
2. Operational mode – Each operational mode has 
specific minimal requirements 

3. Generation Start/Stop 

4. Propulsion commanded power changes 
5. Load shedding 

Various faults scenarios are examined 
- Line faults, characterized by full or partial reduction 

of the associated admittance. 
- Loss of a single generator. 

A.  Reconfiguration Strategies: 
Discrete states corresponding to admissible reconfigurations 
can now be defined and system models developed for each 
discrete state. In addition, a transition structure can be defined 
that expresses allowable transitions between the discrete 
states. While it is always possible to allow transitions from 
every discrete state to every other discrete state, the 
specification of a transition structure has many benefits. The 
specification allows us to impose constraints on the 
reconfiguration process and to eliminate unsuitable transitions 
at the outset. 

The severity of the failure obviously requires that both 
motors be dropped to 50% or that motor 1 is dropped 
completely. It is preferable that both motors remain in 
operation so the first transition is clearly to a state with both 
motors at 50%. Figure 2 shows one possible transition 
specification. 
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Figure 2. Discrete state transition diagram illustrates 
admissible discrete actions. Note the use of ‘super state’ to 
simplify diagram. 

III.  SIMULATION APPROACH 

The dynamics of the generator and motor are written in terms 
of a differential-algebraic equation. Dynamics are also 
included for the battery model. These are symbolically 
discretized as we will describe below. A hybrid system of the 
integrated power systems with a UPS has been formulated. 

The system can be assembled with the Mathematica package 
ProPac as a SIMULINK model ready for simulation in 
MATLAB/SIMULINK/Stateflow.  

In our concept of a modeling and design toolbox, we need 
models for control design, simulation, and for analysis, such 
as load flow or voltage stability. The models are associated 
with a common symbolic representation. These models can be 
assembled in a block diagram environment using standard 
components selected from a library. Each component will 
have at least two forms; a symbolic model and a SIMULINK 
S-Function, automatically created from the symbolic model. 
Our ProPac software has functions that create optimized C-
code mex functions that compile into the required S-functions. 
Currently, we have classical network models (with any 
number of PV, PQ and generator buses) and various types of 
machine models.  

The simulation block diagrams comprise a control panel 
and a state feedback controller connecting the power plant. 
The state feedback controller strategy for the mode switching 
of the power system is obtained off-line through Mixed 
Integer Dynamic Programming. It is computed in form of a 
lookup table that presents a mapping from combinations of 
predefined modes, events, generator angle, slip conditions and 
battery state to required switching actions. Scopes are 
provided for viewing the performance variables such as the 
internal voltage E, regulated voltage V, the state of charge of 
the battery �  as well as mode switching. Dividing the 
simulation in this manner allows the user complete control 
over the system behavior independent of the controller. It 
allows the inclusion of multi mode behavior and one sided 
limits as necessary. Additionally, this presentation facilitates 
the hardware-in-the-loop verification experimentation using 
SIMULINK’s Real-time Workshop. We are currently 
implementing the software tools to translate the hybrid 
controller as a block in SIMULINK. Further simulation results 
will be established once the optimal state feedback switching 
control strategy is available as a lookup table. 

IV.  DYNAMICS DESCRIBED BY DIFFERENTIAL-ALGEBRAIC 

EQUATIONS 

Differential-Algebraic-Equations (DAEs) [5] form the 
essential mathematical model for power systems. So it is not 
surprising that a great deal of attention has been paid to the 
development of computational methods for solving them. 
Nevertheless, computing trajectories remains problematic and 
analysts often need to experiment with a variety of methods 
and parameters before obtaining satisfactory results. When the 
system involves switching or mode transitions the difficulty is 
magnified many times, and, to this date, very little thought has 
been given to hybrid systems with continuous dynamics  
described by DAEs. 
 In previous work, specifically [2], we were able to solve the 
algebraic equations (the network equations) using quantifier 
elimination methods. However, this is only feasible in the case 
of very small networks or systems with special structure. For 
more complex systems we need to compute approximate 
solutions, possibly using numerical computations. 

In our situation we need compute discrete time trajectories 
for hybrid-DAE systems, both forward in time (for the control 
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