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Announcements

T

Read Chapter 9

Homework 7 should be done before the second exam
hut need not be turned In




Texas 2000 Bus Synthetic Grid
Example
T

* For this example we’ll again use the Texas 2000 bus
grid, saved as TSGC 2000 GenDrop

« We’ll use the Iterative Matrix Pencil Method to
examine Its modes
— The contingency is the loss of two large generators (at bus 7098 and 7099)

The measurements will be the
frequencies at all 2000 buses

Bus Frequency (Hz)

& 8 10 12 14 16 18
Simulation Time (Seconds) 2



2000 Bus System Example,
lterative Matrix Pencil

The Iterative Matrix Pencil intelligently adds signals

until a specified number Is met
— Doing ten iterations takes about four seconds

Mumber of Complex and Real Modes |11

Lowest Percent Damping

6.082

Real and Complex Modes - Editable to Change Initial Guesses

Indude Detrend in Reproduced Signals
[ ]subtract Reproduced from Actual

Update Reproduced Signals

Frequency [Hz})| Damping % & Largest Mame of Signa Largest Mame of Signa Lambda Include in
Component in (with Largest |Component in [with Largest Reproduced
Mode, Component in | Mode, Scaled |Component in Signal
Unscaled Mode, Mode, Scaled
Unscaled
1 0.631 6.082 0.10313 Bus BROWMSYI 3.2592 Bus BROWMNSVI -0.2415 YES
2 0.959 7.063 0.04357 Bus SAN ANTCOHI 1.890 Bus SAN ANTOI -0.4269 YES
3 1.364 7.246 0.03780 Bus ODESSA1. 1.420 Bus CHRISTINE -0.6228 YES
4 0.593 7.897 0.07205 Bus BROWMSVI 2,300 Bus BROWNSVI -0.2845 YES
5 1.602 3.562 0.04387 Bus FANMNIM 2 F 2,032 Bus FANMIN 2 F -0.8650 YES
& 0,732 11.936 0,.21348 Bus MOMAHAN 4,054 Bus MOMNAHAM -0.5529 YES
7 0,224 14,207 019906 Bus ODESSA 1. 5.268 Bus WHARTOM - 7 YES
3 0.324 39.346 0.55936 Bus MOMNAHAN 12,994 Bus WHARTOMN -0.8722 YES
9 0,060 39.972 0,03815 Bus ODESSA1. 11596 Bus POINT COM 01645 YES
10 0,964 57.683 061264 Bus ODESSA 1. 18,504 Bus POIMT COR -4.2760 YES
11 (1. 100 (W M.59R5M Bus CHOFRS4 10 14.434 Rus WHARTOIM 28257 YFS

AP



Takeaways So Far

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

— Computationally is an O(N3) process for one signal, where N
IS the number of sample points; it varies linearly with the
number of included signals

— The number of sample points can be automatically determined

from the highest desired frequency (the Nyquist-Shannon
sampling theory requires sampling at twice the highest desired

frequency)
— Determining how all the signals are manifested in the modes
IS quite fast!!



Getting Mode Detalls

An advantage of this approach is the contribution of
each mode in each signal is directly available

8 Modal Analysis Mode Details

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

Custom Floating Point Field

Frequency (Hz) and Damping (%&) | 0.631Hz, Damping = 6.082% w

Transfer Results

By ol %8 5% @k 88 Records~ Set+ Columns~ | - A - 8t~ B options -
Type Mame Units Description | Post-Detrend | Angle (Deg) |Magnitude, 1| Magnitude |Cost Function
Standard Unscaled Scaled by 5D
Deviation

1JBus Bus BR Frequency 0.031 176.451 0.10313 3.29203 0.0019
2|Bus Bus BR 0.031 176.451 0.10248 3.27853 0.0019
3|Bus Bus BR. 0.031 176,454 010148 3.25747 0.0018
4|Bus Bus BR 0.031 176.525 0.10041 3.23684 0.0017
5|Bus Bus OLMITO 0.031 176.456 0.10032 3.23265 0.0018
6|Bus Bus BROWMSVILLE 0.031 176.522 0.09964 3.22005 0.0017
7|Bus Bus SAM BENITO O Fr 0.031 176.452 0.093836 3.19018 0.0017
8|Bus Bus PORT [SABEL 0 Frequ 0.031 176,519 0.09317 318788 0.0016
9|Bus Bus LOS FRESNOS O Fre 0.031 176.430 0.09601 3.13896 0.0016
10|Bus Bus CORPUS CHRISTI 3 3 Fr 0.030 177.479 0.09573 3.15533 0.0013
11| Bus Bus CORPUS CHRISTI 3 2 Fr 0.030 177.619 0.09533 3.14610 0.0013
12|Bus Bus RIO HONDO 0 Frequ 0.030 176.500 0.09462 3.10807 0.0015
13|Bus Bus CORPUS CHRISTI 3 5 Frequency 0.030 177488 0.09393 311626 0.0013
14|Bus Bus SAM PERLITA O Frequency 0.030 176.760 0.09338 3.08711 0.0014
15|Bus Bus SEBASTIAN 2 1 Frequ ] 0.030 176,485 0.0924% 3.05864 0.0014
16| Bus Bus SEBASTIAM 2 0 Frequ y 0.030 176.500 0.09234 3.05579 0.0014
17| Bus PUS CHRISTI 3 4 Fr. 0.030 177.256 0.09203 3.06646 0.0013
18|Bus 4 R .14 Frequ 0.030 176.457 0.09189 3.04368 0.0014
19| Bus 0.030 176.462 0.09183 3.04122 0.0014
20|Bus 0.030 176,504 0.09153 3.03706 0.0014
21|Bus 0.030 176.588 0.09134 3.03507 0.0014
22|Bus 0.030 176,483 0.09114 3.02757 0.0014
23| Bus 0.030 178.815 0.09102 3.06810 0.0019
24|Bus 0.030 176.459 0.0%095 3.02245 0.0014
25|Bus 0.030 176,377 0.09081 301773 0.0014
26|Bus Bus SANTA R 0.030 176.439 0.0%075 3.01600 0.0014
27|Bus Bus SANTA MARIA O 0.030 176.423 0.09065 3.01479 0.0014
28|Bus Bus HARLIMGEN 2 0 0.030 176.455 0.09043 3.01019 0.0014
29|Bus Bus SANTA R 0.030 176.315 0.09034 3.00472 0.0014
30|Bus Bus PROGR 0.030 176.363 0.09016 3.00188 0.0015
31|Bus Bus SANTA R 0.030 176.399 0.08996 2.99744 0.0014
32|Bus 0.030 176,399 0.08996 2.99744 0.0014
33|Bus 0.030 176.399 0.08996 2.99744 0.0014
34|Bus 0.030 176,399 0.08996 2.99744 0.0014

This slide shows
the mode with
the lowest
damping,

sorted by the
signals with the
largest magnitude
In the mode

A|M
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Visualizing the Some or All of the
Modes

« Some or all of the modes can be shown using the
Update Reproduced Signals option

— Select the modes to include using the Include in Reproduced
Signal selection

Modal Analysis Form _

x
Results
Modal analysis Status [Solved at 9/30/2019 10:2%:33 AM =
Number of Complex and Real Modes include Detrend in Reproduced Signals
B Clation Method [subtract Reproduced from Actul
(O From Plot OFi, Comtrade CFG (O Matrix Pencl (Once) «
awest Percent Damping " duced Signal
(O Fie, WECC €SV 2 @® Nane, Existing Data @ Iterative Matrix Pendl Update Reproduced Signals
O File, 3515 Format OFie, CsV (Data Starts Line 2) Real and Complex Modes - Editable to Change Initial Guesses
(OFile, Comtrade CFF (O Dynamic Mode Decomposition
Frequency ( 4| Damping (%] | Largest |Hame of Signal Average |Ratio Average | Largest  |Name of Signa| Average |Ratio Average | Lambda Include in ~
Data Source Inputs from Plots or Fikes Do Modal Analysis Component in|with Largest |Companentin| toLargest |Component in |with Largest |Companentin| to Largest Reproduced
Mode, |Componentin| Mode,  |Component in|Mode, Scaled [Component in| Made, Scaled |Companent in signal
Bus Frequency Ten o Unscaled  |Mode, Unscaled Mode, Mode, Scaled Mode, Scaled
Save in JSIS Format. save to CsY Unscaled UnScaled
1 e T — 2] 0.000 100.000 033511 Substation OD 0.06433 01938 8.560 Substation WH 217233 02538
= e 3 0.0 31750 002455 Substation MO 0.02321 09330 0.918 Substation FA 0.79268 0.8632
L = | Group Disabled for Bxisting Data e of terations = 4 0. 13,368 010639 Substation LAP 0.06331 0.5951 4,173 Substation THC 226039 05417
Data Sampling Time (Seconds) and Frequency (Hz) Tritel Al Signais fo be lot Incuded
Currrent [teration | o
Start Tme: End Time
Maximum Hz Update Sampled Data tore Resits in PWB File —
[ Always Reload Signals from Source 1] v

InputData, Actual Sampled InputData  Signals  Options Reproduced Data | [terative Matrix Pendil Iteration Details

Time (seq | Substation | Substation |Substation O |Substation BIG| Substation | Subststion | Substation | Substation | Substation | Substation | Substation | Substation | Substation | Substation | Substation |Substation BIG| Substation O | Substation |Substation BIG| Substation | Substation | Substation |
ODESSA2 | PRESIDIO2 | DONNELL1 [SPRING 5 VAN HORN IRAAN2 | PRESIDIO T | SANDERSON |MONAHANS 2| GRANDFALLS | MARFA | GARDENCITY | ODESSA4 | NOTREES | MIDLAND4 |SPRING 1 DONNELL2 | ODESSAE [SPRINGS MIDLAND 2 | COAHOMA | MIDLAND 3
Frequency | Frequeng | Frequency |Frequency Frequency | Frequency | Frequency | Frequency | Frequency | Frequenty | Frequency | Frequency | Frequenty | Frequeney | Frequency |Frequency Frequeney | Frequency |Frequency Frequenty | Frequengy | Frequenty
Average Average Average  |Average Average Average Average Average Average Average Average Average Average Average Average  |Average Average Average  [average Average Average Average
7 2.000 60101 0,081 53.506 50.045 60.081 50,078 0,093 53,558 0,081 60.088 0,081 50.068 0,055 0,100 60.088 60,041 55524 0.105 0,053 50.073 55,503 60.074
2100 59.975 50.972 59,851 59,943 59972 59,963 59.973 59,909 50.972 59.970 59972 59.957 59972 50,976 59.973 50938 59.862 59,980 59,946 59,958 50,349 59.959
2.200 59.906 59.907 59.823 59,887 59.507 59,900 59.908 59.863 59.907 59.906 59,907 59.39 59.906 59.909 59.905 59,383 59.831 59.912 59.889 59.896 59,822 59.897
2300 59,368 59,370 59,510 59,356 59.870 59,365 50871 59838 50,370 59,869 59,570 59.863 59,369 50,371 59,368 59,353 59516 59,373 59,357 59,862 50,309 59.862
2.400 59.846 59.847 59.805 59,838 59.847 59,844 59.847 59.825 59,846 59.846 59,847 59.843 59.846 59,848 59.845 59,336 59.809 59,843 59.839 59,841 59,804 59.842
2500 59.830 59.830 59.803 59.825 59.830 59.830 59.817 59.829 59.829 59.830 59.829 59.830 59.831 59.830 59.824 59.806 59.832 59.826 59.828 59.803 59.828
2,600 59.318 59.816 59.504 59,316 59815 59,817 59.816 59512 59,814 59815 59,316 59.817 59817 59,817 59,518 59,315 59,318 59.816 59517 59,803 59816
2.700 59.306 59,303 59.504 59,307 59.502 59,306 59,803 59.508 58,301 59.502 59.803 59.807 59.805 59,305 59.306 59,307 50,304 59.307 59.507 50,304 59506
2.300 59.796 59,790 59,806 59,759 59.789 59,795 59.790 59,803 59,788 59.790 59,790 59.797 59794 59,792 59,796 59,799 59,792 59,799 59,797 59,805 59.796
7 2,900 59.786 59.778 59.806 59,791 59.777 59.784 59.778 59.799 59.775 59.778 59.778 59.788 59.783 59.781 59.786 59.792 59.780 59.790 59.788 59,807 59.786
1 3.000 59776 59,767 59,507 59,783 59.766 59,775 59,767 59,795 50,764 59.767 59,767 59.779 59773 50,770 59776 59,785 59,768 50,783 59,750 50,307 59.778
1 3.100 59.768 59.757 59.808 59776 59.756 59,766 59.757 59.792 59.754 59.757 59,757 55,771 59.763 59.761 59.763 59,779 59,758 59.776 59.772 59,808 59.770
1 3.200 59,760 59,749 59,508 59771 59.748 50,759 59,749 59788 50,746 59.749 59,749 59.764 59,756 59,753 59,761 59,773 59,750 59,770 59,766 50,309 59,763
il 3.300 59,755 59,743 59,809 59,766 59.742 59,754 59.743 59,786 59,740 59,743 59,743 59.759 59,750 59,747 59,755 59,769 59,744 59,765 59,761 59,809 59.758
A 3.400 59.751 59.740 59.509 59764 50.738 58,750 59.738 59.784 58736 50.739 58739 59.756 59.747 59.743 59.752 5,767 50.740 59.762 59.758 58,310 58.755
1 3.500 59750 59.738 59,510 59,762 59.737 59,749 59.738 59,783 59.735 59.738 59,738 59.754 59,745 59,742 59,750 59,766 59,739 59,761 59,756 59,310 59.754
1 3.600 59751 59.740 59.510 59.763 50.739 58,749 59.738 59.783 58737 50.740 58739 55.755 59.746 58,742 59.751 59,766 50,740 59.762 59.757 58,311 50.754
it 3.700 50,753 50,743 59,511 59,765 59.742 59,752 59,743 59,785 50,741 50743 59,743 59.757 59749 50,746 59,754 59,768 59,743 59,764 59,760 50312 59.757
1 3.800 59.758 59.749 59812 59,769 59.749 59,757 59.749 59.787 59,747 59.750 59,743 59.762 59.754 59,751 59.759 59772 59,743 59.768 59.764 59,813 59.762
2 3.900 59,765 59,757 59,513 59,775 59757 59,764 59,757 59,790 50,756 59758 59,757 59.765 59.762 50,759 50,765 59777 59,757 59,774 59770 50314 59.768
2 2,000 59773 59,767 59,514 59,781 59.767 59,773 59.767 59,794 59,766 59.767 59,767 59.776 59770 59,768 59773 50,784 59,766 59,780 59777 59,815 59.776
i 4,100 59752 59.778 59.516 58,758 50.778 59782 59.778 59.759 58778 50.779 50778 59.785 59.780 58,778 59.752 5,751 50777 59.788 59.786 58,317 55785
2 4200 59792 59,790 59518 59,798 59.790 59,792 59.790 59,504 59,790 59.790 59,790 59.794 59791 59,790 59,793 59,799 59,789 59,797 59,795 59,818 59.795
2 4300 59.803 59,303 59.520 59,306 59.803 59.803 59,802 59.510 59,303 59.803 59,803 59.803 59,302 59.803 59,307

59.302 59.306 59.805 50,320 59.805




Freq (Hz)

Visualizing the Some or All of the
Modes

Images show all the modes, the low frequency modes,
and the high frequency modes
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Visualizing the Modes

HiY
 |f the grid has embedded geographic coordinates, the
contributions for the mode to each signal can be readily
visualized utilizing geographic data views (GDVs)

Image shows the
magnitudes of the
components for the
0.63 Hz mode; the
display was pruned to
only show some of
the values




Aside: Visualizing Results Using
Geographic Data Views (GDVs) T

« The GDV concept arose about 13 years back as a way
to auto-create oneline displays using geographic
Information embedded in power system models

« GDVs can be created from Model Explorer displays by
right-clicking and selecting Geographic Data View
and then either Geographic Data View to create a
display of the selected objects or Select Column, then
Geographic Data View for all the objects

— As always, filters can limit the column objects

* Once defined, the GDVs are grouped based on an
associated GDV Style



GDV Overview, cont.

HiY
The GDV Style is then used to customize their appears
on the displays

The GDVs themselves are ultimately display objects
that can be saved in a pwd or axd file

— The requirement is that they also be saved with the definition
for their style

— Like other *.pwds, the GDVs can be used with multiple
power systems

The GDVs are meant to leverage the growing amount

of geographic information that is embedded in power

system models

10



GDV Example 1

6 MW/ 18196 MW/

9710 M Gen: 2489
1
¥ Area Exports
Virginia Tidewater | ”

This is a classic GDV display in which the location of each GDV
(shown an area here) is derived from its elements. The size is
proportional to generation, color depends on its exports. Each

GDV is linked, allowing access to its Area Dialog. 11



GDV Example 2
AJM

Left image shows the substations unscaled, and the right shows the substation

GDVs sized by generation (MW), with color based on the fuel type (red: nuclear,
black: coal, brown: natural gas, green: wind, yellow: solar).




Aside: Making a Frequency Movie

Al
 |In class demonstration of how to make a frequency
movie (I am only storing every 0.25 seconds in demo)

* In Transient Stability, Options, General check the
Store Full Power Flow State on Update option

* Have a oneline that can contour bus (or substation)
frequency, with the Contours, Continuously Update
Contours checked

* Once the case has been run (with the power flow state
saved), select in transient stability Results from RAM,
Power Flow States; click on Show Power Flow
Transfer Control Dialog; make sure the jpegs are
saved somewhere 13



Using GDVs to Visualize a Mode
T

GDVs used to quickly visualize mode information

To visualize mode magnitude and angles, we’ll use the
substation custom fields to store the mode values

Rerun modal analysis using the substation average
frequency field. That is,

— Start from the Results From RAM, Aggregations,
Substation display

— Show just the Frequency Average field

— Right-click to select “Modal Analysis All Columns” to show
the Modal Analysis Form

— Select the Iterative Matrix Pencil method and click on Do
Modal Analysis; view the Mode Details dialog for 0.63 Hz .



Visualizing Mode Magnitude and Angle
Components

Modal Analysis Modle Details

We’ll use the custom fields
to tell the substation objects
about this mode’s data

— Select the Angle field, set the
Custom Floating Point Field to
1; click Transfer Results

— Repeat, except click on the

Frequency (Hz) and Damping (%) | 0.628Hz, Damping = 7.975% ~

B0 Ak

.

% 2% #h 8 Records~ Set~ Columns~

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

Custom Floating Point Fiekd Transfer Results

o, g %)~ 8 | options -

Type Hame Units Desaription End | Angle (Deg) | Magnitude, | Magnitude |Cost Function
¥ dard Unscaled [ Scaled by SD
Deviation
0.046 116,768 0,055 1,198 0.0040
0.049 117.069 0.045 0918 0.0032
0.035 14.460 0.040 1136 0.0026
0.043 100,690 0.040 0836 0.0030
0.049 16,821 0.044 0.885 0.0033
0.046 17.576 0.043 1.034 0.0030
0.049 0.046 0.936 0.0032
0.038 113,247 0.030 0.791 0.0028
0.050 16018 0.040 0.806 0.0034
0.049 116,506 0.043 0.573 0.0033
0.049 17.035 0.045 0910 0.0032
tion GARDEN CI 0.045 108,532 0.046 1018 00030
tation ODESSA 4 F 0.047 115,720 0.050 1.055 0.0036
tion NOTREES F 116330 0.050 1.044 0.0035
116.008 0.054 1177 0.0039
98,551 0.039 0913 0.0030
22.476 0,035 0.993 0.0025
17.031 0,051 1.041 0.0035
102.401 0.042 0.965 0.0029
108.925 0.047 1,042 0.0035
13.182 0.041 1167 0.0026
ubsta 100.561 0.045 0.899 0.0034
23| Substation eque 0.048 17313 0.047 0571 0.0031
116.465 0.042 0.846 0.0033
MEY 12,305 0.040 0929 0.0031
tion BIG SPRING 107.672 0.047 1.031 0.0030
114219 0.046 1.009 0.0030
116395 0,053 1124 0.0037
18,639 0.051 1,046 00030
station ANDREWS | 17.021 0.053 1002 0.0036
31 Substation tion FORSAN Fro 105.872 0.045 1.010 0.0030
32| substation 0.038 80.177 0.027 0.704 0.0029
33l unstation 0.045 115213 0.0s3 1160 nona
« Close

Magnitude Unscaled field and set the Custom

Floating field to 2

Then we’ll create a new GDV display using the
Texas withBackground oneline display (the
customizations are on the next slides)

15




Creating the GDV Display

AIM
On the Case Information, Aggregation, Substations,
select Geographic Data View, Select Column, Then
Geographic Data View

Geographic Data View Customization Dialog = O X
Select Oneline for Geographic Data Addition

Open Onelines with Map Projections |Texas_.,\.iﬂjgad<gmund

Browse to Open an Existing Onedine. .. I Create an Em|

Create Oneline with Geographic Borders

Note, the use of geographic data views r

oth that the oneline have a map
geographic coordinates. May projections al

jon and that the objects have
one-ines using the Oneline Displa i

ns, Geography/Coordinate page.

Object and Field Display Option Sets
Style Name |Substaﬁ0n_AreaName

Object Type |Substation

General Display Options  Fields and Attributes

Change Linked Style

Load Styles from

Display Attributes  Linked Objects  Line Summary Objects  Pseu

Style Selection Options Animation Control il View O =

(® Rectangle Okite [Jcan Be selected [JEnable Animation

O Rounded Rectangle O Arrows ine Thi il R exas W I aC g ro u n
Line Thickness Interval (Milli-seconds; 0 (=

O oval (O Line Segment o ) - —

O Triangle Line Calor l:l Use GDV Obiects on Contours

GDV Summary Object Options

Object Type to Insert Grid Count, X {Longitude) EI = Object Center Default Data Type O n e

i ; ) ) — @ Grid el @ 5um (O Ava, Abs. Values (O Maxin
(® Individual Object GDVs Grid Count, Y {Latitude) EI = ] () Abs. Value Sum () Minimum () Max Abs with Sign
(O summary Ohjects by Lat/Long (O Object Avg. (O Average (O Min. Abs, Mo Zero () Count
(O summary Ohjects by Custom Int 1

GDV Line Flow Summary Objects (GLSOs)

[ Automatically Incude Line Flow Summary Ohjects Show Line Flow Summary Options and List Dialog

[Jinsert Planar GLSOs GLSO Count l:l Update GL50s Delete All GLSOs

FirstLine Second Line Third Line

Text to Show
Relative Line Si =
SatveLine size = (CName (O Field Value
[ erefix ID with Object Type O Number O sparkline
(O Name (Number) (O Name_MNomKy

() Rimbar Mizmal () Rmrna i rmhart Rlaml!

Cat Frnt

Add Geographic Data View Objects to Oneline and Close Dialog Save Style Changes x Cancel ? Help

16



GDV Visualization of Mode Magnitude
and Angle Components T

« Setthe GDV Style as

— On the General Display Options page set the Style to
Arrows and the Text to Show field to None.

— On the Fields and Attributes page

« Total Area uses the Custom Float 2 fleld (magnltude) a ballpark
largest size should be 50000. .

« Rotation Angle uses the Custom e
mmmmmmmmmmmmmmmmmmmm Use Field Lookup
- lor Lookup
Line Thickness [ 1= Custom\Floating Poi ~ | Find.., | | Field Set Metrics
Line Color Cl Generators\MW Ma: ~ | Find... rage 80,11

hange
. . ] Use Fil Generators\MW Ma: ~ || Find... Col
Fcdr  [EE e povmr 4
[ Kite Shape Only Find
[[]Reverse Color Map Colors
Use Auta Wiidth of Ohiects [[] Use Discrete Color Map

u jec
F I t 2 f- I d -t d Total Area 66.007 % - CustomFioating Poi ~ || Find... - | .
Darker  Mormal  Lighter
Oa I e I I Iag n I u e Size to Width Ratio | 0.500] 2 te Shape Only Find [ Use absolute value [ gnore Zera Values
egrees) tom\Floating Poi || Find... Maximum
-
* Once a oneline has been setu
] isibity is non-zero Generators\MW Ma | Find Minimu
fiter is met Find
- b d f d ty conditions are not appled in Edit Mode. >
Attributes for All Objects in Style I Add
it can be saved for repeated use == = — .=
Send All to end Al to Front Colar Key
-
 Save oneline as TSGC 2000 Modes

uuuuuuuuuuu




Visualization of 0.63 Hz Mode
A

In this display the
arrows show the
magnitude and angle
(direction) for the
mode at each
substation.

However, the
problem is there are
too many arrows!

The solution it so
dynamically prune

the display using the
GDV Options,

Pruning command 8




GDV Display Pruning

This page allows GDVs to -

be selectively displayed

Select Do Pruning to
modify the oneline so an
Invisible grid is

added to the display

and only one GDV arrow
IS visible in each grid area

Geographic Data View Style Options

mmmmmmmmm

o oK

Save

Style Changes

X cancel

? Heb

| also added some color, using a circular color map to

highlight the angles

19



Visualization of 0.63 Hz Mode
T

Again save the
oneline;

It can then be
used to quickly
visualize the other

modes
o\

To show other

modes, just go to the
Mode Details dialog

for a different

frequency and again
transfer the angle and
magnitude 20




Visualization of 0.76 Hz Mode




Damping Oscillations: Power System
Stabilizers (PSSs)

« A PSS adds a signal to the excitation system to
improve the generator’s damping

— A common signal is proportional to the generator’s speed;
other inputs, such as like power, voltage or acceleration, can
be used

— The Signal is usually measured locally (e.g. from the shaft)
« Both local modes and inter-area modes can be damped.
* Regular tuning of PSSs is important

T

22



Stabilizer References

T

- A few references on power system stabilizers

- E. V. Larsenand D. A. Swann, "Applying Power System
Stabilizers Part I: General Concepts," in IEEE Transactions on
Power Apparatus and Systems, vol.100, no. 6, pp. 3017-3024,
June 1981.

- E. V. Larsen and D. A. Swann, "Applying Power System
Stabilizers Part 11: Performance Objectives and Tuning
Concepts," in IEEE Transactions on Power Apparatus and
Systems, vol.100, no. 6, pp. 3025-3033, June 1981.

- E. V. Larsenand D. A. Swann, "Applying Power System
Stabilizers Part I11: Practical Considerations," in IEEE
Transactions on Power Apparatus and Systems, vol.100, no.
6, pp. 3034-3046, June 1981.

— Power System Coherency and Model Reduction, Joe Chow
Editor, Springer, 2013

23



In the Physical Structure

Dynamic Models

Mechanical System

Supply Pressure

control control

Fuel Furnace

Source ' and Boiler
Governor

Speed
control

Turbine

Electrical System

Stabilizer

T

Load
Relay

Load
control

Loads

Line
Exciter Relay
\oltage Network
Control control
Generator Network
Machine

Load
Char.

P. Sauer and M. Pai, Power System Dynamics and Stability, Stipes Publishing, 2006.
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Power System Stabilizer (PSS) Models
T

Network
Ierrav.' ’ Z_mw‘:e? 'Peﬁ"e: * Qe’fe: » l/; Angfe dV
V: PR
Y vy % dt
. comp . ref Y . .
Machine [—> Exciter [€— Frequency)
Model &
N Ey N
Pwrﬁ'r-"l P, elec? Pﬁ"l“ ’ P‘“ cel? Ir.::.:'r-:‘.'.-.-ﬁr
o (speed) @ (speed)
A 4
P R ot il e
o | (Governot wikd Tashin Stabilizer
~ i | uroane E ‘
LCFBL Pitch\Gontrol
# — .‘ Ch : . ¥ .
P _=Electrical Power Foccr = Meshauical Power . - |
0.,. = Electrical R eactive Power o(speed) = Rotor Speted (oftenit's deviation from nominal speed)
V =Voltage at Terminal Bus Fcq = Acceleratng Power
V.. oo =Output of Stabilizer
— = Denvateof Voltage V,, =Exciter Control Setpoint (determined during initialization)
V. .. =Compensated Voltage P_. =Govemor Control Setpoint (determined during initialization)
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Classic Block Diagram of a System

with a PSS

Av

5

+
: Exciter
Av,

K,

G (e 20—

1+sT,

Field circuit

Voltage transducer

Figure 12.13 Block diagram representation with AVR and PSS

Image Source: Kundur, Power System Stability and Control

1
1 +.9TR
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T
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PSS Basics
T

 Stabilizers can be motivated by considering a classical
model supplying an infinite bus e e

ds N e
—=0-0;, =Aw e @) veen
dt

Hdro_ro BV gn(5)-Daw
@, dt X+ Xgp

« Assume internal voltage has an additional component
E'=E +KAw

org

« This can add additional damping if sin(d) Is positive
* Ina real system there is delay, which requires
compensation 27



PSS Focus Here
Al
* Fully considering power system stabilizers can get
quite involved

* Here we’ll just focus on covering the basics, and doing
a simple PSS design. The goal is providing insight and
tools that can help power system engineers understand
the PSS models, determine whether there is likely bad
data, understand the basic functionality, and do simple
planning level design
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Example PSS
T

* An example single input stabilizer is shown below
(IEEEST)

— The input is usually the generator shaft speed deviation, but it
could also be the bus frequency deviation, generator electric
power or voltage magnitude

Filter
1+AstA 8
(1+A5HA ST J(1+HA s A ST)

The model can be
simplified by setting
parameters to zero

Output Limiter

o T, @ V=V 1f (Vey = Vi = Vi)
A WA
Vi =0 if (Vip > Vi)

Ver _\/ST IS_ an
input into

the exciter
29




