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Table 1 Data message types and corresponding
features of smart substation
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Fig.2 Hot-standby scheme of smart substation
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SRR AL v 0 ] B PN 9 ) 3 2 A2 e L, PCBILAR
# IED, 1 PC, I Ping PC,, A 2% %48 (1) b F2 v OC i1
€2950 ZZHeHL 2, AU Y B Bl Bes 1) 15 9 | LI PC,
AR Ping Z5 AR, SEHEE IR WL 4,
a. JG HSRP (525045
C:\Documents and Settings\hbjt>ping 192.168.10.2 -t
Pinging 192.168.10.2 with 32 bytes of data:
Reply from 192.168.10.2:bytes=32 time=1ms TTL=63
Reply from 192.168.10.2:bytes=32 time<Ims TTL=63
Reply from 192.168.10.2:bytes=32 time<1lms TTL=63
Reply from 192.168.10.2:bytes=32 time<Ims TTL=63
Reply from 192.168.10.2:bytes=32 time<lms TTL=63
Reply from 192.168.10.2:bytes=32 time<Ims TTL=63
Reply from 192.168.10.2:bytes=32 time<lms TTL=63
Reply from 192.168.10.2:bytes=32 time<Ims TTL=63
Reply from 192.168.10.2:bytes=32 time<lms TTL=63
Reply from 192.168.10.2:bytes=32 time<Ims TTL=63
Reply from 192.168.10.2:bytes=32 time<1lms TTL=63
Request timed out.
Request timed out.
Request timed out.
Request timed out.
Request timed out.
Request timed out.
Request timed out.
Request timed out.
Ping statistics for 192.168.10.2:
Packets:Sent=19,Received=11,Lost=8(42% loss),
Approximate round trip times in milli-seconds:
Minimum=0 ms, Maximum=1 ms, Average=0 ms
b. K HSRP L5454
C:\Documents and Settings\hbjt>ping 192.168.10.2 -t
Pinging 192.168.10.2 with 32 bytes of data:
Reply from 192.168.10.2:bytes=32 time< 1 ms TTL=255
Reply from 192.168.10.2:bytes=32 time<1 ms TTL=255
Reply from 192.168.10.2:bytes=32 time<1 ms TTL=255
Reply from 192.168.10.2:bytes=32 time<1 ms TTL=255
Reply from 192.168.10.2:bytes=32 time<1 ms TTL=255
Reply from 192.168.10.2:bytes=32 time<1 ms TTL=255
Reply from 192.168.10.2:bytes=32 time<1 ms TTL=255
Reply from 192.168.10.2:bytes=32 time=2 ms TTL=255
Reply from 192.168.10.2:bytes=32 time< 1 ms TTL=255
Request timed out.

Request timed out.
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Reply from 192.168.10.2:bytes=32 time<lms TTL=255
Reply from 192.168.10.2:bytes=32 time<lms TTL=255
Reply from 192.168.10.2:bytes=32 time<lms TTL=255
Reply from 192.168.10.2:bytes=32 time<lms TTL=255
Reply from 192.168.10.2:bytes=32 time<lms TTL=255
Reply from 192.168.10.2:bytes=32 time<lms TTL=255
Reply from 192.168.10.2:bytes=32 time<1ms TTL=255
Ping statistics for 192.168.10.2:

Packets:Sent=18 ,Received=16,Lost=2(11% loss),
Approximate round trip times in milli-seconds:

Minimum=0 ms, Maximum=2 ms, Average=0 ms

R4 TEERIELHER
Table 4 Results of reliability

verification experiment
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Hot-standby communication of VLAN-based smart substation

LIU Xiaosheng', HAI Tianxiang’,ZHENG Jian®,ZHU Honglin', XU Dianguo'

(1. School of Electrical Engineering and Automation, Harbin Institute of Technology,

Harbin 150090, China ;2. Beijing Electric Power Company, Beijing 100070, China;
3. State Grid Jiangxi Electric Power Company,Nanchang 330043, China)

Abstract: The real-time performance and security of process-level network communication in smart
substation can be improved by the application of VLAN(Virtual Local Area Network) technology. A scheme
of dual-switch communication with HSRP (Hot-Standby Router Protocol) is designed for the multi-switch
communication to reduce the communication load of central switch and its mesh topology is compared with
the star topology of single-switch communication in simulation and experiment,which show that,the central
switch load of process-level network in the proposed scheme is obviously reduced and the standby switch
can take over the corresponding data communication task when fault occurs in the link,which improves the
reliability of smart substation communication network.
Key words: smart substation; hot-standby router protocol; OPNET; physical verification; virtual local area
network ; communication; reliability; switches

(4% 125 W continued from page 125)

Power source flexibility evaluation considering renewable energy
generation uncertainty
XIAO Dingyao',WANG Chengmin',ZENG Pingliang®,SUN Weiqing’
(1. School of Electronic Information and Electrical Engineering,Shanghai Jiao Tong University,
Shanghai 200240 ,China ;2. China Electric Power Research Institute,Beijing 100192 ,China;

3. Department of Electrical Engineering,University of Shanghai for Science & Technology,Shanghai 200093 ,China)
Abstract: Flexibility is an important index to evaluate the ability of power system against the uncertainty.
Aiming at the uncertainty caused by the renewable energy and based on the characteristic analysis of
flexibility,a mathematic model with a comprehensive evaluation system is proposed to evaluate the source
flexibility of power system. The source flexibility model considers the maximum mutation of renewable
energy generation and divides the constraints into traditional constraints and source flexibility constraints.
According to different control methods and objects,a flexibility evaluation table is built in the evaluation
system to reflect the state,variation and trend of flexibility during power system operation. The inherent
flexibility index is used to compare the flexibility among different operating conditions or power systems.
Case analysis verifies the effectiveness of the proposed evaluation system.

Key words: renewable energy resources; electric power systems; flexibility; uncertainty; optimization;

comprehensive evaluation table; inherent flexibility



