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Abstract: In order to accurately assess the reliability of protection system in intelligent substation, a kind of modeling and
verification of interaction for protection system in intelligent substation using alarming signals is proposed. The principles
of protection devices are analyzed. The fault trees of protections are constructed. The relations between the working
conditions and the alarm signals are given. Using the Real-Time System Module (RTS) module of Process Analysis
Toolkit (PAT), the working process and the information interaction model of IEDs are set up, including the working
conditions, information transmission and time sequences. The assertions of protection deadlock and operation stages are
designed for the verification. The examples illustrate the effectiveness of proposed method, the accuracy and practicability
of protection system can be improved.
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Fig. 1 Fault tree of the line protection device
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Table 1 Results of model verification of case 1

H bz 85 REH FEHT/s T4 R
TCTR 2 0.001 500 5 VALID
Protecton 14 0.000 874 VALID
IT 4 0.001 005 8 VALID
ReportStr 6 0.001 7559 VALID
TCTR_Pi(=1,2,3) 16 0.000 900 3 VALID
PrePi reaches NOT
ProtectionError (i=1,2,3,4) ! 0001690 2 VALID
TCTR_Pi_Protocolreaches
PartProcess TCTR_Pi IT 67 0.023 791 1 VALID
(=1,2,34)
LP_System reaches
PartProcess TCTR Pi IT 71 0.018 3243 VALID
(=1,2,3,4)
LP_System 71 0.015908 6 VALID
reachesWholeProcess
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Table 2 Results of model verification of case 2 Table 3 Results of model verification of case 3
H bR RS FEI/s [Tt S H R4 RASE | KB BRER
PreSVcaiyangl 2 0.000 8342 | NOT VALID ReportStr 6 0.002 989 1 VALID
TCTR_P1 16 0.000 743 5 VALID TCTR_PI1 16 |0.000 743 5 VALID
TCTR_P2 1 0.001 743 5 | NOT VALID TCTR P2 1 0.001 743 5| NOT VALID
TCTR P3 1 0.001 743 5 VALID TCTR_P3 1 0.001 743 5| NOT VALID
PreP1 reaches ProtectionError 5 | 0.0064316 | NOT VALID PreP1 reaches ProtectionError > 0.0064316] NOT VALID
K PreP2 reaches ProtectionError 1 0.001 690 2 VALID
PreP2 reaches ProtectionError 1 0.001 690 2 VALID
PreP3 reaches ProtectionError 1 0.001 690 2 VALID
PreP3 reaches ProtectionError 1 0.001 690 2 | NOT VALID
PreP4 reaches ProtectionError 5 0.006 431 6 | NOT VALID
PreP4 reaches ProtectionError 5 0.006 431 6 | NOT VALID

TCTR_P1_Protocolreaches
2586 |0.0183243 VALID

PartProcess_ TCTR_P1_IT

TCTR_P1_Protocolreaches
PartProcess TCTR_P1_IT

71 0.018 324 3 VALID

TCTR_P2_Protocolreaches
2586 | 03360924 | NOT VALID
PartProcess TCTR P2 IT

TCTR_P2_Protocolreaches
PartProcess TCTR_P2_IT

2586 10.3360924 | NOT VALID

TCTR P3 Protocolreaches

TCTR_P3_Protocolreaches
PartProcess TCTR_P3_IT

2586 |0.3360924 | NOT VALID

LP_System reaches
- 71 0.020 324 3 VALID

PartProcess P1

LP_System reaches
PartProcess P2

1 0.018 324 3| NOT VALID

LP_System reaches
PartProcess P3

1 0.018 324 3| NOT VALID
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