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The Analysis of Mechanical Environment

of Small Satellite Launcher
Sung-Sae Lee*, Jong-Oh Park™, Seung-Wu Rhee™*

Abstract

Science and Technology SATellite-3 (STSAT-3) is science purpose satellite which weighs
below 170kg. This is classified as small satellite or micro satellite more specifically. The
launch vehicles (launchers) for small has their own requirements for
environmental interface. Since the small satellites are usually launched with cluster or
multiple payloads, the selection option for appropriate launcher is limited. Therefore, the
satellite should be designed with the consideration of environmental requirements of these
launchers. In this paper, the environmental requirement of most candidated launchers for
small satellite is summarized and give satellite environmental requirement to accommodate

satellite

all launchers requirements.
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Interface), ¥1¢}%& (Random Vibration), = %%15 (Acoustic Vibration), 833} 2§ (Sine

Vibration), %4 (Shock)
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Frequency Band (Hz)

Spectral Density (107 g*/Hz)

20 - 50 5
50-100 5-10
100 - 200 10-25
200 - 500 25
500 - 1000 25-10

1000 - 2000 10-5
Overall g} 50

Frequency sub-band, Hz

20-40

40-80

80-160

160-320

320-640

640-1280

1280-2000

Root Mean Square Value, 5, g
Duration, sec.

Load Source

Liftoff, LV flight
segment where M=1,

17 stage burn (except for LV
flight segment where M=1,
Qna), 2™ stage burn, 3

Goma stage burn
Spectral Density, g“/Hz

0.007 0.007

0.007 0.007

0.007-0.022 0.007

0.022-0.035 0.007-0.009

0.035 0.009

0.035-0.017 0.009-0.0045

0.017-0.005 0.0045

6.5 36

35 831

Hrequency bend, e IVibra tmn.accelaf;:lfoﬂni .spect'fm.qensuy Huralion
2080 0.004~0.006
80~200 0.006~0.043 i
200~1000 0.043
1000~2000 0.043~0.018
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Random Vibr ation

1/3 OctaveBand Center | Acoustic Pressure | 1/3 Octave Band Cenfer | Acoustic Pressure
Frequency (Hz) Level (dB) Frequency (Hz) Level (dB)
a4 31 121.0 800 1240
40 1220 1000 123.0
30 123.0 1250 1220
63 1240 1600 1210
80 125.0 2000 120.0
// P11 100 1257 2500 119.0
/ 125 126,5 3150 118.0
A/ 474 160 126.7 4000 17.0
200 1270 3000 116,0
é\ 250 127.0 6300 115.0
(N 315 126.7 8000 114.0
o Lo T 300 1265 10000 13,0
a i v 500 1557 Full 1380
1 630 1550
Action time of acoustic loading is 80 seconds
— ‘ 6 ZARA3YS| SHNE @7z
Dnepr H
Cosmos-3M
Soyuz Mean Geometric Frequency of Level of Sound Pressure (dB)
B OctaveFrequency Band (Hz)
1 10 100 1000 10000
Freq 315 125
63 132
O3 4 orls 7= He| 125 135
250 134
o =
22 28 Ms 500 132
1000 129
= 2000 126
oz 300kg ol4tel S0l sl B
O O3
g AEe ﬁ%bﬂ%gi wdH, o
O] Eié’l— %601: ﬂ%% HEL ]—7‘(]‘4 H 335] ?_ —‘?— Tntegral Level of Sound Pressure (dB) 140
Duration(sec. 35
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YL o]F A9 L& B Al JMF =& FE weCombegey il Fightlinit Level (8] fsorence: 0 cB = 2.x 10 o
1) STType Fairing SType Fairing
S 7HAh
= 7k ans 125 122
a8 5,6, 7, 8& 27 W7h, ZARA3Y = & 122 131
— = = 125 134 132
HZe 283 afz i) SPIF 27z
Zﬂ_% I%H—‘THE]— 500 134 134
1000 125 125
2000 121 121
Octave Center Frequency Flight Limit Level (dB) R 120 <2828 Ho) 14) 14,
Time : 60 Seconds
(Hz) (reference: 0 dB = 2 x 107° Pa)
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A ote] 71AZA QdEHHo|AE WEE £ AeE 8 DIRECTION LONGITUDINAL LATERAL
ﬁ o] % \:]— Frequency Band (Hz) 5-45 45 - 100 5-25 25-100
Sine Amplitude (g) < 0.8 < 1.0 <0.8 2 0.5
140
o a2 1. szl Y s epx
120 :3:/ o NS oo
_\/ [/ B P )\(m Frequency band, Hz 5-20 | 20-40 | 40-63 | 63-100
L (N \(Q Amplitude of vibrational accelerations, g 0.5 0.7 1.0 L7
\ |
o ! 08 12 2ARA-3| HED IE 2pxA
g
5 » Longitudinal Direction
1
Frequency Range, Hz 5~10 10~15 15~20 20~40 40~80 §0~100
Overall{Covefage] Amplitude, g 04 08 04 04~06 06~08 08
90 -
Duration, 5 10 30 &
® Transverse Direction
Frequency Range, Hz 520 20~40 4050 #0~100
70
i it 660 {6606 Amplitude, g 04 04~06 06~08 08
Freq. Duratian, & 100

s N
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AR AT AW 2 P 4yold  7h ILEASIY, Svlx=e Y

9 23 @4 (POGO Effect) o ojajx wabsp £A& 25 w53 £ Qe ayzds el
o, WAL o] Hl8 Fo] AEl (Transient Phase) T 23S 271 WL Al 27 14949 2o,
we ol gy Hd FNA 9T mAg,  2F94 Wbt 2bed Wbl gEs 9%
a9 10, 11, 12, 138 242 242, W7}, 22 288 BF 95 g gle ay2ds 448
w39 g8y =y za ubAe A¥y Ax o oo A HARl e o] FF A4 A
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Longitudinal Sine Excitation at Spacecraft Base (@)
Frequency Band (Hz) Sine Amplitude (g) =
5-10 05 1.8
10-30 1.0
30 - &0 0.6 18
80— 100 03 14 Axial All|Coverage
Lateral Sine Excitation at Spacecralt Base 1.2
Cosmog-3M
Freguency Bond [Hz) pine Amplitede {g) 1.0 Vega
1-5 0.3 08
5-30 o8 Dnepr
30 -60 0.6 0.6
50— 100 0z
04 Soyuz
0.2
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Frequency (Hz) Spacecraft Adapter Inferfoce Diemeter
@937 @ 1194 @ 1666 @ 1920
Band Tension ‘ Band Tension Band Tension Baond Tension Band Tension
<1B3KN ‘:WHNM)@B] <28.2kN <32kN <35kN

SRS (G = 10] [g)

100 20 20 2 20 20
600 421 416 1700 1125 1700
800 686 678 2190 2150 2300
1500 2000 1965 3858 2520 4447
2000 2000 3200 5000 2707 6012
3250 2000 3620 5000 3060 10,000
5550 2000 4147 5000 3500 10,000
8000 2000 4550 5000 3500 10,000
10,000 2000 4550 5000 3500 10,000

a2 16 272 52 27Ale

Shod Spectrum of WEGA
Frequency, Hz | 100 | 300 Fa0
Shod: value, g | 20 250 A00

10000
2000

a8 17 #ivtel 54 2TAl

AHSAY AHS] TN 8 2

Frequency, Hz 3C Separation Separation of Fairing,
U3, and Adjacent 3C
Values of Shock Spectrum,
30 20 5
50 40 10
100 120 25
200 320 100
500 1400 350
1000 4000 1000
2000 4000 1000
5000 4000 1000
CQuantity of Actions 1 Up to 10
a8 18 EHl=Z=29 54 27 AE
Frequency band, Hz 100400 | 400~-10000
Shock accelerations, g 10~150 150400
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Shock

10000

1000

Acceleration (g)

10 100 1000 10000
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