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Effect of Pulsed Laser Welding with Filler Wire on Weld Forming
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Abstract The process of laser welding with filler wire (LWEFW) is presented to solve the problem of negative
reinforcement of thin sheet weld seam, and to satisfy the requirement of high precision assembly in laser self-fusing
welding. LWFW experiment about Hastelloy C-276 shielding materials is carried out, and the effects of process
parameters on the weld forming are studied. The microstructures, element distribution and micro-hardness of weld
joints in different zones are analyzed. The results indicate that the weld joints with controllable positive
reinforcements on both top and bottom surfaces by using LWFW can be obtained, and the weld appearance with
uniform reinforcements and contact angles on upper and lower surface is available under the optimized process
parameters conditions. Obvious grain refinement in weld joint and no obvious heat-affected zone at the junction of
base metal and fusion line are observed. The element distribution of weld is uniform in different melting zones, and
macro segregation is not found, but micro segregation of Mo in columnar dendrite zone is significant. The micro-
hardness of weld joint is well-distributed in different regions and the value is basically equivalent to that of base
metal.
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Hastelloy C-276 4 RH Y K42 32 2R BRI 32 L 1 SRR 48 Ao A 46 82 . Manikandan %5 230 87
T Hastelloy C-276 T3 A1 58 I 8 A AR A BT 22 45 )5 KR 45 1) A A 2 o R B e B » o PCGTA 142
JERARAT 1) K 2 5 T AT A /I EL TG BH 0 R A i A e R R ST 3K KR B 0 % A A R R R A AR T X
2 M5 SY T RS R I 22 S 4% Hastelloy C-276, 822 ERNiCrMo-4 . & K& A 77 4 35 L B i
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7 35% . I JCHH B Mt A A . Manikandan 287 AIFSY T iESE Nd: YAG #0064 Hastelloy C-276 4 4 114
WLZH ZURN 7 2 P R AR 4% ok RS L B IO R 42 9 K . Ventrella Z2™ A58 T 100 pm A9 Hastelloy C-276 # -
fik i Nd: YAG BOGIE B KR T HOCT R R U 30 K 1 2 R RE R s2 e . R AR VLA WFSE T Mk o 0t A 0
K02 T L BB Hastelloy C-276 KE4ETE S5 A4 52 0 B0 AR L 2 30K vfr 3840 ' 422 2 A1 1) 8y AL R B ¥4 004
{75402 3K Ao B S 401k TG BH S e AR A B, T B AR AT R AR L IO A KR T R TR B T A S Bk
R Y 0 R R T B AR O A KRR AE T 7 AR L R R S A S A R B

WO BE BLAR B0 , EAROG B 22 B (LWE W) X 26 220K 3 1 B 5R A w8 , 08 22 00 V8 ] i A A5 4%
MERE , H A ] B 25 6 A8 0 0 B IR B SR AR L RE i B A R SRR S T R AR IR L Hastelloy C-276
BRI, AR SCFSE T Hastelloy C-276 Ml LWEW 5o 72t T 25 2 500 12 85 18 570 109 5% v 0 43 L 0 ¢ 9
AT TSk WA 2 TR A A SOH: R B AR
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Fig. 1 Schematic of LWFW experiment
# 1 Hastelloy C-276 Fl ERNiCrMo-4 4k 2 i 4> O 4 404, %)
Table 1 Chemical compositions of Hastelloy C-276 and ERNiCrMo-4 (mass fraction, %)

Element
Sample - -
Ni Fe Cr Mo AW Co Mn C Si P S \%
Hastelloy C-276 Bal. 5.14 16.00 15.58 3.45 1.26 0.53 0.001 0.02 0.006 0.003 0.01
ERNiCrMo-4 Bal. 5.30 16.00 15.20 3.30 0.11 0.41 0.009 0.03 0.003 0.001 0.01
KA HEAR 7 AT LWEW S256, 73 B ik ol 2 f AR R o FR 22 BT o RS8035 09 52
PSR 2. BEEJLTRREE 2 P, b W, Fl W, 435378 LU N9 S AR I8 DE fb i XL,
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Fig. 2 Schematic diagram of weld geometrical feature in LWFW
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Table 2 Process parameters in LWFW

Parameter Range
Pulse energy /J 1.25
Pulse duration /ms 6
Frequency f /Hz 50, 60, 70, 80, 90
Weld speed v /(mme*min ') 250, 300, 350, 400, 450
Wire feeding speed v(/(mme*min ') 300, 350, 400, 450

3 AR5
3.1 (BT IAEE

U4 f5E B L% 22 B FE 08 350 mum/min B SOk ISR A 4 7 WL 510 B MR R I 34 TR 7E
K2 B A (WL 25 R s O AR 000 R S 0 K T 8 T N B A S 0 L R A
Al A7 ) S/ D A 6 T 4 A T A A9 A A5 R R A A TR A, 3 S Tk o
I IO o 2 I L R X A0 P 25 0 AT S0 7 5 6 A5 DR 30 6 T
BT BN A RS 55 A 1 2 T A% 5 76 W /I B 26 100 R 00 A 26 o R AT I 6 T 4 Al A 72 R/ s F R T A 5 2
A OB AR 52K 4 PE TR 2 22 T 3 9 T A7 3k 7 N L 5L T 6 0 2 i £ A R 7 40°~ 505 [ 7Y
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Fig. 3 Weld macro morphology at different frequencies
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Fe 2 AR I 0 T T 2 101 5 B IR S0/ )N, (MR8 3 1T 5K 0 B 43 A RLER IR 4% T B A JC A S AR Ak

031404-3



54, 031404(2017) BYMSHEIZHE www.opticsjournal.net

(@) experimental W 14 ® 100
1.6F cxp(‘nm(‘,ntal e A 0.5F A = experimental H, fitting H,
e experimental W, , 11.2 = o experimental H, - - - fitting H,48()
4 ex;_)enmemal S o .7 0.4+ ', v vexperimental B, - fitting 3,
141 gg:ﬁg % e 11.0 ' aexperimental B~ fitting B, 160
TR e 4 0.3 :
g [----- fitting S , /‘ {0.8% =] 6
Eraf 2 5% 20 g
B .. 065 = : b
LOr 0.1r positive
104 reinforcement .,
0.8} 8 " S N
40.2 negative
~0.1+ l reinforcement 1-20
0.6— : : : ‘ S —
50 60 70 80 90 0 40 50 60 70 80 90 100
J/Hz f/Hz

4 PRERNT LWEW S48 51 1 52 1
Fig. 4 Influence of frequency on weld appearance in LWFW
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Fig. 5 Weld macro morphology at different welding speeds
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Fig. 6 Influence of welding speed on weld appearance in LWFW
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Fig. 7 Weld macro morphology at different wire feeding speeds
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Fig. 8 Influence of wire feeding speed on weld appearance in LWFW
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Fig. 9 Weld cross section morphology Fig. 10 Microstructure of Hastelloy C-276 base metal
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Fig. 11 Microstructure of TRZ and BRZ. (a) Center zone of TRZ; (b) center zone of BRZ;
(c¢) edge zone of TRZ; (d) edge zone of BRZ
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Fig. 12 Microstructure of BMZ. (a) Center zone; (b) edge zone; (c) transition zone
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Fig. 13 Schematic diagram of weld microstructure distribution
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Fig. 14 Element distributions of weld joint. (a) Scanning paths; (b) Cr-Mo-Ni transverse distribution;

(c) Fe-W transverse distribution; (d) Cr-Mo-Ni longitudinal distribution; (e) Fe-W longitudinal distribution
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Table 3 Element distribution of weld seam (mass fraction, %)

Element Equiaxed dendrite zone Columnar dendrite zone Weld seam in laser self-fusing welding""”
Grain body (i) Grain boundary (ii) Grain body (iii) Grain boundary (iv) Grain body Grain boundary
Cr 15.12 15.37 14.91 15.43 14.73 16.15
Fe 5.52 5.24 5.34 5.39 5.80 5.53
Ni 61.44 60.64 59.56 55.33 59.81 53.70
Mo 13.85 14.65 14.98 18.91 13.96 17.88
w 4,07 4,09 5.21 4,94 4.60 5.53
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Fig. 15 Micro-hardness distribution
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