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 In this paper, the study and analysis of universal bridge converter 

Based Insulated Gate Bipolar Transistors (IGBT) and pulse width 

modulation (PWM) Techniques in SIMULIK Environments is 

presents. To realize a PWM as controller with three phase AC/DC 

converter, the basic of space vector modulation is investigated and 

developed. The progression of this type of conversion in many active 

conditions effectively is depending on the applied methods. The 

power of proposed procedure approach is located in the current 

distortion and switching frequency which is inspected in this work. 

The off line calculation in the pulse width first cycle section is 

depending and save these data in specific tables. For all cycle life, 

the residual pulses are created base on the value of initial quarter 

cycle since there are situations of quarter and half wave reliability. 

The results of simulation design show a significant economy in 

microcontroller time and memory increasing which will support all 

converter duty.    
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1. INTRODUCTION  

The PWM techniques are used to control the electronic switching power conversions since the user demand 

increasing nowadays. Firstly, the signals of PWM controller is generated in terms of electronic hardware which have 

life form participated a main responsibility in the plan and manage the signal generator of power inverter in the 

circuits [1]. In the traditional design systems, the microcomputer was use to produce an orientation signals while the 

actual PWM and timing signals are generated using hardware electronic circuits [2]. Subsequently, when the 

microcomputer systems were developed, the computer switching is used to PWM design without harmonic to 

recover the recomputed design from lookup table techniques properly. In the case of controlling the system velocity 

with specific generated frequency range, the microprocessor has used to produce PWM signal to keep a stable 

voltage frequency per ratio [3].        

 

Since the limitation of computer speed was found in many applications, a researcher was concluding that the online 

computation of switching design is not realistic. Hence, nowadays advances in microelectronics produce modern 

microcomputers with faster speeds to compute on line the switching design [4]. The alternating current (AC) to 

direct current (DC) converter is an integrated section of any power supply unit which is used in the electronic 

devices. The interfacing between usefulness and power electronic devices could be implements by using the power 

converters. The line frequency diode bridge rectifiers are usually used to change the line frequency AC to DC. 

Sometimes, large filter capacitor is used to decrease the ripple phenomena in the DC output voltage line [5]. The 
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AC/DC converter provides rectifications in the voltage paths in industrial, agriculture and any application which 

need this property. This type of device is used as standalone units which feed signals to multiple DC motors as input 

stage to AC drivers due to their practically infinite power and controllability properties [6]. The converter reaction is 

almost handling electromechanically transient happen in many drivers through the work. The line of AC/DC 

converters is the majority choice for applications where a single or three phase supply is available in the circuit due 

to the simplicity of circuit which require less number of active component as well as passive device. The thyristors 

are a line commutated power switched device which is mean move the current from one conducting part to another. 

To lunch on the thyristor, an injection of current pulse to its gate is required for running this device [7]. The 

electronic power converter always considers a source of harmonic distortion in the network distribution systems. 

The distortion in the current and voltage waveforms could produce problems for other equipments which are 

connected in the same networks. The advance approach to decrease this effect is by using accurate converter design. 

To prevent the distortion in the waveforms, an efficient design of controller with converter could add which will 

minimize the effect on other part of networks. To design appropriate controller and a specific data about the 

performance of converter under many situation will needed. The switching model of DC converter is used as 

regulator to convert a non-regulated DC voltage to regulated voltage which will achieved by using PWM techniques, 

wherever, the switching frequency is 50 KHz as highest frequency [8].  The most popular device switch is the 

transistor type BJT and IGBT with minimum ripple by use LC filter design. The PWM frequency is concentrated by 

two factors one is the transistor switching time and the second is the inductors core loss which is increase with 

frequency rising. Figure 1 and Figure 2 illustrates the converter circuit which is known as buck converter [9].  The 

switch is placed in the DC input voltage as shown below.            

 

 

 
Figure 1: buck converter circuit [9] 

 

 

 
 

Figure 2: Buck RC Converter 
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The improvement and developments of power microelectronic equipments is still in progress for both realization and 

designing of speed driver adjustable. Many researchers has been proposed an advanced amplification of control 

method for voltage source inverters in last decades motivated by AC/DC line side converter named PWM rectifiers 

systems [10]. The importance of these front end rectifiers is because their specifications which are analytically 

transferred the diode bridges becoming imperative element of the frequency converter for control applications 

intelligent motions [11]. To provide sinusoidal current line and bidirectional power flow, the 3-phase two level 

AC/DC converters should be used at the unity power factor achievements. For these reasons, the PWM rectifiers 

have been used to compensate the electrical power excellence [12]. The control systems duty in current control 

converter is to force the current in 3-phase AC load to follow the original signal. The command and measured values 

of the phase current generate switching state for the converter power device to reduce the error in current through 

the circuit. Hence, the implementation of current control is to improve the error [13]. The ability of generating 

sinusoidal current could be achieved by using the sophisticated methods named pulse width modulation. The PWM 

technique produce a sequence of width modulated pulses to control the power switch in the circuit. According to the 

requirements of circuits and optimization criteria, the PWM techniques has developed and improved. The selection 

of exacting PWM techniques happened from the preferred presentation of the synchronous rectifier circuit [14].  In 

addition, the PWM technique for frequency converter could be classified into: 

 

1. Sinusoidal PWM  

2. Hysteresis PWM 

3. Space Vector PWM 

4. Selected Harmonic Elimination PWM  

5. Minimum current ripple PWM 

6. Sinusoidal PWM with instantaneous current control and random PWM  

 

The 3-phase AC/DC converter is an important part to much power electronic circuit such as motor driver and battery 

chargers. Conventionally diode rectifiers are used for AC/DC conversion but it can convert a constant DC voltage as 

a function of circuit voltage. Although, the thyristor rectifier could be used to produce variable DC voltage but both 

these rictifiers perform as a non-linear loads and the output current include harmonic components. Additionally, the 

voltage drop through inductance line will distort the original voltage due to the current harmonic. Thus, the other 

load which connected in the same circuit is also feed with distorted voltage caused many problems. The common 

bridge block in MATLAB permits to simulate a converter using commutated power electronic device and forced 

commutated device IGBT. The number of device is different if the power electronic device are naturally 

commutated or forced commutated. In this paper, a fundamental statement and applications of selected frequency 

used modulation techniques applied to PWM rectifiers is investigated and designing.     

 
 

 

2. MATERIAL AND METHODS  

 

The universal bridge is an inverter with pulse width modulated (PWM) to generate 3-phase 50 Hz sinusoidal voltage 

in its output. The structure of universal bridge shown in Figure 3 contains many components with inverter chopping 

frequency of 2000Hz.  The power bridge highlights the use of two universal bridges in the AC/DC converter with 

rectifier feeding an IGBT inverter Via DC link in this design. 
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 Figure 3: Universal Bridge Converter Model 

 

 

 

To overcome the numerical oscillations, one could specify Rs and Cs values for diode and thyristors bridges. For 

forced commutated device IGBT, the bridge operate acceptable with merely resistive as long as firing pulses are sent 

to switching device. The anti-parallel diodes are operating when the firing pulses are blocked and the bridge operate 

as diode rectifier in this case. Therefore, appropriate values of Rs and Cs should be used. The following formula 

should be used to compute the approximate values of Rs and Cs when the systems are discredited.       

R_s>2 T_s/C_s  ………………………………………………………………………..(1) 

 

C_s<P_n/(1000(2πf)〖V_n〗^2 ) …………………………………………………..…………(2) 

 

Where 

 

P_n :  represent a nominal power of single or three phase converter (VA) 

V_n :  represent the nominal line-to-line AC voltage (Vrms) 

f  :  is the fundamental frequency (Hz) 

 

T_s :  is the sample time (s) 

 

These values of Rs and Cs could be derived by the leakage current at fundamental frequency should be less than 

0.1% of normal current in case of power electronic device are not conducting. Consequently, the RC time constant is 

higher than two times the sample time Ts.  The Insulated Gate Bipolar Transistors (IGBT) inverter is controlled with 

PI regulator to keep a one pu voltage with 380 Vrms/50Hz at the output. To view the communication of current 

between diodes, a multimeter block is used through D1 and D3 as well as between IGBT 1 and 2. After starting 

simulation, the transient period of 40 ms, the system will achieve a steady state conditions. About 2kHz of harmonic 

will generated by the inverter which should be filtered by LC filter. The expected peak value of the load voltage is 

about 380 rms. The mean value of modulation index is about 0.8 in steady state conditions and the mean value of 

DC voltage about 770 volts. Hence, the chopper inverter voltage could be calculated as:  

   

V_ab=770*0.6*0.8≅380 rms……………………………………………………………..(3) 

 

The LC filter circuit shown in Figure 4 is connected after IGBT Bridge which represent the harmonic removal filter 

from the current.   
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Figure 4: LC Filter structure 

3. RESULTS AND DISCUSSION  

 

 Figure 5 shows the diode current, time scope 2 is used as in trace 1 from diode 1 to diode 3 in the model. 

Trace 2 illustrates the current in switch 1 and 2 of the IGBT diode bridge. These currents represent a complementary 

current. The current flow in the IGBT is showing a positive current while a negative current shows the current flow 

through anti parallel diode bridge. Figure 6 illustrate the currents after zoom out. Figure 7 and Figure 8 illustrate the 

input and output waveforms of PWM IGBT bridge converter. 

 

 

 
 

Figure 5: Scope 2 Output 
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Figure 6 : Zoom Out Scope 2 

 

 

 
 

 Figure 7: Scope  1 waveforms 
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Figure 8 : Zoom out scope 1 waveforms 

 

4. CONCLUSION  

This paper presents the possible simulation of many electrical power converters by using SIMULINK in MATLAB 

which keep away from a buy of expensive and complex devoted software programs. The simulation techniques are 

based on the variable topology advance where switching condition realization was produced. Definitely, the low 

thermal resistance and high current density could be satisfied by using RC and IGBT as bridge. The high capacity 

single phase PWM converter offer high reliability and power density. The de-saturation control of the integrated 

RC-IGBT structure for switching device to full bridge circuit has been realized and investigated in the proposed 

work. Additionally, the compensating current control of the PWM converter is considered. To avoid the de-

saturation pulses in the zero crossing, and setting of the loss decrement threshold limited is established. The 

performance of the PWM operation in low switching frequency is developed. The simulation results show a 

conformation the effectiveness of over saturation control in this research. A very small power platform has been 

verified the effectiveness of the control approach. In addition, the results of simulation design show a significant 

economy in microcontroller time and memory increasing which will support all converter duty. 
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