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Effects of laser energy offset on element distribution and
mechanical properties of 304/C-276 dissimilar weld
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Dalian University of Technology, Dalian 116024, China)

Abstract: The technology of welding 304 stainless steel to C-276 alloy with Nd:YAG pulsed laser was carried out. The
fusion ratio of C-276 in the weld joint was achieved with geometric method under the condition of different laser energy
offsets. Macroscopic analysis of the main elements distribution in the weld joint was deeply studied by electron probe.
The relationship between C-276 confuse ratio and compositions of Fe and Ni in the weld joint was achieved. Then,
tensile test was carried out to detect the mechanical properties of the weld joint. The results indicate that, under the
condition of different laser energy offsets, the main elements in dissimilar weld joint distribute uniformly. Laser energy
offsets affect the elements composition significantly. With the increase of the laser energy offsets, Ni, Mo and W elements
increase gradually, Fe element gradually reduces and Cr element changes little. The relationship between C-276 confuse
ratio and compositions of Fe and Ni meets the leverage principle. Under the condition of different laser energy offsets, the
ultimate tensile strength of weld joint is lower than those of 304 and C-276 base metal. As the laser energy moves to
C-276 for about +0.2—0.30 mm, the ultimate tensile strength of weld joint reaches the best.
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Table 1 Chemical compositions of 304 and C-276 base metal

RERMAL 25T T C-276 fEMRAE T IR LLd], A
TUREN AR 4 T EOCFEA TR AT, ST C-276
PELEGIRIR 42 Feo Ni JUE AT OC R, IFREIIANF
WOt RERARAS 21T T ARERH S ERE

ST FRR A 0.5 mm J5 304 REBHIAT C-276
G A, MEMESE R IR 1 T SR O
PO, RT3 7K. K QRSB LRI K,
I RPACET BT 10, JEFH 99.99% SAE N R
Ao I IEAT SERERBOBO IR TS5 ik
MREE 1.5 T, BKpPAiZ 40 Hz. K58 6 ms. FR%0HE
150 mm/min. HHTAEHAE TR IO CBE E AL 0
0.6 mm, K, 7EmUREadRET, WOLAAE R
e b2 il 304 A C-276 RER RS 0.1, 0.2 F11
0.3 mm, BEEROEH ) 304 4 71 (FH-0.1.—0.2 £1-0.3
mm K7R), il C-276 A E(H+0.1. +0.2 F1+0.3 mm
FIR)o

304/C-276 7 Jitkt 4% h & BERHR 4 (R BE I C-276
PR TR (7 JR 4 BT R LU (RTRR C-276 vtk L)
o WAEMREEYN, WG 4 mm WHEAEO, R
6 WABT MR8 E RIS, JFdid Imag Pro
Plus Bl C-276 F1 304 BEF (ARG P IRALTHIAN,,
()T C-276 JEAb L -

D 276 = Ac-276/(A30a + Ac276) (1)

N Deare 10K C-276 LEIRGE T HIBAL LB As04
I Acare 73 W Z7R 304 F1 C-276 BEMAENR2E 4L
TR

1 By i R EHEPMA)ERR JE 1/2 Ab T 5 T 1E 4% 7
W% 304 REM . JRE%. C-276 REA 1B HBkAT
RO G IR AR SIS 2y BT S ARG ) 2 kR, IER
FH A4 7 R P (SEM) LS S ey (T 1 TE S, 44
PR PLAIARE LA R 42 BUE BR GB/T 2651-2008
wit, k1R,

Mass fraction/%
Material
Ni Fe Cr Mo W Co Mn C Si P S A\
304 8-10.5 Bal. 1820 - - - <2 <0.08 <1.0 <0.035 <0.03 -
C-276 Bal. 4-7 14-16 15-17 3-4.5 <25 <1.0 <0.01 <0.08 <0.04 <0.03 <0.035
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Fig. 2 Photo of 304/C-276 dissimilar weld joint

Fig. 3 Top surface morphologies of 304/C-276 dissimilar weld at different laser energy offsets (Left 304, right C-276): (a) —0.2 mm;

(b) 0.1 mm; (¢) 0 mm; (d) +0.1 mm; (e) +0.2 mm; (f) +0.3 mm
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Fig. 5 Macro distributions of main elements along weld cross-section at different laser energy offsets: (a) —0.2 mm; (b) —0.1 mm; (c)

0 mm; (d) +0.1 mm; (e) +0.2 mm; (f) +0.3 mm

T2 AFREOCRE R M &L T ELET Fe M Ni T E S EiHEH Y5 EPMA &4

Table 2 Calculation and EPMA values of Fe and Ni elements in weld at different energy offsets

Mass fraction/%
Element Method
—0.2 mm —0.1 mm 0 mm +0.1 mm +0.2 mm +0.3 mm

. Calculation 50.71 41.54 34.42 22.31 16.93 8.48

e
EPMA 54.30 40.25 28.73 21.52 16.97 7.19
N Calculation 23.64 30.41 35.65 44.57 48.54 54.77

i

EPMA 21.27 30.98 39.26 44.70 48.66 55.92
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Table 3 Effect of laser energy offset on weld joint mechanical 1000
property
Laser energy Fracture 8001
Sample No. oy/MPa  o/MPa o
offset/mm position <
& 600F +-0.2 mm
1 289 610 2 +-0.1 mm
.. 5] 4 () mm
—0.2 2 293 657 Weld joint Z 400 4+0.1 mm
3 271 603 >+0.2 mm
200 v +0.3 mm
4 289 632 ¢ C-276
v 304
-0.1 5 298 661 Weld joint . . . . .
0 0.2 0.4 0.6 0.8 1.0 1.2
6 282 647 Strain/%
7 290 676 Bl 6 304/C-276 SNk I TR - A8 i 2
0 8 288 692 Weld joint Fig. 6 Engineering stress—strain curves of 304/C-276
9 290 726 dissimilar weld joint
10 296 782
+0.1 11 287 814 Weld joint S AR AT HE A JORE, Ry S B S VR I (LA
12 301 796 7(a) (b)Fl(c)); BHEWOLRER M C-276, WiZdZRIH
13 208 835 %%&ﬁﬁf‘;}%’ﬂﬁ, %f)ﬁltﬂi@’ﬁ E‘J%?Hﬂ%ﬂﬁ(ﬂl@ 7(d)\ (C)
+0.2 14 301 848 Weld joint ().
s 305 833 SRR ST IR S BE IR T 304 AT C-276 BEH1
p 200 - 1y, FEJRK T2t THotRe RS, SEUR
. BN LA R, BN T IR A N AR L ]
+0.3 17 295 879 Weld joint o , o . x
8 290 o8 I, TR REREIAME A1, SRS T AAAEVFZ 2

AU DL K SRR, BRSNS UK R,

atd > ¢
o, " ¥

Bl 7 AFEHOGAE R A 4 T 304/C-276 FH4 ST FAROM 45 4
Fig. 7 SEM fractographs microstructures of 304/C-276 dissimilar weld joint at different laser energy offsets: (a) —0.2 mm; (b) —0.1
mm; (¢) 0 mm; (d) +0.1 mm; (e) +0.2 mm; (f) +0.3 mm
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