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TOM TAT

Bai bao nay nghién ctru vé ché d¢ 1am viéc cia may phat dién gio loai may phat dién cam tmg kich tir kép
(DFIG) dé danh gi4 kha ning virot qua sy c6 thoang qua trén ludi dién gan nha may. Duya trén cdu tao ctia méay phat
dién loai DFIG, viéc str dung dién tro ndi truc tiép voi diy quén roto s& dwa may phat hoat déng nhu mot may phat
dién khong dong b roto day quan (WRIG) khi ¢6 ngén mach trén luéi. Theo két qua md phong trén Matlab thi, khi
d6 cong sudt tic dung dugce tiéu thy trén dién tré phu crowbar lam cho dic cong suét phat chuyén doi tir cao sang
thép. Nhé d6 luong cong suit co dur thira khéng nhiéu, cho nén may phat khong bi tang téc dang ké. Két qua mo
phong nay cho thiy viée sir dung dién tro phu crowbar dé thay d6i dic tinh cong suat ciia DFIG la phit hgp. Chinh
nhd céch chuyén déi nay gitip may phat van két ndi v6i ludi, van hanh 6n dinh ca trong va sau sy ¢d ngan mach.

Tir khoa: May phat dién gi6, mdy phat dién cam vmg kich tir kép (DFIG), may phat dién khéng dong b réto dady
quan (WRIG), ngan mach, crowbar:
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ABSTRACT

In this paper, the operating mode of a doubly fed induction generator (DFIG) wind turbine is studied in
order to evaluate its fault ride-through and transient stability with a grid’s short circuit fault at near the wind power
plant. Based on the structure of DFIG, external resistors are directly connected to rotor windings, then the generator
operates as a wound rotor induction generator (WRIG) when there is a short circuit fault on the grid. According to
the simulation results in Matlab, the active power is consumed on the crowbar resistor, causing the active power
characteristic of generator changing from high to low. As a result, the amount of excess mechanical energy is not
much, so the generator is not accelerated significantly. These simulation results show that it is appropriate to use
the crowbar resistor to change the power characteristic of the DFIG. Thanks to this change, the generator is still
connected to the grid, and operares stably during and after a short circuit.

Keywords: Wind power generator, doubly fed induction generator (DFIG), wound rotor induction generator

(WRIG), short circuit fault, crowbar:

1. INTRODUCTION

Electricity is mainly generated by hydroelectric
and thermal power using fossil fuels. Currently
fossil fuels are increasingly depleted resulting
in rising the cost of the products using them. To
solve this difficulty, one seeks to replace them
by other energy sources, such as solar, wind
energy. Wind energy is one of the clean energy
researched and applied in the field of electricity
generation.

However, during operation of wind power
plant, it is inevitable that there is a short circuit
outside one. At this time, the wind generators are
not allowed to disconnect from the grid in order to
participate in supporting this grid to ride through
the fault. Doubly Fed Induction Generator

*‘Corresponding author:
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(DFIGs), which are variable - speed wind
generations, are commonly used in the world,
and used at all wind power plants in Vietnam.
DFIG’s properties is not similar to synchronous
generators' ones (synchronous generators are used
in hydropower, thermal power, diesel power...).
Therefore, it is necessary to have a detailed study
of the characteristics and operating modes of
the wind generator when there is a short circuit
outside the wind power plant.

This problem is expected to give some
solutions, to help wind power plants operate
safely and stability. Many studies have shown
that it is necessary to use a crowbar resistance for
DFIG when there is a short circuit.'* There have
also been researches indicating how to control
for DFIG wind generators to ride-through grid
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faults,'* for transient stability improvement in
grid.® Besides, the effects of crowbar resistor
on DFIG's power curve have been analyzed.’
In Vietnam, there have also been research on
voltage instability at grid connected wind power
plants.” However, there has not yet been a
detailed review of the state of the power system
to consider whether to improve or deteriorate
when DFIGs are connected to it. This paper
presents research with the aim of finding the
answers to the above problems.

2. THE WIND POWER GENERATOR
2.1. Wind power generator

Frequency converter control

1~ |
|2,_,L

Gear box

Transformer

Figure 1. Basic structure of the DFIG wind turbine. *'*

Commonly, a DFIG wind turbine is
designed on basic structure as shown in Figure 1
and control structure as shown in Figure 2. The
generator is an induction machine with a wound
rotor, which is connected via a back-to-back
converter, while the stator is directly connected
to the grid. The rotor-side converter (RSC) is
connected to the grid-side converter (GSC)
using a DC link.®
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Figure 2. Basic configuration of a DFIG wind turbine

connected to a power grid.''2
2.2. Wind power generator model

The equivalent circuit of DFIG is shown in
Figure 3.

Figure 3. Power flow in the DFIG is illustrated with
the equivalent circuit.”

From the equivalent circuit, the following
voltage equations can be written:

U, =R+ X, 0 4K, M
r Rf

Ly, X, @
S 5

With:

U — stator voltage

I — stator current

U’ —rotor voltage related to stator side
I’ —rotor current related to stator side
R_— stator winding resistance

R’ — rotor resistance related to stator side
X — stator leakage reactance

X’ — rotor leakage reactance related to
stator side

X — magnetizing reactance

s —slip

In Figure 3: AP, AP — stator winding
losses and rotor winding losses; P, P_— stator
power and rotor power; P — mechanical power,
P — air gap power.

a

Equation (3) shows the power transmitted
through the air gap calculated according to the
mechanical power received from the turbine.

2

~P, =P, +3Re{U’, I }-3R"|I',
=P, +P- 4P,

&)

With:
Re {X} — Real part of complex numbers X;
. g complex number with X;
|X] — module of complex number X.

The air gap power is calculated according to the

stator-side parameters:

P =P-3R|L [ =P-4P 4)
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On the other hand, P; can also be represented:
f _m{&;f} )
s

From the above equations we can write:

Rl’
B =3=

s

By =3R,|L[ —3Re{U", I} = AP P, (6)
If we consider AP ~sAP,, there is the following
representation:

P =—s.P @)

The mechanical power Py can be expressed
with:

a
s

P\.r—3ﬂR:.IL:.|’—ﬂe{“qzz"} (8)
)

2.3. Operating mode

In subsynchronous operation the converter feeds
power into the rotor. During oversynchronous
operation, the rotor supplies power via the
converter back to the grid.

Figure 4. The method to control and operate the wind
turbine DFIG when there is a short circuit fault on
the grid.!

When there is a short circuit fault on
grid near the wind power plant, most of the
stator power will be consumed at this point
and then voltage of the power system will
unbalance. When there is a short circuit fault,
the power electronics are controlled according
to a completely different operating mode from
normal operation (as shown in Figure 4). During
short circuit fault, the GSC is controlled to
support the reactive power demand of the grid
as a reactive power source (as a STATCOM) and
decoupled operation. The RSC is disabled. A
resistor bank, which is commonly known as the
crowbar protection, is connected to the rotor of
DFIG as an WRIG. At the same time, the DFIG

power curve is changed to WRIG power curve
(Figure 5).

The time of short circuit fault is not long
enough for the wind speed and pitch angle to
change. At the same time, the rotor is connected
to the crowbar resistor, so the power in the rotor
side (P ) is consumed on these resistors. It is this
reason that the active power characteristic of the
WRIG passes through zero at the synchronous
speed and is lower than the power characteristic
of the DFIG.

In Figure 5, the WRIG power curves

will decrease gradually as the R increases

crowbar
gradually.

A Active power (MW)
IG rating

Rated DFIG power 12 ,[
1,0 /
Rated stator power [
T

08T / |

Nimax

N(pu)
1 i l -
L] Ll Ll Ll I -
05 06 07 08 09 .7 L1 12 13
S 02
. / DFIG
Motoring / 1T 94 ——— power
- curve
Rcmwbur ) WRIG
T— — pOWCl'
— . — curve

Figure 5. Active power characteristics of DFIG with
crowbar resistor connected to rotor in case of short
circuit fault on the grid.}

3. SIMULATION AND EVALUATION
OPERATING MODE OF WIND POWER
GENERATOR

3.1. Simulation operating mode of wind
power generator with a short circuit fault on
grid near the wind power plant

The wind generators at Phuong Mai 3 wind
power plant are selected in this paper to survey
operating mode of wind power generators in case
of short circuit fault on the grid near this plant.

The wind generators in Phuong Mai 3 are
DFIG in accordance with the study of the paper.
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Table 1. Specification of wind turbine at Phuong Mai

3 wind power plant.

Manufacturer GAMESABOLICA
S.A.U

Type of generator DFIG

Model CR33-6P

Stator connection A

Rotor connection Y

Rated voltage 690 V

Rated frequency 50 Hz

Rated speed 1120 rpm

Maximum speed 1800 rpm

Rated power 3465 kW

Rated power 3450 kW | 3615 kW
0,95 0,9842

Power factor 1 1
0,95 0,9842

Max. amb . temp 35C 30°C

Short — circuited power 3200 kW

ts"aié(ig[r circuited power 0.88

Poles N° 6

Momen of inertia 300 kgm®

Data of wind power simulation in Matlab

1s shown in Table 1.
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Figure 6. The wind power system simulated in

Matlab/ Simulink.
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Figure 7. The DFIG with the rotor connected to
crowbar resistor.
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In the simulation (Figure 6), there are
6 wind turbines and the total active power is
20,79 MW. The output voltage of all generators
is 690V. These poles are connected to a 22kV
system via a 22kV / 690V transformer. Then the
22kV system is connected to a 110kV system
through a 110kV / 22kV transformer. The length
of 110kV line to the connection point is 3.5 km.
The grid in the simulation has a frequency of
50Hz.

In this simulation model, an operation
method as shown in section 2.3 (as shown in
Figure 7) is used. This simulation is intended
to evaluate low voltage ride-through fault and
transient stability.

3.2. Results and discussion

Operating modes of wind power generators
are simulated in 5s. The time of short circuit
fault on the grid is 0,25s and the wind speed
is 15m/s.

Figure 8 and Figure 9 show the power,
voltage, current of DFIG when it has a short
circuit fault on grid near the wind power plant.
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Figure 8 shows that operating mode of Power characteristics (in Figure 9) in
DFIG is changed. Hence, the low voltage fault interval from 0.2s to 0.25s show that the active
of the grid is supported to ride-through. So, the power was dissipated in the crowbar resistor.
rotor is connected to crowbar resistor is a useful Therefore, the speed of rotor is controlled at the
solution. In addition, the voltage of the grid is appropriate value as the speed characteristic (in
recovered quickly after short circuit fault is Figure 10). This operation method makes the
cleared. system easy to ensure transient stability.

Vabe (pu) ] ; Vabc_B690 (pu) ;
”{_”
° ‘7‘ &}
= 1 i i I
|:zc (pu)l , labc_B690 (pu) . T T -]
1 1
: |
a)
Vabe_B22 (pu)
T T
I 1
labc_B22 (pu)
5l l ! ! ! ! .
° G 2 I I
L | | | | ]
2 205 21 215 22 225 23 Timefs)
b)

Figure 8. a) Line-voltage and line-current in busbar B690; b) Line-voltage and line-current in busbar B22.
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Figure 9. Active power curve and reactive power curve when short circuit fault on grid near the wind power plant.
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Figure 10. Voltage curve in capacitor u__and rotor speed curve.

According to Figure 9, power curve is reliability. According to these simulation results,
changed to a new steady state, drop a lot from 2s the new operating mode is different from the
to 2,25s and restore the state almost before the first one, but it is not much and it assures service
short circuit fault. The time to restore the state reliability.

is short, so the wind generators are not cut off 4. CONCLUSIONS
from the grid and ready to work again after short

Ty — The paper has analyzed the operation method of
DFIG in modes before, during and after a short

Besides, during the short circuit fault, circuit fault. The special feature of this operation

the GSC supplies reactive power to grid for method is that during a short circuit fault, the

the purpose of improving stability of this grid. DFIG is converted to WRIG by the crowbar

This result is shown in voltage curve u, at resistor connected to the rotor and the RSC is

capacitor (Figure 10) and reactive power curve disabled.

Q (Figure 9). In the paper, this operation method is
Other parameters such as voltage and tested by simulation on Matlab/ Simulink. The

current are also changed a lot. In Figure 8§, simulation results show that:

the voltage curve drops so much, at the same
time the current is fluctuated but it keeps low

- It is this conversion that the amount of

] o active power transmitted to the grid is reduced
(different from current is height of normal short -
o o o to a very low level. As a result, the short-circuit
circuit). This is the result of the transition from
DFIG to WRIG. This helps the system minimize

the adverse impact when height current flowing

current is limited and the rotor speed increases
only within the permissible range.

in electrical equipment in power systems and - Thanks to this operation method,

fault point. generators support the grid to ride through the

low voltage fault and ensures good transient

To optimize the efficiency of operations g pijity  Thanks to this, after the fault is

of the wind turbine at the time short circuit fault cleared, the system quickly achieves a pre-fault

on grid near the wind power plant, other parts operating state.

of it are calculated and controlled according to .
; ; o ; The results of the paper contribute to the
measuring equipment in this turbine. . . ) .
affirmation that the wind generators in the wind
When the short circuit fault is cleared, the power plants can support good transient stability

power system is kept working and ensure service and contribute to reliable grid operation.
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