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Inner Hole Range-Finding Sensor with Laser Triangulation
Based on Trapezoid Prism
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(Department of Instruments Science and Technology . School of Mechanical Science and Engineering ,

Huazhong University of Science and Technology ., Wuhan , Hubei 430074, China)

Abstract In order to realize the inner-hole-depth measurement and the profile of the bottom surface measurement of
parts with holes, especially deep-hole parts, an inner hole measuring sensor with laser triangulation was designed.
The applied designs such as mechanical structure and optical designs, system imaging characteristics, and the analysis
and evaluation of optical aberration based on the software Zemax were investigated. First of all, by using focusing
lens, the laser light is focused to the surface to be measured, and flare is small enough. Then, put the required
scattering light limit in a narrow range using the trapezoid prism total reflection characteristics. Finally, an imaging
lens is used to make light foculize on CCD target surface. According to the geometric relation between the flare on
CCD and hole depth, the depth of the hole and the profile of the bottom surface was calculated. Experimental results
indicated that the measurement precision can reach 1 pm, and the design of using trapezoidal prism can well solve the
problem of physical space limited as measuring inner hole. The combination with the principle of laser triangulation
technique makes the system satisfy the requirements of simple structure, stabilization, higher precision and rapid
speed.
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Fig. 1 Principle diagram of hole-depth measuring sensor
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Fig. 2 Principle diagram of equivalent optical path
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Fig. 4 Schimatic of determination of measurement standard
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Fig. 9 Wavefront aberration curves
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Table 1 System measurement data

Measurement serial number Actual value /mm

Measurements /mm

Absolute error /pum Relative error /%

1 0.1 0.0993 —0.7 0.7
2 0.2 0.1999 —0.1 0.05
3 0.3 0.2991 —0.9 0.3
4 0.4 0. 4000 0.0 0.0
5 0.5 0. 5004 0. 4 0.08
6 0.6 0. 6005 0.5 0.08
7 0.7 0.7001 0.1 0.01
8 0.8 0. 8005 0.5 0.06
9 0.9 0.9015 15 0.17
10 1.0 1.0017 1.7 0.17
11 1.1 1. 0999 —0.1 0.01
12 1.2 1.1999 —0.1 0.01
13 1.3 1. 3002 0.2 0.02
14 1.4 1. 4009 0.9 0.06
15 1.5 1.5010 1.0 0.07
16 1.6 1. 6006 0.6 0. 04
17 1.7 1.7034 3.4 0.2
18 1.8 1. 8046 4.6 0.26
19 1.9 1. 9004 0.4 0.02
. . 0. .
20 2.0 1.9943 5.7 0.29
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