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1. Introduction 

 

AC-to-DC energy converters occur generally utilized within cables and data-midpointindustriousness. These types of 

converters change over the use AC energy to steady DC output appropriate for the output loads. The generation of the multiple 

voltage-level PWM voltage is based on the multilevel voltage source converter (VSC) power stages. The most frequently used 

VSC, AC to DC converters and power converters (A. Baluguri and P. B. Nanda, 2014). VSC-HVDC system is a new generation 

of HVDC technology based on pulse width modulation and voltage source converter (VSC), the modern high-power power 

electronic technology applied in the power system. The introduction of pulse width modulated voltage source converter 

technology into high voltage DC (HVDC) transmission system has booster their practicality in many appliances in terms of cost 

expense and performances. 

 

To overcome drawbacks of Diode Bridge rectified, pulse width modulation (PWM) converters are proposed.  The current 

PWM techniques are discussed in (B. Lin, 2000).  Although there are different PWM techniques are accessible for Alternating 

current (AC) and direct current (DC) converters however the hysteresis current control is exceptionally prevalent technique due to 

crucial peak current limit, simple to implement and unresponsive to parameter difference. 

 

2. Related Work 

 

Traditionally, AC to DC converters, which are also known called as rectifiers, are developed using diodes and thyristors to 

provide controlled and uncontrolled unidirectional and bidirectional DC power. They have the issues of poor power quality in 

terms of injected current harmonics, DC output voltage distortion and poor power factor at input AC mains and gradually differing 

ripple DC output at load end, low efficiency, and extensive size of AC and DC filter. In perspective of their expanded 

applications, another type of rectifiers has been developed new solid-state self-commutating devices, for example, MOSFETs, 

insulated gate bipolar transistors (IGBTs), gate-turn off thyristors and (GTOs). Such converters are generally classified as switch 

mode rectifiers (SMRs), (PWM) rectifiers, multilevel rectifiers or multi-pulse rectifiers. Because of the strict requirement of 

power quality at the input AC mains, several standards been developed and enforced on the purchasers. Because of the severity of 

power quality issues some other options such as passive filter, active filter and hybrid filter alongside conventional rectifiers have 

been extensively developed, particularly in large rating and already existing installations. However, these filters are quite costly, 

bulky, and have reasonable losses, which reduce overall efficiency of the complete system, under such circumstance; it is 

considered better option to use such converters as an inherent part of the system. Under such circumstance, it is considered better 

option to use such converters as an inherent part of the system of AC to DC conversion, which provides reduced size, high 

efficiency, and well controlled and regulated DC to provide comfortable and flexible operation of the system (12). 

 

3. Methodology 
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The close loop current control block diagram of 3 stage three-level of neutral point clamped (NPC) AC to-DC converter is 

presented in Fig. 1. This NPC AC-DC converter converted and description and modelling are well known (M. Milanovie, B. 

Sedmak, F. Mihalie, and A. Hren, 2000 ). The reference current of each phase is subtracted from the actual current of respective 

phase and tracking error is handled through signal decoder and lock out circuit. This is inward current control loop as shown in 

Figure 1. 

 

 
 

Figure 1: Close loop current control block diagram 

 

The flowchart of the project as shown in Figure 2.   
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Figure 2: Flowchart of the project 

 

External loop DC link voltage control and the inward current control loop block diagram is shows in Fig. 3 and this control 

technique offers rise to variable and unpredictable switching frequency (N. E. D. Mohan and C. Zach, 2012). To obtain constant 

switching frequency variable, a forced switching technique is assumed and the detailed switching control is clearly mentioned in 

Figure 3. 
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Figure 3: DC link voltage control 

 

To get suitable condition for stability of the AC-DC converter system in terms of given system parameters a state space 

modelling is carried out (R. K. Behera, 2016).  The phase plane study based on has been completed for the triangular carrier 

frequency of 1 to 5 kHz. It ensures that the AC-DC converter is steady for all the compelling carrier frequencies. 

 

The regularly topology about AC-to-DC rectifier is gathered of a front-end AC-to-DC booster converter and increasingly a 

full-bridge DC-to DC converter. In order to accomplish understand a high-power factor which is essential in harmonics standard 

the front of booster converter forms the current input to a sinusoid waveform. 

 

3.1 Operation of the Proposed Converter  

 

Figure. 3 shows that the circuit topology, the AC input Vin is among the focal point of the switches (S1, S2, S2 and S4) and 

double input rectifier diodes D1 and D2. Therefore, the double current input affecting inductor Lin1 and Lin2 are conduct for the 

duration of the negative and positive cycle of the Vin. Cb1 and Cb2 are the DC-bus capacitors which give out the DC bus voltage 

similarly (A. M, 2016).  Dc1 and Dc2 fastened the shift voltages in the direction of part of the DC bus voltage as shown in Figure 

4. 

 
 

Figure 4: suggested 3-level booming single-stage DC-DC converter 

 

A sequence parallel resonant tank which is contained of Cs, Ls and Cp are used on control the output voltage by freuency 

control, in (C. Wang, S. Pan, and P. Jain, 2016). Lf and Cf is the output LC filter. However, the input inductor Lin1 and Lin2 are 

proposed to work in DCM mode like the input current may be sinusoidal waveform naturally. 

 

Consequently, the ripple voltage of DC bus voltage is actually high with low-slung value of D. however, low quality of Di is 

only essential at the time DC bus voltage remains high and therefore, the ripple stay not that important when compared to a high 

DC bus voltage. Thus, the DC bus for voltage ripple may be good structured with an appropriate configurated DC bus capacitors 

'evaluate. 

 

The simulation AC to DC converter of three level PWM converter is composed and verified by the input range of AC root 

mean square (RMS) (Y. Son, S. Chee, and Y. Lee, 2016) .In evaluation with the converter exhibited, the converter appeared in 

this project has an interleaved structure, needs two less diodes in the DC, has a yield current which is persistent for all load ranges, 

has a DC bus voltage which is smaller than 450V for all load conditions, and has an extremely improved information current 

harmonic 

 

3.2 Converter Design and Analysis 

 

The study and the design of the suggested interleaved converter are nearly identical to that showed (Y. Xue, L. Chang, S. B. 

Kjær, J. Bordonau, and T. Shimizu, 2004). With respect to analysis, steady-state operating points are acknowledged using a 

matlab simulink. The only one difference among the analysis of the proposed converter and the one is the analysis and design of 

the input inductors. However, in the proposed interleaved converter, there are two sets of inductors (L1 andL2) at the input side, 

with every set conducting half the current (P. I. High-voltage and V. Michal, 2016). The analysis requires to consider the current 

in both sets instead of just one. 
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The values for L1 and L2 must be low plentiful to guarantee that their currents are fully discontinuous below all operating 

situations but not as low as to outcome in disproportionately high peak currents (M. A. Djehaf, Z. S-a, D. K. Y. I, and S. Hadjeri,  

2015). The foulest case to be considered is the case when the converter functions with minimum input voltage and maximum load 

since, if the input current in every set of inductors is discontinuous below these conditions, it will be discontinuous for all other 

functioning conditions, and therefore, an outstanding power factor will be accomplished. 

 

 

5. Results and Discussion 

 

The power of three level of voltage sourced converter instance appeared on figure.5 below demonstrates the utility of the 

Three Level-Bridge block in AC to DC converter including of a three-stage IGBT-based voltage sourced converter (VSC). The 

converter is pulse width modulated (PWM) to give a 500V DC voltage (+/ - 250 V). Accessible in this project, the converter 

cutting frequency is 1620Hz and the power structure frequency stays 60 Hz reefed to Figure 5.   

 
 

Figure 5: Circuit diagram of the project. 

 

The block diagram in Figure 6 represents the voltage source converter is directed in a closed-loop by two PI controllers in 

approach to up a DC voltage of 500 V at the load though maintain a unity input Power factor for the AC supply voltage. The block 

diagram has an input 600V supply with frequency of 60Hz and furthermore it associates with three phase which change from AC 

to DC (T. Hosseinimehr, F. Shahnia, R. P. S. Chandrasena, and A. Ghosh, 2014). 

 

 
 

Figure 6: Block diagram of ac to dc three levels PWM converter. 

 

The experimental parameters which considered during the LLMI of each method is calculated and listed in Table 1. 

 

Table 1: Experimental Parameters 

 
 

The simulation parameters which is used the project as shown in Table 2. 

 

Table 2: Simulation Parameters 

 

 

 

 

 

 

 

 

No.  Simulation 

Parameters  

Rating  unit 

1 Resistor 470 ohm 

2 Capacitor 1 uFarad 

3 Source  600 Volts  

4 The load (Vdc) 500 Volts  
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The early circumstances of simulation for a steady state are produced by contending an early simulation towards stable state 

behalf of number of full cycles of 60 Hz (J. M. Carrasco et al., 2006 ). 

The observation of the signal: 

 The DC voltage (Vdc Scope block) 

 The primary voltage and current of phase A of the AC supply (Va*Ia Scope block 

 The mechanism current of leg A of the IGBT bridge (Ia Devices Scope block inside the Measurements and Signals 

subsystem)  

 The line-to-line deadly voltage of the VSCi (Vab VSC Scope block) 

At 50ms, a 200kW of load is turn on. As you have the capacity to see the dynamic response of the DC controller to the 

unpredicted load starts 200kW to 400kW is acceptable Though, the DC voltage comes back to 500 V inside 2 cycles and the unity 

power factor on the AC edge is kept up (D. Candusso, I. Valero, A. Walter, S. Bacha, E. Rullitre, and B. Raison, 2002). 

 

At 100ms, a quit-throbbing signal is actuated then the pulse typically sent towards the converter are obstructed. As you can 

witness that the DC voltage drops to 315V. A radical transformation in the fundamental current waveform can observed. At the 

point when the pulse is stopped, the three Level Bridge obstruct closes perceptibly like a three-phase diode connect. The following 

picture is whole of the result of the regeneration. Figure 7 shows the procedure of the AC to DC converter over the duration of the 

difference. 

 

 

Figure 7: Result of the load variation and pulses blocked 

 

The Figure 8 shows the power stage of the three-level NPC AC-DC converters which has different level with a different 

colour. The graph originally starts at initial point which is 0W at the time almost to 0.02s. The signal gradually goes up to 450w 

after small time it drops suddenly to -50w where the yellow signal does not reach to zero. 

 

 
Figure 8: Three level of power stage AC to DC 

 

The Figure 9 represents the two sources which are primary voltage and current of phase AC supply (R. Dhanalakshmi and V. 

K. Hema, 2013). At the initial point the two phase are same magnitude after few seconds their amplitude various. The phase 

voltage has higher voltage between 0s to 0.02s which shows that there is huge different.  

 

 
 

Figure 9: Main Vs and Is of phase A of the AC input. 
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Figure 10 illustrates dc voltage and its time based. At time 0 the voltage increases toward 600v, this increase happens between 

0s to 0.02s where the signal of ac of its input changes at most. At time 0.06 the magnitude becomes smooth and the converter 

changes to DC. 

 

 
 

Figure 10: DC voltage 

 

The line to line terminal voltage at Figure 11 explains the voltage source converts; this illustrates the modelling of a forced-

commutated Voltage-Sourced Converter. The graph shows its amplitude reaches up to 600 and it falls down at zero where the 

second drop is -500v which shows the voltage source is converted properly. 

 

 
 

Figure 11: The line-line voltage of the VSC 

 

6. Conclusion 

This paper presented an additional bridgeless AC to DC three-level booming converter which remains appropriate on behalf of 

HVDC supply systems in data midpoint (T. D. C. Dc, 2015). Successful implementation of the proposed system is carried out and 

simulation results are reported. In the suggested topology, a not more than three-level booming converter is united with a 

bridgeless step-up converter by distributing the 4 switches and at the same time two DC bus capacitors.  

 

The boost (step-up) converter silhouettes the input source current as sinusoidal waveform towards attain a high PF exclusive of 

a rectifier bridge while the significant converter adjusted regulated the produced voltage. A mixture of PWM switch then 

frequency control is utilized in the converter. The ac-dc converter is operated at unity power factor.  The suggestedconverter has 

the subsequenttopographies: 

i. All DC bus voltage is stabledeprived of the auxiliary circuits.  

ii. Excluded the rectifier bridge diode to decrease conduction losses in the system 

iii. No more than partly of the DC bus voltage is attached to the switches.   

iv. ZVS process on behalf of all power converter switches. 
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