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Laser Weldability of Sheet Steels for Tailored Blank Manufacturing (II)
— Effect of Joint Configuration —
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Abstract

In this paper, the laser weldability of thin gage steels for automobile application is discussed.
Welding was carried out with a high power carbon dioxide laser system, and the laser energy
was concentrated through a plano-convex lens. Test results showed that the joint gap in the butt
welding proved to be one of the critical conditions for an acceptable weld. In the case where the
ratio of the gap clearance to the material thickness was slightly bigger than optimal value, the
weld strength was reduced showing weld metal fracture. It was possible to obtain a weld
penetration ratio of 0.91 when the vertical offset ratio was controlled to be 0.4 or smaller.
Results also demonstrated that the weld strength of the lap joint was influenced by travel speed.
At the travel speeds lower than 37mm/s, the weld strength indicated higher value than that of
class A recommendation strength of a resistance spot weld based on the KS code. It was clear
that the complicated effect of specimen alignment should be considered so as to make a sound
weld with high integrity when the laser process was applied to the long weld line.
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2.1 AIEXY

Table 1& £ AFAA ALSH 2459 247
A=, 774 2 44 FAY F58 Jelu
Aot F, APA 19 2= A5 A Loz M3
Fo% FA4 € Avt: ZFAEEZN &2 4P 40
8FEE= Agolth. AdA 37 4 Aed AEH
FAE §59 hAolxg, ¥& UG ZAEE 1}
ElE Zolm, AEA) 5962 KPR FaF
TE nFHgeity. &, AEA 73 8& A7)0}
AEg A FH FAHE AAIT Rolv,
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Table 1. Chemical and physical properties of test materials
Steel C Si Mn P S Cr Ni (ﬁg) T(i‘rif:) Ci‘r‘lgfl‘:lc:n
1 0. 0029 0. 002 0.072 0.011 0. 008 0.010 0.011 301 0.85 -
2 0. 038 - 0. 185 0. 009 0.007 0. 008 0.012 360 0.8 -
3 0.044 0. 002 0. 480 0. 099 0. 007 0. 009 0. 009 453 0.8 -
4 0.038 0. 004 0.516 0. 085 0.012 0.019 0.015 423 1.0 -
5 0. 084 0.474 1.50 0.019 0. 007 0. 031 0.032 561 1.2 -
6 0.079 0. 488 1. 50 0.016 0. 007 0.024 0. 028 592 1.4 -
7 0. 003 - 0.131 0. 009 0.005 0. 009 0.014 320 0.8 EG+AFP
8 0. 0038 0. 002 0.070 0.010 0. 006 0.011 0.018 303 1.0 EG+CHR
9 0. 0022 - 0.127 0.016 0. 005 0.010 0. 009 292 0.8 Gl
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Fig. 3 Effect of gap clearance (s/ty on weld
microstructure
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Fig. 4 Effect of welding conditions on the weld
formation ; s/to of 0.2, travel speeds of
43mm/s(a) and 57mm/s{(b), and s/t, of 0,
travel speeds of 57mm/s (c) and 64mm/s (d)
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Fig. 5 Macroscopic view of typical cut cross-
sections by conventional shear(a),
precision cutter (b) and laser (c)

A A7t Asol EAA Hol den e dnlAg
& JAsEE AL 34 FF F23 AT
9 FEo2 AFHT. o]E3 BHANA, B AF
A= HolA Ay &8 AESH=H, Fig
59 ()& I A=A wsto]r) wid Agd Az
EE g3siAg, dg ¥HY 27UP Y AHE
o] 8443 4L vE Ao Azt

Fig. 62 dd o] £ vj=e] g9 T4
X &S ZAG Aol of AP A
HA 5L 6 & o83t 2 ol ¥ AFq
A 2148 A8 F, oA kel Hgo] golgt
FAQ7 dEeltt, £82AL ol Hgd 7]
g Z3Ho] £30] o]FolA AL@), T =&
ol Addd, aglxy & 3 £ AW Fgws)
A% b o Y dAdwrg g30] oo A%
© 2 vro] 44 s 2 A3, 4L Hdd
78 38 ASole vls A7t F3sdn F
Hodo] g Aol E vHl=9] 580] 7t B
TEsa FHAAM Y v =EXAAE #F HJt o]
o ¥lsle] golA] Az &3 AL o

Fig. 6 Surface appearance of laser welds showing
slag formation at the fusion line{a) and the
weld center (b)

Journal of KWS, Vol 16, No. 2, April, 1998



Hdd= Edag uad A9 dold §44 )

=9 7B st AL AT ok #olA
Aol A ol2|d ddo] #3d F2 dde ¢
AME AdFsARl A EAstE & FY
o oz 4AHA /70 2AE o] FA X3
d Aoz godth £, o] AEAY &3 89
dl€ AMRCA sHEEZ A HE upopRe AstE
dax & HAL, 2 AL F AFAAA
B5 vl Jebgoh

3.2 CtXle| AE

Fig. 7& gtoiy] §3A] ol &89 FA 4 o=
g &, 927 £ 20 viAe 4L A
Ay Azolr), GAE RAg APHAME 22
of gl dHZ $HE AR I AAH
UE viepto] &3 FANA &8 F&59 HHo)
A5 Wi &88E JAA Hxe sEgE F
g, B AgdAe ol d Mg mesty
$3 Eo], & A Y 5ol @& £H¥FFn F
olsty Hojg wate] v (h/t) oF BHAAA A3
Aok AY Aol o3lH h/t,E 0.28 RodF 24
oA £90H] ([d/t) £ 0.972 ARLA mj$ AAHF &
FHE o731 oA, h/t0. 42 F7IA7 A%
de d/tE e ZAE B 0.912 JeEhiY
ok a8y, h/e2 0.698 2F ¢ 29 48 24
AXE d/tgkel FASA #FAsHT. &3, h/Lg
B =9 A8 2HAME 238 49 7187

Steel 4

10}

08|

06+

041

Minimum weld depth, d/f,

o
N
T

t

I L

0 02 04 a8 08 10

Vertical offset, h/t,

Fig. 7 Effect of vertical offset on minimum weld
depth

KRB HSEE F16% FA2M, 1998F 4A

105

9] d/t, 31E+S BYgo e dxle] Qo] g &
AE 3279 §A4 990 0.4n/1,<0.6 77 EAF
< & F Atk Wy, 2oy - EnE
olof & &8 A4 AV|E 4A FAY 80%= A
Jate A% U Hdez dale) 2718 A9
o] Eod, B A3 7oA 3L Hele At
2 h/t0.4 = ot 2 gto] 758 Aoz A
Ak, o|Ate] AF AFEL Py 2122 B E
AAS & A (/w70 0d AE FAAAA oj=A
9] 7tFo] EAF A$olE A o] o]Fo
AA G AL QY 5 ootk ez, g4
7] - M= Gate] & HE &AM 1= B
7} 3 =lojo & Ao F AlZH A

olZA ©AE FF LFE APHY JAH
EAo} #3 AF AFAE Fig. 89 AA S ot
o] ZP A= &} (h/ty) 7} B Ao tid &9
A=) v (6,/64) ol PIXE D83} 2 wfjo) A
A& AEE FAY vehia ok =, 42 ¢l
AT ZH e £Y¥ [/t = ¥rlsleg
A 2FE Alele] F#AE TE 4k o] Ao
o189, Fig. 79 239} FA8HA h/t0. 49 =7
AAME 6,./602 W37 A9 A1 AP F Ba
P E £HRE Holy 2] mrolqdr}t. E, o
FhodME 4L stEte Au)sld h/t=0.4
Ao He/go] TANE 0.958 Bt o)7L o

- Ao} Zvhel wat 2] et o= Ax Y

HAL AL E 8T F=e vAe 9FL

(=]
% dit;=1.05 pg7 0.91
© W I~
- —-—— 0.56
o S~
= 0ep RN N
] O Weid metal fracture PSRN
= N
o 08} AN
- \ o
o [\ w
5 07 vy 3
] \0 S
[ZI Y3 8 \ =
k=) D g
(] ' 110 ¢
= S
J =
09 ®
Jos 2
1% o
L L N A 1 o7 W

L
"] 0.2 04 06 0.8 10

Vertical offset, h/,

Fig. 8 Effect of vertical offset on the tensile
properties

148



106

AxgSE UehlE Aol olH & olf= &3
F&R gl 232o] P45 PR HARE ¥
FE Aol 718 Aoz A= Sk h/t0.6<]
ZANME £3589 Az dilgo] thge] &
Zoz Z4slam oM RAHE o oAU
22 Uehz gtk a2, ol g Al
T B3sta AAE @Aty 93 £33 R AZ%
= 2 A AAgdA Bt 2388 48 A A
whpste EA7 o 27) fo B AgelA Ao
721z o392 dA% h/t, BeE7t WAF ALZ AL
sS4

3AL Fig. 994 RoF £33 5 dd ol
ostadx A FFE Frb vk ©WA, AR
@9 b)E 2473 h/t=0.2 2 0.4 A FHY o
He RAow SR AL vl AU

Fig. 9 Effect of vertical offset on weld formation
(@ 0.2mm, (b) 0.4mm, (¢) 0.8mm

149

0714 - ol7] % - °| 59

h/t=0.8(218 9 odME &FFE FAHHUE
o, ol2ld dFL &AM vz ey faoz
#olA Wo| ZAIHo &3 279 &§&E°] o}
2 EHWEA 3578 §45%7] dEol.
H, h/t=0. 494 &35 el ax
F AR A3HA AR oM A A 3
Re @7 o)y MY Bg Aojng £YY
staa §A AR 23 M HE B0

3.3 UR7| 8HFe &Y

oA E ol &% A7) £HLS A LHAA
FAAHE T 3 ol Yotk &Y A
£HL Hyo] A3 Aol ¥7| dE AFA
AR &7 FAY gREL A& glon, o
A Ed4 Sdyoly SR S dES
AR, oHE EAYE dAFE o
A golA £-8¥o] ARSI Y&, ) # o]
A £H8Y Are 4P 4 £3589 §53
oF gt}

Fig. 102 AgA 28 o) &3t @AY §HS
A G gl &3 £50) o $£HE AFA
o 33 @27) YA A AHe FE 2
Folt}, £H £ 37mm/s ©|Ete] ZANNE B
E LRI g4 £48 2oy, &5 F7t
goll wakx HA7) o] &R oA e M3 HHL 7
£33 ATk E, o) adAME B EH FH0

10 | Steei 2 O tertecé tactire
2 °[
X 8 | '_ & - o
£ ™
S 7 .
e N
& of Waid Q
- A Y
% s| . .
w0 \
2 4 ] '8 [ S
Ay r—rr———u E
1 0 g
1. ®
{0 o
R R
= . . [+3
Nean weid #rea of class A(15.9mm") -
{0
' A

20 25 30 a5 40 45:
Travel speed (mm/s)

Fig. 10 Effect of travel speed on the weld strength

Journal of KWS, Vol. 16, No. 2, April, 1998



Hees 2334 ua ZA9 dolA §34 (1D

Pig. 11 Cross-sectional view of lap weld with travel
speed of 23mm/s (a) and 37mm/s (b)

N Aem ol 539 $HY W7 ARAT #F
o 27AE Yehiol dolx §3%e S5t u]
@ gtk A9 Aol JE §H £E9 37
of Wt SH¥e AR HFE WA gaA9
o}, AY F 2A shae] Yok Re AW
AAE A9 BT 3§40 AT BT 4T 3=
ol4e Holn ATh B, AY H YA
HE AR AE o4 nolE 2eln 84 &
£ 2719 @7 B4 A4S 429 e v
Blln Uk S olddlE 2 2ANA 3
A7) olgRel BEAL AN e, £7 &
Et $1% v say 2 9P AR
1 AFAY F Askhe BRIYoIAUTh
Fig. 11 A7) $8%¢) 9@ 25 vehd 2
o2 4 $% 7k Wt gA7) AN &
Y Fo| gashe Bed g7 e £ S
A AURA Yold B BEE RAF R Tk

3.4 =X Hole| I

£ ANAN A% o] Bolx: JEE B
Yot 12 AE5AY 27, £ S L &4
o SAS dRe WAL, Fig 12& AGA
12 o83 £Bmm/se] SEL §HE AT 7
S 891 gate) ol B Rolth £PA) A

KREBBELEE F16% B2, 1998F 47

107

Fig. 12 Effect of welding line deviation on weld
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Fig. 13 Effect of welding line deviation on weld
formation (a)0. 2mm and (b)0. 4mm
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