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Aside: PowerWorld Dynamics Studio

PowerWorld Dynamics Studio (DS) provides an
interactive simulation environment for doing

transient stability level simulations

* |t can be run either stand alone, or as a server
as part of a multi-user simulation

represent the real Texas grid

Texas 67077 MW

 |nput cases are pwb/pwd % e
{ g}

* |t can be also used as a
C37.118 data source and
is currently being updated
to support DNP3 control
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DS Interactive Example
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Overview

* Frequency domain techniques can be quite

helpful in providing information about power
system dynamic performance

With version 20 PowerWorld includes a
growing array of tools

— Fast Fourier Transform (FFT) and modal analysis
using a variety of methods

* Tools are available both from transient stability

and from the case info displays

Goal is to provide insight into the power system
results, either from studies like transient stability
or from measurements (e.g., PMUs)
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Small Signal Analysis and

Measurement-Based Modal Analx5|s

* Small signal analysis has been used for decades
to determine power system frequency response

— It is @ model-based approach that considers the
properties of a power system linearized about an
operating point

— PowerWorld Simulator does single-machine, infinite
bus (SMIB) small signal analysis

* Measurement-based modal analysis determines
the dynamic properties of a system

— Input can either be measurements from PMUs or
transient stability results
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Ring-down Modal Analysis
* Ring-down analysis seeks to determine the
frequency and damping of key power system
modes following some disturbance

* There are several different techniques, with the
Prony approach the oldest (from 1795)

* Regardless of technique, the goal is to represent
the response of a sampled signal as a set of
exponentially damped sinusoidals (modes)

g
t) = i t+¢ ing (%) = x 100
y(t) I;Ae COS(C{)I +¢|) Damping (%) \/m 1
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Movie of 0.611 Hz Mode

Keep in mind the mode
data is being extracted
from the full system
response
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PowerWorld Modal Analysis
Techniques

 PowerWorld has implemented several modal
analysis techniques
— Variable Projection Method (VPM); the VPM was

first applied to power systems at UW-Madison
through BPA funding

— Matrix Pencil Method (MPM); the MPM is the first
step in the VPM, but can be used independently

— Dynamic Model Decomposition (DMD); DMD is fast,
but requires multiple signals

* For all, computation increases substantially with
the number of sample points

© 2018 PowerWorld Corporation 9



Modal Analysis in PowerWorld

. ,

* Our goal is to make modal analysis easy to use,
and easy to visualize the results

* Goal is to provide a tool that could be used
with either transient stability results or actual
system signals (e.g., from PMUs)

* Two ways to access in PowerWorld

— On the Transient Stability Analysis form left menu,
Modal Analysis (right below SMIB Eigenvalues)

— By right-clicking on a transient stability or plot case
information display, and selecting Modal Analysis
Selected Columns or Modal Analysis All Columns
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Modal Analysis:

Three Generator Example
e A short fault at t=0 gets the below three

generator case oscillating with multiple
modes (mostly clearly visible for the red
and the green curves)

60.0050
60.0040
60.0030
60.0020
60.0010
60.0000 1
59.9990
59.9980
59.9970
T T T T T T T T T T T
0 0.5 1 15 2 25 3 3.5 4 4.5 5

| [v = Speed_Gen Bus 1#1 [v = Speed_Gen Bus 2#1 [v — Speed_Gen 3 #1 I
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Simple VPM Three
Generator ExamEIe

* Run the transient stability for 5 seconds

* One way to do modal analysis is on the Transient
Stability Display select Modal Analysis, then
Open Modal Analysis Form to display the Modal
Analysis Form, load the data from the
Gen_Speed Plot and click Do Modal Analysis

— This does modal analysis simultaneously for all three
generator speed curves (signals)

* Alternatively, select Results from RAM, view just

the generator speed fields, right-click and select
Modal Analysis All Columns
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Transient Stability
Modal Analysis Page

Modal Analysis Form

Results
Modsl Analysis Status |Solved at 4/27/2018 10:50:51 AM | : :
: Mumber of Complex and Real Modes Indude Detrend in Reproduced Signals
Data Source Type Calculation Method [] Subtract Reproduced from Actual
() From Plot (_JFile, Comtrade CFF (®) Variable Projection Lowest Percent Damping ;
()File, WECC CSV 2 (_JFile, Comtrade CFG () Matrix Pendl (Once) | Update Reproduced Signals
OFile, 515 Format (® Nane, Existing Data (O Optimal Matrix Pendi Real and Complex Modes - Editable to Change Initial Guesses
Data Source Inputs from Plots or Files O Dynamic Mode Decomposition Frequency (Hz}| Damping () |Largest Signal Name of Lambda Include in
) ‘Weighted Largest Reproduced
From Plot |GE"'"'—S":’EE‘:| b | | Do Modal Analysis | Percentage for|Weighted Signal
; Mode Percentage for
From File | | Browse : Mode
| Save in JSIS Format | | Save to C5V |
- _ . 1 2.029 1.713 99,8545 Gen Bus 1#15§ -0.2184 YES
Justload Signals | Group Disabled for Existing Data 2 1513 1195 49,3403 Gen 31 Spee 01136 YES
3 0.1%0 10,098 18,5012 Gen 3 #1 Speet -0.1213 YES
Data Sampling Time (Seconds) and Frequency (Hz)
sartte [ 00wf eutme | so]3
! 3 | |
Maximum Hz 5.000 = Update Sampled Data
InputData, Actual Sampled Input Data  Sionals  Options  Reproduced Data
Type MName Units Description Include Include Detrend Detrend Post-Detrend | Post-Detrend Solved Average Error, | Average En
Reproduced | Parameter & | Parameter B |Mumber Zeros Standard Unscaled Scaled by ¢
Deviation
1gpen Gen Bus 1 #1 Speed Speed YES YES 1.0000 -0,0000 o 0.000 YES 0.0000 .0
2|Gen 3en Bus 2 #1 Speed Speed YES YES 1.0000 -0,0000 o 0.000 YES 0.0000 0.0
3|Gen Gen 3 #1 Speed Speed YES YES 1.0000 -0,0000 0 0.000 YES 0.0000 0.0
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Transient Stability
Modal Analysis Page: Some Ke Fieldb

Modal Analysis Form

| Results
[] Indude Detrend in Reproduced Signals

[]subtract Reproduced from Actual

Modal Analysis Status |Sol\red at 4272018 10:50:51 AM

Mumber of Complex and Real Modes

Data Source Type Calculation Method

("JFrom Plot (_JFile, Comtrade CFF (®) Variable Projection o
Lowest Percent Damping
(C)File, WECC CSV 2 (C)File, Comtrade CFG (O Matrix Pendil (Once) | Update Reproduced Signals
(OFile, 1SIS Format (®) None, Existing Data O Optimal Matrix Pencl AT
Data Source Inputs from Plots or Files O Dynamic Mode Decomposition Frequ
From Plot |Gen_5peed > | | Do Modal Analysis
From File | | Browse
| save in J5IS Format | | Save to csv

Just Load Signals Group Disabled for Existing Data

[ S

Data Sampling Time (Seconds) and Frequency {(Hz)

5 e [ sl

Maximum Hz | 5.000|% | Update Sampled Data |

Start Time

Input Data, Actual Sampled Input Data  Signals  Options  Reproduced Data

Type Mame Units Description Include Include Detrend
Reproduced Parameter A Pa
1gnen Gen Bus 1#1 Speed Speed YES YES 1.0000
2|Gen Gen Bus 2 #1 Speed Speed YES YES 1.0000
3|Gen Gen 3 #1 Speed Speed YES YES 1.0000
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Three Generator Example:

Signal Dialo

* The Signal Dialog provides details about each
signal, including its modal components and a
comparison between the original and
reproduced signals (example for gen 3)

Madal Analysis Signal Dialog

Name Gen 3 #1 Speed Data Detrend Parameters

Detrend Mode! = A +B(t-t0) +C*(t-40)~2 Used Detrend Model

Type Gen

Units l:l Use Case Default Detrend Model
Descripti m Signal Specific Detrend Model
®)None OLinear

Indude in Modal Analysis

Parameter B

Parameter C

() Constant () Quadratic

Actual Input  Sampled Input  Fast Fourier Transform Results  Modal Results  Original and Reproduced Signal Comparison

Time (Seconds) ‘ Qriginal Value | Reproduced Value Difference |

1 0.001 1.000 1.000 -0.000
2 0.010 1.000 1.000 -0.000
3| 0.020 1.000 -0.000
4 0.030 1.000 1.000 -0.000
5 0.040 1.000 1.000 -0.000
6) 0.050 1.000 1.000 -0.000
7| 0.060 1.000 1.000 -0.000
8 0.070 1.000 1.000 -0.000
9 0.080 1.000 1.000 -0.000
10 0.090 1.000 1.000 -0.000
1 0.100 1.000 1.000 -0.000
12 0110 1.000 1.000 -0.000
13 0.120 1.000 1.000 -0.000
14 0.130 1.000 1.000 -0.000
15 0.140 1.000 1.000 -0.000
18 0.150 1.000 1.000 -0.000
17 0.160 1.000 1.000 -0.000
18 0.170 1.000 1.000 -0.000
19 0.180 1.000 1.000 -0.000
20 0.190 1.000 1.000 -0.000
71 0.200 1.000 1.000 -n.onn

P Help Print

Parameter A 1,0000 Average Error, Unscaled
000

QOutput Summary

Average Error. Scaled by SD | 0.0000
0.0000

-0.0000 Cost Function Value, Scaled 0.0088
Include Detrend in Reproduced Signal
Standard Deviation (SD) | 0.0000

Update Reproduced

© 2018 PowerWorld Corporation

Values

1.00006 |

1.000055-

1.00005

1.000045-

1.00004 |

1.000035-

1.00003

1.000025-

1.00002 |

1.000015-

1.00001

1.000005-

PWDVectorGrid Variables

T T T T
2 3 4 5
Time (Seconds)

— Original Value — Reproduced VaIueI

15



Caution: Setting in Time Incorrectly
Can Result in Unexpected Results!

* Assume the system is run with no disturbance for
two seconds, and then the fault is applied

— The incorrect approach would be to try to match the
entire signal; rather just match from after the fault

PWDVectorGrid Variables PWDVectorGrid Variables

Required
ten modes!

000000000

Just three
modes

000000000000000000

000000000

000000000

000000000

000000000

000000000
f\/\r\/\r\/\

999999999
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Three Generator Example:
Looking at Selected Modes

* The individual modes (or any combination) can
also be viewe

Modal Analysis Form

Results

Modal Analysis Status |Solved at 4/27/2018 10:50:51 AM
& | 2] [[Jindude Detrend in Reproduced Signals

Number of Complex and Real Modes

Data Source Type Calculation Method [Jsubtract Reproduced from Actual
() From Flot (C)File, Comtrade CFF (@) variable Projection Lowest Percent Damping
() File, weCT CSV 2 () File, Comtrade CFG () Matrix Pendl (Once) ‘ Update Reproduced Signals
OFte, 3515 Format ® None, Existing Data O Optimal Matrix Pencil Real and Complex Modes - Editable to Change Inital Guesses
Data Source Inputs from Plots or Files O Dynamic Mode Decamposition Frequency (Hz)| Damping F#) |Largest Signal Name of  Lambda Inclu
‘Weighted Largest Reproduced
From Pt | Gen_Speed v ‘ Do Modsal Analysis | Percentage for| Weighted Signal
Mode Percentage for
FromFic | [Browse Lo
| Savein JSIS Format | | Save to csv |
: . . NO
JustleadSignals | Group Disabled for Existing Data 2 1513 1.195 49,8403 Gen 3 =1 Spee 01136 YES
3| 718

Data Sampling Time (Seconds) and Frequency (Hz)

-

=
maxmumkz [ 50005 | Update SampleciDat |

Start Time

Input Data, Actual Sampled InputData Signals Options Reproduced Data

Time (sec) | GenBus1#1 | GenBus2#1 | Gen3#1
Speed Speed Speed

1 0.001 -0.000 -0.000 0.000

2 0.010 -0.000 -0.000 0.000

3 0.020 -0.000 0.000

4 0.030 -0.000 -0.000 0.000

5| 0.040 -0.000 -0.000 0.000
5| 0.050 -0.000
el 0.060 -0.000
8| 0.070 -0.000
9| 0.080 -0.000
10 0.0%0 -0.000
1 0.100 -0.000
12 0110 -0.000
13 0120 -0.000
1] 0.130 -0.000
5| 0.140 -0.000
16| 0.150 -0.000
17| 0.160 -0.000
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Looking at Selected Modes @

Values

0.00001
0.000009
0.000008
0.000007
0.000006
0.000005
0.000004
0.000003
0.000002
0.000001

0,

-0.000001
-0.000002
-0.000003
-0.000004
-0.000005
-0.000006
-0.000007
-0.000008
-0.000009

-0.00001

Three Generator Example:

0.00012
0.00011-
0.0001

0.00009
0.00008
0.00007
0.00006
0.00005
0.00004
0.00003

\ 0.00002 A A
0.000014 |

\ o]
' v -0.00001 v

I —

Values

-0.00002
-0.00003

-0.00004]
-0.00005
-0.00006
-0.00007
-0.00008
-0.00009

-0.0001

T T T T -0.000114
1 2 3 4 T T T T T T
Time (sec) 0 1 2 3 4 5

Time (sec)
— Gen Bus 1#1 Speed — Gen Bus 2 #1 Speed — Gen 3 #1 Speed I — Gon Bus 1#1Speed — Gen Bus 2#1 Speed — Gen 3 #1 Speed I
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Mode Analysis Mode Details Dialog

* The magnitude and angle of the contribution of
a mode in each sighal can be viewed by right-
clicking on the desired mode

Modl Analysis Form

Modal Analysis Status ‘So\ved at4/27/2018 106:21PM

-y X |

Resits

Nunber of Corlexad RealModes [3 [ nclde Detrend i Reproduced Sgnals

Modal Analysis Mode Details

- Transfer Results from Selected Column to Object Custom Floating Pont Field
il

Custom Floating Point Field Transfer Results

Frequency (Hz) and Damping (%)

=

D D % 4k 4050 db ;‘&n Records ~ Geo~ Set+ Columns E' “%K,E' ﬁ' i%ﬁ i)~ B | options ~
Type Name Units Description | Post-Detrend | Angle (Deg) | Magnitude, | Magnitude |Cost Function
Standard Unscaled | Sealed by SD
Deviation
1gen Speed ', Gen Bus 1#1 0.000 8.630 0.000 2183 0.0041
2|Gen Speed ', Gen Bus 2#1 0,000 172,558 0.000 2,064 0.0054
3| Gen Speed Gen 3 #1 0.000 -172.128 0.000 1,902 0.0084

¢ Close

Data Source Type Caleulation Method [sibtactReproduced fom Actdl
©FromPlt ()i, Cotrade CFF () Variabl Projecion
Lowest Percent Damping
()Fie, WECCCSV2 ()Fe, Contrade CFG () WatPenc (once) Update Reprocuced Signals
O, 5 Fomat O, Etng e () Onti Mt Pendl Real and Complex Modes - Eitable to Change Initil Guesses
Dt Surce Iputs rom Pos o Fes Oppanic o Dcoposon Frequengy o] Damping 4 [lagest [SgnalNameof  Lambds | Indudein
Weighted  [Largest Reproduced
Fron ot Gen Speed Y DoModal Anaysis Percentage for Weighted Signal
rom Fil rowse
Savein JSISFomat | | Save to CSV/ — L3
1p, 1718 99,8703 Speed \ Gen B 0.2190 YES
L F R I L L LA
3 0193 55 184614 Speed|\ Gen 3+ 00916 YES
Data Sampling Time (Seconds) and Frequency (Hz)
Start T : EndTie :
Maxinum Hz ‘ Update Sampled Data
TnputDats, Actual Sampled InputData S90ls  Optons Reproduced Data
Type Name Units Description | Include Include Detrend Detrend t-Detrend | Post-Detrend | Solved | Average Error, | Average Error, |Maximum | Cost Fundtion| &1
Reproduced | Parameter A | Parameter B Wmber Zeros| Standard Unscaled | Scaled by SD (Error, Unscale Refy
Deviation
pen Speed | Gen Bus 1 #1 VES VES 1.0000 Bl 0 0000 VES 00000 00000 00000 00041 NO
2|Gen Speed \ Gen Bus 2#1 VES VES 10000 Bl 0 0000 VES 00000 00000 00000 00034 NO
3|Gen Speed \ Gen 3 #1 YES VES 1.0000 il 0 0000 TEs 00000 00000 00000 00084 NO
< )
ﬂjuse ? Hep Print

© 2018 PowerWorld Corporation
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Larger Case Example

* This a 22,000 bus case with 8400 substations.

Contingency is the double Palo Verde outage

80

* Goalisto provide -

ED 93

insight into the

ED 88

system response =

ED.94

* Focusison being ==

BB 82

able to handle

599

many signals,

EB. 68

which requires

BB 86

visualization

BS54
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Modal Analysis With Many Signals:

The Best and The Worst

e With one signal used (sub 18004 freq) to get the
modes, there are four: 0, 0.029, 0.21, 0.42Hz

60.02
60.01
60

T T T T T T T e e s e e e s e A Sy S S e e E S A B e e

PowerWorld Corporation



Improving Modal Analysis With
Many Signals

 The modal analysis can be improved by
including more signals in the calculation of the
modes. Yet only a small number need to be
included

* For example, by just adding the signal with the
highest cost function we now get a total of five
modes and reduce average cost function from
0.008 to 0.0054, with the largest value reduced
from 0.028 to 0.02

* The lterative Matrix Pencil optimizes this
process by iteratively adding more signals

© 2018 PowerWorld Corporation 22



Iterative Matrix Pencil Approach

This approach iteratively adds the signal with
the highest cost function

— Usually about ten gives quite good results; this
gives 8 modes, and reduces the average error to
0.0025 and the maximum to 0.0088

Maodal Analysis Form

| Results

Number of Complex and Real Modes [ 1ndude Detrend in Reproduced Signals

Modal Analysis Status |50Ived at 4/28/2018 8:36:06 AM

Data Source Type Calculation Method [ subtract Reproduced from Actual
() From Plot () File, Comtrade CFF () variable Projection . .
. . Lowest Percent Damping .873 d duced Sianal
(File, WECC CSV 2 () File, Comtrade CFG () Matrix Pencil (Once) Update Reproduced Signals
(O File, 1515 Format (® None, Existing Data (®) Optimal Matrix Pencil Real and Complex Modes - Editable to Change Initial Guesses
Data Source Inputs from Plots or Files O Dynamic Mode Decomposition Frequency [Hz)| Damping (3] |Largest Signal Name o Lambda Include in
3 Weighted Largest Reproduced
Substation_Frequency Average e Do Modal Analysis Percentage for|Weighted Signal
| | - Mode Percentage for
Browse
Save in 515 Format | | Save to CSV [LEEE
. . 1 . 12,679 2.6332 Substation Sur
Just Group Disabled for Existing Data Optimal Matrix Pendil Options 2 11.654 10.7161 Substation Neu
ry 3 18.274 18.0253 Substation Cor
Data Sampling Time (Seconds) and Frequency (1) Number of Iterations - 4 11,593 36.4600 Substation Cor
Initial All Signals to be Not Incduded el -23.973 924611 Substation ARL
Start Time 000 End Time 20.000 = 6 100.000 37.6719 Substation Har
Currrent Iteration 7 15.730 18.0015 Substation Syn
Maximum Hz 5.000|= Update Sampled Data ) 26.336 38,0296 Substation Syn

Input Data, Actual  Sampled InputData  Signals  Options  Reproduced Data

| Twna | kama | Hinite | Macrrintinn Inrlida Inrlida Matrand Natrand Drct Natrand | Dact Natrand Crbiad Mvearama Frear | Awvara
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Modal Analysis With Many Signals:
The Average and The Worst

* The below figures should an average signal
reproduction and the worst sighal reproduction
Average Match Worst Match

60
59.99
59.98
59.97
59.96
59.95
59.94
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PowerWorld Modal Analysis:
Takeaways So Far

* Modal analysis can be quickly done on a large
number of signals

— Computationally is an O(N3) process where N is the
number of sample points and varies linearly with the
number of included signals

— Number of sample points is automatically determined
from the highest desired frequency (The Nyquist-
Shannon sampling theory requires sampling at twice
the highest desired frequency)

— Determining how signals are manifested in modes is
extremely fast
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Mode Details

Modal Analysis Form

Results
Modal Analysis Status [Solved at 6/15/2018 8:33:28 AM | e ————
T thod Mumber of Complex and Real Modes LR R L TS T £
Dot SoR e iEe (G o e [ [Jsubtract Reproduced from Actual
() From Plot (C)File, Comtrade CFF (O Variable Projection )
Lowest Percent Damping oduced Signal
(OFile, WECC C5v 2 (OFile, Comtrade CFG (O Matrix Pendil (Once) Update Reproduced Signals
(C)File, 1515 Format (®) None, Existing Data (®) Tterative Matrix Pencil N Real and Complex Modes - Editable to Change Initial Guesses
O Dynamic Mode Decompasition - " N
Data Source Inputs from Plots or Files Frequency (Hz)| Damping ) |Largest Signal Mame of  Lambda Include in
; . - Weighted Largest Reproduced
From Plot |Substzt|on_Frequency Average ™ | | Do Modal Analysis | Percentage for|Weighted Signal
§ " | | Maode Percentage for
FElEE EELEE | saveinsisFormat | | savetocsy | Mode
) _ L . . - . 1 2313 12.679 2.6332 Substation Sur -1.8574 YES
Just Load Signals Group Disabled for Existing Data Optimal Matrix Pendil Options 7 0.864 11.654 10.7161 Substation New _0.6368 VES
Mumber of Tterations 10 % 3 0.644 13.274 18,0253 Substation Cor -0.7523 YES
. . . 4 0.611 11.593] 36,4600 Substation Cor -0.4434 YES
Data Sampling Time (Seconds) and Frequency (Hz) Initial All Signals to be Not Induded 5 0.021 23073 92.4611 Substation ARL 0.0333 YES
T % ErT Currrent Tteration E 5 0,000 100.000 37.6719 Substation Har _0.4357 YES
i 0.348 15.730 18.0015 substation syn -0.3484 YES
Maximum Hz 5.000 % Update Sampled Data 8 0.218 26336 38.0296 Substation Syn -0.3747 YES
[®) Modal Analysis Mode Details - o
Input Data, Actual ® v n
" P =0 Transfer Results from Selected Column to Object Custom Floating Pont Field
Type Frequency (Hz) and Damping (¥s) | 0.611Hz, Damping = 11.593% v = lost-Detrend Solved Averal
Custom Floating Point Field Transfer Results Standard Un
Deviation
1| substation| p——— prom 0.021 YES
2|substation| | 5] ] B AF %68 5% | @4 8% Records~ Set+ Columns - R e 85 W f - B | options - 0,021 YES
3 gugs:az!oﬂ Type MName Units Description | Post-Detrend |Angle ([Deg) &| Magnitude, Magnitude | Cost Function - gg?l :E:
ubsta !on Standard Unscaled Scaled by SD .
5|Substation Deviation 0,021 YES
6| Substation 1 ubstation | substation smokey Poi Average Frequi  0.031 179,946 0.008 0308 0.0019 0.021 YES
7| Substation 2|Substation Substation N. Stanwoc Average Frequ:  0.031 -179.802 0.009 0308 0.0019 {0.021 YES
8| 5ubstation| 3|5Substation Substation Lake Goody Average Freque  0.031 -179.802 0.00% 0.308 0.0019 {0,021 YES
9| substation| 4|Substation Substation Sills (30004« Average Freque« 0,031 -179.758 0.009 0.308 0.0019 0,021 YES
5|Substation Substation Springville Average Freque 0.022 -179.163 0.013 0.588 0.0008
1? 2”25:3:!0” 6|Substation  Substation Edgecomb Average Frequi 0,031 179,074 0.009 0.308 0.0019 g'gil :E:
Wbstation 7|substation  Substation Portage (25 Average Frequi 0,031 178785 0.009 0,308 0.0019 :
12| substation 8|substation  Substation Jim Creek (= Average Frequi  0.031 178.077 0.008 0.307 0.0019 0.021 YES
13| Substation 9|substation substation E. Arlingtor Average Freque 0,031 -178.037 0.008 0.307 0.0019 0.021 YES
14| substation 10| Substation Substation Thorne (337 Average Freque 0.024 -178.022 0.015 0.620 0.0027 {0.021 YES
15| Substation| 11|Substation Substation Hawthorne Average Frequ: 0.024 -177.984 0.015 0.620 0.0027 {0.021 YES
16| Substation 12|Substation Substation Railroad (34 Average Frequ: 0.024 -177.984 0.015 0.620 0.0027 0,021 YES
. 13|Substation Substation Tv Peak [34¢ Average Freque  0.024 -177.983 0.015 0.620 0.0027
g g”gszaz!‘m 14|Substation  Substation Isom (2506€ Average Frequi 0024 177983 0015 0,620 00027 g'gﬂ :Eg
Wbstation 15|Substation  Substation Kincaid (34¢ Average Frequi 0024 -177.380 0.015 0.620 0.0027 :
19| Substation 16|Substation  Substation Mina (34951 Average Frequs 0,024 177,979 0.015 0.620 0.0027 0.021 YES
20| Substation| 17| Substation Substation Borealis 25 Average Frequ: 0,024 -177.975 0.015 0.620 0.0027 .021 YES
21| Substation| 18|Substation Substation Tap (349560 Average Freque 0,024 -177.972 0.015 0.620 0.0027 [0.021 YES
22| substation 19|Substation Substation Sweetwate Average Frequt  0.024 -177.972 0.015 0.620 0.0027 {0,021 YES
23| substation 20|Substation Substation Bomb Disps Average Freque  0.024 -177.972 0.015 0.620 0.0027 Io.021 YES
) PR 21|Substation Substation CA Border | Average Freque  0.024 177,971 0.015 0.620 0.0027 I P
22|Substation Substation Fletcher (34 Average Freque 0.024 177,971 0.015 0.620 0.0027
23|Substation Substation Lucky Boy (¢ Average Freque 0.024 -177.967 0.015 0.620 0.0027
24|Substation Substation Scheelite (3 Average Frequt 0.024 -177.943 0.015 0.620 0.0027
25|Substation Substation Rawhide (3 Average Freque 0,024 177,843 0.015 0.620 0.0027
26|Substation Substation Austin (337 Average Freque 0,024 177113 0.011 0.465 0.0023
27|Substation Substation AUSTIN (64( Average Freque 0,024 -177.082 0.011 0.464 0.0023
28|Substation Substation Antelope (3 Average Frequ: 0,022 178777 0.012 0.533 0.0012
29|Substation Substation Twilight (25 Average Frequ: 0.022 -176.566 0.011 0.522 0.0012
30|Substation Substation Pastoria (33 Average Frequ: 0.022 -176.427 0.011 0.489 0.0008
31|Substation Substation Dawn [250¢ Average Freque 0.022 -176.418 0.011 0.521 0.0012
32|Substation Substation Squirrel (25 Average Frequt 0.022 -175.963 0.01 0.515 0.0012
33lSubstation  Substation Plainview (3 Averane Frenue  0.022 175.811 o n516 0.0012
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Visualization of 0.611 Mode

Mode Angle
-180.0 Degrees

0.0 Degrees

-180.0 Degrees
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Other Modes can be Quickly
Visualized Using the Same GDV

* Just use the Mode Details Dialog to transfer

values for a different mode to the Custom FIoat
1and 2 fields % ”tuh /{/ﬂ 1 y

Displays show  “f¥ 1 4 Wf

the 0.218 and b Enaii AL .

0.348 Hz modes M TN
R
X
\*:\\'\‘:\\
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Movie of 0.611 Hz Mode

Keep in mind the mode
data is being extracted
from the full system
response
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