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Table 1 Analysis of parachute environmental profile
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Fig. 1 Construction parameters for a DGB(Disk-Gap-Band) parachute
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Table 2 Structural parameters of DGB parachutes

St 24 Viking MPF#!
Dy/D, 0.07 0.06
Dy/Dy 0.726 0.624
Dy/Dy 0.726 0.563
Hg/Dy 0.042 0.037
Hg/Dy 0.121 0.233
Ly/D, 1.7 1.7

K2 g AR iR
Fig.2 Diagram of DGB parachute gore
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Table 3 Parachute fabric fiber performance parameters
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Table 4 Parachute materials and structure of Mars rovers aboard

s Viking Pathfingder MER Phoenix MSL Insight Perseverance
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Table 5 Parachute materials strength of Mars rovers aboard
e Viking Pathfingder MER Phoenix MSL Insight Perseverance
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Table 7 Parachute materials and total mass
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Fig. 4 Mass change curve
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Table 8 Humidity test conditions and results

el PRI 2/ kg R85 5 kg
TR /% 46.5 7.7 30 60 90.3
FHR 1.810 1776 1.796  1.820 1.872
s 2.668 2,620 2646 2.680 2.748
F5I 2.020 2.006 2014 2.020 2.030
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Table 9 Linear fitting coefficient
TR Pi P2 TR RECFTT
it =N 0.0638 —0.008 1 0.9599
ek 0.0579 —0.0072 0.9663
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Table 10 Changes in the quality of parachutes in different

environments
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Table 11 High and low temperature tests conditions
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Fig. 6 Material strength at different temperatures
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Table 12 High-pressure packaging conditions
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Fig. 7 Material strength after high-pressure packaging
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Performance Analysis and Experimental Study of Tianwen-1 Parachute Material

HUANG Mingxing, GAO Shuyi, WANG Liwu, WANG Wengqiang, LI Jian
(Beijing Institute of Space Mechanics and Electricity, Beijing 100094, China)

Abstract: Parachute is an important way for a Mars rover to decelerate. As the application conditions of Mars parachutes are
very different from those of conventional parachutes. In this article, the environmental and mechanical conditions experienced by
Tianwen-1 Mars parachute were analyzed, and by combining the successful landings of Mars parachutes abroad and the development
of textile materials, the application of Mars parachute materials was introduced. Then, the weight characteristics of the new Mars
parachute material and the influence of humidity on the parachute mass were analyzed. Finally, through parachute materials’
mechanical experiments with high and low temperature environments, high-density packaging, and long-term on-orbit storage
conditions, the strength change parameters of the Mars parachute material on Tianwen-1 were obtained. The results indicate that the
strength of the parachute material can still meet the working requirements of Mars after experiencing various environmental
conditions. This article can provide a reference for the design of parachute materials in subsequent deep space explorations.

Keywords: Tianwen-1; parachute material; long-term storage; high-density packaging; temperature environment;
adaptability

Highlights:

e Technologies for the development of Mars parachute materials are summarized.

e Weight characteristics of the new Mars parachute material and influence of humidity on parachute mass are analyzed.

o The strength changes of the Mars parachute material on Tianwen-1 after experiencing various environmental conditions are

analyzed.
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