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Process Monitoring in Laser Beam Cutting
by Photo Diode
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ABSTRACT

On-line process control

equipment

for CO: laser cutting 1is

unavailable for industrial application. The major part of the industrial

cutting machines are regulated off-line by highly educated engineers.

The quality inspection of the sample is visual and referred to different

quality scales.

Due to lack of automation potential laser users hesitate to

implement the cutting method. The first step toward an automation of the process is

development of a process monitoring system and the research is concentrated on the

area of on-line quality detection during CO; laser cutting. The method bases on the

detection of the emitted light from the cut front by photo diode. The signal from

photo diode has been undertaken from Fourier analysis and statistical analysis. As a

result, it is possible to estimate striation pattern according to beam travel speed.
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Table 1. Specification of CO, laser system.

Rated power (KW) 15
Power Stability (%) 2
Beam wave length (mm) 106 i
Beam diameter (mm) 22 _;
Assistant Gas O,
Beam mode TEMoi™
Lens type ZnSe
Lens focal length (mm) 190.5
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Table 2. Specification of Si photodiode.

Type HP-3MLR2
FEEH (mm’) 3.2x3.2
+324% ( nm ) 450 - 1050
29 AF ( Amps/Watt ) 0.30
dHF (nA) 5
BEE7HAF (WY Hz) 1x107
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Fig. 1 Apparatus of photodiode.
3. BALA FE7|
2% delesdd ¥sE ARNEE A &
18 AYAFT2 "By 2, AgazAM oA Hag
FeblE 2Zgde] "ot o8 #s8 F
Fl ez A& LM308NE o] &%

[+

Sl=] (o]
AEete

o] z7}

-355-

olxg %3 TAHAE AL AAE A
AYAE zA2AANE AR 2w
+15V, 0V, -15Ve AQE& 58 F A= A
Ak,

tf

4. A/D W@7)
ALY A/D WE/E Agatgon o
SRoNRH 19 AD MBS FYste
@ gojt}. ol olARER
o2 3 FEF A

NEE ASgoz SR

ojFold w7 Z=¢o
W ook

5. 98 ¥ #¢ &d

ol dAw st F TAIFE WE ATHIHI 9
e AAY "ogdel Sudh sisl ND ¥
(Neutral density filter)?} o] &=l Z . Yo Fo) ¢
ol XE thole =9 Men ¢ Fag He] XE t}
ole o MAIAYXolch Yol AFAlojo] WA 3lE
d 9 9oy 242 A% HEH ¥E tjolere £4%
S5 £ gl HAE AdYgsteol gt o]F YA 2
E tojecet HEE Holx stErie W Aedx #
2ol &A% £ sl FAE RS Ach

o8

6. 415 §5 9 FFT ¥@ 233

A/DEEIIA MY DAY A58 YEstd Ay
Qe Teayg 38 PC &7 3lolA QUICK BASIC
V 458 ol#3te] Agsdn U5W Ase gy ®
= sold =UE Aol 29sin, Fis 2L 93
FFT ¥@o] AAZo2 4950 ac gg 19 2= 7
e Zzade QEe sEEolY

(" START

|

[ A/D_INITIALIZING |
L

; [ DIGITAL SIGNAL 1

R R
DISPLAY |

DATA SAVE |
]
)

]
Fig. 2 Flow chart of signal processing program.
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Table 3 . Chemical composition of SPHC.
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Fig. 3 Characteristic curve of the photodiode on the

relation of photocurrent and forward voltage.
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Fig. 4 The result curve of sensor linerity experiment.
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Table 4. Conditions of laser cutting experiment.
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1 : COz Laser 6 : Photo Diode
2 : Mirror 7 : OP Amp.

3 : ZnSe Lens 8 : A/D Convertor
4 : Specimen 9 : IBM PC

5 : Filter

Fig. 5 Experimental setup for secondary light emission
detection from laser cutting process.
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Fig. 6 Variation of surface roughness with the laser

beam travel speed
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Photo. 1 Laser cutting surface with beam travel speed.
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Photo. 2 Cross section of specimen as beam
travel speed.
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(d) 2500 mm/min
Fig. 7 Acquired signal by photodiode in time domain.
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