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Process Monitoring in Laser Welding with Photodiodes
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ABSTRACT

Process monitoring in laser welding is essential for automation and quality control of

products.

utilized for monitoring the process and detecting abnormal weld conditions.

Various signals from laser welding, such as plasma, sound, optical signals, etc., are

In this study,

both UV light from plasma formed above the weld pool and IR signal from the melting pool
are detected with photodiodes and PC-based A/D board, and analyzed to give a guidance

about the weld quality.

Experimental results show the possibility of using the signals for

predicting and evaluating the weld quality and adapting into the system for on-line process

monitoring.

Key words: laser welding(@ ol &%), process monitoring(F 3 7+A]), photodiode(Zthol 2 =),

quality control{Z A #&])

1.ME
HI S0 Y, nFF, AHIHAE RESGE
WwHow gYolA 4o F5& VI UTH

£
oA &l AdAe A fHAdA AP Ue
Hog @7 Yala s parameter studyE %
|H71&9 My, AAF e quality controle] 7%
FEE LHAULE AFHoR A 7igel ¥

w, AMET BFHHE reviews Farson 52 9
ol & AelEel Qlth A¥L F
-2kHz F3g Aol Ale] F oA (total energy)
& oS F vaz s R ¢adEe

Apdoz  00%olatel & ATHlA

olge

T fo

e

o] 831,
full-penetration($+ 4 8 )& partial penetration(#
289 e HEsA 23 + US EEth &

24 sUe aolngda

2 fgstot

Process monitoring S $18] Al&5E A5E #ol
AEHITARZAA 42
charge, plasma, optical signal 5 <& 7}A 7} A}

Al 3 (air-borne acou
AAANF A e AEE dHRE AYPH &

AEe] 2¥NE, 53 VT wEHE

TRAE
Hoj o3
o] gt

+ acoustic emission, plasma

4

G,

S8 A4

i

| _O——
e a o©
stic signal)S Al&s8 7tEEFA

-474-

e FHL 2n
glo Dq[4.5,6,7], QB P
oA &8s A8 EH L
o8 &FH ooz JtdHA, dF AHL 71
do. ger 718 Ao
Z1A 7 v G olde 2EoA APHT
o] 23t5o} FetzutE A o

Ao WES, dHolAH

g3tk &% AE3E A TAH Aol 7wk ote] MEE FAl A

F2517] el $HHeR aFHE Ao process Ag 93lnz 9. dgZd Sue Fopzel
monitoring 7l €°olth.  ZF, #elA £3F TAEE Vg 91E AET 2 SHEHC Aol o
Ak A3 E AZF A& AH(signal processing) & 5 Az Auade o g HoeFZ AEAY
23 £43AY FYS o s, Az £3HA, o =% Syl R 8 53] HE7M(shielding
L£PF A0 ABAAE G oz FF Ao} gas)® #Fol =% wzal process monitoring S
% el Nwg &Y £ Aok B EFH T A AAzE RAFT Aoz Adsdo
sampled] W3] FAAHoZ FEZHAE s v 8 FAF) plasma A F & optical signal$
A Woluh A AJHE WAL E 100% FHAS 29 photodiodeZ A&, #BR7|FL s JeEdoz T &
g 4 gdoermz A, AAAH FHoA AugHo e AL AUdoez stz &

olstAl Ali®g
Ao} B A7 1Y
AZAAANA &35
& o] A Aol

F7t2 deolA Wol F

S
Felo WE, ARERY B



T 59 98 a]le] BHETHA IF
Ao, olu §HITHY vHF HEL |
zulel 289459 2xo dFE A Ll
mechanism® AFoA 7jAstA do.  wEkA
EHoz2y S8EdM HAAHEAY} FEHoF
Zgtzvlo A AEHE AJAEAE Bastd ol
gAY 4353 AEE HoFE doje g
g ek olg ol folA FgEvl AEE AS
2HF Zetety] Y A7t AUy, o
5 AggsiEof ek

£38] Chen 59 A7Welde Hol4 Az} 29

g FA AZH F AsE Hus 21 &

FA% vud] B3 U oo o3| 53
zulol e zYgHMAT AEL Fil &Y
failure®} Z& BHATS &FFAAM HYgHuz
Ho gy 5% ¢ Uy wd iR 844
38 FAFT AL = o] on-line2Z 100%9]
AEAANY Tt S Eo‘?-rw— =y
Jey AEEE Al2gE A8 FH &3
A& 7 FA A xEslEo] le] 7pA o]
artelx, HEe #HolHLH AHErldE
FA °“4 AT Audez AHsn B o
2 g3ty feM Tl dT7s
73 71e9 Tt 2 A §o] wiEA s
ATFAAE EFAC B FzvbeA
t  E&dZvi(plasma)ZH-E o] 2L M (UV:
tra-violet) 999 2& 9 8§ E(welding pool)Z
o] HM(IR: infra-red) Yo ANIZE FAl
, AENNE T 834, SHERAY AaEd
e 2ux . #™ sensor R amplifier
AA UL A3 & PColA A/D board& S3] A
St A7 dY 2 S5 e sygoer
MO EHEE, A8, BEEY T HFd #E A

o
N

3 o
=

-o
vl A
A

EIOX' M

o

rlr !n

O
[l

4%

2

Al 3
fd

AU I

9 0N,
o

o
T

i

o o2
£ ot

ol
iy rh

u

Az
m‘.m A

Mmoo

k)

EE dotdled FAEE FAt Hd¥ddeze
AFAE FHoR2 ALREHE old=adHE AMEE
3 HolHEHA #HolAEE, olF&E Fo Wy
g Wgsizty 24409 34T A 2 ?'Sﬂ
Mzl vlws] 2k
2. Process monitoring &gl M

2.1 Photodiodes ¥ Pre-amplifier

Ao ALEH optical sensors photodiodeE A
Halgloer F2 ZERvldy UJoe AHIY
ol FANFT HELY UV  detector2=  GaP

protodiodeZ, & & Z(melting pool)d g 4d9

-475-

BANEHEL IR detectorEE Ge photodiodeE o]

23519tk 2} potodioded A1 U oE mlM e AFAa
3E HAYoE A#}/ZTE3}7] 93] Pre-ampE ALE
kg2 A% sensor ¥ Pre-amp? AL ¥ 1
I Zrh
Table 1. Specification of monitoring system
uv Hamamatsu G1961 GaP photodiode
spectral response range © 190 - 550 nm
detector | | .
rise time @ 5 Us
Hamamatsu Ge photodiode (Noncooled type)
IR - model B1720-02
detector {spectral response range : 0.8 - 1.8pm
rise time @ 3 Us
photosensor amplifier -~ model C2719
Pre-ampfrequency response:
(UV) 1600Hz(med~low gain)
preamplifier for Ge photodiodes~ model
Pre—amp|C4159
(IR) frequency response: DC - 100kHz
22 AD Board ¥ +#& software
Z4€E ASE PCER wolEolr] 93 A4d

A/D Boardt StrawberryAbe] Workmate modelZ
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Fig. 2 Data processing module setup
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Fig. 3 Experimental setup for process monitoring

in laser welding
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Table 2. Laser welding parameters

Az SPCE(AHEAHE WAz
HBE7b&D Ar (=90 litre/min)
23! -15mm(AF W Rl 9x)
bead-on-plate £ %

71gz

H o)A &3 Lp: 15kW - 24kW (CW)

Eﬂ;.}\
T |0)%%E uw 12m/min, 18m/min
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Fiz. 5 UV and IR signal in time domain Fig. 6 UV and IR signal in time domain
(u:=1.8m/min; from top Lp=2, 2.2, 2.4kW) (u=1.2m/min; from top Lp=2, 2.2, 2.4kW)
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Fig. 7 Results of FFT analysis
(u=1.8m/min; from top Lp=2, 2.2, 2.4kW)
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