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Dimensional stability testing method of composite materials
in thermal vacuum environment

Yue Liging, Zhang Jiyou
(Beijing Institute of Space Mechanics & Electricity, Beijing 100190, China)

Abstract: The in-orbit environment for space remote sensor is much more different from that in the
ground; the deformation of the composite materials which is affected by the moisture desorption will
result in the imaging quality of space remote sensor. The methods of measurement for the dimensional
stability of the composite materials must be studied specially. A method which was using the principle of
laser interference for measuring the deformation of the composite materials when subjected to the in-orbit
thermal-vacuum environmental conditions was proposed. The method was verified and the precision was
analyzed. It indicates that the method has higher precision than others. A experience which was based on
the carbon fiber/aluminous honeycomb core composite materials was done to analyze the dimensional
stability of the composite materials. The results show that the experimental data and theoretical data are
the same in order of magnitude. The method is feasible and can be used in testing the dimensional
stability of composite materials.
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Fig.3 Test for one-dimensional translation table using a laser

interferometer in vacuum station
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Tab.1 Error of the translation table movement
tested by laser interferometer under

1000 Pa

Value tested by laser Theoretical value of
interferometer under translation table

Accuracy of
translation table/pm

1000 Pa/pm /pwm
-1246.69 -1248.38 1.69
-2490.24 -2496.75 6.51
-3741.68 -3745.13 3.45
-4989.17 -4993.50 4.33
-6238.64 -6241.88 3.24
-7485.25 -7490.25 5.00
-8734.72 -8738.63 3.91
-9980.35 -9987.00 6.65
-11233.00 -11235.40 2.4
-12483.70 -12 483.80 0.1
-13730.40 -13732.10 1.70
PV 6.55
RMS 2.04
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Tab.2 Error of translation table movement tested
by laser interferometer under

normal pressure

Value tested by laser Theoretical value of
interferometer under translation table

Accuracy of
translation table/pum

1 000 Pa/pm /pum
-1244.40 -1248.75 4.35
-2490.99 -2497.50 6.51
-3742.93 -3746.25 3.32
-4990.56 -4995.00 4.44
-6238.03 -6 243.75 5.72
-7487.25 -7492.50 5.25
-8736.47 -8741.25 4.78
-9981.81 -9990.00 8.19
-11232.20 -11238.75 6.55
-12 486.20 -12 487.50 1.30
-13733.00 -13736.25 3.25
PV 6.89
RMS 1.89
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Fig.4 Axial displacement curve of lens barrel affected by

moisture desorption
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Fig.5 Axial displacement curves of lens barrel in

high-temperature cycle test
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Fig.6 Axial displacement curves of lens barrel in

Deformation/pm

low-temperature cycle test
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Tab.3 Test error distrbution
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