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Abstract

This research discusses the change in radio frequency (RF) characteristics according to the number of
Gores on the deployable mesh antennas for potential micro—satellite applications. The deployable type of
lightweight mesh antenna can be used for various space missions such as communication/SAR/ SIGINT.
In order to implement an ideal curvature of antenna surface, sufficient number of antenna rib structures
are required. However, the increase in antenna ribs affects various design factors of the antenna system,
especially total system mass, complexity of deployable mechanism and reliability. In this paper, the proper
number of ribs for the mesh antenna were derived by comparison of electro-magnetic (EM) simulation

results of example of antenna model in accordance with the various number of ribs.
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Table 1. Comparison of various types of spaceborne deployable mesh antennas

Factor AstroMesh Type Wrapped-Rib Type Foldable Type

Config.

Pros. + Good surface accuracy ¢ Simple deployment + Easy deployment speed

+ Easy deployment mechanism adjustment
speed adjustment * Medium surface
+ Suitable for large accuracy (dependent
antenna on number of ribs)
Cons. ¢ Low reliability (Complex* Large deployment + Relatively more
mechanism and many  shock complex than
joints) + Possible to Mesh Wrapped-Rib type
¢ QOg device required surface damage when ¢ Ground support
deployment equipment such as

zero—g device required

(for large antenna)

Properties ¢ Off-axis antenna ¢ Horn-feed parabolic ¢ Horn—Feed parabolic
antenna or antenna or
Cassegrain/Gregorian Cassegrain/Gregorian

antenna antenna

7} by FEfoll whE Aol Ak, 3] A7 wAUZL] Al SHoA A% ot
ElLt Type©ll ¥l 126H3itt Table 12 QFElL FEjoll thgt oA} oHA A< Bl
A5t ATE e AL k24 & A ollxs A7 ARE, B3, A7 Al QEEY |4
T22 A SHolA TEY QLRI Foldable JFHIUE tEZAQI g2 TEste] 4
ostlet. BEF QreElu= HEY ti@et AAl0 &ol3t Type 5 stUHE FAARE A&
RS 91 7 5ol 8ol 7Fssith

B ATLof|A P51 At ok QHEILES] HEARES Cassegrain Type°ltt. SHEIU A5 HE
o & BhARE FEiE Single Feedoll tigh QHEY 24 S=d¥5tqict. olof w=t AA=
QFELt 5= WhAREO] 42 Fig. 13} 2t

q

ol2A9l HEA F4E o] Alo] et e AL wEch

REA
1=}
gL

R
i

1 c
o) 2y — = (a2 2 (1)
Z 4F(x +y4) Tz(x +y°)

o)A Fi 2gAeE Quisit. Fi r?/4c FEE UEhE 5 9lom, ck BB %
o] r& EEHO| 92t ue ofulsict. B4 A2 Alo] AP R G4l UertEs

366 | https://doi.org/10.52912/jsta.1.3.364



J. Space Technol. Appl. 1(3), 364-374 (2021)

Fig. 1. Configuration design of reflector antenna (zero membrane stiffness in radial direction).
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Fig. 2. Deployed and stowed configurations of mesh antenna model.

FH Al 00.56 m x 0.62 m, A7} Al ®2.00 m x 0.63 mo|™, A|@==

O

Qbelte) AL
of Aeke 29.2 keolth
1Yoz At et A

QHY & A3}t AAE Bl F "R 294
2 2405t F RhARE 2A| Aol 3 RhARE o 3 EARE S 915 HjAY
Zo| Yxet. by 27| Alolli= Fig. 33 2ol 2719] 55237 2Hs A5 Aas

o] Pop-up FEIZ 10 mm 7} ol&sh E = whAl Ribe] A7N7F AIREH, #1, #2,

#3o] AR o2 A7 7} o]FA| A Hrt. wEbA Rib 4ol s 1EEHIAE HE

Sk W40l o EE EAA] g7t HAaskE o] A 7tedE 7HsT Y S e

£ fAYSZ AL olFF T EANE Folle #2, #3 Ribe] #2174 SRE ol #1-#2
o, #2-#3% 7t Ball & Socket I[/FE F0] HE Riboll et 7428 AFS 4= Sl
T QlojA F85HH, Trade-off Folof = £ 11
o A% B AW 25 129 golo] HHl=

L
A s

Qteue] 714 /71A]
AV} % SIUE Rib 729 788 E 4 9
192 ol %Htension)S 7F5to] AA3Ho 24 wkAlmto] TEo] HEs| &

vkl Rib R0

Mechanism Plate

3% In process 24, all of the ribs #1~#3 are simultaneously deployed.

Release of Reflector Ribs

Fig. 3. Concept of launch locking mechanism and deployment sequence of mesh antenna

model.

368 | hitps://doi.org/10.52912/jsta.1.3.364



J. Space Technol. Appl. 1(3), 364-374 (2021)

49 & Atk o714 Rib 72 AAPL 2H FEE QIsto] Radial Rk 2+ 24 &
@7do] olstit, oo gt Tangential WO 2= B4 ‘Gore'#hal k= Rib Aol
w4 FA9] &2 FAR w47t 224 UEhd SHoll gict. o] & Qls FrRollA
At A2 52 7 mEek=t AR do] Aol AYSHA| Har, AiStHolA 1
EAUE Qs Qe Aso] Asteh. wEbA HEY e flsiAe A71/71A13%
Trade-oft& &3 Gore @Y TAYo| FAaBl=|ofof sh=t], Rib= 73ty £ & oE=
U 50l 8= Gore 755 Zofof sh= A7 2 =22 AHuigolt. Fig. 4=
AR by 2dl P4 vehdch

3. 10| JH301 ME QtEILL S B
3.1 HIAME QIEL} S| Za

Fig. 5& ol32Ql QtEy ¥kt 110 7o wheE HRARE 25 Blwsto] LEhdth
QFElL a0 EAdof| wkE RF E4WSNE €R1Ist7| flsfl aof 75 18} Zo| 24715H
647W7HA] arEfstgict.

E =170] oty A 2 AlEF|e]AL CSTY] Microwave Studio(Dassault Systémes®) S
ol-gsto] paPstglon, WAl 11019) JiE S7HAA QHEY s HekE 415K 1L
o] Ffgeof WE B ERIsH| ) HhARRS] A A2 PEC(perfect electric conductor)E
ARESHIT Fig. 6 11019] 7ol whE Qtelue] E-HH H-HHolA 9] SdHyt 3 wit
Hu} AR YeRdnt o]of] o bEUe] 45 HHSk= Table 201 UetHigion, 5dH

]

i

Fig. 4. Manufactured mesh antenna with 12-gores.
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Fig. 5. Configurations of reflector antennas according to the number of gores (a) Ideal (b) 24~

gore (c) 32-gore (d) 48-gore (e) 64-gore.
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Fig. 6. Radiation patterns according to the number of gores (a) E-plane co—pol (b) E-plane

cross—pol (c) H-plane co—pol (d) H-plane cross—pol.
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Table 2. Summary of electrical performance of antenna according to the number of gores

The number of Gain Side-lobe level [dB] 3dB BW
gores (dBi) E-plane H-plane (deg.)
Ideal 449 -26.5 —-28.8 1.0
24 44.0 -30.7 -31.6 1.0
32 44.6 -31.1 -31.8 1.0
48 44.8 -25.5 -27.1 1.0
64 44.8 -26.1 -28.0 1.0
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Fig. 7. Antenna RMS surface error according to the number of gores.
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