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Fig. 1 Chang’e-4 lunar relay communication satellite
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Fig. 2 Principle block diagram of deployable space-borne antenna

13
Y AR
%hiMH: ,ME%H _r/' {
e L& RO
3 Ca | i {
¥ : I / A
. S L
% o ST AT T | Lba®
LS R - st
[ F i

B3 polRAT R R S S T 45 R 2L F s 7 T
Fig. 3 A schematic diagram of the reflector structure of an umbrella-shaped
deployable antenna
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Fig. 5 The principle of antenna rib motion
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Fig. 7 The distributed driving power source layout of slow release spring
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Fig. 9 Antenna maximum on-track thermal deformation map
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Design and Verification for Umbrella-Type Deployable Antenna of
Chang’e-4 Lunar Relay Satellite

CHEN Guohui, HUA Yue, WANG Bo, ZHENG Shikun, XIAO Yong,
MA Xiaofei, ZHANG Aibing, CHEN Lan

(Academy of Space Information Systems, Xi’an 710100, China)

Abstract: The radial rib deployable antenna is the key equipment for the Chang’e-4 lunar relay satellite, which provides relay

communication for the Chang’e-4 lander and inspector landing on the back of the moon. In this paper, the design principle and

structure of the radial rib deployable antenna are described, and the technical difficulties such as on-orbit deployment, mesh

formation and maintenance, and ultra-low temperature environmental adaptability are analyzed. For the In-orbit deployment of

antenna, slow-release spring distributed drive deployment technology is adopted, which has the advantages of flexible layout,

lightweight, small installation volume and high reliability. Experiments of life and thermal vacuum environment deployment are

carried out to verify the correctness of the antenna deployment technology. Double-layer network structure is adopted to realize the

formation and maintenance of antenna mesh, and optimize the number of tension mesh nodes. The test and thermal deformation

prediction of the antenna on-orbit verify that the accuracy of the antenna on-orbit profile is up to sub-millimeter, It ensures that the

antenna on-orbit performance meets the mission requirements. The verification of the ultra-low temperature environment, with the

lowest temperature reaching —250°C, show that the performance of the antenna is unvarying under the extreme low temperature,

which meets the adaptability of the antenna on-orbit environment. The verification results effectively support the smooth

implementation of the relay communication task of Chang’e-4 lunar relay satellite.

Key words: Chang’e-4 lunar relay satellite; umbrella-type deployable antenna; on orbit development; formation and

maintenance of mesh; ultra-low temperature environment

High lights:

e The umbrella-type deployable antenna of the Chang’e-4 lunar relay satellite is the largest aperture communication antenna in the
history of human lunar exploration mission. The principle and structure of the antenna are introduced in detail in this paper.

e Aiming at the technical difficulties of antenna, such as on-orbit deployment, mesh formation and maintenance, ultra-low
temperature environmental adaptability, etc., which decide the success or failure of the mission, the design method and results are
described.

e The validation test of the ultra-low temperature environment with the lowest temperature reaching —250°C is carried out, and the

correctness of antenna design is verified.
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