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An Improved Flux Magnitude and Angle Control
With LVRT Capability for DFIGs

Xiao-ming Li, Xiu-yu Zhang, Zhong-wei Lin, Yu-guang Niu

Abstract—An improved flux magnitude and angle control
(IFMAC) with low voltage ride-through (LVRT) capability is
investigated for doubly fed induction generators (DFIGs). It
exercises control over the generator output power and terminal
voltage via employing adjustment of dq internal voltages. The
major difference from traditional FMAC (TFMAC) strategy
is that the proposed IFMAC strategy is designed based on a
rectangular dq coordinates, which provides a decoupling control
for active and reactive power via using orientation technique.
As an improvement of traditional FMAC scheme, the proposed
IFMAC strategy not only improves system damping, but also
considerably enhances LVRT capability by limiting DFIG power
angle jump during faults, which is achieved with the proposed
auxiliary power angle compensation (PAC) loop. Dominant eigen-
value analysis and dynamic simulations are presented and dis-
cussed, that demonstrates the capabilities of the proposed control
strategy to enhance DFIG damping and LVRT performances and
its contributions to power system transient stability.

Index Terms—double fed induction generator, flux magnitude
and angle control, internal voltage vector, low voltage ride-
through.

I. I NTRODUCTION

REwable power generation such as wind power shows
world’s fast growing rate of electric power generation,

that causes the share of wind power to be reached a consider-
able level. For low investment, maximizing wind power con-
version and network support capability, double fed induction
generator (DFIG) is becoming the dominant type used in the
wind farms (WFs)[1]. The use of a DFIG on a wind turbine
not only improves the efficiency of energy conversion, but also
provides WFs with the capability of contributing significantly
to network support.

Extensive research has been conducted on design of DFIG
control system, and several strategies can be found in the
open literature[2], [3], [4]. In the reported strategies, most
methodologies are based on current mode control, where the
dq rotor currents are adjusted to regulate the terminal voltage
(reactive power) and output active power of DFIG[5]. A
widely used way to control the rotor current is vector control
techniques, and several techniques have been employed for a
decoupling control of active power and reactive power, such
as stator flux orientation[6], stator current orientation[7] and
stator voltage orientation[8].
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Essentially, rotor current control strategies are exercised
by controlling the characteristics (magnitude and angle) of
the rotor flux vector, which can be achieved in a variety
of approaches. Since that internal voltage (voltage behind
transient reactance) is directly related to rotor flux, a new
control strategy the FMAC is proposed, where the terminal
voltage and output power are controlled by the respective
manipulation of the magnitude and angle of internal voltage.
The results show that the FMAC provides better system
damping and terminal voltage recovery than that achieved with
the rotor current control strategies[9], [10].

Since DFIGs have been the dominant type used in the WFs,
its LVRT capability has been deeply concerned by engineering
fields, and recent grid codes have specified required contri-
butions from DFIG based WFs with LVRT requirement[11].
Terminal undervoltage and rotor overcurrent are considered
as the major limitations of the LVRT improvement of DFIG,
which have been discussed in open literatures and a few
strategies are proposed to improve the LVRT capability of
DFIG[12], [13], [14], [15]. Literature [14], [16], [17] point out
that the DFIG rotor overcurrent is caused by the electromotive
force jump induced by the transient component of stator flux
which is an immediate consequence of terminal voltage drop.
It indicates that reducing the terminal voltage drop is an
effective method to improve the LVRT capability of DFIG.

Few FMAC strategy with LVRT improvement can be found
in open article[18]. It is also designed based on the polar
coordinations and needs two additional transformations from
polar to xy coordinates and xy to dq coordinates, which brings
more interactions than that of rotor current control strategies.
This leads to a great interaction between the power and voltage
control loops and reduces LVRT and terminal voltage recovery
capabilities, which shows that the traditional FMAC strategy
can be further improved.

This paper discusses the FMAC control in a rectangular dq
coordinates for the first time, and proposes an improved FMAC
(IFMAC) strategy for DFIGs. The IFMAC strategy combines
the merits of current vector control and FMAC strategies and
aims to improve LVRT capability of DFIG without degradation
of terminal voltage regulation. More concretely, its main
contribution consists of the following aspects:

• The proposed control strategy employs dq internal volt-
ages to regulate output power and voltage, which provides
a decoupling control for power and voltage in FMAC
scheme, and lead to good voltage and damping perfor-
mances in norma conditions.

• An auxiliary loop the PAC loop is proposed to reduce
the terminal voltage drop during faults. Its input signal is
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injected into the power loop, which allows a decoupling
control for power angle and terminal voltage during
faults. This provides a better LVRT capability without
degradation of voltage regulation.

The rest part of this paper is arranged as follows. The
mathematical model of DFIG and its dynamic are described
and analysed in Section II. In Section III –V, the control strat-
egy is proposed and results of dominant eigenvalue analysis
and simulation are presented and discussed, which show the
contribution of the proposed control strategy to power system
transient stability. Finally, the conclusions are drawn in Section
VI.

II. M ATHEMATICAL MODEL OF DFIG

In this paper, a second order model of induction generator
with respect to rectangular dq coordinates is used as following
form, where the electromagnetic transients of the stator are
neglected for a good compromise between simplicity and
accuracy[19].

Dynamic equations:
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The proposed IFMAC strategy in this paper employs the
adjustment of dq internal voltages to control output active
power and terminal voltage. The operating characteristics and
the benefits of the proposed IFMAC can be readily appreciated
by considering DFIG behaviors in a single DFIG infinite bus
system shown in Fig. 1
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Fig. 1: A single DFIG infinite bus system.

Assumption that a three-phase ground fault is applied in the
transmission line of the single DFIG infinite bus system, the
following equations can be obtained.

vs − vf = jxl1is (7)

vf − vb
jxl2

+
vf
jxg

= is (8)

E′ = vs + jX ′

sis (9)

wherexl1 and xl2 are transmission line impedances respec-
tively, xg is ground resistance, and the rotor resistanceRs is
neglected, and only stator current is considered as the injection
current.

According (7)-(9), the terminal voltage vector can be ob-
tained as following form.
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Then, the terminal voltage magnitude|vs| can be written as

|vs| =

√

a2|E′|2 + 2ab|E′|δdfig + b2 (11)

whereδdfig shown in Fig. 2 is identified as the power angle
of DFIG as that has been defined for synchronous generators
(SGs).
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Fig. 2: Vector diagram representation of the operating condi-
tions of a DFIG.

Eq. (11) shows that in fault conditions terminal voltage drop
can be reduced via limiting internal voltage magnitude drop
and power angle jump. Since internal voltage magnitude is
mainly determined by fault conditions, limiting power angle
jump is a feasible way to reduce terminal voltage drop.
However,δdfig = δig + θs, and it involves the position (θs)
control between the dq coordinates and xy coordinates, which
has not been considered in the traditional FMAC scheme.

As opposed to the traditional FMAC scheme, this paper
proposes an improved FMAC strategy with a power angle
compensation (PAC) loop which limits the power angle jump
to reduce terminal voltage drop during fault conditions.
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Fig. 3: Block diagram of the IFMAC strategy

I II. PROPOSED CONTROL STRATEGY

The proposed IFMAC strategy presented in Fig. 3 is com-
posed with three distinct loops, the power control loop (P
loop), the voltage or reactive power control loop (Q loop) and
PAC loop.

A. P & Q-loop design

According (3) and (4), it is seen that the decoupling control
for active and reactive power can be achieved by employing
stator current orientation technique[7]. By orientating the d
axis in the direction of stator current vector, we have

is = ids + jiqs = ids = |is| (12)

Substituting (12) into (1)-(4),
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Eq. (13)–(16) show that active power is proportional to
E′

d and can be regulated by usingvqr , and reactive power is
proportional toE′

q and can be regulated by usingvdr. Thus, the
decoupling control for active power and reactive power can be
obtained. To ensure a good tracking of dq internal voltages,
compensation terms are added tovdr and vqr to obtain the
reference voltages according to
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According (19)-(20), thev′dr and v′qr can be respectively
produced by a pair of proportional plus integral (PI) controller-
s, whereE′

d andE′

q represent the errors from their reference
values to process values. The reference values of dq internal
voltagesE′

dref and E′

qref can be produced via respective
PI controllers (automatic voltage regulator (AVR) and power
regulator). Thus, theP and Q loops are both of cascade
control loops, where the outer-loop controllers are comprised
by AVR and power regulator to produce reference values of dq
internal voltages according the tracking errors, and the inner-
loop controllers are the dq internal voltage regulators of which
parameters can be obtained according the following plant.
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where symbol ‘s’ denotes the Laplace operator. Since the plant
is linear, a traditional PI controller can provide a satisfactory
tracking performance with good robustness.

B. PAC loop design

According the above analysis, it is seen that theP and Q
loops only provide an effective control of angleδig (which is
shown in Fig. 2) as that achieved with the traditional FMAC
strategy. For giving a complete control of power angleδdfig to
reduce terminal voltage drop in fault conditions (whereδdfig =
δig + θs), the PAC loop is proposed as an auxiliary loop.
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Fig. 4: Block diagram of PAC loop.

By respectively fixingδdfig and θs at their stable values
δdfig0 and θs0, the stable values of dq internal voltagesE′

d0

and E′

q0 can be obtained from polar to xy and xy to dq
transformations. Since the power angle is determined by the
proportion ofE′

d and E′

q, the desired values of dq internal
voltages can be obtained from

E′

d0

E′

q0

=
E′

dref

E′

qref

(22)

which shows that either power loop or voltage loop can be
used to compensate power angle jump. In order to ensure the
terminal voltage performance, the PAC signal is injected into
the power loop. Thus, according (22), the reference value of
d internal voltage is computed as shown in Fig. 4

In fault conditions, the power control loop is switched
to power angle control model, where the PAC computes
E′

dref according the variation ofE′

q and its gain is computed
adaptively according the pre-fault conditions. Meanwhile, the
AVR outputs the reference value of q internal voltageE′

qref
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according the error of terminal voltage. Thus, a decoupling
control for terminal voltage and power angle is achieved in
fault conditions, which provides the proposed IFMAC strategy
with a lower terminal voltage drop and a better terminal
voltage recovery capability in comparison with the traditional
FMAC strategy.

It should be noted that the PAC only depends on the stable
values of δdfig and θs, which reduces the requirement of
real time measurement. In engineering practices,δdfig0 can
be measured as that of SGs[20], andθs0 can be measured
by using phasor measurement unit (PMU) in stable operating
conditions. There is no difficult to obtain them.

According above analyses, it is seen that the IFMAC
strategy provides two types of decoupling control, one for
output power and voltage in normal conditions, and the other
one for power angle and voltage in fault conditions. Thus, the
complete decoupling control for power angle, active power and
terminal voltage has been achieved in all operating conditions,
which dramatically reduces the interactions between different
loops and considerably improves the performances, especially
for voltage regulation. Moreover, for its explicit decoupling
mechanism, tuning the parameters of the PID controllers of
the IMFAC is more convenient for removing those complicat-
ed lead-lag corrections existed in traditional FMAC strategy
(which are shown in Fig. 15).

IV. D OMINANT EIGENVALUE ANALYSIS

A generic and simplified multi-machine power system
(MMPS) model shown in Fig.5 is modeled to assess the pro-
posed IFMAC capabilities. A single DFIG with the capacity
of 9MW is used to represent the aggregated behaviour of
the individual generators of a DFIG-based WF. The WF1 is
operated as PV model to evaluate the capabilities of DFIG with
the proposed IFMAC schemes to network support. In order to
further show the benefits of DFIG with the improved LVRT
capability to the WFs without network support capability, the
WF2 with the widely used PVdq control scheme[5] is operated
as PQ model where the reference value of reactive power
Qeref = −0.1pu.
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Fig. 5: Configuration of multi-machine power system model.

A Var compensator (VC) is installed in the common cou-
pling point(CCP) Bus B3-2 to compensate reactive power loss
for normal conditions. A thermal power plant of 120MW
(SG1) consisted of a drum boiler and a steam turbine and its
governor is used to represent conventional power generations.

The SG2 is also an equivalent model to represent the main
system (of which capacity is 450MW). The Bus B3-2 is
configured as the grid terminal, which is connected to the
load center Bus B1-2 via the transmission line L5 with a long
distance of 120km. In this situation, the local grid is weak
for the WFs, which provides little support to the WFs during
faults. On the contrary, it requires DFIGs with improved LVRT
capability to support the grid.

From Fig. 15, it is seen that in normal conditions, the tradi-
tional FMAC with power angle control (FMACP) strategy[18]
is quite equivalent to the TFMAC strategy[9] forδig =
δdfig − θs. Thus, dominant eigenvalue location of DFIG with
the IFMAC strategy is only compared with the TFMAC
case. The location of dominant eigenvalue for various rotor
speed values of WF1 is shown in Fig. 6. It is seen that
for the rotor speeds considered, the eigenvalues cluster in
a group having real part mainly in the range -0.4 to -1.4,
of which corresponding damping factors are 0.042 to 0.137
approximately. As a rotor speed value ofωrwf1 = 0.8
corresponding the lowest operating condition, the dominant
eigenvalue pair is−0.4233± j9.108 of which corresponding
damping factor is 0.0464 when the proposed IFMAC strategy
is installed. While, the dominant eigenvalue pair with the
traditional FMAC strategy is−0.3783 ± j8.943, of which
corresponding damping factor is 0.0423.
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Fig. 6: Influence of WF1 with different rotor-side controllers
on the location of dominant eigenvalue: a)with TFMAC (�).
b)with IFMAC (×)

The damping performance with those strategies are very
close, and the IFMAC strategy shows a slight advantage of
damping performance. The similar result can be obtained when
WF1 operates at the highest level (whereωrwf1 = 1.2). It is
seen that the TFMAC strategy even shows a slight advantage at
the neighborhood of synchronous condition, e.g., when WF1 is
operated at the condition ofωrwf1 = 1.03, the damping factor
with the TFMAC strategy is 0.1283 which is slightly larger
than that with the IFMAC strategy (of which the damping
factor is 0.1242).

It can be summarized that the damping performance pro-
vided by those two strategies are similar over the full oper-
ating range. It is known that dominant eigenvalue analysis is
based on the small signal linearization at certain operating
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conditions, which involves approximation error, especially for
the plants with strong-nonlinearity, e.g., DFIGs flux angle
can be greatly changed in a very short time for its purely
electromagnetic characteristic, showing a stronger nonlinear-
ity. This approximation neglects the interactions between the
coordinates transformations. Thus, to some degree, the IFMAC
strategy is equivalent to the traditional FMAC strategy at stable
states. In addition, the proposed PAC loop only works in
fault conditions (For normal conditions, it servers as tracking
model to provide a bumpless switching), and it can not be
considered in the eigenvalue analysis. Those are the reasons
of the similarity between the IFMAC and TFMAC strategies
in dominant eigenvalue analysis.

V. DYNAMIC SIMULATIONS

In this section, the proposed IFMAC capability is investi-
gated by small disturbance and large disturbance. The small
disturbance is step change in the reference value of DFIG
terminal voltage, and the large disturbance is three-phase
ground faults. For comparison purpose, the performances of
the TFMAC and FMACP are also presented. The FMACP
strategy shown in Fig. 15 is based on the polar coordinates as
well as the TFMAC strategy, but it introduces a synchronous
xy coordinates for controlling DFIGs power angle. Thus,
the FMACP needs an additional coordinates transformation
from polar to xy coordinates in comparison with the TFMAC
strategy.

A. Step response of terminal voltage reference

A step change of 4% is applied in terminal voltage reference
for a period of 2s. The WF1 responses with the proposed
IFMAC are shown in Fig. 7 and Fig. 8. The responses shown
are the generator output active (Pe) and terminal voltage
magnitude (|vs|).

It is seen that when the AVR drives the WF1 terminal
voltage to the newly desired value, the performances of the
terminal voltage and output power of DFIG with the TFMAC
and the IFMAC satisfy the engineering requirement, and the
dynamic performance of WF1 with the IFMAC is better. It
is seen that during terminal voltage regulation, the voltage
overshoot with the IFMAC strategy is too small to be noticed
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Fig. 8: WF1 responses to step change in terminal voltage
reference.ωrwf1 = 1.2pu: a)with TFMAC (Dashed line).
b)with IFMAC (Solid line)

(|vs| of IFMAC in Fig. 7 and Fig. 8). For the decoupling
control provided by the IFMAC strategy, the oscillation of
active power during terminal voltage regulation is also small
and decays very quickly(Pe of IFMAC of Fig. 7 and Fig.
8). However, the interaction between the active power and
voltage control loop is noticeable when the TFMAC strategy
is installed. In this situation, the terminal voltage of WF1 is
significantly affected by the power regulator (|vs| of TFMAC
in Fig. 7 and Fig. 8).

Fig. 7 and Fig. 8 show that the interaction between the
power and voltage loops is smaller when the IFMAC strategy
is used, which improves the terminal voltage regulation at both
subsynchronous and super synchronous conditions.

B. Fault studies on SMIB

A three-phase ground fault with duration of 0.1s is applied
in the middle of transmission line of the SMIB systems (which
is shown in Fig. 1) to investigate the behaviours of DFIG with
the proposed control strategy at the operation condition of
ωr = 0.8pu corresponding to the lowest operation condition.
For observing the DFIG behaviors during the fault, the ground
resistance is30Ω which is big enough to avoid triggering the
protection system. The responses of WF with the different
control strategies are shown in Fig. 9.

It is seen that the difference of damping performances
between those three FMAC strategies is small since all of
them provide effective control of internal voltage magnitude
(Fig. 15). However, the IFMAC strategy damps the oscillation
better (Pe of Fig. 9) for its decoupling control provided. The
power regulator of the IFMAC achieves a tracking control of
active power, and its behaviors can be described as

Jp =

∫

∞

0

(Peref − Pe)
2
dt (23)

From (13),

Jp =

∫

∞

0

[

(Ed0 − Ed)|Is|
]2

dt (24)

Similarly, the voltage regulator can be described as

Jv =

∫

∞

0

[

(Eq0 − Eq)|Is|
]2

dt (25)
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Fig. 9: Fault response of WF in SMIB.ωr = 0.8pu: a)with
TFMAC (Dashed line), b)with FMACP(Dotted line), c)with
IFMAC (Solid line)

From (24) and (25), it can be seen that the IFMAC controller
can be regarded as an equivalent stator regulator by using
small signal analysis, which further improves system damping
performance.

In comparison with traditional FMAC strategy, the FMAC
strategies with the power angle compensations provide an
effective control of DFIG power angle (where the power angle
jumps are smaller (|∆δdfig| of Fig. 9), which lead to lower
terminal voltage drops during the fault according (11) (|vs|
of Fig. 9), which smoothes the dc-link voltage (|Vdc of Fig.
9). The lower terminal voltage drop also reduces the internal
voltage drop from (5) and (6), which leads to a smaller
peak value of rotor current(|ir| of Fig. 9)[14]-[17]. It can be
summarized that the LVRT capability has been improved by
using the FMAC strategies with the power angle control.

Although the FMACP strategy has power angle compensa-
tion, for its unsolved decoupling control in a rectangular dq
coordinates, its power angle control capability is reduced by
the voltage controller during voltage regulation (the power an-
gle jump with the FMACP is larger). Benefiting its decoupling
for voltage and power angle during faults, the IFMAC shows
a more effective control of power angle jump during the fault,
which consequently ensures the probability of LVRT. After
the faults, the IFMAC also provides a better voltage recovery
capability with a smaller overshoot. It is seen that the LVRT
and voltage control capabilities with the IFMAC strategy are
better in comparison with the FMACP strategy.

The IFMAC capabilities are also investigated when the
WF operates at super synchronous condition ofωr = 1.2pu
corresponding its highest operating condition, and the re-
sponses are shown in Fig. 10. Fig. 9 and Fig. 10 show the
contributions of the IFMAC strategy on system damping and
LVRT capability. It is noticeable that compared with these
polar coordinates based FMAC strategies, the IFMAC strategy
provides an improved LVRT capability without degradation of
terminal voltage regulation.

C. LVRT studies on MMPS

In this subsection, the LVRT capability of the proposed
IFMAC and its contribution to network transient stability are
evaluated in the MMPS model shown in Fig. 5.
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1) Fault1 near SG1: The fault1 with duration of 0.1s is
applied in the middle of Line L1 when the WF1 is operated
at subsynchronous condition (ωrwf1 = 0.99). When the
resistance of fault1 decreases to 22Ω, WF1 with the tradi-
tional FMAC strategy is tripped for triggering undervoltage
protection. The response is shown in Fig. 11.

It is seen that the terminal voltage drop of WF1 with the
TFMAC scheme is larger, and it triggers the terminal under
voltage protection to trip WF1 att = 0.12s and drops the
output active power and reactive power to zero (Pe of WF1 in
Fig. 11). The tripping of WF1 leads to surplus reactive power
and raises the terminal voltage of WF2 (|vs| of WF2 in Fig. 11)
which triggers the terminal over voltage protection to trip the
WF2 att = 0.24s. The tripping of WFs leads to the imbalance
of active power, that drops the rotor speed of SG1 from 1.0pu
to the lowest 0.99pu (ωr of SG1 in Fig. 11, where the nominal
value of system frequency is 50Hz), of which corresponding
frequency is 49.5Hz. In physical system, this may cause SG1
to be tripped and leads to frequency collapse.

However, under the same fault condition, WF1 with the
respective IFMAC and FMACP strategies is still capable of
connecting to the grid. This demonstrates that the LVRT
capability of DFIG has been significantly improved via control
power angle of DFIG, which allows that subsequent large-scale
wind turbine tripping can be avoided. Thus, system frequency
can be operated within an acceptable range (ωr of SG1 in
Fig. 11). In comparison with the FMACP strategy, the IFMAC
strategy shows a better LVRT capability.

2) Fault2 near WF1: The fault2 is applied in the middle
of Line L3 when the WF1 is operated at supper synchronous
condition. The duration of fault2 is 0.05s, thus undervoltage
protection will not be triggered (where the protection delay of
undervoltage protection is 0.1s). The fault2 resistance is 0.01Ω
for investigating the IFMAC performance in a large transient
disturbance, and the responses of WF1 with different FMAC
strategies are shown in Fig. 12.

It is seen that the dc-link voltage of WF1 with the TFMAC
strategy raises very quickly and reaches the maximum value of
1900U att = 0.01s (vdc of WF1 of Fig. 11), which triggers dc-
link overvoltage protection to trip the WF1. The WF1 tripping
also raises the voltage of CCP (Bus B3-2), which triggers a
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Fig. 11: LVRT capability of WF1 at subsynchronous condi-
tion. ωrwf1 = 0.99pu: a)with TFMAC (Dashed line), b)with
FMACP(Dotted line), c)with IFMAC (Solid line)

chain tripping of WF2 and drop the system frequency (ωr of
SG1 of Fig. 12). Under such a large disturbance, the IFMAC
and FMACP strategies can still control the terminal voltage
maintained in an acceptable range, which ensures the proba-
bility of LVRT capability. Although both the two strategies can
provide a successful ride-through control, the IFMAC strategy
is better, especially for the significant improvement of terminal
voltage regulation after faults.

Fig. 11 and Fig. 12 confirm the results obtained from the
SMIB system, which further shows the contributions of the
IFMAC strategy to network support.

3) Var support case: When the TFMAC is used, a VC is
installed in the Bus B3-1 to restore the terminal voltage of
WF1 during the fault2. The action delay of the VC is 0.02s,
and the system responses are shown in Fig. 13.

The capacity of the VC is 15MVar, which allows that the
TFMAC with the VC provides an acceptable LVRT control.
It is seen that since the terminal voltage has been risen by
the the Var support during the fault, the TFMAC strategy
provides an similar LVRT performance with that achieved
with the other two strategies. After the fault, however, this
combined strategy (the TFMAC plus Var support) leads to
a larger overshoot of the terminal voltage of WF1 (where
the VC is installed) due to the switching delay of the VC.
Moreover, the VC can not provide a continuing regulation,
and its sudden switching introduces disturbances to power
systems. It is seen that after the fault, the system damping
performance is reduced, especially for those conventional WFs
without voltage regulation capability, such as WF2 (Pe of WF2
of Fig. 13).

It should be pointed out that for some more serious fault-
s, only depending the IFMAC is inadequate to ensure the
probability of LVRT control. However, the IFMAC scheme
reduces the dependence on protective equipments (which has
been proved from the results of Fig. 13), and provides DFIGs
with the capability of continuing network operation support
during faults.

4) IFMAC behavior analysis: For evaluating the controller
behavior, rotor voltage vector with various rotor speed values
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Fig. 12: LVRT capability of WF1 at supper synchronous
condition. ωrwf1 = 1.03pu: a)with TFMAC (Dashed line),
b)with FMACP(Dotted line), c)with IFMAC (Solid line)
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Fig. 13: Var support case.ωrwf1 = 1.12pu: a)with TFMAC
plus Var support (Dashed line), b)with FMACP(Dotted line),
c)with IFMAC (Solid line)

is shown in Fig. 14. It is seen that when DFIG oscillates from
subsynchronous condition to supper synchronous condition,
the variation of rotor voltage magnitude|vr| is very small,
while its angleδr is oscillated dramatically. It indicates that
the angle of rotor voltage vector is more sensitive at the neigh-
borhood of synchronous condition. From Fig. 15, it is seen
that the voltage control loop of the traditional FMAC strategy
outputs the rotor voltage magnitude according the error of
internal voltage magnitude. In this case, its voltage regulation
capability can be considerably reduced at the neighborhood of
synchronous operating condition (where|vr| ≈ 0).

However, according Fig. 4, the proposed PAC depends
on the proportion ofE′

d and E′

q which gives the angel
position essentially and is more sensitive at the neighborhood
of synchronous condition. In addition, the proposed PAC
can be considered as a variable gain control, and its gain
can be adjusted adaptively according the pre-fault conditions.
Furthermore, the IFMAC provides the complete decoupling
control both in normal and fault conditions. Thus, the proposed
IFMAC strategy can still be capable of providing desired
LVRT performances without degradation of terminal voltage,
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even though the values of dq rotor voltages are relatively low.
Fig. 11 and Fig. 12 demonstrate the LVRT capability of the

proposed IFMAC strategy at the neighborhood of synchronous
operation condition included both subsynchronous condition
and supper synchronous condition.

VI. CONCLUSION

An improved flux magnitude and angle control (IFMAC)
strategy is proposed to improve system damping and enhance
the LVRT capability of DFIG. The proposed control strategy
employs the adjustment of dq internal voltages to control
the output active power and terminal voltage. The strategy
is designed based on a rectangular dq coordinates, which
allows the decoupling control of active power and reactive
power can be obtained in normal conditions. The PAC loops
is also proposed to limit the power angle jump to reduce
terminal voltage drop. The PACs signal is injected into power
control loop. Thus, a decoupling control for terminal voltage
and power angle can be achieved in fault conditions, which
not only enhances LVRT capability during faults, but also
improves voltage recovery capability after faults.

This paper demonstrates that the proposed IFMAC strategy
provides DFIG-based wind generation with a much greater
capability of contributing to network support, such as system
damping and LVRT capability. Although only depending on
control strategy improvement is insufficient to provide a ride-
through control under some serious faults, the improvement
of control strategy reduces the dependence on protection
equipments to guarantee the LVRT capability, and provides
continuing network support, which can not be provided by
the protection equipments.

APPENDIX A
NOMENCLATURE

vs, vr stator and rotor voltages
is, ir stator and rotor currents
E′

d, E′

q respective dq components of internal voltage
Pe, Qe output active and reactive power of DFIG
Ps, Qs output active and reactive power of stator of DFIG
Rs, Rr stator and rotor resistances
X ′

s, Xs stator transient reactance and stator reactance
xs stator leakage reactance

Lss, Lrr stator and rotor self-inductances
Lm mutual inductance
s rotor slip
ω0 synchronous rotor speed
T ′

0 transient open-circuit time constant
d, q subscript for component of d and q axis
x, y subscript for component of x and y axis

APPENDIX B
PARAMETERS OFDFIG AND CONTROLLERS

B1. Parameter of DFIG (per unit: Sb=10WM, Vb=575V):
Rs = 0.00706, Ls = 0.171, Rr = 0.005, Lr = 0.156, Lm =
2.9, H = 5.04

B2. Parameters of FMAC and FMACP:
The FMAC and FMACP have the same parameters: Voltage
loop: Kpv = 4.5, Kiv = 0.4, Kpm = 1.2, Kim = 0.01
Power loop:Kpp = 0.4, Kip = 0.05, Kpa = 1.2, Kia = 0.01
Lead-Lag corrections:gv(p) = 1+0.024p

1+0.004p
1+0.035p
1+0.05p

, gm(p) =
1+0.08p

1+0.04p
, ga(p) = 1

1+0.667p
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Fig. 15: The FMACP scheme[18]

B3. Parameter of IFMAC:
AVR: Kpv = 1.25, Kiv = 290;
Power regulator:Kpp = 1.1, Kip = 110;
Inner loop controller:Kpd = Kpq = 0.35, Kid = Kiq = 7.5.
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