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Abstract Herein, an FV520B steel joint is formed through laser backing welding and cold metal transfer (CMT)
filler welding. Microstructures and properties of the joints at different processing parameters are studied.
Microstructures of the fusion zone (FZ) obtained using laser backing welding mainly comprise lath martensites,
which are arranged in a parallel form in the primary austenite grains, and o ferrites, which are situated at the
primary austenite grain boundaries and lath martensite interfaces. Some continuous and discrete 8 ferrites are located
at the fusion line of laser welding. The weld width, weld penetration, and the width of heat-affected zone (HAZ)
increase with the increase of the heat input of the CMT filler welding. Moreover, the microstructural characteristics
of the HAZ and FZ of laser backing welding gradually disappear. When the heat input of CMT filler welding is
lower, the grains in the heat-affected laser welding fusion zone (HALWFZ) close to the filler welding fusion line
exhibit an equiaxed shape because of the high temperature reheating. Furthermore, the size of the equiaxed grains
decreases with the increase of distance to the filler welding fusion line. When the heat input of CMT filler welding is

higher, the columnar grain microstructures in the laser welding fusion zone transfer into the larger equiaxed grains.
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Compared with the single laser welding, the hardness of the weld cross-section exhibits more uniform distribution in
the horizontal direction after the filler welding. With the increase of heat input of filler welding, the average
hardness of HALWFZ initially increases and then decreases. The average hardness of the filler welding fusion zone
(FWFZ) is lower than that of the laser welding fusion zone (LWFZ). Moreover, the average hardness of the LWFZ
presents the lowest value in the vicinity of the filler welding fusion line. After filler welding, the strength of laser
backing welding area is higher than that of the base metal, whereas the strength of filler welding area is lower than
that of the base metal. The impact toughness of laser backing welding area increases with the heat input of filler
welding. Electrochemical corrosion results show that with the increase in the heat input, the corrosion potential of

LWFZ initially increases and then decreases. The LWFZs before and after filler welding both exhibit a superior

corrosion resistance than the base-metal substrate.
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Table 1 Chemical composition of base metal plate and welding wire

Mass fraction /%

Material

C Si Mn P S Mo Ni Cu Nb A\ Ti Fe
FV520B 0. 05 0. 36 0.52 0.027 0.027 13.72 1. 44 5.65 1.71 — 0. 05 0.01 Bal.
ER630 0.02 0.56 0.65 0.02 <<0.01 16.45 0.12 4.80 3.69 0.23 — — Bal.
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Fig. 1 Welding equipments. (a) Remote laser welding system; (b) CMT welding equipment
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Table 2 Laser equipment parameters

Max laser Laser beam Fiber Laser
Parameter ) ) Focal length /mm
power /kW quality /(mme®mrad) diameter /pm wavelength /nm
Value 6.6 8.0 200 1030 533

[# % TR KR 120 R2700 extra HA 7N ##L
b HRERHE 1) CMT MR85 5%, L
N Fronius 22 & 1§ TPS2700 4R/Z CMT Hl~r X H
TUEHL Z AP Z 2 T FANUC R30i ML I
2.2 ReitEE

WOGCHT RS KR FH A 9 1E 28 i 50 15 2] 19 1k 2 8k
(RVHOETI %N 4.2 kW SR B3 N 35 mm/s,

BEEAAR 1.2 mm), 45k R IF O, P F5 7 5 42 3
M BR R 0.2 mm, A5 AT FH IR X i bR 1o 45 35 1w
HEAT I Uk » OGRS B op DLAE R SAE D R <L AR
TN 10 L/min, SOGKHEEAR 58 UG 76306 1 4%
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Table 3 Experimental parameters of single CMT filler welding

Welding speed /  Oscillating Oscillating Dwell time on Rank of
No. Current /A Voltage /V B ] )
(cmemin ') range /mm  frequency /Hz both sides /s heat input
1# 147 17.5 28 1.5 1.5 0. 005 3
2% 147 17.5 15 1.5 1.5 0.005 1
RE= 159 17.5 28 1.5 1.5 0.005 2
4% 147 17.5 28 0 0 0 4
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Fig. 2 Schematic of weld cross-section
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Fig. 3 Tensile sample. (a) Sampling position;

(b) sample size (unit: mm)
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Fig. 4 Metallographic structures and XRD pattern of FV520B steel base metal. (a) Metallographic structure of base metal

etched by Marble's reagent; (b) metallographic structure of base metal after electrolytic corrosion in 20% NaOH

solution; (¢) XRD spectrum of base metal
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Fig. 5 Morphologies of different areas on cross-section of laser backing welded joint. (a) Overall morphology; (b) center of

upper fusion zone; (c) edge of upper fusion zone; (d) center of middle fusion zone; (e) edge of middle fusion zone;

(f) coarse grain heat-affected zone; (g) fine grain heat-affected zone; (h) inter-critical heat-affected zone
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Table 4 Appearance and size of filler weld

Weld Weld Width of
width /mm penetration /mm HAZ+FZ /mm

Sample

number Surface morphology Cross-section morphology

Front of
weld
1#
Back of 10.2 2.37 13.51
weld

Front of
weld

2# 12.1 2.85 22.29

Back of
weld

Front of
weld

3# 10.7 2.36 14.92

Back of
weld

Front of
weld

9.2 2.36 12.78

Back of
weld

fusion line

HAZ

‘700 pn LWFZ

B 6 1 K g B I R ) XA S 8L, (0 BT A I s (b) FWEFZ; (o #OB I A i X
() BHE FWFZ 1) HALWFZ; () 5 FWFZ MIFEEGZE W HALWFZ; () $EE T REM LWFZ
Fig. 6 Metallographic structures of different zones on cross-section of 1# weld. (a) At the vicinity of fusion line of filler
welding; (b) FWFZ; (c¢) HAZ of laser welding; (d) HALWFZ near FWFZ; (e) HALWFZ far from FWFZ;
(f) LWFZ near weld bottom
FWFZ MB35 () HALWFZ B9 &A1 40, 2480 LWEFZOR XA LRE T OLWFZ AR S AR 1E .
SRR IS, 6 (E) BRI MR AR IR I HHH T 6 () M 6 Ce) FIFR BB A X 3k , LWEFZ
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Fig. 7 Metallographic structures of different zones on cross-section of 2# weld. (a) At the vicinity of fusion line; (b) FWFZ;
(¢c) HALWFZ near FWFZ; (d) HALWFZ far from FWFZ; (e) HAZ of filler welding; (f) LWFZ near weld bottom
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Fig. 8 XRD patterns of laser welding fusion zone before
and after CMT filler welding
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Fig. 9 EDS line-scanning results of the area

near fusion line of 1# weld
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Fig. 10 Microhardness profiles on weld cross-section under various CMT welding parameters.

(a) At horizontal direction; (b) at vertical direction

K5 MRLE R AP

Table 5 Average microhardness of welds
Average microhardness /HV
HAZ
Sample  Direction )
HALWEFZ (excluding FWFZ
HALWFZ)
Horizontal ~ 402.5 383.4
1= Vertical — — 359.2
Horizontal ~ 405.1 388. 8 —
2% Vertical — — 364.5
Horizontal ~ 419.0 393.2 —
57 Vertical — — 365.1
Horizontal ~ 386.8 371.3 -
e Vertical — — 365.0

11 S s 0 s A 20 A T R ke . A P ik
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o g m—
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P11 T 2R
Fig. 11 Samples after tensile test
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e Al i 35 11 e RS U B DX ) 433 R 4. 300 1 8. 706, 3K
FHH CMT 3 70 K B AT 0O FT 1K R 4% X A i
JE (R R MR AR, TR CMT [ B 3 78 X IR 58 3 1) 32

1102001-8



H | i ot

WAL/, AR 35 ARGEXT A S BT AT AR A A X B UM DR AT ) R B i T R A A8 T
SR . CMT BUEAR R OCARSE X sh b BIPERE T SOAR DX 20 2%l ARt 2 72 Dy 5 il o i A 0 ik
FERR R AR TR TSR, B TR . a5 a e A AU A, D p iR EE R O

K6 ARLGEFNRERE BBV RE S ob it R B2

Table 6 Tensile properties and impact strength of welds and base metal

Sampling Tensile Yield ) ) )
Sample o Yield ratio Elongation/ %  Impact energy /]
position strength /MPa strength /MPa
L Upper 990 858 0.87 7.3 B
Lower 1160 997 0. 86 7.3
o8 Upper 1050 872 0. 83 9.0 59
Lower 1170 1003 0. 86 8.2
54 Upper 1060 933 0. 88 8.8 51
Lower 1220 1040 0. 85 8.2
L Upper 1050 916 0.87 7.9 1
Lower 1150 998 0. 87 7.9
BM 1301 1206 0.93 8.8 45

Bl12 A 1# A2 = MR8 R sm i hr el AR TIBPEIBTRE. WOA 1 # A 2 = AREE TR S 00 4 Ak
FERW O IE . Wt TR A /T RUE .4 RRIRR T RERE AL A% IR D SR T A7 A B 2 LR L 3
APEARRE B I 0 552 R BN D B8 AR R R AR AL PO R B R BRI R UKL A Sk B

At 4 =

A ~

tensile sample from
upper region of 1# weld

tensile sample from
lower region of 1# weld

tensile sample from
upper region of 2# weld

tensile sample from
lower region of 2# weld

P12 AR Y T E T A

Fig. 12 Fracture morphologies of tensile samples
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), HE 13 AT LLAE {1 B & A AR, LWEZ
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sty RIS R 114 58 Jl o e A 0 5 o /0 DR T o

2w,
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S
[\V]
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Fig. 13 Polarization curves of BM, OLWFZ and LWFZ
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Table 7 Electrochemical corrosion parameters

Self-corrosion

Self-corrosion current Corrosion rate /

Sample b,/mV b./mV 4

potential /V density /(A + cm™?) (mm=+a ')

14 94.5 90. 5 —0.15756 1.9192x 1077 0.00224

2% 347.6 106. 8 —0.25713 6.0156x10 7 0.00701

3% 424. 4 134.2 —0.17275 2.6346 X107 0.00307

44 312.3 124. 2 —0. 30603 1.3457x107° 0. 00440

BM 247.3 100. 6 —0.31666 9.4410X 1077 0.01101

OLWFZ 269.7 122.1 —0.23388 4.3803X10 7 0.00511

y gk i K TR E B 50 R XA S AR 8 B 52 40N

FV520B L [CIAR 85 B OG T I A8 1 1k X 40 21
2 B AL FE FIR T B LCAA Aok AT HE A A B 2% G
A, DA R 3 AT F BTG R R B [ R Al 2% 1 6
BRE R ORI & 4 B A7 7 5L 3% 22 0B Ok 4
iy & Rk,

B CMT B 70 S i A B 38 i 80 5 #0
i) DX REAE AT LWEZ AR 0 Re i 2 7 0 2k . e
P ARG AT 0 B R B HALWEZ (4 ok A8 4
SR L AR PN R AR 2% S G R R/ B AR AL 9+ Bt 2 TR
WS 4R HE B R, S Rl A R N, SRR T N Y
LWFZ SRR AR R AR . 3 70 A5 40 A8 i
LWEZ 4% A5 Sy ROSF 38K 1 45 5l

TR 5 R B 45 DX A K S 7 ) L 9 R E o A
HE M) AR BT | FWFZ B2 58 R T
LWEFZ; Bl 5 B0 6 2o B B B, LWEZ 1) B K 34
SEREARE T R SRS G L LWEZ f£1E
T B I . SRS OGRS X A 3R K T
BEAF 370 R A DX 5 B /N T RE A L B A R S SR A
AR TE O IR A X R sl IR K. CMT
T FE AR I A SO T R R A DX e IR 5 S )

FE Ak 2 0 od 3k 6 2% R 3R U L Bt 2 B B
LWFZ 8 il e 47 58 T &5 5 B AR, OLWEFZ R 7T
TG LWFZ By it 2 @ T RE 4
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