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POWER SYSTEM PROTECTION AND DEVICE COORDINATION
ADMINISTRATION

GOALS OF COURSE

BEFORE WE BEGIN

COURSE OVERVIEW

PROTECTION VS. COORDINATION VS. POWER QUALITY VS. SAFETY
SYSTEM DESIGN APPROACHES IMPACTS

WHEN IS A SYSTEM “COORDINATED"?

PROTECTIVE DEVICE COORDINATION

WHY THE CONCERN ABOUT POWER SYSTEM COORDINATION?
FAULTS CANNOT BE ELIMINATED !!!

CRITERIA AND RESOURCES

FAULT TYPES

POWER SYSTEM ANALYSIS
NETWORK REDUCTION

NETWORK ANALYSIS METHODS

PER-UNIT CALCULATION METHODS

PER-UNIT FORMULAS AND STEPS

PER-UNIT IMPEDANCE CORRECTIONS
TRANSFORMER PERCENT IMPEDANCE TESTING
IMPORTANCE OF TRANSFORMER IMPEDANCE
SYMMETRICAL COMPONENTS

IMPORTANCE OF SYMMETRICAL COMPONENTS
SYMMETRICAL COMPONENT FORMULAS

L-G FAULT SEQUENCE DIAGRAMS

L-G FAULT SEQUENCE DIAGRAMS

WYE-WYE TRANSFORMERS, SYMMETRICAL
COMPONENTS, AND GROUND FAULT PROTECTION

DELTA-WYE TRANSFORMERS, SYMMETRICAL
COMPONENTS, AND GROUND FAULT PROTECTION

GROUND FAULTS

GROUND FAULT CURRENT MAGNITUDES

ARCING GROUND FAULT MAGNITUDES

ARCING GROUND FAULT PROBABILITIES

GROUND FAULT PROTECTION OF MEDIUM VOLTAGE SYSTEMS
FAULT CURRENTS NEEDED FOR STUDY

CIRCUIT BREAKER RATINGS

DISTRIBUTION FUSE INTERUPTING RATINGS

BREAKER AND FUSE TESTING AND RATINGS

BREAKER AND FUSE DERATING
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ANSI BREAKER CALCULATIONS

MCCB BREAKER DERATING EXAMPLE
COORDINATION GRAPHICAL TOOLS

RELAY TIME/CURRENT CURVE - DEFINITE TIME
RELAY TIME/CURRENT CURVE - INSTANTANEOUS
RELAY INVERSE TIME/OVERCURRENT CURVES
COORDINATION USING LOG-LOG PLOTS
GENERAL CURVE INTERPRETATION

PLOTTING VOLTAGES

DELTA-WYE TRANSFORMER CONNECTION EFFECT ON TCC PLOTTING

PLOTTING DELTA-WYE SYSTEM TIPS

DELTA-WYE SYSTEMS EFFECT ON TIME-CURRENT PLOTS
NON-CURRENT LIMITING MCCB TIME/CURRENT CURVE
DIGITAL or SOLID-STATE TRIP LOW VOLTAGE BREAKERS
STANDARD FUSE TIME/CURRENT CURVE

LOW VOLTAGE CURRENT LIMITING FUSE CURVE

FUSED CUTOUT LINK CHARACTERISTICS

MEDIUM VOLTAGE POWER FUSE CHARACTERISTICS
INVERSE TIME/OVERCURRENT PROTECTIVE RELAYS
INVERSE RELAY CURVE COMPARISONS

EXTREMELY INVERSE CURVE RELAY

CURRENT LIMITING FUSE RATIOS ACHIEVE COORDINATION
MOLDED CASE BREAKER - MINIMUM RATIOS

EFFECTS OF FAULT CURRENT MAGNITUDE ON COORDINATION
TIME DIVISION

INFINITE BUS VS. REAL WORLD - SYSTEM

INFINITE BUS VS. REAL WORLD - FAULT CURRENTS
INFINITE BUS VS. REAL WORLD - 1-MILE OUT

INFINITE BUS VS. REAL WORLD - 10 -MILES OUT
EXAMPLE COORDINATION PROBLEM

EXAMPLE PROBLEM - PROTECTION

EXAMPLE PROBLEM - COORDINATION

EXAMPLE PROBLEM - COORDINATION

EQUIPMENT DAMAGE CHARACTERISTICS

1t vs. EQUIPMENT PROTECTION

12t ASSUMPTIONS

C. L. FUSE PERFORMANCE
PEAK CURRENT LET-THROUGH CHART

CURRENT-LIMITING FUSE MISCONCEPTIONS
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SHORT CIRCUIT CURRENT RATING (SCCR)
CURRENT-LIMITING FUSE PROTECTION OF BREAKERS
CURRENT LIMITING MCCB PRINCIPLES

CURRENT LIMITING MCCB TIME/CURRENT CURVE
CURRENT LIMITING MCCB LET-THRU CURVES

MCCB COORDINATION-Example 1

MCCB COORDINATION-Example 2

SHORT TIME CURRENT
CABLE DAMAGE CHARACTERISTICS

INSULATED CABLE DAMAGE CURVES
BEYOND 10 SECONDS

CABLE PROTECTION

CABLE PROTECTION - POWER CIRCUIT BREAKERS
PARALLELED CONDUCTOR SHORT CIRCUIT PROTECTION
SUBSTATION GROUND GRID PROTECTION

NEC EQUIPMENT GROUNDING PROTECTION

EQUIPMENT GROUND PROTECTION

MEDIUM VOLTAGE SHIELD DAMAGE

SHIELD PROTECTION - SOLIDLY GROUNDED SYSTEM
SHIELD PROTECTION - RESISTIVELY GROUNDED SYSTEM
OVERHEAD CONDUCTOR PROTECTION

OVERHEAD LINE CONDUCTOR CHARACTERISTICS

MOTOR PROTECTION

MOTOR OVERLOAD RELAYS

MOTOR PROTECTION ANALYSIS

TRANSFORMER PROTECTION

TRANSFORMER THERMAL DAMAGE CURVES

COMMON TRANSFORMER PROTECTION

TRANSFORMER PROTECTION & COORDINATION -SECONDARY FAULTS
DIFFERENTIAL TRANSFORMER PROTECTION

NEMA BUSBAR DAMAGE CURVES

BUSWAY DAMAGE

GENERATOR PROTECTION

GENERATOR SHORT CIRCUIT CHARACTERISTICS VS. EXCITATION SUPPORT METHOD
GENERAL GENERATOR PROTECTION PROBLEMS
GENERATOR OVERCURRENT PROTECTION

GENERATOR RELAYING FOR FAULT CURRENTS
ENHANCED GENERATOR PROTECTION

COORDINATION TIME INTERVALS

FACTORS INFLUENCING COORDINATION TIME INTERVALS
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APPLYING COORDINATION TIME INTERVALS

INSTANTANEOUS TRIP DEVICES

INSTANTANEOUS RELAY PROTECTION ZONES

COORDINATING INSTANTANEOUS TRIP ICCB OR MCCB BREAKERS
INSTANTANEOUS TRIP vs TRANSFORMER INRUSH
TRANSFORMER INRUSH CONSIDERATIONS

CASE STUDY: TRANSFORMER INRUSH vs THERMAL-MAGNETIC MCCB TRIPPING CURRENTS
CASE STUDY: TRANSFORMER INRUSH vs MCCB INSTANTANEOUS TRIPPING CHARACTERISTICS

SERIES-RATED BREAKERS

SERIES-RATED BREAKERS VS. COORDINATION

INSTANTANEOUS TRIP RELAYS

RECLOSING RELAYS AND RECLOSERS

FEEDER RECLOSING RELAY EXAMPLE

RECLOSER AND FUSE COORDINATION

RECLOSING RELAYS WITH SECTIONALIZER

ASYMMETRICAL CURRENT IMPACTS

ASYMMETRY FACTORS AND HOW THEY AFFECT SYSTEM COORDINATION
CURRENT LIMITING FUSES AND NON-CURRENT LIMITING BREAKERS
COORDINATION USING CURRENT LIMITING FUSE LET-THROUGH CURVES
LOAD FLOW EFFECTS

COLD LOAD PICKUP

COLD LOAD PICKUP

COLD LOAD PICKUP

UTILITY SYSTEM FUSING PHILOSOPHIES

DIFFERENTIAL RELAYS

BUS DIFFERENTIAL C.T. SELECTION

600 V SYSTEM GROUND FAULT PROTECTION

3 - C.T. RESIDUAL RELAY SCHEME

4- C.T. RESIDUAL RELAY SCHEME

1 - C.T. GROUND FAULT DETECTION SCHEME

1 - C.T. GROUND FAULT DETECTION
SYSTEM NEUTRAL SCHEME

GROUND FAULT PROTECTION SENSITIVITY

EXAMPLE PROBLEM
GROUND FAULT PROTECTION

EXAMPLE PROBLEM
GROUND FAULT PROTECTION

EXAMPLE PROBLEM
GROUND FAULT PROTECTION

ZONE INTERLOCKING GROUND FAULT PROTECTION
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DELTA-WYE TRANSFORMER EFFECTS ON
3-PH & GROUND FAULT CURRENTS

3-ph FAULT CONTROL WITH TRANSFORMERS
GROUND FAULT CONTROL WITHOUT TRANSFORMERS
GROUND FAULT CONTROL WITH TRANSFORMERS
CURRENT TRANSFORMERS

CURRENT TRANSFORMER LIMITATIONS

CT BURDEN CALCULATIONS

CT SATURATION EFFECTS - DIGITAL RELAYS
ELECTROMAGNETIC TRANSFER SWITCHES
CONTACTOR TYPE TRANSFER SWITCHES

STATIC TRANSFER SWITCHES (STS)

CIRCUIT BREAKER TYPE TRANSFER SWITCHES

MOLDED CASE SWITCH RATING

WEAK SOURCE SYSTEMS

UNINTERRUPTIBLE POWER SUPPLIES (UPS)

UPS MODES OF OPERATION

UPS MODE MODELS

%2 CYCLE UPS AND STS vs. BREAKER CHARACTERISTICS
SHORT TIME UPS AND STS vs. BREAKER CHARACTERISTICS
UPS SYSTEM DESIGN

TYPICAL UPS SYSTEM DESIGN

DISTRIBUTED UPS COMPARISONS

COMMON GENERATOR EMERGENCY CIRCUIT DESIGN
COMMON GENERATOR EMERGENCY CIRCUIT DESIGN
LOAD LUMPING IMPACTS OF EMERGENCY CIRCUIT DESIGN
LOAD LUMPED EMERGENCY CIRCUIT ANALYSIS

LOAD LUMPED EMERGENCY CIRCUIT ANALYSIS
IMPROVING THE EMERGENCY SYSTEM DESIGN
EMERGENCY GENERATOR AS SOURCE

COORDINATION FACTORS TO CONSIDER DURING INITIAL SYSTEM DESIGN
NFPA 70 , NATIONAL ELECTRICAL CODE

NEC : SYSTEM COORDINATION REQUIREMENTS

NEC Article 110

ARC FLASH/ARC BLAST PROTECTION

ELECTRICAL ARC HAZARDS

ARC FLASH PROTECTION

ARC FLASH HAZARD CALCULATIONS

ARC FLASH - ENERGY IN ARC (NFPA 70E)
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FLASH PROTECTION BOUNDARY

CLEARING TIME VS. HAZARD LEVELS

ARC DURATION CONTROL

ARC FLASH VS. DEVICE SETTINGS

INSTANTANEOUS TRIP SETTINGS FOR ARC FLASH DETECTION
REDUCING ARC FLASH HAZARDS

EXCESSIVE ARC FLASH HAZARD BY DESIGN

ARC FLASH STUDY ISSUES

ARC BLAST PRESSURES

ARC BLAST EQUIPMENT RATINGS

IEEE C37.20.7 ARC BLAST TESTING

ARC RESISTANT EQUIPMENT IMPACT TO DEVICE COORDINATION
NEC ARTICLE 240 - OVERCURRENT PROTECTION

NEC Article 240

NEC Article 240

NEC Articles 430 and 450

UL 489 BREAKER TESTING

NEC ARTICLE 215 AND 230

NEC ARTICLE 215 AND 230 ARCING GROUND FAULT DAMAGE POINT ANALYSIS

NATIONAL ELECTRICAL SAFETY CODE (NESC)
NESC : SYSTEM COORDINATION REQUIREMENTS
NATIONAL ELECTRICAL SAFETY CODE (NESC)
NESC RULE 93-C

NESC RULE 93-C, 1/5™ RULE ANALYSIS

NESC - SECTION 16

NESC - SECTION 23

NESC - SECTION 33

LUMPED LOADS

BETTER DESIGN
(MINIMIZING LUMPED LOADS)

AVOIDING LOAD LUMPING IN CRITICAL SYSTEMS

COMMON COORDINATION ERRORS AND MISCONCEPTIONS
COMMON COORDINATION ERRORS AND MISCONCEPTIONS
COMMON COORDINATION ERRORS AND MISCONCEPTIONS
COMMON COORDINATION ERRORS AND MISCONCEPTIONS
SPECIFICATION WRITING

MANUFACTURER TO MANUFACTURER COMPARISONS - MCCB
MANUFACTURER TO MANUFACTURER COMPARISONS - SST
PROTECTIVE DEVICE COMMISSIONING
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DESIGNING FOR COORDINATION - NORMAL SYSTEM

DESIGNING FOR COORDINATION - NORMAL SYSTEM

DESIGNING EMERGENCY GENERATOR SYSTEMS FOR COORDINATION
DESIGNING EMERGENCY GENERATOR SYSTEMS FOR COORDINATION
DESIGNING UPS SYSTEMS FOR COORDINATION

COSTS OF SYSTEM COORDINATION

BASIC STEPS OF A COORDINATION STUDY

PLOT DEVICES AND SELECT SETTINGS OR RATINGS

HANDLING SYSTEMS THAT CANNOT BE COORDINATED

COURSE SUMMARY

SUMMARY

SOME LESSONS LEARNED

SAMPLE PROBLEMS AND LAB RESULTS SESSION

THANK YOU

REFERENCES
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