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Intro to IEC-61850

 Conventional vs 61850 Installation
o Reduction of copper connections
o Improved visibility of asset monitoring
o Simplifies the addition of new devices

 IEC-61850 Standard Protocols
o MMS
o Sampled Values
o GOOSE

Merging UnitSubscribing Relay



Conventional Protection Applications



Conventional Protection System

 Over 2 decades of digitizing measured analog signals for 

line protection

 Practically this is comparable to Sampled Values 

functionality

 Over 2 decades of TX/RX input and output status’ over a communication channel

 SEL-2505 replaces 32 wires with two fiber optical fibers

 Practically this is comparable to GOOSE functionality



Digital Secondary Applications



Copper vs. Fiber Cables

 340 #10 copper wires 

 4 – 12 strand fiber bundles

 Opportunity to reduce copper and trench size  

 Minimize terminations in the control house



Implementation 
Pathways

GOOSE Only

Full 61850 (GOOSE + SV)



 Install (1) cabinet with (2) I/O devices + test 

switches (per breaker) in the substation yard

 Maintain conventional CT/PT copper 

connections

 Maintain conventional relay part numbers for 

IEDs in the control house 

 Simplifies the addition of new devices

 Potential savings in material and labor

IEC-61850 GOOSE Solution

Substation Yard



IEC-61850 GOOSE Solution



Full IEC-61850 Solution



Centralized Protection and Control Solution



 Install (1) cabinet with (2) merging units + test switches (per breaker) in the 

substation yard

 Both analogs (CT/VT) and digital signals are transmitted over a fiber network 

and received by the subscribing relay

IEC-61850 GOOSE + SV Solution
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Merging Unit Cabinet



SV Publisher Vs. SV Subscriber

SV Publisher (Merging Unit)

SV Subscriber (Relay)



Full vs Partial Implementation

 Full IEC-61850 Implementation (SV + GOOSE):
o Utilization of Sampled Values via Merging Unit 

connections

 Partial IEC-61850 Implementation:
o Reduction of hardwired contacts between IEDs
o CT and PT connections to the relays remain as hardwired 

connections
o Leverage partial benefits of digital secondary substation

Subscribing Relay

Merging Unit

Analog & 



Utility Implementation Examples



Topography 

Full 61850 Solution
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 Moved breaker failure and reclosing to line relays

 Allowed for each relay to be programmed similarly for improved 

standardization

 4-Breaker ring bus design reduced 8 panels down to 2 panels

 Removed control switches and lockout relays 

Design Benefits

Full 61850 Solution
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Conventional vs. IEC-61850-based Panel
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Configuring IEC-61850 GOOSE & SV



Conventional Overcurrent Application

TR := 51S1T OR 51S2T OR …

OUT101 := T3P1



Overcurrent Application using IEC-61850

TR := 51S1T OR 51S2T OR …

OUT101 := VB001 #T3P1



Relay Configuration



Merging Unit Configuration
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System Architecture - GOOSE Transmission 
Strategy



Application Example - GOOSE



Real World Problem

 Distribution System
o Growing number of “double/triple-circuit poles" 

applications
o Introduces complexity in addressing protection 

schemes

 Multi-circuit Faults
o Frequency of occurrences increased due to multi-

circuit framing
o Resulting in miscoordination when using conventional 

practices
o Greatly increases outages and complexity of 

identifying the issue



Conventional Hardwired Solution

Per Feeder Relay Connections



Project Scope
 Maintain existing hardware and hardwired connections

 Implement the cross-interlock scheme using communications 

 Implement a reclosing staggering scheme



Designed IEC-61850 Solution

► Cross-logic Scheme

► Fault Current Comparison System

► Staggered Reclosing



Fault Current Comparison System

#MAXIMUM PHASE CURRENT
PSV15 := LIAFIM >= LIBFIM AND LIAFIM > LICFIM
PSV16 := LIBFIM >= LICFIM AND LIBFIM > LIAFIM
PSV17 := LICFIM >= LIAFIM AND LICFIM > LIBFIM

PMV01 := CTRW * (PSV15 * LIAFIM + PSV16 * LIBFIM + PSV17 * LICFIM + (NOT PSV15) * 
(NOT PSV16) * (NOT PSV17) * LIAFIM) # MAXIMUM PHASE CURRENT, AMPS PRIMARY

RAO01 := PMV01
This value is then received at each adjacent feeder relay as RA00n (n = 1, 2, 3, 4).



Staggered Reclosing

Max Phase Current 
– Feeder 5

Max Phase Current – Feeder 1

Feeder 1 Cross Interlock Signal

Comparator Delay
Reclosing Shot Counter

Feeder Cross Interlock Signal



Configured IED Description (CID)

Transmit

Receive



Lab Testing and Verification

 Fault Current Injection

 Event Reports

 SEL Synchrowave Analysis



Fault Current Injection Testing
SEL-4000 Relay Test System

Doble Protection Suite



Event Analysis

Stall Reclosing

Cross-interlockCross-interlock

Feeder 1 Feeder 2



QUESTIONS?


