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Table 1 Chemical composition of base metal (/%)
Base metal C Si Mn P S Ni Cr Co Fe
SUS 304L 0.006 0.69 1.42 0.034 0.0002 10.1 18.1 0.18 Bal.
SUS 310S 0.040 0.43 0.96 0.019 0.001 20.1 25.2 0.18 Bal.
*2 BaedZEgs
Table 2 Chemical composition of filler wire (/%)

Filler wire C Si Mn P S Ni Cr Co Fe Mo Nb Cu W Al \Y Ti
Invar 36 0.020 0.15 035 0.005 0.001 36.0 0.03 Bal. 0.01 0.02 0.003 - -
ERNi-1 0.007 0.14 0.34 0.003 0.0006 Bal. - 0.015 - 0.57 2.37

ERNICr-3 0.005 0.01 298 0.002 0.002 Bal. 2045 0.97 2.84 0.01 - 0.54

ERNiCrFe-7 0.025 0.13 0.24 0.002 0.001 Bal. 2923 0.004 999 0.04 0.01 002 - 065 0.55
ERNiCrMo-10 0.003 0.04 0.15 0.010 Bal. 21.2 1.0 46 134 0.05 3.0 0.05
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Table 3 Welding conditions for obtaining the weld joints with different chemical composition

. . . Groove Laser Welding Spot Wire Wire feeding
Filler wire Specimen width/mm Laser power/kW  speed/m min? size/mm current/A  speed/m min?
1# 6 Fiber 2.5 @ 6.0 54 1.37
2 3 Fiber 25 @ 3.0 40 0.67
| 36
nvar 3 3 Fiber 3.0 © 3.0 51 0.64
A# 2 LD 3.5 26 0.37
. 5# 2 LD 3.0 47 0.37
ERNI-1 6% 2 LD 35 o1 47 0.37
. T# 3 LD 4.0 46 0.79
ERNiCr-3 # 2 LD 35 Gieisn 39 0.38
ERNiCrFe-7 o# 3 LD 4.5 ' 39 0.73
10# 2 LD 3.0 47 0.37
. 11# 3 LD 45 43 0.79
ERNIiCrMo-10 4, 2 LD 35 33 0.38
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Fig.3 Appearance of weld bead after laser welding with hot wire:

(a) the front of weld bead, (b) the cross-section of weld
joint, and (c) distribution of measurement points for

elements analysis by EPMA

Fz 4 B4Ed Ni. Cr 21T HEEM EPMANEE
Table 4 Calculated and EPMA results of Ni and Cr content

in weld metal (/%)

Ni Cr
Specimen

Calculation  EPMA Calculation EPMA
1# 30.4 29.2 4.0 4.3
3# 22.1 20.4 9.7 12.0
4# 15.2 18.0 14.6 14.2
5# 27.8 24.0 144 17.0
T# 29.9 25.1 18.9 20.7
o# 22.6 21.7 21.0 23.2
11# 23.0 21.8 19.0 21.1
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Table 5 Chemical composition of weld metal after laser welding with hot wire
i i 0,
Filler wire  Specimen D'I.Ut'on Element content, /% Creg/% Niegg/% Creg/Nie
ratio/% - - q g q/ Nleg
Cc Mn Mo Si Nb Ni Cr Fe P+S
1# 21.7 0.016 058 0.01 0.27 - 304 40 Bal. 0.012 4.37 31.14 0.14
Invar 36 24 440 0011 082 001 039 - 246 80 Bal. 0018 859 2534 034
3# 53.5 0.010 092 0.01 044 - 221 9.7 Bal. 0.021 10.38 22.87 0.45
4# 80.3 0.004 121 <0.01 0.58 - 152 146 Bal. 0.029 1545 15091 0.97
ERNi-1 5# 79.3 0.002 1.20 - 0.58 - 278 144 Bal. 0.028 1525 2844 0.54
61 83.0 0.002 1.24 - 0.60 - 246 151 Bal. 0.029 1595 25.29 0.63
ERNICr-3 T# 67.9 0.002 1.92 - 047 0912 299 189 Bal. 0.025 20.04 30.90 0.65
8# 81.9 0.001 1.70 - 0.57 0514 212 186 Bal. 0.029 19.67 22.13 0.89
ERNiCrFe-7 O# 74.4 0.007 112 0.01 055 0.003 226 210 Bal. 0.026 2181 2338 0.93
10# 79.3 0.006 1.18 001 057 0.002 202 204 Bal. 0.028 2131 20.97 1.02
ERNiICrMo-10 11# 72.1 0.001 107 374 051 - 23.0 19.0 Bal. 0.027 2350 2359 1.00
12# 77.1 0.001 113 3.07 0.54 - 20.7 188 Bal. 0.029 2272 21.29 1.07
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Fig.4 Distribution of chemical composition of each specimen on

the Schaeffler diagram
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Fig.9 Schematic diagram of obtaining the BTR
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Study on Solidification Cracking Susceptibility of Austenitic Alloys
During Laser Welding

Wang Dan ', Kadoi Kota 2, Yamamoto Motomichi 3, Shinozaki Kenji *
(1. Jiangsu University, Zhenjiang 212013, China)
(2. Osaka University, Osaka 567-0047, Japan)
(3. Hiroshima University, Higashi-Hiroshima 739-8527, Japan)
(4. National Institute of Technology, Kure College, Kure 737-8506, Japan)

Abstract: Based on the Schaeffler diagram, the solidification cracking susceptibility of austenitic alloys during laser welding was
investigated systematically. Specimens with different chemical composition of nickel-based wires were made up by laser welding.
Brittleness temperature range (BTR) could be obtained by combining the results of solidification crack from laser Trans-Varestraint
experiment with the temperature profile of weld bead during laser welding. Then the solidification cracking susceptibility was studied
quantitatively using BTR. The results show that with the increase of the ratio of Cr equivalent to Ni equivalent (Creg/Nieg) from 0.1 to 1.2,
the BTR tends to increase firstly and then decrease. This shows that the solidification cracking susceptibility has a tendency of firstly
increasing and then decreasing with increasing Creq/Nieq. While, the solidification cracking susceptibility is relatively higher in the middle
region, and the susceptibility is lower at the sides in the single phase austenite region of the Schaeffler diagram. When the contents of P +
S, Nb and Si alloy elements are relatively higher, the low melting point eutectic compound-segregated liquid film could be formed at the
grain boundary and sub-grain boundary, leading to the increase of the solidification cracking susceptibility. In addition, the effect of Nb on
the solidification cracking susceptibility is much higher than that of P + S under a certain condition.

Key words: laser welding; solidification cracking susceptibility; brittleness temperature range; Creq/Nieq; alloy element

Corresponding author: Wang Dan, Ph. D., Associate Professor, School of Materials Science & Engineering, Jiangsu University, Zhenjiang
212013, P. R. China, Tel: 0086-511-88797783, E-mail: wdd_wan@163.com


mailto:wdd_wan@163.com

