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Overview

• Protective Relaying Overview

• Three “Lessons Learned” Case Studies
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Protective Relaying Overview

• Protects Electrical Grid
• Monitors Current and Voltage
• Looks for Disturbances
• Opens Protective Devices

Unit Generator-Tx 
zone

Bus zone
Line zone

Bus zone

Transformer 
zone

Transformer 
zone

Bus zone

Genera
tor

~

XFMR Bus Line Bus XFMR Bus Mot
or

Motor 
zone



4

Protective Relaying Overview
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Protective Relaying Overview

Objectives of System Protection

• Reliability / Resiliency
• Selectivity / Coordination
• Simplicity
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Protective Relaying Overview

How Does a Protective Relay Work?
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Protective Relaying Overview

How Does a Protective Relay Work?
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Protective Relaying Overview
Current Transformer

• Reduce Current to Manageable Levels
• Expressed In Ratio. IE, 3000:5
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Protective Relaying Overview

How Does a Protective Relay Work?
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Protective Relaying Overview

How Does a Protective Relay Work?
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Protective Relaying Overview
Voltage Transformer

• Reduce Voltage to Manageable Levels
• Expressed In Ratio. IE, 7200:120
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Protective Relaying Overview



13

Protective Relaying Overview
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Protective Relaying Overview

Questions on Basic Protective 
Relaying Concept?
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Old Style - Electromechanical



16

New Style – Digital
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Electromechanical - Diagnostics
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Digital – Diagnostics



19



20

Protective Relaying Overview

Major Brands

• Schweitzer Engineering Labs (SEL)
• Beckwith Electric
• GE Multilin
• Siemens
• Square-D SEPAM
• Cooper Power Systems / Eaton
• ABB
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Protective Relaying Overview

Audience Question:

Who is using Electromechanical Relaying?
Who is using Digital Relaying?
What Brands and Why?
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Case Studies
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Case Study #1 – Differential
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Case Study #1 – Differential

Differential Protection (87)
- Kirchhoff’s Current Law (Current In = Current Out)
- Simple
- Fast
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Case Study #1 – Differential
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Case Study #1 – Differential
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Case Study #1 – Differential
Fault
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Case Study #1 – Differential
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Case Study #1 – Differential
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Case Study #1 – Differential
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Case Study #1 – Differential

Solution

Roll the CTs
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Case Study #1 – Differential
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Case Study #1 – Differential

Lesson Learned

Always Validate Differential 
CT Orientation
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Case Study #1 – Differential

Audience Question

Ever Experienced Flipped 
CTs?
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Case Study #2 – Sub Switches
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Case Study #2 – Sub Switches
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Case Study #2 – Sub Switches
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Case Study #2 – Sub Switches
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Case Study #2 – Sub Switches
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Case Study #2 – Sub Switches

Synchronization Protection (25)
- Connecting Two Independent Systems
- Phasor Comparison

- Voltage / Phasing
- Rate of Change
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Case Study #2 – Sub Switches



42

Case Study #2 – Sub Switches
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Case Study #2 – Sub Switches
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Case Study #2 – Sub Switches
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Case Study #2 – Sub Switches
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Case Study #2 – Sub Switches

Solution

Reprogram CLOSE Function
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Case Study #2 – Sub Switches
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Case Study #2 – Sub Switches

Lesson Learned

Do Not Use Continuous Contact 
Switches in Trip / Close

Dedicated Sync (25) Contact
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Case Study #2 – Sub Switches

Questions?
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Case Study #3 – National Football

Audience Question

Who Likes Football?
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Case Study #3 – National Football
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Case Study #3 – National Football
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Case Study #3 – National Football
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Case Study #3 – National Football
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Case Study #3 – National Football
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Case Study #3 – National Football

Differential Protection (87)
- Transformer in Utility Sub Tripped
- Multiple Banks / Feeds to Stadium
- All Load Transferred to 2nd Bank
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Case Study #3 – National Football
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Case Study #3 – National Football
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Case Study #3 – National Football
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Case Study #3 – National Football
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- 270A Load Per Feeder

- 270A + 270A = 540A

- 540A > 360A !!
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Case Study #3 – National Football

Time Overcurrent (51, 51N, 51G)
- Basic Overload Protection
- I^2 * T  Curve
- Simple
- Current Only
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Case Study #3 – National Football

Time Overcurrent (51, 51N, 51G)



63

Case Study #3 – National Football
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Case Study #3 – National Football

Lesson Learned

Check CT Shorting Blocks

Always QC Relay Settings
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Moral of the Story
When All Else Fails, Read the Manual!

Yes, It Is 998 Pages Thick
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Questions?
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