KHOA HOC

TRUONG DAI HOC QUY NHON

Piéu khién cac bo dién ti cong suat clia may phat dién
khéng dong bd ngudn kép khong chdi than

suU dung may bién ap quay
Lé Thai Hi¢p*, Nguyén An Toan
Khoa Ky thudt va Cong nghé, Truong Pai hoc Quy Nhon, Viét Nam

Ngay nhdn bai: 20/08/2021; Ngay nhdn dang: 01/11/2021

TOM TAT

Céc loai may phat dién khong dong bo ngudn kép khong chdi than (BDFIG) da dugc ching minh 13 giam

thiéu dugc chi phi bao dudng va chi phi van hanh, trong khi lai tang do tin cdy so v6i may phat dién khong dong

bd ngudn kép diung trong dién gi6. Bai bao nay di dé xuit phuong phéap diéu khién cac b dién tir cong sut cua

may phat dién khong dong bd ngudn kép khong chéi than sir dung may bién ap quay (BDFIG-RT) trong vai trd 1am

may phét cho tuabin dién gi6 loai toc do thay d6i. Bo diéu khién duoc dé xuat dya trén hé truc dq gin trén roto,

va dugc mo phong trén phan mém Matlab Simulink. Cac két qua mo phong cho thiy rang dép ing dong hoc hoan

toan tot trong trudong hop toe do gié thay ddi, ké ca co xay ra sy ¢b ngin mach trén ludi. Nho phuong phép didu

khién nay ma trong qua trinh xay ra ngin mach trén lu6i thi may phat van két ndi voi ludi va hoat dong 6n dinh.

Tir khéa: Mdy phdt dién khéng dong bé nguon kép khong chéi than siv dung mdy bién dp quay, bo bién doi phia

lwGi, bo bién doi phia réto, bé dién tir cong sudt, may bién dp quay.
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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.

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

* Corresponding author.

Email: lethaihiep @ gnu.edu.vn

https://doi.org/10.52111/qnjs.2022.16104

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

- Unified 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).”* 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.'®

- 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
unit.'*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."»'* 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."'*

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 1.2

Figure 1. Sectional view of the BDFIG-RT structure,
with either a rotary transformer of type (a) or type (b).”'?

Rotary transformer

/__‘\__ _______\_._\‘ N J_ —
OB
' E RSC GSC

BDFIG-RT RSC GSC
controller | | controller

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. Specifically, during operation, BDFIG-RT
usually operates in two modes:

- When the rotor rotational speed is
less than the synchronous speed of the stator
magnetic field, the generator works in sub-
synchronous mode. In this case, the rotation of
the rotor magnetic field generated by the rotor

currents is the same direction as the rotation of
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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 rectifier 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 field, the generator operates
in super-synchronous mode. In this case, the
rotation of the rotor magnetic field 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 rectifier 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
4.c).

In the special case, when the rotor
rotational speed is equal to the synchronous
speed of the stator magnetic field, 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.

Stator magnetic
field rotates
N Rotor rotates

Stator magnetic
field rotates

Rotor rotates
Rotor magnetic
field rotates

(a) (b)

Rotor magnetic
field rotates

Figure 3. Direction and rotational speed of component
magnetic fields and rotor speed in BDFIG-RT.

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

https://doi.org/10.52111/qnjs.2022.16104
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Figure 4. Power flows in BDFIG-RT.

With: s =1--2
(0]

Where: s is the slip ratio; @_is the speed
of rotating magnetic field in the stator; o 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).

DFIG Rotary transformer

Jsape . Irabg—izabe . izabe
R, d¥sabe A¥rave R R, d¥2ane dPrabe Ry
lvs,bc dt dt Vrabe lvzm dt dt vi hcl

O O
Stator Rotor Stator

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

ﬂm=RAm+é%ﬁ (4)
Vi = R+t (5)
Vaane = —Roigupe +% (6)

Where, the parameters of generator part:
R_and R_are the stator and rotor resistance; Vb
and v_, are the three-phase stator and rotor
voltage matrix; i, and i_, are the three-phase
stator and rotor current matrix; y_, andy_ are
the three-phase stator and rotor flux matrix. The
parameters of rotary transformer part: R, and
R, are the stator and rotor resistance; v, , and
V,he are the three-phase stator and rotor voltage
matrix; i, and i, are the three-phase stator
and rotor current matrix; y, —and v,  are the

three-phase stator and rotor flux 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 5).

VZabc = vrabc (7)
= irabc (8)
The flux in the stator of generator part is

created by the inductance in the phases of the
stator itself, plus the mutual inductance of the

llabc

phases in the rotor to the stator. The same goes
for the rotor of generator part. The phenomenon
is similar for rotary transformer.

‘I’sabc = \I’sabc(s) + \I’sabc(r) (9)
‘I’rabc = ‘Ilrabc(s) + \Ilrabc(r) (10)
Wiabe = Wiabeay T Wiabe) (11)
Waabe = Waabey T Waabe2) (12)
Where’ \I’sabc(s)’ ‘I’rabc(r)’ \Vlabc(l)’ \VZabc(Z)

are inductive flux components, and mutual
inductance flux components include

sabe(r)’?

\I’rabc(s)’ ‘Illabc(Z)’ ‘IIZabc(l)'

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

Ay, 13
l}sdq = Rslsdq + ; ¢ - + J a)sl/_/sdq ( )
. dl//rd .
l)rdq = errdq + ;l‘ . +stll/_/rdq (14)
ay

l}.qu = _RZL.qu + Tq + ja)slgdeq (1 5)

dl/lldq

Zqu = RIL.qu + ;t + ja)sl‘gldq

(16)

With i,y =i Vidg = Voug-

Besides, o, = o - o is the slip speed,
which is also the rotational speed of the rotor
magnetic field.

The stator and rotor fluxes of generator
and rotary transformer can be written in the dg
reference frame as follows:

Wiy = LiLigy + L, 1y, (17)
Wiy = Loy Loty + Lo 1rg, (18)
Wiag =LiLigy + Lynlog, (19)
Woag = Lin iy + Lol (20)
Where

L=L,+L, (21)
L=L,+L, (22)
L=L +L, (23)
L,=L +L,, (24)

Where L is mutual inductance, L, L  are
stator inductance and stator leakage inductance,
L, L are rotor inductance and rotor leakage
inductance of generator part. Similarly, L is
mutual inductance, L, L, are stator inductance
and stator leakage inductance, L,, L, are rotor
inductance and rotor leakage inductance of
rotary transformer part.
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The active and reactive power in the stator
of the generator P, O are calculated according
to (25), (26). Likewise, the active and reactive
power in the stator of the rotary transformer
P, Q, are calculated by equations (27), (28),
respectively.

P = —Re{gqu;q} = ;( Vol + vsqzéq) (25)
0, =3 tm{u L =5 (v —vha) 20
=2 tvid,) @)

Q= %lm{bdqiqu} = %(quiu - Vldilq) (28)

Where i, and i, are complex conjugate

Iy and i,

2.3. Model and propose control loops of GSC
connected to an inductive filter

In the circuit shown in Figure 6, R, is the
resistance of the filter reactor Lg.

GSC
+
Ve me Lg ARg-i K7
/ Vasca
vor | oLk Re [ L, ==l
Vee ozNY\_E Vgsce
l Le Re
KK
[- Y-

Figure 6. The GSC connected to an three-phase
inductive filter.

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

di

_ gscabce .
Vgabc - Lg dt + Rglgscabc + Vgscabc (29)

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

(30)

di
_gscdq
Yeaq _L dr +Rg—gvcdq

+jo,Li +v

—gscdg —gscdq

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

3

Pgsc = 2 S Re {—gdq—;cdq} _%(ng igscd + ngigscq) (3 1)

QéAL - glm{—gdq—':udq} ;(lewd v&digSCQ) (32)

Where i is complex conjugate of i

—gscdq —gscdq

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

‘—}gscdq = l}gdq —gscdq (3 3)

—joLi

_gscdq

*
V gabe

—»PWM

Figure 7. Control diagram of GSC.

https://doi.org/10.52111/qnjs.2022.16104

A

44 | Journal of Science - Quy Nhon University, 2022, 16(1), 39-52



SCIENCE

QUY NHON UNIVERSITY

With v, . = (LS +R,) i,

_grcdq
Where ngcdq 1s determined from the current

control loop i, with the PL regulator.

*

l)gscdq = Lkplg

k) oo
+ %J (Lgscdq - Lg.&'qu) (34)

Where i, is determined from the DC

voltage control loop v, with the P, controller.

1

K kl lc re
gsed = [kadc + ;d ]( 4 _vdc) (35)

With v/ is the DC voltage setting value in

the GSC and RSC.

And i, is determined through reactive

power setting value (O.7) at the GSC:

.20 (36)

ferea = 3 Vea

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),,, can be determined:

o L
lrdq = L_%sdq - L_‘Lqu (37)

m m

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

Ltm erl’s .
l//ldq _qu L_ l/jsdq - L Lsdq (3 8)

Then, substitute (38) into the equation
(16) to get:
L L L .
deq RI—.qu LLI ! ldg L;::.)stq - Lvqu
L,L . ) (39)

L
Y g iy,
L T_sdq L ‘iJ

m m

o
+Jjog Llﬁlqu

Convert equation (39) into the Laplace:

l)ldq lldq + vl//qu vjsdq
) L. L ) (40)
+Ja).vl LLlildq—i_#lK‘dq 2” slsqu
L L

the o . * o _ TmTs
With: Yiag = (R, +L1S)£1dq s Vidg = I si Lsdg >

L
_
Xl//sdq - L sVisdq .

m

Where: v}, is determined from the current

control loop_i;4, with the PI;; regulator; yqu 1S

determined from current control loop i, with the

Pl; regulator; g:” 4 18 determined from the

magnetic flux control loop_wy,,, with the regulator
PIs.

k Lk .
Vqu [kp[] + luj (lqu' L1dq) 41)

k s
Isdq [k + . ] (lm’q sdq) (42)

*

‘—"wdq = Lkpu/o

ktw J (!//_sdq sdq) (43)

From equations (25), (26), they are

combined with vi¥ = 0, vi¢ = /% (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 w ), leading to l':d and l':q
and are determined:

. 2P

i == 44
ST ()
s __ 20 (45)

I8
sy

Transient fluctuations of stator flux in
the dg reference frame can be ignored when
determining a reference value, so the equation
(13) is rewritten:

_sr;; ~ Rs lsdq + ja)sl/_/s*dq (46)

From (46), l//: d> l//:q are determined:

R,
R @)
a)S
* ref
i e L (48)
a)S a)S

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

3 . : 3.
e E(l//sdl.s‘q - l//sqlsd) ~ _El//sql.s‘d (49)
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With w , =Li

s" sd

+L,i.,=0

Therefore i , ~ ——=i ,

s

Thanks to that, from (49) can determine i,
2 LT,

lrd

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.

%(vldihi + quizq) ~ %(vzdizd * v2qi2q) D

Thus, v, i,, = v,,i,,, Vighta R Vaghag -

Thereby, i,, can be determined based on

combination with the equation (50) and i, 0 i i

(52)

Where k = V/Vz is the voltage variation
ratio of rotary transformer; the torque 77 is
determined by looking up the wind turbine
characteristics corresponding to the rotor rotation

speed.
From equation (17), i, is determined:
1 L, .
:L_W‘Vq _L_qu (53)

s s

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

isq ~ _Va L_ml'rq (54)
a)SLS LS

https://doi.org/10.52111/qnjs.2022.16104

From (26) is combined with (54), vs";f =0,
V:Zf = VA , . it is rewritten as below:

3 30

~— m ’ef (55)
~ U
o 2 e =y oL, 2LS
Thanks to (55) combined with i, gy i i
i;, can be determined as follows:
o b, 2 LO v
R—r— -— 56
"~k T3k ker, Y

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 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 filter inductor (with parameters
as Table 3).

Table 1. Wind turbine parameters

Parameter Value Unit
Rated wind speed 12 m/s
Wind turbine inertia constant 3.32 S
Shaft mutual damping 0.75 pu
Shaft spring constant refer to 1.11 pu

high-speed shaft

Table 2. BDFIG-RT parameters in the simulation

Parameter Value Unit
Generator data
Rated power 3.465 MW
Rated stator voltage 690 \Y
Rated rotor voltage 1975 \%
R (stator resistance) 0.023 pu
L (stator leakage inductance) 0.18 pu
R_(rotor resistance) 0.016 pu
L, (rotor leakage inductance)  0.16 pu
L (mutual inductance) 2.9 pu
Inertia constant 0.685 S
Pairs of poles 3
Rotary transformer data
Rated stator voltage 690 \Y
Rated rotor voltage 1975 \4
R, (stator resistance) 0.1005 pu
L, (stator leakage inductance) 0.0022 pu
R, (rotor resistance) 0.0899 pu
L, (rotor leakage inductance)  0.0023 pu
L, (mutual inductance) 0.0545 pu

https://doi.org/10.52111/qnjs.2022.16104

Table 3. Parameters of back-to-back power converter
and filter inductor

Parameter Value Unit
v, (DC voltage) 1150 A"
L _ (inductance of filter inductor) 0.3 pu

R (resistance of filter inductor)  0.003 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).

16 Wind spged (m/s) ‘

|
| ! PP e | |

0 P ™= 08 0 3 3 g = e o #

L e

| | |
_ ! | |
1 2 3 4 8
(b) Time (s)

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 1% 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 flow 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).
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Figure 12. The grid voltage with 1% case study.
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Figure 13. Currents in abc reference frame with 1%
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Figure 14. Power and speed of BDFIG-RT with 1%
case study.
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The 2" 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).
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Figure 15. The grid voltage with 2" case study.
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Figure 17. Power and speed of BDFIG-RT with 2
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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