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Study on the mechanism of transient voltage stability of new energy source with power electronic interface
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Abstract: To clarify the influence of large scale new energy source like wind power and photovoltaics on power system
stability, the mechanism of transient voltage stability of new energy source with power electronic interface is studied. The
simplified model of new energy source in electro-mechanic transient is first studied. Variable speed wind turbines and
photovoltaics with power electronic interface can control the power quickly and flexibly. In power system
electro-mechanic transients, the fast dynamics of power adjustment can be neglected, and the new energy source
characteristic is simplified to power balance algebraic equation. The system dynamic equation is a differential algebraic
equation. According to the stability theory of differential algebraic systems, the trajectory meeting a singular point of the
differential algebraic equation corresponds to transient voltage instability in the system. The power balance equation of
the new energy source becomes unsolvable at the point. Simulation results validate the mechanism, and reveal the
variation of instability mode of a wind-thermal-bundled sending system. As the wind power increases, the instability
mode of the system changes from rotor angle instability dominated by synchronous generator to voltage instability
dominated by wind power.
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Fig. 1 Actual and simplified wind power output characteristics
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Fig. 2 A simple system and its equivalent circuit

YISk RS DAE Jift. REMPIRELR
WG S, @, 5358 K LI AR, R GERACEL
BRAFEU,0, 53530 WA T s i R R R
e RGWTTRE N K AN Tia s T R

0 =w,w

@:%u;—g—Dm ¥

A RO RHINLE A RIS HURE A, X 45 3k
T RIE-= AR, A Ih R A A
P.=EUsin(6 —9)L+ EU, sin6L

X, X,

12 13

X, X. XX
Hrp, X=X +X, + ;( X=X A X+ )1( >,

3 2
ARETRE N WA Th R R Wb JE L LB

AR AT DR N EE N Py » TETIN 0,5 AR
HOREmr
P, = UEsin(0 - 6) N UU, sin0
XIZ X23 (5)
0= U? —UE cos(0 - 5) N U? -UU,cos0

X Xy
XX
XL, Xy =X, +X, +f °

RECTFEXG) T, U,0 hfeka, ZREPRER
W Mg, BALET NS B, iR
U,0 i KB . Al ae VX FEE DL 68
BRBNE—AMELG, RIRMREOT A M, M
) R Gk e Ik () A B B, WAL g FE TG AR IR 1)
RS RAEREREE NSRRI .

1) KHLIRN,  RG KA T R Fa

FPHLINE P, =14, RHEIE P, =03, XT
RETTFER(S), 6 I, TREMMAU MR
WK 3 fizR. 7ES5 M 0 2 180° AR LIl N, AREL

TR, A IR RESH ). 1 3
[ I i 7 LD A LR S AR il 2, AL
BRI A AT R, 23000 I AS E FIANARE 148 1
W 5 BB R AN R E ST T R AR e Th A1 Kk
Feto V] 4 J2 N SEREERIFR I =ML it i el A
Pk . KA FRPHUR R R, Dififrsagin,
[l AWK D 3 SO - U o R 3

0 20 40 60 80 100 120 140 160 180

2 T

0=
(= (=N

R LE /pu
=)

1

ThE /p.u.

0

0 20 40 60 80 100 120 140 160 180
REBIhA /(%)
3 REBINER NG ERRE

Fig. 3 Solutions of algebraic equations with small wind power
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Fig. 4 Trajectories of rotor angle instability
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Fig. 5 Solutions of algebraic equations with large wind power
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Fig. 6 Trajectories of voltage instability

4 FMEREBFESN

AR AR ST 1B REEOF M AR S H
AR E LB A SCIRIIT 0BT BEUET I R AR E ) et
I, RIS SE LR BRI A B PRI, SR
JE AT OIS . AR AT LR, AT
KA VEAE AT O 50, A B IHLEREAT 204,
P B T H R DIgSILENT. #5722 Bt &4,
WMEESHAAL, 2B R BHUERHIPE AR, LR
F DIgSILENT H [ 7 (1) X305 KL R R0 S 2 24
NICRREAL =08 I A I Iy = AR i

D) Ko, i KBRS E

Il -SRI (R RS AL AN D) 1] 7 B,
Fe AN F R SN, 5 SO F s RSN
Kl 8 s KA Dh DA AL il 9, A 1
R AT AR PR IR . RT3/, RGER
R RAL, R HUR RS 3 800 s A 1
3, IR T RS JEh, R YE
FRiBERT B, RERE R,

AT AYILIG, K AR ATI RN, 1
ARG IR AT LI AL 5| det D, g]
SN 8. WLAF B |det D, g| E MR E
KT 0, PUBRIBRIZTR A, RIARAIERFR.

0.08

0.06 b
0.04 ]
0.02 ]

0 - ) ) ) ]

-0.5 0 0.5 1.0 1.5 2.0

200 - — :
0 —‘—’///////l//////l////
-200 \ . . \
-0.5 0 0.5 1.0 1.5 2.0
tls

B 7 AR R RIS SR FITh

Fig. 7 Synchronous generator speed and rotor angle of

w/p.u.

&)

rotor angle instability

15 : : : :
2 10 ]
= — U\
5 05l \ f ]

0 - ' ' e

05 0 05 1.0 15 20
__ 2 T i i T
5,
. “\-____,///r\\\\\,//[\\\\//\\
=

0 L L L L

05 0 05 10 15 20

s
E 8 AKIaRBIREBIARE
Fig. 8 Wind farm voltage of rotor angle instability
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