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* Device Overview (Krish)

o Site Selection Tips (Tony)

e Conversion Steps (Krish)

e Connecting to the Central Concentrator (Krish)
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Targeted Audience — owners of TESLA DFR &1
Recorders hoping to transmit PMU data to ,‘
NASPI

MB Hydro’s Tesla 3000 DFR with PMU
capability will be discussed

Calibration, bandwidth, isolation,
communication concerns, and ease of
iInstallation of the PMU upgrade will be covered

Lessons learned
Question and Answers

A
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DEVICE OVERVIEW e

~+ PHASOR TECHNOLOGY - OVERVIEW

« PMU WITH DISTURBANCE FAULT
RECORDER
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WHY PMU'S ARE REQUIRED’7
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SUMMARY

e Synchrophasors — phase angle referenced to global
time reference (UTC)

 Phasor Measurement Unit ( PMU) — device which
reports phasors mangitude and angles as per
C37.118-2005

« PMU — Emerging Technology — Wide Area
Disturbance Analysis, Protection & Control

 Challenges of testing the PMU as per C37.118
Compliance levels — micro second accuracy
technology
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SITE SELECTION TIPS ™

* Application dependent
(individual phasors,
sequence phasors,
voltage stabllity, state
estimation)

« Within station (close to
GPS, GPS located high
within southern view,
lightning arrester,
power supplies,
Internet, inside for easy
maintenance)
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CONVERSION STEPS ryere

o Converting existing TESLA 3000 DFR AS
PMU

* Replacing TESLA 2000 DFR WITH TESLA
3000 DFR

e Sources of error in reporting PMU data

e Calibration and Testing of PMU
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CONVERSION STEPS...

e Converting TESLA 3000 AS A PMU (Firmware
upgrade only)

— Select the TESLA 3000 DFR to be upgraded as a
PMU

— Get the new firmware from ERLPhase which
supports PMU — (Software Upgrade Cost is
Involved)

— Update the firmware

— Recalibrate the DFR with TESLA Control Panel
Software

— Configure the PMU channels (up to 12 phasors)
using TESLA Control Panel Software

— Select communication port (LAN, Modem) and
stream the PMU data to the PDC
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CONVERSION STEPS...

e TESLA 2000 DFR Conversion

— ldentify the TESLA 2000 which needs an upgrade
as a PMU

— Replace TESLA 2000 with TESLA 3000 DFR
(contact ERLPhase for upgrade cost etc)

— No need to change the input modules

— Recalibrate the DFR with TESLA Control Panel
Software

— Configure the PMU channels (up to 12 phasors)
using TESLA Control Panel Software

— Select communication port (LAN, Modem) and
stream the PMU data to the PDC
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OF ERRORIN REPORTING PMU DATA
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CALIBRATION ...

“ A calibration device used to verify performance
In accordance with this subclause shall be
traceable to national standards and have a “test
accuracy ratio” of at least four compared with
these test requirements (for example, provide a
TVE measurement within 0.25% where TVE is
1%). In cases where there Is no national
standard available for establishing traceability, a
detailed error analysis shall be performed to
demonstrate compliance with these
requirements.” - page 8 section 5.3 of C37.118
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CHALLENGES... rvdre

Total Vector Error (TVE) DEFINITION — AS PER C37.118



tl\Manitoba

CHALLENGES... riydro

* |RIG-B Signal variations (Tektronix Digital
Oscilloscope-THS720A)
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CHALLENGES... rlydro

 Modulated vs Unmodulated IRIG-B signal
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 Reference signal variation
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CHALLENGES... rvdre

e Sine Wave start-up comparison
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CHALLENGES... Hydro

e Off-nominal frequency (61 Hz, 36 Degrees / frame,
10 Frame/sec reporting rate)
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CHALLENGES. ... Hydro

e Harmonic distortion

— Standard requires upto 50t harmonic needs to be
tested- difficult to generate harmonics upto 50t

e Out-of-band interfering signal
— Could be additive, subtractive, multiplicative — not clear

e Communication issues
— Limited testing is done with TVA — PDC

— Need more real time field data to prove communication
reliability
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MB HYDRO FIELD TESTS

e Bench Test set
up shown

 1PPS signal
from GPS to
synchronize
Doble Test Set
software and
produce -90
degree positive
sequence angle
when A phase
IS aligned on
Zero crossing
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MB HYDRO EIELD TESTS.. "

 TVA connection Tester was
used as our PDC (phasor data
concentrator)

 Angle =-90 deg on Va positive
sequence (Here Vb =150, Vc
= 30)

 Magnitude = 23.18 kV

(multipy factor of 5.95586 gives
= 138 kV)
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MB HYDRO FIELD TESTS...

 |n service PMU
angle drift can be
seen and this 1s due
to reference to
UTC. Relative
angle has drawback
when reference is
lost (UTC reference
IS absolute)

e Dynamic test
examples would be
step frequency
change or
frequency
modulation (either
to prove acceptance
or rejection of the
frequency of
Interest)
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MB HYDRO FIELD TESTS...

 Total Vector
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MB HYDRO FIELD TESTS..."
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TYPICAL COSTS e

« The majority of the costs are installation costs as
opposed to firmware costs. These costs can be reduced
sginificantly if a direct swap is made on the Tesla TFR
for an upgraded 3000 version and existing channels are
used.

 Number of groups involved reduces to just maintance
and communication groups if a direct swap is made.
Design work is minimized.

 Cyber security costs like installation of a firewall may still
be needed and these firewall costs are usually not
significant.
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LESSONS LEARNED ™%

 GPS clock location important to see at least
5 satellites

« Calibration does not include calibration of
cts and pts and dependent on the application
the errors introduced by these devices may
be significant

 Dynamic phasor performance has not been
addressed by NASPI to date and may be a
factor in the choice of PMU used
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CONCLUSIONS e

It Is easy to convert TESLA DMEs as PMUs

PMUs can provide useful information for Wide
Area Monitoring, Protection and Control

Need to establish interoperability of PMUs
(different vendors)

Need for more customer friendly PMU calibration
and testing devices to meet C37.118 compliance
evels

PMU technology can be best utilized with active
participation and cooperation from Ultilities,
ndustries, Academic Institutions, and
organizations like NASPI, PSRC, NIST etc.




QUESTIONS ??

Contacts:

Krish Narendra , Ph. D.

R&D Engineering Manager
ERLPhase Power Technologies Ltd
74 Scurfield Blvd,

Winnipeg, MB R3Y 1G

Phone :204-477-0591 ext 230
Fax : 204-478-1697

www.erlphase.com
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Tony Weekes, M.Sc.(EE), P.Eng

HVDC System Support Engineer
System Performance Dept.
Manitoba Hydro, P.O. Box 815,
R3C 2P4

Phone: 204-487-5461
Fax: 204-487-5496

http://www.naspi.org/meetings/workgrou

p/workqgroup.stm




