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 Introduction (Krish)

« Device Overview (Krish)

« Site Selection Tips (Tony)

« Conversion Steps (Krish)

« Connecting to the Central Concentrator (Krish)

- Data Available — Field Test Results (Tony)

 MB Hydro Experience of Typical Costs (Tony)
 Lessons Learned (Tony)

« Questions and Answers (Tony & Krish)

 Who to Contact for More Information ( Krish &Tony)
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- Targeted Audience — owners of TESLA DFR
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
installation of the PMU upgrade will be covered

« Lessons learned
« Question and Answers
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SYNCHRONISE THE PMU DATA?
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FIGURE 1: SCHEMATIC VIEW OF THE DFR WITH PMU MODULE

e _\



DEVILVE OVERVIEVW tI\Mamtoba ERL (“
y ro l:rTl:l.‘.hl'lEH
SUMMARY

« 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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« Application dependent
(individual phasors,
sequence phasors,
voltage stability, 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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. Converting existing TESLA 3000 DFR AS b
PMU {

* Replacing TESLA 2000 DFR WITH TESLA
3000 DFR

« Sources of error in reporting PMU data

 Calibration and Testing of PMU

A
A
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« 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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« TESLA 2000 DFR Conversion

— Identify 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

Phasor Data
GPS source Concentrator (PDC)
— IRICG -B
Power
system .
element

i signal to be
measured)
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SISO s ) . Signal
PTs/CTs or - -(_']g - ..'\['-]t]-- —_— Converter —  Processin
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¥
Real Time Operating System .
Implement Commmunication
PC37.118 Media — Serial / Modem/
protocol »| Ethernet (LAN)

FIGURE 2: PHASOR ESTIMATION AND POSSIBLE SOURCES OF EREORS \
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“ 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 traceabillity, 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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Table 3—Influence quantities and allowable error limits for compliance levels 0-1

Influence quantity

Reference condition

Range of influence gquantity change with respect to
reference and maximum allowable TVE in percent (%)

for each compliance level

E, = phasor reporting rate,

L mominal

Level D Level 1
TVE TVE
Range (%) Range (%)
Signal frequency Foominat =0.5H=z 1 +5H= 1
Signal magnimde 100% rated 80% to 12074 1 10% to 120% 1
rated rated
Phase angle 0 radians = 7 radians 1 = 7 radians 1
Harmonic distortion =0 2% 1%, any 1 10%%, any 1
(THD) harmonic up to harmomnic up to
S0th 30th
Out-of-band interfering <0.2% of input signal 1.0% of input 1 10% of input 1
signal, at frequency § magnitude signal signal
where |f; — | =F; /2, magnitude magnitude
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 |IRIG-B Signal variations (Tektronix Digital

Oscilloscope-THS720A)

..-:-1;:1

- d¥ 4. 4F Wolt
ood3: 147 ns

N5 GPS Clock A - 1| PPS.. 1 Volt 200 ns ... |
23 Diabla's GPS|- 1 PP5: 1 Volt 200 sis

a) Doble’s 1 PPS signal with GPS Clock A 1 PPS

-_~£_-:=~ 13

P AV 66.7
e odel: 493 ns :
Y 3,33 mWVolt

mVolt

1) Doble's GPS - 1 PP$: | Volt 200 ns

12) GPS Clock B - 1 PRS: 1 Wolt 200 n=

b) Doble’s 1 PPS signal with GPS Clock B 1PPS

FIGURE 5: GPS SIGNAL COMPARISON — DOBLE's 1PP5 WITH OTHER CLOCK S A, AND B
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* Modulated vs Unmodulated IRIG-B signal

Nominal Signal Unmodulated - TVE % | Modulated - TVE %
| {69V ms A, B, Cphase | 0.01,0.01, 0011 (.86, 0.8, 0.84
D [SAms A B,C phase | 0.036,0.0410013 (.86,091, 0.83

TABLE I: COMPARISON OF TVE FOR UNMODULATED AND MODULATED IRIG-B SIGNAL

i '
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* Reference signal variation

___::-1:3
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E Wl | h e
di: 34 0us 47 102 Vol

: 1. 667 %1 102 Valt '1

: | T LG mWely: K -333uvs Y2 0Wolt Y
1) 1PPS - Manufactorer' A: R Volt 100us’ 1J1PPS - Dghle: 1 Volt 20us
iy S'ineWave Stertip- I'i[anufﬂch_tr]er A1 Velt 2 SmeWav1 Startup - Doble: 1 Wolt 20 us
a) SinWave startup with respect to 1PPS — Manufacturer A b)SineWave startup with respect to 1PPS- Doble

FIGURE 6: SINEWAVE GENERATION (POIN-ON-WAVE) WITH RESPECT TO 1PPS
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« Sine Wave start-up comparison 3
[teration Manufacturer — A - Startup w.r.t 1PPS Doble F6130 Startup w.r.t 1IPPS )
(difference in micro seconds) (difference in micro seconds) |

I 502 36

2 518 34

3 503 34

4 438 34

5 462 4.7

6 502 36

7 444 34

8 467 36

9 479 34.7

10 520 4.7

TABEL 2: SUMMARY OF SINEWAVE START UP WITH RESPECT TO 1PPS SIGNAL BETWEEN
MANUFACTURER - A AND DOBLE F6150 DEVICES

S
e
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 Off-nominal frequency (61 Hz, 36 Degrees / fram
10 Frame/sec reporting rate) |

Phasor af Frame 4, me 14 Phasor b Framse 3. Gme 13
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'
» Harmonic distortion "

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

« QOut-of-band interfering signal
— Could be additive, subtractive, multiplicative — not clear

« Communication issues
— Limited testing is done with TVA — PDC
— Need more real time field data to prove communication

reliability
s \
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Bench Test set
up shown

1 PPS 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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Normal PT or CT
supply
J- phase Lap Top
signal L™ (Connection Tester
generator _____________ Vo serial connection _,SOftWﬂf&)
(Doble Test -+~~~ - 5 PMU | LANto VPN to TVA PO
Set) =
A T f “‘
Data Collection o priasor | |11Vl display
quantities through LAN to :Jhasgr (RT“ and
' Internet POC located at TVA | {Medinaly
GPS reciever LT
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MB HYDRO FIELD TESTS...

« TVA connection Tester was

used as our PDC (phasor data  mmme=mes o)
File  Help ’
concentrator St
Top | Udp |§ena\ File Protocol
Replgy captured Mg | | [EEE 037 110 [Diaft 0) |
e Filename: IC:\temp\TVA\PMU Conne Browse... I i
¢ ng e - - eg On a pOSI Ive Device |D Code: 1 Wersion 2.2.0 24562 |
Frame Rate: | 20 frames/second Cornmand: |
sequence (Here Vb =150, Vc e |
) PML: D Cods: 1 ;I Configured frame rate: 10 framesfsecond _I'_
% | 60.0009 =
= 30) L5 = 73,% 60.0007 =
Phasor: ERy 50.0005 %
oy =} 60.0002 @
. IV: D Va 'l i 60.0000 %
« Magnitude = 23.18 kV s s ;
L] Frequency: ' | 180
Analogs: 0 S
B0Hz 3 | gg
0 O Digitals: 0 J
(1]
(multipy factor of 5.95586 gives
Power. 1334714 M/ 20
. 1 3 8 kV Vars: 80,3568 MVars -1
— | Graph | % Settings | %3] Messages | 4] Protocol Specific
;I‘ﬁ Realtime Frame Detail
Frame Type: DataFrame AR 01 00 2E 00 01 46 54 4F CF 00 01 C7 BB 00 00 5& 89 €2
. A3 54 68 66 41 5A 6C 14 71 09 OB D7 10 09 OE &5 51 09 OC
Time: 2007-05-231423357116 55 pe oo oo 00 00 17 D8
Frequency:  B0.0000 Hz
Angle:  -90.00534°
Magnitude: 231770 (40.1437) kW
Display: IHexadecwmal VI
Total frames: " 585 " Frames/sec: " 290261 "Tnla\ bytes: " 1] "Bit rate [mbps): " 0.0000 "Queued buffers: " U| A

-
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MB HYDRO FIELD TESTS...

* In service PMU L
angle drlft can be TV PMU Connection Tester | _lolx|

Eile  Help

seen and this is due e =

to refe re n Ce to Aeplay caplued k... |IEEE C37.118 [Draft §) j Disconnect |
U TC . Re | ative Lol IE\tE"“P\TVMPMU e &l Device |D Code: I 1 “arzion 2.2 024562

Frame R ate: I 30 framez/second Mo

a n g I e h aS d raWbaC k [T Autorepeat captured file playback |Disable Real-time [ata j Send |

When reference IS PML D Code: 1 ﬂ Configured frame rate: 10 framesfsecond Iﬂ
i | 60.0191 =
lost (UTC reference = |z e 2
. Phasor: i 60.0080 g_
IS absolute) B
L] Phasors: B Mominal _gn 2
O Dyn amIC teSt Analogs: 0 FrE;;ZI‘;C_I,IZ % 180
s 90
examples would be oo N .
step frequency p—
Warz 06362 Myfars -180
Ch ange Or .| Graph |f‘" Settings | i3] Messages | 4] Pratocol Specific
freq uency .j# Realtime Frame Detail
. . Frame Type:  DataFrame Al 01 00 2E 00 01 46 57 0A EB 00 OC B7 35 00 00 5B 10 50
mOdU|at|0n (elther I 2NFleziElzeaE oL i ns 5 ot S0 AR SR AT SRRt S RS Rael S
Frequency: B0.0110Hz
to prove acceptance Angle: 11718717
1 t. f th Magnitude;  791.0000 Amperes
Or reJeC Ion O e Display: IHE:-:au:Ieu:imaI j
frequency of
Total frames: | 50820 |Frames/sec: | 33,9601 | Total bytes: | 2097152 | Bit rate (mbps) | 0.0000 | Queued buffers: | 0 Y

Interest
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« Total Vector & k) A
Error was . Frequency Drift plus Current Phasor | ]
analyzed Current Phasor TVE spikes
from bench il
tests . / \

* Lessthan 1 .

% error as 5 025 Voltage Phasor TVE
Speciﬁed in S Maximum line
C37.118 S o0z — TVE (%)
IS
2 0.15

0.1

0.05

0 5000 10000 15000 20000 25000 30000 35000

samples
h
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Fage 1 of 1

LAVEREMNDRYE 3750 Switch-FastEthernet1/0/7 - Phasor Measurement Unit
Total Bytes Transferred Every S Minutes
Custom
_— —

FReceived Transmitted

45 pbyies

40 hbytes

35 Mbyies

30 Mbyites

25 Mbytes

20 Mbytes

15 Mbyies

10 Mbyies

S hbytes

L1

0 Mbytes 1 ] L I \ ]

hlmsy 2007

T T T T
23 vWed 24 Thu 25 Fri 26 Sat \ 27 Sun

Spike due to a query for data fram

Salarinds RNet Orion MPM Yweb Engine “ersion S.0.67
P Ll not from normal P L trafic

. |F'ru1U unit installed May 25 '07
Foarmal Fr L) traffic three orders of magnitude

les=s than regular traffic over LAR to Fortage
South orto Taylor {fnormally in order of
SHytes not M Byies)

S N
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MB HYDRO FIELD TESTS...

Page 1 of 1

LAVERENDRYE 3750 sSwitch-GigabitEthernet1./0/1 - Gig To Fortage South Substation
Total Bytes Transferred Every 15 inutes
Custom
=x =

Received Transmitted

E Shytes

S Shytes

4 Shytes

= Shytes

2 Shytes

O Shytes -~

27 Sun Jum 10 Sun 17 Sun
bAmy 2007
Solarvvinds=s MMet Orion FPR vYWielkh Engine “Wersion S.0.687

Hlormal traffic over LA to Portage South for the
same tirme period monitored on thhe P L)L
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« The majority of the costs are installation costs as q
opposed to firmware costs. These costs can be reduced g
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.

-
e

S
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« 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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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
levels

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

Y Sz
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Contacts:

Krish Narendra , Ph. D. Tony Weekes, M.Sc.(EE), P.Eng

R&D Engineering Manager HVDC System Support Engineer

ERLPhase Power Technologies Ltd System Performance Dept. :
74 Scurfield Blvd, Manitoba Hydro, P.O. Box 815, "
Winnipeg, MB R3Y 1G R3C 2P4

Phone :204-477-0591 ext 230 Phone: 204-487-5461

Fax : 204-478-1697 Fax:  204-487-5496

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

p/workgroup.stm
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