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A modeling approach and design implementation of secondary system
physical circuit for smart substation
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(1. Jiangsu Electric Power Company Research Institute, Nanjing 211103, China; 2. China Energy Engineering Group,
Jiangsu Power Design Institute Co., Ltd., Nanjing 211102, China; 3. Nanjing Five-C Smart Power Grid
Technology Co., Ltd., Nanjing 211106, China)

Abstract: The logical circuits of smart substation secondary system follow IEC 61850 for modeling, while the design of
physical circuits is still expressed with blueprint, which is unfavorable to the development of smart substation information
technology. By referring to the modeling idea of logic circuits, a modeling method of the secondary system physical
circuits is proposed. A model configuration process of physical circuits based on the concept of logical-physical
decoupling is designed. The grammar and semantics of the physical circuit model are given. A complete engineering
application solution based on the physical circuit model is realized, including the physical circuits configuration tool and
physical circuits visualization tool. The key technology adopts the logical-physical corresponding in order to realize the
association between physical circuits and logical circuits. The model configuration blank of secondary optical fiber and
network structure is filled. It is convenient to import and export physical circuits configuration for the design tool and
substation automation system. The application space of physical circuits model is extended.
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Fig. 1 Design process of secondary circuit panoramic model
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2.2 SPCL #3215 B1%E

IPCD A1 SPCD SCAR AR Hi st ) 2 G 4l ik
WS (LUK SPCL)# 7R, SPCL 1 5 7l an T :
<SPCL>
<Substation desc="220kVXXZF" name="">
<Region desc="220kV4t % 1" name="R220">
<Cubicle desc="4; B {* 47" Jf A" name="XLP1A">
<Unit desc="2k 13" A" IEDname="PL2201A" name="1n"
type="IED">
<Board desc="NR1102" slot="1">
<Port desc="MMS" direction="Tx" no="A" plug="ST"
type="FOC"/>
<Port desc="GPS" direction="Rx" no="H" plug="ST"
type="FOC"/>
</Board>
</Unit>

<Unit desc="Y¢6£F it 2k 22" IEDname="" name="2n"

type="ODF">

<Board desc="" slot="A">

<Port desc="" direction="TxRx" no="01" plug="ST"
type="FOC"/>

<Port desc="" direction="TxRx" no="12" plug="ST"
type="FOC"/>

</Board>

</Unit>

<IntCore portA="3n.A.01-Tx" portB="2n.A.02-TxRx"
name="TXO01" type="FJ"/>

<IntCore portA="3n.A.01-Rx" portB="2n.A.01-TxRx"
name="RX01" type="FJ"/>

</Cubicle>

<Cable coresNum="4" cubicleA="R220.SWP1A"
cubicleB="R220.MXPIA"  desc=""name="XL WL_185A"
type="FT">

<Core no="1" portA="3n.A.03-Tx" portB="1n.10.A-Rx"/>
<Core no="2" portA="3n.A.03-Rx" portB="1n.10.A-Tx"/>
<Core no="3" portA="" portB=""/>

<Core no="4" portA="" portB=""/>

</Cable>

</Region>

</Substation>

</SPCL>
SPCL H e & M JE e Lk 1.
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%=1 SPCL TRZEREMHEX
Table 1 Elements and their attributes of SPCL

JCEA i ) JEME4 ]
) S name AR Bl 44 R
Substation AR o dose A A
Regi DAR(PRANE name IAR IR, H ARG, R220
egion
¢ S desc ik
name BEAEARIR, S SCHECTF R R, W XLG1A
Cubicl ]
ubicle BiAE dose [y,
name BB, EAT RIS, W In(IPCD XAFFIUH W 4 Template)
desc REE A
HRE(IED-
Unit DI IEDname 5 SCD 49 ) IEDname %, E IED 4%

JGECHE. ACHLHL)

BEELT, M2$MEA IED. ODFOLLTRIZZE). SWI(RC##HL). GS-NET(GOOSE 4Z #t#l)-

type

SV-NET(SV & #eHl). GS-SV-NET(GOOSE/SV AZ#tHl). MMS-NET(MMS 2 #e#l)

slot BRHERE, HOREN 1-2006 TR Z K1 ODF il SWI, MR A-Z)

Board R+ dose [,
no Ui V4R, A2 A-Z(ODF Fil SWIFIMESE N 1-20)
desc ity 1 i
Port | direction 3 LUEUHRAL A, MMM Tx(Ri%). Rx(BEH0) TxRx(KEEWIIT, 1 ODF)
plug sk, MEE N LC. ST. SC. FC. RS485. RS232. RJ45
type I, K2 ME N FOCOESE) . 100Base T(F1JEMIZE). STPIf e L 4k)

name DEAEOGET % FK, W TXO01

PortA JGETELRI A S L5l

41 1n.A.01-Tx

IntCore Bt NG IELR

PortB JGETELLI B 3 RN,

41 2n.A.02-TxRx

type LT, MR FIWELT). STP. 100BaseT

name DRAEECEE 4 FK, W SW_GL_183A

desc Heds ik

N coresNum e[ 5L
Cable  JFRII AL cubicleA é’”@%u’m Bifi, 41 R220.SWPIA

cubicleB  JGZUERM B FiAE, %W Outdoor. XLG1A

type Heds A, Mﬁﬁﬁﬁ FCOL%). FT(E%). FI. STP. 100BaseT
no HHR TS

Core B )G 48 1 4535 PortA

EAIELT) A unu" 1, 41 2n.A.02-TxRx

PortB LT B 31, 40 3n.B.01-TxRx
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Fig. 4 Fiber core automatic search process when A side is IED
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<?xml version="1.0" encoding="UTF-8"?>
<SPCL>
<Substation desc="220k Vi {#]75" name="">
<Region desc="220kV4£{R % 1" name="R220">
<Cubicle desc="ZH R4 JF A" name="XLP1A">
<Unit desc="2k# 1{~$#" A" iedName="PL2201A" name="1n"
type="IED">
<Board desc="NR1102" slot="1">
<Port desc="MMS" direction="Tx" no="A" plug="ST"
type="FOC"/>
<Port desc="MMS" direction="Rx" no="A" plug="ST"
type="FOC"/>
<Port desc="MMS" direction="Tx" no="B" plug="ST"
type="FOC"/>
<Port desc="MMS" direction="Rx" no="B" plug="ST"
type="FOC"/>
<Port desc="MMS" direction="Tx" no="C" plug="ST"
type="FOC"/>
<Port desc="MMS" direction="Rx" no="C" plug="ST"
type="FOC"/>
<Port desc="GPS_SYN+" direction=""no="D" plug="RS485"
type="STP"/>
<Port desc="GPS_SYN-" direction="" no="D" plug="RS485"
type="STP"/>
<Port desc="GPS_SGND" direction="" no="D" plug="RS485"
type="STP"/>
<Port desc="GPS_GND" direction=""no="D" plug="RS485"
type="STP"/>
<Port desc="PRINT_RXD" direction="" no="E"
plug="RS232" type="STP"/>
<Port desc="PRINT_TXD" direction=""no="E" plug="RS232"
type="STP"/>
<Port desc="PRINT_GND" direction="" no="E"
plug="RS232" type="STP"/>
</Board>
<Board desc="NR1136" slot="6">
<Port desc="GOOSE/SV" direction="Tx" no="A" plug="LC"
type="FOC"/>
<Port desc="GOOSE/SV" direction="Rx" no="A" plug="LC"
type="FOC"/>
<Port desc="GOOSE/SV" direction="Tx" no="G" plug="LC"
type="FOC"/>
<Port desc="GOOSE/SV" direction="Rx" no="G" plug="LC"
type="FOC"/>
<Port desc="GPS" direction="Rx" no="H" plug="ST"
type="FOC"/>
</Board>
</Unit>
<Unit desc=")t4FfiL 2k 42" iedName=""name="2n"
type="ODF">

<Board desc="" slot="A">
<Port desc="" direction="TxRx" no="01" plug="ST"
type="FOC"/>
<Port desc="" direction="TxRx" no="02" plug="ST"
type="FOC"/>
<Port desc="" direction="TxRx" no="12" plug="ST"
type="FOC"/>
</Board>
</Unit>
<IntCore portA="1n.6.A-Tx" portB="2n.A.02-TxRx"
name="TXO01" type="FJ"/>
<IntCore portA="1n.6.A-Rx" portB="2n.A.01-TxRx"
name="RX01" type="FJ"/>
</Cubicle>
<Cubicle desc="RFRY J A" name="MXP1A">
<Unit desc="h}£k R A" iedName="PM2201A" name="1n"
type="IED">
<Board desc="NR1102" slot="1">
P S5 K 25 WL TR 2% DR AP
</Board>
<Board desc="NR1136" slot="6">
PR S5 K 25 WL TR 2% DR AP
</Board>
<Board desc="NR1136" slot="10">
R S5 K 25 WL TR 2% DR AP

</Board>

</Unit>

<Unit desc="J:4Flit 228" iedName=""name= “2n”
type="ODF">

<Board desc="" slot="A">

ey ARSI W TP AN T2 S
</Board>
</Unit>
<IntCore portA="1n.6.A-Tx" portB="2n.A.02-TxRx"
name="TXO01" type="FJ"/>
<IntCore portA="1n.6.A-Rx" portB="2n.A.01-TxRx"
name="RX01" type="FJ"/>
</Cubicle>
<Cubicle desc="AZ #:4/Ljf A" name="SWP1A">
<Unit desc="A#t#/L" iedName="" name= “3n”
type="GS-NET">
<Board desc="" slot="A">
<Port desc="" direction="Tx" no="01" plug="ST"
type="FOC"/>
<Port desc="" direction="Rx" no="01" plug="ST"
type="FOC"/>
<Port desc="" direction="Tx" no="02" plug="ST"
type="FOC"/>
<Port desc="" direction="Rx" no="02" plug="ST"
type="FOC"/>
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<Port desc="" direction="Tx" no="16" plug="ST"
type="FOC"/>
<Port desc="" direction="Rx" no="16" plug="ST"
type="FOC"/>
</Board>
</Unit>
<Unit desc="Y:4T itk 42" iedName=""name= “2n”
type="ODF">
<Board desc="" slot="A">
B 5K 25 L LT RDG ET e e
</Board>
</Unit>
<IntCore portA="3n.A.01-Tx" portB="2n.A.02-TxRx"
name="TXO01" type="FJ"/>
<IntCore portA="3n.A.01-Rx" portB="2n.A.01-TxRx"
name="RX01" type="FJ"/>
</Cubicle>
</Region>
<Region desc="}"#}" name="Outdoor">
<Cubicle desc="2k I T I A" name="XLG1A">
<Unit desc="2k ¥ 17 EZ U A" iedName="TL2201A
“ name=" In “ type="IED">
<Board desc="NR1136" slot="1">
PR S5 K 25 WL TR 2 % DR AP

</Board>

</Unit>

<Unit desc="J:4Flit 228" iedName=""name= “2n”
type="ODF">

<Board desc="" slot="A">

BRI K 2 L LT G T e 2 e
</Board>
</Unit>
<IntCore portA="1n.1.A-Tx" portB="2n.A.01-TxRx"
name="TXO01" type="FJ"/>
<IntCore portA="1n.1.A-Rx" portB="2n.A.02-TxRx"
name="RX01" type="FJ"/>
<IntCore portA="1n.1.B-Tx" portB="2n.A.05-TxRx"
name="TX02" type="FJ"/>
<IntCore portA="1n.1.B-Rx" portB="2n.A.06-TxRx"
name="RX02" type="FJ"/>
<IntCore portA="1n.1.C-Tx" portB="2n.A.09-TxRx"
name="TX03" type="FJ"/>
<IntCore portA="1n.1.C-Rx" portB="2n.A.10-TxRx"
name="RX03" type="FJ"/>
</Cubicle>
</Region>
<Cable coresNum="4" cubicleA="R220.XLP1A"

cubicleB="Outdoor. XLG1A" desc="" name="XL GL 181A"

type="FC">

<Core no="1" portA="2n.A.01-TxRx"
portB="2n.A.01-TxRx"/>

<Core no="2" portA="2n.A.02-TxRx"

portB="2n.A.02-TxRx"/>

<Core no="3" portA="2n.B.03-TxRx"
portB="2n.A.03-TxRx"/>

<Core no="4" portA="2n.B.04-TxRx"
portB="2n.A.04-TxRx"/>

</Cable>

<Cable coresNum="4" cubicleA="R220.MXP1A"

cubicleB="Outdoor. XLG1A" desc="" name="MX_ GL 182A"

type="FC">

<Core no="1" portA="2n.A.01-TxRx"
portB="2n.A.05-TxRx"/>

<Core no="2" portA="2n.A.02-TxRx"
portB="2n.A.06-TxRx"/>

<Core no="3" portA="2n.B.03-TxRx"
portB="2n.A.07-TxRx"/>

<Core no="4" portA="2n.B.04-TxRx"
portB="2n.A.08-TxRx"/>

</Cable>

<Cable coresNum="4" cubicleA="R220.SWP1A"

cubicleB="Outdoor. XLG1A" desc="" name="SW_GL _ 183A"

type="FC">

<Core no="1" portA="2n.A.01-TxRx"
portB="2n.A.09-TxRx"/>

<Core no="2" portA="2n.A.02-TxRx"
portB="2n.A.10-TxRx"/>

<Core no="3" portA="2n.B.03-TxRx"
portB="2n.A.11-TxRx"/>

<Core no="4" portA="2n.B.04-TxRx"
portB="2n.A.12-TxRx"/>

</Cable>

<Cable coresNum="4" cubicleA="R220.SWP1A"
cubicleB="R220.XLP1A" desc="" name="XL_WL_184A"
type="FT">

<Core no="1" portA="3n.A.02-Tx" portB="1n.6.B-Rx"/>
<Core no="2" portA="3n.A.02-Rx" portB="1n.6.B-Tx"/>
<Core no="3" portA="" portB=""/>

<Core no="4" portA="" portB=""/>

</Cable>

<Cable coresNum="4" cubicleA="R220.SWP1A"
cubicleB="R220.MXP1A" desc="" name="XL_WL_185A"
type="FT">

<Core no="1" portA="3n.A.03-Tx" portB="1n.10.A-Rx"/>
<Core no="2" portA="3n.A.03-Rx" portB="1n.10.A-Tx"/>
<Core no="3" portA="" portB=""/>

<Core no="4" portA="" portB=""/>

</Cable>

</Substation>

</SPCL>
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