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Announcements

Read Chapter 9
Homework 6 Is due on Tuesday December 3

~inal Is at scheduled time here (December 9
fromlpm to 3pm)

o



Damping Oscillations: Power System
Stabilizers (PSSs)

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

o

— 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



Stabilizer References

Alw
« 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. Larsenand D. A. Swann, "Applying Power System Stabilizers Part
I1: 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



Dynamic Models
In the Physical Structure

Mechanical System

Speed
control

Turbine

Supply Pressure

control control

Fuel Furnace

Source ’ and Boiler
Governor

P. Sauer and M. Pai, Power System Dynamics and Stability, Stipes Publishing, 2006.

Electrical System

Stabilizer

Line Load
Exciter Relay Relay
\oltage Network Load
Control control control
Generator Network Loads
Machine Load
Char.
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Power System Stabilizer (PSS)

Models

A
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Classic Block Diagram of a System
with a PSS
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Figure 12.13 Block diagram representation with AVR and PSS

Image Source: Kundur, Power System Stability and Control
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PSS Basics

T

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

do ’
—— =0 — @O = Aw £o 45 () v, e
dt

Ad2o 1o =Y in(5)-Daw
w, dt Xg + X

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

org
« This can add additional damping if sin(d) Is positive
* In a real system there iIs delay, which requires
compensation 7



PSS Focus Here
Alw
* 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



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
The model can be

Filter . simplified by setting

l+ﬁak;a+.ﬂsksa3
AT A ATAT parameters to zero

Output Limiter VST |S an
Input into
the exciter

51, @ Vs =V 1f (Vg > Ver > V)
< . V., =0 if (\-’CT <V)

Vi =0 if (Vcr > Vew)

VE'I




Another Single Input PSS

 The PSS1A is very similar to the IEEEST

Stabilizer and STAB1

Vs

1

1+sT;

1+sT3

o

14sTg | 1 1+sTs

1+A5+A,s>

1 1+sT,

1 1+sT,

Figure 31 —Type PSS1A single-input power system stabilizer

IEEE Std 421.5 describes the common stabilizers

10



Example Dual Input PSS

* Below Is an example of a dual input PSS (PSS2A)

— Combining shaft speed deviation with generator electric
power IS common

— Both inputs have washout filters to remove low frequency
components of the input signals

@ @ O

Input Signal #1

Input Signal #2
—»

o

11



Washout Filters and Lead-Lag
Compensators

AlM
e Two common attributes of PSSs are washout filters and

lead-lag compensators
| ead-lag compensators

Vsi 1 sTs 1 1+sT, 1+sT3 / Vst
— »  Kg > > > > > »
1+sTe 1+sTs 1+AS+A.S 1+sT, 1+sT4 J
WaShOUt fllter VsTmin

Figure 31 —Type PSS1A single-input power system stabilizer

« Since PSSs are associated with damping oscillations
they should be immune to slow changes. These low
frequency changes are “washed out” by the washout
filter; this is a type of high-pass filter.

12



Washout Filter
A]M

« The filter changes both the magnitude and angle of

the signal at low frequencies The breakpoint
frequency is when
Sain (98) = 20109 K7 | the phase shift
oas | T ——— is 45 degrees and
i Response the gain is -3 dB
g e (1/sqrt(2))

Bandwidth
g —
-dB

Phase Fe(HP) Frequency (H=

: wesrinme <esie A larger T value
. ™ | B shifts the breakpoint
: to lower frequencies;
5 ——— - at T=10 the breakpoint
frequency i1s 0.016 Hz

Image Source: www.electronics-tutorials.ws/filter/filter 3.html 13



https://www.electronics-tutorials.ws/filter/filter_3.html

Washout Parameter Variation

T
« The PSS2A is the most common stabilizer in both the
2015 El and WECC cases. Plots show the variation in
Ty, for El (left) and WECC cases (right); for both the
X-axls 1s the number of PSS2A stabilizers sorted by
Twi, and the y-axis is T,y In seconds

14



Lead-Lag Compensators

Alw
* For alead-lag compensator of the below form with
o <=1 (equivalently a>=1)

1+sT, 1+sT, 1+asT
1+sT, 1+sal, 1+sT :

« There Is no gain or phase
shift at low frequencies,
a gain at high frequencies but
no phase shift _1-sing 1
« Equations for a design maximum
phase shift o at a frequency fare  sing="—"=
given

15



Stabilizer Design
T
« As noted by Larsen, the basic function of stabilizers is

to modulate the generator excitation to damp generator
oscillations in frequency range of about 0.2 to 2.5 Hz

— This requires adding a torgue that is in phase with the speed
variation; this requires compensating for the gain and phase
characteristics of the generator, excitation system, and power
system (GEP(s))

~ We need to compensate for the e omer
phase lag in the GEP

« The stabilizer input Is
often the shaft speed

Aoy g AS

F’SSw (S]

Image Source: Figure 1 from Larsen, 1981, Part 1 16



Stabilizer Design

A

T Is used to represent measurement delay; it is usually
zero (ignoring the delay) or a small value (< 0.02 sec)

The washout filter removes low frequencies; T IS
usually several seconds (with an average of say 5)

— Some guidelines say less than ten seconds to quickly remove
the low frequency component

— Some stabilizer inputs include two washout filters

VSTmax

Vs
—

1 sTs

1

1+sT;

1+sT3

/_ Vst

14sTg | 1 1+sTs

1+A5+A,s>

1 1+sT,

1 1+sT,

4

VsTmin

Figure 31 —Type PSS1A single-input power system stabilizer

Image Source: IEEE Std 421.5-2016

17



Stabilizer Design Values

A

With a washout filter value of T, = 10 at 0.1 Hz
(s= J0.2n =]0.63) the gain 1s 0.987; with T =1 at 0.1

Hz the gain is 0.53

Ignoring the second order block, the values to be tuned
are the gain, K., and the time constants on the two
lead-lag blocks to provide phase compensation

- We’ll assume T,=T;and T,=T,

Vs 1 sTs 1 1+sT;
— | Ks [ > >

1+sT3

1+sTg 1 1+sTs | | 1+As+AS2 | | 1+sT

1 1+sT,

VsTmin

Figure 31 —Type PSS1A single-input power system stabilizer

18



Stabilizer Design Phase Compensation
T
« Goal Is to move the eigenvalues further into the left-

half plane

 Initial direction the eigenvalues move as the stabilizer
gain is increased from zero depends on the phase at the
oscillatory frequency

— If the phase is close to zero, the real component changes
significantly but not the imaginary component

— If the phase Is around -45° then both change about equally

— If the phase is close to -90° then there is little change in the
real component but a large change in the imaginary
component

19



Stabilizer Design Tuning Criteria

o

» Eigenvalues moves as K, Increases

jwlr/s)

I Kopr IS Where the damping Is
o maximized

e K,nsT IS the gain at which

* sustained oscillations or an
Instability occur

Kinst=75

(~175+]16)

/

1il0

..15

% T 5 9 )

0 (sec-!)
fc= I.0Hz; T\/T2:T3/T4: .5/.05

» A practical method is to find K,\st, then set Kqpr
as about 1/3 to % of this value

20



Stabilizer Design Tuning

T
« Basic approach is to provide enhanced damping at
desired frequencies; the challenge is power systems can
experience many different types of oscillations, ranging
from the high frequency local modes to the slower (<
1.0 Hz usually) inter-area modes

« Usually the PSS should be set to compensate the phase
so there is little phase lag at inter-area frequencies

— This can get modified slightly if there is a need for local
stability enhancement

« An approach is to first set the phase compensation, then
tune the gain; this should be done at full output

21



PSS2A Example Values
Al
» Based on about 1000 WECC PSS2A models
- T,=T5 about 64% of the time and T,=T, about 69% of the
time
— The next page has a plot of the T1 and T2 values; the
average T1/T2 ratio is about 6.4

Input Signal #1

VST&[AX
A+sT, /— .
1+sT, _/ V.,

V.

STMIN

Input Signal #2




Values

0.48
0.46
0.44
0.42

0.4
0.38
0.36
0.34
0.32

0.3
0.28
0.26
0.24
0.22

0.2
0.18
0.16
0.14
0.12

0.1
0.08
0.06
0.04
0.02

Example T, and T, Values

Stabilizer_PSS2A Variables

100

m——
200

e
300

e e e e e
400 500

— T1 — T2

m——
600

700

800

900

H I
1,000

A

23



Example
Al
* As an example we’ll use the wscc_9bus_Start case,

and apply the default dynamics contingency of a self-
clearing fault at Bus 8.

« Use Modal Analysis to determine the major modal
frequency
and
damping

85 MW

1.032 pu 1.025 pu -11 Mvar

1.013 pu

24



Example: Getting Initial Frequency
and Damping

AlM

®
- - -
 The new Modal AnaIyS|s button pI‘OVIdES qu Ick access
" FITY . RS T .
T - e B i e B % X 5R o wscc_dbus - Case: wsoe_Sbus_Start.PW tus: Initialized | Sirmulator 21
File Case Information Draw Onelines Tools Options Add Ons Window
——
. ) Abort . ) — | ¥ 3 ? M-
Edit Mode = = Primal LP FE :}j R _:gfL s { 1 Tivina
5 Log " Refine Model « A
Run Mode % . SCOPF... OPF Case  OPF Options V... av.. ATC,., Transient Stability Modal GIC...
. . h
script Info + and Results... Stability.. CaseInfo~  Analysis
Mode Log Optimal Power Flow [OPF) PV and OV Curves [PVOY) ATC Transient Stability (TS) GIC
en_Rotor Angle _ O X Modal Analysis Form | — = o
Results
Modal Anal Status |Solved at 3/21/2019 1:53:13 PM
Gen_Rotor Angle | Bus_Frequency Generator_PMech s;;ays‘swp = e e —— | Number of Complex and Real Modes lr\dude Detrend in Reproduced Signals
- ! ! — ata Source Type alcuiation Metho Subtract Reproduced from Actual
e, ariable Projection . )
70 Close All 8::"‘\2:50& csv2 8::: E:m:g: EEZ 8;awix P:r\:iJI (C;]r\ce) T Update Reproduced Signals
(File, 1515 Format (O None, Existing Data O Iterative Matrix Pendl Real and Complex Modes - Editable to Change Tniial Gussses
65 Data Source Inputs from Plots or Files O i e e i Frequendy (Hz)| Damping () [Largest Signal Name of  Lambda Include
&0 From Plot | Gen_Rator Angle < E5UTE) TR Percentage for| Weighted Fan:
58 For (e Drowsg Save in JSIS Format Save to CSV o mfentage .
- 1 20,2592 Rotor Angle '\, C
50 JustLoad Signals 2 57.3594 Rotor Angle \ ©
3 46.5006 Rotor Angle ' ¢
45 Data Sampling Time (Sqbnds) and Frequency (Hz) ol 23.4521 Rotor Angle \.C
40 Start Time 2 EndTme ]
35 Maximum Hz + | Update Sampled Data [ Stare Resuts in PWE File
30 < >
25 Input Data, Actual Sarfiled InputData  Signals  Options  Reproduced Data
Type Name Latitude |Longitude | Description | Units Include Include Detrend trend Post-Detrend | Post-Detrend Solved Averay
20 Reproduced | Parameter A P@emeter B | Number Zeras Standard ns|
Deviation
18 3 Con s =
10 3 £ Gen Bus YE! -
; Frequency IS
o]
: Easy access to H i
y 1.36 Hz with
0 2 4 8 3 10 12 14 18 18 20 I t d t 0 .
Ot dala m >
¥ — Rotor Angle_Gen Bus 2#1 W — Rotor Angle_Gen Bus 3#1 ¥ — RotorAngle_Gen Bus1#1 p 5 /O da p I n g
Print




PSS Tuning Example:
We'll Add PSS1As at Gens 2 and 3

Al
* To increase the generator speed damping, we’ll add
PSS1A stabilizers using the local shaft speed as an input

* First step Is to determine the phase difference between
the PSS output and the PSS 1nput; this 1s the value we’ll
need to compensate

« This phase can be determined either .,
analytically, actually testing the
generator or using simulation results

- A

’ Vs,
— We’ll use
. - Vsi 1 p sTs 1 14T 1453 /_ Vst
— > > > > > >
SI m u Iat I on 1+sTs ° 1+sT5 1+)f3.1s+441\232 1+sT> 1+sT4 J
reSU ItS VsTmin

Figure 31 —Type PSS1A single-input power system stabilizer

26



PSS Tuning Example:
Using Stabilizer Reference Signals T

PowerWorld now allows reference sinusoidals to be
easily played into the stabilizer input

— This should be done at the desired modal frequency

Modal analysis can then be used to quickly determine
the phase delay between the input and the signal we
wish to damp

We’ll use the wscc_9Bus Stab Test

— This has SignalStab stabilizers modeled at each generator;
these models can play in a fixed frequency signal

27



SignalStab Input and Results

AlM

®

Enable the SignalStab stabilizer at the bus 2 generator
and run the simulation

Generator Information for Present

Bus Number | ~ % Find By Number
BusName [Bus 2 ~| [ Find By Name
o [1 ] Find ...
Area Name
Labels ... |n0 labels

Generator MVA Base | 250.00

Power and Voltage Control  Costs  OPF  Faults  Owners, Area, etc,  Custom Stability

Machine Models Exciters Governors Stabilizers  Other Models

Inzert Delete Gen MVA Base | 250.0 Show Block Diagram | | Create VCurve

Type | SIGMALSTAB ~ [] Active (only one may be active)|  Set to Defaults

Parameters

|PU values shownfentered using device base of 250.0 MVA |

DoRample = dUoIH =
StartTime = @
dvalt1 = Durati0n4 =
Freql =1 dvolts 5
d\.-'oltZ = Duration5 =

Duration3 =

oK Save Save to Aux

Status
O Open
(® Closed

Energized

MNO (Offline)

YES (Online)
Fuel Type | Unknown w
Unit Type | UN (Unknown) ~

Step-up Transformer  Terminal and State

At time=0 the stabilizer
receives a sinusoidal input
with a magnitude of 0.05
and a frequency of 1.36 Hz

Cancel Help Print

28



PSS Tuning Example:
Gen2 Reference Sighal Results

Al
« Graph shows four signals at bus 2, including the
stabilizer input and the generator’s speed

— The phase relationships are most important

e

Y J< L i values for the
J W | | | 1.36 Hz mode;
\)\/ | | analyze the
v \j data between 5

and 10 seconds

- o X

ﬂ [\ Use modal
[\ analysis to

29



PSS Tuning Example:
1.36 Hz Modal Values

* The change in the generator’s speed 1s driven by the
stabilizer input sinusoid, so it will be lagging. The
below values show is lags by

(-161+360) — (-81.0) = 280 degrees

~ Because we want to damp the speed not increased it, subtract
off 180 degrees to flip the sign. So we need 100 degrees of
compensation; with two lead-lags it is 50 degrees each

Modal Analysis Mode Details

o

= O *
Frequency (Hz) and Damping (%) | 1,350 Hz, Damping = -0, 144% - : Transfer Results from Selected Column to Object Custom Floating Pant Field
Custom Floating Paoint Field n Transfer Results
= Records * Geo~ Set~ Columns ~ - - - - ) ~ Options =
Type Mame Unit: Description | Post-Detrend | Angle (Deg) Magnitude, Magnitude |Cost Function
Standard Unscaled Scaled by 5D
Deviation
1 "pu n Bus 1 0.011 69.015 0.015 1.364 0.0158
2 fstab ', Gen Bu 1 0.035 -160.952 0.043 1377 0.0049
3|Gen MW ' Gen Bus 2 #1 25.013 -171.078 34.460 1.378 0.0073
4| Gen Speed’ Gen Bus 2 #1 0.002 -21.037 0.003 1.360 0.0136
\/ Close

30



PSS Tuning Example:
1.36 Hz Lead-Lag Values

In designing a lead-lag of the form
1+sT,  1+sT,

1+sT, 1+saT,
to have a specified phase shift of ¢ at a frequency f

the value of a IS
1- mn¢ 1

1+sm¢ 27Tf\/_

In our example with ¢ = 50° then

A

o =

1-sIN¢ _ 130, T, =0.32LT, =T, =0.042
1+sin¢

31



PSS Tuning Example:
1.36 Hz Lead-Lag Values

Hence T,=T,=0.321, T,=T,=0.042. We’ll assumed
T,=0, and T:=10, and A;=A,=0

Tmax
Vs 1 sTs 1 1+sT4 1+sT3 [ Vst
—_— » Kg > > s [ > >
1+sTg 1+sTs 1+A15+A5S 1+sTy 1+s8T4 /

o

The last step Is to determine K.. This Is done by
finding the value of K, at just causes instability (i.e.,
Knst), @nd then setting K to about 1/3 of this value

- Instability is easiest to see by plotting the output (V<) value
for the stabilizer

32



PSS Tuning Example:

Setting the Values for Gen 2 T
* Instability occurs with K¢ = 55, hence the optimal value
IS about 55/3=18.3

« This increases the damping from 5% to about 16.7%

o M/{ This is saved as case
o wscc_9bus_Stab

33



PSS Tuning Example:
Setting the Values for Gen 3

Alw
« The procedure can be repeated to set the values for the
bus 3 generator, where we need a total of 68 degrees of

compensation, or 34 per lead-lag

Madal Analysis Mode Details = 0O X

* The values are ¢ =0.283, T,=0.22, T,=0.062, K, for
the verge of instability is 36, so K¢ optimal is 12.

34
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65-
60-
55-
50-
45]
40-
35
30
25
20

15
10

-10

|

PSS Tuning Example:

Final Solution

A

—_—
0 2 4 6 8 10 12 14 16 18

L — Rotor Angle, Gen Bus 2#1 =— Rotor Angle, Gen Bus 3#1 — Rotor Angle, Gen Bus1 #1'
v v v

™
20

A

With stabilizers
at buses 2 and 3
the damping has
been increased to
25.7%

35



Example 2: Adding a PSS to a 42
Bus System
T

Goal Is to try to improve damping by adding one
PSS1A at a large generator at Lion345 (bus 42)

—- Example event is a three-phase fault is applied to the middle
of the 345 kV transmission line between Prairie (bus 22) and

Hawk (bus 3) with both ends opened at 0.05 seconds

MW 267 Mw 267 Mw
i

42 Bus Case
Metric: Unserved MWh: 0.00

The starting case

name is
Bus42 PSS

Apple 120 mvar 25

xxxxx

nnnnn

w
s6Mvar =
88 MW
T a9 Mvar oMvar 0 Mvar
1100 MW
77% 3 ) o 73% 1520 MW 1520 MW
Monarch138 e a .
h | ' 3 6




Example 2: Decide Generators to
Tune and Frequency

Generator speeds and rotor angles are observed to
have a poorly damped oscillation around 0.6 Hz.

1.0008
1.0006
1 0004-f
1 0002-.
1 oooo-:
0 9993-:
0.9996 -}
09994
0 9992-:
0 9990-:

0.9988

4
Speed, Gen Dolphin345(23) #1 — Speed, Gen Dolphin345(23)#2

v Speed, Gen Grafton345 (1) #1 v Speed, Gen Lake345 (2) #1

v Speed, Gen Lake345 (2) #2 v — Speed, Gen Lion345 (42) #1

v Speed, Gen 0ak345 (18) #1 v — Speed, Gen Oak345 (18) #2

v Speed, Gen 0ak345 (18) #3 2

v Speed, Gen Ram345 (35) #1 v

3 V' — Speed, Gen Viking345 (19)%3

|7 [

AlM

®

60
551
50
453
407

30
257
207
157

20

T T L B T r+r. 1+ 1 rrrrrrrrrr
0 2 4 6 8 10 12 14 16 18
— Rotor Angle, Gen Dolphin345(23)#1 — Rotor Angle, Gen Dolphin345(23)#2
V' — RotorAngle, Gen Grafton345(1)#1 ¥ — Rotor Angle, Gen Lake345 (2) #1
M Rotor Angle, Gen Lake345 (2)#2 M Rotor Angle, Gen Lion 345 (42) #1
v — Rotor Angle, Gen Oak345 (18) #1 v Rotor Angle, Gen Oak345 (18)#2
V' — RotorAngle, Gen Oak345(18)#3 [V
[V — Rotor Angle, Gen Ram345 (35)#1 ¥
2 V' — Rotor Angle, Gen Viking345 (19) #3
Hv v

37



Aside: Visualizing the Disturbance In
PowerWorld Dynamics Studio (DS)

PowerWorld Dynamics Studio (DS) Version 21 - [Bus42.pwd]
Eile Server Simulation Contrel Cemmands CaseInformation  Optiens  Window

Server Status: Stopped

Simulation Status: Paused

Average System Frequency (Hz) |60.001 Simulation Tme/Date (3/18/2018  15:10:37.3

Elapsed Simulation Time 0:12.9

Busd2.pwd

Voltage Mag (pu)

Dolphin
= Viking oMY gaE

178 MW 162 MW 177

Metric: Unserved MWh: 0.00
Unserved Load: 0.00 MW smersgymaosime @ © @
L 130 Mvar |,

Apple 130 Mvar 238 MW Ash1328
Peach138

- 95 MW

T Mg Rose138
i5 M ﬂ
-t Oak
Parkway138.

200 MW 295 MW 77 MW * Sprucel38

~—4 ,;'J, \LBear el

2
200 MW 200 MW
89% A3 MVarisiyvar 45 Mvar 268 MW

Bus_Frequency

201 MW 189 MW 199 M!
32 Mvard2 Mvard0 Mva|

Sidney X I

801
80.05
60
59.95
59.9
59.85
59.8
5875
597
59.65
596
58 55
895
58.45

Valley

27 Mvar % 30 Muar

B1%,
200 MW

e
190 MW 200 MW 4
63 Mvar 82 Mvar
159 MW 92 MW

Grafton

3

3y

N
139 MW211 MW
S 33 Mvar30 Mvar
-10 ] 107 o -

134 MW
20 Mvar

Eagle

A Elm138 Lark1338/

185 MW
56 Mvar |

Monarch138

266 MW

AlM

®

38



Example 2: Response Quantified
Using Modal Analysis

Modal Analysis Form

Modal Analysis Status |50Ived at 11/25/2017 3:59: 17 PM

Data Source Type
(®) From Flot

() File, WECC CSV 2
() File, 1515 Format

() File, Comtrade CFF
(O File, Comtrade CFG
O Mone, Existing Data

Calculation Method

(") Variable Projection

(_) Matrix Pendil {Once)

(®) Iterative Matrix Pendil

O Dynamic Mode Decompasition

Results

Mumber of Complex and Real Modes IZI
-100.000

Lowest Percent Damping

= O

[Jsubtract Reproduced from Actual
Update Reproduced Signals

Real and Complex Modes - Editable to Change Initial Guesses

Indude Detrend in Reproduced Signals

Data Source Inputs from Plots or Files Frequency (Hz)| Damping (38} |Largest Signal Mame off Lambda Include
. Weighted Largest Reprodu
From Plot | Gen_Speed e Do Modal Analysis Percentage for|Weighted Sign:
. Fil | | Brow Made Percentage for
rom Fie rowss Save in 1515 Format Save to CSV Mode
) ) - : . 1 1.5 8,920 10,4844 Speed’ Gen Vi
Just Load Signals Optimal Matrix Pendl Options 2 T2 3,159 7.2531 Speed \ Gen Vi
T e AT Ts 5 3 0 9,242 29,2527 Speed, Gen Rz
Data Sampling Time (Seconds) and F (H2) [ mnitial All Signals to be Not Included R 2590 793044 Speed\Gen D)
ata Sampling Time (Seconds) and Frequency (Hz nitia ignals to be Mot Indude 3 60.012 52,0188 Speed \ Gen R:
Start Time 000 = End Time - Girrrent Teration B -100.000 12.3306 Speed Gen Rz
Maximum Hz = Update Sampled Data Store Results in PWE File
£ >
Input Data, Actual Sampled Input Data  Signals  Options  Reproduced Data
Type MName Latitude [Longitude | Description | Units Include Include Detrend Detrend Post-Detrend | Post-Detrend Solved Averag
Reproduced | Parameter A Parameter B | Mumber Zeros Standard Uns
Deviation
18cen Gen Dolphin3: YES YES 1.0001 -0.0000 0 0.000 YES
2| Gen Gen Dolphin3: NO YES 1.0001 -0,0000 0 0.000 YES
3|Gen Gen Grafton34 NO YES 1.0001 -0,0000 0 0.000 YES
41Gen Gen Lake HNO YES 1.0001 -0,0000 0 0.000 YES
5|Gen Ge NO YES 1.0001 -0.0000 0 0.000 YES
B|Gen Ge NO YES 1.0001 -0,0000 0 0.000 YES
7| Gen Ge NO YES 1.0001 -0.0000 0 0.000 YES
8| Gen Ge NO YES 1.0001 -0.0000 0 0.000 YES
9| Gen Ge NO YES 1.0001 -0,0000 0 0.000 YES
10]Gen Ge NO YES 1.0000 0.0000 0 0.000 YES
11 G,-:n G- IES VEC 91 nnnd N NN n N nnn VEC
12| Gen Ge YES -
G For 0.6 Hz mode the dampin
14]Gen G YES . p g
( 1S 2.89%
j-'L Close P Help Print I S " 0

AlM

®
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Example 2: Determine Phase
Compensation

Using a SignalStabStabilizer at bus 42 (Lion345), the
phase lag of the generator’s speed, relative to the
stabilizer input Is 199 degrees; flipping the sign requires
phase compensation of 19 degrees or 9.5 per lead-lag

Values are o =0.72; for 0.6 Hz, T,= 0.313, T,=0.225;
set T, and T, to match; gain at instability Is about 450, so
the gain is set to 150.

A

VSTmax

Vsi 1 sTs 1 1+sT; 1+sTs [ Vs
—] » Kg > > s > >
1+sTs 1+sT5 1+A15+A5S 1+sTo 1+sT4 /

The case with the test signal I1s Bus42 PSS Test
Adding this single stabilizer increases the damping to 4.24%
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Example 2: Determine Phase

Compensation For Several Generatorsm

Adding and tuning three more stabilizers (at
Grafton345 and the two units at Lake345) increases
the damping to 8.16%

60-]

e However, these
55— e
Ve changes are
 Eve— Impacting
of TV modes in other
ZS?W
3::; areas of the system

E
L s B B L e B B R B R |
0 2 4 6 8 10 12 14 16 18 20

— RotorAngle_Gen Dolphin345(23)#  — RotorAngle_Gen Dolphin345(23)#2

[¥ — RotorAngle_Gen Grafton345(1)#1 [¥ — RotorAngle_Gen Lake345 (2)#1

v — Rotor Angle_Gen Lake345 (2)#2 v — Rotor Angle_Gen Lion 345 (42) #1
v — Rotor Angle_Gen Oak345(18) #1 v — Rotor Angle_Gen Oak345(18)#2

[ — RotorAngle_Gen Oak345(18)#3 ¥

[¥ — Rotor Angle_Gen Ram345 (35) #1 [v

[v [¥ — RotorAngle_Gen Viking 345 (19)£3
~ v
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