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Fig.1 Multi-infeed HVDC system
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Fig.2 Active devices providing short circuit current and

their transfer impedances
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Fig.3 Multi-infeed HVDC receiving end system
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Table 1 Calculative results under different proportions of

induction motor

b/ S/ S/ S,/
= G L ~
K, SCR
%  (MV-A) (MV-A) (MV-A) SCR oo €0
0 30 345 0 3.79 1 3.79
10 31907 1562 3.99 0902  3.60
20 33441 3096  4.18 0815 3.4l
30 34766 4421 434 0746 3.24
30 345

40 35912 5567 448  0.690  3.10
50 36910 6565 461  0.644  2.97
60 37786 7441 472 0.606  2.86
70 38562 8217 48 0574 277
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Fig.4 Variation tendency under different proportions of
induction motor
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Table 2 Calculative results under different proportions

of induction motor

i L MISCR Kego MISCR cq
% B B B BB B B
0 333 426 1 1 333 426
10 353 441 0902 0963 318 425
20 373 455 0815 0930 303 423
30 390 467 0746 0902 291 421
40 405 477 0.690 0.880 279 4.20
50 418 485  0.644 0861 269  4.17
60 430 492 0.606 0.846  2.61 416
70 440 499 0574 0832 252 415
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Fig.5 Variation tendency under different proportions of
induction motor
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AT /s
o o
[\S e

2.6 2.8 3.0 32 3.4
MISCReqq
B 7 MISCR,, 5 E RS0 EZ B X R
Fig.7 Relationship between MISCR ,, and

voltage recovery time

5 #ig

a. SCR J&—Fli] FI TP riL 19 Sl 25 i T S 4
TIWE RS, TEA IR d ZRAVR AT &
4t SCR T I R0 Tl

b. I LREEPFA A RO, SCR T PR X A
5 #5230 25 JC 2 L T 8 3l 25 O 2 A A A A [
(“ 7225 ) LA KA IR A 3 25 TR I A /N
AR (2SR

c. RS T —Fh i A IR A 22 5 AT Y
MISCR $5#5 MISCR . 2 IRBLA 5 A 2 H 15
3 FL R R Bl R s {5 ELZE SRR UE T MISCR
AT R, BID MISCR ) BUER /N AL AL RE 35 HL IR
WL R SR AR ) T A A S ) A — Bt

d. XA Al I 45 19 3l 25 T0 5 R/ i 22
([RIE i iy 55 L v R 25 R ), I Ji6 I 0 5
MISCR o HFXF B 7348 A AR B8, S AR SO 2 2R
ATFRBIDFSE TAE

P s LA B 25 3% (http : // www.epae.cn) .
SE 3k

[ 1] St SRzs, i, 4. S i i g il SR SOw [ M. b
AR ] R, 2014:28-39.

[ 2] e, wmohds, SR A5, R 28 BRI 51 52 50 v 0 45 44 i 5

3 AR MAERRLT] . PE AL TR, 2013,33(4) < 1-7.

XU Zheng, HUANG Hongyang, ZHOU Yuzhi, et al. Three macro-

scopic indexes for describing the quality of AC/DC hybrid power

erid structures[ J]. Proceedings of the CSEE,2013,33(4) ;1-7.

HRBE: VT , FR/ N, 4. 22 BB AR AR A2 S L T 2 L TR AR

TEMEMTLI]. RIEAR,2011,35(12) :50-55.

SHAO Yao,TANG Yong,GUO Xiaojiang, et al. Transient voltage sta-

bility analysis of east China receiving-end power grid with multi-

[3

[

infeed HVDC transmission lines [ J ]. Power System Technology,



%61 A TR I A B %50 LB ®
2011,35(12) :50-55. XING Luhua,CHEN Qing, WU Changjing, et al. A practical method

[ 4] B4 JJ8E XEH. —FEH T2 05 RGER RS to calculate short-circuit current in power system connected with
PeAbFe & k[ 1], My ASh k4% ,2015,35(6) :93-98,129. doubly fed induction generators [ J]. Power System Technology,
YANG Dong,ZHOU Qinyong, LIU Yutian. Optimal configuration of 2013,37(4) :1121-1127.
current-limiting measures for multiple DC infeed system[ J |. Electric [15] ¥ SCEE AW, XUBA VR, 55, 2% 5% Crowbar FiLBELAY B H AL 1 HL
Power Automation Equipment,2015,35(6) :93-98,129. WA LT]. thE AL TR H,2016,36(13) :3629-3634.

[ 5] AR, BT, B, 45, +1 100 kV 45 = HE 14370 i L A2 o F A PAN Wenxia, YANG Gang, LIU Mingyang, et al. Calculation of short-
NALEA TG T]. B A sk 4 ,2018,38(8) :195-202. circuit current of DFIG with the considering of Crowbar resistance
SHEN Yu,XIONG Yongxin, YAO Wei,et al. Comprehensive evalua- [J]. Proceedings of the CSEE,2016,36(13) :3629-3634.
tion for receiving end connection scheme of +1 100 kV UHVDC power [16] &K, &, b4, %, WA M sS it &R 40 — AHJE I B3R &
transmission[ J ]. Electric Power Automation Equipment,2018,38(8) : 2% TR % L T B L FR R R [J]. # ™ oA ,2016,40
195-202. (5):1313-1319.

[ 6] BBaAS, TRETF, TR 2T 2 HRVE S RERE R BN WANG Tiezhu, WAN Lei,BU Guangquan,et al. Mechanism and calcu-
X FEmFPT]. B Ak ,2016,36(12) :129-135. lation method study of DC system contributed short-circuit current
CHENG Binjie,XU Wei, XU Zheng. Static segmentation scheme sec- with three-phase short-circuit fault on inverter side[ J]. Power Sys-
tion based on stability of multi-infeed HVDC system|[ J]. Electric tem Technology,2016,40(5) ;1313-1319.

Power Automation Equipment,2016,36(12) :129-135. [17] MAEIT T, N4 ZBASCHE IR G0 1 H i e ORI

[ 7] GENE K,HARRY S. Comparison of ANSI and TEC909 short-circuit [J]. P EBEILTER,2008,28(31) :1-8.
current calculation procedures[ J]. IEEE Transactions on Industry LIN Weifang, TANG Yong,BU Guangquan. Definition and applica-
Applications, 1993,29(3) :625-630. tion of short circuit ratio for multi-infeed AC/DC power systems| J].

[ 8] Fratde YLIEX, ShuiRE. HL ) RGEMUE BT — R 8 S Proceedings of the CSEE,2008,28(31) ;1-8.

AL BT AR BPA AR Y SZ B[], h E R AL T R [ 18] SR/NVL, SR80, Eaill. 5 & E ik i REIMF R M 2 H
2£41,1999,19(3) :71-76. WA ST, T E AL TR, 2015, 35
YIN Jianhua, JJANG Daozhuo,HAN Zhenxiang. New practical algo- (9) :2143-2151.

rithm and its application in BPA for power system fault analysis[ J]. GUO Xiaojiang, GUO Jianbo, WANG Chengshan. Practical calcula-
Proceedings of the CSEE,1999,19(3) .71-76. tion method for multi-infeed short circuit ratio influenced by charac-

[ 9] W3¢, Akan £ 30k, TEC60909 48 B i i B AT [ T]. teristics for external characteristics of DC system[ J]. Proceedings of
B 5, 2005,26(2) :23-25. the CSEE,2015,35(9) ;2143-2151.

XIE Wen,ZHU Yongqiang, CUl Wenjin. Analysis on short-circuit [19] FEMs«, skefiy, 2= 0000, 45, JL T I IA 508 B L Y38 B A
current calculation standard IEC60909 [ J |. Electric Power Con- HRWAN[T]. B RGERP S5 ,2012,40(6) . 74-78 ,85.
struction , 2005,26(2) :23-25. WANG Pengfei, ZHANG Yingmin, LI Xingyuan, et al. Interaction

[10] k¥, HAE. £T BPA I PSASP 47 A4 %8 B i fii 38 b Xk analysis of AC/DC systems based on multi-infeed effective short cir-
[J]. B RSG AshE,2011,35(14) :112-115. cuit ratio[ J]. Power System Protection and Control ,2012,40(6)
YAO Shuling, TIAN Hua. A comparison between BPA and PSASP 78-78,85.
software programs for calculating short-circuit currents[ J]. Automa- [20] =EHuig , T, T, 5% SMAERRLE VML ¢ XS5
tion of Electric Power Systems,2011,35(14) :112-115. EAHII]. P EEBEHLTRE2EH,2016,36(3) :633-647.

[11] XUk, 5K, 22560 | 25 AR FRL Bl AL 57 mr %o 6t B8 Fb, 5 TR AL XIN Huanhai,ZHANG Feng, YU Yang,et al. Generalized short cir-
BRAFSEJ]. BB AR ,2012,36(8) :187-192. cuit ratio for multi-infeed DC systems:definition and theoretical
LIU Nan,ZHANG Yantao, QIN Xiaohui, et al. Impact of load induc- analysis[ J]. Proceedings of the CSEE,2016,36(3) :633-647.
tion motor on power system short-circuit current calculation [ ] ]. [21] A5 &, XEM 2. £ 55 A e R 5 %
Power System Technology,2012,36(8) ;187-192. ZHBEAL[T]. B &% A 3h1k,2015,39(3) :140-145,151.

[12] Fraftde. 2% a0 B shAIL 6 far B R AR ME A0 R GeJa B L v o ZHOU Qinyong, YANG Dong, LIU Yutian,et al. Multi-objection op-
BrE:[T]. BT H M A 2010,4(3) :62-66. timization for short-circuit current limitation schemes in multiple DC
YIN Jianhua. A short circuit current calculation method in power infeed power systems[ J]. Automation of Electric Power Systems,
system with consideration of the electromagnetic transient charac- 2015,39(3) :140-145,151.
teristics of induction-motor’s load[ J]. Southern Power Sysem Tech- [22] MWK, BE 5 4E R, 45, ELIE R G C T sh A8 55 B HE X 37 i
nology ,2010,4(3) ;62-66. MR A RREMZm[I]. B A ki, 2017, 37

(131 T ik, 2= XU, SE 380, 45, S 20 KTy e W WL A5 1 B L A (10) :86-92.

BEFE[)]. BB AR, 2011,35(3) :177-182. YANG Huanhuan, CAI Zexiang, ZHU Lin, et al. Dynamic charac-
SU Changsheng, LI Fengting, CHAO Qin, et al. Research on equiva- teristic of HVDC reactive power and its influence on transient
lent aggregation of asynchronous wind power generators and its voltage stability of receiving-end power grid[ J]. Electric Power Au-
short-circuit characteristics[ J]. Power System Technology ,2011,35 tomation Equipment,2017,37(10) :86-92.

(3):177-182. (23] 2y, 22008 ] 2. 23 225t A LI 2R 40 WL R TG I P 1Y

[14] JHREAE BRTT , R, 55, &R X HLAL Y B ) R G0
WSTR[ T]. RREHAR ,2013,37(4) :1121-1127.

BRSNS [)]. ) H 3k ,2016,36(2) :25-30.
LI Ni, LI Xingyuan, FENG Ming, et al. DC control for improving



i52) & 0 8 % w it % %39 3%

voltage and reactive power characteristics of multi-infeed HVDC
system[ J]. Electric Power Automation Equipment,2016,36(2) ;
25-30.

[24] T, PV, 2004 55, 3 0 K2 et B 2 A58 52 i 1) L A
BRGERAAER ITEL)]. B A3k, 2017,37(9):

#ROA(1977—), B, T/ ILITA,HK
RABDB IR WL AT QAT Z
RAET 512 K AR R RS M FACTS #
205-209. p— #& 97 5F M 3 K ( E-mail ; zhengch @ epri. sgece.
LEI Xiao,SUN Xu, LI Xinnian,et al. Optimization methods of pole ,\ /s com.cn) ;

control system for large-capacity HVDC accessing to weak receiving I * %d 5% 2(1989—), 8, LB XRAA, T4

g e o gt 2007, 3790 Tk e e AR BN
[25] farfrge, B4R, LRG0 (M) [ M]. 3 AR, 2RI SEHFL L3k (1969—) , B, b A B A A KR SR AT,

PR TR, 2008 : 140-146. HEARAEFH B, TEHMAT QAL ZART
[26] RHFL, /MR, XISCHE, 4. PSD-BPA 7 &% F2 5 Hh 098 H HRARRGEHIMH RAMARR B HRBEEAK,

T MRS B[] MR ,2010,34(1) :62-67. B O(1972—), B, FhmA, HA LRI Mt 5

SONG Xinli, WU Xiaochen, LIU Wenzhuo, et al. New quasi-steady-

, ' N KA @A e N ZARE B DL,
state HVDC models for PSD-BPA power system transient stability

simulation program [ J]. Power System Technolgy,2010,34 (1) . RE(1981—) , F L REEA HRAHA LA,
62-67. At BER Ty @ Al ) R GARE B de ],
DC short circuit ratio considering difference of “quality” and “quantity” for active device
ZHENG Chao' ,LU Sizhuo',MA Shiying', GAO Kai’,ZHANG Xin'
(1. China Electric Power Research Institute, Beijing 100192, China;
2. State Grid Liaoning Province Electric Power Company , Shenyang 110006, China)
Abstract: A new index MISCR,, for direct current short circuit ratio is proposed ,which considers the difference of
dynamic characteristics of active devices,that is,the difference of both “quality” and “quantity” for reactive power.
The calculation process of MISCR,, is also given. Simulative results on multi-HVDC infeed system with large capa-
city induction motor access show that the magnitude of MISCR, exhibits a same changing trend as the dynamic
voltage support capability of power grid. Therefore, MISCR , can effectively solve the evaluation failure problem of
traditional short circuit ratio under multi-source environment.
Key words: short circuit ratio; power grid strength ; dynamic voltage support; active device ; diversification ; charac-
teristic difference
P
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Two-stage real-time energy management mechanism and optimization strategy for
EV charging area/station
LIU Qihui',ZHANG Yibing' , WEI Jingfei’,HONG Chenwei' ,PANG Fei' ,ZHOU Qiang’
(1. State Key Laboratory of Alternate Electrical Power System with Renewable Energy Sources,
North China Electric Power University, Beijing 102206, China;
2. State Grid Materials Company, Beijing 100120, China;
3. Qingdao TGOOD Electric Co.,Ltd.,Qingdao 266104, China)

Abstract; A large number of electric vehicles will be integrated into the power system in the promising future. In this
case, it is more or less unrealistic to directly dispatch each electric vehicle for orderly charging. A more realistic plan
is to manage those electric vehicles in different levels and zones in a decentralized basis. In this regard ,an EV char-
ging layered energy management architecture including power system dispatching center, Area-EMS ( Area Energy
Manage System) and p-EMS(fine-tuning Energy Management System) is proposed. The function of each layer and
the operation scheme of the layered management architecture are introduced in detail. A two-stage real-time energy
management strategy is designed for Area-EMS and p-EMS in charge of agents respectively. The strategy can satisfy
the charging needs of electric vehicles and ensure economic benefits. Moreover, this strategy is adaptive to different
power grid coupling modes, and can improve load peak-valley characteristics of regional power grid. Simulation
examples are conducted to verify the effectiveness and practicability of the proposed layered architecture and real-
time energy management strategy.

Key words:eleciric vehicles ;hierarchical architecture ;energy management ; economic benefit ; peak-valley difference
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