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Possibility Study Simulation of On-Orbit Exposure Experiment Equipment

Using Thermal Equilibrium Calorimetric Method for Microsatellite
Supervisor: Iwata Minoru

Mechanical and Space Systems Engineering Course, 181A2085, Chikusa Ayumi

1. Research Background and Objectives si + solar radiation receiving area[m?]

Materials used in spacecraft are exposed to ; + albedo radiation receiving area[m?]

at

A

A
harsh space environments such as radiation, Ag; * infrared radiation receiving area[m?]
P
t

gi + heat generation[W]

ultraviolet rays, atomic oxygen, outgas, and
! time[s]

thermal cycling, and they degrade over time.
i,j : node

K;; * heat conduction[W /K]

R;; * radiation conductance[W /K*]

Therefore, tests are necessary to verify the
safety, reliability, and long-term durability of

the materials. One of these tests is the on-orbit

exposure test.

The purpose of this study is to investigate the The analysis is based on this equation (1).

feasibility of on-orbit exposure tests for

3. Analysis Results

microsatellites.
Using the thermal equilibrium calorimetric

method assuming a low earth orbit, the

2. Analysis Method
The degradation of thermo-optical properties
determined using the absorption rate.

following results were obtained for the solar

of a material is
calorimetric method. The calorimetric method ]

is a way to determine the thermo-optical ol
Y P 09 / X 0.713889 / f
Y 0.917666 /

0.8 /

properties of a sample exposed to space by | J j |

Transition of o

measuring the temperature of the sample, 0-7—/’ / | /
which is determined by the heat input, heat ”i’:/ / / ]
output, and other heat losses. The thermal il / ‘/ "‘ /
| | | |

i

equilibrium equation for a spacecraft in orbit is

expressed as follows.

dT 00 r)‘s 1 1‘5 5 3‘5' 3 3‘5 B e .
Cid_tl = ;A Psi(t) + a;AgiPyi (t) + €A, P,; (1) + Pgi(t) orbit

n n Figl Analysis results (measured solar
- Z Kij{Ti(t) - Tj(t)} - Z Rij{Ti4(t) T} ®} @ absorptance).

=1 =1
4. Summary

C : heat capacity[] /K]
It was found that the ratio of solar absorptance

a * solar absorptance[—]

¢ 5 total hemispherical emittance[—] to emissivity can be determined by setting the

Pg; © solar radiation[W /m?] condition of 3-axis control so that the surface

P,; : albedo radiation[W /m?]
P,; * infrared radiation[W /m?]

on which the sample is mounted faces the sun.
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