
� 
 23 \�
 4 E E�f�-�C�� Vol.23, � No.4 ��� 2005 7 12 � PROGRESS IN ASTRONOMY Dec., 2005 ���,Wk�1000-8349(2005)04-0355-08

$�'d�n
*zq���(xth�p._!"G�C 1 ��HF 1 ��HB 2 �EDA 1

(1. 2`.��`�Fg6�#G 100012 � 2. e8ÆF�q.��ÆKZ.��e8 310018)+��e}q4r���ztJY�n0B�7Q4r�D5"&,&�JK\*V℄hDeHJx��4f�x���;&x����V�?��$zO��?��,(� n��j!<Bk`zx��Lh"8;V{P?R k?PÆ�x�\}�j�n.-�vqx4i���M�,4r�-;4r��;�Vka4r�E,(�h"8;V{Px�0�V℄B��P��4r�e}q4rl��nK�O|�tQLgn(unK�%��e}q4r��V℄hDeHJbG�h"DeHJ�$�V	�i r \�DeXGx$l���e}q4r�h"8;V{P�7Q4r�-;4r��;�V�a4r-�{k�P111.41 � TH753+.1 ��� ��X���A
1 �T��3d|p3q (Finite Element Analysis, FEA) ��
 20 �� 50 6s/_y�dyTB�+�C42Rd��!%+%�3B\�-��-Æw�_#DU�IX6aÆ�A#\Nl�,��1t��7h!�1��W'�y1T02�0E�-����l,#�Æd|p3q��0,i6PIXN�3q�-q�{DB+b�m�Ibd|p3qÆw�u
w�3�W3)1H^�oF_%w�������3Æi 'tw�W'�1�w�j3q�/|7D�Æ�N�jIX�ea��
g!7:UzO�6Pw�/Æj#�\L�+j�:�U�3q�JB6PA�_yw��\`3q��A�g!|N�`/�3q�`Y�3q1T�\,:3qA�6PuK��>��1T�d|p3q�6aP[6P_yw��y��bÆH{�qf�'zP\��� 	e���2005-05-30 � �m���2005-07-22
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2 �f~r5sk+&=0LR\�d|p3qj*>?�pKw�4 � ANSYS � I-DEAS � PRO-E �
MSC.NASTRAN/PATRAN � MSC.MARC j NE/NASTRAN � FEMAP ��j#�\� MSC.NASTRAN/PATRAN 
�<sNdN����m0i�d|p-,�3qU:�!Ze�ygCB��Csm��j*uK�3L3℄'��3S��U\[)Æ
℄T CAE (Computer Aided Engineering) IB2D�vs X& [1] Æ3d�:℄Dwp�:�6P�N��>��YX�,:���+�`�+�6P_y�iA�
3 �i#9<W|Q&=g!7:UzO (Space Solar Telescope, SST) 
/_	CBg!CdGI�wÆ/_b+~_�Cd5A�=�1-�3�JBb+02
Ib�����7����31��j;!��WFÆ=F7:pK/f�B�+jf�B�+bX/D4%.jh:y�Æ�y7:ly+�6pMC [2] �[Bb+02fw�

(1) =F7:�	fQj,�Qo℄6P� (2) 1T7:��3	�v�kj�1�ly�-� (3) 1T7:pKHv6PÆaF
rTje&�`y�� (4) 1T7:��W
Hv℄�s�6.� (5) 1Te�g!|N/��47:%.y�� (6)�M7:��o"��VM.��4C!�
4 �f~r5s���i#9<W|Q1�W^
4.1 �u|�b�f���L�+3q>?
1T�x�6P�.�jU�Æ
IX6P3qjw��N�'+%�Ibd|p3qÆeK�_w�/��m|5j>��N�di	�?_Æ[wC>w��My��b�N 1 [>O�7=���gg!7:UzO/�>O ($S[ 1 m) r'ÆL�+3qeK~{>O�O'.�Æ`IF
!UC:wO''�.y
63!LY+uK�?U��>O6PA�-,Æ~{d|p,�ÆfN 2 2��>O6PIb�mLys�
6 ��#k>Q��?|��2�PgÆ�>OA�u��+3q�Æed[�#� 6 B�2'[T�� '�d|p,�/[�U� 6 B�[T�� ��,�/Od 6090 BupÆ
5652 B�BupÆ 438 Bdupj 27 B MPC (Multi-Points Constraint) � MPC \g,5x~���P���P\�j#\d|p3q��3q>O
;J��C:wO'.��pÆ��'��C:
6��i�Y�wÆO'.�+#Æg 0.015 µm (RMS) ��'��C:B\J� hindle!U [3] Æ*[ 18 B!U�ÆDB!U��_+fN 3 2��d|p�-~{�O'.�
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(IbN�5ody [4]) [ 0.014 µm Æ!LY+uK�?UÆ.��NfN 4 2��

O 1 �?PÆ7Q O 2 �?PÆe}q-�O

O 3 18 C"V��`,4= O 4 �?P/��O
4.2 �1u|b�f�
>O6P/ÆO\{ 3 4;J��XE5� (>O) �So> (�m�!UuK) �`9�u!kXE5��D�PPo> (Invar alloy ÆT�g>OD���G=) � 3 4��ly>��g3 1 � Y 1 �0w�sg-^ 3 /Z~Æ�A Æ % � :** y�.


/10−6 kg · mm−3 /108 mN · mm−2YF6� 2.58 0.247 0.92RQp? 8.12 0.250 1.34Tp? 4.46 0.247 1.02
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4.2.1 �?9:6<;8��
 CZ-4B �\v�EÆ�h�℄u!tÆ>O/�{r� 3.6g �K� 11.6g j'� −2g �,��i�HoP\��
g�iwÆ6P[��NpU�+#Æg��Y8	|ÆK! ;N{[V.��
4.2.2 
?9:>7�5=4=:6<~�
DL��i�Æ�6PA�U�3qÆe�~6P�NpU���z>?3q 3 4�2��NpU�Æ_tk��Y8	|A��)Æ6af3 2 2��Y 2 �2v})l�^3℄ }9RAÆ OqX� Z9
� σb

/MPa /MPaYF6� 8.03 35.8RQp? 3.12 320Tp? 6.39 686i3 2 eK__Æ"4�2��NpU�zzÆg�'y�Y8	|�F/XE5��2��NpU�)
�Y8	|� 1/4 �PPo>)
�Y8	|� 1/100 �So>�
 1/100 ��'*6P�N�LSNÆ>O6P�a�#v|N^��;�N{[V.��
4.3 �`|b�f�A�,:3qj���-Æed�.(w���:uj%^�C{ÆK^!F�℄���3q
3qj*N6??3#CÆA
j*3q$A���$2'Z�,:3q>?
U:�G�uKG���Td>�j�U���%:�U3q

�m23q6P[���i0�!.y�����U [5] �,:�7�>?02
6P��>�3qÆ^�6P�D3Td>�jD3���6P,:�7!?d|p�-3q�!\�
�7LÆU���6P��7C:A�d|p-,j3qÆ0�
ox�:6P�>?,:>�Æ[,:�7�w��MEZÆ���7.	�,:�76a�!Zk�-3q6a!ZA�)1ÆIb3qmJN{sPÆeK �j_yly�!+,�Æ�#H7o��Sn��76ajd|p3q6a�$2Y�wC>w�j;A�+��j#�g!7:UzO>Q�A��,:�7j3q�N 5 [>Q��7=�o℄�MNÆN 6 
d|p�-~{�>Q�L 3 3��NÆN 7 
,:�7~{�>Q�L 3 3��N�iN/e_{Æ�7~{�,:��j�-~{�,:���U~qfÆ	C3[X?��ÆFi��D(ut�U [6] �3 3 
d|p�-k,:�76a��)�i/eK__Æ�72~>�^Æg�->�Æ>?sP
�>Q�[d2*Æ �-,�[>��2��7/�\�;}r,5uK�G)UC:ÆSA?3mJ�,:C!�Np��mJ[
7.9% Æ'*�-6a
e���



� 4 E ��l��e}q4r���h"8;V{P7Qx�0�V℄ 359�Y 3 �#�&o�%���sjaV.<'h �9?� �/?� ��pM
/Hz /Hz /%

1 62.20 65.526 5.08

2 79.96 81.200 1.53

3 80.81 87.742 7.90

4 85.54 89.192 4.09 O 5 �h"8;V{P�?R �8>�p^�NO

O 6 �e}q�.�|�?R M 3 4�V���O

O 7 �-;�8�|�?R M 3 4��O
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4.4 ��b�f�g!6P�`3q>?�p^}�-�R`��-�b�Q3q�`x�3q�`3q�0�W
ÆGZg!7:UzO2�R�`Sn�B[�`jn~Ær^�UzOD?3�b�.y℄�ÆK-$7`w�
6I/V)?*�b�j-
2?U�(Z2Æ`x�.�
6SJÆ4o�F�H*wg!6P�����b�ÆN3�DGI�b�3<H�oyÆ^!Y+p*�'��x9�x0�P��^
$\(Z2 [2] �`�-j`Y�3q��s
\d|p3q��/3%y[
C�`In (b�,<H*) w��+�-k3q�F�CB,<b�ÆGZe`+sy\ NASTRAN/Thermal,kA�`�-ÆU~b�Q3<Æ4{WCBb�Q�m!ÆÆK5�gj5�_+[G.	�K5�b�%[!%�m! (field) �_t/�Bm!P[�+�-�,<H*ÆSh{ NASTRAN/Structure ,�/�NtU:>�Y�+XÆ�~6P`.��j#�g!7:UzO�>OA�`3q�N 8 [>O9� 10 ◦C bJ�`.� [2] ÆF/ (a) N[>O�Ho`.�Æ (b) N[4 Z 9+��`.��eK__Æ4 Z 9+��`.�H^��Ib>O`j�7ÆeK7 d|p3q��^�Æ4���>O�`w��My��bj�U��7!Z�

O 8 �?P:	 10 ◦C K�a/�
(a) �R�Ipb0�� (b) 5 Z ;-
�b0�	

5 �f~r5s�oLtx [7]d|p3q�g"LsyÆ-~K"_F[.	�)Æ4Ib.3syz_Fj-+X�3
��IX3q/�U\
Ib��(BA�lyxq (w3Wup) j!+xq (up_F!3=H%) Æ_t	A��~U:r�y��Pg\d|p3q��A�IX3q�mJ>?rGly-,�F!+3oÆgR}d�hC!mJ��N 9 [\d|p3q��A�IX3q�mJrv�F3w�
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(1) ly,�mJly,�mJ>?'d|ply,�(D��6P�X��d|p3q�ly,�
GZ��w�6P�C>���w���i���,<H*�3q�-w��H�?U�<�P+A�Ho`��\s-,��
(2) !+,�mJ!+,�mJ>?up_F!����3!<�SH�
�JTA$�SnwÆup℄m�JÆ_F!���3!��Æ��"h� O 9 �e}q4r�nKsws!��mJ�ÆÆ�UU:H�A���
(3) �hC!mJ�hC!mJ>?�hC!k��!ZJN{�
\d|p3q��A�IX3q�Æ2�h�C!>?�p�6P��)�ÆfuK�M4��/.	�����)�Æfx�,	�9))�$��`9�u!���i!)�Æf�ipÆ�3<�0�!.y�!3o���s�mJ�k
�~�7!Zkd|p3q6ak
C��<x�PgÆd|p,��-~�,<H*�!+,��*[��-6ad$2Y��d|p3q�>?0�
{\3qj,5/�6a'zwC>�w�j�7�
-,bX/�Sh�U�mJÆwIb�7~{!ZÆ_tkd|p3q�-6a�)Æ �d|p3q/�ly,�j!+,�Æe'tPly-,j!+,�rr�mJÆ�3q�-6aH2D��Sn�{\;At�d|p,�A�H7o��Sn��-ÆF�-6aj�76a�_yj;Aw��[d'zMO�
g!7:UzOw�/ÆIRJb-,��-��7� �,��	�-j_yw��=��XrSWDB?3�6Pw��

6 �8�l�W{\d|p3q��rSW6P3q�_yjw�Æ
g!7:UzO6Pw�2R6?�C>�Ibd|p3qj_yw�ÆeKHQa��:w�/��m|5K�>��N�di	�?_Æ[wC>w��M�U�!Z�̂ �>O!U6P�N�_+ÆK! 
�'��C:O'.�!LY+uK�?U�FhÆ`3q~{�6aeK__b�.y�:j℄�Æ[`j�7�Me�)�!ZÆ4[`jw��Mb+�C`!Z�Ib3q�-6ak�76a�mJÆ}e �j_y�-3q�!+,�jly,�Æ'tP-,rr�mJÆ�d|p3q�-6aH2D��Sn�J#Æd|p3q��
g!7:UzOw�/~{[)U\Æ4HE6?P\�0ECd+��CdGI?U���ÆCdGI/i�'=,�g!BF�g!GI`�
Y+uK2�?*Æ|fg!U6Pjb�.y�SH�>OO'.���BY�/p*_+�!\�Y+p*
#vbX/
63S[�^�j��SH�C{�+'k
o
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Application of Finite Element Method to the Structure Design

of the Space Solar Telescope

ZHANG Rui1, CHEN Zhi-yuan1, CHEN Zhi-ping2, YANG Shi-mo1

(1. National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100012, China; 2. Electronic &

Engineering College, Hangzhou Dianzi University, Hangzhou 310018, China)

Abstract: Finite Element Method (FEM), the primary numerical means to process structure

analysis in the modern engineering field, is adopted widely in the design of astronomical instru-

ments at present. It can help designers to find out various characteristics of the object, to discover

the weakness in stiffness and strength, and to improve and optimize the design as well. It is also

used widely in many processes during the designing of the Space Solar Telescope (SST), such

as in the main truss and the primary cell. From the beginning of the geometry modeling and

the finite element creating, many aspects such as linear static, modal analysis, transient response

and thermal analysis are demonstrated in SST. The error existing in the FEM, why it exists,

and how to reduce it are discussed. Finally, the development trend of FEM in the astronomical

instruments especially the space astronomical instruments is presented.

Key words: astronomical facilities and technique; Finite Element Method; Space Solar Telescope

(SST); structure analysis; modal analysis; transient response; thermal analysis


