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Hybrid System Representation

Differential Switched-Algebraic State Reset Equations (DSAR)

ẋ = f(x, y, z)
ż = 0
0 = g(0)(x, y, z)

0 =

{
g(i−)(x, y, z) ys,i < 0
g(i+)(x, y, z) ys,i > 0

i = 1,..., s

z+ = hj(x−, y−, z−) yr,j = 0 j = 1,..., r

DSAR captures the dynamic, non-linear and hybrid nature of
power system components
Implemented in MATLAB and NEPLAN
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ẋ = f(x, y, z)
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Implementations in
MATLAB − ODE Solvers
NEPLAN − Trapezoidal, Gear’s Method

Simulation Process
Simultaneous solution of DAE’s
Sparse Matrix Solution Techniques

Interface Functions for the Simulation Kernel
MATLAB − M-code of the model
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Model Creation
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Automatic Code Generation

2.4. Automatic Code Generator 31

tions f , g, h , with their partial derivatives fx, fy, gx, gy and the event
variables ys, yr for event handling. The described exchange of infor-
mation is illustrated in Figure 2.7. As depicted, the models have to
compute the model functions (f, g, h) at a given time (t) and at given
states (x, y). Definitions of the model descriptors f , g and h are nor-
mally known by the modeler. But sometimes the analytical calculation
of the required partial derivatives (fx, fy, gx, gy) can be really time con-
suming. To ease the model creation for the modeler, an automatic code
generation tool has been implemented as also proposed in [20]. This tool
is referred as Automatic Code Generator (ACG) throughout the thesis.
The automatic code generation procedure is described in the following.

Symbolic Definition File

SYMDEF

Automatic CodeAutomatic Code
Generator - I Generator - II

MATLAB Class

of the model

of the modelof the model

C++ Class

Dynamic Link Library

Figure 2.10: Automatic Code Generator

The modeler simply writes the model equations in the required DSAR
structure in a text file called Symbolic Definition File (SYMDEF), by
defining the

• continuous dynamic states x
• discrete states z
• algebraic states y
• event variables yr and ys
• differential equations f
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Tap Changing Transformer

Simple Test Case

32 Chapter 2. Simulation Framework

• switched-algebraic equations g

• state-reset equations h

The Automatic Code Generator processes the Symbolic Definition File
of the model and creates, depending on the platform, the model’s MAT-
LAB/C++ class source files by using the symbolic toolbox of MATLAB
for symbolic manipulation and for the analytical calculation of the par-
tial derivatives of the model functions. This process is depicted in Figure
2.10. The format of such a Symbolic Definition File and how the user
formulates a model in a Symbolic Definition File will be shown in a
simple example.

Examples of Symbolic Definition Files

As an example, we will write the models of some important components
of the power system shown in Figure 2.11 in Symbolic Definition Files.
The system comprises one dynamic load model (exponential recovery),
one feeder, tap-changing transformer, 3 transmission lines and 4 nodes.
The same system can be found also in [20]. First we will formulate

Bus1 Bus2

Bus3 Bus4Line12a

Line12b Trafo

Line34

Feeder

Load

1 : n

Line12a → R = 0 X = 0.65

Line12b → R = 0 X = 0.40625

Line34 → R = 0 X = 0.80

Trafo → Vlow = 1.04 Nmax = 1.1 Ttap = 20.0 Nstep = 0.0125

Feeder → |V | = 1.05 ∠V = 0

Load → P0 = 0.4 Q0 = 0.0 Tp = 5 Tq = 5 As = 0 At = 2 Bs = 0 Bt = 2

Figure 2.11: Example Power System

the first order dynamic exponential recovery load model [28] with con-
tinuous dynamics. The dynamic behavior of the load model can be
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Tap Changing Transformer Logic

As long as the voltage measured at the high-voltage end of the
transformer is within the allowed deadband or the tap is at the
upper limit, the timer is blocked.

The timer will start to run if the voltage gets outside the
deadband.

If the timer reaches the time set for tap delaying, a tap change
will occur and the timer will be reset but not necessarily blocked.

Blocking and resetting of the timer takes place if the voltage
moves back to within the deadband.

Busarello + Cott + Partner BCP Characteristics of the new NEPLAN Dynamic Simulator 6 / 10



Characteristics
Dynamic Simulation Modes in NEPLAN

Mathematical Representation
Implemented Platforms and Tools
Example

Tap Changing Transformer Logic

As long as the voltage measured at the high-voltage end of the
transformer is within the allowed deadband or the tap is at the
upper limit, the timer is blocked.

The timer will start to run if the voltage gets outside the
deadband.

If the timer reaches the time set for tap delaying, a tap change
will occur and the timer will be reset but not necessarily blocked.

Blocking and resetting of the timer takes place if the voltage
moves back to within the deadband.

Busarello + Cott + Partner BCP Characteristics of the new NEPLAN Dynamic Simulator 6 / 10



Characteristics
Dynamic Simulation Modes in NEPLAN

Mathematical Representation
Implemented Platforms and Tools
Example

Tap Changing Transformer Logic

As long as the voltage measured at the high-voltage end of the
transformer is within the allowed deadband or the tap is at the
upper limit, the timer is blocked.

The timer will start to run if the voltage gets outside the
deadband.

If the timer reaches the time set for tap delaying, a tap change
will occur and the timer will be reset but not necessarily blocked.

Blocking and resetting of the timer takes place if the voltage
moves back to within the deadband.

Busarello + Cott + Partner BCP Characteristics of the new NEPLAN Dynamic Simulator 6 / 10



Characteristics
Dynamic Simulation Modes in NEPLAN

Mathematical Representation
Implemented Platforms and Tools
Example

Tap Changing Transformer Logic

As long as the voltage measured at the high-voltage end of the
transformer is within the allowed deadband or the tap is at the
upper limit, the timer is blocked.

The timer will start to run if the voltage gets outside the
deadband.

If the timer reaches the time set for tap delaying, a tap change
will occur and the timer will be reset but not necessarily blocked.

Blocking and resetting of the timer takes place if the voltage
moves back to within the deadband.

Busarello + Cott + Partner BCP Characteristics of the new NEPLAN Dynamic Simulator 6 / 10



Characteristics
Dynamic Simulation Modes in NEPLAN

Mathematical Representation
Implemented Platforms and Tools
Example

Tap Changing Transformer Logic⇒ DSAR Structure
%-----------------------
definitions:
%-----------------------
dynamic_states timer
discrete_states N timeron
external_states ed1 eq1 id1 iq1 ed2 eq2 id2 iq2
internal_states Vt
parameters Vlow Nmax Ttap Nstep
events +insideDB -outsideDB +tapmax_ind -t_until_tapchange

%-----------------------
f_equations:
%-----------------------
dt(timer) = timeron

%-----------------------
g_equations:
%-----------------------
g1 = insideDB - (Vt - Vlow)
g2 = outsideDB - (Vt - Vlow)
g3 = t_until_tapchange - (Ttap - timer)
g4 = tapmax_ind - (N - Nmax + Nstep/2)
g5 = ed2 - ed1*N
g6 = eq2 - eq1*N
g7 = id1 + id2*N
g8 = iq1 + iq2*N
g9 = Vt - sqrt(ed2^2 + eq2^2)

%-----------------------
h_equations:
%-----------------------
if insideDB == 0

timer+ = 0
timeron+ = 0

end

if outsideDB == 0
timer+ = 0
timeron+ = 1

end

if tapmax_ind == 0
timer+ = 0
timeron+ = 0

end

if t_until_tapchange == 0
timer+ = 0
N+ = N + Nstep

end
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Simulation Results2.4. Automatic Code Generator 37
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Figure 2.14: (a) Voltage magnitude at Bus3 V3 (b) Tap position N (c)
State of the timer (on/off) (d) Timer

controller. Thus, the timer is reset and starts running (Figure 2.14(c)
T imeron/off = 1). During the following 20 seconds (t = 10 → 30)
the voltage remains outside the deadband, so that at t = 30 seconds
the tap position N is incremented by Nstep (Figure 2.14(b)) and the
timer is reset (Figure 2.14(d)). This operation causes only a minor
increases in the voltage level, so that after 20 seconds, the tap position
is incremented once more. This increment is applied till t = 110 at
every 20 seconds. At t = 110, the tap position reaches its maximum
allowed value Nmax = 1.1 and this blocks the timer and resets it. The
timer remains blocked till end of the simulation.

This example shows, that the proposed simulation framework is capable
of simulating the combined continuous and discrete dynamics inherent
in power systems. The described model examples of dynamic load model
and tap changing transformer show, how such continuous and discrete
behavior can be formulated in the so called symbolic definition files in
a structural way.
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Power System Representation

EMT - (Electromagnetic Transients)
Instantaneous Values of the electrical quantities

x(τ) = <
{
∞∑
k=0

Xk(t) · ejkωsτ

}
Accurate, Inefficient

RMS - (Transient Stability)
Fundamental Frequency Components of the electrical quantities

x(τ) ≈ <
{∑
k=1

Xk(t) · ejkωsτ

}
Efficient, Not accurate

DYNPH - (Dynamic Phasor Representation)
Selected Frequency Components of the electrical quantities

x(τ) ≈ <
{ ∑
k∈K

Xk(t) · ejkωsτ

}
Efficient, Accurate
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Balanced Conditions⇒ DQ0 Representation

Unbalanced Conditions⇒ ABC Representation
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