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Thickness detection of CFRP circular cell honeycomb core
layer based on line laser scanning

Kang Renke,Zhao Wenbin, Wang Yan, Dong Zhigang ,Bao Yan

(State Key Laboratory of High-performance Precision Manufacturing , Dalian University of Technology, Dalian 116024, China)

Abstract:To address the challenge that existing thickness measurement methods struggle to achieve high-precision detection for the
overall thickness of discontinuous carbon fiber reinforced polymer ( CFRP) circular cell honeycomb core layers, a thickness measurement
method based on dual-surface scanning with a line laser sensor and common reference reconstruction is proposed. This method obtains 3D
profile point clouds of the upper and lower surfaces of the CFRP circular cell honeycomb core layer through separate scans and introduces
a preset common reference to achieve unified thickness reconstruction of the workpiece. To resolve the key difficulty of unstable common
reference acquisition caused by the lack of high-precision geometric registration features in the surface point clouds, an internal
expansion calibration block is designed to be fixed inside the composite tube. This ensures that the common reference can be scanned
stably and reliably before and after the workpiece pose is flipped. Regarding data processing, considering the discontinuous nature, high
noise level, and significant local density variations of the CFRP circular cell honeycomb core layer point cloud, a staged denoising
strategy based on statistical characteristics and clustering features is constructed. Statistical filtering is used to remove outliers, combined
with K-means clustering for adaptive screening of redundant data, thereby improving the stability and accuracy of surface profile
reconstruction. To verify the measurement accuracy of the proposed method, comparative tests are conducted on small-scale CFRP
circular cell honeycomb core layers using a coordinate measuring machine, with the coordinate measuring machine results serving as the
ground truth. The experimental results show that the thickness measurement accuracy reaches 0. 03 mm, with a relative error controlled

within 0. 1% , meeting the precision requirements for thickness detection of CFRP circular cell honeycomb core layers. Furthermore, on-
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machine measurements of large-scale CFRP circular cell honeycomb core layers are performed, validating the feasibility and effectiveness

of the proposed thickness detection method in practical engineering applications.

Keywords : CFRP circular cell honeycomb; thickness detection; line laser sensor; on-machine measurement; point cloud registration
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(a) Optical principle diagram of line laser sensor
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Fig. 1 On-machine measurement system
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Table 1 Parameters of line laser sensor
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Fig.3 Comparison before and after data denoising
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Fig.4 Segment and extract point cloud
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Fig. 6 The alignment process of the lower surface

measurement data with the lower surface of the theoretical model
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Fig.7 Conversion process of upper surface measurement data
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Table 3 The geometric accuracy of the calibration block
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Fig. 10  Registration results of the upper and lower surfaces
of the CFRP circular cell honeycomb

FEBCE S AR AE R — AR AR R T 9 L 1 = Bl
DA A 3 5 B A AL HEA T 55, SRR TR 3
SR S ES A Y - SR R 2 10w 25 B Ry TS
PSR L P JEL R A e 22, WL 11 P, 7 T B i
10 AN XA RN 4 s,

A

y/mm

Bl 11 BBV MR R R 2
Thickness deviation of the CFRP circular

cell honeycomb

Fig. 11

x4 ETEHLABNEINEMETEEETE
Table 4 Thickness calculation of CFRP circular cell honey-
comb core layer based on line laser scanning (mm)

X5 JEE i 22 SN &L JEE
1 -0.035 4 59.964 6
2 -0.038 2 59.961 8
3 -0.044 7 59.9553
4 -0.027 0 59.973 0
5 -0.026 1 59.973 9
6 -0.043 3 59.956 7
7 -0.065 8 59.934 2
8 -0.007 2 59.992 8
9 -0.025 1 59.974 9
10 -0.059 2 59.940 8
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Fig. 12 Schematic diagram of the thickness of the CFRP
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Fig. 14 Comparison of thickness detection results
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Fig. 15 Measurement site of large-sized CFRP

circular cell honeycomb core layer
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Fig. 16  Thickness deviation of the core layer of
large-sized CFRP circular cell honeycomb
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