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Abstract

:

As fuel consumption in the transport sector has increased at a faster pace than in other sectors, the use of electromobility represents the main strategy adopted by the automotive industry. In this context, as the number of electrical vehicles (EVs) will increase, it will also be necessary to increase the number of charging stations. The present paper presents a complete solution for charging stations that can be located in the office or mall parking area. This solution includes a mode 3 AC charging stations of International Electrotechnical Commission (IEC) 61851-1 Standard, an EV simulator for testing the good functionality of the charging stations (i.e., communications, residual-current device (RCD) protection) and a software application used for controlling the charging process by the programmable logic controller (PLC).
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1. Introduction


Romania, as a signatory country of the Paris Agreement [1], has committed to reducing greenhouse gas emissions by 43% by 2030 compared to 2005 and to participate in the European Union’s efforts to reduce greenhouse gas emissions by 30% by 2030.



In Reference [2], the authors depicted that the charging time is one of the main challenges that the electrical vehicle (EV) industry is facing. Generally, the EV charging levels are classified according to their power charging rates [3]. Overnight charging takes place in level I, as the EVs are plugged to a convenient power outlet (120 V) for slow charging (1.5–2.5 kW) over long hours. The main concern of level-I is the long charging time, which renders this charging level unsuitable for long driving cycles when more than one charging operation is needed. Moreover, from the electrical grid operation point of view, the long charging hours at night overloads the distribution transformers as they are not allowed to rest in a grid system with a high number of connected EVs [4]. Level-II charging requires a 240 V outlet; thus, it is characteristically used as the prime charging means for public and private facilities. This charging level is capable of supplying power in the range of 4–6.6 kW over a period of 3–6 h in order to restock the depleted EV batteries. The time required is still the main drawback in this charging level. Additionally, voltage sags and high-power losses in an electrical grid system with a high penetration of level II charging are some of the facing challenges for its widespread. Control and coordination in level II would reduce the negative impacts of level-II charging [5]; however, this requires an extensive communication system to be adopted. In general, both levels I and II require single-phase power sources with onboard vehicle chargers. On the contrary, three-phase power systems are used with off-board chargers for level III fast charging rates (50–75 kW). The use of fast charging stations significantly reduces the EV charging time for a complete charging cycle. Additionally, widespread deployment of fast EV charging stations across the urban and the residential areas would eliminate the EV range anxiety concern [6,7]. However, the high-power charging rates are essential over a short interval of time for level-III charging which imposes a very high demand on the utility grid [8,9]. The current grid infrastructure is not capable of supporting the desired high charging rates of level-III. Thus, accomplishing fast charging rates while solely depending on the electrical grid does require not only the improvement of the charging system but also the improvement of the electrical grid capacity. Additionally, drawing large amounts of current from the electrical grid will increase the utility charges, especially at the peak hours and, consequently, will increase the system cost. The impact of an EV charging station load on the electric grid systems is thoroughly discussed in Reference [10].



Romania, according to European Commission (EC) Directives 2016/30 November 2016 [11,12,13], has as strategic objective the clean energy [14,15]. Recently, the interest in producing electrical energy by using renewable sources is growing up. As conventional power generation sources, the wind energy is now a real competitive alternative [16]. If the renewable energy is used for charging electrical vehicles (EVs), then we can consider these vehicles with zero emissions [17]. In this context, as the number of electrical vehicles (EVs) will increase, it will also be necessary to increase the number of the charging stations which will have a negative impact on the power quality of the power network (Overvoltage, Voltage Sag) [18,19,20,21,22]. But, with the increase in the number of charging stations installed, the problem will be to carry out their maintenance. In this paper, a proposed EV simulator and a complete solution for charging stations (also called EVSE—electric vehicle supply equipment), that can be located in the office or mall parking area, are presented. The EV simulator can be a useful tool for those who do maintenance at the charging stations, as it can simulate all the cases in which an EV can be found, thus verifying the good functioning of the EVSE. The solution proposed in this paper can be implemented in the office or mall parking area, where the customers have the benefit of being able to charge their EVs for free. It is necessary to implement an efficient solution by which the customers are offered the certainty that their EV will not be disconnected from the charging station by an unauthorized person.



The originality of this paper is based on the specialized literature according to State of The Art, the originality of the research presented in the article consists in the development of an EV simulator for charging stations in mode 3, which helps the companies dedicated to the maintenance of the charging stations [22,23,24]. The innovation is given by the fact that the programmable logic controller (PLC) and human-machine interface (HMI) charging station control solution allows users to load EVs without the need for an radio-frequency identification (RFID) card, using a unique user-selected code that provides security during charging.



The unidirectional communication is achieved using the PWM (Pulse Width Modulation) signal with 1 KHz values [25,26]. The duty cycle of the PWM signal is closely related to the consumption of predefined current, which should not be exceeded. By modelling the PWM signal, the maximum current consumed by the EV can become restricted [17,18,19]. Knowing the number of phases used, the maximum permissible power can be calculated. Thus, using the PWM signal the load power can be controlled.



In the European Union and other countries that accept the standard International Electrotechnical Commission (IEC) 61851-1, it is used for charging stations. The standard is intended for defining general requirements for charging stations [20,21,22], used together with other standards (Ex. IEC 61851-22). The purpose of IEC 61851-1 is to cover EV charging equipment by providing AC power. This standard defines the input voltage limit at 1000 V.



This research tries to present a series of optimal solutions regarding the use and maintenance of charging stations. The present research represents an intermediate phase that is part of a complex research project [13]. The main objectives are the implementation of advanced theoretical and technological solutions to ensure some charging stations, fixed and mobile, for electric vehicles (EV) and hybrid electric vehicles plug-in (PHEV). In this context, this work represents a starting point for the development of fixed charging station in mode 3, according IEC 61851-1 Standard [24,25,26].




2. IEC 61851-1 Standard


The IEC 61851-1 is an international standard where the general requirements for EVs conductive charging systems are presented.



2.1. EV Charging Modes Defined in IEC 61851-1 Standard


According to IEC 61851-1 standard, the charging of electrical vehicles can be done in four ways (illustrated in Figure 1), as following:




	
Mode 1 is the simplest solution for charging EV. In this case the EV is connected to the residences standard socket outlets but must have a circuit breaker for overload and earth leakage protections. In this mode the charging is realized without communication and it is rated up to 16 A.



	
Mode 2 where the EV is connected to the domestic power grid via a particular cable with in-cable or in-plug control pilot and a protection device. The current must not exceed 32 A.



	
Mode 3 where the EV is connected via specific socket on a dedicated charging station that has permanently installed the control and the protection functions. The rated charging current is up to 3 × 63 A.



	
Mode 4, where the EV is fast charging in direct current (DC).









2.2. Charging Station in Mode 3 According to IEC 61851-1 Standard


For charging EV in AC, the most used solution is mode 3 because it fully guarantees the safety of people. The station has a charging controller that, via a control pilot, can communicate with vehicle and checks (before starting charging process) the following:




	
If the EV is correctly connected to the station;



	
The maximum current capability of the cable assembly coded by a resistor. If the current is higher than this value, then the electric vehicle supply equipment (EVSE) interrupts the current supply. Most EVs are equipped with two cables one for slow charge (Mode 1) and other for fast charge (Mode 3);



	
If the earthing system of the vehicle is connected correctly to EVSE.








The communication signal sent by the charging station to the EV on the control pilot and earth has a square wave shape of 1 kHz frequency and ±12.0–±0.4 V voltage range. The typically control pilot circuit according to IEC61851-1 is illustrated in Figure 2. The stage of charging cycle is identified by the station charger controller through positive voltage level of communication signal level, as follow:




	
Vehicle unconnected, when the positive level of communication signal is 12 V;



	
The cable assembly is plugged into both the EV and the EVSE, where the positive voltage level is 9 V;



	
Vehicle is ready to receive energy, when S2 (Figure 2) is closed by the vehicle and the positive voltage level is 6 V.








The EVSE can send information through the duty cycle of the communication signal to the EV about the maximum current supported by the cable used. Consequently, the EV battery management system interprets the Control Pilot signal to limit charge rate.





3. Experimental Arrangement


The proposed solution for the EV simulator, which permits simulation of a real electrical vehicle and a prototype of charging station in mode 3 according to IEC 61851-1 standard are presented in Figure 3. The experimental arrangement for these tests is illustrated in Figure 3a and the circuit diagram for charging station controlled by PLC is illustrated in Figure 3b. The dimensions of our Charging Station are 58 cm/28 cm/21 cm (L × W × H), the mass is 8 Kg and the power is 24 kW.



Because most public charging stations are equipped with a type 2 socket, the EV simulator is equipped with a specific charging EVs cable with type 2 connector. This makes it possible for the simulator to be connected to any station which is equipped with socket type 2. All stages of EV charging process from a station can be created using the proposed EV simulator. In addition, for employee-owned electric vehicles customers’ safety, the good working of station RCD protection has been implemented. To implement a complete solution for a charging station that can be placed in a mall or office parking, the authors choose the HMI-PLC system for station control. The EV Simulator is illustrated in Figure 3c.




4. Experimental Results


On the control pilot, the EVSE generates a 1 kHz square wave at ±12 volts in order to detect whether the EV is correctly plugged, to communicate the maximum power allowed by the cable and for charging begin/end process control initiated by the EV (see Figure 4a) or initiated by EVSE (see Figure 4b).



All charging stages can be generated by EVSE through the status of switch S1 (presented in Figure 2) and by EV simulator through the status of switches S2, S3 (presented in Figure 3c). These charging stages are detailed in Table 1.



Because the people safety in stations is very important, an RCD (residual current device) has been mounted. Of course, it must be periodically tested for the proper functionality of protection by the maintenance employer. The RCD protection of the EVSE is very easy to be tested using an EV simulator and the switches S4–S8 (see Figure 3c). The experimental results at different values of residual current are presented in Figure 5 and it is shown how the RCD tripping time is reduced as the residual current increases.



The charging stations can be installed in the office or mall parking area, where the customers have the benefit of being able to charge their EVs for free. The solution must offer customers the certainty that their EV will not be disconnected from the charging station by an unauthorized person. Usually, the customers must have an RFID card that will be used to control the beginning and the end of the charging processes. The proposed solution offers the same facility to the customers without any RFID card. To test the solution proposed by the authors for the charging station, a PLC has been used to control the implemented prototype. A friendly HMI connected with PLC has been implemented in order to be easily used by the customers. For example, when a customer plugs his EV in the charging station, he should wait the confirmation on HMI and, after that, he must introduce an identification code and press the START button. In this moment the locking system of the station socket will block the charging cable connector in the station socket, preventing the unauthorized disconnection of the EV from the charging station. This type of application can be simple extended for more than one station, all controlled by the same PLC and HMI. These stations can be in the office or mall parking area. Before starting the charging command, the user must choose in HMI the number of station and a unique identification code. When the user wants to command the end of charging, he must choose the number of station and to input the identification code. After the PLC recognizes the code, the charging process is interrupted and the cable connector is unlocked. So, the features of the PLC software are as follows:




	
The user can control the charging station via an easy HDMI interface;



	
All parameters from a three-phase energy meter device (model EEM-350-D-MCB from Phoenix Contact) through MODBUS protocol using RS485 interfaces can be read;



	
An identification code is used to recognize the authorized person which commands the starting and finishing of the charging process.








The programmable logic controller (PLC) type S7-1200 and a human-machine interface (HMI) type TP700 Comfort, both from Siemens, have been used but other types of PLC or HMI can be used in order to implement the proposed solution as well. A sequence of program (realized in the dedicated software Totally Integrated Automation Portal—TIA Portal, from Siemens) and the HMI screen are presented in Figure 6a,b: The sequence from the main program, presented in Figure 6a, confirms the communication between PLC and three phase energy meter device.



This research helps the developers of Charging Station as [23,24,25]:




	
This simulation is used to realize the periodic maintenance of Charging Station, from exploitation of the RCD relay;



	
Verifying a correct functioning of the station controller;



	
The solution for controlling the Charging Stations with PLC and HMI offers users the possibility to charge the EV without an RFID card, using a unique identification code chosen by driver [26].









5. Conclusions


An EV can be charged from an EVSE only if communication between these is established and both send a confirmation that they are ready for the charging process. Periodically all charging stations must verify the good functioning by the maintenance persons. In this paper, an EV simulator has been developed that is a useful tool for those who do maintenance at the charging stations. This equipment is capable as follows:




	
To create all charging stages for an EV to a charging station in mode 3 (EVSE) according to IEC 61851-1 standard and checks if the charging station works correctly;



	
Permits measuring the charging station tripping time by generating different values of residual current.








The authors also propose a solution that can be implemented in the office or mall parking area, where the customers have the benefit of being able to charge their EVs for free. The charging stations are controlled by a PLC-HMI system and the customers are offered the certainty that their EV will not be disconnected from the charging station by an unauthorized person. When a customer plugged his EV to the charging station before START charging, it is necessary to introduce an identification code in HMI. For STOP charging, unlock the cable connector and disconnect the EV from the charging station; the PLC checks whether it introduced the same unique identification code in order to validate these actions.
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Figure 1. Different charging methods defined in IEC 61851-1: (a) Mode 1; (b) Mode 2; (c) Mode 3; (d) Mode 4. 
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Figure 2. Typical control pilot circuit according to IEC61851-1. 
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Figure 3. Experimental arrangement: (a) Experimental setup; (b) electric vehicle supply equipment (EVSE) Circuit block diagram; (c) electrical vehicle (EV) Simulator. 
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Figure 4. Communication signals between EVSE and EV. Ch 1 – uCP and Ch 2 – iL1 (a) Control from EV; (b) Control from EVSE. 
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Figure 5. Residual current device (RCD) experimental tests; Ch 1 – uCP, Ch 2 – iRCD, Ch 3 – iL1: (a) iRCD = 30 mA; (b) iRCD = 35 mA; (c) iRCD = 60 mA; (d) iRCD = 150 mA. 






Figure 5. Residual current device (RCD) experimental tests; Ch 1 – uCP, Ch 2 – iRCD, Ch 3 – iL1: (a) iRCD = 30 mA; (b) iRCD = 35 mA; (c) iRCD = 60 mA; (d) iRCD = 150 mA.



[image: Energies 13 00176 g005]







[image: Energies 13 00176 g006 550] 





Figure 6. Software application: (a) programmable logic controller (PLC) software; (b) human-machine interface (HMI) screen. 






Figure 6. Software application: (a) programmable logic controller (PLC) software; (b) human-machine interface (HMI) screen.



[image: Energies 13 00176 g006]







[image: Table] 





Table 1. EV charging stages.






Table 1. EV charging stages.





	
Stage

	
Switches

	
Description of the Stage




	
S1 (Figure 2)

	
S2 (Figure 2 and Figure 3)

	
S3 (Figure 3)






	
Figure 4a. Charging begin/end regime controlled by the electrical vehicle




	
A

	
OFF

	
OFF

	
OFF

	
The vehicle is unconnected and the voltage measured by EVSE on pilot contact is +12 V DC




	
B

	
OFF

	
OFF

	
ON

	
EVSE is not ready. In this case the cable assemble is connected to EV and to the EVSE and the voltage measured by EVSE is +9 V DC.




	
C

	
ON

	
OFF

	
ON

	
EVSE is ready and at pilot contact is generated PWM signal (+9 V– −12 V).




	
D

	
ON

	
ON

	
ON

	
The vehicle is ready and charging process is active. In this case the positive voltage level of PWM signal is depending of R3 resistor value. If ventilation in charging area is not required, the R3 = 1.3 kΩ and the positive voltage value of PWM signal is 6 V (case illustrated in Figure 4a). If in the charging area the ventilation is required, the R3 = 270 Ω the positive voltage value of PWM signal is 3 V.




	
E

	
OFF

	
ON

	
ON

	
The vehicle is not ready and charging process is aborted.




	
F

	
OFF

	
OFF

	
ON

	
EVSE is not ready.




	
G

	
OFF

	
OFF

	
OFF

	
The vehicle is unconnected.




	
Figure 4b. Charging begin/end regime controlled by the station (EVSE)




	
A

	
OFF

	
OFF

	
OFF

	
The vehicle is unconnected and the voltage measured by EVSE on pilot contact is +12 V DC




	
B

	
OFF

	
OFF

	
ON

	
EVSE is not ready. In this case the cable assemble is connected to EV and to the EVSE and the voltage measured by EVSE is +9 V DC.




	
C

	
OFF

	
ON

	
ON

	
The vehicle is ready and at pilot contact is measured 6 V DC.




	
D

	
ON

	
ON

	
ON

	
The EVSE is ready and charging process is active. In this case at pilot contact is generated PWM signal.




	
E

	
OFF

	
ON

	
ON

	
The EVSE is not ready and charging process is aborted. In this case when S1 switches OFF the charging process continues for about 3 seconds




	
F

	
OFF

	
OFF

	
ON

	
EV is not ready.




	
G

	
OFF

	
OFF

	
OFF

	
The vehicle is unconnected.












© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).
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