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Abstract: The space optical camera is a high-precision system, and its primary mirror is supported by the
repeatable development and collapse mechanism to achieve system imaging. To improve the accuracy of a
space optical camera's repeatable development and collapse mechanism, the folding method of the mem-
brane protective cover is proposed, and a parameter analysis is conducted based on the Miura origami prin-

ciple. The NX/SST simulation software is used to calculate the temperature field of the repeatable devel-
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opment and collapse mechanism with and without the membrane protective cover. Further, the deforma-
tion law of the primary mirror mounting surface under different temperature gradients is studied. The ex-
tension mechanism membrane protective cover prototype is used to perform the repeatable development
and collapse experiment of the extension mechanism. The results show that when the expansion angle of
the repeatable expansion and collapse film protective cover, designed in this study, is 120°, the structure
has completed nearly 85% of the expansion. Moreover, the shape of the model is still regular at this time,
which verifies the passively repeatable development and collapse function of the protective cover. Through
thermal analysis, it is found that the maximum temperature of the camera’s internal extension mechanism
with a protective cover is 12°C, and the minimum temperature is 3.5 ‘C. Compared with the no protective
cover case, the maximum temperature is reduced by 22 “C, and the minimum temperature is increased by
51.5 °C. The protective cover effectively reduces the temperature gradient of the extension mechanism.
The experimental results show that after 10 repeated development tests of the extension mechanism, the
average repeatability accuracy absolute value in the X, Y, and Z direction are 0.002 16 mm, 0.005 96
mm, and 0. 003 48 mm, respectively. The extension mechanism designed in the study has a high repeat-
able expansion accuracy, and the film protective cover designed based on the origami principle has good re-
peatable development and collapse, shading, and thermal control effects, which can effectively ensure the
application of the optical cameras in space environments.
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Tab.1 Orbital and attitude parameters

Parameter Type Parameter data

Satellite orbit Low Earth Orbit

Satellite orbit inclination 42°
Nominal orbital altitude of satellite 392 km
Eccentricity 0
Orbital period 5535s
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Tab.2 Material properties of stretch mechanism parts

) Density/ Elastic modu-  Thermal coeffi- Linear expansion
Member Material , ) o
(kgem™) lus/GPa cient W/(m+K)  coefficient/°C "'
Upper and lower plates Aluminum alloy 2 800 72.4 134 23
Hinge support base Aluminum alloy 2 800 72.4 134 23
Rotating hinge Titanium alloy 4400 11 7.8 8.8
Public hinge ,female hinge Titanium alloy 4400 11 7.8 8.8
Support member Carbon fiber 1760 21 0.225 0.08
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Fig. 24 Deformation and configuration changes of primary mirror mounting surface
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Fig. 25 Deformation diagram of main mirror mounting

surface
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Fig. 26 Mechanism development and collapse process
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Tab.3 Protective cover parameters

Number of Unit angle  Unit layer  Unit height
sides(N) (¢)/(°) (n) (H)/mm
8 180/8 35 17
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Fig. 27 Repeatable extension mechanism prototype
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Fig. 28 Mechanism repeatability precision measurement
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Tab.4 Measurement results

Item X/pm Y/pm Z/pm

1 —3.5 4.2 4.7

2 —3.9 5.7 6.5

3 —1.6 2.3 6.3

4 —3.8 3.8 9.2

5 —3.8 4.6 —6.9

6 —8.0 5.1 —0.7

7 —6.2 6.5 —1.7

8 9.2 9.1 2.2

9 8.7 9.7 9.6

10 —8.7 8.6 5.6

Average —2.16 5.96 3.48

Maximum value 9.2 9.7 9.6

Minimum value —8.7 2.3 —6.9
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