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Design for Structure of Space Camera Based on the Theory of
Statically Determinate Spatial Frameworks

YANG Li-wei, LI Zhi-lai, BAO He
( Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China )

Abstract: The way of development of modern space optical sensors is large aperture and long focus length. Long focus
length means the distance between primary and secondary mirror will be longer, and tolerance of secondary mirror means
more difficult to guarantee. For the secondary mirror strict tolerances, a design of space truss structure is presented.
According to the theory of statically determinate spatial frameworks, two schemes are designed and were analyzed
through finite element analysis software. We got the first three inherent frequencies, the angle around the X axis and the
rigid body displacement along Y axis. The results show that the first mode of the scheme 1 is 78 Hz, the angle around the
X axis is 2", and the largest rigid body displacement along the Y axis is 0.04 mm. For scheme 2, the first mode is 113.7 Hz,
the angle around the X axis is 1.5”, and the largest rigid body displacement along the Y axis is 0.022 mm. Two schemes
can meet the design requirements, while scheme 2 is more excellent than scheme 1. The theory of statically determinate
spatial frameworks provides a reliable theoretical basis for the structural design of space camera.
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Table 1 Diameter and focus length of space remote sensor in recent years

Project type Diameter /m Focus length /m
Pleiades HR 0.65 13
SNAP 2 21.66
Herschel 3.5 28.5
JSWT 6.6 1314
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Fig.1 The five basic platonic bodies
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Table 2 Relationship between S and 3K-6 in five trusses

Truss S K 3K-6 Relationship between S and 3K-6
Tetrahedron 6 4 6 S=3K-6
Hexahedron 12 8 18 S§<3K-6
Octahedron 12 6 12 S=3K-6
Dodecahedron 30 20 54 S<3K-6
Icosahedron 30 12 30 S=3K-6
\}-L ‘ 'T‘-'
2 "It
2.1 ®ITEX
AU R BEG R G WIS R T 1 LT Substrate of Secondary mirror
1&1‘“{;@ )\ﬁHT . secondary mirror $300 mm

1) JeERE EBEE R 1000 mm, JBEE 2 300
mm, FEERIKBIIRIEE 2 2 000 mm. 41E 2 Bk
2) ShAHIRE: KEELEEHIT— B ARIE T 70 Ha
3) IKBERGEA S UCHEPRESHA Y TR 47 Substrate of

primary mirror Primary mirror

Bt 0.05 mm; £ X B/h{H A AEEE 5", < ! | 1 000 mm
2.2 THMBIAIEE s

Iy TR RO He A 2ok KPR AU Exziiﬁzjijjfgf
Y O I
APEIELAT LR . SLLIIE . Biohi . pBUEARE. %
SRS PR . OO . TR £ B T 2R R S R R4
IHTAEE TS REAPRL . TN . B RIER BT A G M. P RA PEAF A o 23 R
55 AobPRL . EITBPEHI R LIS 3 5.

|
i
i
i
|
2000 mm
i
i
|
i

R3 RIEMA R

Table 3  Properties of support materials

Material o/ (10°t/mm®)  Young’s modulus E /MPa Poisson's ratio u Parts
M40J 1.60 145 000 0.30 Support rob
SiC/Al 2.94 213 000 0.23 Substrate of M2, joint and ball joints
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Fig.3 3D model of design scheme No.1 Fig.4 Nodes truss topology structure of design scheme No.1
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Fig.5 Former third-order modal analysis results of design scheme No.1
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Fig.6 3D model of design scheme No.2 Fig.7 Nodes truss topology structure of design scheme No.2
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Fig.8 Former third-order modal analysis results of design scheme No.2
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Table 4 Comparison of two schemes

Mass /kg Natural frequency /Hz

Scheme Blocking ratio/%
M40 SiC/Al mass 1st-order 2nd-order  3rd-order
No.1 9.4 7.6 17 78 78.2 80.3 16
No.2 11 12.1 23.1 113.7 113.7 138 13
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