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Author: Subodh Sarkar

B. Tech (Hons), 

Electronics & Electrical Communication Engineering,

Indian Institute of Technology, Kharagpur, India. 

Dear Readers, 

I am Subodh Sarkar, the author of this Electronics Product Design eBook. I am a Graduate Electronics Engineer from Indian Institute of Technology, Kharagpur, India having more than 45 years of Design Engineering experience in Electronics Products. I have worked in multi-discipline industries, and this has helped me to understand the design criteria of Electronics Products using advanced technology.

Electronics Product design requires a strong knowledge of both hardware and software in electronics, and it is to be blended with practical industrial experience. I wrote some eBooks and two of them are worth mentioning here. The first one is “Electric Vehicle Service Equipment – EVSE – Comprehensive Design Inputs of Level 1, 2 & 3 Chargers: Circuits, Design & Infrastructure of EVSE” which was published amazon.com. The second one is “Lithium-Ion Battery – the Power of Electric Vehicles: Basics, Design, charging technology & Battery Management Systems” which was published at smashwords.com. Both the eBooks were largely sold. 

The above eBooks were mainly knowledge-based types through which engineers can understand Electric Vehicle Charger technology and a good starting point for the engineers who are engaged in designing Electric Vehicle Chargers. But no electronics engineer will be able to build a marketable electric vehicle charger through these eBooks. 

Many young and experienced engineers requested me write eBooks through which an electronics engineer with moderate knowledge will be able to build a marketable world class EV Charger. After a span of 5 years, I decided to write some eBooks through which any electronics engineer will be able to build a marketable world class EV Charger without the help of anyone else. 

EV Charger technology is quite young and there are not much practical knowledge-based blogs or eBooks available till date. The technological field covered by EV Chargers are quite vast. There are many models of AC EV Chargers and DC EV Chargers available in the market. To cover all the models in one eBook is impossible and so I decided to write a series of 4 eBooks covering one Model in one eBook. The first eBook in the series is already published having a Title “Build Your Own EV Charger” has “Complete Design” of the most useful and popular model – Type 2 – 7.4kW – 230V AC – Single Phase - LED Display. 

This eBook is a practical eBook. You will be able to Build Your Own “Domestic EV Charger - Type 2 – 7.4kW – 230V AC – Single Phase-LCD Display with the help of this eBook only and you do not need to consult anyone else. This eBook has Complete Design Package with the most economical and popular Nextion 3.5” TFT LCD Display. The Display has added to the aesthetics and made the EV Charger most “User Friendly”.

This eBook has 7 (Seven) well explained Chapters, 19 Downloadable Resources Design Files, 71 Engineering Images, Downloadable Gerber Files for 6 PCB’s, Complete Bill of Materials, Complete Manufacturing Files for Model: EDP-O1B, Calibration & Test Procedures for the Model: EDP-01B.

I believe that whatever Design Input is required to build a “Domestic EV Charger - 7.4kW-230V AC - Single Phase - LCD Display” is covered in this eBook. However, you may have some questions after reading this eBook or you may require some technical or engineering help to solve some problems. In that case, please be rest assured that I am a professional designer and always ready to help my genuine customers through internet. You are welcome to contact the Author through the mail ID provided at the end of the eBook. and the Author will revert back within a reasonable time.

Thank you, readers. 

With regards, 

Subodh Sarkar 

B. Tech (Hons), IIT-KGP.

Author
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The information, techniques, tips, data, illustrations and technological inputs in this eBook are accurate and proven engineering knowledge that the author has carefully edited to make it one of the most useful and well documented eBooks on this subject.

Reasonable efforts are made to provide current and accurate information to the readers. The author is not legally responsible for any unintentional errors or omissions that may have been included either in Texts, Images, Data or Design Inputs. 
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​Chapter - 1: Electric Vehicle Charging Technology
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[before we enter engineering details of EV Charging, we should have a fair knowledge about EV Charging Technology and so this chapter is important for design engineers]

​1.1: Introduction: 
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The engineers who are engaged in EV Charger Design jobs should have a fair knowledge about ev charging technology. 

Electric vehicles are powered by an electric motor instead of a gasoline engine. Motors are run by Batteries. Electric-vehicle batteries are different from the gasoline-based automobiles which uses SLI Batteries (Starting, Lighting, and Ignition). The Electric Vehicle batteries are designed to give power over prolonged periods of time so that the vehicle can run a long distance without recharge. Deep-cycle high ampere-hour capacity batteries are used instead of SLI batteries for EV applications.

The battery in an electric vehicle must deliver power to drive the electric motor. Electric Vehicle batteries are a secondary (rechargeable) battery. Lithium-ion batteries are used in Electric Vehicles due to their high energy density, high power density, long lifespan and environmental friendliness. These batteries are excellent for energy storage solutions.

EV Charging technology is quite advanced as Electric Vehicle in the current form is quite new. This technology is basically used to charge Electric Vehicle Batteries. It’s highly important to take care of the Safety factors of Battery during charging as any irregularities can cause the batteries to catch fire. Lithium-ion battery cells combine a flammable electrolyte with significant stored energy, and if a lithium-ion battery cell creates more heat than it can effectively disperse, it can lead to a rapid uncontrolled release of heat energy, known as ‘thermal runaway’, that can result in a fire or explosion.

The EV Charging technology takes care of the safety of the Li-Ion Battery and provides safe & user-friendly charging of the EV Batteries. To understand it better, we have to understand the difference between “communication” and ‘controls’ in EV Charging. In EV Charging, the charger communicates some of its important parameters to the Electric Vehicle before and during the charging process. AC EV Charger never controls anything of the electric vehicle during charging.

Back to top
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​1.2: Let’s see how a 7.4kW AC Home EV Charger charges an electric vehicle?

Electric Vehicle Battery needs power to charge. There are two types of EV Chargers – AC & DC. Since a Battery can be charged only by DC Voltages, how the AC Chargers are going to charge the EV. To felicitate AC Charging, all Electric Vehicles has one On Board Charger and these are called OBC in short. These On-Board Chargers are ‘built-in’ in each Electric Vehicles. 

We’ll now look at Fig-1 to know the basic technology of AC Chargers.

[image: Fig-1.png]
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Let’s now look at the Fig-1 closely. It shows an electric vehicle which has a OBC – On Board Charger. This OBC converts AC Power to DC Power and delivers the DC Power to Battery Pack of the electric vehicle for charging. Each Battery Pack in electric vehicle has a BMS – Battery Management System which controls the charging. BMS ensures that the battery gets the right charging voltage within charging limits, and chargers have the correct technical specifications. Lithium-Ion battery requires a strict charge control to avoid overheating.

The capacity range of an electric vehicles (EV) onboard charger (OBC) is from 3.6 kW to 22 kW. The OBC's capacity determines the maximum charging rate when the vehicle is connected to an AC charger.

So, manufacturers are making electric vehicles having varied ranges power ratings for OBC and also EV Charger manufacturers have varied capacities of Chargers. 

So, where is the matching and how both EV & Charger capacity can be matched?

This matching is done by the Electric Vehicle through its BMS (Battery Management System) of the OBC. But, to do this accurately, EV must know the capacity of the Charger before the Charging cycle is initiated. It means EV has to communicate and talk to the Charger throughout the process of charging. Since both are machines, this communication is done by Standard Digital Technique. 

There are several powerful digital techniques available for this purpose like PWM (Pulse Width Modulation), CAN BUS or PLC (Power Line Communication) which are used for Machine-to-Machine communication.

AC Charging Standard Communication Protocol is PWM, Whereas CAN BUS & PLC is used for DC Chargers. 

The PWM Communication is called “Pilot Wire Communication”.

Let’s again look at Fig-1. To commence charging, the 7.4kW Home EV Charger will have to be connected to Electric Vehicle. The Charger has a Female Type 2 Connector which will be engaged to the Male Type 2 Socket at the Electric Vehicle. This Type 2 Socket has 7 Pins – Out of this 5 Pins are used for Single Phase Charging and all the 7 Pins are used for 3 Phase AC Charging.

When used in Single Phase Charging, 2 Pins are used to establish PWM Communication, 2 Pins are used to deliver AC Power to the vehicle OBC for charging and 1Pin is connected to common Earth. We’ll deal with the Pin Configurations in details shortly.

In case of AC charging, the Charger will communicate with the EV and when permitted by the EV, it will just deliver the required AC Power to the “On-Board Charger” of the EV. Charging start, charging operation and charging stop will be completely controlled by the EV. The Charger will not control anything of the “On-Board Charger” of EV. However, Charger can STOP Charging in case of any problem.

​Back to top

​1.3: Let’s find out Type 2 Connectors Pin-out & relevant details:

Type 2 Connector is exclusively used for AC Charging.

Type 2 Connector is a 7 Pin Connector. Male Socket will be built-in Electric Vehicle and Female Plug will be in the Charger with trailing cable (See Fig-2 & Fig-3).

[image: Fig-2.png]
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[image: Fig-3.png]

Fig-2 & 3 describes the function of each pin in Type 2 Connector.

Out of 7 Pins, 3 Pins – PP, PE & CP are used to establish digital communication between charger and EV and the other 4 Pins – N, L1, L2, L3 are used to transfer AC Charging power to the EV. In case of AC Single Phase Charging, N will be connected to Neutral & L1 has to be connected to Live of the 230V AC Supply. Remember, for Single Phase operation, N & L1 is to be used and L2 & L3 should never be used. PE is connected to panel earth and to GND (- common) of 12V SMPS or in other words PE acts as the reference pin for CP & PE.  The DC 12V SMPS supplies power to all cards.

Back to top

​1.4: Pilot Wire Communication Protocol:

The communication protocol is PWM signal generated by the EV Charger. 

Specification of the PWM:

(1) Frequency = 1kHz +/- 0.1%, +12V / -12V.

(2) Duty Cycle = Maximum Current Capacity ÷ 0.6 +/- 0.1%

(Example: In 7.4kW – Maximum Current = 32A,

So, 32 ÷ 0.6 = 53.3 %+/-0.1% will be Duty Cycle)

Note: In Domestic EV Charger – 7.4kW – 230V AC – Single Phase, a PWM Signal of +/-12V -Frequency = 1KHz – Duty Cycle = 53.3% is to be generated for Pilot Wire Communication.

Back to top

Fig-4 shows the States of charging which
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Download Fig-11 for a Print-out

Block (4B): Nextion Display - Model: NX4832F035 – Nextion 3.5 inch Discovery Series HMI Touch Display. This display is economical and has extremely low power consumption. We have attached a .tft file for this display. 
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	Go to https://ai2.appinventor.mit.edu/ in your web browser

	If you're not signed in to your Google Account, you'll be asked to sign in
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	One fully populated and soldered with all components Mother Board.

	One fully populated Nextion Driver Type 2 Card 

	One fully populated RFID Card - EDP-01B with RC522 soldered.

	One finished & tested EV Charger Simulator Card.

	2 SPST Toggle Switches – S1 & S3


	One SMPS – 12V / 1A (1A is the minimum requirement, higher amperage will also do))

	One 230V AC Power Source

	2- 12” long 8 way white flat cable with both ends crimped with 8 Pin Female IDC Sockets.

	A coded “Smart Card” (Pass) to access the RFID Card.

	Few jumper connecting wires and 2 Nos. 2 Pin Mini Jumpers.



	6 Test Pins – P1, P2, P3, GND, PE & CP

	+5V at U8 output pin.

	Jumper J2 & J3 







	Connect SMPS Output +12V & GND to Z-2 (4,5) as shown with correct polarity. Do not connect UPS or any other pin of Z-2 now. SMPS – 230V AC input should have a toggle switch S3 to Power ON. Be sure that J3 is closed. Keep S3 OFF now. 


	Connect a tested EV Charger Simulator Card. PE to PE and CP via a toggle switch S1. Keep S1 & S2 OFF now.


	Connect RFID Card to Z-4. Keep a coded Access Smart Card ready.


	Connect Nextion Driver Type 2 Card to Z-5. Be sure to keep J2. open.
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