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Abstract— Step down converter topology with high voltage 

direct current application is a challenge in power converter 

implementation and non-isolated application. Here designed 

for five level step down converter consist of four switches 

and four capacitors and capacitors voltage should be 

balanced for proper operations. the important  feature of this 

converters are: low voltage across semiconductors, losses 

are low due to switching and reduced volume of output 

filter. In this proposed converter hypothetical examination 

are done and talked about, simulation and experimental 

results of 1000-volts to 600-volts and switching frequency 

of 25khz and 8kw power are reported. 
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I. INTRODUCTION 

The concept of step down converter is analyzed in terms of 

relation between the voltage and current of the inductor 

when the switch is off current in the circuit is zero when 

switch is closed current starts to flow so  that current 

increases inductor starts to opposing the current in according 

to change in current therefore reduces the voltage across 

load.[1].The opportunities and challenges of this converters 

are while adopting dc distribution scheme for industrial 

power system (that is interaction between dc transmission 

and energy storage) and also interaction between converters 

like ac to dc,dc to ac [2]. 

Now a days offshore wind form increased 

significantly, for lower distance within 100km local 

distribution is achieved by an ac grid. For distance higher 

then 100km,high voltage direct current connection is used 

for power distribution between form to shore. the control 

strategies of dc-dc converters for a wind form topology is 

achieved by simulating real time simulation[3]. 

When contrasted with ac lattice based wind 

structure weight of the magnetic parts and link is 

significantly lower furthermore lower harmonics in dc 

framework based wind farm[3].by applying the extensive 

scale wind energy to high energy consuming industries  

directly so that it reduces the construction cost and 

fluctuation. We can also perform the equal series input 

voltage and parallel output voltage based on distribution 

unit[5]. 

When D.C power collection and hvdc transmission 

are integrated, it can provide advantages like high 

efficiency, availability and power density over existing 

HVDC scheme[6].renewable energy sources like offshore 

wind forms, requires high voltage gain to interface with 

power transmission. These converters are made using bulky, 

costly and complex transformers. so by using switches, 

capacitors, inductors able to design high gain, high voltage  

converter without using transformers[7]. 

The huge amount of space available in offshore 

wind form there is a advantage of increased and more 

constant production of power. electrification problem is still 

a major problem for large wind form of more than 60km 

from the shore ,so that HVDC connection is favorable[9]. 

The requirement of IGBTS in the market for its 

higher blocking voltages to reduce the number of IGBTS 

connected in series in high voltage converts. IGBTS have up 

to 6.5kv blocking voltage. IGBTS have high switching 

losses. to reduce the switching losses in high power 

application the auxiliary resonant commutated pole 

inverter(ARCPI) is possible alternative[10]. 

The customary dc-dc converters are worse decision 

for high voltage and high frequency operation. The primary 

answer for this issue is a isolated converter. the four switch 

full bridge converter topology is particularly appropriate for 

power converters working from info-input voltage. just a 

half portion of the information voltage over each of the four 

switches. The two legs of a full bridge converters are joined 

in arrangement with one another crosswise over input 

source[11]. 

The augmentation of these topology are introduced 

here [7] where key elements of these converter is stand out 

one-third of the input voltage so low voltage stress on the 

switches where three legs of full bridge converter associated 

in arrangement of essential side fundamental burden is 

application constrained to 10kv of data voltage [9]. 

Another arrangement is to utilize low voltage 

converters with arrangement series input-data and parallel 

output-data association of these converters has the 

components of low voltage crosswise over switches and it 

broaden instead of input voltage .on the other side ,the 

output voltage is constantly low in this way it is constrained 

to application which obliges high input and low output 

voltages. 

This paper introduces non-isolated multilevel Step 

Down dc-dc converter for high voltage application. The 

summed up topology of the proposed multilevel converter is 

demonstrated in Fig 1        

         
Fig. 1: Circuit 
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The primary elements of this converter are: 

diminished voltage over the switches and diodes, low 

switching losses, decreased output channel volume and low 

voltage over the capacitors. The most basic segment of 

multilevel step down dc-dc converter is the capacitors C1 

and C2, in light of the fact that they are submitted to large 

portion of input voltage over every capacitors. On the other 

side, the majority of high voltage converters additionally 

exhibits this component. As indicated by the input voltage 

esteem, arrangement association of capacitors and switches 

may be necessary[10][11]. 

For safety operation of the converter, the voltage 

over every capacitor must be adjusting. The uneven voltage 

over the capacitors results switches voltages be higher than 

the required value. Along these lines, a capacitor voltage 

adjusting dynamic control is needed for the best possible 

operation of the converter. A Five-Level structure of the 

step down converter, as demonstrated in Fig.1, will be 

investigated and talked about in this paper. The hypothetical 

examination, capacitor voltage adjusting dynamic control, 

and also trial results are indicated in this paper.  

II. THEORETICAL ANALYSIS 

By using continuous-conduction-mode of the five level step 

down converter theoretical analysis are performed. 

Therefore, the voltage across the capacitors C3 and C4 is 

Vi/4, and the voltage across the capacitors C1 and C2 is 

Vi/2, where Vi is the info-input voltage. The capacitors 

voltage ought to be adjusted for the right operation of the 

step down converter. 

The charge and release of these capacitors ought to 

be adjusting, so that adjusting voltage control crosswise over 

capacitors ought to be performed. The four operating 

regions of five level steps down converter are talked about. 

The primary waveforms for every operation of every district 

are clarified. The mathematical expression of output-input 

voltage relationship and the static gain is inferred, such as 

the inductor current ripple and capacitor voltage ripple.  

A. Modulation and Converter Main Waveforms 

For gating of the switch here using PWM having phase shift 

of 90 with four triangle carriers for capacitor voltage 

balancing regulation system permits charge and release of 

every capacitor with the goal that dynamic control of 

capacitor voltage adjusting is possible, In as per the duty 

cycle, contingent upon the estimation of d region of 

operation partitioned into four this region of operation 

divides the output voltage limits as shown in Table-1 

Duty Cycle Operating region Output Voltage 

D<1/4 Region 1 0-Vi/4 

1/4 <D<1/2 Region 2 Vi/4-Vi/2 

1/2<D<3/4 Region 3 Vi/2-3Vi/4 

3/4 <D<1 Region 4 3Vi/4-Vi/4 

Fig 2 Main waveforms of Step Down Converter. 

 
Fig. 2: Graphs 

 From the Fig.2 it is observed that the converter as 

sixteen switching states. And In Vx is the voltage before the 

low pass filter LC section, and  average voltage across the 

inductor is given by equation-(1) where the area 

under         over the time period  
  

 
 is considered. 
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       is the voltage across inductor ,that is  

                                             (2) 

B. Static Gain 

For the steady state operation the inductor current towards 

the end cycle ought to be the same as that toward the 

starting, so that the net change in the inductor current more 

than one period is zero. Where the one switching period is 

0- 
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Considering that the converter is operating in region 1 

(
  

 
    )        ( 

  

 
       )  (4) 

Rearranging the equation (3)and(4) mathematical 

expression is obtained or the static-gain as capacity of 

obligation cycle D. This comparison demonstrates that 

static-increase of Five level–step down converter is the same 

of the routine two level step down converter. It is essential 

to note this investigation was acknowledged considering the 

converter working in area 1. Then again, the expression is 

valid regardless of the operation region. 

   
  

  
     (5) 

C. Inductor Current Ripple 

The calculation of current ripple is done during storage 

energy state and using expression(3).The time interval t 

became different values, depending on the region of 

operation, and it is taken from Fig. 2. 

    
 

 
∫        

  
 

             (6) 

 The inductor current ripple has different behavior, 

depending on the region of operation. so that  equation (6) is 

used for all operation regions of the Five level Step Down 

converter, it is obtained from current ripple equation for 

each operation region, as shown in (7.1)-(7.4). In (7), fS is 

the switching frequency.  
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Fig 3 shows the normalized current ripple of the 

inductor and Five level –Step Down and conventional Step 

Down Converter. 

 
Fig. 3: Duty Cycle 

The normalization of current ripple given by ΔiL = 

ΔiL4fSL/Vi. As expected, As compared to conventional step 

down converter inductor current have reduced ripple so that 

the present current ripple reduces 16 times for the five level 

step down converter. Besides, the inductor current doesn't 

have ripple in some particular purposes of the obligation 

cycle d. These focuses are precisely in the middle of  the 

operation region. For every operation regions there is an 

obligation cycle d for which implies in most extreme current 

ripple of the inductor. Consequently the inductor current 

ripple expression inferred in (6) by considering most 

maximum current ripple 

L=
  

            
                                         (8) 

D. Capacitors Voltage Ripple 

Here the voltage ripple of the capacitors C1 , C2 , C3 and 

C4 is investigated. The voltage ripple of the capacitor Co is 

not computed, since it is figured during low-pass filter 

mathematical statements. The voltage ripple of the capacitor 

will be calculated at the energy stage or exchange energy 

stage and utilizing equation(9). As the charge or release time 

interval Δtc and quick capacitor current ic (t). 

       
 

 
∫   

   
 

                            (9) 

For the capacitor C1 and C2, the interval between 

charge time  is given by Δtc  = DTs , for D < 1/2, and Δtc  = 

(1 − D)Ts  for D >1/2. The charge current of the capacitors 

are iC (t) = IL /2, independently of the duty-cycle. 

Substituting the values in (9), the voltage ripple of the 

capacitors C1 and C2 is obtained, as shown in 8 For 

capacitor 1,2 
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                      (10.2) 

For capacitor C3  and C4 , the charge time interval 

is given by Δtc  = DTs , for D < 1/4, and Δtc= Ts/4  for 1/4 

<D<3/4  
Δ tc (1 − D)Ts  for3/4<D < 1. The charge current of 

these capacitors are iC(t) = IL  by substituting these values in 

equation(9) the voltage ripple across the capacitors C3 and C4 

are obtained as shown in equation (11). 
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Fig. 4 demonstrates the standardized voltage ripple 

of the capacitors, as capacity of obligation cycle d. It is 

observed the greatest voltage ripples happens when D = 0.5, 

for all capacitors. Subsequently, the capacitance expression, 

displayed in (12), is determined considering the most 

extreme voltage ripple 

C=
  

       
                                           (12) 

 
Fig. 4: Normalized voltage ripple of the capacitors 

III. CAPACITORS VOLTAGE BALANCING CONTROL 

The capacitors voltage ought to be adjusted for the best 

possible operation of the converter. For a few reasons, the 

capacitors voltage can change because of input voltage 

varieties or little contrast between drive signals of the 

switches. So that, the voltage on changes can increment to a 

hazardous quality, in this manner, a circuit's balancing is 

important[9]. 

The adjusting voltage can be accomplished by 

normally using RLC circuit [9] or by dynamic control. In 

this paper, adjusting voltage dynamic control is examined in 

light of the fact that this technique is exceptionally 

powerful. The dynamic control of adjusting voltage is 

clarified in for a three level flying capacitor converter and 

this control system was additionally utilized in[10] and [11]. 

In this segment, the adjusting voltage dynamic control is 

reached out to five level step down converter and examined 

.This is performed considering the operation area 2..this 

examination can be made considering any operation regions; 

the last results are the same. 

Keeping in mind the end goal to confirm the 

relationship between the individual obligation cycle variety 

and the capacitors current. it is watched that the obligation 

cycle of the switch S1 with an estimation of Δd1, the 

capacitors' current C1, C2 and C3 are influenced.  

          

          

          

                               (13) 

Note that d is in responsible for the output voltage 

and current and Δdk is in responsible for the capacitor 

voltage adjusting control. 

IV. EXPERIMENTAL RESULTS 

To check the operation and evaluate the five's execution 

level step down converters, a 8-kW converter was desiged 
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and the proposed converter was tentatively confirmed. The 

converter particulars are demonstrated in Table 2. Due the 

input-output relation, the converter works in the area 

3.dependin on that the selected components are d e s i g ned  

shown in Table 2.  

A. Open Loop System of Five Level Step Down Converter. 

 
Fig. 5: Open loop system of five level Step Down 

Converter. 

B. Closed Loop System 

 
Fig. 6: Closed Loop System 

C. Closed Loop Subsystem 

 
Fig. 7: Closed Loop Subsystem 

 
Fig. 8: Output Voltage Wavefrm 

Fig. 9: Output Current Waveform 

specifications values 

Input voltage 

Output voltage 

Switching frequency 

Output power 

Inductor current ripple 

Capacitor voltage ripple 

Duty cycle 

Inductor value 

Capacitors value 

1000-V 

600-V 

25Khz 

8kw 

1.33-A 

6-V 

60% 

469   

22.21   

Table 2: Five level Step Down Converter   Specification. 

Performance analysis of the five-level step down 

converter was carried out with ±20% variations from the 

designed value of the inductor 469   and capacitor 

22.21   . 

V. CONCLUSION 

The five level step down converter with an input voltage of 

1000-V and an output volts of 600-V structure are analyzed 

in detail. Main advantage of this converter is the absence of 

transformer  so that voltage across semiconductor switches 

,only the minimum number of components used ,voltage 

balancing control across capacitor c1,c2,c3,c4 are analyzed 

for closed loop analysis proportional controller are used to 

control voltage across capacitor. The simulation and 

experimental results are obtained in accordance to the table-

2. 
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