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Abstract: The multiple working modes, complex working conditions, frequent changes in
external heat flux, and high-power consumption of satellites all pose great difficulties to
their thermal design. In this paper, the material MB15 magnesium alloy was used, which
has not been performed for the main structure of satellites. This material not only reduces
the weight of the structure and the launch cost, but also its good thermal conductivity is
very helpful for the thermal control design of the satellite. This paper mainly describes
the design of a thermal control system for lightweight microsatellites. Firstly, the satellite
structure, thermal control indices of the main equipment, and the power consumption
of the equipment in different working modes are introduced. Then, the external heat
fluxes are analyzed, the position of the heat dissipation surface and extreme conditions are
confirmed, and detailed thermal designs of each part of the satellite are determined via
the combination of active and passive thermal control. Finally, the thermal balance test is
carried out for the whole satellite. It is found that the deviation between the temperature of
the thermistor and thermocouple at the same moment in the thermal analysis simulation
data and thermal balance test is generally within 0.5 °C, and the maximum difference is
not more than 1.7 °C, which indicates that the simulation model is well established and
that the thermal analysis is reliable.

Keywords: microsatellite; magnesium alloy; external heat flux; thermal balance test

1. Introduction

The purpose of the satellite thermal control subsystem is to control the temperature of
the satellite components within the range of design indices based on the satellite platform [1]
to ensure that the instruments, equipment, and institutions can work normally in the space
environment. The satellite structure subsystem is an important part of the satellite [2],
which is a functional component that carries and transmits force, provides space for the
installation of payloads and instruments, ensures the strength and rigidity of the satellite,
and is the basis of thermal control subsystems, whose design program directly affects the
success or failure of the satellite launch. Satellite structure is the basis of thermal control
design, and thermal control measures can be implemented based on the structure [34].
Therefore, in the structural design of the satellite platform, the thermal control design
requirements should be considered from the aspects of material selection, configuration,
etc., and while the satellite structure meets a certain degree of strength and stiffness to
realize the load-bearing function [5-7], it should also have good heat transfer performance
to meet the heat dissipation requirements of the satellite equipment [8,9].

Traditional satellites commonly use materials for aluminum and aluminum alloy. Alu-
minum alloy has high stiffness and strength, and good forming process performance and
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corrosion resistance, good thermal conductivity, non-ferromagnetism, radiation resistance
is better, but with the satellite structure of the lightweight and more demanding magnesium
alloy materials as the 21st century, new green environmental protection structure materials,
will be in the realization of the lightweight products in the field of technology to play a more
and more important role in the role of the lightweight [10-13]. Role: magnesium alloy has
high specific strength and specific stiffness, good dimensional stability, thermal and elec-
trical conductivity, excellent casting, cutting, and processing performance, high damping,
electromagnetic shielding, resourcefulness, easy recycling, and other advantages [14-17].

In this paper, for the thermal control design of the microsatellite, the lightweight mate-
rial MB15 magnesium alloy is used as the main structure of the satellite. According to the
structural layout of the satellite, the thermal characteristics of the stand-alone equipment,
and the analysis of the in-orbit mission, the thermal design and analysis of the satellite
are carried out. Active temperature control is adopted as the main focus, and through
the modeling and calculation of the thermal analysis software Thermal Desktop-6.0, the
stand-alone equipment’s operating temperature is obtained for several working condi-
tions. The working temperature of single equipment under several working conditions
is obtained, which meets the design requirements. Through the heat balance test after
the satellite assembly, the reliability of the thermal design is verified, which shows the
rationality of the magnesium alloy MB15 used in the satellite structure design.

2. Microsatellite Design
2.1. Satellite Structural Design

The weight of the microsatellite is 30 kg, and its structure consists of 6 magnesium
alloy structural panels. Satellite main load for the two-occultation antenna, distributed
in the &+ X structure plate, the satellite equipment is mainly divided into measurement
and control communications, energy, attitude control, integrated electronics, and payload
system of several major subsystems, the satellite layout is shown in Figure 1, the figure is
only labeled with part of the single equipment code.

Y103
K105 ]

Solar array

Figure 1. Satellite structure layout.

2.2. Thermal Control Indicator

The task of the thermal control subsystem is to take the necessary thermal control
measures according to the satellite’s orbit, attitude, configuration, equipment layout and
heat consumption, working mode, environmental conditions, etc., in order to ensure that
the on-board equipment maintains its work within the specified temperature range during
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the entire mission period, thus ensuring the successful completion of the satellite’s various
tasks during the on-orbit flight.

There are many pieces of equipment on the satellite, and only some of the main
equipment’s thermal characteristics are listed here, as shown in Table 1.

Table 1. Main equipment thermal control indicators (°C).

. . Operating Starting Storage Temperature Power
Equipment Code Equipment Temperature Temperature Requirements (°C) Consumption (W)
Requirements (°C) Requirements (°C) u ump
5101 Avionics —20~+50 —20~+50 —20~+50 10~16
Regional Short Message
C101 L —20~+50 —20~+50 —40~+85 2
Communication
Telecontrol telemetry and
C102 data transmission —20~+50 —20~+50 —40~+85 6
test equipment
K101 Astrometer —20~+50 —30~+60 —30~+60 0.8
K103 Fiber-optic gyroscopes —20~+45 —40~+60 —40~+60 2.4
K105 Momentum wheel —15~+50 —15~+50 —30~+60 0.8
K106 Magnetorquer —15~+50 —15~+50 —30~+60 0.5
Y101 Occultation receiver —15~+45 —15~+45 —20~+50 13
Y102 Preamplifier module —15~+45 —15~+45 —20~+50 0.8
Y103 Occultation antenna 1 —90~+90 —90~+90 —90~+90 0
Y104 Occultation antenna 2 —90~+90 —90~+90 —90~+90 0
Y105 AIS load terminals —20~+50 —20~+50 —40~+85 8

2.3. Magnesium Alloys Advantage

Micro-satellite structure plates using MB15 magnesium alloy material, which are de-
signed in the form of skin and reinforcement, can not only ensure structural strength but
also effectively reduce the structure’s weight and lower the cost of launching. The mag-
nesium alloy structure is designed to weigh 3.5 kg, which is one-third lighter than the
aluminum alloy structure under the same structure design. In order to be able to accurately
perform thermal analysis of the satellite, we used MB15 magnesium alloy for the physical
properties of the detection of the state. The satellite structure plate state is consistent with
the surface of the native color conductive oxidation, the test results are compared with the
2A12 aluminum alloy and shown in the Table 2.

Table 2. MB15 magnesium alloy parameters.

Testing Program MB15 Magnesium Alloys 2A12 Aluminum Alloy
25 °C thermal conductivity W/ (m-K) 94.8 130
specific heat capacity ]/ (kg-K) 1010 921
solar absorption ratio 0.40 0.2
hemispheric emissivity 0.05 0.3

3. External Heat Flow Analysis

The external heat flow to which a satellite is subjected in orbit mainly consists of three
parts: solar radiation, Earth albedo, and Earth infrared [9,18,19], as shown in Figure 2.
Among them, the Earth infrared is only related to the orbital altitude. It does not change
much during the life cycle, so the changes in the external heat flow in space are mainly
reflected in the changes in solar radiation and Earth albedo, which are due to the cyclic
motion of the sun in the ecliptic plane, resulting in the continuous change in the angle
between the sunlight vector and the satellite orbital plane within a certain range [20-22].
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Figure 2. In-orbit thermal environments.

The satellite operates in a sun-synchronous orbit with an orbital altitude of 500 km,
an orbital inclination of 97.4°, and a descending node local time of 6:00 a.m. According
to its orbital type and parameters, its orbital year-round (3-angle can be derived by using
the STK-9.2 software as shown in Figure 3. fmax and fpmin have maximum (-angles
of 87°, which corresponds to the date of March 2, and minimum f3-angles of 59°, which
corresponds to June. The minimum {3 angle is 59°, which corresponds to June 21st. The f3-
angle is the angle between the sunlight vector and the satellite orbital plane, which is a
crucial design parameter in the thermal control design of satellites and is closely related
not only to the density of the sunlight heat flow arriving at the surface of the satellite but
also to the density of the Earth’s reflected heat flow arriving at the surface of the satellite.

Satellite-Satellite3: Beta Angle - 30 Dec 2024 09:28:54
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Figure 3. 3-angle change curve.

When the satellite is in orbit, the two cases of 3-angle, 87.0° and 59°, are taken for
the external heat flow analysis, and the external heat flow of each surface of the load in
one orbital cycle under two (3-angles is calculated and obtained, as shown in the following
Figure 4.

In order to obtain a more intuitive understanding of the external heat flow to which
the satellite is subjected while in orbit, the average external heat flow of each surface at
different 3-angles is counted, as shown in Table 3.
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Figure 4. Variation curves of the external heat flux from each satellite surface at an orbital altitude of

500 km.

Table 3. Mean arrival outside heat flow at surfaces with different 3-angles (W/ m?).

500 km
Different B =87° B =59°
Structural Plat
ructural Hates Solar Radiation Earth Reflection Earth Infrared Solar Radiation Earth Reflection Earth Infrared
(W/m?) (W/m?) (W/m?) (W/m?) (W/m?) (W/m?)
+X 45 4.4 59.6 102.6 20.3 59.0
-X 44 44 58.7 102.6 204 60.5
+Y 0.0 0.2 57.6 0.0 15.5 60.2
-Y 1336.4 7.7 28.4 863.2 13.0 28.2
+Z 0.0 134 192.6 49.8 65.7 192.8
-7 3.4 0.0 0.0 215.2 0.0 0.0

From the above figures and tables, the +Y surface is not irradiated by the sun under the
normal attitude of the satellite, and the Earth albedo and infrared are also smaller and very
stable, which makes it suitable as the main heat dissipation surface of the whole satellite.

The —Y surface is exposed to the sun for an extended time, and the average external heat

flow is the largest, so it is not suitable for the heat dissipation surface. The external heat
flow of the £X surface varies significantly in each cycle, so it is generally not used as the
main heat dissipation surface but can instead be used as the auxiliary heat dissipation

surface of the single equipment on the satellite. The —Z surface faces away from the Earth,
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meaning there is no Earth albedo or infrared. However, the illumination time is extensive,
the sun is directly irradiated by the most significant change in external heat flow, and the
total level of heat flow is not high. Under tight conditions, this can be used as an auxiliary
heat dissipation surface of the satellite. Because the +Z surface is always to the Earth, the
Earth albedo and Earth infrared are relatively large. It is less efficient for use as a heat
dissipation surface, but the fluctuation of the external heat flow is small, so according to
the equipment layout, it can be considered an auxiliary heat dissipation surface.

4. Satellite Thermal Design Program

The satellite thermal control design should inherit the flight-verified design means
and select thermal control components undergoing long-term on-orbit flight verification.
It adopts the control mode of passive thermal control, mainly supplemented by electric
heating as an active control. And according to the satellite’s short orbital period, the
instrument power fluctuation changes significantly, carrying out transient thermal design
analysis and test work to improve the reliability of the thermal design scheme. In addition,
specialized thermal designs or tests are carried out for equipment or components with
special requirements for temperature control, such as lithium-ion batteries.

The thermal control system not only needs to maintain the satellite’s stand-alone equip-
ment within its specified temperature range but also provide sufficient heat dissipation for
electronic equipment that consumes large amounts of power and works for long periods of
time. In order to achieve this goal, the thermal control system of the microsatellite adopts a
combination of passive and active thermal control methods to carry out a detailed thermal
design for each component, and the Table 4 shows the thermal consumption of the main
equipment in each operating mode of the whole satellite.

Table 4. Satellite heat consumption in different operating modes.

Equipment Damping Stage (W) Load On (W) Orbit Control Mode (W)
C101 2 2 2
C102 6 6 6
K101 0.8 0.8 0.8
K103 2.4 2.4 24
K105 0 0.8 0.8
K106 0.5 0.5 0.5
5101 10 16 16
Y101 0 13 0
Y102 0 0.8 0

Y103/Y104 0 0 0
Y105 0 8 0

4.1. Thermal Design

According to the external heat flow characteristics and equipment layout, the +Y board
is used as the heat dissipation surface, as shown in Figure 5. The inner surface of the heat
dissipation surface is sprayed with E51-M black paint, and the outer surface is sprayed
with SR107—ZK white paint. In addition to the lithium battery temperature control range
being narrower, the temperature control requirements of other equipment in the satellite are
closer, so in addition to the lithium battery, the surface of other structures and equipment
in the satellite are treated with high emissivity to strengthen the radiative heat transfer
between the equipment in the satellite and between the equipment and the heat sink surface,
which is conducive to the dissipation of heat from the equipment. The satellite’s high heat-
consuming equipment and the mounting surface between the coating of thermal grease, in
order to reduce the contact thermal resistance, strengthen the heat transfer. For equipment
exposed outside the cabin, its surface is treated by cladding multi-layer heat-insulating
components, spraying white paint, pasting F46 film or gold plating, etc., to reduce the
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temperature fluctuation caused by changes in the external heat flow, and at the same time,
active electric heating is utilized to improve the temperature level of the equipment.

# :_ SIS ' oo I : Z_,____:,_,_.E,-._.___._.-.'_.:
420mm;--:' ...... X 72, 2 ;

Figure 5. Schematic diagram of heat dissipation surface.

Thermal Desktop 6.0 software was used to establish the thermal analysis model of the
satellite; the satellite model is divided into 7201 nodes, and the thermal analysis model is
shown in Figure 6.

Figure 6. Thermal analysis model.

The following simplifications were used for modeling:

(@) The sunlight is considered parallel, i.e., the sunlight diffusion angle is 0.

(b) Specular reflection between surfaces is not considered. Each surface is treated as a
gray body, and surface radiation satisfies Lambert’s law.

(c) The internal heat transfer of the main heat-generating part of the equipment is not
considered, and the main heat-generating part of the equipment is reduced to an
isothermal body.

(d) The equipment mounting bracket is simplified to ensure the heat transfer relationship,
ignoring rounding and chamfering.
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Thermal Control of Special Equipment

Battery: Due to the narrow temperature control range of lithium batteries, in order to
reduce the impact of the cabin cooling surface and equipment temperature fluctuations
on the lithium battery, the battery shell surface is wrapped with 5 units of multilayer
insulation components, the membrane using double-sided aluminized polyester film.
Battery mounting surface pad a layer of polyimide film to meet the requirements of the
single secondary insulation. Battery set up one main and one backup 2-way temperature
control circuit.

Propulsion: Thrusters and bulkheads are thermally insulated. The thrusters are
mounted on the bottom plate with a low absorption-to-emission ratio treatment to reduce
the absorbed external heat flow and to dissipate the waste heat from the electric propulsion
operation to the cold space. The rest of the surface is treated with a high emissivity
treatment.

Star-tracker: 1, star-tracker body wrapped in 15 units of multi-layer thermal insulation
components, mask for the yellow film; 2, star-tracker bracket cabin outer part of the surface
wrapped in 15 units of multi-layer thermal insulation components, mask for the yellow
film, bracket cabin part of the black treatment; 3, star-tracker and the bracket, the bracket
and the cabin plate are thermally conductive between the mounting, the contact surface is
coated with thermally conductive silicone grease;

Digital Taemin: In addition to the mounting surface and —Z surface, all other surfaces
are wrapped with a multi-layer thermal insulation assembly with an F46 film; —Z surface,
in addition to the light-entry port, is pasted with an F46 film; 3. Taemin is mounted with a
heat-conducting bulkhead.

4.2. Thermal Analysis Results

According to the external heat flow analysis results based on the characteristics of the
thermal control program, this study only selected three typical working conditions. It was
found that the satellite equipment was too expensive, so this paper only selected some of
the main stand-alone equipment thermal analysis results, which can be seen in the Table 5.

Table 5. Simulation analysis results.

Equipment Security Mode °C  Load-On Mode °C Safe Mode °C T Working o
emperature °C
C101 —0.7~2 21.1~23.1 20.9~25.3 —20~50
C102 9~12.4 31.9~34.5 29.9~33.9 —20~50
K101 7.6~14 25.8~31.5 24.5~31.5 —30~40
K103 8.2~11.8 35.7~38 26.8~33.0 —20~45
K105 0.3~2.9 28.5~30.1 27.1~32.3 —15~50
K106 19.2~21 36.9~38.8 36.9~39.2 —15~50
5101 —2.3~0.6 23.1~26.8 21.5~26 —20~50
Y101 —5.3~-33 25.3~26.2 20.4~24.9 —15~45
Y102 —34~-12 21.8~22.9 19.8~24.9 —15~45
Y103 —42.7~—34.2 —32.8~5.3 —11.9~87.2 —90~90
Y104 —40.1~-31.2 —34.7~7.6 —39.1~—22.2 —90~90
Y105 51~83 34.5~36 23.7~35.1 —90~90

Working condition 1 is a safe mode; in this mode, the platform equipment (platform
equipment is primarily equipment other than the load equipment) is turned on for a
long time (momentum wheel off); occultation and AIS load off digital transmission are
not turned on; propulsion is not turned on, and the satellite attitude is lost. We need to
consider each face to the sun, along the axis of spinning along the sun; this stage of the
temperature level should be emphasized for analysis, especially for a certain direction to
the sun. The satellite will be utilized in the mode of high and low temperatures. The cloud
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diagram of the operating temperature of the equipment under this condition is shown in
Figure 7.

Node a5 2

17.92

15. 65

13.37

11.09

8.815

6.538

-0. 2939

-2.571 4\1/2

<-2. 571
Temperature [C], Time = 85800 sec
SafeModeVec67. sav

Figure 7. Equipment temperature cloud in security mode.

Condition 2 is the high-temperature mode of load start-up. When the load is started,
the satellite temperature reaches the cycle of stable equilibrium. This occurs when the
temperature distribution of each device and instrument, after turning on the active thermal
control, ensures that the power-on equipment is within its working temperature range, as
well as when the non-power-on equipment (propulsion, AIS load terminator, occultation
receiver, and the preamplifier module) is within the range of its working/startup/storage
temperature. There is a certain temperature margin, and the equipment temperatures
meet the target requirements. Currently, the average power consumption for battery active
thermal control power per track is 3.4 W. The cloud diagram of the operating temperature
of the equipment under this condition is shown in Figure 8.

Node 45 19

37.18

<19. 82
Temperature [(C), Time = 85S80S. 4 sec
WinterBetab7. sav

Figure 8. Equipment temperature cloud in load-on mode.
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Condition 3 is the orbit control mode, which calculates the temperature distribution of
each equipment and instrument on the satellite under high-temperature working condi-
tions; when the satellite is in orbit control mode, and the electric push is on, the temperature
distribution of the main equipment on the satellite is shown in Table 5. From the temper-
ature recalculation results in the table, it can be seen that 3 = 67°, all the equipment is in
the range of their working temperatures. The equipment not turned on is in the range of
their working/starting/storage temperatures, and there is a certain temperature margin,
and all the equipment temperatures meet the target requirements. The temperature of
the equipment meets the requirements of the index. The cloud diagram of the operating
temperature of the equipment under this condition is shown in Figure 9.

Node 35 12

38. 12

36. S1

34.91

33.31

3.7

30. 11

28. 51

22.1 \\l

<22.1
Temperature [Cl, Time = S720. 36 sec
GK67. sav

Figure 9. Equipment temperature cloud in orbit control mode.

5. Thermal Balance Test

At present, it is not possible to solve the spacecraft thermal design problem by means
of thermal simulation alone, and thermal balance tests must be conducted to verify the cor-
rectness of the thermal design. The thermal balance test is a supplement to and verification
of the thermal analysis, and it is necessary to carry out the thermal balance test to obtain
the temperature distribution data under the working condition of the main equipment of
the satellite and establish an accurate thermal model.

5.1. Test Program

There are two thermal vacuum tests: the thermal balance test and the acceptance-level
thermal vacuum test. The purpose of the thermal balance test is to obtain satellite tem-
perature distribution data, assess the ability of the thermal control subsystem to maintain
on-board equipment within the specified temperature range, thereby verifying the cor-
rectness of the thermal design, and at the same time, provide a basis for setting the test
temperature for the acceptance-level thermal vacuum test. The purpose of the thermal
vacuum test is to expose potential quality defects in the satellite’s materials, processes, and
manufacturing under the prescribed vacuum pressure and acceptance-level thermal cycling
stress and to verify the reliability of the satellite’s work in a thermal vacuum environment.

In the thermal balance test, the key to obtaining accurate temperature results is to
accurately simulate the heat flow outside the satellite orbit, and at present, the main ways
of simulating the external heat flow are a solar simulator, infrared light array, heating sheet,
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and infrared heating cage. In the satellite thermal balance test, the infrared heating cage
has the characteristics of low cost, accurate heat flow simulation, and adaptable parameter
design with the demand of heat flow simulation, and the infrared cage is more suitable for
solving the problem of simulating the heat flow on the surface of microsatellites. Its charac-
teristics are more in line with the requirements of the low-cost test of microsatellites.

During the thermal balance test of the satellite, the vacuum tank is used to simulate
the space environment, and the infrared cage is used to simulate the external heat flow
absorbed by the payload. Figure 10 shows the physical diagram of the heat balance test of
the micro-satellite, including the satellite, the infrared cage, and the vacuum tank.

Infrared
heating cage

Satellite

Vacuum tank

Figure 10. Physical drawing of thermal balance test.

5.2. Test Conditions

According to the external heat flow to which the microsatellite is subjected, the work-
ing mode, the internal heat source distribution, and the thermophysical state of the thermal
control coating, 2 extreme working conditions are planned, and the specific settings are
shown in Table 6. To make the test data more representative, we only extracted the worst
two working conditions to list the comparison.

Table 6. Thermally balanced condition.

Condition Main Setting Conditions

Case 1

Case 2

The B-angle is taken as 87.0°, and the solar constant is taken
as 1322 W/m?; the multi-layer surface is F46 film, and the
Thermally balanced low-temperature performance parameter is as/e = 0.15/0.69; the surface of the
condition heat sink surface is SR107—ZK white lacquer, and the
performance parameter is «s/e = 0.17/0.87; the active
thermal control works.
The p-angle is taken as 59°, and the solar constant is taken as
1414 W/mZ2; the multilayer surface is F46 film with the
Thermally balanced high-temperature performance parameter as/e = 0.36/0.69; the surface of the
condition heat sink surface is SR107—ZK white lacquer, and the
performance parameter is «s/e = 0.4/0.87; and the active
thermal control works.

5.3. Test Results and Analysis

According to the designed working conditions, the heat balance test was completed
from low to high temperatures. Each device is a single-point temperature measurement
carried out by means of a thermistor with a temperature deviation of no more than 0.3 °C.
The thermal equilibrium low temperature is shown in Case 1; the thermal equilibrium high
temperature is shown in Case 2; Circle I represents thermal vacuum cycle I; and Circle II
represents thermal vacuum cycle II. The vacuum degree during the thermal equilibrium test
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is 3.7 x 107> Pa, and the heat sinking temperature is 90 K. According to the test results, the
temperature curves of some key components in different working conditions are plotted,
as shown in Figures 11 and 12.

Casel Case?2 Cycle I Cycle 1I
50 — (101
40
30
(&) ]
: 20
10
0_
=10 = — T T T T " T T T T T T T
0 15 30 45 60 75 90 105 120 135

Time (h)

Figure 11. Temperature profile of some equipment.

60

Casel |Case2 Cycle T Cycle I [— 5101
20
T 0
: p
_20_
N ;\M
_60_
' 1 M 1 v 1 | 1 M I ' 1 v 1 ' 1 ' 1 M
0 15 30 45 60 75 90 105 120 135
Time Ch)

Figure 12. Temperature profile of some some main equipment.

The temperature data of key components under heat balanced high-temperature
operating conditions and low heat balance temperature operating conditions were compiled
based on the test results, as shown in Table 7.
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Table 7. Temperature of critical equipment (°C).

Equipment Case 1 Case 2 Thermal Control Indicators Deviation Between Test and Simulation Data
Case 1 Case 2
C101 —3.94 21.64 —20~50 0.26 -0.23
C102 4.55 34.08 20~50 1.19 0.4
K101 —3.52 16.5 30~40 0.45 0.46
K103 3.75 33.64 —20~45 0.64 042
K105 —1.05 33.36 —15~50 0.12 0.38
K106 —0.30 25.10 —15~50 0.1 0.15
5101 2.94 33.72 20~50 0.23 —0.25
Y101 —4.71 312 15~45 —0.82 —0.59
Y102 —4.84 21.46 —15~45 —1.61 —1.63
Y103 —58.52 —40.35 —90~90 —0.28 —0.42
Y104 —54.7 —27.03 —90~90 —0.32 —0.36
Y105 0.96 40.92 20~50 0.12 0.13

As can be seen from Figures 8 and 9 and Table 5, the temperature of each heating
zone in the two typical working conditions can be controlled near the target temperature,
indicating that the active heating zone is reasonably designed; the temperature of the heat
source in the load cell is normal, indicating that the heat sink can effectively dissipate heat,
and the heat dissipation path is normal. The deviation between the temperature of the
thermistor and thermocouple at the same moment in the thermal analysis simulation data
and thermal balance test is generally within 0.5 °C, and the maximum difference is not more
than 1.7 °C, which indicates that the simulation model is well established, and the thermal
analysis is reliable. At the same time, the temperature of the stand-alone equipment in the
thermal simulation and thermal experiment state is within the temperature requirement
range, proving that the thermal design is reasonable and feasible.

6. Conclusions

In this paper, according to the lightweight demand of the structure of the microsatellite,
MB15 magnesium alloy is used in the satellite structural plate, and the weight of the
structure is reduced by one-third. The MB15 magnesium alloy used is tested for thermal
physical properties, and a detailed thermal design of its thermal control system is carried
out according to the space environment, structural characteristics, and working mode of the
satellite. The thermal design process mainly adopts passive thermal control measures such
as multi-layer heat-insulating components, white paint, black paint, heat-insulating pads,
heat-conducting fillers, and blackening treatment for heat insulation, heat conduction, and
heat dissipation; at the same time, it adopts active thermal control measures such as electric
heaters for temperature compensation. Through simulation analysis, the temperature
of each equipment is within the required range, indicating that the thermal design is
reasonable.

In order to verify the correctness of the thermal design, a thermal balance test was
conducted on the satellite according to the planned extreme working conditions. The results
of the thermal balance test show that the temperature of every single piece of equipment
of the satellite meets the requirements under different working conditions, which is close
to the results of the simulation analysis, verifying the reliability of the thermal analysis
and the rationality of the thermal design of the whole satellite. The simulation and test
also proved that the application of magnesium alloy in the structure of the microsatellite is
feasible, reducing the weight of the structure, but also through the thermal design to meet
the requirements of the thermal control indices of the single equipment on the satellite,
which adds a new choice for the subsequent selection of materials for microsatellites.
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