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Fig.1 Step sizes of DC signal and sinusoidal signal
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Fig.2 Schematic diagram of reference transformation of

two element simplified systems
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Fig.3 Three cases of bus-elimination
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Fig.4 Eigenvalue calculated comparison between quasi-
static phase model and dg unified frequency

transform model under unstable status
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Fig.5 Comparison of simulative curves among three

models under unstable status
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Table 1 Comparison of calculated results among three

models under unstable status
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Fig.6 Bode diagram comparison between dg unified

frequency transform model and quasi-static phase model
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Fig.7 Comparison of simulative curves among three

models under sub-synchronous oscillation

Ry TGl R 3 AR A 2 ] AL R 25 S
JE RSO A WL A4S 5 5 ED (Euclid Distance) 4
A3l A B [E] JH %2 DTW (Dynamic Time Warping) %
A= H MM O R . ED kB AR [R] B2 PR A
Z [A) (R BE S, B A% 1 B BV A HERR B . DTW B
13 WA T S PN A I 6 M b R v A S A D)
U7 B BE b F 5 dg 58— W0 3 728 45 A5 B R o e 2
HH AR W B < R ED VRS dg B8 — W3R A8
R TR0 9 e 2 A S 5T 1 ME R B 0 0 R 0.717 8.
4.3808; R H DTW 35 dg 8 AR ASHA IR Rl i



54 8

JHl =R, 5 T dg GE— W AR R B R S 5 LS A0 67

A AH S AR TR ) HE R B 43 3R 5.2595.10.2293, #H
ED %, IRRIIR G T dg 58— W00R A Wiy LY v
A5 FH S A TR B 0T P R SR o o R A v O
6.10309 1% . DTW ¥: i — F WAELE VT 2 155 2500, 7]
L, Y A A A R 22 K T dg 58— W R AR
TR T R R A RN ) {5 Ll S AR U BE A, =
FAMIE . KL, dg G — AR B AL 0] LA 3R
B R SR T RO ) RS IR TR A IR %
e,

RN dg Gt — I AR B R e s AR
AR T A () R 53 A ] LT 8, 3 Hh R A
RHJE L 1Y B 45 5 4351 o4 30.87,32.5 Hz #10.0009
0.0465. W] LLE B FHSAH SRR A LS Hh iR
i FZ AL S B v b i R Gk, BB e
AN ESE SUS RIS N

15000 %
E 7500 g
O L TRV SO \'g R
-4000 -3000 -2000  -1000 0
Re

x dq 55— WA, o MENBAS ML

B8 REIFIRS THEEITHESRITLL
Fig.8 Comparison of calculative results of eigenvalue

under sub-synchronous oscillation

Syt LB UERE A MERA M , {5 ] Prony 7k
Xof P 7 e A R G R A i R AT UL, TR e
D EI D3R o HLEEE SR rh R AR JE Y
R 45 50 9]k 30.96 Hz £110.0003., Hi 1] L, dg
G5 — AR AR ARV R T S A5 R S e A &
ik —30, #F— 20 3R dg 8 — MR AR B R ] DL
TR R DR G 15
422 REPIRG T = AR I

XU XA LA 1 203 58 14 [v) 20 91 9 1t e FHL SRy 78
ORI WL 9, HEFRASHH A | dg 58— MR8
AR P 7 AR B4 7 EL IR 53351 4,06, 16.53
746.37 s, WLAE N, SR SEAAMIL, dg G —

30 3.0
15§ 1.5 P
a A !
0 0
s TR LYo
0 0.1 0.2 0 0.025  0.050
t/s t/s
(a) f5EH (b) FREBECK R
- dq IR | o R AR AR
— MG AR

B9 BESIRS T3 MREFTEMEITLL
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three models under super-synchronous oscillation
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Power system wideband simulation and analysis based on dg unified
frequency transformation
ZHOU Yichen,CHANG Buhe, LI Yonggang
(School of Electrical and Electronic Engineering,North China Electric Power University, Baoding 071003, China)

Abstract: With the prominent characteristics of power electronization in high-proportion new energy power
system, the power system wideband simulation faces challenges. Firstly, the basic theory of dg unified fre-
quency transformation modeling is introduced, and the similarities and differences between dg unified fre-
quency transform modeling and quasi-static phase modeling are analyzed. Then,based on this basic theory,
the multi-scale simulation model of synchronous generator,doubly-fed wind turbine generator and power net-
work is established. Furthermore, aiming at the high-dimensional problem of power grid in system simula-
tion and analysis,a method of system network simplification is proposed to reduce the model order. Finally,
IEEE 3-machine 9-bus test system is adopted to verify the accuracy of the proposed simulation model.
The simulative results show that the proposed modeling method can correctly calculate the wideband simula-
tion model under oscillation mode,which compensates the shortage that the electro-magnetic transient model
cannot calculate the small signal stability mode. Meanwhile,the proposed modeling method has the abilities
of fast wideband simulation and high accuracy consistent with the electro-magnetic transient model, which
is suitable for large-scale power simulation and analysis.

Key words: dg transformation; unified frequency; wideband simulation model; small-signal stability analysis;

power electronization;electric power systems
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Optimal dispatch after security correction control based on

steady-state security region of AC / DC hybrid system
CHEN Zhong'?,ZHU Zhengguang’, YAN Jun'?,LU Chen"’
(1. School of Electrical Engineering,Southeast University, Nanjing 210096, China;
2. Jiangsu Key Laboratory of Smart Grid Technology and Equipment,Nanjing 210096, China;
3. State Grid Jiangsu Electric Power Engineering Consulting Co.,Ltd.,Nanjing 210024, China)
Abstract: The security correction control of large-scale AC/ DC hybrid system often results in system located
in a critical security state. Therefore,it is urgent to study the optimal dispatch strategy of AC / DC hybrid
system after security correction control. Based on the steady-state security region theory, a mathematical
model of steady-state securily region considering N-1 fault constrain is built, and its depicting method of
optimal dispatch security sub-region is given. The economics and security of the optimal dispatch model
are comprehensively evaluated with the system generation cost, voltage deviation and security margin. By
calculating the security distance sensitivity, the sensitive generators and DC lines that have a significant
effect on the crucial section are determined,and the security sub-region projections of different dimensions
are depicted under the constraints of different security margin, providing richer and more accurate operation
information and strategic guidance for optimal dispatch. The analysis of cases shows that the optimal dispatch
security sub-region can improve the economics and effectiveness of the system,avoiding the impact of N-1
fault of heavy load line on the secure operation of the system.
Key words:AC/ DC hybrid system;steady-state security region;security distance sensitivity; N—1 fault of heavy
load line;optimal dispatch
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Table C1 Parameters of doubly-fed induction generator

ZH Bt
Lk es s 1.67 MV A
B R 575V
TEFHLPH 0.007 06 p.u.
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gl i 0.005 p.u.
7 R 0.156 p.u.
% 2.9 p.u.
T K 5.04s
] 0] 28 4% Fh BEL 0.001 5 p.u.
8] 0] 28 ¢ b J 0.15 p.u.
FEHIEE Ko Ki 1, 100
A Ky Ki 0.3, 8(80)
FEHIEE Ky Kis 0.05, 5
A Kosr Kig 0.002, 0.05
FHIEE Ks, Kis 1(0.001), 100
E 10 000 pF
LA #2254 i L 1200V
FEUE R 12 m/s
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Table D1 Serial number of state variables
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