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Simulation method and its test verification of cryogenic

infrared lens design
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Abstract: At low temperature, the lens structure will produce thermal deformation, which will affect the
modulation transfer function (MTF) and defocus of the lens, thus affecting the quality of optical imaging. Based
on an infrared remote sensor, a set of transmission cryogenic lens with thermal unloading function was designed
for the 210 K low-temperature working environment. The finite element model was established, and the thermal
deformation data was obtained by loading the simulation of the in-orbit working environment temperature field.
Finally, the variation of lens MTF and defocusing amount were calculated, and the structure of cryogenic lens was
optimized through this simulation analysis method. After the installation and adjustment of the cryogenic lens, the
cryogenic lens and other test equipment were placed in a vacuum tank, and MTF and the best focal plane position
of the lens were tested and calibrated under ambient temperature and low temperature conditions. The test results
show that the errors are within the acceptable range, the MTF variation is only 0.2%, indicating that the cryogenic
lens multi-field coupling simulation method is reliable and can guide the design of cryogenic lens for infrared
remote sensor.
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Fig.2 Nephogram of displacement distribution of lens nodes
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Tab.1 Rigid body displacement of lens
Mirror number T, T, R, R, R,
11 —2.7949E-04 9.9660E-03 —6.0877E-02 7.1514E-06 —1.5074E-06 —5.8983E-07
12 —8.1982E-04 9.3528E-03 —5.6416E-02 7.0429E-06 —1.5240E-06 —5.8931E-07
21 —3.9439E-04 1.2825E-02 —3.4461E-02 1.4481E-05 —2.0520E-06 —7.9392E-07
22 1.6542E-05 1.3727E-02 —2.8960E-02 1.3445E-05 —3.9253E-06 —7.9809E-07
31 3.8012E-04 1.1789E-02 —6.2370E-03 —2.1042E-07 —1.6917E-06 —7.8651E-07
32 —4.8088E-05 1.1473E-02 —1.9305E-03 —7.3894E-07 —2.7398E-06 —7.9127E-07
41 —7.1167E-05 1.1914E-02 5.8549E-02 1.1449E-05 —1.3130E-06 —3.1968E-07
42 —9.3400E-04 1.2348E-02 6.3718E-02 1.1444E-05 —2.6384E-06 —3.2117E-07
51 3.9997E-05 1.1358E-02 6.3480E-02 1.6506E-05 —9.3102E-07 —4.2036E-07
52 —1.0513E-03 1.1771E-02 7.0715E-02 1.5050E-05 —4.2598E-06 —4.1898E-07
61 —1.1529E-03 1.2242E-02 1.1839E-01 8.7089E-06 —4.1861E-06 —1.6503E-07
62 —9.5614E-04 1.2250E-02 1.2138E-01 8.9706E-06 —3.0556E-06 —1.6429E-07
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Tab.2 Zernike coefficients of lens 2 fitted at 210 K

Zernike number Lens 1 first side Lens 1 second side

1 —0.000395 54 —0.00019119
2 —0.001 65545 0.00129153
3 0.0006715 —0.0053511
4 0.0005297 0.0011647
5 0.0489164 0.055137
37 0.00015646 —0.00004436
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Fig.3 Surface shape diagram of lens 2 (removing rigid body displacement)
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Tab.3 Defocus of optical system

Category Defocusing amount/pm
Theoretical design 73.56
210 K fitting 70.189
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Fig.4 MTF curve of optical system
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Fig.5 Schematic diagram of test product composition
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Tab.4 Theoretical design, fitting simulation and test results

Working condition MTF Defocusing amount/pum
Theoretical design (210 K) 0.658 6 (Cryogenic lens) 73.56
Simulation fitting (210 K) 0.6324 (Cryogenic lens) 70.189

Room temperature test (293 K) 0.286 1 (System) -
Low temperature test (210 K) 0.2854 (System) 71.2
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