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Abstract: It is difficult to conclude a general method in opto-mechanical design for rectangular mirrors
mounted via rear three-point method in a space remote sensor. So, the individual opto-mechanical
design for a given size rectangular mirror is usually used. In this paper, an integrated parametric
design method based on a regular model was proposed and a parametric model for 3-point mounting
space rectangular mirror was established. Integrated analysis and response surface method were used
in analysis and optimization of the designed parameters. The results show that the size limit of mirror
for rear three mounting method is 1 m for the requirement of the axial self-weight deflection of
wavefront error less than 1/10A (A=632.5 nm). The best mounting position was proposed, and the
proper thick aspect ratio was given by 1/10. The accuracy of the proposed integrated parametric
design method was analyzed, and the results show that the total analysis error is 6. 13%. The method

defines the proper size of rectangular mirror with rear three point mounting, gives the best mounting
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position and provides a standard for design of space remote sensors.

Key words: space optical remote sensor; space mirror; rectangular mirror; parametric design;

integrated optimization; rear mounting
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Fig. 1 Rectangular mirror mounted by using rear three points
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Tab.1 Baseline mirror properties
Parameter Unit Range
KE L mm  200~1 600
KA a.=w/l — 0~1
JEAZLE he=h/1 0~1
FIER ST e mm 1~20
SCAE RN po mm  5~20
SR X TP o, =2X et/ 1 0~1
FHSZESY TR yp=2X yw/w — 0~1
T EHAY FEIH 3, =25 30w 0~1
x2 SICHBBEM
Tab. 2 Properties of SiC
Youngs Poisson’s
Density CTE
Modulus ratio
Unite g/cm’ GPa — 1X10 °/K
SiC 3. 20 400. 00 0.3 2. 40
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7 AR AT FROTAE Y Y A5 B IT AR R T 0 45
F B A BT R xR/ i BOC RS 2R e W

SE o 15 B BRITTH I AR 1 A SO A A% 22K
TR B S B S B ERLSE L.

Parametric model
Input:

1 .Parameters of
rectangular mirror
mounting by rear three

points
2 Load case input

Element

Mathematical
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Load case
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Fig. 2 Block diagram of parameterization for rectangular

mirror mounted by using rear three points
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Fig. 3 Block diagram of integrated parametric system
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Fig. 4 Response surface of design space for three

point mount
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Tab. 3 Polynomial coefficients of PV in axial gravity case

Term Coefficient Term Coefficient
Constant  0.000 215 042 | 2, Xy, —1.88X107°
% —0.000 192 471 ||y X v = —2.49X 107
Mp —1.84X10° X8 3.35X10°°
v —0.000 179 962 | wi  —0.000 372 164
X2 —0. 000 157 708 Vup? —0. 000 580 702
Mp? 0.000 316 802 apt 0.000 175 032
Yup? 0. 000 530 588 yip! 0.000 161 31
2 X yp 1.94X10°° Vg 0.000 237 116
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Fig.5 Pareto plot for response PV
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Fig. 6 Block diagram of optimization process
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Fig. 7 Iteration process of optimization
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Fig. 8 Contour plot of best mount results PV for variable

sizes of rectangular solid mirror
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Tab.4 The best mounting position for the largest size of mirror

Mirror parameters

Optimized result

! 1 000 mm % 0.807 734
ar 0.4 Mp 0. 300 001
h, 0.1 Yup 0.301 917
e 40 mm 1% 5.55X107° mm
Ds 40 mm rms 1.24>X10"° mm
= : =
%1073
2 400 ' ' ‘ 3
2300 _ e 2
£ 2200_.........' 3 1
22100 § 0
2000___._. | e l e
i i i 2

900 : : . : : . i
1 800 2000 2200 2400 2600 2800 3000 3200
x/mm

B9 dRREH RS 1 m A SR 45 R A = &

Fig.9 The best mount results for 1 m rectangular solid mirror
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Tab.5 Error source of integrated parametric design system

Error source Description

O finite element analysis truncation error
Om finite element modeling error
O figure-error calculation error
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Tab. 6 Designs of space rectangular mirrors

Mirror 1 Mirror 2

Photo of

mirror

Interferenc [[PV__ 0424 wave | © [ PV___ 0537 wave |
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