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Table 1 Statistical simulation results of radio frequency

performance of HGA
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2 SEEmRERFITAEIERAE S

T

e 3 A R 2 12 Th 2R 3 o B FE e /MU 0.86°, )
BAEAE REW TR R RS, N T HRIRTEEL
TR AR T E I Y, TR B R AT 0T Pl %
ANATHIAR R 2, b A R R BT G R
R EF L L P EEN—ANFE R M T SRR
LRAEIVETE . BRI A 5238 B J AR T 48 9] it 22 VT
il 73 M7 15 B8 AIE 55 7 THIAEE BB 5, FEREL T RIS
i
2.1 SRR

T e 3 25 K 2R 58 R R fE VRS S I, 7
BT AR IR AT iA—-195 °C, 5HIRMIEZEES T
220 'C, WRSEMRLL T ERTTE ., B
IS AT S B AR G 7 720 DUR THE R K 8
ST, HETREmOREKR, TEMENE
Pe KB4 AU IR A, B 0 PR N B B R U RE B
o Fik, EARRESREEEARTIRATT, A
TN E B R RAE PN, TR RGBT T TR
BT DA 8. O 98D I 5 T E il it 3o 72 o AN AE 3
BRI TR, KRBT (0/90) / (£45)
A5, DARIE I AES 1 [F A 2R @ R 49 [
A R T2 3 R A D i A P AR LA R R K R 2
R, RSO TN TR IR R AR T, Wit T ikl
FE BRANAR B, 50 B 42 (4 e P 52 8 AN | AT 24k
s @A E ST MR MR, P T
BTG S R 22, W/ T IR, 7 I 4 o 45 4 I
@SSR M . BRIE S A8 . BRSPS H R — i
SRR, Bk, PO AR EE 38R
BEEMEL Omian REIEmATHYaELG R
U 1) 2 R I, FE RS 26 T 3 S 6 A X R L
Ko B ROIREEIR K RAT HA TR R 2R Bl %
22 SEHERGEBEENREENERATIERERE
& 3 556 IE

RS AR I i 1 28 K 2R TE SR T I R AR 1] M 22
Hdm, 75T TEIEAL 4 SR TAF . mias
R L AT VEAL SR F AT B0 A 5 D56 R AH 45 & 1 7



46 PRI 2 (R3S

20234F

FREAT, FEREGRIM B S EHE 2 )5, AT
I e AR T 0 PR BE 3 BEAT 05 LA, R SR TR
B3 R NINARTAT FAS T, SRS T R 25 (0 AR T
BAYAE, BEEITRAATEIAIGE, SR S R
L AT EE, TR ST IR TY S A P G 7 FLAE
M, PP R&IAATE 5 I AR A AL DL
HRESGARENKERT G, R KL R
FERARTIIE-195 °C,  H T ST AR, H LI
AW TOVR I R B IRER S TR AARTZ .
R P 74 1 038 e ) LASE A-200 °C LA T B IR
I BREGE, (ERAS & B, R I W 8 2 U
NFREPRAZIAE 5 R T P BLA o A i 5
%, A BOTRE 1 28 R ZGBH IR IR S AT
PPt o 55— B BOR M5 e 0 2 R 26 3 S [R5 g ik
PEIT AR AF4-195 CARIRAEAFRETIIRIE, #AOR TR
SiRy Vet AR 2 W 2 R IR I PR B A Y 2
Ko B BO A SR AR T R e B, X A
BIAT AR SHGRATBIE, 07 H3RI-195 CIRET
I AARTE Z BN BE AU DL, e 28 R e 1 2 K 2
FEMBARURARZS T BB T 7 22 K40

3 SBImREENREARAER S
31 FEHREASHR
AR 3 R LR 5 2 B

TR RO, BT R, b
BRI 3 FTR o

B3 iR
Fig.3 Thermal simulation model

S D e 08 2 TR AR U P 3 70 AT ) R 2R AR
KRG TR AT IR0 2 A, e rb A SRR S 0T A 454
M, MMM MBONE 2, EBANPUEAY, =
H 28 S LR R AL P i W) AR R 2R AR R o R Ab,
2K FH e A% I8 — 5 NS A 2 RS 8 S S i L, R
BHALZ WA E), AN X ) R 2 Y BLBUOK AR
BREE, W RS 38 SR RSN o

gy EIREOL, R KRR S B R L ik

7 /AT R R R R AT BT T
TN ARE A IR o AR AR 8 5 (3R
o6 FEE T30 R K B 52 R T T 0

RO T AFR LR Y A R 4R R S G v 4
B ARIR T BACEE 141 °C, &l TR
FE R84 °C, IR B 50 v 1Y 2 R 2R AN [R] X 38 B oK
BEZERN118 C, KB 528 5 1 0 S AR R N
~195 C. BRAE CEEWI. Wibds. we4 &
BB T IS HHT E iR, ERIRE IR HIE-T1~
+69 C Bl X 8] o 4RI LI B 3% 50 A4 o= B

®2 AMESTRITER

Table 2 Thermal simulation statistical results
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Fig. 4 Thermal simulation results under low temperature condition
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Table 3 Material parameters of main reflector for simulation
o) R/ PrkiE MimSE, HMBIUISE, 4N MM AP RS Rk R 8 SHAMY
(kg'm™) GPa GPa GPa HREE AR T T (W- (mK> ™)
BRET Y 1660 126 11 5.5 0.28 0.40 -1.10x 10° 2.6x10° 20
b3 31 0.665 3x10° 0.127 0.21 0.31 23x10° 23x%x10° 1.3
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Table 4 Material parameters of aluminum for simulation
MR B/ (kgm®) R/ GPa ML BUBKREUC!
HE4 2.7x10° 71 0.33 2.3x10°
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Table 6 Statistical failure index of HGA reflector components
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Table 5 Simulation results of thermal distortion
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Fig. 7 Configuration of thermal distortion measurement
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Table 7 Statistical temperature results of thermal distortion

measurement
W C
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o SE N v 2 S 5 v 2 Yoo i b2 S SB VIR A
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Table 8 Statistical results of thermal distortion measurement

FA7 . mm
F T _
T - . o o o Hilx
SRV w6 vJ 4 SN 05 vJ 7 SY/co vJ b4 S B VAR
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Fig. 10 Thermal distortion distribution of low temperature condition
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Table 9 Simulation results of thermal distortion

FAZ: mm

R 4 A
T - - - Rl B BRUR LT
dl BRIV MW I AL
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Table 10 Simulation results of HGA with thermal distortion

PROE S RAiEE
g b ik i R FAI I b ik i T B I
=R OfiAEME HEME fiAE fiFLAE =R OfiAEME HEME A E e
Ay ) 1Y 25 /dBi =42 42.46 42.49 42.42 4228 =435 44.12 44.24 44.20 44.01
3dBRTERE/ (°) =10 1.06 1.03 1.10 1.13 =0.86 0.89 0.86 0.92 0.93
3dBBCRAAEL/AB <1 0.73 0.62 0.65 0.78 <1 0.80 0.76 0.75 0.82
WORIBIERE B %/dB =25 36.55 37.02 37.18 36.21 =25 38.56 39.79 40.12 37.86
33 Eh/dB <15 121 1.19 1.20 121 <15 1.18 1.16 1.16 1.19
fRrmmzE () <0.06  0.018 0.012 0.027 0.021 <0.06  0.019 0.014 0.028 0.023
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Table 11 On-orbit test results
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On-orbit Thermal Design and Beam Pointing Error Impact Analysis of High Gain
Antenna of Mars Orbiter

ZHANG Shunbo', REN Hongyu', JIN Chunshuai’, LIU Weidong', LI Chunhui', LI Yong'

(1. Shanghai Aerospace Electronic Technology Institute, Shanghai 201109, China;
2. Shanghai Institute of Satellite Engineering, Shanghai 201109, China)

Abstract: The technical difficulties on thermal design, suitability under —195°C ultra-low temperature condition, analysis and
verification of beam pointing error caused by thermal distortion for high gain antenna of Mars orbiter were summarized, and relevant
design and verification were completed. Based on thermal design state, the temperature field and thermal distortion of high gain
antenna under typical working conditions during the operation on orbit were simulated and analyzed. A vacuum thermal distortion
measurement system for large aperture reflector antenna was designed and developed. According to vacuum thermal distortion test
data, the beam pointing error was evaluated by a hybrid simulation method. The results show that the maximum beam pointing error
is 0.028°, and the gain loss is less than 0.5dB, both of which are within the design margin. The on-orbit test results confirm that the
beam pointing performance is consistent with the evaluation, which effectively verifies the accuracy of the thermal design and
verification method.

Keywords: Mars orbiter; high gain antenna; ultra-low temperature; thermal distortion; beam pointing error

Highlights:

e Analysis of thermal design and simulation of deep space exploration antenna.

e Vacuum thermal distortion test under low and high temperatures for 2.5 m aperture reflector antenna.

e Analysis and on-orbit test of beam pointing error caused by thermal distortion for high gain antenna of Mars orbiter.

e Suitability analysis and verification under —195°C ultralow temperature condition.
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