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Abstract The low-alloy and high-strength steel D36 is joined by narrow-gap laser wire-filled welding, which
results in good multi-layer and multi-pass thick plate welding without cracks, pores, and other defects after welding.
The microstructure and mechanical properties of the welded joints are analyzed by the tension and bending test,
microhardness test, microstructure observation, and other analytical methods. The results show that the coarse-
grained heat-affected zone consists of a large number of lamellar martensite, and the microstructure of the fine-
grained zone is composed of the fine-grained pearlite and ferrite. The weld center structure is proeutectoid ferrite +
acicular ferrite + granular bainite. The regions with filler wire weld bead hardness in order from high to low is heat
affected zone, weld center, and base material. The regions with laser primer welding hardness in order from high to

low 1s weld center, heat affected zone, and base metal. The tensile specimens of the welded joints all fractured at the
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base metal position. The fracture is at an angle of 45° with the force direction, and there is obvious necking, which is
a typical ductile fracture. The average tensile strength of the welds is 537 MPa, and the average elongation after
fracture is 15. 6%.

Key words laser technique; narrow gap; filler wire welding; mechanical properties; microstructure

OCIS codes 140. 3390; 160. 3900; 350. 3390; 350. 3850

1Al

AR R B A OGRS W R R SO AR
AR TE Tolk iy R B R Tz s M Tl
SIS I R R A T AR VR A R P A Y
B XA T T S R AT R
JE PR R R AV T
5 - 3 AT AN b SBOAE AR W 25 S R B R AR
B, SR AL G Oy AR 4t PR AR
5 R it AR TR ™ A ) A, Sk ™ E I 2 T R DR
T KRR

A 1966 4t Milewski Fl Sklar $i& H %% [4] B #t
W SR E AR TR, i T 3O 0 R BE i A Ok 1Y
o MR T MR B B LA R R AR B TR
KL AR AR ORI AS R B0 S 2 MR R
SCELT 25 mm JBE SRR AR P92/ Inconel 625 Y X} £,
RER T A Rk . Huang &7
I v R W A 4 () B 22 AR R O E o ot
¥ & IO 22 1] B 3% 22 TR T I 3 R 22 1Y I
b B REAT R WP A% 3 O 2XRT 3 AN IR A B
B By = A o BN TE TS SEN A o R 3 B S B

T}

SUS316L AN MXT £z, & 30 HL G 5 19 i A4 i A7
T FEAE R, 38 0 TR A 4 T 0 i T T R R 4R
T T3k AT R R SIE iR

5L ge iy K O UM HE L O IR R R R
R HE AN AR TR N BE R R R A R Ak
R A () B I 22 A5 T P /I I T R TR
R JEE AR AR L SR AR T A O K AR B A /N Y
) 2, 8 RS 40 )R . D36 MR —F R A &
SR, AT A5 G iR R R JE L K R B A B N )
2 S A% Sl N1 e 7 S % = S = T S5
XF T O B 22 S8 48 VT & R AR 0 BF 9 4R E 8
Fo A /b o AR SCER Wi 1 Tl FH AR D36 9E 47 22 3 454
22 X, B 9 LR Sk i A VR T 2R R e
Sk J 2 Tl A g FH i A 3 0 S il
2 IR 7 ik
2.1 REMBREZE

K 55 A By D36 K A 4w iR AR, KR R T
100 mm X 75 mm X 40 mm, B 2% H EHE N
1.2 mm ) ER50-6 %5 22 , W5 T b4 6} 1) Ak 2% B 53 43 5]
WHEIME2

F1 R BENE D36 b W (5T 4350

Table 1 Chemical compositions of D36 steel with high strength (mass fraction) %
Element C Mn Si Ni P S Cu Cr
Mass fraction << 0. 180 0.900-1. 600 < 0.500 < 0. 400 < 0.035 < 0.035 < 0.350 < 0. 200
# 2 ERS50-6 #7224k oy (it 73 %50
Table 2 Chemical compositions of ER50-6 filler wire (mass fraction) %
Element C Mn Si P S Cr Cu
Mass fraction < 0.150 1.400-1. 850 0.800-1. 150 < 0.025 < 0.035 < 0.500 < 0. 200
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Fig. 1 Schematic diagram of narrow gap laser filler wire welding
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Fig. 2 Narrow gap welding groove
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Fig. 3  Sampling of macroscopic cross-section and micro-
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Fig. 4 Structure distribution of each zone of welded joint
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Fig. 6  Microstructures of weld center. (a) Low magnification ; (b) hlgh magnification

20'ym 20 VO T LT 20 pm
. ) ‘

B 7 A2 X AU 2T . (a) ML DX 5 (D) 20 fb X5 (o) N8 2 1E K X
Fig. 7 Microstructures of HAZs. (a) CGHAZ; (b) FGHAZ; (¢) INZ
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Overlapping microstructures in weld zone. (a) Low magnification overlapping microstructure; (b) high magnification
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Fig. 9

Overlapping microstructures in heat affected zone. (a) Low magnification overlapping microstructure; (b) high

magnification overlapping microstructure
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Fig. 10 Microhardness of different areas of weld
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Table 3 Results of tensile test

Sampling location Yield strength /MPa  Tensile strength /MPa Elongation / % Fracture position
BM 312 496 34.6 BM
Upper 376 525 17.2 BM
Middle 370 533 15.0 BM
Bottom 402 550 14.6 BM

13 FWr OIS (a) Z2TE 55 (b) i T 5
Fig. 13 Tensile fracture morphologies. (a) Macro morphology; (b) micro morphology
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