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Abstract:Contactless 

inductive power transmission 

system through an air-

separation for charging flat 

shape consumer electronic 

equipment is presented in this 

paper. Electromagnetic field 

plots of the charging 

arrangement are generated 

under no-load and loaded 

conditions so that the 

distribution of the charging 

unit could be investigated. 

Three winding modes of the 

proposed arrangement have 

been studied and compared, 

including complete 

energization of the winding 

arrangements. With new 

results arising from finite 

element simulation study with 

ANSYS V.5.4, the theory of 

the magnetomotive force 

generation of the multilayer 

winding array structure could 

be further understood. The 

present results provide a base 

of understanding for future 

design and optimization of 

planar contactless charging 

system. 
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INTRODUCTION 

 

     Bio-implantable devices such as heart pacers, gastric pacer 

and drug delivery systems require power for carrying out their 

intended functions. These devices are usually powered through a 

battery implanted with the system or are wired to an external 

power source [1]–[4]. Contactless battery chargers have been 

successfully demonstrated for charging portable consumer 

electronic equipment such as mobile phones [5]-[7]. This paper 

presents the investigation of the planar type battery charger by 

carrying out a finite element simulation field distribution of the 

planar charging system could also be visualized. With new 2-D 

and 3-D field plots generated in this finite element simulation 

study, the theory of planar magnetomotive force generation of 

the multilayer winding array structure can be further understood. 

Three working modes, including full-energization mode, 

selective excitation based on columns and selective energization 

based on windings are investigated by finite element simulation.  

COMPLETE ENERGIZATION MODE  
      In this mode, the magnetic field distribution of the 

multilayer winding array is simulated using ANSYS Maxwell-

3D finite element software. As shown in figure 1, the charging 

platform consists of three-layer hexagonal windings which can 

be connected in series, in parallel or a combination of both. The 

geometry and number of each winding could be designed 

flexibly. Limited by the calculating speed of the ANSYS 

software, a simplified model composed of three-turn windings is 

used in the simulation as shown in Fig.2. And the values of 

parameters are also labeled. Each turn is represented by a closed 

hexagon in the simulation to provide a complete current path. 

But it must be kept in mind that they are spiral windings in 

practice. Fig.3 shows the cross- sectional structure of the model. 

The first working mode of this planar charging is to excite all 

the windings simultaneously, i.e. full-excitation mode, in order 

to view the gradual change of MMF ( magneto-motive force ) 

distribution. 
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A. MODE ONE 
       Only one layer of the winding array structure is energized 

and simulated with the 3D simulation module. Fig.3 shows the 

2D magnetic field distribution superimposed on the x-y plane of 

the windings. The color and density of the arrows indicates the 

magnitude of the magnetic field intensity. The instantaneous 

current in the windings is set as 0.75 A. It can be seen from 

Fig.3 that the magnitude of the MMF is highest ( peak ) in the 

center of the hexagonal winding pattern, and is lowest ( valley ) 

at the junction of three windings, as labeled in the figure. It 

should be noted that each valley is surrounded by 3-peaks and 

each peak is surrounded by six-valleys. 

 

B. MODE TWO  

       Another layer is added to the first layer. The MMF peaks of 

the second layer are placed over the MMF valleys of the first 

layer. Fig.5 shows the 2D magnetic field distribution 

superimposed on the X-Y plane of the winding. As expected half 

of the valleys of the first layar are now filled with MMF peaks 

by the second layer. 

 

 C.MODE THREE 

       The third simulation is then conducted with three layers of 

winding arrays. The remaining MMF valleys of the first layer 

are now filled by the MMF peaks of the third layer. Fig.6 shows 

the 2D magnetic field distribution superimposed on the x-y 

plane of the winding and Fig.7 is its 3D angular view. It is 

important to note that the vertical field in the central region of 

the charging surface is almost uniform. The field lines curve 

horizontally at the four edges of the rectangular charging 

surface. Fig.8 and Fig.9 show the 3-D and 2-D views of the 

simulated electromagnetic fields in the y-direction respectively. 

As expected, the electromagnetic fields in the y-direction is 

fairly uniform especially in the central region. The uniform 

distribution of the magnetic field over the central region is 

demonstrated. 
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MODE THREE WITH A LOAD 

      A load is placed on the charging surface. Fig.10 shows the 

field plot of the charging arrangement with a secondary load 

placed on the top surface. The outer-diameter and inner-diameter 

of the secondary winding is 40 and 3mm  respectively. The 

number of turns is 18. An opposite current is set in the 

secondary winding loop in order to simulate the induced load 

current which brings an opposite flux to cancel the original field, 

according to Faradays-induction  law. It can be seen that the 

secondary load does slightly distort the magnetic field in the 

central region. This loading effect is normal. 

 

 

HIGH FREQUENCY INVERTER CIRCUIT ANALYSIS: 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.1: High Frequency Inverter Test Circuit. 

     Fig.1 shows the schematic of the test circuits, as well as the 

load in practice. The charging platform is excited by an inverter 

working at high frequency ( chosen in the range from 100 to 500 

KHZ ). Practically, the charging power for portable electronic 

equipments such as mobile phones ranges from ( 1.5 to 4 W ) 

and the battery voltage is controlled by the voltage regulator or 

the battery charging circuit [8] – [9]. 

     Fig.11 to Fig.14 show the secondary voltage distribution in 

the x-y plane. In these figures the voltage distribution is not 

exactly the same because of open-loop error. The phenomenon 
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of central-field sag is observed, regardless of the types and 

connections of the platforms. The induced secondary voltage 

drops about a half from the edges to the center, like the 

simulated results of the vertical magnetic field because the 

secondary winding can only couple the vertical field, as stated 

by the induced electromotive force equation of one turn[10 ]: 

 

 
s

dsH
dt

d
e .        

Where H is the magnetic field intensity generated by the 

platform. and S is the area enclosed by the secondary turn. The 

phenomenon of central-field sag can be explained by the current 

cancellation effect. At any point in the arrangement where the 

three layers are fully overlapped [ such as point p in Fig.14 ] 

there are three equal current vectors that are 120 apart. Each 

current vectors comes from one of the tree layers, so when all 

the windings are excited simultaneously without any selection, 

the planar is similar to a coil which has equivalent turns around 

the edge of the arrangement. 

     To verify this explanation, the finite element results of the 

winding arrays and the equivalent planar coil are obtained and 

compared in Fig.14. One reason for this phenomenon is 

illustrated in the figure, the fine line is the original theory in [4]. 

The resultant MMF over the distance between two adjacent peak 

positions is equal to 1.0 per unit. But in fact, the valley is 

practically outside the windings, and so MMF of the valley is 

not equal to zero, but to a negative value, as illustrated by the 

bold line. Because there are more windings in the central region 

of the platform, the absolute value of the negative field in the 

central region is higher than that in the side part. In addition, the 

windings along the edges are not fully overlapped and so their 

MMF distributions are not uniform. The current in the windings 

and in the  planar coil is the same and equal to 0.75 A. 

COMPARISON OF THE THREE MODES 
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       In the previous sections, the winding current is the same for 

the tree working modes and the scale in the figures is also the 

same. Comparison of the results shows that the same current in 

the windings can generate similar ( or slightly higher ) 

magnitude of vertical magnetic field in the effective area of the 

selectively excited column ( or winding ) than that in the area 

near the edges of the fully excited platform, which indicates a 

similar or slightly higher power transfer ability. But the selective 

excitation mode can achieve potentially higher efficiency 

because of much fewer windings excited and thus lower 

conducting loss. Table 1 compares the approximate normalized 

magnitude of the vertical magnetic field generated under 

different operating modes. The average value of [Hz] at the 

edges of the four columns under full excitation mode is 

normalized to 1.0. The last column of Table 1, [ Hz]
2
/n, is an 

indicator of efficiency and a higher value is favored [4]. It 

increases greatly from full excitation mode to selective 

excitation based on columns. 

      The value 0f [ Hz ]
2
/N when three windings are excited 

together is not very low, compared to that of other operating 

modes, because higher magnitude of vertical field is generated. 

And the uniform distribution of vertical field in its effective area 

makes mode 3c potentially good choice. Table 1 shows the 

comparison of three working modes.  
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Table1: Comparison of Simulated Results for the Three 

Working Modes. 

 

 Normalized 

 Magnitude 

of 

 Vertical 

 Field |Hz| 

     Number of 

 Windings 

 energized 
N

Hz
2

 

Mode 1 (4 

columns) 

Edges 1.105 24 0.0428 

Center 0.55 24 0.0105 

Equivalent 

Coil 

around the 

Edges 

Edges 

1.106 6 0.1580 

Center 
0.55 6 0.0790 

Mode 2 a(1 Column) 1.107 6 0.1667 

Mode 2b (2 Columns) 1.107 12 0.0833 

Mode 3a (1 Winding 

Energized ) 
1.107 1 1.0000 

Mode 3b(2 Windings 

Energized ) 
1.108 2 0.5000 

Mode 3c(3 Windings 

Energized ) 
1.348 3 0.5743 

 

 

APPLICATION OF FERRITE PLATES 
 

       The important design issue of the charging arrangement is 

the insertion of electromagnetic shield on the bottom of the 

platform. If the electromagnetic field is not shielded in the 

bottom of the platform, undesirable energy transfer will take 

place underneath the platform, particularly when the charging 

platform is placed on a metallic table. To evaluate the shielding 

effects on the platform using ferrite plates and copper sheets, 

ferrite plates and then copper sheets are added into the 
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simulation. Fig.15 shows the cross-sectional structure of the 

shielded model. The ferrite plates of 0.4mm and copper sheet of 

0.07mm are inserted as shown in the figure. Fig.16 shows the 

magnetic flux distribution in the y-z direction plane. When a no 

shield is added and b a thin ferrite plate and copper sheet are 

added. The bottom views of the magnetic field of the charging 

platform with and without electromagnetic shield are plotted in 

Fig.17 and Fig.18. Comparison of the simulation shows that the 

simple shielding structure is effective in this charging platform 

application. 

CONCLUSIONS  
        

      A finite element simulation with ANSYS software of a 

contactless inductive power transfer is presented. Magnetic field 

plots of the multilayer winding structures are generated and 

plotted so that the field distribution of the planar arrangement 

could be better visualized. 

The main contribution of this paper is summarized as follows: 

1. The complete-energization mode shows "central-field sag" 

characteristic. 

2.  The problem of "central-field sag" is explained by current 

cancellation aspect. By comparing the simulated results, the 

winding array structure is proved to be equivalent to a 

concentric planar coil around the edges of the whole area in 

terms of magnetic field distribution. 

3. Two alternative energization modes are proposed and 

examined both of which can achieve potentially higher 

efficiency because fewer windings are excited. 

4. A simple shielding structure is effective in suppressing the 

electromagnetic field at the bottom of the structure. 

5. The Most important point is, the finite element simulation 

with ANSYS software which confirms the feasibility and 

flexibility of the system for efficient power transmission. 
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Fig.2: 3-D Model of the Test Arrangement. 
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Fig.3: The Cross-sectional Structure of the Test Model. 

 

Fig.4: Simulated Magnetic Flux Distribution of a 1-layer 

Structure. 
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Fig.5: Simulated Magnetic Flux Distribution of a 2-layer 

Structure. 

 

 
                      

Fig.6:  Simulated 2-D Magnetic Flux Distribution of a 3-layer 

Structure. 

 
 

Fig.7:  Simulated 3D magnetic flux distribution of a 3-layer 

structure. 
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Fig.8: Simulated Electromagnetic Field Distribution in the y-

direction , 2-D View. 
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Fig.9: Simulated Electromagnetic Field Distribution in the y-

direction , 3-D View. 
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Fig.10: Electromagnetic Field Plot of the Arrangement with 

Secondary Load. 

 

 
              

Fig.11: Simulated Results of Secondary Voltage 

Distribution: Series Connection, f=180 KHZ. 

 
                

Fig12:  Simulated Results of Secondary Voltage 

Distribution: Series Connection, f=195 KHZ. 
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Fig13: Simulated Results of Secondary Voltage Distribution: 

Series Connection, f=195 KHZ. 

 

 

 

   

 

 

                            

 

 

 

 

 

 

 

 

 

 

Fig.14: Simulated Electromagnetic Field Distribution Over 

Distance. 
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Fig.15.: The Cross-sectional Structure of the Shielded 

Arrangement. 

  

 

 

 

 

 

 

 

 

 

 

 

 

Fig.16:  Simulated Electromagnetic Flux Distribution Over 

Cross-sectional Part. 

 

 

 

 

Arrangement with no shielding 

With shielding 
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Fig.17:  Electromagnetic Field Plots From the Bottom of the 

Arrangement. 

 

 
 

Fig.18:  Electromagnetic Field Plots From the Bottom of the 

Arrangement. 

Arrangement with shielding 

 

Arrangement with no shielding 
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تحليل منظومة نقل الطاقة الكهربائية اللاتلامسية والمستخدمة لتجهيز 
 المعدات الالكترونية

 
 عبد الجبار فاضل علي .م.د.أ

 عمارةال فيالمعهد التقني 

 
يتنااا ال حث كاااا  قي ياااق نااااال حثة اااااق حثقتلا  يياااق حثك يااااق حث ت   اااايق  : الخلاصةةةةة

ثتجتيااش حاا كنق  اااتر حثقتلاانيااقت ح اات لاجم نتاا يك حث جاا يم حثقتلاا  ن ةي اايق 
ثلتلاقي ااق حث اتلاكاااق  ااب ااااتر ة اااا م  ااب حث ل ااا م  اااتاب ا تكاام ك ثاااق حثتك يااال 
اذثك ث الافق اأتلاحك ة ياق اتصلاف حنتح لا ا تاشيع هذه حث جا يم الاو اكاتر 

نتاا يك    ااق أن اا ة   تل ااق  حثحااكب ن ناا ل نااال هااذه حثة اااق ت تاار تكلياال ا ا لانااق 
ثتلاحقيااال حث ل ااا م  اااب جااا نت  حثتجتياااش حثق  ااال ثتاااذه حث ل ااا م ا قاااذثك حثتجتياااش 
حثجشياااات حثنتااا يك حث  اااتكت ق حثتاااا ت ااام حثكصاااال اليتااا  ااااب ةلايااا  ن ذجاااق ا 

)      تكلياااال هااااذه حثتانيااااق    اااات تحر حثان صاااالا حث كااااتتر حثلاي جاااايق  ااااع  لاناااا  ك 
ANSYS  ق نااااااال ا حنتحاااااا لا حثاااااااا  حثتحفاااااااق ( , اجااااااكم ق ياااااالاح  ااااااب ن لاياااااا

حثقتلا  يياااق حث كت اااق حثااا  ت   ااايق  اااي   احناااا يشحثااام هاااذه حثتانيااا م حثكتي اااق ايااات 
حث كاا ت نب هااذه حثنتاا يك ت ااتر فااا ناةاا ل حل اام حث  لااو ثلتصاا  ير حث  ااتا ليق 

 ثتاني م نال حثة اق حثقتلا  ييق حث ت   يق ت               
 

 

 


