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Research on fast non-contact measurement method for
geometric parameters of spiral point taps

Xia Changjiu'*, Wang Yuanyang'?, Jiang Lei'

(1. School of Mechanical Engineering, Southwest Jiaotong University, Chengdu 610031, China; 2. State
Key Laboratory for High Performance Tools/Chengdu Tool Research Institute Co. , Lid, Chengdu 610500, China)

Abstract: To address the problems of poor stability, incomplete information, and low efficiency of geometric parameter measurement in
the production of spiral point taps, a fast non-contact measurement method based on line laser scanning is proposed. Firstly, the non-
contact measurement kinematics model for spiral point taps is formulated, which is based on the homogeneous transformation theory.
After the preprocessing of measurement data, the full-information surface reconstruction of spiral point taps is realized based on multi-
view splicing. Then, a point cloud segmentation method and an edge line extraction algorithm considering the surface characteristics of
spiral point taps are proposed. On this basis, the geometric parameters, such as the rake angle, spiral pointed angle, core diameter,
land width, etc. of taps are calculated comprehensively and efficiently. Finally, the measurement repeatability and comparison
experiments are implemented on the CNC machine tool for the spiral point tap in the production process. Results show that the average
measurement efficiency of the proposed method increases by 3. 88 times and the maximum relative measurement error is less than 2% ,
which evaluates the feasibility of the measurement system and has good measurement repeatability and accuracy.
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Fig. 1 Structural composition of a spiral point tap
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Fig.2 Line laser-based measurement scheme
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(a)Structure of the five-axis CNC tool
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(b)Measurement kinematic chain
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Fig.3 Line laser based non-contact measurement system
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(a)Point cloud data resample
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(b)Point cloud filtering and smoothing
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(c)Point cloud multi-view splicing
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Fig.4 Full-information surface reconstruction of spiral

point taps based on multi-view splicing
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(a)Principle of chang-point detection
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(c)Segmentation and identification of land and chip flute
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Fig.5 Point cloud segmentation of a tap
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(a)Principal vectors (b)Local structure of spiral point tapst
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Fig. 6 Extraction of edge lines of the tap
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of the spiral point tap
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Fig. 11  Calculation diagram of land width of the spiral point tap
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Fig. 12 Field diagram of sensor posture calibration
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Table 1 Repeatability measurement results of geometric parameters of spiral point taps

28 Likina 1 2w EURR/N %4 5 oW N
d mm 8.447 5 8.442 5 8.4253 8.440 2 8.436 6 8.416 9 0.010 5
D mm 5.1200 5.094 0 5.109 5 5.107 6 5.1187 5.165 1 0.0223
D mm 3.639 4 3.649 6 3.668 6 3.6510 3.653 9 3.678 4 0.012 9
K, ° 10. 597 8 10.453 9 10. 404 8 10. 399 8 10.571 2 10. 418 1 0.080 2
ls mm 2.567 2 2.553 4 2.564 5 2.556 7 2.566 7 2.5592 0.005 2
l, mm 6.7323 6.758 3 6.750 3 6.7320 6.762 1 6.712 1 0.017 4
Yo ° 14.504 6 14.360 6 14.513 4 14.525 7 14.176 2 14.742 7 0.172 6
A ° 15.695 5 15.612 1 15.6122 15.687 3 15.598 6 15.651 4 0.038 0
m mm 2.713 6 2.734 6 2.6913 2.7413 2.6852 2.722°8 0.020 8
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(c) Measurement results of M8 spiral point tap 1 by tool measuring instrument
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(e) Measurement results of M8 spiral point tap 2 by tool measuring instrument
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Fig. 14 Measurement comparison experiments of geometric

parameters of spiral point taps
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Table 2 Comparison of measurement time of geometric
parameters of spiral point taps

e ASCIEEREL/s TTELIER OO B /s
224 U PR PRREE SRR PR
1 199. 16 700. 60
2 197. 20 694. 59
M8 124
197. 42 197. 15 690. 48 705. 52
21
4 197.33 733.54
5 194. 63 708. 41
1 174. 34 738. 46
2 176.01 694. 17
M10 #2242
176. 48 173.74 687. 66 705. 07
2
4 170. 52 716. 70
5 171. 36 688. 38
1 169. 16 668. 36
2 173. 36 717.20
M8 1242
173.93 172. 02 699. 83 691. 08
252
4 172. 48 670. 52
5 171.19 699. 47
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F3 M8 1 JLASEMEL R
Table 3 Comparison of measurement results for geometric
parameters of M8 spiral point tap 1

VES U oS I E O R
PN S
BECORIIE e e xhR2 xHRE/M

d/mm  8.43842 8.4306 0.0169 0.003 2 0.038 0
Dy/mm 3,652 5 3.6262 0.0424  0.0318 0.8770

k./° 10.4855 10.3637 0.2341 0.1255 1.2110
ls/mm 25617 2.5671 0.0137 0.004 9 0.190 9
ly/mm  6.747 0 6.7309 0.0312 0.0121 0.179 8

v,/° 144161 14.2638 0.2619  0.2656 1.862 1
m/mm  2.713 2 2.7164 0.0312 0.0069 0.254 0

R4 MI0BRZEMSHNELE R
Table 4 Comparison of measurement results for geometric
parameters of M10 spiral point tap

A MR OWRE XRZE/%
d/mm  10.384 4 10.3533 0.0436 0.0311 0.300 4
D ;/mm 2.609 1 2.5810 0.0613 0.028 1 1.088 7
K./° 12.9074 13.0061 0.1510 0.098 7 0.758 9
ls/mm 2.008 1 2.0296 0.0397 0.0215 1.059 3
ly/mm 24,4025 24.3441 0.0779 0.058 4 0.2399
Y/ ° 15.9072 16.1667 0.5053  0.2595 1.605 2
m/mm 3.6575 3.6249 0.0368 0.0326 0.899 3

x5 MSIRRLE 2 LASHNE L RITLL
Table 5 Comparison of measurement results for geometric
parameters of M8 spiral point tap 2

sy gaopy W RRE REm o Ram
B AR RHRE MR/

d/mm 8.082 1 8.0905 0.0229 0.008 4 0.103 8
Dy/mm  2.5248 2.4936 0.0642 0.0312 1.2512
14/ mm 8.8211 8.7917 0.0193 0.029 4 0.334 4
Y/° 19.2643 19.5424 0.5119 0.278 1 1.423 1
m/mm  3.8898 3.8972 0.0271 0.007 4 0.189 9
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