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Abstract

With recent advances in low earth orbit (LEO) satellite communication systems, research on deployable antennas, specifically mesh
antennas, has been actively conducted. The performance of the mesh antenna can be improved by increasing the opening per inch (OPI),
which is a measure of mesh weaving density. However, a higher OPI can also increase cost and weight. Therefore, this study proposes
a minimum OPI that achieves the target gain. The results indicate that an OPI of 40 is sufficient to achieve 50 dBi, which is the target
gain in this research. Mesh antennas mounted on satellites operate in extreme temperature environments, particularly when LEO satellites
experience significant temperature fluctuations multiple times daily. These extreme temperature changes deform the mesh reflector and
affect the performance of the antenna. This study assumes a maximum thermal deformation environment that a mesh antenna may en-
counter and verifies the thermal reliability of the molybdenum mesh reflector currently in use.
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Table 1. Thermal expansion coefficient and conductivity of alu-
minum and molybdenum (at 20C).

Material Coefficient of thermal Conductivity

¢ expansion [1/C] o, [S/m]
Aluminum 2.31x10°° 3.816x10
Molybdenum 0.51x10°° 2.000x10
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Fig. 1. Equivalent model of Tricot knit mesh®.
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Table 2. Orbit parameter for heat flux analysis!?.

Solar flux [W/nr’]
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Fig. 4. Antenna geometry modeled in TICRA GRASP.
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Table 3. Simulation setup parameter.

fo [GHz]| a [mm] | b [mm] |d [mm]|Plating thickness [ ££m]

35.75 7.11 3.56 0.03 0.3
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fig. 7. Mesh structure at 35 OPI (from top: square, atlas,
atlas rotated).

kst

opPr'd &) A w419 7t& Zo] wi 1x1 inch B3 ¢
ol 2o7k= 1 & 70 BolE Atstel Pkt A
A AT E 49 YRt

312 OPIOf E 0|5 & 3 =H oPl MY

Ka-band®] 35.75 GHz @< thelelA 4 OPIE 27
g8 29 7 +29 vkw =22 H4< OPIE W3}
A7IH AlEE o] Al A S EE8 3T E& ¢ OPI
8 w49 §, & v R 57 AL E AAksle 1Y
49] <t vkl A &3te] HAd] o] 5& #FAT
ojff B FxA H3 o541 50 dBi o= HAs=
F 2 OPIE AA3THIH 3).



H 4. 0P &9 A w4 712 Zoj(w)
Table 4. Unit cell mesh width by OPI (w).

AAE 9144 Kaband 4 e} whAbste] & &4 2 A AF

5 < APAs 23 v

Table 5. Comparison of thermal expansion coefficients.

Simulation value | True value | Error rate [%)]

Coefficient of
thermal 2.308x10 7
expansion [1/C]

2310x107° 0.087

OPI | Area per hole [mnr] Square Atlas |Atlas rotated
[mm] [mm] [mm]
10 6.4516 2.540 2453 2453
15 2.8673 1.693 1.635 1.635
20 1.6129 1.270 1.226 1.226
25 1.0323 1.016 0.981 0.981
30 0.7168 0.847 0.818 0.818
35 0.5267 0.726 0.701 0.701
40 0.4032 0.635 0.613 0.613
50 0.2581 0.508 0.491 0.491
60 0.1792 0.423 0.409 0.409
100 0.06452 0.254 0.245 0.245
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Table 6. Material parameter for thermal analysis.

Temperature [°C]

Mesh temperature
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Fig. 12. Temperature of mesh and chamber over 4 cycles.
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Table 7. Mesh width before and after thermal deformation.
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