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Fig.1 The finite element model of 1.2 m submillimeter-wave antenna
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Table 1 The material properties of CFRP and steel

Properties CFRP Steel
Elastic Modulus 11 68000 N-mm 2
Elastic Modulus 22 68000 N-mm~2 2.0 x 10° N-mm™?
Elastic Modulus 33 6800 N-mm >
Poisson’s ratio 0.13 0.30
Density 1800 kg-m ™3 7850 kg-m >

Coefficient of thermal expansion 3.0 x 107¢ K~* 1.2 x 1073 K1
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Table 2 The sensitivity analysis and settings of the main-reflector deformation errors

under gravity and temperature loads

Variables and parameters for analysis Gravity load Temperature load

EX.ST 4 4

EX_CARB Vv Vv

NUXY_ST v -

NUXY_CARB V4 -

Random input variables

DENS_ST 4 4

DENS_CARB 4 4

ALPX_ST - Vv

ALPX_CARB - Vv

RMSG vV -

Random output parameters

RMST - 4

Notes: *_ST and *_CARB correspond to the material properties of steel and CFRP,
and in order are elastic modulus, Poisson’s ratio, density, and coefficient of thermal
expansion; RMSG and RMST correspond to the main-reflector deformation error under

gravity and temperature loads, respectively.
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Fig.2 The results of sensitivity analysis of the antenna main-reflector deformation error under gravity
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Fig.3 The results of sensitivity analysis of the antenna main-reflector deformation error under
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ANSYS 15.0
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Fig.4 The deformation of the antenna under gravity load: (Left) the elevation angle is 0°; (Right) the
elevation angle is 90°. The color bar on the bottom of the panels identifies the deformation displacement

of the antenna, and the unit is millimeter
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HCFRPHIFMEARE N E = 50000 N-mm—2 (X} TR0 AR B A I CFRP, HLarE ik &
i 7100000 N-mm~2). H(2)-(8)=, i IT LR AE, IRELE NS, It 18w 5
F AR A BT N

fG = min # s

s.t.

0.6E, < E < 1.3E,,

0< Sg<0.01.

T ARATER — I AR B AR R 38 3 15, S R Mot 1 B g AT AR 4k 15 21
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R FEN BB TR, 2B TUGECEUS R AR, 20 FI A — i B R AL A B B A A
FIEAR K E. H bR EUE DL R BT R A R 3. 24 B bR oR B0E 3 e MER, Bt &
50134 N-mm =2, 5 B/ AR 229134 Nemm—2, 4806052 %2 80.27%.

(15)

®3 BNV FEEERMURITE

Table 3 The results of the optimization of the main-reflector deformation under

gravity load

Iteration-number fa/mm E/N-mm~2
Original value — 9.4868 x 1073 68000
Zero-order optimization 6 1.2934 x 10~* 50158
First-order optimization 7 1.2757 x 1074 50134

31-9



60 & A - R 4

0.015

0.012

0.009

J /mm

0.006

0.003

B 5 HARREfo b BRI BL R =3 Bis AL

Fig.5 The dependence of the objective function fg upon E and the iteration processes
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Fig.6 The main-reflector deformation distribution of the imaginary real structure of the antenna under

gravity load (corresponding to E’ = 50000 N-mm~?)

31-10



60 & FRUIBRAE: W 2KBOR A IRTTIR A S HUE IR A7 ik 4 3

unit:pm

it:
unit:pum s

10
5
’ 0
-5
-10
-15

RMSG=6.9771pm errory=0.7398um

B 7 Fe: BT FYHERALN EHAETE AT EBL(M BT Eg = 68000 N-mm™2); £ HHAAL 5B RRLEE
HITEAZ i 22
Fig.7 Left: the main-reflector deformation distribution of the initial model under gravity load

(corresponding to Ey = 68000 N-mm~?); Right: the deformation deviation between the initial model and

the imaginary real structure of antenna
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Fig.8 Left: the main-reflector deformation distribution of the optimization model under gravity load
(corresponding to E = 50134 N-mm~?2); Right: the deformation deviation between the optimization

model and the imaginary real structure of antenna
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Fig.9 The temperature load distribution of the finite element model of the antenna: (Left) 5°C mean
temperature; (Right) superimposing 1°C-m~! temperature gradient on the —55°C mean temperature.
TMIN is the minimum temperature, and TMAX is the maximum. The color bar in the right panel

identifies the temperature. The unit is °C

AR SCHR[12] o6 CERPAVIZIK REIBUR, BeARAE SEBR R 22 BT 18 FH I CFRPFAEZ K
FHCN = 1.5 x 107 K1, KW A R oM I CFRPIAZIK R ¥ it & &, H
WIEE Ny = 3.0 x 1075 K. HH(2)-(8)=, il it B E Na, IREZLE NS, M EIEE
it IR R AT i 2 AR T ARG BT R R e

SN LA

Jr = min =51—,
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(16)

0.4040 < < 1.4@07

o
0< St <0.036.

I RAGTE AT — B A AR B 1 915, AR AR RO R i B 10 F R, 78
FOVIEMRBUSHAAR. WIRZL TFHVER— ik i N BRI G, 15 S50 fd s ik
AR E AHRL B R R E A DL S B TH AR R E AR R AT FI 1k BB AR AR I XS B IR
ON1.4935 x 1076 K1, Ho/WAXHREZEH0.65 x 1078 K1, #axti% 2 80.43%, Hita
sk

F4 REFTTETETHALILIESR
Table 4 The results of the optimization of the main-reflector deformation under

temperature load

Iteration-number fr/mm a/K™!
Original value - 3.1969 x 1072  3.0000 x 10~°
Zero-order optimization 5 3.0106 x 1073 1.5156 x 10~°
First-order optimization 9 2.9822 x 1073 1.4935 x 10~°
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Fig.10 The dependence of objective function fr upon a and the iteration processes
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Fig.11 The main-reflector deformation distribution of the imaginary real structure of the antenna under

temperature load (corresponding to o’ = 1.5 x 107¢ K™1)
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Fig. 12 Left: the main-reflector deformation distribution of the initial model under temperature load
(corresponding to ap = 3.0 x 1079 K'); Right: the deformation deviation between the initial model and

the imaginary real structure of antenna
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Fig. 13 Left: the main-reflector deformation distribution of the optimization model under temperature
load (corresponding to a = 1.4935 x 107° K_l); Right: the deformation deviation between the

optimization model and the imaginary real structure of antenna
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Fig. 15 The dependence of the displacements in X, Y, and Z directions of sub-reflector upon elevation

angle under gravity load
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Fig. 16 The dependence of the absolute distance value of the sub-reflector position deviation upon

elevation angle under gravity load
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Parameters Compound Optimization Method for the
Submillimeter-wave Antenna Finite Element Model
Updating

ZHANG Ming-zhu''? ~ WANG Hai-ren’®  ZUO Ying-xi':3

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210034)
(2 School of Astronomy and Space Science, University of Science and Technology of China,
Hefei 230026)
(8 Key Laboratory for Radio Astronomy, Chinese Academy of Sciences, Nanjing 210034)

AsstracT There are some structural parameter errors and some material property
errors between the Finite Element Model (FEM) and the Real Structure of Antenna (R-
SA). Because of these errors, the FEM can not realistically reflect the RSA performance
under various loads. In this paper, a parameter compound optimization method is pro-
posed for updating the submillimeter-wave antenna finite element model. The method
consists of three steps. Firstly, the parametric finite element model of the antenna is
created, and the sensitivity analysis is carried out. Secondly, establish the objective
function. The performance of the imaginary RSA is chosen as the optimization object,
and the high sensitivity parameters act as the optimization variables. The performance
of the FEM before optimization is chosen as the initial value. Thirdly, the compound
optimization is carried out based on the zero-order method and the first-order method.
In order to verify the feasibility of the parameter compound optimization method of the
FEM updating, we take the 1.2 meter submillimeter-wave antenna as research object
and optimize it respectively under different loads for various material property param-
eters. The results show that the performance of the FEM is identical to that of the
imaginary RSA after the parameter compound optimization. Thus, the feasibility of
this method has been proven. Besides, based on the updating model of the antenna,
the deformation regularities are analyzed under gravity load. Moreover, the method
could also be applied to update the large aperture submillimeter-wave antenna finite
element model.

Key words submillimeter-wave antenna, finite element model updating, material pa-
rameters optimization
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