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Optimization design of the 3D laser scanning and
locating opto-mechanical system

HE Bing-gao' ,SUN Xiang-yang' ,MENG Fan-lei' ,ZHAO Xi-lu’
(1. School of Electronic and Information Engineering,Changchun University , Changchun 130022, China;

2. Faculty of Engineering,Saitama Institute of Technology,Saitama 3690293, Japan)

Abstract : An optimization design scheme of 3D laser scanning and locating system was proposed in this paper. Ather-
malization design was conducted for the laser launching and receiving opto-mechanical system. Moreover, a mathemati-
cal model with elastic space ring design parameters was rationally chosen. The dimensional parameter optimization de-
sign was implemented for the U sports framework. The findings indicated that this opto-mechanical structure was kept
at two limit temperatures ( —10 °C and 50 °C ). The maximum axial deformation of the mirror group was less than 0.
1 mm of the assembly error. The maximum stress distribution value of the lens was 14.365 MPa,which was less than
the yield strength of materials. The first-order inherent frequency of the optimized sports framework was increased to
2236.2 Hz and it could undertake the impact of 10 g accelerated velocity. The test results showed that the maximum
range error of the system was 32.6 pum,which was less than 0. 1 mm of the error requirement. The repeatability error
was =27 pm,meeting the requirements of technical indexes.
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Fig. 6 Structure design of No. 1 elastic ring
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Tab. 1 Optimized results of main design parameters

o Lenfth(Lz) Radi/us(Rz) Dista/nce(Dz) E}\‘Z‘;ﬁiﬁ (S;Ze;s
mm mm mm

/MPa
1 30 3.5 28 9. 400
2 30 3.5 26 24.924
3 30 3.5 30.5 5.757
4 27 3.5 28 7.916
5 3 3.5 28 11.292
6 30 3 28 6.820
7 30 4.5 28 12. 085
8 27.5 3 26. 5 11. 695
9 28 3 30 4.672
10 32.5 3 26 15. 867
1 32.5 3 30 6.493
12 27.5 4.5 26. 5 25.255
13 28 4.5 30 6. 060
14 32.5 4.5 26. 5 34.089
15 32.5 4.5 30 7,985

y, = 0.222L, +0.0294R, +0.205D, + 0. 0085
(4)
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Tab. 2 The maximum stress of redesign( MPa)

Temperature
Name
-10 C 20 C 50 C

Lens9 9. 866 0.0043 9.902
Lens10a 13. 306 0. 0066 11. 827
Lens 10b 14. 365 0. 0047 12. 864
Lenslla 9.673 0. 0086 9.786
Lens 11b 10.217 0. 0068 9.906

H1 o AT 45 2R L ZOEHLE I £E - 10 °C .50 C
AP BRI BE T, S 2 1) e Rl 1 A8 T 4 23
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Tab. 3 Optimized results of the design parameters
Order a W/ mm T/mm Frequency/Hz

1 45° 15 20 2108.0

2 45° 13.5 20 1971.8

3 45° 15.5 18 2159.3

4 40° 15 20 2146. 4

5 50° 15 20 2083.9

6 45° 15 22 2085.7

7 40° 14.5 18 2126.7

8 40° 16 18 2236.2

9 45° 16.5 20 2274.8

10 50° 14 18 1997. 8

11 50° 16 18 2040. 1

12 40° 14 22 2071.2

13 40° 16 22 2221.9

14 50° 14 22 1965. 1

15 50° 16 22 2214.6

F: Static Structural (ANSYS)

Total Deformation
Type: Total Deformatien
Unit: Hm
Time: 1

0.82353 Nax
0.7549
0.68628
0.61765
0.54902
0.48039
0. 41177
0.34314
0.27451
0.20588
0.13726
0.088628
0 Nin

(a) BTG a4 A1

F: Static Structural (AESIS)

Equivalent Stress

Type: Equivalent (von-Mises) Stress

Unit: MPa
Time: 1

0.59655 Nax
0.54634
0.49714
0.44743
0.39773
0.34803
0.29832
0.24862
0.193891

0. 14921
0.099503
0.049793
9.4873e-5 Min

Y direction and 10 g — acceleration

(b) B 3534
P19 Y 5] 10 g ik BE 5T 25 ML AR A
Fig. 19 The flexural performance analysis in
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Tab. 4 The range of distance measurement and errors

Double frequency laser | Laser scanning and
. . Error
interferometer L;/ locating system
/mm
mm L;/mm
2000. 0312 2000. 036 0. 0048
6000. 1533 6000. 163 0. 0097
10000. 2486 10000. 267 0.0184
12000. 3693 12000. 395 0. 0257
16000. 4574 16000. 490 0. 0326
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