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Inverse Modeling of Mirror Surface Figure Based on
Finite Element Contact Analysis
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Abstract: In order to inversed compute the optical element surface profile using the finite element method
and the surface shape interference test results, the composition of interference test results was
decomposed, and the testing principles of the rotational averaging method were analysised. The feasibility
of using simplified geometrical model to caculate the deformation of an optical element with arbitrary
given surface shape was discussed. Surface profile inversion model was proposed based on finite element
method. A finite element analysis model was then presented based on surface-surface contact modeling.
A plane mirror supported by three rigid spheres as the simulation and experimental model, the
rotationally asymmetrical surface deviation was quantitative analysis using the numerical method
presented in this paper and the N-step rotational averaging method. The obtained results show that the
root mean square of rotationally asymmetric surface is 2. 933 nm obtained through numerical method and
the root mean square of rotationally asymmetric surface is 2. 75 nm obtained through N-step rotational
averaging method. Subtracted result of the two rotationally saymmetric surface show that the root mean
square of the subtraction are 6. 31% of the numerical method result and 6. 73% of the N-step rotational
averaging method result. Finally, comparing the optical element surface profile computed by proposed

inversion model with the surface profile tested by N-step rotational averaging method. Results show that
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the root mean square of optical element surface profile are 3. 535 nm and 3. 351 nm respectively.

Subtracted result of the two surface profile show that the root mean square of the subtraction are 11. 67 %

of the inversiong result and 11. 06% of the result tested by N-step rotational averaging method . The

proposed inversion model is accurate and reliable.

Key words: Absolute measurement; Rotational averaging method; Inversion model; Interference test;

Zernike polynomial
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Fig. 1 6 inch flat mirror and three point ball support
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Table 1 Material property of flat mirror and support ball
. Density Young modulus  Poisson
Material , .
o/ (kg *+m *) E/Mpa ration v
Fused sillica 2 200 7 459 0.167
Brass 8 430 20 000 0.277
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Fig. 2 Mesh model for finite element analysis
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Table 2 Approximate model and finite element

model of contact result

Method r./mm Savg/Mpa  Scsph/Mpa
Hertz contact 0.041 4 651.32 976. 46
Finite element method 0. 04 633. 37 907. 86
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4.369 nm
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Fig. 3 Zernike fitting surface profile of finite element

analysis results
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Table 3 Zernike coefficient Zgyy, of surface profile

Item Zrem Item Zrem
1 - 19 -
2 - 20 —7.249e-004
3 - 21 -
4 - 22 -
5 - 23 -
6 - 24 -
7 - 25 —1.725e-005
8 - 26 -
9 —8.027e-004 27 -
10 - 28 -
11 1.312¢-002 29 -
12 - 30 -
13 - 31 —1.662¢-004
14 - 32 -
15 - 33 -
16 —8.128e-005 34 -
17 - 35 -
18 - 36 -
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Fig. 4 Surface profile experiment data mounting in the
initial position (nm)
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Table 4 Testing result about the RMS and the PV value
of surface profile

Rotation angle RMS PV

0 4. 547 192. 307
30° 4. 459 186.156
60° 4.46 189.91
90° 4.789 259.551
120° 4. 630 360. 475
150° 4. 465 180. 208
180° 4.662 195. 329
210° 4.768 239.183
240° 4. 607 232. 157
270° 4. 446 191. 361
300° 4.638 223.718
330° 4.089 228.131
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Power -0.000 nm

(a) T,(p,0) surface deviation computer by FEM
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rms 2.944 nm
Power -0.004 nm

(b) Testing 7),(p.0) surface deviation through
N-step averaging method
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Fig. 6 Ty (p,0 surface deviation zernike coefficient
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Fig. 7 Iniversion surface profile compute by finite element
method
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Fig. 8 Testing surface profile through N-step averaging
method
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