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Zernike Polynomials

Mirror

Zernike Polynomials:

* Orthogonal polynomial set defined over the unit circle

« Commonly used to describe wavefront aberrations in optical systems

» Each polynomial represents a specific type of aberration (Ex. Defocus,
astigmatism, coma, spherical)

* Expressed in terms of radial and azimuthal components

* Characterized by two indices: n (order) and m (azimuthal frequency)
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Offers significant advantages for representing finite element analysis (FEA) deformations of optical surfaces

Enable substantial data compression and seamless integration with optical analysis software.




Standard Process flow for calculating Zernike coefficients

Finite Element Model (FEM)

Mirror Facesheet Deformation
(Node Position and surface deformation)

Sigfit™
1. User inputs appropriate information to run the analysis
FEM data file location
Mirror Prescription (dia, roc)
Rigid body motion subtraction ( Best Fit Plane and/or Decenters)

Deformation

User specified polynomial fit and omission
(Max R Wave Number and Max Theta)
Polynomial Type: Standard Zernike, Annular, Fringe, Asphere, etc.,)
2. Outputs - Surface Figure Error Data Table and Plots
(Raw data, FEM data, After Radial Correction, After RBM Subtraction, Before and after fit,
After Power Removed, After all polynomials removed).

Surface figure
Zernike fit

Various Surface Figure Plots and Data Table




Preparing a model in ANSYS™ for analysis in Sigfit

Defining the coordinate system on

the mirror surface
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Calling the macro script to extract the
displacement of the optical surface

Creates a Sigfit compatible

file (*.asig)

sigout,’displacements’,1,,0



Sigfit™ Analysis Process Flow (Polynomial fitting
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Standard Process flow for calculating Zernike coefficients .

Finite Element Model (FEM)

Mirror Facesheet Deformation
(Node Position and surface deformation)

Sigfit™
1. User inputs appropriate information to run the analysis
FEM data file location
Mirror Prescription (dia, roc)
Rigid body motion subtraction ( Best Fit Plane and/or Decenters)

Deformation

User specified polynomial fit and omission
(Max R Wave Number and Max Theta)
Polynomial Type: Standard Zernike, Annular, Fringe, Asphere, etc.,)
2. Outputs - Surface Figure Error Data Table and Plots
(Raw data, FEM data, After Radial Correction, After RBM Subtraction, Before and after fit,
After Power Removed, After all polynomials removed).

Surface figure
Zernike fit

Various Surface Figure Plots and Data Table




Finite Element Model (FEM)

Mirror Facesheet Deformation
(Node Position and surface deformation)

App/Script (Matlab™)

Reads the user specified FEM data.

Interpolate randomly scattered data (input data) on a uniform
grid of query points (min to max; 0.001 increments).

Fits a surface and creates a 4Sight compatible file

4Sight™ Wavefront Analysis Software

Surface figure (Zernike coefficients) plots

[4] MATLAR App
Script to convert Ansys FEM data to 4Sight compatible file.

Conversion Status @

1. Select the Node Info file
. Select the Deformation File

Disclaimer |APP to convert ANSYS FEM data to 45ight compatible
NASA MSFC - ES23. Internal use only.
App created by Jagan Ranganathan, MSFC-E523
Contact Email: Jaganathan.ranganathan@nasa.go

d
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User need <5 seconds to convert the FEA data to view the surface figure plot




Process Validation

39-cm, 7 ribs support, 39-cm, 9 ribs support, 31-cm AISIC Ni Overcoat, 31-cm bare Al-6061, 43-cm Wangness Bk7 Cast 50-¢cm Kyocera Cordierite
arcal density: 32.4 kg/m? arcal density: 21.5 kg/m? arcal density: 25 kg/m? arcal density: 21.5 kg/m’ Mirror on Center Hub Mount  Mirror with 3 Inserts

\’

21K - 292K 25K - 291K 25K - 293K 20K = 292K 19K - 293K 110K - 293K 33K - 291K
2573 nm PV 5337 nm PV 5165 nm PV 7888 nm PV 700 nm PV 468 nm PV 413 nm PV
248 nm RMS 903 nm RMS 1183 nm RMS 1110 nm RMS 67 nm RMS 63 nm RMS 41 nm RMS

Verified the process flow on multiple mirror geometry and its experimental test data (Gravity and Cryo Deformation)




Ssummary

o
 Simplified the FEA deformation data conversion process using custom script/app.
* 99% reduction in labor time (from 600 seconds to 5 seconds)

* Validated on multiple mirror geometry

* Enables rapid evaluation of design trade study and its influence on optical

performance due to gravity and/or temperature
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