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Abstract — When connected to a parallel compensated
weak grid network, both the small and large power scale
Doubly Fed Induction Generator (DFIG) system may
suffer high frequency resonance (HFR) due to the
impedance interaction between the DFIG system and the
parallel compensated weak network. Since the
parameters of the small and large scale DFIG systems,
including DFIG machine parameters and the LCL filter
parameters, may vary between 10 to 100 times, the
impedance modeling results of small and large scale
DFIG system are quite different. Based on the built
impedance modeling results, the HFR in small and large
scale DFIG system are theoretically analyzed and
compared in this paper with the discussion on the
influence of PI controller proportional parameters and
the digital control delay on the DFIG system impedance
shaping. The experimental validation of small scale
DFIG system and the simulation validation of large scale
DFIG system are conducted to verify the correctness of
the analysis.

Keywords — DFIG system, high frequency resonance,
small and large power scale, proportional parameter,
digital control delay.

I. INTRODUCTION

As the demand for renewable power generation has
continued to increase during the past few decades, the wind
power generation has been under vast scale commercial
operation with rapid growth. The Doubly Fed Induction
Generator (DFIG) system has been widely employed as a
popular solution of wind power generation [1]-[2] since the
power rating of the DFIG converters are much smaller than
the full scale wind energy generation such as Permanent
Magnetic Synchronous Generators and Squirrel Cage
Induction Generators.

Nevertheless, since the DFIG machine’s stator winding
and grid side converter output filter are directly connected to
the power network, the DFIG system may be sensitive and
vulnerable to the power network variation, such as grid
voltage unbalance [3]-[4], harmonic distortion [5]-[6] and
grid fault [7]-[10]. As analyzed in [11]-[17], due to the
impedance interaction between the DFIG system and the
series compensated weak power grid, the Sub- Synchronous
Resonance (SSR) occurs when the DFIG system is
connected to the series compensated power network, and the
frequency of SSR is always below the fundamental

frequency. It is pointed out in [11]-[15] that the SSR is
produced due to the inductive behavior of the DFIG system
and the capacitive behavior of the series compensated weak
network. Besides, it is reported in [11] that the possibility of
DFIG SSR becomes higher as the rotor speed becomes
lower and the compensation level of the series compensated
weak network becomes larger. The PI current controller
parameters are proved to have certain influence on the SSR
phenomenon, that is, the larger proportional parameter is
more likely to produce SSR in [11]. The SSR active
damping strategies for DFIG system have been investigated.
One solution is to modify the impedance shape of the series
compensated weak network through the implementation of
Thyristor-Controlled Series Capacitor (TCSC) [16], which
can flexibly adjust the value of the series compensated
capacitance, then the potential SSR can be avoided. Another
solution is to modify the impedance shape of the DFIG
system with the virtual impedance [15], the impedance of
the DFIG system can be appropriately reshaped through the
virtual impedance to effectively mitigate the SSR. Both
these two solutions aim at impedance reshaping on either
the series compensated weak network or the DFIG system
with the purpose of avoiding the impedance interaction and
mitigating the SSR as a result.

In addition to the SSR phenomenon, the DFIG system is
also likely to suffer from High Frequency Resonance (HFR)
due to the impedance interaction between the DFIG system
and the parallel compensated weak network. Since the small
scale and large scale DFIG system parameters, mainly the
DFIG machine parameters and the LCL filter parameters
may vary between 10 to 100 times and as a result the DFIG
system impedance will vary significantly. Consequently, the
HFR of small and large scale DFIG system will also be
different due to different impedance shapes.

Moreover, as long as one specific DFIG system is chosen,
its system parameters can be regarded as constant values.
However, the parameters of the PI controllers for the rotor
current control in Rotor Side Converter (RSC) and converter
side current control in Grid Side Converter (GSC) can be
flexibly adjusted. Clearly, the PI controller parameters will
influence the DFIG system impedance modeling result, and a
detailed analysis on how the PI controller parameters
influence the small and large scale DFIG system impedance
modeling will be studied in this paper. Note that in all the
digital control system, the digital control delay [18]-[20] is
inevitable for the current closed-loop control, thus both
current controls in RSC and GSC are subject to this delay. In



Fig. 1.

the following discussion, the digital control delay will be
taken into consideration, which makes the impedance
modeling result more accurate.

This paper is organized as follows: the general DFIG
system impedance modeling which fits both small and large
scale DFIG system is first discussed as a platform for the
following analysis, and the PI controller is explained from
the perspective of equivalent impedance in Section II. The
HFR between the small or large scale DFIG system and
parallel compensated power network is analyzed and
compared in Section III. The experimental and simulation
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TABLEI. PARAMETERS OF SMALL SCALE 7.5 KW DFIG SYSTEM

Rated Power 7.5 kW Voltage Level 380 V
L, 7 mH Ly 11 mH
C; 6.6 pF Ly, 79.3 mH
Loy 3.44 mH Ly, 5.16 mH
8 0.44 Q R, 0.64 Q
Korse 4 Kirye 9
Kose 4 Kigse 9
2 10 kHz Jow 5 kHz

TABLE II. PARAMETERS OF LARGE SCALE 2MW DFIG SYSTEM

Rated Power 2 MW Voltage Level 690 V
L, 125 uH Ly 125 uH
Cr 220 uF L, 3 mH
Ly, 0.04 mH Lo, 0.06 mH
R, 0.0015 Q R, 0.0016 Q
Ky 0.2 Kine 0.7
Kpse 0.3 Kigse 0.5
1 5 kHz Jow 2.5kHz

A. System Description

Fig. 1 shows the diagram of the DFIG system and
parallel compensated weak power network. The parameters
of the small and large scale DFIG system are available in
Table I and Table II respectively. The RSC controls the
rotor voltage to implement the DFIG machine stator output
active and reactive power, the GSC is responsible for
providing a stable dc-link voltage for the RSC, and an LCL
filter is adopted due to better switching frequency harmonic
filtering performance. For the purpose of preventing inrush
current during grid connection and inner system current
circulation, a transformer is connected between the DFIG
stator winding and Point of Common Coupling (PCC).

validation of the small and large scale DFIG system HFR
are conducted in Section IV and Section V respectively.
Finally, conclusions are given in Section VI.

II. DFIG SYSTEM IMPEDANCE MODELING

In order better to explain the small and large scale DFIG
system HFR, its impedance modeling needs first to be
discussed. Note that an LCL filter, rather than conventional
L filter, is used in GSC due to better switching harmonic
filtering performance.
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Diagram of the DFIG system and a parallel compensated weak power network; RSC: Rotor Side Converter, GSC: Grid Side Converter.

Since the transformer does not change the voltage level of
the primary side and the secondary side, it will be neglected
during the impedance modeling in the following sections.

For the parallel compensated weak network, it consists of
the network resistance Rygr and network inductance Lygr in
series connection and these two parameters exist due to the
long-distance transmission line. The parallel compensated
capacitance Cygr occurs due to the parasitic capacitance
between transmission line and ground, and also may derive
from a power factor correction capacitance. Thus it can be
seen that the parallel compensated weak network is likely to
occur in the practical application scenario.

B. DFIG system impedance modeling

This section discusses the DFIG system impedance
modeling, which includes the grid part and the machine part.

For the DFIG system grid part including the GSC and
output LCL filter, which can be similarly regarded as the
grid-connected converter, the impedance modeling of the
LCL filter based grid-connected converter has been well
investigated in [18]-[20] and can be directly used here as
shown in Fig. 2.
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Fig. 2. GSC with LCL filter (a) equivalent circuit and (b) impedance
modeling

It can be seen from Fig. 2(a) that the GSC control has an
outer control loop of the dc-link voltage. However, the
control bandwidth of dc-link voltage is typically less than
100 Hz and this means the dc-link capacitance has much
longer time constant and thus the outer control loop of
dc-link voltage is neglected [11] when investigating the
HFR. Similarly, the grid synchronization with Phase
Locked Loop (PLL) can also be neglected due to the similar
slow dynamic characteristics as the dc-link voltage control

[11].

Based on Fig. 2, the impedance Zg of GSC and LCL filter
seen from the PCC can be presented as [18]-[20],

Zo(Zyy+ 25 )+ 2, (Zyy + Zose )+ 20y Z,,
Zg+ (ZLf +ZGSC)

Zg= (1

where, the GSC current control is modeled as one voltage
source i,,G(s-jwo)Ga(s-jwo) and one impedance Zgsc =
G(s-jwo)Ga(s-jwo) in series. G(s-jwo) is the PI controller
containing the proportional part K, and the integral part
Kigsc/(s-jwo), which can be found in Table I and Table II
Gu(s-jwo) is the digital control delay of 1.5 sampling period,
which can be expressed as Gu(s) = e*™. Zcy= 1/sCy, Ziy= s,
Zg = sLg, Cris the LCL filter capacitor, Ly is the LCL filter
inductor connected to the converter, L is the LCL filter
inductor connected to the grid network. wo = 100w rad/s is
the grid fundamental component angular speed, and it is
introduced to denote the rotation from the stationary frame
to the synchronous frame where the PI closed-loop current
regulation is implemented.
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Fig. 3. RSC and DFIG machine (a) equivalent circuit and (b) impedance
modeling

The impedance modeling of RSC and DFIG machine has
been reported in [11] to analyze the DFIG system SSR
phenomenon. Obviously, this impedance modeling result can
be adopted to analyze the HFR as well. As a platform for the
following analysis, the circuit and impedance modeling of
RSC and DFIG machine [11] need to be mentioned here as
shown in Fig. 3.

Since the rotor current control and output voltage are
both represented in the rotor reference frame, they need to
be rotated to the stationary frame by the slip angular speed
expressed as [11]-[15],

slip=(s— jw.)/s )
where w, is the rotor angular speed.

Then, according to Fig. 3, the impedance Zsz of RSC and
DFIG machine seen from the PCC can be obtained as [11],

_Z,,H/slip+(R +Z,, )Hslip+Z,, (R +Z,,,)
- Z, +H]slip

Zse 3

where, H = R, + Zor + Zrsc; Zrsc = G(5-jw0)Ga(s-j@0); Zim
= SLm; ZL(rr = SLW; ZL(TS = SL{T.Y-

As it is shown in Fig. 1, the RSC and DFIG machine,
together with the GSC and LCL filter, are connected in
parallel to the PCC. While the dc-link capacitor has the
function of decoupling the control of the RSC and GSC due
to the well-regulated constant dc-link voltage, then the
DFIG system impedance can be derived based on the
parallel connection of the grid part in (1) and machine part
in (3),

Lysrin =L L (ZG + ZSR) 4

C. Analysis of PI controller parameters with the
consideration of digital control delay

As it can be observed from Fig. 2(b) and Fig. 3(b), the
only adjustable parameters in the DFIG system impedance
modeling are the PI controller parameters in the RSC and
GSC. Therefore, the influence of PI controller parameters
on the DFIG system impedance needs to be discussed and
the inevitable digital control delay should also be taken into
consideration.

The PI controller consists of proportional part and
integral part as,

GC(S):K]7+Ki/S (5)
where, K, and K; are the proportional and integral
parameters.

Since the HFR is always at high frequency range (> 800
Hz), the integral part can be neglected at this high frequency,
thus only the proportional part K, will influence the DFIG
system impedance in the high frequency range.

From the perspective of equivalent impedance, the
proportional part can be regarded as a virtual resistance as
shown in Fig. 4(a). Importantly the digital control delay is
inevitable and must be taken into consideration, thus the
proportional part is transformed to the combination of a



virtual positive resistance and positive capacitance (or
negative inductance) as shown in Fig. 4(b) and Fig. 4(c).
According to Table I and Table II, the sampling frequencies
for small and large scale DFIG system are 10 kHz and 5
kHz respectively, thus the digital control delay of 1.5 times
sampling period is 150 ps and 300 ps respectively.

Clearly, different impedance shaping results can be
obtained for different control delays in small and large scale
DFIG system: 1) for the small scale DFIG system shown in
Fig. 4(b), within the interested HFR frequency range
(around 800 Hz to1600 Hz), the proportional parameter can
be transformed to the combination of Positive Resistance
(PR) and Negative Inductance (NL). 2) On the other hand,
for the large scale DFIG system as shown in Fig. 4(c), due
to the comparatively larger digital control delay, the
proportional parameter can be transformed to the
combination of Negative Resistance (NR) and Negative
Inductance (NL).

Without delay Small scale DFIG system with delay of

Ty =150 ps
y s
A Y
Zkp: PR Zkp: PR
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X ! X
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Fig. 4. Equivalent impedance of proportional part of PI controller in the
high frequency range (a) without digital control delay; (b) small scale
DFIG with digital control delay of T, = 150 ps; (c) large scale DFIG with
digital control delay of 7;; =300 pus. PR: Positive Resistance, NR: Negative
Resistance, PC: Positive Capacitance, NL: Negative Inductance.

Obviously, based on Fig. 4, it can be found that large K,
results in large negative inductance. As a consequence, the
rotor branch in RSC and the converter branch in GSC of the
large scale DFIG system may change from their original
inductive character to capacitive character due to the large
negative inductance and small DFIG system parameters.
Thus, it is essential to determine the appropriate
proportional parameter K, in order to maintain the inductive
character of the large scale DFIG system. On the other hand,
for the small scale DFIG system, the DFIG system
parameters are much larger than the proportional parameter
K, thus the variation of K, has negligible influence on the
small scale DFIG system impedance modeling.

For the Zsr of the large scale DFIG system as shown in
Fig. 3(b), the rotor branch impedance can be presented as,
(Kirse and R, are neglected due to small values at the high

frequency range)

( K, +K,./ s) et / slip+(R +sL)) / slip =
(K

prsc

(6)
cos(awl,)— jK

prsc

sin(wl,) + jowL,, ) / slip

In order to ensure the inductive character of the rotor
branch in RSC, the imagine part of (6) should be larger than
0, the following equation considering K must be fulfilled,

K, . <oL, [sin(of)) 7

prsc

where, L, is the rotor leakage inductance.

Similarly, for the Z¢ of large scale DFIG system shown in
Fig. 2(b), the converter filter branch impedance can be
expressed as, (Kig. is neglected due to small values at the
high frequency range)

(Kpgﬂ' + Kigu‘ / S)e_STd + SLf =
K . cos(al,)— jK

pgsc

. , ®
sin(@T;) + joL,

pgsc

In order to ensure the inductive character of converter
filter branch in the GSC, the imagine part of (8) should be
larger than 0, the following equation regarding Kjg. must
be met,

K <OL, / sin(@T,) 9)

Note that, for the case of large scale DFIG system shown
in Fig. 4(c), the largest magnitude of negative inductance
occurs at 833 Hz with the delay angle 46, = 90°. Thus, the
proportional parameters for RSC and GSC should meet the
requirements according to (7) and (9) respectively as Kse <
0.31, Kpgse <0.65.

Fig. 5 shows the Bode diagram of small and large scale
DFIG system impedance. As it can be seen from Fig. 5(a),
due to the large value of the small scale DFIG system
parameters as shown in Table I, the K}, i.e., Kyrse = 4, Kirse =
9, Kpese = 4, Kigse = 9, has negligible influence on the DFIG
system impedance shape, and the impedance Zsz is able to
maintain inductive in the high frequency range. The only
capacitive character exists in the Zg due to the LCL filter.
Thus, the system impedance Zsyszey behaves capacitive
around 800 Hz - 1000 Hz, while it behaves inductive at the
rest of the frequency ranges.

For the large scale DFIG system with appropriate
parameters Kpse = 0.3, Kie = 2, Kpgse = 0.6, Kigee = 2 as
shown in Fig. 5(b), both Zszx and Z; behave as a
combination of negative resistance (caused by the K, and
control delay 7,) and positive inductance (due to the
inherent inductive character of Zsz and Zg), thus the phase
response is kept between 90° and 180°.

In contrast, when inappropriately large proportional
parameters Kpye = 0.6, Kipse = 2, Kpgse = 1.2, Kigee = 2 are
used as shown in Fig. 5(c), the impedance of Zsy is different,
i.e., it behaves as a combination of negative resistance and
negative inductance with a phase response between -90°
and -180° from 833 Hz to 925 Hz, and then behaves as the
combination of negative resistance and positive inductance
with a phase response between -180° and -270° above 925



Hz. On the other hand, Z remains the same as in Fig. 5(b).
As a result, the overall system impedance Zsysren has
similar shaping of Zs which is quite different from that
shown in Fig. 5(b).
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Fig. 5. Bode diagram of DFIG system impedance (a) small scale DFIG
system with Ky = 4, Kie = 9, Kpoee = 4, Kigie = 9; (b) large scale DFIG
system with appropriate K. = 0.3, Ky = 2, Kpgee = 0.6, Kige = 2; (c) large
scale DFIG system with inappropriately large Kprsc = 0.6, Ky = 2, Kpg,c =
1.2, Kigse =2

Therefore, it can be concluded that the variations of PI
controller proportional parameters have negligible influence
on the small scale DFIG system due to the large value of
DFIG system parameters, while they influence significantly
the impedance shaping of the large scale DFIG system due
to the small value of the DFIG system parameters. As a
result, the appropriate PI controller proportional parameters
need to be carefully selected to ensure the appropriate

inductive DFIG system impedance shaping.

III. HFR OF SMALL AND LARGE SCALE DFIG SYSTEM

This section discusses the HFR between small and large
scale DFIG system and the parallel compensated network
(series RL + shunt C).

According to Fig. 1, the parallel compensated network
impedance can be presented as,

7 o_ (SLNET + Ryer )/ SCer
NET
SLygr + Ry + 1/ SCrgr

(10)
where, Ryer and Lygr are the network resistance and
inductance in series, and Cpygr is the network shunt
capacitance.

Fig. 6 shows the Bode diagrams of (a) small scale / (b)
large scale DFIG system impedance and the parallel
compensated network impedance. The weak power network
in Fig. 6(a) consists of series Ryers = 3 mQ, Lygrs = 1 mH,
shunt Cygrs = 20 pF and the parameters of small scale DFIG
system are given in Table I; while the network in Fig. 6(b)
consists of series Ryerz= 3 mQ, Lygrz= 0.1 mH, shunt Cnerz
= 300 pF, the parameters of large scale DFIG system are
given in Table II. The subscript ‘S’ and ‘L’ denote the case
of small and large scale DFIG system respectively.
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According to Fig. 6(a), the small scale DFIG system has
one magnitude intersection point with the parallel
compensated network, and the phase difference at this point
is 180°, causing a HFR of 1320 Hz. Although there is one
magnitude intersection point at 900 Hz, but the phase
difference is around 160°, thus no resonance at this
frequency will occur.

Similarly, for the large scale DFIG system in Fig. 6(b),
the magnitude intersection point exists at 1680 Hz with a
phase difference slightly larger than 180°, thus causing a
HFR in the large scale DFIG system as well. Note that the
phase response of DFIG system slightly larger than 90°
indicates that the DFIG system equivalent resistance is
negative, thus further aggravating the resonance to
instability operation, which can be proved in the simulation
validation section.

Therefore, it can be found that both small scale and large
scale DFIG system may suffer from HFR when connected
to the parallel compensated weak network, while the
different resonance frequencies are determined mainly by
the DFIG system parameters, proportional parameters of PI
controller, digital control delay, as well as the weak network
parameters.

IV. EXPERIMENTAL VALIDATION FOR SMALL POWER
ScALE DFIG SYSTEM

In order to experimentally validate the DFIG system
impedance modeling result and the HFR, a down-scaled 7.5
kW test rig is built up and shown in Fig. 7, with its
parameters available in Table I. The DFIG is externally
driven by a prime motor, and two 5.5-kW Danfoss motor
drives are used for the GSC and the RSC, both of which are
controlled with dSPACE 1006 control system. The rotor
speed is set 1200 rpm (0.8 pu), the dc-link voltage is 650 V.
The DFIG stator output active and reactive power are set to
5 kW and O Var respectively. The sampling and switching
frequency of both converters are 10 kHz and 5 kHz
respectively.

$¢GSC RSC **

| dSPACE 1006

General
Converter for
Prime Motor

Fig. 7. Setup of a 7.5 kW DFIG system test rig

It should be pointed out that the experiment validation is

conducted under weak network parameters of Ryzr = 3 mQ,
LNET =15 mH, CNET =15 p.F, 10 }lF, 5 MF. The Bode
diagrams of these weak grid impedance and small scale
DFIG system have been plotted in Fig. 8. As it can be seen,
the theoretical analysis shows that the HFR of 1316 Hz,
1575 Hz and 2195 Hz will occur when the shunt
capacitance Cygr is chosen as 15 pF, 10 pF and 5 pF
respectively. The data are given out in Table III.

Series RL + Shunt C network
Cpgr =15 pF, 10 pF, S uF

80 / / \
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Fig. 8. Bode diagram of small scale DFIG system impedance and series
RL + shunt C network impedance with Cygr =15, 10, 5 uF, Ryzr = 3 mQ,
LNET= 1.5 mH

TABLEIIl. SMALL SCALE DFIG SYSTEM HFR THEORETICAL ANALYSIS
AND EXPERIMENTAL RESULTS

Network Shunt Capacitor | Theoretical Analysis | Experimental Results
15 uF 1316 Hz 1475 Hz
10 uF 1575 Hz 1600 Hz
5 uF 2195 Hz 2250 Hz

Fig. 9 shows the experimental results of small scale
DFIG system when the rotor speed is 1200 rpm (0.8 p.u.
below the synchronous speed), weak grid network Ryer =3
mQ, Lygr = 1.5 mH, (a) Cyzr= 15 pF; (b) Cywr = 10 pF; (c)
Cyer = 5 PF. Obviously, due to the impedance interaction
between the small scale DFIG system and the parallel
compensated network, the HFR occurs, the stator voltage u,,
stator current Z, rotor current 7, grid voltage z, and grid side
current 7 all contain high frequency HFR components. The
resonance frequency in the experimental results can be
found to be 1475 Hz, 1600 Hz, and 2250 Hz respectively,
which are shown in Table III.

By comparing the theoretical analysis and experimental
results shown in Table III, it can be observed that the
resonance frequency in the experimental results match well
with the theoretical analysis within an acceptable error. This
error can be attributed to the DFIG system parameters
deviation due to temperature changing, skin effect and flux
saturation, and also because of the weak network
parameters deviation. Thus the correctness of the HFR
theoretical analysis in the small scale DFIG system can be
verified.
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Fig. 9. Experimental result of 7.5 kW small scale DFIG system when rotor speed is 1200 rpm, weak grid network Ryzr =3 mQ, Lygr = 1.5 mH, (a) Cygr= 15 pF;

(b) Cyner= 10 pF; (c) Cyer=5 pF. DFIG stator voltage u;, stator current i, and rotor current i,, grid voltage u, and grid side current i, as shown.

V. SIMULATION VALIDATION FOR LARGE POWER SCALE
DFIG SYSTEM

In order to validate the HFR of the large scale DFIG
system, the simulation validation is provided based on
MATLAB Simulink. The simulation of a 2 MW large scale
DFIG system resonance is conducted with the weak
network parameters of Ryer = 3 mQ, Lygr = 0.1 mH, Cyer =
400 pF, 300 pF, 200 pF. The sampling and switching
frequency of both converters are 5 kHz and 2.5 kHz
respectively.

The Bode diagrams of these weak grid impedances and
large scale DFIG system have been plotted in Fig. 10. The
theoretical analysis shows that the large scale DFIG system
HFR of 1530 Hz, 1680 Hz and 1960 Hz will occur when the
shunt capacitance Cygr is chosen as 400 pF, 300 pF and 200
WF respectively, this data are available in Table I'V.

60 Series RL + Shunt C network
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B
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Fig. 10. Bode diagram of large scale DFIG system impedance and series
RL + shunt C network impedance with Ryzr = 3 mQ, Lygr = 0.1 mH, Cygr
=400 pF, 300 pF, 200 pF.

TABLEIV. LARGE SCALE DFIG SYSTEM HFR THEORETICAL ANALYSIS

AND SIMULATION RESULTS
Network Shunt Capacitor | Theoretical Analysis | Simulation Results
400 pF 1530 Hz 1610 Hz
300 uF 1680 Hz 1720 Hz
200 pF 1960 Hz 2000 Hz
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Fig. 11. Simulation results of 2 MW large scale DFIG system when rotor
speed is 1200 rpm, weak grid network Rygr = 3 mQ, Lygr = 0.1 mH, (a)
Cygr = 400 pF; (b) Cygr = 300 pF; (c) Cyer = 200 uF. DFIG stator voltage
u, stator current i, and rotor current i,, and grid side current i,.

As it can be seen from Fig. 11, when the 2 MW DFIG
system is connected to the parallel compensated network,
the HFR of 1610 Hz, 1720 Hz and 2000 Hz occurs
respectively with the shunt capacitance of 400 pF, 300 uF
and 200 pF. The stator voltage, stator/rotor current and grid
side current all contains the HFR components.

Most importantly, it can be observed that the DFIG
system fails to operate stably due to the HFR. This can be
explained as, the negative resistance shown in Fig. 6(b)
helps to decrease the DFIG system equivalent resistance
even to a negative value at the resonance frequency, thus
resulting in the instability operation of the large scale DFIG
system. Moreover, as shown in Table IV, the simulation
results of HFR frequency matches well with the theoretical
analysis with an acceptable frequency error. Thus, the HFR
analysis of large scale DFIG system can be verified.

VI. CONCLUSION

This paper first established the DFIG system impedance
modeling, including the RSC and DFIG machine, as well as
the GSC and LCL filter. Then based on the established
impedance modeling, the HFR of both small scale and large
scale DFIG system when connected to the parallel
compensated weak network is investigated. It is proved that
both small and large scale DFIG may suffer HFR due to the

phase difference of 180° at the magnitude intersection point.

The PI controller proportional parameter K, in the RSC and
GSC has significant influence on the large scale DFIG
system impedance shaping, thus also affecting the HFR
behavior of the large scale DFIG system; while the K, has
negligible influence on the small scale DFIG system due to
its comparatively large system parameters. The inevitable
digital control delay needs to be considered to make the
impedance modeling results of DFIG system more accurate.
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