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The assembly clearance is one of the factors that affect the laser closure welding quality for international
thermonuclear experimental reactor (ITER) correction coil case. An experimental study on relationship between the

focused spot diameter and the butt joint gap margin in the defocusing amount of +5, +10, + 16 mm respectively is

performed in laser butt welding of 5 mm thick 316LN steel for nuclear fusion with hot wire filler under various butt

microscope and composition of cross-section are analyzed after welding. The results show that in laser welding with
Key words

hot wire filler the focused spot diameter can not be only equivalent to the butt joint gap, but also can be 0.1~0.2 mm
OCIS codes

.

gaps. The weld topography and cross section, metallographic phase, tensile strength, micro hardness test, electron

less than the butt joint gap when the weld is of good shape and the higher tensile strength is obtained. When it is
=]

0.3 mm less than the butt joint gap, bad weld beads are obtained and the tensile strength of the weld decreases.
laser technique; laser welding with hot wire filler; focused spot diameter; butt joint gap margin; 316LN
140.3390; 160.3900; 350.3390
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Fig. 1 Setup of the hot wire filling laser

welding system
2.2 I w
B AR O % R % T 316LN, 41 i 5 S
o, >480 MPa, Ji ik 8 & 0. >250 MPa, {4 RN
100 mm X 50 mm X 5 mm, ¥ FEE2Z KA G &
ER316LMn. #042 F /% o— 1.2 mm, b A2 )
o E T I 1 Fs .

# 1 316LN il ER316LMn k2% B4 (B RE 2050, %)
Table 1  Chemical compositions of 316LN and ER316LMn(mass fraction, %)

Element H N O C P S Cr Ni Mo Mn
316LN 0.00044 0.16 0.002 0.015 0.43 0.024 0.001 17.17 12. 38 2.60 —
ER3161.Mn — 0.156 — 0.018 0. 46 0.017 0.003 20. 59 15. 37 2.83 7.01
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Table 2 Parameters of hot wire filling laser welding

Parameter 14 22 34 4z 5#  6£ 74  8£ 94 10z 11z 12£ 13% 142 152
Defocusing - 00 4o 45 45 45 410 410 +10 +10 +10 +16 416 +16  +16  +16
amount /mm
Joint gap 0.3 0.4 0.5 06 07 06 07 08 09 1.0 08 09 Lo 11 1.2
b /mm
P/W 3500 3500 3500 3500 3500 3500 3500 3500 3500 3500 3900 3900 3900 3900 3900
Welding speed (4 0 1 0 10 10 07 0.7 0.7 07 07 0.7 0.7 0.7 07 0.7
V./(m/min)
I/A 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Wire feeding .5 2.0 25 29 35 22 24 28 32 35 28 32 3.4 3.8 43

speed V/(m/min)
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Fig. 2 Topographies of weld joint surface corresponding to different butt joint gaps
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Fig. 3 Topographies of weld joint cross section corresponding to different butt joint gaps
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Fig. 4 Metallographic structures of different zones of weld joint
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Fig. 5 Weld tensile fractures for different butt joint gaps

%3 fifiikKgs

Table 3 Results of tensile test

No. 12 22 3#  4# 54 6= 7# 8% 92 loz 11z 124 132z 14z 15z
Tensile - _
strength /MPa 040 640 645 650 665 650 656 650 660 625 640 645 645 650 650
Gap /mm 0.3 0.4 0.5 0.6 07 06 07 08 09 1.0 08 09 1o L1 12
Focused spot o o1 51 051 051 051 0.71 0.71 0.71 0.71 071 1ol Lol 1ol Lol 1.0l
diameter /mm
V,/(m/min) .5 2.0 2.5 2.9 35 2.2 2.4 28 3.2 3.5 2.8 3.2 3.4 3.8 43
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Fig. 6 Sidewall fusion in butt gap laser welding

with hot wire
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Fig. 7 Hardness of weld joints
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Fig. 8 SEM micrographs of the fracture surface
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