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Abstract In order to diminish the negative temperature effect on image quality of aerial zoom lens, a passive
athermal subtraction structure is designed, based on the differential principle. The thermal analysis of zoom lens in
working conditions of both high and low temperatures is taken out through NX Nastran finite element analysis
software, and the four components are designed by making use of athermal subtraction principle and analytical data.
By means of the athermal structural coupling analysis on the zoom lens before and after design, it is proved that the
reduction of the maximum athermal distortion of zoom lens is 0.03 mm on the lens after athermal subtraction design.
By adopting the Zernike coefficient as the data interface and taking the obtained thermo-structural analysis results as
the input of an optical analysis software named Code V, the optical transfer function curve of a zoom lens at +55 C
before and after athermal subtraction design is simulated. Compared with the design value of transfer function of the
lens, the transfer function value of the lens at 78 lp/mm before the athermal subtraction design is decreased by about
0.2, namely, the transfer function value is reduced by 50% , while the transfer function value of the lens after the
athermal subtraction design remains unchanged essentially. The effectiveness of the thermal subtraction design is
verified. Finally, the correctness of the simulation result is verified through the experiment.
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Fig. 1 Optical system structure of zoom lens
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Fig. 2 Zoom group photomechanical structure of

traditional zoom lens
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Fig. 3 Athermal-structure principle of zoom lens
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Fig. 4 Finite element model of zoom lens applied with

thermal load and boundary condition
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Table 1 Average temperature of zoom lens components

Anterior fixation group /C

Zoom group / C

Compensation group /C  Fixed group /C

High temperature 56.7
Low temperature —39.3
Temperature difference 96. 0

57.6 59.8 61.0
—38.2 —37.3 —35.4
95. 8 97.1 96. 4
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Fig.5 Temperature-change nephogram of zoom lens. (a) Under high temperature; (b) under low temperature
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Table 2 Athermal structure design variable results of zoom lens components

Design variable Anterior fixation group Zoom group Compensation group Fixed group
a /D 36. 4 42.3 38.9 40. 6
C,/(10°°/C) 22.0 13.3 16.0 13.3
C,/(107°/C) 8.9 2.5 2.5 2.5
L,/mm 1.3 2.4 1.8 3.8
L;/mm 1.1 2.1 1.5 3.3
D /mm 56.0 28.0 32.0 21.0

Left ring material Aluminium alloy

Right ring material Titanium alloy

Alloy steel

Invar

Boron aluminum alloy Alloy steel

Invar Invar
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Fig. 6 Displacement nephogram of zoom lens before and after athermal design. (a) Before athermal design;

(b) after athermal design
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Fig. 7 Optical system transfer function curves of zoom lens before and after athermal design. (a) Before athermal design;

(b) after athermal design
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