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Method for measuring the characteristics of small cone-hole with
large aspect ratio based on diffraction theory

Huang Teng Liao Lu Zhang Yongbin

(Institute of Machinery Manufacturing Technology, China Academy of Engineering Physics, Mianyang 621900, China)

Abstract: In order to measure the small cone-hole with a large aspect ratio, the diffraction measurement technology of cone-hole is
studied. Based on the basic principles of light wave transmission and diffraction in geometric optics and physical optics, this paper
explores the forming mechanism of light spot with small cone hole with large aspect ratio. By constructing the mathematical model of laser
diffraction with small cone hole with aspect ratio, the relationship between the image features of spot and the characteristics of small cone
hole is analyzed, and the formula for solving the taper and diameter of small cone hole is established. In the research process, the
rationality of establishing the mathematical model was demonstrated by comparing the taper and diameter calculated with the parameters
set by the model, and the experimental platform was built to carry out the laser transmission micro-hole test experiment. The light
intensity distribution curve was extracted by using the spot image obtained by the shooting, and the taper and diameter values were
calculated according to the solution formula of the micro-taper and diameter. The results show that the variation trend of the light intensity
curve calculated based on the mathematical model of spot diffraction is basically the same as that of the actual light intensity curve. The
measurement errors of the taper and diameter of the tiny cone hole with an aspect ratio of 66. 67 are 1.35% and 2. 78% , respectively.
The measurement results have good accuracy, which verifies the feasibility of the measurement method proposed in the paper.
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Fig. 1 Wave surface distribution of light

propagating through a cone hole
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Fig.2 Diagram of cone-hole light wave superposition
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Fig.5 The intensity distribution curve of the diffracted

light in the X-section of the center of two kinds of beam
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Table 1 The number of reflected and direct rays

LB EADUEOE RPUEdE St ILE K xR %

401 89 228 2.561 8 3.99
901 197 512 2.599 0 5.50
1 601 357 900 2.5210 2.34
2 501 569 1392 2.446 4 -0. 69
3 601 805 2 016 2.504 3 1. 66
4901 1109 2 744 2.474 3 0. 44
6 401 1457 3 568 2.448 9 -0.59
8 101 1837 4524 2.462 7 -0.03
10 001 2 249 5 596 2.488 2 1.00
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Table 3 The results of simulation calculation of microhole outlet aperture under different cone angles

FLARBEE(H/mm HEMBEN/ (°) H C AR wg/m KD BEFR 2/ m lx,—xp1/m LA E I/ mm
0. 60 -0. 004 583 0. 004 585 0. 009 168 0. 505 406
05 0.70 -0.004 583 0. 004 585 0.009 168 0. 505 406
0.80 -0.004 583 0. 004 585 0.009 168 0. 505 406
0.90 -0.004 583 0. 004 585 0.009 168 0. 505 406
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Table 4 The result of simulation calculation of microhole cone angle under different outlet aperture

HEFBEEE/ (°) FLAEBE(H/mm MABERR 2, /m . B HEAR xp/m lxy=xg1/m HEM T BT/ ()
0.30 -0.031 290 0. 030 189 0.031 915 0. 609 499
0,60 0.40 -0.032 100 0. 033 093 0.031 448 0. 600 586
0.50 -0.031 694 0.032 093 0.031 894 0. 609 098
0. 60 -0. 032 890 0. 033 289 0.031 495 0. 601 488
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Table 5 The results of simulation and experimental calculation of the diameter and taper of a cone hole

%/ m ro/m B LR/ mm FLARIHAHNHR 22/ % THEHEEE/ () HEBEAE AR 22/ %
iE=N 0.038 82 0.005 134 0.4513 0.28 0.741 4 0.19
S 0. 038 225 0. 005 295 0.437 5 2.78 0.730 0 1.35
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