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High-Power Wireless Power Transfer of Drones with Wide Charging Area
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Abstract

This study investigates high-power wireless power transfer(WPT) with a wide charging area for large drones. The overall size of the
receiving coil(Rx-coil) connected to the leg of the drone on the bottom side is 420x420x10 mm. Transmitting coils(Tx-coils) of three
different shapes are individually optimized and combined to achieve a uniform magnetic field intensity and high power transfer
efficiency(PTE) retention rate. The overall dimension of %the Tx-coil including the case thickness is 1,000x1,000x105 mm. The quality
factors of the optimized Tx- and Rx-coils are 120 and 54, respectively, expressing a high PTE according to the transmission and
misalignment distances. Based on the center between the coils, the PTE is 91 % and 80 % at a transmission distance of 50 mm and
300 mm, respectively. The PTE is 89.5 % when the Rx-coils are positioned at a misalignment distance of 285 mm, which indicates
the edge of the Tx-coil in the charging area. The coils are connected to various equipment(e.g., signal source, Tx- and Rx-modules, load,
etc.) to verify the WPT system. The system efficiency considering loss is 69 % because the input and output powers are 174.7 W and
120.3 W, respectively. In addition, an electromagnetic wave is measured below the electromagnetic interference standard.
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AR ok 59 GolAM ASE BAoE, EE el # e o] FA2=7H & &(power transfer efficiency: PTE) A4l
g Ate Aol vl ol FA) ZA} HoplME (Tx-coil) @ 541 T (Rx-coil) 7+ A&l & 245
TE FYsE g 34 9 wojo g A7 S o2 18§ 545 Uehle ZYS AAse Aol &4
3] FYH T gloH, FS vgAIZS Besr] flstd olty, 18 13} o] YL A9 AF EAl] wE A3}
e g A Yl B diol FEH 3 22, 710 B 7H= ko] WE QYE A E40 7 1E
SR g 5 ogom, AsUoRRE W A A TYo
ofbg ], EEo] off Fop &Y, AAg, Ik Agdt)y, A4 a8 F 7Y 7+ A% A% (coupling
Al S s, 8%, & 5 AR A2 evslok ot R coefficient, k), FEAIF (Q—factor, Oy, Orp)°ll WeF &8
e e AR7F ettt oo 1Y FAS Foked F o] Al H, 4 ()3 o] Hols & Yo A% &
A A7 A B2 WE B 27HEd, WHYE  go) mop BHoE A Zo AHS Abd, o)
AR SR A Aol BastAuh Axrlel 53¢ direct current (DC) A& 0.2 W3ka}e] K32 BN
gto] Bl FASA A2EE EYste FAot EE
S e h AR o) AREY, FAFH 2 o)A PrEG) — P
(station) .2 AHEO T B Aste] MEEE 24T F, o (14 V15 R QryQny)” (1)
Al RS AFEEE daeEo] AAFH Yol
SRS GPS O, o) 4, AolE Fol ostel, T4 PTE() = | Sy|*> 100 @
4 L o)l &9 AF8l7]7t ol Hr EehE e & 2435} B ol A2 44 wwshr] ek, =
o S ado) ok SESAWEA FAN LA g as 58 4 ()2 4 @8 70 Sparameter
W, 3 Al7ke] 28 A= ©Hol Stk o]d EEo] shal 2= o rHBIM B Bol o] A4 L 5T AE
el Zeelddel] ehatah] sistel, &, 54l 29 R @l o] A2l Advanced design circuit simulator v.2016< ©]4-
ZE o0 F2E WA, ZY ] YAE Tk ko] 7 2Hpost-processing)BF ATk ©]= YT WA AT =
BoRA BAYE FAS AATI AT AL g0 Gepe, 93 312 matching network) 2 A
A7 9 229tk FAagAel, 54 AF o W3} 3] £ (converter and inverter)®] £ WHJ | A] ¢k
o Aol A A7 SHA WA BGF DI g g zmeln paE £ 99 O
fiﬁiﬁ;ﬂ;ﬁ;@ s g mae g % PE TESIL B 2 A 580 A3
T 23& 13t Y T AH ool AHEEE
29 728 AL, 7o) A E EAL T4 . N o
(>50 Wyell A AR 5= JEE Litz wires AHE-3F90.H,
FU AN A7 Botel 34 4 W 2HD £ :
AR e, $4 79 PxE SR FAEA :
Wt o)), FOE, Tablet PCsS) 2 £ 0%57]7]8 :
9% PHEHE TolE 488 F Ut :
1
. PUBH Alad '
J8 1. F HY ZYg o) &d FAFH 7 =
T+ Y ZYe AHEste T EH A S (wireless power Fig. 1. Equivalent circuit of wireless power transfer system
transfer: WPT) AN2E e =71 325 79 13 2t A A using two coils.
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Fig. 2. Receiving and transmitting coils.
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Fig. 3. Compos1t10n of Tx-coil.
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Table 1. Optlmlzed values of parameters for coil with four-leaf

clover structure.

29% WA A

Parameter | Value | Parameter | Value | Parameter | Value
G 5 G 25 G 1
Cis 0.5 Cas 0.5 Css 0.2
Cig 0.5 Ci 0.5 Csg 0.2
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Fig. 6. Simulation setup and position of Rx-coil according
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Fig. 7. PTE between the proposed Tx- and Rx-coils.
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Fig. 8. Fabricated Tx-/Rx-coils.

(2 4 374
(a) Measurement setup

(b) £ I A7
(b) Dimension of Tx-coil

(¢ 7% 7¥

(c) Transmission distance

A ANxde dd 34 874

Fig. 9. Experimental conditions for WPT system with wide
charging area.
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Table 2. Received power with respect to location of Rx-coil.

Location Top left Top center Top right
Power 120.7 W 120.6 W 1208 W
Location Left Center Right
Power 1205 W 120.5 W 1205 W
Location Bottom left | Bottom center | Bottom right
Power 1203 W 1203 W 1203 W

H 3 52 FAZAE Y AAd @8 A9 vy

7| 3kl 34 A4L ARTUT 92T F, £4
M 249 492 & 2

9] 917

o
Tl Aol osf FAMFH 2o TR A5
e Ets, T FiEolA A v g FAE
F 9tk &, 48 “29] oy 7t &S 2
= Sl
]

Agez A w2 3tk
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vl ate] & 3o GeRAATHI U 39 7k AE ey
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371 mgell, ol € A% F7H QL Alade] 22 @A
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3 ERS TAAFAT 5 dov, A5 At &l 2
g 79 e e 2 A% 28 S U
Ehd ok

I8 102 =80 FAFH ZE oA 4T o,
EMI 54 &7 3 235 vehdth Fokeol whe, 30

o X
~230 MHz: 30 dB x V/m(10 m), 230~1,000 MHz: 37 dB
(VIm(10 mel /1ol R1om, 27 Aske 8 s
Hgol A 7124 ol e S 19 1002 Edte]
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Table 3. Comparison with studies on coil design for WPT of drone.

References Tx-coil Rx-coil Transmission Input Output PTE PTE Resonance
size (mm?) | size (mm’) |distance (mm)| power (W) | power (W) | (Alignment) (%) | (Lateral) (%) | frequency (kHz)
[8] 80x80 80%80 10 144 72 95 90 150
[9] 400x400 200x200 100 68.7 62.5 91 68 150
[10] 600x600 200x200 20 215 195 91 91 50
[11] 800x800 200x200 50 27 24 89 85 300
Proposed | 1,000x1,000 |  400x400 50 174.7 120.5 91 90 20
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(a) EMI =% 27
(a) EMI test setup

Final Result

No. Frequency (P) Reading c.f Result Lgii Margin Height Angle Remark
f [ 0
[@(w)] [@(1/m)] [@B(uv/m)] (d8(uv/m)]  [08]  [cm]  [geq]
54.9 2.1 32.8 40.0 7.2 156.0 7.0
(b)) NE A3
(b) EMI test results
J8 10, A3 280l 2 =29 EMI &4
Fig. 10. EMI test for WPT station and drone.
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