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Free Vibration and Forced Sinusoidal Vibration Analysis
for Satellite Antenna Structures

Won-Ho Shin’, I-Kwon Oh’, Jae-Hung Han™, Se-Hee Oh’,
In Lee”, Chun-Gon Kim", and Jong-Heung Park”™

ABSTRACT

This paper deals with finite element analysis for free vibration and forced sinusoidal vibration of Ka- and Ku-
band antenna structures using MSC/NASTRAN. The structures are designed to satisfy minimum resonance frequency
requirement in order to decouple the dynamic interaction of the satellite antenna with the spacecraft bus structure.
The large mass method was utilized to analyze output acceleration according to the forced sinusoidal vibration inputs

in X-Y- and Z- directions. The analysis results can also be used for verification experimental planning of satellite
antenna.
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(a) Ka band antenna. (b) Ku band antenna.

Fig. 1 Dual reflector antenna systems.
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Fig. 2 Geometry parameters of antenna system.
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Table 2 Information of sandwich construction for antenna

structures
Ka-Band Antenna Ku-Band Antenna

XN50A/RS-3 XN50A/RS-3

Ref. & 0.254mm (face) 0.254mm (face)
fixer HRH 49-1/4-2,1 | REMECOT | Ry 49.1/42.1
6.53mm (core) 6.53mm (core)
Kevlar49/Ex1515 Kevlard9/Ex1515
Tower 0.254mm (face) Tower 0.254mm (face)
Panels HRH 49-1/4-2.1 Panels HRH 49-1/4-2.1
13.6mm (core) 13.6mm (core)

RF horn Al RF horn Al
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(a) Ka band antenna

(b) Ku band antenna

Fig. 3 FE data of antenna systems for models.
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Table 5 Natural frequency of Ka and Ku band antenna

Ka band Antenna Ku band Antenna

(fresonance™45 Hz) (fresonance>30 Hz)
Ist mode freq. 52.881 H: 41431 Hz
2nd mode freq. 56.546 Hz 51.983 Hz
3rd mode freq. 73.004 Hz 53.074 Hz
4th mode freq. 80.043 Hz 79.337 Hz
5th mode freq. 88.105 Hz 81716 Hz
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Fig. 5 Mode shapes of Ka band antenna.

(d) 4th mode shape.

(¢) 3rd mode shape.

Fig. 6 Mode shapes of Ku band antenna.
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Table 6 Maximum acceleration of Ka and Ku band antenna

(a) Acceleration of Ka antenna with forced vibration

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

Jwax(HzZ) | amas(g) | frnax(HE) 'a.m(g) Srax(Hz) | amax(g)

AN 76 | 6443 | sa | 2500 | 74 | 9666
ref. tip

SO Lo 37| so | sai6 | 74 | 5994
ref. tip

(b) Acceleration of Ku antenna with forced vibration

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

Jnax(Hz) Jmax(HZ) Juan(HZ)

amax(g) Anax(g) Anax(g)

main

50 8.335 50 7.645 50 3.531

ref. tip|

sub

50 63.71 44 39.94 50 7937

ref. tip

omni 52 67.09 44 36.52 50 9.524
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Fig. 6 Output acceleration of main ref. tip.
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