SYSTEM DYNAMICS AND CONTROL OF OSCILLATIONS

Dynamic performance
of generators

At a glance

One important task in power system operation is the
damping of inter-area oscillations. Reliable solutions can
be found by simulating the respective network and
performing an eigenvalue analysis of the installed
controlling devices.

Siemens Power Technologies International (Siemens PTI)
can support you with

» world class power system planning software from the
PSS® product suite for detailed simulation and
calculation results,

* high-quality power system consulting and long-term
support, including specialized training,

* tailored and innovative technical solutions.
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The challenge

In electrical systems, a variety of control tasks need to be
performed, including voltage and frequency control, as
well as the damping of oscillations of generators among
one another or among coherent groups (inter-area oscil-
lations). To this end, control systems must be modeled
along with the generators and a number of analyses
must be performed, e.g., turbine and voltage control.
The controllers represent the exact transient behavior of
the generator (closed-loop speed control, speed capacity
control). They must take into account the reserve beha-
vior of the system (primary and secondary reserve) to
evaluate the control response in case of an outage and to
adjust the settings or change the controlling strategies
when required.



This is also true for other controlling devices in the
system, such as controllers for HDVC systems, series
compensation in transmission lines or static compensa-
tors to initiate or coordinate controlling tasks in the
network (active power, voltage, damping, reactive

power, current etc.).

Our solution

The design and testing of the controlling devices is
usually carried out by means of eigenvalue analysis of
the controlling devices in the frequency domain, and
simulation of the small signal range (control response)
and large signal range (limit control) of the controllers,
either individually, or system interconnection in the

respective time domain.

We have powerful simulation tools at our disposal which
can simulate networks with several thousand generators.
The eigenvalue analysis is performed with an automatic
linearization which offers the possibility of directly
evaluating the linearized small signal range within the
time domain. By analyzing the right and left eigen-
vectors, the basic control characteristics (observability
and controllability) can be assessed. When comparing
the two eigenvectors, the delta identifies the optimum
position of the controllers in the network or the control-
lers which should be modified. The simulation of the
large signal range within the time domain allows for a
consideration of all non-linearities resulting from control
restrictions and shows the effectiveness of the con-
trolling strategies and concepts on the entire system.
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Figure 1: Time-dependent dynamic simulation

Application example

Figure 2 shows a Combined Cycle Power Plant (CCPP),
where the gas turbine is output-controlled at 5% variable
speed. In the case of short circuits, it becomes apparent
that system stability is limited. If the control is modified
in case of failure to reach full closed-loop speed control,
the system can remain stable even in severe cases of
fault.

Such changes in controlling concept have to be discussed
in detail with the turbine/generator producer to ensure a
reliable solution.
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Figure 2: Change in control concept for the stabilization of a CCPP
(Tmech: mechanical torque, Telec: electrical torque)

Unrestricted | © Siemens 2023 2



siemens.com/power-system-consulting

Published by

Siemens AG

Smart Infrastructure For the U.S. published by
Grid Software Siemens Industry Inc.
Humboldtstrasse 59 100 Technology Drive

90459 Nuremberg, Germany Alpharetta, GA 30005, United States

For more information, please use our web contact form.

SIGSW-B10019-00-7600

AL=N, ECCN=EAR99

© Siemens 2023

Subject to changes and errors.

The information given in this document only contains general descriptions and/or performance features which may not always specifically reflect
those described, or which may undergo modification in the course of further development of the products. The requested performance features

are binding only when they are expressly agreed upon in the concluded contract.

All product designations may be trademarks or product names of Siemens AG or other companies whose use by third parties for their own
purposes could violate the rights of the owners.

Unrestricted | © Siemens 2023 3


http://www.siemens.com/contact-pti

