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Announcements

• Read Chapter 9

• Homework 7 should be done before the second exam 

but need not be turned in
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Texas 2000 Bus Synthetic Grid 
Example

• 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)

This is a synthetic power system model that does NOT represent 
the actual grid. It was developed as part of the US ARPA-E 
Grid Data research project and contains no CEII. To reference 
the model development approach, use:

For more information, contact abirchfield@tamu.edu.

A.B. Birchfield, T. Xu, K.M. Gegner, K.S. Shetye, and T.J. 
    Overbye, "Grid Structural Characteristics as Validation 
    Criteria for Synthetic Networks," IEEE Transactions on
    Power Systems, vol. 32, no. 4, pp. 3258-3265, July 2017.

Potential Coal Plant Retirements
StatusMax MWBus Number

Note: this grid is fictitious and doesn't 

represent the real Texas grid

 37%
A

Am ps

 20%
A

Am ps

 33%
A

Am ps

 16%
A

Am ps

 20%
A

Am ps

 20%
A

Am ps

 30%
A

Am ps

 31%
A

Am ps
 25%

A

Am ps

 13%
A

Am ps

 14%
A

Am ps

 17%
A

Am ps

 18%
A

Am ps

 22%
A

Am ps

 27%
A

Am ps

 11%
A

Am ps

 20%
A

Am ps

 14%
A

Am ps

 18%
A

Am ps

 22%
A

Am ps

  3%
A

Am ps

  7%
A

Am ps

 13%
A

Am ps

 33%
A

Am ps

 29%
A

Am ps

 65%
A

Am ps

 57%
A

Am ps

 61%
A

Am ps

 53%
A

Am ps
 48%

A

Am ps 48%
A

Am ps

 26%
A

Am ps

  8%
A

Am ps

 28%
A

Am ps

 25%
A

Am ps

 45%
A

Am ps

 45%
A

Am ps

 41%
A

Am ps

 49%
A

Am ps 49%
A

Am ps

  7%
A

Am ps

 12%
A

Am ps

 12%
A

Am ps

 12%
A

Am ps

 42%
A

Am ps

 11%
A

Am ps

  4%
A

Am ps

 38%
A

Am ps

 38%
A

Am ps

 38%
A

Am ps

 46%
A

Am ps
 46%

A

Am ps

 50%
A

Am ps

  7%
A

Am ps

  3%
A

Am ps

 47%
A

Am ps

 33%
A

Am ps

 33%
A

Am ps

 32%
A

Am ps

 57%
A

Am ps

 23%
A

Am ps

 10%
A

Am ps

 13%
A

Am ps

 32%
A

Am ps

 28%
A

Am ps
 28%

A

Am ps

 38%
A

Am ps

 13%
A

Am ps

 23%
A

Am ps

 14%
A

Am ps

 45%
A

Am ps

  4%
A

Am ps

 32%
A

Am ps

 23%
A

Am ps
 23%

A

Am ps

 27%
A

Am ps

 35%
A

Am ps

 41%
A

Am ps

 39%
A

Am ps

 21%
A

Am ps

 17%
A

Am ps

 20%
A

Am ps

 72%
A

Am ps

 38%
A

Am ps

 11%
A

Am ps

 57%
A

Am ps

 37%
A

Am ps

 33%
A

Am ps

 20%
A

Am ps

 29%
A

Am ps

 41%
A

Am ps

 16%
A

Am ps 34%
A

Am ps

 38%
A

Am ps

  6%
A

Am ps

 27%
A

Am ps 18%
A

Am ps

 16%
A

Am ps

  9%
A

Am ps

 27%
A

Am ps

 10%
A

Am ps

 38%
A

Am ps

 32%
A

Am ps

 37%
A

Am ps

 35%
A

Am ps

 39%
A

Am ps

 28%
A

Am ps

  9%
A

Am ps
  6%

A

Am ps

  5%
A

Am ps

 42%
A

Am ps

 37%
A

Am ps

 37%
A

Am ps

 44%
A

Am ps

 35%
A

Am ps  15%
A

Am ps

 13%
A

Am ps

  1%
A

Am ps

  7%
A

Am ps

  5%
A

Am ps

  2%
A

Am ps

 29%
A

Am ps

 31%
A

Am ps

  4%
A

Am ps

  1%
A

Am ps

 36%
A

Am ps

 52%
A

Am ps

 11%
A

Am ps

 54%
A

Am ps

 13%
A

Am ps

 25%
A

Am ps

 13%
A

Am ps

 18%
A

Am ps

  5%
A

Am ps

 22%
A

Am ps

 12%
A

Am ps

 32%
A

Am ps 10%
A

Am ps 59%
A

Am ps

 28%
A

Am ps 42%
A

Am ps
 42%

A

Am ps 13%
A

Am ps

 10%
A

Am ps

 38%
A

Am ps

  8%
A

Am ps

 33%
A

Am ps

 18%
A

Am ps

 11%
A

Am ps

 34%
A

Am ps

 15%
A

Am ps

 22%
A

Am ps

 22%
A

Am ps

 60%
A

Am ps

 46%
A

Am ps

  7%
A

Am ps

 30%
A

Am ps

  5%
A

Am ps

 24%
A

Am ps

 16%
A

Am ps

 28%
A

Am ps

 67%
A

Am ps

 15%
A

Am ps

 36%
A

Am ps

 57%
A

Am ps

  6%
A

Am ps

 13%
A

Am ps

  4%
A

Am ps

 44%
A

Am ps

 47%
A

Am ps

 23%
A

Am ps

 22%
A

Am ps

 22%
A

Am ps

 20%
A

Am ps

 17%
A

Am ps

  7%
A

Am ps

 38%
A

Am ps

 34%
A

Am ps

  7%
A

Am ps

 11%
A

Am ps

 45%
A

Am ps

 44%
A

Am ps 31%
A

Am ps

 15%
A

Am ps

 16%
A

Am ps

 61%
A

Am ps

 59%
A

Am ps

 22%
A

Am ps

 40%
A

Am ps

 47%
A

Am ps

  9%
A

Am ps

  3%
A

Am ps

 47%
A

Am ps

  7%
A

Am ps

 14%
A

Am ps
  8%

A

Am ps

 14%
A

Am ps
 27%

A

Am ps

 43%
A

Am ps

 11%
A

Am ps

 35%
A

Am ps

 22%
A

Am ps

 68%
A

Am ps

 18%
A

Am ps

 42%
A

Am ps

 45%
A

Am ps

 21%
A

Am ps

 30%
A

Am ps

 79%
A

Am ps

 50%
A

Am ps

 38%
A

Am ps 23%
A

Am ps

  6%
A

Am ps

 14%
A

Am ps

  2%
A

Am ps

 35%
A

Am ps

 39%
A

Am ps

 64%
A

Am ps

 24%
A

Am ps

 33%
A

Am ps

 31%
A

Am ps

 16%
A

Am ps

 24%
A

Am ps

  7%
A

Am ps

 33%
A

Am ps

 23%
A

Am ps

 46%
A

Am ps

 27%
A

Am ps

 18%
A

Am ps

 20%
A

Am ps

 22%
A

Am ps

 29%
A

Am ps

 29%
A

Am ps

 15%
A

Am ps

 62%
A

Am ps

WACO 1

AUSTIN 2

PASADENA 3

ARLINGTON 1

M CKINNEY 3

JACKSONVILLE 1

KYLE

M ANSFIELD

GREENVILLE 1

HOUSTON 4

CYPRESS 1

HOUSTON 90

POINT COM FORT 2

LAKE JACKSON

SILVER

ROSCOE 2

TRINIDAD 1

AUSTIN 3

EL CAM PO

LEAGUE CITY

COPPERAS COVE

CEDAR CREEK 1

COLLEGE STATION 2

PFLUGERVILLE

CEDAR PARK

ANGLETON

SHERM AN 1

WINCHESTER

LEANDER 1

ABILENE 2

KENEDY

GRAND PRAIRIE 3

SAN ANTONIO 2

M IDLOTHIAN 1

BAY CITY

CUERO 2

FAIRFIELD 1

TEXAS CITY 1

SAN ANTONIO 37

TAFT 1

SPRING 2

POOLVILLE
ALLEN 1

VICTORIA 1

SNYDER 2

SEGUIN 1
SUGAR LAND 2

ALVIN

M AGNOLIA 1

BRYSON 1

KILLEEN 4

COLUM BUS

CALDWELL

LAREDO 4

CONROE 5

LAPORTE

FANNIN

TYLER 4

PARIS 2

CORPUS CHRISTI  1

SAN JUAN

M ISSION 4

DENTON 1

M ERKEL 1

WACO 2

LAREDO 1

BREM OND

DAYTON

FLUVANNA 2

BRYAN 1

KILLEEN 3

STEPHENVILLE

WINGATE

FREEPORT 1

M ISSOURI  CITY 2

NEWGULF

GRANBURY 2

BURNET

GRANBURY 1

SUGAR LAND 3

WILLIS 1

SAN ANTONIO 50

KATY 2

NURSERY

NEW BRAUNFELS 1

KELLER 2

CHANNELVIEW 1

ALEDO 1

SAN ANTONIO 22

GARLAND 1

JACKSBORO 1

PANHANDLE 2

ROCKDALE 1

SAN MARCOS
HOUSTON 5

BAYTOWN 1

ODESSA 1

SAN ANTONIO 1

ELMENDORF

WILLIS 2

SAVOY

PANHANDLE 4

WICHITA FALLS 1

WADSWORTH

MARBLE FALLS 2

O DONNELL 1

MCCAMEY 1

PEARSALL

CORPUS CHRISTI 3

SHIRO

PORT LAVACA

FAIRFIELD 2

SARITA 1

ARMSTRONG 1

FLORESVILLE

VICTORIA 2

GEORGETOWN 3

GLEN ROSE 1

OLNEY 1

MISSION 1

GREGORY

GOLDTHWAITE 1

CORSICANA 2

CUSHING 1

MOUNT PLEASANT 2

DALLAS 1

GRAHAM

RICHARDSON 2

BROWNWOOD

TYLER 7

MOUNT PLEASANT 1

MT. ENTERPRISE

JEWETT 1

SAN PERLITA

AUSTIN 1

MONAHANS 1

FRANKLIN

OILTON

CHRISTINE

CHRISTOVAL

WHARTON 1

MIAMI

KERRVILLE

PALO PINTO 1

STERLING CITY 1

ROSCOE 5

DEL RIO BOERNE 2

MARION 1

BRENHAM

GALVESTON 1

LA GRANGE

BASTROP

PARIS 1

YOAKUM

RALLS 1

TEMPLE 1

LAREDO 7

SPRING 8

MCKINNEY 1

EAGLE PASS

LUFKIN 3

FREEPORT 2

HONDO

HERMLEIGH
ABILENE 1

ALBANY 1

ENNIS

RIESEL 1

BRIDGEPORT

KATY 3

THOMPSONS

8129

8130

8131

6078

6079

6080

  563 MW

  563 MW

  563 MW

  660 MW

  660 MW

  660 MW

Closed

Closed

Closed

Closed

Closed

Closed

The measurements will be the 

frequencies at all 2000 buses
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2000 Bus System Example, 
Iterative Matrix Pencil

• The Iterative Matrix Pencil intelligently adds signals 

until a specified number is met

– Doing ten iterations takes about four seconds

3



Takeaways So Far

• 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!!
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Getting Mode Details

• An advantage of this approach is the contribution of 

each mode in each signal is directly available

This slide shows 

the mode with 

the lowest 

damping,

sorted by the 

signals with the 

largest magnitude 

in the mode
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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
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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

• If 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
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Aside: Visualizing Results Using 
Geographic Data Views (GDVs)

• 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

9



GDV Overview, cont.

• 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
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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.    



GDV Example 2
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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

• 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

• 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
14



Visualizing Mode Magnitude and Angle 
Components

• 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

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

• On the Case Information, Aggregation, Substations, 

select Geographic Data View, Select Column, Then 

Geographic Data View

16

For the One-Line, pick the 

Texas_withBackground

one



GDV Visualization of Mode Magnitude 
and Angle Components

• Set the 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 field (magnitude); a ballpark 

largest size should be 50000.  

• Rotation Angle uses the Custom 

Float 1 field (angle)

• Line Thickness uses the Custom 

Float 2 field (magnitude)

• Once a oneline has been setup, 

it can be saved for repeated use

• Save oneline as TSGC_2000_Modes
17



Visualization of 0.63 Hz Mode
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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



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

• I also added some color, using a circular color map to 

highlight the angles 
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Visualization of 0.63 Hz Mode
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Again save the 

oneline;

it can then be 

used to quickly 

visualize the other 

modes

To show other 

modes, just go to the 

Mode Details dialog 

for a different 

frequency and again 

transfer the angle and 

magnitude



Visualization of 0.76 Hz Mode
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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
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Stabilizer References

• A few references on power system stabilizers
– E. V. Larsen and 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 II: Performance Objectives and Tuning 
Concepts," in IEEE Transactions on Power Apparatus and 
Systems, vol.100, no. 6, pp. 3025-3033, June 1981.

– E. V. Larsen and D. A. Swann, "Applying Power System 
Stabilizers Part III: 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
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Dynamic Models 
in the Physical Structure

Machine
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Load
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P. Sauer and M. Pai, Power System Dynamics and Stability, Stipes Publishing, 2006.
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Power System Stabilizer (PSS) Models
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Classic Block Diagram of a System 
with a PSS

Image Source: Kundur, Power System Stability and Control

PSS is here
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PSS Basics

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

• Assume internal voltage has an additional component

• This can add additional damping if sin(d) is positive

• In a real system there is delay, which requires 
compensation

dt
s

dd
  = − = 

( )0

0

2
sins

M
d ep

E VH d
T D

dt X X


d 




= − − 

 +

orgE E K  = + 

27



PSS Focus Here

• 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

• 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

VST is an

input into

the exciter

The model can be 

simplified by setting 

parameters to zero
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