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Structural optimization for the design of an ultra-lightweight SiC

mirror with a diameter of 500 mm
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Abstract: To meet the performance requirements of ultra-lightweight ®500 mm-reflector optical system in
near diffraction limit, the structure of the reflector is studied using advanced CAE simulation and modern
high-performance SiC fabrication technology. Firstly, mirror materials were selected by comparing the com-
mon materials and manufacturing processes of existing mirrors. Then, with regards to the structural charac-
teristics of circular symmetrical reflectors, the structure of proposed reflector was designed based on integ-
rated optimization of the full stiffness method. Finally, the reflector assembly was designed with a back-sup-
port structure. The simulation results show that the mass of proposed primary mirror is less than 5 kg and the

surface density is less than 20 kg/m’. The surface errors (RMS value) of the three directions of dead weight
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deformation at 4 °C temperature rise are less than A/50. The first-order resonance frequency of the primary

mirror assembly is no less than 120 Hz and the stress at the weakest point as measured by dynamic response

analysis is less than 100 MPa. The structural optimization of the mirror meets its design requirements, with a

remarkable lightweight effect and a structure that is both stable and reliable.

Key words: ultra-lightweight; back support; finite element simulation; equal stiffness design; integrated op-

timization
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Fig. 1  Structural diagram of proposed optical system
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Fig.2 Three kinds of lightweight mirror structures
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Fig. 3 Parameterized distribution of lightweight structure
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Fig. 5 The iterative process of the primary mirror
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Tab.1 Optimized results
Variable Domain Original Optimized
1/mm 2<(1)=<2.5 3 2
2/ mm 2<(2)<25 4 2
3/ mm 2<(3)<5 5 4
4/ mm 5<(4)<20 10 15
5/ mm 2<(5)<4 4 3
6/ mm -10<(6)<50 0 25
7/ mm -30<(7)<20 0 —6
8/ mm —50<(8)<20 0 —48
Mass/kg - 8.763 3.26
RMSy/nm - 5.436 6.368
RMSz/nm - 25.784 4.421
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Fig. 6 Lightweight design of ribs
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Fig. 8 Finite element simulation model
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Fig. 9 Static surface shape nephogram and stress nepho-

gram
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Tab. 2 Analysis results of mirror surface precision

s T4 PV/nm RMS/nm A 215 /um
EiiD¢ 27.565 4.672 0.886 4.864
)y 27.564 4.663 0.873 5.135
fih_z 22433 3.876 0.007 1.358

4 CiRT+ 10.282 1.468 - -

4.3 EMHFEHE
431 BEHH
DRSSP, R R 5
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TR T . B BT 45 2R L3R 3(HT
6 M), & 10 R EB A a1 6 B SR8
MEL 10 #1553 FTLAE Y, ERA M4m0 —Bris e
N 140.366 Hz, A] LI Ok E G4l 2 F1— ik
AR AR, W R BT Sl R

xR 3 ERAEHET 6 MESHIER
Tab.3 The first 6-order modal analysis results of

primary mirror subassembly

[ifg N2 /Hz PRl
1 140.366 Rotate along Y-axis
2 145.386 Rotate along X-axis
3 218.985 Rotate along Z-axis
4 359.664 Move along Z-axis
5 478.532 Move along Y-axis
6 658.369 Move along X-axis

(b)

(© (d

(e

K10 FHEAFT 6 BRI (a)~(F) 73l
1~6 [ iR7
Fig. 10 The first six order mode shapes of the sub-

assembly. (a)~(f) are the 1" to 6™ modes in order
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Fig. 11 Acceleration frequency response curves in (a) YV
and (b) Z directions
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Fig. 13 Mirror interferogram inspection chart
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Fig. 14 Mirror interferogram inspection results by gravity
fliping 180°
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Fig. 15 Amplitude-frequency characteristic
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Tab.4 Test results of characteristic frequency for mir-

ror subassembly

Order Frequency/Hz Libration form
1 142.29 Y-axis
2 147.68 X-axis
3 320.10 Z-axis

M2 R SR 25 R 0T LA Y S G s g
() — BB SRRy 142.29 Hz, J7 10120 Y 1, 545
HLARIEA — 50 18 A A R B2 A9 2 Al
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