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Abstract: Industrial Computed Tomography (ICT) technology provides a non-contact solution for preci-
sion measurement of small module plastic gears, effectively addressing multiple challenges in their metro-
logical processes. This study provided a data-processing method for plastic, small-modulus gear point
clouds obtained from ICT measurements. In the data-preprocessing stage, the gear measurement model
acquired through ICT scanning was converted into a gear measurement point cloud, while a design point

cloud was generated from the gear CAD model. Subsequently, point-cloud registration was performed be-
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tween the measured and designed point clouds, consisting of four steps: pre-registration, coarse registra-
tion of the hole point cloud, fine registration of the hole point cloud, and registration of the gear-tooth
point cloud. A measurement point-cloud segmentation method guided by the design point cloud was then
adopted. The article first employed the DBSCAN algorithm to segment the designed tooth-surface point
cloud, after which the segmented design point cloud guided the segmentation of the measured tooth-sur-
face point cloud. Pitch-deviation evaluation points were extracted through this procedure to enable a com-
prehensive pitch-deviation assessment. Experimental results demonstrate that compared with gear measur-
ing center measurements, the proposed method achieves the difference with maximum absolute value of
single pitch deviation of 2. 8 pm for left and right tooth flanks, and the difference with maximum absolute
value of total cumulative pitch deviation of —6.6 um. The developed ICT-based data processing method-
ology for gear pitch deviation measurement establishes a methodological foundation for precision evalua-
tion of complex CT-measured gears, while providing valuable references for ICT-based measurement of
other intricate precision components.
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Fig.9 Sorted point cloud of measured tooth surfaces
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Fig. 11 Gear measurement on ICT
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Tab.1 Parameters of the measured gear

Parameters Value
Module m, 0.5 mm
Number of teeth = 18
Pressure angle a 20"
Addendum coefficient hax 1
Tip clearance coefficient cx 0.25
Modification coefficient x 0.04
Helix angle p 16" (left hand)

Tooth width b 10 mm
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K ¥ 5 R 1% 2 (Root Mean Square Error,
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RMSE:J’” , (24)
M
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Tab.2 RMSE results of the registered point cloud

Method No. 1 No. 2 No. 3
Method A 0.0030 0.002 6 0.002 7
Method B 0.0017 0.0019 0.0019
Method C 0.0017 0.0017 0.001 8




1898 b=

K TR

33 %

MR ARBO % r A E , LU 2 5 RSME {E 3T
BN o AU ]

MG, B AT DL B, A SCHR Y A 2 T
J5 11 RMSE TH 525 B i, 1 B LA 21 1) o 56
B o S e A5 2 6 IO A B B /N o DR R Ik R AL
A 5w, R 4 s B AT I U Y
RMSE B & K F A 56 05 35 40 o = Be o o X
FALUFIFH PCA-ICP X 56 U5 35 43 o5 25 647 B o 1)
Tk B, S KGR HESS R LK 12, H RMSE B K
TR AR B T 0 A AR U 1 0 X B R
P 250 50 00 2 2 A ARG TR 7 B 19 0 26 60 S r
R R N W doa sl e el |5 B 5 SN B A )
IV - T = VRl S SR NS @ R |
LA S50k 4 1% 0]

KLY C T LTI
* o T 0 .
* o . Q .
* o . ® g .
* . o @ .
‘ 25 w5 + 2 % j
S . nsp & . wlg) &
R PR T S [ JZCAN
B ime e oA N . - N
"-‘i!f.". ‘."'l,‘_‘; ‘0..-‘. ‘.'..t'
(a) B IEFRILAD (b) IEHARCHE

(a) Correct point Matching (b) Correct registration

.......
......

.
aus

(c) REHRILAL

(c) Incorrect point matching

-
..........

(d) B IRAC A

(d) Incorrect registration

tnns

K12 J5ikB sl o A EC eSS R

Fig. 12 Issues in the fine registration results using method B
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Tab.3 Comparison of measurement results (pm)
ICT
Items P26 Difference
No. 1 No. 2 No. 3
Jp 15.5 14.1 15.1 13.2 1.7
Left frank
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. Sy 11.6 13.9 13.4 10. 2 2.8
Right frank
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