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Abstract: In Electric Vehicle (EV) application, the voltage conversion is significant to obtain the desired operating voltage from the source voltage. A conventional boost converter can handle such applications, but it may add losses throughout the conversion process. This work focuses on the design and implementation of a multi device Interleaved DC-DC converter with greater voltage gain, lower voltage stress across the switch, and improved efficiency when compared to the standard Boost converter and conventional Interleaved Converter. The suggested converter has three times the voltage gain of a standard Boost DC-DC converter. These converters are used in applications that demand a constant DC voltage, such as electric vehicles. The proposed converter's mathematical modelling and modes of operation are discussed. The proposed DC-DC converter's feasibility is validated using real-time simulation (OPAL-RT), and the results are presented in detail.
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1 Introduction
Increased carbon dioxide emissions produce meteorological alterations and global warming, which have increasingly harmful and catastrophic environmental consequences [1-2]. Several potential strategies were explored to safeguard the ecosystem from these dangerous pollutants. Electric vehicles are the best alternative approach for providing clean energy while causing no environmental problems for the planet [3-4]. The harmful emissions that contribute to global warming are primarily caused by the fuels used in vehicles. As a result, electric vehicles provide an alternate approach to replacing vehicles that run on traditional fuels. These applications necessitate high-efficiency converters, which play a key role in the whole system [5-6]. The adoption of high-performance converters enhances the system's performance and dependability. As a result, an appropriate converter that plays an effective role in electric vehicle modeling should be chosen [7-8]. Because the battery's output voltage is low and fluctuating, it cannot be directly linked to the motor. DC-DC converters which boost the voltage and then mainly utilized in a wide range of application, including EVs, fuel cells, and photo voltaics [9]. However, the typical Boost DC-DC converter cannot meet the EV requirements mentioned above [10-12]. In  Boost converter, the efficiency is very low for high-gain operation. As a result, high gain operation is not possible with this converter. The efficiency of the typical Boost converter is required to be high, but it is modest and is limited by the effects of diodes and switches [13–14]. High boost dc-dc converters are proposed to attain more efficiency and voltage gain [15–16]. The linked inductor approach produces a large step-up voltage gain. High voltage gain is accomplished in [17–18] by using both coupled inductor and switching capacitor approaches. A non- isolated DC-DC converter which possess high voltage gain is discussed in [19]. [20] proposes a boost dc-dc converter with a single switch with three times the voltage gain of a standard boost converter. The voltage gain of the transformer-less cuk converter is double that of the conventional buck-boost converter [21]. A two-stage inverting Boost converter is proposed by [22]. This converter is made up of two typical parallel Boost converters. The ripple output voltage and ripple input current is less than a single converter with the same parameters because two identical converters are working at once. An inductor serves as a bridge to connect the converter units in parallel. The suggested converter is made up of three typical boost converters with two stages. [24] proposes a unique interleaved transformer-less boost DC-DC converter with less voltage stress and excellent voltage gain on the switch. To address the aforementioned issues, a new structure-based Interleaved Boost DC-DC converter is proposed [25]. The suggested converter employs low resistance of the power switch (due to lower voltage stress between the semiconductor switch and diode due to the usage of a single switch), which reduces conduction loss of the switch and therefore improves efficiency [26]. A switched capacitor approach can be used to provide a high step-up voltage gain. As a result, the suggested converter meets fuel cell specifications. Paralleling and multilayer approaches boost voltage gain three times that of a traditional boost converter [27-28]. The most essential difficulty in this scenario is the correct driving of two units since improper switching can create load voltage instability andoscillation, increasing the power loss of semiconductors[29-30]. As a result, an appropriate technique for controlling this device is necessary. The structure as well as schematic diagram of electric vehicle is depicted in Fig. 1.
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Fig. 1. Schematic representation of EV
The main objective is to create a Multi device Interleaved Boost converter that addresses the problems identified in prior designs. Because prior designs were inefficient, higher voltage gain needs were unattainable. The suggested work results in a Multi device Interleaved Boost converter with enhanced efficiency at larger voltage gains, and reduced voltage stress across the diode, switch, capacitor and low power losses in the proposed converter. The modes of operation of the proposed converter and voltage gain analysis are interpreted in section 2. Mathematical modelling is derived, examined and stability of the converter is verified in section 3. The Real-time simulator (OPAL-RT) results are  presented in section 4 and the final section concluded the work.
2 PROPOSED DC-DC CONVERTER
	The circuit of the proposed topology is depicted as Fig. 2. A high output voltage is produced by the high step-up operation to power the motor drive and balance the return emf generated by the motor drive. The inductor windings L1, L2, and L3 are directly connected from the Voltage source. There are three diodes in the circuit, three semiconductor switches (MOSFET) and an output capacitor (C), are also included in the converter architecture and are connected across the Resistive load. In order to freewheelthe leakage current through the switch, a diode is also merged to the switches to freewheel the leakage current. The multi device interleaved DC-DC boost converter is constructed and tested in this study.  Voltage gain analysis and mathematical modelling are derived. The stability of the converter is demonstrated by the frequency domain analysis by plot the bode diagram that is also derived from the mathematical modelling of the proposed converter circuit. The quantity of the passive components and the switches is also decreased by this design, which lessen switching losses. Moreover the proposed converter design achieves large voltage gain and is appropriate for  practical applications such as EVs, PV, Fuel cell etc . This proposed design is computed in the platform of MATLAB/Simulink and the model is validated with (OPAL-RT) platform, a real-time simulator. The outcomes unambiguously show how much more capable and dependable the proposed DC-DC converter. The proposed DC-DC Converter circuit's characteristic waveforms are displayed in Fig. 3.
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Fig 2: Multi-Device Interleaved Boost DC-DC Converter
2.1 Modes of Operation
The operating modes of the converter circuit is discussed below
Mode 1: In this mode, S1 is initially switched ON while & are turned OFF. The source current passes through the winding L1 and switch S1. Inductor windings & are likewise powered by the battery. Current travels to , C, and the Resistive load via . Current powered to , C, and the Resistive load via . 
				(1)
									(2)
				(3)
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Fig 3. Switching Characteristics of the proposed converter
Mode 2: Initially S2 is switched ON while the switches  and  are OFF. Through the winding L2, source current travels to S2. L1 and  are also powdered by the current from battery. Current travels to , C, and the Resistive load via . Current travels to , C, and the Resistive load via . The voltage equation is given by
				(4)
									(5)
									(6)

Mode 3: The and are originally off, while  is turned on. The source current passes in the inductor winding L3 and switch S3. L1 and L2 are also conducted by the battery current. Current travels to , C, and the Resistive load via . Current travels to , C, and the Resistive load via . The voltage equation is given by
				(7)	
									(8)
									(9)

Mode 4: The starting state of the switchesS1 and S2 is on, but S3 is off. Both the winding  and switch  and the winding  and switch  receive battery current. Source current also conducts ,to, C, and the Resistive load.
				(10)
									(11)			
				(12)
Mode 5:S1 is originally off and the switches S2 and S3 are both on. Both the winding  and switch  and  and S3 receive battery current. Battery current conducts L1, to D1, Capacitor (C), and the Resistive load.
				(13)
									(14)
				(15)
Mode 6: Initially  and  are switched ON, whereas  is turned OFF. Both the winding L1 and switch S1 and the winding L3 and switch S3 receives from source current. L2, , Capacitor (C), and the Resistive load are all powered by the source current. The voltage equation of this mode is given by
									(16)	
									(17)
				(18)
Mode 7: The switches S1, S2, and S3 are turned OFF. The source current conducts the windings L1, D1, D4, C to the Resistive load, then , , , capacitor (C) to the Resistive load, and , , , capacitor (C)  to the Resistive load. The voltage equation is given by
									(19)
									(20)
				(21)

Mode 8: In this all the switches are turned ON while current from the source conducts Inductor windings L1 to S1, L2 to S2, and L3 to S3. The voltage equation as follows
									(22)
									(23)
				(24)
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Voltage gain is computed as
		(25)
							(26)
									            (27)
								(28)
Fig. 4 depicts the duty cycle versus voltage gain plot. The graph unmistakably demonstrates that the suggested converter circuit is enough to produce high voltage gain which is higher than that of the conventional boost converter. A noticeable increase in voltage gain can be seen for each duty cycle value, when compared to the standard model, and it continues to rise voltage gain with increasing duty cycle values.
2.2 Switch Voltage Stress Calculation 
The voltage stress of the components may be calculated using the known inductor and capacitor voltages. Power switches and diodes both experience the same voltage stresses, which are computed as follows:
	 = 									(29)		
									(30)
Capacitor voltage is given by
	 = 									(31)
											(32)
		
[image: ]
Fig 5: Voltage gain Vs stress voltage 
The output voltage is equal to the capacitor voltage since the capacitor and Resistive load are linked in parallel.

Switch voltage stress is given by
										(33)		
Diode voltage stress ( ) is computed as

	 =   -  						          (34)
 = 			                     (35)
Fig. 5 depicts the comparison graph between voltage stress and voltage gain for both the traditional and new converters. For various amounts of voltage gain, the novel converter's voltage stress is significantly less than the standard boost converter.
3  STABILITY ANALYSIS OF THE PROPOSED CONVERTER
The mathematical method for modelling a circuit that uses a minimal set of equations known as state variables and is represented as a matrix. Mathematical modelling state variable is calculated from the KVL equation of all the modes. The transfer function equation of the suggested converter is derived from the mathematical model.
General equation of mathematical model is   				(36)
Output equation.							(37)

From mode 1 
		(38)	
						(39)
						(40)
		(41)	
For mode 1, State space can be derived as 
 =							(42)
For mode 2 is 
 =				(43)
For mode 3 is 
						(44)
For mode 4 is 
						(45)
For mode 5 is 
						(46)
For mode 6 is 
						(47)
For mode 7 is 
							(48)
For mode 8 is 
							(49)
									(50)
									(51)

The values of matrix A and B is computed as  

				(52)

The output equation is .
						(53)

Transfer function is calculated from the equations (52) and (53) by MATLAB programming which is given by

			         (54)    
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Fig 6. Bode plot for the proposed converter
The matrices of the state-space analysis are used in coding in MATLAB to compute the equation of transfer function. Fig. 6 displays the Bode plot is drawn from the transfer function. The bode plot suggesting that the circuit design would operate steadily and stably since magnitude and phase graphs are both positive.
4 EXPERIMENTAL RESULTS
The circuit is designed in MATLAB/Simulink software and is merged with OPALRT (OP5700) and the parameters are discussed in Table 1 to validate the functionality parameters of the Multi-Device Interleaved Boost DC-DC Converter. The multiple voltage input of 24V/24V and the voltage output of 112V, the converter is operated at firing angle of 30% and 40% with the switching frequency of 20 kHz, has been operated. The entire real-time configuration using the OP5700 is shown in Fig 7. Figs. 8 and 9 display the switch's distinctive waveform. S1 has a voltage across it of 42.9 volts, S2 of 43.1 volts, and S3 of 45.3 volts. The input current and voltage of diode D3 are displayed in Fig. 10. As seen in Fig. 11, voltage gradually rises from 55V to 116V when the duty ratio is also rises from 0.3 to 0.4. Fig. 12 displays the characteristics of the switch S2. The current waveform with a observed current range of 3.3A, which is displayed in Fig. 13. The converter's voltage output with a measured value of 112V is shown in Fig 14.
TABLE 1.components Ratings of the proposed converter topology
	Specifications
	Ratings

	Input voltage
	Vi
	24V / 24 V

	Duty ratio 
	D
	30% to 40%

	Resistive load
	R
	20 Ω

	Voltage output
	Vo
	112V

	

Inductance winding
	
	200 mH

	
	
	200 mH

	
	
	200 mH

	Capacitor
	C
	2.8 mF
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Fig 7.  Arrangements of OPAL-RT
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Fig 8. Switching characteristics of S1
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Fig 9. Switching characteristics of S3
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Fig 10. Characteristics of Diode D3 and supply current
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Fig 11. Current through ILC3 &Vout  at duty ratio 0.3 & 0.4       
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Fig 12. Voltage across the switch S2 and voltage output Vo
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Fig 13. Output current of the converter
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Fig 14. Output Voltage of the converter
5 Conclusion
The Multidevice Interleaved Boost DC-DC converter was introduced in this work. When compared to the results achieved with conventional Boost converters, the voltage stress across the switch is also lower. The designed converter has voltage gain that is three times greater than the traditional Boost DC-DC converter. The proposed converter is straightforward to regulate because of its simple form. Additionally improved, the output voltage is also constant. Thus, applications for the suggested converter include fuel cells, photovoltaic (PV), and electric vehicles (EVs). The findings of the Real Time Simulation (OP-5700) have confirmed the viability of the proposed converter.
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