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Electromechanical modes of induction generators in wind power systems

LI Sheng-hu, LIU Zheng-kai, YANG Zhen-lin
(School of Electrical and Automation Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: With more wind power integrated, the induction generators will have more remarkable effect on the synchronous system
dynamics. The stator frequency variation due to the change of the stator voltage angle is included into the 5™ order model for the
induction generators. The participation factors of the oscillation modes to the state variables are classified by the facilities, and the
electromechanical loop participation ratio is modified to determine the electromechanical oscillation mode of the induction
generator. The Prony algorithm is applied to extract the characteristic parameters of the oscillation curve of the induction
generators. The electromechanical modes from both the steady-state stability and the time-domain analysis validate that the induction
generators are more vulnerable to lead to the non-out-of-step electromechanical oscillations comparing with the synchronous
generators.

Key words: induction generator; electromechanical mode; electromechanical loop participation ratio; Prony analysis

FEN28E: TM732; TM614  SCHRFRIRAY: A YGRS 1674-3415(2010)21-0006-06
0 == RITAN A, aRAE R CESHEAD M
(=]

BEpREE (BEZER) I=Frpimill, 2 LA R

AR GE LA RE R A (Al 2 S8 L
WFFEN B UA R B 5720 o LB AR S 00 1 )
RN (RIRG D fgmt, b5
L ERI M A, G AR IS
BT AR R AR AR A, A R REE I b g
RS HFHRRE AN . P NE T TR
Jia BUABR R AR B, HRERE SO
J, EFUATSHAG I, T2t AT XU
5T, AT 7T BEHERRAI S S R G Rk

U AR SR I P AFAE 1 1) A

(1) /MR RHUER LM, 5 1 H A

HETWH: #E 4 At £33 %) (NCET-08-0765);
BRAARFAFLELFRE (50707006)

K, o R T AR, (E B T
B AL 20— i 0% o PR AH AR FN E 1 AR R RE OIR)
WAL, HUG ST R

(2) fEGe L, (AR ) B G 4R
B (0.1~2.5 Hz) FIFLHLRIERACLE (1) B,
Jaa TR ALE X, ASREAN 720 LA AR
W

BERE FIR R, ARSCEETAEWT:

(D) € T IR IERE 5N 7280 RHLEh 2
R, IGUE T Bl A R g AR AR AL LSS HLH
[LEREE A TR

(2) XERR RIS 51, IR E &
FRAPATIHZE, B WL R

(3) KM Prony#yk, BEALK AT A 2] 1) 5+



= Paray
PrER, %

RN

St AL AR ST 5T -7-

A HUNLIR h 2 RS AR 24
1 ZEHBEIR N RS BEIER

FEETEA, (D 4 FD L AR,
Hr: T dq R HBAZH 5 Ve E T
Js LAV L& 1 s R A Ly 72 8 1 FLFH A
HEJBG R A Ly A 3 1 FE LR RRLE s Ly A2 W LUK
Oy F o, ST T8 TR T FATRSE s Ty T Ty A2 UG
KRN UL R Hy R )5 5. 2 — AT e
EFHELS, AR ERE/N REHLIETTR
RGN, AV ZBETES, WRE U AR
B ZDYAT WA, AR By B
Fon. AT R FIE g i
Ly plig+ L pliy=Vig— R0, (Il Linlia)

Ly plg+ Ly plig=Via =Rl g+, (I I+ LI
Lo plig+ Ly plyy=—R 1,y ~(@y —0, )(Inla+Li11)
Ly plyg+ Ly pliy=—R, 1y +(0y 0, \Inlsq+ Lol )

da)r :Tew _me

2H,, T

(D
AT F B — B A0 KRG R
K o 2T R HEE o IEEAGE S /DA
KRGO T REREXNY, HEFHEMAE o,
(20 (2)), 4% d B ) e SURBLE A 6, (3
(3)), VA EDRE (D (B 1D,

0, :J‘;(a)w—ws)dt (2)
S5, =n/2+0, (3)
4

Vgl [coss sins | Vx

{Vd}{siné‘ —0055} Vy

1 Oy T 0w (BRAfl), JaEbE FHIEMM
ARk

- (5

B 1 ST el BiETHER

Fig.1 Power angle and stator frequency of induction machines
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Tab.1 Electromechanical modes of synchronous generators

i i i/ pau. fu/Hz | Bsi/pu. | Bexi/ P | Beovi/ P | B/ pu. | pi/pu. | pii/ pu.
31/32 -2.570 6£153597i | 2.4446 0.991 9 0.004 2 0.024 6 0.000 0 48.666 6 0.000 0
33/34 -1.9103+14.7193i | 23426 0.987 6 0.002 1 0.026 7 0.000 0 36.708 0 0.000 0
35/36 -2.0146+14.1967i | 2.2595 0.984 7 0.002 8 0.0250 0.000 0 36.5532 0.000 0
37/38 -3.003 4+13.7607i | 2.1901 0.986 5 0.001 3 0.030 9 0.000 0 30.9257 0.000 0
41/42 —-0.7144+12.3051i | 1.9584 0.944 9 0.002 8 0.065 6 0.000 0 13.871 9 0.0000
45/46 -0.975 1£11.6848i | 1.8597 0.968 4 0.000 5 0.035 8 0.000 0 26.694 1 0.000 0
48/49 -0.9876+10921 17 | 1.7381 0.965 3 0.002 2 0.045 1 0.000 1 22.286 0 0.000 1
51/52 -1.2913+10.0599i | 1.6011 0.983 1 0.006 3 0.020 4 0.000 1 55.654 6 0.000 1
53/54 -0.510 7£8.718 9 i 1.3877 0.952 2 0.002 2 0.046 5 0.000 3 19.868 8 0.000 3
55/56 —2.067 6+6.759 7 i 1.0758 0.994 8 0.000 2 0.006 8 0.000 0 148.671 6 0.000 0
82/83 —4.783 9+0.702 8 i 0.1119 0.547 1 0.356 8 0.1053 0.001 6 1.202 4 0.001 6
96/97 -0.5394+1.4577i | 02320 0.5125 0.5153 0.024 8 0.0362 1.050 0 0.0358
98/99 -0.830 1£1.1480: | 0.1827 0.740 8 0.390 8 0.0217 0.009 4 19257 0.009 3
100/101 -0.507 4+1.168 5i | 0.1860 0.530 8 0.492 7 0.001 2 0.001 7 1.076 1 0.001 7
108/109 | —-0.5902+0.658 7i | 0.1048 0.5333 0.467 8 0.009 1 0.013 6 1.1374 0.013 5
% 2 ROHIAN BERER
Tab.2 Electromechanical modes of induction generators
il i A/ pau. Jai/ Hz | Pegi/ pu. | Bexi/ P | PBeovi/ pu. | Pigi/ pu. | pi/ pu. | pigi/ pou
102/103 | -0.074 6+£1.1203; | 0.178 3 0.005 5 0.006 6 0.002 7 1.008 4 0.0055 | 102.7556
104/105 | -0.0513+1.1098i | 0.176 6 0.001 0 0.001 0 0.000 3 0.999 6 0.001 0 | 552.2097
106/107 | -0.043 5+1.0927i | 0.1739 0.005 6 0.005 5 0.000 9 1.010 1 0.005 6 92.770 7
112/113 | -0.060 6+0.7574i | 0.1205 0.001 3 0.001 0 0.000 9 0.998 4 0.0013 | 588.3480
114/115 | —0.068 8+0.741 07 | 0.1179 0.000 8 0.000 7 0.001 1 0.998 4 0.000 8 | 590.289 1
118/119 | -0.0683+0.708 6 | 0.1128 | 0.0017 | 00005 | 00009 | 0.9988 | 0.0017 | 455.7174
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Fig.2 Participation factors of unstable modes to state variables
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Tab.3 Participation factors of unstable modes to state variables

of induction generators

WEZE | Z5RT /pu | REZR | Z5WT /pu
129 0.062 4+0.007 9 i 137 ~5.740 3+0.470 9 i
130 0.286 0+0.179 8 i 138 -0.143 6+0.000 8 i
131 6.213 0+0.465 1 i 139 ~0.564 2+0.471 4 i
132 0.148 6+0.000 4 i 140 ~13.641 7+1.840 8
133 0.586 2+0.485 8 i 141 0.000 2+0.000 2 i
134 14.125 6+1.805 7 i 142 0.001 10.000 6 i
135 ~0.057 8+0.007 5 i 143 0.015 8+0.027 3 i
136 -0.264 8+0.165 0 i
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Fig.7 Stator frequency of induction generators
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Fig.9 Slip of induction generators
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Tab.4 Parameters z; from Prony analysis

i Zi i z;

172 -0.750 844+0.321 314 | 12/13 | 0.057 293+£0.573 333 i

3 -0.678 278+0.000 000 | 14/15 | 0.988 052+0.116 803 i

4/5 -0.366 703+0.779293 i | 16/17 | 0.987 711£0.082 764 i

6/7 —0.164 869+0.876 8387 | 18/19 | 0.519 662+0.167 203 i

8/9 0.442 486+0.840 015 i 20 0.107 600+0.000 000 ¢

10/11 | 0.621 706+0.739 004 i

5 #1 KHEEERMNFTESL

Tab.5 Characteristic parameters of the slip of No.1 wind farm

i LN ML/ ) | HERAR | HiE/ Hz
172 0.026 428 +40.178 696 -0.020248 | 0.043 564
3 0.104 269 -0.000 000 -0.038 820 | 0.050 000
4/5 0.029 402 +96.794 286 -0.014936 | 0.032 000
6/7 0.008 025 +65.047 572 -0.011 406 | 0.027 958
8/9 0.014965 | +164.472526 | —-0.005189 | 0.017 284
10/11 | 0.169 036 +23.611 461 -0.003 487 | 0.013 869
12/13 | 0.221 535 +65.369 679 -0.055132 | 0.023415
14/15 | 2.930437 | +107.122292 | -0.000508 | 0.001 873
16/17 | 3.242464 +58.792 111 -0.000 887 | 0.001 331
18/19 | 1.511 869 +76.592 120 -0.060 532 | 0.004 954
20 1.785 596 180.000 000 -0.222934 | 0.000 000
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Fig.11 Curve fitting of slip in No. 1 wind farm
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