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Effect of laser welding parameters on microstucture and mechanical
properties of C-276/304 overlapping weld
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Abstract: In order to realizereliable seal welding at the end of CAP1400 nuclear reactor coolant pimp
can, Nd:YAG pulsed laser was adopted to implement overlapping weld of dissimilar materials of Has-
telloy C-276 and austenite stainless steel 304. Optical microscope and scanning electron microscope
were adopted to observe morphology and microstructure of the weld metal. EDS was used to detect el-
ementary composition in weld, electron probe was used to measure element distribution in weld and
mechanical property of welded joint was evaluated by mechanical tearing experiment. Result of me-
chanical tearing experiment indicates that fracture occurs in weld under different plus energy, and it is
tension fracture. When plus energy is 3—4 J, mechanical tearing resistance strength of weld reaches

the maximum and is about 78 N/mm. Optimized weld parameter scopes are: pulse energy 3—4 J,
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welding speed 125— 200 mm/min, pulse frequency 30 Hz, pulse width 6 —8 ms, and defocusing a-
mount —1—0 mm. The result shows that the effect of pulse energy and pulse frequency on joint
width of overlapping weld is relatively large, but excessively large pulse energy and pulse frequency
and excessively small pulse width will cause collapse and serious spatter of weld surface. Along with
increase of pulse energy, width of incomplete fusion zone in the side of 304 parent material decreases,
content of precipitated phase in weld is reduced. Under relatively high pulse energy, columnar crystal
and equiaxed structure in weld coarsen, quantity and size of micropore caused by element ablation is
relatively large. Along with improvement of dilution rate of 304 parent material in weld, difference

between element content and 304 parent material in weld is reduced, and uniformity of element distri-

bution in weld decreases.
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Tab.1 Normal compositions of C-276 and 304 (wt. %)
Materials  Ni Fe Cr Mo w Co Mn C Si P S Y
304 8~10.5 Bal. 18~20 - - - <2 <0.08 <1.0 <<0.035 <<0.03 -
C-276  Bal. 4~7  14~16 15~17 3~4.5 <2.5 <1.0 <0.01 <C0.08 <0.04 <<0.03 <0.035

(b) 304 FHk#
(b) 304

(a) C-276 811
(a) C-276
B1 BRI AR

Fig. 1 Microstructure of base metals
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Tab. 2 Variation range of laser welding parameters

RS ZHE
JA4E 3 ¥ /(mm + min~ ) 100,125,150,175,200
Jik fr 451 5%/ Hz 20,30,40,50
B R/ mm -2,-1,0,1,2
Jik 5 /ms 4,5.6,7.8
Jok v Ag it /] 2.3,4,5,6

PRH S5 WS S 7 (8 G AL, 3 3 £ 1 0
WA O, IRl SiC RP ARG L 4 WA BF
PR il K . 26 £ KGR (30 ml HCL+ 10 ml

HNO;) X 304 BEFHEAT 4 AH J . 2 FH 502 v W
(5 g FFR+50 ml 85 F AKX C-276 R K 4%
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Fig.2 A schematic of anti-tearing test specimen
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Tab. 3 Effect of welding speed on welding morphology
T R/
= W/mm H/mm D/%

(mm * min ")

TRk

100 0.68 0.80 30 /ETKIE.H/NEK
125 0.61  0.74 22 LTRIK,FETHE
150 0.6  0.73 23 JCTRIK,RIHECFE
175 0.58 0.78 22 Kk, FEER
200 0.59  0.76 22 oIk, RO

Fa Mk BERE N 4.0 T AEEEEE R 150
mm/s K&K 6 ms. B AR 0 mm BEMT,
O ik o RO AR SR TE SR B S e . R 4 AT,
P 0 b 2 T 4 P9 A D 22 e R I A E R
) W B 2 Bk eh SR AR i ONTF 20 Ha)
TS 4 T G ] 3k P, K PN PR R T 5K T B R K
1) 2= X J X i TG ¥ T S RD R A 0 Al %, A
TR e i1 . AR K it 38 K 7 20 Hz B, A5 4 45
BV BE I TR B W o 38 B AT AR T R 1 R 2 AR
SUDNGD T3 TR N el W N O R

F 4 BRRISTEINIEER RN
Tab. 4 Effect of pulse frequency on welding morphology

TS

ok 4% % /Hz W/mm H/mm D/ %

20 0.54 0.80 23  JCRIE, B h
30 0.60 0.81 22  Jo &k, FR
40 0.76 0.89 32 /bE KK, FmE AT

50 0.87 1.01 38 L Kik.EmAF
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Tab. 5 Effect of pulse width on welding morphology

Jok oh 55 B /ms W/mm H/mm D/ % TE SRR
4 0.57 0.86 42 KUk E REIEG
5 0.59 0.83 27 /bR BUMBKG
6 0.60 0.79 24 JCRWE,FKMETHE
7 0.61 0.75 19  JC K. P
8 0.60 0.72 18 JC &I, Fim T
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Tab. 6 Effect of defocus distance on welding morphology

BAERE/mm W/ mm H/mm D/% JE SRR
—2 0.50  0.64 5 RIS )]
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Tab. 7 Effect of pulse energy on welding morphology

kgt /] W/ mm H/mm D/% TE S R-AIE
2 0 0. 50 0 FEEMARARLSE
3 0.43  0.64 11 &Rk, THITE
4 0.59  0.78 23 KUk, FKmFE
5 0.71  0.98 34 oKUK, FmEIK
6 0.91 1.09 52 TKIEUE,EIAEIE
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Fig. 3  Effect of pulse energy on interfacial micro-

structure
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Fig. 5 EPMA line scanning of weld at different pulse energy
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Fig. 7 Force-displacement curves in peel tests
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Fig. 9 SEM fractographs of peel tested specimens
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