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ABSTRACT

The structure of SpaceEye-1 developed by Satrec Initiative is designed to carry out
various earth observation missions in harsh launch and orbit environments. This paper
describes methodology of the structure design and analysis performed during the
SpaceEye-1 development. The SpaceEye-1 structure is designed not only to endure the
static/dynamic loads but also to protect a main payload and all other components under
the launch environments. The structural design requirements were derived from the
requirements of the launch vehicle, payload, and other subsystems from the initial
development phase. Three-dimensional modeling process was used to verify geometric
compatibility of the structure with the other subsystems, and finite element analysis was
used to confirm whether the designed structure satisfied all the mechanical requirements
derived from the launch vehicle and payload.
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Fig. 1. SpaceEye-1
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Table 1. Envelop Dimension Requirements

Axis Requirements
Latral < @ 1.54m
Axial < 195 £ 0.1m

Table 2. Natural Frequency Requirements

[tems Axis Requirements
Latral > 10Hz
NF of SpaceEye-1 :
Axial > 20Hz
NF of Payload Latral > 45Hz
Assembly Axial > 75Hz
NF of Subsystem - > 150Hz

Table 3. Requirements of Mass Properties

[tems Requirements
Mass < 310kg
Lateral 0+£50mm
COM
Axial 520+50mm
MOI(in Launch) < 75 x 10° kg-mm?
MOI(in Orbit) < 85 x 10° kg-mm?
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Table 4. Factor of Safety and Margin of Safety

ltems Description
SFyieid Metal 1.25
Metal 14
SFummale
CFRP 20
T allow
MS All ———1>0
Oyt X SF
842 FEA AAE #1349 SpaceEye-19]
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o,) S¥FE(Ultimate Strength, o)l s}
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Fig. 4. Envelope Dimension of SpaceEye-1
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Table 5. Mass Budget

ltems Mass (kg)
Service Module 173.4
Payload Module 777
Nadir Module 19.7
Harness, TCS, Bolts, etc 241
Total Mass 2949
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Table 6. Center of Mass & Fig. 5914 HoFa o Muls 253}
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Table 8. MOI in Orbit Configuration

Direction Requiremeznts Estimated \éalue

(kg-mm°) (kg-mm°)

Ixx 84.4 x 10°

lyy 747 x 10°

Izz 6 779 x 10°

85 x 10 ;

Ixy 394 x 10

lyz -97.3 = 10°

Izx -47.3 x 10°
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Fig. 5. Main Frame of SpaceEye-1

Table 9. Main Frame Parts & Material
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a, FX71¢] Ao dFE flsiA vt=A] Fast
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2Ee FXE AA 9 SpaceEye-19 F FX

Properties
E o o
Material Position Yy "
(GPa) | (MPa) | (MPa)
Base Adapter
Rails
arrors | Pl Fitines 71 | 448 | 523
ongeron
EOS I/F Ring
Lower Struts
Sun Shield
CFRP Sun Shield Strut 116 - 191
BD Stiffener
Ti_BAL4V | Strut End Fitting 110 880 950
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Fig. 6. Payload Structure of SpaceEye-1

Fig. 7. Finite Element Model of SpaceEye-1

Table 10. The Comparision of Material Properties
between Design and FEM

ltems Rea. 3D FEM
Mass(kg) | < 310kg 294.9 295
X 6.8 54
——  0+50
COM -14.2 -10.3
(mm)
520+50 546.5 520
XX 734x10° | 75.2x10°
lyy 69.9x10° | 70.1x10°
MOI 5 6
Izz s | 65.3x10° | 66.5x10
(kg- 75%10 - ;
o | Ixy 39.3x10* | 40.4x10
mm) 4 4
lyz -87.0x10* | -167x10
lzx -52.1x10* | -100x10*

Table 11. Summary of Element for SpaceEye-1

Elements Type Number
Beam 252
Rigid Link (RBE2) 2202
Quad4 48781
Shell Tri3 2687
Solid (Hex8) 4832
Total Nodes 63981
Total Elements 58754
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Fig. 8. Deployment Hinge of SP

Fig. 9. Finite Element Model of SP

Table 12. Summary of FEM for SP

Elements Type Number
Rigid Link (RBE2) 22
Shell (Quad4) 791
CELAS2 2
Total Nodes 939
Total Elements 815

gAA FEREY

& A%(EM, Modal
Effective Mass)< <1 AR oAt
7 RN 74 wol W¥ste AL o]

B2 dFS "AE FERELS 9
el R FaEAFS 56~59%013 F WEF
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3rd Mode 54.7Hz

1t Mode 27Hz 27 Mode 27.4Hz

Fig. 10. Results of Modal Analysis for
SpaceEye-1

Table 13. Results of Natural Frequencies and
Modal Effective Mass

Mode Fre;::_l:;)ncy I(Eo/':/l) Description

1 27.0 56.9 | Global Mode(Y)
2 27.4 58.5 | Global Mode(X)
3 54.7 82.4 | Global Mode(Z)
4 745 17 -

5 76.7 42 Payload

6 77.8 2.3 -

7 87.7 0.0 -

8 90.6 0.1 -

9 95.6 2.3 Nadir

10 96.6 2.0 -
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Fig. 11. Results of Modal Analysis for SP

Table 14. Margin of Safety

MOS MOS
Position Ty Tu
(MPa) | (MPa) | () (0y,)
Base Adapter 0.4 0.5
Rails
— 0.1 0.1
Rail Fittings
448 523
Longeron 0.5 0.5
EOS I/F Ring
0.8 0.9
Lower Struts
Sun Shield 3.52
Sun Shield Strut - 191 - 224
BD Stiffener 0.5
Strut End Fitting | 880 950 3.7 3.6
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