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Abstract

This paper presents a new control strategy to reduce the fluctuation of DC bus voltage for a back-
to-back PWM converter in a DFIG wind turbine systems. DC-link voltage Feed-forward compensation
control strategy for DFIG’s RSC and GSC converter is proposed to limit the fluctuation range of the dc-
link voltage. The dynamic performances of the DFIG are compared with the traditional control method.
Furthermore, the capabilities of keeping the dc-link voltage stable are also compared in the ride-through
control of DFIG during a three-phase grid fault, by using a developed 2 MW DFIG wind power system
model. The simulation results have shown that the proposed control strategy is more effective, and the
fluctuation of the dc-link voltage may be successfully limited in a grid fault .
Keywords: Doubly fed induction generator (DFIG), Rotor side converter (RSC), Grid side converter

(GSC), improved control, DC - link voltage ripple.

1. Introduction

The wind turbines operating in variable
speeds have been used for many reasons. The
DFIG system has as main advantage the reduced
size and low cost of the power electronics
converter, and other advantages: high efficiency,
high power density, andability of reactive power
control. The speed range of DFIG systems is
limited to £30% about the base speed of the
machine[1].

Several control methods have been proposed
to control the rotor-side converter in order to realize
the DFIG ride-through [2,3]. In [4], an improved
control strategy has been proposed to control the
rotor current to counteract the effect of the transient
components in the stator flux, and make the DFIG
ride through a grid fault. Whatever the control
strategy of the rotor-side converter is used, the grid-
side converter should be properly controlled and the
dc-link voltage should be kept stable to realize
thefault ride-through control of a
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DFIG. In this paper, an improved control strategy
for DFIG is presented:DC-link voltage Feed-
forward compensation control strategy for DFIG’s
RSC and GSC converter is proposed to limit the
fluctuation range of the dc-link voltage. Then the
dynamic performances of the DFIG are compared
with the traditional control method. Also, the
capabilities of keeping the dc-link voltage stable
are also compared in the ride-through control of
DFIG during a three-phase grid fault.

2. Modeling and control
2.1. Establish new model of the relationship
between the control signal Vy 4 and the actual

signal Vyq of the RSC and GSC.

To establish control loops of the DFIG, in
the traditional vector control scheme, we assume

that: Vgc Ve CONSt , the RSC and GSC is

ideal and using the state averaging method[5], the
RSC and GSC converter may be represented by a
gain :
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Vp : the amplitude of the triangular carrier
of the generation of the PWM.

V¢ : voltage of the DC link capacitor.

Vdc* : DC steady state voltage

Vgq : control signal of the RSC and GSC

Vyq - actual signal of the RSC and GSC

G : Steady state gain
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Figure 1. The relationship between Vg q and Vg,
via idealized converter gain coefficient
The amplitude of the triangular carrier of
the generation of the PWM (Vp ) must be secured
to Vge / 2 , implying a gain G =1 (the grid
voltages and rotor voltages are equal to their
references V pg V pg Vg Vag )-

In actual Ve are always changing, so
modulation indexes G 1 . The author of the paper
proposes that need for additional modulation

indexes G V¢ / 2.Vp to model of the RSC and
GSC:
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Figure 2. The relationship between V, , and Vg,
via actual converter gain coefficient

From figure 2:
Vv

V * .V )

a9 a9

2.Vp
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Based on Figure 2 can improve the figure 3.
Assumed that the equivalent diagram of Figure 2
as follows:
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Figure 3. The equivalent diagram of relationship
between the Vg q and Vg,

From figure 3, we obtain equation (2) :

v Vv
q9 2Vp qg 3

From equation (1) and equation (2) we
obtain equation (3)
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Figure 4. The improved model of relationship

between Vg  and Vgq

2.2. Improved control model for the RSC and
GSC
In the traditional model of the DFIG, it is

assumed that: Vg Vgec const , RSC and

GSCconverter is idealized by a gain
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G V4c / 2.Vp . In actually the DC bus voltage
can be changed, so converter gain coefficient ( G

Ve / 2.Vp) also changes. If value of the

G increases, the control signal also increases,
endangering the safety of the RSC and
GSCconverter. To ensure stable of the converter
gain coefficient G under changing conditions of
the DC bus voltage, Control strategy for DFIG’s

RSC and GSC converter must change as follows:
Ve v

/ G 9y, G

de

K w G —=
| 2Vp
G 9%
2Vp

Figure 5. The improved block diagram of

\
relationship between , and

We showed that: the improved block
diagram in figure 5 have equivalent gain
coefficient is constant G G const, itno
longer be dependent on the change of V.

DC link Voltage
Compensation Control strategy for DFIG’s RSC
and GSC converter [6] is shown in the diagram 6.

Feed-forward

3. Results and analysis

In order to verify the proposed modified
DFIG models and associated control strategies, the
simulations for 2MW DFIG generation were
carried out using MatlabSimulink.

3.1. The traditional control strategy for the
RSC and GSCwhen three-phase ground fault

A three-phase fault to ground at the wind
turbine output terminals was simulated in this case
study. It was considered to happen at the low
voltage side (690 V) of the transmission line at
time 0.1s, and cleared at 0.2 s. Also, a constant
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wind speed of 11 m/s was used as input for the
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Figure 7. Vs, Is, Ps, Vac with the traditional vector
control strategy for the RSC & GSC Figure
7 showed that the waveforms of Vs,
Is, Ps, Va with the traditional wvector control
strategy for the RSC and GSC, when the three-
phase to ground fault. It shows that: The proposed
fault causes a sudden drop on the generator voltage
(Vs= 0), and subsequently on the active power
generation of the wind turbine as (Ps= 0). In the
period of grid fault appears (0.1-0.2 s), the Stator
current is instability, while the DC-link voltage
increases (V> 2000 V).
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3.2. The proposed control strategy for the RSC
and GSCWhen three- phase ground fault
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Figure 8. Vs, Is, Ps, Vacwith the proposedcontrol
strategy for the RSC and GSC when the three-
phase to ground fault

Figure 8 showed that the waveforms of Vs,
Is, Ps, Vdc with the proposed vector control
strategy for the RSC and GSC, when the three-
phase to ground fault. In the proposed control
scheme, control voltage for the RSC and GSC is
additional the DC link Voltage Feed-forward
Compensation component to keep the dc-link
voltage stable. In the period of grid fault appears
(0.1-0.2 s), it shows that the generator voltage of
the wind turbine still exists with small amplitude.
The Stator current and the DC-link voltage is
much more stable.
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3.3. The proposed control strategy for the RSC
and GSC when the unsymmetrical ground fault
appears

At the time (0.1 to 0.2 sec), phase A and
phase B ground fault has appeared:
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Figure 9. Vs, Is, Ps, Vacwith the proposed control
strategy for the RSC and GSC when the phase A
and phase B to ground fault

Figure 9 showed that the waveforms of Vs,
Is, Ps, Vac with the proposed vector control strategy
for the RSC and GSC, the unsymmetrical ground
fault appears. In the proposed control scheme,
control voltage for the RSC and GSC is additional
the DC link Voltage Feed-forward Compensation
component, so in the period of grid fault appears
(0.1-0.2 s), it shows that the generator voltage of
the wind turbine, the Stator current and the DC-
link voltage is much more stable.

4. Conclusion

Wind power system under the normal
control, when the wind speed changes, the DC bus
voltage fluctuates greatly and the control system
responds slowly, which is unfavourable to system
safe and stable operation. Therefore, In order to
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strengthen the feed forward control to  offset the ~ The comparison of simulation verifies the
disturbance, it is necessary to join the  correctness and effectiveness of the control
compensation in the feed forward control channel strategy.

to further improve the feed forward control affect.
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MOT KY THUAT MOI CHO BQ CHUYEN DPOI PHiA RSC VA GSC PE KHU POT
BIEN PIEN AP KENH DC CUA MAY PHAT DPIEN GIO DFIG

Toém tat

Bai bado trinh bay mot chién lugc diéu khién méi cho bé chuyén déi PWM back-to-back dé gidam sy
dét bién cia dién ap DC - bus trong hé thong tuabin gié DFIG. Chién lwoc diéu khién b tién quy dién dp
DC-link cho bé chuyén d@oi RSC va GSC ciia DFIG dwoc dé xudt, dé han ché bién dé dao dong cia dién
ap DC-link. Hiéu qua lam viéc ciia DFIG dwoc so sanh véi cic phwong phdp diéu khién truyén thong.
Mt khéc, cong sudt duy tri on dinh dién ap DC-link ciing dwoc so sanh voi triueong hop diéu khién DFIG
vueot qua mét 16i luwdi ba pha, bang cdach sir dung mé hinh hé thong nang lwong gié DFIG 2 MW, Céc két
qua mé phéng chi ra rang chién lwoc diéu khién dé xudt cé hiéu qua hon, va cé thé han ché dwoc nhitng
dot bién dién ap DC-link trong mot 16i i
Tir khod: B6 chuyén doi phia rotor (RSC), Bé chuyén doi phia hedi (GSC), diéu khién cai tién, khir dién
ap DC - link.
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