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Abstract

In order to quantitatively evaluate the solidification cracking susceptibility in laser welds of three types of
austenitic stainless steels (type 310: A mode, type 316-A: AF mode, type 316-B: FA mode solidifications), the
laser beam welding (LBW) transverse-Varestraint tests consisted of multi-mode fiber laser, welding robot
and hydraulic pressure system were performed. As the welding speed increased from 1.67 to 40.0 mm/s,
the solidification brittle temperature range (BTR) of laser welds for type 316 stainless steels enlarged (316-A:
from 37 to 46 K, 316-B: from 14 to 40 K), while the BTR for type 310 stainless steel reduced from 146 to
120 K. In other words, it founds that solidification cracking susceptibility could not be simply mitigated
through application of LBW process, and the BTR variation behavior is quite different upon solidification
mode of austenitic stainless steels.
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Table 1 Chemical composition of materials used

Materials C Mn Si P Cr Ni Mo Fe
Type 310 0.050 0.81 0.69 0.0010 0.021 24.88 19.18 - Bal.

(A mode)
Type 316-A

ype 316 0.0085 0.79 0.44 0.0009 0.023 17.56 12.02 2.15 Bal.
(AF mode)
Type 316-B 0.0050 1.50 0.47 0.0010 0.029 18.51 11.50 228 Bal.
(FA mode)
384 - Feals|#] 213448 A53, 2016 109 465
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Fig. 1 Schematic illustration of laser beam welding (LBW)
transverse-varestraint test
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Table 2 Conditions for laser beam welding (LBW) trans-
verse- Varestraint test

Testing parameters Values
Oscillator Multi-mode fiber laser
(TPG, YLS-6000)
Welding speed (mm/s) 20.0 40.0
Laser power (kW) 2.0 2.5
Heat input (kJ/cm) 100 50
Defocus distance (mm) 0
Beam radius (mm) 0.4
Beam irradiation angle (°) 15
Shield gas Argon (99.99% purity)
Gas flow rate (I/min) 50
Augmented strain (%) 0.15 ~ 4.00
Bent rate (mm/s) 335

7F2 100 mm, A2 50 mm, ¥4 5 mm =719 &
NS AHEEITE Table 25 LBW Varestraint A3
20e vepiz vk 84 &&= 20.0, 40.0 mm/s
o] 2 F= AR, 7 &4 SxolA HlolA =9
< 2.0, 25 kW o2 a3t 2t 84 S=ellA] H=
4ol 30 mm & T A% kTt Hl=E 3
AelE WRE] flEl ol2 (Ar) & HIUIARE AR
3I99tE Varestraint Al89] 7% Zdll~ HIES 0.25~
4.00%2] HE AHE o9, AlE & vz W] o
d Y FFE FAF WA drlE (scanning electron
microscope: SEM) o2 #slic} et 79
Zolg 2% W92 k] fal 27 0.6 mm B2kl
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slgict. # AlzEle] s Bl AlE Zge] dek Al
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7k B2El ola 84 (gas tungsten arc welding:
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< LBW Varestraint A183 543 271E AHE o
Aot €3 $=E 1.67 mm/s, o3 AY 2 AFE

o~
14V, 120 A & 27 ARgsiith. Ald & 949 24
Fde SEM o BT, #8 2olE 2% WY
2 FMkstaz GHUE ol &dl &4 sl W &

=5 A4H siinh
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Table 3 Conditions for gas tungsten arc welding (GTAW)
transverse- Varestraint test

Testing parameters Values

Electrode 2% cerium-tungsten
Welding speed (mm/s) 1.67
Arc current (A) 120 (DC)
Arc voltage (V) 14
Heat input (kJ/cm) 600
Arc length (mm) 2
Torch radius (mm) 2

Torch direction Perpendicular to coupon

Shield gas Argon gas (99.99% purity)
Gas flow rate (l/min) 15
Augmented strain (%) 0.15 ~ 4.00
Bend rate (mm/s) 335
3 812t ¥ 88 £o e 17Y
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Fig. 2 Solidification cracking appearance and fracture
surface after laser beam welding (LBW) trans-
verse-Varestraint test (welding speed: 20.0 mm/s)
for type 310 stainless steel weld metal
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Fig. 3 Solidification cracking appearance and fracture
surface after laser beam welding (LBW) trans-
verse-Varestraint test (welding speed: 20.0 mm/s)
for type 316-B stainless steel weld metal

[¢]

(centerline crack) 2} Wl=glo|E AJahlafat st
T (transverse crack) ©2 FHHECH o Zo|=
7RAe g el obd #Ee AAIgE 23E Fig.
2, 39 A el %‘jr T 7FEe] o 2% ds
Zlo|E gite] duto] gt s ol

T8 S ol FAE

AL F AT =5 &4 U WdeiA 949 o

ot

[¢]

-A
44 <% 20.0 mm/s A

F1g 4(a)) # 316-B 7 (Fig. 4(b)) ©l
Py e, Hol ¥ 2

He Lﬁ}%: ‘/}E]r‘ﬂi @4011’/}. oY Zeole crack
(7 HAYF), backfill (FE TS g AFHH),
blank (g m WAR) 2 FHste] Pt sixint.
E3], Wz &5 Aoldke 1338 molten pool WH
° %i% A Aolo A A3 FAl 2 T
22 =243 Varestraint AlgolAe]l 23 (yoke)
af ’\]7&% AAQA #d AolEA F7b BAstt
g Ao] Bt tigh A 8- Azte] e
T ARE Fxsp] wlgg® | £ 3E w5 HgEo
VTS T N, Hol 3 EA 2% W9t St
hS & 4 Stk 4 MY ECAMY Ao 7Y 2=

El

467



58 Aoz o5zl - A A - 744 - Kazuyoshi Saida
Augmented strain (%) Augmented strain (%)
0.25 0.83 1.64 0.41 2.44 3.45
@ " ) O -
I Fusion | Fusion
I | line line

~ 200 ~ 200

E E

> N

g 400 9 400

o
S g

12} — .

3 600 %600
2 3 °

g

S £

= —
=800 & 800

é - o B Crack

s Back—fill g Back—fill

4 2]
= 10007 mmmm gy 2 1000 - mmmm pjony

Type 310 Type 316—B
1200 . ; 1200 L ;
8 ' 12 ' 18 1! 38 ' 36

Number of cracks

Number of cracks

Fig. 4 Quantitative analysis of solidification cracking susceptibility measured from laser beam welding (LBW) trans-
verse- Varestraint test (welding speed: 20.0 mm/s) for (a) type 310, (b) type 316-B stainless steel weld metals
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The present study includes results from a “Core R&D
program for commercialization of the fast breeder reactor
by utilizing Monju” entrusted to the University of Fukui
by the Ministry of Education, Culture, Sports, Science and
Technology of Japan (MEXT).
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