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Abstract 
 
In this paper, it is investigated how detailed the model of 
a synchronous machine needs to be in order to assess 
transient stability using a Single Machine Equivalent 
(SIME). The results will show how the stability 
mechanism and the stability assessment are affected by 
the model detail. In order to identify the transient stability 
mechanism, a simulation with a high-order model was 
used as reference. The Western System Coordinating 
Council System (WSCC) and the New England & New 
York system are considered and simulations of an 
unstable and a stable scenario are carried out, where the 
detail of the machine models is varied. Analyses of the 
results suggest that a 4th-order model may be sufficient to 
represent synchronous machines in transient stability 
studies.1 
 
Introduction 
 
Today's society is highly dependent on a stable and secure 
supply of electric power. In the future, this is not expected 
to change. The shift from fossil energy sources to 
renewable energy sources, which can be observed in 
many countries around the world and the aim of reaching 
a Danish society with minimal dependency on fossil fuels 
[1], represents a great challenge for the power system. 
These ambitious plans can only be achieved, when a large 
share of the electric power generation uses renewable 
energy sources, whose energy sources are non-
controllable sources such as wind and solar radiation [1].  
The integration of such non-controllable sources will lead 
to increased fluctuations of the power system's operating 
point. This will make the planning of secure and stable 
operation hours ahead no longer feasible and the need for 
real-time stability assessment tools will arise. 
In [2], [3], [4] phasor measurement technology is said to 
be the technology enabling the development of real-time 
wide area monitoring and control applications [5], [6]. 
Consequently, recently developed stability assessment 
methods try to solve the task of on-line security and 
stability assessment by utilizing synchronized phasor 
measurements. This is done by either developing an 
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entirely new approach such as in [7], [8] or by adaption of 
an off-line method to real-time operation, e.g. in [9], [10]. 
In [11] the adaptability of various direct transient stability 
assessment (TSA) methods to real-time operation was 
investigated. The analysis showed that the SIME method 
allows the fastest TSA. The method utilizes input from 
time-domain simulation. In order to achieve fast 
computation, it is desirable to reduce the number of 
differential equations to be solved. Hence, in the 
following it is investigated, how detailed the model of a 
synchronous generator needs to be to depict the transient 
stability mechanism accurately enough to allow a 
detection of the instability and its origin. However, it 
should be noted that in this work the focus is solely on 
assessing first swing instability.  
In this work the RAMSES software [12] developed at the 
University of Liège was used to perform the dynamic 
time-domain simulations. 
 
Transient Stability Assessment 
 
Transient stability assessment (TSA) analyzes the 
system’s ability to sustain large transient disturbances 
such as loss of generation or failure on transmission 
facilities [13]. These disturbances lead to large excursion 
of the machines rotor angle, which are described by the 
strongly non-linear relations governing the dynamics in 
power systems. Consequently, transient stability cannot 
be assessed through linearization of the system equations.  
 
Direct methods 

 
In order to allow fast transient stability assessment, direct 
TSA methods were developed. These methods try to 
avoid explicitly solving the system differential equations. 
One of the main approaches is based on Lyapunov’s 
method [14] and a second main approach is applying the 
equal area criterion [15]. 

 
Lyaponov’s method. In order to apply Lyapunov’s method 
the system is described by a transient energy function, 
which allows determining transient stability after 
identification of the stable and unstable equilibrium point 
(UEP) of the post-fault system [14]. However, since the 
system is described by one single transient energy 
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