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Fig.1 Schematic diagram of optimal dispatch
security sub-region
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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
(E#% 147 continued from page 147)

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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Fig.A3 Topology of transformed IEEE 39-bus system after DC blocking
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Table A1 Data of generators and loads for the transformed IEEE 39-bus system after security correction control

KEHAHT B

KEHAET B

KEHMAED A5G

= =] = = = =] = = = 1

FRAS 5 mw mMw o TRET T w Mw RIS aw IMW
1 0 976 1 0 0 27 0 281
2 0 0 15 0 320 28 0 206
3 0 322 16 0 329 29 0 2835
4 0 500 17 0 0 30 250 0
5 0 0 18 0 158 31 678 9.2
6 0 0 19 0 0 32 650 0
7 0 233.8 20 0 680 33 632 0
8 0 522 21 0 274 34 508 0
9 0 6.5 22 0 0 35 650 0
10 0 0 23 0 2475 36 560 0
1 0 0 24 0 308.6 37 540 0
12 0 8.53 25 0 224 38 830 0
13 0 0 26 0 139 39 1000 1104

RA2 REREFEHIEIEMEERERZITSH
Table A2 Operating parameters of non-fault DC lines after security correction control

HUHRE/KY  ERHGA AR (9 BRSO B TEIhiHAE/ Mvar
#iisi 252 17-18  25-2  17-18  25-2 17-18  25-2 17-18 25-2 17-18 252 17-18
BE R/ VN = ¥ N X S < ¥/ R = N b/ VN =&/ A~/ N ¥/ N =/
M 5000 5000 646 570 133 15.9 235 201 1 1 177.7 1865
WA 4923 4941 646 570 172 175 204 186 1 1 156.8  159.6

A3 HIEfE IEEE 39 T m R Gk B A Th & iR R &
Table A3 Data of branch power flow limits for transformed IEEE 39-bus system

&t AOEMEEYMW | LB HDERRIRMW | &k HIERIRAMW | kB B IR R MW
1-2 600 6-31 1800 15-16 600 22-35 900
1-39 1000 7-8 900 16-17 600 23-24 600
2-3 500 8-9 900 16-19 600 23-36 900
2-30 900 9-39 900 16-21 600 25-26 600
3-4 500 10-11 600 16-24 600 25-37 900
3-18 500 10-13 600 17-27 600 26-27 600
4-5 600 10-32 900 19-20 900 26-28 600
5-6 1200 12-11 200 19-33 900 26-39 600
5-8 900 12-13 500 20-34 900 28-29 600
6-7 900 13-14 600 21-22 900 29-38 1200
6-11 480 14-15 600 22-23 420
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Table A4  Upper and lower bounds of AC system and LCC-HVDC system constraints

BAE LR TR BAE L-BR TRR
A S R 1.06 0.94 SN AA 35° 15<
LCC HinifJx 0.85 1.2 TIhiMEs 5 200Mvar 0
LCC Eimm 11 0.2 | AR #%5rHk 2 0.8
fish % F 45° 5°
Fis% B

® Bl KER IEEE39 HTRAGHNENRLEBREE
Table B1 Security distance sensitivity of generators in transformed IEEE 39-bus system

MRS R WA S RPE WS RPE

G 0.3493 Gs ~0.1780 Go ~0.2445

G 0.5415 Ge 01921 Guo 0.2969

Gs 01572 Gr 01572
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Fig.B1 Comparison of 3D projection of sensitive generators and different dimensional variables under different security margin
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Fig.B2 Comparison of 3D projection of DC lines and different dimensional variables under different security margin
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Fig.B3 Variation of system’s operation indexes under different security margin
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Fig.C1 Simplified actual grid after DC blocking
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Table C1 Data of generators and loads for simplified actual grid after security correction control

ar e RENEI HIHOH | vy KEHED R | 2 ey KEHED HIh0H;
FRES T mw mw | TEES T mw mw | RIS mw IMW
1 679.88 1104 14 0 8.53 27 645.98 0
2 0 97.6 15 0 0 28 0 283.5
3 0 322 16 662.08 9.2 29 0 206
4 669.68 0 17 658.05 0 30 0 339
5 355.16 0 18 636.02 0 31 0 281
6 0 24 19 628.66 0 32 0 0
7 0 6.5 20 0 680 33 0 158
8 0 522 21 0 0 34 0 329
9 0 2338 22 642.6 0 35 0 308.6
10 0 0 23 641.16 0 36 0 320
1 0 0 24 0 0 37 0 0
12 0 0 25 0 2475 38 0 500
13 0 0 26 0 274
*kC2 REREFHEIEHIEEREREITESH
Table C2 Operating parameters of non-fault DC lines after security correction control
ERHE/KY  ERABR/A RS/ (9 B/ (D B AR IR/ Mvar
Weiyh  6-30  13-17 630 13-17  6-30 13-17  6-30 13-17 6-30 13-17 6-30 13-17
Hi OHER ERHR LR Hif HA OHER OER OER EHR HR
M 5000 500.0 660 660 12.8 12.8 241° 241 1 1 1865 1865
WAR 4923 4923 660 660 17.0° 17.0 20.9° 209 1 1 188.2  188.2
F C3  fEj L SLPREE MLk BR A TR itk PR 518
Table C3 Data of branch power flow limits for simplified actual grid
ik HIMERBRMW | ZRE% BFIMERmERMW | 2R FIMERER/MW | 2Rk IR R/ MW
1-2 1000 10-38 600 20-21 900 29-30 600
1-7 900 11-12 500 21-34 600 30-31 600
2-3 500 11-16 1800 22-24 900 31-32 600
2-4 900 12-14 500 23-25 900 32-33 600
5-6 900 12-15 600 24-25 500 32-34 600
7-8 900 13-14 500 24-26 900 34-35 600
8-9 900 13-15 600 25-35 1200 34-36 600
8-10 900 15-17 900 27-28 1200 36-37 600
9-11 900 18-20 900 28-29 600 37-38 500
10-11 1200 19-21 900 28-30 600
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Table C4 Security distance sensitivity of generators in the simplified actual grid

WL G5 REBE WLZigm 5 RPJE WA G5 RPE
[ -0.0517 Gs -0.1033 Gy -0.1205
G, -0.086 1 Gs -0.0689 Gio -0.1435
Gs -0.1722 Gy -0.0803
Gy -0.097 6 Gg 0.9470
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Fig.C2 3D projection of sensitive generators and different dimensional variables
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Fig.C4 Distance from operation point to each effective boundary
%*k C5 MWAERIESERITLL
Table C5 Comparison of results between before and after optimization dispatch
15 Pst/MW  Pgo/MW  Pgs/MW  Pgs/ MW Pss/ MW Pgs/ MW Pgz/ MW Pgs/ MW
JEERG  702.37 690.29 354.72 685.38 680.69 646.88 648.12 566.74
WEE 84144 706.26 329.64 591.58 654.52 488.59 488.25 657.25
15 Pgo/MW  Pgio/ MW Uc1 Ucz Ugs Ucs Ucs Ucs
JAREERT  567.99 672.19 1.001 1.051 1.050 0.997 1.006 1.032
WG 659.60 799.63 0.989 1.032 1.024 0.975 0.991 0.986
1% 0 Ug? Ucs Uce Uc1o Pd 630 /MW Pgazan /MW Pyoras/ MW
MR 1.018 1.060 1.060 1.037 330 330.0 615.73

W G 0.960 1.040 1.040 1.027 305 269.3 293.41




