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Who are we?

Florian Andrej
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why should control engineers

or even pure control theorists

care about power systems ?

The “simple” control loop

compute

actuate
throttle

sense
speed
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The “simple” control loop

system

control

“Simple” control systems are well understood.

“Complexity” can enter this control loop in many ways:

models, disturbances, constraints, uncertainty, optimality,

. . . all of which are embodied in power systems.
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More recent focus: “complex” distributed decision making

. . .

physical interaction

local subsystems and control

sensing & comm.
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local system

local control

local system

local control

Such distributed systems include large-scale physical systems, engineered
multi-agent systems, & their interconnection in cyber-physical systems.
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Timely applications of distributed systems control
often the centralized perspective is simply not appropriate

Engineered multi-agent systems

Embedded robotic systems and sensor networks for

high-stress, rapid deployment — e.g., disaster recovery networks

distributed environmental monitoring — e.g., portable chemical
and biological sensor arrays detecting toxic pollutants

autonomous sampling for biological applications — e.g.,
monitoring of species in risk, validation of climate and
oceanographic models

science imaging — e.g., multispacecraft distributed interferometers
flying in formation to enable imaging at microarcsecond resolution

Sandia National Labs MBARI AOSN NASA Terrestrial Planet Finder

J. Cortés MAE247 – Spring 2013

robotic networks decision making social networks
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sensor networks

self-organization

Further examples

Transportation networks: users that own part of the network make
local decisions about the flow circulating over a portion of the network

Social networks: social agents and/or groups make decisions based
on local consensus or trends

Man-machine networks: humans make use of remote dynamic
machines while interacting over networks

Pervasive computing Ground traffic networks The Internet “Smart” power grids

J. Cortés MAE247 – Spring 2013

pervasive computing

Further examples

Transportation networks: users that own part of the network make
local decisions about the flow circulating over a portion of the network

Social networks: social agents and/or groups make decisions based
on local consensus or trends

Man-machine networks: humans make use of remote dynamic
machines while interacting over networks

Pervasive computing Ground traffic networks The Internet “Smart” power grids

J. Cortés MAE247 – Spring 2013

traffic networks smart power grids
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what makes power systems
(IMHO) so interesting?



My main application of interest – the power grid

NASA Goddard Space Flight Center

Electric energy is critical for
our technological civilization

Energy supply via power grid

Complexities: nonlinear,
multi-scale, & non-local
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One system with many dynamics & control problems
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Abstract—The problem of defining and classifying power
system stability has been addressed by several previous CIGRE
and IEEE Task Force reports. These earlier efforts, however,
do not completely reflect current industry needs, experiences
and understanding. In particular, the definitions are not precise
and the classifications do not encompass all practical instability
scenarios.

This report developed by a Task Force, set up jointly by the
CIGRE Study Committee 38 and the IEEE Power System Dynamic
Performance Committee, addresses the issue of stability definition
and classification in power systems from a fundamental viewpoint
and closely examines the practical ramifications. The report aims
to define power system stability more precisely, provide a system-
atic basis for its classification, and discuss linkages to related issues
such as power system reliability and security.

Index Terms—Frequency stability, Lyapunov stability, oscilla-
tory stability, power system stability, small-signal stability, terms
and definitions, transient stability, voltage stability.

I. INTRODUCTION

POWER system stabilityhasbeen recognized as an important
problemfor securesystemoperation since the1920s [1], [2].

Many major blackouts caused by power system instability have
illustrated the importance of this phenomenon [3]. Historically,
transient instability has been the dominant stability problem on
most systems, and has been the focus of much of the industry’s
attention concerning system stability. As power systems have
evolved through continuing growth in interconnections, use of
new technologies and controls, and the increased operation in
highly stressed conditions, different forms of system instability
have emerged. For example, voltage stability, frequency stability
and interarea oscillations have become greater concerns than
in the past. This has created a need to review the definition and
classification of power system stability. A clear understanding
of different types of instability and how they are interrelated
is essential for the satisfactory design and operation of power
systems. As well, consistent use of terminology is required
for developing system design and operating criteria, standard
analytical tools, and study procedures.

The problem of defining and classifying power system sta-
bility is an old one, and there have been several previous reports
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on the subject by CIGRE and IEEE Task Forces [4]–[7]. These,
however, do not completely reflect current industry needs, ex-
periences, and understanding. In particular, definitions are not
precise and the classifications do not encompass all practical in-
stability scenarios.

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

• Define power system stability more precisely, inclusive of
all forms.

• Provide a systematic basis for classifying power system
stability, identifying and defining different categories, and
providing a broad picture of the phenomena.

• Discuss linkages to related issues such as power system
reliability and security.

Power system stability is similar to the stability of any
dynamic system, and has fundamental mathematical under-
pinnings. Precise definitions of stability can be found in the
literature dealing with the rigorous mathematical theory of
stability of dynamic systems. Our intent here is to provide a
physically motivated definition of power system stability which
in broad terms conforms to precise mathematical definitions.

The report is organized as follows. In Section II the def-
inition of Power System Stability is provided. A detailed
discussion and elaboration of the definition are presented.
The conformance of this definition with the system theoretic
definitions is established. Section III provides a detailed classi-
fication of power system stability. In Section IV of the report the
relationship between the concepts of power system reliability,
security, and stability is discussed. A description of how these
terms have been defined and used in practice is also provided.
Finally, in Section V definitions and concepts of stability from
mathematics and control theory are reviewed to provide back-
ground information concerning stability of dynamic systems in
general and to establish theoretical connections.

The analytical definitions presented in Section V constitute
a key aspect of the report. They provide the mathematical un-
derpinnings and bases for the definitions provided in the earlier
sections. These details are provided at the end of the report so
that interested readers can examine the finer points and assimi-
late the mathematical rigor.
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Fig. 1. Classification of power system stability.

- Small-disturbance rotor angle stability problems may
be either local or global in nature. Local problems
involve a small part of the power system, and are usu-
ally associated with rotor angle oscillations of a single
power plant against the rest of the power system. Such
oscillations are called local plant mode oscillations.
Stability (damping) of these oscillations depends on
the strength of the transmission system as seen by the
power plant, generator excitation control systems and
plant output [8].
- Global problems are caused by interactions among
large groups of generators and have widespread effects.
They involve oscillations of a group of generators in one
area swinging against a group of generators in another
area. Such oscillations are called interarea mode oscil-
lations. Their characteristics are very complex and sig-
nificantly differ from those of local plant mode oscilla-
tions. Load characteristics, in particular, have a major
effect on the stability of interarea modes [8].
- The time frame of interest in small-disturbance sta-
bility studies is on the order of 10 to 20 seconds fol-
lowing a disturbance.

• Large-disturbance rotor angle stability or transient sta-
bility, as it is commonly referred to, is concerned with the
ability of the power system to maintain synchronism when
subjected to a severe disturbance, such as a short circuit
on a transmission line. The resulting system response in-
volves large excursions of generator rotor angles and is
influenced by the nonlinear power-angle relationship.

- Transient stability depends on both the initial
operating state of the system and the severity of the dis-
turbance. Instability is usually in the form of aperiodic
angular separation due to insufficient synchronizing
torque, manifesting as first swing instability. However,
in large power systems, transient instability may not
always occur as first swing instability associated with

a single mode; it could be a result of superposition of
a slow interarea swing mode and a local-plant swing
mode causing a large excursion of rotor angle beyond
the first swing [8]. It could also be a result of nonlinear
effects affecting a single mode causing instability
beyond the first swing.
- The time frame of interest in transient stability studies
is usually 3 to 5 seconds following the disturbance. It
may extend to 10–20 seconds for very large systems
with dominant inter-area swings.

As identified in Fig. 1, small-disturbance rotor angle stability
as well as transient stability are categorized as short term
phenomena.

The term dynamic stability also appears in the literature as
a class of rotor angle stability. However, it has been used to
denote different phenomena by different authors. In the North
American literature, it has been used mostly to denote small-dis-
turbance stability in the presence of automatic controls (partic-
ularly, the generation excitation controls) as distinct from the
classical “steady-state stability” with no generator controls [7],
[8]. In the European literature, it has been used to denote tran-
sient stability. Since much confusion has resulted from the use
of the term dynamic stability, we recommend against its usage,
as did the previous IEEE and CIGRE Task Forces [6], [7].

B.2 Voltage Stability:

Voltage stability refers to the ability of a power system to main-
tain steady voltages at all buses in the system after being sub-
jected to a disturbance from a given initial operating condition.
It depends on the ability to maintain/restore equilibrium be-
tween load demand and load supply from the power system. In-
stability that may result occurs in the form of a progressive fall
or rise of voltages of some buses. A possible outcome of voltage
instability is loss of load in an area, or tripping of transmis-
sion lines and other elements by their protective systems leading

Authorized licensed use limited to: Univ of California-Santa Barbara. Downloaded on June 11, 2009 at 01:09 from IEEE Xplore.  Restrictions apply.
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Many aspects: spatial/temporal scales, cause & effect, . . .
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(Conventional) operation of electric power networks

Top-to-bottom operation:

purpose of electric power grid:

generate/transmit/distribute

operation: hierarchical &
based on bulk generation

things are changing . . .
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A few (of many) game changers

synchronous generator

⇒ power electronics

scaling

distributed generation

transmission!

distribution!

generation!

transmission!

distribution!

generation!

other paradigm shifts

Power systems are changing . . .
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I Storage installations
I Plug-in EVs
I Increasing share of renewables
I Grid code changes
I Smart building control
I Market mechanism changes
I . . .
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A little bit of drama: examples close to home

Networked control for a smart power distribution grid Saverio Bolognani
New challenges in the power distribution grid

New challenges
I Distributed microgenerators (conventional and renewable sources)
I Electric mobility (large flexible demand, spatio-temporal patterns).

41GW
75%

Germany
17 August 2014 wind

solar
hydro

biomass

Distribution grid

solar

wind

hydro + biomass

Installed renewable generation
Germany 2013

24 GW

15 GW

Transmission grid

6 GW

2015 2020

200k

400k

600k

800k

PHEV

BEV

Switzerland
VISION 2020

Electricity
consumption

Buildings
40.9%

Industry
31.3%

Transportation
27.8%

Energy consumption
by sector
(2010)

73.9%

25.9%

Primary fuel
consumption

Electric Vehicle
Fast charging

120KW
Tesla
supercharger

4KW
Domestic

consumer
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Paradigm shifts & new scenarios . . . in a nutshell

1 2 8 9 4

1 controllable fossil fuel sources

2 centralized bulk generation

3 synchronous generators

4 generation follows load

5 monopolistic energy markets

6 centralized top-to-bottom control

7 human in the loop & heuristics

⇒ stochastic renewable sources

⇒ distributed low-voltage generation

⇒ low/no inertia power electronics

⇒ controllable load follows generation

⇒ deregulated energy markets

⇒ distributed non-hierarchical control

⇒ “smart” real-time decision making
12 / 18

Challenges & opportunities in tomorrow’s power grid

www.offthegridnews.com

/perational challenges

I more uncertainty & less inertia

I more volatile & faster fluctuations

I deregulation & decentralization

,pportunities

I re-instrumentation: comm & sensors
and actuators throughout grid

I elasticity in storage & demand

I advances in understanding & control of
cyber-physical & complex systems
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Some profound insights by the giants in the field

trade-offs & hard
limits in control

[J. Doyle, UCSB ’12]

wasteful 

fragile 

robust 

efficient 

At best we 
get one 

Current 
Technology? 

a third challenge
in power systems

[G. Andersson, LANL ’14]

1880 – 1920: To make it work

1920 – 1990: To make it big

1990 - : To make it sustainable

The Third Challenge of Electric Power Engineering 
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We should keep John’s and Göran’s trade-offs in mind

efficient 

robust 

simple 

sustainable fragile 

wasteful 

complex 
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The envisioned power grid
complex, cyber-physical, & “smart”

⇒ smart grid keywords

⇒ interdisciplinary:

power, control, comm,
optim, econ, physics,

. . . industry, & society

⇒ research themes:

trade-offs in robustness,
complexity, & efficiency

control

monitoring

optimization

complex

multi-scale

nonlinear

distributed

comp & comm

decentralized

physics 
& 

dynamics

operation
&

control

smart
&

cyber-physical

smart grid

“[It remains] to put some serious science

into the idea.” — [David Hill, PESGM ’12]

16 / 18

Power Systems Control — from Circuits to Economics

         
 
 
 
 

Program DISC Winter Course on 
Power Systems Control – from Circuits to Economics 

 
University of Groningen, Vonckenzaal, Nijenborgh 4 

February 17-19, 2016 
 
Wednesday, February 17, 2016  
10.00 –  11.00 Registration 
11.00 –  11.30 Florian Dörfler   General introduction                         
11.30 –  12.30 Florian Dörfler   Power System Modeling   
12.30 –  14.00 Lunch 
14.00 –  15.00 Florian Dörfler    Power System Stability Control I  
15.00 –  15.15 Break 
15.15 –  16.00 Florian Dörfler   Power System Stability Control I 
16.00 – 17.30 Exercises     
 
Thurday, February 18, 2016   
09.00 –  10.15 Florian Dörfler   Power System Stability Control II   
10.15 –  10.30 Break     
10.30 –  11.30 Florian Dörfler   Power System Stability Control II 
11.30 –  12.30 Exercises   
12.30 –  14.00 Lunch 
14.00 –  15.00 Andrej Jokic    Power System Economics I 
15.00 – 15.15 Break 
16.00 – 17.00    Exercises 
19.00  Dinner 
 
Friday, February 19, 2016   
09.00 –  10.15 Andrej Jokic   Power System Economics II  
10.15 –  10.30 Break     
10.30 –  11.30 Andrej Jokic   Power System Economics II 
11.30 –  12.30 Exercises   
12.30 –  13.30 Lunch 
13.30 –  14.30 Discussion of future research topics     
14.30  Drinks and closing  
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A preview — to be resolved on the last day
The future will hold a new (and very dominant) stability issue

?
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let’s start off with a quiz:

what is your background?

why are you interested in power?

what are your expectations?


