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Abstract— contactless transformer with a large air gap has small 
magnetizing inductance and large leakage inductance comparing with 
a closely conventional transformer. This paper focus on analysis, 
optimum design results of the winding contactless transformer using 
resonant converter. On the contrary to the traditional closely coupled 
transformer, the contactless transformer with separated primary and 
secondary winding is used. Therefore, the Contactless transformer 
with series resonant converter can reduce flow and improved system 
efficiency. However, this article can be used in the design and 
manufacture of contactless transmission systems can be significantly 
improved. However, that requires a contactless transmission system 
(wireless), is designed to optimize the transformer model. So if this 
system could be established in the next few years, we have witnessed 
the removal of wires and cables, That is a great help to preserve the 
environment and prevent visual disturbance and also avoid being 
beautiful face of nature will bring. 
 

Keywords— contactless power transmission, inductive and 
leakage inductance, Contactless transformer, resonant converter 

I. INTRODUCTION 
owadays, contactless power transfer are developed and 
investigated widely[1-3]. Contactless power transfer 
using inductive coupling without a mechanical contact 

has the advantages of electrical isolation, safety, low 
maintenance, reliability, robustness and a long-product life. It 
will play a vital role in future of power transfer of energy 
which does not require a mechanical contact with supply 
energy. The potential application of contactless power transfer 
can range from power transfer to low power home appliances 
to high power industrial systems. The prospective candidates 
for use of this technology is like medical, marine, 
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transportation and battery charging applications where 
physical connections either dangerous or inconvenient. 
Beside, for power supplies in harsh environments such as 
outdoor lighting and mining the electric isolation is essential. 
In conventional application , a transformer used for galvanic 
insulation between the source and load. It was based on 
closely winding with high magnetic coupling coefficient 
between the primary and secondary winding .The contactless 
transformer is a loosely winding transformer with separated 
primary and secondary windings. Since the two windings of 
the transformer are physically separated by an air gap, this air 
gap bring to a low coupling efficient and high leakage 
inductance which results in a poor power conversion [1, 4]. In 
order to minimize converter switching losses and to 
compensate for the high leakage inductance of the 
transformer, the compensation capacitors are used in 
contactless power transfers applications [5, 6]. 
This paper begins by discussing the principles of series 
resonant converter. Following this, design and analysis of the 
contactless transformer is discussed. Then, an comparison 
between different gaps is done in order to validate the design 
and analytical calculation of the loosely winding transformer. 

II. THE PRINCIPLES OF SERIES RESONANT CONVERTER WITH 
CONTACTLESS TRANSFORMER 

Fig.1 represents a dc-dc full bridge converter using a 
contactless transformer. 

 
Fig.1. Series resonant converter 

 
The high frequency power inverter transfers the input power to 
the load through a loosely coupling contactless transformer, a 
series resonant compensation and rectifier. As shown in the 
Fig.2, the relationship between switching frequency (fs) and 
resonant 

Optimum Design of Transformer Model on 
contactless Energy Transmission System (CET) 

with Series Resonant Converter 
Mohammadjafari.mehdi1, lesan.saeed2, ghadami.mostafa3 

N



Journal of Middle East Applied Science and Technology (JMEAST) 
 

ISSN (Online): 2305-0225 
Issue 7, January 2014, pp. 339-343 
 
 

340 
 

frequency ( )can be divided into three cases: 
 . The converter operates in 

capacitive load mode where the phase angle of the inverter 
output current flowing in the resonant circuit leads the inverter 
output voltage when the switching frequency is below 
resonant ( ). 

 
Fig.2. Resonant frequency characteristic waveforms with 

respect to switching and resonant frequency for  
(a)  (b)  (c)  

 
In this case, the anti-parallel diodes of the switching devices 
are forced to be turn off while conducting. Consequently, high 
reverse recovery current flows and the switching devices can 
be damaged. 
When the switching frequency of the system equal to resonant 
frequency the converter ( ) operates in resistive load 
mode where the phase angle of the inverter output current 
flowing in the resonant circuit is equal to the phase angle of 
the inverter output voltage. In this case, switching devices are 
turned off at zero current which reduces switching losses and 
high efficiency can be achieved. But, since the air gap of the 
contactless transformer varies, it is difficult to keep the 
switching frequency equal to the resonant frequency ( ). 
In the case of the switching frequency higher than resonant 
frequency ( ), the converter operates in inductive load 
mode where the phase angle of the inverter output current 
flowing in the resonant circuit lags the inverter output voltage. 
In this case, no turn-on losses of the switching devices are 
produced and turn-off losses can be reduced by applying shunt 
capacitor. So, in the system of experiment, the switching 
frequency is set to be equal to the resonant frequency. 

III. DESIGN AND ANALYSIS OF THE CONTACTLESS 
TRANSFORMER 

 
Fig.3. An Equivalent circuit of the contactless transformer 

 
Ferrites are the most common types of material used for 
magnetic cores in contactless power transfer applications. In 
this design of the loosely winding transformer, soft ferrites 
type which has low losses even operates high flux densities is 
used. The number of windings is equal to 16 turns. Fig.3 
shows an equivalent circuit model of contactless transformer. 
The equivalent circuit consists of primary side leakage 
inductance ( ), secondary leakage inductance (L22) and 
magnetizing inductance ( ). The equation between winding 
ratio(N1/N2), magnetizing inductance( ), leakage 
inductance ( ), self inductance ( ), mutual 
inductance (M) and coupling coefficient (K) is respectively 

                                                                        (1) 

                                                                              (2) 

                                                                       (3) 
                                                               (4) 

                                                             (5) 
                                                            (6) 

An impedance analyzer (LCR meter) is used to measure 
primary and secondary side self inductance ( ), series 
inductance ( ) and parallel inductance ( ). The 
measured value of equation (5) and (6) is used to determine 
the mutual inductance, M using equation (7).The reactance of 
a transformer can be determined from open-circuit and short-
circuit measurement [8]. 

                                                                      (7) 
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Fig.4. Measurement of transformer parameters 
(a) primary side self inductance, (b) secondary side self-
inductance, (c) parallel inductance, (d) series inductance. 

 
The values of mutual and self inductances of the contactless 
transformer depends on several parameters such as the gap 
length between the cores, core sizes and material permeability, 
and the turns number of primary and secondary windings. In a 
high-frequency converter, phenomena such as the skin and 
proximity effects need to be consider. The efficiency also 
depends on winding resistance due to the high magnetizing 
current of transformer [7]. 
The voltage gain of the transformer is affected by the circuit 
parameters such as magnetizing inductance and leakage 
inductances. In order to increase the transformer voltage gain, 
the leakage inductances ( ) have to be reduced and at 
the same time increasing the coupling coefficient. 
 
In the design of the contactless transformer, the coupled 
inductor model is used. It is necessary to calculate the value ( 
in the equivalent circuit as shown in Fig.5 ) to determine the 
characteristics of contactless transformer. 
 

 
Fig.5. Equivalent circuit of the contactless transformer 

 

From Fig.5, the voltage gain ( ) and the current gain ( ) 
between the input and the output of the contactless transformer 
are calculated analytically. 
 

                                             (8) 

                                                            (9) 

Where 

 

 

 
 
Cr is a series resonant capacitor which allows a compensation 
of the reactive part. The rectifier circuit and the capacitor filter 
of the secondary side can be represented as ac equivalent load 
resistance which equal to  [10]. The resonant condition is 
achieved when the primary leakage inductance ( ) of 
contactless transformer was compensated by resonant 
capacitor. The resonant frequency is obtained by using 
equation 

                                                       (10) 

                                                                     (11) 

 is an equivalent inductance when the secondary side of the 
transformer is in short. 
It is important to note that transformer model can be described 
with the electrical equivalent circuit. Inductive Inductance and 
leakage inductance of contactless power supply system 
depends on the size of the primary and secondary system. 
Magnetic nuclear is used in the secondary and primary side 
and air gap length. CET systems are characterized by the large 
leakage inductance and small magnetic inductance. Effective 
resistance of the coil is an important parameter that determines 
the efficiency of the transformer and depends on several 
factors. Coil length is given parameter. however, in a high- 
frequency converter, phenomena such as skin and proximity 
effects are equally important. 
As noted, a significant problem of CET system is the 
secondary leakage inductance, which causes a voltage drop 
and power transfer limits. Consequently, compensating 
secondary winding is needed to upgrade the power transfer 
capability . Leakage inductance of the primary winding is 
typically to minimize of VA rates compensation sources will 
be. Compensation Can be by a series resonant capacitor or by 
a parallel resonant capacitor be achieved that are connected 
the transformer secondary winding of the. 
Series resonant converters are usually used because of the 
simplicity in implementing and they are preferred on system, 
where parameters changes such as coupling coefficient and 
quality factor of the circuit in a wide range. 
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CET System with Series Topology Compensation 
A. CET System with Secondary Compensation 

 
The concept of leakage inductances compensation of the CET 
transformer by adding series resonant capacitor on secondary 
side. 

 
Fig. 6. CET system with secondary series compensation S2 

 
Fig. 7. Simulated basic waveforms of currents and voltages 
in contactless energy transmission system S2 - compensation. 
From presented simulation results, independent of the 
operating converter frequency, the value of the output voltage 
is reduced by the voltage drop caused by magnetizing current. 
If we assume the same numbers of primary and secondary 
winding coils, the value of rectifying output voltage U0 is 
lower than feeding voltage Ez for any values of load 
resistance. 
B.  CET System with Primary Compensation 
 
The concepts of leakage inductances compensation of the CET 
transformer by adding series resonant capacitor on primary 
side. 

 
Fig. 8. CET system with primary series compensation S1 

 

 
Fig. 9. Simulated basic waveforms of currents and voltages in 

contactless energy transmission system S1 - compensation. 
 

From the presented simulation results independent of the 
converter operating frequency, the value of the output voltage 
increases because of the voltage drop on leakage reactance 
caused by magnetizing current. For all operating frequencies 
the amplitude of output voltage u2 can be higher then 
amplitude of the source voltage u1. Therefore, there is no 
possible to maintain a fixed level of output voltage, by 
adjustment of voltage source frequency only. Voltage gain 
may exceed the nominal value GV > 1 what is very danger for 
the load (over voltage). 
 
C. CET System with Compensation Capacitors 
(on Both Side of the Transformer) 
 
The CET system with resonant circuit created due to 
connection in series capacitor to primary or secondary 
winding of the transformer, gives very poor possibility of 
keeping voltage gain on the constant level during CET 
operation, with variable coupling factor and load resistance. In 
this Subsection CET system solution with compensation 
voltages dropping on leakage inductances by adding series 
resonant capacitors to primary and secondary windings of 
transformer is presented. 

 
Fig. 10. CET system with primary and secondary series 

compensation mode SS. 
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Fig. 11. Simulated basic waveforms of currents and voltages 

in CET system with SS - compensation. 
 
when primary voltage source operating frequency fs=f0, the 
secondary side output voltage has the same value and the 
circuit voltage gain is unity GV = 1. The compensation of the 
voltage drop on the leakage reactances is possible only for 
operation with resonant frequency fs=f0. The output voltage 
can be controlled without measurement and adjustment of 
supply voltage amplitude Ez, just by keeping converter 
voltage in resonance. It is a very favorable case because 
control may be very precise and input inverter configuration 
may be simple (full bridge or half bridge inverter). 
 
the series resonant converter used in Contactless Energy 
Transmission (CET) system operated at resonance has been 
described. This means, that primary and secondary leakage 
inductances of the CET transformer are compensated by series 
resonance capacitors. By the use of these capacitors, the 
connected load to the CET system is seen as an ohmic load by 
power supply converter. Therefore, switching instance could 
occur at zero current of power transistors. The full bridge 
inverter topology composed by four switches is preferred 
because of better utilization of voltage supply. With a unity 
transformer turns ratio, the dc output voltage is ideally equal 
to the dc input voltage only when the transistor switching 
frequency is equal to the tank resonance frequency. The output 
voltage is reduced if the switching frequency increase or 
decrease away from the resonance frequency. Thanks to 
secondary circuit compensation the power transfer capability 
from primary to secondary circuit though the air gap 
significantly increase. The series resonant converters are the 
most commonly used because of simplicity in realization and 
are preferable for systems in which the parameters like 
coupling factor and circuit quality factor change in wide 
range. Therefore, in this work the SS compensation circuit will 
be used. 

IV. CONCLUSION 
In this paper, the electrical analysis characteristics of loosely 
transformer using coupled inductor theory and simplified 
models of the series resonant converter are presented.  

Large leakage inductance and small magnetic inductance can 
be a great loss to the contactless transformer, thus increasing 
the system effect degree when increasing air gap, so the initial 
flow through the primary magnetic inductance done.  
So the contactless transformer with a series resonant converter 
can reduce the circulating current and improve the efficiency 
of system. this article can be on the design and construction of 
optionally be used for contactless transmission systems . 
However, that requires a contactless transmission system 
(wireless), is designed to optimize the transformer model. So 
if this system could be established in the next few years, we 
have witnessed the removal of wires and cables, that is a great 
help to preserve the environment and prevent visual 
disturbance and also avoid being beautiful face of nature will 
bring. 

REFERENCES   
[1] P. Sergeant and A. Van den Bossche, "Inductive coupler for contactless 

power transmission," Electric Power Applications,, 2008. 
[2] M. G. Egan, D. L. O'Sullivan, J. G. Hayes, M. J. Willers, and C.P. 

Henze, "Power-Factor-Corrected Single-Stage Inductive Charger for 
Electric Vehicle Batteries," Industrial Electronics, IEEE, 2007. 

[3] H. Abe, H. Sakamoto, and K. Harada, "A noncontact charger using a 
resonant converter with parallel capacitor of the secondary coil," 
Industry Applications, IEEE, 2000. 

[4] S. Valtchev, B. Borges, K. Brandisky, and J. B. Klaassens,"Resonant 
Contactless Energy Transfer With Improved Efficiency," Power 
Electronics, IEEE, 2009. 

[5] J. Yungtaek and M. M. Jovanovic, "A contactless electrical energy 
transmission system for portable-telephone battery chargers," Industrial 
Electronics, IEEE, 2003. 

[6] G. Du, S. Sheng, and X. Li, "Modeling and simulation of contactless 
power transmission system by inductance coupling," in Industrial 
Electronics & Applications, 2009. ISIEA 2009.  

[7] M. K. Kazimierczuk, High-frequency magnetic components: Wiley, 
2009. 

[8] A. J. Moradewicz and M. P. Kazmierkowski, "Contactless Energy 
Transfer System With FPGA-Controlled Resonant Converter," Industrial 
Electronics, IEEE, 2010. 

[9] A. Moradewicz: “Series Resonant Converter in Wireless Energy 
Transmission System – Simulation Study”, In Proc. of Conf. MiS-4, 
Kościelisko, Poland, 19-23 czerwca 2006 

[10] M. C. Trigg: “ Matlab Simulink Modelling of a Single-Phase Voltage 
Controlled Voltage Source Inverter ”,Department of Electrical 
Engineering Department of Electrical Engineering Curtin University of 
Technology , Perth 6845, Australia, 2011 

[11] M. Ciobotaru: “PV inverter simulation using MATLAB/Simulink 
graphical environment and PLECS blockset ”,Institute of Energy 
Technology, Aalborg University Pontoppidanstraede 101, 9220 
Aalbborg , DENMARK,2012 

[12] F. Hoburg: “Magnetic Resonant Coupling As a Potential Means for 
Wireless Power Transfer to Multiple Small Receivers ”,MIT Libraries , 
2012 

[13] J.P.C. Smeets: “Optimal Design of a Pot Core Rotating Transformer”, 
Netherlands,2010 

 
 
 
 
Mohammadjafari. Mehdi is birthday1988 on iran(gorgan city). 
 He received his M.Sc degree in electrical engineering from the Aliabad 
katoul Branch , Islamic Azad University (iran), in 2013. 
His primary technical areas include  control and power systems researcher , 
Contactless transmission and Communications researcher. 


