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A High Efficiency Wireless Power Transfer Drone Coil Structure for
Interoperability and Robust Misalignment
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Abstract

In this study, a high-efficiency wireless power transfer (WPT) coil that is robust against interoperability and misalignment was
developed by applying an inductive power transfer system to a drone. The transmitting coil had a ferrite plate applied to a helical
structure that included the receiving part. The receiving coil was a guard-type receiving part applied to the ferrite sheet. To analyze
the spiral and helical coils according to the winding method, the z-axis magnetic field vector was analyzed. A suitable WPT model
was developed for each drone by analyzing the mutual inductance based on whether the ferrite was attached to the transmitter or receiver
and the ferrite sheet’s location. The electrical characteristics of the coil were derived using Ansys Electronics Maxwell, and a
comparative analysis was performed using the measured values of the fabricated coil. The mutual inductance change due to misalignment
between the coils of the transmitter and receiver of the proposed model was analyzed. It was demonstrated that the magnetic field
distribution was uniform according to the misalignment error.

Key words: Drone, Wireless Power Transfer (WPT), Misalignment, Helical Coil, Mutual Inductance

FOI ATFE 202295 st st A1 (221A580041)0) A9 20029 FH(AAAFAALT)] AACR G A) 7] &5 7t A AE wop
S8 E A5-9(20214000000010, 73529 F & o YR F-2 2 E Q1A FAA).
ol )| A5 238 I (Department of Automotive Engineering, Yeungnam University)
*0] 348} 31 53 (Daegu Science High School)
- Manuscript received December 31, 2022 ; Revised January 31, 2023 ; Accepted March 15, 2023. (ID No. 20221231-113)
- Corresponding Author: Dongwook Kim (e-mail: dwkim@yu.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 385
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 5, May. 2023.

I.M &

A, &4 2 35 -2 B (operations and maintena-
Ae] 54 gl FA RS AL 7E S7bstA

ATHIEL a) A o] g Algho] Ha) oH L ¥
T gtE #9st 42 AL R FA48) o) 7
e B ZEACA Aol
O AloA gl =8
kS ok tlREe
(Li-Po) WHEIE]E, H]gJA|7}ke]
A T4 L2 AgA o) webA] F
A7F BostAT, 71E A& v AlA
13} v e g wA 4HS 298 97 o

He vl Festrlde S YT
(wireless power transfer, WPT) A2~
FHOE A7AUAE AFste 712 AEdS U
of wet 275, A71EH, AR 9 B SO R U
o o] Z A7 W o] AEsht 7Y wol Hol it
T ALEE AL F4 wE

B!
M
ol
ol
N,
=

>

RC =)

=
ot
>
N
N
o
ko
-4
o

o o
ol (%

lo
=
o,
>,
i
=
ox
oft
ol
2

offl
MN g o
Ay e
i rlo r
ACH
i
il
Ach
=}

e
=
oy =
N ‘:.J

=
o &
= O

¢

o 1

1

Mo o N fe [d = okt rleo
flo & ofw rju
N
N

P

-z
2
)
Hv
2l
o

=

3
bo ®
R0
G
=)
oX ol
i
ol rlo
_ILI to
(e} _lE

Au
o
rhu
rlo
~ T
2 ofN ofy fo

e > e

o 2 rr
9

1o,
E 2 g
o

e

D
R}
e
oZ
rk
v}

)
lo v
)

ol W

o

)
=)
Sl
=

386

ofN i
Sl
it
rlo
i
me
(A
ri
-3
rt

¥0 o
2
o
iy
o
ofx
>
[>
juii)
|o
fu
o

Y&
&)
[t
i
o
I
ofe

f
rir
Sl
=
X

r ol
Mo ME
ofo
o

N
ofr

ol
ol
e
to
oX
e
o
ol

*0,

_?{_1‘

ot

i
2
o
t oy i
A oox

Flo ™
i,
e H

o> e e oo

2
Mo
off rlo >

N
bt

ofN me & 4 RU
()
=2
>
N
2

.. . \
Receiving coil > vy

R <«Transmitting coil

Power supply S
(AC) Mar

Magnetic field
(a) FAREAE A2" EE

(a) Conceptual image of WPT system

RTx CTx M RRx CRx
11 T
W—|
@ Q LTK LRx Q RL

(b) PR S A2d 57132
(b) Equivalent circuit of WPT system
a8 1. dubH Q] FAAEAS Al2E
Fig. 1. Concept of WPT system.



H Al 27)go] wAsA Fo] 4l

LA E 5% A SH(induced voltage)s -3}l

Aot FAAYAE A2 57182
il

A $A%, 92 AR, A

fqliH}\] Ei, LTXQJ' LRFLL:: ')(J):/—/l:}\\l i%'l; RL
bt} A2 <48 &(power transfer efficiency, PTE)< 1
g 10)9 S7HE =AM 71285 ze] WA S o]F5t]

Qog & Qomli (03 20 Aeaw A

a8 £4L 4 () 2o
Pout RL
n(PTE) = =
P, (Rp, +R,)?

R +R, +R,————

L Rz Tx (]‘1&))2 (1)

A (AM %) Pl 3 Pyl BIZ, P () 3

3 Rohm)el AEEE 4GS olvjaivl, N AE

4 oy, M /54 TU7e] AE Q1Y
ya

Sk
e PR RSO S HE AR AR (0=

af, 5 E SRRk 4 (Dol & & gl%el, A
AEE &2 AHALY Tkt 345, 44 L9
Aol AeE, 3 JAYH7t 2555 AGAEE
&o] At

Misalignment

e —
Air gap ‘ '
variaion . :
Receiving coil J —
Airgap — ‘
: ey, 17ANSMItting coil
< D

a3 2. FAREAE Axde] 9™ g el

Fig. 2. Concept of misalignment in WPT system.

B
rrie
ifl}
4
%0
O,

)

2 )M o= FA-E(permeability), 3+ e 2+
o Y HIZE rslaL, RE F 4F Y9 99
A Aele] Azl efwlste, dh 3t dhis 3 A3 9
A 82 gtk I 36 diste], 4 3) F &

g gl @ e AHE L Ao, 4 (4)
AR gl Heh 5 IHE i) FAO R,
Atele] ARZE "ofAw e AHHATE A

A

S %5 gk 24 BEIE 4 Q% 2ol 4
2 v g

=2

—n

M o

o fof
N

)
ol
L
=)
o.?: i

4
L (o i S o | N T o [ TS (<O e

N
N
[
ox
o
¢
Ein)
au}
3
1o,
N
N
B>
L L=
o Mo

[
1o
ol
[0
rr
Foll
o
Y
ok,
i

o
=)

o

e N, Ny, ‘/%/ZW 7,75c08 (0 — ¢)dfdep
dr o Yo \/(rf +7; —2rrycos(0—¢)+d 3)

y

, () 7E 2 FHol5e B
294 Juel 97 29

R EREEE D) : o <
(a) Circular coil with perfect (b) Circular coil with lateral
alignment and angular misalignment

SEE TP E R EEE EDERPEERE
Fig. 3. Relative position of circular coil.

387



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 5, May. 2023.

e NNy /‘ZW/ 2 rrocos (60— ¢)dfdg
dm Jo o y/(rcosf—r,cos6)® + (rsinf —r,singcosa —c)? + (rsingsina —d)? 4)

N

(guard)= ZE2H 7t w2A 34d517] o
AL WA 2 FER Qe Z2H Y
= 92 AREL B AfdAe 19
23 7tEe A geloH, A YL I8 50b)9

/Propeller\ Guird

Receizing coil
Guard

Cross section view
(YZ-plane)

*
Motor L
( =89 7= (b) 7IEF 4l FY| @ E
(a) Structure of drone (b) Cross sectional view of guard
type receiving coil

Ferrite
2

I8 5 AR £4 2AL P SEY AE

Fig. 5. Schematic diagram of drone and guard coil.

388

7ol 7k Foll A8kt

K
2

B
Fo‘l
o
o

P

S Zo| At AFAE AHEBEA T A}
% 7S AstE e AGA A AAAAE A
&5 S7HA717] A v FEAREC] B F

S390, FALLE &AL, A7) A
71, FAEO W #AE 4 5HE xd=E

B=puH (= pops,) ®)

AEAE(whm)E  FAENA)  A71Fe =7
Hm)E F8 golth d714 pi FASE, AFAA)
AR ()3t NEAS(n)e FOE FHD 5 900,
2 (5)2F 2ol ¥ EAgo] AR F5Z AP 2 Ho) 4

AE 27} S/, 7] SN HRAgl |
A7) W, sletolE9] ¥AE Teistel £A%
= ulEAE 0] 32009) H2o]E Felo|EE, £
FA4go] 1509 seholE NES AHEaHlch

M 2 2 foy

4 A FRAANS e R & AR Al ol
H Ansys Electronics Maxwell-2 ©]-&3to] 8 a}3it}. A

S0l A ol 8 Fak= spiralhelical 739] 4
k2 & B A de B 29,
7 TypeB E2olA 9] FAI3%-2] A2l E
of A F& fiA mE 45 JdHEs

d T

=]
He2 £

Type-A =&
FoF A€

5

31 AlZ2old &8

I8 6 2 1Y 72 $4l FYo] spiral 7329 A EH



[e} o
1400 mm 600 mm .
475 mm ¢
350mm
. 225mm_
A
£ EETA ‘
3 b
¥ g Y / < 300 mm -
i . = hyy =5 mm  spec
X “\__ Transmitting coil : Y : ] hgx =110 mm
< . ey *VL e Ferrite] * %
. S r, P, P, P,
- = _
(a) Type-A =& tist AlEH o)A 37
(a) Simulation setup for Type-A drone
. 1400 mm 600 mm -
.......... < 516.6 mm
433.3 mm
_____ 350 mm
A
£
= 108
S i 300 mm ﬁ E
y 7 (|4 . . A e hry =5 mm =
N\ N / {/'/ N\
L—bx _ Transmitting coil. i—’y {\‘ : D, = 248 mm
z A Y Ferrite b - -
1 C—F P P Py

(b) Type-B =& W3t Aladold &4
(b) Simulation setup for Type-B drone
T8 6. Spiral 739 $41 Zdo Wik AlEdold 3
Fig. 6. Simulation setup for transmitting coil of spiral structure.

1400 mm , 600 mm .
475 mm ¢

¢ _ 350mm [

h 225mm

< 300 mm

i—bx \Jransmitting coil g—'y - S

x T
T |

1400 mm

() Type-A =&l tigt AlEgold 37
(a) Simulation setup for Type-A drone

600 mm

1400 mm . R
| M 516.6 mm 4
1300 mitr | T 4333mm__
. . 350mm
£ = I - =
5 ; = , = — hy, = 245 mm
A g z 300 mm = = =
= = hgy =248 mm==
X Transmitting coil y i = = "
z : ¥ " Fenite x v
T PS' P5 O P7: Pﬁ’

(b) Type-B =&l tigh AlEg ol 37
(b) Simulation setup for Type-B drone

J8 7. Helical 729 $41 Zdol] Wt A& o] 4
Fig. 7. Simulation setup for transmitting coil of helical structure.

389



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 5, May. 2023.

o] 373} helical 3% AlEH 0] 3
slol] w2 spiral ZYH helical Y- v w3H7] 34,
717 92 F e S disl] AEG RS 13
3HiTh Type-A =29 A71E 300x300x170 mm’o] Y,
Type-B Z29| I7]E 560x560x270 mm’©] t},

27174 WE o] 271= 45 dgd e A719 HE st
T T Wk whE 75 W A WE e 37
BA57) YA Type-A =23} Type-B =22 F4]
%0 25¥ Z+7} 225 mm, 350 mm Hol & $ ] ol A F-E
600 mm7}A] P(polyline)E .2 & ste] 47)9] +7+& 22}
T At} Spiral T30l = Type-A EE3} Type-B &
£ tj3ll P,~Ps, P,'~Py’, helical +ZIA4= Type-A &
£33} Type B =20 tal] Ps~Ps, Ps ~Py'Z 77} 125
mn/83.3 mmé] 7FACE WU, vhEel 0 mmtH E
°]7} 300 mm<Q! $1A17kA1 9] polylineell et Z= w3k 2}
717 WEe 715 QST Eoh spiral TY¥
helical 7Y¢] F5¢ v E 3] U9 442 5 mm
ol A, AA F= 108, F L] W42 1,300 mm, ¥
7 Eol& 1225 mmE AL, AHEEE ARE 1A,
e 85 kHz JolA AlEd oS Agsich
H2hg sEelE AJE QX0 wE S <l
£ g2lal7] <13 Type-A =2 TypeB &
§ FAFA F2RE ¥ 8§ R I 99} 7o
Eol|A SR FElo]E A E B2t 93]

Case 1578 Case 4% TEAT & AledolA

o,
o,
iuj
o o}l
ay
rE

wu e

AN
to FTL Ly
i
g

2 % g
o
o
I

Case 1 Case 2
; : ; i Ferrite
%_’y Ferrite ;_w .

Case 3 Csae 4

T8 8. Type-A =9 Hgo]E AE 23 9%
Fig. 8. The position of ferrite sheet of Type-A drone.

390

z z Ferrite
Lo L LE
Case 1 ’ Case 2
2 Ferrite z
L g
Case 3 Case 4

O 9. TypeB E£9 HZo]E AE 13 9%
Fig. 9. The position of ferrite sheet of Type-B drone.

A R g FAF F ol E AJES] EAL HFEAE
1500] 3, 7= 2 mmo|th. Case 1+ HETCE 7
E NEE FF5pA] 42 Fdoj, Case 2+ ZE°
shtiol] F2ek B Case 32> TE9] sl 9) 4
2et Bdl Case 4+ 529 slhiol Aoy 1
7FE Atole] AAE XMAEE FHEolE AJE

o
o et

LN

o Hz 1o

B

%o
rir
—
E
3>
Iy
rhu
1o
kY
=
=
gﬁ\u
£
:11‘
—
e
W
|
e 4
lo

U

931 ) ZH2F 350 mm, 250 mmo] o} 25 9]

g

P(rcos6,rsin®

J8 10. 2AER BAste Ao AYgds st dig
AlEd ol #7

Fig. 10. Simulation setup for mutual inductance change
with respect to misalignment.



o
fot
Ho
ofo
oX,
&
to
ol
i)
9,
ol
ro
e
=l
‘:0(4
o
o
X
2
R
2
ofy
I
rhu
fU
me
-
EN

Ao w7 99 Q9] W PR AEPo2IES A,
- - - - = Txw/ Sp.P,
ez JAZ gdst7] A FHFAE EYsith 10 119 mm 388 mm| — T2 S
ays
P(x,y) = P(rcosé,rsinf) (6) 'Iﬁmmg;;’j

ol r= W, 0%
<mmax), 0 0°< 6 <360°
o B 45 AHE s

Magnetic field B, [ T ]

e HU
Bl
it
tot
o
okt
2

0 50 100 150 200 250 300
Distance from ground [ mm ]

(a) Type-A E&°l| ZF 27174 9
(a) Simulation results of Z-axis magnetic field vector for

32 NZ8old 21t 24

321 8 FEoMel z5 Ap|E Hal

Type-A drone
I9 11 ¥ 19 128 $A15 H2olE §F, spiral 3 108
A3} helical ZL9] 435 AHE A HIE 98 Type-A 120 mmy e mm — T ShE:
— 1.5 — Txw SE:P;
- === Tx w/ He.Pg'
— -= Txw/ He.Pg’
1 g X10° @ T e Hep
’ M8 mm 182 mm  TxWo 3B 2
14 VIUN Trumese £ 1
= ef TN\" |7 Txwo He.Py 2
- . - - - Tx wio He.P, S
~ 1.2 . - == Tx wio He.Py' ©
[aa] . --- Txwlo He.P,' =
=] "~
& K .
2 ’ N . . . - .
§ 0.8} ,’l PR es Suininiuiel P ' 05, 50 100 150 200 250 300
§ - - D Distance from ground [ mm ]
06 A - T S ) _
_// ~o oottt o — = ’\\\ (b) Type‘B E%Oﬂ EH—‘?‘_]_' Z'-X'T 1}7] ZO]— W'!Ei
049 50 100 150 200 250 300 (b) Simulation results of Z-axis magnetic field vector for
Distance from ground [ mm ] Type—B drone
(a) Type-A E&0] 75 2717 ¥lE T2 12, Tx w spiral 2205} Tx w/ helical T12e] 7%
(@) Simulation results of Z-axis magnetic field vector for = le X W]’sg:ra ”“S });V; chical === 2=
A7 A B A [¢] 3
Type-A drone t7174 WE AlEgold A

Fig. 12. Simulation results of Z-axis magnetic filed vector
of Tx w/ spiral coil and Tx w/ helical coil.

g ~hisi EE3} TypeB S8 2% W 4714 wEle] 27]0)
g R g A Astoleh 1 112 $41%0] s|ehol=
7t Qe Tzl B8 A, 1Y 125 $4% dolE
g N 7 Qe 1z B9 ATE, $A56) HeoEr} 9L
Ny o, AukA 0 2 A7) Ao A7)t Z7ke AL & & Qo
e tomaroma B, polyline®] F7HE(=150 mm)& 71FOR B ),
(b) Type-B =20l Tt 2% 4713 W A7) o] A7)70 farelAl "olAE AL o & 9tk
(b) Simulation results of Z-axis magnetic field vector for Type-A & 23 Type-B E Bo|M £A T} MR 2
Type-B drone

Aot SA4GAA P/P/S VTR HYS o A1

. solEvL e 729 spiral Y 118 mm~182

7% A7)% g Agdeld A e P o 5

. L . . mm/117.5 mm~182.5 mmol A $A150l Fgle]EV} 9=
Fig. 11. Simulation results of Z-axis magnetic filed vector _

of Tx w/o spiral coil and Tx w/o helical coil. 29 spiral Y- 119 mm~188 mm/120mm~ 188 mm

8 11. Tx wio spiral Y3} Tx w/o helical 7Y <]

391



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 5, May. 2023.

oA 2717%e] A 717k 7 = A vEbs e 1 9]
o thaiAl= helical Y] 27174e] A717F 22 A
& Qltk o]y e A= spiral Y Y] helical ZY
O W2 49 tsiA 25 4 A1 e e 2718
7HAtE Julold, ol& HX AL IYHAE T
Ag= duigth F 7 B89 A7 41719 o]
U A71% fFAke 02 Hol helical +27} spiral 73
o Hlae] Fol wish bgd EES 8% T e

Fg & Atk

i o o A

<

o

322 #HF HE0|E F2 X0 WE AlZ20]
A

AYels WsE Jebdth
Type-A &3} Type-B &0 tfsll, &/l 0] 7 g}o]
StA] 9 EdIt 7HE wol ke Ko A}

< HoE o Type-A EE34 Type-B
28 77k 5058 %, 32.28 % Z7FaFAt

‘f°
e
w
FO
ox
e
=)
B
alf
0z
fol
ro
il
i
[>
HI
1x

TE23} Type-B Z29] 215 72
H5E Aotsls RE = Case 49 333t
Aol s gto] ET} 9l FX9] Case 42
o WE AT AYHA EXLE Yehit,

B 1.3/ 29 7 As 9E A AEdeld A

Table 1. Simulation results of mutual inductance.

Simulation results of mutual inductance

Tx

Type Ferrite Case 1 Case 2 | Case 3 | Case 4
wio [1322 H|13.33 1H|13.4]1 1H|13.68 1H
Type-A
w/ [19.60 £H|20.05 £H|20.29 1H|20.60 H
wio |28.85 1H|29.11 1H|29.15 1H|29.21 pH
Type-B

w/ |3791 rH|3847 ©H|38.53 1H|(38.64 nH

392

= I max = 350 mm  [pH]
400, 4 .
E L]
‘-—‘m 300 . o - 2
° o °
> o o 235
<< 200 ., ° : ° o ®
v . -
> 100 e, o e © 23
° obe ®
S o eccoceeagitecccoa 2
— o %o’ o
5 100 o © e e® %o o 22
= . ° e ° o ° e s
5 200 ° ° °
) ° )
8 300 ° ° ° 2
- o
% 400! 206
a 400 -300 200 -100 O 100 200 300 400

Displacement on X-axis [mm]
(a) Type-A EE0] &3t A3}
(a) Results of Type-A drone

M max = 260 mm [1H]
e

E 250 o P

. .
,§_ 200 ®
B 150 ° s ° 415
< ° ° ° -

° . o
>(E 100 . . o . "
50 . . °
c «® %
5] 0f @ c o @« @« @ ¢ @ © 0 e 2
L] L]

< 50 e ®e° o

o o 40
GE) 100 o ° e ° o

L4 o o

8 150 R ° . o
© 200 . ° -
% 250 20
A 300 -200  -100 0 100 200 300

Displacement on X-axis [mm]
(b) Type-B =2 #3 A3}
(b) Results of Type-B drone
J8 13. Type-A E£3 Type-B E£9 A|otsl= 29
of gk Ao Y X B X
Fig. 13. Simulation results for mutual inductance varia-
tion with respect to misalignment.

AN WA 229 TY3 AAGA7) B 4 9

19 14= Type-A =23 Type-B E=E9] Case 49l 3l
Fale U 7b7t AWo 2 HE £A 7Y Fo|whE
HoZ $X(Type-A =2: 110 mm, Type-B =2: 248
mm)°| A &0 XY plane®] #7174 Exo|t) 1@ oA

% % g5l 4 B SR AL B $A
]

= f - O
TYo] #41 TUS TFF F2o|W, $AZY W o
L gYeletE £ TY% £ 45 AYH2E §
AG % Juk ol 24 799 LA T AR
B AL Arduh ojg @ Ase £ 299 9
o g W B85 FAS T 4 U Froke
A% P gn



B [tesla]

I 1.0508E-08

9.8919E-09
9.2758E-09

8.6597E-09
8.0436E-09
7.4275E-09

6.8114E-09
6.1953E-09

5.5792E-09

4.9631E-09
4.3470E-09
3.7309E-09

3.1148E-09
2.4987E-09

1.8826E-09

1.2665E-09

(a) Type-A E&9] 274 3
(a) Magnetic field distribution of Type-A drone

B [tesla]

I 1.0500E-08

9.8840E-09
9.2680E-09

8.6520E-09
8.0360E-09
7.4200E-09
6.8040E-09
6.1880E-09
5.6720E-09
4.9560E-09
4.3400E-09
3.7240E-09
3.1080E-09

2.4920E-09
1.8760E-09

1.2600E-09

XY plane = 248 mm

(b) Type-B =29 A% £X
(b) Magnetic field distribution of Type-B drone

T8 14, Aletsts 29 (Case 4)0] et 2713 B3
Fig. 14. Simulation results for the magnetic field distri-
bution of the proposed model.

AlH
=

41 MRS SN 2Y

Atd F2E dgHeE:
I

AolAE 19 15(a)% 2ol, A718e FF A @
279 BEAE o] &332, helical 729 T4 AA 3}

7] g8l Fol A= FEe FERES AE AT

o 7h= Bg I9 150) 2 IH 15(c)< Zol, A1

1310 mm
1290 mm H

Litz wire
@=4 mm

= 1560 mm
T

() 4 ZY

(a) Transmitting coil

Litz wire
#=1 mm
1 mm/GOstrans)

3
v i
Jiliy
}

7Y

(b) Type-A E&¢] F21
(b) Receiving coil of Type-A drone

Litz wire

?=3 mm

(0.06mm/
1000 strands)

(c) Type-B EE¢] 4l 7Y
(c) Receiving coil of Type-B drone
J8 15, AlFE S/ 2

Fig. 15. Fabricated of transmitting/receiving coil.

3D
FHse] FA 2 10HOE §on
=

k2] k= ABS(acrylonitrile-butadiene-styrene) S ©]
ZAUHZ A stk A T2 A FE 7t

Ea
s O

Y BF ZHae wyayg Qg
HA43bst 2l B2 (Litz) b0l & o] &5t

393



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 34, no. 5, May. 2023.

-

@ A% Ho|= Seo)E (b) FAY HAe|ECEA =
(FF71=5 mm) 0.3 mm)

(a) Transmit part of ferrite (b) Receiving part of ferrite
(thickness=5 mm) (thickness=0.3 mm)
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Fig. 16. Ferrite used in primary coil and secondary coil.
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Fig. 17. Type-A drone model according to the ferrite sheet
attachment position of the receiving part.
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Fig. 18. Type-B drone model according to the ferrite sheet
attachment position of the receiving part.
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Fig. 19. Measurement setup for coil resistance.
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Table 2. Electrical characteristic of fabricated coils.

Parameters of designed coils @ 85 kHz

Type of drone Lr Lis Ry Rp:

Type-A drone |210.09 «H| 163.52 £H |292.33 m®|919.33 mQ

Type-B drone |210.14 £H| 128.70 £H |292.33 m$|313.33 mQ
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Fig. 20. Measurement environment of mutual inductance

for drone.
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Fig. 21. Comparison between measured and simulation res-
ults from four different case.
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