
 + Online analysis of the rotor angle and voltage stability 
 + Quick evaluation of the network state through a hierarchical visualization concept
 + Improvement of situation awareness through early recognition of possible problems
 + Improving system security and more efficient use of network capacity
 + Decision support: Determination of optimal countermeasures for critical situations
 + Standardized interfaces (among others CGMES)

Core functions

 

PSIsaso/DSA  
Dynamic stability analysis in PSIsaso

PSIsaso



PSIsaso/DSA

Online stability analysis for 
network monitoring
Stability of an electric energy system means that the system returns to a stable balanced state after a disturbance. In 
cooperation with Tennet TSO GmbH, PSI is currently developing a module for online assessment of the dynamic 
stability (Dynamic Security Assessment, DSA) as part of the SASO project. The voltage stability and rotor angle stability 
are of special interest.

Voltage instability occurs when the physical transmission capacity of the networks is exceeded due to large power 
transports. Then the electric system is no longer able to keep the voltage within the permitted voltage limits. This can 
result in a voltage collapse which means that the network voltage collapses completely.
     The rotor angle stability describes the ability of the synchronous machines in the network to remain stable and 
synchronous after a large fault such as a three phase short circuit. The phenomena triggered by a sudden imbalance of 
the angular momentum happen within a few seconds; therefore this is called transient stability.

Why is stability becoming more important for operational network management? 

The liberalization of the European energy markets in combination with the extensive build-up of renewable energies 
(especially wind and solar energy) result in power transmission which exceeds limit values and control zones which are 
related to the higher utilization of the existing networks and long distance energy transmission. Therefore, the electric 
transmission networks are operating ever closer to the operational and stability limits. The increase of the inverter-based 
renewable energies which replace large power plants also results in reduction of the rotating mass (instant reserve).  This 
fundamentally changes the dynamic behavior of the electric energy system.
    For the operations management, the change of the generation structure, the changed dynamic behavior, and the 
increasing volatility result in higher complexity and a variety of operational situations which may occur and must be 
controlled.

What does this mean for network management?

Up to now, the dynamic network stability has been assessed by offline simulation calculations based on worst case 
scenarios which were performed once or twice a year as part of planning studies. Then the stability limits including 
„security buffers“ for the utilization in operations management are derived thereof. 
     On one hand, the previously determined stability limits can lead to inefficient network operations since the worst case 
consideration is too pessimistic for most network situations; on the other hand, increasing the thermal limits (for example 
by dynamic overhead power line limit rating or use of high temperature conductors) may mean that the stability limits of 
the network operations become relevant by limiting the power to be transmitted.



In the medium term, steady state network security calculations based on rotor flow analysis are in certain circumstances 
insufficent to provide reliable analysis of the system security in critical situations. This means that in the future new 
instruments for assessing network stability as part of operational planning (day-ahead and intraday) are needed which 
improve situational awareness and, as assistance, provide support for determining and assessing counter measures in 
critical situations.

How does the dynamic stability  
analysis work? 

The setup of the data model for the dynamic stability 
analysis is based on enhancing the already existing data 
model for the steady state data analysis by additional 
dynamic data such as controller data, detailed models of 
the generators, high voltage DC transmission, FACTS 
elements, etc.
The analysis of the transient stability behavior primarily 
uses the trajectory of the rotor and voltage angles over 
time under various defined fault scenarios.  The change 
over time of these variables is calculated by step by step 
numeric integration of the differential equation system 
describing the system behavior.
   The critical fault clearing time is a key variable for 
quantifying the transient rotor angle stability. The fault 
clearing time defines the maximum permitted duration 
of a three phase short circuit for which the system 
remains stable.
    The system state with regard to the transient stability 
is characterized by the Transient Stability Stress Factor 
(TSSF) which is calculated by the ratio of a specified 
minimum fault clearing time (for example 150 ms) and 
the calculated critical fault clearing time.
   The most critical, meaning the greatest TSSF of all 
relevant fault scenarios is used to assess the dynamic 
stability state. Then the assessment of the system state 
for operations management can be done by, for example, 
assigning warning and alarm limits to this value.

The visualization concept  
of PSIsaso/DSA
 
The purpose of the visualization component is to enable 
fast detection and assessment of the stability state and to 
create situational awareness by clear and concise over-
views. In order to fulfill this requirement, a hierarchical 
visualization concept with three levels has been 
implemented. On the highest visualization level, the 
global stability states are displayed in a so-called stability 
monitor. The global stability state aggregates the results 
across all fault scenarios for a time slot.
    If critical state exist, additional information must be 
provided to the network operator. This is done by the 
second visualization level. Here the stability state related 
to individual fault scenarios including all relevant 
information are displayed.
     The third visualization level enables detailed analysis 
of the simulation events on the level of the relevant 
elements or their variables such as the change over time 
of the rotor angles or generator voltages in form of curves 
or tables with the respective values.



Outlook

When the dynamic stability analysis determines critical fault scenarios, the DSA module determines 
appropriate countermeasures to return the system to a stable state. Initially these may be network-related 
measures to move the power- rotor angle curve such as topological measures, changing tap positions of 
unit transformers or adjustment of the reactive power infeed. 

If these measures are not sufficient to restore the stability in all relevant scenarios, market-related 
measures can also be considered. By iterative redistribution of the generator active powers, the critical 
fault clearance times are optimized such that in the subsequent validation phase, no instabilities occur 
for any of the fault scenarios.
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