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Finite Element Analysis for Satellite Antenna Structures
Subject to Forced Sinusoidal Vibration
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Abstract

This paper deals with finite element analysis for free vibration and forced sinusoidal vibration of
Ka- and Ku- band antenna structures using MSC/PATRAN/NASTRAN. The structures are
designed to satisfy minimum resonance frequency requirement in order to decouple the dynamic
interaction of the satellite with the spacecraft bus structure. From the forced sinuscidal vibration, we
have ohserved output acceleration versus input in X-Y- and Z- direction, based on base excitation
using large mass method. The results of finite elernents analysis can be used as the reference data
for the experimental test of satellite antenna, resulting in the reduction of cost and time by
predicting and complementing experimental data.
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Table 1. Frequency band for satellite
communications.

Band Frequency Range (GHz)
L R 1-2
= 2-4
c 4-8 ]
.4 3-12
Ku 12-18
I 18-27
Ka 27-40
Vv 40-T75
W T5-110
mm | 110-300
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(a) Ka band antenma.  (h) Ku band antenna.

Fig. 1 Dual reflector antenna systems.

Fig. 2 Geometry parameters of antenna system,
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Table 2. Design parameter of dual reflector antenna.

Parameter Fu Ka
D {mm) 1300 00
F (mm) 800 500
B 12 ] 10
£ 0.44 0.45 J
Fs (mm) _ 450 K111) |
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Tahle 3. Sandwich construction for antennas.

Ka-Band Antenna

XN50A/RS-3
Ref. & | 0.254mm (face)
fixer |HRH 49-1/4-2.1 HEH 49-1/4-2.1

6.53mm {core) 0.53mm_{core)
kevliardWEx1513 KeviarddEx1515

Tower | 0.254mm (face) | Tower | 0.254mm (face)
Panels |HRH 49-1/4-2.1( Pancls (HEH 49-1/4-2.1
{3 6mm_(core) 1 3.6mm {core)
Feed horn| Al Feed horn Al

Ku-Band Antenna
XMNSOARS-3
0.254mm (lace)

Reflector

Table 4. Material properties.

E G G 1] : Comp StTens StrfShear S
(MPa)| {MPu) FEgnr ) (MPa) | (MPa) | (MPa)
HIOA TO330| 25370 |02 [600 | 9928 1949 | 8274
RE-3
[Feviard®
19310 5240 033 1450 | 38461 2523 1020
Ex1515
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(a) Ka band antenna

{h) Ku band antenna

Fig. 3 FE model for antenna systems.
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Tabhle 5. Sinusoidal vibration levels applied to
antenna module.

Qualification Protoflight Flight
AXIS | Freq | Level |Freq| Level |Freg| Level
(Hz) | (@) QiH=y| (m) M(H=)|  (g)
517 0.5 im DA 5-16 | 05 in DA | 5-14 | 0.5 in DA

17-35) 95 |16-3B| g3 |45 &0
X 45-60 a0 a45-60 il 3560 5.3
60-90)| g5 (6000 45 |6O-E0 a7

1 g5 SOOI g1 W01 47
5-15 05 in DA 5-14 | 05 in DA [3-125] 05 in DA
15-25 B 14-25 5.0 L2.5-25 40
Y, £ | 5-50 15 *5-50 el =50 a3
-7H | gg [F-TH 24 S0-75 1.9
T5-100 L5 51008 13 75— 1004 14

2 Ocravesmin | 2.7 Octave/min

Sweep

Rate 4 Oetave/min
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Table 6. Natural frequencies of Ka and Ku
hand antennas.

N Ka band AntennalKu band Antenna
(fressnance=45_Hz) | (sonnee=30_Hz)
1st mode freg. 52,881 A= 41.431 H:
2nd mode freq| 56,5346 H: 51.983 H=
drd mode freq| 73.004 Hr 33.074 Hz
4th mode freg.|  B0.043 iz 79.337 H: |
Sth mode freq.|  8#8.105 A B1.716 H:
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Fig. 4 Mode shapes of Ka band antenna.
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Fig. 5 Mode shapes of Ku band antenna,
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Table 7. Maximum acceleration of Ka and Ku band
antenna.

ia) Acceleralion of Ka antenna with forced vibration,

¥-forced vibration | Y -forced vibration | Z2-forced vibration

Frniast 20 | Bmaxl ) | fnal T2 | Bmanl) | fraal T2} | Aianie)
ot f 70 | 6443 | 54 | 2500 | T4 | 9.666
sub |70 | 3737 | 50 [ 3216 74 | 599

ref. Lip

ih) Acceleration of Ku antenna with forced vibration.

X-forced vibration | Y -foreed vibration | Z-foreed vibration

Sl H2) | Bganla) fmnule:' Amati) | fmal 2 | Amaxlgd
mait| 50 | 8335 | 50 | 7645 | S0 | 3531
5“" 6371 | 44 | 3994 | 50 | 7937
6709 | 44 | 3652 | 50 | 9524
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Fig. 6 Output acceleration of main rel. tip.
(Ka band antennal
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Fig. 7 Output acceleration of sub ref. tip.
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Fig. & Output acceleration of main ref. tip.
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