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Abstract. Physical connection between devices prone to failure in many applications. In the paper, 
energy coils and data coils are placed independently on the basis of electromagnetic resonant wireless 
power transmission technology, At the same time , resonant frequency of energy coils and data coils 
are designed to be the same, energy is one-way transmission from primary side to secondary side, 
signal can achieve two-way transmission through data coils. Experimental results show that magnetic 
coupling between energy coils and data coils impacts energy and data transmission slightly in 
resonance condition and good simultaneous transmission performance can be gained. 

1. Introduction 
Electromagnetic resonance wireless power transmission technology is a new field in both 

domestic and international academia, It focuses on the basic research and application of 
electromagnetic field, power electronics, high frequency electron, electromagnetic induction, 
coupling theory and so on. It has good prospect in mobile phone, notebook computer and electric 
vehicle charging, it is a new technology with wide application range[1][2][3].At this stage, the research 
on the electromagnetic resonance wireless power transmission technology is in the initial stage, 
theoretical and experimental studies are still relatively small. In this paper, the experimental study of 
the synchronous transmission of the independent energy and signal based on the electromagnetic 
resonance wireless power transmission system is firstly carried out. And the experimental results are 
compared with the experimental results of high frequency signal transmission based on 
electromagnetic induction wireless power transmission system. 

2.Coupling performance analysis 
Resonance is widely found in nature,According to the theory of maximum energy transfer theorem 

and harmonious vibration,When working frequency is the same as the natural frequency of the 
system (primary and secondary circuit), the maximum transmission efficiency can be obtained.The 
basic principle of the electromagnetic resonance wireless power transmission system is to make the 
frequency of the high frequency power source and the natural frequency of the primary coil, thus 
constituting a high frequency magnetic coupling resonance system.The electromagnetic field 
increases rapidly with the increase of the distance. The electromagnetic resonance wireless power 
transmission is to capture the electromagnetic field which is caused by the electromagnetic field with 
the range of the distance. 

Electromagnetic resonant wireless power transmission system has high frequency power source 
and load in addition to the initial stage of coil.For the sake of simplicity, the primary coil is directly 
used as the object of study.As shown in Figure 1, the LC series resonant coupling model is 
illustrated.The U1 is high frequency power source, Rρ1 and Rρ2 are the primary, secondary resonant 
inductance coil resistance, C1 and C2 are respectively series resonant capacitor, RL  is load, L1 and 

2nd International Workshop on Materials Engineering and Computer Sciences (IWMECS 2015) 

© 2015. The authors - Published by Atlantis Press 103



 

L2 are respectively the inductance of the primary and secondary coils, M is the mutual inductance 
between the primary and secondary coils, d is the distance transmission. 

 
Fig.1 Resonant coupling circuit 

Figure 1 gives the positive direction of the current，the secondary circuit equation is: 
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It can be seen from formula (1)，transmission efficiency of electromagnetic resonant wireless 
power transmission system is related to  the system resonance frequency ω, the primary coil 
resistance Rρ1, the secondary coil resistance Rρ2, load resistance RL and mutual inductance 
M.Therefore, it is very important to determine the inductance of the primary and secondary coils in 
the calculation of the transmission efficiency of the electromagnetic resonant wireless power 
transmission system.In the design process, in addition to the production process will lead to the 
deviation of the inductance of the theoretical calculation, the environment of the coil, the parasitic 
parameters of the circuit and the circuit temperature which rise will lead to changes in the amount of 
coil inductance. 

Another important parameter that affects the transmission efficiency of the electromagnetic 
resonance type wireless power transmission system is the mutual inductance M, and the calculation 
formula of the mutual inductance of the resonance state is[2]： 

       
( )2

0 1 2 1 2
3

π
2

N N r r
M

d
µ

= ⋅                                                         (2) 

In the formula：   
        μ0——space permeability； 
N1，N2——turns of primary and secondary coils； 
  r1、r2——radius of the primary and secondary coils； 
         d——distance between primary and secondary coils. 
It can be seen from  formula (2)，the mutual inductance value of the electromagnetic resonance 

wireless power transmission system is inversely  cube proportional to the distance between the 
primary coils.That is, the greater the distance, the smaller the value of mutual inductance, the more 
the system coupling performance, the lower the transmission efficiency of the corresponding system. 

3.Independent signal transmission analysis 
The independent type of signal transmission system of the energy coil and data coil is 

independently, as shown in figure 2. Energy is transmitted from the primary side to the secondary side, 
and the signal is transmitted through a signal coil. The method of adding a pair of signal transmission 
coils is outside the energy transmission coil[4]。 
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Fig.2 Stand-alone signal transmission schematic diagram 

For primary and secondary coils, there are two types of energy coils and data coils which placed in 
the same way as the primary and secondary coils, and the energy coils and data coils are arranged in a 
vertical or parallel manner, as shown in Figure 3. 

                                        
(a)vertical placement of energy coil and data coil  (b)parallel placement of energy coil and data coil 

Fig.3 Placement of Energy coils and data coils 
For the vertical manner,the advantage is in the same side, the energy coil and the data is not the 

ideal state of the coil without coupling, the interaction is not affected.In addition to the coupling 
between the primary energy coil and the primary data coil, the primary energy coil and the secondary 
coil, the primary data coil, the primary data coil, and the secondary energy coil are also coupled. 

For the case that the energy coil and the data coil are parallel to each other, the advantage is that the 
structure of the coil is smooth and easy to install. The disadvantage is that: for the first, the secondary 
energy coil and the data coil, any one coil will be coupled with the other three coils, the energy will be 
emitted by the coil coupling on the data coil, causing a lot of energy loss, and serious interference 
with the data signal transmission and reception. 

4 Experimental verification 
Table 1 is a parameter for the data coil and the energy coil, and the experiment is used in parallel 

with the coil and the energy coil. In the experiment, the voltage of the energy signal is 10V, the signal 
voltage is 5V, the transmission distance is 10cm. 
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Tab.1 Parameters of Energy coils and data coil 
 radiusr

/mm 
turn 
/N 

radius of 
wire section 

a/mm 

theoretical 
inductanceL

/μH 

resonant 
frequency 

f/MHz 

matching 
capacitor 

C/NF 

data 
coils 

r1=r2=
65 

4 1 3.65 0.667 9.4 

energy 
coils 

r1=r2=
115 

4 1 8.49 1.17 2.2 

 
In Figure 4, it is the comparison of the waveforms received by the secondary energy coils before 

and after the addition of the data.In the experiment, the frequency of the energy signal and data signal 
is set to the resonance frequency of the system.After the system is added to the data waveform, the 
waveform of the secondary energy coil is little change, and the waveform distortion is not serious,the 
secondary energy waveform is not affected by the data signal, and The magnetic circuit of the energy 
coil and the data coil is not obvious to the energy signal. 

               
(a)  before entering data signal          （b）after entering data signal 

Fig.4 Comparison of energy signal waveform when data coils are added  
In Figure 5,the waveform of the frequency of the next stage of the data coil received by the 

different frequency of the time when the energy signal and the data signal are transmitted at the same 
time, The frequency of data signal is close to the resonance frequency of the signal coil, the signal 
waveform is better, and the waveform distortion is smaller.So the experimental results show that the 
coupling magnetic circuit of the energy and data coils can work at the resonance frequency, and the 
coupled magnetic circuit formed by the energy coil and the data coil is less affected by the 
transmission of energy and data,it can get very good synchronous transmission effect. 

Compared with the literature [5],The experimental results of the independent signal transmission 
system based on electromagnetic resonance wireless power transmission system are better, and the 
waveform distortion is not very serious. 

  

（a）f=600kHz                                 （b）f=625kHz 
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（c）f=660kHz   

  

（d）f=670kHz                           （e）f=700kHz   

  

（f）f=725kHz 
Fig.5 Waveform which secondary coil received when frequency are different 

5.Conclusion 
In this paper, an independent signal transmission based on the electromagnetic resonance type 

wireless power transmission system is firstly studied.Through experiments,in the case of the energy 
coil and the data coil, the magnetic circuit of the energy and the data is less than the energy and data 
transmission.Compared with high frequency injection signal transmission experiment, the effect of 
the independent signal transmission experiment based on the electromagnetic resonance wireless 
power transmission system is better, and the waveform coefficient is better. 
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