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Based on the principal component analysis-support vector machine (PCA-SVM) model
proposed to predict the joint morphology with the near infrared radiation signal

laws of signals and the weld formation morphology is investigated and the optimization of process parameters is
realized. Six kinds of characteristic parameters of signals in time domain are extracted and the principal component
analysis is carried out to obtain the comprehensive evaluation index of joint morphology. Based on the input
Key words

characteristics of signals, the classification prediction is done by using the support vector machine. The results show
analysis

the near infrared radiation signals can reflect the change of weld state during the welding process, the
prediction model can accurately identify weld appearance with accuracy up to 96.6 %
support vector machine

quality diagnosis; principal component
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Table 1  Chemical compositions of DC54D-+ ZF material (mass fraction, %)

Element C Mn P S Al Ti
Value <0.01 0.3 0.025 0.02 0.015 0.1

0.7 mm

9

10 mm

B 1 Bdixh ek BR
Fig. 1 Diagram of crimping butt joint
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Table 2 Chemical compositions of CuSi; welding wire (mass fraction, %)

Element Cu Al Si Zn Mn P Pt Sn Fe

Content Bal. <0.01 2.8-4.0 <0.2 0.5-1.5 <0.02 <0.02 <0.2 <0.3
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Table 3 Process parameters of laser brazing

Process parameter Value
Laser power /kW 2.2-3.5
Welding speed /(m/min) 1.5-3.0
Wire feed rate /(m/min) 2.0-4.5
Defocusing amount /mm —15, —30, —45
Side assist gas flow /(m?®/min) 1.5

(@)

signal
amplifier

moniton'ng
platform
K2 (WOLEHRES A ZE (DR ERSR

Fig. 2 (a) Schematic diagram of laser brazing and monitoring; (b) welding system
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Fig. 3 Schematic diagram of weld joint morphology
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Fig. 4 Effects of process parameters on root mean square value of near infrared radiation signal.
(a) Laser power; (b) welding speed; (c) defocusing amount; (d) wire feed rate
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Fig. 5 Different weld appearances and corresponding near infrared radiation signal curves . (a) Hole; (b) rough surface;
(¢) good weld; (d) unfilled weld
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_ kurtosis factor
“= peak factor
_~wave form factor
_~ peak-to-peak value
~~ variance value
~root-mean-square value
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Fig. 6 Bar graph of correlation coefficients of six kinds of characteristic parameters
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Table 3 Cumulative contribution rates of principal components of four kinds of weld appearances

Cumulative contribution rate /%

Composition

Unlfilled weld Rough surface Hole Good weld
PC 1 97.8692 99.9946 99.99949 99.98683
PC 2 1.938282 2.677X10°° 3.69X107" 0.010511
PC 3 0.104552 2.57X107° 1.37x10~" 2.398X10°°
PC 4 0.08791 1.47x107" 2.92X107° 2.51X107"
PC 5 5.16X107° 8.55X 1078 6.41 X107 9.74 X107
PC 6 2.93X10°° 7.13X1077 8.48X 1077 3.87X1077
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Fig. 7 Whole process of SVM model
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Fig. 8 Three-dimensional diagram of optimized Fig. 9 Classification results of test set

parameters with cross validation method
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