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Life-Cycle Management

Spiral Model
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Why is needed?

* Laboratory tests are not
enough

* Inappropriate installation
* Insufficient maintenance

* Improving monitoring, control
and protection performance

How it looks?

Specification

Procurement

Deployment

What it covers?

» Equipment certification before
purchase

e System commissioning

* Periodic field testing

e Continuous hidden failure
checking

» Operator awareness of system
QoS deterioration

Spiral Life-Cycle

\ Management /
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In compliance with the iz ..
|EEE standards (IEEE p éﬁ T ]i

> Signal Timing
Std C371181a) a.nd Gencrator Reference
IEEE ICAP Test Suit —’E—

aboratory
Comparison

" In accordance with the
standards 1ISO17065
and ISO17025

In collaboration
with NIST
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PMU Calibration Lab TEE P —

Progress

 PMUs (or devices with PMU
capabilities) from 3 different vendors
are tested:

e National Instrument GAS
e Arbiter
e SEL

e The developed test plan contains
both static and dynamic tests:

Voltage/Current magnitude sweeping test
Voltage/Current angle sweeping test
Steady State Tests Frequency sweeping test

Harmonic distortion test

Out-of-band interference test
Measurement bandwidth test

Dynamic State Tests | Frequency ramp test

Magnitude/Angle step test
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Performance Evaluation

Sample PMU Test Results
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Amplifiers i thesett S

/Amplifiers in the PMU Testing Results \

Procedure Loop Visualization

Low Voltage Signals
+10V

Signal Amplifiers = PMU

m (Device under Test)
Analysis Tools /

Generator

\_
4

Why Amplifiers Matter for
PMU Testing?

~

Amplifiers could change conditions under which PMUs should be tested by introducing
additional modulations, distortions, unwanted phase shifts, etc.

Our test results proves the fact that selection of different amplifiers will affect the PMU
test performance differently.

Amplifier test plan has been developed in response to recognize the general amplifier
performance for PMU testing.

o /
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Gold PMU i s

Gold PMU characteristic T
[ ( \ \

Input Event
CSampIed data ) Igentifier

|
|
|
e )
|
|
|
|

S B Time-tagged
naso ; Synchrophasor
Estimation tagging | Value

(Timing InformatioD

ROCOF Test Results

2nd Order

IEEE . Proposed
Test Type Standard Pol)_/n_om|al Method
Fitting
Steady-State 0.4(P) 4
Test 0.1(M) a4 5x10
------- Harmonic Test  0.4(P) 60 107
Frequency 0.4(P)
Ramp Test 0.2(M) 60 0.04
Modulation 0.2(P)
Test 2(M) 8 0.2
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Implementation

Gold PMU Hardware Implementation

e Acts as a PMU reference, interfaced to the field end-to-end calibrator

« Composed of CPU, Data Acquisition, Timing, Communication Modules...

——————— ! Vd ~ =
[ I \ Input Signal
4 | opPs | L . ! Controller ' Data | o :
N, A LU ' ata e
ZJ)] | AR, | ; & Acquisition
./ | Timing /0 | information! Gold PMU Algorithm | Samples| '
\ Vv | ] \ |
______ N - o . e,
IS ynchrophasor data
(T T T T T T T T \

: Communication I1/0 : E
| o

|
\ /
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Gold PMU ﬁ SMART GRID CENTER

Use Case

Use Cases — Installed in Substations

 Perform testing and calibration for in-service PMU.

e Portable so that it can be used for PMU testing and calibration.

GPS
2D
N7,
Transmission Grid #
S Y . ';‘/ 7
4 Gold PMU
*
> ] el Reference Value *
Instrument COTE‘IIJ;LI:ZQ :nd
Transformers
‘ Estimated Value

voltage and
current
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Portable Field End-to-End

Calibrator

Testing in the field environment

Periodic maintenance testing
of the PMUs

Periodic testing is desirable
due to possible degradation of the
equipment over time

Testing is conducted according to
IEEE standards

PMUs are tested in substation

/
/
/

o

* In case when bad data is detected
* Testing layer by layer of the system

Timing reference

SMART GRID CENTER
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Nested testing of the
Synchrophasor system

PMU device

Communication
link and PDC

Application layer
and Visualization
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Portable Field End-to-End 1??
L]

Calibrator — Use Case 1

Periodic Maintenance of the PMU

: PMU Measurements :
1 |
i |
i 2 x N1 9263 - 1 |
I 10V Analog Outputs Power Amplifiers . Sl

* — 3-phase Current s

6 Analog Outputs > b | Ak N

2 x Fast Speed — @ NI 9227 e
Eth. ports 5 Arms Analog Inputs S

Device Under Test

NI 9467
Synchronization
module

3-phase Current

GPS

Antenna 3-phase Voltage

NI 9225
NI 9402 300 Vrms
Bidirectional Digital /O Analog Inputs
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Portable Field End-to-End
Calibrator — Use Case 2
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Nested Testing

Apps
| SeE I
1 1 |
| i —
Gold PMU | i R S R S -““"m".
Measurements | | | PMU Under Test : _-— =TT
| | | Measurements i *
| | i
: : : S I | Substation PDC
v 10 V Analog Outputs i I
. l-------J
|
2 x Fast Speed NI 9227 |
Eth. ports o Arms I
Analog Inputs I
_ |
3-phase Current =
da LEBE
NI 9467 =

Synchronization module
GPS s B

3-phase Voltage
Antenna 0 =

212

NI 9225 Device Under Test
NI 9402 300 Vrms Current and Voltage
Bidirectional Digital I/O Analog Inputs Transformers
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Application Testing TEEE | SMARTGhD CENTER

Application
Testing

Nested testing

Input signals are unknown
ahead of time

Test procedure specified by

standards Testing entire system

performance

Input signals are known . :
In-service testing

Testing individual device
performance
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Application Testing
Use Cases

Abnormal
Condition

Fault
Locator

Life-Cycle
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Normal
Condition

State
Estimator

Management

Contingency

Testing Testing

[ Field End-to-end )
| Calibrator |

A 4

A

| Substation1

Application

Super Synchrophasor
PDC Historian

A4
Detecting
Bad Data

Sensitivity
Testing

Communication Link «——

Nested Testing

Conventional
State
Estimator

)
I
|
|
|
|
|

State Estimator
Performance
Evaluator

|

|| Fault Locator
Il Performance
: Evaluator
|

|

Conventional
Fault Locator

Field
RTU/SCADA
Test Data
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Application Testing
Implementation

Fault Location | propagation
Method Delay
Database

ANN Module: Iﬂ
ToA Detector

Shortest

Path

Database

Fault T e: Faulty Line Binal
yp! I > y L > ry

Synchro-
phasor
Database

Detection

Search

[ |
PDC Computer

Substation B
Router/Firewall Substation C
Communication Link

Substation A

Substation PC

Digital Relay

_—
GPS Clock

- = =- LAN Connection
= = GPS Clock Connection

Hard-Wired Connection

Gold PMU

o H
E«E»I =

Real Time Simulator
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G: Generators
C: Synchronous Compensators
¥* PMU

Phase angle (deg.)
8 5

'
N
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PMU-Based Bad Data Detection In Enhanced State
Estimation

List of bad data added to the t%

data set
Actual Bad Data

Engineering judgment of bad 7 Information

data in the practical data set

PMU Raw ] Bad Data Detector 1 Detection
Data 11 Results l
i PDC [ !
Bad Data Detector 2 Detection

2] Results

Bad Data Detector 3 | Detection

N [3] Results | —*| Evaluation Results
[ Performance (Computation
[ Evaluation Module Speed, False
\ | Bad Data Detector 4 for PMU B?d Data Positive/Negative
PMU Data 4] . Detections Rates, etc.)
Detection % of Each Detector
] Results T
Raw : Proposed Detection I
Data Bad Data Detector Results
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Conclusion TEEE | SwAmcho center

d Testing and Certification Equipment and Protocols
A Certification Lab for Device and End-to-end Testing

dInitial Gold PMU Algorithm to Be Used as

Synchrophasor Reference.
4 Field Calibrator using Gold PMU Algorithm

A Application End-to-end Nested Testing & Bad Data

Detection
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Thanks

Any Question?
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