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Optimization design of large aperture lens

mixed flexible support structure
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Abstract: A novel mixed flexible support structure is proposed to satisfy the requirements of surface and position
accuracy of a large-aperture lens. First, Castigliano’s second theorem was used to analyze the various flexible
hinges and the whole flexibility model of the support component is established. Then, the objective function of the
total deformation energy of the flexible support assembly is used to establish the constraint equation based on the
position accuracy and the actual space requirements, and a structural optimization design model was established. It
is determined that the radially flexible support structure is the most sensitive to the flexibility of the flexible
support assembly, and it is stiffness is verified. Finally, the finite element analysis of the optimized whole structure
of the lens assembly is carried out, and the surface accuracy is obtained by using the geometric fitting method. The
simulation results show that the surface shape accuracy of the new hybrid flexible support structure is better than
AM20 (A=632.8nm) under various conditions. The novel mixed flexible support structure and its theoretical analysis
process can provide a reference for the supporting technology of high precision large-aperture lens.

Key words: Large-aperture lens; the flexible support structure; finite element analysis; Castigliano’s second
theorem
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Fig.1 Lens shape and dimension parameters
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Fig.2 Schematic diagram of the overall structure of lens assembly
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Tab.1 Material properties
YA or
Materials H-K9L 4332 TC4 - : >
Density p/kg-m-3 2520 8300 4400 > B R, 'DME =0
A X FYi
Elastic modulus E/GPa 79.2 150 114 \
Poisson’s ratio u 0.21 0.30 0.34 K 5 TS N R
Thermal expansion coefficient /106-K* 7.60 7.50 9.10

Fig.5 Schematic diagram of force analysis of flexure hinge
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Tab.2 Optimization results of flexure hinge support structure

Parameter Initial Optimized
ri/mm 0.1 0.5
r/mm 0.2 0.5
I/mm 15 40
t/mm 1.2 0.6
ty/mm 6 3
t/mm 7 6
surface and position accuracy RMS/nm 39.498 11.272
Maximum deformation x/mm 0.0532 0.0515
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Fig.9 Radial flexible support structure and

its finite element model
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Tab.3 Comparison of theoretical stiffness (An) and FEA of radial
flexible support structure

Parameter /mm Stiffness /105 N-m!

Number Err%
| t h FEA An
1 40 0.6 16 0.991 0.985 0.62
2 40 0.6 20 1.229 1.231 0.16
3 40 1.0 16 4.762 4.560 4.24
4 36 0.8 16 3.203 3.417 6.74
5 36 1.0 16 6.255 6.515 4.16
6 36 1.0 20 7.819 8.183 4.65
7 46 1.0 16 2.998 2.840 5.27
8 46 1.0 20 3.748 3.545 5.42
9 46 12 16 5.181 5.225 0.85
10 46 12 20 6.476 6.575 1.53
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Fig.10 Experimental test equipment
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Tab.4 Comparison of theoretical and experimental stiffness

of radial flexible support structures

Stiffness /105 N-m?

Number Err%

Ex An
1 1.000 0.985 1.52
2 0.923 0.985 6.29
3 1.025 0.985 4.06
4 1.039 0.985 5.48
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Fig.11 Meshing diagram
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Fig.12 Simulation results under various working conditions
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Tab.5 Deformation and displacement data of lens statics

simulation under various working conditions

X %

Load case Maximum deformation x’mm

Grav_X 7.61x10°

Grav _Y 7.61x10°

Grav_Z 4.62x10°

Temp_-10 7.66x102
Temp_+40 5.10x<102
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Fig.13 The first three order mode shapes of the lens assembly
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Tab.6 Modal analysis results of lens subassembly oa
ilin
Order Frequency /Hz Mode shapes

1 183.97 Move along X-axis X. = Xi - Xli =JAa (31)
2 183.97 Move along Y-axis 4.9 Eﬂﬁ?ﬂé‘%%
3 234.35 Move along Z-axis
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AT G I BTN R S E B AR e 20, BEESIBEER.
ANBE ELHAT HH I B (1 TR TS 52, R FH e /> — 3fedds o T £7 EEAE - TS R M 2k
AT, TR LT RIS, BUE Tab.7 Analysis results of surface precision on lens assembly

H T’V/VAEBE;JQ

4.1 ﬁﬂ%ﬂé)ﬁﬂ Load case PV/nm RMS/nm
(X.Y;.Z;) Grav_X 16.636 6.0695
Grav _Y 16514 6.0758
N ( X.Y.Z ) Grav_Z 25.506 9.9347
Temp_-10 6.4467 1.5756
Temp_+40 4.3959 1.0709
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Fig.14 Schematic diagram of spherical data fitting principle MBI ZEF LLEE, BT &4 8 Mir 2
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Fitted Contour in Normalized Coodinate (units:mm) 107~
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RZ :”Xi N Xc" ’ (:/H\:prl * Xc) (27)
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X - X
I - AR s AE 5 i EE S A B
a' =(R,X")=(R,X.,Y,,Z,) (29)
HERT EEREFE A FI15 45T - R A
:8_)(;23[ N X, - X, 1 Fig.15 Static surface cloud map of the upper surface
X2 ga da X=X of the lens
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M, HHER T IRE SRR . DUB AT REA modeling and optimal design of flexure supporting structure
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