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Design of Micro-miniature Infrared Seeker
with Roll-Pitch Structure

MA Junlin, XING Yan, GAO Qun, DU Jie, LIU Ying
(Changchun Institute of Optics, Fine Mechanics, and Physics, Chinese Academy of Sciences, Changchun 130033, China)

Abstract: To meet the requirements of the micro-miniature air-to-air missile and solve the problem of not
reaching full field angle, this paper presents a micro-miniature infrared seeker with roll-pitch structure,
applying the integration philosophy of optical-mechanical structure and pitching shaft. Compared with the
classic roll-pitch frame, this new structure combines two individual pitch shafts; additionally, the
optical-mechanical structureusesonly one mechanical part, thus greatly reducing its size. Moreover, this new
structure has a focus function that could improve the image quality. After structure design, we conducted
thermo-mechanical coupling analysis on structure parts and lens under eight extreme conditions. The results
show that the optical-mechanical structure meets the requirement of micro-miniature(80 mm), shock
resistance (10g), and high low temperature test (-40 ‘C ~60 ‘C ). The simulated analysis can predict real
conditions and has great guiding significance for optical-mechanical structure design.
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Fig.1 Overall structure of infrared optical seeker with roll-pitch
structure
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Fig.3 Optical design of infrared seeker
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Fig.4 Component of optical-mechanical structure
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Table 1 Parameters of mechanical performance

Material Density/  Rupture modulus/  Young's modulus/ Poisson ratio Thermal coefficient Linear expansion coefficient
(g/cm?)  Mpa Gpa w/(m-C) 107%/°C
Nc-Ge 5.33 75 103 0.28 59 5.7
7075Al alloy 2.74 524 76 0.33 237 23.5
R2 TR R RE
Table 2 Contacts setting
Mating  Clamper Clamper  Tube Lenl Len2 Len2 Len3 Len2 Len3 Tube
part Tube Lenl Lenl Spacerl Spacerl Spacer2 Spacer2 Tube Tube Mounting
Contact Bounded Frictional Frictional Frictional Frictional Frictional Frictional Bounded Bounded Bounded
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Table 3 Meshing of parts
Part Clamper Lenl Len2 Len2 Spacerl  Spacer2 Tube Pitch mounting
Mesh size/mm 1 0.2 0.2 0.2 1 1 0.5 0.5
Mesh type Tetrahedron Hexahedron Hexahedron Hexahedron Auto Auto Tetrahedron  Tetrahedron

Len
Len

Len

Spacer 2
itch mounting

Ko ikt
Fig.6 Meshing of the lens
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Fig.8 Deformation nephogram of lenl, len2 and len3 under 3 extreme conditions
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Table 4 Maximum deformation of lenl, len2 and len3 under 8 limited conditions

0° 0° 0° 0° 90° 90° 90° 90°

—40C  —40°C 60°C 60°C —40C —40°C 60°C 60°C

+1mm —Imm +1mm —1mm +1mm —1mm +1mm —1mm
Len 1 0.0318  0.0324 0.0195 0.0199 0.0324 0.0318 0.0195  0.0198
Len 2 0.0189  0.0202 0.0119 0.0137 0.0178 0.0172 0.0112  0.0125
Len 3 0.0114  0.0123 0.0073 0.0089 0.0099 0.0083 0.0068  0.0081
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