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Abstract 

The goal of this research is to improve the system in a wireless power supply 

utilising numerous transmitters by algebraically assessing the impacts of a 

circuit parameter and an axis displacement, among other things. Aside from 

these studies, another goal is to develop, manufacture, and test a wireless 

charger with good position stability. We examined the circumstance in which 

three transmitters are employed as power sources in the suggested strategy. 

According to Biot-Savart rule and circuit equation, the optimal layout of three 

transmitters is equilateral triangular. The transmitted power is measured in 

the experiment when the receiver is moved vertically in relation to the central 

axis of the coils. It has been established that 44.5mW is broadcast at 

transmitter face-to-face and 2.4mW is sent at transmitter centre. 

 

Keywords: - Circuit Equation, Biot-Savart law, Axial displacement, Multiple 

transmitter, Wireless power transfer 

 

INTRODUCTION 

Wireless power transfer (WPT) has been 

investigated in a variety of domains, 

including industry [1, 2], manufacturing 

[3, 4], medical [4, 5], and information [6, 

7]. The underlying notion was presented in 

the nineteenth century, and it has piqued 

the interest of numerous scholars since the 

MIT study in 2007 [8]. Many publications 

on WPT have recently been published, and 

numerous products have been investigated 

and commercialised. Studies such as 

assessment of coil design [9-12] and 

comparison of efficiency by modification 



 
 

 

83 Page 82-91 © MANTECH PUBLICATIONS 2022. All Rights Reserved 

 

International Journal of Research in Electrical, Electronics and Communication Engineering  

Volume 7, Issue 2, July-December, 2022 

 

of applied voltage waveform [13, 14] are 

being investigated. 

 

WPT systems are used for power supply in 

a variety of applications, including mobile 

devices and IoT [15], automobiles on the 

road [16-19], and micro implant devices 

[20-22]. As previously stated, efforts are 

being made to identify perfect 

circumstances for WPT performance [23, 

24]. 

 

Analysis of conditions that decrease 

performance, such as leakage flux and 

misalignment between transmitters and 

receivers, on the other hand, is not seen as 

relevant [25, 26]. As a result, there are 

certain limitations in terms of circuit 

design. 

 

On the other hand, taking into account the 

receiver's flexibility, the size of the 

receiving coil, and the loss due to 

magnetic flux leakage, etc. This happens a 

lot when the transmitting coil is too big. 

As a result, it is thought that in some 

instances, it is more beneficial to run a 

WPT circuit with a few coils rather than a 

single huge coil. 

 

The goal of this study is to provide reliable 

power transmission independent of the 

location of the receiving coil by employing 

numerous transmitters. The 

electromagnetic interaction between 

transmitters and receivers must be 

addressed when using numerous 

transmitters. 

 

A calculating approach is explored, and a 

mathematical formula based on 

electromagnetism and circuit theory is 

presented, so that the user may choose 

parameters flexibly, such as the number 

and location of transmitters, to increase 

adaptability. Finally, the experimental 

results are compared to the theoretical 

results using the real constructed electric 

circuit. 

 

CALCULATION OF POWER 

Calculation of mutual inductance 

occurred between two coils arranged in 

three-dimensional space 

Analysis is performed on the case where 

two coils are arranged in a three-

dimensional space in Figure 1. The 

coordinate of the transmitting coil is 

(0,0,0), and the coordinate of the receiving 

coil is (d_x,d_y,h).  

 

At this time, d_x and d_y represent an off-

axis distance from z-axis, and h represents 

a facing distance between the coils. 
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Figure 1 Two coils arranged in three-dimensional space 

 

From the above, the mutual inductance between the coils is obtained according to the Biot-

Savart law as follows: 

 

 

Power calculation of wireless power transfer circuits using three transmitting circuits 

 
Figure 2: 

 Wireless power transfer circuits using three transmitting circuits 

 

A wireless power transfer circuit for 

charging a battery is designed as follows in 

Figure 2. The left side is a group of 

transmitting circuits, and the right side is a 

receiving circuit which contains which 

battery device. 𝑢 is the voltage of power 

supply, 𝑅1, 𝑅2, 𝑅3, 𝑅0, 𝐶1, 𝐶2, 𝐶3, 𝐶0 are 

parasitic components, 𝐿1, 𝐿2, 𝐿3, 𝐿0 are 

the self inductances, 𝑀10, 𝑀20, 𝑀30 are 

mutual inductances between transmitting 

circuits and receiving circuit, 𝑀12, 𝑀13, 

𝑀23 are mutual inductances between both 

transmitting circuits and 𝑅𝐿 is the 

resistance of device. From Figure 2, a 

circuit equation is obtained as (2). 
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The power at the load 𝑃L can be obtained by solving the current 𝑖𝑜 of receiving circuit from 

the above simultaneous equations and substituting it into the following equation:

 

 

EXPERIMENTAL VERIFICATION 

Experiment conditions for wireless power transmission employing three transmitting circuits 

Figure 3 depicts the experimental circuit. Tables 1 and 2 reveal the values of the circuit 

elements as well as the setting of the coordinate conditions. 

 

Figure 3 Experimental circuit 

 

Table 1. Values of circuit elements 

 

 

Table 2. The coordinate conditions 
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Variation of load power versus receiver 

coil coordinates 

By varying the coordinates of the 

receiving coil with regard to the 

transmitting coil and the facing distance 

between the transmitting coil and the 

receiving coil, the change of load power is 

explored. Figures 4 and 5 depict the 

calculated power, whereas Figures 6 and 7 

depict the experimental power. 

 

 

Figure 4. Calculated power where ℎ=15mm  

 

 

Figure 5: Calculated power where ℎ=35mm 

 

 

Figure 6: Experimental power where ℎ=15mm 
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Figure 7: Experimental power where ℎ=35mm 

 

Discussion 

Table 3: Maximum power and Stability region 

 

 

Table 3 shows a comparison of the 

maximum power and the stability region. 

The stability area is defined as a range in 

which the output power is 80% or more of 

the maximum power. The maximum 

power reduces dramatically as the coils' 

facing distance rises, but the stability area 

grows. As a result, in this case, it is critical 

to analyse the trade-off between power and 

region. The inaccuracy is attributed to a 

flaw in the computation and experimental 

circuit approximation. 

 

CONCLUSION 

Using several transmitters in the circuit, 

this study attempted to provide steady 

wireless power transmission independent 

of receiving coil layout. Mutual inductance 

was calculated using a geometrical 

equation, and power was calculated using 

a circuit equation that took interactions 

into account. Experiments were also 

carried out to validate the computation and 

analyse mistakes and their causes. As a 

consequence, while it was able to transfer 

power lower than expected, certain 

commonalities in the patterns were 

discovered. In the future, the rise in 

transmission power, the improvement in 

efficiency, and the consequences induced 

by the increase in coils must all be 

considered. 
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