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Design of optical system for dual-band co-aperture heatless gun objective lens

BAI Xinru', JIANG Shilei', GONG Xuhang', JIANG Dacheng’, FENG Jiang’
(1. School of Optoelectronic Engineering, Xi'an Technological University, Xi'an 710021, China; 2. School of
Electronic Information Engineering, Xi'an Technological University, Xi'an 710021, China;
3. North China Research Institute of Electro-Optics, Beijing 100015, China)

Abstract: To meet the requirements of integrating day and night in electro-optical sights, lightweight design,
and excellent stability, a dual-band co-aperture digital aiming objective lens that was visible and near-infrared
was designed, and used a CMOS camera to receive the imaging beam. The optical system was designed for the
wavelength ranges of 0.4 um~0.65 um and 0.7 pm~0.85 um, with a focal length of 50 mm, an F-number of
1.4, and a total length of 90 mm. The system shows no thermal difference effects in the temperature range of
—40 °C to 50 °C, with distortion in each band less than 0.04%. In the visible light band, the modulation transfer
function (MTF) is greater than 0.55 at 100 lp/mm, and in the near-infrared band, the MTF is greater than 0.3 at
100 lp/mm. By optimizing the aberrations caused by the sensitive surface of the system and properly
distributing the optical power, the sensitivity of the system to processing tolerances, assembly difficulty, and
cost were reduced. The design results show that the system uses spherical mirrors, making it simple in
structure, small in size, low in cost, and with good tolerances, which can achieve good imaging quality across

the entire operating temperature range, and has a certain engineering application prospect.
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Fig. 2 Schematic diagram of optical structure of proposed

system
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Table 1 Correspondence between Seidel coefficients, aberration and wave aberration coefficients

Primary aberration Wave aberration

Relationship with

Seidel coefficient Thin lenses

type coefficients Seidel coefficient and mirrors
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Table 2 Optical system specifications

Parameter Value
Spectrum range/pum 0.4~0.65;0.7~0.85

Focal length/mm 50
Fl# 1.4

Full FOV/(°) 10

Working temperature/ °C —40~+50

Total length/mm 90
Diameter/mm 36

(b) Infrared spectrum
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Fig. 3 Schematic diagram of system structure
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Table 3 Material properties of optical system
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(a) Visible light spectrum

Reference Thermal expansion

Material temperature/(“C) Na Va coefficient(ppm/°C)
H-FK61B 1.497 81.605 12.7
H-LAK4L 1.640 60.203 6.0
H-ZBAF1 1.622 53.171 6.0
H-ZF73GT 20 1.959 17.472 5.8
H-ZFTLAGT 1.805 25.456 9.0

H-ZF12 1.761 26.608 8.4
H-ZLAF68C 1.883 40.847 7.0

HR A AR R G0 2 R ) R B, X R AT A 22
S, RIS S T ANES 6 TH TR I TR 20 R4
PERE M 32, 26 10 THT 04 26 8 D 0o 152 22 X R G0 1k
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Table 4 Allocation of tolerances to sensitive surfaces

Source of tolerances tZl); Ir’ zrslcoefs Surfaces tol\e, :;Eiz /(r)rt;m
Manufacturing tolerances TIRX S5. 86 0.02
TIRY S5. 86 0.02
TTHI S5 0.02
Mounting tolerances TEDX S10 0.03
TEDY S10 0.03
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Table 5 System tolerance allocation

Tolerance type Tolerance name Value

Manufacturing tolerances  Radius of curvature tolerance 3

Thickness tolerance/mm 0.02
Local tolerance 0.2
Surface eccentricity/mm 0.02

Surface inclination tolerance/mm 0.02

Mounting tolerances Component eccentricity 0.03
tolerance/mm

Component inclination 0.03
tolerance/mm

0.0005

Abbe number tolerance/% 0.5

Material tolerances Refractive index tolerance
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