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Optical system design in infrared target simulator dynamic

calibration system

Li Shenghao

(Chongging Vocational Institute of Engineering, Chongqging 402260, China)

Abstract: Based on application scenarios of infrared target simulator dynamic calibration system, the
design characteristics of the optical system in dynamic calibration system were analyzed, then it was
pointed out that the optical system should select the refraction-reflective secondary imaging optical
structure. Based on the classical optics athermal principle, refraction-reflective system athermal methods
was refined by calculating then matching the optics and machine material precisely. By the method, a
optical system with F/2, focal length of 370 mm, working band of 3.7 to 4.2 pum, total length of 182 mm
was designed. The optical system selected 512 %512, 15 pm x15 pm specification Stirling refrigeration
detector, and imaging quality in the —40-60 C was close to the diffraction limit. The ghost and Narcissus
analysis models were established, the results show that the optical system has strong ability to suppress
stray light and others excellent performance. The optical system satisfies the requirement of dynamic
calibration system of infrared target simulator used in complex harsh environment.
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Fig.1 Structure of infrared target simulator dynamic calibration system
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Fig.2 Refraction-reflective structure with intermediate image
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Tab.1 Thermal coefficient of commonly used

infrared lens materials and K9

Refractive Expansion

Materials dn/dt/C

index (4 um) coefficient/C
Ge 4.025 424x10°(4 pm)  6.0x10°(25 C)
Si 3.425 130x10°° 2.7x107°=3.1x10°°
ZnS 2.252 43.3x107° 4.6x107°
ZnSe 2.433 100x107° 7.1x107°(20 C)
AMTIR1 2.513 72x10°° 12x10°°
K9 Opaque 3.4%x107° 7.1x10™°
R2ERAANEHUBHNBEERY

Tab.2 Thermal coefficient of commonly used opto-

mechanical structural materials

Materials Expansion coefficient/C E/p/N-m-g™!
Al 23.6x10™° 2.5%10*
Be 11.5%107° 15.1x10"
BeAl 13.8x107° 9.5%x10"
Ti 10x107° 2.6x10"
Carbon fiber 2.6x107° 8.9x10*
Invar steel 1.26x107° 1.26x10"
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Fig.3 Illustration of athermal optical system
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Tab.3 Main technical index of optical system in

dynamic calibration system

Index Value
Fl# 2
Band/pm 3.7-4.8
Focal length/mm 370
Field/(°) 1.12x1.12
Cold shield effectiveness 100%
Temperature/ C —-40-60
Length/mm <200
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Fig.4 Light path diagram of the optical system
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Fig.5 MTF of the optical system at —40—60 C temperature range
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Fig.7 Relative illuminance uniformity at the focal plane
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Fig.8 Calculation model of ghost image
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Fig.10 Energy distribution of Narcissus
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