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Definitions and description

B Power system stability has to do with the ability of a power system to
maintain it's steady state balance during normal operation and to
return to an acceptable steady state situation after being exposed to
disturbance(s).

B Steady state stability has to do with the analysis of the
electromechanical oscillations of the system for a given state of
operation (small-signal stability analysis, damping, etc.)

B Transient stability is defined as the ability of the power system and the
iIndividual generators to maintain synchronism after an operational
disturbance.

The system is within the stability limit when, after some given fault
situations, it is able to return to an acceptable steady state situation.
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Steady state stability:

An example
illustrating power
oscillations between
areas.

Acceptable damping
and a stable system
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Proposed approach for determination of
stability limits

¥ Practical definition:
The system is within the stability limit when, after some
given fault situations, it is able to return to an acceptable
steady state situation.

® Key questions:
m \What are the dimensioning fault situations?

B \What are the characteristics of an acceptable steady state
situation?
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Approach for determination of stability limits —
Procedures, definitions, criteria and choices

® Procedure for loading up the transmission corridor (i.e.

what generators/loads are to be regulated to influence the
load flow).

® Critical contingencies to be evaluated.

® Available (and applicable) system protection.
® Criteria:
m What is an acceptable damping?
m What is a dimensioning fault sequence for transient stability?

B Clear and precise presentation of results, providing
simplified interpretation of the analyses.
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Ordinate

Choose corridor:
Get the appropriate load flow case
(from EMS or PSS/E)

procedure
B Steady state analysis: Stationary contingency analysis:
m Purpose: To find a steady state EMS or TPLAN

load limit as a starting point for
the stability analysis.

B Result: Steady state load limit / Load- / / Dynami /
and load flow files representing flow data

different loading of the corridor.

B Dynamic analysis: Dynamlc analySISZ
m Determines acceptable load flow PSS/E and/or PacDyn
limit with respect to :

m Damping
m Transient stability
m (Voltage stability)

Presentation of
results :
Stability limits

SINTEF SINTEF Energy Research



Determination of stability limits

- Angle stability -

Stability analysis

flow

Dynamic List of
data contmgenme

Dynamic analy5|s:

Transient an

PSS/E:

PSS/E - PSSPLT:
"Prony” analysis
alysis (Damping)

PacDyn:
Damping

Reduce loading
of corridor

SINTEF

:

Presentation of results:

Stability
OK with resp. to
criteria?

Yes

Include available
system protection

Stability limit obtained
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Tools and methods for analyses

Steady state stabillity:

B PacDyn:
B Modalanalysis (eigenvalues and -vectors, "'modeshapes”)
m |dentification of critical eigenvalues points out relative damping.

B PSS/E:

B Analysis of simulation results by applying "Prony” methods points
out critical modes and their "eigenvalues”
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Relative damping:

B Determined from the most
critical eigenvalue (lowest
damping)

B Relative damping is the ratio
between the eigenvalue’s
real part and absolute value

B Can be estimated from power
oscillation trajectories
following transients.

B Can also be analysed by
applying the "Prony”-method
in PSSPLT (PSS/E).
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- Angle Stablllty - | File | Edit Outputs IOcontral Misc Help
CHID (Change Channel Identifiers) |

——  CRLY {Change Relay Data Characteristics) TINT SLET PLoT PLOTIN CLsP
LFTI {change Power Flow Title)
C LFTLRSTR (Reset Power Flow Title)

=lolx|

LFTLEUR (Reset Power Flow Title) et
£ SUET (Change Plotting Subtitle)
SORT (Sort Binary Formatted Channel Output File)

a

L}
, ’ ’ ’ o FUNE {Choose a Plotting Funetion)
PTY¥P.TIME (Select Channel Yalues ws. Time Plat)
RAME (Channel Range Scale Yalues) PTYPXY (Seleet Single "y Channel vs "x" Channel Walue Plot)

TINT {Specify Plotting Time Scale) PTYRXM (Select Multiple "y chanhel vs. "x" Channel Yalue Plat)

o

PTYPRE (Seleet Time Derivative of achannel vs. Channel Walue Ploty
;lgl il PTY¥P.FFT (Select the Fast Fourier Transfarm of a channel Plot)
Eile  Edit ﬂelp PTYP.LOG (Select Log vs Log Plot)

PTYP.5L0G (Select Log vs. Yalue Plot)

PTYPLP (Select Channel Yalue vs. Time Line Printer Plat)

CHANNEL FILE: I:%dokhlzwMTPWwProsjektilixlééi\Haslesnittetihasle hh mid00.out

DATASETT FOR STADIUM 2001 (MOBZ0OOLT. ..} rosjekt)lZxle6yHaslesnittetihasle hr mi400. out
(DATASETT ETABLERT FRAL ST¥SEAS )

CHANNEL: CHNL# &5: [POWR 1027 TO 30316 CET 1]
TIME INTERVAL: 1lz.7&Ez - Z&.l148¢ SEC.

MODAL COMPONENTE

CoMp. EIGENVALUE EIGENVECTOR i
jifa] REAL IMACINARY MaGHITUDE ANGLE RE
1 -0.15ZE07E-04 - 1738.32 -
z -0 220534 Z.43452 33064 -Z_EE
3 -0_ 164630 1.82410 20637 18_06&
4 -0_.510102 - -3.9664 -
5 -0.697726 1.41725 1.4024 -81.17
6 -0.407242 6.46218& 0.71038 142.05
7 -0. 125348 5. 20085 0.34513 -107.87
8 -0.299384 6.72231 0.23059 1543
3 -0.Z9EE4E 4.45644 0.17674 141.09
10 -0 587456 5.39811 0.31843E-02 -174.1%
11 -0.230963 10_9045 0.71839E-03 176.64
1z 0.1083320 7. 66782 0.31757E-03 5388
13 0.139592 11_9285 0.E59627E-04 -17z.64
14 2.10574 9.05314 0.39201E-08 -132.54

DELC. ELROR: 13Ez.
SICHMAL/NOIZSE: -324.3F
METHOLS: FPRONT
ORDER: &0

| —
|

SINTEF

13



Determination of stability limits
- Angle stability -

Tools and methods for analyses

Transient stabllity:

® PSS/E: Simulation of critical fault sequences (three-phase
symmetrical short-circuit followed by a fault clearance and
tripping of faulted line or (another) component).

® Purpose: Find the critical clearing time (CCT)
B CCT used as a criteria for setting of load limit
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Chosen criteria

B Steady state stability (damping):
m Relative damping of the critical system mode > 3%

B Transient stability:
m Critical clearing time for dimensioning fault > 100 — 200 msec.
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Example: The Hasle-corridor

B The example illustrates the application of the proposed
procedure for determining the stability limits.

® |nitial conditions: Heavy-load situation with 2000 MW
export through the Hasle-corridor (i.e. from Norway to
Sweden).

® Goal: To find limits of steady state as well as transient
stability by applying different choices of system protection.
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