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Thermal design of space solar telescope
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Abstract: Aiming at the thermal characteristics of space solar telescope with long working time and harsh
working environment, the thermal design of space solar telescope frame and guiding telescope under extreme
working conditions was carried out. Through the finite element simulation analysis and thermal equilibrium test
under high and low temperature conditions, the thermal analysis and thermal equilibrium test results of the frame
and the guiding telescope were compared. The temperature was controlled at 22 °C, and the temperature
fluctuation of each component under the same condition was less than 1 °C, which verified the correctness of the
thermal control design. At the same time, the power difference between the finite element simulation of the frame
and the guiding telescope and the thermal equilibrium test was 1.2 W at high temperature and 0.8 W at low
temperature. The simulation analysis is consistent with the thermal equilibrium test, and the analysis is correct and
effective, which ensures the normal operation of the telescope under complex working conditions. It provides a
theoretical basis for improving the reliability and thermal design optimization of the space solar telescope module
and solar tracking optical system.
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Fig.l Schematic diagram of the overall structure of the space solar

telescope
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Tab.1 Thermal control index of each component of

space solar telescope

Component  Operating temperature/°C Thermal control index/°C
Frame 19-25 2241
Guiding telescope 19-25 22+1
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Fig.2 Thermal control system composition diagram

(1) Fadbt kL

1) ZIZMRHM AL 25 AR P S AR AE R 5
TSN R 20 T 2 2 ML, BT L2 2
B AR 2 Fh — J2 T 4% 40 2R TR TR R — 2 R 48
L, 22 )2 AL T IR Fa6 15, 2 )2 Rl dl iR
FHJE e #8402, e Je 45 i w4 T 22 Rl
L, Je e s Fn iRl 1 SR FH GD414C Hidl 4y = iR Bifk
REMRIR 8 5E TR AF I F46 5t 2 1H LA & 5 R 24 K
0.69, WA BH T HE A 0.13, R IWIA BHI I o 0.45

2) b AR AR ol 5 5K, PR A ER R 2R I I
Mk

3) BRHE . AR i SR, WS B B b e fi K

G4

Q) ;= wZ

S A SR TR G TR 1Y R T 2 AR A AL FRE 1L
SO MRS M EUA I, IR % =0.85, Al AR
BRSO, R IR B S

(3) FHIERL

JH T I3 AV 2% f 2 T TR] 174 422 ik A BEL TT7 JEC o0 7 42 fh
MMM 5 2 3R B, FERH T SHRAEM
GD414C HL2f 4y Z iR R AL AR L

(4) M4 R A% B

PAFCH B : 25 ) K B ER AR (AR AE 28 5 A T 45
T A% I SR FH MFS01 0 B4t e BEL PR PR 42 o, 48008
FEH 1% (0.3 °C), H HIM I Fl 2 —40~+70 °C.

(5) HLm#ALR

F IR A5 0 AR SR 125 Y SR Ik I e v
T HL ARS8 1k GD414C M2 7y % IR B AL ik A
R o MRS R A PR AR 4530, d5 o T4 R T
ik 150 °C.
132 AKER

LA F O AE SR B F AR e e A, Hop R 44
B2 JZ MR AR, SR TR S A T 20k IARE
g i AR HE A RS (). AR R A AR
HE 10305 B8 38 ) M, P A2 0 T 2SR T PR 5 B A 4R
AEALH 22 B FIAE S8 1Y) 3 2l 43 Uk [l i ik FH A
PR BEL P P4 o, PR e LA TR E PR ZE B mT I . AR A I
JE 53 A DA S T AR R 22, 1 20 b AR RIHE SR 3 Bl %
TR R AR 6 AN A el %, B PRAE 2R SR S s R
e 3 i

Multi-Layer Insulation Components, MLI (The installation
surface of the electric box is not covered, the rest are covered)
/

Heating
zone

Heating

Frame (Surface black anodized) Sone

Mounting substrate

Welding
Pl 3 ERHEAR SRS R R e
Fig.3 Schematic diagram of implementation state of frame
133 $474
AT R TV RAS IS H B R E 0], Rt
Bfe 3 Ah, oA R A 2 2 R A, B

20200294-3



i E ok A2

% 44 www.irla.cn % 50 %
A B AT, L R J7 006 WA y(0T T o
et A V4 B ), T T O A RS A B B 0 \9 9% 0722

FRBE B, JhE S A TR UL 2ot v R AR AR T 5% M Y2 B
B R, S8 e S AT B B A B B APk, B
10 SR 2R 0 B AR SR A A B () IS R E S AT B
BUIRIRARAS T R TAE B bR i 5B 18 b5 R AR 2
IR UE 20 PR A A7, AT Y 8 3 4 I e % vk FH AR
SN A B2 e N o ) 1 O VA o i e e B A D i
I6) (10 22 18, AR S ) A9 000, AR Al Al BEL 8% 9 0 L b
(22+1) °C, PAMLH BT H AR 0] I8, AT B
AR 4 FR

Thermal conductivity

Filter MLI installation
Ay e .
ad b Electric
BVA > box
Sun

(Light entrance)

Thermal conductivity installation

K 4 SATBTHA AR A
Fig.4 Guide telescope cooling path diagram

2 B

2.1 BIREBIEN

WG DL A ST B0 B A B R Ry A, A TR
CATRESESE WA L SRR i A2
WA FRAER, A 5823 1] K BH B2 G 45 A PR HE 42
AT B AE 2 8] PR3 v b T v AP T 08 I X e
SIATIE DL, B AAHELR 5 AT B IZ TR 2
ATl KT I IR R R o X 2 ] A BH B2 47 % A A HE
R R AT B A AT PR T 8 AR, ELpAR D B R 0,

(1) BESAL R TR

XFT R M, RS I R 4 ) O

A Frame
X \

Guiding
telescope

Mounting
substrate

P p WA RHE L AR ECERE; O I TR]; kol A%
BT o AL IF NI . 2o A FROC2S ] 85
Jai, GRS AE IR

oT
K-T+C— =P )

St O A R s K (G S %—fﬁ%mﬂn

JEE oF B [ ) S AR 5 PO IR AT R X8 5
(2) HEAT 1) )5 22 3 R AORT A3 0 3 AR B R T

(2) IR
B UETRLE SR A ARG R
T(x7y9z)|1:0 = TO(x’y’Z) (3)
T(x,y,2)|s = Tw(x,y,2) “
Kn% s, = _CI(X,)’,Z) (5)
oT| . o,
“Tnls. o (T"=Tp) (6)

s TR W) I 220 B BE AR T o 45 58 S SR 25 ARl
FEAH; Te W ISRIREE(H; S AR Gh I S KRR sl
Fsn i R LTT 015 g ik A 3R T A A O
J¥; o.M Stefan-Boltzmann H%0; e MAFRE N EZSH .

g5 b, AR AR 4 43 0 B — A BT Y A SR
BRFE, TH AR (1)~ (6) T, R TR L
BEESE WRBERA L SMBIRE AL R 2
17 005 S5 R A BR e i i) SRR S SR i T 4,
15 B AR AE A0 IR R
22 HOWEEE

R T B E %2 AR PR I G AR HESL 5 R T8
BT 4 TE 8 M R 80, SR F A BR T 3 4 B SR
LT A R A BT TR R A S R, Ny

-Z
A Lower cover plate
+X
=Y

FERE

Upper cover

Electric box plate

Kl s A RRTTHII BT R

Fig.5 Finite element thermal analysis model

202002944



ISk A2

% 4 3

www.irla.cn

% 50 A

2622 AL, 2780 Y A, 26 HHGES . DA KITT
720 km 1 A BH R 25 303, 78 A AT o $A0ds Ak B 6 1
(F 2 i) 22 ok S P ZR B0 200 W/(m?-K), 34K S #41R
F1%) 3 THT 422 finh 5 B R A 1200 W/(m2-K), £ )2 54K
[F1) 2% ok 5 PR B 0.1 W/(m?> K)o M3 TS

RBCE N 2 P, Bl | ARl PR T 00 BEAT 7B
PO ML, RS TE X PR TOL SR N A HESE S
A8 1 2 7 A L A IR AR A, e A AL 1R b1
BRI 3 s,

xR2 ASMIRRSHIEE

Tab.2 Thermal analysis conditions and parameter settings

Operating Working state Parameter setting
mode
High Guide mirror operation a) The telescope is in a high temperature external heat flow, the solar constant is 1412 W/m*b) Thermal

temperature  (Balanced condition)

Low Guide mirror operation
temperature  (Balanced condition)

control coating takes end-of-life value; ¢) The 87° light angle guide is oriented to the sun.

a) The telescope is in a high temperature external heat flow, the solar constant is 1322 W/m?; b) Thermal
control coating takes initial value of life; ¢) The 57° light angle guide is oriented to the sun.
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Tab.3 Main parameters of component materials

Component Material Density/kg-m Specific heat capacity/ J-(kg-°C) ™" Thermal conductivity/W-(m- °C)™"
Frame Aluminium alloy 7A09 2800 921 154
Guiding telescope Aluminium alloy 2A12 2800 920 121
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Tab.4 Analysis and comparison of design state and test state of frame and guiding telescope components

Num. Component name Design status Test status Consistency analysis
1 Frame Aluminium alloy 7A09 Aluminium alloy 7A09 Accordance
2 Guiding telescope Aluminium alloy 2A12 Aluminium alloy 2A12 Accordance
3 Temperature measurement sensor Thermistor Thermocouple Meet the test requirements
4 Thermal conductive filler Thermal grease Thermal grease Accordance
5 Heat insulation material 20-unit m?;;gzieirs i;zglzgligg assembly 20-unit m?ﬁiieirs ilrslzlglegli;r; assembly Accordance
6 Heater 125 type polyimide film heater 125 type polyimide film heater Accordance
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Tab.5 Operating power, voltage and total circuit resistance of the heater of the frame

Position Working power/W Working voltage/V Total circuit resistance/Q
Upper cover plate 10 30 90
Lower cover plate 7.717 30 115.8
Upper of mounting substrate —Y 7 30 128.6
Upper of mounting substrate +Y 7 30 128.6
Lower of mounting substrate —Y 7.25 30 124.1
Lower of mounting substrate +Y 6.95 30 129.5

) 20-umitmultilayer insulation assembly.
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Fig.6 Thermal equilibrium test device and platform
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Tab.6 Test location and code for temperature control

No. Position Sensor code
1 Frame +X TR-TBZX
2 Frame —X TR-TBFX
3 Upper cover plate TR-SGB
4 Lower cover plate TR-XGB
5 Upper of mounting substrate —Y TR-SFY
6 Upper of mounting substrate +Y TR-SZY
7 Lower of mounting substrate —Y TR-XFY
8 Lower of mounting substrate +Y TR-XZY
9 Guiding telescope TR-DXJ
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Tab.7 Position of heating zone at high temperature

and average heating power consumption

Finite element simulation Thermal equilibrium test
No. Heating zone analysis of average power average power
consumption/W consumption/W

Upper cover 10 L1
plate

5 Lower cover 0 0
plate

Upper of
3 mounting 6.3 6.7
substrate -Y
Upper of
4 mounting 6.1 6.5
substrate +Y
Lower of
5 mounting 3.6 3.8
substrate -Y
Lower of
6  mounting 3.8 4.0
substrate +Y
Guiding
telescope
8 Summation 24 252

3.2 3.1
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Tab.8 Position of heating zone at low temperature and

average heating power consumption

Finite element simulation Thermal equilibrium test
No. Heating zone analysis of average power average power
consumption/W consumption/W

Upper cover

plate 1.0 L1

5 Lower cover 0 0
plate

Upper of
3 mounting 7.3 6.7
substrate -Y
Upper of
4 mounting 7.1 6.6
substrate +Y
Lower of
5 mounting 3.6 3.9
substrate -Y
Lower of
6  mounting 38 37
substrate +Y
Guiding
telescope
8 Summation 26 25.2
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