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Due to limitations on energy storage capacity and charging problems, Electric vehicles (EVs) have not received full acceptance by customers. Dynamic Wireless Power Transfer (DWPT) has been widely studied as a promising disruptive technology, that could solve some of these issues. Indeed, it represents an attractive alternative, bringing safety and convenience, allowing EV charging on the move. To ensure the efficiency of a DWPT system, it is necessary to supply a single primary coil when it faces the vehicle, instead of the whole track, making it possible to attenuate the problems of radiated emission as well as electrical losses. In this article, the authors present an innovative sequencing technique, allowing to reduce the constraints on the system. Simulations and experimental tests were carried out to validate the proposed study.

I. INTRODUCTION

Because of global warming concerns, it is envisaged to drastically reduce the use of nonrenewable fossil energy. To attain this goal, the electrification of transportation systems has been carried out for many years. However, Electric Vehicles (EVs) have several limitations, particularly the autonomy of the embedded battery: their ability to travel only over limited distances, costliness, and long charging time. In order to promote EV affordability, major improvements are required, particularly in terms of cost, size, and battery weight [START_REF] Vu | Operation of Inductive Charging Systems under Misalignment Conditions: A Review for Electric Vehicles[END_REF]. The average range of electric cars currently on the market varies from 150 to 400 km [START_REF] Sanguesa | A review on electric vehicles: Technologies and challenges[END_REF]. Which is very far from the autonomy of thermal vehicles which can travel more than 1000 km [START_REF] Kadem | Optimal Coupler Topology for Dynamic Wireless Power Transfer for Electric Vehicle[END_REF].

Different solutions have been presented in the past, for example, to increase the capacity of the batteries [START_REF] Coca | Wireless Power Transfer Fundamentals and Technologies[END_REF] or increase power levels to reduce charging time. Dynamic Wireless Power Transfer (DWPT) can be an alternative to improve the autonomy of EVs [START_REF] Boys | Stability and control of inductively coupled power transfer systems[END_REF], [START_REF] Covic | Electric Vehicles -Personal transportation for the future[END_REF], and [START_REF] Budhia | A new IPT magnetic coupler for electric vehicle charging systems[END_REF], these systems permit charging EVs while driving, providing unlimited autonomy, eliminating stationary charging time, and lowering battery dependency [START_REF] Budhia | Development of a Single-Sided FluxMagnetic Coupler for Electric Vehicle IPT Charging Systems[END_REF], [START_REF] Budhia | Design and optimization of circular magnetic structures for lumped inductive power transfer systems[END_REF]. Multiple transmitters are required to achieve DWPT. The configuration using several small coils is chosen because it allows the coil facing the vehicle to be the only powered one. Indeed, to ensure good efficiency of such a system, the supply of a single primary coil when it faces the vehicle instead of the entire track makes it possible to attenuate problems of radiated emission as well as electrical losses.

Different solutions [10] [11] exist to detect the position of the vehicle using additional hardware such as additional coils which adds cost and complexity to the system design [START_REF] Kamineni | Interoperable EV detection for dynamic wireless charging with existing hardware and free resonance[END_REF]. Ideally, these additional systems should be minimized to ensure a cheap and robust buried system.

In this paper, the authors will present an innovative sequencing technique for selecting and activating the primary coil, allowing to reduce the constraints on the system, taking into account the secondary part motion and its misalignment.

To ensure proper operation, it is necessary to detect the presence of the vehicle, to switch-on its power supply, and also to ensure the sequencing of the coils on the ground. A first study making it possible to detect the presence of the vehicle was presented in [START_REF] Kadem | Sensorless vehicle detection for dynamic wireless power transfer[END_REF]. In the present paper, that work is continued by managing the switching between the different coils on the ground, ensuring the activation of the only coil which is in front of the secondary coil (in the vehicle), and therefore the deactivation of the other coils of the track.

The validity of the proposed approach is demonstrated using finite elements calculations based on Comsol software and on a DWPT test bench designed and available at VEDECOM Institute.

II. DYNAMIC WIRELESS POWER TRANSFER

A. General Description

The DWPT solution explored in this study relies on the magnetic resonant coupling between the primary ground coil and the secondary vehicle coil. A typical WPT charging system scheme for EVs is reported in Figure 1.

Efficient Sequencing Method Of Ground Coils

For Dynamic Wireless Power Transfer The power of the Alternative Current (AC) grid is firstly converted to Direct Current (DC) using an AC/DC rectifier. Then, the obtained DC power is converted into high-frequency AC power to feed the transmitting coil. The compensation network reduces the reactive power operating at the resonance frequency [START_REF] Kabbara | A Control Strategy to Avoid Drop and Inrush Currents during Transient Phases in a Multi-Transmitters DIPT System[END_REF]. Indeed, the high positive reactive powers due to the leakage inductances at the two sides of the coils are compensated by capacitors to improve the power transfer capability and efficiency. Typically, there are four basic topologies of Resonant Inductive Power Transfer system, labeled as SS (Series-Series), SP (Series-Parallel), PS (Parallel -Series), and PP (Parallel-Parallel) [START_REF] Ibrahim | Wireless Inductive Charging for Electrical Vehicles: Electromagnetic Modelling and Interoperability Analysis[END_REF]. Secondly, the highfrequency current in the primary coil generates an alternating magnetic field, inducing an AC voltage at the receiving coil port. The obtained AC transferred power is rectified and transferred to a DC/DC converter to charge the EV battery. Figure 2 shows a description of a DWPT system, with the primary and secondary coils (coupler). 

B. Studied DWPT System

The studied system during these research activities concerns a DWPT designed for a rated power of 3 kW. It feeds a RENAULT Twizy car. The system is shown in Figure 4. This WPT system is defined as WPT1-Z1 class according to standards like the J2954 [START_REF] Sae | Wireless Power Transfer for Light-Duty Plug-In/Electric Vehicles and Alignment Methodology[END_REF], the IEC 61980 [START_REF]Electric vehicle wireless power transfer (WPT) systems -Part 1: General requirements[END_REF], ISO 19363 [START_REF]Electrically propelled road vehicles -Magnetic field wireless power transfer -Safety and interoperability requirements[END_REF], and even the IEC 63243 [START_REF]Interoperability and safety of dynamic wireless power transfer (WPT) for electric vehicles[END_REF] (standard concerning the DWPT which is being drafted). The WPT1-Z1 class corresponding to a power level lower than 3.7 kVA, and a coil airgap lower than 150 mm.

The power track is composed of several aligned coils and it has a secondary coil embedded in the vehicle, as seen in Figure 2. The configuration using several small coils is chosen to avoid the electromagnetic radiation outside the vehicle cover, hence only one coil is activated at each time. Therefore, this system is completely adapted for an urban environment. Each coil has its own electronic device which includes: the power electronics module inverter, the communication circuits, current sensor, and the digital signal processor. All the electronic devices are supplied by only one DC power source and they can communicate with each other to exchange data information like its current value and status. The electronic module is the intelligent part of the system. It is responsible for supplying energy to the coils at the correct frequency using the inverter. Moreover, the electronic module performs the reading of the current values and the communication and state control of the neighboring electronic devices.

Figure 3 shows a picture of the presented DWPT system. [START_REF] Debbou | Wireless inductive power transfer: Design and control for an optimal operation[END_REF] The main specifications of the charging system are summarized in the following Table I. Figure 4 shows a picture of the used pad (the pad is made of a coil and a ferrite plate), there can be noticed a coil of 6 turns (3 turns in two layers) made of Litz wire, as well as a rectangular plate of ferrite. In this paper, the rectangular shape of the coil was chosen because it has been proven in [START_REF] Kadem | Optimal Coupler Topology for Dynamic Wireless Power Transfer for Electric Vehicle[END_REF] that the rectangular shape is the best suited for dynamic charging and gives the best coupling coefficient between the primary and the secondary, particularly during displacement and misalignment (compared to double D Bipolar and Circular coils).

III. COIL SEQUENCING

The general architecture of an electrical track is represented in Figure 6. A common DC bus makes it possible to supply the successive coils designated by N-2, N-1, N, N+1, and N+2 through a series of inverters. We can also see in this figure the receiver coil and the secondary rectifier. The direction of movement of the secondary coil is indicated by a blue arrow. Various works were carried out to obtain the sequencing of the supply of the coils. Most of them (see [START_REF] Hwang | An autonomous coil alignment system for the dynamic wireless charging of electric vehicles to minimize lateral misalignment[END_REF], [START_REF] Patil | A Coil Detection System for Dynamic Wireless Charging of Electric Vehicle[END_REF], and [START_REF] Ryu | Wireless power transfer for high-precision position detection of railroad vehicles[END_REF] require the inclusion of additional sensors, located at each coil on the ground.

In this article, the authors use another method to generate the sequencing of the ground coils. This method has the important advantage of not requiring additional sensors.

In the first step, it is considered the case where the vehicle is above the N coil, which is transmitting, and all the other coils are in open circuit. This is performed through a simulation using the COMSOL software. Only coil N is supplied with a current of I1max = 60 A. Coils N-2, N-1, N+1, and N+2 are in open circuit state. The secondary current is I2max = 60 A. In the simulation, the secondary coil (the vehicle) moves from the coaxial position with the coil N (position = 0 mm) to a position of 234 mm which corresponds to the position for which the receiver coil is exactly halfway between adjacent coils N and N+1. It is from this position that the power supply from coil N to coil N+1 must be switched to ensure correct sequencing.

Table III shows the peak voltages obtained at the terminals of coils N-2, N-1, N+1, and N+2 as a function of the displacement of the secondary. We can notice that at the initial position, there are voltages on all the coils of the track. These voltages are induced by the magnetic fields generated by the currents flowing through the primary and the secondary.

It is also noted that at the initial position the voltages VN-1 and VN+1 are identical. This is explained by the fact that these two coils receive the same magnetic radiation.

As the secondary moves with respect to the electric track, the voltages induced on coils N+1 and N+2 increase, this is due to the proximity of these coils to the secondary through which a current flows.

We can also see that the peak voltage across coil N+1 exceeds 550 V when the secondary is at the 234 mm position. If the switch enabling the transmitter to be powered up is located between the inverter and the resonant circuit, the latter must be sized to withstand this voltage, which corresponds to a significant sizing factor for this element. It must also be bidirectional while running, which adds to the difficulty of carrying it out. If, on the other hand, each transmitter is associated with an inverter, then the power switch on each transmitter can be placed between the general DC power bus and the DC bus of the inverter. In this case, it can be unidirectional in current. However, the transistors of the inverter must then withstand the peak voltage at the terminals of the coil and must therefore be oversized in voltage.

For example, in our experimental device, the reference PSMN5R6-100PS MOSFETs was used, which has a maximum voltage withstand of 100V [START_REF]PSMN5R6-100PS DATA sheet[END_REF] for a DC bus regulated at 60V. We therefore see very clearly that this maximum voltage is greatly exceeded and that this mode of operation of the track is not viable in this configuration.

This study thus demonstrates that it is difficult to envisage leaving all the coils on the ground in open circuit, because of the high voltages that the power electronics components will have to withstand in this configuration.

The new technique developed in this article consists in imposing conduction on two of the transistors located at the same level of the H bridge constituting the inverter (the two bottom transistors for example) supplying the coils N-1 and N+1 adjacent to coil N transmitting power. The transmitter circuit formed by the coil and the resonance capacitor is then short-circuited; in what follows, we will use the term "transmitter in short circuit" to characterize this mode of operation.

Figure 8 illustrates the electric track behavior when a DWPT equipped vehicle is on the road and faces road integrated coils. The short-circuit of the adjacent emitters N-1 and N+1 makes it possible, among other things, to limit the voltages induced in the adjacent coils by coil N and the secondary coil. This induction occurs during the transfer of power because these adjacent coils receive a significant amount of induction.

Table IV shows the four states of the modules of the operating mode. 

STATE DESCRIPTION

OFF

The inverter has all switches open SC The inverter is short-circuited

ON The inverter supplies its corresponding coil PROTECTION

There is an error in the system (overcurrent, etc) Short-circuiting N-1 and N+1 coils has another advantage: it allows the sequencing of the ground coils. Indeed, it has been noted that during the movement of the vehicle and at the moment when the latter is between the two coils N and N+1, the currents flowing through these two coils were equal. It is therefore sufficient to compare these two currents to deduce the position of the vehicle therefrom, and thus switch the transmitter coil at the appropriate moment. The solution proposed here makes it possible to "bypass" the problem of the high voltages appearing at the terminals of the coils N-1 and N+1.

IV. EXPERIMENTAL VALIDATION Measurements took place in the laboratory of VEDECOM Institute for the experimental validation of the numerical simulation results. These measurements were carried out for the two previously seen architectures of the track. Figure 10 shows a segment of electric track composed of 5 coils denoted in the figure as N-2, N-1, N, N+1, N+2, and a secondary coil connected to a robot arm making it possible to simulate vehicle movement. Due to the low power available on the test bench, the measurements were carried out at a power equal to 1 kW during this validation phase. This power does not change the approach adopted because what interests us in this part is not to check the values of the currents and voltages in and at the terminals of the different coils but the operation of the method.

In this test, the secondary moves from the position coaxial with coil N (displacement = 0 mm) to the position halfway between the two coils N and N+1 (displacement = 234 mm). It can be noted that at the coaxial position (displacement = 0 mm) the values of the currents In-1 and In+1 are equal. This is due to the symmetry of the track with a secondary located in the middle of this track and therefore at equal distances with respect to coils N-2, N-1, N+1, and N+2. When the secondary is halfway between coil N and N+1, the current of these two coils are almost the same, a simple current measurement therefore makes it possible to estimate the position of the vehicle and therefore to trigger the selected coil power supply N+1.

However, there is a disadvantage revealed by this study, putting the N+1 coil in short circuit has certainly made it possible to avoid having to manage a high voltage at the terminal of this N+1 coil, but the fact that it is flowed by a current has "shifted" the problem and we end up with tensions (certainly less important) on the coil N+2. One possible solution is presented in the patent [START_REF] Mohamed | Inductive charging track for electrified vehicles and dynamic charging system incorporating same[END_REF], where the authors proposed to overlap the coils on the ground in such a way as to eliminate the mutual inductance between them.

V. CONCLUSION AND FUTURE WORKS

In a dynamic wireless power transfer system, powering the coils of the electric track on the ground in the absence of the vehicle not only causes energy losses but can also cause problems related to the electromagnetic radiation of the track. In other terms, in the dynamic behavior, when the vehicle is moving, the system has to switch the states of the modules to follow the position of the EV Coil.

In this paper, a new method for accurate sequencing of ground coils as the vehicle drives over them is proposed. This method only uses already present components and does not need any extra sensors. It makes it possible to reduce the voltage constraints by putting the adjacent coils to the transmitter coil in short circuit mode, therefore there is no need to protect the inverter against these voltages.

To track the EV Coil, the induced current flowing in the short-circuited coils is measured. When the EV Coil is exactly between the N and N+1 coils, the switching time is deduced by comparing the amplitude of the induced current in the N+1 coil with the current in the N coil.

Simulation results of a vehicle moving over a five coils track are presented showing the ground pads currents and voltages as the vehicle coil moves. It is possible to reduce the voltage The sequencing method was also implemented successfully on an experimental system with an output power of 1 kW.
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 1 Figure 1: Typical WPT charging system for EVs
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 2 Figure 2: Dynamic induction charging of an electric vehicle[START_REF] Kadem | Sensorless vehicle detection for dynamic wireless power transfer[END_REF] 
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 3 FIGURE 3: VEDECOM DWPT CHARGING SYSTEM TEST BENCH[START_REF] Debbou | Wireless inductive power transfer: Design and control for an optimal operation[END_REF] 
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 4 Figure4: Picture of a coil from DWPT system[START_REF] Kadem | an efficient method for dimensioning magnetic shielding for an induction electric vehicle charging system[END_REF] 
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 5 Figure 5 and Table II illustrate the external dimensions of the magnetic coupler and its materials. the use in the modeling of a uniform distribution of the current density in the conductors is allowed by the fact that the cables are made from Litz wires.
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 5 Figure 5: Coupler dimensions
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 6 Figure 6: General architecture of a DWPT electrical track
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 7 Figure 7: Coils and states of the track (open circuit case)
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 8 Figure 8: Track states and behavior
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 9 Figure9shows a diagram representing the different coils of the electric road as well as their states.
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 9 Figure 9 Coils and states of the track (Short-Circuit case).

Figure 10 :

 10 Figure 10: Experimental validation at Vedecom laboratory.

Table I :

 I Main specification of Vedecom DWPT system

	Parameter	Value
	TRANSFERRED POWER	2.5 KW
	DC INPUT VOLTAGE	60 V
	COUPLING COEFFICIENT	FROM 0.1 TO 0.3
	TURNS NUMBER	6
	PRIMARY AND SECONDARY INDUCTANCES	63 µH
	PRIMARY AND SECONDARY RESONANT CAPACITOR	56 NF
	SWITCHING FREQUENCY	81.38 TO 90.00 KHZ
	SYSTEM EFFICIENCY	92 %

Table II :

 II COUPLER DIMENSIONS

	Parameters	Values
	AIR GAP (A)	150 MM
	FERRITE THICKNESS (DEPTF)	10 MM
	COIL THICKNESS (DEPC)	13 MM
	FERRITE LENGTH (LF)	600 MM
	FERRITE WIDTH (WF)	500 MM
	COIL EXTERNAL LENGTH (LOU)	468 MM
	COIL INTERNAL LENGTH (LIN)	442 MM
	WIRE TYPE	LITZ
	FERRITES MATERIAL	N27

Table III :

 III Peak voltages at the coil terminals (open circuit case)

	DISPLACEMENT	VN+1 (V)	VN-1 (V)	VN+2 (V)	VN-2 (V)
	0 MM	194	194	4,1	4,1
	78 MM	280	168	1	7,2
	156 MM	417	169	3,7	9,6
	234 MM	559	174	9	11,5

Table IV :

 IV States of the modules of the operating mode.

  Table V shows the peak values of currents IN, IN+1 as well as the peak value of voltage VN+2 measured for the two previous positions.

Table V :

 V Experimental results

		DISPLACEMENT	
	PARAMETER		
		0 mm	234 mm
	I N	18.2 A	
	I N+1	5 A	16.8 A
	V N+2	10 V	83.5 V