47 6 2018 o6

Vol.47 No.6 Infrared and Laser Engineering Jun.2018
1,2 1 1
(1. 130033
2. 100049)
N 36.55Hz 32.54 Hz
14 Hz 1.86 .
: THI122 : A DOI: 10.3788/IRLA201847.0617003

Optimization design of strengthening components for linear motion

system of the novel optical testing target
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: A novel type of optical testing target indoor can be used to simulate the outfield target with
complex trajectory, profited from the linear motion system in the structural components. But, the problem
of the large span and low stiffness linear motion system of novel optical testing target reduced the testing
accuracy of the novel optical testing target. So, firstly, based on the Euler-Bernoulli beam theory, a
solution to strengthen the structure in a limited space was proposed. Then, combined with the dynamic
characteristics of the linear module structure, the layout of the strengthened beam and the reinforcing
plate around it was arranged and the dimensions of the strengthening components were determined by an
integrated optimization technique. Finally, modal analysis and vibration test for linear motion system after

the installation of the department were implemented. Results show that the first order natural frequency
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and the second order natural frequency of integral structure of linear motion system are 36 and 55 Hz
respectively, and the experimental data are in good agreement with the simulation design date that are 32
and 54 Hz respectively and increases by 1.86 time comparing with the initial structure that first order
natural frequency is 14 Hz. These results verify the rationality and reliability of the design of reinforced
assembly, at the same time, the structural performance of the strengthened linear motion system meets the
requirements of the novel photoelectric testing target, such as light weight, high rigidity, strong anti-
interference ability and so on.

Key words: optical testing target; strengthening components; structural design; integrated optimization
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Tab.1 Main movement index of the multifunctional

target

Motion parameters Parameter index

(0] [0,360°]
(C] [30°,60°]
8, +5'
Wima =90(°)/s (Equal radius circular motion)
g =30(°)/s* (Equal radius circular motion)
Warmax =50(°)/s (Equal radius circular motion)
Aoirux =8(°)/s* (Equal radius circular motion)
5 10%*w (0.1°<Sw<2°)
? 5%*w (2°<w<30°)
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Fig.1 Structure of three—DOF, indoor simulation multifunctional
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2.4 2.4.3
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Fig.4 Control variables of the surface of the reinforcement plate
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Fig.5 Original and optimized finite element model of the linear
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Tab.2 Design variables and optimization results(Unit: mm)
Optimized Original Optimized T t Optimized
Variable Original value PHIIZE Variable reima puize a}rge PHIIZE Worst value
value value value variable value
B, 12 20 H, 135 167 fi/lHz 31.71 23.67
T 12 16 h 40 66 fo/Hz 54.47 34.07
Ty 12 10 H, 135 125 mass/kg 152.05 181.10
Ty 12 5 hy 45 48
T, 12 5 H, 110 84
Va 12 20 hs 40 14
Vs 12 15 H, 110 34
Vs 12 9 hy 40 14
Va 12 9
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Fig.6 First two mode shapes of the initial structure and the

optimized reinforced structure
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14.380 4 Hz £i=14.016 6 Hz s
, ; Yoz ,
1.86 4# 1#~3# ,
2.85 FFT
0 , 8
3 [e}
Tab.3 Results of simulation
Order  Frequency/Hz Vibration form
1 14.38 Swing along X-—axis
Original
2 14.47 Swing along Y-axis
1 31.71 Swing along Y-axis Hammering point
imi is located in
Optimized ‘ . the middle of the
2 54.29 Swing along X-axis beam and the
direction of
hammering is =Y
3.2
7
b
[10] Fig.7 Laser pickup point distribution on the horizontal motion
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Fig.8 Amplitude-frequency characteristic curve of vibration test
94 Hz | 118 Hz, 3 s °
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