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Abstract–Function of the alignment of the two magnetic 
coupled coils, a procedure, to choose the proper structure of 
the two coils used in the wireless power transfer systems 
(WPTS’s), is presented. The deviation in the alignment of 
coils can be made in two ways – the angular displacement 
and the lateral displacement. For the lateral displacement, 
the two coils are located in parallel planes with their centres 
misaligned, respectively in the case of angular displacement 
there is an angular deviation between the receiver and 
transmitter coils having aligned centres. The main target is 
to compare the obtained results and select the best solution 
with the great value for mutual inductance. The main focus 
was on the influence of lateral displacement of two coils, for 
two configurations: transmitter and receiver coils are circu-
lar type; transmitter coil is pancake type and receiver coil is 
circular type. After the simulations, we shown that there is a 
smaller deviation from initial value of the mutual induc-
tance for the second case (transmitter coil is pancake type 
and receiver coil is circular type). Combining the two effects 
(angular and offset side) we get a surface where if the re-
ceiving coil is located on it, the coupling factor of the wire-
less system has the same value 

Cuvinte cheie: transfer fără fir (wireless) de energie, inductivi-
tate mutuală, bobine cupplate magnetic, optimizare. 

Keywords: wireless energy transfer, mutual inductance, mag-
netic coupled coils, optimization. 

I. INTRODUCTION 

The majority of the telecommunication applications use 
the propagation of electromagnetic waves. For power 
transfer antenna radiation technology, this approach is not 
suitable, because in radiated electromagnetism, most part 
of the energy is lost by dispersion into the free space. 
Therefore, this technology is more suitable to transfer in-
formation rather than transfer power [1, 15-19]. 

The most successful technologies in wireless transfer of 
electromagnetic energy are: inductively coupled and reso-
nant magnetic coupling. The aim is to improve the power 
transfer process [2, 8, 21]. This can be done using the fol-
lowing possibilities: 
1. the coils’ design   

- at this stage the parameters that can be modified are: 
the geometry of the coil and material of the coil [1]; 

2. the coils’ alignment 

- the modification of the alignment of coils can be 
performed by modifying: 

o the angular displacement: there is an 
angular deviation between the receiver and 
transmitter coils having aligned centres; 

o the lateral displacement: the two coils are 
located in parallel planes with their centres 
misaligned; 

3. the design of the circuit 

- this is highly connected to the operating frequency, 
because a frequency too high can cause losses by 
increasing resistance in conductors due to skin effect 
and depth of penetration of the electromagnetic field 
[2-5]; 

4. the analysis of the environment 

- two key factors in wireless transfer are temperature 
and humidity; for example, if there are used different 
material (ferrites), they can influence the transfer by 
concentrating the magnetic field lines and sending 
them to the receiving coils; 

5. multiple transmitter/receiver coils  

- the process efficiency can suffer modifications if the 
number of transmitters/receivers is being modified [6] 

In this paper there is presented a procedure to choose 
the proper structure of the two coils used in the wireless 
power transfer systems (WPTS’s). The analysis of the two 
magnetic coupled resonators is performed function of the 
alignment of the coils. 

There are two forms of deviation in the alignment of 
coils – the lateral displacement and the angular displace-
ment with a detailed description given in Section II. 

Finally, by comparing the obtained results, the proce-
dure is to select the solution which gives the greatest vale 
for the mutual inductance. 

II. THE STUDY OF THE LATERAL DISPLACEMENT AND THE 

ANGULAR DISPLACEMENT 

The influence of the lateral displacement between two 
coils (transmitter coil – TC and receiver coil – RC) is 
studied by taken into consideration two configurations: 

I. TC and RC are both circular type (Fig. 1,a); 
II. TC:  pancake type, RC: circular type (Fig. 1,b). 

We considered the following geometric data: 
- for circular coil 
o the number of turns N = 10 
o the diameter of the coil D = 1.2m 
o the distance between transmitter and receiver z = 

0.1m; 
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- for pancake coil  
o the turn number N = 10 
o outer diameter of the coil Dext = 1.2m  
o inner diameter of the coil Dint = 0.3m. 

 

Fig. 1. Structures of the two magnetic coupled coils: a) TC and RC are 
circular type; b) TC is pancake type and RC is circular type. 

The study of the lateral displacement and the angular 
displacement was performed by taking into considerations 
the following: 

-  both coil systems are placed in air; 
- the vertical distance between TC and RC is pre-

served; 
- the horizontal alignment of the centres of two 

coils is modified; the modification can be up to 
25% from the coils’ diameter.  

Using the procedure developed in [20], the results are 
presented in Figures 2 and 3. 

In Table 1 we present the mutual inductance values for 
the two considered configurations (TC and RC have the 

circular type; TC is pancake type and RC is circular type). 

 

Fig. 2 Coils alignment modification: a) The two coils have the circular 
type; b) TC is pancake and RC is circular. 

 

Fig. 3. Horizontal alignment modification of the coils’ centres. 

The mutual inductance between two circular coils with 
different geometrical parameters and relative positions, 
based on Neumann’s formula [7, 9, 10] has the following 
expression: 
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To compute the mutual inductance a procedure has 
been implemented in MATLAB by using two grids for 
each coil - one of them circumscribed and the other in-
scribed. In this way the values between a maximum and a 
minimum can be limited and by choosing the average 
value of the mutual inductance for the two grids, the 
minimum mesh density can be used. 

TABLE 1 

 M [H] 
case (a)  

error  
case (a) 

M [H] 
case (b)  

error  
 case (b) 

x=0 1.43e-4 0% 6.25e-5 0% 

x=0.1m 1.28e-4 10.5% 6.03e-5 3.5% 

x=0.2m 1.05e-4 26.6% 5.25e-5 11.68% 

x=0.3m 8.43e-5 41.1% 4.81e-5 23.2% 

 
Although a greater value for mutual inductance is ob-

tained when the two coils are circular type (case (a) M = 
0.143mH) compared to the case (b) M = 0.063mH and the 
coils centres are aligned vertically, it can be seen for con-
figuration (b) a smaller deviation from initial value when 
there is a lateral displacement of the centres of the two 
coils (23.2% vs. 41.1%).  

In Figure 4 there is presented the error variation versus 
Dx /  deviation. 

As shown in [20], an angular displacement in a certain 
range produces an increase in mutual inductance, combin-
ing the two effects (angular and offset side) we get a sur-
face where if the receiving coil is located on it, the cou-
pling factor of the wireless system has the same value.  

 



 

Fig. 4. Error vs.  deviation. Dx /

Using the ANSYS Q3D Extractor Program, [11], the R, 
L, G, and C matrices were computed for the frequency of 
10 MHz for two spiral coils. 

The dependencies of the coupling coefficient on the an-
gle of the planes of the two coils are shown in Figure 5. 

 
Fig. 5. The dependency of the coupling coefficient on the angle of the 

planes of the two coils. 

ANSYS Q3D Extractor, after the process of parameter 
identification, can export data into a .cir file, such that to 
allow a further analysis in SPICE [11-13]. 

These files also contain the parameter values of the cir-
cuit elements that simulate the two magnetic coupled 
coils, as depicted in Fig 6. 

The two coil parameters were determined by the 
ANSOFT EXTRACTOR Q3D [11], and have the follow-
ing values:  

 
L1 =  2.317 μH; L2 =  2.3098 μH;  
RL1 = 0.5971 Ω; RL1 = 0.57186 Ω;  
Ri = 1.5 Ω, RL = 30 Ω; k = 0.3793. 
 
Efficiency, active input power and active load power 

function of frequency is given in Figure 7. 

 

Fig. 6. SPICE equivalent circuit for two magnetic coupled coils. 

 

 

Fig. 7. The efficiency (1), the active input power (2) and active load 
power (3) vs. frequency.  

In practice, the TC and RC are not always in parallel 
planes (Fig. 8).  

After simulations with various angles between the two 
magnetic coupled coils, one can deduce that for distances 
between the two coils smaller than their diameter a varia-
tion about 40 degrees of the angle α improves the value of 
the mutual inductance (Fig. 9, a).  

For distances bigger than the diameter, in order to ob-
tain a maximum value of the mutual inductance, the two 
coils have to be in parallel planes (Fig. 9, b). 

Frequency

3.00MHz 4.00MHz 5.00MHz 6.00MHz 7.00MHz2.05MHz

80

30.0* I(RL)*I(RL) 15.0* I(Ri)
(3000.0* I(RL)* I(RL))/(15.0* I(Ri))

0

20

40

60
1 (4.3475M,71.439) 

eta21=(100.0*PRL)/P1

P1  [W](4.2225M,35.656) 

2

PRL [W] 

(4.2850M,25.093) 
3



 
Fig. 8. The RC positions related to the TC. 

 

 
a) y = 50cm 

 
 

 
b) y = 70cm 

 
c) y = 90cm 

 
d) y = 110cm 

Fig. 9. The mutual inductance variation related to the angle between the 
two coils. 

III. CONCLUSIONS 

Wireless power transfer is a new technology, useful 
when electrical energy is needed but interconnecting wires 
are, for certain reasons, impractical or impossible. The 
transfer can be made over distances at which the electro-
magnetic field is strong enough to allow a reasonable 
power transfer.  This paper  is  an extended version of a 
previous work [20] and it presents a procedure to choose 
the best structure of the two magnetic coupled coils (RC 
and TC) used in the wireless power transfer systems 
(WPTS). The deviation in the alignment of coils is ana-
lyzed for two forms – the angular displacement and the 
lateral displacement. For the lateral displacement, the two 
coils are located in parallel planes with their centres mis-
aligned, respectively in the case of angular displacement 
there is an angular deviation between RC and TC having 
the centres aligned.  

Safely and accuracy wireless energy transfer remains a 
challenge and an actual research theme. 

The two parameters which control the amount of the 
transferred power by magnetic coupling and the transfer 
efficiency as well are the frequency and the coupling coef-
ficient (ω, M). The main focus was on the influence of 
lateral displacement of two coils, for two configurations: 

TC and RC are circular type; TC is pancake type and 
RC is circular type. After the simulations, we shown there 
is a smaller deviation from initial value of the mutual in-
ductance for the second case (TC: pancake type, RC: cir-
cular). 



 As shown in [20] and the results from ANSYS Q3D 
Extractor, an angular displacement in a certain range pro-
duces an increase in mutual inductance. Combining the 
two effects (angular and offset side) we get a surface 
where if the RC is located on it, the coupling factor of the 
WPTS has the same value. 
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