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=q – I�
jC CASCAM 7CmYF�}�Æ��xÆ|y{Æ��~Æ�z�
(�eW�P� 2n0O!�.; 210008)sr�a� – 7{�g	 CASCAM (Chinese Academy of Sciences, Camera) L7a� CCD p7{�q� HAWAII-1 (HgCdTe Astronomical Wide Area Infrared Imaging) #SN
9*�� 2.16 m FOAZ4�4
a��7{�arp;o℄S� CASCAM �	~\7�$!ga�i�k^i,
�nw��I�a�i�g	a�\7p#SN�W*
4�2�k#a�i�H�{�d:s�k^iJAa�i�H
 �sK\7�	~x^
#vg	<|j�k^#8�2
>pk^-�n�	(KWa�g	��n\7�; G 5�.M℄Sw*E�
� CASCAM �	~w���n\7wb8L?�P111 ��� ei/ZQ�B

1 �1���6 20 3jz?"RÆ�4�+a�z?-L\RY-)Vs��D
f-b�hÆ#,6�H�'Sd-L�D+a�EUÆ#�d�
EU�6	��o-)� 1998 3'h��z?f�/��+7u6�%EN�v)Raz?-L\R�z?f���)$rVV�-L�\(�D�#Zo-QEN�v)�
��b�8`+az?`qo:n\R)��8)��d 2.16 m EN� [1] 3	`��6z?�-L\R�z?f� CASCAM (Chinese Academy of Sciences, Camera) ���P,�� 2001 3 3R��K66z?p� HAWAII-1 (HgCdTe Astronomical Wide Area Infrared Imaging)o`�
CCD (Charge Coupled Devices) "RM�Y3~?CY�`o6z??& (0.4∼2.5 µm) �.)Y'G\Rz��3~�!YG<"R`�8L�Ro%~:&+
t
\R\(�D/%+�Æ#�,6�,L,H CASCAM ���Æ�$Iz'�Æ�0qf���}[6v�� ff�[6-Vv��f�[6�j℄v�o�mv���� [9UR�2004-03-22 � oAUR�2004-05-31



� 4 G T M��a� – 7{�g	 CASCAM �	~w� 335�
CASCAM ��Vi; 1 ����R1��5H 3 G5�j℄h�`�h��m[6�j℄h)9'd[ 570 mm �e 420 mm �G 340 mm ��dZh�Do_}JC!V`rJ[6�w℄�=�
j℄O
R1�`�h�[6�n��2gO
w℄Yj℄ht��m[69m����m|�O
w℄+�K"b�G�)`�

< 1 CASCAM �W<
2 �b�j

CASCAM `�hDFi; 2(a) ���; 2(b) H[6�`�v�;�jr`98#��+O3j�8#�8r�� 2.16 m o 1.26 m EN��
 F/9 � F/6 8#� Offner -r[6�
X`q=wjj"EN��Y?�!m
9r [2,3] � Offner z~H5`���Y 1 µm�6!`5HY�`�z?}��=9�`=5<`q� HAWAII-1 o CCD "RMo [4] �8#�9g}2��:�)`�V��:�z��<"#Z�-Vo! 3 =:�v���Y'J!v�K��X/�+;z�"eL:�z��<"#Z (i; 1 ��) � Offner [0 1 � CASCAM <pgaBlXE:4
mm
�I� <�# <s}# �>BLr �$ B&#9$B 0.01 0.05

Offner 0.05 0.05 ±0.36
B 0.05�
? 0.05$TO 0.05 ±1�p� 0.05
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< 2 CASCAM a�i
(a) EG� 1 —— 9$B� 2 —— �p�� 3 —— Offner � 4 —— 3;tQ�� 5 —— 
�$TO� 6 —— 
��
?�

7 —— 6
B� 8 —— |A�
?� 9 —— |A$TO� (b) 
�x�=	



� 4 G T M��a� – 7{�g	 CASCAM �	~w� 337�6 f��o=�}G5���G52gK�v�I=��Y�m�o�=�G52g}N
L �{��Y��o�VJ;'���+.G�6+�r��=�z��KqoX&�8#�o Offner [6��Ym��o�m��o�Ia!"urJ[6�`��r�; 3(a)��Hz?�`=�[6�A[65H 3 )�})H�`=��YNI#Z3~�� 10=�`=�3	~'?&\Roe`?&)r\R�')H�� (dithering)��CASCAMYv�
'h6���j},EN��=����+�'6z?���\R#Z�HJs�Y`Æ
^�'{�9)�2g��B8`
�y�EN�=����zf�})�`=�K6R��RDn��Y+�
�`=�<b�I�9�\R
���Æ#�,���K6f�n�Y+;z�'G������z��S �6 escap p430 F3��\�f���`=��Y��on�[6z��6?P^z�Mh�z)��
���5Hn���p���n�+���oRDz�CU��4n�Æ#�h���z?�`=�[6P,Y
K�?_�Hb"��Y
K_tZP,�S '��Æ�B��O�����d�^j��l�:�; 3(b) ��H`��`=�[6�� h})�`=��NIÆZY3~�� 8 =�`=�n�[6K6R��RDn����oRDz�3!�6?P^z�Mh�z)�Y
K_�`��`=
�?[�s%?/s)���Æ4n\R�.u�S Y-Vv�o�6
Glass epoxy I��OMw℄�!rJ�`=[6�ZY�mt�Æ�_%�=YÆ�o�Ph'/a�S�`=�wÆ�_mg�4$�`=�D�mt)k�Du3~�S �65�6{��|�!`��`=�[6oj℄hz)Jj�1�
Kl�z3[`�`=�[6K"g
�

< 3 CASCAM �a>�\7
1 —— |A�
?� Al5052 �eJ�y_� 2 —— �p�� 3 —— 
��
?� Glass epoxy PeJ�y_	



� 338 �������.�M���4�b������� 22 M�; 4 �z?"RMt�H�1��Y?�!m9r'6z?"RM HAWAII-1 p�`q�4n�S ! HAWAII-1 p���Y`�"7t!
�t!�t%�2`a�"RM�le9t!(%0h�m���R�2g5���m|wt!(%��m��j�+ma"RM�"RM�K"nEM��Yt!��G�D��Yt!}O�}J�
�('JV`"RMKb[6�b""RM;<b�P,K"�"RMt��YY�+I����o�=9 4J Glass epoxy I��K�)O
w℄Y�m�o�

< 4 CASCAM � HAWAII-1 #SNu
1 —— $TOv� 2 —— �,��� 3 —— �p�� 4 —— Pey_� 5 —— �p�	

< 5 CASCAM � CCD x^\7
1 —— CCD � 2 —— p��� 3 —— �,��� 4 —— Pey_� 5 —— �p�� 6 —— �p�	



� 4 G T M��a� – 7{�g	 CASCAM �	~w� 339�; 5 � CCD w℄[6�CCD �=2g 3 JK�v�I���Ym��o�Ym��o
CCD �=z��'5�d�6��r CCD �%<" [5] �m���R�2g5�|w CCDm���(%�j� CCD �K"nEMo�
�(%��Y�m��(%�rJ CCD w℄[63!%��YY�+I����o�=9 4 J Glass epoxy I��K�)w℄Y�m�o��m��`�h�Æ��6�dV CASCAM �`�HG��"RMoma`�H��S �6� – � Al5052 ,H�m��I� (%�M��; 2) �`�HG�2gK�vY�m�o�I�Yv�i|�Ia~�S g5V���m��
K
�~�=2g`���3	y��Hb"�P<"��;��IaQ�YJ;G<"��P
�'v���PD`��9�
HAWAII-1 "RM'
9r�(E��S !`�hv�H`�"7�[/)19rh�=Y0#�GI�jg`��+*z
""
�Y?!m9r'`�[6o"RM�4n�9� CASCAM`�[6LG5H�f'!v�S Y<r`�v�TW#Z�Q'_�V�v����#Z�!vv�LJH���}TW (�; 1) �CV�Q%`�H��}TW'~%`�H��4n)*
Y#A%o[`�l�XW�2g�r"RMY�mtÆ�o�I�jwji|XW� 0 2 � CASCAM ga61O^n3\J�� UiS# U�S# UCS# �
*� B�/ eo��

/107 Pa /107 Pa /107 Pa /107 Pa (20 ◦C)

Al5052 14.5 11.0 0.50

Glass epoxy 54∼64 29.5∼39

fused silicon 4.892 6.966 0.17

3 �l_jq�o℄8
3.1 �uKk_WDNIoÆf��`�DF�S �j℄h)v�`[/)�h)� 4 JO%�9'[/)��[�dYZroZu)`�r)�h)O2 (f'�`�h�Æ�)�) �}"�9h)I�oh)O2/?�RWN���Y�'R"#Z�1�_�S �\ Al5052 ,Hf�j℄h�I��+7;z��Wf��Æ~�f�P,~�/GHj℄��R�,H��?G�zP�R (℄ P = 1.01 × 105 Pa) Y+S`�,6Yh)?;%�QT5DVm�.uf��O%�wY+��H}$Y��QTVm�|{A%B[�Y��;xsB[3w/
 [6] �

σ = M(x)/W ,H
� M(x) =
(Pb)x

2
(L − x) �O2YzP�R,6_X{�BH� W =

1

6
bh2 �TB*%[�� P H�R� L HO%5[� b H*%5[� x H��e8~� h HO2�}"� σ �Y M(x) ,6_X{�3w�� x = L/2~�Mmax =

(Pb)L2

8
�#Z σmax =

Mmax

W
< [σ] �℄



� 340 �������.�M���4�b������� 22 M�I��6ThR"o�6T�R"�(x~�℄ [σ] = 110× 106 Pa �9u�h h ≥ 15 mm �S it℄ h = 30 mm �h)�o�_C�9*%H[/�����P)`�f�P,~�C���w3!Y+S`���Y��YzP�R,6_�QTVmY��C����3w3x�C���6R"�Y�63w.G/�℄o�_C��}"H 20 mm �Yh)O2oo�_C��-r%�S �jp% O �_ (O-ring) +;z"7�1�P)5!�z
�j℄h)�+$�f��jrp
��6}29)I��` (f[M��; 1)�b���Æ%�C R = 45 mm �}"H t �2g��9)o�_Æ%�5MjY�9)�i; 6 ���YzP�R,6_�9)
����3w*z�H�1�9)D��*z3w0��'�
[σ]max =

3P (3 + ν)

8

(

R2

t
≤ [σ]

)

,H
 P �zP�R� ν �A�.� [σ] �9)��6T�R"����hp
9)�}"
t ≥ 2.3 mm �V��9)��`�0j�`[� S �>� S > 3∼5 �Hu�℄ t = 12 mm �Yu1�_�9)
�l��8~�'�

f =
(1 − ν)(5 + ν)

16E
−

R4

t3
,H
 E ���[������ f = 2.7683 µm �u�8~'�f��`�	~4nwx�Y`���
Y+���

< 6 CASCAM �P	<
1 ——SiO2 :+� 2 —— Pey_� 3 —— 
�k� 4 —— m`k� 5 —— Pey_� 6 —— m`�Q_� 7 —— p�
	



� 4 G T M��a� – 7{�g	 CASCAM �	~w� 341�Yj℄h)�H�%o�S %Uv�� 5 Jj℄U-�6� CASCAM D?/�2��H
}JU-5<6�6z?p� HAWII o`�"RM CCD ��? 3 J6�f�[6�K"b���yb�+�K"nEM�9�f��`�hP,YQ 140 K �
K�?_�)j℄hP,YZK_�}hz�xYwz�K"&"��+#Zw℄`�hI��x*%8Y1x�+�pj℄ho`�hz��
n��"
m���R�wk��'/%�`�h?�f�`�[6�V)�J;'��Æ~��+#Zw℄I�J;'��R"�'+w℄`�h�Æ~�$rV�`�h�Æ~+�j℄ho`�hz��KW�S �6O
I� Glass epoxy ,H`�h�O
w℄I�
(�; 2) �Y�'R"#Z�Q'_�8~�xw℄�*%��

CASCAM �`�hw℄g5u6 Glass epoxy I�&sThR"z�%����h)�
3 J/sT'DF�Yh)}$%Uv�� 5 Jw℄��;z�^z�O
w℄�R"�`�hw℄-V�w℄I�R"%�i; 6 ���9oÆv��`�hw℄R"5Yi_�

(1) +$o�_O
w℄*z�w5<H Fx = 2σ2A � Fz = 2σ1A �
(2) +$Q�~O
w℄*z�w5<H Fy = 2σ2A � Fz = 2σ1A �
(3) >$O
w℄*z�wH Fx = 4σ1A + 4σ2A � Fy = 4σ1A + 4σ2A �H
 σ1 HThR"�σ2 HT�R"�AHw℄*%��$r���h�Fx-max = (2.34∼2.94)×

105 N�Fy-max = (2.34∼2.94)×105 N�Fz-max = (1.30∼1.56)×105 N �̀ �h�Æ~ G < 105

N ��+`�hw℄�R"'+w℄rJ`�h�
3.2 �SWD

CASCAM �6m��jmaf��`�HG�o"RM�m��R��\℄N�f�[6�
	j~�4nm��Rk�
	j~.� f� (1) jrp
nj�
9r� (2) j℄h/;%�
9r� (3)O
w℄n�
�'�f�/GNBP)5!�'	n
�Yj℄"y� 10−6 Torr ~�'	�k�R�N
� 10−3 W �Y+��C��+_Mh4nf��
	j~�m^���
(1) jrp

9r:gjrp�
9r�=g�mto�jrp
|)nj`�h/G�
9rT�Mh

Q̇ = σS(T 4
1 − T 4

2 )
ε1ε2

ε1 + ε2 − ε1ε2
,H
� Stefan-Boltzmann Z� σ = 5.67032× 10−8 W · m2 · K−4 � S Hjrp
�%�� T1�GKOjrp
K" (300 K) � T2 �
KO�mt/2K" (180 K) � ε1 � ε2 5<Hjrpo�mt/2�9r������� Q̇ = 2.3 W �

(2) j℄h/;%�
9rj℄h/;%�
9r�#=g�mtnj`�h/G�j℄ho`�h �� – �r1I� Al5052 �9r�Y 0.2∼0.8 z��9
9rT����h� ε1 � ε2 QH 0.2 ~�
Q̇vacuum = 3.7 W � ε1 � ε2 QH 0.8 ~� Q̇vacuum = 15.5 W �Y��j℄h/;%+�`�h?;%�9r�'rJf��R�wk�[Æ#�H"
j℄ho�mtz��
9r�YD``�h�P~�S 'j℄h�/;%o`�h?;%3	�+7`�8~�x� �9r��
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(3) O
w℄n�
j℄ho`�hz��O
w℄I��'
n�T��

Q̇ =
A

L

∫ T2

T1

k(T )dT ,H
� T1 Hj℄hK" (300 K) � T2 H�m�K" (140 K) � A H Glass epoxy O
�*%%��`�hw℄*%%�H 2 mm×30 mm �`��`=�Q~w℄*%%�H 2 mm×30

mm �`��`=�+>w℄*%%�H 2 mm×20 mm � L H Glass epoxy O
�["�`�hQw℄["H 40 mm �`�h~w℄["H 55 mm �`��`=�Q~w℄["H 16

mm �̀ ��`=�+>w℄["H 13 mm �k(T )HV	�
n���YMfLd [7]���
∫ 300K

80K k(T )dT = 1.80 × 102 W/m ����h Q̇support = 3.87 W �
3.3 �vMf`NIoÆ
v����-f (M�; 3) �S �6�f,�=ÆP{X� SRD-204 m���Am��J;}&�m9��'&maK"Yy 60 K ��*&maK"Yy 20 K �=
K� CX� CASCAM 
 HAWAII-1 �*�K"P,�H 77 K � CCD H 120 K �S �6m����'&m�9ma HAWAII-1 p���*&m�95<ma CCD o`�h��v�'&m�9YK" T1 ~�ma1wH Q1 ��*&m�9YK" T2 ~�ma1wH Q2 �℄ T o Q �[[H

Q(T ) = 7.25
√

(T − 36.8)− 13.7 .� T = 77 K ~� Q(T ) = 32.3 W � T = 120 K ~� Q(T ) = 52.4 W � T = 140 K ~�
Q(T ) = 60 W � 0 3 �TPVNE℄H>e
k/� �;t�

0.2 0.8ktq 2.3W 2.3Wm`k03 3.7W 15.5WPey_ 3.9W 3.9Ws� 9.9W 21.7Wm��P,~!X{'��n��ifn�njf��#%�℄��Æ4nf��`q	~�Hu�S �6h��^5�6{��|z)m�9o"RM�+;z�"
m��n�'#%X{�|)4n�f�P,~�ZYEN�o�DEN�F�z)�f.z_,Hn�L�m���	~#x�(�i!m��2gh)�)nj#%�n�%#x�(��CY���H�3'F�xm��n��4n�S Ym��of�h)z���j℄?P^y�+ (i; 6 ��) �
4 �.���,LÆ�0q� CASCAM f���}[6v�� f-Vv��j℄v���mv��9�z?"RM'
9r�(E��Æ#'"RM+�f��`�[65<3	�m��z



� 4 G T M��a� – 7{�g	 CASCAM �	~w� 343�?p� HAWAII-1 o`� CCD P,Y*�P,K"o��pj"`�h?G�
9r+�.f�"y
9r'z?"RM[`�4n�3~�9�z?\R�GzP(>9r�4n�H�^��Z.�z?\R2ZK6��\R�CASCAMYv�~%g5V��i'��2gYf��`=[6
�j')���j},EN��=���� CASCAM YY`�o6z??&3~`qP,�H4$`��`=
KP,~
�?[s%?/s)��H`�h
`��`=[6+v�YZK_P,�-Q CASCAM f�[6*D`�P��8oj℄�m� �=y��GF�zf�2Jdh�
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Mechanical Design of Optic-Infrared Camera CASCAM

WU Jian-wen, REN Shi-bo, JI Chun-hong, YAO Yong-qiang, YAO Da-zhi

(Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210008, China)

Abstract: Optical-Near Infrared Camera CASCAM (Chinese Academy of Sciences, Camera), employing

with CCD and near infrared array HAWAII-1, is designed to make imaging simultaneously at the optical

and infrared wavelengths in the 2.16 m optical telescope located at XingLong station. The system

mechanical design includes optical box, vacuum box and cooling system. The optical box is the platform

of optics and detectors, and it prevents thermal emission from outside effectively. The vacuum box is

outside of the optical box, which can keep good vacuum at a level of 10−6 Torr. The vacuum box, vacuum

pump and a refrigerator are composed as the cooling system of the camera.

Key words: astronomical facilities and technique; CASCAM; mechanical design; cooling system


