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A Study on Laser Welding Characteristics of 1500MPa Grade Ultra High
Strength Steel for Automotive Application
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Abstract

In this study, fundamental experiment was conducted with various strength of UHSS (Ultra High
Strength Steel) by CO:2 laser. And then, butt and lap joint laser welding with boron alloyed steel and
Al-Si coated boron alloy steel have been done by changing laser beam feature, existence of gap and
existence of coating layer to know welding characteristics of those materials. As a result, in case of
fundamental experiment with various strength steel, hardening was found in the weld metal of all tested

materials and softening was found at the heat affected zone of SGAFC 1180.

In case of laser butt

welding of UHSS, mechanical properties was improved by using small laser beam diameter and Al-Si
coating layer caused fracture of weld metal. In case of laser lap welding of UHSS, AI-Si coating layer
resulted in formation of intermetallic compound at the fusion boundary where fracture occurred. Al-Si
coating layer caused lowering mechanical properties of weld metal.

Keywords: Laser welding, laser beam diameter, boron alloyed steel, Al-Si coated boron alloyed steel,

hot Stamping steel

rl
riot
oM,
lo

Aol it AT dekEwA AR
A ilE Al bRt

oo X b
rir
re
=
oM.
to
o2

4 e
i
oft
o
re
=
%
o
é

e

2 g
3402 ojgolw
5 ,9_

=2 ol
o

ﬁ filo
F>

2

fr bl
20
o oo

2 9 Sroz Aol 4%
otk E ARG 57 HEE Yot FE
5} e A WAAOR ekewA
Ao Brkom Qs et
ol gick. olef ujel AmE @
o} Zehae, vhauaa 2 At
aAle] #go] FASL QAT g, A B4,

o
R
32

N rO

= (=

ofN oXt
Lo oX,
fr 2oy

o

| XE
2
sy

L4y
N
%

d
:i
i
ﬁ;

B S A2 FEelM A aAE dAls 7t
A sidsfor & ZAIE Wel 2l glnt of{%t

EA9] sfAMor w2 7J=el AFA(formability)
o] £ UHSS(ultra High Strength Steel)2] ARg-0]

Q= 9ty UHSS= ¢ubd o= 1,000MPa o]4k
9] AAEE 7HX= ZHAZ DP(dual Phase),
TRIP(transformation induced plasticity), CP(complex
phase), Martensitic, Boron 7} 50| ¢it}
oA QIFT wieh ol LA BEF SR WA
3 EE 8 A FE A A 722 84 A
74 ZF= Hu|(bumper), A-Z|(pillar), B-Z&|(pillar)
o] 1500MPay 2174 =7HUHSS)] Z-go] &
AREAALS FAoR Zkska 9low WA
or Fu|, dEow I Ago| FfEo] kL 3l
th. olo] uleh UHSS/Aat g7 8454 mob @
SA-RT IS P A AgHoz SyET
otk AR AR W3 WHeR AY H §3ol
2 AGEAT A2 AV AuET HE
PN W] ek ket WY slge] AT o
3 glek olFA oA olget Mol A%
TWB(tailor welded blanks)Q} -2 oL} o]%

Sh=elo|M7t=5 85 K| M133 HI3ZE, 2010 9



N
o
o
]
N
OpA
d
>
ol
a
N

Aol W Holol wol Hgwm ek deolq §
e WE SHEE uEe] BN £ A
e Aol otk §4 F Wil UE §
Tl vlsh Hn g1 F9Y gl Ft. 9

Jo o L o} o m o
:

ik
op

vjgo] e ZAoR ket ok A
Aol 2ol tefRt AT AlGSiA AEEAL
Q13 1500MPag 117 =7ko] #Ago| F71skal ¢l
onf FolA & 7la EIF A e As
ShA 2| Hgtell 8o Frkstal ok wEbA
MEA R A Aol Skl e 24l
e HolA &4 5480 B A4 84

o
1 9a B4el e AEst 8 B4 W4 4%
ke

Aol A= dlolA7h 7HAl= 33} Alo]E(Optic
cable), 1< dl=(Focal lens)of wa} W EAAS H7}
1] Aol wheh 207 =A3e] oA w7,

BA7] &85 AAlste] 1 EAdof| tisl] Lot

2. ol24 A

21 AR e =gl Holx 8 B4

5 ST 7AER]D Sl disto] dobHsit
dolA &4 - we Iz ol ofste] g3
A BA Y] 2 A g

whef A A=rE oA ARl BA
vl A= gol Helxle et dde Elth
UHSSS| gojA &4 S4& doRr] ffsl thefzt
o] 2 ARSI ANE et &
T Table 1ol wERt: Sz HloiA &4 A
d 5 1A 545 w97 s &R 4

= I}
T2 A3 IAAEL 93] KS B 08012 It

w}
= Ad; go] SR e] Ar BEx= BE AR &
HAIFEHo A A5t dafo] vehgal &) et 5
71 ERAet S-GEFA HE gho] S71st
it SGAFC 1180 2 ¢ dYadiold A=

Journal of KSLP, Vol. 13, No. 3, September 2010

2l - &3] - o|MIE

fro] WA oiH] oF 60Hv A= st st T
< W3tk Table 20|4= mAjef g4 Y
=9} gek9)2S Uehdch RA 590, DP 590, 7809]
AT SRR e g Al vt AYE

it
o) A% mAle] s W AARE Au} sk
sheke: elofapsiolx] WhAstelch

Table 1 Experimental material and welding speed

Material Thickness Laser power Welding speed
SPFC DP 590 1.4mm 6KW 7 m/min
SPFC RA 590 1.4mm 6KW 7 m/min

CR DP 780 1.8mm kW 6 m/min
SGAFC 1180 1.2mm 6KW 9 m/min
s DP780
480 4 *— DP 590
460 - s+ RA 590
440 T Vyy | —v—SGAFC 1180 |
420
400 L
3804 Ty
I ¥y¥ Tyv v A vy Ty v
gm 360 v Y lag® ne a7 v" 'y
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Fig. 1 Hardness distribution of experimental materials.

Table 2 Tensile test result and Failure location

Tensile strength (MPa)

Material Velded Base Failure location
joint metal
RA 590 640 631 Base metal
DF 590 672 670 Base metal
DP 780 822 842 Base metal
SGAFC 1180 1190 1230 HAZ

22 32" F Az 7e

gk~ (hot stamping) 7|4 7]&9 UHSSE
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Martensitic quenching in
the stamping tool

3. Ad 3y 3 Ase

3.1 Al FH|ek AlZ

o BflolN EF Sdol et AT 21

| AdolA AME Al EZAFA TN,
AAFSIaL Q= CR boron alloyed steel@} Al-Si
coated boron alloyed steelZ ARESIGTE F AR
HE SARES fld) AlxE A= QPEET)
oF 1500MPa2] Z}t=& 7}RIch
Al-Si coated boron alloyed steel®] 739 Az &
A} o]F T A EHY 4bS}o] ofgHiksH(iron
oxide)®] W e S YRS Qs 2+ Hel
oF 25ume} Al-Si A& Y Fo| EAth 7t
lo] 2
7]

N

A= Z 70mm, 00mm, &7 1.5mme] =
7%= 7hsskitth 8 Al §gHE 9
7hs& skl A Zol= 180mm=z 3}t
A7) &4 Aol A ofE 30mm= 513le
] 27 Zoli 60mm=E 3Fgh &4 A AlH

He| e =4S AASH] S8l otMlE AlA

LA
S 0

oo

o ke

32 A AA 4 w7 3y

o]z |HL 9al Trumpfale] 4kWg tjA=
oA (disk laser)2} IPGAFS] 3kKW+ mho|w] #|o]%]
(fiber laser)S AR&SISITE ZF oAl A3 sl==
ABB 6% 20| 14417 83 Zolel 83 4wg
22X 39l Alofeiiitk Haag|ojAjel wlold &
oA B S KWE TASMon Herkat
ARESHA] ok 8 Aol ARE AR (Jig)
BE g2o| 1P| (bolt type jig)S A-g5HA
CElold 8 F 7 AlHe) g whe] At
A B 22 o GRe] 28 e 9
| AlEEs Adsial AlRE YFE E24
(polishing) 5~ 3%-Ltoe(nital) Bt ARgste]
Z(ecthing)stiet. &4 TN <, 7183 22
AR Avun oY AW F oulshe wEep|
Q8 F=AFAAFE 1] 7 (Scanning electron microscope)=
ol-g3IAt:. AT 7IAE B Loty sl
A 2H3 YT ABS AN A 2%
& 93l ulolaE AL AEAS olgato
ol 2009, 5k AEAIRES 10sec, 54 7H4
200umz A ZAskack QAR Al KS
0801 FAol ojAtel AHEE ZHaskart.

S oo & oqr

w rlo v

33 Yol A8 dAol4 W 54 B
E2z dolAlsh solu] do|AE AHgste]

o|A o] F5F, FTt Alo|=(optic cable), <L =

Sh=elo|M7t=5 85 K| M133 HI3ZE, 2010 9



22 F A2 ZAEZ2 . Al

(focal lens)oll we} zkzt WAEE we| 54
melsla #lolx 44 Ao 2

t}. Prime2] focus monitor A& o]83}o] Z+
Wel 54& sleleigict. Table 3= W 54 ¥
7holl ARG HlolA F, BTt AolE, A& A
22 9] shga o) utE dolA Wl M4}
ofv# d=s Yehf Atk

Table 3 Measured beam diameter and energy density

MNo. Laser Optic cable Focal lens Beam diameter Unergy density
1 Fiber  100pm 200mm 0.17mm 3306 W/em®
2 Disk 200pm 220mm 0. 2bmm 1528 kW/em®
3 Tiber 200pm 300mm 0.36mm 73T EW/em®
4 Disk 200pm 560mm 0.54mm 327 EW/em®
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Table 4 Max. welding speed according to beam diameter

No. Laser Beam diameter Material Welding speed
1-1 Al-Si coated
Fiber 0.17mm 13.5m/min
1-2 CR
2-1 Al-Si coated
Disk 0.25mm 12m/min
2-2 CR
3-1 Al-S1 coated
Fiber 0.36mm 11m/min
3-2 CR
4-1 Al-Si coated
Disk 0.54mm 6.5m/min
4-2 CR
No. Heat input Material Cross section
1-1 Al-Si coated
13.3 KJ/cm
1-2 CR
2-1 Al-Si coated
15 Kl/cm
2-2 CR
31 Al-Si coated
16.3 Kl/cm
3-2 CR
4-1 Al-5i coated
27.7TKl/em
4-2 CR

Fig. 3 Cross section of butt joint and heat input.
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Fig. 4 Comparison of hardness distribution of butt join.
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No Material Tensile strength Failure section Faﬂ_uTE
position
1-1 | Al-Sicoated 1243.5MPa WM
1-2 CR 1491.6MPa HAZ
2-1 | Al-Sicoated 1350.4MPa WM
22 CR 1406. ™MPa HAZ
31| Al-Sicoated 1405.8MPa HAZ
32 CR 1411.2MPa HAZ
4-1 Al-5i coated 1313. ™MPa HAZ
42 CR 1348.4MPa HAZ

Fig. 6 Tensile strength, Failure section and position of
butt joint.
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Fig. 7 Observation of butt joint failure section with
SEM and EDS analysis.

Table 5 Max. welding speed of lapjoint according to
beam diameter

No. Laser Beam diameter  Material Gap  Welding speed

1-1 Al-Sicoated Omm

G-1-1 Tiber 0.17mm Al-Sicoated 0.2mm Tm/min
1-2 CR Omm
2-1 Al-Sicoated Omm

G-2-1 Tiber 0.36mm Al-Sicoated 0.2mm 4m/min
2-2 CR Omm
3-1 Al-Sicoated Omm

G-3-1 Disk 0.54mm Al-Si coated 0.2mm 1.5m/min
3-2 CR Omm
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Heat Welding . Cross
No. Input 4 Material Secti
S conte -
257 . .
G-1-1 Kifem 7.0m/min Al-Si coated
1-2 CR
2-1 Al-Si coated -
514 . .
G-2-1 K)fem 3.5m/min Al-Si coated
2-2 CR
3-1 Al-Si coated
1200 . .
G-3-1 Kifem 1.5m/min | AI-Si coated
3-2 CR

Fig. 8 Cross section of lap welded.
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Fig. 9 Comparison of hardness distribution of lap joint.
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Fig. 10 Tensile strength, Failure section and position
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Observation of lap welded failure section with

SEM and EDS analysis (0.54mm).
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