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Effect of paraboloid antenna flexibility on geometric focus dynamic response

LI Yuanyuan, WANG Cong, Gao Jingbo

(School of Astronautics, Harbin Institute of Technology, Harbin 150001, China)

Abstract; To study the effects of the elastic deformation of flexible paraboloid antenna on the approximate phase
center in the stage of attitude adjustments, the mathematical model for solution paraboloid antenna dynamic
geometric focus was established and its dynamic response characteristics were solved numerically. The FE model
composed of the central platform, solar panels and paraboloid antenna was established and the natural frequencies
and mode shapes of the antenna in unconstrained state were calculated. Then through co-simulation of FEM and
ADAMS the zero-order rigid-flexible coupling dynamic model of the spacecraft was established, and the dynamic
response of the antenna geometric focus in the process of attitude adjustments were obtained. Results show that the
flexible attachments elastic vibration accompanves with rigid motions in the procedure of attitude adjustments, and
the geometrical focus shock in the equilibrium position reduces spaceborne antenna pointing accuracy to some
extent.
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Fig.1 Schematic diagram of paraboloid antenna deformation
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Fig.2 Finite element model of the whole-spacecraft
x1 EHXLENAHMESH

Tab.1 Physical parameters of spaceborne antenna

R, KE/ 1./ 1./ 1./
Rl - :
kg m  (kgem?) (kg-m?) (kg-m?)
TEAE 2500 2.5 3 000 3 000 3 000
L2 15 1.5 3.0 3.0 0.3
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Fig.3 7-12 order vibration mode nephograms of antenna

R2 REARTEBEFME

Tab.2 Natural frequencies of antenna finite element model

EAHIA/ He

51279 -
KRS BN (2.32 MPa) B J1(5.43 MPa)
7 8.804 3 8.799 1 8.786 5
8 8.824 7 8.819 4 8.806 5
9 9.057 8 9.062 3 9.063 9
10 9.063 8 9.068 3 9.069 9
11 9.2157 9.233 4 9.253 7
12 9.226 3 9.244 0 9.264 3
— T

S, Mises /4/ \%

(Avg: 75%) 7 = \\
+3.0837¢+00 // e \
+2.9183¢+00 S \NN\\\
+2.7530¢+00 / / VI NN
+2.5877¢+00 /77770 \\
+2.4224¢+00 /1 SN
+2.2571e+00 ‘ ' [l 1 ' (
+2.0918¢+00 1\ 1]
+1.9265¢+00 \\ \ /) / /
+1.7612¢+00 N 0
+15959¢+00 \\ NS
ngme | N\ 7

. €
+1:1000¢+00 N N ///

4 BERETTHNREENSH

Fig.4 Cable stress distribution under temperature load
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Fig.5 Schematic diagram of satellite with paraboloid antenna
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Fig.6  Angular velocity in attitude-adjusting process
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Fig.7 Displacement of the node N along z direction
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Fig.8 Offset of the focus along x direction
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Fig.10  Offset of the focus along z direction
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Fig.11  Offset of the antenna focus
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Fig.12  Pointing accuracy of the antenna

5 # %

DA T —Fp e B sty il A v i A
JUAATEE AT T Al UK I R 2 6 A 3 S A AR F Y
P i, TTTPEAl K 2k 7z B ad i v 221 1T A4 9 50
Xt KRR A L RS2

2 ) 368 2 AR AR [ i R ) I E R R R R
2R BT T AT AR/ N 1] A B R 2 TR 3T A 451
A E IR BELE 215 2 50 9 Tk 3 09 /NS R
R MRS .

3) BB P A 45 14 I S 12 R L iz sh 45 R &
DR — Bt () A8 TA25E , My i K2 i e —
SE U 1R PN 7 7 1 AR 37 R0 B 8l T TR I R 4k
ARG E EAIS A B, ELLA £B R i i B8 1 5 2825
B3z BT [ A

% Xk

[ 1] XA, mDy a8 )] JR T R G5B oe b e [ T ). FisA iz,
2003,24 (1) :82-87.DOI: 10.3321/j.issn: 1000 - 1328.2003.01.
016.

LIU Mingzhi, GAO Guifang. Advances in the study on structure for
space deployable antenna [ J ]. Journal of Astronautics, 2003,
24(1).82-87.DOI;10.3321/j.issn; 1000-1328.2003.01.016.
THEUNISSEN W H, YOON H T, BURNSIDE W D, et al. Recon-

figurable contour beam-reflectorantenna synthesis using amechanical

—
%)
[

finite-element description of the adjustable surface[ J]. IEEE Trans-
actions on Antennas and Propagation, 2001, 49(2) . 272-279.
(3] Rk, —Fh IR B9 R A RT3 B [ T]. 76 35 5 XL,
2004, (4) . 61-64.
JIANG Erjin. Finite element analysis of a circular parabolic antenna
[J]. Radar & Ecm, 2004, (4): 61-64.
SREEKANTAMURTHY T, GASPAR J L, MANN T, et al. Nonlin-

—
I
e

ear structural analysis methodology and dynamics scaling of inflatable
parabolic reflector antenna concepts [ C ]//Proceeding of the 48th
ATAA/ASME/ ASCE/AHS/ASC Structures, Structural Dynamics,
and Materials Conference. Honolulu, Hawaii; ATAA, 2007, 1-15.
DOI: 10.2514/6.2007-1834.

[5] MOBREM M, KUEHN S, SPIER C, et al. Design and performance
of Astromesh reflector onboard Soil Moisture Active Passive space-
craft[ C]//Aerospace Conference, 2012 IEEE. Piscataway: IEEE,
2012:1-10. DOI: 10.1109/AER0.2012.6187094.



c 144 - MR O T M ok % % R

5 49 %

[6] DATASHVILI L, ENDLER S, WEI B, et al. Study of mechanical
architectures of large deployable space antenna apertures: from de-
sign to tests[ J].CEAS Space Journal, 2013, 5(3) :169-184.DOI;
10.1007/s12567-013-0050-9.

GIUDICI D, DARIA D, GUARNIERI A M, et al. Analysis of an-

—
~
[

tenna pointing errors on sar image quality[ J]. IEEE Radar Confer-
ence, 2008, 1: 1506 - 1511. DOI. 10. 1109/RADAR. 2008.
4721087.

GAWRONSKI W, BANER F, QUINTERO O. Azimuth-track level

compensation to reduce blind-pointing errors of the deep space net-

—
oo
[

work antennas [ J]. IEEE Antenna and Propagation Magazine,
2000, 42(2).28-38. DOI. 10.1109/74.842123.

W, SRARAE, shSCe 45 BRI RS FE i 5 40T [ ] R
KE§THE, 2011, 20(5): 49-54. DOI: 10.3969/j. issn. 1673 —
8748.2011.05.011.

PAN Bo, ZHANG Donghua, SHI Wenhua, et al. Modeling and a-

—
=)
[

nalysis on pointing accuracy of antenna in satellite[ J]. Spacecraft
Engineering, 2011, 20(5) : 49-54. DOI. 10.3969/].issn. 1673 -
8748.2011.05.011.

(10 Wk X BH X AW, 45 SRR ST Sh A iR 22 X AR Ze gl 1

FERILI] AU R4, 2011, 47(5) : 85-92. DOI: 10.3901/
JME.2011.05.085.
YOU Bindi, ZHAO Yang, ZHAO Zhigang, et al. Disturbance on
satellite antenna by dynamic error of flexible-joint and trajectory
tracking control [ J ]. Journal of Mechanical Engineering, 2011,
47(5) : 85-92. DOI: 10.3901/JME.2011.05.085.

C11 ks RN, 25300 46 23 ARG R T T B8R G 3h
MmN [ )] WEsh 5 by, 2012,31(17): 61-66.DOI; 10.
3969/j.issn.1000-3835.2012.17.011.

YOU Bindi, ZHAO Zhigang, LI Wenbo, et al. Coupling dynamic

performance analysis for a satellite antenna system with space ther-
mal load[ J]. Journal of Vibration and Shock, 2012,31(17): 61—
66. DOI;10.3969/].issn.1000-3835.2012.17.011.

[ 12] BAI Zhengfeng, TIAN Hao, ZHAO Yang. Dynamics modeling and
simulation of mechanism with joint clearance[ J]. [ S.1.]: Journal of
Harbin Institute of Technology, 2010, 17 (5) :706-710.

[13]BALANIS C A. Antenna theory; analysis and design[ M]. John Wi-
ley & Sons, 2016.837-846.

[14TTE SRS 2 8 A e S T R B AR (o2 L 7 B A3 BT [T ]

PR, 2013,36(4) :45-50.
WANG Quandi, LUO Hongwei. The simulation and research on
feed’ s phase center of rotating parabolic antennas[ J]. Journal of
Chongging University ( Natural Science Edition), 2013, 36(4) .
45-50.

[15] STERBINI G. Analysis of satellite multibeam antennas’ s perform-
ances[ J ]. Acta Austronautica, 2006, 59(1/2/3/4/5) :166—174.
DOI:; 10.1016/j.actaastro.2006.02.027.

[16 ] TIBERT G. Deployable tensegrity structures for space applications
[ M]. Stockholm: Royal Institute of Technology, 2002.17-22.

[ 17 ) BRBERE. PUIR AT R IFRER S35 43 Hri5E [ D], P2 P94 FF
K2, 2007 33-64.

(18] TR0, i, EHE. SR BT K 8% NI SR 5 g R v 2 A7

[J] .M RIE DA K244, 2015,47(5) :46-49.DOI: 10.11918/
J.1ssn.0367-6234.2015.05.008.
ZHANG Weiyao, GAO Jingbo, WANG Cong. Rigid-flexiblecoupling
dynamic analysis of the spacecraft installing large flexible attach-
ments[ J]. Journal of Harbin Institute of Technology, 2015,47(5) .
46-49.DOI. 10.11918/j.issn.0367-6234.2015.05.008.

(mEE 7k &)



