Islanding Detection with
Phasor Measurement Units

Jorge Cardenas, llia Voloh, George Mikhael,
Jacek Kaminski

GE Digital Energy

Texas ASM Relay Conference 2014



Definition

“An island is defined as a
condition in which a portion of
an area EPS is energized solely
by one or more local EPSs
through the associated PCCs
while that portion of the area
EPS is electrically separated
from the rest of the area EPS.”

|EEE Std 1547.2™-2008.
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- Why Island Detection®

* Islanding operation
* The utility cannot control

voltage and frequency in
the island

Possibility of damage to
customer equipment

Dangerous condition for
personnel

Reclosing into an island
may result in re-tripping
the line or damaging the
distributed resource

NDZ

eCIUipment. For AP and AQ close

to zero, island cannot

* NDZ (None-detection-zone) be detected




Passive methods

Over/under voltage and
over/under frequency:

Advantages
* Simplicity
* Low cost
Disadvantages
* Tripping time may be
long for small mismatch
* Fails when P+jQ =0




Passive methods

Vector jump:
Advantages
* Can operate faster than voltage/frequency protection
* Stable for single phase faults
* Applicable to any DG
Disadvantages
* Can be difficult to set
* Fails when P+jQ =0




Passive methods

Rate of Change of Frequency:

Advantages
* Can operate faster than voltage/frequency protection

* Applicable to any DG

Disadvantages

* May be difficult to reliably discriminate between an
islanding event and a system disturbance.

* Fails when P+jQ =0



Passive methods

Rate of Change of Power :

Advantages
* Applicable to any DGs

* Can operate faster than
voltage/frequency
protection

* Stable for single phase
faults

Disadvantages
* Fails when P+jQ =0

Hs - Sg

— 5 =5  Connected to EPS
(HG 'SG + HEPS 'SEPS)

AP, =AP, -

AP, = AP, Islanded

Where H is the inertia constant
and S is the capacity




Passive methods

Rate of Change of Voltage
& Change in PF:

Advantages

* Can operate faster than
voltage/frequency

protection Voo
* Stable for system at
disturbances 0> APF >-0.5

* Applicable to any DGs

Disadvantages
* Fails when P+jQ =0




Passive methods

Voltage Harmonic Monitoring :
Advantages
* Can operate when P+jQ =0
Disadvantages
* Load may filter the harmonic content
* Could be affected by transient phenomenon
* Only applicable for inverter-based DGs




Active methods

Impedance Switching:

Advantages
* Can operate when P+jQ =0
* Applicable to any DGs

Disadvantages
* May impact on power
quality
* Coordinated operation of

breaker and impedance
switch




. Active methods

* Measurement of the system impedance

* Impedance detection at the determined
frequency

* Freguency variation, jump

* Frequency derivatives

* Active Frequency Drift (Sandia Frequency Shift)

* ENS or MSD, two switching devices in series are

independently monitored and controlled



Communications methods

Power Line Carrier:
Advantages
* Can operate when P+jQ =0
* No impact on power quality
Disadvantages

* Requires installation of
transmitter and receiver
equipment

* May mal-operate during a
system fault




Communications methods

Signal Produced by Disconnect Switch:
Advantages
* Can operate when P+jQ =0

Disadvantages
* Requires the installation of a transmitter into the EPS.

* Expensive and could involve significant permitting and
design complications.




Summary of methods

* Most passive schemes cannot guarantee fast
operation as the power flow across the breaker
approaches zero.

* Many active schemes can quickly detect an island
even when the power flow through the breaker is
zero prior to islanding.

* Of the these schemes several are applicable only
for inverter-based DGs.

* The remaining schemes have power quality,
scalability or security issues.



Research

66 kV Breaker

Model of distribution network
contains photovoltaic, wind
and other renewable sources,
as well as several loads
spread all of the system.

Wind
Generation
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Research

RTDS PV model

Description Value
Component name IDefaultName
INSOLATION Open Circuit Voltage [V] 21.7
(Watt/m ) Short Circuit Current [A] 3.35
Voltage at Pmax [V] 17.4
TEWPERATURE Current at Pmax [A] 3.05
(Degree) Assignment of Model to Processor Card Automatic lv
\ E E E -if Manual: Begin on Processor Card 1
Photovoltaic Cell ATay -if Manual: Begin on Processor A
-if Auto: Begin on Processor Either
Solve Model on card type: GPC/PB5

Buck Converter 2-Level low loss
DCIAC converter

BRDG1

[ X VLVG

VSC INTERFACE

m
TMVA = SMVA
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SMALL MAN

TIMESTERP NETWORK
VSC SIDE SDE

Initial capacitor charging

circuit OUTPUT
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s CHARG

DCYTGRIT 001

Triangle wave data generator Triangle wave data generat
for DC/DC Converter for DCIAC converter —




Preliminary Test Results

THD Differential is monitored

Case #1

Power generated inside
the island is higher than
it's consumption

P gen >P load




Preliminary Test Results

Case #2

Power generated inside
the island is lower than it’
consumption

P gen <P load




Preliminary Test Results

Case #3

Power generated inside
the island is almost equal
to consumption

P gen =P load




. Solution

Proposed way for Island
ldentificaction - Combine most
effective passive methods with

synchrophasor technology



. Solution

-

Voltage Angle Change:

Angle variation during normal operation is in the range of
+40° approx. During Island value is higher and non affected
by AP+AQ.

e

Voltage Magnitude Change:

Magnitude shifting turned out as an effective method in high
power mismathes which can decrease detection
time substantially.

+

Voltage THD Differential.

New idea which can detect island condition immediately and
iIndependently on the power flow in point of disconnection.

= DETECTION IN MOST OPERATION CONDITIONS



Algorithms Developed

®hasors used for algorithms are the result of the mathematical
Clarke Transformation, which simplifying three-phase system
measurements into one phase system. Clark transform is given
by the following equations:

2'SA—b'SB—b*'SC
SX: 3 )

3 Inputs into algorithm
* Voltage Angles: 8,1(t), 5,7 (1))
* Voltage Magnitudes: V4 (t),V,(t)

* Per phase THDs from both sides:
THDy,, (t), THDy, (t), THDy,,,
THDy,,(t), THDy,,(t), THDy,,(t)



Implementation

First algorithm o

Angle difference [rad]

Angle difference

6PMUl VCIarke'aPMUZ VClarke Ange diference

thresholds

Magnitude difference

M PMU1 VCIcurke'M PMU2 VClarke Operate zone |

Magnitude difference
thresholds




Implementation

Second algorithm

° Angle Difference (AD) N
/
SPMU 1 VClarke = 8 PMU2 VClarke Angle difference Sp

thresholds

Rate of Change of AD

A Angle Difference
At

Third algorithm
THDp;ss(t) =
= [THDy,, (t) + THDy,, (t) + THDy,, (0)]
— [THDy,,(t) + THDy,, (t) + THDy,, (1]



Implementation
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Algorithm results

Angle Difference/Magnitude
Difference
——Angle Difference/Angle Speed

— - THD Differential

2.0
Pload/Pgen




Tests in an external laboratony

o o~ BEEB.BHYS

Implemented algorithms has
been tested in a small test grid
in the external laboratory, with

real inverter connected. °

Result =




Tests in an external laboratony
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Also sensitivity for other
conditions including fault
events has been tested

Result =




Conclusions

Paper presents a research result, including a novel THD
differential algorithm which has been presented as an
enhancement of present methods for decreasing the total Non
Detection Zone.

Developed methods have been tested with a Real Time Digital
Simulator and scaled grid model with several scenarios.

The laboratory test results were positive, which renders the
methods ready to be used in the field. The thresholds and time
delays should be set based on real system readings and in
coordination with other protection functions installed in the
system.

PMU and PDC can communicate via radios, which results in a
flexible and cost efficient installation. Present and future work
involves testing different radio techniques for the best cost
effectiveness<->performance ratio.
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