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Abstract. A DC-DC converter suitable for the grid integration 

of windfarms through a DC grid is presented.  The operation is 

based on the Marx principle where charged capacitors are 

connected in series and parallel in turn to achieve the voltage 

transformation. The two inductors at the two ends of the converter 

are designed to resonate with the capacitors to create   resonance 

forcing current zeros to enable zero current switching thereby 

reducing switching losses. The design of a 50 MW, 6kV/30kV 

DC-DC converter was carried out by analysis and simulation.  
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1. Introduction 
Due to the increasing distances of renewable and 

embedded generation in transmission and distribution 

systems, it is expected that the use of High Voltage Direct 

Current HVDC transmission and Medium Voltage Direct 

Current (MVDC) distribution systems for the grid 

integration of windfarms will grow worldwide [1]. One of 

the key components in such systems is the DC-DC 

converter, required to act as the interface between the 

generation, transmission and distribution voltage levels. 

Well established DC to DC converters based on pulse width 

modulated (PWM) converters which require high frequency 

switching are not suitable. Application to high voltage, high 

power systems mean series connection of devices and high 

power losses. Hence such converters are not technically and 

economically feasible. In order to combat these issues a 

new breed of DC-DC converters based on the age old 

concept of switching capacitors is being developed.  Such 

converters are referred to as Switched Capacitor DC-DC 

Converters (SW-DC-DC) [2-6]. 

The structure of this paper is organized as follows: In 

Section 2 a number of DC-DC converter topologies are 

explained. From these Veilleux Converter is explained in 

section 3. An improved converter based on the Veilleux 

topology and the principle of operation are explained in 

Section 4 followed by the mathematical analysis in Section 

5. In section 6 simulation results are presented and a 

comparison of both topologies is given in Section 7. Finally, 

the conclusion drawn in section 8. 

2. DC-DC converter topologies 

A number of DC to DC converters suitable for high 

voltage applications are currently in research but none are 

not yet commercially available [5-8]. Non modular multi-

level converters such as Flying Capacitor [9,10] and Diode 

Clamped [12] are not considered in this paper due to their 

complexity and difficulty of implementation. The modular, 

switched capacitor (SC) topologies explained in this paper 

are (a) Fibonacci, (b) Ladder (c) Interleaved (d) Doubler (e) 

Modular multilevel (MMC) and (f) Parallel-Series. 

In all topologies the operation is based on charging and 

discharging of module capacitors in a particular sequence. 

In some cases, soft switching is used in order to reduce the 

switching losses enabling a higher frequency operation. If 

hard switching is used, switching frequencies above the 

power frequency becomes impractical due to unacceptably 

high losses. Topologies (a) to (d) are switched at high 

frequency and the literature does not indicate whether 

switching at low frequencies is feasible [2-4]. The 

Fibonacci topology has a high number of switches as 

depicted in Fig. 1(a) [2]. 

One module of the ladder converter as illustrated in Fig. 

1(b), consists of two capacitors and four IGBTs switches 

leading to a complex structure and , the efficiency is  low 

compared with the other topologies [3]. The interleaved 

topology requires the  parallel connection of several two 

level converters at the input side as shown in fig. 1(c), and 

the multistage connection of capacitors at the output side 

with an interleaved switching scheme leads to a complex 

structure [4]. 

High switching frequency, low efficiency and the high 

number of components are also major issues. As shown in 
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Fig. 1(d), the Doubler  is similar to the Fibonacci topology 

and the same issues apply [2,4].  

MMC converter presented in [5,12] is proposed for 

HVDC connected offshore wind farm. However, the 

number of IGBTs switches is high for HVDC application as 

illustrated in Fig. 1(e), which is expected. The series-

parallel DC-DC converter, is based on the Marx principle 

where, the capacitors are charged in parallel connected to 

the LV side voltage, and discharged in series to produce 

high voltage on the HV side as depicted in Fig. 1(f).  This 

principle was used by Maneiro [9] to produce a DC to DC 

converter to tap power from a DC transmission line which 

can be used to power a remote area.  Also the principle was 

used by Veilleux et al. to produce a DC-DC converter for 

off shore wind applications [7]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. Common switching DC-DC converter topologies: (a) 

Fibonacci, (b) The ladder, (c) interleaved boost, (d) Doubler, (e) 

multilevel modular MMC and (f) Parallel / Series Converter 

3. Veilleux Converter  

Fig. 1. Shows the Veilleux [7] converter with 5 submodule 

capacitors to achieve a voltage ratio of 1:5 and is based on 

the MARX principle. In addition, there are two capacitors at 

the two terminals to provide smoothing. The switching 

components are IGBTs and diodes. The operation can be 

divided into two sub periods. In the first sub period, the 

capacitors Cn= (1, 5) are charged in parallel from the LV 

source by switching the IGBTs Spj(j=1-4). The IGBTs Sk(k 

=1-4) are switched off and hence the charging currents flow 

through Sin, Din, diodes Dn (n=1-5) and the IGBTs Spj(j=1-

4). In the second sub period, IGBTs Ssk are switched on and 

IGBTs SPj (j =1-4) are switched off to connect the capacitors 

in series to create a high voltage equal to 5 times the LV 

across the converter HV output. 

 

Fig.  2.  Veilleux DC-DC Converter 

A disadvantage of this topology is the number of IGBTs 

switches in the charging state SP is high and the increasing 

voltage stresses in the IGBTS in successive stages. The 

number of IGBTs can be reduced from 23 to 13 by 

combining function of 4 IGBTs (SP1-SP4) to be performed 

by 4 diodes and 1 IGBT (Svalve) as shown in next section 

(proposed topology).   

4. Proposed topology 

a. Circuit Configuration 

The structure of the converter as depicted in Fig. 2, can 

be broken down into three circuits; input circuit, middle 

circuit and the output circuit. The converter is aimed at 

application to a power collection system in an offshore 

windfarm grid connection system. A possible configuration 

showing the position of the DC to DC converter is shown in 

Figure 6. Where the specifications shown are used in the 

design.  

Therefore the input circuit consists of an input DC 

voltage source of magnitude Vin = 6 KV, input HV valve 

(Svalve), and an input inductor Lin connected in series with an 

input diode Din. Depending on the voltages in a particular 

application, and IGBT ratings a number of IGBTs in series 

are needed to form the High voltage valve (Svalve).  

The middle circuit comprises a number of IGBT 

switches, capacitors, and diodes D(1-8). The number of 

capacitors denoted by “n” is set to 5 to create a voltage 

amplification of 5. The capacitances in the 5 sub-modules 

are indicated by Cn, where n= (1, 5). The switching 
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components are IGBTs S (1-4), IGBT valve switches Svalve, 

and diodes D (1-8).   

The output circuit consists of an output diode Dout 

connected in series with the output inductor Lout, and one 

output capacitor Cout. . The load, modelled by a pure resistor 

Rload, is connected in parallel.  

 

 

 

 

 

 

 

Fig. 3.   Improved Veilleux DC-DC converter  

b. Operating Principle 

The operation of the converter can be divided into two 

equal sub-periods. During the first sub period all the cell 

capacitors Cn, (n =1, 5) in the middle circuit are connected 

in parallel across the input low voltage (LV).  The total 

charging current flows through the valve (Svalve), diode Din, 

input inductor Lin,  and diodes Dn where n=1, 8 and through 

the valve Svalve . Energy from the LV DC source transfers to 

the cell capacitors as illustrated in Fig. 4(a). 
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(b) 

a) Connected the Capacitors in parallel during charging 

b) Connected the Capacitors in Series during discharging 

Fig. 4.  Operation states of Improved Veilleux DC-DC converter 

During the second sub-period of time,   the cell 

capacitors are connected in series through IGBT switches 

n= 1, 4 to produce the higher voltage as shown in Fig. 4(b). 

Energy transfers from the cell capacitors to the output 

capacitor Cout. The inductor and capacitor combination must 

be designed so that the resonance frequency is less than 

switching frequency. This is used to implement soft 

switching to reduce the switching losses. 

5. Mathematical analysis 

The analysis of the improved Veilleux converter resulted in 

the following equations which can be used to determine the 

component values, optimise the switching frequency and 

determine the ratings of the IGBTs and diodes. The voltage 

transformation ratio is the same as the number of capacitors 

“n” and hence  

  
    

   
                            (1) 

The output load (Rload) is dependent on the power rating of 

the converter and hence 

      
    
 

 
                       (2) 

Where P  is the power rating of the converter. 

The input inductance Lin is given by, 

     
    

 
 (
    

   
)  
  

 
         (3) 

Where     is the inductor current peak to peak ripple,      is 

the input inductor current and TS is the switching time. The 

current of input inductor Lin is a positive half sine wave 

during the first sub-period, charging the capacitors in TS /2 

given as 

    ( )       
    (  )      (4) 

Where     
  is the peak inductor current. The capacitance 

value Cn is given by  

    
(     
⁄ )    (   

⁄ )

    
         (5)  

Where     is the capacitor voltage ripple. The value of 

output inductance can be found as 

     
 
       (

  
 ⁄ ) 

            
              (6) 

The output capacitance value is given by, 

      
(     
⁄ )    (

  
 ⁄ )

        
      (7) 

Where ΔVout  is the peak to peak voltage ripple on the output 

capacitor voltage. A fixed frequency-switching pattern is 

applied to the circuit cells. Meanwhile, the equation (8) 

shows the resonant frequency Fres for two stages.   

      
 

  √  
              (8) 
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6. Simulation studies 

The arrangement shown in Fig. 5, forms the basis for the 

simulation study. In this topology, the cluster is formed by 

two parallel lines of wind turbine, each containing 5 wind 

turbines in series. Hence, there is a total of 10 wind 

turbines; each rated at 5 MW, 1.2 KV [14]. Therefore, the 

total value of wind turbine cluster bus voltage is 6 KV and 

50 MW. Hence the DC-DC converter input voltage is 6kV. 

The DC – DC Converter is connected to the collection 

bus to step up the voltage to 30kV for MV Transmission 

using the equations derived in section 5 the parameters of 

the DC – DC converter were calculated which are given in 

Table.1. 

 

Fig. 5. DC collection topology system of wind farm 

A switching frequency of FS = 2 KHz is used with fixed 

duty cycle of d = 0.5. The load resistance was calculated 

using the 50 MW power and the output voltage of 30kV. 

Table 1. System Parameters used for DCMC circuit simulation 

Parameter Symbol value 

Input Voltage Vin 6 KV 

Output Voltage Vout 30kV 

Load current  Iload 1.667 KA 

Rated power  Prate 50 MW 

Switching frequency  FS 2 KHz 

Number of sub module capacitors  Cn 5 

Sub module Capacitance C1-C5 694.5 µF 

Output capacitance Cout 115 µF 

Input inductance Lin 2.53µH  

Output inductance Lout 110µH  

Load resistance   Rload 18 Ω 

 
The converter is simulated in Matlab/Simulink software 

package. The waveforms of input and output inductor 

currents, and the load voltage are depicted in Fig. 6(c) 

shows that the resonating inductor current increases to a 

peak around 26 KA in 250 µs, which also flows through the 

IGBT. Inspection of the characteristics  of the IGBT 5SNA 

1200G450300  [15], shows that this is feasible.   As the 

current begins to reverse in direction, the diode Dout blocks 

the current flow. The DC gain is 4.98 compared with   the 

theoretical gain of 5.  To the output voltage is 29.93 KV 

which is very close to the design specification of 30kV.  

The peak load current pf 1.662kA is very close to the design 

value of 1.667.  

 

a) Output load voltage, b) Output load current and c) Inductor currents 

(ZCS) 

Fig.  6. Simulation waveforms of the improved converter 

7. Comparison with the Veilleux converter 

A quantitative comparison was carried out using data 

from the output results by Matlab/ Simulink simulation, and 

the proposed configuration is evaluated and compared with 

Veilleux converters in terms of the power device count to 

highlight its advantages for high-voltage applications.  

Both topologies, are operating with the same DC-DC 

Marx converter principle; hence, the comparison is made 

for the same three gains, same input voltage, same power 

rating, same load, same soft witching technique, and same 

switching frequency. 

The output voltage and current of both topologies should 

be 30 KV/ 1667A as designed. However, the output voltage 

of Veilleux topology is 29.59 KV, and the proposed 

topology is 29.93 KV. In addition, the load current of 

Veilleux topology is 1644 A, and a proposed  topology is 

1662 A. numbers of IGBTs switches in gain (1:5) are 11 

only in a proposed topology, but in a Veilleux topology are 

20 as depicted in Fig. 8. 

Offshore Wind farms 

DC- DC

Converter

DC Submarine cable

6 KV / 30 KV

50 MW

Bus 

6 KV

G

± 1.2  KV

5 MWAC
DC

 30 KV 

5

10

15

20

0

25

10

20

30

40

0

10

20

30

40

0

50

Input inductor current    = 26 KA

Output inductor current = 5   K A

(ZCS)

Lo
ad

 vo
lta

ge
  K

V
Lo

ad
 C

ur
re

nt
  K

A
In

du
cto

rs
  C

ur
re

nt
  K

A

Time  (ms)

(a)

(b)

(c)

29.930 KV

1.662 KA

0                                            0.006                                     0.012

Lin
Lout

https://doi.org/10.24084/repqj15.382 532 RE&PQJ, Vol.1, No.15, April 2017



Fig. 7.  Power device count comparison 

 

8. Conclusion  

The improved converter achieves the required gain of 5 

with reduced components. Soft switching can be 

implemented and a method for calculating the resonant 

component values and the switching frequency is given.  

Also a design methodology for the determination of the 

circuit components and solid state devices is given.  
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