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Tablel The equivalent solar radiation parameters of each coating

Coating Solar transmittance Solar absorptivity Solar reflectance
UV shield 0.023 0.55 0.427
Narrow-band filter 0.023 0.55 0.427
IR blocker 0.028 5 0.287 0.684 5
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Fig.7 Solar radiation transmission from the HEWA to the AOS
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- T 7
G Radiator ~v- Space LUy Radiator ™|~ Space
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Fig.8 Schematic of the operational modes of FMG
%2 AHIRBY
Table 2 Parameters of each analysis case
Case 1 Case 2 Case 3
Item - -
Cold case Hot case Calibration case
Simulation date Summer solstice Winter solstice Winter solstice
Solar irradiance 1300 W/m”* 1450 W/m* 1450 W/m’
Satellite attitude Sun oriented Sun oriented Deviating maneuver
Simulation orbit periods 20 20 20
Initial temperature 18°C 18°C 18C
Surface radiation characteristics BOL EOL EOL
Outer surface of the mounting board —50C —10°C —10°C
Outer surface of the satellite heat—shield —90°C —60°C —60°C
Radiation interface of other payloads —60°C —10C —10°C
Optic box 20°C 24°C 24°C
BOL :Beginning of life; EOL: Ending of life
F3 MHEAAYESEMEENEHEESH
Table 3 Thermo—physical parameters of materials and radiation characteristics of coatings
. o/ c/ A/
Materials Qg &, .
(kgem*) (Jekg K1) (Wem K1)
0.13 (BOL)
F46 0.73 / / /
0.30 (EOL)
0.20 (BOL)
S781 0.86 / / /
0.40 (EOL)
LY12 0.88 0.88 2710 946 117.2
TC4 0.88 0.88 4 450 678 5.44
Fused SILICA / / 2 205 766 1.31
Glass fiber reinforced plastic / / 1400 1110 0.342

32 BOWER

AhFROIE SR 5 W0 A O AR 2 IR R K B R R R PG A DS 28 4 5 R RN 3 5 )
PR WAL 37 3k L FBCSRT RI R S , ANCAT W /N B — 38 43 23 B3k F2 45 DU R 106 2% R G, T Bk 45 6 3 14 B A 4B 45+ 1
Wﬁzﬂ@%ﬂﬁ,w%%ﬂﬁﬂ%/\%hmr“ﬂ(%maé% FRAECIRAS T, 8 1 10 30 30 5 SF 1 O I 6 4 4 38 LA 455 T 2
S B I R G (0% B RN B 5 Yo S5 A nT F UL RV 2R, o ST 5 T B O B B 1 R A B 100 %6
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Table 4 Absorbed heat flux of different components of HEWA in the three analysis cases

. Narrow— . .
Case Baffle UV shield . IR blocker 1 IR blocker 2 Primary mirror
band filter
Theoretical calculation(only primary
. o . / 0.607 W 0.334 W 0.218 W 0.066 W 0.0415W
reflection and transmission are considered )
Case 1 (100% mirror reflection) 4.64W 0.812W 0.572 W 0.470 W 0.199 W 0.101 W
Case 1 (80% mirror reflection) 6.39 W  0.763 W 0.534 W 0.427 W 0.159 W 0.0735 W
Case 2 (100% mirror reflection) 8.51W 1.01 W 0.754 W 0.616 W 0.258 W 0.134 W
Solar 4.81'W 0.95 W 0.75 W 0.616 W 0.258 W 0.134 W
Albedo 0.53 W 0.0004 W 0.00026 W 0.00018 W 0.0000675W 0.000 023 9W
Planet 3.16 W 0.0527 W 0 0 0 0
Case 2 (80% mirror reflection) 10.89 W 0.939 W 0.709 W 0.562 W 0.209 W 0.113 W
Case 3 (100% mirror reflection) 22.2W 0.33 W 0.165 W 0.108 W 0.029 9 W 0.010 W
Case 3 (80% mirror reflection) 21.85W 0.329 W 0.164 W 0.111 W 0.0328 W 0.001 W

W AT AR, 00 LA T 2 AR OB IR B 10000 B9 T80, B I 5 8026 I DL T, i )it 5
MR AT A9 O A I AR [ B 25 D' 2 3 T IR A 194 A T W /S, 3 o T — S 4 e i S S ROl 2 2 DAY Y
0 R X K O B, 5 B 't B IR W A S PG HE N, TEEE A G RGN R AN R R A b s 5 T 1A T
BL 2 AT EE, B0 3 R I Ol B I AT ) A H BAGIAE S 3 N, X R vh T O RS T 1l — i e AR I 2 K BH DL
28 AT B O B BE [ S 0BG SR S AR RN

SR BT A B S B AR B K A S B o T RUA IR T B R S el 8024 B
2070 W)Lk LATE 2 3 MR U IT Ot R GTJE , e rp — AR 0 4 JA [ 235 4 1 i i, S B30 Ol 58 A o 11 B A L2
KV T BT T B HE S 10020 B9 T80, 78 %E b T80 H G886 SR 7 1 1 3t R K S U AR T 4 T S EE A
10096 #9005 SRR UL, B2 11 S LE Sl 8026 110020 BRI B0 T , AR o 4L 4% T 1 il B2 7K 22 Bl 80
W, S5 S S BN ST 10 B A B I R A B 10004 .
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Table 5 Thermal analysis results of the HEWA

Case 1 Case 2 Case 3
Components  Index /°C 100% mirror ~ 80% mirror ~ 100% mirror 80% mirror 100% mirror 80% mirror
reflection /°C  reflection /°C  reflection /°C reflection /°C reflection /°C reflection /°C
Baffle / —9.0~—1.2 —7.2~—0.5 —4.2~2.0 —3.0~2.8 11.5~26.5 11.0~26.0
Window frame  0~50 4.5~5.5 4.7~5.8 4.7~5.8 5.1~6.0 14.7~27.0 14.0~26.0
M1 0~50 4.5~7.2 4.6~7.2 6.4~8.2 6.0~7.8 15.0~24.0 14.6~23.4
M2 0~50 7.0~9.3 7.0~9.4 8.0~9.9 7.6~9.7 17.0~24.4 17.6~24.0
Primary mirror 2242 21.1~22.2 21.1~22.1 21.3~22.2 21.4~22.2 21.8~22.4 21.6~22.2

MR 5 IEH BT MR B K R 4.5~8.2°C, M2 K 7.0~9.9°C; 45 T4 M1 [ B K
H15.0~24.0°C,M2 K 17.0~24.4°C; =4 T, EEIR B E AL T 21.1~22.4°C, et 0l 2 IEH TAET K.
4 NSEABAGEHFEEHIRE

H T B 1 BCRE B B AL 523225 nm WY B AT BE A S OGS E R G, I AN FA R AU AL B AL R
FH G B i B i J32 BT SRS A A U0 GV B PR DG T A o IR BRSBTS AR A
AL HC T 19 A5 400 2 TR) o O BF A S A I 1 o ELPE RGBS R BRZS JR) Solar Orbiter fY) PHIZ A ) #4740
R IAE KBTS B 9 77 SR AU A 0 58 1 ARG, 1205 SR AR L £ A n $A5% 1 T vk, A 0 e B R ADOKS
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Fig.9 Schematic of thermal balance test with KFTA
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Fig.12 Temperature curve of M1 and M2 in three cases
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Table 6 Thermal balance test results of the HEWA
Case 1 Case 2 Case 3
Components  Index /C i Analysis . Analysis 3 Analysis
Test results/C . Test results/C . Test results/C .
results /°C results /°C results /°C
Baffle / —20.3~—19.0 —9.0~—1.2 —12.7~—10.5 —4.2~2.0 7.2~23.3 11.5~26.5
Window frame 0~50 0.1~5.1 4.5~5.5 0.9~5.3 4.7~5.8 14.7~26.5 14.7~27.0
M1 0~50 7.2~8.4 4.5~7.2 10.4~11.7 6.4~8.2 14.9~32.8 15.0~24.0
M2 0~50 8.3~10.5 7.0~9.3 9.2~11.1 8.0~9.9 18.7~22.8 17.0~24.4
Primary mirror 2242 21.7~21.8 21.1~22.2 21.7~21.9 21.3~22.2 21.8~22.3 21.8~22.4
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Fig.14 Temperature distribution of M1 without/with 3M tape pasted
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Table 7 Comparison of the modified analysis results and the test results
Case 1 Case 2 Case 3
Index Modified Modified Modified
Components 5 . Test . Test . Test
/°C analysis . analysis 5 analysis .
results/C results/C results/C
results/C results/C results/C
Balffle / —22.0~—15.0 —20.3~—19.0 —155~—8.2 —12.7~—10.5 5.4~24.1 7.2~23.3
Window frame  0~50 —0.2~5.2 0.1~5.1 0.6~5.2 0.9~5.3 11.5~26.8 14.7~26.5
M1 0~50 7.0~8.6 7.2~8.4 8.5~11.3 10.4~11.7 14.8~32.6 14.9~32.8
M2 0~50 8.5~10.5 8.3~10.5 10.0~11.5 9.2~11.1 18.0~23.3 18.7~22.8
Primary mirror 2242 21.7~22.3 21.7~21.8 22.0~23.0 21.7~21.9 21.8~23.5 21.8~22.3
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Table 8 Prediction of the temperature distribution of the HEWA on orbit

Components Index/C Case 1/°C Case 2/°C Case 3/°C
Balffle / —18.0~—10.0 —8.5~—1.0 7.1~26.2
Window frame 0~50 4.4~5.3 4.5~5.5 12.7~28.2
M1 0~50 6.2~7.4 7.5~8.8 16.5~26.3
M2 0~50 8.5~10.5 10.0~11.5 18.5~23.5
Primary mirror 2242 21.7~22.3 22.0~23.0 21.5~23.0
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Thermal Analysis and Verification Test of the Entrance Window
Assembly for Space Solar Observatory

WANG Chenjie'?, TAO Wenquan', YANG Wengang’, MA Yixin®, QIN Dejin*, LI Fu’
(1 Key Laboratory of Thermo-Fluid Science and Engineering of MOE , School of Energy and Power Engineering,
Xi'an Jiaotong University, Xi'an 710049, China)
(2 Aerospace Engineering Department, Xi'an Institute of Optics and Precision Mechanics, Chinese Academy of
Sciences, Xi'an 710119, China)

Abstract: This paper describes the design of the entrance window assembly for the Full-disk
Magnetograph (FMG) which is one of the three main payloads of the Advanced Space_based Sloar
Observatory mission (ASO-S). The entrance window plays the role to reduce the effect of external space
environment on the After Optical System (AOS), to transmit the visible light, and to prevent the infrared

radiation and pollution, hence, it is one of the most important components in the design of space solar

observatory payloads, as the entrance window is facing the sun all the time on orbit, both its design and
verification test are very challenging task.A heat-rejecting entrance window assembly of FMG is designed

to ensure that the imaging quality of the whole system is not affected by the drastic change of space

environment and the temperature distributions can meet the thermal requirements, then the mechanical,
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optical and thermal design processes are briefly described. FMG is sun—oriented on orbit with long—term
operation, and its optical system is transmissive. Thus, its mirror temperature will be more sensitive to the
given solar radiation parameters than the other space optical payloads, and it is necessary to correct solar
radiation parameters to improve the accuracy of simulation. Thermal analysis method with equivalent solar
radiation parameters is studied to evaluate the heat-rejecting ability of the HEWA , and three analysis cases
are selected based on the heat flux of the HEWA and the operational mode of FMG on orbit, while, Casel
and Case 2 are normal operational modes, and Case 3 is a calibration mode.Only 5 nm wide transmission
pass—band around the science wavelength (532 nm) is able to reach the AOS of FMG because of the
spectral selectivity of the window glasses. The thermal balance test of the HEWA not only needs to
simulate the solar radiation intensity, but also needs to simulate solar collimation and spectral
characteristics accurately. The solar simulator can simulate the solar radiation intensity, collimation and
spectral characteristics adequately, it has higher heat flux simulation accuracy than other methods. Thus
thermal balance test with solar simulator is carried out to verify the design and the analysis of the HEWA.
Three test cases which are consistent with the analysis cases are carried out during the thermal balance test,
quantitatively speaking the analysis results coincide with the test results, however, some main differences
exist between them: 1) Temperatures of the baffle during the test are always lower than that of the
analysis; 2) The test temperature of the window glasses in normal operational modes are always higher
than that of analysis; 3) The temperature difference of Mirrorl in Case 3 is larger than that of the analysis.
Some modifications made on the analysis model make the numerical analysis results being quantitatively
consistent with the test results. Then the modified analysis model is used to predict the actual on—orbit
temperature distribution of the HEWA. From the numerical results, it is found that only about 0.134 W
solar radiation is able to pass through the HEWA and be absorbed by the primary mirror of the AOS, the
maximum temperature of the window frame on-orbit is 28.2°C, and that of the window glasses is 26.3°C,
while the primary mirror of the AOS is able to maintain at 22+2°C. Thus the designed HEWA of FMG is
able to withstand each typical condition on orbit and meet the requirements of the mission. It avoids that the
optical performance of the space solar observatory payload will decrease or the optical system will be
polluted because of the overhigh temperature of the entrance window assembly and the AOS on orbit,
which is able to guide the design of transmission optical system and other optical payloads for solar
observation.

Key words: Space solar observatory; Heat-rejecting entrance window assembly; Equivalent solar
radiation parameters; Solar simulator; Thermal balance test
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