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Abstract: In this paper the main focus is to convert 3-Phase AC to DC and DC to 3-level Boost conversion for bipolar DC 

micro grid applications. The input side of AC-DC converter acts as active PWM rectifier and this can be controlled by using a 

new Min Max (MM) control algorithm to maintain the regulated DC link voltage. The DC link voltage is boosted according to 

the duty cycle along with voltage balance compensation algorithm in 3-L Boost (TLBC) converter. Hence the combination of 

two control approaches can provide better dynamic and steady state responses and the output results are carried out by 

MATLAB /Simulink environment. 

Keywords: 3-L Boost converter (TLBC), Pulse Width Modulation (PWM), Min Max (MM) controller, Voltage Balance 

Controller (VBC). 

____________________________________________________________________________ 

1. Introduction 

The integration of power electronic converters with non-conventional energy sources and usage of stored 

energy is rapidly increasing day-by-day (Zhong, 2013; Garikipati, 2021; Arunkarthikeyan, 2021). Traditionally 

the output voltage of a rectifier is controlled by Pulse Width Modulation (PWM) method. To minimize the 

harmonic distortion in the grid current and to achieve the bidirectional power flow in the converter, there are 

many control techniques being proposed. These control techniques helps to improve the power factor and 

maintaining the regulated DC bus Voltage (Dubey, 2013; Pavan, 2020; Balamurugan, 2020). In general the 

voltage generated at the generating station is AC, which is given to the transmission system, rectifier Circuit. 

This rectifier circuit converts from AC voltage to DC voltage. To reduce the harmonic distortion, control the 

flow of kVAr and to improve the power factor of a system primarily depends upon the performance of the 

rectifier circuit (ChinnamahammadBhasha, 2020, Deepthi, 2019; Balamurugan, 2017). It is operated in two 

ways, namely passive method and active method. The passive method consists of diode rectifier circuit, reactors 

and capacitors. This circuit suffers from the limitations of low power factor and voltage cannot be increased 

above  a particular level (Takahashi , 1995; Arunkarthikeyan, 2020). The Active method consists of switching 

elements like IGBTs (ChinnamahammadBhasha, 2020). The moderate value of switching frequency helps to 

obtain the power factor of the sinusoidal current nearer to unity and to reduce the input harmonic distortion but 

efficiency decreases (Hui; 2000; Tavakoli, 2016; Balamurugan, 2018). Many control algorithms have been 

proposed for 3-phase rectifiers to obtain better DC voltage profile.  In most of the applications power factor 

improvement is the major concern, but in modern control technologies the adaptability of rectifier helps mainly 

to control the kVAR in the power system application (Ezhilarasi, 2020; Aroulanandam, 2020). Uni-polar DC 

micro grid provides only one voltage level. If the link in the grid system gets damaged the system completely 

comes to shutdown position. In bi-polar Micro Grid system customer has to select three voltages +Vdc  , -Vdc, and 

2 Vdc. During the fault one of the DC pole voltage supplies the continuous power with two wires. So that 

security, loyalty, accessibility and quality of the power improves during faulty condition (Balamurugan, 2020; 

Latchoumi, 2020).  Bipolar grid having three voltage levels provides much accessibility to the customers in order 

to connect various DC loads. For bipolar micro grid applications, the three level boost converters is used and this 

converter mainly helps to reduces the dv/dt stresses on switches as compared to the two level boost converter 

(Kowstubha, 2020; Garikapati, 2020; Bhasha, 2020; Pavan, 2020) .The active PWM rectifier of the system uses  

complex algorithm for maintaining the good DC link voltage (Kowstubha, 2020; Chinnamahammad bhasha, 

2020).  

In this paper, the combination of active PWM rectifier with simple MM control algorithm and three level 

boost converters along with voltage balancing operation is proposed to overcome the above difficulties. The 
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input and output side in the Fig.1 comprises of 3-phase active PWM rectifier and 3-L boost converter. The aim of 

the input converter is to convert alternating current to direct current by using the MM control algorithm 

 

 

Figure 1. AC-DC-TLBC Circuit 

 

2. Main circuit diagram and its Control algorithm: 

2.1 Control Algorithm for input converter: 

In the Fig.2 the input phase voltages are sensed from the supply. The obtained three phase voltages are given to 

gain 4 and the output of gain 4 is connected to min max blocks. The addition of min, max blocks are given to gain 

5. The obtained gain 5 is subtracted from the gain 4 and the resultant is given to suitable gain value 6, then desired 

control signals are produced. These control signals acts as modulating signal for SVM/extension of sine PWM. 

The resultant control signals are compared with repeating sequence along with desired switching frequency, hence 

required pulses are generated. In this way input rectifier maintains constant DC link output voltage, low current 

harmonic distortion at input side and also improves the p.f. 

 

Figure 2. Control algorithm-AC to DC Converter (input side) 
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2.2 Operation of TLBC: 
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Figure 3. TLBC  

The 3L-Boost converter shown in the Fig.3 comprises of an inductor L, two IGBT switches   and two diodes. 

The mid-point of the switching cell is connected to the midpoint of capacitors C1 and C2 and the voltages across 

them be Vc1 and Vc2 respectively [14].The following are the characteristics of 3L DC-DC converters. 

i) Each switching device is subjected to half the rated output voltage. 

ii) The inductor size is reduced significantly due to increase switching frequency. 

The output voltage (Vo=Vc1+Vc2) expression as a function of duty cycle (d), it is similar to that of classical 

boost converter and is given by, 

𝑉𝑜 =  
𝑉𝑑𝑐

1 − 𝑑
 

Based on the duty cycle the converter can be operated in the following two regions. 

0.5 ≤ 𝑑 ≤ 1  𝑜𝑟  𝑉𝑖  ≥   
𝑉𝑜

2 
  𝑅𝑒𝑔𝑖𝑜𝑛 − 𝐼 

0 ≤ 𝑑 ≤ 0.5   𝑜𝑟  𝑉𝑖  <  
𝑉0

2
  𝑅𝑒𝑔𝑖𝑜𝑛 − 𝐼𝐼

  
 

Depending on whether the S1 and S2 are in ON or OFF position, the DC- DC converter can have four 

different operating regions (00, 01, 10 and 11).The voltage loop equations for the TLBC are given by, 

  

L
diL

dt
 = Vdc - (VC1+VC2) : Mode-I 

L
diL

dt
 = Vdc - VC1: Mode − II 

L
diL 

dt
= Vdc - VC2 ∶ Mode − III 

L
diL

dt
 = Vdc ∶ Mode − IV 

 

.  
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Figure 4. Modes of operation: TLBC  

2.3  Control Algorithm for TLBC (Output side Converter): 

 

Figure 5. control algorithm for TLBC 

The voltage across the capacitor C1 and C2 may become unbalance due to the timing irregularities and 

component tolerances and this effect can be minimized by implementing a supplemental voltage balanced 

control algorithms. In this the error signal is generated based on the computation of voltage across lower and 

upper capacitor banks  and also compared with zero valued signal and this in turn  fed to proportional and 

integral controller. 

      The incremental change in duty cycle ∆d is generated from a controller and this is added to the 

calculated value of duty cycle “d “. The resultant modulating signal with the new value of duty cycle (d+ ∆d) is 

compared with the 1800 carrier signal and these signals are provided to the lower switch.  
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       The gate pulses for the upper switch is generated by comparing  00 carrier signal  with duty cycle (d) 

.Simultaneously both voltage balance and boosting operations are obtained with proposed control algorithm by 

suitable selecting the “d“ values. 

3. Simulation results: 

Table 1. Simulation parameters 

 

Peak Amplitude  110V 

Source Resistance (Rs) 0.5Ω 

Source Inductance (Ls) 1mH 

f 50Hz 

 fsw 10kHz 

Ts 2µS 

(ESR) 0.1Ω 

L 6mH 

Cdc,C1 and C2 4700µF 

Load resistance (R) 100Ω 

Duty cycle (d) 0.8 

 

 

 
Figure 6. Output of Modulating signal (input side converter) 
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Figure 7. Output Voltage of input converter (Vdc=136.7 Volts) 

 

Figure 8. Outputs of Vo1 , Vo2 and Vo  (V01=331.5 Volts =V02, V0=663 Volts) 

4. Conclusion 

The proposed MM control algorithm improves the   dynamic and steady state responses of the given system by 

properly selecting the duty cycle and gain values .It also helps to improve the DC link voltage to a higher level at 

low switching frequency in the conversion of AC-DC-TLBC .This topology can be  used in the application of 

bipolar micro grid. The three level converter can also be boosted to a higher level along with good voltage balance 

operation. The desired output results has been obtained in the MATLAB /Simulink environment. 
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