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° synchrophasor(is MAIZEK->TEREBEINSD Synchrophasors Provide a “Snapshot”
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* Phasor Data Concentrator (PDC) o
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NASPI: North America Synchro Phasor Initiative

* https://www.naspi.org/

* http://openpdc.codeplex.com/ . L@
The Open Source Phasor Data Concentrator P s s st U &

DFR - Digital Feull Recorder
RTU - Remote Terminal Linit

Kirihara, Kenta, et al. "Investigating synchrophasor data quality issues." Power and Energy
; OPAL-RT Conference at lllinois (PECI), 2014. |EEE, 2014. 5
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Phasor Measurement Units and Synchrophasor

Data Flows in the North American Power Grid
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¥t Transmission Owner Data Concentrator
* Regional Data Concentrator
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/ data between reliability coordinators
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where:

yRell 18 the positive-sequence voltage angle of

Acceleration
LAz Relay 1 at the & processing interval A

Rely2 15 the positive-sequence voltage angle of Unetable Region
LAz Relay 2 at the & processing interval
S, I8 the slip frequency at the & processing
interval 0 Sl'p-“
® ¥ L] I
A, 1 the acceleration at the & processing Stable \ Frequency
tk . ) Region
interval I
MRATE 1s the synchrophasor message rate Region \
0
!___ Egﬁ\:’l&: 5515- Schweitzer, Edmund O., et al. "Advanced real-time synchrophasor applications." proceedings of the
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* 1BIE * [UET—H

e TCP or UDP * Voltage
* Port number * Current
* Peer IP address e Sequence

o FFfRIRIEA o URTLINTGA—A
 1PPS * Nominal frequency
* IRIG-B * Performance class
 |[EEE 1588 * Reporting rate
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E7IP7RL X

7R—FNo

INDFAF—IRAITT5R
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OPAL-RT peer IPaddress:
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BIE7TE

* pMUApplicationCon... =

PMU Application

4 Reportings

Reporting #1: Reporting #1 Communication Parameters

2 | Search:

4 C37.118
b Reporting #2
GOOSE Publisher
¢ Inputs
F System

E Link
Communication Method
Peer IP Address
Peer UDP Port
E Misc
Configuration Change Count
Debug Level
Enabled
Performance Class

TCP - Only Method
255.255.255.255
4713

0
MNONE

¥l
Class M

Station Name {STN)
Stream ID number (IDCODE)

Version
E Spontaneous Data Transmission

Spontaneous Configuration and Header frame rate (s)

Reporting 1
1
Version 2 (IEEE Std C37.118-2.2011)

10

Reporting Data Rate for this reporting instance.

RTEEREZEL-EHEIFO—5—DIPPRL R,
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Vizimax PMU #5

PMUApplicationConfi...

x

v U omimi v T

ViFimias issionines Too
¥ i e e T e T e

PMU Application

Data: Reporting Data Parameters

4 Reportings
4 C37.118
4 Reporting £1

» Reporting 2
GOOSE Publisher
b Inputs
b System

41 search:

| Clear |

B Digital
Inputs Enabled

- oam

Static Relay Enabled
E Frequency

E Phasors
Current Neutral Enabled
Current Phase A Enabled
Current Phase B Enabled
Current Phase C Enabled
Data Format

Phasors Format

Positive Sequence Enabled
Voltage Neutral Enabled
Voltage Phase & Enabled
Voltage Phase B Enabled
Voltage Phase C Enabled

Data Format Floating Point

Floating Point

Rectangular Coordinate

HEEEHE
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| B34
PTP — 1588
RIG-B

OPAL-RT
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PMUSystem Config.vx._..

PMU System Config PTP-1588: PTP-1588 clock configuration.
Identification &l Search: | Clear |
4 Links L
Ethernet 1 Debug Level MONE -
Ethernet 2 Enabled
Ethernet Service Priority 1 2>
Priority 2 255
Redundant 1 PTP Clock Class Slave-only (255) -
- e PTP Domain Mumber 0
Web Service PTP profile Default P2P profile -
4 System Time Servo locking target inaccuracy (ns) 200
4 Clocks Sync Message Mode 1 Step -
Worst Network Path Inaccuracy (ns) 0
F NTP Client
IRIG-B
¥ Local Clock
Internal GPS

17
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T8 Master cont

—

° OPAL and IO

OPAL-1.0 Object an 18037 18037 FDC1 PFDC1/Error none
C37118::Master::Configuration { anh 183038 18038 EFDC1 FDC1/Fracsec none
autoRunbfcg=l AD 18039 18039 PDC1 PDC1/Fregq none
listeningTimeoutM==30000 D 18040 18040 PDC1 PDC1/I-PHASOR.angle none
speclalhction= AD 18041 18041 FDC1 PDC1/I-PHASOR. factor none
copyoniirite=o AD 18042 18042 BOC1 POC1/ I-PHASOR . magnitude none
ig;:id_ﬂ aD 18043 18043 PDC1 PDC1/ROCOF none
versioned=0 aD 18044 18044 PDC1 PDC1/50C none
pmuConnectionList { AD 12045 12045 FDC1 PDC1/5tat.configChange none
item { 4D 12048 12048 EDC1 FDCl/5tat.dataError none
21ias=PDC1 aD 18047 18047 PDC1 PDC1/Stat.dataModified none
id=1 AD 18048 18048 FDC1 PDC1/5tat.dataSorting none
ip=192.168.3.185 AD 18049 18049 PDC1 PDC1/5tat.inSync none
localConfigPath=/export/local/ssr/hyconfig/ A 13050 13050 FDC1 PDC1/5tat.timeQuality none
locallUdpPort=0 AD 18051 18051 FDC1 FDC1l/5tat.triggerReason none
port=T200 an 183052 18052 PDC1 FOC1/5cat.unlockedTime none
protocol=TCP aD 18053 18053 PDC1 PDC1/Status none
} aD 18054 18054 PDC1 PDC1/Timebase none
¥ aD 18055 18055 PDC1 PDC1/V-PHASCR.angle none
history= Al 18056 18056 FDC1 PDC1/V-PHRASCR. factor none
. parent= aD 18057 18057 EDC1 FDC1/V-PHASOR.magnitude none
RS 19
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Tcp

Host IP

Port number

Device |ID

Settings - ForcelPv4 - True

€9 PMU Connection Tester PRI I Y i ———- (= | O |
File Help
(=] 4 Connection Parameters
Tep l Udp | Serial | File Defauk System IP Stack: IPvE | Protocol |
||EEE C37.118.2-2011 Disconnect
HostIP: [192.168. 3. 71 Establish Tcp Server Device DCode: | 1) Version 4 55
Port | 7200 ) Configure Alternate
Command: Command Channel
Network Interface Disable Reattime Data  +| | Send Not Defined

PMU:  |ID Code: 1

| OpalRT-PMUT -
Phasor:
|V V-PHASOR v
Phasors: 2 Nominal
Freguency:

Analogs: 2

o 60 Hz
Digitals: 2

Power: 0.0000 Mw
Vars: 0.0000 MVars

(=) @* Real-time Frame Detail
Frame Type: DataFrame

Time: 1970-01-01 00:00:26.050

Frequency: 60.0610 Hz

Angle: 177.748696783435°
Magnitude: 0.0000 (0.0000) kV

8l piJ uoneInbyuos) | o [

Configured frame rate: 20 frames/second

60.1672
60.0756
59.9841
59.8925
59.8010

180
90
0

-90

-180

(—v-PHASOR
— I-PHASOR

] Graph | Settings |{%3] Messages | 4] Protocol Specific

AA 01 00 2A 00 01 0D OO0 00 1A OF 00 C3 50
3E E8 03 59 3F 68 03 59 00 00 0O

Display: | Hexadecimal

]

00 BF 5B

00 00 00 04 79 2F 00 03 63 5F 00 3D 00 0O

OPAL-RT

TECHNDOLOGIES

Total frames: 0 Frames/sec: 0.0000 Total bvtes: 0 Bit rate (mbos):

0.0000 Queued buffers: 0
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IEEE STANDARDS ASSOCIATION m

« RIZDEH
DMUO)/ IIIE*EE‘;\ EE%%H%FEﬁ\ §E|Z1 s > éi% IEEE Standard for Synchrophasor

Measurements for Power Systems

+ |EEE Std. C37.242
* |[EEE Sta C37.118.1a™-2014
— = uide for Synchronization,
° E E E |_ H /I\] J-*Ej_Z I\1j: *§ I('faEl:Eb?at;on, Tesstiyng, andlln:ltallation of
Phasor Measurement Units (PMUs) for
Power System Protection and Control

IEEE STANDARDS ASSOCIATION $IEEE

IEEE Standard for Synchrophasor
Measurements for Power Systems

Amendment 1: Modification of Selected
Performance Requirements

IEEE Synchrophasor

Measurement Test Suite
Specification

M OPAL-RT
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> P-class: {REEMLRE
> AR RITERNHF
> M-class: ;B 7E #gE
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* FREXL—Fb

LAY 1RE

3.

=1

I %ELS

Svstemn frequency

3 H

ol Hz

Reporting rates (F.—frames per second)

A

)

1]

1)

N

M OPAL-RT
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Siee

IEEE Standard for Synchrophasor
Measurements for Power Systems

IEEE STANDARDS ASSOCIATION $IEEE

IEEE Guide for Synchronization,
Calibration, Testing, and Installation of
Phasor Measurement Units (PMUs) for
Power System Protection and Control

IEEE STANDARDS ASSOCIATION $IEEE

IEEE Standard for Synchrophasor
Measurements for Power Systems

Amendment 1: Modification of Selected
Performance Requirements

IEEE Synchrophasor

Measurement Test Suite
Specification
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» Response Time
» Delay Time

» Overshoot and undershoot

» Latency

OPAL-RT

TECHNDOLOGIES

overshoot

step input

delay time

S50% of final value

amplitude response

step input

ati =0 —

Total Vector Error

,‘Id— responsea time

—a—n—b—.—.—b—o’f

-0.2 -0

I
0.1 0.2

time

0.8




Influence quantity P Class Criteria M Class Criteria

Signal Frequency Range

Signal Magnitude (V/I)

Harmonic Distortion

Out-of-Band Interference

Meas. BW
Phase & Amp. Modulation

Frequency Ramp

Phase Step Change
Magnitude Step Change

Reporting latency

OPAL-RT

TECHNDOLOGIES

Signal frequency
+2Hz for P class
+5Hz for M class

Voltage magnitude
80% to 120% for P class
10% to 120% for M class
Current magnitude 10% to 200%

2"d to 50t harmonic
1% for P class

10% for M class

10Hz - fO-Fs/2 and fO+Fs/2 — 120Hz
10% for M class only

0.1Hz — min (Fs/10, 2) for P class
0.1Hz — min (Fs/5, 5) for M class

+2Hz for P class
+5Hz for M class

+10°
+10% of nominal magnitude

1000 consecutive reports

TVE <1%
FE <0.005Hz
RFE <0.4Hz/s

TVE <1%
FE<0.005Hz
RFE<0.4Hz/s

TVE <1%
FE<0.005Hz
RFE<0.4Hz/s

No requirement

TVE <3%
FE<0.003*Max Mod Freq
RFE<0.18*pi*Max Mod Freq”2

TVE <1%
FE<0.01Hz, RFE<0.4Hz/s

Delay time 1/(4*Fs)

TVE response time 2/f0
Overshoot, undershoot 5% of step
FE response time 4.5/f0
RFE response time 6/f0

2/Fs

TVE / FE / RFE
<1% / <0.005Hz / <0.1Hz/s

TVE <1%
FE<0.005Hz
RFE<0.1Hz/s

TVE <1%
FE<0.025Hz

TVE <1.3%
FE<0.01Hz

TVE <3%
FE<0.003*Max Mod Freq
RFE<0.18*pi*Max Mod Freq”2

TVE <1%
FE<0.01Hz, RFE<0.2Hz/s

Delay time 1/(4*Fs)

TVE response time 7/Fs
Overshoot, undershoot 10% of step
FE response time max(14/f0, 14/Fs)

RFE response time max(14/f0, 14/Fs)

7/Fs
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0-150 V AC V & | Amplifier
0-50 A Ac » ;‘;5511'.';'.','.2'.'.'.‘:::::::::‘.'-'.'-'-'-'.'.‘.'.‘.‘.‘.‘.':!I::Z‘.‘.‘.‘.‘.‘::.I.
\ (@)
E "\' -’ E .................................. ,,- ......................... .E OPAL-RT Simu|ator
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OPAL-RT
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Client: OPAL-RT Technologies
Proj #: RD_0DOD_00O0
Title: FMU Compliance Testing according to 1EEE C37.118.1-2011

Steady State Tests

By: OPALOL
Approved: OPALDZ

Date: September 22, 2015

Magnitude Variation Test

=T - - RN I - R R I K

ELhrheElbEEeRES L RE R RES

MNominal MNominal Test
Voltage current voltage Test current TVE FE
W A %o E E Hz
69.28 5 100 10 02405 | 0.00023
69.28 5 100 20 02328 | 0.00024
69.28 5 100 30 02366 | 0.00024
69.28 5 100 a0 02327 | 0.00029
69.28 5 100 S0 05088 | 0.00022
69.28 5 100 &0 0.5092 | 0.00021
69.28 5 100 70 0.3094 | 0.00023
69.28 5 100 80 03115 | 0.00022
69.28 5 100 o 0.5089 | 0.00028
69.28 5 100 100 0.3102 0.0003
69.28 5 100 110 03101 | 0.00026
69.28 5 100 120 05115 | 0.00031
69.28 5 100 130 0.509 0.00022
69.28 5 100 140 0.3091 | 0.00034
69.28 5 100 150 0.5082 | 0.00023
69.28 5 100 160 0.5087 | 0.00026
69.28 5 100 170 0.3083 | 0.00028
69.28 5 100 180 03101 | 0.00027
69.28 5 100 190 0.5032 | 0.00023
69.28 5 100 200 0.3018 | 0.00021
69.28 5 10 100 03251 | 0.00197
69.28 5 20 100 05141 | 0.00107
69.28 5 30 100 0.5149 | 0.00083
69.28 5 a0 100 03102 | 0.00044
69.28 5 50 100 05084 | 0.00041
69.28 5 60 100 0.5074 | 0.00032
69.28 5 70 100 0.3079 | 0.00025
69.28 5 B0 100 03092 | 0.00027

RFE

Hzfs
0.01031
0.01126
0.01391
0.01505
0.01539
0.01308
0.01318
0.01265
0.01286
0.01039
001121
0.01372
0.01029
0.01141

0.0137
0.01108
0.01778
0.01618
0.01438
0.01079
0.09719
0.06121
0.04556

0.0273
0.02064
0.01B97
0.015535

0.0149%

PASS/FAIL

FASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

PASS

Total Vector Error (%)

Total Vector Error (%)

Current Maginitude Variation Test—TVE
0.35

T EEEEREEEEEEEERR
0.3 * »

n.25
*ar g,
02
0.15
01
0.05
o
0 50 100 150 200 250
Current (%)
Voltage Maginitude Variation Test--TVE
0.326
.
0.324
0.322
0.32
0.318
0.316
.
0.314 .
0.312
.31 n
- A T T

0.308 .« *
0.306

o 20 a0 50 80 100 120 140

Vaoltage (%)
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VizimaxPMUO) S5

e

IEEE Conformity Assessment Program (ICAP)

Standard

IEEE C37.118.1a™-2014

Test Suite Specification

1IEEE Synchrophasor Measurement Test Suite Specification, Version 2 - 2015

Company Logo

Applicant Name

Product Name

Model Number

Firmware Version

Schweitzer

SEL-2241-R134-

SEL EHGINECRING Engineering Axion SEL-2240 V1-Z001001-
Laboratories, Inc. 021050417
. EMDS5
SIEMENS Siemens AG SIPROTEC-5 PMU (S0HZ Nominal Frequency) VO7.xx
-:"'U—- Vizi PMU 010000 RMEN35000 21997-1 v1.1.4.2
- IZIMmax -1 vwl.l.4.
WVIZIMaX
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OPAL vs Certification Test Results (P60)

m OPAL m Calibration Lab

0.08

0.004167s 0.033s 0.075s
0.07

0.06

0.05
0.04
0.03
0.02
0.01

0

Delav time TVE Response FE Response RFE Response
Time Time Time

Phase Step Test (10 degree)

Time (s)

-0.01

M OPAL-RT
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Overshoot

Overshoot (%)

0.08
0.07
0.06
0.05
0.04
0.03

Time (s)

0.02
0.01

-0.01

ZTYTEET RN

OPAL vs Certification Test Results (M10)

0.025s

Delav time

m OPAL m Calibration Lab

0.7s

TVE Response FE Response RFE Response
Time Time Time

Phase Step Test (10 degree)

Overshoot

16
14

=
o
Overshoot (%)

o N B2 o0 0
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At

%
0.15
0.1
0.05
0

Phase

Modulation Modulation Modulation Modulation Modulation Modulation

TVE

OPAL vs Certification Test Results (P60)

B OPAL M Calibration Lab

0.06Hz 2.3Hz/s 3% 0.06Hz 2.3Hz/s

Phase Phase Amplitude Amplitude Amplitude

FE RFE TVE FE RFE
PMU Dynamic Modulation Test

M OPAL-RT
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0.0045
0.004
0.0035
0.003
0.0025
0.002
0.0015
0.001
0.0005

FE (Hz2)

TVE (%) / RFE {Hz/s)

1.8

1.4
1.2

[N

0.8
0.6
0.4
0.2

o

%

Phase

Modulation Modulation Modulation Modulation Modulation Modulation

TVE

OPAL vs Certification Test Results (M10)

B OPAL M Calibration lab

0.12Hz 2.3Hz/s 3% 0.12Hz
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4t [ PMUL ] Description of pmu - CAUsers\Shijiali\Documents\work!_Projects\CPRI\_Delivery\DELIVERABL... | = | Bl [me¥3es| |

mr
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¥ PMU

 |[EEE C37.118.1 -2011 ¢

Xa(t) | single phase

phasor section

PMU1 s T

, Phasars

Z//g,I Three Phase
o o

Paositive Sequence ki
Xabc Xb{t) | single phase Phasor (PSP) |+ Prase Angie [T-0" O+ Freq
phasor section Calculation %
i =
PMU i *
o . . =
A Kl o Poction Paranve o o~ o+» ROCOF

This Phasor Measurement Unit (PMU) block is based on the Discrete Fourier Transform (DFT) algorithm. !
The input is a bundle including the instantaneous three-phase voltages or currents. The PMU outputs three
phase phasors, positive sequence phasor, frequency and rate of change of frequency (ROCOF). The
phasors can be configured to be output as magnitude-angle or real-imaginary parts.

1. [EEE Standard for Synchrophasor Measurements for Power Systems,” in [EEE Std C37.118.1-2011 (Rewvision of
IEEE 5td C37.118-2003), vol., no., pp.1-61, Dec. 23 2011

FO |E| Hz
PMU class M- |
Reporting rate [S/cycle] \I|
Output format | Mag-fng  + |

| OK | | Apply | | Revert | Cancel |
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Out-of-Step Protection with PMU

HYPERSIM 6 Real-Time Power System Simulator

A single-line-to-ground fault (Fault 1) is applied close to BRZ at 1s.
BRZ iz open at 1.087s.
BR1 iz open at 1.287s.

:

0l
8

by

Il
&

This demo presents the Kundur 4-machines test system in HYPER SIM.
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