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Abstract: As is usual in a multiple-receiver wireless power 
transfer (WPT) system based on s-s geometry, the power 
of load obtained and system efficiency are very sensitive 
to changes in the number of receivers. An improved multi-
receivers WPT system is introduced that ensures the 
power given for each load remains stable while other 
receivers enter or exit the system. This study proposes a 
multiple-load WPT system operated by a class E amplifier. 
The equivalent system circuit model is analyzed of major 
parameters such as receiver power, transmitter power, 
transmission efficiency, and each load power allocation. A 
control circuit is proposed to obtain high transmission 
efficiency, power control for the transmitter, and arbitrary 
power distribution ratios of receivers for different loads. 
The cross-coupling between the receiver coils is 
prevented by adding compensating capacitors at the 
receiver side in series. This further increases the power 
stability obtained by loads. Finally, in order to verify the 
feasibility of the proposed process, simulation results are 
presented. 

Keywords: multiple receivers; WPT wireless power 

transfer system; S–S geometry; cross-coupling; Class-E 

inverter.  

1. Introduction 

With growing the need for more reliable 

electrical charging methods, WPT has emerged 

as a modern power supply method. The WPT 

technology is not restricted by wires and has high 

mobility, unlike conventional, wire-based power 

transmission. This has made it a hot topic of 

research in the field of power transfer, because of 

its advantages [1], [2]. The WPT is currently 

widely used for a one-to-one supply of power. 

Wireless charging for electric cars [3], [4] and for 

supplying power to medical equipment [5]–[7] 

has been applied. Moreover, intelligent 

electronic device wireless charging is also 

popular [8] as an application that has grown into 

an industry itself. Wireless charging criteria have 

also been formulated. The advancement of 

intelligent technology will be applied on multi-

receiver energy supply scenarios including 

wireless, intelligent home charge, and wireless 

charging of electric cars. The use of the WPT 

technology is expected to be more widespread as 

technology and other emerging power 

technologies continue to grow rapidly. In 

addition, it is anticipated that the technology will 

simultaneously load multiple elements of 
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electrical equipment (same as wireless fidelity or 

Wi-Fi, enabling multiple devices to be connected 

wirelessly). However, various technical 

problems remain to be overcome when the WPT 

is applied to a multi-load system (i.e., multiple 

electrical devices). Firstly, the rise in number of 

loads involves additional variables and higher 

nonlinearities with respect to device modeling 

[9], [10]. Secondly, various loads will require 

different power requirements (e.g. cell phones, 

tablets computers, and desk lamps that use the 

same smart WPT surface have different power 

demands. Therefore, the power requirements of 

each of these various types of loads are difficult 

to guarantee). Third, the properties of the WPT 

systems suggest that the spatial locations of the 

electrical equipment also have a major effect on 

their power [11]. Finally, for different purposes, 

during the running of the multi-receiver WPT 

systems, new loads may often enter the system 

(and the current loads often leave). This would 

greatly decrease the reliability and efficiency of 

the system.  

This work seeks to find a way to preserve each 

load's power stability when the number of loads 

varies. An effective control method is also 

proposed to achieve optimum system 

performance. There are four forms of 

compensation topologies, namely series-to-series 

(S-S), series-to-parallel (S-P), parallel-to-parallel 

(P-P), and parallel-to-series (P-S), in this paper, 

a model (S-S) is presented because it is easy to 

understand. Many researchers have studied the 

issue of load power control and obtained 

substantial results. For example, Ref. [11] 

assumes a multi-receiver system in which all 

receiver coils are considered as relay coils, based 

on (S–S) geometry of compensation. Thus, 

multiple receivers at different distances will 

receive the same power. Through coupled-mode 

theory, another system based on the topology of 

S-S compensation was analyzed. In this study, a 

dynamically controlled impedance matching will 

allow the tunable distribution of power to a multi-

receiver system. In Ref. [12], a frequency 

tracking approach that uses a multi-transmitter 

system is suggested. Although this can boost 

overall performance, the power supplied to each 

recipient cannot be controlled (and thus, each 

load's efficiency). In Ref. [13], the power 

stability was achieved in each receiver using a 

frequency tracking process to continuously 

control the system's resonant capacitance. There 

has also been a method for assigning the working 

frequency for the WPT device, depended on one 

relay coil and separate frequencies at each circuit 

[14]. A configuration method was therefore 

suggested to ensure equal load capacity of each 

load. In Ref. [15], the secondary-side inductor- 

capacitor-capacitor (LCC) circuit operating 

mechanism is examined and, the characteristic of 

the transmission efficiency under the load of the 

rectifier is studied. However, the secondary 

structure LCC raises the loading equipment's 

volume and weight, and a simple structure is 

more acceptable on the receiver side.  Ref. [16] 

suggests a new approach for matching 

impedances and power distribution using 

impedance-inverters on the receiver's ends. The 

effect of the cross-coupling of the receiving coil 

in this paper is, however, overlooked and the 

method for maximizing the efficiency is not 

suggested. In ref. [17], [18] the requirements for 

compensation for the effect of cross-coupling 

between the receiving coils are analyzed and 

derived. Ref. [19] suggested an optimized multi-

load WPT system. The new system uses the LCC 

topology at the transmitter side to maintain the 

stability of the power received by the loads. Also, 

the value of the compensating capacitors was 

derived to eliminate the effect of cross-coupling 

between the receiver coils. Ref. [20] suggested an 

impedance matching network was used on the 

transmitter side and receiver side of the system to 
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ensure an optimal distribution of power between 

the receivers. Ref. [21] proposes a selective 

omnidirectional MRC WPT with a multiple-

receiver system, which owns both 

omnidirectional and selective power transfer 

characteristics.   

The goal of this paper is to design a multi-load 

WPT system that ensures each load is provided 

with stable power while other loads enter or exit 

the system and improve the overall system 

efficiency. To achieve these goals:   

1- By using the Class-E inverter as a 

transmitter, the WPT system can achieve 

high efficiency owing to the Class-E ZVS 

inverter condition.  

2- A control method is suggested for the 

transmitter current of the multi-receiver 

WPT systems. The aim of the transmitter 

side control system is to regulate the 

transmitted power with the various load's 

quantities and distributions so that the 

power transmitted through the transmitter 

coil can satisfy the demand for each load 

with improved overall system efficiency. 

On the other hand, when the other loads 

enter or exit the system, the power 

supplied for each load remains constant.   

3- There are suggestions to prevent cross 

coupling effects among receiving coils in 

order to increase the power stability 

obtained by loads. Finally, to validate 

theoretical precision and the feasibility of 

the suggested method, circuit-level 

simulations are performed. 

2. Class-E Inverter Design  

The inverter of class E [22]–[24] is composed of 

dc-power supply VDC, choke inductance LC, 

MOSFET S, which acts as a power switch, shunt 

capacitor CS, load resistance RL, and a series 

resonant circuit LO – CO with equivalent 

reactance LX, as illustrated in figure 1. The 

inverter switch is powered by the VG driving 

signal. The difference between the current in the 

choke inductance 𝐼𝐷𝐶 and the current in a 

resonant filter IRL passes through the shunt 

capacitor during the switching-off interval. The 

current in the shunt capacitor produces the switch 

voltage VS. The most important operation 

function of the Class-E inverter is to fulfill the 

Class-E ZVS condition at a turn-on moment as 

shown in the figure. 2. The conditions of Class-E 

operating under zero voltage switching (ZVS) 

are expressed as [23]: 

 𝑣𝑆(2𝜋) = 0 and 
𝑑𝑣𝑆

𝑑𝜔𝑡
|

𝜔𝑡=2𝜋
= 0                      (1) 

 

 

 

The Class-E inverter ensures good power 

conversion efficiency during high-frequency 

operations due to Class-E ZVS condition. It is 

desirable to maintain the duty-ratio D for 

Figure 2. Class - E inverter waveforms 

Figure 1. Class E inverter circuit topology 
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MOSFET as 50% when designing the class E 

inverter for open-loop operations in optimal 

conditions [24]. However, the component values 

should be satisfied uniquely for achieving the 

Class-E ZVS condition. In the ideal case, the 

power amplifier of Class E is 100% efficient 

where the load-absorbed active power PO is 

equivalent to the DC power supply [22]: 

𝐼𝐷𝐶𝑉𝐷𝐶 =
𝐼𝑅𝐿

2

2
𝑅𝐿                                                (2) 

𝑃𝑜 = 0.5768
𝑉𝐷𝐶

2

𝑅𝐿
                                            (3) 

VR and VLX are the fundamental frequency 

voltages which can be determined by (Fourier 

analysis) as [22]: 

{
𝑉𝑅 = −

1

𝜋
∫  

2𝜋

0
𝑣𝑆(𝜔𝑡)sin (𝜔𝑡)𝑑𝜔𝑡

𝑉𝐿𝑥 = −
1

𝜋
∫  

2𝜋

0
𝑣𝑠(𝜔𝑡)cos (𝜔𝑡)𝑑𝜔𝑡

         (4) 

The Class-E power amplifier load network 

parameter estimation formula can be derived 

from (4) [22]: 

𝜔𝐿𝑥

𝑅𝐿
= 1.1525                                                (5) 

𝜔𝐶𝑆𝑅𝐿 = 0.1836                                          (6) 

Where 𝜔 is the angular frequency. On the 

MOSFET, maximum withstand voltage is [22], 

[23]: 

𝑉𝑠−𝑚𝑎𝑥 = 3.562𝑉𝐷𝐶                                        (7) 

𝐿𝐶−𝑚𝑖𝑛 = 3.5
𝑅𝐿

𝑓
                                             (8) 

3. Theoretical Analysis 

A circuit model for a multiple-receiver WPT 

system based on the S-S topology that is widely 

used is shown in Figure 3. VAC is a high frequency 

voltage source that supplies the system with high 

frequency alternating current IT. This current 

produces an electromagnetic field of high 

frequency in the air as it passes across the 

transmitter coil, thus building an induced voltage 

in the different receiving coils so that the system 

continuously supplies power to the multi-

receivers. Transmitter and ith receiving coil 

inductances are respectively LT and Li. where 

(i=1, 2....., n). Moreover, MTi is the mutual 

inductance between the transmitter and i receiver 

coil, and Mij is the mutual inductance between 

receiving coils i and j. RT and Ri represent the 

internal resistors of the transmitter and receiver 

coils, respectively, CT and Ci are the transmitter 

and ith receiver compensation capacitances, 

respectively. The system's operating frequency is 

fo. In general, the WPT system is using a 

rectification circuit in the figure. 4, before 

supplying power to loads to rectify the high-

frequency AC. Consequently, a constant 

equivalent resistance RLi can represent each load 

[19]. 

𝑅𝐿𝑖 = 𝑅Load ∗
8

𝜋2
                                          (9) 

 

 
Figure 3. A multi-receiver WPT system equivalent circuit 

based on the S–S geometry 
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3.1. Ideal Model Analysis (Neglecting the Cross 

Coupling) 

The system in Fig. 3 consists of one transmitter 

and several receiver coils. In order to neglect 

cross coupling between receiver coils, assume 

that there are great separations between receiving 

coils, so that (Mij = 0). Then under resonance 

condition, ωLT = 1/ωCT and ωLi = 1/ωCi. The 

relationships between the high-frequency input 

voltage supply VAC, the current IT in the 

transmitter coil, and the Ii currents of each 

receiver coil can be described by following the 

Kirchhoff’s Voltage Law [19]: 

[

𝑉𝐴𝐶

0
⋮
0

] = [

𝑍𝑇 𝑗𝜔𝑀𝑇1 … 𝑗𝜔𝑀𝑇𝑛

𝑗𝜔𝑀𝑇1 𝑍1 …      0     
⋮

𝑗𝜔𝑀𝑇𝑛

⋮
0

⋱
…

     ⋮     
𝑍𝑛

] [

𝐼𝑇

𝐼1

⋮
𝐼𝑛

]   (10) 

Where, ZT = RT + jωLT + 1/(jωCT) and Zi = jωLi 

+1/(jωCi) +Ri + RLi                       

The transmitter coil is typically larger than the 

receiving coils in a multi-receiver WPT system to 

ensure that the system has adequate output 

capability to meet the power requirements of 

each load simultaneously. This study assumes 

that the coil locations of the receivers are 

specified before designing the system. The 

reflected impedance by each receiver equivalent 

to the transmitter coil is [19]: 

𝑍reflected = ∑  𝑛
𝑖=1

𝜔2𝑀𝑇𝑖
2

𝑅𝐿𝑖+𝑅𝑖
                                (11)  

From equation (10) and (11), the transmitter coil 

current can be obtained as [19]: 

𝐼𝑇 =
𝑉𝐴𝐶

𝑍𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑+𝑍𝑇
                                         (12) 

    The principle of mutual inductance shows that 

after compensation the current for each receiving 

coil is [19]: 

𝐼𝑖_𝑢𝑛𝑐𝑜𝑢𝑝𝑙𝑒𝑑 = −
𝑗𝜔𝑀𝑇𝑖

𝑍𝑖
𝐼𝑇                           (13) 

Therefore, the power received by each load Pi is 

[19]: 

𝑃𝑖 = |𝑰𝑖|
2𝑅𝐿𝑖 =

𝜔2𝑀𝑇𝑖
2 𝑉𝐴𝐶

2

(𝑅𝑖+𝑅𝐿𝑖)2(∑  𝑛
𝑖=1

𝜔2𝑀 𝑇𝑖
2

𝑅𝐿𝑖+𝑅𝑖
+𝑅𝑇)

2 𝑅𝐿𝑖(14)  

The system's input power Pin is [19]:  

𝑃in = 𝑅𝑒𝑎𝑙 (𝑽𝐴𝐶𝑰𝑇) =
𝑉𝐴𝐶

2

∑  𝑛
𝑖=1

𝜔2𝑀𝑇𝑖
2

𝑅𝐿𝑖+𝑅𝑖
+𝑅𝑇

        (15) 

The system loss consists of two major parts, 

namely the transmitter power loss and the 

receiver power loss. To easily calculate the entire 

efficiency of the system, the efficiency of each 

load 𝜂𝑖  defined as [19]: 

𝜂𝑖 =
𝜔2𝑀𝑇𝑖

2 /|𝑍𝑖|

|𝑍𝑇|+|𝑍𝑟𝑒𝑓𝑙𝑒𝑐𝑡𝑒𝑑|
⋅

𝑅𝐿𝑖

|𝑍𝑖|
                           (16) 

The system's total efficiency 𝜂 is [19]: 

𝜂 = ∑  𝑛
𝑖=1 𝜂𝑖 = ∑  𝑛

𝑖=1
𝜔2𝑀𝑇𝑖

2 /|𝑍𝑖|

|𝑍𝑇|+|𝑍reflected|
⋅

𝑅𝐿𝑖

|𝑍𝑖|
      (17) 

In the above analysis, the major factor affecting 

the power obtained in each load and system 

efficiency (when the number of loads changes) is 

the full reflected impedance Zreflected for all loads 

in a transmitting part of the system. The 

Figure 4. The load-equivalent circuit principle 
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calculation shows that when the system has n+k, 

n, or n-k loads, the ratio of the current that 

passing through the RLi load is the following 

[19]: 

|𝐼𝑖(𝑛 + 𝑘)|: |𝐼𝑖(𝑛)|: |𝐼𝑖(𝑛 − 𝑘)|

=
1

|𝑍ref (𝑛 − 𝑘)| + 𝑅𝑡

:
1

|𝑍ref (𝑛)| + 𝑅𝑇

:
1

∣ 𝑍ref (𝑛 + 𝑘)] + 𝑅𝑡

 

3.2. Actual Model Analysis (with the Cross 

Coupling) 

Naturally, receiver coils are possibly close 

together in practice (with their isolation restricted 

by the power supply range). Therefore, the cross 

coupling between receiving coils cannot be 

neglected. Depending on the circuit structure in 

(Figure 3), the node voltage equation can be re-

written as [19]: 

[

𝑉𝐴𝐶

0
⋮
0

] = [

𝑍𝑇 𝑗𝜔𝑀𝑇1

𝑗𝜔𝑀𝑇1 𝑍1

⋯ 𝑗𝜔𝑀𝑇𝑛

⋯ 𝑗𝜔𝑀1𝑛

⋮ ⋮
𝑗𝜔𝑀𝑇𝑛 𝑗𝜔𝑀1𝑛

⋱      ⋮      
⋯ 𝑍𝑛

] [

𝐼𝑇

𝐼1

⋮
𝐼𝑛

]  (18) 

The current that passes through each receiving 

coil is [19]: 

𝑰𝒊−coupled =
−𝑗𝜔𝑀𝑇𝑖𝑰𝑇−∑  𝑛

𝑗=1,𝑗≠𝑖 𝑗𝜔𝑀𝑖𝑗𝑰𝒋

𝒁𝑖
         (19) 

    When equation (19) is compared with equation 

(13), we will find the following: 

|𝐼𝑖−𝑢𝑛𝑐𝑜𝑢𝑝𝑙𝑒𝑑| > |𝐼𝑖−𝑐𝑜𝑢𝑝𝑙𝑒𝑑|                       (20) 

From Equations (19) and (20), the power 

received by each load in the real model is smaller 

compared to the ideal model (for a given set of 

system parameters and load numbers). 

4. Coil Design 

In this section, simplified equations are given for 

the appropriate calculation of self-inductance and 

mutual inductance for the flat-spiral coil used in 

WPT systems in near-field [26], [27]. 

4.1. Self-Inductance 

The self-induction (Lself) of one circular turn of 

radius r and wire diameter d is as follows [26]: 

𝐿𝑠𝑒𝑙𝑓(𝑟, 𝑑) = 𝜇 𝑟 [ln (
16𝑟

𝑑
) − 2]             (21) 

Where μ represents the permeability of the 

medium around coil. The mutual inductance Mij 

may be calculated for two perfectly aligned ri and 

rj turns, with a center-to-center distance Dij as 

[26]: 

𝑀𝑖𝑗 = 𝑀(𝑟𝑖 , 𝑟𝑗 , 𝐷𝑖𝑗)  

=
2𝜇

𝑎𝑖𝑗
√𝑟𝑖  𝑟𝑗 [(1 −

𝑎𝑖𝑗
2

2
) 𝑘(𝑎𝑖𝑗) − 𝐸(𝑎𝑖𝑗)]     (22)  

𝑎𝑖𝑗 = 2 √
𝑟𝑖 𝑟𝑗

(𝑟𝑖+𝑟𝑗)2+𝐷𝑖𝑗
2                                         (23)                                  

Where k(αij) and E(αij) are the entire first- and 

second-kinds elliptical integrals, respectively. 

The self-inductance of a flat, spiral multi-turn 

coil (Which is widely used in WPT applications) 

can be calculated as [26]: 

𝐿𝑐𝑜𝑖𝑙 = ∑ 𝐿(𝑟𝑖 , 𝐷) +
𝑁𝑙
𝑖=1

              ∑ ∑ 𝑀(𝑟𝑖 , 𝑟𝑗 , 0)(1 − 𝜀𝑖𝑗)
𝑁𝑙
𝑗=1

𝑁𝑙
𝑖=1      (24) 

Where 𝑁𝑙 represents the number of turns of the 

coil, 𝜀𝑖𝑗 = 1 for 𝑖 = 𝑗 and 𝜀𝑖𝑗 = 0 otherwise. 

4.2. Coupling Coefficient 

The magnitude of magnetic flux produced by the 

transmitter coil which passing through the 

receiver’s coils dictates the necessary coupling 

coefficient k. Usually, the coupling coefficient is 

dependent on each coil's geometries, the spacing 

between coils, and the different orientations of 

the coils. The value of k can be calculated as [27]: 
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𝑘 =
𝑀𝑖𝑗

√𝐿𝑇𝐿𝑟
                                                      (25) 

Where LT and Lr are the inductance of the 

transmitter and receiver coils, respectively and 

Mij is the mutual inductance between transmitter 

and receiver coils. The value of M can be 

calculated as [27]: 

𝑀 = ∑ ∑ 𝜇0
𝑁𝑅
𝑗=1 𝑟𝑖

𝑁𝑇
𝑖=1 𝑟𝑗 ∫

cos 𝜃𝑑𝜃

√𝑟𝑖+𝑟𝑗−2𝑟𝑖𝑟𝑗 cos 𝜃

𝜋

0
    (26) 

Where NT and NR are the number of turns of the 

transmitter and receiver coils respectively, while 

𝜃 is the angle between coils planes. 

5. Optimization of Multi-receiver WPT 

System Design 

5.1. Transmitter-side Control 

From the above theoretical analysis, the 

fundamental cause of the change in receiving 

power by each load, (when a number of loads in 

a multi-receiver WPT system change) is the 

difference of the overall reflected impedance 

Zreflected on the receiver side equivalent to the 

transmitter side of the system. As a consequence, 

the current in the transmitter side changes. The 

design could be improved if the emission current 

on the transmitter side is set (by a suitably 

designed controller). The controller provides the 

received power stability in each load, even if 

Zreflected was variable. Figure 5, is shown the 

overall structure of the suggested system. The 

controller on the transmitter side generates a 

PWM wave for driving a buck DC-DC converter 

and, a sinusoidal signal is produced at the end of 

the transmitter coil with a certain amplitude. In 

different load conditions, the system suggested in 

this paper can dynamically modify the 

transmitter current. Based on Equations (11) and 

(12), when the number of receivers in the system 

increase, Zreflected will increase, then the 

transmitter current will decrease. This will lead 

to a reduction in the received power for each 

load, and vice versa. The current passing through 

the transmitting coil is kept at a reference value 

by changing the width of the PWM wave, while 

each load obtains enough power to guarantee its 

optimal operation. 

5.2. Cross Coupling between Receiving Coils 

Compensation 

The above analysis shows that the 

implementation of the proposed controller in the 

transmitter side of the system decreases the 

propensity for the energy obtained by each load 

to change due to other loads entering or exiting 

the system. However, a change in the number of 

loads would still have an effect on the power 

stability received by each load, because of the 

cross coupling between the receiving coils. We 

suggest resolving this problem by connecting 

compensatory capacitors in series in the 

receiving circuits so that the stability of the 

power received in each load can be further 

improved. The currents of the receivers in case of 

cross-connection are similar to those on the ideal 

model due to the compensation capacitors (for 

the same load number and system parameters). 

The value of the compensation capacitance can 

be calculated by finding the differences between 

equations (18) and (10) [25]: 

[

0
0
⋮
0

] = [

0     0
0     jx1

⋯ 0
⋯ jω𝑀1n

  ⋮       ⋮   
  0 jω𝑀1n

 ⋱    ⋮     
⋯   jxn   

] [

0
I1

⋮
In

]              (27) 

𝑋𝑖 =
− ∑ 𝜔𝑀𝑖𝑗𝐼𝑗

𝑛
𝑗=1,𝑗≠𝑖

𝐼𝑖
                                    (28) 

The above analysis shows that given Equation 

(28) satisfies the compensating capacitive 

reactance of the series-connected capacitors and 

it is possible to eliminate the cross-coupling 

between the receiving coils. This guarantees that 
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the actual system operates as the ideal system (at 

which cross-coupling between receiving coils is 

neglected). Moreover, the impact on the 

reliability of the power received by each load is 

greatly reduced as loads join or exit the system. 

That also makes it possible to convert and then 

optimize the model for the actual system to a 

model for an ideal system.  

 

Figure 5. A multi-receiver WPT system with a 

transmitter-side controller 

6. Simulation Results 

The previous analysis shows that a WPT system 

based on the S-S topology with transmitter 

control (closed-loop system) proposed in this 

study should be more optimal than the traditional 

multi-receiver WPT systems based on S–S 

geometry (open-loop systems), to supply power 

for multiple loads. To show that the above 

theoretical analysis is correct and to make 

comparison between open-loop and closed-loop 

systems, MATLAB Simulink was used to 

simulate the WPT system which consists of one 

transmitter and two receivers. The closed-loop 

Simulink model is shown in fig. 6. In this 

simulation, the power value received for each 

load is 60 W, i.e. the current, which flows 

through the loads, is 5 A. Table I includes details 

of the system parameters simulated.  

 

 

Figure 6. The Simulink model for the proposed system 

 

Table 1. System Parameters 

Parameters Value 

Operating frequency fo 200KH 

DC voltage Source VDC 36V 

Inductance of transmitting coil LT 229.833𝜇H 

Inductance of receiving coils Li 99.8 𝜇H 

Transmitter resonant capacitor CT 2.817nF 

Receiver resonant capacitors Ci 6.345nF 

Mutual inductance between transmitter 

and receiver coil MTi 

1.85835𝜇H 

Transmitter internal resistance RT 0.128Ω 

Receiver internal resistance Ri 0.1Ω 

Shunt capacitor 26.76nF 

Choke inductor 450 𝜇H 

Load resistance RLoad-i 2.4Ω 
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Fig. 7. Shows the simulation waveforms in the 

case of an open-loop system. It can be seen that 

the current in the transmitter coil IT is changed 

when the number of loads in the system was 

varied. Therefore, the current and voltage of the 

load changes, where the power received by the 

load was 82.36 W with just one load. This level 

of power is even higher than the original system 

design power level.  

     
(a)    

     
(b)   

 

       (c) 

Figure 7. Open-loop simulations. (a) Transmitter current 

(b) Load current (c) Load voltage. 

Fig. 8. Shows the simulation waveforms in the 

case of a closed-loop system (with ignoring cross 

coupling between receiver coils). It can see that 

when the number of loads changes from 2 and 1, 

the transmitting coil current IT will be essentially 

unchanged. In addition, the voltage and current 

variations of the load reached are negligible. 

     
   (a) 

(b) 

(c) 

Figure 8. Closed-loop simulations. (a) Transmitter 

current (b) Load current (c) Load voltage. 
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In this simulation, the power value received in 

each load is designed to be 60 W, when the 

current that flows through the load is 5A. Figure. 

9 shows that the real power received decreases 

with rising the number of loads. The cross-

coupling between receiving coils is mainly due to 

this effect. The mutual induction of the receiving 

coils was found, by calculation, to be Mij = 0.473 

μH under the simulation conditions.  

     
     (a) 

 

                                            (b) 

Figure 9. Closed-loop simulations with cross-coupling (a) 

Load current (b) Load voltage. 

 

Based on equation (28), it is possible to calculate 

the capacitance of the compensatory capacitors 

which must be linked in series for each receiver. 

This would largely remove the effect of a cross 

coupling between the receiving coils so that the 

power obtained in each load could stabilize near 

the designed value. Figure 10 shows the voltage 

and current of the load when compensation 

capacitors are used for eliminating the cross 

coupling between receiving coils. 

 
(a) 

 

       (b) 

Figure 10. Closed-loop simulations with compensating 

capacitors (a) Load current (b) Load voltage . 

 

7. Conclusions 

The aim of this study is to resolve the problem of 

changes in power obtained in each load in a 

multiple-receiver WPT system based on the S–S 

geometry when there is a change in the number 

of receivers. Therefore, an improved multi-

receiver WPT system based on an S-S geometry 

with a controller on the transmitter side has been 

proposed.  A proposed system ensures that each 

load's power remains stable. With the 

implementation of the controller on the 

transmitter side of the WPT system, the current 

passing through the transmission coil can be 

flexibly adjusted and remain unchanged. In order 

to eliminate the effect of cross coupling between 

receiving coils, compensation capacitors were 

connected in series in the receiver circuits. This 

not only increases the reliability of power 

obtained in each load but also provides some 

equivalence between actual and theoretical 

models. Our results show that the system works 
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efficiently and is in optimal working condition 

while meeting the power requirements of each 

load. 
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