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Abstract 

In recent years, with the rapid development of the new energy vehicle industry, the 
related charging issues have become the current research focus. Aiming at the influence 
of the change of coil spacing and the change of coil eccentricity on the charging efficiency 
of new energy vehicle wireless charging. In this paper, a coil position calibration system 
is designed based on THE WIRELESS charging topology structure of SSC, so that the 
center of the transmitting end coil is aligned with the center of the receiving end coil, and 
the best alignment position is found to increase the area of the two coils, so as to obtain 
the best charging efficiency. 
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1. Introduction 

New energy vehicles have the advantages of efficiency, convenience, low noise and no emission. 
Charging directly related to new energy vehicles is also an important associated issue [1]. There 
are three ways to solve the problem: (1) Replace the internal energy storage battery of the car, 
(2) Wired charging pile, (3) Wireless charging base. 

In the first method, cars of different brands and models are often unable to be used 
interchangeably. Therefore, a large number of batteries of different models may need to be 
stored at relevant battery changing stations, which makes the construction cost and 
maintenance cost too high to be feasible. The second method avoids the extensive situation of 
battery replacement in the previous one. Charging piles can be set at fixed points for charging, 
which is a common way of energy storage for new energy vehicles at present. However, 
frequent manual operation of high-power charging wires is likely to cause socket wear and 
aging, resulting in frequent leakage accidents. In view of the above analysis, the wireless 
charging method has the advantages of no manual contact with the charging equipment, small 
floor area, no contact with the electrical equipment during charging, and simple use. 

The basic structure of the traditional wireless charging system includes the power electronic 
converter, transmitting coil, receiving coil, rectifying filter and accumulator load. Aiming at the 
practical application of wireless energy conduction technology in new energy vehicle charging, 
this paper introduces the circuit structure responsible for electric energy conversion and the 
mechanical structure responsible for improving coupling efficiency. 

This paper will continue to solve the disadvantages of objective factors such as the relative 
offset of plane position of static wireless magnetic induction coil based on SSC topology, that is, 
the main and secondary coil relative position of wireless charging device can generate many 
reasons that affect the charging efficiency. The greater the eccentricity between the primary 
and secondary coils of the wireless charger, the mutual inductance between the two coils will 
be weakened. When the distance between the relative positions of the two coils is too large, the 
mutual inductance between the two coils will become very small. The key issues that need to 
be addressed are summarized as follows: 
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(1) How about in the case of mutual inductance changes and in the case of load changes, the 
system can be continuous, constant, steady load transmission power, each part can be more 
efficient implementation system of charge level, namely under the condition of the mutual 
inductance change to make a complete set of charging system complete with the attitude of a 
high power charging from a distance; 

(2) How to promote the coupling mechanism to constantly adjust relative position under the 
condition that the two coupling coils are in an unfixed position, so as to achieve a low 
eccentricity so that the coupling coefficient can be increased and the ultimate effect of 
improving the wireless charging efficiency can be achieved. 

2. Principle of wireless charging 

Based on the principle of electromagnetic induction wireless charging, the wireless charging 
system relies on two non-contact coupling coils to conduct electrical energy. The circuit 
structure consists of transmitter end, receiver end and feedback mechanism. 

Both the transmitter and the receiver are constructed with copper wire coupling coils. The 
transmitter is connected to the AC mains and processed by a processing circuit to generate 
high-frequency AC signals. The current flows through the coil to generate a magnetic field. The 
electromagnetic signal triggers the receiver coil to generate electricity to power the electrical 
equipment. Other non-energized coils near the magnetic field can cause an electric current. 
Wireless charging USES this method of electromagnetic induction. 

Transmitter end: the three-phase or single-phase Power supply is processed by PFC Power 
Factor Correction to form the DC current after Power Factor adjustment, and the obtained DC 
voltage is reversed to high-frequency ALTERNATING current through the full-bridge inverter 
circuit controlled by the chip. Furthermore, wireless transmission can be realized through 
coupling coils. High frequency pulse power is used for amplification and output is completed 
by copper wire coupling coil. 

Receiver coil: If the receiver coil is close to the conducting coil, the induced current is generated 
at the receiver due to an alternating magnetic field in space. The received induced current is 
rectified. Finally, the transistor power amplifying circuit can be used for the load of the electric 
vehicle. 

At the same time, in order to improve the transmission efficiency of the system as much as 
possible and make it have excellent conduction performance in the medium and long distance, 
it is necessary to add compensation capacitor in the coupling coil. Compensation capacitor can 
compensate the inductive component in the circuit and reduce the reactive power transmitted 
from the circuit. The structure is discussed because the resonant structure can be divided into 
series resonant compensation topology and parallel resonant compensation topology. 
Therefore, the transmitter and receiver can be subdivided into four topologies: series-string (S-
S), series-parallel (S-P), uni-parallel (P-P) and uni-String (P-S). According to relevant references, 
it is found that s-S structure has great advantages in all aspects under a certain fixed reference 
frame, so this paper will analyze the structure with s-S topology. 

3. The realization of high charging efficiency 

The receiving end of traditional wireless charger is always in a relatively fixed receiving pulse 
state when receiving electric energy. In order to make the feedback device clearly understand 
the situation of the receiving end, the characteristics of new energy vehicle charging that is 
different from other low-power electrical appliances are also analyzed before. The coupling coil 
automatic calibration system for wireless charging moves the pulse generator and the 
automatic calibration device to a transmitter base on the ground. 
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The core that affects charging efficiency is the offset of the coils at the transmitter and the 
receiver, which covers the variation of the Gap and the Slide. As Figure 1. 

 
Figure 1. Coupling mechanism spacing and eccentricity 

 

According to relevant references [2-3], Ansys And Maxwell software can be used to simulate 
the impact of the interval and eccentricity between coupling mechanisms on the coupling 
coefficient and the plane offset on the conduction efficiency, as shown in Figure 2. 

 
Figure 2. Simulation of factors influencing power transmission effect 

 

This section mainly analyzes the influence of coil spacing and eccentricity on the amplitude of 
secondary side. Because the receiver coil is located in the chassis part. In addition to the change 
of the distance between the two coupled coils, there is also horizontal sliding. In order to 
analyze the influence of eccentricity on the signal strength of the secondary side, the following 
experiments were carried out, as shown in Table 1. 

 

Table 1. Signal strength of secondary side at different eccentricities at the same height 
r/mm 0 1 2 3 4 5 6 7 8 
A/V 6.77 5.99 5.76 5.61 5.12 4.88 4.50 4.01 3.50 

r/mm 9 10 11 12 13 14 15 16 17 
A/V 2.99 2.22 1.89 1.21 1.00 0.67 0.43 0.32 0.28 
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The curve of their relationship is shown in FIG. 3 

 
Figure 3. Relationship between signal strength of secondary side at different eccentricities at 

the same height 

 

It can be seen from the broken line statistics shown in Figure 3 that the signal strength of the 
secondary side presents a linear relationship under different offset distances at the same height, 
and the signal strength decreases continuously according to the increasing degree of 
eccentricity. In the middle of the figure, most parts except the head and tail can meet the 
requirements of the actual experiment. Aiming at the above problems, an automatic calibration 
wireless charging device is designed, its structure includes a wireless charging system and a 
self-designed helical positioning system. The positioning system consists of a guide rail driven 
by a stepper motor, a guide branch equipped with a position sensor, and a flat threaded track. 
The motor drives the guide rail to make the guide branch move along the plane thread track to 
achieve helical positioning. In the process of gradual sliding positioning, the position relative to 
the center of the secondary side circle is found. The center of the transmitting end is aligned 
with the center of the receiving end to find the best alignment position and increase the area of 
the two coils in order to obtain the best charging efficiency.  

4. Conclusion 

This paper USES wireless charging method to solve the charging problem of new energy 
vehicles, which has obvious advantages compared with wired charging and battery 
replacement. 

In order to improve the efficiency of the wireless charging, based on the SSC topological 
structure design of the wireless charging coil position calibration system in the traditional 
wireless charging device time charging high efficiency, high reliability, flexible, without 
spending too much maintenance etc, and overcome the common wireless charging device 
cannot get higher charging power and other automatic calibration device structure is complex 
and expensive shortcomings. It provides a feasible way of thinking for the development of 
related technology. 
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