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TÓM�TẮT

Các�loại�máy�phát�điện�không�đồng�bộ�nguồn�kép�không�chổi�than�(BDFIG)�đã�được�chứng�minh�là�giảm
thiểu�được�chi�phí�bảo�dưỡng�và�chi�phí�vận�hành,�trong�khi�lại�tăng�độ�tin�cậy�so�với�máy�phát�điện�không�đồng
bộ�nguồn�kép�dùng�trong�điện�gió.�Bài�báo�này�đã�đề�xuất�phương�pháp�điều�khiển�các�bộ�điện�tử�công�suất�của
máy�phát�điện�không�đồng�bộ�nguồn�kép�không�chổi�than�sử�dụng�máy�biến�áp�quay�(BDFIG-RT)�trong�vai�trò�làm
máy�phát�cho�tuabin�điện�gió�loại�tốc�độ�thay�đổi.�Bộ�điều�khiển�được�đề�xuất�dựa�trên�hệ�trục�dq�gắn�trên�rôto,
và�được�mô�phỏng�trên�phần�mềm�Matlab�Simulink.�Các�kết�quả�mô�phỏng�cho�thấy�rằng�đáp�ứng�động�học�hoàn
toàn�tốt�trong�trường�hợp�tốc�độ�gió�thay�đổi,�kể�cả�có�xảy�ra�sự�cố�ngắn�mạch�trên�lưới.�Nhờ�phương�pháp�điều
khiển�này�mà�trong�quá�trình�xảy�ra�ngắn�mạch�trên�lưới�thì�máy�phát�vẫn�kết�nối�với�lưới�và�hoạt�động�ổn�định.
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ABSTRACT

Brushless�doubly�fed�induction�generators�(BDFIGs)�show�commercial�promise�for�wind-power�generation
due� to� their� lower� capital� and� operational� costs� and� higher� reliability� as� compared�with� doubly� fed� induction
generators.�This� paper� proposed� a� control�method� of� power� converters� in� the� brushless� doubly� fed� induction
generator� with� rotary� transformer� (BDFIG-RT),� which� operate� as� a� variable-speed� generator.� The� proposed
controller�is�designed�on�the�rotating�dq�reference�frame,�and�simulated�in�Matlab�Simulink.�The�simulation�results
show�that�the�proposed�controller�has�good�dynamic�performance�when�changes�in�wind�speed�and�short�circuit
fault�on�grid.�Thanks�to�this�control�system,�the�generator�is�still�connected�to�the�grid,�and�operates�stably�during
a�short�circuit�fault.

Keywords:� Brushless� doubly� fed� induction� generator� with� rotary� transformer,� grid-side� converter,� rotor-side�
converter,�power�converter,�rotary�transformer.
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1.�INTRODUCTION

Currently,� there� are� many� types� of� wind
generators,�but�the�type�of�doubly�fed�induction
generator�(DFIG)�is�being�used�commonly.�This
type�of�generator�is�more�popularly�used�due�to
the�advantages�of�installation�cost�and�wide�wind
energy�exploitation�range�from�4�m/s�to�24�m/s.
This�range�is�from�less�than�30%�to�over�30%�of
the� synchronous� speed,� respectively.� However,
every�DFIG�needs�to�use�carbon�brushes�to�make
electrical�connections�between�the�rotor�windings
and� power� supply� from� the� power� electronics.
Using�carbon�brushes�will�cause�sparks,�contact
resistance,�wear�of�brushes�and�slip� rings,�heat
generation� at� the� point� of� contact,� etc.� These
problems�reduce�the�reliability�of�a�DFIG.�There
are�many�methods� of�manufacturing�Brushless�

Doubly� Fed� Induction� Generators� (BDFIGs).
Particularly,�they�are�divided�into�main�groups:

-�Uni¿ed�BDFIG�is� in� just�one�machine.
This�BDFIG�type�has�two�stators�(the�electrical
parts�and�also�the�magnetic�parts�are�separated)
and� a� common� rotor� (the� electrical� parts� are
connected� together,� but� the�magnetic� parts� are
separated).1-4�Similar� to� this� type� is�a�brushless
doubly-fed� reluctance� generator.�� In� these
types,�windings�of�a�stator�generating�power�are
directly�connected�to�the�grid,�but�the�windings
of� the�other� stator� for� control� are� connected� to
the�grid�through�power�electronics.1-8

-� Another� type� of� BDFIG� is� Brushless
Doubly� Fed� Induction� Generator� with� Rotary
Transformer� (BDFIG-RT).� The� main� part� of
this�type�is�DFIG.�But�instead�of�the�three-phase�
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windings� of� the� generator� rotor� are� connected�
to� the� slip� rings� and� carbon� brushes,� they� are�
connected�to�the�rotor�windings�of�a��three�-phase�
rotating�transformer.�The�stator�windings�of��this�
transformer�are�powered�by�a�power�electronics�
XQLW�1,9-12

-��A�handful�of�BDFIGs�are�combinations�
of�two�blocks�from�two�machines.�This�BDFIG�
type,� � stator� windings� of� main� generator� are�
directly�connected�to�the�grid,�and�rotor�windings�
of� this� generator� are� supplied� by� an� auxiliary�
generator�via�a�rotated�inverter.1,13�This�auxiliary�
generator� can� be� a� wound� rotor� induction�
generator,� the� rotor� windings� connected� to� a�
rotated�inverter.���Or�the�BDFIG�type�is�formed�
from�two�wound�rotor�induction�generators�with�
their� rotor� parts� connected� both� mechanically�
and�electrically.1,14

Among�the�BDFIG�types,�the�BDFIG-RT�
type�has� the� simplest� structure,� very� similar� to�
the� traditional� DFIG� type.� Therefore,� BDFIG-
RT� has� the� prospect� of� commercialization� and�
application�to�replace�DFIG�in�the�near�future.

There�have�been�many�studies�on�BDFIG-
RT,�but�no�detailed�study�focused�on�the�control�
of� this�machine.�Therefore,� the�purpose�of� this�
study�is�to�analyze�and�propose�control�loops�for�
the�power�converters�of�BDFIG-RT.

2.�THE�PROPOSED�CONTROL�STRUCTURES�

2.1.� Operational� characteristics� of� the�
BDFIG-RT

The�BDFIG�type�that�uses�a�rotary�transformer�
to� supply� electric� power� to� the� rotor�windings�
(as� shown� in� Figure� 1).� The� generator� stator�
windings� in� the� BDFIG-RT� are� connected�
directly� to� the� grid,� but� the� generator� rotor�
windings�are�connected�to�the�rotor�windings�of�
a�rotary�transformer.�Besides,�the�stator�windings�
of� this�transformer�are�powered�by�a�rotor-side�
converter� (RSC)� combined� with� a� grid-side�
converter�(GSC)�connected�to�the�grid�(as�shown�
in�Figure�2).�The�rotary�transformer�is�designed�
to�be�suitable�for�generators�in�the�form�(a)�or�the�
form�(b)�as�shown�in�Figure�1.9-12

Figure�1.�Sectional�view�of� the�BDFIG-RT�structure,�
with�either�a�rotary�transformer�of�type�(a)�or�type�(b).9-12

Figure�2.�Electrical�connection�diagram�in�BDFIG-RT

The� main� part� of� BDFIG-RT� is�
composed�from�DFIG,�so�it�has�the�same�power�
characteristics� as� DFIG.� So� BDFIG-RT� can�
operate� in� sub-� and� super-synchronous�modes,�
and�there�is�also�a�synchronous�mode�in�the�short-
term.�Speci¿cally,�during�operation,�BDFIG-RT�
usually�operates�in�two�modes:

-� When� the� rotor� rotational� speed� is�
less� than� the� synchronous� speed� of� the� stator�
magnetic� ¿eld,� the� generator� works� in� sub-
synchronous�mode.�In� this�case,�the�rotation�of�
the� rotor�magnetic� ¿eld� generated� by� the� rotor�
currents�is�the�same�direction�as�the�rotation�of�
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Figure� 2.� Electrical� connection� diagram� in� BDFIG
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the� mechanical� torque.� So� in� this� mode,� rotor�
receives� energy� from� the� grid� (Figure� 3.a).�
With� that,� the� GSC� works� as� a� recti¿er� and�
the�RSC�works�as�an� inverter� to�generate�rotor�
currents� with� an� appropriate� frequency.� This�
frequency� is� suitable� for� the� speed� that� needs�
to� be� supplemented� with� the� rotational� speed�
of� magnetic� poles� of� the� rotor� to� equal� the�
synchronous�speed.�In�this�mode,�the�generator�
rotor� receives� energy� from� the� grid,� only� the�
generator�stator�generates�power�(Figure�4.a).

-�Conversely,�when� the� rotor� rotates�at�a�
speed�more� than� the� synchronous� speed� of� the�
stator� magnetic� ¿eld,� the� generator� operates�
in� super-synchronous� mode.� In� this� case,� the�
rotation�of�the�rotor�magnetic�¿eld�is�opposite�to�
the�rotation�of�mechanical�torque.�So�electricity�
is� generated� from� the� rotor� to� the� grid� (Figure�
3.b).�Then�the�RSC�works�as�a�recti¿er�and�the�
GSC�works� as� an� inverter� to� generate� currents�
with� the�same�frequency�as� the�grid�frequency.�
In� this�mode,�both�stator�and�rotor�sides�of� the�
generator� supply� active� power� to� grid� (Figure�
��F��

In� the� special� case,� when� the� rotor�
rotational� speed� is� equal� to� the� synchronous�
speed�of�the�stator�magnetic�¿eld,�the�generator�
works� in� synchronous� mode.� In� which� case,�
the� rotor� neither� generates� nor� receives� active�
power� (Figure�4.�b).�But� this�mode�only�exists�
temporarily�and� is�an� intermediate�mode�in�the�
above� two� modes,� because� the� wind� speed� is�
always�variable.

Figure�3.�Direction�and�rotational�speed�of�component�
magnetic�¿elds�and�rotor�speed�in�BDFIG-RT.

The�active�power�generated� in� the� stator�
�PV)� is� calculated� according� to� (1).� The� active�
power�generated�or�received�in�the�rotor�(PU)�is�
calculated�according�to�(2).

���

���

�

Where:�V�is�the�slip�ratio;�ωV�is� the�speed�
of�rotating�magnetic�¿eld�in�the�stator;�ω�is�the�
rotational�speed�of�the�rotor.

2.2.�Modeling�BDFIG-RT

With� a� DFIG,� the� current� and� voltage� can� be�
measured�in�both�stator�and�rotor�sides.�But�the�
similar�parameters�can�be�only�measured�in�the�
stator� of� the� BDFIG-RT.� The� value� of� current�
and�voltage�in�the�rotor�of�this�generator�must�be�
measured�indirectly�through�the�stator�windings�
of�the�rotating�transformer�(Figure�5).�

Figure�5.�Single-phase�equivalent�circuit�diagram�of�
BDFIG-RT.
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of�the�rotating�transformer�(Figure�5).��
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Figure� 5.� Single-phase� equivalent� circuit� diagram�of�
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The� equations� describe� the� relationship�
between�voltage�and�other�parameters�in�a�DFIG:

���

���

���

���

Where,� the�parameters�of�generator�part:�
5V�and�5U�are�the�stator�and�rotor�resistance;�vsabc�
and� vrabc� are� the� three-phase� stator� and� rotor�
voltage�matrix;�isabc�and�irabc�are�the�three-phase�
stator�and�rotor�current�matrix;�ψsabc�and�ψrabc�are�
the�three-phase�stator�and�rotor�Àux�matrix.�The�
parameters� of� rotary� transformer� part:� 51� and�
5�� are� the� stator� and� rotor� resistance;�v1abc�and�
v2abc�are�the�three-phase�stator�and�rotor�voltage�
matrix;� i1abc� and� i2abc� are� the� three-phase� stator�
and�rotor�current�matrix;�ψ1abc�and�ψ2abc�are�the�
three-phase�stator�and�rotor�Àux�matrix.�

The� rotary� transformer� rotor� and� the�
generator�rotor�are�connected�in�the�same�phase�
with� each� other.� Therefore,� the� current� and�
voltage�of�the�same�phase�of�them�are�equal�(as�
shown�in�Figure����

���
���

The�Àux�in�the�stator�of�generator�part�is�
created� by� the� inductance� in� the� phases� of� the�
stator� itself,� plus� the�mutual� inductance� of� the�
phases�in�the�rotor�to�the�stator.�The�same�goes�
for�the�rotor�of�generator�part.�The�phenomenon�
is�similar�for�rotary�transformer.

���

����

����

����

Where,� ψsabc(s),� ψrabc(r),� ψ1abc(1),� ψ2abc(2)�

are� inductive� Àux� components,� and� mutual�
inductance� Àux� components� include� ψsabc(r),�
ψrabc(s),�ψ1abc(2),�ψ2abc(1)�

In�order�to�analyze�the�control�process,�it�
is�necessary�to�convert�the�three-phase�voltage,�
current,� and� magnetic� Àux� parameters� in� the�
abc� reference� frame� to� the�dq� reference� frame�
attached� to� the� rotor.� � These� parameters� are�
converted�according�to� the�Park�transition.�The�
voltage�equations�(3)-(6)�are�rewritten�in�the�dq�
reference�frame:

����

����

����

����

Besides,� ωsl�=� ωV� -� ωU� is� the� slip� speed,�
which� is� also� the� rotational� speed� of� the� rotor�
magnetic�¿eld.�

The� stator� and� rotor� Àuxes� of� generator�
and�rotary�transformer�can�be�written�in�the�dq�
reference�frame�as�follows:

����

����

����

����

����

����

����

����

Where�/m�is�mutual�inductance,�/V,�/sσ�are�
stator�inductance�and�stator�leakage�inductance,�
/U,� /rσ� are� rotor� inductance� and� rotor� leakage�
inductance� of� generator� part.� Similarly,� /tm� is�
mutual�inductance,�/1,�/1σ�are�stator�inductance�
and� stator� leakage� inductance,�/�,�/2σ� are� rotor�
inductance� and� rotor� leakage� inductance� of�
rotary�transformer�part.

V
G5
GW

  sabc
sabc sabc

ψv i
�

U
G5
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ψv i �
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G5
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  1abc
1abc 1abc

ψv i �

�
G

5
GW

   2abc
2abc 2abc

ψ
v i �

 sabc sabc(s) sabc(r)ψ ψ ψ
�

 rabc rabc(s) rabc(r)ψ ψ ψ �

 1abc 1abc(1) 1abc(2)ψ ψ ψ �

 2abc 2abc(1) 2abc(2)ψ ψ ψ �

2abc rabcv v
��

2abc rabci i

sdq
sdq s sdq s sdq

G
v R i j

GW


   �

rdq
rdq r rdq sl rdq

G
v R i j

GW


    �

2dq
2dq 2 2dq sl 2dq

G
v R i j

GW


     �

1dq
1dq 1 1dq sl 1dq

G
v R i j

GW


    �

WLWK Lrdq� �L2dq,��vrdq� �v2dq.�

Besides,�ω  �ω - ω is� the� slip� speed,�which� is�

sdq s sdq m rdq/ L / L   �

rdq m sdq r rdq/ L / L   �

1dq 1 1dq tm 2dq/ L / L   �

2dq tm 1dq 2 2dq/ L / L   �

Where�

s m s/ / /   �

r m r/ / /   �

1 tm 1/ / /   �

2 tm 2/ / /   �
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The�active�and�reactive�power�in�the�stator�
of�the�generator�PV,�QV�are�calculated�according�
to� (25),� (26).�Likewise,� the� active� and� reactive�
power� in� the� stator� of� the� rotary� transformer�
P1,�Q1� are� calculated� by� equations� (27),� (28),�
respectively.

����

����

����

����

�

2.3.�Model�and�propose�control�loops�of�GSC�
connected�to�an�inductive�¿lter

In� the� circuit� shown� in� Figure� 6,� 5J� is� the�
resistance�of�the�¿lter�reactor�/J�

Figure� 6.� The� GSC� connected� to� an� three-phase�
inductive�¿lter.

On�the�basis�of�the�circuit�shown�in�Figure�
6,�the�voltage�matrix�on�the�grid�is�calculated:

����

Convert� (29)� to� the� dq� reference� frame�
with�the�G�axis�coincident�with�the�grid�voltage�
vector,� and� this� reference� frame� rotates� at�
synchronous�speed.

����

The��power�that�is�received�from�the�grid�
into�the�GSC�is�determined�as�follows:

����

����

From�equation�(29),�a�control�loop�for�the�
GSC�set�in�the�Laplace�is�determined�as�follows:

� �����

   A� �Re
� �s sdq sdq sd sd sq sqP v i v i v i   �
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Where� A
sdqL and� A
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sdqL �and� 1dqL ��

J J
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Where�����������is�determined�from�the�current�

control�loop����������with�the�PIIg�regulator.

� ����

Where� � � � � is� determined� from� the� DC�
voltage�control�loop�vGF�with�the�PIVdc�controller.

� ����

With�������is�the�DC�voltage�setting�value�in�
the�GSC�and�RSC.

And� � � � � is� determined� through� reactive�
power�setting�value�(�������)�at�the�GSC:

� ����

From�equations� (33)-(36),� this� study� has�
established� the�control�diagram�for�the�GSC�as�
shown�in�Figure�7.

2.4.�Propose�RSC�control�loops

From�equation�(18),�Lrdq�can�be�determined:

� ���

Substitute�(37)�into�the�equation�(19)�to�get:

� ����

Then,� substitute� (38)� into� the� equation�
(16)�to�get:

� ����

Convert�equation�(39)�into�the�Laplace:

�

����

Where:���������is�determined�from�the�current���

����

� ����

�
����

From� equations� (25),� (26),� they� are�
combined�with� �� �� � � � �� � � �� �� � � � � � �� � � ��,� �(because�
the�dq� reference� frame� is�attached� to� the� rotor,�
with�the�d-axis�is�the�same�direction�as�the�stator�
voltage�vector,�and� this�reference�frame�rotates�
at�synchronous�speed�ωV),�leading�to��
and��are�determined:

� ����

�
����

Transient� Àuctuations� of� stator� Àux� in�
the� dq� reference� frame� can� be� ignored� when�
determining� a� reference� value,� so� the� equation�
(13)�is�rewritten:

�� ����

From�(46),�������������������are�determined:

� ����

�

����

To� determine� � according� to� the� torque�
control� method� (corresponding� to� the� active�
power),� it� can�be�based�on� the�electromagnetic�
torque�of�the�DFIG:

����
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Thanks�to�that,�from�(49)�can�determine�LUG:

� ����

If� the� power� losses� on� the�windings� and�
steel�cores�of�the�rotary�transformer�are�neglected,�
the� power� transmitted� through� the�windings� of�
the�rotating�transformer�can�be�considered�to�be�
approximately�equal.

� ����

Thereby,�� � �� can�be�determined�based�on�
combination�with�the�equation�(50)�and�L2dq� �Lrdq:

� ����

Where� �kW�=�v1/v��is� the�voltage�variation�
ratio� of� rotary� transformer;� the� torque� � � � is�
determined� by� looking� up� the� wind� turbine�
characteristics�corresponding�to�the�rotor�rotation�
speed.

From�equation�(17),�Lsq��is�determined:

� ����

Equation� (48)� and� equation� (53)� are�
combined�together,�and�if�the�stator�resistance�is�
ignored,�then�Lsq�is�determined�as�follows:

� ����

From�(26)�is�combined�with�(54),�

������,�it�is�rewritten�as�below:

� ����

Thanks�to�(55)�combined�with�L2dq� �Lrdq,������
�����can�be�determined�as�follows:

� ����

On� the� basis� of� equation� (40)� combined�
with� other�mathematical� expressions� presented�
above,�the�RSC�control�diagram�is�proposed�as�
shown�in�Figure�8.

3.�SIMULATION

3.1.�The�simulated�system�

In� order� to� check� the� operation� of� the� control�
system� proposed� above,� an� application� of�
BDFIG-RT�in�the�power�grid�with�the�structure�
shown�in�Figure�9�is�simulated�in�this�study.�Due�
to�the�generator�is�an�asynchronous�generator,�it�
is�usually�consumed�a�large�amount�of�reactive�
power.� Therefore,� the� generator� is� usually�
connected� with� a� three-phase� compensator�
capacitor� to� directly� supply� a� basic� amount� of�
reactive� power� to� it� (Figure� 9.a).� In� addition,�
for�the�purpose�of�converting�the�characteristics�
of� generator� from� a� DFIG� to� a� wound-rotor�
asynchronous�generator�connected�the�auxiliary�
resistor,� an� auxiliary� resistor� (R_crowbar)� is�
connected�to�the�stator�of�the�rotating�transformer�
(Figure�9.a).���As�a�result,� the�generator�can�be�
still��connected�to�the�grid�in�a�certain�time�when�
there�is�a�short�circuit�fault�on�the�grid. �����
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Figure�8.�Control�diagram�of�RSC

Figure�9.�The�structure�of�BDFIG-RT�(a),�and�it�is�connected�to�the�grid�(b)�in�Matlab�Simulink�
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The� output� voltage� of� each� generator� in�
the�wind� power� plant� is� 690�V.� This� output� is�
connected�to�a�transformer�to�boost�voltage�from�
690�V�to�22�kV�at�each�wind�turbine.�Next,�the�
output�of�all�transformers�are�connected�together�
at� a� busbar� in� the� 22kV/110kV� power� station��
(Figure� 9.b).� At� this� power� station,� the� wind�
power�plant� is�connected� to� the�110�kV�power�
grid�of�the�area.
3.2.�Parameters�of�simulated�system
The�parameters�of�components�of�the�wind�power�
system�using�BDFIG-RT�are�presented�in�Table�
1�–�Table�3.�In�which,�the�wind�turbine�part�(with�
parameters� as� Table� 1)� provides� mechanical�
energy� to� the� generator� (with� parameters� as�
Table�2).�The�BDFIG-RT�has�the�stator�windings�
of�the�rotary�transformer�connected�to�the�back-
to-back� power� converter� � (with� parameters� as�
Table�3).�This�converter�is�connected�to�the�grid�
via�a�three-phase�¿lter�inductor�(with�parameters�
as�Table�3).

Table�1.�Wind�turbine�parameters

Parameter Value UniW
Rated�wind�speed �� m/s
Wind�turbine�inertia�constant ���� s
Shaft�mutual�damping ���� pu
Shaft� spring� constant� refer� to�
high-speed�shaft

���� pu

Table�2.�BDFIG-RT�parameters�in�the�simulation

ParameteU Value Unit
*HQHUDWRU�GDWD�
Rated�power ����� MW
Rated�stator�voltage ��� V
Rated�rotor�voltage ���� V
5V�(stator�resistance) ����� pu
/sσ�(stator�leakage�inductance) ���� pu
5U�(rotor�resistance) ����� pu
/rσ�(rotor�leakage�inductance) ���� pu
/m�(mutual�inductance) ��� pu
Inertia�constant ����� s
Pairs�of�poles �
5RWDU\�WUDQVIRUPHU�GDWa
Rated�stator�voltage ��� V
Rated�rotor�voltage ���� V
51�(stator�resistance) ������ pu
/1σ�(stator�leakage�inductance) ������ pu
5��(rotor�resistance) ������ pu
/2σ�(rotor�leakage�inductance) ������ pu
/tm�(mutual�inductance) ������ pu

Table�3.�Parameters�of�back-to-back�power�converter�
and�¿lter�inductor

Parameter Value Unit
vGF�(DC�voltage) ���� V
/J�(inductance�of�¿lter�inductor) ��� pu
5J�(resistance�of�¿lter�inductor) ����� pu

4.�RESULTS�AND�DISCUSSION
Some�different�cases�are�simulated�in�this�paper�in�
order�to�check�the�suitability�of�the�control�system�
proposed� above.� First,� it� is� the� case� of� variable�
wind�speed,�the�dynamic�response�of�this�system�
is� examined.� Second,� this� system� is� surveyed�
when�there�is�a�short�circuit�fault�on�the�grid.
4.1.�Case�of�variable�wind�speed�
In� this� section,� the� operation� of� the� system� is�
simulated�and�considered�when�wind�speed�varies�
(as�shown�in�Figure�10).�The�results�of�simulation�
shown�that�the�generator�speed�varies�within�the�
appropriate�range.�This�range�is�from�less�to�over�
than�30%�of�the�synchronous�speed�(Fig.�11.a).�
As�a�result,�the�variation�of�active�power�that�is�
generated�or�received�in�the�generator�rotor�via�
the�rotary�transformer�is�suitable�for�the�control�
law� presented� (Figure� 11.b).�The� active� power�
that� is�generated� in� stator�of� the�generator�also�
varies�dependently�wind�speed�(Figure�11.b).

Figure�10.�Wind�speed�chart.�

Figure�11.�Chart�of�speed�(a)�and�active�power�(b)�of�
BDFIG-RT.
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4.2.�Case�of�short�circuit�fault�on�the�grid

The� 1st� case� study:� � there� was� a� three-phase�
short� circuit� fault� on� the� 110� kV� transmission�
grid� and� near� the�wind�power�plant.�This� fault�
has�happened�at�1.3�s,�and�it�has�been�cleared�at�
1.45�s.�The�fault�duration�time�was�150�ms,�and�
the�voltage�has�dropped�to�about�17.33%�of�the�
rated�voltage�during�the�this� fault� (as�shown�in�
Figure�12).�The�simulation�results�are�shown�in�
Figure�13�and�Figure�14.�According�to�the�results�
in�Figure�13,� the�control� system�has� taken� less�
than�a�current�cycle�to�regulate�the�short-circuit�
current� value� to� the� permissible� value� (Figure�
13.d).� This� control�method� has� been� based� on�
the�principle�of�converting�the�generator�from�a�
DFIG�to�a�wound-rotor�asynchronous�generator�
connected� the� auxiliary� resistors.� According�
to� this�method,� the� active� power� that� has� been�
generated� in� the� generator� stator� has� been�
reduced� to� a�minimum� throughout� the� time� of�
short� circuit� fault� (as� shown� � in� Figure� 13.a).�
Thereby,� the�overall�power�Àow� transfer� to� the�
grid�has�been�reduced�during�the�short�circuit�as�
shown�in�Figure�14.a.�In�the�time�of�short�circuit�
fault,� the� RSC� has� been� controlled� to� neither�
transmit�nor�receive�active�power,�this�has�been�
shown�by�the�currents�shown�in�Figure�13.b.�For�
the�purpose�of�stabilizing�the�voltage,�the�GSC�
has�supplied�reactive�power�into�the�grid�(Figure�
13.c).�In�addition,�in�order�to�recover�the�voltage�
after�the�fault,�a�large�amount�of�reactive�power�
has�been�supplied�into�the�grid�immediately�after�
the� short� circuit� fault� has� been� cleared� (Figure�
14.b).� Thanks� to� good� control,� the� generator�
speed�has�been�only�slightly�increased�(as�shown�
in�Figure�14.c).

Figure�12.�The�grid�voltage�with�1st�case�study.

Figure�13.�Currents� in�abc� reference� frame�with�1st�
case�study.

Figure�14.�Power� and� speed�of�BDFIG-RT�with�1st�
case�study.
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The� 2nd� case� study:� there� was� a� single�
phase-to-ground� fault� (C� phase� to� ground)�
on� the�110� kV� transmission�grid� and� near� the�
wind� power� plant.�This� fault� has� happened� at�
1.3�s�and�has�been�cleared�at�1.45�s.�During�the�
fault,�the�phase�C�voltage�has�dropped�to�about�
19.55%�of� the� rated�value� (Figure�15).�At� the�
same�time,�an�overvoltage�has�occurred�in�the�
remaining�2�phases�to�about�1.33�pu�(Figure�15).��
This� value� is� smaller� than� the� limited� ground�
fault� of� 1.4� in� the� Circular� No.� 25/2016/TT-
BCT� of� the� Ministry� of� Industry� and� Trade.�
The� simulation� results� of� this� case� are� shown�
in� Figure� 16� and� Figure� 17.�According� to� the�
results� in� Figure� 16,� the� control� system� has�
regulated� the� short-circuit� currents� within� the�
normal� operating� range� (Figure� 16.d).� In� this�
case,�the�control�method�has�not�changed,�even�
though�the�short�circuit�has�been�asymmetrical.�
In� the� time�of� short�circuit� fault,� according� to�
this�method,�the�currents�in�the�generator�stator�
have� been� reduced� (Figure� 16.a).� Therefore,�
the� active� power� that� has� been� generated� by�
the� generator� has� been� reduced� during� the�
short� circuit� fault� (Figure� 17.a).� In� order� to�
support�voltage�stability,�the�GSC�(with�a�small�
contribution)�together�with�the�generator�stator�
have�consumed� the�reactive�power�of� the�grid�
(Figure� 16.c� and� Figure� 17.b).�After� that,� the�
voltage�of�the�grid�has�been�reduced�as�soon�as�
the�fault�has�been�cleared�(Figure�15).�Then,�a�
large�amount�reactive�power�has�been�supplied�
by� generator� into� the� grid� to� support� voltage�
stabilization�at�this�time�(Figure�17.b).�During�
the�short�circuit�fault,�the�RSC�has�been�disabled�
(Figure�16.b).�Thanks�to�the�appropriate�control,�
the� generator� speed� has� been� increased� only�
slightly�(as�shown�in�Figure�17.c).

Figure�15.�The�grid�voltage�with�2nd�case�study.

Figure�16.�Currents�in�abc�reference�frame�with�2nd�
case�study.
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Figure�17.�Power�and�speed�of�BDFIG-RT�with�2nd�
case�study.

Thus,� through� checking� the� dynamic�
process� in� the� above� cases,� the� control� system�
proposed� above� has� operated� stably.� The�
response� time� of� the� system� was� very� short.�
Current�and�voltage�parameters�have�conformed�
to�the�required�values.

4.�CONCLUSION

BDFIG-RTs� solve� the� restrictions� of� DFIGs,�
which� must� be� done� maintenance� of� carbon�
brushes� and� slip� rings,� in� wind� power.� This�
paper� analyzed� and� proposed� control� loops�
for� the�power�converters�of�a�BDFIG-RT.�This�
paper� analyzed� and�proposed�control� loops� for�
the� power� converters� of� BDFIG-RT.� Through�
simulation� in� MatLab� software,� this� research�
tested�the�proposed�control�loops.�The�simulation�
results�of�the�system�with�a�wind�power�station�
using�BDFIG-RT�showed� that� the�operation�of�
this�system�was�stable�with�varying�wind�speed�
or�a�short�circuit�fault�on�the�grid.�

The� results� of� this� study� serve� as� a�
premise� for� experimental� studies� and� practical�
applications�of�BDFIG-RT�in�wind�power.
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