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Structural optimization design of lightweight
rectangular reflective mirror
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Abstract: In order to solve the problem that the mass and the surface figure accuracy of the space reflective mirror
are often contradictory in the lightweight design process, a structural optimization design of a lightweight rectangular
reflective mirror of an off-axis three-reflection optical system is performed. In this study, a lightweight structure based
on the center support of SiC materials is proposed. At the same time, a multi-objective optimization method is in-
troduced. With the RMS value and Mass as the optimization targets at the same time, a mirror optimal structure
model is obtained with a mass of 2.32 kg. Compared with the solid mirror, the lightweight ratio is 73.8%. Then the
mirror subassembly is designed and the integrated performance of it is simulated. It shows that the RMS value of the
mirror reaches respectively 2.5 nm, 2.2 nm and 7.3 nm when gravity load is applied in the directions of X, Y and Z
axes. Furthermore, the RMS value is 3.2 nm when the mirror subassembly is under the load condition of uniform
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temperature rise of 4 C, which is far less than the requirement of RMS <A/50(A=632.8 nm). Therefore the data

meets the design requirements.
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analysis
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Table 1 Performance of rational materials for mirror
P Elp a c
I(glem?) /(GPa) /(GN-(m/g)) 1(10%/K) /W/H(mK)) 1(JI(kgK)) Ma (Ma)(Elp)
FS 2.19 72.00 32.88 0.50 1.40 750.00 2.80 92.05
Zerodur 2.53 91.00 35.97 0.05 1.64 821.00 32.80 1179.76
Al 2.70 68.00 25.19 22.50 167.00 896.00 7.42 186.93
Be 1.85 287.00 155.14 11.40 216.00 1925.00 18.95 2962.53
Si 2.33 131.00 56.22 2.60 137.00 710.00 52.69 2962.53
SiC 3.20 400.00 125.00 2.40 155.00 650.00 64.58 8072.92
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Table 2 Design variables and optimization results

Face Hole Side 6 Rib

Name Height Mass RMS_ X RMS_Y RMS_Z
thickness  thickness thickness (Chamfer) thickness
Ranges  [30,60] [5,30] [5,20] [1.5,10] [0,60] [1.5,10] (0,5] [0,12] [0,12] [0,12]
Value 42 mm 8 mm 9.4 mm 4 mm 23° 4 mm 2.32 kg 3.0 nm 1.8 nm 4.5 nm
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Fig. 2 Schematic of changing angle variable
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Fig. 3 Flow chart of multi-objective optimization
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Table 3 Main structural materials in space
P E Elp a A c
l(glom?) /(GPa) /(GN-(m/g)) 1(10%/K) /(WI(m-K)) 1(JI(kg-K)) Ma (Ala)-(Elp)
TC4 4.40 114.00 25.91 9.10 7.40 611.00 0.81 21.07
Invar 8.90 141.00 15.84 0.65 13.70 460.00 21.08 333.92
SiC/Al 3.00 180.00 60.00 8.00 225.00 7115.00 28.13 1687.50
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Fig. 6 FEM model of reflective

Fig. 7 First constraint eigenfrequency
mirror subassembly

of reflective mirror subassembly
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Explosion chart of mirror support structure

Overview: The research area of this paper is the field of off-axis three-reflective space optical remote sensor. As a core
element of the system, the rectangular reflective mirror has been the focus. Increasing the degree of lightweight will also
bring new problems, which cause a certain degree of structural strength reduction. Obviously, RMS(root mean square)
will get worse. The purpose of this paper is to propose a feasible solution to this conflict of performance. First of all, se-
lect SiC as the mirror body material. Secondly, a flexible structure is based on the center support, which facilitates
lightweight and reduces the overall design difficulty. Next, use the classical theoretical formula to create the initial
structure of the mirror. The most important step is to introduce a multi-objective optimization method. The structural
parameters of the lens body are used as design variables, and then the surface RMS values under X and Y gravity condi-
tions are used as constraints. It is the mass of the mirror and the RMS values under the most sensitive Z-direction grav-
ity conditions that are commonly set as the optimization goal. Furthermore, using GRSM(global response surface me-
thod) algorithm for optimization iterations. A mirror optimal structure model is obtained with a mass of 2.32 kg. Com-
pared with the solid mirror, the lightweight ratio is 73.8%. Besides, the mirror subassembly is designed. It includes a
cone sleeve, a flexible component, and a backplane. The main considerations of the assembly are the stiffness of the ma-
terials and the thermal compatibility between each other. The specific explanation is as follows. Thermal expansion
coefficient of the cone sleeve and the mirror need to be the same, and these are connected by glue. The flexible compo-
nent adopts a flexible hinge structure so as to improve RMS of the mirror due to thermal stress. The backplane connects
the mirror assembly to one space remote sensor. Therefore, the rigidity of the backplane must be qualified. Finally, the
integrated performance of the assembly is simulated. It shows that the RMS value of the mirror reaches respectively 2.5
nm, 2.2 nm and 7.3 nm when gravity load is applied in the directions of X, Y and Z axes. Furthermore, the RMS value is
3.2 nm when the mirror subassembly is under the load condition of uniform temperature rise of 4 ‘C, which is far less
than the requirement of RMS<tA/50(A=632.8 nm). As a result, the data meets the design requirements. To sum up, the
method provides reference experience for structural optimization design of the same type of lightweight rectangular
reflective mirror.

Citation: Wang P P, Xin H W, Zhu J Q, et al. Structural optimization design of lightweight rectangular reflective mir-
ror[J]. Opto-Electronic Engineering, 2020, 47(8): 200109
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