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Study on LIBS monitoring criterion of aircraft CFRP laser paint
removal based on partial least squares method

LI Shao-long, GAO Shao-hua,LIN De-hui,HU Yue, YANG Yi-kai,ZHENG Xin, YANG Wen-feng
(Aviation Engineering Institute, Civil Aviation Flight University of China,Guanghan 618307, China)

Abstract: The reliability and controllability of laser delamination paint removal depend on effective online monitoring
technology. The laser induced breakdown spectroscopy ( LIBS) technology can effectively monitor the laser paint re-
moval process. In this paper,laser is used to remove the paint layer on the surface of aircraft carbon fiber composite
(CFRP). Based on the high repetition frequency laser paint removal LIBS online monitoring platform,60 groups of
two kinds of spectra of topcoat and primer excited by the paint removal process are collected online. The discrimina-
tion and prediction models based on principal component analysis (PCA) and partial least squares ( PLS) were estab-
lished respectively,and the classification discrimination of LIBS spectrum in laser delamination paint removal process
was studied. The cumulative contribution rate of the first two principal components of PCA model reached 79.2% ,
and the cumulative contribution rate of the first two principal components of PLS-DA model reached 85. 5%. The cor-
rection standard deviation (RMSEE) of the PLS regression model was 0. 142923 | the root mean square error ( RM-
SEcv) was 0. 152053 ,and the prediction standard deviation ( RMSEP) of the model was 0. 142421. The prediction
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accuracy was 100 % for 20 groups of mixed data sets of laser cleaning topcoat and primer. The results show that PLS

discrimination model is better than PCA model in classification discrimination, and PLS prediction model has better

prediction accuracy in real-time evaluation and automatic classification of paint layers. This research can provide

technical support for LIBS to monitor the laser paint removal process online and realize automatic and intelligent laser

paint removal.
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Fig. 1 Schematic diagram of CFRP paint layer on tail wing
of A320 aircraft
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Fig. 2 Macroscopic and 3D morphology of topcoat and primer

KHH S neox T 3D S e 1H 48 BR AU FRAE Te #
fi Al Pr BRI 2R T = 4EROWIE SR . WK 2(b) , Te
FEG T Sa(THPHLREEE ) 7 0. 6681 pwm , HHURE
AN, BA RAF I SEIE R . & 2(d) , Prff 5
PR Sa Jy 1.8678 pum , HUAE B2 AR [R] I B R
IR 2 71, KR8 A320 K AHLAR ME AL IE s T 25
2.2 ZHhERE

3 ABOLERES LIBS FELR WS- &R B, |
kAR EOE A RS A8 e iR\ LIBS
RAETR LA LA

MFPT-120P AU fik #h 5% £F # 5% #% A1 AvaSpec-
ULS2048CL4-EVO BDELF JiE AL AR S 8in & 1
FiRe

aser processing hea

3 BoOLERE LIBS feL liil-F- &

Fig. 3 LIBS online monitoring platform for laser paint removal
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Tab. 1 Technical parameters of pulsed fiber laser

and fiber spectrometer

Pulse fiber laser Fiber spectrometer
Parameter Value Parameter Value
Wavelength/nm 1064 Number of channels 4
Average power/W | 12 ~120 Wavelength range/nm 194 ~830
Pulse width/ns 60 ~350 Spectral resolution/nm 0.10~0.16
Frequency/kHz 1 ~ 1000 Integration time 30 ws ~59 s
Flare mode Gaussian Signal to noise ratio 300 :1
Spot diameter/pum 50 Detector 2048 pixelCMOS
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Fig. 4 Spectral preprocessing
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Fig. 6 PCA score scatter chart
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Fig. 9 PLS model fitting and prediction assessment diagram
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