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Acoustic Emission Monitoring during Laser Spot Welding
of Stainless Steel Sheets

Seoung Hwan Lee” , Jung Uk Choi * , Jang Eun Choi*

ABSTRACT

Compared with conventional welding , laser spot welding offers a unique combination of high speed, precision and

low heat distortion. This combination of advantages is attractive for manufacturing industries including automotive and

electronics companies. In this paper, a real time monitoring scheme for a pulsed Nd:YAG laser spot welding was

suggested. Acoustic emission (AE) signals were collected during welding and analyzed for given process conditions

such as laser power and pulse duration. A back propagation artificial neural network, with AE frequency content inputs,

was used to predict the weldability of stainless steel sheets.
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Fig. 1 Schematic diagram of laser spot welding
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Table 2 Classification of welding type

ower
S50W 100W 150W 200w 250W

[Pulse dur.

10ms [Type A Type A [TypeB [TypeC [TypeC

20ms ([TypeA  [TypeB >Type B [TypeC [TypeC

30ms |[Type A TypeB  [TypeC [TypeC {Type C

Table 3 Welding types and corresponding experimental

conditions
Table 1 Welding conditions Type X °
Parameter Value Direction
Pass fillter] KHz] 10-500
Sampling rate[MHz) 2
Beam mode TEMOQO[Pulse laser] Top
Wave length[zm] 1.064
Gas pressure[bar] 10
Material (Thickness{mm]) SUS304 (0.2)
Focal length[mm) 70 Bottom
Focal diameter[mm] 03
Laser power[W] 50,100,150,200,250
Pulse duration[ms)] 10,20,30 32AE A SEA
Shielding gas Ar
Inert gas Air 064 welding process

Fig. 5 Optical microscope used in the experiments
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Fig. 6 Typical AE raw signal during laser welding
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Fig. 7 Power vs. RMS at each pulse duration
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Fig. 8 Bid width vs. pulse duration with power variation
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Fig . 12 AE counts at high frequency (100 ~ 500kHz)
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Table 4 Frequency analysis result

oA 1 2 }

A g4 2 7Y 2w d

44 Ae | @8 #9) | (31 F9)
34 43 =0l 2Bt BF 7T oS

w8 UEHQIE £¥F9Y LAIZE olf
>4 3 29 379 AFZEE WA,
9 oz ASE &Y Fo Ao ¢
<4 F39 dAR=E AH}= FFW
P (back propagation ) & 12]&FS Al&3ie)

AL 5£&E Eol7l A8 A¥AA L& FFT

3 & 100-200KHz, 200 - 300KHz, 300 - 500KHz <]
3 7#eE yyo] Foedg H HdEHAYAE ¢
Yo o] a, &3 AFE EXFL (Target)
o

o® e o
o ® 8
ol ]

2}
B

o]

—

P

>

mTT=
2 A9 F 15 N9 Hdg FgFae o
4 35E T3+l Table 5, Table 6 & €48 =73
7 A8 e Jel T, Fig 16 < 4 A3 A
Fxg e

Table 5 Input values

Table 6 Leaning conditions

Parameter

Value

Number of hidden layer

1

Desired Value

Type A(1,0,0)
Type B(0,1,0)

Type C(0,0,1)
Number of Leaming samples 15
Leaning rate 0.1
Max number of leaning 10’
Object of error energy 0.001

Fig. 16 Architecture of the ANN

Table 7 ANN prediction results

Desired output
Power d:r‘;llsi:n Input Output ’l‘[gz: Q((;:;):'())))
TypeC(0,0,1)
80 10 {6.59,2.32,0.682) (0.931,0.084,0.062) | TypeA(1,0,0)
80 20 (6.82,2.89,0.713) (0.915,0.008,0.005) | TypeA(1,0,0)
80 30 {6.99,3.57,0.722) (0.897,0.152,0.091) | TypeA(1,0,0)
170 10 (10.13,3.15,0.816) 0.015,0.927,0.009) | TypeB(0,1,0)
170 20 (10.49,4.35,0.825) { (0.031,0.098,0.935) | TypeC(0,0,1)
170 30 (10.73,6.15,0.827) | (0.113,0.004,0.925) | TypeC(0,0,1)
220 10 (11.19,3.49,0.829) | (0.192,0.081,0.907) § TypeC(0,0,1)
220 20 (11.43,4.85,0.835) | (0.005,0.009,0.887) } TypeC(0,0,1)
220 30 (11.48,6.59,0.839) | (0.147,0.135,0.935) | TypeC(0,0,1)

ulse dur.
10 20 30
[Power

50 5.86,2.29,0.57) 5.94,2.94,0.60) 5.96,3.51,0.62)
100 8.43,2.47,0.754)  [(8.68,3.52,0.792) 8.94,4.85,0.803)
150 9.76,2.89,0.805)  1(9.98,4.51,0.82) 10.15,5.98,0.825)
200 10.51,3.42,0.821) [10.75,4.59,0.824) 10.97,6.32,0.827)
250 11.48,3.52,0.835) {11.51,4.91,0.837) 11.59,6.97,0.841)
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