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Figure 6.11. Simulation results of DC-link capacitor voltage vgc.

Figure 6.12. Simulation results of rotor g axis current Ig.
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6.3 System Study for the Single Machine (DFIG) Connected to the Weak Grid
(SMWG)

Short circuit ratio (SCR) is the measure of the generator stability characteristics. It
is the ratio of field current required to produce rated no load armature voltage at rated
frequency to armature current at the same frequency with armature terminals short
circuited [130]. If the impacts of flux saturation and resistors are ignored and values are

per unit, SCR~1/x4 which is the Thevenin equivalent reactance of the system. Usually,

the larger the value of SCR is, the more stable the system is. The simplified equivalent

circuit of DFIG connected an infinite bus is shown in Figure 6.13.

Rr/S Xir RS Xis XTL
T AT AN, 69
Grid
FOU/s Xim

Figure 6.13. The equivalent circuit of DFIG connected an infinite bus.

If the rotor resistor is ignored, the Thevenin equivalent reactance of the system:

Xd = X1t Xis* Xir[Xm.
Xis, Xir and X are constant parameters of DFIG so that the transmission line impedance
(x71) will mainly decide the value of short circuit ratio.
In Figure 3.1 and Chapter 6.2, the single machine (DFIG) is connected the infinite bus
system with a transmission line Xt =0.05p.u. and the SCR is about 2.01. This means that
the DFIG is connected to a strong grid. In this section, a DFIG connected to a weak grid

(SMWG) will be discussed later. SCR is about 1.26 when x7 =0.35p.u. and the initial


http://en.wikipedia.org/wiki/Electric_current
http://en.wikipedia.org/wiki/Voltage
http://en.wikipedia.org/wiki/Frequency
http://en.wikipedia.org/wiki/Frequency
http://en.wikipedia.org/wiki/Short_circuit
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DFIG system will lose the stability. After PSO, the fix-optimal DFIG model can keep the

stability. It proves the important significance of the algorithm in this dissertation.

6.3.1 Eigenvalue Analysis and ANN Design of the SMWG System
Using the data of Chapter 6.2 with the only changed set of x =0.15p.u. and the

SCR is about 1.67, the same steps are performed as in Chapter 6.2 for a small signal
stability analysis when the wind speed is 11m/s. The eigenvalues of the state matrix are

in Tables 6.10 and 6.11.

Table 6.10. The eigenvalues of the initial DFIG Table 6.11. The eigenvalues of the fix-optimal
model in SMWG. DFIG model in SMWG.

otj® & f otj® & f

Al2 -0.1934j0.515 0.35 0.082 Al2 -0.264j0.572 0.41 0.091

A3.4 -0.103+j4.90 0.021 0.78 A3.4 -0.54+j4.84 0.11 0.77

A5.6 -0.209+{7.73 0.027 1.23 AS5.6 -1.14+j8.04 0.14 1.28

A7.8 -10.13+j101.54 0.10 16.16 A7.8 -21.38+j99.52 0.21 15.84

29,10 -33.79+j442.6 0.077 70.45 A9,10 -66.42+j437.9 0.15 69.71
All -5478 1 0 All -6823 1 0
A2 -143.71 1 0 Al2 -165.82 1 0
Al3 -45.34 1 0 Al3 -38.21 1 0
Al4 -14.47 1 0 Al4 -21.38 1 0
AlS -3.46 1 0 AlS -1.79 1 0
A6 -0.92 1 0 Al6 -0.42 1 0

Then, the PSO can be used to obtain the PI gain parameters of the fix-optimal DFIG

model in SMWG in Table 6.12.:

Table 6.12. The PI gain parameters of the fix-optimal DFIG model in SMWG.

Kot Kez Keo Kns Kes | Ko | Koz | Keg
0.092 | 5.358 | 3.821 | 4587 | 3.241 | 4.495 | 0.214 | 4.837
Kiy Kiz Kis Ki Kis Kis Kiz Ki
0.108 | 1.644 | 135.48 | 46.48 | 5.062 | 214.60 | 89.76 | 295.61
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Comparing the results of DFIG in SMIB, all eigenvalues are still on the left-half

phase plane; but they move closer to the right-half phase plane than the eigenvalues in the
SMIB (as can be clearly seen in Figure 6.14). This means that the weak grid reduces the
stability of the DFIG system. The eigenvalue frequencies of A;~Ag in Table 6.10 show a
slight increase, but the frequency of Ag~A10 almost increases 13.6% from 62Hz to 70Hz.
This shows that the weak grid has a bigger impact on the electrical mode associated with
stator dynamics. The eigenvalue damping ratios of A;~Ag reduce a little, but the damping
ratios of Ag~A10 almost reduce 50% from 0.152 to 0.077. This also indicates that the weak
grid greatly increases the oscillation of the electrical mode. Comparing the values in
Tables 6.10 and 6.11, the optimal parameters change the frequencies slightly; but the
increase to the damping ratios is larger, especially Az~Ag (5 times) and Ag~A1p (2 times).
This shows that the optimal parameters can partly weaken the influence of the weak grid,
but the weak grid obviously has a stronger impact on this system than the optimal
parameters. If the grid is too weak (such as Xt is too large), the system would lose the
stability. It will be found in next simulation Chapter 6.3.2. At here, the fix-optimal DFIG
model in SMWG will have better stability than the initial DFIG model in SMWG. Next,
the PSO will be promoted to obtain all of the optimal parameters of the DFIG Pl gains in
different wind speeds (from 8m/s to 14m/s). Part of the data is shown in Table 6.13 due
to space limitations. Then, using the ANN training functions to get the ANN’s
construction and parameters, the ANN controllers can be designed in SMWG. The

simulation results of these different models will be presented next.
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Figure 6.14. The curves of eigenvalues of the initial and fix-optimal DFIG in SMWG in phase plane.
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Table 6.13. The optimal parameters of DFIG PI gains of SMWG in different wind speeds.

vw=8.5 | vw=9.0 [ vw=9.5 | vw=10 |vw=10.5 vw=11 |vw=11.5|vw=12.0{vw=12.5| vw=13 |vw=13.5| vw=14

kpl | 0.0814 | 0.0857 | 0.0831 | 0.0819 | 0.0884 | 0.0921 | 0.0946 | 0.1035 | 0.1104 | 0.1153 | 0.1087 | 0.1045

kp2 4.8721 | 4.7964 | 4.9321 | 4.9677 | 5.1863 | 5.3576 | 5.2864 | 5.4625 | 5.4398 | 5.2156 | 5.3087 | 5.1923

kp3 4.4235 | 4.2078 | 4.0573 | 3.9756 | 4.0285 | 3.8208 | 3.9554 | 3.8032 | 3.9501 | 4.1046 | 4.0821 | 4.0498

kp4 | 3.9422 | 3.9912 | 4.2312 | 4.0481 | 4.3262 | 4.5874 | 4.6243 | 4.8163 | 4.8642 | 5.0152 | 5.1485 | 5.0966

kp5 2.7745 | 2.8756 | 2.5432 | 2.6987 | 2.9005 | 3.2412 | 3.1023 | 2.9841 | 3.0671 | 3.2768 | 3.1047 | 3.1538

kp6 | 5.8594 | 5.7164 | 5.4658 | 5.1028 | 4.8563 | 4.4947 | 4.3469 | 4.1886 | 4.3476 | 4.6453 | 4.8271 | 4.9534

kp7 | 0.2645 | 0.2436 | 0.2714 | 0.2833 | 0.2405 | 0.2136 | 0.2297 | 0.2547 | 0.2368 | 0.2687 | 0.2802 | 0.2763

kp8 | 4.0546 | 4.2473 | 4.5386 | 4.8846 | 5.0321 | 4.8374 | 4.9235 | 5.1203 | 4.9554 | 4.8764 | 4.8009 | 4.9245

kil 0.0921 | 0.1056 | 0.1146 | 0.1215 | 0.1187 | 0.1083 | 0.1241 | 0.1315 | 0.1216 | 0.1410 | 0.1521 | 0.1452

ki2 2.3312 | 2.0486 | 1.9564 | 1.8775 | 1.7366 | 1.6442 | 1.5670 | 1.8671 | 2.0679 | 2.1141 | 2.3252 | 2.2431

ki3 112.45 | 128.74 | 146.31 | 120.45 | 130.22 | 135.48 | 146.12 | 139.63 | 132.40 | 142.81 | 146.23 | 139.33

ki4 |38.7541|32.3510(30.8952|35.4612|40.5462| 46.48 (48.1277|43.5562|40.3113(37.4665|35.7839|42.3301

ki5 4.1221 | 4.3565 | 4.8125 | 4.9961 | 5.0974 | 5.0622 | 5.1044 | 4.9533 | 4.7885 | 4.6754 | 4.5023 | 4.7355

kié 245.56 | 230.23 | 240.62 | 266.77 | 243.35 | 214.60 | 207.36 | 225.86 | 233.49 | 255.17 | 244.38 | 235.88

ki7 95.34 | 90.45 | 86.44 | 80.52 | 85.63 | 89.76 | 90.46 | 94.65 | 91.16 | 87.11 | 81.35 | 85.76

ki 246.77 | 274.91 | 290.37 | 298.18 | 282.14 | 295.61 | 280.93 | 275.28 | 270.34 | 268.42 | 278.87 | 290.36

6.3.2 Simulation Analysis of the SMWG System
The SMWG system is the same as in Figure 3.1, while xy_ is increased to

represent the weak grid. PSCAD is used as the simulation tool to prove the transient
performance improvement by comparing four models: the initial DFIG model (DFIG A)
in SMIB, the initial DFIG model in SMWG, the fix-optimal DFIG model (DFIG B) in
SMWG, and the ANN optimal DFIG model (DFIG C) in SMWG. All of the other data
and the disturbances are the same as in Chapter 6.2.

In the simulation with the initial DFIG model, the weaker the grid is, the more

system stability is weakened. When xt._ increases from 0.05p.u. to 0.12p.u., the transient
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performance of the initial DFIG model in SMWG changes slowly; when xr_ increases
from 0.12p.u. to 0.3p.u., the transient performance begins to accelerate change; when Xt
increases from 0.3p.u. to 0.35p.u., the losing stability has been caught in Figure 6.15. The
real power largely fluctuates because of wind speed change, and it doesn’t converge to
the initial steady state. However, in the simulation with the ANN optimal DFIG model,
the stability could be kept. The real power bears some serious oscillations because of
faults and wind speed change, but it finally goes back to the steady state. This proves that
the stability of the ANN optimal DFIG model has been improved more than the initial
DFIG model. It also proves the conclusion reached in Chapter 6.3.1, that the optimal
parameters can partially weaken the influence of the weak grid; but the weak grid
obviously has a stronger impact on this system than the optimal parameters. Naturally,
the actual power grid cannot be so weak; and many technologies exist to solve the
problem. Therefore, the weak grid (Xt = 0.15p.u.) is selected to do more simulation at

here.
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Figure 6.15. Simulation results of real power of DFIG in SMWG with different X
The results of the four models’ rotor speed, real power, mechanical torque, connection
point voltage, DC-link capacitor voltage, and rotor q axis current, are shown in Figure
6.16-6.21, respectively. Comparing the results between the initial DFIG model in SMIB
and the initial DFIG model in SMWG, the transient performances are very close, such as
or, Tm, Po. The peak values of Iy, Vg, and vs in the initial DFIG model in SMWG are a
little bigger than the initial DFIG model in SMIB because of the weak grid. Comparing
the results of the latter three models, it is easy to reach the same conclusion as in Chapter
6.2. The fix-optimal DFIG and ANN optimal DFIG models perform better during the
disturbances of cut-in, short circuit fault, and wind speed step change, especially
considering Tm, Po, lgr, and vge. The low frequency oscillations and the peak value are

greatly reduced. They demonstrate almost the same transient performance for the cut-in
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and short circuit fault disturbances. In the wind speed step change disturbance, the
peak/trough values of wy, Po, T, and Ig, of two models are varied from 1.122 to 1.112p.u.,
from -3.3 to -2.78 MW, from 0.55 to 0.41p.u., and from -0.85 to -0.62p.u., respectively.
This provides the ANN optimal model with an obvious advantage when the wind speeds
change frequently and rapidly. Although the effect of these improvements is not as good
as the effect in Chapter 6.2, it proves that the weak grid obviously has a stronger impact

on this system than the optimal parameters.
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Figure 6.16. Simulation results of rotor speed ®,in SMWG.
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Figure 6.17. Simulation results of real power P,in SMWG.
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Figure 6.18. Simulation results of mechanical torque T,,in SMWG.
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Figure 6.19. Simulation results of connection point voltage vsin SMWG.
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Figure 6.20. Simulation results of DC-link capacitor voltage vy in SMWG.
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Figure 6.21. Simulation results of rotor q axis current Iy in SMWG.

6.4. System Study for the Multi-machine DFIG and Synchronous Generator
Connected to the Grid System (MMS)

In Chapter 6.3, it already found that the ANN optimal DFIG has a better transient
performance in SMIB and SMWG systems. In this chapter, the MMS performance and
the impacts between DFIG and SG will be discussed.

In Chapter 2.3.1, it was discussed that Power system transient stability is
noticeably degraded at high penetration levels due to the high reactive power demand of
wind generators under some disturbances. Therefore, high penetration wind levels not
only stop improving power system stability in comparison to low penetration levels, but
can also decrease power systems stability in comparison to the case without WPPs under
some disturbances. Therefore, calculating the penetration limit and margin is significantly

important to system planning and operations. In here, fives cases have been planned to
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provide more discussions. The multi-machine DFIG system (MMS) is shown in Figure
6.22, and it is similar to the IEEE 9-bus 3 generators system. Power grid data is shown in
Table 6.14. SG data is in Appendix I.
e Case 1: Gl is the initial DFIG; G2, G3 are SGs; Penetration is about 30%.
e (Case 2: G1 is the ANN optimal DFIG; G2, G3 are SGs; Penetration is about
30%.
e Case 3: G1, G2 are the initial optimal DFIG; G3 is SG; Penetration is about 60%
e Case 4: G1, G2 are the ANN optimal DFIG; G3 is SG; Penetration is about
60%.
e (Case 5: G1, G2, G3 are all the ANN optimal DFIG; Penetration is about 90%.
The disturbances are the same with Chapter 6.2.2 except for the fault disturbance. At t=4
seconds, the three-phase short circuit happens in the PCC bus 1 and the short circuit
resistance changes its value to make bus 1 voltage to satisfy grid code low voltage

ride-through capability (LVRT) standard which is shown in Figure 2.5 Chapter 2.4.

Table 6.14. The parameters of MMS test system.

Power Grid:

Voltage level: Bus 1, 2, 3,4,5 34.5 kV

Bus 6, 7, 8 4.16 kV

Frequency 60 Hz

Transmission line X1, = 0.05 p.u.
X14 = 0.05 p.u.
X5 = 0.05 p.u.
X34 = 0.05 p.u.
X35 = 0.05 p.u.

Load: Load; Load, 6MW+j0.6Mvar

Wind Turbine, DFIG and transformer data are the same with Table 6.1.

Synchronous generator(SG) data is in Appendix 1
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Figure 6.22. The multi-machine DFIG system (MMS).

6.4.1 Eigenvalue Analysis of the MMS System
Using the same steps in Chapter 6.2, small signal stability analysis for MMS

system has been conducted. With the limit of space, only the results of Case 3 and Case 4
have been attached. The eigenvalues of the state matrix can be found in Tables 6.15 and

6.16 (only conjugate complex roots of DFIGs are shown) when wind speed is 11m/s.
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short circuits, cutting load (including constant Z load and motors),
cut-off and cut-in DFIG, have been applied separately or
simultaneously. The load-center voltages fluctuate about 0.1p.u. in
this distribution system because of cut-off the large load or cut-in
DFIG and they affect almost all bus voltages. The dynamic impact
of cut-in DFIG is apparently more significant than cut-off DFIG.
The load of motor type has a significant role on the local bus
voltage and is very sensitive to disturbances. The multiple small-
DFIG system bores a less dynamic impact and needs less time to
return its initial state than the single large-DFIG system. Moreover,
the former voltage fluctuation is in a smaller range and the
boundary values are more suitable and the system voltage
maintains in the normal range from 0.95p.u. to 1.05p.u. for longer
time. Therefore, the multiple small-DFIG system has a better

stability performance than the single large-DFIG system.

7.2 Recommendations for Future Research

1.

Improve the algorithms of PSO and ANN

PSO may need a long time to get the optimal parameters if the algorithms are
applied in a multi-machine system so that the number of variables greatly
increases. Therefore, it is very important to advance and accelerate the
convergence of PSO. A more complex construction of an ANN can improve the
accuracy of forecasting the optimal parameters so that it is also a key point to

increase the performances of the algorithms.
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2. Optimize considering reactive power of DFIG
This dissertation neglected the capability of DFIG to adjust reactive power output.
However, with the fast development of power electronics, DFIG can output more
reactive power and bear a bigger impact of disturbances so that it will become a
hot issue: how to improve the transient performances via optimal control of
reactive power of DFIG, especially in low voltage ride-through capability and
voltage stability in distribution system.

3. Implement the application in industry
Currently, the P1 parameters are constant in an actual DFIG. This dissertation only
realized the algorithms in a simulation PSCAD. How to realize it in an actual
device is still a big challenge, and it will be more significant than the
improvement of the algorithms.

4, Application of wind generation control in EMS
Currently, wind generation is not involved in the dispatch of power systems.
However, with the fast increasing of wind generation penetration, wind generation
should be dispatched to improve the performance of the power grid in the future
so that a higher requirement for EMS will be proposed. The algorithms in this
dissertation worked like a mini-EMS, collecting wind speed data in different
locations, calculating the optimal parameters, and dynamically adjusting the
parameters of DFIG. Next step, the application of wind generation control in EMS
will become more important and popular.

5. Integration optimization of gas turbine generators combined with intermittent

sources (i.e., wind and solar generations) in system level
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The intermittency of wind and solar power generation will not be perfectly
predicted for a long time. Power systems operators secure different amounts and
types of operating reserves to compensate for the intermittency in order to serve
load reliably and maintain the system frequency. With the rapid exploitation of
shale gas in the U.S., the penetration of gas turbine generation, wind generation,
and solar generation will quickly increase. This also provides a good chance to
compensate for the intermittent generations because of the fast adjustment
capability of gas turbine generation. How to optimize the integration and
compensation of gas turbine generation combined intermittent generations is

becoming a big challenge.
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Appendix I: 3.6MW Synchronous Generator Data in PSCAD

3.6MW Synchronous Generator Data:

No. of Q Axis Damper Winding 2

D Axis Saturation Disabled
Rated RMS Line to Neutral VVoltage 0.48 kv
Rated RMS Line Current 2.50 kA
Base Angular Frequency 376.99 rad/s
Inertia Constant 1.361 sec
Neutral Series Resistance 10 p.u.
Neutral Series Reactance 2 p.u.
Iron Loss Resistance 30 p.u.
Armature Resistance 0.013 p.u.
Potier Reactance 0.13 p.u.
D Axis Unsaturated Reactance 2.38 p.u.
D Axis Unsaturated Transient Reactance 0.264 p.u.
D Axis Unsaturated Transient Time 2.47 sec
D Axis Unsaturated Sub-Transient Reactance 0.201 p.u.
D Axis Unsaturated Sub-Transient Time 0.018 sec
Q Axis Unsaturated Reactance 1.10 p.u.
Q Axis Unsaturated Transient Reactance 0.35 p.u.
Q Axis Unsaturated Transient Time 0.019 sec
Q Axis Unsaturated Sub-Transient Reactance 0.214 p.u.
Q Axis Unsaturated Sub-Transient Time 0.009 sec
Air Gap Factor 1.0




147

Appendix I1: IEEE 34-bus Test System Data and DFIG Data of

Digsilent

IEEE 34-bus Test System Data:

Line Segment Data Overhead Line Configurations (Config.)
Node A Node B Length(ft.) Config. Config. Phasing Phase Neutral Spacing ID
800 802 2580 300 ACSR ACSR
802 806 1730 300 300 BACN 1/0 1/0 500
806 808 32230 300 301 BACN #2 6/1 #2 6/1 500
808 810 5804 303 302 AN #4 6/1 #4 6/1 510
808 812 37500 300 303 BN #4 6/1 #4 6/1 510
812 814 29730 300 304 BN #2 6/1 #2 6/1 510
814 850 10 301
816 818 1710 302
816 824 10210 301
818 820 48150 302 Transformer Data
820 822 13740 302
824 826 3030 303 kVA kV-high kV-low R-% X-%
824 828 840 301 Substation: 2500 69-D 24.9 -Gr. W 1 8
828 830 20440 301 XFM -1 500 24.9-GrW 4.16-Gr.W 1.9 4.08
830 854 520 301
832 858 4900 301
832 888 0 XFM-1
834 860 2020 301 Spot Loads
834 842 280 301
836 840 860 301 Node Load Ph-1 Ph-1 Ph-2 Ph-2 Ph-3 Ph4
836 862 280 301 Model kW kVAr kW kVAr kW  kVAr
842 844 1350 301 860 Y-PQ 20 16 20 16 20 16
844 846 3640 301 840 Y-l 9 7 9 7 9 7
846 848 530 301 844 Y-z 135 105 135 105 135 105
850 816 310 301 848 D-PQ 20 16 20 16 20 16
852 832 10 301 890 DI 150 75 150 75 150 75
854 856 23330 303 830 D-z 10 5 10 5 25 10
854 852 36830 301 Total 344 224 344 224 359 229
858 864 1620 303
858 834 5830 301 .
860 836 2680 301 Shunt Capacitors
862 838 4860 304
888 890 10560 300 Node Ph-A Ph-8  Ph-C
kVAr kVAr kVAr
844 100 100 100
848 150 150 150

Total 250 250 250



Regulator Data

Regulator ID:

Line Segment:
Location:

Phases:
Connection:
Monitoring Phase:
Bandwidth:

PT Ratio:

Primary CT Rating:

Compensator Settings:

R - Setting:
X - Setting:
Volltage Level:

Regulator ID:

Line Segment:
Location:

Phases:
Connection:
Monitoring Phase:
Bandwidth:

PT Ratio:

Primary CT Rating:

Compensator Settings:

R - Setting:
X - Setting:
Volltage Level:

Configuration 300:

1
814 - 850
814
A-B-C
3-Ph,LG
A-B-C
2.0 volts
120
100
Ph-A
2.7
1.6
122

2
852 - 832
852
A-B-C
3-Ph,LG
A-B-C
2.0 volts
120
100
Ph-A
25
15
124

Z (R +jX) in ohms per mile

1.3368 1.3343 0.2101 0.5779 0.2130 0.5015

Ph-B
2.7
1.6
122

Ph-B
2.5
15
124

1.3238 1.3569 0.2066 0.4591

1.3294 1.3471

B in micro Siemens per mile

5.3350 -1.5313 -0.9943

5.0979

4.

-0.6212

8880

Ph-C
2.7
16
122

Ph-C
2.5
15
124

Distributed Loads

Node Node Load
A B Model
802 806 Y-PQ
808 810 Y-l
818 820 Y-Z
820 822 Y-PQ
816 824 D-l
824 826 Y-l
824 828 Y-PQ
828 830 Y-PQ
854 856 Y-PQ
832 858 D-Z
858 864 Y-PQ
858 834 D-PQ
834 860 D-zZ
860 836 D-PQ
836 840 D-l
862 838 Y-PQ
842 844 Y-PQ
844 846 Y-PQ
846 848 Y-PQ
Total
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Ph-1 Ph-1 Ph-2 Ph-2 Ph-3 Ph-3

kw  kVAr
0 0
0 0
34 17
135 70
0 0
0 0
0 0
7 3
0 0
7 3
2 1
4 2
16 8
30 15
18 9
0 0
9 5
0 0
0 0
262 133

kw

30

16
0

240

kVAr
15
8
0

120

kw

O o oo hooo ool

=
w

110
42

20

220

kVAr
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Configuration 301:
Z (R +jX) in ohms per mile
1.9300 1.4115 0.2327 0.6442 0.2359 0.5691
1.9157 1.4281 0.2288 0.5238
1.9219 1.4209
B in micro Siemens per mile
5.1207 -1.4364 -0.9402
4.9055 -0.5951
4.7154
Configuration 302:
Z (R +jX) in ohms per mile
2.7995 1.4855 0.0000 0.0000 0.0000 0.0000
0.0000 0.0000 0.0000 0.0000
0.0000 0.0000
B in micro Siemens per mile
4.2251 0.0000 0.0000
0.0000 0.0000
0.0000
Configuration 303:
Z (R +jX) in ohms per mile
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2.7995 1.4855 0.0000 0.0000
0.0000 0.0000
B in micro Siemens per mile
0.0000 0.0000 0.0000
4.2251 0.0000

0.0000

149
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Configuration 304:

Z (R +jX) in ohms per mile
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

1.9217 1.4212 0.0000 0.0000
0.0000 0.0000
B in micro Siemens per mile
0.0000 0.0000 0.0000
4.3637 0.0000

0.0000

DFIG Data of Digsilent:

Rated power 1.5MW, Reactive power 0.2Mvar, Slip 8%, Rated voltage 2KV.
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