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Abstract- In this paper, an analytical analysis and design of an auxiliary inductor that is used for reducing the switching loss and switching stress of the interleaved boost converter in gridconnected PV systems is proposed. The operation principle of the proposed active snubber is analyzed. A design consideration is developed according to the equations derived in various operation stages for determining the optimized values of circuit components.The Performance of the grid connected PV system with the soft-switching interleaved boost converter is demonstrated by simulation results to verify the operation analysis and the efficiency improvement. Index Terms— Interleaved boost converter, soft switching, zero-voltage switching (ZVS), photovoltaic (PV) power systems, power conversion. ______________________________________________________________________________ Corresponding Author: CH.SRAVAN I.INRODUCTION Boost converters are popularly employed in equipments for different applications. For high-power-factor requirements, boost converters are the most popular candidates, especially for applications with dc bus voltage much higher than line input. Boost converters are usually applied as preregulators or even integrated with the latter-stage circuits or rectifiers into single-stage circuits [1]–[4]. Most renewable power sources, such as photovoltaic power systems and fuel cells, have quite low-voltage output and require series connection or a voltage booster to provide enough voltage output [5], [6]. Several soft-switching techniques, gaining the features of zero-voltage switching (ZVS) or zero-current switching (ZCS) for dc/dc converters, have been proposed to substantially reduce switching losses, and hence, attain high efficiency at increased frequencies. There are many resonant or quasi-resonant converters with the advantages of ZVS or ZCS presented earlier [7][8]. The main problem with these kinds of converters is that the voltage stresses on the power switches are too high in the resonant converters, especially for the high-input dc-voltage applications. Passive snubbers achieving ZVS are attractive [9], [10], since no extra active switches are needed, and therefore, feature a simpler control scheme and lower cost. However, the circuit topology is complicated and not easy to analyze. Auxiliary active snubbers are also developed to reduce switching losses [11], [12]. These snubbers have additional circuits to gate the auxiliary switch and synchronize with the main switch. Besides, they have an important role in restraining the switching loss in the auxiliary switch. Converters with interleaved operation are fascinating techniques nowadays. Interleaved boost converters are applied as power-factor-correction front ends [13]–[16]. An interleaved converter with a coupled winding is proposed to a provide a lossless clamp [17]–[19]. Additional active switches are also appended to provide soft-switching characteristics.These converters are able to provide higher output power and lower output ripple. Page 290
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Fig. 1. Proposed interleaved boost converter. This paper proposes a soft-switching interleaved boost converter composed of two shunted elementary boost conversion units and an auxiliary inductor. This converter is able to turn on both the active power switches at zero voltage to reduce their switching losses and evidently raise the conversion efficiency. Since the two parallel-operated boost units are identical, operation analysis and design for the converter module becomes quite simple.The experimental results show that this converter module performs very well with the output efficiency as high as 95%. GRID-CONNECTED single-phase photovoltaic (PV) systems are nowadays recognized for their contribution to clean power generation. A primary goal of these systems is to increase the energy injected to the grid by keeping track of the maximum power point (MPP) of the panel, by reducing the switching frequency, and by providing high reliability. In addition, the cost of the power converter is also becoming a decisive factor, as the price of the PV panels is being decreased. This has given rise to a big diversity of innovative converter Configurations for interfacing the PV modules with the grid. II.CIRCUIT CONFIGURATION Fig. 1 shows the proposed soft-switching converter module. Inductor L1, MOSFET active switch S1, and diode D1 comprise one step-up conversion unit, while the components with subscript 2 form the other. Dsx and Csx are the intrinsic antiparallel diode and output capacitance of MOSFET Sx, respectively. The voltage source Vin, via the two paralleled converters, replenishes output capacitor C0 and the load.



Fig. 2. Simplified circuit diagram Inductor Ls is shunted with the two active MOSFET switches to release the electric charge stored within the output capacitor Csx prior to the turn-ON of Sx to fulfill zero-voltage turn- ON (ZVS), and therefore, raises the converter efficiency.
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Fig. 3. Theoretical waveforms. To simplify the analysis 𝐿1 𝐿2 and C0 are replaced by current and voltage sources respectively as shown in Fig. 2. III.CIRCUIT OPERATION ANALYSIS Before analysis on the circuit, the following assumptions are presumed. 1) The output capacitor C0 is large enough to reasonably neglect the output voltage ripple. 2) The forward voltage drops on MOSFET 𝑆1 , 𝑆2 and diodes 𝐷1 , 𝐷2 are neglected. 3) Inductors 𝐿1 , 𝐿2 have large inductance and their currents are identical constants, i.e., 𝐿1 = 𝐿2 = 𝐼𝐿 . 4) Output capacitances of switches Cs1 and Cs2 have the same values, i.e.𝐶𝑆1 = 𝐶𝑆2 = 𝐶𝑆 5) The two active switches S1 and S2 are operated with pulsewidth-modulation (PWM) control signals. They are gated with identical frequencies and duty ratios. The rising edges of the two gating signals are separated apart for half a switching cycle. The operation of the converter can be divided into eight modes, and the equivalent circuits and theoretical waveforms are illustrated in Figs. 3 and 4. A. Mode I :{ 𝑡0 < t 


International Journal of Emerging trends in Engineering and Development



ISSN 2249-6149 Issue 2, Vol.2 ( March-2012)



As 𝑖𝐿𝑠 drops to zero, current 𝑖𝑠1 contains only 𝑖𝐿1 while 𝑖𝐷2 equals. 𝐼𝐿2 Current ILS will reverse its direction and flow through S1 together with 𝐼𝐿1 As 𝑖𝐿𝑆 increases in negative direction, 𝑖𝐷2 consistently reduces to zero. At this instant 𝑖𝐿𝑆 equals − 𝐼𝐿2 diode 𝐷2 turns OFF ,and thus this mode comes to an end.



Fig. 4.1 Mode I. Despite the minor deviation of 𝑖𝑆1 from zero and 𝑖𝐿𝑠 from 𝑖𝐿1 currents, 𝑖𝐿𝑠 𝑖𝑆1 𝑖𝐷2 and the duration of this mode to1 can be approximated as 𝑉 𝑖𝑙𝑠 𝑡 = 𝐼𝐿 − 𝐿0 t 𝑉



𝑖𝑠1 𝑡 = 𝐿0 t 𝑠



𝑠



𝑉



𝑖𝐷2 𝑡 = 2𝐼𝐿 − 𝐿0 𝑡 3 −𝐷𝑒𝑓𝑓 4



𝑠



2𝐼 𝐿 )) 𝜔 𝐶𝑠



𝑇𝑠 −sin −1 (𝑉0 /(𝑉0 +



𝑡01 = 𝜔 Where 𝐷𝑒𝑓𝑓 is the effective duty ratio to be explained later and 𝜔=1/ 𝐿𝑆 𝐶𝑆 B. Mode II {t1 < t < t2, Referring to Fig. 4.2)}



Fig. 4.2. Mode II. Whereas diode 𝐷2 stops conducting, capacitor 𝐶𝑠2 is not clamped at 𝑉0 anymore. The current flowing through 𝐿𝑠 and𝑖𝐿𝑠 continues increasing and commences to discharge 𝐶𝑠2 .This mode will terminate as voltage across switch 𝑠2 ,𝑣𝐷𝑆2 drops to zero.Voltage 𝑣𝐷𝑆2 and current 𝑖𝑙𝑠 can be equated as 𝑣𝐷𝑆2 𝑡 = 𝑉0 cos(𝜔𝑡) 𝐼𝐿𝑠 𝑡 = −𝑉0 𝜔𝐶𝑠 sin 𝜔𝑡 − 𝐼𝐿 Page 293
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𝜋 2𝜔



C. Mode III {t2 < t < t3, Referring to Fig. 4.3)}



Fig. 4.3 Mode III. At t=𝑡2 , voltage 𝑣𝐷𝑆2 decreases to zero. After this instant 𝐷𝑠2 , the antiparallel diode of 𝑆2 begins to conduct current. The negative directional inductor current 𝑖𝑙𝑠 freewheels through 𝑆1 and 𝐷𝑠2 , and holds at a magnitude that equals 𝑖𝑙𝑠 (𝑡2 ) a little higher than 𝐼𝐿 During this mode, the voltage on switch 𝑆2 is clamped to zero, and it is adequate to gate 𝑆2 at zero-voltage turn ON D. Mode IV {ts < t < £4, Referring to Fig. 4.4}



Fig. 4.4 Mode IV. The switch 𝑆1 turns OFF at t = 𝑡3 . Current 𝑖𝐿𝑆 begins to charge the capacitor 𝐶𝑆1 the charging current includes 𝑖𝐿𝑆 and𝐼𝐿1 . Since the capacitor 𝐶��1 retrieves a little electric charge, 𝑖𝐿𝑆 decreases a little and resonates toward−𝐼𝐿2 In fact, 𝐼𝐿𝑆 will not equal. −𝐼𝐿2 At 𝑖𝐿𝑆 even with a slightly higher magnitude. However, by ignoring the little discrepancy, the voltage on switch 𝑆1 and current through 𝐿𝑆 can be approximated as while the capacitor voltage 𝑣𝐶𝑆1 ramps to V0, 𝐷1 will be forward-biased, and thus this mode will come to an end. Modes I-IV describes the scenario of switch 𝑆2 between OFF-state proceeding to ZVS turn-ON. Operations from modes V-VIII are the counterparts for switch 𝑆1 Due to the similarity, they are omitted here. IV. CIRCUIT DESIGN The proposed circuit is focused on higher power demand applications. The inductors 𝐿1 and 𝐿2 are likely to operate under continuous conduction mode (CCM); therefore, the peak inductor current can be alleviated along with less conduction losses on active switches. Under CCM operation, the inductances of 𝐿1 and 𝐿2 are related only to the current ripple specification. What dominates the output power range and ZVS operation is the inductance of 𝐿𝑆 .
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As the description in mode II, prior to the turn-ON of switch 𝑆2 , 𝑖𝐿𝑆 will discharge𝐶𝑆2 , the output capacitor of switch 𝑆2 , and therefore, surpass 𝐼𝐿2 In order to turn on 𝑆2 , at ZVS condition, switch 𝑆1 has to keep conducting current so as to allow 𝐼𝐿𝑆 to flow through antiparallel diode 𝐷𝑠2 While 𝐷𝑠2 clamps the switch voltage at zero, the gating signal 𝑉𝐺𝑠2 can comfortably impose on 𝑆2 , . This means that 𝑉𝐺𝑠2 should shift to high state before 𝑉𝐺𝑠1 goes low. Therefore, for ZVS and symmetrical operations of both switches, the duty ratios of both switches should be greater than 0.5. Whereas 𝑉𝐷𝑆1 or 𝑣𝐷𝑆2 is zero, it looks like the switch 𝑆1, or 𝑆2 , is turned on. Taking𝑆2 , for example, modes III-VII constitute the effective switch turn-ON time. Defining the effective duty ratio 𝐷𝐸𝑓𝑓 , the voltage across 𝐿2 and 𝑉𝑙2 holds at 𝑉𝑖𝑛 for duration of 𝐷𝐸𝑓𝑓 Ts; while ignoring the tiny period of modes II and VIII. 1 𝑉0 = 1 − 𝐷𝑒𝑓𝑓 𝑉0 𝐿𝑠



=



2𝐼𝐿 (1−𝐷𝑒𝑓𝑓 )𝑇𝑠



=



𝐼𝑖𝑛 (1−𝐷𝑒𝑓𝑓 )𝑇𝑠



V.MODELLING THE COMPONENTS OF A HYBRID POWER SYSTEM V.1 Modelling of PV system



Fig. 5. Equivalent circuit diagram of a solar cell The use of equivalent electric circuits makes it possible to model characteristics of a PV cell. The method used here is implemented in MATLAB programs for simulations. The same modeling technique is also applicable for modeling a PV module. There are two key parameters frequently used to characterize a PV cell. Shorting together the terminals of the cell, the photon generated current will follow out of the cell as a short-circuit current (Isc). Thus, Iph = Isc, when there is no connection to the PV cell (open-circuit), the photon generated current is shunted internally by the intrinsic p-n junction diode. This gives the open circuit voltage (Voc). The PV module or cell manufacturers usually provide the values of these parameters in their datasheets 𝑞𝑈



𝐼 = 𝐼𝑃𝑉 − 𝐼0 (𝑒 𝑘𝑇 − 1)-----(1) 𝑈=



𝐾𝑇 𝑞



ln (1 −



𝐼−𝐼𝑝𝑣 𝐼0



) -------(2)



Equations (1) and (2) lead to development of a Matlab Simulink model for the PV model presented in Fig. 2. Page 295
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Fig. 6 Power converter topology for conventional small grid-connected PV-systems The solar system model consists of three Simulink blocks: the solar model block, the PV model block and energy conversion modules. The output of the PV module is processed by an energy conversion block implemented with a PWM IGBT inverter block from standard Simulink / Sim Power Systems library. VI.Matlab/Simulink modeling of PV grid Connected Dual Boost Converter



Fig 7: Shows the Matlab/Simulink diagram of a Dual boost Converter of PV grid connected



𝐹𝑖𝑔 8: 𝑉𝐺𝑆1 𝑎𝑛𝑑 𝑉𝐺𝑆2
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Fig 9: Voltage across switch 𝑉𝐷𝑆1



Fig 10: Voltage across Switch 𝑉𝐷𝑆2



Fig 11: Current Flowing through switch 𝐼𝑆1



Fig 12: Current Flowing through switch 𝐼𝑆2 Page 297
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Fig 12: Current in Diode 𝐼𝐷1



Fig 13: Current in Diode 𝐼𝐷2



Fig 14: Current across Inductor 𝐼𝐿𝑆



Fig 15: Output Voltage of 𝑉𝑖𝑛 = 120𝑉 Page 298
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Fig 16: PWM output of inverter without filter



Fig 17: Sinusoidal output with filter It shows the PWM output of inverter with and without filter . VII. EXPERIMENTAL RESULTS To verify the operation and the performance of the Proposed high-efficiency dc-dc boost converter for small gridconnectedPV systems, PWM boost converter with active resonant snubber has been designed and simulatedAn experimental circuit is built to verify the feasibility of this circuit topology. Figs.8-12 illustrates the experimental waveforms. Fig shows 𝑣𝐺𝑆 and 𝑣𝐷𝑆 of each switch. The gating signal is imposed on the switch after its voltage falls down to zero. Fig depicts relationships between current𝑖𝐿1 ,𝑖𝑆1 and 𝑖𝐿𝑆 where the ripple current of 𝑖𝐿1 is not significant. Current 𝑖𝐿𝑆 together with 𝑖𝐿1 flows through switch 𝑆1, during its turn-on period. And output of the PV module is processed by an energy conversion block implemented with a PWM IGBT inverter block from standard Simulink / Sim Power Systems library shows output with and without filter. VIII. CONCLUSION In this paper, an improved interleaved boost converter with active resonant technique for small grid-connected PV systems has been proposed. An implementation of active snubber in Page 299
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interleaved boost converter has been analytically analyzed and designed in detail. The operation principles and the theoretical analysis of the proposed converter in steady-state condition have been completely verified by the simulation results. The simulation results show that the auxiliary inductor can effectively suppress the switching losses of the main switch and main diode without increasing the current and voltage stresses. The auxiliary inductor for the proposed converter can be precisely determined by the presented design. The overall efficiency of an improved interleaved boost converter is increased to about 94% from the value of 93% in PWM counterpart. REFERENCES [1] C. M.Wang, “A new single-phase ZCS-PWM boost rectifier with high power factor and low conduction losses,” IEEE Trans. Ind. Electron.,vol. 53, no. 2, pp. 500–510, Apr. 2006. [2] Y. Jang, D. L. Dillman, and M. M. Jovanovic´, “A new soft-switched PFC boost rectifier with integrated flyback converter for stand-bypower,” IEEE Trans. Power Electron., vol. 21, no. 1, pp. 66–72, Jan.2006. [3] Y. Jang, M. M. Jovanovic´, K. H. Fang, and Y. M. Chang, “High-powerfactorsoft-switched boost converter,” IEEE Trans. Power Electron.,vol. 21, no. 1, pp. 98–104, Jan. 2006. [4] K. P. Louganski and J. S. Lai, “Current phase lead compensation insingle-phase PFC boost converters with a reduced switching frequencyto line frequency ratio,” IEEE Trans. Power Electron., vol. 22 , no. 1, pp. 113–119, Jan. 2007. [5] K. Kobayashi, H. Matsuo, and Y. Sekine, “Novel solar-cell powersupply system using a multiple-input DC–DC converter,” IEEE Trans.Ind. Electron., vol. 53, no. 1, pp. 281–286, Feb. 2006. [6] S. K. Mazumder, R. K. Burra, and K. Acharya, “A ripple-mitigating and energy-efficient fuel cell power-conditioning system,” IEEE Trans.Power Electron. , vol. 22, no. 4, pp. 1437–1452, Jul. 2007. [7] Y. Gu, Z. Lu, Z. Qian, X. Gu, and L. Hang, “A novel ZVS resonant reset dual switch forward DC–DC converter,” IEEE Trans. Power Electron. , vol. 22, no. 1, pp. 96–103, Jan. 2007. [8] Y. S. Lee and G. T. Cheng, “Quasi-resonant zero-current-switching bidirectional converter for battery equalization applications,” IEEE Trans. Power Electron. vol. 21, no. 5, pp. 1213–1224, Sep. 2006. [9] C. J. Tseng and C. L. Chen, “A passive lossless snubber cell for nonisolated PWM DC/DC converters,” IEEE Trans. Ind. Electron., vol. 45, no. 4, pp. 593–601, Aug. 1998. [10] Q. Li and P.Wolfs, “Acurrent fed two-inductor boost converter with an integrated magnetic structure and passive lossless snubbers for photovoltaic module integrated converter applications,” IEEE Trans. PowerElectron. , vol. 22, no. 1, pp. 309– 321, Jan. 2007. [11] C. M. Wang, “New family of zero-current-switching PWM converters using a new zerocurrent-switching PWM auxiliary circuit,” IEEE Trans. Ind. Electron., vol. 53, no. 3, pp. 768– 777, Jun. 2006.
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commutates to D2. to supply the load. Current iS1. returns from negative value toward zero; IL1. flows through Ls .Due to the zero voltage on vDS1. , the voltage across inductor Ls is V0, i.e. iLs will. decrease linearly at the rate of V0/Ls. Meanwhile, the current flowing through S1 ramps up linearly. Page 3 of 12. 29.pdf. 29.pdf.Missing: 
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