A Rectenna Array on a Cylindrical Conductor and its Application

Yoshiyuki FUJINO and Y oshihiko MIZUGUCHI
ATR Adaptive Communications Research Lab.
(E-mail: fujino@acr.atr.co.jp)

Fax: +81-774-95-1508

Microwave power transmission is a useful technology for transporting energy to distance places.
Furthermore, it can be applied to high-altitude radio relay systems, space solar power satellites, and
space robots on a space platform. In this technology, a rectenna is a device that extracts dc power
from a transmitted microwave. This paper describes our development of a rectenna array mounted
on a conducting cylinder that has no degradation of efficiency due to variation of incident angle on the
horizontal plane. We also changed the frequency to C-band (5.8 GHz) instead of the conventional
S-Band (2.45 GHz) to miniaturize the transmitter and rectenna.

Our calculations showed that the output power ratio between the planar rectenna array and the

proposed cylindrical rectenna array remained at 68%. This demonstrates the validity of the

cylindrical rectenna.
This rectenna can also be applied to energy transmission to a cylindrical multi-joint robot from a
space platform.

65



MEmEk oL 7T FT7L—LZDHA

I 2, KOGE
ATR BREZ#E @IS FE T
(E-mail: fujino@acr.atr.co.jp)

Fax: 0774-95-1508

1. TN X

~A 7 W EIMEELE & EERPHES AT ACFHICH, vl y MNOAREORETK
EHBRWNEMT CTH L. EHFLIIEmAEBEGHMA S LCRICSTHEEA LI~ A 7 vl
BHLV 77 %B% L, MILAX(Microwave Lifted Airplane eXperiment)[1]X°> ETHER(Energy
Transmission toward High altitude Airship ExpeRiment)[2] & VN> 7f_ TEUVARNL—V g UERE
1THoTE7., LG, FHICHSeEAR Yy MUHOTEOIZITEZE Y AT L0/ LR
VBT, Z DD — %&kbf %w$/27A®mﬂ&M%ﬁ5:kmﬁi%ﬂé.

AlEl, fEk~A 7 vaiE kb T2 SH (245GHz) LV EWCH (5.8GHz)
ZHEHAL, ABRROLEES Ry ME~D~ A 7 B icikd BIE L, MHEREER LI
BEINZVIZTFTT7Lv—%2Rat Lo THET S, KL 7 7 FI3HE 2 MFEBER LIChE
L, MEOEGROAGTAOEEZ L THEMET LWL T 7L —ThD, ZOH
HEHEFEHLV 7T T L—0HHENLREL, TORTFTEICOWTELELT.

2. VI TFRTFOERK

B1ICRET AL 7T T b—0EkERT. AFOMEICHE~A 77X N v T T~
THCMSA)VEHR LT HV I T FEZEVMITIMEEEZ L TEY, MfEEEE a, CMSA £
b ELTWa., £/, WEIZHBEEFmE LTEBY, CH(5.8GHz) TO~A 7 v iliE ix
EEHEEL TS,

WIZIK 212V 7 T F R BIOFEMXEZ7R~T. ~A 7 vl CMSAIZ AR L, #EAY &2
U CHEEpOEGREIREIE N D, BRERIIAB I 7 Vv Z & XA — ReflAEbE -/
e LT, A7 4NVZIZIELPF 2, XA 4 — RiZAA 2 50 MA46135-32 24 L
7. BB O AFE IRV 7 T F R (AFEIHAOEIOL) 2K 3ITRT. k&b
7T FRITAMBH 350Q T 69% CTh 7228, ZIUEZ A 4 — FOFEKREIZLY 65~75%
DO TEHLTWD. F7-, EARHHIE 150~450Q D TR E S LEHH L T, REIC
BWCLIZT7TFT27 L—b LIz EDORMEEHEET 25, ZOBRIZIEIZINLDIELS>EICH
P57, KM3OMEERFMHEE L THEHL TS,

z
TUTFHE (RE)
o P: observation point
y
e
. . HwEEY
0 0 ] Radius of cylinder : a
/Q/ Radius of patch: b

X

S
K1 HEwpEkEtEovsTFT7Lr— X2 L7TFFHETOMKX

66



T T S EIE A EICERE L2 1 F 1O CMSA TH Y, DMK OFIFSF1E 5% SCHk[4]
WWEVEBETHZENTES. AEOEEE 5.8GHz K OERLFER 2.17 BLO Ny T2
££9.6mm AT 5 &, IEEAGEO MR EFRAKAIEOBGEIXK 4 IR T B0 &b, F
BRI L > TRRY, o Hm (FEEGM) WK CHE D 65mm O & & 7.7dBi Th

2>77.

80 T T T 8 T T T T
7.8F 4
7.6 g
60 . - g ]
S 2 7.4
72+ 4
5 40 E £ s ‘.Q e
auﬁ e 63 @ i
L ¢
6.6 4
or 1 6.4
T —=— ®-pol (Ey) ]
--e- B-pol (E
Load resistance 350 [Q] 6.2 °- pol (Eg) ]
0 i é :Ii 6 2I0 4I0 6I0 8I0 l(I)O
Incident power [W] Radus ofcylnder [mm]
®3 AHENR L2 T F RO ERIE R4 I EERE RO

3. LT FT7 L—{boREH

INHDORMET =25, HEREKREL 7 TR T2 T L—Ab L7ZBREO RISV THE
ETH. T U—bREOREIILLTOFIETHET 5. 7, Loy 7+ 1% -ofE
DOEEFRAE & A B KB E PO HFE T ~ARENEZHET 5. KIS, X3 OEFREIFEHO
ANIHE )N O R (RFE) o, hFREHEL, KL 7T TR TOMNE %5
BT, ThaZFEooELCRIfEZRDD 2Ly T+ 7 L—0HEH O
EERDOTND. ok, L7 T FHHIMERNCBEAM I CRET 2 2 L2 RET H.

TLU—RIZBELTE, Fr7 o7 rRREEEL, R EEZMEERERECELLEED
kbl Al BT o7 RRBIEEBARERRE/IMETH S 088 WEEAMH L. X5
B TRV 7 TR AR R

MEREAREL 7T FT7 L=, CELZT T T L—LHEL ¢ DREWHHTORR
DOENLED DK, IERFHONRICE L X FRL 7T F 7L —E 0B, 22T,
MEREER BT L—0D ¢ =0 FO&E(Pe)L, MEREERET L — LR UREmELZ SO
VT V—DE (P D, EHERTERTS.

r= £ (D)

PP

2B, Pc B Pp WAKENZRTH, HOENEZRTIZORMERXRTSH. Ekk
DEFE (MFEERICHA) Lo TED X I ITELT 2 02% 3FEHAD AN T # E(Pfd) I
DONWTHEF L., 2oLk X, HERER LD CMSA O/8Z — OBEHME, X3 TRt AH
TEEDO EBRMEE W CHEE 21T 72, REX 6 1C7nT. AFENCET2ENITHE T
BOBEINZEY, 87% T—EMlER>TWna., Zlcxt LT, HAEBNICETAENHITA
51 5% FE (PR AE LT L L, Pfd=2.2kW/m* T 68% & 72 % . K /) i B T VK
TT 20K 27T V7 T T OMEREOIEREEICEI DD THS.

67



Radius of cylinder [mm]

X 5

wIZ,
L.

V7T FICART 5. 10 B LSRR EIIARNENEEOREHATHY,

120

T T T T T T
100
80
60 -
40
20F T
0 1 1 1 1 1 1
4 6 8 9 10 12 14
Number of elements
NASEN JFe N2
RO P

” \:\o\D—'—ﬂ——( |
S0F = 87% Incident power |
< Output power
: a— 0 o o o o
ool 69%| P =2200 W/m’
[=9}
o
g o—o o o o o o
SR 45%| Py =1200 W/m’
z
& B
201 “ oo 8 o g 3
19% | P =400 W/m’
1 1
0 5 10 15
Number of elements
K6 FEHT L— BN OB

(7MiM 0.88 1, o-HlafRik)

4. v~ 7 niREEER
BB ENTY A 7 ol ENMBEEERZIT> CTHER LV 777 L—0OfEMEZ I
HEREZX 7TIIRT. BET T TN HEEINT 5.8GHz OEMIIX, 0.6m Bl

L7 75 &6 UAT

BEICEEHZ D, VI TTHERAIL, FENLOKEAMEBER TREINLTEY, TL—00H
HENIENETNORE OB NBHOHENME LTV D.

X8I 1HFADOHEEL L7 T F D ¢ ST DOFRIMMEDPGHE & FEE 23, E— 2 )
WCHEITRLS T 52, EAHTBTEENDD.
WTEF, ARAEZHRHTIRGE~A 7 e ICBESHR RS D20 EEILND.

L, EEBT T T ONRNE — N

25 T T T
EREE Y)Y BE LB Pid = 2200 W/
(power réference) o Experiment 37 63mm
- _ 2F Estimated value R
LOT+7L E o°°°o
= ° e
aa) 1.5F d \ ]
2
EETVTT gl' ° o i
(<] o
0.5 8
TWTA || SSG | it \
\\ /J(\'\ / ()¢——o-0 o? 1 ?o o
. =90 -45 0 45 90
o lde)
7 ~A7oEEERR K8 1F VLo T T OMIIEOMAE R
Pfd = 2200 W/m’
a=65mm
b=9.6 mm
5 T T T T T T T 5 T T T T T T T
- Ay ouput - ST EER{E Aray oupu
Element Element
41 3 B B L i
- FHHAEH 3T 4 TG HES 3050
£ 3
o E
g 3r 7 8 3r .
2 g
E by
g ar - g 2 .
© 8
1+ . 1 1
1 1 1 1 1] 1 L " 1 " 1 1 1 " 1 1 1 " 1 1 I I
Y80155 90 45 0 45 90 135 180 %807135 90 45 0 45 90 135 180
¢ [deg]

X 9

¢ [deg]

% V2 7 F7 L—o 18 ) O A RO SR E K& OB R A

. HOICHEER LV 2 T T V=D HAIEH ORI ORI & FZERiEZ R, FERIE
LR & i L CIE D D E N RENZ N2 D.

¢TI 1Ao7 5 M e o H 78



SO SFE XA A 3.74WIT%T L, EEREIX 3.05W ThHho7=. 2D 0.7W (1 20%) D=
X, V2T TFTRFDOIEIL0E, MEEZHRET2XE~A 7 ol iOmmEnAms ENRKE L
TEzbhb

5. it~ A Al
MfEREER EL 7 777 L—0IcAB 2K 10 17T . FHT T v b7 4 — b ORBEECHER;
BEHEITHO OO, HEESRTAbLELELIRBRE L TCWDLLZEEOeRy N THD.
nsouRy M@, Ty N 73— ST VT 4T 72— A RT L—%E%2H T
2Ry hOREHICAT T, 72 BET5286 T, vy NEREITL2EREHEL Z
EMTED. F, ROZEMA~ENCENEEET L7280, SEIAVE C #(5.8GHz) TOE
IMEEREFEE D EEZEZHND.

Microwave power
transmission

Multi-joint robot

Transmitting
Y2 A A antenna
Space platform '

X 10 HfFEE EL 7T 7 L—oksHfl

6. L
MEREEREOL 7T F 7 L—0RHE LT, 7o T FHFONNE— OFHEE HER
MKV TFRIOVI T FHROERENS, TRV T L L ENE TR
DK 8%IRE L 70D 2 L xR L, S LICHTENOAEREIC ORI 21T - 72, £z,
RV 7 TF7 L—laABNZES L CREA L7-.
LHtk, TL—Ab LB AEOHNENNZ— 2R ETDHTETHD.

2% U

[1] BREF, BEM, WH, Ik, “MILAXHAVZ 7", H1 2RFHZRALF—v RO Y
I, FHEEBFSERT, pp.57-61, Mar. 1993,

[2] Y. Fujino, M. Fujita, N. Oghara, N. Kaya, S. Kunimi, and M. Ishii, “A planar and dual
polarization rectenna for HALROP microwave powered flight experiment” , Space Energy and
Transportation, Vol.1, No.4, pp.246-257, Dec. 1996.

[31 ¥, BREF, BEH, B, 7 CAY P27 T FICBT 2 %R 1997 {5 54# 42K, B-1-64, Mar.
1997

[4] K-M. Luk and K-F. Lee, “Characteristics of the cylindrical-circular patch antenna”, IEEE Trans.
on Antenna and Propag., Vol. 38 , No. 7, pp. 1119-1123, Jul. 1990

69



