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PORNRUJEE BURUN: DESIGN OF THE OPTIMIZATION WIRELESS
POWER TRANSFER SYSTEM TO INCREASE PERFORMANCE
USING 3-D FINITE ELEMENT. THESIS ADVISOR : ASSOC. PROF.

PADEJ PAO-LA-OR, 108 PP.

WIRELESS POWER TRANSFER SYSTEM /TRANSFER EFFICIENCY/

3-DFINITE ELEMENT METHOD/MAGNETIC FIELD

The automotive industry is increasingly aware of the problem of energy.
Resulting to the development of electric vehicles. In electric vehicle, electric charge is
stored in the battery inside the car's body. The conductive charging is the direct
connection of the wires to the system which may cause inconvenience in operation.
There is also a risk of sparks. With these problems, it leads to the concept of wireless
power transmission system. This does not need to use wires for connect the system.
And separation between the primary coil and secondary coil, make them interesting
concept.

This Thesis presents the mathematical modeling of magnetic vector potential
in form of second order partial differential equation related to magnetic field of the
wireless power transfer. Developed MATLAB program in 3 dimension of finite
element method was used for the simulation of the magnetic field in the primary coil
and the secondary coil of the wireless power transfer. Four ideas are proposed in
this thesis to increase transfer efficiency between primary coil and secondary coil :
1) Designing for installing of ferrite bar, 2) Designing the number of ferrite bar,
3) Designing the position of the installing ferrite bar and 4) Designing the position

of the primary coil and secondary coil. The simulation results show that the wireless



power transfer wireless power transfer system equipped with ferrite bar at primary
and secondary coils of 14 ferrite bar, has the corresponding position of the ferrite bar

and the primary and secondary coils are in the same position and have the highest

transfer efficiency.
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v 9 i
Usza Tl (Blectric charge) AtfFunauesanuilulihiiadaegluaaisiu 9 ¥

a o o J

nsefauiussenaedsey lihagSondwsa I (Blectric force) wazdrilseyluihiing

' '
A 9 a =

A = [ 1 < A 9 ~ Z},
AADUNAIYISINALITINEGT YN UTAULNLY AN (Magnetic force) mﬂmawmmﬂwﬁmazLm

8

=

' o A A o A v o . =2 WY q VO t
uimantiuvassuila@ernunelszy i msdadwunnguyewseldsaldniaousail
' 1A 1% { A ' 1 <
pglunguiednuiizond uswaiian 1 (Electromagnetic force) Nn 9 Uszyluaaisezil
anuduaw Wi (Blectric field intensity) W3oison1 aww 'l (Electric field: E) og
= R v o W . o 1 & o X '
Ysuanihgailudmnulilszguilseenusiniziaedsegnilsdionsalsuamnil dau
i v < = ' ' <
ANunUHuYeINanGUNMAn (Magnetic flux density) #30i38nNAUIWLNIKAD (Magnetic
< v o w o A 4 { ] s & {
field : B) aztilusamnuldoonusenszriunnizdszg ldhindoun segummimaniiio
< @ o : 1 4 <
Wusingrwvesna lnlumsdundasndsanngduuuniialdgzlunuou q Tagldi
g o [ a A A 3 P 4 o a [}
wugwdmiveiuedsingmsainmevulunemes wsesiuiia liihuaznideulaslaih
Y [ A a da! 4 1 dy ) dy [
msmuudasnasnuinaduluginsaivaiiiazlsznoudlengWugiued 4 ng (Chapman,
A
1998) D
A ¥ o o 0 q.¥a o2y ¥ &
1. Wenszud naluduaradnhegri ldRaauuminiandouseuidualail
A ] IS A a o Yy a o A o d%l a
2. emnuuimanimanlasunasmunarnzhldinaussaumtisnhyuvaadai

a @ Y v o X J 9
NAVTINNITNUUDIUTUAIANIUN (wugmﬂimgmimwmuﬂm)
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4 9 o o A ' ' <3 o Y a 1
3. mﬂﬂizuﬁ”lwa“lumum@mmmnagiuﬁmmmmaﬂﬂzmimﬂmmmmamu
dy C4 J
(ugulsngmssinenod)
A Y v o A A [l <] o Y a @ = o 2 X
4. WorduataaniunaeunmuaMimanaz M liinausaumie 1y (Mg

Usingmssitsessuia )

9
Y LY 3

= a ' 3 2 o a Y A
%Qﬂﬁu']ﬂlsllﬂ\‘]ﬁu'lullulﬁaﬂuusllu@g UIFAANINAN ﬁ'liJ'lﬁﬂfJ‘ﬁU']lelﬂﬂ'JﬂﬁNﬂ'ﬁ:ﬂ

(3.2)
B=uH (3.2)

A A = v g . . Al o A

o u ﬂ’e)ﬂﬂiJﬁ]ﬂ‘iJ‘lelllWlJ@QLLMWEiﬂ (Magnetic permeability) ¥AUNINY Ho Taen

A = Y I~ [ % -7 A 1 =< U
Hy ﬂammcmcnu”lmmqaujﬂunmﬁummmu 47x10"" H/m uag H, AaAMNUIUFY 1A

"o o

o 4 = 2 o ] I
dUNNS (Relative permeability) FIN9zVUBGHUTAAAINAN LA H ADANUENAUINLNINAD

o 1 o 4 -4
(Magnetic field intensity) Lm%ﬂ"lﬂﬂ']iﬁﬂBTﬂmﬁiJ‘U@lGU@\i B wuMN ﬂ"lﬁﬂﬁﬁ/nhlﬂ!,’)’f)ﬁlfﬂu“]fsll’f)\i

' < ¥ A g Jd o A
ﬁumumwaﬂuu%muﬂuﬂua ﬂﬂl!ﬁﬂﬂuﬁnﬂﬁ‘ﬂ (3.3)
V-B=0 (3.3)

= oA s ] o &
INTUNITN (3.3) HUAD ﬂj;]"ll@\‘llfﬂﬁ (Gauss’s law) G}imﬁﬂﬂugﬂﬁumiauwuﬁmm
[ I ) % [ J v 1 1
AUILUIAN Tﬂﬂﬁ?ﬂu’ﬂﬂﬂﬁgﬂ@‘]JﬂUﬂTﬁﬁl%}L@ﬂﬁﬂEﬂ!ﬂ\‘lllﬁﬂ\‘lsluﬁllﬂ'ﬁﬁ (3.4) Llﬁgﬂgvlﬁj'ﬂ
1 o o "o S Y Aa S & A A o ad v v 3
ﬂ']llﬂﬂﬂimu"”]f‘llﬂﬁ B Wl']ﬂUﬂuEJLLa'JfJ?JNuﬂﬂl'lﬂmﬂﬁﬁuﬂﬂlﬂﬂﬂﬁgﬂuﬂiauﬂ? ﬁ]ghlﬂWﬁHJu
s 7 A o ad Yy 1w ~ I o da o g
NI B Lmznﬂmaﬂﬂ ) NNITNUATALAUNINY B ASLTYNINANYLBIINAD I UINLUNLT AN

(Magnetic vector potential : A)

B=VxA (3.4)

o ¥ A

o 1 ' [ : o
muumaﬁ’mmimmmmmammmmaﬂ B %QfﬁlﬂiﬂLaﬂﬂqﬁiﬂﬂﬂﬁﬂ”lu?mﬂT
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o a d
3.6 HULDIA0IMIANAMIAATVDITUINIHINED
o a s A @ ] [ 1 o W 9
puusiasanasiamaasineInDauutmanvesszuudeta oy 15ae
amnsonaasldlaoaun1seyusdos (Partial differential equation: PDE) duauaed aaqla

Feaumsn (3.5)

Vx(EVxA% %+% ‘]0 (3.5)
y7;

A A o dAa S 1 @ a (A
10 A feo Angrannmesudianinlasuulasaiunan t
1 4 [l < 1 1
D Ao anurinuiudansuumanialasuulasamuna t
A =< Y 1 <] . oy
U D ANUIUFY IAveulman (Magnetic permeability)
o v amniine i (Electrical conductivity)

J, Ao AU UYEINTZUEA (Current density)

= A 1o da Jd <3 1 [
NNMsANEINAANTATRIMANGRNIABTIIMAN (A) Nud V-A =0 Ysznauny

F) @ o JdA 2 o 9 =
m3lyendnbaiveanneine vx(VxA)=V(V-A)- VA slvaunsodsuaunives

o o J a = Yo A
ﬁﬂﬂl?ﬂl@l@il%\‘llmL’I’iﬁﬂulﬂﬂ\‘lﬁ'llﬂ'lﬁﬂ (3.6)

oA D
VA? — o — — j—=— 3.6
2 5 A M (3.6)

on ' 2 2
HAZNAUTUUAUDI A 121971 v2A - 8 '02& + 0 'Az“/ + 0 Azz WANWNTOUIUTUNITVO
OX oy 0z

v J a ' < Y o A
ﬁﬂﬂlﬂﬂlﬁ@il"]ﬁl!iﬂﬂﬁﬂul@ﬂﬂﬁllfﬂi‘ﬂ 3.7

1A 1A 10°A oA D
=y, (3.7)

,uax ,u&y ,u@z 81: ot

Aa 1 = Y = = " v o 14
HAagNUIINVDIAT D GINﬂ%llﬂ'J'] D =& WEWTUVIUTUNITUDIAANYLININ DT

a ] < Y o A
Faunivan laasaunisn (3.8)
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1A 10°A 10°A OA COE
SISt ——e—=-], (3.8)
i OX™ uoy uoz ot ot

4 [ ad a
e & aAv a'ladl@anasn (dielectric)
4 A 1 1 [} <3 o A )
1NNQUeIH13UAd (Faraday’s law) inannaudmanusduaiunaiszmieni

Tnaau i (B) Fawaadldasaumsn (3.9)

oB
VXxE=—— 3.9
p (3.9)

UNUAUNIN (3.4) aaluaumsn (3.9) a2 1dasaunsn (3.10)

VxE:—ngA (3.10)
ot

9
[

aduag ldmnu 1 (B) Fanaad laaeaunsn .11)
E=_——" (3.11)

o = ' ~ Y 1 o Jda 4
Maun1sn G.10) unuaiadluaunisn (3.8) 1z ldaunisvesmdndirainmes

Vo3 g A
ulvan uAsaunN1IN (3.12)

10°A 10°A 10°A oA  O°A
_axz +;8y2 +;azz —0'54‘8?:—\]0 (3-12)
M

Aaw dy Y a a I ~
\1']1!'3’1]EIHU]J@Wﬁ]'Iim'Ii$°1J°]JI@ElW%'liﬂ!'lﬂ'liL!ﬂaQ"U’fNIﬂHJHL'Ja’]UJuIﬂLiJuﬂ'J’IﬁJﬂ

=

(Time-harmonic) ¥auaad laAIauMIN (3.13) ag (3.14)
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DA 3.13
ot Jo (3.13)
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%:—a)zA (3.14)
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9 v A
Wu1%$ﬂ§$ﬂﬂﬂﬂ384iuﬂﬂu

Moy 12 3 A

< a o {
Lﬂuu‘umﬁml@ﬁ(}u @Nﬁﬂﬂ'ﬁﬁ (3.16)

9y

< d 1 Aan 4 a
4 adlumsszuaaimeludamuanuuF

Y o o ' . < o 1 o A 1 1
iduaananalugl 3.6 dwmiaueaTua (x,.y,.z). i= 12 3 4 Wuduiisvesdan linsoa A,

a o (4 [ 1 aa 4
TaeguuAanyuen1sNIEIBVDINaans lnedssuia o dwrdala N VUDANUA A(X,y,2)

Iix (r ) L )
//\\\ . — arlizimansoaatun
/ / .|'| ‘\‘rif:
% \
/ \ o
\l, —:‘;\: ir|.‘.".', 3 )
WXy, ¥2:32) /. b= ,.'.'. ————— /
238207 : /
\_‘ lll >
P <8 \
-\\_\ '||I
—_— e ‘\\ \ :
N Vv -\
/ . Mxgyy2y)
X
N = Y aa g ~ ¥
51U 3.6 madszmameluuuuguduuusamuazinssanin

A(X, Y, 2)=a+bx+cy+dz

Y
%

Taoil ab ¢ d Fluanei FeansantldanTua

d‘ o ﬂa}
NG EZNEE

A%, ¥, 2,)= A =a+bxcy, +dz,
A%y, Yoy, Z,)= A, = a+bx,+cy, +dz,
A(X,, Y5, 2,)= A, = a+bx+cy, + dz,

A(X,, Y,,2,)= A, =a+bx,+cy, +dz,

(3.16)
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] Y 1 1]
11181 a b ¢ d N1dnMsudaumInIaiedu unuanavas i luaumsn G.16) 3z ldanyay

o [ Aan o I o ~
ﬂ15ﬂ§$ﬁ]18"|]@\1Naﬁlaﬂiﬂﬂﬂigu1m U GHLL‘VIU\TGI,@] 9 vuoaualuasgunsN 3.17)

A(X’ Y, Z): AJ.N1+ AzNz + %Ns + A4N4

(3.17)

= A A Jd o aa 4 o Y v A
HBINL,1=1 2 3 400 WanFumsisenameludamwua ﬁ'1ll'l§ﬂﬂ1‘l1l’.)m]1ﬂﬂﬂﬁllﬂ1i‘1fl (3.18)

Taeh

1
N=—(a+bx+cy+d.z
1 6V( 1 1 Iy 1 )

=X, (Y223~ YaZ,) ¥ % (YaZy - Yo20) ¥ % (Va4 - Yy Zo)
& =X, (Y3Zy - ViZo) ¥ X, (Y1Z4 = YaZ0) + X, (Y4 Z5 - ¥32,)
8, =X, (Y12, = ¥,20) + %, (YaZy = YiZg) + %, (Y524 - ¥4Z,)
8, =X (Y,Z; - Y1Z,) + %, (Y125 - YaZy) + X, (Y32, - ¥, 25)

b,=Y,(23-2,)+VY,(2,-2,) +Y,(2, - Z5)
b,=Y,(Z, - 25)+¥,(Z3-2,) +Y,(2, - 2,)
b,=Y,(2,- 7))+ Y,(2, - 2,) +Y,(2, - 2,)
b, =Y, (2,-2,) +Y,(2, - 25) +¥,(Z, - 7,)

C,=X%,(Z, - 23) +%,(Z;-2,) +X,(Z, - Z,)

C,=X,(z,-2,)+%x,(z,-2,)+x(z,-2,)
C,=X,(z,-2,)+x(z,-2,)+X,(z,-2,)

C, =% (2, - 2,) +%,(Zy - 23) + %, (23 - 2,)

A, =X, (Vs - Y2) + XY, - Ya) +X,(Ys - Y3)
d, =%, (Y, - ¥a) + X (V5 - Y ) +X,(Y, - Vy)
dy =X, (Y, - V) %0, - V) + X (Y, - Y,)
d, =X, (Y- Yo) X (Y, - Y5) + %, (Y5 - Y,)

(3.18)
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uag vV ﬁmﬁmmmmgmazaamm 141"1@91%1mﬁmmmmummﬁuﬂszam Llﬁﬂ\i]l@s{

AENMITN (3.19)

1 Xl yl Zl
1 X z
6V = det 2 Yo % (3.19)
1 X3 y3 Z3
1 X4 y4 Z4

4

9 aa 4 . 1Y a Y]
3. @5 9AUN 504D AUA (Element formulation) 1ddoandenuaunsidaeywus
& & dyd 1 g Ao o an I Jan 14 ] 1 ~
Yoty evuaeuiineiluruaeundiagyvedds lila ludaamua ed1usunstiaunis
aa J = P~ < o v o = ' v
yoadamuazUnseanihn lasnuuiludediaaaaalugli 3.6 vweglugiuunaaueaasly

aumsi (3.20)

Ku Ky Ky Ky _Aﬁ | (f. |

K21 Kzz Kzs K24 AJ’ — fJ' (3.20)
Ky Ky Ky Ky A fk

Ky Kp Kig Ky e _A| A Lfl e

I ] ' a d o 1 A (%
Futoulaode 141 [K][A]=[f]Tae [A] A0 wningad luniuanlua uagaavioo

v A

9 ] a 4 a S =2 aan o ' o 3 Y 9
e 1aaa 1N I UUNINFILAVBAMUA FIAUNIIVOIDAUAAINGTD TuTludeagnaing
é’ Y 9 Y] a @ o g’.: 9 aa =R
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aglugunuvesaumsi (3.20) awirsnii 1d e
Y v
- 25M31AgA53 (Direct approach) T5ua 1m0 1% lamwiznudgymadilala
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- 35 5usHY (Variational approach) WanmsndinyveddIsnsHae suilu
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v a v d 3/ X a a oA
doandoanuaumaFeyiusveslyuniu q Fulywivate q sidalumeliiaawise
L 3 1 [} Jd o @ { o ¥
afvaumsoynusvuun 1 ua liawnsomlesnsunlsdunaeandosnuriuld
ax J 4 o Y . . addy Ja
- TN NUIHUNAYANAN (Method of weighted residuals) RS RE RG]
saa 4 a v o 1o o 5%
afuaums ld luddamudnnaumsdeoyus laoase Taoliduiludoansiwilendums
@ { X ] Jaa J o @
ulsiuiigeandes Feansnrh 11 umsadsaumsved Id ludsamuddmsodaym
& o < { & 4 79 Yo 1 o
Tagna 1 wazgnialdiduasnienngalumsidszgnd lsnudaai q Tudegiu
o [ aa A 9 o I
4. ANauMIveAaZdANUAN 1aN1152noUNY (Assembly) HUANNITIINVOITZ Y

g’/ A 1T o 1 I aa Al = Y
IMNVUABUN 1 mﬂumamgngﬂ31@611mﬁﬂujmeamﬂueamumea 9 %9152 NOUAIY n Tua

9
1%

22 IHINATZUVANMITINEIUTLNO VAT UM TEBITIUIUNIAY n AUNT Tagazuaadld

De

QU li'
AITUNITN (3.21)

Kll KlZ K13 Kln ul fl

KZl KZZ K23 K2n UZ f2

K31 K32 K33 K3I’1 u3 — f3 (3 21)
L Knl an Kn3 o Knn Jsys(nxn) _Un Jsys(nx1) L fn Jsys(nx1)

A

9 v
visewen Tagde 1Aaail (K] [4]. = [A 9naunsi (3.21) un3nd [K] UAUANY

Sys sys SyS sys

1 [

nazlaaaNIAvoINITIUNGUAUVDY

a

T
sys

I a 4 1
voun Ui ngauuag naae (K] = [K]
VoA 1 Y S a a ¢ = A w ] @ I
AN TN D UIVT I UIUINLEIY VO UNNT NG Ferzlanbmzegsaunuiuuny
. A o 1 dy 1 Y Aa 4 ] @
(Banded matrix) 31nA@duaaIna1il azne naise loyvedaunlunswaun T sunsu
a J 1 A A wad o & Y 9 o I~ o A A
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mldTasdzain muznugdinvesdymnisamuagestiuiunin o waguanmsilazgn

1l umswannounaes 11sunsudae
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o A . A Yy o
5. m3szgnaou lvuoua (Boundary conditions) Naeandeenudyviasluguns
FAINUDITLULNOHIAWAIRAY TAsMIUAaUNTTINYITUUNOHIA TunT1ua

o [ [ A Y [l A 1 v A [l F)
6. M3muIUNAIAITA 9 Rdeanisasll iWens 1A wadns N Iuaa1e 9 1ar
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J

Jaa .. < {
s2tous 1Wld luaamud (Finite element method : FEM) (HuAsn 15 umsvinamas
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a J 1 [ ] 1 <3
LL‘]J‘]J’]Jig‘JJ”IEWU’ENﬁJJﬂWL‘b'Q@HWu‘ﬁﬂﬂﬂﬂ\u%u ﬁMﬂWiﬁuTNllV\lﬂ"l TUINLIUAN LA dUNIINIT
a g Y 3 am Ay Yo A [l 1 o A I
N3gIYUBIPUNIHY wWuau LLﬁZL‘]J“LJ’J‘ﬁ“I/Ill@]ﬂJﬂ’NllufJJJfJEJNLLWTI’iﬁTfJ“luﬂﬁ]ﬁ!‘Uu STRRDRTISIAN,
as A a o2 A~ 9 o Y A 1 AN o Y Y A 2
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fuldedaseunguuazdaszediugy NuATeinnsanmaunuudmanidsinguuy
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o a J Aaa o
4.2 amumammaﬂmﬂmammmaumuﬁmﬁmmu 3 Nﬂﬂli’)x‘li%ﬂﬂd’ﬂﬂ"lﬁﬂnlwﬂ]

Y
nuvl3ane

o a s [ ] [ U 9
LL'Ll‘]Jﬁ]1@'EN‘V]1\1?’]@!@]?”ﬁ@]5Lﬂfl’.lﬂl|ﬁu’lllL!lll‘ﬂaﬂGIJ@\T5$1J']Jﬁ\1ﬂ'la\1h17‘|ﬁ1uuuvljﬁ18

ANTOUAAIAAUNTN (4.1)

VX(EVXAJ+0'2‘[A+%D:JO 4.1
yli

= A 1 o A 4 ] < 1Y 9 [ 4
NNMIANHINUTNUAVDIANANYLYIINADILUULNAN (A) Usenounumslgenanyel

A o q ¥ ~ o J A v g Yo A
GU’0\“IL’Jﬂm@iﬂ@ﬂﬂﬂﬁnﬂimﬂlﬁluﬁhﬂ1i"l]@\1ﬁﬂ8l’3ﬂmﬂiL%QLliJLWaﬂhlﬂﬂﬁﬁiJﬂ'liﬂ (4.2)

oA 0D
VA? - o — — 1 — = — 42
“Gat ﬂat ﬂJO (4.2)

a Y =< = v J d a [ I 9
NUYINUDI D i]zllﬂ'l'] D=¢E "l]\iﬁ’lll’]ﬁﬂLSUﬂuﬁ'llﬂ’]iﬂl’ﬂ\?ﬁﬂﬂﬂﬂl@ﬁ]il%ﬂLHJH’Tﬁﬂhlﬂ

faaumsi (4.3)
SVA —o——g—=-], (4.3)

o 1 1 1 1 < @ { o
mﬂﬂg‘lJ@ﬂWﬁWm&J (Faraday’s law) AnanManuiantlsduauatzmieni

Tnaaun i () Fawaadldasaumsn 4.4)
VxE=—— 4.4)
unuaums adluaumsn 4.4) 12 18aaaunsn 4.5)

VxE:—QVxA (4.5)
ot
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Y
[ Y

vz Tdauy i B) Faaalddaaumsn 4.6)
E=-2 (4.6)

o A 1 ~ 9 1 v A 4 1 <
UITUNITN (4.6) Uflﬂuﬂ’laﬂiuﬁllﬂTﬁ'ﬂ (4.3) ﬁ]%llﬂﬁllﬂTi"UENﬂ'IﬁﬂEJL"]NL”Jﬂmﬁ]ﬁllul'ﬂﬂﬂ

Sugaaumsi 4.7)
SN —o e = 4.7)

o a 4 [ < 1T o @ 9
Quul!‘ﬂ‘]ﬁ]’la’E]\“I‘VIWQﬂmﬁﬁ'lﬁﬁialJ@\?ﬁu'lmUleaﬂcluig‘]J‘]Jﬁ'\?ﬂ’la\ihh\lﬂ'lllﬂﬂllﬁ’ﬁWﬂiu
3 UAMNTZUNY x, y 1AL z FaudlsAuauan wwannsauaad ldaaaumsh (4.8) Tasaums

wisingegluglauniseyriutoon (Partial differential equation : PDE) SUAUA04

10°A 10°A 10°A 0A 0O°A
— G+ B NIONME 1
i OX™ puoy puoz ot ot

+J,=0 (4.8)

Tunsdiveadymainsaniuszuuinlasnlamuvesnaniulamuvesninud

Y
(Time harmonic) Taga1usouny A agiugﬂmmﬁmmm%’@u (Christopoulos, 1995) AU U

oA
— = |JowA 4.9
== (4.9)
2

OTA__2n (4.10)

2

donasanlu 3 56 unumaumsi (4.9) uaz (4.10) asluaumsn @.8) a2 laaumadu
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1yA1yA1yA

T — jooA—*sA=-] (4.11)
AT AT "

o v < Y = ad d daa d
4.3 ﬂ15ﬂ1u'Jmﬁu”lll!!ll!‘ﬁaﬂﬂ385$!Uf]ﬂgﬁ\’lwﬂlluﬂ®a!3~luﬂ

4 a o J 4 o ] <]
iesninaunnFieywusgooie 19 lun1sdiuiaiauInulivanuedssuy
v

damaa liihuou1¥ae dwaasluaunmsi @.11) vagdmSudymlugduu 3 Tadunme
] 9 [ 3/ 1 9 =~ ax Jaa =
magiuaselden auiumsmawamas lasdsguadieszionds Iild ludoamwudidagn
o 9 = dy = Qddy o Y v A 1 @ U 9 Y] 9
W lglunsai ¥asuawsainlsnulgrinigdswdnvasasudaguseu lay
o 1 [ ZI, a d‘ Y a Y Y A 1 Aax zﬂl é 9 g’/
ansaiaesglinanyuzauauiuiegld Indinsani175msou alsznoulidreiunou

Y
MIAUHUIIUAN 9 A9

aa J zi’ A=
43.1  D1999NUUUDAUNUAVDINUNANEN

Y

dsuaudtedl ldanuiszuudemas oo §amedwaaslugli 4.1

=

Hazausauaadviaveszuudamad w13 aeldaagin 4.2

U

Receiver coil

Transmitter coil

5U7 4.1 nuusrassvesszuudsias ldwun amenegdne

) 2 N I aa s =R ad
GU‘LW]f‘]uuiﬂlill’I]TﬂfnﬁLH_NWHVIﬂ@ﬂﬂl@\iﬂiyﬁwﬂﬂﬂlﬂu@aluuﬁ %Q‘lu‘ﬂu%

v

aa J { ' a o f oA 1 j’ { 1 o
1¥8amuaznss@nihagane (lincar tetrahedral) MWIToHIzAuTUMTIL IR UG08 Tns01HY

o . o o aa 4 [ o w
Tisunsudn5eg Solidworks TagaziisauTuamazSuauddmuavesszundeiias Tl
9 A o (=) A A a A I o
puplieenddluinseenuuumemulsz@nsam Wuson 12,731 Tua uag 67,053

aa J {
pauA aunsoudas ldalegii 4.3
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d o aa 4 aa
432  Wansumsdszuameludamuanuy 3 Ia
A a a rr’dy a aa A o Y o
119991 NN U Haznsanszuulunuy 3 Ua Tasdiemvualianyay

aa J 3 a 9y Y
MsnsEaeveINamasuusamuatuusuduse 14
A(x,y,2) = AN+AN +AN +AN, (4.12)

{ d v aa 4
Tagf Nn , n = ijk! Aelensumsyseuanieludamud ag An, n = ijkl Ao
v J 1 o dAa 4 [ I 1 1 .. aa P AAaa o
HaaNTURIMANFIINNOTHMAN TuuAazaae (i).k]) vosdawua Felunsaidamuagl

nseanthaganouz 1d
1 4
Nn:&(an+bnx+cny+dnz) Weoi=1234 (4.13)

Tagii & :X4(y223 o y322) + Xs(y422 y yzz4) + Xz(y324 o y4z3)
a,= X4(y321 - y123) + X3(y124 1 y421) + Xl(y423 - y324)
83 =X, (Y12, = Yo2,) + X, (Y4 Zy = YaZg) + X, (Y22, = ¥4 Z,)
a :X3(y221 o ylzz) + Xz(ylZS N ySZl) 4 Xi(y322 - yzza)

b =Y,(23—2,)+ ¥5(2, - 2,) + ¥,(2, - 2,)
b, =Y, (2, = Z5) + Y1 (23 = 2,) + ¥5(2, - Z,)
by =Y,(2, = 2,) +¥,(2,—2,) + Y1(Z, - 2,)
by =Y3(2, = 2,) + ¥, (2, = Z3) + ¥,(2; - 7))

C,=X,(Z, —23) + X,(2; —2,) + X;(z, — Z,)
C,=X,(Z3—2))+X%,(2, - 2,) + X(2, — Z3)
C,=X,(Z,—2,)+X(2,-2,)+X,(z, - ;)
C,=X%4(Z, —2)) + %, (z, — 23) + X, (2, — Z,)

dy =%, (Y5 = ¥o) + X (Y, = Ya) + X, (Y4 = Va)
dy =X, (Y, — Ya) + X (Y5 = Ya) + X5 (Y, — Vi)
Ay =%, (Y, = Yo) + % (Y = Vo) + X (Y, = Y,)
dy =X (Ys = Y2) + % (Y, = Ya) + % (Y5 = 1)
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A =Y 1 aa 4 9 = A 4 [ a 4
uag V ﬂ’E]‘lJiiﬂﬁi5U’E]\1Lma8’E]aLiJ‘LlG]‘ViWllﬂi]Tﬂﬂm’ﬂiuuuu@]ﬂlﬂﬂﬁﬂﬂigﬁ‘ﬂ‘ﬁ

2e
=De

X Y 1

V = Xy g (4.14)
6 Xk yk Zk
XI yl ZI

Aana 4
433  mMIaaumIvedaud

asm H o . . I .
FWaruhminrEanA1g (Weight residual method) ¥®In1tadIAU (Galerkin)

3 axaa ~ 9 Y o ' .
Audsnieungalunisdscgna lsnuianiaig o) (Preston, Reece, and Sangha, 1988; Kim,

= A oddAa X and A =< 1 9 Aa PR
Kwon, and Park, 1999) #43N3ngNNavL4an stz innuanuiassene 1vinalss Terrieds

@ a 4 d' 9 o 1 o [ =
wmnlumswanldsunsuaeunaune e lynuilymivialvy divsunstiszuuidagm
an ana 4 U %’ o = [ 1

308 MIANTUMIVOIBANUAAIINITOIUHTAAANAITNENNTAD MTUNUAINAIRAY
~ [ Y Aa U Y o 1 = " W [
Tagiszanmadluaumsi (4.11) a2 hineldimaawmnugud minuasgliaumny R unuag

HEAAIAANNTN (4.15)

10°A 10°A 10°A
PECIREY /e
puOoXT  poy" uor

— jocA-w’eA+J, =R (4.15)

Tasn A av daualsnlunsiuan

=< = 1 9 . I~ 1A A A é’ 9
¥4 R 580971 1ABANAIG (Residual) BlumAanaiainayuInms lsnamas
é ] ] ] 9 d' a 43! s 1 :, d’ d’
T@ﬂﬂizmmm”lﬂwamammumwmﬂmm WHANAN R NINATYUAITISUAINNGA INOND
A a é’ A A = Qddﬂl o Y Y
maslaglszuainavuaziauieansauin G]N’Jfﬁufﬂllﬁﬂﬂ‘i$1/]ﬂﬂ1ﬂ‘c’lﬂﬁ§]mlﬁy@ﬂﬂ1\1 R
Jo 3 o . . . a a ¥ aa 4
Meansuimin (Weighting function : W) UAIPUNINTNAABANA TAIUYDIDAILUA (V) uag

° AN Yq Y 1w s & A
ﬂ”lﬁuﬂwavl"lﬂiﬁl‘ﬂ"lﬂﬂﬂuﬂ HUHUAD

[W,Rdv=0 :n=1234 (4.16)
\%
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a X 1 Y] Ia
Tagin@snaziaen W =N @ai5on1 170 Tum-n1aesAu (Bubnov-Galerkin)

Y
v

AuieLUNY R deaumsn (4.16) aaluaumsn 4.15) azld

INn[l{ﬁ(%J+2[%]+2[%ﬂ—(jwa+o—gaﬁ)A+Jo}dv:0 (4.17)
v | u|ox\ox) oy\oy) oz\oz

1| 0(0oA)Y O(0A) O (OA . )
LNH{;[&(&)+5(5]+E(EJ}}(1V —_[VNn[(Ja)O'+aga) )A]dv

+ [N.[3,Bv =0 (4.18)

a a a = 4 A ° o J =2 g 4
NATUINITDUNNTANASWIUUBDIFTUNITN (4.18) ﬁ?’ﬂiﬂwfﬂuuiﬂﬁmlﬂuwau

o v o

4 Ay a A = 1 9 4
pyusouaUdolFITMIsduinIaiazdau (Integrate by parts) Tasaz lgnguiunveund

é = o dai
(Gauss’s theorem) #3331/t uAaH

J'N{iﬁAn +£%n +£%nz}dr
r M OX

_Ian 10A ON, 10A ON, lﬁA}dv (4.19)

OX pox oy uoy 0L uoz

—J:INn[(jCOO'-FGSCOZ)A:bV +LNH[JO}1V =0

A s ¥ ¥ A A = d A A 9 o
NATUIWIULINNNATUEIYNDUDITNNITN (4.19) FaunaunneIveInNy
a a 4 1 o da 4 ] [ A a A 1w 4
YU vDNdafNUA (1) TagmAngBIINAeSINMan A NUTNIUVBUNAUNMNUFUY LAY
[ d' [ E’f; d‘ = A [ dl dl d‘
ANTUNITN (4.20) AIUUAUNITN (4.19) maﬂgﬂma@maumm (4.21) HAZIUBDINNTUNITN

g}/ [ E’f; Ja a o g 1 a o
(4.21) Bianua 4 auns auiuawsa@euauns s ludoadwudilfoglughunsng1q

AATUMITN (4.22)
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A(x,y,2)=0 420)
(x,y,z)el’ '

I{E)N 16A ON,16A N, 10A
—+ —+

X pox Oy pdy @ pa }dVJrJ‘N (j0o+osa’) ARV

=[N, [3, kv (4.21)
[aN } 1 0A [GNH} 1 0A {GNH} 1 0A

j —+ ——+ —— v

L ox Jguox [ oy |udy oz l,ue

+[[N,),u(joo +osw’) AdV = [[N, ], 3,0V (4.22)

A = Y o 1" v A 4 [l <
HAZAINTUNITN (4.12) ‘Dﬁulﬂﬁﬂ'ﬂmzﬂl@ﬂﬂ?iﬂiﬁﬂﬂ‘uﬂﬁﬂ?ﬁﬂﬂl%ﬂﬂﬂlﬁﬂﬁl!’ulﬁﬁﬂ A

Tasszanaluuaas daamudiily

A%y, 2)=[N].4[Al

v 2 0A [ON dA | oN oA [oN
U aX |: 8X :Lx4 [A]4x1 5 a |: a }]XA[ ]4><1 e az l: az :|1x4 [A]4><1

A A I
wazaums 1d ludsadmuassnatedly

(2] ] o[ 2] ] 22

[N, Ly (iwo+ s’ NLL[A]_dv = [[N,],,3,dv (4.23)
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A = o Ia A d o @ 1 a a S =
m@mmsmmﬂufmﬂ15"lW@‘lumaaamu@mmmmazaaamum KIS

Y
sznoudis 4 aums laaail

([M ]4><4 + [K ]4><4 ){A}4x1 = {F }4><1 (4.24)

Y

Ansanmmsng [M], 91840

v M, = J.V[Nn]M(ja)a +oew’)[N],,dv (4.25)

H J o [} g
MNANMIN (4.13) Wansumsdszanamelunansldaail

NnZEi/(an+an+CnY+an) o i-1234 (4.26)

[ £
MnaumMsn (4.26) Hazansamuinldlaeldgas3ada1senoy (Factorial formula)

Tumsdszunamsduninianaendsuasaaaumsi (4.27) a2 la

albtctd!
(a+b+c+d+3)

[LLLLdy = (4.27)

~ ' Aa I ~
MINAUNTN (4.26) szansoutsnisnnsanailu 2 nsaife L =L uaz L, =L,

Y
[ Y

wunnaumsi (4.26) ielszgnd Idaunsi (4.27) 1218

4
[M],., fio wm3nduesdutlsz@nsmsiima vl
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Abstract

Wireless power transfer (WPT) technology is particularly
interesting, because it is convenient and quick to transfer electricity.
The transfer efficiency is therefore a very important parameter for the
wireless power transfer system. Must be should analyze in order to
improve transfer efficiency. This paper presents a mathematical model
of the magnetic field for wireless power transfer which performs in the
partial differential equation. The paper simulations using 3-D finite
element method that all the coded developed by MATLAB program and

show the hical ion for the field of the WPT

when considering the installation of ferrite at the receiver and
transmitter.
Keywords: Wireless power transfer, Magnetic field, Finite element

method 3-D, Ferrite
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Abstract

There 1s a developing for electric vehicle (EV) because of their lower fuel and greenhouse gas. Wireless power
transfer (WPT) is easy to use ways to recharge, but the problem with the current wireless charging technology for
electric vehicle are low efficiency and slow charging time. This paper presents the design parameters of permeability
and conductivity in various material of the transmuitter and the receiver which performs in the partial differential
equation. The paper simulation using 3-D finite element method that all the coded developed by MATLAB program
and show the graphical representation for the magnetic field of the WPT.

Keywords: Wireless charging, wireless power transfer (WPT), magnetic field, electric vehicle (EV), 3-D finite
element method (3-D FEM).

1. Introduction

Electric vehicles (EVs) have been projected as one of the next-generation methods of transportation.
Designed to manage the environmental and energy but the demand is still relatively low. However, it is
widely known that EVs have several disadvantages. First, the current plug-in charging method prevents
an EVs from operating while the battery is being charged. A considerable amount of recharging
downtime. Wireless charging EVs have been introduced to solve the problems above [1].

The wireless power transfer technology has obtained increasing attention recently [2]. [3]. It is a
method for contactless power transmission. It is based on the transmission of energy from a transmission
coil and the receiver coil. resulting from a leakage magnetic flux. designing high- power high-efficiency
capacitive WPT systems for EV charging is very challenging.

The remainder of this paper is organized as follows: Section 2. the mathematical model of the wireless
power transfer (WPT) system. The 3-D finite element method (3-D FEM) by using Galerkin approach
applied from WPT to obtain magnetic field distribution and specifies the WPT dimensions. Section 3
presents the design parameter in various material of the WPT and simulation results. Finally, Section 4
the conclusion of the study.

2. Mathematical Modeling for Magnetic Field of WPT and Simulation Parameters

Finite element method is the most efficient numerical technique [8] for solving the partial differential
equations (PDE) such as electromagnetic problem. temperature rise. and heat transfer problem [9].

* Manuscript received March 27, 2019; revised January 8, 2020.
Corresponding author. Tel.: +66-44-22-4400; E-mail address: padej@sut.ac.th.
doi: 10.12720/sgce.9.2.274-281
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Regarding wireless power transfer (WPT) magnetic problems. the magnetic field intensity (H) is
associated with the magnetic field (B), B = uH. Which can be shown the PDE as follow (1) [10].

—/10{%):0 (1)

7 T3 3 a2
ot

a’H+a’H &H 1(&H
e & )

where,

H is the magnetic field intensity (A/m)

v is propagation velocity of the magnetic field (m/s)

4 is permeability of material (H/m) while permeability of free space (uy) is 47 x 107 H/m

0 is electrical conductivity of the material (S/m)

t is time (s)

The magnetic field propagation velocity can be explained by the relation between electric permittivity
(¢) and magnetic permeability (#). which can be shown in (2)

1 2)

Where. & = e, is permittivity of material (F/m) while permittivity of free space (&) is 8.854x10™" F/m.
Therefore, the PDE as follow (3)

OH &

H &'H &H OH ) 3)
: ——ue == |- ol = | =0
o o o "’( o ] "a{ c‘yJ

This paper has considered the system by using time-harmonic mode and representing the magnetic
field intensity in complex form therefor [11].

B jott @
or
2
03,121 =-0'H &)

where. o is the angular frequency (rad’s).
From (3). we have considered the problem in three dimensions. therefore, the magnetic field intensity
equation in x. y and z-direction. which can be shown in (6).

6'}':[ + 6.1:1 +ﬂ—(jp(oo‘—ywzs)H =0 ©)

This paper refers to the modelling of WPT scaling of dimension. which is as follows Fig. 1 and Fig. 2.
The air gap between transmitter and receiver is set as 76.2 mm. The coil has a 290 mm radius with a 2
mm thickness, with the operating frequency of 50 kHz [12].

magnetic field
Teceptor

Teceiver

Fig. 1. The material of WPT
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Finite element method for solving the PDE in (6) follow these steps.

The first step. the division of the problem into the nodes and elements. The general of an element in
three dimensions is linear tetrahedral. This can be accomplished by using Solid Works for 3-D grid
generation. Which has a number of nodes is 3.638 and the number of elements is 15.818 can be shown in
Fig. 3.

R 140
762mm 1! 0 ’“"‘P
1

4064 mm ]_ | i-\ v N / r "

1524 mm \
|
736.6 mm S~

(@) (b)
Fig. 2. The dimension of modeling WPT (a) front view (b) top view

Fig. 3. Mesh of the WPT

The second step. formulating the shape function of each element in three dimensions. According to
this method. the magnetic field intensity is shown in (7) [13].

H(x,y.z)= HN +H,N +H,N,+H,N, @)

where. N,. n = i,j,k, are the shape functions, and H,, n = ij,k[ are the magnetic field intensity at node for
each element. The shape function can be written as (8).

N"=L(an +hx+c,y+d,z) ®
v

where. ¥ is the volume of each tetrahedral element. which defined as (9)

And the positional coefficient defined by
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z)+ (2 —23)
)+ 3(z—3)
a; =x,017 =12+ X003 — 1z x5 (7 —z) B =0(E )+ nE —2)+nE-5)
a, =x;(n5 — N2+ X005 - 12+ 005 —n3) b=y —n)+n(E: —n) (s —5)

a = x,(1y2; = ¥32) + 55032y = 270) + % (1325 —3423) b =yy(z—-2)+ (=

ay =X, (3527 = 1123) + (0020 = 1a2) + X (1325 = 52,) by=y,(z3—2) + (5

aQ=%(5 = 2) +x,(2, = 2,) +x3(2, — 2,) dy=x,(v3 =)+ 530, = 1) + 5,0, — s)
C, =X,(2;—2) +x3(z, — 2,) + x,(2, — 23) d2 =x,00 =)+ 50 —y) + 5300, =)
=Xz - ) +x(5—z)+x(z—5) dy =3 =)+ 001 = y) + 0 = ¥2)
¢ =%(2, —2)+x%(3—2) +x(2;,—2,) dy=x;00 =)+ 5,0n = 1) + 50— 1)

The third step. from (6) is Galerkin approach equation as referring to the differential equation was then
adapted by using the weighted residual method. in which element domain 7 as in (9) was done by using
the integrations as in (10) [14].

where R is the residual function. The method of the weighted residual with Galerkin approach applied to
the PDE. Therefore, the residual function expresses as (11).

'[.\",, i{ éH]+£fﬂ]+i[ﬂ)—(j(upo’—/1(o:a)H |V =0 1
lox\ax) y\oy) ele ]

From (11) can be divided into two parts as follows.

Im[ﬁi[ﬂ)+i[£}+§[%)]ﬂ/ —J:N,, [(j(opa - ,uw:s)H}iV =0

ala) ol oy
Or in the compact matrix form
[k +MH}=0 (12)

where [K] is the permeability matrix of the problem and element equation can be written in term of the
matrix with 4x4 size, which shown in (13).

bb, +ec, +dyd, bb, +ec, +did, bbs+ces+dd;  bb,+cc,+dd,

[K L 1 bb, +c,c, +d,d, bb,+c,c;+d,d; bb,+c,e,+dd, (13)
367 bb, +c;c;+dyd;, bb,+cie, +dyd,
Sym bb,+c,e,+d d,

where [M] is the constant matrix depends on the constant of electrical conductivity. permeability.
permittivity, and angular frequency as follows equation (14).

2018 11

[M] =(j(0/10'—/1102)1 211 (14)
o 20 1121
1 101 2

Fourth step. applying the boundary conditions in term of Dirichet. at surface of the transmitter
boundary conditions is 400 A/m [15].

Fifth step. solving the linear equation for calculation a result of the magnetic field intensity. Then
magnetic field calculation. B = uH.
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For the simulation parameters, the finite element method was used for solving the PDE in this paper.
The parameters for simulation depends on (13) — (14). However. All of the parameter simulation shown
in the Table 1 [12]. [15].

Table 1. Par of WPT simulation
Material Permeability (,) Conductivity (o) permittivity (&,)
Ground 0 0 1
Cement 150 0.1 S/m 1
Air 1.00000037 0 1.00058986
Magnetic field receptor 1] 1S/m 1

3. Designing Parameters in Various Material of the WPT and Simulation Results

This paper has considered the magnetic field in the magnetic field receptor of the wireless power
transfer (WPT). From the mathematical modeling, we see that there are three parameters: relative
permeability (u,). conductivity (¢) and relative permittivity (e,). From the testing found that relative
permittivity (&,) has a very small effect on the system. It is not considered to affect the system. In this case,
the permittivity of the transmitter and the receiver is 1. In this paper. we are proposed compare between
the relative permeability (4,) and conductivity (o) of the transmitter and the receiver.
To analyze which parameters of the coil has affected to a magnetic field receptor of WPT.

For the simulation. this paper has considered the magnetic field receptor of WPT using finite element
method. which a new created material all 4 type: A. B. C and D. The new design parameters of the
transmitter and receiver shown in Table 2. For the simulation results. A magnetic field of the WPT and
the magnetic field receptor which supplied from material Type A. Type B. Type C and Type D shown as
Fig. 4 — 7. respectively.

Table 2. The parameters in various of the transmitter and the receiver

Matenal Type Relative Permeability (ur) Conductivity ()
A 4,000 1.0000 S/m
B 4,000 0.2000 S/m
C 9.000 1.0000 S/m
D 9.000 0.2000 S/m
Magnetic filed of wireless power transfer in type A Magnetic filed of magnetic field receptor in type A
2
1.65
15
16
04 S 034
AR
YR Fr e 24 4 \ 032 155
03- ":‘wl‘ o, i
I, =%
- AR € 15
WA 3
Eoz b VR A Nz
/08
0.1 // 026+ 145
’/ 024
[ 0 o o8s 14
06 R A
a2 v :27 s | Yim)
x (m) 04 q
@) ®)

Fig. 4. A magnetic field (T) in Type A (a) wireless power transfer (b) magnetic field receptor
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Magnetic filed of wireless power transfer in type B ) Magnetic filed of magnetic field receptor in type B

175

05 1.65
02
16
4 0
156
y(m)
x(m) 04 x(m) 0 0.2
(a) (b)
Fig. 5. A magnetic field (T) in Type B (a) wireless power transfer (b) magnetic field receptor
Table 3. Maximum, minimum and average of the magnetic in the transnutter
Results Maxi (T) Mint (T) Average (T)
A 20116 1.8464 2.0045
B 2.0116 1.8464 2.0046
C 4.5261 4.1544 4.5101
D 4.5260 4.1545 4.5102
Magnetic filed of wireless power transfer in type C . Magnetic filed of magnetic field receptor in type C -
3
s
04
a2
03 s
- AT o
5 02 [:;‘y::im}h,'.‘ 2
/02
01 £ 308
0> 0 4
06
y(m) wm
Fig. 6. A magnetic field (T) in Type C (a) wireless power transfer (b) magnetic field receptor
Magnetic filed of wireless power transfer in type D g Magnetic filed of magnetic field receptor in type D
4
a9
04 ’ 38
03 ‘ -
Eo2 i
/02
01 p 4 as
005 B o 34
y(m)

Fig. 7. A magnetic field (T) in Type D (a) wireless power transfer (b) magnetic field receptor
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Table 4. Maximum, minimum and average of the magnetic in the magnetic field receptor

Results Maximum (T) Minimum (T) Average (T) Transfer
efficiency (%)
A 1.7760 1.4198 1.6237 81.00
B 1.8739 1.5405 1.7168 85.64
(o] 3.8073 3.0436 3.4913 7741
D 4.1527 3.3713 3.8676 85.75

From Fig. 4 — 7 shows the 3-D a magnetic field. we will see that the magnetic field appears to be
symmetric around the coil and the core. From the Table 3 and Table 4 show a maximum. minimum and
average comparison of the magnetic field in the transmitter and magnetic field receptor. to see that
average of the transmitter and magnetic field receptor have a magnetic field loss. Two ideas are proposed
in this paper to enhance the magnetic mutuality between the transmitter and the receiver and reduces
magnetic field loss: 1) we be changing the conductivity and be unchanged the permeability of the
transmitter and the receiver. 2) we be changing the permeability and be unchanged the conductivity of the
transmitter and the receiver. Two ideas have an effect to the magnetic field of the magnetic field receptor
will be increased.

From the Table 4 which is an average of the magnetic field in the magnetic field receptor. to see that

Type D has a 3.8676 T.It is a higher magnetic field. 85.75% magnetic field transfer efficiency was
achieved in terms of the transmitter and the magnetic field receptor. We will see that the magnetic field
transfer efficiency in Type B and D have a similar value. although two type have the permeability
unequal. Therefore, this simulation result can be helped to the guideline for designing the transmitter and
the receiver of wireless power transfer that has a higher the magnetic field transfer efficiency. The
property of the material for the transmitter and the receiver must be low conductivity. Because increase
the permeability has a very small effect on the magnetic field transfer efficiency.

4. Conclusion

This paper simulation via the 3-D finite element method for solving the partial differential equation of
the magnetic field to design the transmitter and the receiver of wireless power transfer. The wireless
power transfer that has a higher the magnetic field transfer efficiency. The property of the material for the
transmitter and the receiver must be low conductivity. Improved magnetic field transfer efficiency
decreases charging time and will lead to more robust and reliable EV charging mechanisms. A resonant
frequency of wireless power transfer for loss reduction will analyze as the future research. On the other
hand. In terms of manufacturing there are many factors to determine.
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