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Abstract
In this paper the focus is on a particular type of con-
verters that is the two-level VSC (DC/AC Voltage Source
Converter). In this category the averaged model and the
switching model of an half-bridge converter are consid-
ered. The half-bridge is a building block for multiphase
and multilevel converters.

The implementation of the two models of half-bridge
converter using Modelica language is described with the
structure of the package developed in Dymola. Different
control strategies are introduced showing different behav-
ior of the models in the simulations. The goals of this pa-
per are several. First of all the modeling choice was to use
Modelica for this type of work, that is traditionally car-
ried out with domain specific tools, to show that it is pos-
sible to perform implementation and studies in the same
field where traditional commercial softwares have been
commonly and extensively used, with additional benefits
that the language provides. In addition to that, this paper
shows that the control design studies for an half-bridge
converter, typically performed using averaged value mod-
els, can result in a set of control parameters values that
are not successfully applicable to switching models of the
same power electronic device.
Keywords: VSC converters, half-bridge, averaged model,
switching model, STATCOM, Modelica, Dymola, PI con-
trol, lead compensator, lag compensator, resonant control

1 Introduction
1.1 Motivations
With the enhancements of power semiconductors the ap-
plication of power electronics has been extended from
traditional domestic and industrial applications to elec-
tric power systems. The power-electronic converters for
power systems are used especially for power compensa-
tion and power filtering. Such converters consist of a
power circuit realized through different configurations of
switches and passive components coupled with a control
system (Yazdani and Iravani, 2010).
In the past, the applications of power-electronic converter
systems in electric power systems were limited to the
HVDC (High Voltage Direct Current) transmission sys-
tems and static reactive power compensators like SVC
(Static Var Compensator). With time the application ar-

eas for generation, transmission and distribution of elec-
tric energy have been extended for several reasons. The
main incentives are represented by:

• Continuosly growing development of power elec-
tronics technology for electric power systems

• Development of signal processing and control strate-
gies

• Issues with power line congestions

• Growing of energy consumption leading to the uti-
lization of the existent electric infrastructure at its
technical limits (stability issues)

• Increasing penetration of renewable energy sources
due to the economic feasibility and to environmental
concerns

The use of power-electronic converters in power systems
is also motivated by the need to improve the efficiency
and reliability of the existent electric infrastructure for in-
tegrating large scale renewable energy sources and storage
systems.
The main applications of power-electronic converters in
power systems are:

• Active filters: they synthesize and inject specific
components of current or voltage into the grid to im-
prove the power quality (Rashid, 2017)

• Compensation: the aim is to improve the power
transfer capability of the lines, the voltage stability,
the power quality. In this category we have the STAT-
COM (Static Synchronous Compensator). The func-
tion of the STATCOM is to act as power compen-
sator by injecting or absorbing reactive power from
the grids (see Figure 1).

• Power conditioning: the idea is to allow for a power
exchange between two electrical systems under con-
trol to meet specific requirements like frequency,
voltage magnitude, etc. (Maza-Ortega et al., 2017)

This paper focuses on the implementation and design
of a simple power electronic DC/AC converter, the half-
bridge. The first modeling choice is to use Modelica for
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Figure 1. Behavior of the STATCOM as compensator (reactive
power Q1 injection and reactive power Q2 absorption).

this type of work that is traditionally carried out with do-
main specific tools. In contrast with the current practice,
the use of a modern object-oriented equation based pro-
gramming language like Modelica allows to show that it
is possible to perform implementation and studies in the
same field where traditional commercial softwares have
been commonly and extensively used, with additional ben-
efits that the language provides. The models used in this
paper have been chosen on purpose from the literature
(referenced in the bibliography) to show that it is possi-
ble to obtain comparable results with this alternative tool
instead of the classical PSCAD, etc.; and so that a reader
from the power engineering community can quickly real-
ize the value of the Modelica approach.

1.2 Previous Works

Modeling of power electronic converters in Modelica has
been described in previous studies like (Haumer and Kral,
2011). It is a very informative work and it provides a very
thorough description for an active front end converter with
PWM (three phase AC/DC converter), however, from the
authors point of view it requires that the reader is already
quite familiar with Modelica. The paper also deals with
an example more appropriate for engineers in the area of
machine drives. The aspect of the synchronization of the
control of the inverter to the grid voltage, discussed in
(Haumer and Kral, 2011), would require the implementa-
tion of a PLL (Phase-Locked Loop) component that is part
of the on-going work of the authors for a three-phase full
STATCOM model. The main objective of this paper is to
use the application illustrated as the starting point for the
implementation of more complex power electronics mod-
els and it is focusing more on the differences of a couple
of output current control strategies and tuning depending
on the considered model of the half-bridge converter if av-
eraged or switching.
In power system analysis studies, different levels of mod-
eling detail are used to represent the converter switches.
This is because when simulating a large number of
switches, for example in modular multilevel converters,
even ideal switches will lead to very large simulation time.
Hence, different modeling approaches to represent each
module (i.e. switches) are used (Saad et al., 2016). In this
paper the switching behavior of the switches is considered
ideal. This means that they can be turned off or on instan-
taneously. In reality a switch, combination of a transistor

and its anti-parallel diode, cannot be turned on and off in-
stantaneously. Those processes require a so called dead
time or blanking time during which the signal to the gate
of the switch is set to zero to reach the complete on or off
condition. In other words the switching devices have finite
turn-on and turn-off delays (Zammit et al., 2016). This
is necessary because if we consider the leg of the half-
bridge converter, as in this paper, if one switch has not
yet completed the turn-off process and, at the same time,
the other switch is turned-on then a shoot-through failure
(short-circuit current through the leg) can happen damag-
ing the converter (De Doncker et al., 2010). The dead time
introduces a non-linearity which causes distortion in the
output voltage and current (Zammit et al., 2016).
Another example of half bridge converter implementation
using Modelica is given in (Winter et al., 2015) where a
DC/DC converter, extensively used in the automotive in-
dustry, is considered. An averaged model of the converter
is taken into account and the study covers aspects like con-
verter losses in addition to a validation versus a SPICE
model.
In (Olenmark and Sloth, 2014) an investigation about the
implementation of different control strategies for power
electronic converters has been performed in Modelica
with the software tool Dymola, the same used in this pa-
per. However, a different tuning method for PI controllers
is implemented in this paper. It is the lambda method de-
scribed in (McMillan et al., 1999), (Pruna et al., 2017) and
usually applied in several industrial processes.

1.3 Contributions
In this paper a simple power electronic system has been
chosen as the basis for more complex power electronics
devices such as a three-phase STATCOM. One of the goals
of the authors is to illustrate to the power engineering com-
munity the value of adopting Modelica, and consequently
our approach attempts to make emphasis on how Model-
ica can be used for typical control design tasks considering
that the reader is not so familiar with Modelica. For ex-
ample, the simple use of records serves to illustrate how to
use them for control design and not only provide param-
eter data. Because the community in North America that
uses Modelica is still developing, the authors believe that
this paper can provide a good instructional value to the
readers, especially since we are making the models avail-
able on GitHub 1.
The modeling approach was based on using the Model-
ica Standard Library to build all the components with dia-
gram blocks similarly to a tool like PSCAD and Simulink.
One of the advantages of using Modelica and the Mod-
elica Standard Library is that the developed models can
work in different software environments like OpenModel-
ica, Dymola, Wolfram SystemModeler, SimulationX, etc.
without the need to load external third party libraries. This

1https://github.com/ALSETLab/Modeling-Control-Design-Power-
Electronics-Half-Bridge-Converter-Modelica
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is impossible with the current tools used by the power en-
gineering community.

2 Half-bridge converter applications
and modeling

In this section the authors present the typical modeling
approaches used to represent the half-bridge converter,
which will be implemented in the next section. This con-
verter can be seen as basic building block used to model
more complex power electronics systems. As an example
consider a STATCOM connected to the AC grid as shown
in Figure 2. The whole system includes the DC/AC con-
verter, the control system, the transformer and the heat
exchanger. The DC/AC converter and the control system
in this STATCOM are built from a basic half-bridge topol-
ogy. Hence, in this paper, the main goal is to derive an
implementation of the basic topology needed to build a
full STATCOM converter (see Figure 3).

Figure 2. Connection of the STATCOM to the AC grid.

In other words, the system considered in this project is
the first step in developing a 3-phase, three-wire, two-level
VSC converter that can represent a STATCOM. The half-
bridge is the basic building block needed to implement ei-
ther three phase VSC’s through parallel combination (see
Figure 3) or multimodule VSC converters through paral-
lel/series combination.

The two models of the half-bridge converter of this pa-
per are represented in Figure 4 and Figure 5. They also
include a resistance in series to each switch (current gener-
ator in Figure 4 and transistor in Figure 5) representing the
non ideal effect of the on-state resistance of the switches.

The two models have been implemented using Model-

Figure 3. Half-bridge converter as building block of a three
phase VSC converter.

Figure 4. Averaged equivalent circuit of the half-bridge con-
verter.

Figure 5. Switching equivalent circuit of the half-bridge con-
verter.
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ica language in the software environment Dymola. Model-
ica is an open-source object oriented language that is suit-
able for multidomain modeling of physical systems (Van-
fretti et al., 2013).
If we look at Figure 4, the dynamics of the AC current i,
that is the output of the system, can be described by Equa-
tion (1).

L
di
dt

+(R+ ron)i =Vt (1)

In Equation (1) R and L are the parameters of the AC
system to which the converter is connected to and ron is
the on-state resistance of each switch of the converter. A
switch is represented in this case by an equivalent current
source (see Figure 4) that is not ideal because of the pa-
rameter ron. For the analysis of this system ron is lumped
with the resistance R. From Equation (1) we can consider
the AC current i as state variable and Vt = mVDC/2 as our
control input since it can be changed by varying m, the
modulating signal.
A block diagram of the system represented by Equation
(1) is given in Figure 6 (Yazdani and Iravani, 2010).

Figure 6. Block diagram of the AC side of the half-bridge con-
verter.

3 Modelica model design and imple-
mentation

The objective of this paper is to implement the two models
of the half-bridge converter in Modelica. The structure
of the package created to model all the components and
systems is given in Figure 7. The different averaged and
switching models with and without controls are listed at
the top of the package HalfBridgeConverter. The first two
models of the list are the switching and averaged models
without controls, the second couple of models represents
those with a PI controller and the third couple of models
represents those with a modified control strategy. A record
package is used for tuning the PI controller through the
lambda method. Given the input parameters of the system
in the Plant record, the calculations of the PI parameters
are performed by the formulas in the PI_Lambda record
and the results are stored into the PI_par record used
to set the values of the PI controller parameters. The
package Components contains all the components used in
the models listed at the top of the HalfBridgeConverter
package. The components are created by using only the
Modelica Standard Library.

Figure 7. Modelica package for the models of this paper.

Another task of this paper regards the regulation of the
output current i of the open-loop system in Figure 6 to a
specified reference signal.

3.1 Modelica implementation
The first step consisted of modeling the system in the two
versions without any control. The averaged model of the
half-bridge converter in Figure 4 is represented in Figure
8.

The switching model of the half-bridge converter in
Figure 5 is represented in Figure 9.

Each switch encapsulates another block diagram (see
Figure 10 and Figure 11).

It should be noticed that for the averaged model the
gates and their signals in Figure 8 and Figure 10 are not
in use but they are already implemented for the switching
model of the half-bridge converter in Figure 5. This will
make easy to change the type of converter in the model
of the whole system by simply changing the class of that
component using the Modelica feature of replaceable.
The whole systems are then modeled as in Figure 12 and
in Figure 13. The same systems with a PI controller are
given in Figure 14 and in Figure 15. The output current
ripple of the switching models in Figure 13 and Figure 15
can be reduced by introducing a capacitor in parallel to the
series of resistance and inductance on the AC side of the
converter.

The block of the controller in Figure 14 and Figure 15
is represented in Figure 16 and it includes the PI compen-
sator in Figure 17.

Finally the systems with a more elaborated control
strategy still look like as in Figure 14 and Figure 15 but
in this case the controller block is represented in Figure
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Figure 8. Block diagram of the averaged model of the half-
bridge converter.

Figure 9. Block diagram of the switching model of the half-
bridge converter.

Figure 10. Block diagram of switch1 in Figure 8.

Figure 11. Block diagram of switch1 in Figure 9.

Figure 12. Block diagram of the system with the averaged
model of the half-bridge converter without any control.

Figure 13. Block diagram of the system with the switching
model of the half-bridge converter without any control.
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Figure 14. Block diagram of the system with the averaged
model of the half-bridge converter with PI control.

Figure 15. Block diagram of the system with the switching
model of the half-bridge converter with PI control.

Figure 16. Block diagram of the controller in Figure 14 and
Figure 15.

Figure 17. Block diagram of the PI compensator contained in
the controller block of Figure 16.

18.

Figure 18. Block diagram of the controller with modified strat-
egy for both the averaged and switching model.

In Figure 18 there is a gain and three blocks of trans-
fer functions that have been added for this new control
strategy. The three transfer functions correspond to a lead
compensator, a lag compensator and a resonant control.
This modification of the controller has been introduced be-
cause with only a PI controller it is not possible to track
a sinusoidal reference waveform without error but only a
step reference signal (Yazdani and Iravani, 2010).

3.2 Control design of the PI for the averaged
model of the half-bridge converter

The control of the output current can be obtained by creat-
ing a closed-loop including a controller that takes as input
an error signal generated by the difference between the
output current i and a reference current ire f . The block
diagram of the described closed-loop system is given in
Figure 19.

Figure 19. Block diagram of the closed-loop system with the
half-bridge converter and a controller.

From Figure 19, the compensator K(s) takes as input
the error signal e and gives as output the signal u that is
divided by VDC/2 to compensate for the voltage gain of
the converter since Vt = mVDC/2. In addition to that, the
modulating signal m must satisfy |m| ≤ 1 so the Saturation
block has been introduced in the block diagram.
Depending on the reference signal and the performance
to match different compensators may be used. If the ref-
erence signal ire f is a step function then a proportional-
integral (PI) compensator can be considered for control
purposes. Its generic descriptive expression is:

K(s) =
kps+ ki

s
(2)

From Equation (2) and Figure 19 the open-loop transfer
function of the system can be derived:

Gopen(s) = K(s)G(s) =
(

kp

Ls

)
 s+ ki

kp

s+ R+ron
L


 (3)
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From Figure 6 it is possible to see that the open-loop
system has a stable pole at p = −(R + ron)/L. In gen-
eral, considering the typical values for R, ron and L, the
pole p is quite close to the origin giving a slow natural re-
sponse. So to improve the open-loop frequency response
the pole p can be cancelled by the zero of the PI compen-
sator. Then, from Equation (3), it is possible to choose
for the compensator ki/kp = (R+ ron)/L and kp/L = 1/τi
where τi is the desired time constant of the closed-loop
system. With the previous choices the transfer function of
the closed-loop system becomes:

Gclosed(s) =
K(s)G(s)

1+K(s)G(s)
=

i
ire f

=
1

τis+1
(4)

The time constant τi should be small enough to have a
fast response of the current control. But it has also to be
considered that 1/τi should be smaller than the switching
frequency of the half-bridge converter. Considering the
mentioned aspects τi is usually in the range 0.5−5ms and
it can vary depending on the specific application of the
converter and its switching frequency (Yazdani and Ira-
vani, 2010).

4 Simulations
The analysis of results can start by considering as refer-
ence input of the half-bridge converter a step function with
a step of amplitude 50A applied at 0.1s. From Figure 12
we can just replace the sinusoidal source with a step block
that is used to calculate the duty cycle d necessary for the
modulation factor m (m = 2d − 1) that is one of the in-
puts of the block halfBridgeConverter. The output of the
halfBridgeConverter is connected to the AC system char-
acterized by the components R and L. The current sensor
in series with R and L is used to measure the AC output
current i that is fed back as input of the halfBridgeCon-
verter and that will be controlled in the following steps.

As application example, we can consider the following
parameters values (Yazdani and Iravani, 2010):

• L = 690µH

• R = 5mΩ

• ron = 0.88mΩ

• τi = 5ms

Applying these parameters to the system in Figure 12
we can run a simulation and plot the step input and the
output AC current of the system. The results are in Figure
20.

As we can see from Figure 20 the AC output current
does not track the step input. The final value of the output
AC current is much higher than the step input.
Then a PI compensator is introduced. From the parameters
previously defined, we can derive kp = L/τi = 0.138 and

Figure 20. Plot of the step input (blue curve) and AC output
current (red curve) of the system with averaged model without
controls. Due to the difference of magnitudes between the two
curves the step of 50A cannot be seen in the figure.

Figure 21. Plot of the step input (blue curve) and AC output
current (red curve) of the system with averaged model with PI
controller.
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ki = kp(R+ ron)/L = 1.176. We can run a new simulation
and the results are illustrated in Figure 21.

From Figure 21 we can see that now the system is able
to settle at a final value corresponding to the step input
value by using a PI controller. The initial negative over-
shoot of the current is due to the initial conditions of the
system.
If we now consider the same conditions for the system
with the switching model of the half-bridge converter, ap-
plying the same step without controls we get the results in
Figure 23. Introducing the same PI control of the previ-
ous case we get the results in Figure 24. The value of the
capacitance C at the output of the switching model of the
converter can affect the output current ripple. There are
also other requirements that need to be met, for example,
the admissible voltage ripple on the load and a reasonable
value of the capacitance C. An example is shown in Figure
22 where the switching model of the half-bridge converter
without any control has been used. It shows the impact of
the variation of the capacitance on the output current.

Figure 22. Plot of the AC output current of the system with
switching model without controls for different values of the out-
put capacitance C.

Figure 23. Plot of the step input (blue curve) and AC output
current (red curve) of the system with switching model without
controls. Due to the difference of magnitudes between the two
curves the step of 50A cannot be seen in the figure.

Figure 24. Plot of the step input (blue curve) and AC output
current (red curve) of the system with switching model with PI
controller.

From Figure 20 and Figure 23 we can see that with-
out any control the output current is not able to track the
step reference either with the averaged model or with the
switching model. Introducing a PI controller, from Figure
21 and Figure 24, the results are better even if we have a
large negative overshoot for the system with the averaged
model of the half-bridge converter and some oscillations
of the output current at the initialization of the system with
the switching model when the step is applied.
The next test consists of changing the source of the ref-
erence signal with a sinusoid of amplitude 1000 and fre-
quency 60Hz starting at t = 0.07s. Running a simulation
we get the results in Figure 25 for the system with the
switching model without any control.

Figure 25. Plot of the sinusoidal input (blue curve) and AC out-
put current (red curve) of the system with the switching model
without controls.

For the system with the averaged model without any
control we get the results in Figure 26.

From Figure 25 and Figure 26 the behavior of the sys-
tems with the switching model and the averaged model
without any control looks very similar but not able to track
the reference signal.
When introducing the same PI controller with the sinu-
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Figure 26. Plot of the sinusoidal input (blue curve) and AC
output current (red curve) of the system with the averaged model
without controls.

soidal reference signal we get the results in Figure 27 for
the system with the switching model and the results in Fig-
ure 28 for the system with the averaged model.

Figure 27. Plot of the sinusoidal input (blue curve) and AC out-
put current (red curve) of the system with the switching model
with PI controller.

From Figure 27 and Figure 28 we can see that the be-
havior of the system is better with the averaged model of
the half-bridge converter than with the switching model.
They both present errors in amplitude and phase compared
to the reference but the averaged model looks like more
aligned with the reference.
Then introducing a more elaborated control strategy de-
scribed in 3.1 a new simulation with the sinusoidal refer-
ence can be performed. The results for the system with the
switching model are in Figure 29 and for the system with
the averaged model in Figure 30.

From Figure 29 and Figure 30 the behavior of the sys-
tem with the switching model is better than the one with
the averaged model since the tuning of the control param-
eters has been performed on the switching model.
In order to get a similar behavior of the system with the av-
eraged model, like in Figure 31, the gain of the controller
has been increased from a value of 8680 to 450000.

Figure 28. Plot of the sinusoidal input (blue curve) and AC
output current (red curve) of the system with the averaged model
with PI controller.

Figure 29. Plot of the sinusoidal input (blue curve) and AC out-
put current (red curve) of the system with the switching model
with modified controller.

Figure 30. Plot of the sinusoidal input (blue curve) and AC
output current (red curve) of the system with the averaged model
with modified controller.
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Figure 31. Plot of the sinusoidal input (blue curve) and AC
output current (red curve) of the system with the averaged model
with modified controller.

The voltage distortion due to voltage drop at grid’s R-L
due to non-sinusoidal currents of switching converter has
not been shown because the focus of the paper is on the
control of the output current of the half-bridge converter.
There are also other aspects that can be analyzed starting
from what has been presented like voltage distortion, THD
content, other control strategies and so on. They can be
studied in a future work.

5 Further Work and Conclusions
The modularity of blocks of components and records
allows for an easy reuse in different models. This allowed
to run simulations very quickly. One of the objectives of
this paper is to communicate to the power system analysts
the benefits of Modelica language features, such as the
replaceable and redeclare features. In most power system
tools, the user would have to set up different system
models when using different representations. In future
work, the authors plan to illustrate how we can use these
features by changing from detailed component models,
to the ideal switches, to the averaged value model.
Simplifying model development and management.
The simulations show that the introduction of a feedback
control improves the reference tracking. A specific
combination of control parameters can work for a system
with the switching model of the half-bridge converter but
not for the one with the averaged model or viceversa. This
will also be the case if we consider a more detailed or less
detailed model of the switches, which will be illustrated in
a future work. So for the tuning of the controls other tools
can be considered for the estimation of their parameters.
Other control strategies can be analyzed, for example, to
reduce the initial overshoot of the output current of the
system with the averaged model of the half-bridge or the
initial oscillations of the system with the switching model.
They represent an additional stress for the components of
the converter.
The implementation of a three-phase converter will

follow this work that is an initial step. So different control
strategies can be taken into account for this more complex
case.
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