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Table 1 Parameters of materials for tertiary mirror components

Linear expansion

Material Density /(kg.m *)  Elastic modulus /GPa Poisson ratio coefficient /(10-C-1)
ULE 2210 67.6 0.17 0.03
Invar 8180 145 0.25 0.05
TC4 4450 110 0.34 9.1
2216 epoxy adhesive 1000 0.689 0.43 102
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Table 2 Mass distribution of mirror components

Part Mass distribution /kg
Reflector <4.5
Back support structure <0.5
Backplate support structure <2

OB, 25 SCPESS A B A RS A, ()54 () 1
T T8 P A 45 A 245 4 A L I e A

TR R, Yoder 25 U WF S T R S B 1%
BEHSAEXGTEENXRR, FRAGHDTLER
NSV

_ desr (1)
16Et

Ko MREHEZ M R B BE A AR T 1 i KB
A5 AR AR W 23 (PVOMH , PV A K 19 1/5;0 I K}
() 5 3 5 g o I T 5 s RO B R AR (TR A
TE RS B8 B £ 26 K BE 1 — 21 ) 5 E R b R} 2 A
RIS . RS B 24 8 =B
JE R ¢ 56 mm,

R T BT e A A LG A R 8 32 2l S
T Al JEE G A JEE R e s IR A A e o B B T Al R

0222002-2



a4k E289/2024 £ 1 B/HFER

JE B2 i B AR S A WP BRI AR T A T
P 2SS THI AR S BE S DR B A o A o A e L
WeeAEK 5 B S5 T AR JRE B2 ok /N R 5 6 il A T 2R
TN T 7 5 B BB O o A SR T LA
WIPE . et J2= 2 B 5 B e b I BE % 2 B STk, LA
FZHO RO BR A MR REA AR R B . Je BRI &5
o 2 M0 0 AL A AP PR JE B R AR R RAR AR I 4
— R, SR AR A A Al i) P T 2 S A M R R o
A6 AL 245 A P 3 AR, D1 2 X B8 384 5 R T /1
FIR A% i 1) S BE % S AL A e ) 205 R TR, DA T I A1l 2
TR B B AN B FTRE T L (H AT RE 2 R ELAS 1
B il Ko PR, SRS )2 5 H 2 B e IO i et i
e RN R PR T A

ST RGBS B AT BR TR RS R SR ] e B
G LA B AL 2 B, 0 B T AR R AR R B A AR

JE AR g A A B, SR A Pl SRR A R AL
H b, B AR D9 200 26 1 R AT 4507 10 (MFD) 87 3
XA HEAT ROSE PR AR g, e b 45 TR B AR f e S 5k
BEAL AT T AR, WA LR A5 3 e 0 B T = B 11
SER SN 3P L F b bR B0 3k A st 2 1] 2
IR o

P RO BB AR S A R

Fig. 1 Parametric model of mirror
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Table 3 Structure parameters of tertiary mirror

unit: mm

Caliber Panel thickness

Base plate thickness

Grid plate thickness  Grid plate spacing ~ Outer ring thickness
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Fig. 6

Analysis results of influence of flexure hinge mounting angle. (a) Constrained model analysis; surface shape analysis of

(b) gravity load; (c) temperature load; (d) forced displacement; (e) comprehensive factor
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Analysis results of influence of axial position of flexure hinge installation. (a) Constrained model analysis; (b) surface shape

analysis of gravity, temperature, and forced displacement; (c) surface shape analysis of comprehensive factor
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Table 4 Geometric parameters of flexible hinge

r/mm ¢/mm b/mm A/(°) d/mm L/mm h/mm
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Fig. 11  Grid reconstruction of point cloud triangulation
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Fig. 12 Simulation model of backplane skin lattice
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Table 5 Structure parameters of backplane support unit:mm
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Fig. 13 Finite element model of mirror components

5 4 1w

AR SCE ST B O R G K &S AR O
et T — ol XU [ R 2k e IR B AT AT 7 1)
Pt B AT T ORSEAR AR, B S B0 56 Ty vE R 3R
B 10 28 5% o B B B A B AT T AR AR, R A iR
N7 W 7 T3 X R R S SR T 2 S B, 1T
M TR AL T T R A B 4 AR AR
AR AT T A BRI B8 E . ik 25 R, M3
Bw e R B 20° % e A B R il ) B 13 mm+
0.5 mm JU[ZEr/t/b M 1/2/3 mm I J Gt 55 2% 45 Tl
TR B AL (0. 0182) , 5 M L 58 e S R 45 /) S B R/
a/T>k0.8/6/4.5 mm B 5% 1 WA A A% 18 B 45 AL, [H] B
— [y I A S R R ) A R B T
HoR

0222002-7



Fa4% F2H1/2024 £ 1 B/RFFER

RO LB AR

Table 6 Simulation results of mirror components

First order fundamental frequency

20 g overload in X direction

20 g overload in Y direction

20 g overload in Z direction

Surface error under gravity of assembly

Rigid body displacement under gravity

Maximum stress:

237.3 Hz>120 Hz 96.4 MPa

Safety factor: 9.1>1

2°C
PV:0.0462

direction
PV:0.0212
RMS:0.003A (1.727 nm)

RMS of surface shape error

of assembly direction

Uniform temperature rise of

RMS:0. 0062 (3.505 nm)

0.0182 (11.4 nm)<A/50

0.007 mm=<Z0. 01 mm

Maximum stress:

Maximum stress: 128. 4 MPa

217.5 MPa

Safety factor: 6.8>1
Safety factor: 4. 0>1

Forced displacement of

installation point 0. 01 mm

PV:0.0192

RMS:0. 0042 (2. 343 nm)
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Design Method of Flexible Support and Lattice Structure for Long Strip
Mirror

Liu Pengpeng’, Wu Jun, Chang Junlei, Pang Shoucheng, Zou Baocheng, Zhang Zhuwei
Beijing Key Laboratory of Advanced Optical Remote Sensing Technology, Beijing Institute of Space Mechanics &
Electricity, Beijing 100094, China

Abstract

Objective The design of the mirror body and its supporting structure exert an important influence on the system imaging
quality. It is necessary to reduce the structural mass as much as possible, improve the surface shape accuracy of the mirror
as much as possible, and ensure the dynamic and static stiffness and thermal dimensional stability of the system to reduce
the transmission cost. Meanwhile, this has always been a difficult point in designing spatial optical machine structures.
Reasonable flexible support design can solve the contradiction of mirror surface shape decline caused by temperature load
and assembly stress on the premise of satisfying the mirror support stiffness. Computer-aided design/computer-aided
engineering (CAD/CAE) technology is employed to predict and optimize the parameters of the flexible structure, and the
direction and amount of parameter correction are determined according to the simulation results before design iteration. It
is an efficient design solution for mirror support systems. In recent years, compared with traditional materials, the additive
manufacturing lattice structure has been widely applied in space remote sensing cameras due to its excellent characteristics
such as higher lightweight efficiency, specific stiffness/strength, and mechanical properties that can be designed. The
complex lattice structures result in huge analysis and calculation amounts. At present, scholars at home and abroad mostly
adopt the equivalent homogenization analysis method for lattice structures, and an urgent problem is to predict the
mechanical properties of lattice filled structures quickly and effectively. To this end, a mechanical simulation technique

based on accurate finite element modeling is proposed.

Methods

mirror and a multi-parameter optimization model of biaxial circular cut-out flexure hinge support. First, the feasible

Based on the size optimization technique, we build a parametric finite element model of a rectangular reflective

direction method and adaptive response surface optimization algorithm are applied respectively to obtain the thickness
parameters of the mirror plate and the rib plate (Table 3) and the geometric size parameters of the flexible hinge support
(Table 4). The influence of independent variables on the installation angle (Fig. 6) and the installation axial position (Fig.

7) of the flexible support is analyzed by the parametric test method. Second, a simulation optimization method of lattice
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structure design based on three-dimensional point cloud reconstruction is studied. Lattice filling and point cloud generation

(Fig. 10) are utilized to reconstruct the grid of point clouds generated by the lattice structure envelope (Fig. 11), which can
ensure the continuity and authenticity of the lattice structure model and obtain the backplane support parameters (Table 5).

Finally, finite element modeling (Fig. 13) and simulation verification (Table 6) are carried out for the mirror assembly.

Results and Discussions  The optimization results show that when the installation angle £ is 20°, the installation position
is 13 mm=0.5 mm, and the geometric parameter »/#/6 is 1/2/3 mm (Table 4), the composite surface shape of the mirror
reaches the optimal value (0.0181) (Table 6). When the skin and lattice structure parameter R/a/T of the backplane
support is 0. 8/6/4.5 mm (Table 5), the rigid body displacement of the mirror reaches the optimal value (0. 007 mm). At

the same time, the first order fundamental frequency and component mass meet the design requirements.

Conclusions We propose a simulation optimization method for lattice structure design based on three-dimensional point
cloud reconstruction. The results show that the simulation optimization method is reasonable and feasible, and can meet

the design requirements of mirror support structures with similar structural forms.

Key words rectangular reflective mirror; {lexible support; lattice structure; point cloud; optimization algorithm
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