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Why will dynamics become more important?
The future power system: A likely guess

‚ more distributed generation /

renewable energy systems

‚ diminishing mechanical inertia

‚ hybrid grid and transmission

topologies (e.g. AC & DC)

‚ more unbalanced faults

(ą 75% of faults already today)

‚ more loosely-coupled &

unbalanced micro-grids

‚ more power electronics

ùñ Faster dynamics/transients, more harmonics & weaker overall grid!

ùñ Stationary models considering fundamental only not sufficient!

ùñ Multi-phase multi-wire state-space models crucial!
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Why will dynamics become more important?
The dynamics of the (future) power system

Coupled, time-varying partial

differential algebraic system

(PDAS):
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Several simplifying assumptions have to be RE-considered, e.g.

‚
B

Bx
zpt, xq “ 0m, i.e. Π- or T -models (?)

‚
B

Bt
zpt, xq “ jωZpxqe

jωt
, ω ą 0 (?)

‚ losses (?)

‚ time-variance (?)

‚ detailed low-level models (?)

‚ . . .
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Why will dynamics become more important?

Built on many assumptions: The swing equation M d
2

dt
2
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δ “ ptptq ´ p̂el sinpδq
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Improved Swing Equation and Its Properties in
Synchronous Generators

Jun Zhou and Yasuharu Ohsawa, Member, IEEE

Abstract—Modeling single-machine (synchronous-generator)
infinite-bus (SMIB) systems with what we call the improved swing
equations is considered in this paper. The existence and proper-
ties of local solutions to the improved swing equations are then
examined. Furthermore, the local stability of the SMIB systems
is scrutinized. By interpreting the improved swing equations with
Taylor expansions, approximate linear time-invariant improved
swing equations are derived, with which the dynamics of the SMIB

existence and stability; 2) clarify what dynamic features and to

what degree may have been neglected or ignored when conven-

tional swing equations, or simplified swing equations [1] and

classical swing equations [2], are used; and 3) investigate nu-

meric differences between the improved swing equations and

the conventional ones.

To achieve the aims, the improved swing equation for SMIB

Nonlinear Analysis of an Improved Swing Equation

Pooya Monshizadeh, Claudio De Persis, Nima Monshizadeh, and Arjan J van der Schaft

Abstract— In this paper, we investigate the properties of an
improved swing equation model for synchronous generators.
This model is derived by omitting the main simplifying as-
sumption of the conventional swing equation. We carry out a
nonlinear analysis for the stability and frequency regulation and
provide region of attraction estimates for two scenarios. First
we study the case that a synchronous generator is connected to a
constant load. Second, we inspect the case of the single machine
connected to an infinite bus. Finally, the different behaviors of
the conventional and improved swing equations are depicted

In this paper, we provide a nonlinear analysis for an improved

yet easy-to-use swing equation to fulfill higher accuracy in

analysis and modeling of the synchronous generator that can

also be exploited in small-scale networks. We first explicate

the contradicting assumptions in obtaining the conventional

swing equation and elaborate deriving the improved model.

In Section III, as the first scenario, we look into the properties

of the model when the generator is connected to a constant

2016 IEEE 55th Conference on Decision and Control (CDC)
ARIA Resort & Casino
December 12-14, 2016, Las Vegas, USA

2016 ICSEE International Conference on the Science of Electrical Engineering

A warning about the use of reduced models of

synchronous generators

Elad Venezian

School of EE, Tel Aviv University

Ramat Aviv 69978, Israel

George Weiss

School of EE, Tel Aviv University

Ramat Aviv 69978, Israel

Abstract—Synchronous generators are an essential component
of the electric grid. Recently, the stability of the electric grid
has become an area of high interest and intensive research. We
discuss the stability of a single generator connected to an infinite
bus, and show that certain reduced models fail to predict the

phase difference between it and the grid is constant. Therefore,

it is desirable to know if for a given grid which contains SGs

and a loads, the SGs tend to synchronize (for initial states in a

reasonably large region) and if yes, if the grid frequency and

Uses and Abuses of the Swing Equation Model

Sina Y. Caliskan and Paulo Tabuada

Abstract— The swing equation model is widely used in the
literature to study a large class problems, including stability
analysis of power systems. We show in this paper, by compari-
son with a first principles model, that the swing equation model
may lead to erroneous conclusions when performing stability
analysis of power systems, even under small oscillations.

I. INTRODUCTION

The swing equation model is a perfect example of the

equation for stability analysis under small oscillations we

obtain results contradicting a more detailed FP model.

II. SYNCHRONOUS GENERATOR MODELS

In this section, we review two synchronous generator

models. The first model is derived from first principles while

the second is the traditional swing equation model that is

2015 IEEE 54th Annual Conference on Decision and Control (CDC)
December 15-18, 2015. Osaka, Japan

“. . . the results in this paper call into question the scientific foundations

upon which the current power grid has been built.” [1]
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What should we do about it?
Interdisciplinary research: A lot of collaboration required!
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What should we do about it?
Interdisciplinary research: Bottom-up approach (and, meanwhile, top-down approach)

Unbalanced multi-phase multi-wire AC & DC power system dynamics

loadslinessources storage actuators
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‚

optimizationcontrolsimulation monitoring laboratory

(model reduction / model simplification)
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What are we doing about it?
CRES: Running projects (third-party funding ą 2millione) and ą 40 publications (since 2014)

Large-scale WTS

Efficiency+Reliability

Small-scale WTS

Reluctance SM

Model predictive
control for RES

Real-time applicability

Airborne Wind Energy

Fault-tolerant control

Geothermal energy

Fault-tolerant control

Wave energy
(SinnPower)

Efficiency+Reliability

Electric vehicles (BMW)

Efficiency+Reliability

Electrical power system

Three-phase four-wire
system dynamics
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What are we doing about it?
Activities at TUM-CREATE

‚ Lecture on each Thursday (May-July)

TUM CREATE Scientific Lecture: 

Modeling and Control of 
Renewable Energy Systems  

Dates (Thursdays, 13 sessions) 

4 May 11 May 18 May
25 May 1 Jun 8 Jun
15 Jun 22 Jun 29 Jun
6 Jul 13 Jul 20 Jul
27 Jul

Time Venue
10:00 am to 12:15 pm Theatrette, Level 2, CREATE Tower

‚ Seminar “Selected topics in energy research” on each Friday (May-July)

‚ Unbalanced modeling of four-wire three-phase systems (collaborative research)

‚ Refinement of the swing equation (collaborative research)

‚ ...
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