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Basic Study on Receiving-Side System Design

of In-flight Inductive Power Transfer for Drones Considering Weight Limitation

Kota Fujimoto*, Yusuke Satoh, Sakahisa Nagai, Hiroshi Fujimoto (The University of Tokyo)

This paper proposes the receiving-side system design for in-flight inductive power transfer of drones. During the system design

focusing on a receiving coil, simultaneous evaluations of the winding number of the receiving coil, battery weight, and load current

are conducted with the limitation of receiving-side coil weight, coil limit currents, transmission efficiency, and laying rate of transfer

coils. The proposed prototype is validated through power transmission experiments.
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Fig.1: Inspection mission with in-flight inductive power transfer

system for drones
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Fig.2: Circuit diagram of SS-type wireless power transfer system
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Fig.3: Schematic diagram of transfer and receiving coil to calcu-

late magnetic flux
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Fig.5: Schematic diagram of receiving coil winding
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Tablel: Parameters utilized for coil design

Parameter Value
Operating frequency wy 82.5kHz
Transfer coil winding number N; 9
Transfer coil inductance L; 127 uH
Transfer coil resistance R 136 mQ
Transfer coil resonance frequency w 82.562kHz
Transfer coil length /; 1.0m
Transfer coil width 7, 0.2m
Altitude z 10cm
Body pitch angle 6 Odeg
Load voltage V. 148V
Diode forward voltage Vi 085V
Tiny value to calculate self-inductance & 1.0mm
Coupling adjustment coefficient Cy 1.057
Number of single wire N 900
Single wire diameter D 0.102 mm
Transfer limit current fjimj,1 70.0 A
Receiving limit current Jjimi 2 30.8 A
Threshold of transmission efficiency 7yano  0.95
Threshold o laying limit aq 0.50
Maximum takeoff weight mmax 1700 g
Camera weight mcamera 100 g
Empty weight mempty 780¢g
Maximum consumption power W max 154 W
Path length Lyay 4km
Operating velocity vy 2.0m/s
Ground effect coefficient for power 8 0.02
Inverter efficiency 7ipy 0.99
Rectifier efficiency yrect 0.95
Vi=R + u)OLm12 (8b)
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Table2: Design result

Parameter Value

Receiving coil winding number N, 5

Load current /7, 27A
Battery weight mpagery 50g
Receiving coil resistance Ry 13.6 mQ
Receiving coil inductance Ly 11.3uH
Mutual inductance L,, 3.28 uH
Transmission efficiency Mirans 0.950
Transfer coil current 1} 8.99 A
Transfer coil voltage V; 522V
Receiving coil current I, 30.0A
Receiving coil voltage V; 149V
Receiving coil weight 3 ¢oil 301g
Receiving case weight m) cage 68.6g

Receiving ferrite weight m: ferrite 33.0¢g
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6
5 & 10 i -
T4 :
= 1
3
p 1
= 2
1
0 " .I " "
0 02 04 06 08 1
al]

6 BECRICNT 2f83 R b OHER
Fig.6: Total cost by changing laying rate (W,: —, Wp: —, f: —)

NIEENT 2, HERNREEANIC BT 2 IRHEEE )
B Wip b5,

Wige =1 -B) Wy (1)

YHETE S, I TRIIMEMROMEC LD IRE
BEBTHD, EFAR—R, FEEBRINCHED
AEETH %, UL XD, FREROHEEZILF -2
MBROBETI AL —DPEFELVET LI L TR
Kald,

Lwa (1 - CY) Lwaya'
W —=2 = = (VI - Wy
f or ( L f,GE) of
1
o= (12)
Wy

CEEARETH 2o T 2T Lyay & =2 DRI
HETH D, v 3RIKEETH 5, RESCTIEIAGER,
JEFAERIC KO TRIKEE X ETH S LIRET %,
(3-2) mBLREOENL  AHITE31HEHTER
L7z o X =% iz, BB it oER



() (b)

7 FEERIEE (a) TERK Ltﬁa?:! A (b) BEIEE
s
Fig.7: Experimantal setup (a) Receiving coil (b) Setup for wireless

power transfer
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Table3: Measurement result

Parameter Design value Measured value Error rate
Receiving coil weight 5 ¢oi1 301g 278 g -7.64 %
Receiving case weight m) cage 68.6¢ 64.0¢g -6.71 %
Receiving ferrite weight m ferrie. 33.0 g 33.0¢g 0%
Receiving coil resistance Ry 13.6 mQ 18.7mQ 37.5%
Receiving coil inductance Ly 11.3uH 11.7uH 3.54%
Mutual inductance L, 3.28uH 2.87uH -12.5%
Transmission efficiency 7ians 0.950 0.895 -5.79%
Transfer coil current [ 8.99 A 944 A 5.01 %
Transfer coil voltage V; 522V 522V 0%
Receiving coil current /> 30.0A 292 A -2.67 %
Receiving coil voltage V> 149V 149V 0%
Load current /1, 27 A 26.3A -2.59%
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