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Automated reduced thermo-mathematical model generation method
for satellite considering temperature tolerance and fixed nodes
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'Agency for Defense Development (ADD)

Abstract

The task of generating a reduced thermal model of a satellite must be performed at least once in a satellite project to
shorten the time of orbital thermal analysis and perform thermal analysis coupled to a launch vehicle. Although there are
various methods for generating a reduced thermal model, an intuitive and convenient iso-thermal mesh generation method
is used the most widely in practice. However, there is still a lack of research on automation of the isothermal mesh
generation method. In this paper, we proposed an automated generation method of satellite reduced thermo-mathematical
model based on the isothermal mesh generation method considering temperature tolerance and fixed nodes. The proposed
method was validated using three different temperature tolerance cases. The average temperature difference satisfied the
guidelines of ECSS.
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Iso-Thermal Mesh with Random Seed

Fig. 2 Schematic Diagram of Proposed Method
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Fig. 3 (a) Detailed Thermo-Mathematical Model and (b)
Thermal Analysis Result of Satellite Panel
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Fig. 4 Reduced Thermo-Mathematical Model and
Thermal Analysis Result for Tolerance + 2K (a,
d), +£3K (b, d) and £5K (c, f)
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Fig. 5 Reduced Thermo-Mathematical Model and
Thermal Analysis Result with Fixed Node for
High Ranked Gradient Value 10% (a, d), 20%
(b, ) and 30% (c, f)
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Fig. 6 Reduced Thermo-Mathematical Model and
Thermal Analysis Result for Difference
Random Seed #1 (a, d), #2 (b, ) and #3 (¢, )
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Fig. 7 Temperature Deviation Between Detailed and
Reduced Model for Tolerance = 2K (a), + 3K (b)
and £+ 5K (¢)
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Fig. 8 Temperature Deviation Between Detailed and
Reduced Model for Fixed Nodes with High
Ranked Gradient 10% (a), 20% (b) and 30% (c)
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Fig. 9 Temperature Deviation Between Detailed and
Reduced Model for Random Seed #1 (a), #2 (b)
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