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Figure 1 (Color online) Schematic diagram of the dome cabin structure.
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Figure 2 (Color online) Implementation of internal thermal control in
the dome cabin.
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Figure 3 (Color online) Implementation of external thermal control in
the dome cabin.
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Figure 4 (Color online) Radiative cooling plate design (test config-
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Figure 5 (Color online) Integrated design of radiative cooling plate and structure.
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Figure 6 (Color online) Multi-layer thermal implementation of B 7 (Mé@ﬁﬁ?ﬁ} @) GRDZ R
radiative cooling plate. Figure 7 (Color online) Schematic diagram of the GRD structure.
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Figure 8 (Color online) Schematic diagram of the CPD structure.
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Figure 9 (Color online) Variation curve of external heat flux
absorption by a single rail (high-precision solar pointing).
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Figure 10 (Color online) Variation curve of external heat flux on a
single rail (Earth pointing).
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Table 1 Key specifications and parameters of the HEBS payload structure

HEBS# fif 45 14 Wiz Hiw (kg) A F (mm) —BrEEA (Hz) TR
T 2 ThiAE 180° 10.7 450x318%290 262 12-M5kg e 3
JEH S TR 180° 11.7 520%x520%265 174 12-MSBg #2385
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Table 2 Selection of working conditions
FP THL KBAH % (W/m?) WERRIB R HERZAMEST (W/md) TAERERA WEF
1 %ot BRI 1310 0.2 237 X H E A I
2 PG Hh I 1310 0.2 237 ol 1 E 7] I
3 o H vl 1414 0.4 260 X HE R K
4 %o b e 1414 0.4 260 %of b 5 7] R
F 3 MERPIMSEEVER
Table 3 Thermophysical property parameters of materials
g P (g/om) #HEE (W/(m K)) EL# (J/(kg K)) EE (kg) #2F (kg K))
FA2A12 2.71 121 920 3.2 2944
PCB 1.38 10 930 2.5 2325
£l 1.84 201 1825 0.007 12.78
Si 2.33 163.3 703 0.06 42.18
Fise 2.65 10.7 710 0.5 355
SRR} N R 1.02 1.1 1340 0.08 107.2
LaBry i 5.06 5.1 506 11.52 5829.1
Hi(HL4R) 8.9 401 385 15 577.5
AN 7.87 16.3 499 1.64 818.4
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Table 4 Optical parameters of surface materials

K BRI W2 .
oy LANR ST
BOL EOL
B AR A 0.25 - 0.15
AL 0.92 0.92 0.82
KS-ZH#& 0.14 0.35 0.92
F46 0.25 0.35 0.68

5 GRDIFLS MRS R iR

Table 5 Heat transfer rates corresponding to contact states of GRD probe components

G Xof J8L 2 A BfIRA T AR (W/(m” K))
1 Bl N A fis 0
2 TS TN JE B i 100
3 TNuS TN A RRIR AR RN 100
4 LHEEN LN KA A 0
5 FIEBH LN Jge 100
6 BT AR AP fl 0
7 S LN 4/MBIRAET T B e i 100
8 LEEEN VR S E0 Jiiges 100
9 VEE 535 ek e R 2 Fefih 100
10 Fe T Bl R PR SiPM A 100
11 SiPM PCB AR 500
12 Tk 9t B ek R #4/SiPM/PCB EERAE 2o AR i 0
13 AN BT & B4 i 100
14 L3 mn AN Jirges 100

F 6 CPDERSL A A AR 25 55 B e 4

Table 6 Heat transfer rates corresponding to contact states of CPD probe components

ErRe Xof |8 ZE A FfR A T AR (Wi K))
1 A NS g2 100
2 IHIN THIN S Je 100
3 N Hb BT AANM2.SIEET R BT 100
4 N Tyl A R Hefih 100
5 Hek v B SR 2 SiPM Ffil 100
6 SiPM PCB AR 500
7 HLT A fi yih 5 R #/SiPM/PCB R4zl 0
332 MAHET 333 HEBEIAMMER
B E, FANX TMGRO TR T BEWICFKS-ZH0.25. F46HL0.4, HANRLT
PRI HER, B E 1R, FE N2 W, ST S DA EMERLE, TAY
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Figure 11 (Color online) Simulation model.

F7 AR LRSS R

Table 7 Steady-state calculation results under high-temperature conditions

WA (O)

RAGIREE (°C) RRIEZE (°C)

(A

xFH ot Xt H it Xt H it it

+X CPD -22.6 -25.6 -235 -25.8 0.9 0.2
+XGRDO1 213 —24.4 222 —24.7 0.9 0.3
+XGRD02 -21.5 —24.6 -232 254 1.7 0.8
+XGRDO03 215 -25.1 -235 -25.8 2 0.7
+XGRDO04 -215 -24.7 -23.4 255 1.9 0.8
+XGRDO5 -21.5 -24.6 -233 -253 1.8 0.7
+XGRDO06 -21.5 -24.9 -23.4 -25.6 1.9 0.7
+XE T -21.6 -24.8 -23.3 -25.5 1.7 0.7
+XERIR -21.7 —24.8 —242 —-25.9 2.5 1.1

-X CPD -255 -163 -26.5 -17.1 1 0.8
—XGRDO1 —-24.9 -18.3 -26.1 -193 12 1
—XGRD02 -23.8 -17.4 283 -22 45 4.6
—XGRDO03 —24 -17.9 —-28.3 218 43 3.9
—XGRD04 -23.8 -16.8 —28.4 222 4.6 5.4
—XGRDO05 —24 -21 -28.6 22 4.6 1
—XGRDO06 242 -17.8 -285 -21.7 43 3.9
—X & Tiifi -24.3 -17.5 -28.5 -21.7 4.2 4.2
—X5EA R -235 -15.6 -30.4 -23.9 6.9 8.3
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Figure 12 (Color online) Temperature curve of the dome cabin
payload under high-temperature solar pointing (+X side).
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Figure 13 (Color online) Temperature variation curve of the dome
cabin payload under high-temperature solar pointing (—X side).
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Figure 14 (Color online) Temperature variation curve of the dome
cabin payload under high-temperature Earth pointing (+X side).
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Figure 15 (Color online) Temperature variation curve of the dome
cabin payload under high-temperature Earth pointing (—X side).
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Table 8 Steady-state calculation results under low-temperature conditions

EE (°C) RAKE (°C) R KEZE (°C)
ik %t H % %t H % % %t
+X CPD -315 -32.9 -332 -34.4 1.7 1.5
+XGRDO1 -32.9 -33 —-34.7 —-34.8 1.8 1.9
+XGRD02 -31 -32.4 -333 -343 2.3 1.9
+XGRDO03 -30.9 -32.8 -33.7 -34.9 2.8 2.1
+XGRDO04 -31 -32.6 -33.6 —34.4 2.6 1.8
+XGRDO5 -31.1 -323 -33.4 -342 2.3 1.9
+XGRDO06 -30.9 -32.7 334 -345 2.5 1.8
+XE T -30.9 -32.6 -335 -34.4 2.6 1.8
+XFRAIR -31.1 -32.8 -34.2 -34.8 3.1 2
—X CPD -33.8 273 353 -27.7 0.9 1.5
—-XGRDO1 -32.6 -30 -33.7 -30.6 1.1 0.6
—XGRD02 -32.6 -30 -35.6 -325 3 2.5
—~XGRDO03 -32.8 -30.4 -35.7 -32.4 29 2
—XGRDO04 -32.6 -29.4 -35.9 -32.7 33 3.3
—XGRDO05 —-32.7 -29.2 -36.2 -32.4 35 32
—XGRDO06 -33 -30.1 -37 -32.1 4 2
- X ETiif -33 -29.9 -36.9 322 3.9 23
—X&EA R -324 -29 -38.7 -335 6.3 45
W LAE. AT IR BE LU RS, + XN B T AR i AE —28°C~

4 TR aAvay R A

GRD#H faf 202297 H K ANHL, £2025%3H,
FER K248 H . PREBAELE A YN, HEBS
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Figure 16 (Color online) Temperature curve of the dome cabin
payload under low-temperature solar pointing (+X side).
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Figure 17 (Color online) Temperature variation curve of the dome
cabin payload under low-temperature solar pointing (—X side).
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Figure 18 (Color online) Temperature variation curve of the dome
cabin payload under low-temperature Earth pointing (+X side).
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Figure 19 (Color online) Temperature variation curve of the dome
cabin payload under low-temperature Earth pointing (—X side).
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Figure 20 Average temperature curve of dome cabin probes during satellite in-orbit operation.
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Figure 21 Average temperature curve of dome cabin probes on the +X and —X sides (satellite Earth pointing).
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Figure 22 Average temperature curve of dome cabin probes on the +X and —X sides (satellite solar pointing).
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Verification of thermal control technology for satellite payloads under
complex external heat flux caused by satellite attitude control modes

LIU XiaoJing”, YANG Ya’, YANG Sheng', ZHENG Chao', LI XinQiao', ZHANG XiaoFeng’,
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? Center for Precision Engineering, Harbin Institute of Technology, Harbin 150006, China

* Innovation Academy for Microsatellites, Chinese Academy of Sciences, Shanghai 200120, China
4 School of Physical Sciences, University of Chinese Academy of Sciences, Beijing 100049, China

The space technology experimental satellite SATech-01 operates in a 500 km Sun-synchronous orbit. Its scientific payload, the high
energy burst explorer (HEBS), contains two kinds of detectors: gamma-ray detector and charged particle detector. Both detectors are
equipped with temperature-sensitive components such as scintillation crystals and silicon photomultipliers, requiring an on-orbit
temperature range of —30°C—10°C and a temperature variation rate not exceeding 7°C/h. Due to the diverse payload configurations
and complex attitude modes of SATech-01, the thermal environment of HEBS faces significant challenges, severely limiting feasible
thermal control design options. This paper presents thermal control-related work for the HEBS payload, including external heat flux
analysis, thermal control design, simulation analysis (calibrated via thermal balance tests), on-orbit thermal control status verification,
and temperature comparison analysis. By evaluating HEBS’s in-orbit performance, this study investigates the implementation of
thermal control under complex external heat flux conditions, identifies key factors influencing payload thermal management, and
provides references for thermal control design in subsequent space missions such as distant retrograde orbit and enhanced X-ray
timing and polarimetry missions.

HEBS, thermal control design, on-orbit thermal control status, thermal control assurance
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