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ABSTRACT

This paper introduces the monitoring scheme of laser welding quality using neural
network. The developed monitoring scheme detects light signal emitting from plasma
formed above the weld pool with optic sensor and DSP-based signal processor, and
analyzes to give a guidance about the weld quality. It can automatically detect defects of
laser weld and further give an information about what kind of defects it is, specially
partial penetration and porosity among the interior defects. Those could be detected only
by naked eyes or X-ray after welding, which needs more processes and costs in mass
production. The monitoring scheme extracts four feature vectors from signal processing
results of optical measuring data. In order to classify pattern for extracted feature vectors
and to decide defects, it uses single-layer neural network with perceptron learning. The
monitoring result using only the first feature vector shows confidence rate in recognition
of 90%(£5) and decides whether normal status or defects status in real time.
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Table 1. Specification of sensor
Spec Class Photo-diode
Type GaAsP
. ] Spectral response range 200~ 1100mm
Fig. 1 Optical photography of weld bead at —
normal weld status Peak sensitivity wavelength(4p) 450nm
Dark current(Max) 50pA
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Fig. 2 Experimental setup for monitoring weld
defects in laser welding
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Table 2. Laser welding parameters
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Fig. 3 Overall spectrum characteristic of optical

signal

Table 3. Description of experimental condition
on the graph

o2 A8 27
I
Cc1 A4E3
C2 Cl+ AL+ o7 (892D
Cc3 Cl + AP (1XE%)
C14 Cl + AB
C5 Cl + AL
C6 Cl + aAM + AM1
C17 Cl + aK
C8 Cl + AG
C9 Cl + AS

* Description :

* Gap size,

RENTOC

. Laser power, S : Welding speed,

: Flow rate of assist gas,

: P osition of assist gas bar,

: Focal length, M : Status of material

. Artificial scratch of material
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Table 4. Relative comparison results of feature vectors for welding defects

(weight value : O -9, & -5 VvV -1)

welding defects v A3}
feature vectors* BN & LA Qe | V|EE
A O O O
B O O O
c O o | ¢
b O O v
A9 e | B>A>D>C [B>D>A>C|B>A>D>C|.
Remark EAWE A B, C,D 24 o9 : logfft{optic signal))

* Feature vectors :

A  Number of peaks exceeding a specific threshold,
B : Specific frequency at 1st amplitude of largest pulse

C : Envelop waveform(log scale),

D : Power spectrum energy ratio
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Fig. 4 Flow chart of pattern recognition
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