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Abstract—Inductive power transfer (IPT) is a promising tech-

nology that can replace the wire based power transfer. Efficiency 
of these systems will be a critical performance index that will 
determine their future in commercial applications. This paper 
analyses a series-series(SS) compensated IPT system using Bou-
cherot bridge current source model to establish the relationship 
between magnetic pad parameters (mutual inductance) and 
power electronic system parameters ( input and output voltages 
and currents). Analysis was used to design a 3.7 kW IPT system. 
The design is validated with the aid of finite element analysis 
software, ANSYS Maxwell and Simplorer. The proposed design 
is capable of transferring power at an efficiency of 95.88%. Fur-
thermore, analysis shows that the mutual inductance require-
ment decreases with the increase in rated power for a SS com-
pensated IPT system. 

 
Index Terms— Boucherot bridge current source model, elec-

tric vehicles, finite-element modelling, inductive power transfer, 
series-series compensation. 

I. INTRODUCTION   

Wireless power transfer technology has become one of the 

emerging technologies of 21st century which has applications 

in consumer electronics, auto-mobiles and medical industry 

[1]. The important performance indices of an IPT system are 

power transfer efficiency, transfer power and load variation 

characteristics [2]. Magnetic pads and power electronics sys-

tem design stages play an important role in achieving these 

performance indices [2],[3].  

Magnetic pads with different shapes and configurations are 

proposed  and optimized to improve the quality and coupling 

coefficient of the pad while limiting the leakage  magnetic 

flux according to the limits defined under ICNIRP [4],[5].  

Power electronic system design includes selection of compen-

sation topologies [6], different switching schemes to minimize 

losses [8], control methods to improve the aforementioned 

performance indices [9].  

However, most of the proposed solutions in literature follow 

a design procedure that separates magnetic pads design stage 

from power electronics design stage and fail to identify the 

relationship between the parameters of the magnetic pad de-

sign such as mutual inductance, coupling coefficient with the 

power electronics system parameters such as input to output 

voltage and current ratios. As a result, the system may fail to 

ensure maximum efficiency. Therefore, it is important to ana-

lyze the relationship between these parameters to identity the 

parameters that contributes to maximize efficiency. 

This paper analyses the IPT system using Boucherot 

Bridge-Based Current Source Model to establish the basic 

relationship between the magnetic pad’s parameters with the 

input voltage and output current of the system. Then the mod-

el is applied to a SS compensated topology to derive the con-

ditions to maximize the power transmission efficiency. The 

design procedure derived from analysis was applied to a 3.7 

kW IPT system for electric vehicles. 

In addition, the analysis is extended for high power IPT sys-

tems to identify the behavior of parameters with the increase 

in rated power. 

 

II. SYSTEM MODELLING 

The analysis of maximum efficiency of an IPT system is 

based on Boucherot Bridge-Based Current Source Model 

(BBBSCM) [10]. The basic Boucherot Bridge model is shown 

in Fig. 1. It can be used to realize a current source at a given 

frequency, if Za+Zb=0. At this condition current flowing 

through the Zc depends on the source voltage and the imped-

ance Za. Total impedance of the circuit is zero at resonant 

frequency. Therefore, in order to achieve Za+Zb=0, Za can be 

replaced by a capacitor while the Zb by an inductance as 

shown in Fig 1(b). Fig. 2 represents a loosely coupled trans-

former model used for an IPT system. 

When comparing Fig. 1(a) and Fig. 2, LM of the left side 

branch and middle leg LM corresponds to Za and Zb. Therefore, 

the transformer including the mutual inductance as shown by 

the enclosed  region of Fig. 2 behave as a current source 

block, which results in a simplified circuit as shown in Fig. 2. 

  

 
(a)                                               (b) 

 

Fig. 1.  Boucherot bridge current source model (a) Basic BBCSM (b) Cir-

cuit under resonance condition. 
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Fig. 2.  Transformer model. 

Therefore, output current of the current source is independ-

ent of load connected at the resonant frequency and it is given 

by  

 

𝐼 =
𝑉𝑠

(−𝑗𝜔𝐿𝑀)
                                            (1) 

According to the BBBSCM, frequency dependency of the 

transformer is governed by inductors LTx and LRx. In order to 

facilitate active flow of power, input impedance of the trans-

former as seen by the transmitter (Tx) side power converter 

should be zero [2]. This can be achieved by utilizing a capaci-

tor either in series or parallel with the inductance of the IPT 

transformer. Given the high leakage inductance of IPT trans-

former, in order to achieve higher transmission efficiency the 

receiving side of the transformer is also compensated with a 

capacitor connected in parallel or series [2].  

 Fig. 3 shows the basic block diagram of an IPT sys-

tem, which consists of input side DC source (Vdc(1)) or an AC-

DC converters with power factor corrections to realize the dc-

link. The required high frequency ac voltage is realized by a 

DC to AC converter. Power transferred at high frequency to 

the receiver-side pass through a rectifier before feeding it to 

the load. The analysis uses series-series compensation topolo-

gy as shown in Fig.3. However, it can be applied for the other 

compensation topologies as well. The reactance looking from 

the power source is independent of either coupling coefficient 

or load resistance and there is no power reflection from Rx-

side to Tx-side at the resonance frequency. As seen from the 

Fig. 3, in order to ensure the input voltage of transformer 

model derived from Boucherot Bridge model equal to that of 

the source and to achieve required power flow, the compensa-

tion capacitors of transmitter-side (Tx) and receiver-side (Rx) 

are given by 

     𝐶𝑖 =
1

𝜔𝑟
2𝐿𝑖

                                               (2)           

Where i=1, 2 stands for Tx and Rx side and L and ω are the 

inductance of the pad and resonance frequency of the IPT 

system respectively. Therefore, the load current flowing in a 

fully compensated IPT system according to (1) 

 

𝐼𝐿 = −
𝑉𝑠

(𝑗𝜔𝐿𝑀)
                                         (3) 

In a practical application, the output voltage of the inverter, 

input voltage of the Tx transformer and input voltage of the 

receiving side rectifier takes a rectangular form. The voltage 

takes the following form [2] 

 

𝑉𝑖(𝑛) =
4

𝜋

𝑉𝑑𝑐(𝑖)

𝑛
sin(𝑛𝜋𝑓𝑡𝑜𝑛)                       

(4) 

Where i=1, 2 stands for Tx and Rx side voltages respectively. 

Where Vdc, n, f and ton are dc bus voltage, odd harmonic num-

ber, frequency of operation of IPT system and on time of the 

pulse respectively. Furthermore as shown in [2], the harmon-

ics of (4) are relatively small compared to the fundamental 

component and the full-bridge can be approximated as a si-

nusoidal voltage source with fundamental component 

 

                       𝑉𝑖 =
4𝑉𝑑𝑐(𝑖)

𝜋
sin(𝜋𝑓𝑡𝑜𝑛)                    

(5) 

Where i=1, 2 stands for Tx and Rx side fundamental voltages 

respectively. Fundamental component of current in the Rx is in 

phase with output voltage due to resonance phenomena. 

Therefore, for a series-series compensated IPT, the load circuit 

associated with ac-dc rectifier for a constant power delivery 

for a given output voltage can be modelled as a simple equiva-

lent resistance given by 

 

                         𝑅𝐿 =
8

𝜋2

𝑉𝑑𝑐(2)
2

𝑃2
                                 (6) 

The load matching factor can be defined as 

                                       𝑓𝐿 =
𝑅𝐿

𝜔𝐿𝑅𝑥
                                         (7) 

It is shown in [2], optimum value of (7) for minimum losses 

when considering the IPT transformer will be 

 
 

Fig. 3.  Inductive power transfer system. 
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Fig. 5.  Pareto-front of the optimized magnetic pad. 

 
 

Fig. 6.  Simulated IPT system in ANSYS Simplorer.  

 
 

Fig. 4.  Transformer (transmitter and receiver coils) model. 

                             𝑓𝐿,𝑜 =
1

𝑄𝑅𝑥
√1 + 𝑘2𝑄𝑇𝑥𝑄𝑅𝑥                     (8) 

Where QTx and QRx are individual quality factors of transmitter 

and receiver. For higher values of QTx and QRx , fL,o can be 

further simplified to  

                                        𝑓𝐿,𝑜 ≈ 𝑘                                          (9) 

Therefore, comparing (7) and (9), in order to achieve highest 

transmission efficiency, LRx will be approximately 

                                         𝐿𝑅𝑥 =
𝑅𝐿

𝜔𝑘
                                     (10) 

At the optimal load matching factor, the maximum efficiency 

of the system will be 

                               𝐸𝑚𝑎𝑥 =
𝑘2𝑄𝑇𝑥𝑄𝑅𝑥

(1+√1+𝑘2𝑄𝑇𝑥𝑄𝑅𝑥)
2                     (11) 

However, with misalignment value of k can degrade severely, 

violating the above design criteria. Furthermore, once the RL is 

known, output current IL can also be computed as 

                                       𝐼𝐿 = √
𝑃2

𝑅𝐿
                                        (12) 

By comparing (3) and (12) 

                                     𝑉𝑠 = −(𝑗𝜔𝐿𝑀) (√
2𝑃2

𝑅𝐿
)                    (13) 

The ratio between the output voltages to input voltage is given 

by 

 

          𝐺 =
𝑉𝑜

𝑉𝑠
= −

𝑅𝐿

𝑗𝜔0𝐿𝑀
= −

𝑅𝐿

𝑗𝜔0𝑘0√𝐿𝑇𝑥𝐿𝑅𝑥
=

1

𝑗𝑘0𝑄𝐸
√
𝐿𝑅𝑥

𝐿𝑇𝑥
   (14)  

According to (14), smaller LM and k0 result in higher voltage 

gain. However, the selection of k0 depends on the other design 

considerations such as limitations on transmitter and receiver 

side current harmonics, bifurcation and frequency splitting 

phenomena [11]. 

III. SIMULATION RESULTS 

The mathematical accuracy of the analysis is validated with 

a 3.7 kW IPT system. The system parameters are listed under 

Table I. Standard TIR J2954 limits the operating frequency of 

EV vehicles to the frequency range 81.38 kHz to 90 kHz [12]. 

Therefore, this paper considers 85k Hz to be the switching 

frequency. Charging voltage of batteries used in EVs are 

around 405 V for mid-power range applications, which can be 

represented by Vdc(2) in (5). Therefore, V2≈ 516 according to 

(5). The input side voltage Vs = V1 can be computed using 

(13).  

The magnetic pad corresponding to the required mutual in-

 

TABLE I 

WPT SYSTEM PARAMETERS 
Parameter  Value  

Output power (P) 3700 W 

Input dc link voltage (Vdc(1)) 432 V 

Output dc link voltage (Vdc(2)) 405 V 

Equivalent resistance (RL) 35. 93 Ω 

Mutual inductance (Mi) 71.83 µH 

Number of turns (N) 17 

 Measured V2 /IL 505 V/ 14.05 A 

Gain (G) (theoretical)  0.9366 

Gain (G) (simulations) 0.9172 
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Fig. 7.  Receiver-side current and voltage waveforms of the IPT system. 

 

ductance to ensure maximum efficiency is realized with the 

aid of finite element analysis software ANSYS Maxwell as 

shown in Fig. 4. The magnetic pads are optimized using pare-

to-optimization strategy to maximize the coil to coil efficiency 

while reducing the leakage magnetic fields to the limits de-

fined under ICNIRP [5]. Fig. 5 shows the pareto-front derived 

through optimization. Magnetic pad design is coupled with 

ANSYS Simplorer software to simulate the IPT system with 

the parameters listed under table I.  

Fig. 6 shows the basic circuit diagram of the simulated sys-

tem where input voltage source is approximated as a sinusoi-

dal source according to (5). Fig. 7 shows the output voltages 

and currents of the IPT system and their corresponding peak 

values are listed under table I. The calculated efficiency of the 

system is 95.88%.  

The analysis is extended for high power IPT systems to es-

timate the variation of the mutual inductance with the increase 

in rated power. Input and output dc voltages are maintained 

constant and SS compensation topology is used for all the 

design examples listed under Table II. The results show that 

for a series-series compensated IPT system, the required mu-

tual inductance decreases with the increase in rated power. 

Therefore, as the rated power increases, the size of the result-

ing power pad will be small compared to low rated IPT sys-

tems. It is mainly due to the increase in flux density of the 

transmitter pad with the increase in rated current.  

IV. CONCLUSION 

This paper presented an analysis on the IPT system parame-

ters based on the BBBSCM to determine the relationship be-

tween the parameters of the magnetic pad and the power elec-

tronic (PE) system. The analysis identified the importance of 

matching the parameters of the magnetic pad with parameters 

of the PE system to maximize the efficiency. Furthermore, the 

design procedure is applied for different rated power systems.  

As the rated power of the IPT system increases, the required 

mutual inductance decreases. It also implies that the size of 

the magnetic pads can be reduced with high power systems.  
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TABLE II 

COMPARISON OF DIFFERENT POWER LEVELS 

   

Power (kW) 

 

RL(Ω) LM(µH) 

3.7  35.93 71.83  

7.7  17.27 34.52                                                                                                                                                                                                                                                                                                                      

11  12.08 24.15 

22  6.04 12.08 
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