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Fig.1 Communication structure of logical
function nodes of protection
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fp=fopen(“F: // current.emt / mmmm_01.out”, “r”);

if (fp==NULL)

{ puts(“Can not open file!”);

return;
f
else

{do
{fscanf(fp,“%s” ,A[i]);
fscanf(fp, “%s” ,B[i]);
fscanf(fp, “%s”,C[i]);
it++;
{ while (! feof (fp) ) ;

size=1;

{fclose(fp) ;



146) ® 0 8 & iR B

8335

£ OPNET 17 55 4 5
B N MU T A B A
WK 3 fros, dw BE R
2, 2t 80 H 8k
B HE 2 (MAC 1 SR

MU B =

AR Fig.3 Model of MU node

Kl 3 i MU 7 s B 1) 3 22 ) e X £l SV
HEATHAL W20 5 Kk 45 TED, MU W HIJZ a5t Wk
G LR B . fE OPNET 2 A 38 b 1) i i dis
B, B A B 1 B F T B o S AL SRR Rk
RS BR AT B LU R IR R Y .

pkptr=op_pk_create (pksize) ;

pkptr_APDU=op_pk_create_fmt(“APDU" ) ;
op_pk_nfd_set(pkptr_APDU, “ASDUBAOTOU” ,baotoul ) ;
op_pk_nfd_set (pkptr_APDU, “LNName” ,namel ) ;
op_pk_nfd_set(pkptr_APDU, “DataSetName” ,name2 ) ;
op_pk_nfd_set (pkptr_APDU, “LDName” ,name3) ;

op_pk_nfd_set (pkptr_APDU,“EDINGXIANGDIANLIU” ,EDXDL) ;

op_pk_send (pkptr,0);
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Header (64 bit )
Destination Address (48 bit)
Source Addresses (48 bit)
TPID/TCI(32 bit)
Ethernet type (16 bit)
APPID (16 bit)
Length/Type (16 bit)
Reserved1 (16 bit)
Reserved2 (16 bit)
ASN.1(16 bit)
ASDU Number(16 bit)
ASDU (368 bit+184 bit)

(Pad bytes)
Frame Check Sequence(32 bit)
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Fig.4 Frame format of SV message in OPNET
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Fig.5 Re-sending mechanism of GOOSE message
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op_pk_fd_get (pkptr, 6, &pkptr_APDU) ;

op_pk_nfd_get(pkptr_APDU, “GYAXDL”, &la) ;

if (Ta>Iset)

GYA_tiao=0;
else

GYA_tiao=1;
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Fig.7 Simulation example
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Tab.1 Main parameters of process-level
network simulation
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Tab.2 Transmission and processing

delay of messages ms

% 26 I £ ML
eI VT
MU — 0.01890 —
(Al 0.0350 0.00672 —
AL 0.0189 0.00200 0.010
R HT — 0.01890 0.016
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Module (18 ), (top.Campus Network. /&3 Protection Receive)

From procedure : Protection Receive[ DISCARD exit execs |
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Module (18 ), (top.Campus Network. f£ 4" Protection Receive)
From procedure : Protection Receive[ DISCARD exit execs |
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Module(18), (top.Campus Network. £ 4. Protection Receive )
From procedure: Protection Receive[ DISCARD exit execs |
A FHHLIE .0 A; B AHHLUE .2 073 A;C AL .2 073 A R FESL .31

Module(18), (top.Campus Network.f& 4. Protection Receive )
From procedure : Protection Receive[ DISCARD exit execs |
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Module(18), (top.Campus Network.f&4". Protection Receive)

From procedure : Protection Receive[ DISCARD exit execs |
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Module(18), (top.Campus Network. £ 4. Protection Receive )
From procedure : Protection Receive[ DISCARD exit execs |
AFATIHAALE 1B AR IO  1;C AR T AL 1.

Module(18), (top.Campus Network.f& 4. Protection Receive )
From procedure : Protection Receive[ DISCARD exit execs |
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Module(18), (top.Campus Network.#& 4. Protection Receive )
From procedure: Protection Receive[ DISCARD exit execs ]
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Modeling and simulation of relay protection for intelligent substation
based on OPNET
HUANG Minghui',SHAO Xiangchao*,ZHANG Chi', WANG Haizhu®,LI Yiquan', CAI Zexiang’

(1. Guangdong Power Dispatch Center,Guangzhou 510600, China;
2. School of Electric Power,South China University of Technology,Guangzhou 510640, China)

Abstract: The introduction of intelligent substation process-level network results in the great changes in the
data source and transmission mode of relay protection. Its operation performance and reliability depend
increasingly on the communication network. The data flow of relay protection and the communication
mechanism of its messages are analyzed and the process-level network and IED devices are modeled based
on IEC61850 by OPNET. The whole process simulation of relay protection in intelligent substation is
implemented ,including MU data acquisition,SV messages, GOOSE messages, protection algorithm and protec-
tion output. With the current protection as an example,the principle and implementation of modeling and
simulation are introduced and its feasibility and validity are verified,which provides an effective tool for
quantitative analysis of relay protection in intelligent substation.

Key words: electric substations; relay protection; data acquisition; data flow analysis; communication;

mechanisms; computer simulation; model buildings; OPNET



