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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 sine 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 sinusoidal vibration, we have
observed output acceleration versus input in X-,Y- and Z- direction, based on base excitation using
large mass method. The results of finite elements 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 1-2
S 2-4
C 4-8
X 8-12
Ku 12-18
K 18-27
Ka 27-40
v 40-75
W 75-110
[ mm 110-300
z7] 94 £ddE C el g AEEHAL

v} olo] Zaadejol oj2Fch HelWtio] HA
A2 AFo) 715 dlgde Kust Kald, A
& Kutigo] @8 AME5 2 glom A9 i3
Aol ojzech a2 UM o}HE Bzt

7] @o} F34 R} HAE %015& Katl9g 2
2 4o ¥EH2 Yo Ku 9L 36 MHzS
EES ATt Yo Ka tH‘?%—& 1007200
MHzS) Bojele ATHE 5 o X FRe
2 8 A AAHCR Ka gAY Fas
ol 7%, Y £z 2 Fu Ax Jlie, A
A% 5 oe wolol W ATst BEe A
Folrt.

1.2 iy A2 74

A BAHE FAYYE gHUE FE
A 9 wargd gtelvel o]F whAbg et
(dual reflector antenna)?t &L o|®x1 °”4
Al otEL) Al AE e

ghatgt, AR P2E a2]a RF.
T4t

Fig. 1< Ao A sj4sA € Kust Kadi
o eyt Alzele VR FALE B29Fa T
F otv 25 gAE ozt o)F v
Stefiut ejojm Kugtelvboll e FA&4 &Y
gej}rt Fridoz o R 101 o}, At
og, Fikalzte =YL
vhel YA, g e
25A Bl Fig, 200 <HY Al
A WEE BAstg.

}
o1 9

B

T

-14-

{a) Ka band antenna.  (b) 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 Ku Ka
D (mm) 1500 900
F (mm) 800 500
8 12 10
£ 0.44 0.45
Fs (mm) 450 300
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Table 3. Sandwich construction for antennas.

Ka-Band Antenna
XNS50A/RS-3
0.254mm (face)
HRH 49-1/4-2.1

6.53mm_(core)
Kevlard9/Ex1515

0.254mm (face)

HRH 49-1/4-2.]

13.6mm_{core)
Al

Ku-Band Antenna
XNS50A/RS-3
0.254mm (face)
HRH 49-1/4-2.1

6.53mm (core
Keviard9/Ex1515

0.254mm (face)

HRH 49-1/4-2.1

13.6mm (core
Al

Ref. &

Reflector
fixer

Tower
Panels

Tower
Panels

Feed horn Feed horn

Table 4. Material properties.
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#  Comp St
(MPa)| (MPa) | ¥

{Tens Slr’Shear Str|
Kg/m')| (Mpa)_

(MPa) | (MPd

XN50A
/RS-3
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Ex15t3
HRH49-
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703301 25370 2] 1600 | 99.28 | 1949 | 82.74

193101 5240 1450 | 3861 | 252.3 | 102.0
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7 308(W)

174.44
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(a) Ka band antenna

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

Qualification | Protoflight Flight
AXIS | Freq | Level {Freq| Level |Freq| Level
H)| (8 |[(H)] (@ |[(H| (8)
5-17 0.5 in DA{ 5-16 { 05 in DA | 5-14 | 05 in DA
17-35] 75 [|16-35] g3 [1435] 5
X 13560, go BB g5 |60/ 53
60-90 55 [60-90[ 45 [60-90| 397
90-100] o6 PO-100 21 90-100, 17
5-15 0.5 in DA} 5-14 | 0.5 in DA [5-]125] 0.5 in DA
15-25 6.0 14-25 50 12.5-25 40
Y. Z {25-50 35 |25-50 29 25-50 23
50-75| g [50-75| g4 (5075 g
75-1000 g5 [5100 13 [51100) g
SI\:;ZP 2 Octave/min | 2.7 Octave/min | 4 Octave/min
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Table 6. Natural frequencies of Ka and Ku
band antennas.

Ku band Antenna
(f: >30 Hz
41431 H:
51.983 H:
53.074 Hz
79.337 Hz
81.716 H:

Ka band Antenna
(: 45 Hz)
52.881 H:
56.546 Hz
73.004 Hz
80.043 H:
88.105 H:

st mode freq.
2nd mode freg.
3rd mode freq.
4th mode freq.
“|5th mode freq.
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(a) 1st mode shape. {b) 2nd mode shape.

i

{d) 4th mode shape.

(c) 3rd mode shape.

(e) 5th mode shape.

Fig. 4 Mode shapes of Ka band antenna.

312 Ku ¥ Stefvie] AF3E )4

Ku tie <devte]l A% g4l e Reg Ay
2d R dA @ °115¢—7} 41431 HzZ 30 Hz
oo x7E WEHIL, Ka dg <telvie vhi
A2 Az g 7H91 we Wel S 2
A B=7F A AE gkt Fig. 5a)~(e)e
Ku B <tevtel Aa 5709 AgRE 8438
GERATE oA WA 2= &Y e o] 9
3 ZEZ 2SR

(d} 4th mode shape.

(e) 5th mode shape.

Fig. 5 Mode shapes of Ku band antenna.
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Table 7. Maximum acceleration of Ka and Ku band
antenna.

(a) Acceleration of Ka antenna with forced vibration.

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

ﬁn:lx(”-') amanlg) ﬁn:m‘”f) Amax(g) f;n:u(ll:) amax(gz)
manl 76 | 6443 | 54 | 2500 | 74 | 9.666
Jub 70 13737 50 | 3216 | 74 | 5994

(h) Acceleration of Ku antenna with forced vibration.

X-farced vibration {Y-forced vibration | Z-forced vibration

Jounl12)
50
50
52

Srnantd12)
50
44
44

frmaxUI12)
50
50

Amaxlg)
3531
7.937
9.524

Amax(g)
7645
39.94
36.52

Amax(g)

8.335
63.71
67.09
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Fig. 6 Output acceleration of main ref. tip.
(Ka band antenna)
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Fig. 7 Output acceleration of sub ref. tip.
(Ka band antenna)
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Fig. 8 Output acceleration of main ref. tip.

(Ku band antenna)
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Fig. 9 Output acceleration of sub ref. tip.

(Ku bhand antenna)
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Fig. 10 Output acceleration of omni antenna.
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