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IEC 61850 –Based Digital Secondary System 
(DSS)
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Busbar Differential (87B)-DSS Enhancement
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Why We Need HIL Simulator for Busbar 
Protection Laboratory Testing?

• Power system components modeling

• Realistic simulation of faults and switchgear controls

• Dynamic zone configuration testing for busbar differential 
protection

• Closed loop feedback for GOOSE message performance test
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Busbar Protection- Percentage Differential 
Protection

 Operating current :                             
𝐼𝐼𝑂𝑂𝑂𝑂 = ̅𝐼𝐼1 + ̅𝐼𝐼2 + ⋯+ ̅𝐼𝐼𝑛𝑛

 Restrain current :                              
𝐼𝐼𝑅𝑅𝑅𝑅𝑆𝑆 = 𝐼𝐼1 + 𝐼𝐼2 + ⋯+ 𝐼𝐼𝑛𝑛

 Relay 87B element operates:        
𝐼𝐼OP >  𝑆𝑆𝑆𝑆𝑆𝑆 . 𝐼𝐼𝑅𝑅𝑅𝑅𝑅𝑅  AND   𝐼𝐼OP > 𝐼𝐼𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃_𝑈𝑈𝑈𝑈 
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Busbar Protection Zone – Busbar Arrangement

• Bus types for fixed zone of protection

1. Single bus

2. Breaker and a half

3. Double bus, double breaker

• Bus types for dynamic zone of protection

1. Double bus, single breaker

2. Double bus, single breaker with transfer bus
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Dynamic Configuration: Double Bus-Single 
Breaker with Transfer Bus

 Z1 (89A)- I01-I12, I14 and I16

 Z2 (89B)- I01-I12, I13 and I15

 Z3 (89A)- I19-I21, I18 and I16

 Z4 (89B)- I19-I21, I17 and I15

 Z5(89T)- I01-I12 and I19-I21

 Z1- Z2 to Z1 (89A&89B)- I01-I12, 
I13, I14,I15 and I16

 Z2- Disabled

 Z3- Z4 to Z3 (89A & 89B)- I19-
I21, I17,I18, I15 and I16

 Z4- Disabled
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System Architecture-Process Bus with PRP
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System Architecture-Station Bus with PRP
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System Architecture– OT Software-Defined 
Networking (OT SDN)
• Station and Process buses use SDN switches (SEL-2741) 

• Centralized configuration and monitoring

• Multilayered traffic control (OSI layer 1 through 4) 

• Enhanced cybersecurity

• Enhanced performance:

 Complete traffic isolation

 Traffic throttling per GOOSE and SV stream
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GOOSE Performance- Round Trip Time
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RTDS Configuration: Power System Modeling 
and Interfaces to the Merging Units
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 Low Level Interface for Analog signals.

 Hardwired connections for breaker monitoring and control

 GOOSE for disconnector positions
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RTDS Configuration: Faults, Switchgear and Zone 
Controls

• Circuit breaker and disconnector controls

• Control logic for the five zones selection

• Fault control:

1. Selection of fault location

2. Ten different types of faults

3. Configurable fault resistance

4. Point on wave fault simulation

5. Evolving fault simulation
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RTDS and SEL DSS: Lab Setup
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Commissioning: Process Bus Monitoring with 
RTAC HMI
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Commissioning: RSCAD Run Time View
Zone 
selection

Fault control

Digital and analog graphs to export COMTRADE
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Commissioning: Dynamic Zone Configuration
ZONE-1/3 ZONE-2/4

ZONE-1/ZONE-5 ZONE-1& 2 Merged
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59.914 ms

Fault Simulation 3ΦG on Bus-A1: Relay Results
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Fault Simulation 3ΦG on Bus-A1:RSCAD & Relay 
Results

• Total fault clearing 
time includes:

• Trip time

• Communication 
Round trip time

• Input/output 
processing time on 
relay and RTDS

• Delay time modeled 
in breaker control

A
A
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Fault Simulation 3ΦG on Bus-A1: GOOSE 
Performance
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Conclusions
• Concept of IEC 61850-based digital secondary system

• Reviewed concept of GOOSE performance testing

• Dynamic zone configuration for double bus-single breaker with 
transfer bus

• System configuration and laboratory test setup

• Commissioning procedure and fault simulation results were 
presented
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Thank you
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