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Why Substation Relay Protection Matters

A protection system does nothing for years, then must operate correctly within afew cycles.
A relay that failsto trip, or trips when it shouldn’t, can destroy transformers, black out
customers and put crews at risk. Most major disturbances involve a protection misoperation
somewhere in the sequence.

Protection is also changing fast. Microprocessor relays, IEC 61850 networks, inverter-based
generation and NERC maintenance requirements have changed what engineers and
technicians need to know. Many staff learned on electromechanical relays and now support
systems built around settings files, event reports and communi cation networks.

This course connects protection theory with daily practice. Y ou will learn why each scheme
is applied, how to tell whether it isworking, and how to find the cause when it isn't.

Course Highlights

The course follows protection from the fault to the trip and through to analysis afterward.

e Fault analysis, symmetrical components and instrument transformer performance

e Overcurrent, differential, distance and pilot protection for substation equipment and
lines

¢ Relay testing, commissioning and NERC PRC-005 maintenance practices

e |EC 61850, event report analysis, inverter-based resources and relay cybersecurity
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L ear ning Outcomes

By the end of this course, you will be able to:

e Explain protection philosophy, zones of protection, overlap and |EEE device numbers
e Calculate basic fault currents and use symmetrical components to recognize fault types

Select and apply CTs, VTsand CCVTs, and recognize when saturation and burden
affect relay performance
Trace substation DC, trip and close circuits, and identify common failure points

¢ Coordinate fuses, reclosers and overcurrent relays using time-current curves
o Apply differential, distance, pilot and breaker failure schemesto transformers, buses

and lines

Describe generator protection, underfrequency load shedding and the protection
challenges of inverter-based resources

Plan relay tests, commissioning checks and maintenance intervals that meet NERC
PRC-005

Analyze relay event reports and describe IEC 61850 GOOSE messaging and relay
cybersecurity controls

You will leave able to read a protection scheme, judge whether it is applied correctly and
support testing, troubleshooting and upgrades with confidence.

Cour se Objectives

Build a practical understanding of how relays protect each major substation element
Close the gap between electromechanical experience and microprocessor relay practice
Strengthen testing, commissioning and maintenance practices that reduce
misoperations

Prepare participants for digital substation, inverter-based generation and compliance
requirements

Course Approach

The course is vendor-neutral and built around real protection problems. Each module ties
theory to one-line diagrams, relay logic and field examples from utility and industrial
substations.

Worked exercises cover fault calculations, CT selection, overcurrent coordination and event
report analysis. Live polls and discussion keep participants engaged and let the instructor
focus on the issues your team actually faces.

Related Training and Resour ces

To enhance your understanding of electrical infrastructure, see our related courses and
guides:



Substation Training

Electrical Substation Design Training

Substation Automation Training

Substation Maintenance Training

Substation SCADA Monitoring Training

Substation Grounding Training

This Substation Relay Protection Training course is recommended for engineers and
technicians from utilities or industries who participate in the design, installation, or
maintenance of protective relays and substation controls. Job classifications include:

System Protection Engineers

Substation Design Engineers

Relay Technicians

Substation Construction Technicians

Control System Engineers

Consulting Engineers

Testing & Commissioning Engineers

Maintenance Engineers & Technologists

Substation Operation/Maintenance Engineers & Technologists
Transmission & Distribution Engineers

e This Course Includes Our Latest Protection And Control Electrical Handbook!! (Vaue
$20)

$100 Coupon Toward Any Future Electricity Forum Event (Restrictions Apply)

1.2 Continuing Education Unit (CEU) Credits (12 Professional Development Hours)
FREE Magazine Subscription (Va ue $50.00)

Course Materias In PDF Format
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Substation Relay Protection Training — Course Outline

DAY ONE

Module 1: Protection Fundamentals and Fault Analysis

Purpose of protection: reliability, selectivity, speed, sensitivity and security
Zones of protection, overlap and backup protection

| EEE device numbers and reading protection one-lines

Fault types, fault current calculation and system grounding

Symmetrical components and sequence networks

Module 2: Instrument Transformers

CT ratios, polarity, accuracy classes and burden

CT saturation, remanence and effects on relays

CT connections for ring bus and breaker-and-a-half schemes
VTsand CCVTs:. accuracy, connections and transient response
Safe handling and shorting of CT secondary circuits

Module 3: Substation DC Systemsand Control Circuits

Station batteries, chargers and DC monitoring
Trip and close circuit logic

Breaker control schematics and auxiliary contacts
Trip coil supervision and common DC failures

Module 4: Overcurrent Protection and Coordination

e Fuses, reclosers and sectionalizers on distribution circuits
Time-overcurrent and instantaneous relays (50/51)
Directional overcurrent protection (67)

Time-current curves and coordination margins

Worked coordination exercise

Module 5: Transformer Protection

Transformer faults and protection requirements
Percentage-restrained differential protection (87T)

Inrush, overexcitation and harmonic restraint

Sudden pressure, gas accumulation and thermal protection
Transformer overcurrent and fuse protection



DAY TWO

Module 6: Bus Protection and Breaker Failure

Bus arrangements and protection options
High-impedance and low-impedance bus differential
Breaker failure protection (50BF) and retrip logic
Station upgrade examples

Module 7: Distribution and Transmission Line Protection

¢ Distribution feeder protection practices

Distance (impedance) protection and zone settings (21)

Pilot schemes: POTT, DCB and DCUB

Line current differential (87L) and traveling-wave protection
Automatic reclosing applications and terminol ogy

Module 8: Generator Protection, Load Shedding and Inverter-Based Resour ces

e Generator and stator fault protection

Loss of field, reverse power and out-of-step protection

Underfrequency load shedding (81U)

Inverter-based resources: low fault current and effects on relay elements
|EEE 1547 and |EEE 2800 ride-through requirements

Module 9: Relay Testing, Commissioning and Maintenance

Electromechanical versus microprocessor relay testing

Secondary injection, as-found and as-left testing

End-to-end and scheme functional testing

Commissioning checklists and settings verification

NERC PRC-005 maintenance intervals and misoperation reporting

Module 10: Digital Substations, Event Analysis and Cyber security

Relay communications and SCADA integration

IEC 61850: GOOSE messaging, sampled values and merging units
Event reports, oscillography and COMTRADE analysis
Misoperation case study

Relay access control and NERC CIP basics



COURSE TIMETABLE
Both days:

Start: 10:00 am. ET
Finish: 4:30 p.m. ET

Contact us Today for a FREE quotation to deliver this course at your company’ s location.

Request Quote


https://electricityforum.com/onsite-requestforquote

