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Defects and Their Suppression Procedure in High Power Laser Welding

by Seiji Katayama
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Table 1 Various kinds, characteristics, causes and preventive procedures of laser welding defects.

Features Kinds Depiction OCauses and ORemedy for prevention
© Deformation OGreat (ha'ma.l effect . L.
(Strain) OIngomplete Jigging and restraint oo.ndmons
(Distortion) OHl'g!l spged, deep penetration welding
OUtilization of rigid jig
©Bad appearance Olmproper welding conditions
(Dirty surface) OLow power density welding
(Rough surface) ORemoval (Blow-away) of evaporated particles
. OThin sheet
Geometrical | @ Drop-through OWide bead width due to excessive energy
defect (Bum-through) o . -
OOptimization of welding conditions(Lower heat)
OSlow welding speed and high heat input
Q@ Undercut OProperties of weld fusion zone (viscosity)
OProper welding conditions (gas, etc.)
OSpattering due to excessively power density
. and small melt zone
O Underfill OAvoidance of low enegy and focused conditions
OOptimization of pulsed laser welding
©Crack OLow melting point products and segregation
(Hot crack) OHigh stress/strain (rapid strain rate)
(Solidification crack) OProper selection of alloying compositions
(Liquation crack) in weld metal and base metal
(Crater crack) OOptimization of pulsed laser welding
(Bead crack) OAvoidance of high speed welding
(Cold crack) OPrevention of rapidly augmented strain-rate
©Porosity Py OElimination of hydrogen & oxygen sources
(Blowhole) ! v OFormation of stable keyhole
(Pore) (Pit) o OProper selection of shielding gas & flow rate
T OHigh power welding of sheets (deformation)
OSwell — OClose adhesion (No gap in lap part)
in lap joint OHigh speed welding at low heat input
Intemal OUtilization of Pulsed laser welding
defect dIncomplete OHigh reflectivity and effect of plasma
penetration OProper conditions for deep penetration
©Lack of fusion OPrevention of misalignment
©Inclusion OSurface polishing
(Oxides, etc.) OProper shielding conditions
< Evaporation loss OVblatile elements and low temperature of melt
of alloying OHigh-speed, deep-penetration welding
elements OPulsed deep-penetration welding
3 Macrasegregation Olncomplete mixing of dissimilar materials
OMixing due to beam oscillation or pulsation
GElements of low distribution coefficients
© Microsegregation OWelding at high speed and low heat-input
OSolution heat treatment after welding
OFormation of soft zones (disappearance of
©Mechanical age- or stain-hardening) gnd defec_ts
. OHigh speed, deep-penetration welding
properties OWelding conditions for prevention of defects
Pr(;p(farty OOptimum heat treatment
etect OStress corrosion cracking
@ Chemical OGrain boundary corrosion due to precipitates
properties OLow heat-input (deep-penetration) welding
ORelief and Relaxation of residual stress
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Fig. 1 Examples of porosity in aluminum alloy A5083 welded with CO, laser at 10 kW.
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Fig. 2 Schematic arrangement of microfocused X-ray transmission imaging system for

observatjon of behavior of keyhole, bubbles and porosity during laser welding.

Type 304 (10 mm"); Bead-on-plate welding; P,=20 kW, v=25 mm/s, f4=0 mm (=381 mm),

Shielding gas: He, Ry=1.7X10"°m7s,

ng=200 f/s

t+0 ms

t+30 ms

t+35ms

t+75 ms

Fig. 3 X-ray transmission images taken by high speed video during CO, laser welding of Type 304 at

20 kW, 25 mm/s and fd=0 mm, showing keyhole behavior, in-site formation of bubbles and pores.
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}an 4 X-ray transmission 1mage
taken by high speed video
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25 mm/s and fd=0 mm, |t B gntere Porosity (Type R)

showing keyhole behavior, E'Oﬂm@ed porosity (Type E) Root porosity (Fpe R)

in-site formation of many Principal behavior Occasional behavior
bubbles and pores. Fig. 5 Schematic of chiefly or occasionally observed mechanism of

porosity formation during cw CO, laser welding of Al alloys.
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(@) Sohdlﬁcahon cracks (b) quua’non crack (c) Solidification crack surface
Fig. 7 Examples of hot cracks: solidification cracks in weld metal and liquation crack in HAZ, and SEM photo.
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Fig. 8 Summarized relationship between Fig. 9 Comparison of stress-strain curves of
cracking susceptibility, alloying element AS5182 base alloy and welds made at
content, plate thickness and laser various welding speeds, showing recovery
welding process conditions. of elongation with increase in speed.
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Fig. 10 Schematic of configuration of microfocused X-ray inspection system and tensile, and in-situ
observation results and stress-strain curve of A5182 laser-welded joint with porosity during
tensile-testing, showing elongation of porosity and fracturing initiation at large pore near surface.
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