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Abstract  
The increasing penetration of the distributed energy sources and the increasing 

load on the AC grid demands for integration of DC grids in AC distribution 
network. This has resulted in the requirement of power electronic converters such 
as DC/AC converters. For different operating conditions of the DC/AC converter 
it is not recommended for the converter to operate in open loop. Hence, while 
designing the control for the converter there are challenges such as the presence of 
unbalance on the grid leading to higher losses, offsetting of AC voltages at the 
output and grounding of the converter leading to higher common mode voltage 
and currents. This thesis explores the control strategy that can be implemented on 
the converter to mitigate the unbalance in different operating conditions and 
compares different modulation techniques to reduce the common mode voltage 
and currents. 

To begin with the islanded operation is considered for the converter and the 
voltage control is implemented on this type of converter. Further a modification on 
this type of control is proposed for the operation of converter under overcurrent 
scenario. Subsequently the control strategy for grid connected operation is analyzed 
such that the issue of unbalanced currents on the grid is mitigated. Three different 
operating modes are considered under grid connected operation for validating the 
control strategy proposed. Following the controlled operation in islanded and grid 
connected scenario, the active methods for reducing the common mode voltage are 
reviewed by comparing different modulation techniques.  

On the discussed control strategies for different operating conditions of the 
DC/AC converters, an optimized implementation of the control on the 
microcontroller is presented. Other functionalities such as protection of the 
converter against unwanted actions is investigated through implementation of state 
machine. The results of the controlled DC/AC converter operating in islanded 
operation is presented and modifications in the existing PCB are discussed to make 
it compatible to operate under grid connected condition. The operation of control 
strategies implemented is validated for the real time application of the converter 
with unbalanced load conditions.  
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Chapter-1 

Introduction 
 

The global climate is now changing as a result of the human exploitation of 
resources such as fossil fuels for generation of electricity. The solution to abate the 
degradation of the global climate is transitioning the electricity generation from the 
conventional fossil fuel based sources to renewable sources. The generation of 
electricity using renewables is sparse because the type of renewable source available 
varies based on geographical location. These types of sources are classified under 
ñDistributed Energy Resources (DERôs) [1].ò  

However, the current scenario is developing in terms of generating electricity 
through renewable sources. Figure 1.1 shows the increase in electricity generation 
based on renewable sources [2]. The merging of these natural DERôs with the 
controllable loads within defined electrical boundaries forms a flexible entity which 
is called a ñMicrogridò [3]. Microgrids can be either AC or DC depending on the 
source used. Based on the literature on different types of microgrids it has been 
seen that the DC microgrids are flourishing [4], [5]. This thesis concerns such DC 
microgrids formed based on Solar PV [6].  

Simultaneous to the development of electricity generation, the sustainable 
transition is also taking over the automobile industry through e-mobility. Although 
this transition helps the motive of transitioning towards sustainability, it has been 
seen that there will be an increase in the energy demand because of the EV industry. 
The EVôs act as active loads which increase the power demand on the distribution 

 
Figure 1.1 Electricity generation based on non-combustible renewable sources 
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network [7]. One such example is the analysis done by McKinsey on the German 
grid which shows that the local peak demand on the grid will increase approximately 
by 30% [8]. Hence, the use of renewable energy can be done to compensate for the 
additional energy demand. 

The development of power electronic devices is the solution to reliably connect 
renewable sources to the low voltage distribution grid. These power electronic 
devices act as interface between the source and the low voltage grid. This thesis 
focuses on the control of power electronic device which acts as an interface between 
a bipolar DC grid and the AC distribution grid. This would lead to an increased 
flexibility of the grid and provide a sustainable solution to meet the higher peak 
demand. The block diagram of the converter is shown in Figure 1.2. The 
intermittency in the power generation using DERôs makes it challenging to integrate 
it in the existing distribution grid [9].  

 

Also, with the increasing flexibility and increasing load demand, there is also 
unbalance introduced. More specifically, in three-phase four-wire systems the 
unequal distribution of loads give rise to large neutral currents [10], [11]. As seen 
the increasing loads are connected on the distribution side rather than the 
transmission grid. The DERôs when integrated with the AC distribution grid also 
interconnect the ever increasing loads such as air-conditioning, EV chargers etc., on 
the grid [5].  

The problem of phase unbalance is existing in many countries. For example, the 
analysis of a UK based consultancy firm on 89 LV substations showed that 165 out 
of 233 feeders in these substations had phase unbalance [12]. The causes of the 
phase unbalance are described as follows [12],[13]:  

1. The non-uniform load allocation on the grid creates an accumulation of 
unbalance over time based on the addition of new users of the network. 

2. The asymmetry existing in the grid. 
3. Real time load behavior by the customers is unpredictable at the finest level 

thereby causing the phase unbalance. 

 

Figure 1.2 DC/AC  converter block diagram 
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4. Faults occurring on individual phases or phase-phase (except three phase 
fault) creating an unbalance on the other phases. 

The challenges in controlling the power electronic device are explained in the 
following subsection. 

1.1. Challenges in converter control design 
It is important to note that the output voltage obtained from the photovoltaic 

panels (PV panels) is DC, and the low voltage distribution grid operates on AC. 
Power electronic devices such as inverters are used to interface the PV based DC 
microgrids and the low voltage (LV) distribution grid. Power electronic interface 
devices such as three-phase four-leg DC/AC converter can be controlled to integrate 
with the distribution grid [9],[14]. Addressing this issue, DC Opportunities has 
designed a bidirectional DC/AC  converter. The existing DC/AC  converter is a 
four-leg split capacitor topology, and the schematic is shown in Figure 1.3.  

 
Figure 1.3 Three-Phase Four-leg Converter Schematic 

 
 

                     
(a)                                                                (b) 

 
(c) 

Figure 1.4 (a) Grid connected ï DC grid and AC grid providing power to AC loads 
(b) Grid connected ï AC grid providing power to DC grid as well as AC loads (c) 

Islanded Operation  
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The existing converter is operating as an uncontrolled interface and the purpose 
of this thesis is to design the control of the inverter such that it can interface with 
the grid and can also fulfil the energy requirements of the load. There are two 
different operations of the converter [9]. 
¶ Islanded operation 

¶ Grid connected operation 

The different operating modes of the converter are shown in Figure 1.4. The 
challenges which form the criteria for the control structure are briefly introduced 
the following subsections.  

1.1.1. Islanded operation 
The islanded operation refers to the absence of the AC distribution grid. Hence, 

under islanded condition there is no reference for the voltage and the converter has 
to operate in grid forming mode. As the AC loads (single/three phase) are still 
connected at the output of the converter it is important that the output of the 
converter should have balanced three phase voltages under healthy operating 
conditions.  

Also, as seen from the above literature there is presence of unbalance in the AC 
loads connected at the output. Hence, under varying unbalanced loads and variable 
DC voltage on the DC grid, the converter will not be able to maintain balanced 
voltages while operating in open loop. For unbalanced AC loads, the converter 
should be able to control operations for overcurrent in one, two or three phases. 
These challenges exist while designing the control for the three phase converter 
operating in islanded mode.  

1.1.2. Grid Integration 
The primary challenge in interfacing the DC microgrid with the LV grid is the 

synchronization of four parameters: voltage magnitude, frequency, phase, phase 
sequence. When the converter is operating in grid connected mode, the solar panel 
is a grid supporting source. Hence, the converter is connected with the LV grid as 
well as the loads simultaneously.  

The challenges seen in islanded operation are similar in this type of operation. 
However, there are some additional challenges in grid connected mode. As per 
IEEE Std 519-1992, the grid connected converter must have less than 5% harmonic 
injection in voltage and current [15]. In distribution grids, the unbalance impacts 
the grid. Hence, the challenge is to control the currents such that the grid remains 
balanced while the converter mitigates the unbalance.  

1.1.3. DC Voltage Balancing 
Figure 1.3 shows that the converter uses a split capacitor topology. Hence, one 

of the main challenges is to avoid the DC offset in the AC phases. As the neutral 
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point of the bipolar DC input is connected to the AC side of the converter, the 
absence of control on neutral point can inject unbalance on the AC output. If the 
voltage on the capacitors is not properly balanced, the neutral point will have a DC 
offset voltage which will shift the AC output voltages by the same offset.  

1.1.4. Common mode Voltage and Common mode Current 
The common mode current in the power electronic devices is a major concern. 

For a three phase DC-AC converter, the common mode voltage is defined as the 
potential difference between the neutral point on the converter and the ground. As 
a result of this voltage, common mode current flows through the neutral to the 
ground.  

The common mode leakage current impacts the net losses, results in increased 
grid harmonics and can create a strong radiated EMI [16]. The magnitude of 
common mode current depends on the parasitic capacitance formed between the 
converter and the ground [16], [17]. Also, the method of grounding also determines 
the impedance in the common mode path which determines the magnitude and 
the frequency of the common mode current. Also, the common mode current can 
cause false tripping of protective devices.   

1.1.5. Hardware Implementation 
Apart from the control challenges the thesis also addresses the challenges to be 

addressed while implementing the control on the controller and testing of the 
converter. For hardware implementation of the control, it is important to ensure 
that the response of the converter is fast.  

Another important challenge with the control on the microcontroller is that the 
control frequency for the microcontroller is considerably low. This leads to reduced 
resolution for the control. For testing the converter, it is important to prevent the 
converter from unwanted voltages and currents in case of incorrect operation. 

1.2. Research Questions 
The objective of this thesis is to implement the control strategies on the existing 

DC/AC converter for islanded operation and integrating DC bipolar grid with AC 
distribution grid. The research questions addressed in this thesis are stated as 
follows: 

1. What are the control strategies that have to be implemented on islanded 
converter and how to implement them? 

2. What are the control strategies that have to be implemented on grid 
connected converter and how to implement them? 

3. What are the different modulation techniques to reduce common mode 
voltage in grid connected DC/AC Converter?  
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Apart from the major three research questions, the thesis also focuses on how to 
implement the control on hardware. 

1.3. Overview of Chapters 
The research questions are addressed in the different chapters of thesis and 

different solutions for the control design are provided. The structure of this thesis 
consists of six chapters. An overview of each of the chapter is given below.  

¶ Chapter-1 provides an introduction to the project, motivation for the detailed 
study on this topic, information on each of the challenges and methods to 
address the challenges.  

¶ Chapter-2 focuses on the control of the converter when it is operating in 
islanded mode i.e., without the grid. The various control strategies that are 
necessary to be implemented on the islanded converter to mitigate the 
discussed challenges in subsection 1.1.1 are explained in detail. Further to 
this, the chapter provides the simulation results for the converter.   

¶ Chapter-3 focuses on the control of the converter when it is operating in grid 
connected condition. The various control strategies that are necessary to be 
implemented on the grid connected converter to address the challenges 
discussed in subsection 1.1.2 are explained. Further to this, the chapter 
provides the simulation results for the converter.  

¶ Chapter- 4 provides insight on the common mode voltage (CMV) and 
common mode currents (CMC) in such type of converter, how it depends on 
the connection of the neutral point and explains different types of 
modulation techniques to reduce the common mode voltages and currents. 
Finally, this chapter provides a comparison of the simulation of all 
modulation techniques and the resultant common mode currents and the 
criteria used in this thesis for adapting to a particular modulation technique. 

¶ Chapter-5 discusses the challenge in the hardware design of the converter. 
The implementation of the control, modulation technique on the 
microcontroller is discussed. The hardware test results of converter at high 
voltage for the islanded operation is provided. Further to this, the chapter 
suggests some modifications on the PCB design for the grid connected 
converter based on the necessary control strategy. 

¶ Chapter-6 provides a conclusion to the thesis, on the control strategies and 
the hardware implementation of the converter. This chapter then provides a 
brief description of the future scope for implementing additional control on 
the converter.   
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Chapter-2 

Control of Islanded Converter 
 

As seen in Chapter-1 , one of the modes of operation of the converter is islanded 
mode. In islanded mode, the converter is directly connected to the 3ïphase load, 
or it can be connected to separate single phase loads. The schematic of the converter 
operating in islanded mode of operation is shown in Figure 2.1. For islanded 
operation, the current from the converter is provided based on the load demand. 
As there is no presence of a grid reference voltage or frequency, the converter 
operates in grid forming mode. The objective of the converter in this type of 
operation is to output a balanced three phase voltage with 230V RMS per phase. 

2.1. Converter Topology 
As seen from the schematic, the converter is a 3-phase 4-leg topology with split 

capacitor on the DC side. The three legs of the converter are utilized to convert to 
AC output while the fourth leg is connected to the split capacitors. At the AC 
output of the converter, LC filter is used to filter the higher order harmonics 
introduced due to switching. The neutral of the X-capacitors (i.e., capacitors for 
each phase of LC filter) is connected to the neutral of the bipolar grid on DC side 
as well as it forms the neutral path for the unbalanced load neutral.  

Each phase also has Y-capacitors which are connected from phase to ground. 
These capacitors have low capacitance to avoid the high frequency signals entering 
the ground by providing high impedance. The inductor on the load side of the 
converter is a three-phase four winding common mode choke. The LC filter is 
added by another inductance introduced by the leakage inductance of the common 
mode choke. As the common mode choke is intended to provide high impedance 
for the higher frequency component, the leakage inductance is very low. The 

 
Figure 2.1 Block diagram of Islanded mode of converter. 



2.2 Axes transformation 

8 

modeling and the values for leakage inductance of the common mode choke are 
discussed in the later subsection.   

As the neutral point on the bipolar grid is connected to the AC side, it is also 
important to control the neutral point such that the voltage across the DC split 
capacitors is balanced. Hence, as the requirement is to establish a balanced three 
phase output voltage, a voltage control is relevant for this type of operation.   

2.2. Axes transformation  
The first and the foremost step before designing the controller is the usage of 

dq0-reference frame or the synchronous reference frame. The three phase 
parameters have a periodic wave which is sinusoidal in nature. Hence, in such cases, 
if the instantaneous values are used to control the converter, the error which is used 
in a PI control will be fluctuating. Hence, the error generated will be a non-zero 
quantity. Hence, by changing the reference axis of the parameters the sinusoidal 
waves can be analyzed as DC quantities in a synchronous reference frame. The 
conversion involves two steps: 

1. Clarke Transformation: This transformation converts the sinusoidal 
quantities from a three phase to a fixed reference frame with two axis and the third 
is considered as the zero axis. This is called the ɻɼ0- reference frame.  

2. Park Transformation: This transformation converts the ɻɼ quantities to a 
synchronous reference frame i.e., the axis rotates at the same frequency as the 
quantities. Due to the rotation of frame of reference, the quantities can be analyzed 
as DC quantities.  

The co-ordinate axes corresponding to the three-phase, the ɻɼ0 and the 
synchronous reference frame (dq0) are shown in  Figure 2.2. For converting the 
three-phase quantities into space vector i.e., the ɻɼ reference frame Clarke 
transform is used as shown by equation (2.1) and to convert from space vector to 
synchronous reference frame, Park transform is used given by equation (2.2).  

 

 
(a) (b) 

Figure 2.2 (a) abc-ɻɼ reference frame (b) ɻɼ-dq reference frame 
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It is important to note that in the space vector axes, the quantities are still 
sinusoidal in nature but in the synchronous reference frame, the rotational 
component i.e., the óʃȭ is removed and hence the quantities can be analysed as DC 
quantities. In a similar way to convert from the synchronous reference frame to the 
three-phase quantities Inverse Park Transform and Inverse Clarke Transform are 
used given by equations (2.3) and (2.4) respectively.  

There are two types of Clarke Transform: a.) Amplitude Invariant b.) Power 
Invariant. The difference between these two transformation is the co-efficient. For 

amplitude invariant  is used while for power invariant  is used. Equation (2.1) 

represents the amplitude invariant.  
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2.3. PI Controller and PR Controller 
There are two widely used methods for implementing the voltage control of the 

converter: PR controller and PI controller. For a three phase converter, the PR 
controller can be used to track the sinusoidal waveforms [18]. The PR controller 
provides high gain at the resonant frequency i.e., the fundamental frequency in this 
case and attenuates all the other frequencies [18], [19]. An added advantage of PR 
controller is that the number of times axes transformation has to be done is 
reduced.  

The PI controller is more commonly implemented on converter and provides 
very high gain at zero frequency. Hence, the PI controller are used mostly for DC 
signals. Even the PR controller is efficient for controlling sinusoidal signals and 
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minimizing the steady state errors, the PR controller is not very efficient while 
dealing with unbalanced voltages. During axes transformation of unbalanced 
signals, oscillations are introduced which make the PR control less efficient to be 
implemented [18]. However, for implementing PI control the number of times axes 
transformation is done is increased by one. As this thesis deals with controlling the 
converter under unbalanced load operation, PI controllers will be used for all the 
control strategy discussed.  The steps followed to design the control of the islanded 
converter are discussed in this chapter.   

2.4. Converter Control strategy  
The converter operates in grid forming mode in case of islanded operation. In 

the islanded operation, the converter output has to be a balanced three phase 
voltage with a frequency of 50Hz. Hence, voltage control is used for the converter 
operating in islanded operation. In case of islanded operation, there is no reference 
for the converter to align itself to operate at 50Hz frequency. Hence, to address this 
issue, the reference of the angle is provided as a control input. Hence, the reference 
of the angle is given as a part of the control and the waveform of the angle is shown 
in Figure 2.3. This fulfils the purpose of the ñphase-locked-loop (PLL)ò in case of 
grid connected operation [20].  

Once the angle reference is set, the three phase parameters are transformed into 
the synchronous reference frame. As the objective is to control the voltage instead 
of the power, amplitude invariant form is used for transformation. As mentioned 
before, the output of the converter is rated similar as the LV grid i.e., balanced three 
phase voltages with 230V rms voltage on one each phase and the purpose of the 
controller is to provide the required output. To solve this purpose, a PI controller 
is used.   

Figure 2.4 shows the control block diagram of a three-phase 3-leg converter. As 
seen from the block diagram, there are two PI controllers used, one controls the d-
axis voltage and the other one controls the q-axis voltage. The PI controllers should 
be tuned such that the voltage on the d-axis is aligned to the peak magnitude of the 
AC voltage i.e., 230Õ2V and the voltage on the q-axis is aligned to 0V.  

 

Figure 2.3 Angle reference for the voltage controller.  
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The operation of individual PI controllers within the voltage control block is 
shown in Figure 2.5. The output of the PI controller is a reference voltage which is 
then used to modulate the duty ratios such that the converter maintains a stable 
voltage at the output. The theoretical calculation for obtaining the balanced three 
phase voltages is shown below.  
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As seen from equations (2.5) to (2.8), it can be seen that if the voltages are aligned 
at 230Õ2V and 0V for d-axis and q-axis respectively, the final output obtained will 
be a balanced three-phase system.   

 
Figure 2.4 Voltage control of the converter. 

 

 
Figure 2.5 PI control for voltages in dq-reference axis. 
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2.4.1. Current limit control 
The control strategy discussed above is to provide balanced three phase voltage 

at the output of the converter. As mentioned previously the converter operates in 
grid forming mode in islanded operation. Hence, with the variable output power, 
the converter provides the current demanded by the loads. However, with the 
unbalanced phase loads under overcurrent condition, the current in single phase, 
two phase or all three phases can increase beyond the limit that the converter can 
provide. Especially for a single phase or two phase overcurrent the single phase 
power of the converter exceeds the limit, but the three phase power does not exceed 
the limit. This can cause damage to the components of the converter. 

Thus, a modification of the control is necessary. Also, to prevent the converter 
from getting damaged the modified control should have fast response. The control 
of the current can be done by reducing the voltage thereby limiting the current to 
the maximum rated value of the converter. It is important to detect the overcurrent 
per phase. Hence, the voltage corresponding to the phase in overcurrent should be 
reduced and the other phases should maintain the same amplitude.  

As seen from the previous subsection, the voltage control of the converter 
operates in synchronous reference frame (dq-reference frame) hence the per phase 
voltages have to be controlled in dq-reference frame. This can be achieved using the 
concept of symmetric components. The symmetric components have been 
explained in detail in 3.1. For a three phase system the presence of negative 
sequence along with positive sequence indicates unbalance. Hence, in the modified 
control strategy, the unbalance is injected into the system by injecting the negative 
sequence along with the positive sequence control such that the output of the 
controller would have reduced phase voltages only on the phase with overcurrent.  

In this control strategy only positive and negative sequence controllers are used 
and the zero sequence is given the reference of zero. This is because if the zero 
sequence is not zero then the other phase will also have an impact on the magnitude 
if one phase reduces. Hence, to act only on one phase the negative sequence will 
set reference points in dq accordingly and make the zero sequence voltage equal to 
zero. The modified control block diagram is shown in Figure 2.6 and the modified 
controller structure is shown in Figure 2.7. 

As the negative sequence voltage control is activated only during overcurrent, the 
instantaneous measurements of phase currents are compared to the maximum 
current that the converter can provide. If the phase current/currents exceeds the 
maximum current limit, a signal is provided to activate the negative sequence 
controller through C-script in PLECS and a three phase system with reduced voltage 
amplitude is given as reference for the negative sequence controller. The signal is 
also responsible for detecting the phase in overcurrent and used to reduce the 
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amplitude of the voltage of the corresponding phase. The C-script is given in the 
Appendix for reference. 

2.4.2. Control of the Fourth Leg 
As seen from the schematic of the converter in Figure 2.1, the DC grid is 

interfacing the converter with two capacitors thereby forming a split capacitor 
topology. In inverter systems which interface unbalanced loads or interface the grid, 
a neutral wire is provided in order to regulate the neutral current [21]. Generally, 
there are three types of topologies for AC/DC converters which use the neutral 
point on DC side: a.) A split capacitor topology b.) a fourth leg with DC link 
capacitor and c.) fourth leg with split capacitor topology. In the converter being 
used, a fourth leg is introduced to regulate the voltage on the split capacitors.  

This neutral point on the DC side should be ideally at a potential such that the 
voltage on the two capacitors must be balanced [21]. If the neutral point is not well 
balanced, there will be neutral current injected to the AC side which can induce 
the unbalance in the currents [22]. The advantage of using the fourth leg to balance 
the neutral point of the capacitor is that the control of the fourth leg can be made 
independent from the three phase control of the converter [22].  

The voltage of the neutral point can be calculated based on equation (2.9). The 
primary objective of the fourth leg is to maintain ʀ at zero. Reference [21] presents 
a double control loop consisting of neutral point voltage and the neutral wire 
current control to mitigate the issue of fluctuating neutral point voltage. However, 
due to practical limitations such as measurement of the currents on the neutral 
wire, the current control loop increases the complexity. Hence, in the current 
control strategy, only the voltage control loop is used.  

 
Figure 2.6 Modified voltage transformation 

 

 
Figure 2.7 Negative sequence voltage controller 
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This can be achieved by using a control loop using a proportional controller. 
Figure 2.8 shows the control block diagram of the fourth leg.  

2.5. Simulation of Converter 
The DC/AC converter is simulated in PLECS software to analyze the control 

strategies discussed in this chapter. The methodology, analysis points and the results 
of the simulation are discussed in this subsection. For analyzing the implemented 
control strategy, the schematics used in PLECS are given in Appendix.  

The measurements which provide the parameters to the controller are 
highlighted in the schematic. These points indicate the same position which is being 
measured on the PCB. For analyzing the control, the simulation parameters 
initialized in PLECS are set as given in Table 2.1.  

Parameters Symbol in Schematic Values 

DC Bus voltage  ὠ  χππὠ 

Converter side inductance  ὒȟὒȟὒ στπ‘Ὄ 

Xïcapacitance  ὅ ȟὅ ȟὅ  ρ‘Ὂ 

Yïcapacitance  ὅ ȟὅ ȟὅ  τȢωὲὊ 

Common mode inductance ὒ  χυπ‘Ὄ 

dïaxis set point (peak) ὠȟ  ςσπЍς ὠ 

qïaxis set point ὠȟ  π ὠ 

Table 2.1 Simulation parameters 

The control strategy implemented in the simulation is the modified control as 
per the current limit control. The voltage controller structure for the three leg is 
shown by Figure 2.18.  

2.5.1. Modeling of choke 
As mentioned in subsection 2.1, the leakage inductance of the common mode 

choke is added at the output of the LC filter. Figure 2.9 shows the model of 
common mode choke and the dotted line illustrates the path of the leakage flux. 

‐ ὠ ȟ ὠ ȟ  (2.9) 

 

Figure 2.8 Control block diagram of the fourth leg. 
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The common mode choke is using a ring core with nanocrystalline material which 
has very low leakage inductance. To obtain the leakage inductance of the common 
mode choke, a FEM simulation is done on FEMM 4.2 software.  

The simulation results in Figure 2.10 shows the flux path when only one phase 
is energized so that the leakage in one phase can be calculated. The green shaded 
area represents the volume section for the leakage region when only one phase is 
energized. Based on this region the magnetic field energy is calculated using the 
software. The magnetic field energy is given by equation (2.10). Based on the 
magnetic field energy the leakage inductance can be calculated.  

Ὁ
ρ

ς
ὒὭ  ὐέόὰὩί  (2.10) 

 
Figure 2.10 FEMM 4.2 simulation results of common mode choke (when 

only one phase is energized). 

 

 
Figure 2.9 Common mode choke and leakage flux path. 
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Using this value of leakage inductance, the common mode choke is modeled in 
PLECS. For magnetic modeling of common mode choke, the magnetic library is 
used with saturation blocks. The saturation blocks in PLECS use the same data of 
as mentioned in the datasheet of the common mode choke. 

 Figure 2.11 shows the PLECS schematic of the common mode choke modeled 
in PLECS. As the magnetic library of PLECS represent the ideal core and 
saturation, the leakage inductance can be modeled by adding parallel leakage path.  

2.5.2.  Simulation results 
This subsection illustrates the various parameters obtained at the end of 

simulation. The results correspond to the operating parameters mentioned in Table 
2.1. For conventional operation i.e., operation under healthy conditions the voltage 
output of the converter should result in three phase balanced voltages with 230V 
as RMS value. The voltage and currents are measured after LC filter. 

While the current provided by the converter matches the load current demand. 
The fourth leg controls the DC voltages on the split capacitor at equal values and 
half of the DC bus voltage. The simulation results are shown in Figure 2.12, Figure 
2.13 and Figure 2.14.  

 
Figure 2.11 Schematic of common mode choke. 
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Figure 2.12 Converter output voltages 

 
Figure 2.13 Converter output currents 

 

 
Figure 2.14 DC capacitor voltages. 

 

 
























































































































