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Abstract 

 
This thesis proposes the novel Enhanced Binary Single-Machine Equivalent Method 
(EBSIME) to provide a fast, robust and systematic approach to search for the transient 
stability limits (TSLs) of multi-machine power systems. The algorithm is an extension 
of the SIME method [1] and provides an approach to estimate a transient stability 
margin for a given scenario – where the system operating conditions and a contingency 
are specified. The margins estimated for a pair of different scenarios is used to predict 
and accelerate an iterative search for the TSLs. The search bisects the search bounds 
whenever the limit prediction using the transient stability margins cannot be applied, 
thereby ensuring search convergence. Unlike alternative hybrid-direct TSL searching 
methods the EBSIME algorithm is general and does not require any model 
simplification, or heuristic tuning for application to the specific power system under 
investigation.  
 
 
The EBSIME algorithm is designed to be implemented as a peripheral add-on to the 
standard time domain simulation (TDS) and load-flow software; and does not require 
access to, or modification of, the primary transient stability analysis software. As some 
important applications of EBSIME are perceived within the Australian power industry 
the algorithm has been implemented using PSS®E. In this thesis the algorithm is 
applied to locate the TSLs on the IEEE simplified 14-generator model of the South-East 
Australian power system. The results indicate that the EBSIME algorithm can locate the 
TSL up to 30% faster than a plain binary search, and at worst a few simulation seconds 
longer than a plain binary search.  
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 A tuned parameter used by the SIME method to 

check that a diagnosis of the transient stability is 
correct 
 

[deg or rad] 

 
A vector of machine rotor angles at a given post-fault 
operating point 
 

[deg or rad] 

 A vector of machine angles at the post-fault stable 
equilibrium point 
 

[deg or rad] 

 The machine angles of a generator at the post-fault 
stable equilibrium point 
 

[deg or rad] 

 
Vector of system machine angles at the unstable 
equilibrium point (i.e. the operating point where the 
system is marginally unstable) 
 

[deg or rad] 

  

θ

sθ
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 Vector of machine angles at the post-fault stable 
equilibrium point 
 

[deg or rad] 

 Vector of machine angles at the point of fault 
clearance 
 

[deg or rad] 

 Vector of machine angles at the pre-fault stable 
equilibrium point 
 

[deg or rad] 

kε  The transient energy function margin 
 

 

H The machine inertia coefficient 
 

 

k The iteration number of the current search 
scenario 
 

 

M Matrix of 2 x Machine Inertia Constants 
 

 

M Twice the machine inertia coefficient 
 

 

mmf Magneto-motive force 
 

 

N The number of machine groups that are 
considered in the SIME method for TSA at each 
time-step of a TDS 
 

 

ntol Margin tolerance, used by the SIME limit 
prediction search 
 

[pu-rad] 

ω  Generator rotor speed 
 

[rad/s] 

limitω  The OMIB rotor speed when the OMIB rotor 
angle = limitδ  
 

[rad/s] 

0ijω  Angular frequency of the dominant pole for a 
stable post-fault voltage response 
 

[rad] 

aP  Generator acceleration power [pu] 

eP  Generator electrical power output [pu] 

mP  Mechanical input power to a generator shaft 
 

[pu] 

Pe Vector of machine electrical power outputs 
 

[pu] 

Pm Vector of machine mechanical power inputs 
 

[pu] 

 A vector of acceleration power of all the 
machines in a power system 
 

[pu] 

Pa-δOMIB The OMIB acceleration power versus angle 
characteristic 

[pu-rad] 

2ˆSθ
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(s) Standard international (SI) units 
 

 

0ijσ  Damping constant of the dominant pole for a 
post-fault voltage response 
 

 

1ijσ  Damping constant of the dominant pole for a 
stable post-fault voltage response 
 

 

t  Time 
 

[s] 

T Time Vector 
 

[s] 

ft  The instant when a fault is applied to a power 
system 

[s] 

rt  The instant when a perturbed system returns to 
synchronous operation on the forward-swing 
 

[s] 

ut  The instant in time when a generators in a power 
system lose synchronism 
 

[s] 

obst  The time instant at which an unstable TDS is 
halted 
 

[s] 

clV  The system energy at the instant of fault clearance 
for the energy function 
 

 

crV  The change in potential energy between the 
operating points described by  and  
 

 

 Residual kinetic energy correction factor 
 

 

 The corrected kinetic energy 
 

 

   
Maximum simulation time 
 

Typically the maximum prescribed simulation time is 10s 
to 20s 
 

Limit prediction search 
phase 

The phase of the EBSIME search where the SIME limit 
prediction steps are performed to determine the TSL. 
Also referred to as the “forward-swing search phase”. 
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