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Abstract

In this paper, we designed a soft switched synchronous boost converter, which can perform
discharging the battery, is simulated, and experimented designed. The converter operates
synchronous operation to increase efficiency of the converter. The converter has very small switching
losses because of its soft switching characteristics. In this paper, battery discharger with a switching
frequency of 100 kHz have been designed. The designed converter also simulated and experimented
to prove the converter's characteristics during synchronous operation. The simulated and
experimental results have confirmed that the battery discharger had soft switching characteristics.
In addition, the experimental results confirm that the converter has high efficiency characteristics.
The efficiency of the circuit exceeds 97%, the efficiency of soft switched synchronous boost converter
is at least 6% higher than that of conventional PWM boost converter.
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1. INTRODUCTION

Converters used in industry have mostly used pulse width modulation (PWM) converters.[1] In the case of
moving objects such as cars, satellites, and aircraft, the converter need to minimize weight and volume.
Minimizing the weight and volume of the converters requires minimizing filters with inductors, capacitors,
which make up the bulk of the weight and volume. [2] This requires that the switching frequency of the
converter shall be operated at a high frequency.[3] Therefore, many researches have been conducted on the
converter of the soft switching method for the high frequency operation of the converter.[4-6] However,
resonant converters usually have the advantage of low switching losses, but also It has the disadvantage of
increasing conduction loss.[7] The disadvantage of these research methods is the conduction loss of the
converter due to the voltage drop characteristics of the diode.[8-10] In addition, synchronous PWM converters
continue to be studied as a way to reduce the conduction loss of the converter.[11,12]

Manuscript Received: June. 8, 2020 / Revised: June. 13, 2020 / Accepted: June. 20, 2020
Corresponding Author: gbjoung@woosuk.ac.kr

Tel: +82-43-531-2877, Fax: +82-43-531-2862

Professor, Department of Energy and Electrical Engineering Woosuk University, Korea


mailto:120112296@stu.woosuk.ac.kr
mailto:%7d@woosuk.ac.kr

10 International Journal of Advanced Smart Convergence Vol.9 No.3 9-16 (2020)

In this study, the soft switched synchronous boost converter has the characteristics of very low switching
loss because of its soft switching characteristics. Also, the conduction loss has much reduced by synchronous
operation of the converter. Therefore, the switching loss and conduction loss can be very low even in the high
frequency operation of the converter, which has the characteristics of high efficiency. The compact design of
the converter can be possible. In this paper, the soft switched boost converter has simulated by piecewise linear
electrical circuit simulation (PLECS) and experimented. The simulation results confirmed that the designed
battery discharger had soft switching and synchronous characteristics during operation. In addition, the
experimental results confirm that the battery discharger has soft switching characteristics and high efficiency
characteristics. The efficiency of the circuit exceeds 97%, in addition, the efficiency of soft switched
synchronous boost converter is at least 6% higher than that of conventional PWM boost converter.

2. SOFT SWITCHED SYNCHRONOUS BOOST CONVERTER
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Figure 1. Soft switched synchronous boost converter

Figure 1 shows a converter with a boost type synchronous converter in which the switch operates at zero
current or zero voltage with switching operation. In Figure 1, the inductance of the saturated inductor Lg is
Lg;  when the inductor is saturated and Lg, in the inductance of inductor when the inductor is not saturated.
The saturation current of the inductor Lg is assumed to be I, . C, and L, are resonant capacitor and
inductor.
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Figure 2. Simulations result of the capacitor v, and diode v, voltage wave

Figure 2 shows the capacitor voltage v, and the diode voltage vp,. As the battery discharge current
increases to designed value, the energy of the saturated inductor Lg, increases, and soft switching turned off
operation of MOSFET S; is performed by resonant operation of Figure 1.
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Figure 3. Simulations result of the MOSFET switches §; and S, drain-source voltage wave

Figure 3 is the simulated drain-source voltage waveforms of the MOSFET by PLECS software. As shown
in Figure 3, switches S; and S, operate under soft switching conditions because their switches are turn on
and off at zero current or zero voltage.

3. DESIGNED AND EXPERIMENTAL RESULTS

In this paper, we designed and tested a 96 W battery discharging converter. Input of the converter is the
battery which normal voltage is 28 V, the converter regulates the output voltage to 48 V. Table 1 is the
specifications of the designed soft switched boost converter. We designed and manufactured the converter with
specifications of Table 1. As shown in Table 1, the output current was selected to be 2 A for 96 W. The
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converter operating frequency is designed to be 100kHz. The Experimental environment of soft switched
synchronous boost converter is shown in Figure 4.

Table 1. Boost converter specifications

Soft Switched Synchronous Boost Converter
Converter type Boost converter
Input voltage 28[V]
Out voltage 48[V]
switching frequency 100 [kHz]
Input Current 3428[A]
Output current 2[A]
load 24 Q

Figure 4. Experimental environment of soft switched synchronous boost converter

Figure 5 shows the gate-source voltage waveforms of MOSFET 1 and MOSFET 2, and the inductor current

I, waveform for input voltage of 28 V and output voltage of 48 V.
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Figure 5. Inductor and gate-source voltage waveforms of MOSFET 1, 2
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Figure 6. Inductor and drain-source voltage waveforms of MOSFET 1, 2

Figure 6 shows the drain-source voltage waveforms of MOSFET 1 and MOSFET 2, and the inductor
current I, waveform for input voltage of 28 V and output voltage of 48 V. As shown in Figure 3 and Figure
5, the simulated drain-source voltage waveforms are similar to the actual experimental drain-source voltage
waveforms.
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Figure 7. Experimental capacitor and diode voltage waveforms

Figure 7 are the experimental waveforms of capacitor voltage v, and the diode voltage vp,. In these
figures, the input voltage is 28 V and the output voltage is 48 V. As shown in Figure 2 and Figure 6, the
simulated capacitor voltage v, waveforms are similar to the actual experimental diode voltage vp,
waveforms.
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Figure 8. Efficiency comparison soft switched synchronous boost converter and conventional
PWM converter
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As you can be seen surely in Figure 8, when the input voltage is 22~34 V, the efficiency of the conventional
boost converter does not higher than 92%. On the contrary, the soft switched synchronous boost converter
circuit for the same input voltage range and the same load conditions, the efficiency always exceeds 97%. The
efficiency of soft switched synchronous boost converter is at least 6% higher than that of conventional PWM
boost converter. Therefore, the experimental results prove that the soft switched synchronous boost converter
has the characteristics of high efficiency.

4. CONCLUSIONS

In this study, a synchronous boost converter with soft switching for battery discharge was designed. The
converter has very low switching losses due to its soft switching characteristics. The operation of the converter
is synchronous and can be designed to significantly reduce conduction losses. The high frequency switching
operation of the converter also enables the small design of the converter. There is a wide range of application
markets in the commercial field. The converter for battery discharge was simulated by PLECS and
experimented. The simulation and experiment results demonstrated that the battery discharger operates with
soft switching and synchronous characteristics. The efficiency of the converter always exceeds 97% for
varying input voltage range. The efficiency of soft switched synchronous boost converter is at least 6% higher
than that of conventional PWM boost converter. Therefore, the experimental results prove that the soft
switched synchronous boost converter has the characteristics of high efficiency.

ACKNOWLEDGEMENT

This research was supported by the Ministry of Trade, Industry & Energy (MOTIE), Korea Agency for
Technology and Standards (KATS) for Standard Program — 20006875

REFERENCES

[1] Byun Gon Kim, Kwan Woong Kim, Tae Su, Jang, Jun Myung Lee, Yong Kab Kim, " Development of Current
Control System for Solar LED Street Light System, " Internal Journal of Advanced Smart Convergence, vol. 1, no.
1, pp. 52-56, May, 2012. DOI: https://doi.org/10.7236/JASC2012.1.1.10

[2] K. H. Liu, and F. C. Y. Lee, "Zero-voltage switching technique in DC/DC converter, " IEEE Trans. on Power
Electronics, vol. 5, no. 3, pp. 293-304, July 1990. DOI: https://doi.org/10.1109/63.56520

[3] Gyu Bum Joung, Chun-Tack Rim, Gyu-Heong Cho, " Integral cycle mode control of the series resonant converter,
IEEE Transactions on Power Electronics, Vol. 4. No. 1, pp83-91, July, 1989. DOI: https://doi.org/10.1109/63.21875

[4] M. R. Mohammadi, H. Farzanehfard, “New family of zero-voltage-transition PWM bidirectional converters with
coupled inductors,” IEEE Trans. Ind. Electron., Vol. 59, No. 2, pp. 912-919, Feb. 2012.
DOI: https://doi.org/10.1109/TIE.2011.2148681

[5] E. Adib, and H. Farzanehfard, "Family of Zero-Current Transition PWM Converters, " IEEE Trans. on Industrial
Electronics, vol. 55, no. 8, pp. 3055- 3063, August 2008. DOI: https://doi.org/10.1109/TIE.2008.922597

[6] E.Adiband H. Farzanehfard, "Zero-Voltage-Transition PWM Converters With Synchronous Rectifier," IEEE Trans.
Power Electronics, vol.25, No. 1, pp. 105-110, Jan. 2010. DOI: https://doi.org/10.1109/TPEL.2009.2024153

[7]1 1-D. Kim, J.-Y. Kim, E.-C. Nho, and H.-G. Kim, "Analysis and design of a soft-switched pwm sepic dc-dc
converter," Journal of Power Electronics, Vol. 10, No.5, pp.461-467,Sep. 2010.
DOI: https://doi.org/10.6113/JPE.2010.10.5.461

[8] Zhiyong Dong, Gyu Bum Joung, “Soft-Switched Synchronous Buck Converter for Battery Chargers,” Internal
Journal of Advanced Smart Convergence, vol. 8, no. 4, pp. 138-146, Dec 20109.
DOI: https://doi.org/10.7236/1JASC.2019.8.4.138

[9] G.B.Joung, “New Soft Switched PWM Converter,” PESC Record. 27th Annual IEEE Power Electronics Specialists



file://///javascript:void(0)
file://///https:/ieeexplore.ieee.org/xpl/conhome/3925/proceeding

16 International Journal of Advanced Smart Convergence Vol.9 No.3 9-16 (2020)

Conference, pp. 63-68, June 1996. DOI: https://doi.org/10.1109/PESC.1996.548560

[10] E. Jayashree and G. Uma, "Design and implementation of zero-voltage-switching quasi-resonant positive-output
Luo converter using analog resonant controller UC3861", IET Power Electron., vol. 4, no. 1, pp. 81-88, Jan. 2011.
DOI: https://dx.doi.org/10.1049 /iet-pel.2009.0218

[11] D. Hyun-Lark, "Zero-voltage-switching boost converter using a coupled inductor", J. Power Electron., vol. 11, no.
1, pp. 16-20, Jan. 2011. DOI: https://doi.org/10.6113/]PE.2011.11.1.016

[12] Zhiyong Dong, Gyu Bum Joung, “Soft-Switched Synchronous Boost Converter for Battery Dischargers,” Internal
Journal of Advanced Smart Convergence, vol. 9, no. 2, pp. 105-113, April 2020.
DOI: https://doi.org/10.7236/1JASC.2020.9.2.105



file://///https:/ieeexplore.ieee.org/xpl/conhome/3925/proceeding
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1049%2Fiet-pel.2009.0218
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.6113%2FJPE.2011.11.1.016

