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Abstract: The detailed model of DFIG, which includes the model of turbine, the model of rotor side control (RSC) con-
trol and the model of grid side converter (GSC) control. Then the detailed modes are reduced to the different degree to
get the reduced modes. The reduced models include three different kinds: neglecting the effect of GSC control, which
means that the GSC control is an ideal one; neglecting the effect of rotor transient based on the former kind; neglecting
all the dynamic effects of DFIG, which are equivalent to the negative impedance. At last, the 10-generator 39-bus New
England system is studied to analyze the damping characteristics of detailed model and different reduced models. The
results show that: different models have different deviations of the oscillation mode; the more reduced of the model, the
bigger error of the result. To a degree, the reduced models of neglecting GSC control and the zero-axis model can be
used to replace the detailed model to analyze the damping characteristics of system.
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Figure 1. Diagram of the DFIG connected to the grid
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Figure 2. Block diagram for GSC
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Figure 3. Block diagram for RSC
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Table 1. Oscillation modes of system when the DFIG adopts
constant reactive control

® 1 ELUHERIR T RRHURE T BH R R5 S

FHEER S BRI B3 B4 2 5E
Re —0.046 —0.048 —0.048 —0.042

1 Im 10.782 10.779 10.779 10.810 0.0061
¢ (%) 0.4266 0.4453 0.4453 0.3885
Re —0.076 —0.077 —0.077 —0.072

2 Im 9.292 9.290 9.289 9.317 0.0082
¢ (%) 0.8179 0.8288 0.8289 0.7728
Re —-0.027 —0.029 —0.028 —0.024

3 Im 8.624 8.622 8.622 8.646 0.0078
¢ (%) 0.3131 0.3363 0.3247 0.2776
Re —0.075 —0.075 —0.075 —0.075

4 Im 8.031 8.031 8.031 8.032 0.0006
¢ (%) 0.9338 0.9338 0.9338 0.9337
Re —0.059 —-0.073 —0.072 —-0.033

5 Im 7.321 7.297 7.296 7.577 0.2930
¢ (%) 0.8059 1.0004 0.9868 0.4355
Re —0.062 —0.062 —0.062 —0.062

6 Im 6.610 6.610 6.610 6.614 0.0085
¢ (%) 0.9379 0.9379 0.9379 0.9374
Re —0.042 —0.042 —0.042 —0.042

7 Im 6.225 6.225 6.225 6.225 0.0002
¢ (%) 0.6747 0.6747 0.6747 0.6747
Re —0.045 —0.054 —0.054 —0.031

8 Im 3.848 3.824 3.823 4.077 1.0000

¢ (%) 1.1694 1.4120 1.4124 0.7603
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Figure 5. Oscillation modes of system when the DFIG adopts
constant reactive control
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Figure 6. Oscillation modes of system when the DFIG adopts
constant voltage control
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Table 2. Oscillation modes of system when the DFIG adopts
constant voltage control

R 2. EREEFFARRHRE THN BRHRS

0

FHEETS B B2 B3 B4 2 hE
Re —0.045 —0.046 —0.046 —0.042

1 Im 10.785 10.784 10.784 10.810 0.0061
¢ (%) 04172 0.4266 0.4266 0.3885
Re —0.075 —0.076 —0.075 —0.072

2 Im 9.295 9.293 9.293 9.317 0.0084
¢ (%) 0.8069 0.8178 0.8070 0.7728
Re —0.026 —0.027 —0.027 —0.024

3 Im 8.627 8.626 8.626 8.646 0.0081
¢ (%) 03014 0.3130 0.3130 0.2776
Re —0.075 —0.075 —0.075 —0.075

4 Im 8.031 8.031 8.031 8.032 0.0007
¢ (%) 09338 0.9338 0.9338 0.9337
Re —0.045 —0.056 —0.054 —0.033

5 Im 7.354 7.338 7.337 7.577 0.2894
¢ (%) 0.6119 0.7631 0.7360 0.4355
Re —0.062 —0.062 —0.062 —0.062

6 Im 6.611 6.611 6.611 6.614 0.0079
¢ (%) 09378 0.9378 0.9378 0.9374
Re —0.042 —0.042 —0.042 —0.042

7 Im 6.225 6.225 6.225 6.225 0.0002
¢ (%) 0.6747 0.6747 0.6747 0.6747
Re —0.023 —0.028 —0.027 —0.031

8 Im 3.878 3.860 3.862 4.077 1.0000
¢ (%) 05931 0.7254 0.6991 0.7603

Open Access

Fi5h, MR BT UL, S RBLS 58
RIRERS, R LR RO, e e 451 IR
AER.

5. &5ig

AR SCAE LR R L 5 58 e DAz il K 75 38R
XHVEAIRR R BEAT 1 AN R RE B A T4 o o il o A%
ZRGEGIR T T AR R A AR R Gt
R ERSE. R4

1) SFEERAAHLE, KWK RS, LA
HANS 2 5 BB W 22 BUK

2) K H 2Rl E o 22 T 00 A 45 2% 4 TRT A B R i
BRIRGIEAS, HAR STENR L2

3) R 2 sy TR X A 46 5% £ ] (L ABE TR I
THEAS B IR S B BRI E .

4) R HI 4 B TR TR A5 1 RO AL R R 35 A S A AR
E SRR ZE R RO, HAS BRI S R A A Y

i}

o

5) KM BRBAGER TR AL, P15 2 A 25 R 22 10K

HCAAT R RGN IR A OSBRI, 7T A
SR FH g% X A A 80 5 2 | (AR Y i o P 2 e AR
XA AT DA B AR SUSTL IR 73 T3 R 1) B B0 HL B K PR JEE
IR N B R GRS R 2%

6. Bt

ST I S L A R RS H “ XUCKAT A e Y 2k
Hb AT L A 3K A 4 ) e % A AR SR ST S R
1w B,

BEHk (References)

[1]  Wang, C., Shi, L.B., Wang, LM. and Ni, Y.X. (2008) Small
signal stability analysis consideringgrid-connected wind farms
of DFIG type. Power and Energy Society General Meeting-
Conversion and Delivery of Electrical Energy in the 21st Cen-
tury, Pittsburgh, 20-24 July 2008, 1-6.

[2] Li, S.-Y., Sun, Y., Wu, T., Li, Q.-J. and Liu, H. (2010) Analysis
of small signal stability of grid-connected doubly fed induction
generators. Power and Energy Engineering Conference, Cheng-
du, 28-31 March 2010, 1-4.

[3] Li, HM. (2009) Small-signal stability analysis of a grid con-
nected doubly-fed induction generator under decoupled P-Q
control. Power and Energy Engineering Conference, Wuhan, 27-
31 March 2009, 1-4.

[4] &%, RRE, FAXNE (2004) B85 REIGHE N REN/NT
WARE WA . AR, 1, 38-41.

[5] Mei, F. and Pal, B.C. (2005) Modeling and small-signal analysis

163



(6]

(7]
(8]

164

MU LA R T 2 G RH e 45 10 L 234

of a grid connected doubly-fed induction generator. Power En-
gineering Society General Meeting, San Francisco, 12-16 June
2005,2101-2108.

Rouco, L. and Zamora, J.L. (2006) Dynamic patterns and model
order reduction in small-signal models of doubly fed induction
generators for wind power applications. Power Engineering So-
ciety General Meeting, Montreal, 18-22 June 2006, 1-8.

FML AALE, gRRAE, Y, FLUE (2010) KBS
BRI MRS RGE 8. F7E P TR F7K, 4, 63-70.
Pena, R., Clare, J.C. and Asher, GM. (1996) Doubly fed induc-
tion generator using back-to-back PWM converters and its ap-
plication to variable-speed wind-energy generation. IEE Pro-
ceedings of Electric Power Applications, 143, 231-241.

[9]

Dong, B.H., Asgarpor S. and Wei, Q. (2011) ANN-based adap-
tive PI control for wind turbine with doubly fed induction gen-
erator. North American Power Symposium (NAPS), Boston, 4-6
August 2011, 1-6.

Painemal, H.A.P. (2010) Wind farm for power system stability
analysis. University of Illinois at Urabana-Champaign, Cham-
paign.

RUME, BRFFHD, 5KFH (2002) BHA&HL ) REEH BLIRFI 43
Hraf R A, b

Pai, M.A. (1989) Energy function analysis for power system sta-
bility. Kluwer Academic Publishers, Boston, 250-252.

Open Access



