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(A Study on the Design and Analysis of High Frequency Coil
Shape for Contactless Power Transmission System Combined
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Abstract There is a difficulty in improving the working environment and technological
advancement due to power supply through cables in the application of linear motors of robots
and transfer systems applied in the existing manufacturing industry. We have studied the shape
of the high-frequency coil for contactless power transmission system and characteristics of
power conversion system, based on the magnetic field analysis of 2D and 3D, using the
FEM-based physical analysis program.
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A Study on the Design and Analysis of High Frequency Coil Shape for Contactless Power Transmission System Combined

with Transfer System
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Fig. 3 E-Core Transformer 2D Geometry

Table 1 E-Core 2D Geometry’s Domain

Domain

1. Air

2. Iron Core (Relative Permeability = 3000)
3. Primary Winding (30Turns, 2A excitation)
4. Secondary Winding (30Turns)
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Table 2 Primary Inductance & Magnetic Energy According to Core Gap (2D Simulation)

Core&C
Gap Total Total ore ,ore Self Leakage Mutual
. . ap s Leakage
Distance = Magnetic Inductance M . Inductance B ] Inductance Inductance
agnetic ner
[mm] Energy []] [uH] & [uH] &y [uH] [uH]
Energy [J]
0 454 50E-04 22725 453.11E-04  22655.5 1.39E-04 69.46 22606
0.2 40.59E-04 2029.3 37.21E-04 1860.5 3.38E-04 168.825 19104
04 22.85E-04 1142.6 19.49E-04 974.35 3.36E-04 168.225 1021.4
0.6 16.54E-04 826.9 13.22E-04 660.85 3.32E-04 166.065 703.99
0.8 13.28E-04 663.75 10.01E-04 500.55 3.26E-04 163.22 539.25

1 11.29E-04 564.55 08.06E-04  403.195 3.23E-04 161.335 438.55

Table 3 Primary Inductance & Magnetic Energy According to Core Gap (3D Simulation)

Core&C
Gap Total Total ore ’ore Self Leakage Mutual
. . Gap's Leakage
Distance = Magnetic Inductance M i Inductance e N Inductance Inductance
agnetic ner
[mm]  Energy [J]  [uH] & [uH] 8 [uH] [ut]
Energy []]
0 455.64E-04 22782 453.50E-04 22675 2.14E-04 107.155 22624
0.2 41.91E-04 2095.45 37.25E-04 1862.5 4.66E-04 232.915 1938.1
0.4 24.24E-04 1211.8 19.54E-04 976.9 4.70E-04 234.885 1051.6
0.6 1791E-04 895.65 13.28E-04 663.8 4.64E-04 231.875 733.25
0.8 14.61E-04 730.55 10.07E-04 503.7 4.54E-04 226.86 566.25
1 12.58E-04 629.2 8.13E-04 406.66 4.45E-04 222.56 463.12
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W e gisfA Al wiiHrES A A FAJNYEAE dojd o] 1HEA X
AT T AR QEE o] wE we Feh dhE AAUATE A48 dn ojAd, 2D
= geje) sjao] o]Foix ] wgd] wma ¥ AEdHeIdE 3D AEdel ARG el
A3 @20 AT WEAZ Yo gaP) Aol A7 S Furell gith

sA vk o] 2] 45, COMSOLAIA &= A4 3
Aol 7B weel A7) uE EEA(4)=
]_

5:\:!11: ;(}7]%]— ‘:_4 uH7H

J2AE A e
N7 EEE =,
of gkEel 9ol wet vaPH o WakE 7
ol EAFA AvtE, M A @ 2DAA o] %
FojAE Axte wANMEEY exE do N

% 9t} (Kassim Rasheed Hameed, 2012).
Tk 2D AlEdeolAdY A4S Fig. 49 2ol B

_1

Hely] wdle EfR gE Air =vede] W

o} ) o] A} 3§ S H B ZAQst= 3 . . . . .
AR S A T Pt EAhs 8 Fig. 4 Equivalent Model in 2D-Simulation
Bol7l wiiel, sid Fde] ekt o FEe Calculated with Depth

Air =r]le aes ] 2etA "ok o= <3,

_44_



Journal of the Korea Industrial Information Systems Research Vol.26 No.1, Feb. 2021 :41-54

o|#1@ sj4le] ol Table 29 Table 3%
H st S of, A7 Armt =AY H -~
o] zpolof Al ZA YERITE 2D9F 3D A EH O]
Ao A FdJAqYu ~9] gk oF 26%730% 7+
o atHe WA, & A uH 7tEe Aolg:
zZb=oh vl & AgAQl ghe] A71E p(vtela =,
109 Es, e grog 2 £ Ak o] F
Hetr)e Agus gx)o] Aol dojA m A
3 Aoje] FaA T CPTS W7o #e
T Afolzo Bl AHggitty FAS 4 Qle
A%z B F 9o

o
N
o
o
(e}

(
==

Nyl
2
)
2

o offl
N,
1o,
°
off

T om
R
2
Do
2
_11}1. 0

o M

R £t L

X 2o
dou oy B S oo

1 go o
o

~

ol

J

i o
0
N

1
s
o M
[o

s %2
ng fr o«
A o
N 2
- o
o
G

R:.
-
=
R
o
=

o o
T

=
—
w2
o

e a
R
A
to
o
>,
i)
o
%0,

o
4o

o
of
ol
N
ofr
o
i)
o,

BN o IE
v}
=
0]
1o,
k1
N
j‘i_l,
K
me i
ofl
&

e

ax

T
=2
>
2
O‘ |

o
s
o

o
I

My &o[» ©Ofom @ oo oo N
>
5 o

il
o)

rot
)
lo
.
it

o
3mmée| F=o] EA 3}, w3k <
71#F 02 1x= CoreZ} 2321t} <k 108 7} =
71 F22 HA

stom old wE CPTSe #A 3D Zd&
Fig. 59 #Zv (Kassim Rasheed Hameed,
2012). T, CPTSS W7 FejolA 27} )
= HFEY £F0] JdE i wE 2D dHE
2 5= 47 Fig. 63 Fig. 70 YeEhdle
9 Fig. 6(a)¢} Fig. 7(a)= 65mmel %o

(Y-axis)E& 7FA 3L Fig. 6(b)¢+ Fig. 7(b)=
11.5mme] ZolE zt=t}. olo] tigk, 2 =l
o] AKX Table 49 AsAd o714,
CPTS mdeo] 7]&teha A4S APAd &8
A& adste], 7€ A8 dAEve FxE &
galgomz Ao €37

@5k eare.

(-40
y
E
ot
rr
BRI

(a) Imm Gap at Tooth (b) 3mm Gap at Slot
Fig. 6 CPTS Transformer’s Cross—section and
Size at Tooth & Slot

IT

(a) Only Primary Tooth (b) Only Primary Slot
Fig. 7 CPTS Transformer’s Cross—section at
Tooth & Slot only Primary Core
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Table 4 CPTS Transformer Domain’s Physical
Condition

Domain
@ Mn-Zn Ferrite (B-H Curve)
® Iron Core (B-H Curve)
® Primary Winding (5A, 30Turns)
O Secondary Winding (5A, 30Turns)
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Table 5 Each Parameter of Equation (4), (5), (6) in

Fig. 6(a)
Fig. 6(a)
By 0.13376[T]
By 0.10202[T]
A 0.0065[m]+0.02[m]
I 5
N 30

wzbA, 9ol #Ze HhH(Kassim  Rasheed
Hameed, 2012)2.2 A4S CPTSe 153 =
d P wE 7 F9¥ JdY¥ = Table 6

3

Table 6 CPTS Transformer’s Inductance for Each

2D Part
Fig. Fig. Fig. Fig.
uH
6(a) 6(h) 7(a) 7(b)
Ll 10433  88.0 37.2 55.62
Llgy; 7958 50.2 - -
Ll 2476 37.8 37.2 55.62
L27ga 10465  98.84 - -
L2g.¢  79.67 50.16 -
L2 2498 48.68 - -
CPTSe #HA Es ¢ HE 7|2 = 270mm
o AVE zZtv AA mdel dig JdYdies
b ol st Zolet A Rds FAse=
g e JigE arelste] Table 791 Aelsk At

Table 7 CPTS Transformer’s Inductance of 270mm
Full Model Focused on Basic Definition (2D)

uH
L1570mm_Total 1591.25
Llyzomm_selt 259.53
L1ly70mm_Leak 1331.73
L2970mm_Total 406.98
L2570mm_selt 259.65
L2970mm Leak 147.33

42 XA HXE Set B2 AHLH2D)

CPTSe] ®igt7] Rdle] 2D HHEE
2 COMSOLONA =AM s Fal dojd
Al A& AYe 2~ Alte] &3 o
Al A FAAA L] AYE 2~ Ak Q]
o] F&2 219 W& ok (Mehdi Zre et al,
2012; H. Vemprala et al, 2019).
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Fig. 10 Magnetic Flux Density(Surface) & Magnetic
Vector Potential(Contour) According to

Primary Coil Current Excitation

Surface: Magnetic flux density norm (T)
Contour: Magnetic vector potential, z component (Wb/m)

(b) 3mm Air Gap
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Fig. 11 Magnetic Flux Density(Surface) & Magnetic
Vector Potential(Contour) According to

Secondary Coil Current Excitation
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Table 8 CPTS Transformer's Primary Inductance
& Magnetic Energy for Each 2D Part

Fig. Fig. Fig. Fig.

& uH
J&ul 0 10m 100 10()
1279 1051 434 640
Tl E04 E-04  E04  E04
Lin. 10230 8409 3473 5119

W, 9.13 5.60 2.85 3.40
self — E-04 E-04 E-06 E-06
73.026  44.79 0.228 0.272

- 366 491 431 636
Leak  E-04 E-04 E-04 E-04

29.273 3930 34507 50918
50.184 - -

LlLeak
Loytuta 79.565

Table 9 CPTS Transformer’'s Secondary Inductance
& Magnetic Energy for Each 2D Part

Fig. Fig.
11(a) 11(b)

W, 1281 118

E04  E04
Ll 1025 9455 - -

912 560 . .
Weir  E04  E-04

Llg,; 7297 4477 - -
W, 369 622 . .

E-04 E-04
Ll 29535 4978 - -
Lyfiwa 79565  50.184 - -
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uH
L1y70mm_Total 1489.8
Lly70mm_selt 24212
L1o70mm_Leak 1247.67
L2970mm_Total 394.1
L2970mm_selt 2355
L2970m m_Leak 158.6
Lo70mm_Mutual 259.5
43 XA UHXE ST AEEHA A LH3D)

, sl
Aoz ddd Agdelds & 5 e oA
= [e]

A} 7ol 2D A m#shA] EalE Air =W
AxA el FA AEold, 1A= Core9t 23
Core 7te] Aglel we} depA|= =& g3k
He & gew, E3 2D AlEE o)A e
Hio] wel AAS PA4S neoz do
ezl AAdUYAE 7 o] FAH
= Mg 9A #Fste dEHE dA 2d
o

Qs o, 3D Al E e o] oA

Al
2 ShA 224oA AMEeglt
1
=]

2 2 N K

3
37 wiEel, wg duys i

o]l AANINE B He AH A

a Fda gl
Ts Sl

S. V. et al, 2004; Kassim Rasheed Hameed,

2012).

Volume: Magnetic flux density norm (T), Arrow Volume: Magnetic flux density

(a) Full View

0.5
045
04
0.35
0.3
025 |
0.2 ‘
0.15
01
0.05

0.5
0.45
0.4
0.35

0.2

0.1
0.05

(b) Front View (c) Bottom View
Fig. 12 Magnetic Flux Density(Volume) & Magnetic
Vector Potential(Arrow) According to

Primary Coil Current Excitation

Fig. 12%& 3D @4l
7

EXE oy 4%
2

, 22+Z Core®ll
Core”} Zo0|7
Volumeol| /] H.o]:=
225l A F

[-'\i
-

_49_

Lo

A = 2
A

oy

(o3}
PR

Core}

=
o u
X ol A= ASE AYstae vud e
% R
Arrow
A} ol diel Aol
z

& g

o3

025

o5

05
045
0.4
035
0.3
025
0.2
015
01
0.05

SR

=
<]



A Study on the Design and Analysis of High Frequency Coil Shape for Contactless Power Transmission System Combined

with Transfer System

otk =3 Fig. 12(b)olA B = Q%o
E-Core %% Q&) Cored FAlolA < Z)
2 Ure 7Y oA =2 AEEEE 2te
o, o] 1 Rl A vluA & HEo] WA
T ASES ok SHARE o)y R E
ARl ARl HAe] AHUEE 3= Wy &
= B mwodA nEskA 22 AA AR T4
o 4 Iron Cored] 4 ZA# AF FX2E 3
EHAEL _/_": o]q._

Fig. 12(b)el A YEtve AEHLEE ngow

4104 A&l HHo2ZH, 13= Coreoll A
2212 Core® dol7te &4 A& g A
S Line GraphZ %3 Fig. 139 Y e AT

O'T6 Line Graph: Magnetic flux density, According to Distance (T)

—B_primary

— B_secondary

0.04
0.03
0.02 1 \_

0.01 |

Magnetic flux density (T)

20 30
Model Length [mm]

(a) Line Graph of Magnetic Flux Density at
Imm Air Gap

Line Graph: Magnetic flux density, According to Distance (T)

0.12 — B_primary
0.11 —B_secondary
0.1
0.09
0.08
0.07
0.06
0.05
0.04
0.03
0.02 |
0.01

Magnetic flux density (T)

20 30
Model Length [mm]

(b) Line Graph of Magnetic Flux Density at
3mm Air Gap

Fig. 13 Primary & Secondary Core’s Center

Magnetic Flux Density at Front View

o] Aditel ofs AdE AEHE] 2
BoAgE=x Zsl3, B_primary 9t

B_secondary®] Zolutg FFow FAHES &
T Ut olyg Aye 145

/Kg/\-]ﬂ x]_.a_,—o] 2;‘(].3 Cor
742 F dv FAAT AT 5 Q. 1
2ol SkA AFeHxel, CPTSE Ao &%
A Immet 3mmybE o] zbol7l EA sty
ol Fig. 139 (a)9} (h)olA A&dE=e] A7)
x].o]‘_g: ﬁo]a} _/,E o]

T3, Fig. 12(c)€] }—’% = BEE B9 1%
= Core9] AEHUE7E 22k Coreet HolH 4=
ol = AEgs & ¢ e, ol& Fig. 149
Aol ko] st 4 AEHEUEE Line Graph
2 et o

Fig. 14914 1x}= Cored 4 x&d =
k2 Coreote] A7l HoldsE Fol5H, ¢
A o] ol RoAFHE Fr|HoR &
2= o] yehdo} o] 133 Cored] =%
o] Imm¢} 3mme] &9 o] Aol7F 7]
uj Fo]™  Table 8941 Fig. 10(a)¢t (b)ell A2
ZAHA A A zfol & H G = A 22 W
olt}, 1e]3l Fig. 149 250mm 270mm<e| ¥
Lo A AEHUETL FEehe ol 1A Core
o & EwtellA mdo] AT WAl 125
Cored] =7+ BZoA BTt =27] wj&Eolt}

@]

* of
:Oé
Y
N
tot
U
N
N

il

N

Line Graph: Magnetic flux density, According to Distance (T)

011 —B_primary
0.1 — B_secondary

Magnetic flux density (T)
(=]
(=}
&

0 36 50 100 150 200 250 270
Model Length [mm]

Fig. 14 Primary & Secondary Core’s Magnetic
Flux Density in Center Line According
to Distance

oA 7, kA Fg 2D A ET FIHHA
A s A o] o] FojA= 3D s e HA 2dl
of e Agexel AAANIAE Table 11°]
gelskatt.

_50_



Journal of the Korea Industrial Information Systems Research Vol.26 No.1, Feb. 2021 :41-54

Tade 11 CPTS Tiansfarrer’s Inductance & Mbgretic Energy
of 270mm Full Model Focused on Magnetic
Energy (3D)

J & uH
Woromm_Total 202E-04
L1y70mm_Total 1616.1
Waromm_sett 33.4E-04
Lly7omm_selr 267.18
Waromm_Leak 168.6E-04
Llyromm_Leak 1349
Woromm_Total 62.5E-04
L2970mm_Total 500.13
Waromm_sett 32.9E-04
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Turn ratio( N,/ N,) 1
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