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Selection and Design of Large Light-weight
Framework for Space Camera
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(Changchun Institute of Optics, Fine Mechanics and Physics, Chinese

Academy of Sciences, Changchun 130033, China)

Abstract: For the optical design result of a certain space camera, several frameworks in different

structural forms are designed and selected according to the machining features of different materials. The

resonant frequency of each framework is analyzed by using a finite element method and the economics

of each framework is also analyzed. Finally, the structural form is determined for the framework. The

selected framework structure is a full-truss one. It has a weight of 57 kg and a first-order resonance

frequency of 90.4 Hz. The mechanical test of the framework components shows that the framework has

its first-order resonance frequency of 88.7 Hz. The analysis and test results show that it meets the design

requirement.
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� 1 !"	"����� #��������

$ 1600 mm�#���"$����
��!	

�#$%��
�$%(������$&�

��� 2400 mm &�
� 1 !"	

" 1 ��#$%) *

��&���
�%'��� 1 �
�$

%�'����&&��((�
�!"(�

&����
�))��������
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�$%����$%&��	��*��'�
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%�*#� 2 !"�
�	�'�(���&�

������
�# 1150 mm 	

" 2 $(,+%+,�&"

2 nojkpq0rs
�
��������,'*�
�$%

��������
�(" 30% 	���)


)�(�������������+���$

%� 2,�)-����*� 7#�	�#$%

� 1,����*-�������'+,�+

-	

�,-�	���������)�$ 250

kg	��.�!	�	���(���-���

�Æ
!	.$�!�.)Æ���-./�

�Æ (2/) (��-.���'/*#.���

�Æ�����Æ��-�Æ (0/���Æ�

2 0./��Æ-.)Æ) ���/1 1 	

1 1 234567

.012 /1 (kg)

3%.0 (4035�1206) 60.2

1%.0 22.31

7%.0 3.95

2%.0 11.67

,+% 1 .0 2.47

,+% 2 .0 1.67

+8.0 44.09

�1 1 �2�39.
��Æ�����4

-��-��2� 70∼80 kg ��������
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1 2 9:;<=>?@AB5CD [5−7]

�< D5:1 66#; E=<
F;

ρ(103kg/m3) E(GPa) α(10−6/K) E/ρ(106m3)

7>< 4.4 106.8 8.8 2.53

?7@=A<BCD>F; 2.96 180 8.0 6.0

G7@=A<BCD>F; 2.8 100 16 3.3

G7@=A=><F; 2.77 100 17 3.6

<89F; (m40) 1.56 100 0.3 6.4

8=><F; 2.1 200 13.9 9.5

��
�9������#(������

1106.7 mm 	���0 �;�� 5 ◦C '/�>

:���
�?6�=�:8�947?6�

��(��E;���

1106.7× 18 × 10 − 6 × 5 = 0.0996 mm

(
��'	�� 0.5 mm ,&:H�A���
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1 3 9:;<=>?@AB5FGDHIJ

F; <L

7>< A?@M=�$H5@BI

NA?@M=�J>OFKCM=�?J7AP�
?7@=A<BCD>F;

@QAD�$H5@R�B<S

A?@M=�AP�@QAD�$A?@M=�
G7@=A<BCD>F;

AP�@QAD�$H5@NL�B<ES

A?@M=�AP�@QAD�$H5@NL�
G7@=A=><F;

B<ES

TBMCCM=�M=EFUV?ACGND�DB$HOE<ECS�
<89F; (m40)

NMFCDMHWI 1�?AGJ<F0

A?@M=MPGE<M=�AP�@QAD�$H5@I�
8=><F;

PXHQ�?ORKLIOHJMFST
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3(a) �����!��347?6 [8] ���:

8�54?6��?6
� 3(b) �����!

��347?6�=�:8�54?6�=�:

947?6�834?6I�?6
� 3(c)��

���!347.+ – 834���J584
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(b)

(c)

" 3 UN��%) *%),2KOP 1DK

�	����
�77Æ�Z��� 4 mm�

.)&"�& 6 mm 	

5 wxKy
��������V� 8 �)-?6'*

�%L�G�*#��,/1 4 	

1 4 2LMNOPQRLS

HMLQ
 1DK F; OP/1

(Hz)

?@7><F; 108 42.7
" 3(a)

?7@=AD>F; 72.2 56.3

?@7><F; 42.9 67.1

G7@=AD>F; 27 82.4

" 3(b) G7@=><F; 27 83.7

<89F; (m40) 19.5 110

([7><CR0MS) 24.6 102

7><CI - <890W 57.35 90.4
" 3(c)

N8=><F; 33.85 115

�1 3 �2�� 3(a) �������X 

OJ)?T<31!�	����������

KNP	�=� 40 Hz �L(MQ0	��4-

Æ\RSP	�#���OJ
��4 6 #�

��)?T<-�N]�����	�	���

3(a) �����)�����	

� 3(b) ���&������^��T<

-�	�	�#�%L�G�2��834?6

(m40?6)����_;����Æ�?FT<

31�����P	�	�����=&�?

6������KNP	��2� 62 Hz 	

� 3(c) �����������T<-�

	�	#�%L�G����347.+ – 83

4��?6���'���KNP	� 74 Hz 	

��J5847?6���'���KNP	

� 96 Hz ��T<31�����KNP	�	

�	

�/���31��������KNP

	�%'���'�&���
��834?6

(m40?6) 
� 3(b)��������347.

+ - 834��?6���J5847?6�


� 3(c) ����������?T<O��

	�	

��+��?6���������?6)

-��"88P
QJ)-	��834?6�

�����*1���1���OY$Z��

#�1�T&�-�ROP���*U���

U��5?"8�`����#"8QV�a�

�Æ)#��"8�#[R'�$ 100 SL	

5847�?6U\���J# 4 SL /kg �,

J5847����V���J 33.85 kg �2�

,���'/�?6[��#�$ 135SL	3

����5847�b��"8$@
	�?c

]W^_TÆ�+�����"8�;I�`

''Y�"	��347.+ –834��?6

����347��ÆV�S� 33 kg �834

?6Æ���S 24 kg 	��347?6� 2500

L /kg '/�!	#[ 8.25SL�834?6�

2SL /kg'/�!	#[ 48SL�̀ !	 56.25

SL��`9=��4��?6���	,#�

"8$@
)\Rb2�!!5?�U\�=	

.$�	&O*W�A��;T��34

7.+ –834���J�������	a�

���� 20 #�	.+� 1 #bU.+� 42 �

�	���� 16 �bU���	.+?6��
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�347?6�Z�� 4 mm �.)&�Z��

6∼8mm 	����?6� m40 ?6��	��

���X� 50 mm �Z�� 5 mm �bU���

��X� 36 mm � 30 mm ��G\�Z�� 2.5

mm 	
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���"8�;XQd�����'*(4

�YU	4�YU0Y�#�� 0∼2000 Hz cV

* 0.2 g �VYU�WW���Ne	YUKN

P	�d
1 6 �� 5 !"	

1 5 TUVWLS

eX X Y Z

Fn(Hz) 197 88.7 196.8

�1 5 �/�YU�Æ X�Y �Z �#��

��P��� 197 Hz � 88.7 Hz � 196.7 Hz �Y

U�d(�'�G�d�Y4	� 4 ��� 0.2

g �V��YUZZ	

" 4 OP Y X 0.2 g <X[\]6

�� 4 �2�YU�ÆZ�5P[\�ZZ

�2[f	

"1 5�� 4\]�a�����X T<

	�	������NeYU�������Æ

�e^]!�	R;�	YU��]/��Z�

f_g�`O����4^�2?�!	

7 l}
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P	-'��`B���A��;T(�34

7�.+?6�834����?6�J���

������	�%L�G1O����'_K

NP	� 90.4 Hz �4�YU
UZ(+'C�
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