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Abstract: A mechanical and a parameter optimization model for flexure support structure of optical
components were proposed to allow the flexure structure meet simultaneously the requirements of the
stiffness for optical component position and the compliance for temperature adaptability, Meanwhile,
the corresponding modeling method was investigated. As this flexure structure was consisted of
several identical flexure parts, it was simplified into an indeterminate beam structure, and the radical
stiffness and tangential stiffness were derived using the virtual work principle. Then, by assuming
optical components for the rigid body, the whole stiffness of the flexure support structure was derived
based on the force equilibrium and its compatible deformation, and the correction factor was
introduced to compensate the error caused by the rigid assumption. Finally, the total strain energy of
the flexure structure was taken as the objective function, and the collaborative optimization model was

derived considering the geometrical pattern and parameters simultaneously. By introducing the
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integral variables, the whole stiffness of the structure was simplified into a linear combination of the
integral variable and discrete stiffness, and the harmonic terms were eliminated. The whole stiffness
model was verified by the simulation and experiment, and the experiment results are highly in
agreement with the simulation results. A lens mounting was taken for an example, the optimization
method of the flexure mounting structure was verified. The finite element simulation results show
that the surface precision of the lens has been improved by 23 %.

Key words: optical component; flexure mounting structure; general model; indetermination; strain

energy; optimization design
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Fig. 3 Various configurations of flexure mounting
Fig. 1 Flexure mounting concept structure
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Fig. 4 Flexure part and its simplified mechanical model
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Spring model of flexure mounting structure
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Fig. 12 Testing equipment
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Fig. 10  Flexure mounting structure and its finite element

model
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Tab.1 Material and geometrical parameters of testing
component

E/GPa 210 n 3

v 0.3 t/mm 0.5

o/ (kg +m™) 7 800 [/mm 35

b/mm 4

11

Fig. 11 Testing directions

Tab. 2 Testing data in x direction

Displacement/pm
Force/N
Test FEA Theoretical(A=1)
0 0 0 0
20 0.5 0.45 0.28
40 0.9 0. 89 0. 56
60 1.4 1. 34 0. 84
80 1.8 1.78 1.12
100 2.3 2.23 1. 40
120 2.7 2.68 1. 68
140 3.1 3.12 1. 96
160 3.6 3.57 2.24
180 4.1 4.01 2.52
200 4.4 4.46 2. 80
220 5.0 4.91 3.08
240 5.4 5.35 3.36
260 6.0 5. 80 3. 64
280 6.5 6. 24 3.92
300 6.8 6.69 4. 20
320 7.2 7.14 4.48
340 7.6 7.58 4.76
360 8.0 8.03 5.04
380 8.4 8. 47 5.32
400 8.8 8.92 5. 60
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Tab. 3 Testing data in y direction

Displacement/pm . 13 ~ 15
Force/N
Test FEA  Theoretical(A=1) °
20 0.4 0. 46 0.28 . ,
10 0.8 0.91 0.56 13415 ’ (23)
60 1.2 1.37 0. 84
80 1.7 1.82 1.12 ( A=D
100 2.3 2.28 1. 40 , 23
120 2.7 2.73 1.68
140 3.1 3.19 1. 96 '
160 3.6 3. 64 2.24 ’
180 4.1 4.10 2.52 o D
200 4.6 4.55 2. 80 1=0. 65 .3
220 5.1 5.01 3.08
240 5.6 5.46 3. 36 °
260 6.0 5.92 3.64 » 3 »3
280 6.3 6.37 3.92 y
300 6.7 6.83 4. 20
320 7.2 7.28 4.48 '
340 7.5 7.74 4.76 °
360 7.8 8.19 5. 04
380 8.2 8. 65 5.32
400 8.6 9.10 5. 60
4 I
Tab.4 Testing data in [ direction
Displacement/pm
Force/N
Test FEA  Theoretical(A=1)

0 0 0 0
20 0.4 0. 44 0. 28
40 0.8 0. 88 0.56
60 1.2 1.32 0. 84
80 1.6 1.76 1.12 13 =«
100 2.0 2.20 1. 40 Fig. 13 Data results in x direction
120 2.5 2.64 1.68
140 3.0 3.08 1.96
160 3.4 3.52 2.24
180 3.9 3.96 2.52
200 4.4 4.4 2. 80
220 4.9 4. 84 3.08
240 5.4 5.28 3. 36
260 5.9 5.72 3. 64
280 6.3 6.16 3.92
300 6.7 6.6 4. 20
320 7.2 7.04 4.48
340 7.7 7.48 4.76
360 8.2 7.92 5.04
380 8.6 8. 36 5.32
400 9.0 8.8 5. 60 14y

Fig. 14 Data results in y direction
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Tab.5 Lens parameters

E/GPa 81 /mm 420
v 0.3 /mm 1 500
o/ (kg +m™) 2520 /mm 1 400
/mm 70
6
Tab. 6 Parameters of 432
15 1
Data results in | direction E/GPa 150
v 0.3
p/ (kg +m ) 8 300
, 5 (107°/°C) 7.5
s
3 s
’ , t b
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o s
’ ’
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= (30) 7
0= 0.0005 ’ Tab. 7 Initial and optimal parameters
x, =1
i=n, n 3 8
x; € {0,1} b/mm 20 16
1= 1y s71 »°** s Myax t/mm 0.5 0.3
AT . /mm 8§ X107 6Xx10*
i RMS/nm 52 10
2.067 0.714
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