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Overview

AThe Impacts of DG on feeder protection and the need
for communications assisted tripping schemes

ADirect Transfer Tripping (DTT) Communication Scheme
AMirror Bits
ADirect Fiber Attributes



DG Impact on Distribution Feeders

AUnintentional islanding
Alncreased fault duty
ARelay desensitization
ANuisance tripping

A Automatic reclosing



Unintentional Islanding

AOccurs when portion of area EPS and DR become
electrically isolated from rest of area EPS and DR
continues to energize island

AShould be avoided for two major reasons

A There is potential for negative effects on voltage, frequency,
and power quality

A Islanded generator complicates both automatic reclosing
and manual switching



Increased Fault Duty

Als caused by addition of generating sources and
rotating machinery of considerable size

A Affects capability of equipment to carry and interrupt
fault currents

ARequires both local and area EPS equipment ratings
to be reevaluated



Relay Desensitization

A Available short-circuit current increases with
addition of DR

A Short-circuit current splits between substation and DR

A Substation short-circuit contribution can be significantly
reduced when compared with value before
addition of DR



Relay Desensitization
Fault Current Distribution Without DR
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Relay Desensitization
Fault Current Distribution With DR
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Operation for Fault in Adjacent Zone

Isvys + lFauLT




Automatic Reclosing

ADR should be disconnected before open
Interval expires

A By interconnection protection (81U, 810, 59, 27)
ABy DTT

AMinimum open or dead time to allow arc
deionization and to avoid restrike Is

t = KV 40.5 cycles

345



Automatic Reclosing
Close Permissives

AFeeder and bus are in synchronism
A Utility bus is hot and line is dead
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Nonconventional Power Sources
Under Fault Conditions



Challenges of Nonconventional Power Sources

ACannot be represented as voltage source behind an
Impedance

ADo not generate
A Continuous fault current

A Any fault current

ADo not generate zero- and negative-sequence currents
during nonsymmetrical faults (Type 3, Type 4, and PV)



1.2 MW Inverter Faulted Phase Quantitie
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1.2 MW Inverter Faulted Sequence Current




Type 4 Wind Turbine (Inverter)
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Conseguences of Nonconventional Power
Source Behavior During Faults

ATraditional Overcurrent Elements may not operate

AFault currents typically reaé
maximum load current at the moment the fault occurs (fault
Inception).

A 1-4 ms after fault inception, the inverter will continue to
provide fault current at approximately 120% of nominal load
current



Conseguences of Nonconventional Power

Source Behavior During Faults

ADirectional Elements no longer work as expected

AT
AT

ne inverter produces NO sequence currents.

ne microprocessor relay does not have a polarizing

guantity to accurately declare a fault direction.



Fault Behavior Summary by Source
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Anti-Islanding Protection
IEEE 1547 general requirements to be met at
point of common coupling (PCC)



DR Response to Voltage Excursions

Changed in 1547a-2014

Voltage Range (% of base voltage) Clearing Time (s) Clearing Time: Adjustable
Up To and Including (s)
V <45 0.16 0.16
45 O V < 60 1.00 11
60 O V < 88 2.00 21
110 <V <120 1.00 13
VO 120 0.16 0.16




DR Response to Frequency Excursions

Changed in 1547a-2014

Default Settings

Range of Adjustability

Functio | Frequency Range | Clearing Time | Frequency Agjlﬁgtr;%?;lijge{o

i S ) Range (Hz) and Including (s)
UF1 <57 0.16 56-60 10
UF2 <59.5 2 56-60 300
OF1 > 60.5 2 60-64 300
OF2 > 62 0.16 60-64 10




Islanding Detection
Elements and Typical DR Source Clearing

SEL-751 Element ANS|# DR Source Clearing Time
Assumes 3 cycle breaker
Under Voltage 27 0.1671 2.0 seconds *
Under Frequency 81U 0.16 seconds *
Under Frequency 31R a -B4cycles
Rate of change Setting dependent
Under Frequency 31RF a -70 cycles
Fast rate of change Frequency rate of change dependent
3 Phase \éohlti?tge Vector 28VS 8 4 cycles

* Reference IEEE 1547 7 2003™



Possible Solutions:
Fast Rate of Change 81RF Element
Vector Shift 78VS Element
Negative Sequence Overvoltage (59Q)



Fast Rate of Change of Frequency

Definitions

A Change in Frequency (FREQ-FNOM)
A Slip of the frequency

A Speed of the Change of Frequency (FREQ-FNOM)/s
A Acceleration

|l n wor ds, NNot only does t

by a certain value but it also has to change at a certain
rate. o



Fast Rate of Change of Frequency
Acceleration
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Fast Rate of Change of Frequency Cont.

DF3C Hz/s
(df/dt calculated over 3-cycle window)

DF (FREQ-FNOM) Hz

+8IRFDFP




Zero-Crossing Angle Shift
Detector Calculation

Count
Calculator

Zero-Crossing Angle Shift
Detector Calculation

OUTPUT =1
if count* 4
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Simulation [EE=.
Results
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Vector data

Three phase

vector shift
seen at
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Vector Shift 78VS
Event Report
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Advantages of the 78VS element
AFastest Method of islanding detection

ARelies total on DR source voltage monitoring

Alncludes under voltage supervision

Disadvantages of the 78VS element
ARequires 20% loading increase at islanding
ARequires system studies for secure settings
ARequires DR close circuit monitoring



Islanding Detection
Elements and Typical DR Source Clearing

SEL-751 Element ANS|# DR Source Clearing Time
Assumes 3 cycle breaker
Under Voltage 27 0.1671 2.0 seconds *
Under Frequency 81U 0.16 seconds *
Under Frequency 31R a -B4cycles
Rate of change Setting dependent
Under Frequency 31RF a -70 cycles
Fast rate of change Frequency rate of change dependent
3 Phase \éohlti?tge Vector 28VS 8 4 cycles

* Reference IEEE 1547 7 2003™



Faulted Phase and Sequence Voltages of the Inverter



