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Abstract: To meet the requirements of operating distance and environmental adaptability for vehicle-
mounted optoelectronic systems, an opto-mechanical structure of a long-wave infrared linear array scan-
ning imaging system was designed. Based on the optical detection requirement and infrared material con-
straints, a catadioptric optical scheme with a protective window was adopted, and a correction lens group
was integrated to correct aberrations and achieve dynamic focusing function, enabling the system to work
normally within the temperature range of —40 °C to +60 ‘C. A flexible window component structure
based on engineering plastic was proposed to achieve lightweight while improving sealing and anti-vibra-

tion performance. A composite primary optical structure combining an aluminum main mirror chamber and
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Invar support rods was constructed to effectively suppress thermal deformation caused by wide temperature
variation. A multi-degree-of-freedom adjustment mechanism for the secondary mirror was designed to bal-
ance alignment accuracy and engineering efficiency. Finite element analysis results show that with a total
mass of 28.3 kg, the opto-mechanical structure’s first-order natural frequency is 204 Hz, and the maxi-
mum stress under rated vibrational load is 53. 9 MPa, indicating that the structural dynamic stiffness and
strength meet the requirement of vehicle-mounted applications. lLaboratory tests show that the system
achieves clear target imaging with a Noise Equivalent Temperature Difference (NETD) of 40 mK. In
field tests, the system still maintains stable imaging performance at — 30 °C after undergoing a vibration en-
vironment, which verifies the excellent environmental adaptability and engineering practicality of the opto-
mechanical structure.

Key words: vehicle-mounted; catadioptric; linear detector; scanning imaging; opto-mechanical structure

1 5l

nu\:

FE PR BT W I S5 T A 450, R RO R
REMTERE FWE U HREEE LR AES
RAKNM TR PR Gl e st s ae . K
WLLAME RN EE MR E L E O 2 T
IHNRR R G G ERK ARG L RA
Pro X6 R G, R 5 R 2 B R
il o B N H A R b, P B R A
FtLXF R GG oy BRSO AR T
KU B BR T LA R P2 0 T B AR
P15 2 28 48 Mk LA S B0 AR B, 0 R i R Y
A BB R o B R A R oK

P L0 F R RGP 5 R e L,
FE A% 70 A7 BR 25 o] Y 92 IR AR 1 5 KWL, IR A7 2L
WMEIEAR 22 3 TR i . f L 5 KR L0 A B %
ARG A A BRI R G0 O AR, 5
B RELLA R . BT, TR RS T £
R T RS, W0, Topaz " 25 HF I 19 VENuS
BER=Y B R LR B ok o G e g e R i AN
AT B G2 1R T RC 6% R 48, 1 %62
[ 42 250 mm, J§ & M4 200 mm., 25 @67 5 i
SRS BIRIE T T R USRS P2 Sl
BT AR S, w0 & TAE T 0l WL 20 2 9% B
J SR I Ve 28 b P R A, RIS T TR 2R
GBI A8 0 H AR BT A5 REEE
WA L 2ERBE XX RENERBER B
PRV fig S 9 ki W BE T B T REIR PR AR .

B LA [m) 8, AR SCHF R A Uk 21 A0 4 51 1 4
A% RGNS BB S E . et b,

R A DR 1 10 3 S s UM B 4 R O i B
S BB 2 R IE N S I B sl A5 R £ . A BT L
f HhRE T R BORL A R R A A e AR
b B S PR TEBE s MR R R BB S R
FEFFRSS & 9 5 30T a5 0, ] A BOE A&
AOREF ER B X ALAD 5 it 2 A i B R BT Y
BLAL 32 TH 2R G JE 5 0% . 25 i 6 ik,
F YA 2 Dy ik sh il AR 55 2 A IR 4D fE
PRAE I BT AR, YEHLAS 1 32 B 0 57t (9 3R B85 1
M5 TR S .

2 RBEAATITEHARAAHK

R LT AN F 3 4l B ZR 48 (LA g Bk i &
R G0) R WL AN R 4% 15 07 (L 5% 5 51
B s MEE & R BORTT 58, SEBAT 360° 25 5 iy P i
PR, L TAR BB 1 PR . RGETAERT,
J7 % IR E A 8 o 2 T L AR G N TR Y £k
B I 45 2 5 Bl ik AR rp AT RO 5 3 4R X

Elevation axis

Azimuth axis

Scan direction

BT AR ARG T A

Fig.1 Operating principle of imaging system



43

B2, A AR A L AN R B R R GO LA M it 561

S BAT I Y A SR o 3l S AR Oy
I SNORIR & 2 B W BT e 22 A 73 N
S BB K 2 S L P Y E AR R

WG R S8 i MU L F 22 S5 4 4R
LRGN RN, SRR E R
ghEA N & 2 fT R .

Electronics

Mounting flange

K2 R RGE R

Fig.2 Opverall structure of the imaging system

BUAR R G FEHE AR SN R 1R, W &
BB FH [ 7= ) ¥4 R 3 576 < 6 2T A0 A - 1 SR 2%
1% I6 R SE 25 pm CEI 7 1)) X 28 pm (3 11
5 1)) BRI B 5 576 J6 18 FH T L O 1A o

®1 HERZFIERASH

Tab.1 Main parameters of imaging system

Parameter Value
Waveband/pm 7.7~10.3
//mm 465
Full FOV/(%) 2
F number 1.67
Pixel number 576 X6
Weight/kg <30
Working temperature/C —40~+60
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Tab.2 Material properties of window and mirrors

5 S A FIMERRL Y NEE/N =4
4k . . o e
o/(gemm™) E/GPa A/ (Wem™*K™") a/(107%K™") u
i 5.35 102 59 6.1 0.28
Zerodur 2.53 91 1.64 0.05 0.24
YA T 2.19 72 1.4 0.5 0.17
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Tab. 3 Material properties of main optical component
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TC4 4.4 109 9.6 8.9 0.29
2A12 2.78 71 121.8 22.9 0.33

PC 1.12 2.6 0.2 60 0. 38
GaEapi 1.12 0.001 5 0.17 300 0.49
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Tab.4 Modal analysis result of imaging system
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Fig. 16 Stress contour map under sinusoidal vibration
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Fig. 17 Displacement contour map under sinusoidal vibration
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Fig. 20 Thermal stress distribution of imaging system at
+60°C
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Tab.5 Imaging performance at high and low tempera-
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(+60°C) (—40°C)
% 1 K JJ /MPa 5.53 10. 27
B TR 22 /pm 0.137 0.255
FHE P AT IR 2/ pm 0.148 0.182
YR I IR 22 /pm 0.051 0.128
RGBT IR 22 /pm 0.208 0.338
it MTF@18 lp/mm 0.469 0.393
ZEEMTF@18 Ip/mm 0.415 0.312
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