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A STUDY ON THERMAL VACUUM TEST METHOD FOR MULTI-SATELLITE

Abstract

With the advent of the New Space era, there has been a significant increase in demand for satel-
lite launches and operations, driven by the reduction in launch costs and the miniaturization of satellite
components. As the demand for satellite development grows, the missions of satellites are gradually di-
versifying, leading to increased attempts to apply various payload types. The diversification of satellite
missions and the growing demand for development have resulted in an increase in satellite environmental
testing. However, a recent issue has emerged regarding delays in conducting thermal vacuum tests (TVT),
particularly due to limitations in satellite test facilities. In this study, a method for the TVT of multiple
satellites is proposed. The aim is to efficiently and economically conduct TVT in parallel on multiple satel-
lites. TVT is typically conducted within a cylindrical chamber surrounded by a temperature-controllable
shroud. The chamber’s interior simulates a vacuum environment, akin to space, where only radiative heat
transfer influences the determination of the satellite’s temperature. Depending on the satellite’s size and
installation location, the radiative energy emitted and absorbed by the shroud varies. By considering
the view factor and performing calculations, the satellite’s temperature can be determined. A general
method could be established to calculate the satellite temperature within the thermal vacuum chamber,
allowing for the application of satellite size, thermal mass, and heat dissipation, including its position,
distance, and chamber size, as variables. To determine the optimal positions of multiple satellites within
the limited chamber space efficiently, the optimal values of the above variables should be found, which
are calculated based on the satellite temperature derived from the heat transfer governing equation. The
proposed method and equations in this study were analyzed using the commercial thermal analysis soft-
ware Thermal Desktop. In the next step, we plan to verify the proposed method and analysis results with
the actual chamber at KARI. In addition, several conceptual structural designs applicable to the chamber
for multi-satellite TVT have been proposed, and an efficient and generalized method will be studied.
By conducting TVT with this model, the proposed method will be evaluated not only analytically but
also experimentally based on real data. The efficiency of multi-satellite testing through the new TVT
method has been verified. This demonstrates the feasibility of conducting satellite tests efficiently and
economically, thereby contributing to space development, particularly in the New Space era, where the
demand for satellite testing is rapidly increasing.
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