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: S=VF
,S=- VF S
X n 1
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2.3
2.2
Minimize F(x) 2) (A x? )
Subject to gi(x) <0 F(xX*+Ax) = F(x) + @ P2 Ax
=1, ™, (3) g (X’ +Ax) = g(xX) + Q@ g) -Dx,
he(x) =0, (4) (10)
X < x < x" (5) Kuhn+ Tucker
(x) ={x1,%x2, ,Xn} :
M SC/ NASTRAN L(xA) = F(x) + SAjg(x, (11
Ai=0 j=1,2, ,M;
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S; , Kuhn+ Tucker : L(x,
a’; (x)9=(x) 91+ A) x 0,
a’s, A
0
(6) : 3
0F F(x +A x3) - F(X)
aXl AXl
VF(x) =3 ...( =

0F F(x +A x)) - F(x)
ox A x,
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1
Tablel Satusof the loading condition '
Load Type of load Vdue
1 Microgravity Force 19 >
Low frequency . 3Hz 8Hz 4.89mm
dnuwidd vibration Dynamica load 8Hz 100Hz 1.2g 2
20Hz 100Hz 3 db/ oct Table2 Lig of congrain condition
3 V\"dew[?z’:;i;a:dom PSD  100Hz 600Hz 0.12 g% Hz — C — =
600Hz - 2000Hz- 3 db/oct Node edtriction ower limit Upper limit
Stable T 1.0e+30
_ z .0e
temperature fidd Temperature num frequency
Transt 4 X dformation - 3.0e- 3 3.0e-3
temperature field Temperature ) :
196 X deformation - 3.0e- 3 3.0e- 3
3.1 1515 X dformation - 3.0e- 3 3.0e- 3
2022 X deformation - 3.0e- 3 3.0e-3
219 X dformation - 1.5e- 3 1.5e- 3
1 1241 X deformation - 1.5e- 3 1.5e- 3
. L (X
9542 7355 (xA)
<
3.2
, 2
100 - LEGEND
~—a— Sup
—— Sup-tong
8.00 —— Tong-m
—— Tong-qh
6.00 —— Tong-she
——CCD
1 ——- Foot
4,00 A
Front
Fig.1 FEM modd of a gpace camera. ———— Shell
200 - —— Side
R“\ —=— Sup-edge
SRR
-2.00 T T T T T 1
o 2 4 6 E 10 12
' 2
! 12 ! Fg.2 Sengtivity codficient of frequency v.s. de
:V1 CCD V, V3 sign variables.
Vg Vs Vs V7
Vg Vg V1o Vi 2 '

Vi , ' '



119

1 )
21.0 4 Design variables evolution history |_Variables
—e— Top
18.0 —e— Tong-m
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15.0 1 ~—a— Sup-edge
—— Sup
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479 W
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Design cycle
®)
3

Fig.3 Dexription of relationship between desgn
variables and objective with iteration number.

3
Table 3 Optimum result of desgn variables
Dedgn Mark Initid Lower Upper Optimum
variable  symbol vdue limit limit value
Vi CCD 3 2 10 3.349117
V2 Swp-tong 3 1 10 5.000131
V3 Sde 5 1 20 2.000328
Va4 Shdl 5 1 20 1.000036
Vs Top 5 1 20 2.177032
Ve Tong- she 5 1 20 9.668828
V7 Tong- m 3 1 10 8.832468
Vg  Tong- gh 3 1 10 1.452038
Vo Foot 10 5 30 1.000040
V1o Front 3 1 10 1.000007
Vi Sup 10 5 25 1.122862
Viz  Sup- edge 10 5 25 5.000065
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4.1
: 41. 36kg
40.03kg, 3.2 %:; 154Hz
162. 77 Hz, 160Hz ,
5.7 %, 6. 19 m
4.99 m, 18.8 %
4.2
m-teng - -- Diffrecuion limit
Diffraction MTE — —_-:: i e Waslength weight
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4 3.2%:; 5.7%:;
18.8 %,
Fg.4 OTF of origind and optimum desgn of an opti-

ca sysem.
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Optimum design of space cameras based on finite e ement method
SHAN Bao-zhong ,WU Ke-yong, LU E

( 1. Institute of Optoelectronics, Shenzhen U niversity, Shenzhen 518060, China;
2. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences,
Changchun 130021, China)

Abgtract : Optimum dedgn is an efective method for improving desgn ,and the finite element method is a
powerful tool for olving and anaysng problems met in the course of desgn. Optimum desgn combined
with finite eement method isintroduced ,which has been goplied to the desgn of a certain ace camera .
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