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Monitoring of Laser Fusion Cutting Using Acoustic Emission

Huen-Sick Min", Seoung-Hwan Lee*, Sun-Eung Ahn"™

1' Abstract I

As laser cutting process is widely used in industry, an automated on-line process control system has become very important.
In this paper, development of a laser cutting monitoring system, which is regarded as the findamental step toward automation
of the process, is presented. Acoustic emission and an artificial neural network were used for the monitoring system. With
given process parameters including laser power and scanning speed, the system can predict the suitability of laser beam

for the cutting of a stainless steel (STS304) plate.
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Fig. 1 A typical structure of an intelligent automatic
supervisory system
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Fig. 2 Sensor application vs. level of precision and error
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Fig. 3 Experimental setup for process monitoring in laser cutting
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Table 1 Cutting conditions

Parameter Value
Material & thickness [mm] SUS304, 1mm
Feed rate 500~1500
( Press.= 3kgflem’, Power=350W) mm/min
Power 100~350 W
(Press.=10kgf/en’, Feed rate=500mm/min)
Pressure 3~20 keflom?
( Feed rate= 500mm/min, power=350W)
Nozzle gap [mm] 0.2
Beam mode TEM(CW)
AE sensor Resonant type
Sampling rate 2MHz
Pre amplifier 20dB
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Fig. 4 Typical AE signal
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Fig. 6 Typical AE spectrum of cutting case (power=350W,
P(N2)=2Kgf/cm’, feed rate=800mm/min)
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Fig. 8 Typical AE signals of un-cutting case with high
pressure inert gas (power=130W, P(Nz)=10kgf/cm2,
feed rate=1000mm/min)
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Fig. 7 Typical AE signals of un-cutting case with low
pressure inert gas (power=350W, P(N2)= 2kgf/cm2,
feed rate=1700mm/min)

Fig. 9 Architecture of the neural network
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Table 2 Leaning condition Table 3 Implementation results utilizing the neural networks
Parameter Value Input Parameters [FFT signal]
Number of hidden layer 1 Test condition
Weight Wij(413x41), Wik(41x1) Feed rate Pressure _ Outputs
Desired Value 1(cutting),0(un-cutting) Power[W) || in] Tlf(gT;;n gg]s Desired value
Number of Lcammg samples 2 350 500 0 0 0.013
Leaning rate - 0619 350 500 5 1 1.001
Mex number of leaning : 350 | 500 10 1 10012
Object of error encrgy o0 350 | 500 15 1 09993
350 500 2 1 1.0016
350 800 2 1 0.9984
350 1100 2 1 0.9980
350 1400 2 1 1.0011
350 1700 2 0 -0.0009
350 2000 2 0 0.0011
350 2300 2 0 0.0011
350 2600 2 0 -0.0009
350 2800 2 0 -0.0003
200 500 10 1 0.9997
230 500 10 1 0.9986
260 500 10 1 1.0001
290 500 10 1 1.0004
320 500 10 1 0.9998
100 1000 10 0 -0.0000
130 1000 10 0 0.0000
160 1000 10 0 0.0000
190 1000 10 0* 0.2350
250 1000 10 1 1.0000
280 1000 10 1 0.9991
310 1000 10 1 1.0017
1: cutting , 0: un-cutting , *: un learning data
(b) Cutting case O 90% o44e] YNTE HelFT ek et 2 AP
oM €& 2HE B2 FojA dd RUHY A2
Fig. 10 The laser cutting monitoring system Tzo| 7}e3e ML
of Egaisch. 6. 3 S2YUS 0|38 ZLIHE A|AH
Table 3 2 Bzl doj A2 Z=o] 28 3t o]
B9} o) 3k dlolEl 9] o3& g3} A gt vlud A o oA 22 JHu spEHof o3 AL o AdR

43



Fig. 103} 2] BUH A& 7332k Fig. 10
& A9 54 BUHY ZT2ag02 A4eA Y8 A7
999 TS FFT 3¢ FHM 04 999 Ase
APt 7, 25kHZE 2 RMS33 FFT A58 7141 3
Q42 At A QAL 47 szgoz THY 2
Aol oja) A A AT oJRE BEHE A2golth

7.9 8

2 A7 oA 7H5e) ol /AL FolH de
of thgh AH=E AL = e oA A F Aol Al
2elof gt 7|2 AE Bt a2 ARE A

(1) AE A3} A% 34 3 7]20] 5t AT oo 4
@ WA metstac,

(2) AE 7t4: ool A58 YUgtos ¥ AF 49%
o o3 At 44 ol§dte] AENEY Y &
4ol A BAE SEA AT 90% ol J5E
& Bec

(3) S48 238 7oz doly A 7K oiRE B
UEY s A7 B2g A2we s

Z7

B A7 BERE BE712GT (R01-2000-000322-0)
Agos +REYL.

= U

(1) #24, 3=z, dAF, “do|A Aok A Sugeno H
A AEL ol AE $AH Hlmo] BE A7, o
3 £33, A129, A3E, pp. 356~ 363, 1994,

(2) H. Jorgensen, Flemming Olsen., “Process monitoring
during CO, laser cutting,” Proceeding of SPIE,
January, pp. 198 ~208, 1991.

(3) P. Sheng, G. Chryccolouris., “Investigation of acoustic
sensing for laser machining processes,” J. Mater.
Process.Technol., Vol. 43, pp. 145~163, 1994.

@ BS7, 28A, Az, “dolA HdoA F2AE
ol g% 7 E R BUEHP,” o= AT A, A13
4, A123, pp. 30~37, 1996.

(5) Lee, Y., Dornfeld, D. A., “Application of Open
Architecture Control System in Precision Machining,”

44

31st CIRP International Seminar on Manufacturing
Systems Berkeley CA, pp. 436~441. May, 1998.

(6) Xuemei Chen., “Monitoring and Analysis of Ultra-
Precision Machining Processes using Acoustic
Emission,” Ph. D. Thesis, University of California,
Berkeley, 1998.

(7) Yoonchul Lee., “Monitoring and Planning for Open
Architecture Manufacturing of Precision Machining
using Acoustic Emission,”Ph. D. Thesis, University
of California, Berkeley, 2000.

(8) Domfeld, D. A. and Lisiewicz., V., “Acoustic Emission
Feedback For Precision Deburring,” Annals of the
CIRP, Vol. 41, pp. 93~96, 1992.

(9) Kannatey-Asibu Jr., E. and Dornfeld, D. A., “Quant-
itative relationships for acoustic emission from or-
thogonal metal cutting,” Trans. ASME, Journal of
Engineering for Industry, Vol. 103, pp. 30~ 340,
August, 1981.

(10) Konishi, Y. et al., “Basic Study For Relationship Bet-
ween Fractal Dimension of AE Signal and Laser
Cutting,” Int. J. Japan Soc. Prec. Eng., Vol. 28, No.
2, 1994,

(11) Whittaker, J. W. et al., “In Process Acoustic Emission
Monitoring of Laser Welds,” The Second Int. Conf.
on Acous. Emission, Lake Tahoe, NV, 1985.

(12) Jon, M. C., “Noncontact Acoustic Emission Monitoring
of Laser Beam Welding,” Welding Journal, Vol.
64, pp. 43~48, Sept. 1985.

(13) W.W. Duley., “Laser Welding,” Wiley, pp.187~195,
1999.

(14) Rangwala, S. and Domfeld, D.A., “Sensor integration
using neural networks for intelligent tool condition
monitoring,” Trans. of ASME, J. of Engi. Ind,
Vol. 112, p219, 1990.

(15) A4, “AA% 0|23} ¢4 = Neural networks 1,”
Blo|H|AA K, 1994,

(16) 2AA, “wE ZHFE,” Wt 8L 19%.

(17) o18%, 23, “MatlabS o}85t HA| 72" o, 1999.

(18) 2383 9 39, “of o[ Aol gt F+7+e} EA
Aof w3t AL, AFFAA A, A9, A2%,
pp- 66~71, 2000.

(19) B9, AE7), “SPFEL o837 Y37 vrEd
2" EFA7|ABSA, A10Y, AlSE, pp. 9~16, 2001



