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Evaluation of Mechanical Properties of Welded Metal in
Tailored Steel Sheet Welded by CO, Laser

Bon Young Ghoo* and Young Tag Keum**

ABSTRACT

Automotive manufacturers have taken more interests in tailored sheet metals for improving the rigidity,
weight reduction, crash durability, and cost savings so that their application to auto-bodies has been increased.
However, since the tailored sheet metals do not behave like un-welded sheet metals in press forming
operations, the stamping engineers no longer rely only on conventional forming techniques. Furthermore, there
is no clear understanding of the characteristics of welded metal which influence the overall press formability of
tailored sheet metals. Recently, the computer simulations are prevailing for the evaluation of the formability.
Unfortunately, the mechanical property of tailored sheet metal has to be quantitatively defined in the
simulation. In this study, the analytical equations are formulated in order to find the mechanical properties of
the welded metal in the tailored sheet metal welded by CO, laser. Based on force distribution assumption, the
constitutive behavior of the welded metal is investigated using uniaxial tensile test results of base metals and
tailored sheet metal. Then, the strength coefficient, work-hardening exponent, and plastic strain ratio of
laser-welded metal are calculated from those of base metals and tailored sheet metal. In addition, the existence
of weld defects in the welded metal is indirectly detected by examining the slope of strength coefficient of the
welded metal.

Key Words : Laser-welded/unwelded sheet metal (2] ©] A &-7d/19]-8& 59t 3), Force distribution (] ¥ &), Strength
coefficient slope (4 E=AT ¥ 3HE), CO;, laser (0]4F3}ELA: o] #), Welded metal (£73%)
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A = cross sectional area of specimen K = strength coefficient
DT = tailored specimen with different thickness L = length of specimen
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n = work-hardening exponent
r = plastic strain ratio
P = axial force

ST = tailored specimen with same thickness
W = width of specimen
WM = welded metal
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Table 1 Weld parameters for tailored sheet specimen

groups
. . . Beam
Specimen | Velocity | Power { Gap | Shield
Groy, (m/min) | kW) | (mm) Gas Angle Focus
P (degree)

A 7 6 |0~0.075| He 7~8 neutral
B 6 2 |o~012| N, 0 above

-2mm
C 6~7 6 |0~0.075| He 3 below
D 4 4 10~0075| He : above

' 3 -0.6mm

E 7.5 7 |0~0.075| He 3 below
F 6.5 7 0~0.075] He 0 below
G 7.5 7 }0~0.075| He 3" below

* . 0 degree in the same thickness combination

d gAdd AHe 3 deinE, &3 98 7
#, ael3m A A THEHE A%, B%, CZ, DX,
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Table 2 Mechanical properties of base metal
specimens
Base Metal —He:-ﬁ)erxlfing Ci:;f?&:git]nt Elongation 1;1::;?:
Specimen Exponent (MPa) (%) Ratio
SPCC-1t(P) 0.244 511 39.6 N/M
SPCC-2t(P) 0.215 489 312 NM
EZI-0.8t(P) 0.235 494 28.5 NM
SPCC-154p) | 0230 488 31.7 NM
SPCC-0.7¢(P) | 0.264 496 38,3 N/M
SPCC-0.9tP) | 0.265 500 37.6 NM
SPCC-1.41(P) 0.237 478 34.8 N/M
SPCC-0.84D) | 0222 546 32.6 1.402
SPCC-0.8t(Y) |  0.224 529 34.7 1.758
SPCC-1.5(D) |  0.221 543 32.8 1.462
SPCC-0.81(P) |  0.206 473 35.5 2.017
GA-0.81(P) 0.242 519 29.6 1.536

D,Y,P : manufacture companies
N/M : not measured
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Table 3 Mechanical Properties of tilored sheet specimen groups

Tatlored Sheet Work. Strength Elongation Plast'ic
Specimen Group -Hardening Coefficient %) Stra.m
Exponent (MPa) Ratio
A AST SPCC-1t(P):SPCC-1¢(P) 0.213 528 35.5 N/M
ADT SPCC-1t(P):SPCC-2t(P) 0.204 508 40.3 N/M
BSTI EZI1-0.8t(P):EZI-0.8t(P) 0.198 507 10.5 N/M
B BST2 SPCC-1.5¢(P):SPCC-1.5t(P) 0.210 485 27.0 N/M
BDT EZ1-0.8t(P):SPCC-1.5¢(P) 0.185 488 16.1 N/M
CDTI SPCC-0.7t(P):SPCC-0.94(P) 0.235 520 29.3 N/M
C CDT2 SPCC-0.9t(P):SPCC-1.4t(P) 0.224 523 35.5 N/M
CDT3 SPCC-0.7t(P):SPCC-1.4t(P) 0.228 528 363 N/M
D DST SPCC-0.8(D):SPCC-0.81(Y) 0.188 585 25.0 1.607
DDT SPCC-0.8t(Y):SPCC-1.5¢(D) 0.186 564 27.6 1.615
EST SPCC-0.8t(P):SPCC-0.8t(P) 0.186 541 18.1 1.880
E EDT SPCC-0.8t(P):SPCC-1.5t(P) 0.195 532 24.1 1.769
F FST GA-0.8t(P):GA-0.8t(P) 0.174 527 18.8 1.976
G GST GA-0.8t(P):SPCC-0.8t(P) 0.193 530 22.3 1.890
GDT GA-0.8t(P):SPCC-1.5¢(P) 0.222 543 26.2 1.598
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Fig. 1 Schematic view of a tailored sheet metal
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