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Abstract

Aim: The aim of this research is to improve the voltage conversion ratio in electric vehicle battery
systems using novel coupled inductor bidirectional DC-DC converter compared with unidirectional
converter by optimizing duty cycle. Materials and Methods: The voltage conversion ratio of a
bidirectional DC-DC converter is compared with a unidirectional DC-DC converter using seven
samples per group and duty cycles ranging from 0.3 to 0.9. G power is taken as 0.8. Results: Based
on the findings, it is inferred that the coupled inductor based bidirectional DC-DC converter has
improved the average overall voltage ratio of 0.5182F while the unidirectional DC-DC converter has
a voltage conversion ratio of 0.4006. The significance value is determined as 0.32 (p>0.05,
statistically insignificant) based on SPSS analysis. Conclusion: Compared to a unidirectional DC-DC
converter, a novel coupled inductor based bidirectional DC-DC converter provides a better voltage
conversion ratio for the selected data.
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INTRODUCTION

Batteries are typically used in series strings to generate a high voltage (HV). Charge
imbalance can shorten the battery's lifespan if it is caused by, for example, temperature
differences or small mismatches. Even though the batteries are connected in parallel, the
output voltage is still low (Rong-Jong Wai and Duan 2007). This means that an efficient
bidirectional DC-DC converter with a high conversion ratio is essential for battery
applications. By adjusting the turn ratio of the transformer, isolated DC-DC converters
such as half and full bridge (Gules et al. 2008; R-J Wai, Duan, and Jheng 2012; Duan and
Lee 2012) dc-dc converters can achieve high step-up and step-down voltage gains. Both
the high addition and high voltage gain can be accomplished with the control technique of
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this method. Between four and eight switches are typical. On the low voltage (LV) side,
some isolated bidirectional converters are equipped with current-fed rectifiers, while the
HV side is equipped with volt-fed rectifiers. (Ayachit et al. 2019) The main applications of
the proposed method are areas (Shukla et al. 2020) such as car parking, solar panels,
wind energy conversion system, and battery banks.

Based on the literature, about 2138 papers have been published in IEEE and Google
scholars are reviewed. The HV spike on the main switch is caused by the transformer's
leakage inductor. As a result, a flyback snubber circuit -based isolated bidirectional full-
bridge dc-dc converter was proposed (Wu et al. 2010) by improving voltage conversion
ratio. Isolated boost full-bridge zero voltage switching (ZVS) pulse width modulation DC-
DC converter was found (Zhu 2006) to improve voltage conversion ratio. The leakage
inductor's energy is reused and not lost. The total number of switches, on the other hand,
has increased. In addition, flyback or forward converter-based bidirectional converters
(Bhattacharya et al. 2009; Qian and Lehman 2008; Liu et al. 2010) are proposed to
improve voltage conversion ratio. The transformer's leakage inductor also causes HV
spikes at switches. For the proposed bidirectional converter, an active clamp circuit is
used.

Previously our team has a rich experience in working on various research projects across
multiple disciplines (Venu and Appavu 2021; Gudipaneni et al. 2020; Sivasamy,
Venugopal, and Espinoza-Gonzalez 2020; Sathish et al. 2020; Reddy et al. 2020; Sathish
and Karthick 2020; Benin et al. 2020; Nalini, Selvaraj, and Kumar 2020).Based on the
literature review, in a unidirectional converter the switches with diodes allow electric
current only in one direction the main purpose of it is to perform conversions on input
power and deliver the output towards the load. The conventional unidirectional DC-DC
converter has the less voltage conversion ratio of an electric vehicle battery system. The
aim of this research is to improve the voltage conversion ratio in electric vehicle battery
systems using novel coupled inductor bidirectional DC-DC converter compared with
unidirectional converter by optimizing duty cycle.

MATERIALS AND METHODS

The research was done in the power Electronics lab, Department of Electrical and
Electronics Engineering, Saveetha school of Engineering, Saveetha institute of Medical and
Technical sciences. Two topologies have been compared and its sample size has been
calculated by using G power software. It was determined that each method has 7 samples
and a total number of 14 samples (g power = 0.8) (Pascual-trenor 2019). The system is
simulated using the MATLAB simulink software (Siano and Jamuna 2020).

Group 1 and 2 sample preparation was done by collecting 7 different voltage values by
varying duty cycle from 0.3 to 0.9, here the parameters considered are duty cycle and
voltage.

Unidirectional converter

The conventional Unidirectional DC-DC converter for EV battery systems is presented in
Fig.1. This system consists of source DC voltage which is connected to the battery a
unidirectional DC-DC converter (Szymanski et al. 2020). The Unidirectional DC-DC
converter output current is compared with reference duty cycle-based reference current.
The error current is processed with the PI controller. The PI controller is generating the
control signal and it is processed with a PWM generator. The PWM generator is generating
the pulse for the Unidirectional DC-DC converter to charge the battery.

Coupled inductor bidirectional DC-DC converter

The proposed coupled inductor based bidirectional DC-DC converter for the electric vehicle
battery system is presented in Fig.2. This system consists of source DC voltage connected
to the battery with a novel coupled inductor based bidirectional DC-DC converter (Tomar,
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Srivastava, and Verma 2018). The coupled inductor based bidirectional DC-DC converter
output current is compared with reference duty cycle-based reference current. The error
current is processed with the PI controller. The PI controller is generating the control signal
and it is processed with a PWM generator. The PWM generator is generating the pulse for
a coupled inductor based bidirectional DC-DC converter to charge the battery (Singh
Tomar, Srivastava, and Kumar Verma 2018). The findings of the suggested scheme have
been confirmed by adjusting the duty cycle in the MATLAB/Simulink environment.

A Google Collab open source stage with a center i5, tenth era processor and 8 GB RAM is
utilized for the proposed method.

Statistical analysis

Novel coupled inductor bidirectional DC-DC converters and Unidirectional DC-DC
converters are statistically analyzed using SPSS software. For example, the independent
variable in a voltage converter is its duty cycle, while its dependent variable is its voltage
conversion ratio. Both converters are subjected to two independent group analysis tests
to determine their voltage conversion ratios.

RESULTS

Table 1 Simulation results of coupled inductor based bidirectional DC-DC converter and
Unidirectional DC-DC converter. Table 2 Shows the T-test comparison of bidirectional DC-
DC converter and unidirectional DC-DC converter for men value, standard deviation value,
the standard error of voltage conversion ratio. Bidirectional DC-DC (Mean value of .5182)
based converter produces better voltage conversion ratio than the unidirectional DC-DC
converter (Mean value of .4002). The standard error values for bidirectional DC-DC is
(.0010) and for unidirectional DC-DC is (.0009) which ensures the proposed method's
superiority. Table 3 shows the independent sample test for significance and standard error
determination with bidirectional DC-DC and unidirectional DC-DC converter. Significance
value obtained as 0.032 (p>0.05), considered to be statistically insignificant.

Figure 1 Displays the Simulink block diagram of unidirectional converter for EV battery
system. Figure 2 Displays the Simulink block diagram of the proposed novel coupled
inductor Bidirectional DC-DC converter coupled with a battery. Figure 3 displays the output
voltage and output voltage conversion ratio in a unidirectional DC-DC converter. Figure 4
displays the output voltage and output voltage conversion ratio in a novel coupled inductor
bidirectional DC-DC converter.

Figure 5 Depicts the bar graph analysis on the voltage conversion ratio of both bidirectional
DC-DC and unidirectional DC-DC converters. It is inferred that the proposed converter
produces better voltage conversion ratio compared to the conventional unidirectional DC-
DC converter.

DISCUSSION

The voltage conversion ratio of a unidirectional DC-DC converter and a novel coupled
inductor bidirectional DC-DC converter based on a coupled inductor for an electric vehicle
battery system is examined and compared. Uni-directional DC-DC converter has a lower
voltage conversion ratio when compared to the novel coupled inductor based bidirectional
DC-DC converter.

This study reviewed all relevant data on EV setups, battery energy sources, electrical
machines, recharging (Shukla et al. 2020) and optimization approaches, effects, patterns,
and future possible orientations (Un-Noor et al. 2017). On the basis of bidirectional
converter connectivity, high capacity, flexibility, and other aspects, several charging
station architectures were developed and analyzed (Ahmadi, Mithulananthan, and Sharma
2016). The amount of electricity, recharging time frame, price, hardware, and (Trivedi et
al. 2018)other considerations are discussed, analyzed, and reviewed for different power
level charging stations and infrastructure setups. Power electronics converters for EV rapid
charging stations are shown in the study, using a three-branch DC/DC converter (Sujitha
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and Krithiga 2019) that employs a half-bridge inverter model to create DC charging for EV
batteries. Based on computation testing, the researchers of such a work presented the
characteristics of the converter model (Pinto et al. 2019). Some of the opposing papers,
expensive voltage/current stress, high costs and poor efficiency are some of the
arguments against this study. Soft-switching converters have many drawbacks, including
design complexity, instability due to high frequency transformer saturation and poor
switch use (Ayachit et al. 2019).

The limitations of proposed technology other than conversion and charging of the load,
the selection of a controller to fine tune the switching cycle present in the proposed
converter. So, additional care in selecting control logic is considered an important aspect.
Another limitation in the proposed study is the constant DC-source. In today’s
environmental conditions, renewable resources are the right choice for replenishing load
requirements and saving the environment from pollution and pollutants. Installing
charging stations near renewable power farms reduces the cost of transmission and
improves the power quality.

In the future, the converter might be studied by enhancing various artificial controllers
such as neural controllers, hybrid genetic algorithms, and so on to optimize power flows
and system losses.

CONCLUSION

Based on the results the proposed coupled inductor based bidirectional DC-DC converter
has a better voltage conversion ratio of 0.5182 when compared to the conventional
Unidirectional converter of 0.4006 for the selected data. So the proposed method is an
attractive solution. Based on the independent T test the significance value is 0.32 (p >
0.05) statistically insignificant within the limit of study.

DECLARATION
Conflicts of Interest
No conflict of interest in this manuscript.

Author Contributions

The Author was involved in data collection, data analysis and manuscript writing. Author
Duan was involved in conceptualization, data validation and critical review of manuscripts.
Acknowledgements

The authors would like to express their gratitude towards Saveetha School of Engineering,
Saveetha Institute of Medical and Technical Sciences (Formerly known as Saveetha
University) for providing the necessary infrastructure to carry out this work successfully.
Funding: We thank the following organizations for providing financial support that enabled
us to complete the study.

1. MANAC infotech Pvt.Ltd.

2. Saveetha University.

3. Saveetha Institute of Medical and Sciences.

4. Saveetha School of Engineering.

REFERENCES

Ahmadi, Mohsen, N. Mithulananthan, and Rahul Sharma. 2016. “A Review on Topologies
for Fast Charging Stations for Electric Vehicles.” In 2016 IEEE International
Conference on Power System Technology (POWERCON), 1-6.

Ayachit, Agasthya, Saad Ul Hasan, Yam P. Siwakoti, Mohamad Abdul-Hak, Marian K.
Kazimierczuk, and Frede Blaabjerg. 2019. “Coupled-Inductor Bidirectional DC-DC
Converter for EV Charging Applications with Wide Voltage Conversion Ratio and
Low Parts Count.” 2019 IEEE Energy Conversion Congress and Exposition (ECCE).
https://doi.org/10.1109/ecce.2019.8912858.

Benin, S. R., S. Kannan, Renjin J. Bright, and A. Jacob Moses. 2020. “A Review on
Mechanical Characterization of Polymer Matrix Composites & Its Effects Reinforced

391


https://paperpile.com/c/mqpiD9/13aXO
https://paperpile.com/c/mqpiD9/Td0rU
https://paperpile.com/c/mqpiD9/o1EQ
http://paperpile.com/b/mqpiD9/xTR5d
http://paperpile.com/b/mqpiD9/xTR5d
http://paperpile.com/b/mqpiD9/xTR5d
http://paperpile.com/b/mqpiD9/xTR5d
http://paperpile.com/b/mqpiD9/xTR5d
http://paperpile.com/b/mqpiD9/o1EQ
http://paperpile.com/b/mqpiD9/o1EQ
http://paperpile.com/b/mqpiD9/o1EQ
http://paperpile.com/b/mqpiD9/o1EQ
http://paperpile.com/b/mqpiD9/o1EQ
http://paperpile.com/b/mqpiD9/o1EQ
http://paperpile.com/b/mqpiD9/o1EQ
http://paperpile.com/b/mqpiD9/o1EQ
http://paperpile.com/b/mqpiD9/o1EQ
http://paperpile.com/b/mqpiD9/iHpXm
http://paperpile.com/b/mqpiD9/iHpXm

BALTIC JOURNAL OF LAW & POLITICS ISSN 2029-0454
VOLUME 15, NUMBER 4 2022

with Various Natural Fibres.” Materials Today: Proceedings 33 (January): 798-805.

Bhattacharya, Tanmoy, V. Shriganesh Giri, K. Mathew, and L. Umanand. 2009. “"Multiphase
Bidirectional Flyback Converter Topology for Hybrid Electric Vehicles.” IEEE
Transactions on Industrial Electronics 56 (1): 78-84.

Duan, R-Y, and J-D Lee. 2012. “High-Efficiency Bidirectional DC-DC Converter with
Coupled Inductor.” IET Power Electronics. https://doi.org/10.1049/iet-
pel.2010.0401.

Gudipaneni, Ravi Kumar, Mohammad Khursheed Alam, Santosh R. Patil, and Mohmed
Isaqali Karobari. 2020. “"Measurement of the Maximum Occlusal Bite Force and Its
Relation to the Caries Spectrum of First Permanent Molars in Early Permanent
Dentition.” The Journal of Clinical Pediatric Dentistry 44 (6): 423-28.

Gules, Roger, Juliano De Pellegrin Pacheco, Hélio Ledes Hey, and Johninson Imhoff. 2008.
“A Maximum Power Point Tracking System With Parallel Connection for PV Stand-
Alone Applications.” IEEE Transactions on Industrial Electronics 55 (7): 2674-83.

Liu, Wei-Shih, Jiann-Fuh Chen, Tsorng-Juu Liang, Ray-Lee Lin, and Ching-Hsiung Liu.
2010. “Analysis, Design, and Control of Bidirectional Cascoded Configuration for a
Fuel Cell Hybrid Power System.” IEEE Transactions on Power Electronics 25 (6):
1565-75.

Nalini, Devarajan, Jayaraman Selvaraj, and Ganesan Senthil Kumar. 2020. “Herbal
Nutraceuticals: Safe and Potent Therapeutics to Battle Tumor Hypoxia.” Journal of
Cancer Research and Clinical Oncology 146 (1): 1-18.

Pascual-trenor, Santiago Obiols. 2019. Analysis of Inductive Power Transfer Systems for
Electric Vehicle Charging Applications.

Pinto, J. G., Vitor Monteiro, Bruno Exposto, Luis A. M. Barros, Tiago J. C. Sousa, Luis F. C.
Monteiro, and Jodo L. Afonso. 2019. “Power Electronics Converters for an Electric
Vehicle Fast Charging Station with Storage Capability.” In Green Energy and
Networking, 119-30. Springer International Publishing.

Qian, Ting, and Brad Lehman. 2008. “"Coupled Input-Series and Output-Parallel Dual
Interleaved Flyback Converter for High Input Voltage Application.” IEEE
Transactions on Power Electronics 23 (1): 88-95.

Reddy, Poornima, Jogikalmat Krithikadatta, Valarmathi Srinivasan, Sandhya Raghu, and
Natanasabapathy Velumurugan. 2020. “"Dental Caries Profile and Associated Risk
Factors Among Adolescent School Children in an Urban South-Indian City.” Oral
Health & Preventive Dentistry 18 (1): 379-86.

Sathish, T., and S. Karthick. 2020. “Gravity Die Casting Based Analysis of Aluminum Alloy
with AC4B Nano-Composite.” Materials Today: Proceedings 33 (January): 2555-
58.

Sathish, T., D. Bala Subramanian, R. Saravanan, and V. Dhinakaran. 2020. “Experimental
Investigation of Temperature Variation on Flat Plate Collector by Using Silicon
Carbide as a Nanofluid.” In PROCEEDINGS OF INTERNATIONAL CONFERENCE ON
RECENT TRENDS IN MECHANICAL AND MATERIALS ENGINEERING: ICRTMME 2019.
AIP Publishing. https://doi.org/10.1063/5.0024965.

Shukla, Saurabh, Ahmed Al-Durra, Tarek H. M. El-Fouly, and Ehab F. El-Saadany. 2020.
“Bidirectional Power Flow Control of Solar PV Array Based Multifunctional E-Mobility
Charger.” In 2020 2nd International Conference on Smart Power Internet Energy
Systems (SPIES), 391-96.

Siano, Pierluigi, and K. Jamuna. 2020. Advances in Smart Grid Technology: Select
Proceedings of PECCON 2019—Volume I. Springer Nature.

Singh Tomar, Pavan, Manaswi Srivastava, and Arun Kumar Verma. 2018. “An Efficient Bi-
Directional DC/DC Charger for Electric Vehicle Battery Charging.” In 2018 2nd
International Conference on Power, Energy and Environment: Towards Smart
Technology (ICEPE), 1-9.

Sivasamy, Ramesh, Potu Venugopal, and Rodrigo Espinoza-Gonzalez. 2020. “Structure,
Electronic Structure, Optical and Magnetic Studies of Double Perovskite
Gd2MnFeO6 Nanoparticles: First Principle and Experimental Studies.” Materials
Today Communications 25 (December): 101603.

Sujitha, N., and S. Krithiga. 2019. “Grid Tied PV- Electric Vehicle Battery Charger Using

392


http://paperpile.com/b/mqpiD9/iHpXm
http://paperpile.com/b/mqpiD9/iHpXm
http://paperpile.com/b/mqpiD9/iHpXm
http://paperpile.com/b/mqpiD9/ydV2c
http://paperpile.com/b/mqpiD9/ydV2c
http://paperpile.com/b/mqpiD9/ydV2c
http://paperpile.com/b/mqpiD9/ydV2c
http://paperpile.com/b/mqpiD9/ydV2c
http://paperpile.com/b/mqpiD9/3w3tW
http://paperpile.com/b/mqpiD9/3w3tW
http://paperpile.com/b/mqpiD9/3w3tW
http://paperpile.com/b/mqpiD9/3w3tW
http://dx.doi.org/10.1049/iet-pel.2010.0401
http://dx.doi.org/10.1049/iet-pel.2010.0401
http://paperpile.com/b/mqpiD9/3w3tW
http://paperpile.com/b/mqpiD9/VPmXr
http://paperpile.com/b/mqpiD9/VPmXr
http://paperpile.com/b/mqpiD9/VPmXr
http://paperpile.com/b/mqpiD9/VPmXr
http://paperpile.com/b/mqpiD9/VPmXr
http://paperpile.com/b/mqpiD9/VPmXr
http://paperpile.com/b/mqpiD9/bka2w
http://paperpile.com/b/mqpiD9/bka2w
http://paperpile.com/b/mqpiD9/bka2w
http://paperpile.com/b/mqpiD9/bka2w
http://paperpile.com/b/mqpiD9/bka2w
http://paperpile.com/b/mqpiD9/7PFgO
http://paperpile.com/b/mqpiD9/7PFgO
http://paperpile.com/b/mqpiD9/7PFgO
http://paperpile.com/b/mqpiD9/7PFgO
http://paperpile.com/b/mqpiD9/7PFgO
http://paperpile.com/b/mqpiD9/7PFgO
http://paperpile.com/b/mqpiD9/jMtJT
http://paperpile.com/b/mqpiD9/jMtJT
http://paperpile.com/b/mqpiD9/jMtJT
http://paperpile.com/b/mqpiD9/jMtJT
http://paperpile.com/b/mqpiD9/jMtJT
http://paperpile.com/b/mqpiD9/FWGUp
http://paperpile.com/b/mqpiD9/FWGUp
http://paperpile.com/b/mqpiD9/FWGUp
http://paperpile.com/b/mqpiD9/FWGUp
http://paperpile.com/b/mqpiD9/Td0rU
http://paperpile.com/b/mqpiD9/Td0rU
http://paperpile.com/b/mqpiD9/Td0rU
http://paperpile.com/b/mqpiD9/Td0rU
http://paperpile.com/b/mqpiD9/Td0rU
http://paperpile.com/b/mqpiD9/Td0rU
http://paperpile.com/b/mqpiD9/ghlRa
http://paperpile.com/b/mqpiD9/ghlRa
http://paperpile.com/b/mqpiD9/ghlRa
http://paperpile.com/b/mqpiD9/ghlRa
http://paperpile.com/b/mqpiD9/ghlRa
http://paperpile.com/b/mqpiD9/pdcGm
http://paperpile.com/b/mqpiD9/pdcGm
http://paperpile.com/b/mqpiD9/pdcGm
http://paperpile.com/b/mqpiD9/pdcGm
http://paperpile.com/b/mqpiD9/pdcGm
http://paperpile.com/b/mqpiD9/pdcGm
http://paperpile.com/b/mqpiD9/hN2aW
http://paperpile.com/b/mqpiD9/hN2aW
http://paperpile.com/b/mqpiD9/hN2aW
http://paperpile.com/b/mqpiD9/hN2aW
http://paperpile.com/b/mqpiD9/hN2aW
http://paperpile.com/b/mqpiD9/4crBn
http://paperpile.com/b/mqpiD9/4crBn
http://paperpile.com/b/mqpiD9/4crBn
http://paperpile.com/b/mqpiD9/4crBn
http://paperpile.com/b/mqpiD9/4crBn
http://paperpile.com/b/mqpiD9/4crBn
http://paperpile.com/b/mqpiD9/4crBn
http://paperpile.com/b/mqpiD9/4crBn
http://paperpile.com/b/mqpiD9/4crBn
http://paperpile.com/b/mqpiD9/ysYxA
http://paperpile.com/b/mqpiD9/ysYxA
http://paperpile.com/b/mqpiD9/ysYxA
http://paperpile.com/b/mqpiD9/ysYxA
http://paperpile.com/b/mqpiD9/ysYxA
http://paperpile.com/b/mqpiD9/ysYxA
http://paperpile.com/b/mqpiD9/8G9QF
http://paperpile.com/b/mqpiD9/8G9QF
http://paperpile.com/b/mqpiD9/8G9QF
http://paperpile.com/b/mqpiD9/8G9QF
http://paperpile.com/b/mqpiD9/NfdiN
http://paperpile.com/b/mqpiD9/NfdiN
http://paperpile.com/b/mqpiD9/NfdiN
http://paperpile.com/b/mqpiD9/NfdiN
http://paperpile.com/b/mqpiD9/NfdiN
http://paperpile.com/b/mqpiD9/NfdiN
http://paperpile.com/b/mqpiD9/w47kU
http://paperpile.com/b/mqpiD9/w47kU
http://paperpile.com/b/mqpiD9/w47kU
http://paperpile.com/b/mqpiD9/w47kU
http://paperpile.com/b/mqpiD9/w47kU
http://paperpile.com/b/mqpiD9/w47kU
http://paperpile.com/b/mqpiD9/13aXO

BALTIC JOURNAL OF LAW & POLITICS ISSN 2029-0454
VOLUME 15, NUMBER 4 2022

Bidirectional Converter.” International Journal of Renewable Energy Research
(IJRER) 9 (4): 1873-81.

Szymanski, Jerzy Ryszard, Marta Zurek-Mortka, Daniel Wojciechowski, and Nikolai
Poliakov. 2020. “Unidirectional DC/DC Converter with Voltage Inverter for Fast
Charging of Electric Vehicle Batteries.” Energies 13 (18): 4791.

Tomar, Pavan Singh, Manaswi Srivastava, and Arun Kumar Verma. 2018. “An Improved
Bidirectional Dc/dc Converter with Split Battery Configuration for Electric Vehicle
Battery Charging/Discharging.” In 2018 8th IEEE India International Conference on
Power Electronics (IICPE), 1-6.

Trivedi, Nitin, Nikhil S. Gujar, Subrata Sarkar, and S. P. S. Pundir. 2018. “Different Fast
Charging Methods and Topologies for EV Charging.” In 2018 IEEMA Engineer
Infinite Conference (eTechNxT), 1-5.

Un-Noor, Fuad, Sanjeevikumar Padmanaban, Lucian Mihet-Popa, Mohammad Nurunnabi
Mollah, and Eklas Hossain. 2017. “"A Comprehensive Study of Key Electric Vehicle
(EV) Components, Technologies, Challenges, Impacts, and Future Direction of
Development.” Energies 10 (8): 1217.

Venu, Harish, and Prabhu Appavu. 2021. “Experimental Studies on the Influence of
Zirconium Nanoparticle on Biodiesel-diesel Fuel Blend in CI Engine.” International
Journal of Ambient Energy 42 (14): 1588-94.

Wai, R-J, R-Y Duan, and K-H Jheng. 2012. “High-Efficiency Bidirectional Dc-dc Converter
with High-Voltage Gain.” IET Power Electronics 5 (2): 173-84.

Wai, Rong-Jong, and Rou-Yong Duan. 2007. “High-Efficiency Bidirectional Converter for
Power Sources With Great Voltage Diversity.” IEEE Transactions on Power
Electronics 22 (5): 1986-96.

Wu, Tsai-Fu, Yung-Chu Chen, Jeng-Gung Yang, and Chia-Ling Kuo. 2010. “Isolated
Bidirectional Full-Bridge DC-DC Converter With a Flyback Snubber.” IEEE
Transactions on Power Electronics. https://doi.org/10.1109/tpel.2010.2043542.

Zhu, L. 2006. “A Novel Soft-Commutating Isolated Boost Full-Bridge ZVS-PWM DC-DC
Converter for Bidirectional High Power Applications.” IEEE Transactions on Power
Electronics 21 (2): 422-29.

TABLE AND FIGURES
Table 1. Simulation results of coupled inductor based bidirectional DC-DC converter and
Unidirectional DC-DC converter.

Voltage Conversion ratio (VCR)
Coupled inductor based Unidirectional DC-DC
Duty cycle bidirectional DC-DC Converter converter
0.9 0.5182 0.4006
0.8 0.5182 0.4005
0.7 0.5182 0.4004
0.6 0.5182 0.4003
0.5 0.5182 0.4002
0.4 0.5182 0.4001
0.3 0.5182 0.3999
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Table 2. Group statistical analysis of novel coupled inductor bidirectional DC-DC and
conventional unidirectional DC-DC converter by taking7 samples per group. The standard
error mean for the modified bidirectional DC-DC converter is .0010 and for the
conventional unidirectional converter is .0009.

Group Statistics

Group Name N Mean Standard Standard
Deviation Error Mean
Voltage
Conversion Bidirectional DC- 7 .5182 .00026 .0010
Ratio (VCR) DC converter

Unidirectional DC- 7 .4002 .00018 .0009
DC converter

Table 3. Independent sample T-test is performed for the two groups for significance and
standard error determination. Since the value of significance is 0.32 (p > 0.05) which is
considered to be statistically insignificant.

Independent Samples Test

Levene’s Test for Equality of T-test for Equality of Means
Variances
F Sig. T D | sig. Mean Std.Error 95%
f (2- | Differen | Differenc | Confidence
taile ce es Interval of
d) the
difference
Low | Upp
er er
Voltage | Equal
Conversi | Varianc
on Ratio | es t 0'32 %217'5 2| 001 | .1179 | 0001 3'11 0'811
(VCR) assume
d
Equal
Varianc
es not 1217.5 0.11 | 0.11
assume 76 6 | .000 .1179 .0001 2 3
d
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Fig. 1. Displays the unidirectional DC-DC converter for EV battery system.
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Fig. 2. Displays the proposed Coupled Inductor based bidirectional DC-DC converter for
EV battery system.
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Fig. 3. Displays the output voltage and output voltage conversion ratio in unidirectional

DC-DC converter.
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Fig. 4. Displays the output voltage and output voltage conversion ratio in coupled

inductor bidirectional DC-DC converter.

396



BALTIC JOURNAL OF LAW & POLITICS ISSN 2029-0454
VOLUME 15, NUMBER 4 2022

Simple Bar Mean of VCR by Group

o0
050
040

030

Mean VCR

020

LA

oo

Bigerctional DC-OC convernter Unidierechonal DC-DC converter
Group

Enor Bars: 95% C1
Eor Bars: #~ 1 SD

Fig. 5. Comparison of conventional unidirectional DC-DC and modified Bidirectional DC-
DC converter method in terms of voltage conversion ratio. The voltage conversion ratio
of the modified bidirectional DC-DC converter is 0.53% and for the conventional
unidirectional DC-DC converter is 0.40%, which proves that the proposed converter
technique is better than the conventional converter. Device count with £1SD.
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