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Fig. 1. Schematic diagram of power electronic dominated power systems.
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Fig. 6. Schematic show of a grid-connected VSC system and its controllers.
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Fig. 7. Schematic show of the control diagram of the VSC system within the voltage timescale.
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Fig. 8. Bifurcation diagram with the variation of Uy includ-
ing a sub-critical Hopf bifurcation and a generalized saddle-
node bifurcation. The sub-figure shows the eigenvalue traces
when Uy decreases and passes through the Hopf bifurca-

tion point.

3.3.1 HEIMFAIE

FATHE Matlab/SIMULINK #4351 4% B8 14 6
FIE 7 #4558 T VSC HALIF N R G PR AL AT H
8 R A 1 B ) RUBSE (%) TR A A . 5 TR i i
et =0.1 s BFIEIF KRB HLUE U, R U, = 1.0
P&, HRRLk— Bt B J5 o 58 ek AT . RS A]
CHK T . AR — M, BEESHOH TR 75 TR
Uy = 0.65 FIFFLE I ] Ty = 0.5 s, VSC 3 FL K
A R (SRR 2 A i 7 2 4 9 B 7.

i 9 Fros, TR FIREEE S &
HR B I 8 A 22 ) JUBEARRAE . 8 SR TR AR 1)
AT B A PRI AS R A 4R35 1 o BV E LR
FE IR 32T 10 Hz 2247 AR % A bl Ha 9 20
FF1 50 Hz 247 ik, JUH SR P fE ik
Bak A (t=0.1s) FIEBERE (=06 s) JSREMS
AR AT DL E e RUBEASE IR fry Bof Sl 0 T AR e b £
BT VAN R S i AR A, 3, 156 B
BT AR B A AR AT h i 5 Bl

088907-9


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 69, No. 8 (2020) 088907

1.2T (a) — AR
5 -~ LR
£ 1.0
S

0.8} .

0 0.2 0.4 0.6 0.8 1.0
t/s

ol ® 7 A ~ — PR
T - - Tk
Z06F
5=}

0'4 i 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1.0
t/s

P9 VSC H JE I H) R BEAR 2 5 3 40 458 20 7 7 A 0 e I
AT W 157 X

Fig. 9. Response comparison between the voltage timescale
VSC system and the detailed VSC system after transient
fault.
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Fig. 10. (a) A multi-machine power system with VSC
devices and synchronous generators and (b) its variable re-

lations in differential algebraic equations.
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Table 1. Comparison of transient problems between Power-electronic-based power systems and traditional power systems.
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IR GG TE R TR 5GHE, LRI
TIM 4 552 AR R GRS XIS, o [ B RE e 1l
BTER—1 J1 i

Ft 3k A

MREFE B) XD o-pMRBEL, Hep p 2
f2 — fu PR, R ERE B AEIRES TR .

1 f2 _ legkpl sin (9 - 9pu)
1+ ng;pz cos (9 — Gpll) ’ CUygc

fi=

)

fa = f1Xgki1sin (6 — 6,) ,

fs = —f1Ugkpa sin0,

fa=—f1Xgkiz cos (0 — Opn) ,

fo = —f1Ugk;a sin 6,

Xk i

fr= UéUpdlc [cos (6 — 6pn) + f1Xgsin? (6 — Opn)] ,
Xk

fs = 2efil [COS (6 — 9p1|) + legSil’l2 (9 - 9;,11)} ’

X
fg = f1 Ug [ng‘pzkiz sin (9 — 9p11) Ccos (9 - lel)
7’%2 sin (9 — 9pll)] N

X, . U,
fio = [1 - Ugflkpz sin (9 — GPH) — Uf’ 0050:| kpa,

X, . U,
fi1 = [1 - Ugflkpz sin (0 — Ou) — Ug coso9:| Fig.

Mk B

TiIESHEIT.
VSC & 4t 2 % -
fbase =50 HZ, Whase = 27tfbase, Uge base = 1400 V» Ugeret = 1,

Shase = 2 MVA7 Ubase = 690 V7

C=01 F, X;=01, Ugeg=1, Ug=1, and X,=0.5,
where SCR= 2.
BRI 1) B EES k) = 3.5, ki = 140, YiH,
FE i k=1, ML ks =03,
kis = 160; 3) PLL ky =50, ks = 2000 .
0p = 0.412 rad.
[ 45 Hl 2 B Spwe = 200 MVA, Upye = 13.8 kV,

Joase = 50 Hz, wpase = 20 foase, 4 =1, x(lj =03, xé/ =0.21,

ko = 100; 2)

Pe() = 0.8, Qeo = 0.167, UO = 1, and

2g =06, z/=031, z,=015, r=0005, H =32,

D=01, T)=164, T} =034, T}y = 1.4.
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SPECIAL TOPIC—Statistical physics and complex systems

Problems and challenges of power-electronic-based
power system stability: A case study of
transient stability comparison”
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Abstract

With the development of power electronic technology and requirement for clean energy, the traditional
power systems which are dominated by synchronous generators are gradually changing into the power-
electronic-based power systems with diversified power electronic equipment. The power systems are facing a
great revolution in their primary equipment, and this has not happened in the past one hundred years. In recent
years, with great increasing penetration of power electronic devices into power grids, the large-scale blackouts
caused by power electronic devices have been reported, which seriously threatens the safe and stable operation
of power systems. Under the above background, in this paper we first introduce several methods of analyzing
the traditional power system transient stability from the equal area criterion for the single machine infinite bus
system to several Lyapunov function based direct methods for multi-machine systems. Then we introduce some
of our recent work on the nonlinear modeling and analysis of a key component of power-electronic-based power
systems, voltage source converter (VSC), and propose a multiple machine system model including power
electronic equipment and traditional synchronous machines. Finally, we illustrate the transient characteristics of
the power electronic devices, and summarize the basic problems and challenges for the transient stability of
power-electronic-based power systems. We hope that these basic problems in power-electronic-based power
system dynamics including nonlinearity, multi-time-scale, and complexity could arouse the general interest of

researchers in the fields of complex systems and statistical mechanics.

Keywords: power-electronic-based power system dynamics, transient stability analysis, grid-connected

converter, complex system dynamics
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