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ABSTRACT:A sufficient charging infrastructure is required to support the increasing number of electric cars
(EVs). The cutting-edge EV charging infrastructure with an emphasis on the XFC technology, which is required
to meet both the present and future EV refilling requirements.The typical power electronics converter topologies
analysed with appropriate to supply extreme fast-charging (XFC) technology and present the design
considerations for the extreme fast-charging (XFC) technology stations.

The aim of this article is to design and analyse the multi cell boost topology-based charger for plug in
electric vehicle. The Multi-Cell Boost (MCB) topology with three input-series output-parallel (ISOP)-connected
dc/dc converter modulesis finally adopted for implementing the fast charger due to its high-power density, high
efficiency, low cost, low number of switches, and anticipated high reliability.

This charger is 3-level charger with 2.4 kV input voltage also we can vary from 1 kV to 3 kV voltage
as we know 3-level charger gives output voltage up to 400 V, this DC fast charger also gives voltage up to 416
V. This charger consists full wave rectifier ,3-level boost converter, neutral point clamped (NPC)inverter, high
frequency transformer and battery. This MCB topology with one module gives high-efficiency up to 96.1%.
When we used three modules, then efficiency increased up to 96.6%.

KEYWORDS:DC/DC power converter, ISOP connection, Plug-in ElectricVehicle, Three-level boost converter

LINTRODUCTION

Now days, transportation system is major part of our busy life. Fossil fuels like petrol, diesel is the
main source of transportation system. As growing pollution due to fossil fuels cars and increasing cost of fossil
fuels the new transportation system is comes into picture that is Electric Vehicle.Butelectric vehicle requires
battery capacity which fulfil daily needs. Main challenge is more time required for charging of battery and for
longer trips electric vehicle had some limitations related tobatteries. In past few years, Li-ion battery technology
has evolved substantially, increasing the affordability and usefulness of EVs. The batteries are now less than
$120/kWh in price[1]- [3]. But there is requirement to improve the Li-on batteries discussed and reviewed in
[4]. The battery management system, which is also known as a battery pack assembly, is thought of as the brain
of the electric vehicle system. This provides a thorough analysis of the two components of battery management
systems, including mechanical designs and control through battery modelling. Thedifficulties and potential for
creating battery management systems reviewed in [5]. To minimize these limitations chargers that charges these
batteries with less time required.

There are different chargers with different specifications. Generally, Level 1 charger operates on 120V
with average power as 1.3 kW to 2.4 kW, charge vehicle up to 9-10 hrs and this charger adds Smiles per over
hour charge. Level 2 charger operates on240V with average power as 3.7kW TO 7.7 kW, require to charge up to
5-6hrs and this charge adds 20-60 miles per hour charge. Level 3 charger operates on 400 V to 480V with
average power as 50 k W, charge vehicle up to 30 mins minimum and this charger adds 60-100 miles per 20
minutes of charge. This 3-level charger uses extreme fast charging topologies that discussed in [6].A sufficient
charging infrastructure is required to support the increasing number of electric cars (EVs). A refuelling
experience is that of gasoline vehicles may be offered by the newly developed extreme fast-charging (XFC)
technology.Due to high power DC load demand, thecompact power supply unit is required. Type 3-level charger
with 400 V is standard voltage level and charge the battery by using DC microgrids.

Some topologies use low frequency transformers to increase efficiency but low frequency transformers
are bulky in nature. Some new proposed system consists single-phase solid-state transformer.
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The different solid-state transformer (SST) architectures that have been suggested in the literature [7]-
[9],following are the single-phase SST topologies -
1) Five-level AC to DC topology
2) Modular multilevel converter (MMLC) topology
3) Multicell boost (MCB) topology

These topologies have generally 6.6 kV at AC side. These topologies are used for high voltage
applications.Variousunidirectional solid-state transformer (SST) topologies are reported in literature in that
MCB topology is best in unidirectional SST topologies [9]. Sic (Silicon Carbide) semiconductors are used for
optimized power density and better efficiencies.

ILMULTICELL BOOST TOPOLOGY

Simulation of multi cell boost (MCB) topology is done on MATLAB (Simulink), three modulesused to
increase efficiency of this topology. The fig 1.is showsMulti Cell Boost (MCB) topology and fig.2. shows the
control strategy used in the Multi Cell Boost (MCB) topologyreferred from [10]. At first, connect full bridge
rectifier with 1.2 kV as input AC supply. Here, all three modules are connected in input series output parallel
(ISOP) manner.Significant scalability in the input voltage and output power ratings is offered by the ISOP
design of the MCB architecture modules. After full wave rectifier three level boost converter is connected then
next neutral point clamped inverter is used. That neutral point clamped (NPC)inverter connected to high
frequency transformer this transformer gives isolation and operate at high frequency up to 6 kHz. After that full
wave converter is connected to battery. Three PI controller control loops are employed. The dc bus main loop
controls the overall voltage of the split dc bus, the voltage balancing loop balanced the capacitor voltages, and
the closed loop of neutral point clamped (NPC)inverter regulates the output voltage. The full wave bridge
rectifier then after that another two modules also comes into picture and all modules input is connected in series

and output
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Fig. 1. Multi Cell Boost (MCB) topology

is connected in parallel.Inputis connected in series with input voltage given 2.4 KV is distributed in three
modules. For each module input voltage given up to 800V.

The bridge rectifier at input side converts AC into DC. This DC voltage given to three level
boost converter and it boost the voltage up to 1400 to 1600 V.Input DC voltage 800 V is boosted up to 1500 V
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DC voltage by using three-level boost converter. This DC voltage converted to AC voltage by neutral point
clamped diode rectifier. The NPC loop also connected and one high frequency transformer is used for high
voltage application that is most suitable. After that AC voltage again converted into DC voltage by full wave
bridge rectifier. Then all modules are connected in parallel. At last, we have to check the battery and their output
voltage which gives up to 415 to 417V. That makes this is the three-level charger withgood efficiency. If we use
one module topology the efficiency gives up to 96.15% but if we use three same modules with input series and
output parallel connection (ISOP) then it gives up to 96.62% efficiency.

960 uH

L

Fig.2.Multi Cell Boost (MCB) topology control strategy

The voltage is balanced by using three level boost converters by using PI controller. The main purpose of using
three level boost converter is to increase the voltage capability, reduces current ripple and uses a smaller number
of switches. The NPC inverter is used for voltage balancing purpose in MCB topology. When there are more
than three levels in an NPC inverter, the neutral point voltage is managed by employing an SPWM method to
balance the upper and lower group capacitor voltages with regard to the neutral point. However, the voltage of
each capacitor is not properly balanced. Here, three levels of NPC inverter used and for high voltage application

it can controlled circuit by using closed loop control. Here, PI controller for controlling the circuit.

III. RESULT AND DISCUSSION
The simulation done on MATLAB (Simulink) and following are the results-

1) Input voltage and output current sharing by each module
2) Load sharing of each module under varying load condition
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Table 1- Input voltage vs output current of each module

Sr.no. Input Input | Output | Input | Output | Input | Output | Total | Output
Voltage | Voltage | current | Voltage | current | Voltage | current | output | voltage

(resistive of of of of of of current
load=15 | module | module | module | module | module | module
ohm) one two two two three three
1. 1000 V 400 V 8 A 400 V 8A 400 V 8 A 24 A 439V
2. 1500 V 495V 8 A 495V 8 A 495V 8 A 25 A 331V

3. 2400 V 800V 16 A 800V 16 A 800V 16 A 48 A 416 V

4. 2500 vV 832V 16 A 832V 16 A 832V 16 A 48 A 421V

5. 3000V | 1000 V 17 A 1000 V 17A 1000 V 17A 5TA 422V

3000
2500
2000
=
T Input voltage
% 1500
% Input voltage of module one
>
Input voltage of module two
1000
Input voltage of module three
500
0
0 0.1 0.2 0.3 0.4 0.5 0.6

Time(sec)
Fig.3.Input Voltage of module one, two and three

From the table 1, input voltage varied from 1000 V to 3000 V and check the input voltages with respect to all
modules.The reference voltage is considered as 2400V, all modules share same voltage as 800 V. Input side is
connected in series and output is connected in parallel. From the fig.3. shows that voltage is shared equally in
each moduleas up to 800V.
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Fig.4.Output current of module one, two and three

From the table 1, The input current gives up to as 16 A for each module as input voltage is 2.4 kV is considered
for all results and the output current gives up to 48 A. From fig.4 shows that output current is sum of current of

each module and current also shared equally.

Table 2- Input voltage vs output current of each module

Sr.No. Resistive Load Output Output Output Total Output voltage
(Input voltage= | current of current of current of output
3000v) module module two module current
one three
1. 10 ohm 13A 13A 13A 40A 439V
2. 15 ohm 9A 9A 9A 28A 331V
3. 20 ohm 7A TA 7A 21A 416 V
4. 25 ohm TA TA TA 21A 421V

From table 2,The resistive load is taken from 10 ohm to 25 ohm with taking as constant input voltage as 2400 V.
From this after changing resistive load also the current shares equally for each module.
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IV.SIMULATION STUDYAND RESULTS
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Fig.5. Result of battery SOC vs Current vs Voltage

Complete MCB topology simulated in MATLAB(Simulink). Fig.5.shows simulation of three-level charger. The
result shows of charging battery. Maximum capacity of battery is 5.4 Ah and rated capacity is used is 50.4 Ah.
Simulation result shows that SOC (state of charge) changed from 50% to 50.2%, current changed from 0 A to
120 A and voltage changed from 413 Vto 415 V.

V.CONCLUSION

Literature review shows that MCB topology is best in unidirectional SST topologies. This topology implements
the fast charger due to its high-power density, high efficiency, low number of switches, and anticipated high
reliability.Here, ISOP connection used as input side is connected in series and output connected in parallel. All
modulesshareinput voltage and outputcurrent equally by each module. From this topology, the extremely fast
charger made by using XFC technology. The output voltage is up to 416 V so this charger considered as Three
level charger.

REFERANCES

[1] B. Nykvist and M. Nilsson, “Rapidly falling costs of battery packs for electric vehicles,” Nature Climate
Change, vol. 5, no. 4, p. 329, 2015.

[2] Z.P. Cano et al., “Batteries and fuel cells for emerging electric vehicle markets,” Nature Energy, vol. 3, no.
4,p.279,2018.

[3] IEA. Global EV Outlook 2019. Accessed: Nov. 15, 2019. [Online]. Available:
https://www.iea.org/publications/reports/ globalevoutlook2019/

[4] S. Manzetti and F. Mariasiu, “Electric vehicle battery technologies: From present state to future systems,”
Renew. Sustain. Energy Rev., vol. 51, pp. 1004-1012, Nov. 2015.

[5] Akhil Garg;FangyuanChen;Jian Zhang, “State-of-the-art of designs studies for batteries packs of electric
vehicles”IET International Conference on Intelligent and Connected Vehicles (ICV 2016)

[6] Hao Tu;HaoFeng;SrdjanSrdic;Srdjan Lukic, “Extreme Fast Charging of Electric Vehicles: A Technology
Overview”IEEE Transactions on Transportation Electrification,Year: 2019, Volume5.

[7] Kolar and G. Ortiz, “Solid-State-Transformers: Key Components of Future Traction and Smart Grid
Systems,” in Proc. Int. Power Electron. Conf. (ECCE Asia), Hiroshima, 2014.

IJAREEIE © 2022 | AnISO 9001:2008 Certified Journal | 2828


http://www.ijareeie.com/

International Journal of Advanced Research in Electrical, Electronics and Instrumentation Engineering (IJJAREEIE)

| e-ISSN: 2278 — 8875, p-ISSN: 2320 — 3765| www.ijareeie.com | Impact Factor: 8.18|

[[Volume 11, Issue 7, July 2022||

[DOI:10.15662/1IJAREEIE.2022.1107032 |

[8]1 W. van der Merwe and T. Mouton, “Solid-State Transformer Topology Selection,” in Proc. IEEE Int. Conf.
on Ind. Technology (ICIT), Gippsland, Australia, Feb. 2009, pp. 1-6.

[9] Othmund, G. Ortiz, J. W. Kolar, "SiC-based unidirectional solid-state transformer concepts for directly
interfacing 400V DC to Medium-Voltage AC distribution systems," in 2014 IEEE 36th International
Telecommunications Energy Conference (INTELEC), pp. 1-9, Sept. 28— Oct. 2, 2014.

[10] Srdic, C. Zhang, X. Liang, W. Yu and S. Lukic, "A SiC-based power converter module for medium-voltage
fast charger for plug-in electric vehicles," 2016 IEEE Applied Power Electronics Conference and
Exposition (APEC), pp. 2714-2719, 20-24 Mar. 2016.

[11]M. Glinka, R. Marquardt, "A new AC/AC-multilevel converter family applied to a single-phase converter,"
in The Fifth International Conference on Power Electronics and Drive Systems, PEDS 2003., vol.

[12]Jih-Sheng Lai; A. Maitra, A. Mansoor, F. Goodman, "Multilevel intelligent universal transformer for
medium voltage applications," in Industry Applications Conference, 2005. Fourteenth IAS Annual Meeting.
Conference Record of the 2005, vol. 3, pp. 1893—1899, 2—6 Oct. 2005

[13]W. van der Merwe, T. Mouton, "Solid-state transformer topology selection," in IEEE International
Conference on Industrial Technology, ICIT 2009., pp. 1-6, 10—13 Feb. 2009.

[14]R. Marquardt, "Modular Multilevel Converter: A universal concept for HVDC-Networks and extended DC-
Bus-applications," in 2010 International Power Electronics Conference (IPEC), pp. 502-507, 21-24 June
2010

[15]Falcones, Xiaolin Mao; R. Ayyanar, "Topology comparison for Solid State Transformer implementation,"
in 2010 IEEE Power and Energy Society General Meeting, pp. 1-8, 25-29 July 2010.

[16]S. Bhattacharya, Tiefu Zhao, Gangyao Wang, S. Dutta, SeunghunBaek, Yu Du, B. Parkhideh, Xiaohu
Zhou, A. Q. Huang, "Design and development of Generation-I silicon based Solid State Transformer," in
2010 Twenty-Fifth Annual IEEE Applied Power Electronics Conference and Exposition (APEC), pp. 1666—
1673, 21-25 Feb. 2010.

[17]Xu She, A. Q. Huang, R. Burgos, "Review of Solid-State Transformer Technologies and Their Application
in Power Distribution Systems," IEEE Journal of Emerging and Selected Topics in Power Electronics, vol.
1, no. 3, pp. 186-198, Sept. 2013.

[18] W. van der Merwe and T. Mouton, “Solid-State Transformer Topology Selection,” in Proc. IEEE Int. Conf.
on Ind. Technology (ICIT), Gippsland, Australia, Feb. 2009, pp. 1-6.

[19]E. Solas, G. Abad, J. A. Barrena, S. Aurtenetxea, A. Carcar, and L. Zajac, “Modular Multilevel Converter
with Different Submodule Concepts-Part I: Capacitor voltage balancing method,” IEEE Trans. Ind.
Electron., vol. 60, no. 10, pp. 45254535, 2013

[20]E. Soman, R. Krishna, M. Leijon, K. Vikram, S. K. Kottayil, L. A. Vitoi, J. G. Oliveira, and S. S. Kumar,
"Discontinuous conduction mode of a three-level boost DCDC converter and its merits and limits for
voltage cross regulation applications,” in proc. of IEEE Annual Conference of the [EEE Industrial
Electronics Society (IECON), pp. 4268-4272, November 2014

[21].elanovic and D. Boroyevich, “A comprehensive study of neutralpoint voltage balancing problem in three-
level neutral-point-clamped voltage source PWM inverters,” IEEE Trans. Power Electron., vol. 15, no. 2,
pp- 242-249, Mar. 2000

[22]117.Jose C Rodriguez, Jih-Sheng Lai, Fang ZhcngPeng, "Multilcvel inverters: a survey of topologies,
controls, and applications", IEEE Trans. Ind. Elcctr., vol. 49, pp 724-738, Aug. 2002.

IJAREEIE © 2022 | AnISO 9001:2008 Certified Journal | 2829


http://www.ijareeie.com/

[NTERNAT]ONAL
STANDARD
SERL!L

INNO ‘ SPACE sref ' NUMBER

SJIF Scientific Journal Impact Factor c ros INDIA

Impact Factor: 8.18

NISCAIR

International Journal
of Advanced Research

in Electrical, Electronics and Instrumentation Engineering

@ 9940 572 462 (@ 6381907 438 3 ijareeie@ymail.com |

WWWW. iiarEEie.cum Scan to save the contact details



