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o. DEVELOPMENT OF A HIGH EFFICIENCY RECTENNA AND
ITS APPLICATION TO A STATIONARY FLIGHT
EXPERIMENT OF AN UNMANNED AIRSHIP

By

Yoshiyuki FUJINO, Masaharu FUJITA, Nobuyuki KAYA,
Masahiko ONDA, and Kazumasa TOMITA

The Energy Transmission to a High altitude long endulance airship ExpeRiment
(ETHER) was carried out in 1995 as cooperative research among the Communications

was driven with electricity transmitted by microwaves.

power and to receive the microwave power with no polarization mismatching loss.

Research Laboratory, Kobe University, Mechanical Engineering Laboratory, and Ad-
vanced Engineering Service, Co. Ltd. The Communications Research Laboratory devel-
oped a rectenna for microwave power reception for use on board the airship which

The rectenna was designed to

be thin and lightweight using microstrip antennas and rectifying circuits suitable for

airship applications. It was of dual polarization design to double the transmitting

It

consisted of 1,200 elements and its weight was 22.8 kg. The RF-DC conversion effi-
clency of a 20-element subarray was 81% at the maximum. The rectenna provided DC
power of 3 kW to the airship, and the airship was flown continuously for about 8 min-
utes using the electricity.
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Ttem Material Weight
antenna element copper 0.46¢g
substrate BT 124 ¢
honeycomb Aramid 1.82¢g
ground conductor copper 117g
Teflon glass substrate Teflon 8.02¢g
circuit pattern copper 022¢g
feed pin and solder 1.00g
diodes and parts 040 g
paste 128 g

others 3.39g

1 element panel 190 ¢g

20 element panel 380¢g
rectenna array (60 panels) 22.8 kg
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Circuit method £, 21, 31, 4f, 51,

Type A |—Lheoty [ -0.09dB [-0.09dB [-0.19dB | -5.56 dB | -0.21dB
P€ 2 Experiment | -0.15dB | -0.24 dB | -0.58 dB | -8.75 dB | -1.22 dB

Type B |—Lheory [ -0.09dB | -0.09dB [-0.20 dB | -5.40 dB | 0.22 dB
P®® 'Experiment | -0.14dB | -0.20 dB | -0.41 dB | -7.33 dB | -0.72 dB
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Power flux

Number of | density Output Efficiency | Weight

panel W/m2] | Power [W] [%] [g]
1 835.5 94.3 77.4 375
2 841.6 95.0 774 372
3 8416 95.7 779 373
4 841.6 92.9 75.7 377
S 8416 97.3 79.2 380
6 835.5 98.9 81.1 392
7 8355 76.2 62.6 357
8 8355 92.6 78.0 369
9 8355 95.1 78.7 377
10 8355 95.3 78.3 366
11 B359 95.5 78.3 367
12 8355 98.2 80.6 378
13 835.5 96.3 79.0 378
14 8355 98.0 80.4 358
15 8355 94.7 77.7 380
16 841.6 975 79.4 350
17 841.6 94.4 76.9 ag2
18 841.6 944 76.9 373
19 841.6 95.0 773 356
20 845.5 100.7 81.7 369
21 845.5 101.2 82.1 371
22 8455 1025 83.1 371
23 845.5 103.2 83.7 378
24 8455 98.8 80.1 373
25 8455 104.9 85.0 365
26 8455 1075 87.1 383
27 8455 1015 823 366
28 8455 99.5 80.6 386
29 8455 100.8 81.7 367
30 807.0 96.7 822 373
31 807.0 104.5 88.8 371
32 807.0 104.6 88.9 380
33 807.0 114.6 85.1 370
34 807.0 105.7 89.8 379
35 807.0 100.9 858 37
36 807.0 101.8 86.5 377
37 807.0 98.3 83.5 378
38 807.0 102.0 86.7 383
39 8416 98.3 80.9 391
40 807.0 809 68.7 366
41 807.0 102.3 86.9 376
42 807.0 100.9 85.7 378
43 807.0 103.2 871.7 366
44 807.0 102.4 87.0 376
45 807.0 103.2 876 365
46 807.0 102.9 874 373
47 807.0 103.0 875 370
48 807.0 103.3 87.7 3N
49 807.0 1034 878 373
50 807.0 103.7 88.1 384
51 841.6 96.1 78.3 378
62 841.6 79.6 64.9 379
53 841.6 95.8 78.0 384
54 841.6 78.6 64.0) 361
55 841.6 96.6 78.7 374
56 841.6 95.5 718 365
57 841.6 96.2 78.3 372
58 841.6 98.5 80.2 359
59 841.6 91.5 74.6 356
60 841.6 96.2 78.4 365
) 5879.98 22354
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