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High power DC-DC converters have become very important with 

developments in especially electric vehicle, renewable energy conversion, 
aerospace, and railway applications. Most of these applications require DC-DC 
conversion stages that are also very important for the system efficiency. Since the 
energy conversion takes place at high power levels in these applications, DC-DC 
converter stages are very effective for the system efficiency and stability. In 
addition, bidirectional energy transfer and low weight requirements are common 
issues for most of these applications. This fact requires some considerations and 
system improvement activities to provide more stable and efficient systems. The 
dual active bridge (DAB) topology is one of the effective topology that contributes 
to overcome these problems. Dual active switching elements are used to provide 
bidirectional power transfer and high frequency isolation transformer is used to 
provide low weight system design. In this thesis a three phase dual active bridge 
isolated bidirectional DC-DC converter is modeled and analyzed. The input voltage 
is determined as 600 V the output voltage is determined as 800 V and the system 
nominal power is determined as 80 kW. The Input and the output voltages and the 
power range are determined based on railway operating ranges. Unstable 
conditions of voltage and the load are also considered in this system design.    
 
Key Words: Dual-Active Bridge, DC-DC Converter, Phase Shift, High Power         

Converter 
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Yüksek güçlü DC-DC dönüştürücüler özellikle elektrikli araç, yenilenebilir 

enerji dönüşümü, uzay ve demiryolu uygulamaları alanındaki gelişmelerle birlikte 
çok önemli hale gelmiştir. Bu uygulamaların çoğu, sistem verimliliği için çok 
önemli olan DC-DC dönüştürme aşamalarını gerektirir. Enerji dönüşüm bu 
uygulamalarda yüksek güç seviyelerinde gerçekleştiğinden, DC-DC dönüştürücü 
aşamaları sistem verimliliği ve kararlılığı için çok etkilidir. Buna ek olarak, çift 
yönlü enerji aktarımı ve düşük ağırlık gereksinimleri, bu uygulamaların çoğunda 
yaygın olan konulardır. Bu gerçek, daha istikrarlı ve verimli sistemler sağlamak 
için bazı hususlar ve sistem iyileştirme faaliyetleri gerektirir. Çift yönlü aktif köprü 
(ÇYAK) topolojisi bu sorunların üstesinden gelmeye katkıda bulunan etkili 
topolojilerden biridir. Çift aktif anahtarlama elemanları çift yönlü güç aktarımını 
sağlanmak, yüksek frekanslı izolasyon transformatörü ise düşük ağırlıklı sistem 
tasarımı sağlamak için kullanılmaktadır. Bu tezde üç faz aktif köprülü izoleli iki 
yönlü DA-DA dönüştürücü modellenmiş ve analiz edilmiştir. Giriş voltajı 600 V, 
çıkış voltajı 800V, sistem nominal gücü 80 kW olarak belirlenmiştir. Giriş ve çıkış 
voltajları ve güç aralığı demiryolu çalışma aralıkları baz alınarak belirlenmiştir. Bu 
sistem tasarımında kararsız gerilim ve yük koşulları da göz önüne alınmıştır. 
 
Anahtar Kelimeler: Çift Yönlü Aktif Köprü, DA-DA Dönüştürücü,  Faz 

Kaydırma, Yüksek Güçlü Dönüştürücü 
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EXTENDED SUMMARY 
 

In the last decade, some electric applications such as renewable power 

conversion, electric vehicle, railway, charging, have become very popular with the 

threat of energy shortage that is still increasing. Some of these applications require 

auxiliary power supplies or high power energy conversions. Since all of these 

applications and their conversion stages take place under high power levels, high 

power DC-DC conversions has become very important.  

Various bidirectional isolated dc-dc converters have been proposed as a 

solution for high power applications. Most of the presented dc-dc converters have 

asymmetrical circuit configurations to couple the two dc links having largely 

different voltages, several tens volts and several hundred volts (Chiu et al., 2006; 

Inoue et al., 2007). 

Every energy conversion system has some losses that depend on some 

parameters. The selection of correct topology and parameters directly affects the 

efficiency of the circuit and it is very important for such a system. Selecting of the 

right topology is also depends on a few parameters such as power density level, 

working conditions, permissible space for circuit, power flow direction.  Since high 

power applications such as railway, charging and discharging of high power energy 

storage devices are also requires high-efficiency power converters, high-frequency-

link (HFL) power conversion systems (PCSs) are attracting more and more 

attentions in academia and industry due to reduced weight, and low noise without 

compromising efficiency, cost, and reliability (Tan et al., 2012;Zhao et al., 2014). 

Due to the importance of safety, weight and free space limitations in some high 

power applications, it is very important to use an effective topology that provides 

safety and compact design for the system. 

The dual active bridge converter, has been shown to be an attractive 

alternative for high-power applications (De Donker et al, 1991). In the converter 
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active devices on both the input and output sides are used to realize an optimal 

topology that has low device stresses (Kheraluwala et al., 1992).  

Based on high power application requirements, in this thesis a 80 kW three 

phase dual active bridge isolated bidirectional DC-DC converter operates with 600 

V input and 800 V output voltages,  is modeled and its operating conditions are 

analyzed. A small size and a low cost high frequency transformer is used in the 

DC-DC converter to provide isolation. Some DC-DC converter topologies, and 

various modulation strategies are also discussed. Based on high power applications, 

different topologies and modulation strategies are compared and the key factors of 

selection optimal topology are discussed. This selection is supported with the 

simulation results. An effective measurement and controller systems are designed 

to overcome voltage and load fluctation problems in high power applications.  

MATLAB/Simulink program is used for the simulation analysis. This 

program is an effective solution to analysis the circuit with the parameters that 

provides get results close to the reality.  
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1. INTRODUCTION 
 
1.1. General Overview of DC-DC Converters 

A lot of topologies have been proposed for DC to DC converters in the 

literatures. All topologies have their own advantages and disadvantages depend on 

suitability of the application. Figure 1.1 shows the general list of common used 

DC-DC converters. 

 

 
Figure 1.1. General list of common used DC-DC converters 
 

Buck converter is the simplest type of converters. It is used when the 

required output voltage is smaller than the input voltage. It also uses small number 

of components and the losses are very small. Boost converter topology is similar to 

the buck converter topology as component number and simplicity however in boost 

converter, the output voltage is higher than the input voltage. Both of these 

topologies contain at least one diode and transistor and also one energy storage 

element such as capacitor. Buck-boost converter is a combined form of buck and 

boost topologies. It provides higher or lower output voltage respect to input voltage 

and the output voltage polarity change also possible with this topology with respect 
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to the common terminal of the input current. Containing small number components 

and the simplicity are the advantages of these converters however high input 

voltage ripples and the electrical stresses are disadvantages of these converters. 

Figure 1.2 shows the basic buck, boost and buck-boost circuits. (Yilmaz et al.; 

2013) 

                                 
Figure 1.2. Buck (a), boost (b), buck-boost converter circuits 

 

When the isolation is required in applications flyback converter can be an 

alternative for low power ranges. The flyback converter does not contain any 

inductor at the output side thus it is possible to obtain high output voltages. This 
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converter is also low-cost and simple, however high electrical stresses and lower 

efficiency due to leakage inductance, are disadvantages of the flyback converter. 

Figure 1.3 shows the basic flyback converter circuit. (Yilmaz et al.; 2013)     

 

 
Figure 1.3. Basic flyback converter circuit 

 

Forward converter is a transformer-isolated converter based on basic buck 

converter topology (Microchip, 2007). The advantages of these converter are low 

input capacitor ripple current, lower current on the secondary side diodes and 

simplicity (Yilmaz et al., 2013). Higher transistor rating, requirement of active 

snubber circuit and higher conduction losses are disadvantages of this converter. 

Figure 1.4 shows the basic forward converter circuit.  
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Figure 1.4. Basic forward converter circuit 
 

Push-pull converter is another transformer-isolated converter based on the 

basic forward topology (Microchip, 2007). Comparing with previous converters 

shows that higher power levels can be achieved with this topology. Figure 1.5 

shows basic push-pull converter circuit. 

 
Figure 1.5. Basic push-pull converter circuit 

 

Similar to the buck-boost topology, it is possible to obtain a negative 

polarity output voltage with respect to the common terminal of the input with CUK 

converter. This converter provides reduced continuous input and output current 

however it requires high number of passive components and large inductors. High 
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electrical stress is also another disadvantage of this converter (Yilmaz et al., 2013). 

Figure 1.6 shows the basic circuit of the CUK converter. 

 

 
Figure 1.6. Basic CUK converter circuit 
 

SEPIC converter is consists of two large inductors, switching component, 

diode and capacitors. Unlike the CUK converter the output current is discontinuous 

and it has a non-inverting buck-boost characteristic. The CUK and the SEPIC 

converters can be operated as bidirectional converter by using two active switches. 

However the current stress for semiconductor components, is higher than the other 

bidirectional converters (Yilmaz et al., 2013). Figure 1.7 shows the basic circuit of 

SEPIC converter.  

 

 
Figure 1.7. Basic SEPIC converter circuit 
 

 Half-bridge converter is a transformer-isolated converter based on basic 

forward converter (Microchip, 2007). It contains small number of components and 

requires simple control strategy. It is a low cost converter however it has high 

component stress. Comparing with the CUK and SEPIC converters, half-bridge 

converter provides higher efficiency since it has lower inductor conduction and 
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switching losses. The major drawback of this topology is discontinuous output 

current when operating as boost (Yilmaz et al., 2013). Figure 1.8 shows the basic 

circuit of half-bridge converter.  

 

 
Figure 1.8. Basic half-bridge converter circuit 
 

Full-bridge converter is a transformer-isolated buck converter (Microchip, 

2007). It contains more component numbers and requires more complex control 

strategy. Thus it is a higher cost converter. However it provides a high conversion 

ratio, high power level and low component stress (Yilmaz et al., 2013). The full-

bridge topology is an effective solution for higher power levels. The Figure 1.9, 

which will be defined as Topology A in the following chapter, shows the basic 

circuit of the full bridge converter. It contains controlled device on the first side, 

and uncontrolled diodes on the second side and the galvanic isolation between two 

sides. Operation in constant frequency, allows optimum design of magnetic and 

filter components, minimum voltage-ampere stresses, good control range and 

controllability are some advantages of this topology. However it has some 

limitations based on switching losses with increasing frequency and high voltage 

stress is induced by the parasitic inductances following diode reverse recovery 

(Kheraluwala et al., 1991).  
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Figure 1.9. Basic full-bridge converter circuit 
 

  There are also some advanced topologies that provides more efficient 

system design using zero voltage and zero current switches based on snubber 

circuit and resonant network. Resonant dc/dc converters, quasi-resonant dc/dc 

converters, multi-resonant dc/dc converters and the quasi-square wave converters 

are main soft switching topologies in the literature (Kheraluwala et al., 1991). 

These topologies require detailed calculations and complex control circuit design. 

          

1.2. High Power DC-DC Converter Topologies  
The field of high-power density dc-to-dc has received a lot of attention in 

recent years (Kheraluwala et al., 1992). These converters are used in various 

applications mainly automotive, aerospace, renewable energy power systems, 

battery charging and auxiliary power supply units for light rail vehicles. 

The buck, boost, buck-boost, flyback, forward, push-pull, SEPIC and CUK 

converters are not sufficient for high power levels. Some of these topologies have 

extended variations to provide operating higher power levels however, these 

topologies are more complex and their power levels are also not sufficient enough.  

Three DC-DC converter topologies are presented which are used for high 

power density applications will be discussed. In these topologies full bridge 
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method is used for minimum device stresses, constant frequency operation is used 

for efficient transformer and filter and controller design (Kheraluwala et al., 1991). 

 

1.2.1. Topology A Single-Phase Single Active Bridge DC-DC Converter (Full 
Bridge)  

In this section the full-bridge converter topology is defined as Topology A 

(Kheraluwala et al., 1991). Figure 1.10 shows the basic circuit block scheme of the 

Topology A. This circuit was derived from some older topologies by applying a 

modification. The output filter inductor has been transferred to the ac side (in effect 

lumping it with the transformer leakage inductance). This modification allows 

energy storage in leakage inductance and lossless manner transfer to the load. Also, 

it allows controlling soft-switching conditions with this sole effective leakage 

inductance. Power flow is controlled by the applying phase shift between two 

resonant poles of the input bridge. 

The dual active bridge converter is an alternative solution that allows 

operation in high power levels and bidirectional power transfer. This converter 

offers easier control strategy than other high power converters such as multilevel. 

Single and three phase topologies are possible for the dual active bridge converter.     

         

DC DC

Unidirectional
(Full-Bridge)   

Figure 1.10. Topology A circuit block scheme  
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1.2.2. Topology B Single-Phase Dual Active Bridge (DAB) DC-DC Converter 
Since the secondary side circuit of Topology A consist of uncontrolled 

diodes, it is not possible to provide bi-directional power flow. Replacing the diodes 

with active devices allows controlling bidirectional power flow and also simpler 

control strategy of handling diode recovery process as shown in Figure 1.11 

(Kheraluwala et al., 1991) 

 

 
Figure 1.11. Topology B circuit block scheme 

 
1.2.3. Topology C Three-Phase Dual Active Bridge (DAB) DC/DC Converter 

Topology C is a three phase extension of Topology B (Kheraluwala, 1991). 

As shown in the Figure 1.12. The three-phase legs of each bridge are operated with 

a phase shift of 120o (Hoek et al., 2013). Although both Topology B and Topology 

C could be used for higher power requirements, there are some performance and 

power quality differences between them. These differences will be discussed in 

following chapter.  
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Figure 1.12. Topology C circuit block scheme  
 
1.3. Motivation of Thesis 

Many modern power conversion systems require not only unidirectional 

but also bi-directional energy transfer capability. Preferably, such systems should 

use a single high efficiency power electronic conversion system to reduce the size, 

the weight and the cost (Segaran et al., 2008). For higher power requirements the 

common used structure is the bidirectional dual active bridge topology.  

The dual active bridge topology is used in vary applications such as 

uninterruptable power supply (UPS), renewable generation systems, energy storage 

systems, smart grid, automotive and motor drive systems, with the regeneration 

capability and the multilevel conversion systems. 

The dual active bridge topology presents an alternative solution for the 

classical full bridge topology problems. Moving output inductor to the AC side as 

series to the transformer leakage inductance, prevents the reverse recovery losses in 

the output diodes. This allows higher switching frequencies and, therefore, an 

increase in the power density. Furthermore, the use of an active output bridge also 

increases the power density of the transformer. As a result of all these benefits, low 

device stress, small filters, high transformer utilization and low-switching losses 

are provided by this topology (Baars et al., 2015). 
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Due to all these advantages, the dual active bridge topology is the one of 

the most suitable topology for high power DC DC converters. Despite its benefits 

and advantages there are no sufficient researches on literature.  

 

1.4. Scope and Objectives of the Thesis 
 In this thesis a three phase dual active bridge isolated bidirectional DC-DC 

converter is designed and implemented as operating with 600 V input, 800 V 

output voltages and providing 80 kW output power. The simulation of this 

converter also implemented based on high power applications. Two three phase 

converters are connected via an isolated transformer and an inductor that is used as 

power transfer element. Insulated gate bipolar transistors (IGBTs) are selected as 

switching device and six IGBTs are used for each side of converter. 20 kHz 

switching frequency is applied to the IGBTs. Positive or negative phase shift is 

applied to provide bidirectional power flow.  

 This converter is simulated using MATLAB/Simulink program. To 

achieve a realistic simulation analysis, the parameters of power circuit devices are 

set with the specifications of real components. 

 The performance of modeled system is analyzed and verified with various 

different case studies. In addition, the efficiency of the system is investigated in 

different load conditions.   

 
1.5. Outline of the Thesis 

The overall structure of the thesis is as follows: 

In Chapter 1, the high power DC-DC converters are introduced. Different 

DC-DC converter topologies and their advantages and disadvantages are discussed. 

Motivation and the purpose of the thesis are also summarized. 

In Chapter 2, dual active bridge DC-DC converter topologies circuit 

diagrams and ideal operation waveforms of these converters are discussed. Single 

phase and three phase systems are compared. 
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In Chapter 3, the modeling studies of the three phase dual active bridge 

converter design is presented. Design considerations, selection of components, 

switching conditions and the calculations are explained. The way of 

implementation of these circuits in MATLAB/Simulink is also presented. 

In Chapter 4, some different operating and load conditions are analyzed as 

case studies and the results are interpreted.  

In Chapter 5, all the thesis subjects are summarized and the results of the 

Chapter 4 are interpreted. 

In Chapter 6, future works are summarized. 
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2. OPERATING PRONCIPLES OF DAB CONVERTERS 
 

The DAB converter was first developed in the University of Wisconsin 

Madison in 1989. Since then the converter has gained popularity because of its 

high power density, high efficiency due to zero voltage switching (ZVS) operation 

under wide load range, bidirectional operation and high frequency isolation (Dutta 

et al., 2014). Either single-phase or three-phase converters have been proposed for 

such a system, but to date no clear-cut basis for selecting between these two 

alternatives has been established (Segaran et al., 2008). Single-phase and three-

phase DAB topologies are discusses and compared in the next chapters. The 

bidirectional converter structure consists of two unidirectional DC-DC converters 

as shown in the Figure 2.1   

                     

(Power Transfer Direction)

(Power Transfer Direction)

+
Vi
-

+
Vo
-

Converter 1

Converter 2

Unidirectional Converter

Unidirectional Converter

Figure 2.1. The principle construction of bidirectional converterIi  
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2.1. Single Phase Dual Active Bridge DC-DC Converter  
Single phase dual active bridge (SPDAB) DC-DC converters consist of 

two DC sources, eight active switching devices, input and output filters, and a high 

frequency isolation transformer. 

 
2.1.1. The Circuit of SPDAB DC-DC Converter 

The basic of SPDAB DC-DC converter circuit is presented in the Figure 

2.2. As shown in the figure, the SPDAB topology consists of two seperate 

converters coupled via an isolation transformer and a series inductor. It is better to 

transform the circuit as primary-referred as in the Figure 2.3, to take into account 

transformer leakage inductance. L is the total inductance referred to the primary 

side.  

 

Vi

High Frequency Isolation 
Transformer
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Io
Ii

ip

ici ico

io

+Vo+
vp

+
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2' 4'

ii

Load
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Figure 2.2. SPDAB circuit scheme  
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i’o

++
vp

+
v’s

1'3
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3'

2' 4'

ii

L

V’o

       
Figure 2.3. Primary referred equivalent circuit of SPDAB 
 
2.1.2. The Operation of SPDAB DC-DC Converter 

Regarding primary referred circuit of SPDAB, the circuit can also be 

derived as two AC source are interconnected with series inductor as shown in the 

Figure 2.3. Considering the circuit as in the Figure 2.3, the AC sources are 

controlled to regulate real and reactive power flow by varying magnitude and phase 

relationship. In normal operation the required reactive power for inductor is 

supplied by either one or both of the AC sources depending on their relative 

voltage magnitudes. Magnitude differences between vp and the v’s voltages, causes 

additional reactive power circulation between the two sources this will require 

increased current more than necessary to transfer the required real power, and this 

causes increasing of losses. This must be considered while deciding the transformer 

turns ratio (Segaran et al., 2008). 

There are some issues which should be considered for switching strategy. 

Recognizing the circuit as in the Figure 2.4 as dual converter system is only 

possible if both converters are PWM modulated to produce AC fundamental 

output. However this approach has some limitations on switching frequency. For 

converters, the ratio of PWM and the fundamental AC frequency should be at least 

9 for acceptable harmonic performance of the PWM. As practical for high power 

converters the maximum switching frequency is limited perhaps 50 kHz. 
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According to this ratio the AC fundamental frequency is limited around 5 kHz. 

This low fundamental frequency limits using ferrite cores for designing the 

isolation transformer and the inductor (Segaran et al., 2008). 

 

                                
Figure 2.4. The derivative equivalent circuit of SPDAB (Segaran et al., 2008) 
  

Another approach to face this problem is, square-wave modulation for both 

converters of the dual-active system. Real-power flow is provided by applying 

phase shift between two converters (Segaran et al., 2008). Figure 2.5 and Figure 

2.6 show the power flow directions regarding the applied phase shift angle “ø” 

between two converters.  
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Power 
Flow

(b)

 
Figure 2.5. Waveforms (a) and power flow direction (b) with applied positive 

phase shift 
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Power 
Flow

(b)

 
Figure 2.6. Waveforms (a) and power flow direction (b) with applied negative 

phase shift 
 

Figure 2.7 also shows the idealized waveforms of the phase shift 

modulation for the SPDAB regarding the circuit in the Figure 2.2. As shown in the 

Figure 2.7, three possible current waveforms are illustrated regarding the 

magnitude difference consideration of both Vi and V’o. 180o phase shift is applied 

between the two switching devices which are in the same phase leg (such as T1 and 
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T2 or T2 and T4). The phase shift is also applied between the each side of the 

converter. 

 

                    
Figure 2.7. Idealized waveforms of phase shift modulation for SPDAB 

(Kheraluwala et al., 1991) 
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2.2. The Circuit of TPDAB DC-DC Converter 
The circuit of TPDAB is basically shown in the Figure 2.8. As shown in 

the figure it consists of two separate three phase active bridge converters and each 

phase are connected via series inductors and an isolation transformer. As 

mentioned before the circuit designs and the basics are similar for both single and 

three phase DAB system but the design considerations are different. 

 

2.2.1. The Operation of TPDAB DC-DC Converter 
The operation of TPDAB converters is simply three phase derivation of the 

SPDAB converters. The six active switching devices for each bridge operate in six-

step mode at a fixed frequency. The power flow is provided by applying a phase 

shift between two sides of the converter (Kheraluwala et al., 1991). The other 

considerations are also valid for this three phase system. The primary equivalent 

circuit diagram of TPDAB converter is also shown in Figure 2.9. 
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Figure 2.8. The basic circuit scheme of TPDAB converter 
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Figure 2.9. The primary referred equivalent circuit diagram of TPDAB converter 
 

There are two possible distinct interval for the phase shift angle “ø”  

  

· Region I: 0 ≤  ø < π/3 

· Region II: π/3 ≤  ø < π/2 

 

There are also six modes operation in each region. In each mode iap is a 

function of θ= ωt, where ω is 2πfsw and fsw switching frequency, is given by, 

 ���(�) =[���(�)�����(�)�� (θ − θi) + iap(θi)            θi ≤ θ ≤ θf                    (2.1) 

 

Where the θi and the θf is the start and the end of the each mode 

respectively, vap is the Phase-a primary to neutral voltage, v’as is the Phase-a 

secondary voltage referred to the primary side and iap(θi) is the I ünitial current of 

each mode. Regarding the transformer connected as Y-Y, the entire analyis is 

presented below based on region I an region II. Figure 2.10 and 2.11 also shows the 

conduction sequences and waveforms according to these regions. The input bridges 

leads the output bridge (for  ø ≥ 0) and analysis for reverse power flow (ø ≤ 0) is 

identical (Kheraluwala et al., 1991).  
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Region I 
 

· Mode 1 : 0 ≤  θ < ø;    vap(θ)=Vi/3 ; vas’(θ)= -Vo’/3 

 

iap(θ)=��������� (�) + ���(0)             (2.2) 

 

· Mode 2 : ø ≤  θ < π/3;    vap(θ)=Vi/3 ; vas’(θ)= Vo’/3 

 

iap= ����������� (� − ø) + ���(ø)              (2.3) 

 

· Mode 3 : π/3 ≤  θ < (ø+π/3);   vap(θ)=2Vi/3 ; vas’(θ)= Vo’/3 

 

iap= ������������ (� − �/3) + ���(�/3)             (2.4) 

 

· Mode 4 : (ø+π/3) ≤  θ < 2π/3;   vap(θ)=2Vi/3 ; vas’(θ)= 2Vo’/3 

 

iap= ������������� (� − ø − �/3) + ���(ø + �/3)            (2.5) 

 

· Mode 5 : 2π/3 ≤  θ < (ø +2π/3);   vap(θ)=Vi/3 ; vas’(θ)= 2Vo’/3 

 

iap= ������������ (� − 2�/3) + ���(2�/3)            (2.6) 

 

· Mode 6 : (ø +2π/3)≤  θ < π;   vap(θ)=Vi/3 ; vas’(θ)= Vo’/3 

 

iap= ����������� (� − ø − 2�/3) + ���(ø + 2�/3)            (2.7) 
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Figure 2.10. The idealized waveforms of phase shift modulation for TPDAB in 

region I (Kheraluwala et al., 1991) 
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Region II 
 

· Mode 1 : 0 ≤  θ < (ø- π/3);  vap(θ)=Vi/3 ; vas’(θ)= -2Vo’/3 

 

iap(θ)=���������� (�) + ���(0)             (2.8) 

 

· Mode 2 : (ø - π/3) ≤  θ < π/3;   vap(θ)=Vi/3 ; vas’(θ)= - Vo’/3 

 

iap= ����������� (� − ø + �/3 ) + ���(ø − �/3)            (2.9) 

 

· Mode 3 : π/3 ≤  θ < ø;    vap(θ)=2Vi/3 ; vas’(θ)= -Vo’/3 

 

iap= ������������ (� − �/3) + ���(�/3)           (2.10) 

 

· Mode 4 : ø ≤  θ < 2π/3;    vap(θ)=2Vi/3 ; vas’(θ)= Vo’/3 

 

iap= ������������ (� − ø) + ���(ø)                 (2.11) 

 

· Mode 5 : 2π/3 ≤  θ < (ø +π/3);   vap(θ)=Vi/3 ; vas’(θ)= Vo’/3 

 

iap= ����������� (� − 2�/3) + ���(2�/3)                 (2.12) 

 

· Mode 6 : (ø + π/3)≤  θ < π;   vap(θ)=Vi/3 ; vas’(θ)= 2Vo’/3 

 

iap= ������������ (� − ø − �/3) + ���(ø + �/3)                      (2.13) 
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Figure 2.11. The idealized waveforms of phase shift modulation for TPDAB in 

region II (Kheraluwala et al., 1991) 
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2.3. Comparison of TPDAB and the SPDAB Converters 
Since the TPDAB converters consist of three phase leg, this one extra leg 

provides reduction in current magnitude comparing to single phase while 

transferring the same real power (Segaran et al., 2008). Through this extra leg, the 

switches do not turn-off at maximum current. This feature allows reduction of 

switching losses (Hoek et al., 2013). 

Comparison of Figure 2.7 and Figure 2.11 shows that the inductor current 

of three phase system is more sinusoidal. This provides reduction of intermediate 

current harmonics that affect inductor and transformer losses (Segaran et al., 2008). 

This is another important advantage of the three phase system. 

Although the SPDAB converters have some alternative modulation 

methods, for TPDAB converters the only alternative method is applying 120o phase 

angle for three phase legs of each of the converter (Segaran et al., 2008). 

The TPDAB converters requires more complex control strategy than the 

SPDAB, however, the single-phase transformer configurations require more 

magnetic core material, and thereby have more hysteresis losses due to the absence 

of the flux canceling effect in three-phase transformers. (Baars et al., 2016) 

All of these situations can be taken into account while selecting of suitable 

circuit design strategy 
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3. DESIGN AND MODELING OF TPDAB CONVERTER 
 
3.1. Introduction 

As a result of all the condition discussed in chapter 2, it is important to 

design a suitable converter according to the application type, the power level 

requirements, the switching frequency, the filter and the transformer capacity and 

the size requirements.  

An isolated three phase dual active bridge DC-DC converter is designed in 

this thesis and the railway application operation ranges are considered while 

determining the design parameters. The design parameters are shown in the Table 

3.1. A three phase Y-Y connected isolation transformer is also connected between 

two bridges with series inductors located in both primary and secondary side of the 

transformer. Suitable capacitors are used according to voltage and the current 

requirements. 

 

Table 3.1. The design parameters of TPDAB 
 

    

 

 

 

 

Measurement and the control systems are designed with suitable sampling 

times to provide maximum performance and stability. Efficiency analyzes under 

steady operation and the stability performance under unstable conditions analyzes 

are also applied for the designed circuit.    

 

 

 

Parameter   Value 

Input DC Voltage 

 

600 V 

Output DC Voltage   800 V 

Power 

 

80 kW 

Switching Frequency   20 kHz 
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3.2. The Power Circuit Design 
For the power circuit section, the rating values of the fundamental power 

circuit components, such as IGBT, transformer, capacitors, are determined. There 

are some parameters that directly affect the operation of circuit. Therefore the 

calculations are very important to provide an effective design. 

 Since the phase shift method is used for the operation of the converter, the 

first issue is switching frequency and the duty cycle “D”. Due to the two control 

variables, duty cycle D and phase shift angle “ø”, the operation will be more 

complicated for TPDAB converters. Therefore fixed duty cycle is selected for this 

design circuit and determined as %50 to prevent reactive power circulation. As 

explained in the section 2.1.2 there are some limitations for determination of the 

switching frequency based on acceptable harmonic performance, AC fundamental 

frequency, the transformer and the inductor design. The switching frequency is 

determined as 20 kHz. 

The other important condition is phase shift angle “ø” for TPDAB 

converters. In (Schibli, 2000), the phase shift angle for maximum power transfer 

defined as ± π/2. This value is also determined for this design circuit. 

 

3.2.1. Total Equivalent Inductance 
After the determination of the switching frequency, the duty cycle, the 

maximum phase shift angle, the next step is, to determine the total equivalent 

inductance. The total equivalent inductance consists of transformer leakage 

inductance and the series inductor. The Eq.3.1. (Kheraluwala et al., 1992) is used 

for determining the total inductance value when ø is equal to ± π/2. Where Po is 80 

kW,Vi is 600 V, d is Vo/Vi, ø is ± π/2, ω is 2πfs and the L is total equivalent 

inductance of the circuit. 

 �� = ������� . �. [ø − ø�� − ���]               (3.1) 
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As a result of the Eq. 3.1, L is found as 29.16 µH. Since the Eq. 3.1 is valid 

for under ideal operating conditions and the values that used in the simulation are 

selected from real datasheet values for each component, providing 100 A 

maximum output current requires reducing this value to the 20 µH. 

 

3.2.2. The High Frequency Transformer   
 Another important equipment of the TPDAB converter is the high 

frequency transformer (HFT). This transformer provides not only isolation, but also 

efficient system design by adjusting turning ratio. The major differences between 

primary and secondary DC voltages will cause high RMS and peak currents 

(Wang, 2012). Therefore, the transformer turn ratio is determined as (1:1.33) based 

on the parameters in Table 3.1.  

Another advantage of using high frequency transformer is, contribution to 

the size and the cost. The replacement of bulky injection transformers by HFT 

makes possible to reduce the size weight and also cost of the system (Savrun, 

2017). This feature is very important for some applications, such as railway and 

automotive applications that require minimum size and weight for components. 

The comparative sizes of the 50 Hz and the 20 kHz transformers are shown in 

Figure 3.1. Table 3.2 shows the high frequency transformer specification of the 

circuit. 
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Figure 3.1. The comparative photos of the 50 Hz and the 20 kHz transformers 

(Zhao et al., 2014) 
 

Table 3.2. The high frequency transformer specifications 
Parameter   Value 

Primary Voltage 

 

600 V 

Secondary Voltage   800 V 

Nominal Power 

 

100 kVA 

Nominal Frequency 

 

20 kHz 

Primary Winding Resistance 

 

0.06 ohm 

Secondary Winding Resistance 

 

0.08 ohm 

Primary Inductance 

 

6 µH 

Secondary Inductance   8 µH 

 
3.2.2. The Switching Device 

One of the main components of a dual active bridge circuits, is switching 

device. It is very important to select suitable switching device that meet the 

operation frequency and current requirements. 
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Figure 3.2 shows the comparison of power ratings and switching speed of 

gate controlled power electronic devices. The result of considering both the 

converter circuit parameters in the Table 3.1 and the Figure 3.4, demonstrates that 

the IGBT is the most suitable device for this operating ranges.   

 

                   
Figure 3.2. Performance limits of gate controlled devices (Barnes, 2003) 
 

In this thesis 1200 V 120 A IGBTs selected as switching device and its 

parameters are used according to “Semikron Datasheet” that attached in Appendix 

A.  

 
3.2.3. DC Link Filter Capacitors 
 Although the TPDAB converter requires less capacitor filter size because 

of the advantage of being multiphase, there are still some requirements of filter 

capacitors based on the maximum load current, switching frequency and the output 

DC voltage. In (Schibli, 2000) the minimum required output DC link filter 

capacitor is calculated using Eq.3.3 (Kheraluwala et al., 1992).                  . 
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            �� = 50. � ����.����                                  (3.3) 

 

Since the maximum output power is 80 kW and the output DC voltage is 

800 V the maximum load current io is 100 A and switching frequency is 20 kHz 

and as defined before. After this calculation the minimum required output filter 

capacitor is found 312.5 µF. Based on current and voltage requirements, following 

capacitor is selected and connected as parallel to meet the current requirements. 

The capacitor datasheet attached in the Appendix B.  

 

 
Figure 3.3. The DC link filter capacitor datasheet values 
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3.3. Controller Design 
 After designing the power circuit model, another important issue is to 

control all switching components and the system operation. Gate signal generator, 

control of power transmission, response of the changes in system and the 

measurements are all part of this controller system.  

 The basic structure of the DAB controller is shown in Figure 3.4. As 

shown it starts with the feedback control, that compares the set and the actual 

values. The difference between the Vo,set and Vo,actual quantities, produces the Verr 

signal which is also an input of the PI controller. The PI controller determines the 

applied phase shift angle and the power flow direction and this process continues 

with the “limiter” section that keeps the phase shift angle in a particular interval.  

After limitations the produced output signal is implemented to the IGBT 

gates via  “Gate Signal Generator”. 

 The implementation of these structures in MATLAB requires creation of 

separate blocks. The blocks are created as MATLAB functions and separate sample 

times are selected for them based on the sensitivity of process.    

 

PI Controller
Limiter

Gate Signal 
Generator IGBTs

-

+ Verr

Vo,set

Vo,act
 

Figure 3.4. The control structure of DAB DC-DC converter 
 

3.3.1. PI Controller 
The implementation of phase shift angle and the determination of the 

power flow direction are provided by a PI controller. As shown in the Figure 3.5 in 

PI controller, the set and the actual values is compared and some additional 

processes is applied to the difference of these two quantities and the output signal 
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is produced. The output signal comprises the amplified difference and the integral 

of the difference between the set and the actual values (Cheung, 2017). 

 

KpKi

Kp

1/s

max

min

+
+

Verr out

 
Figure 3.5. PI controller block diagram 

 

The implementation of this PI controller block scheme in the MATLAB 

function, requires summation of set and the actual value in a sample time interval 

which generally absorbed into the “Ki” term.  

As shown in the Figure 3.6 the PI controller in MATLAB consists of two 

inputs and one output, that are also an input of the “IGBT Gate Signal Generator 

Function”. The sampling time interval is identified as 50 µs for this function block. 

 

 
Figure 3.6. The PI controller block in MATLAB/Simulink 
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 As shown in the Figure 3.7 , the error signal which is the summation of set 

and the actual values, amplified with Kp constant. This result is added to the 

integral of error signal by amplifying with Ki constant and the sampling time. As 

described in the previous chapters the phase shift angle for maximum power 

transfer defined as ± π/2 (Schibli, 2000). This issue is considered in the PI 

controller block and the output signal is limited as ± 90 as shown in the Figure 3.7. 

All function block codes of the controller circuit, are attached in the Appendix C. 

 The output signal is connected to the “Gate Signal Generator” block as 

input. Since both of these blocks have different sample times, the connection of 

these blocks requires additional block called “Rate Transition”.  
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Figure 3.7. The PI controller function block codes 
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3.3.2. Gate Signal Generator 
Each side of the TPDAB converters consists of 6 IGBTs and the general 

switching sequence of three phase inverters is shown in the Figure 3.8 based on 

180o conduction mode.  

Vi + vab
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(b) 
Figure 3.8. Three phase inverter circuit (a) and switching sequence (b) 
 

On Off STATE vab vbc vac 

T1,T2,T6 T4,T5,T3 1 vi 0 - vi 

T2,T3,T1 T5,T6,T4 2 0 vi - vi 

T3,T4,T2 T6,T1,T5 3 - vi vi 0 

T4,T5,T3 T1,T2,T6 4 - vi 0 vi 

T5,T6,T4 T2,T3,T1 5 0 - vi vi 

T6,T1,T5 T3,T4,T2 6 vi - vi 0 

T1,T3,T5 T4,T6,T2 7 0 0 0 

T4,T6,T2 T1,T3,T5 8 0 0 0 
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In the “Gate Signal Generator” block, the switching states for each side of 

IGBTs and the phase shift conditions are implemented. Figure 3.9 shows the gate 

signal generator block in Simulink. The sample time of this block is determined as 

0.5 µs to achieve sensitive operation.  The PI controller output “Ref” signal, and a 

20 kHz saw-tooth signal (with peak of -1 to +1), are used to implement the phase 

shift angle. The MATLAB function block codes of the gate signal generator block 

is attached in the Appendix C. As a result of this function block, the produced gate 

signal of the first side converter is shown in the Figure 3.9. The upper IGBT gate 

signals of the first side and the second side converters after applied phase shift, are 

shown in the Figure 3.14.  

 

Figure 3.9. Gate signal generator block in Simulink 
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3.3.3. Control of Power Flow  
In previous sections, all parts of the simulation model were described 

separately. In this chapter the integration of all these parts will be discussed to 

explain overall system operation. As shown in the Figure 3.23 the simulation 

consists of power circuit, PI controller, gate signal generator and the measurement 

systems.  

In PI controller the set and the actual values of output DC voltage is 

compared. The value of the output signal “Ref” is defined according to the quantity 

of this error signal which is the result of summation process of these two voltage 

values. This “Ref” quantity is also transferred to the gate driver as input by the rate 

transition block. This “Ref” value is used in gate signal generator block to decide if 

the phase shift required. The direction of phase shift is also defined by this value. 

According to the change of the output voltage, this procedure is repeated in every 

50 µs.  

After implementation of gate signal and the phase shift modulation, the 

other issue is, controlling the power flow direction and the keeping the output 

voltage stable even some changes occur in the system. When the output voltage 

reaches the set voltage, the phase shift process is terminated or when the output 

voltage exceeds the set voltage, then the phase shift procedure works in negative 

direction. For instance, if the converter is used in battery charging system, system 

must be cut power flow when the batteries are fully charged or if the converter 

used in the railway applications, voltage ripples at the input side or regenerative 

affect at the output side could occur. These situations must be realized with the 

measurement systems and handled with the control system to keep the system 

stable of the converter. 
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4. SIMULATION RESULTS 
 
4.1. Introduction  

After all design calculations and the considerations, the system operation 

must be verified by a suitable simulation program. Obtaining the realistic 

simulations results requires adjusting the component parameters as much as close 

to the reality. The simulation circuit is shown in Figure 4.1. As mentioned in the 

previous chapters, in applications, especially HEV and railway applications, there 

can be some unstable situations during operation. For instance, changing of input 

voltage or fluctuations, changing of load or fluctuations are always possible during 

the operation. 

In this chapter some cases were examined and the results were interpreted. 

MATLAB/Simulink program are used for the simulations 

 

4.2. Case 1  
The normal operation of the circuit is analyzed in this case. The output 

voltage is set as 800 V and the simulation is started. 

In this case the simulation is started as normal start-up. Since the output 

DC voltage Vo is “0” in the first start-up, PI controller sends the maximum phase 

shift command to the gate signal generator and the maximum phase shift angle 

“90o” is applied to the secondary side gates. When the output DC voltage Vo 

reaches the set voltage, then the phase shift angle is reduced the value that keep the 

output voltage stable according to load requirements. 

 Vo reaches to 800 V at t=0.021. An overshoot, which has 813 V peak 

voltage between t=0.021 and t=0.18 time intervals depends on PI controller 

parameters. After t=0.18 Vo is kept around 800 V as shown in Figure 4.2. This 

figure also shows the relation between phase shift angle and the output DC voltage.  
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Figure 4.1. The simulation circuit  
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As shown in the figure the phase angle decreases while the actual set 

voltage Vo is reaching the set voltage. 

Figure 4.3 shows the primary and the secondary AC voltages while the 

phase shift is applying before the output DC voltage reaches to the set value. 

Figure 4.4 also shows the waveforms while the phase shift is applying after the 

output DC voltage reaches to the set value.  

 

 
Figure 4.2. The startup input DC voltage, output DC voltage and phase shift angle 

waveforms 
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90o 

 
Figure 4.3. The AC voltages of primary and secondary side of the transformer 

before reaching to set output DC voltage 
 

Figure 4.5 and Figure 4.6 shows the primary and the secondary side of 

currents for each phase before and after the reach to the output set voltage. The 

waveforms are similar as compared with the theoretical waveforms in Figure 2.10.  
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Figure 4.4. The AC voltages of primary and secondary side of the transformer after 

reaching to set output DC voltage 
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Figure 4.5. The AC currents of primary side of the transformer before reaching to 

the set output DC voltage 
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Figure 4.6. The AC currents of primary side of the transformer after reaching to the 

set output DC voltage 
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4.3. Case 2 
In the case 1, the ideal operating start-up condition was analyzed in one 

direction. In some high power applications the output voltage Vo can increase 

depending on regenerative operation of motors. Since the circuit designed as bi-

directional DC-DC converter, it is expected to operate in opposite direction of the 

normal operation. 

As shown in the Figure 4.7 while the output DC voltage Vo was around 800 

V at t=0.2 suddenly it increases to the value of 900 V. The PI controller applies 

negative output to provide negative phase shift to the gates. This process continues 

until the Vo value returns back to the 800 V. Figure 4.8 also shows the AC 

waveforms of the transformer 
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Figure 4.7. The system response to increasing output DC voltage 
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Figure 4.8. The waveforms of increasing output DC voltage 
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4.4. Case 3 
This circuit is supplied from grid and some changes of the input voltage is 

always possible. The system must handle this situation and keep the output voltage 

stable. In this case these situations and the system responses are analyzed.  

Firstly the increase of input DC voltage Vi is analyzed. Simulation is 

started normally and at the time t=0.1 second the input DC voltage increased to the 

value of 660 V. Since the system is designed according to 600 V input voltage, 

keeping the output DC voltage stable requires decreasing the applied phase shift 

angle.  

As shown in the Figure 4.9 the applied phase shift angle is about 50o since 

the output voltage is stable around 800 V depends on load requirements. At time t= 

0.1 second when the input voltage Vi is increased, the applied phase shift angle is 

decreased to a suitable value that keep the Vi is stable. This process continues until 

the Vi returns to its old value. During all this process Vo is kept around 800 V 

successfully. Figure 4.10  shows the waveforms of this process. 

The other condition is decrease of the input voltage. Similarly the decrease 

of the input voltage is unwanted condition and keeping stable of output DC voltage 

requires some increases of applied phase shift angle as shown in the Figure 4.11.  

As shown in the figure the applied phase shift angle is around 48o while the input 

voltage is 600 V and the output voltage is around 800 V. At the time t=0.1 second 

the input voltage is decreased to the value of 540 V and the applied phase shift 

angle is increased to the value of 57o. During all this process Vo is kept around 800 

V successfully as shown in the Figure 4.11. The waveforms of this process are also 

shown in Figure 4.12. 

 The other analyzed condition is the oscillation of the input voltage for a 

while. As well as sudden increases and decreases, the oscillation of input voltage is 

also possible for such a system. As shown in the Figure 4.13, while the input 

voltage is stable at 600 V while time between t=0.1 and the oscillation of input 

voltage is applied to the system. The input voltage oscillates between 660 V and 
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540 V with frequency of 10 kHz. During this time interval, the applied phase shift 

angle also oscillates keep the output voltage stable around 800 V. This process is 

also successful as shown in Figure 4.13.The waveforms of the transformer voltages 

and the currents also shown in Figure 4.14. 

 

 
Figure 4.9. The system response to increasing input DC voltage  
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Figure 4.10. The waveforms of increasing input DC voltage  
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Figure 4.11. The system response to decreasing input DC voltage  
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Figure 4.12. The waveforms of decreasing input DC voltage 
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Figure 4.13. The system response to oscillating input DC voltage 
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Figure 4.14. The waveforms of oscillating input DC voltage 
 

4.5. Case 4 
It is also possible to have some the load conditions changes depends on the 

application type. When this situation occurs, system must handle this problem and 

provide the stable output voltage. In this case, the load changes are applied to the 

system and the system response is analyzed.  

System is started with full load operation. At the time t=0.2 the load is 

decreased suddenly to %75 of full load condition. This process takes 0.2 seconds. 
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At t=0.4 second, the load is decreased suddenly to %50 of full load condition. This 

process takes 0.2 seconds. At t=0.6 second, the load is decreased suddenly to %25 

of full load condition. This process takes 0.2 seconds. At t=0.8 second, the load is 

decreased suddenly to %25 of full load condition. This process takes 0.2 seconds. 

At t=0.8 the load is decreased suddenly to “0” and no load condition is also 

observed. 

Vo tends to be change while some load changes applied to the system. This 

situation prevents by adjusting of phase shift angle as shown in the Figure 4.15 and 

the system handles that load changes and achieve to keep the output voltage around 

800 V successfully.  The AC waveforms are also shown in Figure 4.16 
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%100 Load
%75 Load

%50 Load

%25 Load
No Load

 
Figure 4.15. The system response to load changes 
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Figure 4.16. The waveforms of load changes 
 

In addition of this case, while the system operating in %25 of full load, 

suddenly at t=0.2, a non-linear load is applied to the system, with 38 kW maximum 

power as shown in the Figure 4.17. As shown in the Figure 4.18 the phase shift is 

oscillates to keep the output DC voltage stable. At t=0.4 system returns %25 of full 

load operating condition. 
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Figure 4.17. The non-linear operating waveforms 
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Figure 4.18. The system response of non-linear load changes  
 
4.6. Case 5 

This system is designed to provide 80 kW output power. The lower power 

operation conditions can also required during operation. In this case the efficiencies 

are analyzed in different output power conditions. Table 4.1 shows the efficiencies 

in different power operating conditions. Since the system designed as 80 kW, 

operating in lower power conditions has negative effects on efficiency.  
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The efficiency is basically calculated by following equation based on 

source voltage, source current, output voltage and output current.  

 ��� = 100� (�����)(�����)                               (4.1)   

 

In this case operating with different power ranges are analyzed and the 

results shown in the Table 4.1. As shown, as the output power decreases, the 

efficiency decreases. The main reason of this situation is switching losses. In this 

simulation, the main components of switching losses are switching frequency and 

IGBT voltages and both of them are almost constant for each power range. Since 

the switching losses are constant for each power range, as output power decreases 

switching losses increases as a percentage.     

 

Table 4.1. Efficiency analysis in different output powers 
Output 
Power(kW)  

Output Current 
(A) 

Output 
Voltage(V) 

Efficiency       
(%) 

80.000 100 800 89,7 

70.000 87,5 800 88,2 

60.000 75 800 87,3 

50.000 62,5 800 86,1 

40.000 50 800 85,0 

30.000 37,5 800 84,4 

20.000 25 800 83,1 

10.000 12,5 800 82,5 
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5. CONCLUSIONS 
 

In this thesis, the importance and the details of the high power DC-DC 

converters are discussed. The dual active bridge DC-DC converters are discussed 

in detail and single phase and three phase DC-DC converters are compared. A three 

phase dual active bridge isolated bidirectional DC-DC converter is selected based 

on high power applications.   

The system operating ranges are defined as 600 V input voltage, 800 V 

output voltage, 80 kW output power. The system consists of two separate 

converters connected with Y-Y isolation transformer with 1:1.33 turns ratio and the 

switching frequency is selected as 20 kHz. The 1200 V 120 A IGBTs are used as 

switching device for both converters since it is best option for this power and 

operating ranges. Converters are controlled by phase shift method and %50 fixed 

duty cycle is selected based on three phase controlling requirements.  

The power transfer between two converters is achieved by applying phase 

shift between AC voltages of both sides. The key component of power transfer is 

total equivalent leakage inductance. This value is calculated as 29.16 µH and 

assumed as 20 µH based on real operating condition. 

Considering some applications that has limitations on free space, a high 

frequency transformer is selected to provide compact design. Minimum output 

filter capacitors are also calculated and selected based on capacitor datasheets.  

MATLAB/Simulink program is used for simulations and all component 

parameters are selected from datasheets to provide get real simulation results. The 

12 gate signals and phase shifts are produced by a MATLAB function and power 

transfer direction and phase angle quantity is determined by another MATLAB 

function with PI controller. Dual power flow control was provided by the positive 

and negative phase shifts as a result of a PI controller. This PI controller compares 

the two quantity of set and the actual output voltages and provides a phase shift 
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depends on the result of comparison. Function block sample times are defined 

based on speed requirements of processes.  

All the system requirements were considered and the design was supported 

with the calculation formulas. 

Simulating some high power application conditions requires some 

considerations depending on grid and load conditions. Voltage and load changes or 

fluctuations and regenerative situations must be taken into account and the system 

must detect this changes and respond as much as quick to keep stable operation. 

Some cases are simulated to check and verify the system responses during non-

stable conditions.  

In the first case, start-up operating conditions and working principle of the 

circuit are analyzed. Related waveforms are also compared and checked with 

theoretical waveforms and all the results are similar with the theoretical forms. 

In the second case, bidirectional operation of the circuit was analyzed by 

increasing of output DC voltage to simulate regenerative operation. In this 

condition negative phase shift angle is applied between two converters to transfer 

the power flow in opposite direction. 

Although the system is designed according to 600 V input and 800 V 

output voltages, input voltage changes and fluctuations are always possible because 

of being connected to grid. These changes and fluctuations can be either in short or 

longer time intervals. Even these situations can affect the efficiency of the system, 

converter must keep the output voltage stable. In third case these conditions and 

system responses are analyzed. Increase, decrease and oscillation are applied to the 

input voltage and the results are analyzed. It is shown that system can provide the 

output voltage stability successfully.  

Another problem in some high power applications the load conditions can 

always changes depends on the application types. In fourth case these conditions 

are analyzed by providing some load changes in different time intervals. The 
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results show that the system can also handle these conditions and provide stable 

output voltage in each situation.  

Although the system is designed as 80 kW output power, the load 

conditions can change randomly as explained in the fourth case. In the last case this 

situations are analyzed and compared based on efficiency. Since the switching 

losses are almost same in each operating power conditions, as the power decreases 

the switching losses, as a percentage, increases. Thus the efficiency decreases. The 

results show that as the power decreases, the efficiency also decreases.  

As a result, different simulation cases were analyzed by applying some 

changes to the input and the output sides. Input voltage changes, fluctuations, 

output load changes were analyzed. The system can handle these changes and keep 

the output DC voltage stable successfully. It is also shown that, although the 

system designed as 80 kW, lower power operation conditions cause lower 

efficiencies.  
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6. FUTURE WORKS 
 

As shown in the previous chapters, power operating ranges and power 

requirements are very important for the system efficiency. Since the switching 

losses are the major effect on this kind of systems in future soft switching methods 

will be researched to provide efficiency in wide power range operation. Different 

transformer connections will also be analyzed, compared and integrated with 

suitable soft switching methods.  
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APPENDIX A:  TECHNICAL SPECIFICATIONS OF IGBT 
 

Table A.1 Technical Specifications of SK120GB12F4T (Semikron, 2016) 
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APPENDIX B:  TECHNICAL SPECIFICATIONS OF CAPACITOR 
 

Table B.2 Technical Specifications of MKP DC B2562 (Epcos, 2016) 
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APPENDIX C:  THE MATLAB FUNCTION CODES 
 
1. The Gate Driver Codes 
function [gA1,gA2,gA3,gA4,gA5,gA6,gB1,gB2,gB3,gB4,gB5,gB6,u] = 

GateGen(tri,Ref1) 

%#codegen 

   

if (tri>=0) && (tri<1/2) 

    gA1=1; 

    gA4=0; 

else 

    gA1=0; 

    gA4=1; 

end 

if (tri>=2/6) && (tri<5/6) 

    gA3=1; 

    gA6=0; 

else 

    gA3=0; 

    gA6=1; 

end 

if (tri>=4/6) || (tri<1/6) 

    gA5=1; 

    gA2=0; 

else 

    gA5=0; 

    gA2=1; 

end 
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if (Ref1<0) 

    if (tri>=(1+Ref1)) || (tri<(1/2+Ref1)) 

        gB1=1; 

        gB4=0; 

    else 

        gB1=0; 

        gB4=1; 

    end 

    if (tri>=(2/6+Ref1)) && (tri<(5/6+Ref1)) 

        gB3=1; 

        gB6=0; 

    else 

        gB3=0; 

        gB6=1; 

    end 

    if (Ref1<-1/6) 

        if (tri>=(4/6+Ref1)) && (tri<(1+1/6+Ref1)) 

            gB5=1; 

            gB2=0; 

        else 

            gB5=0; 

            gB2=1; 

        end 

    else 

        if (tri>=(4/6+Ref1)) || (tri<(1/6+Ref1)) 

            gB5=1; 

            gB2=0; 

        else 

            gB5=0; 
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            gB2=1; 

        end 

    end 

else 

    if (tri>=Ref1) && (tri<(1/2+Ref1)) 

        gB1=1; 

        gB4=0; 

    else 

        gB1=0; 

        gB4=1; 

    end 

    if (Ref1>1/6) 

        if (tri>=(2/6+Ref1)) || (tri<(Ref1-1/6)) 

            gB3=1; 

            gB6=0; 

        else 

            gB3=0; 

            gB6=1; 

        end 

    else 

        if (tri>=(2/6+Ref1)) && (tri<(5/6+Ref1)) 

            gB3=1; 

            gB6=0; 

        else 

            gB3=0; 

            gB6=1; 

        end 

    end 

    if (tri>=(4/6+Ref1)) || (tri<(1/6+Ref1)) 
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        gB5=1; 

        gB2=0; 

    else 

        gB5=0; 

        gB2=1; 

    end     

end 

  

 u=tri; 

  

end 

 

 
2. PI Controller Codes 
function [Ref,Idc1, PIdc1]  = Control(Vout, VdcRef) 

%#codegen 

global VdcErr; 

global Pdc; 

global Idc; 

global PIdc; 

  

Kp=3; 

Ki=50; 

  

Ts=50e-6; 

  

LimPIp=90; 

LimPIn=-90; 
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VdcErr = VdcRef - Vout; 

Pdc = Kp*VdcErr; 

Idc = Idc + Ki*Ts*VdcErr; 

PIdc = Pdc + Idc; 

if PIdc > LimPIp 

    PIdc = LimPIp; 

    Idc = LimPIp; 

end 

if PIdc < LimPIn 

    PIdc = LimPIn; 

    Idc = LimPIn; 

end 

  

Ref = (PIdc/360); 

Idc1=Idc; 

PIdc1=PIdc; 

   

  

End 

 

2. Variable Load Codes 
function [o1,o2,o3,o4] = fcn(t) 

s1=0; 

s2=0; 

s3=0; 

s4=0; 

if(t<=2.1) 

    s1 = 1; 

    s2 = 0; 
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    s3 = 0; 

    s4 = 0; 

end 

if(t>=2.1&&t<=2.4) 

    s1 = 0; 

    s2 = 1; 

    s3 = 0; 

    s4 = 0; 

end 

if(t>=2.4&&t<=2.7) 

    s1 = 1; 

    s2 = 0; 

    s3 = 0; 

    s4 = 0; 

end 

if(t>=2.7&&t<=3) 

    s1 = 0; 

    s2 = 1; 

    s3 = 0; 

    s4 = 0; 

end 

if(t>=3&&t<=3.3) 

    s1 = 1; 

    s2 = 0; 

    s3 = 0; 

    s4 = 0; 

end 

if(t>=3.3&&t<=3.6) 

    s1 = 0; 
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    s2 = 0; 

    s3 = 1; 

    s4 = 0; 

end 

if(t>=3.6&&t<=3.9) 

    s1 = 1; 

    s2 = 0; 

    s3 = 0; 

    s4 = 0; 

end 

if(t>=3.9&&t<=4.2) 

    s1 = 0; 

    s2 = 0; 

    s3 = 0; 

    s4 = 1; 

end 

if(t>=4.2) 

    s1 = 1; 

    s2 = 0; 

    s3 = 0; 

    s4 = 0; 

end 

  

o1=s1; 

o2=s2; 

o3=s3; 

o4=s4; 

end 
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4. Variable Input Voltage Codes 
function s  = fcn(t) 

s=800; 

if(t<=0.3) 

    s=600; 

end 

if(t>=0.3&&t<=0.6) 

    s=660; 

end 

if(t>=0.6&&t<=0.9) 

    s=600; 

end 

if(t>=0.9&&t<=1.2) 

    s=540; 

end 

if(t>=1.2&&t<=1.5) 

    s=600; 

end 

if(t>=1.5&&t<=1.8) 

    s=600+60*sin(2*pi*20*t); 

end 

if(t>=1.8) 

    s=600; 

end 

  

end 

 


