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Fig.1 Flowchart of verification for security measures in

rehearsal situation
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Fig.2 Data connections between secondary equipments
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Fig.3 Static mathematical modeling for security
measures verification
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Fig.4 Secondary connection diagram of equipments in

locking logic formula
[l 5 iR sh Rk b AH SC R 45 1 IR 4R
. XFTE S iy p,  CHAR PRI
KER D'(A,y) T —MRNBEFELWT .

d[;(A’y) :}p ( Zapk) [ (Zyjajp ) (2%51'17 ) ]
(10)
ook b SR S R S (R p AT B
1 S50 0 0 B, T T SCD) R SO 1
51 j /B Al o 0 oA i 1 R A
£ 33 TE 0T 5 5, o, S AR 744 o ) 1
SRS s — " ORI 1y, FoR I T 0 K
R A RS S Y 0, FREH
1 B I I 42 30 9 A B 41 T 3 Bk L5 2
(Sra, ) (T a, ) demtstiy e s
HEe SR LT 2 BB A2
a. 7 1| 890 IEA T EAIRA (R R ) ,
L AP T LR A
b 47 1 A4 A T E AR A (R ) , 3
FLHL B 0 A AR 25 R

AIFHIT B ReZi

RIHEE p

BB %

Y Y,

BT B REA
B 5 RHBEREXPEXEEN ZIRIELE

Fig.5 Secondary connection diagram of equipments in

malfunction logic formula

AFHIEET S R B Z R Y R/ AR U
B2 TR 22 5 AR RS
42 RERBREHBFHETE

AT N LA SRR S UR , B T B B
BT 25, (FR th TR REAZ B ul b ki &
b2 JRZE 2B BORe A ME DL EDULR A2 KB 1
BT UL Z 6] Y PR S S8 A T, T — R RERS A
SRR i A ] R ER S BTk
421 —RFEBIOGRFHHor ik

UL SR 5 A, DU BB AR Ll TR
Z IR B AR S R , 4545 IR 1B AT 55 1 2 i 18



E7H W, T IR A R

A Sl B R R T 109

VAR T LA T T — B R B & 5 s AT i
BRI, A2 AR AT HAb B a5 0 % 4, (U
A AR TR A X A 38 i ) A3 ] g i ) A 18 7
AT, FROy— U A, HO ks

Signl:xanXA] :bIXn (11>
R R I =B R T
ay A a4y,
S T A P e
aul an2 o aun
[by by - b, ] (12)
b, =sign[x,a,+x,a,++x,a, ] (13)

Horp xR B S R R AR AT I i, R
BB NN E ;A N 21 T 56 B 1) 32 38 PR A 40
F3b M x,,, Zead —UGE R S5, AR L R
WA BPRSAT I x, AR | IR v, =1 3
KB b, R | Y ERRE, b, = 1 RRZ KB
AU

422 MEREGITET &

A (12) R 1) B EAARKE R 2 TR X, AR
FEIB T HE 25 0 AR F il KB 5 B LA B iR £ T 3 S AR
BiX 2 AME BRI OUT o B ] 38 18 X Ho A
WA TRE M AR

T AE O HE AR SR A DL R B4 4 x 1
LT, R BN AT — U 3 ) B AT 15 3 5
AEAR FL S R B A I AN B IR A BRI Ty
AR,

A0, 2 i=1,

AR 2 A (1) IEAER b HE x Al
b A x A MEELIR 3, 45 x=b" M E L
B4,

IR 3. x=b" i=i+] G HE 2,

R4 =1, IR E R A KBS AN BE
X8 AT i B 5 27 i~ 1, U B B A R ARl
b Fik T A Z KB AR &R,

5 EHIoHh

5.1 RBRERZESN—RETHIER
5.1.1 E¥RRA

2015 429 H 21 B, EMIEKAE N /I ESETT 220
kV HAS 3 220 kV JF G I oTHE e, Pk & 220
KV BEZE LR A AR R a2 AT N B AT () I R 0
R, SRR EIE . A RS ER Y . 7E
WA 220 kV I -1 Befbek A B2, iz
T NGV TR MK B 25 PR P BB " FEAREE AR 1Y,
JFHAT 1 1B BE“ GOOSE & kAR EM i
RERE AP HA T Bk 01 45k, TSR A R PR 4%

AR W ft v, BE 204 e I 22 3 0 F 8 21 B AR
%M BRI
51.2 A

TEARB AT A9 L PM5001A 78 1% 78 H,
vl [ B A B2 38, DIK %45 50115021,
5031 FonERERZAR Ul T REE 3 A a]bE, 05 B4
B2 78 v sl IR 52 B 25 AR 30 206 B i 9 R ARCIR S, B
PM5001A 1)K & B He Al $82 A, X Nz B % #% 5011,
5021 DA f 5031 Ay (A B@ 8 AR Fi1“ GOOSE &
ERRAR AR Y DT 6 B B ks =2 (8] 1
LU 6 s,

[a]F 5011 &340
MB5011A

[ f% 5011 %5 feL i
IB5011A

[E]pE 5021 A3 8T BE2E RIS ) B 5021 % A2
MB5021A PM5001A x> IB5021A

[E]B% 5031 & 3-8 C []F% 5031 % REL i
MB5031A IB5031A

Blo FTRMEHEN DRIZEHLE
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Verification for security measures of smart substation based on communication state matrix
GAO Xu',MA Yingxin', WANG Ke’, TANG Xiangying”,JIANG Zhihan' ,GAO Xiang’ ,HU Yan®
(1. State Grid Jibei Electric Power Company , Beijing 100053, China
2. School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University , Shanghai 200240, China;
3. Shanghai Yihao Automation Co.,Ltd.,Shanghai 201204, China)
Abstract: Due to the application of network communication for smart substation, the security measures of secondary
equipment become implicit and complicated , which makes it difficult to verify correctness of the security measures. A
strategy for the verification of security measures for smart substations is proposed. Firstly,based on SCD( Substation
Configuration Description) file, ICD(IED Capability Description) file and SPCD ( Substation Fiber Physical Circuit
Description) file,the static topology model of the secondary equipment for smart substations is constructed ,and then
the corresponding state of the secondary equipment is read. Then the verification method for security measures of
smart substations based on communication state matrix is proposed , which reads the step set of security measure ope-
ration , checks each step of the security measure operation and checks whether the operation will cause mis-locking or
mis-action of the protection. On the basis of the security measure operation verification , the isolation verification is
performed to verify whether the effective isolation between the inspection equipment and the operating equipment is
implemented. Through the case study of a substation accident and a 220 kV smart substation , the effectiveness of the
proposed verification method for security measures is verified.
Key words:smart substations ;static topology model ; security measures of secondary equipment ; communication state
matrix ; operation verification ;isolation verification
L
(E#% 194 R continued from page 194)
Effect analysis of back-to-back flexible HVDC connecting Chongqing and Hubei Power
Grid on sub-synchronous oscillation characteristics
WANG Xiaoyu, YANG Jie, WU Yanan,PANG Hui, KONG Ming
(State Key Laboratory of Advanced Power Transmission Technology , Global Energy Interconnection
Research Institute Co.,Ltd. ,Beijing 102200, China)
Abstract ; The potential factors causing subsynchronous oscillation in Fengjie plants are analyzed before and after the
operation of back-to back flexible HVDC transmission project connecting Chongqing and Hubei Power Grid. The
damping characteristics of system in each frequency band are analyzed by complex torque coefficient approach com-
bined with time-domain simulation,and the risk of sub-synchronous oscillation of Fenjie plants before and after the
project operation is analyzed in terms of mechanism. On this basis, a hybrid damping control strategy is designed
using multi-dimensional controllable characteristic, flexible and fast control characteristic of flexible HVDC. The ty-
pical working conditions are simulated ,and results show that the proposed control strategy can make the system re-
cover to steady state more quickly than the traditional control strategy.

Key words : flexible HVDC ; sub-synchronous oscillation ; damping characteristics ; hybrid damping control
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