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Design of a medium-wave infrared zoom optical system with low toler-

ance sensitivity, large zoom ratio, and extremely short total length
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Abstract: In response to the current problem of difficulty in achieving extremely short total length and low
sensitivity in medium wave infrared zoom systems under conditions of large zoom ratio and long focal
length, we design a low-sensitivity medium wave infrared zoom optical system with a total length of only
337 mm and no need for folding optical paths, through the rational allocation of aspherical and diffractive
surfaces, as well as adopting a low sensitivity design method for independent components. By reducing the
aberration of each component, the system tolerance sensitivity is reduced. The system achieves a 30% zoom
ratio and continuous zoom with a long focal length of 30-900 mm. The system has advantages such as a large
zoom ratio, long focal length zoom, extremely short total length, low sensitivity, and good image quality
within the entire focal length range. It has significant application advantages for military applications such as

target recognition, tracking, and detection in narrow spaces.
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Tab.1 Optical design parameters

Parameter Value

Spectral range/pum 3~48
Focal length range/mm 30 ~900
System magnification 30xcontinuous
Subsystem F# 4

Total system length/mm 337
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Tab.2 Focal length of each component

f{ /mm f;/mm f3/mm f4/mm

428.6735 —67.4089 94.3725 —317.6971

*3 FBETZIEMIES

Tab.3 Distances between components

K AE(900 mm) rPAE(550 mm)  EAHE(30 mm)
dj/mm 305.0904 293.8556 13.4818
dp3/mm 26.9860 53.9271 405.9571
dz4/mm 98.5523 82.8460 11.1899
Front fixed Compensation
group l % group
Multiplicative Rear fixed
group group
(a) /=30 mm
—_—
—
—

(¢) /900 mm
K1 AT RGEBA B RS K

Fig. 1 Structural diagram of ideal lens in the system at dif-

ferent focal lengths
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K2 %900 mm M T RIUGES 7R B
Fig. 2 Schematic diagram of the system’s initial structure

at a focal length of 900 mm
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Fig.3 Structral diagram of the designed system at differ-
ent focal lengths
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Fig. 4 MTF curves at different focal lengths before desens-

itization
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Fig. 5 Distortion curves at different focal lengths before

desensitization
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Fig. 6 Tolerance analysis results before and after desensit-

ization at different focal lengths
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Fig. 7 Diagram of the most sensitive parameter changes in

each component’s tolerances
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Fig. 8 MTF curves at different focal lengths after desensitization
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Fig. 9 Distortion curves at different focal lengths after desensitization
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