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Analysis on Environmental Test Specifications for Solar Panels of STSAT-2
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ABSTRACT

A satellite component must withstand vibration caused when launch vehicle acoustics and engine rumble transfer to it through its
structural mount. Components shall be subjected to environmental tests after manufacturing process, thus, the environmental test
conditions are needed for component level test including vibration and shock. This paper deals with derivation of component-level
environmental test specifications, especially for solar panels of STSAT-2(Science & Technology SATellite-2). Sine sweep, random
vibration, and shock test conditions were generated for solar panels by assuming the satellite as single-degree-of-freedom system

with a base excitation.
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Fig. 1 Stowed configuration of STSAT-2.

Table 1 Sine vibration test specification.

Direction Freq. (Hz) ‘Amplitude

Axial 5~13 4.4mm g peax
13~100 3g

5~13 2.9mm g_peax

Lateral Pe
atera 13100 2%

3. EHUMX|EOl 8 AlHzH AE

34 EFINIR/T ME
N1z A4 BANYE S APHoE dof
2 AANBEN AYAFm-ERH M4 E@)

ghe] #AE oS A1) 2o

a= 50/ m*(g) (D

2)
£47 745 126z 7F HH, GAAF 12 £
neisted, HAd £33 /IEEE 15.1g 22 4%
g =3, #Ad #4373 rtEsYes SAYE
B £k 3 AR o7 B & Qed, 28
MALAEE B8 FAYTE 08¢, FILE 44
0.5¢ 2712 gt olgjgt FHH Aol 93

3.2 =3 XBAIY =A A&

AAEAA7E AEA F& g 274 BEG
9 AN 24E& 47 YaAME, AdA o
& a3yt gaslth oo Y AAEo=R
TA48 SAAE Fig. 2 MG L - AFEAR
g3hsld, & (base input)el ok A< E(transm-
issibility) 2] (2)¢} Zth.

k c y
TITITTTITI77777
Fig. 2 Simplification of satellite (single dof system).
2

f

14|24 =
X_x_ +( gfnj @

Y v

o .
o4, 7k F35
A 9444 229 $€E AN £ Atk AR
BEEo tigt AANEAN ¢RHA & du|dA
SAdA, 2AE A9 2 3 dF +3
B3k O0 ¥ G9Hz, BWEO R 29Hz o I HAFF
2 H473, ol #39srHHS 3 =8 A
FAoH1]. A 2elAM f49A4 Tl dig Yl
HA@ets ¥ EE Va2, Table 1 9 4 4 43
ek MAGAAY 2709 dFEH == AL
&5 ghel Algstt $AHAE Q=30 2= 7H
stx, Z4n] ¢ =0.017 9 ;e AU A F
o] &3t Fulgo] wWE Yo thE, 1 AFEA
GRS S8 At 2 () Y3 A
A gAY ¢=H, ¥ 7Ies Wyl wet
A Ad HLEFE 455 @ &4 Fig 3
(3 E (b A3

GANE 1-ARFEAR d&3ee] $HE
T 243 e 4 HAdrsE & 2HT
B gdgo] EAg} o] FLodE 1ARFEAE
74 A2l s A &= g HE

A HU) tEE g vasd, &L &

>
2 N N e

b

- 958 -



100 1=

ACCELERATION (G}

0.1

— Verticat accel. from Eqn. (2)
- - - - Allowable quasi-static accel.

100

FREQUENCY (Hz)

(a) Vertical acceleration obtained from Eqn. (2)

100 1

ACCELERATION (G)

0.1

— Lateral accel. from Eqn. (2)
- - - - Allowable quasi-static accel. -

10

100

FREQUENCY (Hz)

(b) Lateral acceleration obtained from Eqn. (2)
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(c) Segmented sine vibration condition

Fig. 3 shows swept sine vibration condition for
acceptance level test of solar panels.

Table 2 Sine vibration test condition for solar panels.

Accep. Level Qual. Level
Dir. | f(Hz) Sweep rate: Sweep rate:
4oct/min 2oct/min
5~13 4.56mm g.peak 5.70mm g.peax
Axial | 60~80 121g 15.1g
100 30¢g 3.75g
5~13 3.63mm g_peak 4.54mm g.peak
Lateral | 25~35 75¢g 9.4g
100 2g 2.5g

Note: Qualification level is 1.25 times higher than
acceptance level as shown in above table.
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Table 3 Material characteristics of solar panel.

Dimension 700%547mm
Mass 1.7kg
5.2pcf-1/4-25p
Core Al15052 honeycomb
20mm thick
Al2014
Facesheet 0.5mm thick
Solar cell mass 0.7kg
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Fig. 5 Response at solar panel in PSD.
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Fig. 6 Vibration response spectrum corresponding to
PSD at solar panel and its optimal envelope.
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Fig. 7 Optimal envelope obtained from iterative method.
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Table 4 Random vibration test condition for solar panel.

F(2) Power Spectral Density (g%/Hz)
Accep. Level Qual. Level
10 0.007 0.014
130 3.36 6.72
200 3.36 6.72
500 1.60 3.20
2000 0.007 0.014
RMS 36.13 grms 51.1 grms
Duration 1 min 2 min
Direction Normal to solar panel

Note: The above random test conditions should be
response-limited on the solar panel surface.
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Fig. 8 Typical pyrotechnic shock from STSAT-1 QM.
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Fig. 9 Shock response spectrum and envelope (Q=10).
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Table 5 Shock test condition for solar panel.

Frequency 100 Hz | 1,500 Hz | 6,000 Hz
Acceleration 30g 3,000 g 3,000 g
Test times 2 Qualification level

1 Acceptance level

Note: Above shock test condition should be response-
limited on the solar panel surface. (Q=10)
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