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Abstract—The problem of defining and classifying power
‘e ki b bon addrsed b s prvins I
FE Task Force reports. These carlier efforts, L
a., gt be by mehegld
od sadertandieg, n porticser, e denions o o prece
.-a the clavsifications do oot encompass all practical fastability

. set up jointly by the
CIGRY Stody Commitee S e TERT Power Syt Dy

b “The report s

" Crdi Caniores (Comaday, Nikon Hatziargyriou (Greece), D
(Australia), Alex Stankovic (USA), Carson Taylor (USA). Thierry Van Cur

A, Secretary. Venkat Ajrapu (USA). Goran Andersson
id Hill

# (Belgium). and Vijay Virtal (USA)

on the subject by CIGRE and IEEE Task Forces [4}-{7]. These,
howener. do not completely reflect current indusiry needs. ex-
periences. and understanding. In particular, definitions are not

stability scenarios,

“This report s the result of long deliberations of the Task Force
sct up jointly by the CIGRE Study Commitice 38 and the IEEE
Power System Dynamic Performance Committee. Our objec:
tives are to:

por stability more precisel

Such a power system reiabilty and security.

Index Terms—Frequency stabilit, Lyapunos stability, oscilla-
tory stability, power system stability. small-sigaal stabilty, terms.
‘and defiitions,transient stabilty, voltage stabilty.

1. INTRopUCTION

problemfor secure system operation since the 1920 1.2,
Many major blackouts caused by porwer system instability have
illstraed the importance of thi phenc 3], Historically,

9 L
al forms.
« Provide a systematic basis for classif

reliability and sccurity.
Power system stabilty is similar to the stability
iynamic sysiem. and has fundamental mathematical under

pinnings. Precise definitions of stability can be found in

literature dealing with the rigorous mathematical theory of
stability of dynamic systems. Our intent here is 1o provide a

Sdent ey s e oo kit b

most syste s becn the focus of much of the indusiry's

attention concerning system stability. As power systems have

evolved through continuing growth in interconnections, use of

new technologics and controls, and the increased operation in

highly stressed conditions, different forms of system instability
@

i the past. This has created a need to review the definition and

equied
for developing system design and operating crieria, standard
analytical tools, and study peocedures.

problem of defining and classifying power system sta-
bility is n old one.

hac
in broad terms conforms to precise mathematical definitions.

The report is organized as follows. In Section 11 the def-
inition of Power System Stability is provided. A detailed
discussion and claboration of the definition are
The conformance of this dfinktion wit he sysiem thortc

blished. Section 111
b athor

relaioaship betwoea the concepts of power system reisbiliy
sccurity, and stability is discussed. A description of how these
terms have been defined and wsed in practice is also provided.
Finaly i Scton V deinonsandcomepts of sy from
mthematics and control theory are eviewed to provide back-
roun nfortion omcering bty of dyasii ysicom i
‘gencral and 1o establish theoretical connections.

“The analytical definitions presented in Section V constitute
ke mpectofthe epot. Theyprovide the mathemaicl un-

ivod uly 8. 2300
Doyt 0 TPRS 04 5581

vy oripel pm\hlt(l at the end of the report so
it ntrestcd eader caGxamine the i otets and s
late the mathematical rigor.
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acethe pubcationof the orilaa paper on power _ fundammenal viewpaiotand ad closely cxamined thepructical
definitions in 2004, avior of  ramifications. This joint cffort involving IEEE PES and

y ch CIGRE was comprehensive and clearly contrasted the
electromechanical phenomena associated with various classes
of power system stability behavior in comparison to carlicr
efforts and limited definitions and classifications provided in
tocorporae the et offs-spom arios texthonks and paprs. AL he time his document was

device. T paper bascd published in 2004, the dynamic behavior of power systems

Fepossemmarize e sl oy of 1o ork o te T-ﬂ was predominantly determined by the dynamic performance of
Force and presents extended definitions and classification of - (o gencrators and their controls and the dynamic
it SNy, oG v performance of the loads. Consequently, [1] primasily dealt

stem siabilty, smalbaignal  With fairly slow, electromechanical phenomena, typically

ilty. present in power sysiems dominated by synchronous

machines, while fast transients related to the network and
LISTOF ACRONYMS: other fastresponse devices were considered out of scope and

thus neglected, as they typically decay rapidly [2)

Since the pabicton o (1], bowever, lectric power systems
Devicodependcnt subsynchronous ascilations.  Worldwide, have. exper a significant_ transformation,
Doubly-fod induction gencrstors which has been pmlnvmmanll) characterized by an increased
Hm..,c trantouiseion sysecas penctration of power clectronic converter  interfaced
iad Difeie Covrean technologics. Among these new technologics arc wind and

g o Dipos (o photovoltaic gencration, various storage technologies, flexible
Lioo commatated comverters ac tnsmission systems (FACTS), High Voltage Direct
Phase locked loop Current (HVDC), lines, and power clectronic interfaced loads.
With significant integration of converter interfaced generation

technologies (CIGs), loads, and transmission devices, the

Battery encrgy storage systems.

Direct-drive permaneat.magnet generator
Power system stabilizers

Photovoltaic

Short circuit ratios

Subsynchronous control interaction

devices, thus, altering the power system dynamic behavior
yachronous resor Accondingly, the report (3] comprehensively addresses the

new stability concerns arisen, whic
characterized, classified. and defined.

This paper focuses on classifying and defining power
syt sablity pheneeena besed 6 [3),icloding o
considerations due to the penctra CIG in bulk
systems. The effects of converter csanstisd m.u. on stability
. Background are also briefly discussed, where relevant

task force set up jointly by the IEEE Power
Dynamic Performance Committee and the CIGRE Study
Committee (SC) 38, currently SC C4 ~ System Technical
Performance, had addressed in (1] the issue of stability
definition and classification in power systems from 3

Subsy
STATCOM smn synchronous \.an;\t:v\ulol need to be appropriately
VCs Static Var compens

Voltage source converters

1. INTRODUCTION

B. Time Scales of Power System Dynamic Phenomena

Fig. 1 depicts the time scales for various classes of dynamic
phenomens in power systems. It n that the

scale related to the controls of CIGs ranges from a few
microseconds to several milliscconds, thus encompassing
wave and clectromagnetic phenomena. Considering the
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Hf =2 |IBR 150MW
ol 37} 350MwW EreEt

Frequency response
recovers frequency to
49.2 Hz

[16:53:18]

Little Barford GT1a trip
210MW [16:53:31]

\

Frequency fall
arrested at 49.1Hz
[16:52:58]

Embedded
gen. loss 200
MW @49Hz

Little Barford
GT1b trip 187MW
[16:53:58]

Frequency breaches 48.8Hz triggering LFDD

[16:53:49.398]

Frequency is
restored to 50Hz
[16:57:15]

ESO National Control instruct 1,240 MW of
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limits and restore frequency response and

reserve services.
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Resonance Stability(S %!
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+  SSR:ETY| = < XZEYFHIHAIH

mII
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- SSC:39

=

Oft
[
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Resonance stability
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included model model model included included
Transient Angle and voltage
Not Simplified | Detailed | Simplified | Simplified | Simplified . . o - E | D|C | 02Hz| 12Hz
D- Phasor Model Multi-machine stability stability
included model model model model model
e - — Not Simplified | Detailed Not Not Not Vi . Frequency | Primary frequency E|D|C| DC | 1.2Hz
asor Mode ulti-machine ili ’
included model model included included included stability control
Not Not Simplified Not Not Not Scheduling &
F Phasor Model | _ P : : : Infinite bus o Load flow DC DC
included included model included included included Optimization
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Power System Design Data Sheets

=  AEMOZ2| Model GuidelineZ} Data sheet
= National Electricity Rule(NER) LH 22 X|E XIS HA|

= Data sheet= ZTHH|2| AlSHAE 2[cl BELEA|

TH|3l0Fot= &A1

Power System Setting Data Sheets

T T T i

[ ———————

= Power system model guidelinesLi2| Appendix C.
Modelling component requirementsOfl =
AFBBHE S0 7|HHst0] TR 2 ot (=
THdRAE HA|

Power System Design Data Sheets
and
Power System Setting Data Sheets

AUSTRALIAN ENERGY MARKET OPERATOR

C.3 Photovoltaic generaﬁon Prepared by: AEMO Operational Analysis and Engineering
Version 1.2

C.3.1 Inverter model components Power System Model _ 24-Apiil2023

— “ s GUid elines \
’ (Hybrid generatinJ

Transient Stability EMT RMS, EMT RMS, EMT - - RMS, EMT | Section Data Sheet | ) Wind power pl
Sub-synchronous interactions - EMT EMT . . EMT GENGe nelEting, SYSIEMN, e )
6.1.1 Design Data Sheet N ||
High-frequency transient - EMT* EMT* EMT EMT EMT 6 [Generating system (Power Station)[symbol Data Description Units | Data Category Value -
7 Individual Generating Unit Data Connection point to network Text 8D
Harmonics = EMT EMT EMT EMT EMT vcon  |Neminal voltage at connection to K s
i 8 Grid Interfaces 'r;igfgl(atmn net maximum capacity 1
A Including saturation for EMT models. 81 |[Transformer (generatingunitandad  NMC |y P MW (sentout) | 8,D,R1
- 82 AC-DC-AC or DC-AC Converter Based on PMAX]
Component | Inner loop Outer loop Phase " Ffeqlll!l;w High voltage Low vc PSO  |Rated active power (Sent Qut) MW (sentout) | S, D,R1 Temperature dej
converter control converter control locked loop’ control ride-through ride-th ° Electrical Generator included.
91 Synchronous Machine (including s Can be negative
= AV . o OGS pyiN  |Minimum Load (ML) MW (sentout) | S, D,R1 Temperature dej—|
Transient Stability EMT RMS, EMT EMT RMS, EMT RMS, EMT RMs, §—22 |Asvnchrancus Machine (cage rofor included.
93 Asynchronous Machine (variable ro Qmax Rated reactive power injection at NMC WA (sent out) S.D.R1 [ Temperature any
(ie lagging) . must be include(
Sub.synchronous EMT EMT EMT EMT EMT EMT 9.4  |Asynchronous Machine (doubly fed o ; Portion 3t i " —_—
interactions 95  |Asynchronous Machine (back-to-ba] ~Qmin N;; reaciive power absorplion a MVAr (sentout)| S, D,R1 emperalure an|
(i.e. leading) must be includedq—{
High-frequency EMT* EMT* EMT* - EMT = 9.6 |Photovoltaic Generator Capability chart at the proposed point of | |
transient S GCD  |connection. Graphical deta | D, R1,R2 Temperature ant—
(Include corresponding transformer tap(s) for which T must be include
Harmonics EMT EMT EMT EMT = - - - this curve applies).
The lowest short circuit ratio at the
finn nnin far whizh the
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Thank you

GAFLICE

Do you have any Questions?
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