and S14 are the comparing drive
signals; Idc and ipl are dc-link current also, transformer
essential currents (Fig. 3), separately; Vol is the output
voltage. The comparing operation states are appeared in
Fig.5. Before t0, switches S11 and S14 are on, thus are D11
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and D14 (Fig. 5 [a]). The transformer essential/optional
streams ip1/isl and the output voltage Vol are currently kept
at 1 pu, also, the power is exchanged to the heap. t0 <t < t1:
At time t0, S14 is off, essential current ip1l commutates from
S14 to the parallel diode of S12 amid the dead time; in this
way, S12 is turn on with zero voltage exchanging (ZVS).
Amid this period, streams ipl/isl are somewhat diminishing
to under 1 pu, while the dc-connect current Idc is controlled
to keep up at 1 pu by the CSI; accordingly, D12 and D13 are
turn on (D11 and D14 are remaining on). The output voltage
Vol is presently remaining at O pu, and no power is
exchanged (Fig. 5 [b]). t1 <t < t2: Attime t1, S11 is off, and
as same as that in the past period, S13 is turn on with ZVS.
Streams ip1/isl is currently diminishing forcefully with the
incline dictated by the information voltage and the estimation
of the spillage inductor. Amid this period, D11, D12, D13 and
D14 are as yet kept on and no power is exchanged (Fig. 5 [c]).
t2 <t < t3: At time t2, Streams ipl/isl is diminishing to -1
pu; in the interim, D11 and D14 are off, while D12 and D13
are continued. The output voltage Vo1 is currently remaining
at 1 pu, and the power is exchanged to the stack (Fig. 5 [d]).
t3 <t < t4: At time t3, S12 is off; S14 is turn on with zero
voltage exchanging (ZVS). The operation standard is same as
that amid t0 < t < t1. In this way is not rehashed here (Fig. 5
[e]). After t4, same operation cycle rehashes as appeared in

Fig. 4.
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Fig. 6: Operation states of module 1

V. SIMULATION RESULTS

The performance of the proposed configuration has been
verified by both Mat-lab/Simulink  simulation  and
experimental tests. The wind turbine and the PMSG used in
this simulation are provided by Mat-lab/Simulink. The
turbine model receives the wind speed and provides an
optimized reference speed to the control system. Here we
built up a DC to AC inverter nourished to enlistment engine

in Simulink/Matlab with a three stage PWM inverter
controlling both the recurrence furthermore, greatness of the
voltage yield. For age of PWM beats the system was utilized
contrasting sinusoidal control voltage (at the coveted yield
recurrence and relative to the yield voltage greatness) with a
triangular waveform at a chose exchanging recurrence.

The inertia constant of a megawatts-level WECS is
normally around a few seconds; in this simulation, the
constant is reduced to achieve a faster speed response
compared with that in a real system. Five modules are
employed in the MFT-based converter; to introduce
imbalance into this converter, the turn ratios of the five
transformers are purposely set to 1:1 (Module 1), 1:1.005
(Module 2), and 1:1.01 (Module 3), 1:1.015 (Module 4), and
1:1.02 (Module 5). The sounds in the yield voltage shows up
as sidebands of the exchanging recurrence and its products in
a PWM inverter. In this manner a high exchanging recurrence
brings about a basically sinusoidal current (in addition to a
superimposed little swell at a high recurrence) in the engine.
A 3-stage squirrel cage engine evaluated 3 HP, 220 V, 50 Hz,
1725 rpm is encouraged by a 3-stage IGBT inverter
associated with a DC voltage wellspring of 220 V. Investigate
the recreation parameters. The inverter is demonstrated
utilizing the "All inclusive Bridge" piece and the engine by
the "Non-concurrent Machine" piece. Its stator spillage
inductance Ls is set to twice its genuine incentive to
reproduce the impact of a smoothing reactor put between the
inverter and the machine. The heap torque connected to the
machine's pole is steady and set to its ostensible estimation of
11.9 N.m. Watch that the rotor and stator streams are very
"loud,” in spite of the utilization of a smoothing reactor. The
commotion presented by the PWM inverter is additionally
seen in the electromagnetic torque waveform Te. Be that as it
may, the engine's inactivity keeps this commotion from
showing up in the engine's speed waveform.
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Fig. 9: Open loop load voltage versus time graph

VI. CONCLUSIONS

In this work, an MFT-based WECS is proposed for CSC-
based offshore wind farms. The proposed configuration is
composed of an MV PMSG, a passive rectifier, a modular
MFT-based converter, and a CSI. It is characterized by (a) no
offshore substation; (b) high power density due to the
adaption of a modular MFTs instead of a low-frequency
transformer;(c) high reliability and flexibility due to the use
of a modular converter; and (e) all the advantages of a CSC.
Apart from traditional control objectives of a WECS,
additional effort is made to ensure an evenly distributed
power and voltage sharing among the constituent modules.
Finally simulation and experimental verification are provided
to demonstrate the converter performance of the proposed
WECS using load as induction motor.
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