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Impact on Critical Clearing Angle with Doubly-Fed Induction
Generator Connected to Power System *
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Abstract: The impact of large-scale access of wind farms on the transient stability of power grids could not be
ignored. Taking the extended two-machine system with doubly-fed wind turbines as an example, the equivalent model
of doubly-fed induction generator was established, and the two-machine system could be equivalent to a single-
machine infinity system. Based on the law of equal area, the analytic formula of critical clearing angle of the system
was deduced in detail after wind power accessed. The analytic formula was used to quantitatively analyze the variation
trends of the critical clearing angle with wind power ratio, wind turbine grid connection position, fault location and
load access position. The influence laws of the above four factors on the stability of transient power angle were
summarized. The simulation models of the extended two-machine system with doubly-fed induction generator was
established in BPA and FASTEST, and the accuracy of the theoretical analysis was verified.
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SYBIMBEEN W () KR Wik H #1 . 2019-04-23
B3R A
W R DIBR A TR A2
5 = farccos[ (a + B + y)u]1 007 958 012 753 983}
o 17 592 186 044 416
] . | F, S 11
- Hx,p + U = + im
= w + arcsin[] 2 %-i— arctan [ ] | oF i 111
% O, (K,i —i)B, O %er“(&i - i) E "4 ~ 1%
] = O, Xyr (K,i —i) OO
/\CF’: a = 180 5
Al
B= _ ;
S G, |:|
. 2
G (o) © =f
| 4X, Xpr (1 = iK,) |
oD,
AR _i)B‘\/[xzc (XoXor - XX, X.1)4 1] (20)
_ L™1 T344dT" w T34 dT“* w .
Y XD, ’
Al XL(K4i_i)Bl(_2i>
M= + ;
XdTEl X(ITDI

Ay = X (K = 1) (X XX KK = Xg X K K, ) (61) 5
By = XpXpXi = Xy Xyery s €, = (1 - iK4)2; Dy =Py +Qy + Ry

E,=H,+i,+ ], +K, + L, + M, + N, + O,;
F, =M, +X2XT3rw< - 4i) +XiXdTrw< - 4i) + P,

XiXdTKzr“(Al'i) + XiXdTK4rw(4i) +R +Y, + S+ L+ X XpXpr (- 40) +
XLXTZX(lTrw( - 4i) + XLXT3XdTrw( -8i) + Qw-T -6, + XTZXT3XdTrw( - 4i) +
XLX[‘zX'l‘}Kﬂw(Zi) — Ay, + Fy + By + X XX Kyr (21) + XI,X'I‘3X(|'[‘K4rw(8i> +

-C, -V, + N, + X; X K,r (4i) +
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Z,+0,+U, + XX, K,K,r,(—4i) +X, - D, + W, + B,;

G, =Y, -V, —4X; Xir, — 4X] X ,ir, - 2X;iK,r, = C, + 2X,iK;r, = T, + X; X ,iKor, —
22X} KK, r, — G, — 4X, X, Xpir, — 4X, X, X ir, — 8X, Xy X pir, — 4X o X X pir, —
A, +F, +E, + Z, - 2X; X,iK,r, + 4X; X ,iK,r, + 4X; X ,iK,r, + 4X; X ,iK,r, +
2XiK,K,r, + U, + X, = D, + X; XpiK,K,r, — 4X; X ,iK,K,r, + W, + B, +

2X X XpiKyr, + 2X, XX giKor, + 2X, Xpo X piK,r, + 8X, Xpu X 1K, 1, ;

)

H =X X, KKr (-2i); I, =2X(X X KKK,; J, =2X; X XK K,;
K, =X X, K,r (2i); L =X KKr (-2i); M, =X Kr(2i);
N, = XiXpKr,(=2i); 0, =X;XpK,K,r,i; P, =X K,r,(-2i);
Q, =X XpXoKor (21); R, =X, K,K,r (21); S, =X;X,Kor,i;
T, =2X, XK KK,; U, =X Xp XK Koy V, =2X, X.KK,;
W, =2X, X X X oK K3 X, = XX XK KK, Y, =2X, XK, K
Z, =2X; X K, KK, ;3 A, =2Xi X, XoK, K, 5 B, = 2X, XX s X oK, K, 5
C, =4X; X XK, ; D, =4Xi X, X K K,K,; E,=4X; X X ,K,K,;
F, =4X; X X K K,; G, =4X, X, X X 0K,
=X X X K,(-2i) +K, + XiX, X K(2i) + X;X KK,(2i) + X; X KK,( - 2i) +
XiX o Kor, (= 2i) + X, KK,r, (= 2i) + X,KK,r, (2i) + X XX X, (- 4i) +
XXX o X, (= 41) + X, XX pr, (41) + X XuX o, (41) = 2X; XK, KK, +
2X; X, K, KK, 5
=X X KKK,(-2i) + XX KKK,(21) + Xi X, KoK,r (= 2i) + Xi X, KoK r i +
XiX o KoK,r (61) + X7 X KoK r (21) + X, KoK K,r (2i) + X, KGK K,r (- 2i) +
X XXX K (= 21) + X, Xu X o X K (= 61) + X, Xu X o X K, (41) +
XXX o X K (= 61) + X Xu X o X K, (21) + Q15
= X Xpu X o Kyr (61) + X XX Ky (= 41) + X X o X o Kor (61) + X Xu X o Kyr (= 2i) +
X XXX K0+ ], + Xi XX KK (41) + XX X KK, (61) + X7 X, X K,K,(21) +
X XX Kor (= 1) + XX K,Kr (= 4i) + Xi X KKy (- 61) + H, — 2X; X, X K, K ;
= XiXpX KK (21) + XXX KK (= 1) + X3 X o X KK (- 61) +
XiX o X KK, (= 21) = 6X; Xu X (oK, KK, — i, + X XX KKK, (- 41) +
XiX o X KKK, (- 6i) + X X, X KiK,r, (31) + Xi X K,K,K,r (4i) +
XiX o KK K,r (61) = 2X; X o X oK KOK, + X X X oK KK
=X XX Kri+ X, XpoXor (41) — A, + ], + 0, + 2X; X, X, K, K, +
XiXoX KK, +Z, +X, — i, + 2X; X, X _K,K, - 2X' X, X _K,K, +
XiX KK, (21) + X, X X s X oK K, + X, Xo XX oK, K, + H, + U, ;
= 6X X X oK KGK, + 2X X X oK KK, + Xt XX KGKK, (- 1) +
XiX X KK,K,(61) + 22X, X, K, KOK,K, - 2X, X K, KGK,K, + W, +
XiX KK K,r i + Xi X o KOK K,r (= 61) + X, XX X KK, (4i) +
X XX o X KK, (61) + X XX X KKi + X, Xu X0 X KK, (181) 5
(T#% 110 )
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2 20 + 1
o :;Osiaﬂ[klcos(Za —a;) +2] +cos2a + kcos(a + ;) —cosa(2cos2a + 1 + 2kk,)
cos o
2cos2a + 1
" =%[klcos(2a —a,) +2] +cos2a +kcos(5a —a,) —cosa(2cos2a + 1+ 2cosda) ;
cos o
LM = la]OLms + la]lLo-r;
2cos2a + 1 -4
w10 =20057a+1(4cosa + 2cos2a + 3) + 2(cos a —cos2a)(n - cos 2a) - (2c08 2 + 1)%;
cos «
2cos 2 + 1
l,=3 x ST D cos 2a - 1;
2cosa + 1
T = 1 ] n—4+ cos 4o +0052a] ,
" (n—=2)/2 + cos2a 2 cos(4a - 2a,)
x=2[ (0, —w)t - jal,
B Y Y Y N N N N N PPN

(3% 94 1)

M, = X, Xy X X KK, (61) + XppXpu X o X KK (91) + X Xpu X o X KK, (31) +
X X XK, Ko (= 41) + X, Xu X o K, Kor (= 61) + X, Xp X oK, K,r (= 1) +
X Xy X oKy Kor (= 181) + X Xpu X o KoKy (= 61) + X X X (o K, Kor (= 9i) +
Xy X X o KoKy (= 31) = X, X X X o K, K 5

N, = X, X X0 X KK, (= 3i) = 6X, X Xpu X o K KK, = X X X o X o K KK, +
X XXX KKK, (- 2i) + X, XX X KKK, (- 31) +
X Xy X o X KKK, (= 181) + X, X X K, K K, 7 (21) 5

0, = X, X X KK K,r, (31) + X Xy X o KoK K (181) + 3X, Xo Xp X0 K KGK +
6X! Xy X o K KO KKy + XX X K KKK, = 6X7 X X (o K KKK, +
3XLXT2XT3X(ITK1K2K3K4;

Pzz = ZXBLXWKg + Ml - 2XEXT3XW - 2XiXdTX»v - 2XEXWK2 + Xixrsrw( - 2i) +

XiXpyr (= 20) + P, = 2XiXuX oK, + L, = 2X0 XX K, - 2Xi X, X K, +
2XiXuX K, + K, + N, +2X: X, X K, + 2Xi X, X K, =V, + 2X}X K,K, + S, +
XiXuKor (= 21) + X XuK,r (21) = 2X, Xu XX, + X0 X, K,r, (21) +
R, + XX, X K2 +VY, - 2X:X KK,;

0y == 2X XXX, = 4X, X X o X, = 2Xpu XX o X, = T, + X X Xpar, (= 2i) +
X X Xpor, (= 20) + X, Xpu Xyor (= 41) + X Xps X o (= 2i) = 2X, X X X K, —
X X Xn X K, + X, Xo X X K, + X, X X o X K, + X, X X (o X K, +
AX, Xs X o X K, + X, X X Ko (= 1) + X, Xpp Xpu Ky i + X, Xpo X (o Kyr, i

— 110 —



