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Introduction

® Definition
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Introduction

® Classification
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Welding process | — Arc welding

® Arc welding process
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Welding process | — Arc welding

o Advantage/Disadvantage
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GTAW (Gas tungsten arc welding)
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Welding process | — Arc welding

® Variations
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Welding process | — Arc welding

® Movies
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Welding process Il - Laser welding

e Laser welding process
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Welding process Il - Laser welding

® Classification

Plane Mirror

Shield Gas

Parabolic Mirror

HR mirror

double elliptic
reflector

output coupling
mirror

excitation lamp,
flash lamp, arc lamp

Nd:YAG 20X

Retro reflector

g Fiber connector

Fiber coupling unit
Cooling finger
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Welding process Il - Laser welding
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Welding process Il - Laser welding

® Movies (Laser cutting)

TruLaser Cell 8030: Hochproduktives Laserschneiden
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Welding process Il - Laser welding

® Movies (Laser welding at different pressure)
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Welding process Il - Laser welding

Welding with Solid State Laser => below atmospheric pressure

/

1013 mbar \500 mbar 100 mbar 10 mbar

source: V. Rominger
Reducing the ambient pressure causes severe reduction

= S355 - 10 mm

the metal vapor plume in size and brightness

= P =6000 W
= v, = 2,0 m/min
the spatters - fp - 22 mm

KITECH Korea Institute of Industrial Technologyv



Welding process Il - Laser welding

10 mm full penetration

1013 mbar

10 mbar
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Welding process Il - Laser welding

® Movies (Laser metal deposition)
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Welding process Il - Laser welding

® Movies (Laser metal deposition)
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Welding process Il - SPOT welding

® Spot welding process
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Welding process Il - SPOT welding

® Classification
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Welding process Il - SPOT welding
® Movie

8 cycle (133 ms)
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Welding process IV - FSW

@ Friction stir welding process

Tool2] X0l 2ot
® pinlt mISNIC AT OFE w

1)Rotating 2)Plunging 3)Heating A)Translating
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Welding process IV - FSW
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Welding process IV - FSW

® Variation

A} : shoulder & pin )

M2 E(rpm) )
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{a) Oval shape (b) Paddle shape (c) Three flat sided (d) Three sided (d) Changing spiral
robe

d
prob probe probe re-entrant probe form & flared probe
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Welding process IV - FSW

o Application
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Welding process IV - FSW

® Movie

780 DP

1180 TRIP

590 DP
980 DP
2%

1500 HPF
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Paper review

o Laser welding of fully austenitic twinning induced plasticity steels

- Materials: TWIP, HCP980X, S420MC
- Equipment: 16 kW= Disk laser

Table 3 chemical composition of test material

‘ Table 2 laser syst sed for experiments
o . o 1 5 = — quz“ Ee- aser system used for e\pe111_1;e1111 ; -
ANV rwt, o6 [wt. %] |rwt. 26]|[we. %] |[wt. %] B 1 I(\T - = Dlllx FGOO"
HSD®600 | 07 | 15 | 25 | 2.5 ; I\;‘S? “mi —— = “;61500 —
HCT980X*| 015 | 15 o004 | 05 | - L - e
S420MC ] 0.035 | 0.6 | 0.04 | 0.02 | 0.13 Laser Type YOYAG
S700MC* | 0.06 | 1.85 | 0.04 | 0.05 | 0.06 M i i . 00
T —— ‘ , : Beam Parameter Product BPP & mm*mrad
*source: SSAB data sheets - -
Handling 3-axis CNC
Table 4 mechanical properties of test material de- Fiber Diameter dg 200 pm
rived from tensile tests Collimator: Focal Length 200 mm
. t BE YS IS Focusing Lens: Focal Length  f 560 mm
ALY Al | [MPa) | pvp % .
— [mm] | [ -:780] [MPa] | | j‘] Spot Diameter d, ~560 pm
HSD_600 1.5 2L 600 1020 "source: TruDisk 16002 data sheet
HCTO980X 15 11 810 1000
S420MC 1.5 17 420 540
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Paper review

e Hot cracking

: residual melt)} dendriteE A=K 201H D27 2HA,
Local tensile stress)} =R &t H&tsS &,
E:Jc:pcar;;:on }F-!c?rtnfe:fii)kn Melt Pool
Solidus Liquidus

Temperature Temperature

-
- S

e Tensile . , /m\':\
P g Strain . Y o
" Dendrite | | NN
’ . N ; Figure 7: Single image from high-speed video
/ \/ ' ‘ \ % A ¢ < PPy L S sequence showing the formation of a hot crack right
! g 1 ¥ behi
b - / gars o ehind the melt pool.
i Hot Crack v+ Solidifying
| ’
\ Solidified | }/ Residual ' /  Direction
\ \ Residual | Melt |/ Keyhole
¢
‘\ S Y. Melt-Flow
Tensile ’ Viewing
‘\ Strain ~’ Direction
.~ o > . " for
- - Welding Direction =——> SEM-
Inspection

Figure 1: Depiction of the welding process and melt
flow with dendrite-solidification [5].
Figure 8: Cross section of the weld seam in the highly

crack-sensitive test specimen.
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Paper review
o Spatter formation during laser welding

* Hot cracking
: GMA E= spot 0| A= ottt ENE[OoLt 4|o[X EF0Me 2 YE=Z Q50 EEIX]| &S,

vifm/min] | 2 [ 3 | 4 [ S|6| 7|89 |10 : : : ; ; :
S420MC OO | O |O| 7|3 |23 |0 5 T~ 77T T =0 shielding gas "~
TWIP 0|10] 3 |4 S |2 : = argon 26 /min
TWIP+Arf 0| O [ O |O|JO]O|O|O]|O 4 === -\k---—i--=-= helium 26 /min ------
legend: spatter counts per 50 mm weld seam : :
none low medium . high | Q2T 7~

Figure 4 comparison of spatter formation at different
feed rates: Py: 4 KW, f: 560 mm. dg 560 pm.
zg 0 mm, Ar: 20 Vmin (TWIP+Ar only)
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- Figure 6 influence of inert gases on penetration depth
P, 4 kKW. v¢ 2 m/min Pr: 4 kW, ve 2 m/min, of laser welded TWIP alloys: Py: 3kW, z¢ 0 mm,

_ _ Ar: 20 Vmin gas flow (Ar & He): 26 /min
Figure 5 comparison of two laser welded TWIP

seams: a) no shielding gas. b) argon used as shielding
gas
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Paper review

o Micro-section and hardness distribution

Austenite

base
microstructure:
fine grained

weld

coarse grained

Figure 7 microsection of single lap seam: HSD*600
t=1.5 mm+ HSD*600 t = 1.5 mm: corrosive: nital +
aqueous sodium sulfite (20%): PL: 4 kW.
ve 7 m/min. £ 560 mm. dg 560 pm. zg 0 mm.
Ar: 20 Vnmun

microstructure:

— — —
e

} 1000 pm
2 400 e e e T T T
-§ . | \ 1 |
L s I B I S (0
” é | \ ‘ I
—“’1) _4200 1 | ‘ I |
S 1 R
-1.9 -0.95 0 0.95 1.9

Distance [mm]

Figure 8 Vickers hardness measurement through a
laser welded HSD*600-seam: Pr: 4 kW. v 7 m/mun.
Zg 0 mm
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Paper review

o Appearance of failure specimen

e — ey

AR 07 martensitic

\‘_ﬂ __200pm | :
Figure 12 appearance of a through welded, dissimilar

seam (HSD*600. S420MC); Pi: 4 kW. v¢ 3 m/min.
zg 0 mm
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Laser Welding below Atmospheric Conditions

LLC

~ N 1013 m 500mb,  100m 10
. i ar ar bar mba
welding optic \ i :
axis system \

[
We|d|hg extraction system
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Metal-Plastic-Joining

= Bring in with the Laser macro- and microscopical structures
of the metal surface

= Spray warmed plastic on these structures

= ,Connecting” of both materials “
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