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A stand-alone application for offline forensics,
enabling power system planners and engineers to
| perform quick turnaround analysis as well as detailed
analysis of system dynamics and validate accuracy of

system models.
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PGDA Training Objective

= Purpose of Event Analysis

= Use of PGDA in Operations and Planning
= How to Use PGDA

PGDA — Getting Started and Navigation
Working with Data — Data Sources, PGDA Functions
Oscillation Analysis in PGDA e.g. Modal

Automated Event Analysis — Locate start of event and
|ldentify source of event, Estimate Frequency Response,
Dynamic Performance

Model Validation

PGDA Reports - Summarize Results for Management

= Appendix
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Purpose of Event Analysis

= Detailed understanding of the power system behavior and
performance.

= Event Analysis enables engineers and operators to analyze
events and assess system performance issues

* Electric Power Group

Frequency Response

Oscillations from renewable resources, excitation systems,
SV(Cs, etc.

Setting Alarm limits
Diagnosing event root causes e.g Blackouts

Validate Models — Comparing event signatures from
simulation and real field data
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PGDA — Expert System for Event Analysis

= |SOs and utilities are investing in synchrophasor networks

= Terra-bytes of synchrophasor data are being collected (time-synchronized
and high-resolution at 30 to 120 samples per second)

= The Phasor Grid Dynamics Analyzer (PGDA) is an expert system used to
analyze historical data
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Advantages of PGDA

=  Simplifies workflow by providing menu driven user data selection and
analysis options

= Provides Comprehensive processing options to analyze oscillations
= Enables Frequency Response assessment

= Enables Wide area root cause analysis
= Provides Best calculation techniques to find first responder

= Generates Summary reports of events- create event libraries for use in
operations and planning analyses and training

= Eliminates time consuming, expensive manual processes for event analysis

= Reproduces analysis to shift engineers and operators in one click
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Key Questions Answered by PGDA

= What happened?
= What was the sequence of events?
= What was the severity of event?
= Did the system respond as expected?
— Frequency Response
— Dynamic Performance
— Oscillatory Behavior
— Renewables Performance and Grid Impacts
= Are the models valid?
= How does generation mix affect grid performance?
= What are grid vulnerabilities?
= Where should capital be invested to reduce vulnerabilities?
= Are the alarm settings and operating guides appropriate?

Page 5

* Electric Power Grou
G P © Electric Power Group. 2014. All rights reserved. 9.17.14



PGDA Features

Data Sources

e Databases
e Data Files

Data Engine

e Data Availability Statistics

e Pseudo Signal creation

e Time Zone Conversion

e Save and Re-produce
analysis

Spectral Analysis

* Significant peaks signify
oscillatory modes

e Identify & group location
with similar oscillation
patterns

e Identify Nature of
Oscillations

e Sustained Oscillation Detection Tool

Oscillation Analysis Tools

e Modal analysis
e Ringdown analysis
e Spectral analysis

Ambient Modal Analysis

* Provides Modal Frequency
e Provides Damping
® Provides Energy

* Electric Power Group

and Capabilities

Use Cases

e First Responder
* Frequency Response
e Oscillation Detection
e Validate Models

Plot Analysis

* Plot metrics over time

e Signal manipulation i.e. Normalize
voltage by basekV

e Variability of the grid metrics across
time intervals measured at
different locations

Ringdown Analysis

e Oscillation Detection Tool under
system dynamic conditions

* Provides Modal Frequency &
Damping

* Provides Magnitude of Modes

and Nature of Oscillations
PGDA Report

e Automated Report Generator
e Word, PDF
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Analysis Tools In PGDA — Function Tabs

Create/Update Datasets Data SeIeCtlon — .
Event files

for:An:ac:ngciesfiles & Merge Load single/multiple event files - =PhasorFile (.dst)
- Select signals & =RTDMS files (.dat)
timeframe =Excel files (.csv)
=Comtrade Files
=P| Historian
Trend Spectral Modal Analysis Ringdown Event
Analysis Analysis (Ambient) Analysis Analysis
= Process raw data = Power Spectral = Modal Frequency = Modal * Frequency dip
« Compute derived . gf;s:tsy e trends Frequencies ?I:: I:g(:);:ry
quantities P " Modal Damping = Modal Damping )
Density trends Points)
= Coherency * Modal Shapes - d
= Modal Energy oltage an
trends Power swings

= Corresponding

Ability to Perform Trending, Spectral and/or Modal analysis on datasets B ETE

Automatic Report Generation — documents data used, settings, analysis results, and user-entered
notes
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lllustrative Aﬁﬁlications of PGDA

Event and e Quickly determine the causes and effects of power
Disturbance system events like generation trips, line trips,
Analysis generation-load imbalances, and other dynamic events

Dynamic Model e Verify and improve dynamic models used in power

. . system simulations to aid in planning and engineering

Dynamlc Stablllty e |[dentifies oscillatory modes, characterizes the stability
and damping of oscillatory modes, and evaluates damping level to
analysis assess power grid stability.
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PGDA Success Stories

Estimation of Inertia - Calculation of Frequency Response for
Frequency Events

Baselining Oscillations — Determine type of Oscillations such
as inter-area, local and control system driven oscillations from
wind farms.

Determining Source of system events such as generation
trips, line trips & load trips

Identifying Change in Control System Settings — Locates the
start and end of oscillations to correlate with changes in
settings

Model Validation — Oscillations from Real Event Vs. Simulated
Data
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Measurement Validation

KLNSW 5020.Frequency FR  —— SCADA Frequency FR

Vs
SCADA Data during
Generation loss

N
=)
o
@
<
[T

Side by Side
Comparison —
Reasonable Match

10:07:20 10:07:40
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Why is Model Validation Critical?

= Model is a system representation that includes
Generator, Load and Other devices with Parameters.

= Model are being used to simulate a dynamic event
scenarios to foretell Grid behavior and prepare for
contingencies

= Model are being used to estimate state of the system

= The Model has to be accurate and tuned properly to
match field parameters
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What to Validate in Model?

= Metrics that can be used for Model Validation are
* Voltage Phasor

* Real and Reactive power

" Characteristics that assess over accuracy of model are
e Signature or Shape of Signal

e Modal Characteristics such as

— Oscillation Frequency

— Oscillation Damping
e Absolute Values
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Model Validation — WECC Aug 4, 2000

Voltage Magnitude Plot Analysis - De-trend by First Value

= MALN Malin Bus PMU Voltage VM _ MALN Malin Bus Simulated
Voltage. VM

Signature — Good Match
Frequency of Oscillation — 0.25Hz

1 L
2 ¥ [
| Simulated (Good Match)
R — o Data — Decay rate — Reasonable Match

Model — Reasonable Match

Start Time: 2070-08-04 12:56:21.706  End Time: 2070-08-04 12:57:42.792
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Overview of PGDA — Menu, Toolbar,
Windows

Main B Phazor Grid Dymaric: Ansliases22 00

File Duats Anabysis  Report  Semtings  Window  Help

O H X <€ Toolbar

ReSampling FakeDa
Falur, Do Samgling, 30

Available
signal from | _
data source | -'<|)3 051000 05:11:00 051300 051400

Analysis
Windows

CutOiFreg
KaimarFiter
0.00 1 Enable

Selected e — e B
signal for . : T e S R el — Analysis
analysis 00 e N Parameters

Signal
Preview

Time
Reference
Window

ud Signal Information G : Time Reference 1.5 M

Pacdic Tome (US Canada)  Data{UTC-0700) Mountan Time (U5 Cansda)  Analytic{UTC-07:00) Mountsn Tame (L7 dls)  PALED, Sagrabi1, Rate30.00, 3400, 3 5 o tri Perwens Group, All Faghts Reverced

Status bar —> v

Calculation
Reference
Window
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= P

Load data source. | Signal Information Grid View

Select DST File as

data source type. RTDMS Database
Comtrade file
CSVile
Pl Historian

FPMU M Label Basekv M Type

Click the Next
button.
Data File
Please select one or more data fie
Selected DST file _ S
R ZhDocuments\Analysis Projects'my_dst_data dst
appears in list
Finished loading data.
When data has
finished loading, click =<l
the Finish button
Selectihg i @select Corfig | Wat! Please make sure configuration il is comect
corres po.nd lng “\Userg' Kevin'\Documeante'Analysie Projects'my_dst_data ini
configuration file.

oo )] [cos

Page 17
© Electric Power Group. 2014. All rights reserved. 9.17.14

* Electric Power Group



How to Sort & Filter Signals

B2, Phascr Grid Dynamics Analyzer

File  Data Analysis Report SEttirlgs Window  Help

B L [ 'u...l vl S e
New Load Open Save Signal 'IZ Plot Spectral Mode Ringdown E
Signal Information Grid View o W

Click heading
to sort by that s

column
PMU1 Frequency

PMU1 AEP_MTDR-SPU +5V v TR ——— ;
F.Ml_ll AEF:_MTE h AE0F arl ynamlcs nayzer

PMU1 AEP_MTDR.-SPU File Data Analysis Report Settings Window  Help

PMU1 AEP_MTDR-SP . B L . S
PMU1 Status ATUS v = L . )

Mew Load Open Save | Signal Plot Spectral Mode Ringdown Eve

Signal Information Grid View

Click drop-down box to open
filter selections for column

_MTDR-5PU +5V
Select check box for tems AEP_MTDR-SPU +5V

you wantto include. == AEP _MTDR-EPU 441
JR-5PU +51

Clear CheCk bOK fOI' items ':f'OU Frequency FREQUENCY

Frequency DFDT
want to exclude iLPM ™

WViLFM
T1WPM
PMUZ2 T1IWPM
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How to Set a Sighal as Calculation
Reference Signal

H (&, Phasor Grid Dynamics Analyzer
RI g h t File Data Analysis Report Settings Window  Help
Click on|E I = ek
S I g n al Signal Information Grid View B Plot Analysis
PMUTAEP. PMUT Frequency. DF
0 Jree: PMU1.AEP_MTDR-SPU +SV.VM i
ol e o bt H PMUT.AEP_MTDR-5PU +5V.VA =
Set calculation Set as Time Reference Signal Q | BULLLAEE WTDR-SPL +S1IM
reference Signal = § Set as Calculation Reference Signal be|eCI a S|gna| PMU'IAEP_MTDH-SPU +S||A
on pop-up menu E dit Sign. 00 233010 PMUT Status.5T
View Signal Properties PMUE.FFBQUEFIW. FH
Export to CSV File . PMUE.FI‘BE]LIE!HC‘_.’.DF
Delet PMUZ VILPM.YM
PMUZ VILPM VA
PMUZ.TWPM.IM
PMUZ.TWPM.IA
PMUZ Status.5T
PMU3 Frequency.FR
PMU3.Frequency. DF
O R PMU3VILPMVM
PMU3VILPM VA
PMUZ.WPM.IM
PMU3.TWPM.IA
PMU3 Status.ST
PMU4.Frequency FR
. _ 1 PMU4. Frequency. DF
nght PR el ena Fals PMU.VILPMUM
= - Anes An=a Click the OK PMU4VILFM VA M
Click on e ! ok | [ Cance
. Time Reference Window PMULF... V* Calculation Reference Signal | - bunon
window =
Change signal on Clear Reference
pop_up menu . 305 Change Reference
PMUZ VILPM VA
. 234 1;1 -.-'.i 45:00
-07400) Mountain Time {US Canada) Analysis:(UTC-07:00) Mountain Time (U5 Canada)
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How to Change Time Reference Window —
3 ways

Statistics - 1 X

PMUZ Frequency FR

60.0400
. You can change the time frame in
B Signal and time frame are three different ways:

. E?'?Cted " ttweg|rr3e - Highlight the time frame (Left
FlerenGe windon click and drag) in the Time
Reference window.

55 9000 Manually enter the start and end

233400 233500 233600 233 2338300 233900 2340 : . . .
Selected ime frame in Time time in the Time Reference
i i 1> Reference windowis he yellow bar.
‘ ime frame for analysis _
330000 20111231 234459967 . Extend or shrink the start and
800300 end time by left click and drag.
= 593900
E.B_.E"L‘l PO BRN  BHO BHN  33B0 54000 BL0 B340
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How to Use Time Reference Window
Properties

«  Right Click on Time Reference
"T‘Wﬁ"ﬂﬂ'ﬂ,}xﬂ a,-rfwf-.*yw-j ILT * Window

’ |

« Use Previous Time Range -
Reset the time period to previous
selected in the Time Reference

Preprocess Options

Select previous e et honae window.
time frame on Range
pOp-up menu. « Use Maximum Time Range -
zon 2 - Select the maximum available
time frame.
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How to Use Time Reference Window
Properties

5 o]l ]
i . : & Window Help
Use Time Range From Previous S?fj‘ﬁ;;’?j's EEEEE AP S RIKNOOE @ X
AnaIySIS Chaﬂge Plot Analysis | Spectral Analysis | Mode Analysis - x Ana iip!'!mﬂr\s
- Replicate the time frame from ‘
another analysis window.
. y Click TW
ol Available Analysis | E) | S bIL(jHOﬂ.
Anahysis From To
Selectan SpEEtlEﬂ Analysis 20111231 23:30:00.000 2011-12-31 23:31:00.000
analysis_ Mode Analysis 2011-12-31 23:31:33.452  2011-12-31 23:34:10.678
Click the —
- nc
OK button. | :
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How to Capture Screen Shot of a Chart

Select the analysis window with the chart you want to copy, and then click the
Snapshot button on the toolbar. The screen shot is copied to your operating
system clipboard, allowing you to paste it to into other applications such as word
processors or presentation tools.

! o) |
{
j s
HRk®S-0HE X
TW  Title | Select Zoom Pan  Fit Layout Settings

Capture screen
shot of chart

» 3 | Analysis Parameters

Preprocess Op Resampling
ReSamplin| True,DownSam
Enabl True
ReSar| Downsampling

Sampl| &
Origni| 30
Filter Abno| False
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How to Highlight and Hide Signal

1.00
Click signal to c 080
highlight it z 060

) )

o -
o o
[} 0
= =
@ @
3 3
o o

=]
=]

0.40
0.20
0.00

Fr
Fr

0.00
233240 23:33.00 233320 23 233240 23:33.00 233320 23!

35.00 R R AP B.E-DD T o T
Signal without highlight Highlighted signal

23:32:.40 23:33.00 23:3320 23]
35.00 S o e —

1.00 " 1.00 100

080 E Right-click signal in

060 legend tg show it

0.80

¥ |Hz]
=y |Hz]

 IH2)

0.60

0.60

ne
ne

[=1
[=1
ne

0.40

=]

0.40

qu

a
o

0.40

Fra
Fra
aqu

0.20 0.20

Fr

_ 020

g
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0.00
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Plot Analysis - De-trend by First Value

= PMU1.5ignal1.VM PMUZ Signal VM —— PMU3.5ignall VM

04000
A
22000 0.4 kV
% 0.0000—| )
2 s A AN ANV MM%\M’U-’Wfv\xm.\m
'c
b0  _ 02000
c :
S 0.25 kV
=
% 2 pa
o 4000
=
()]
>
0.6000—
0.8000—
-1.0000

T T T T
06:13:55 06:14:00 06:14:05 06:14:10

Start Time: 2009-03-18 06:13:51.653  End Time: 2003-03-18 06:14:12435  Reference:

Page 25

* El ric Power Gr
ectric Power Group © Electric Power Group. 2014. All rights reserved. 9.17.14



PGDA Voltage Angle Analysis — System Impact &
Dynamics following Generation Trip

Difference between PMU1 and

PMU2 Voltage Angle
56.00
Increase in Voltage Angle Difference between
PMU1 and PMU2 indicates ‘““Increased Power
A Flow Serving Loss of Generation”

54.00—
9
[<T)) T
£ 1
g S sn— 5deg
by <
@
£
(2]
>

50.00—

i s N WY System Dynamics — Damped Sinusoidal
Oscillations
48.00 | | |
06:13:50 06:14:00 06:14:10
Start Time: 2009-03-18 06:13:40.514  End Time: 2009-03-18 06:14:19.724  Reference - PMU2 Signal2 VA
g Reference — PMU2 Voltage Angle
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What is Automated Event Analysis?

= |dentifies the time stamps and associated NERC-
defined A, B and C frequencies for a generator drop
event (or a load drop event)

= Computes the estimated frequency response
represented in MW/0.1Hz (Loss of resource every
100 mHz) using:

* Frequency Swing in Hz
e @Generation Loss in MW
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How to Use Event Analysis Tab

= Selecting a frequency signal near the source of the

event, and a Time Reference Window which

encompasses the frequency event, this tab will

automatically locate the

e Starting time of the event T(0)

e Timestamps and value of Pre-event NERC defined A
Frequency,

 Timestamps and value of C Frequency (Minimum
Frequency prior to governor response)

e Timestamps and value of NERC defined B
(Stabilizing Frequency after governor action)

Page 28
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Benefit of Event Analysis

= Selecting multiple Voltage, Angle and power signals
near the source of the event, and a Time Reference
Window which encompasses the frequency event,
this tab will automatically locate the
* Greatest Voltage Swing and Sustained Deviation
* Greatest Voltage Angle Dynamic Swing and
Steady State Separation
e Greatest Power Swing and Sustained Power
Deviation
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PGDA Event Analysis — Frequency Response
Estimation

Generation Trip

£0.100
60.050—
Value A=60.001Hz
60.0004 o
T(0)=06:1351.132
5 59950
4
2 0.22 Hz
“ 59,900
59.850—
Value B=53425Hz
59.800—
w Point C=(59.778Hz, 06:13:59.733)
59.750 T T T T T T T T T
06:09:00 06:10:00 06:11:00 06:12:00 06:13:00 06:14:00 06:15:00 06:16:00 06:17-00 06:18:0
Start Time: 2009-03-18 06:08:57.000  End Time: 2003-03-18 06:18:55.967  Reference

* Electric Power Group

NERC-defined A, B and C Frequency
A - 60.001 Hz
B—-59.825 Hz
C=—-59.778 Hz
Generation Loss = 800MW
Inertial Frequency Response = 358 MW/0.1Hz
Primary Frequency Response = 454 MW/0.1Hz

Analysis Results

PointC

ValueA

ValueB

TO

PreEventFrequency
PrimaryControlActionRecoveryFrequency
NadirFrequency

FrequencySwing

TimeToStabilization

RecoveryTimeStamp
TimeTo60Hz
LowestFrequencyPMU
FirstRespondingPMUSignal
TotalGenerationLoss
EstFreqRspUsingAB
EstFreqRspUsingAC

© Electric Power Group. 2014. All rights reserved.

59.778, 2009-03-18 06:13:59.733
60.001

59.825

2009-03-18 06:13:51.132
60.001

59.825

59.778

0.223

18.867

2009-03-18 06:18:16.500
255.1

PMU1.Signal3.FR
PMU1.Signal3.FR

800

454.845

358.744



How to Use Event Analysis

Signal Information Grid View 1

| PMU  MDssc Bk Tyoe M
PMU1 i a FREQU...

& Phasor Grid Dynamics Analyzer - 2.2.0.1 | C:\Users\Palayam\Documents\Palayam\PGDA\Test
File Data Analysis Report  Settings  Window  Help

Select
Frequency
Signal

Sianal Information Grid View

Click Event
Tab

PMU1 Signal3.FR

60.100
Select Time
- Window
60000 %
T(0)=04:1351.132
59 950 Time Reference Signal - PMUL.Signal3.FR o
E Start: 20 )8:57.000 2009-03-18 04:08:57.000 50 a5
3
&
" 59.900
6
5
59.850+ E
Value B-53.825Hz -
K
59300 J
Point C=(59.778Hz. 04:13:59.733) 59
* 04: 04:10:00 04:11:00 04:12:00 04:14:00 047500 04:16:00 041700 041200
59.750 i & Time Reference Signal - PMUL.Signal3.FR |E Calculation Reference Signal |

T T T T T T T T T T
04:09:00 04:10:00 04:11:00 04:12.00 04:13:00 04:14:00 041500 04:16:00 041700 04:18:00

Start Time: 2003-03-18 04:08.57.000  End Time: 2005-03-18 04:18:55.967  Reference
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PGDA Frequency Analysis — Oscillation Source

p—
N
-
—
>
(8]
c
(V]
=
O
(V]
S
Ll

A\

I

Plot Analysis —Zoom & ldentify

PMU1.Frequency FR —— PMU3 Frequency FR PMU4 Frequency FR —— PMUS.Frequency. FR —— PMUG.Frequency.FR —— PMUT7 Frequency. FR —— PMUB Frequency FR
= PMUZ Frequency FR

59.9900

PMUS.Frequency.FR[59.98,16:10:08.533]

Freq. [H=]

|

16:10:02 16:10:04 16:10:08 16:10:10 16:10:12 16:10:74

Stat Time: 20140109 161000326 End Time: 20140109 16:10:14 843 Reference: PMU 5 observes unique undamped sinusoidal
oscillations compared to other PMUs pointing
nearby location for source of oscillation

Pace 3?2
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Using Modal Analysis

= Modal Analysis is performed under ambient conditions to observe oscillatory behavior i.e. event free
conditions

= Modal Analysis provides the trend of Modal Frequency, Modal Damping and Modal Energy over a period of
time. These 3 are represented as 3 separate charts on the display screen of the Modal Ambient Analysis

= Modal Analysis typically requires 5 minutes or more of data for analysis. Analysis of shorter time samples can
be accomplished by adjusting the Algorithm Parameters.

d Spectral - 1 J"Modal -1 - X

—— Mode 0.57Hz

Fraquency [Hz]

Damping [%]

Amplitude

Start Time: 18 04:08:57.000  End Time:

Ampulitude

Time
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Using Modal Analysis

The analysis screen of Modal Analysis consists of the following 3 sub charts:

" Frequency (Hz):
This subplot displays the trend of mode over the selected time

= Damping (%):
This subplot displays the corresponding trend of damping values for
each mode in the same color

" Cross Spectrum Chart
This subplot displays the modal energy trend for corresponding
frequency and damping values in their respective colors
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Wind Farm Oscillation Driven by Control Systems

Modal Analysis — Mode, Damping & Energy

340
h 3.33Hz 13—
136
33—
132
330
328
3.26—
14

6.00

Frequency

Frequency [Hz]

16:00.00 16:0200 16:04:00 16:06:00 16:08:00 16:10:00 16:1200 16:14:00 16:16:00

: 400
Damping

Damping [%]

2.00—

0.00
0.000

Amplitude 0.000—
0.000—

16:00:00 16:02:00 16:04.00 16:06.00 16:08:00 16:10:00 16:12:00 16:14.00 16:16:00

Ampulite

0.000—

0.000

160000 160200 160400 160600 160800 16:1000 16:1200 16:1400 16:16:00

Start Time: 2014-M-03 155800000 End Time: 2014-01-0916:17:59.967  Reference: Time
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How to Generate Report Using Toolbar

The Report Tab allows the user to quickly assemble selected plots representing the analysis of the
phasor data into a concise, formatted report suitable for distribution. After completing all required
analysis, click the Report button to create a summary analysis report of the phasor data.

When the button is clicked, the user is able to enter report title and reporter name and select the
analyses to include in the report (from among the various analyses which the user has already
performed). Additional descriptive notes may be entered in the Notes field.

BB Phasor Grid Dynamics Analyzer

File Data Analysis Report Settings Window  Help _Summar}‘_iﬂformaﬁtm
includes tile, reporter

name, and notes.

Create report

Available analysis
windows to include
or exclude.

Click the OK button
to generate report

* Electric Power Group
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p
o5 Cutomize Report Content

Report Title
My Analysis Report
Reporter

John Smith

Motes

Latestreport on plot and spectral analysis.

Include Following Analysis to Report
Plot Analysis

Spectral Analysis
[C] Mode Analysis

Ok

Cancel
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How to Save and Print PGDA Report

= The automatically generated report may now be saved in Excel, PDF, or Word

= The report automatically documents the name and location of the data file selected for analysis,
the number of PMUs and time interval reflected in the data, and the time zones of both the data
and the analysis

= Additionally, all the specific details of each graphical analysis performed (e.g. Plot, Spectral,
Modal, Ringdown, or Event), together with notes and associated graphics will be saved

_—
42 ik HisBE -'i.J-u-t- P— Fond | Exportto Excel Emh v I:' Find | Mext

Excel -

Frgorted ol &9V 2011 1239 S0 iy - ed at 7M1 a2013 2:50:25 PN
Event 1 PDF, or Word. r—
[ ' PDF -
smith
Word
Everit-1
Pre Proorss Ootoes flntm Ooios
Relanpling iFalos, DovnSaipling, 39 DrestThiwashold §DROOT_$oals
Fulcerkono mealDane False Rl limgWindoelire (1% ¥
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What Is Pseudo Signal?

= Synchrophasor Measurements include the following metrics
* Frequency & DF/DT
e \oltage Magnitude & Angle (Voltage Phasor)
e Current Magnitude & Angle (Current Phasor)
e STATUS
= Pseudo Signal - PGDA provides capability to calculate a new
metric using the above metrics
= Example:
= Real Power = sqgrt(3)*Vm*Im*cos(Va-la), where
e Vm s the line to Line voltage (kilo Volts)
e Imisthe line Current (Amperes)
e Vais Voltage Angle (Degrees)
 lais Current Angle (Degrees)
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Calculate
pseudo signal.

How to Create a Pseudo Signal

-

EE. Phascr Grid Dynamics Analyzer

B, Phasor Grid Dynamics Analyzer

File

PMUS
PMUIS
PMUS
Bl 18

Data  Analysis

VILPM
Frequency

Frea jprrs

Pseudo signal
properties.

Supported
functions and
example.
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Report  Settings

Window  Help

FREQUENCY
NFENT

P
&' Psuedo Signal Edrtor

File Data Analysis Report Settings Window Help

2

Drag selected signals fo editor window.

57 Pruedo Signal Editor

EnEe

“po  [PMU1AEP_MTDR-SPU +SLIA]
g 5 w8 WPPHUTAEP_MTOR-SPU +SLIM]
‘ ] 0 r

« Signal Properies

BasekV 0

Company

Desc

Devicall VirtualPMU
VoltageRel

otalFomnts

4 Signal Properties

Basak\ L]

Company

Desc Virtual PMU1
DevicelD VirtualPML
Mame

NominalValue 0

SignallD PMU1T Virtual
Type FREQUENCY
Unit

VoltageRef (1]

“|[PMU1.AEP_MTDR-SPU +SLIA] *
[PMU1.AEP_MTDR-SPU +5LIM]

T~

Suppiorted Math Functions

Regquiar: abs. ealing. floor, exp. log. log 10, men min. pew, round sod
Angle: acos, asn_ atan cos cosh sn, snh, tan

Type

—
roundisinisgt(AND 1 Phasor] Magritude"AND1 Phasar 1 Magnitude

<+AND1 Phasor] Angle™AND1 Phaser Anglel™10])

.H..
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Supperted Math Functions:
Fegular: sbs, celing floor, exp, log, log10, mawmin, pow, round sgt

| Angle: acos.asn, san cos cash.an, sinh, tan

Example
roundisnfacrt/AND1 Phasar | Magnbude®AND! Phasar] Magnbude:
+ANOT Prasar! Angie*ANO1 Phasar Angiel” 1)

Save when
finished.

Expression
sining for
pseudo signal.
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Thank You.

Wayne Schmus
schmus@electricpowergroup.com
Prashant C Palayam
palayam@electricpowergroup.com
626.685.2015
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Using Ringdown Analysis

Ringdown analysis is a modal analysis that you can perform after an event to

determine the modal estimates (frequency and damping), determine mode
shape, and compare the original signal with the re-constructed signal to obtain

better results. Mode Shape Mode Estimate

Ringdown Analysis L

002 003

Reconstructed
Signals

Start Time: 2009403-1805:13:55.543  End Time: 2003
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Using Ringdown Analysis

The display screens of the Ringdown Analysis consist of the following sub charts:

= Modal Estimates: The Modal Estimate provides Modal Frequency and its
corresponding Percentage Damping

= Modal Shape: For each oscillatory mode, the Mode Shape provides
information about the magnitude (i.e. 'where' is the oscillatory mode
observable) and angular phasing relationship (i.e. 'what' locations are
oscillating in phase or against each other) at the multiple signal
locations.

=  Original Reconstructed Signal: Displayed as dotted line traces overlaid
on the original signal
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PGDA Ringdown Analysis — System Impact &
Dynamics Following Generation Trip

Mode Shape Mode Shape Mode Estimate
. 0516 : 33600
Magnitude = 2.2 (2.1,0.4)
— L ’ L
Phase Angle = 12.1 deg ,;,_|
. 0289 > 0.55Hz, 13% Damping
0.55Hz : ‘8 20—
£ B £
o
o
02— (0,0)
|
-0.052 | | r T 11.200 T T T T
024 02 082 135 188 241 0.00 040 0.80 120 160 200
Real
Frequency
55,000
o 54000 System Dynamics — Damped Sinusoidal
o Oscillations
& 53.000—
8 : o4
(O — PMU1Signal2VAorig =
=
0o 51.000—|
>
50.000—|
49,000 | | | | |
061356 061357 061358 061359 06-14:00 061401 061402

Start Time: 2005-03-18 06:13:56.000  End Time: 2003-03-18 06:14:02.000  Reference: PMUZ Signal2.VA

Reference — PMU2 Voltage Angle
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Using Spectral Analysis

The Spectral Analysis is performed to observe Oscillatory Modal characteristics.
This is performed to get a good indication of the mode present in the signals

selected.

Spectral - 1
-30.00
-A0.00
_ o D ]
PSD ( d B) 5 500

[
=000

100

Coherency [l

0.20

18000

B 80,00

Cross P

o 0.00

Spectrum & .

Start Time: 20030318 04:08:57.000  End Time: 2003-0318 04:18:55 967
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0.4 04 054
Frequency (Hz)
Reference: PMUT.Sid

1.00
Frequency (Hz)
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Note:

The common X-axis for all
the three charts is
frequency.

Spectral Analysis can be
performed for event-free
periods, and across events.
The time period must be
greater than 1 minute.
However, we recommend
using 7-10 minutes of data
for better results.



Using Spectral Analysis

The analysis screen of Spectral Analysis consists of the following 3 sub charts:

= Power spectral density (PSD) Chart
This subplot estimates the power spectral density of the input signal. This
method splits the data into overlapping segments, computes modified
periodograms of the overlapping segments, and averages the resulting

periodograms to produce the power spectral density estimate. The peaks in the
chart signify oscillatory modes.

=  Coherency Chart

This subplot estimates the coherence as a function of values between 0 and 1
indicating how well an input signal corresponds to a reference signal at each

frequency. A high coherency (usually >= 0.7) represents the participation of
signals in the same oscillatory mode.

* Cross Spectrum Chart

The Cross Spectral Analysis provides Phase Information of the signals used in
the analysis
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