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Application of Silicon-aluminum Alloy Welding
Technology in Space Camera

ZHANG Kai, HE Xin, WANG Zhong-shan, LIU Xiao-feng

(Changchun Institute of Opitics, Fine Mechanics and Physics, Chinese

Academy of Sciences, Changchun 130033, China)

Abstract: As a key part of a space camera, the camera body structure is very important to the normal

operation of the camera. According to the requirements in the aspects of optical design and satellite,

the body structure of a space camera is designed. The body structure is made of silicon-aluminum alloy

and its configuration is completed by welding. Through finite element analysis, the static and dynamic

mechanical properties of the camera body are calculated and the reasonability of the body structure is

verified. The welding stress is calculated and the calculation result shows that the welding stress can not

affect the stability of the body structure. Finally, the mechanical and thermal experiments are made on

the body structure. Its mechanical properties and stability are verified. The results show that the body

structure of the high-resolution space optical camera can be made of silicon-aluminum alloy by welding.
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(3) �/����.���#

(4) �/��!��/��!�'�#�
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(5) �/
�*&$#+�0�#+�#2

#+���$%��&$�%�#

(6) �/�
,2-&��#	
&.0"'1"��#��
&$


��*�,$' 1 �(	1&� 5000 mm �3'
�%(� 500 mm 	+�&$
�*�)�

�*��'(� 1050 mm×930 mm×750 mm 	0
"��1"�))
�������#�*+
� 50 kg 	�
� +���� 8 
	

�
�!��3�,�/+�-�*.
,4+��5�Æ/0��#)��2�/1�
�#	�
�/��3�,2*3�+,�
3��+,���4/��+	�
56�$0
"1'� 0 Hz∼100 Hz ���6
�0"�
+-24��,	��-5�
��2*3�+
,�+�0"+,� √

2 .�6+� 140 Hz [2] 	

3 1 7���8457

2 7tu2
��.9	/+����0/3��06

0/�Æ060/18	060/123.0�
9.0�4.0�	Æ060/127:88.
0/�259� [3] 	/�0/�'39:4
1 	


������!��/��!�'��
#5Æ/;;�0/�6/��%�'��#
<�	9.06�<��4.0�$'<7�
*:.���8;+�
��� [4] 	��%�
+��� $��<=7:80/�><(
"�=��$'(=	�� 8 
� � 
���>7:80/+����3�����
92�?>	:.�7��,��3.00/
?��3(8.0/�<@�@A	


���*A:��"BC9�D3.0
(#(E;�"C) 0/2=��28 SiC B!8

�*3.0("�8.0/�SiC 8��"BC
9CD 55% �:�?@AE9B�F2=	�
"C0/�6/� (E/ρ) ��<%,��%F=
G�G�HI��$�'J�:@�%�'	*
���%�������>�;<'�	H=
��.9������K>	

�"C0/�C?��@?�'4@0/
6�A'0/�L�,����I+A	�*
B�!%J	0/CD0"�EM$' 2 �(	

�"C0/.�K�'B%�1D(%�
G)��L%����	����)M��
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++�	C��.�A'0/3����+
+�+����D,��&$�
+F6G
E	+��&�N<.$����*�>I+%
JE��H�F!%J�>�!%J*
���
NG
,�/+�-����I� HO�
*�B"Æ/0�#�/�#	

O2=�F*;=,�"C0/�HI

��J2- 140 mm P�%0	�#J�2=
+)8-����&�:�Q��F 	Q��
PQR�+Q�
:�F�GKQ����	
Q��K��$'�L0� 85% #L	;#
�EQ��Q����H� 390 ◦C � 430 ◦C �

475 ◦C 	Q/P�C� 0.5 mm 	

< 1 =>?@ABCD<

IMNJ ESO PSO QSO TMU NRO

�K ρ (g/cm3) 4.44 1.81 2.78 2.94 1.56

LSRS E(GPa) 109 42 70 210 120

TPUK σb(MPa) 877 300 410 420

MÆV λ(W/m·K) 6.8 77.4 120 220 35

TU8Q α(10−6/K) 9.1 26.8 22.7 8.1 0.1

3 2 TMUIMVW – VNRT3

3 vwqr

0"�*�&$�*X���
3��'
5�!
�IV1O	IO12E','�
P1','�P1
��1W','��C 30

kg	VO123','�QS','�1YD,
'�T�*�+R$�ZÆ� 3��A	Z��
�C 85 kg 	


����*�S��� 6 �%)['�
�H�I\W�V\W�FT%�XT%�U%
�+�N%��VY'$' 3 �(	�$'<
@�I�V\W.��
���'�%"���
]�!X��Z 4 �%'�#�W1�\W�

�IG	 6 �['Q��2��YX��
��#ZY<���$'	

3 3 �U^[Z[3


�['�*�[\"_���\P� 4

mm 	"!_;#��[\`"*V!�W��
���$' [5] 	X�O���*�\]^a
]�Y�#Y3Q�DB���/��X�O,
\���
	O_X�Ob&��` T a)b�
#TZ"�	"!_3��*�H^�Y�;#
�]_[` T a)b�"�*)�\9�W�X
�O,	Q���V�,,."���]�
4D�"�	
���	HO�*V�-�� 48

kg ��/��1"��#	
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4.1 IJK�L

0/Q�����c]��-2`+�
Q���	Q����c>����+

���-2^=�dH��&$
�"�	Q
����+Ge� X &^�a��*�#;#
&.B�_$�`�_$#)�bY�

{dσ} = [D]{dε} − {C}dT (1)

Y+� {dσ} ���B�� [D] �f_'da�
[C] �0/'da	Y (1) &f'e)*.�
Q���;f`#)�

Bc =
Δα · ΔT · Em · Ec · tm

(1 − μ)(tm · Em + tc · Ec)
(2)

Y+� Bc �Q���� Δα �Mb
975�
ΔT �Q���75�E �f'e��μ �ga
6� t �0/P�� c � m �H4(180/
[6] 	

hQ�'b��"C0/�Q/�3.0�1
80/'�f�Q��>['"%) 300 ◦C	
QY (2) *.Y)Q���� 75 MPa 	
��
�QV#&	9E���]����]R
$��*;#>iZ��_G 60%∼70% �cZ
C� 30 MPa 	;#�/��$�#	

	���-� 10 g%�dg(�
��
4+��� 13 MPa �0/�!��/ σb � 410

MPa �Æ/
9� 12.4 ��/��$�*�#
[7] 	
4.2 MJK�L

	�/+�-�
���AL%dg(IS
*3�+,�H� 216 Hz � 326 Hz � 366 Hz �
+� 140 Hz��/��$�*�#	
�IS*
e $' 4 �( [8] 	
5 {|}~


�����$�'�2*�*�*.�
-�&�,�$�%$0"�"�	b��,
0"c;#0"iZQ���+G�2�/
�#	
5.1 JKNO

�$0";#0�
��X�+,�je
]��"��Q����
��
���0"
1':4 2 	

0"�,��
���AL%dg(2
*3�+,� 198 HZ �0"IV+,�'f�
2=O�*�/+�-9�g.<@	
5.2 PKNO

%$0";#eh��%��j,��
=Oe]��"��Q���	%$0"1'
�!��G� 1.3×10−3 Pa �0"��i�$'
5 �(	

�$�%$0"�,��
���=�C
� 2 jQc�G�&$�*� 10 jQc�#�
h@0"+
�iZ�"��Q���Y#e

(a) dkRi (b) dkRi (c) jkRi

3 4 �URi3
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< 2 RSTUVW

Range of frequency(Hz) 2g acceleration 4g acceleration

20∼100 3dB/oct 3dB/oct

100∼600 0.005 g2/Hz 0.005 g2/Hz

600∼2000 -9dB/oct -9dB/oct

RMS 2 grms 4 grms

duration 300 120

3 5 ÆelfefklmkKRT3
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