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Effect of Laser Welding Variables on the Formability of Si Added Steel Welds

Joon-Sik Park*, In-Su Woo* and Jong-Bong Lee*
*POSCO Technical Research Lab., Pohang 790-785, Korea

Abstract

The aim of present study is to investigate the effect of welding parameters and heat treatment conditions
on the formability of the CO, laser welded silicon steel sheet. It was found that there is optimum range
of the heat input (0.6~0.7kJ/cm) and gap distance (0.125~0.150mm) for the high tensile strength and the
avoidance of the fracture in weld metal. Also, it was essential for the improvement of formability to
perform pre- and post-welding heat treatment which cause the uniform mixture of base metal and welding

consumable.
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Table 1 Chemical composition of the welding wire used (wt%)
Filler wire C Si Mn P S Al Ti Ni
ERNiCrMo-3 0.02 0.22 0.20 0.004 0.002 0.22 0.21 61.80
Table 2 Effect of welding conditions on the tensile properties of welds
No Laser Welding Heat Gap Wire feed UTS Base metal
" | power(kW) | speed(m/min) | input(kJ/cm) (mm) rate(m/min) | (MPa) | fracture(%)
1 6.0 10.8 0.33 0.25 12.3 519 11
2 10.8 6.0 1.08 0.15 41 603 78
3 10.8 10.8 0.60 0.05 2.5 632 56
4 10.8 10.8 0.60 0.25 12.3 578 44
5 6.0 6.0 0.60 0.25 6.8 529 11
6 84 8.4 0.60 0.15 5.7 625 100
7 10.8 6.0 1.08 0.25 6.9 406 56
8 6.0 6.0 0.60 0.05 14 635 78
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Welding speed(m/min) X

Wire feed rate (m/min) = - 3
Cross sectional area of filler wire(mm )

y Cross sectional area of gap(mmz)

Cross sectional area of filler wire(mm?)
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Fig. 1 Tensile properties of welds with the variation
of heat input and gap distance: (a) tensile
strength (MPa) and (b) probability for the
tensile fracture in base metal (%)

(a) ] (b)

(e)

Fig. 2 Microstructures of welds with the variation
of heat input and gap distance: (a) 0.6kJ/cm,
0.15mm, (b) 0.6kJ/cm, 0.05mm, (c) 0.6kJ/cm,
0.25mm (d) 1.08kJ/cm, 0.15mm and (e)
0.33kJ/cm, 0.25mm
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Fig. 3 Photographs showing the propagation of
crack along welds after Erichsen test: only
(a) pre-welding heat treated and (b) post-
welding heat treated
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(b)
Fig. 4 Micrographs showing (a) the crack initiation

and (b) propagation of welds in Erichsen
test (Tpre = 400°C and Tpost =400°C)

Table 3 Effect of heat treatment on the formability of

welds
No. Pre-heating Post-heating | Forming height

() () (mm)
1 400 400 1.20
2 400 900 2.10
3 900 400 0.98
4 900 900 1.07
5 650 400 2.62
6 650 900 2.47
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Erichsen value (mm)
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Fig. 5

ool Badd x2Fo] #F=: k. Fig. 7

Post—welding
heat treatment

—8—400T
——900T

B | |
L L L L t 4

400 500 600 700 800 900

Pre—welding heat treatment temperature(C)

Erichsen test results with the variation of
heat treatment temperature

(a) (b)

(d)

Fig. 6

(e) (f)
Micrographs showing the welds cross sections
with the variation of heat treatments (T
and Tpest in sequence): (a) 4007, 400T
(b) 400C, 900T, (c) 650T, 400 (d) 6507,
900%C, (e) 9007C, 400C and (f) 900T, 900TC
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Fig. 7 Micrographs showing the formation of Ni
depletion zone near fusion boundary

(b)

Fig. 8 Micrographs showing the formation of
solidification cracks in weld metal: (a)
Tore = 900C Tpost =400T and (b) Tpe =
900C Tust =900T
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