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Table 1 Chemical composition of FV520B stainless steel plate and flux-cored wire

B 75U %
B}
Cr Ni Mo Cu Mn Nb Si S P
FV520B A5 <0.07 13.2~14.5 5.0~6.0 1.3~1.8 1.3~138 <1.0 0.25~0.45 <0.03 <0.7 <0.03
EIY G4 0.045  15.25~15.41 6.00 1.00~1.25 1.25~1.50 1.17  0.50~0.75 0.365 0.0015 0.021
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Table 2 Factors and levels of orthogonal testing

KFE EHEHERVA EEEEE/ (mm e s 1R /mm
1 110 5.0 0
2 122 5.5 2
3 134 6.0 4
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Fig. 1 Schematic of sampling positions (a) and shape and size of

tensile specimen (b)
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Table 3 Orthogonal test results

T FHERTVA BB/ (mm - s7) 2EIIRE/mm PR /HY

a 110 5.0 0 312
b 110 55 2 303
c 110 6.0 4 308
d 122 5.0 2 313
c 122 55 4 337
f 122 6.0 0 319
g 134 5.0 4 320
h 134 55 0 325
i 134 6.0 2 313

K 923 945 956

K, 969 965 929

K, 958 940 965

m 308 315 318

"y 323 321 309

m 319 313 321
R 46 25 36
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Fig.3 Microstructure of cross section in top, middle and bottom regions of deposited specimen under optimal process
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Fig.2 Macromorphology of surface (a) and cross section (b) of

deposited specimen under optimal process
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Fig. 4 Hardness distribution along y direction of top, middle and

bottom regions of deposited specimen under optimal process
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Table 4 Tensile properties of deposited specimen under

optimal process
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Fig. 5 Tensile fracture morphology of top (a), middle (b) and bottom (c) regions of deposited specimen under optimal process
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Optimization of GMAW Additive Manufacturing Process for FV520B Martensitic
Stainless Steel and the Steel Performance

BAI Yu!, DENG Dewei', HU Bing?, LIANG Ying?, TIAN Xin?, LIU Xuelong', CHEN Ke', ZHANG Yong’
(1. School of Materials Science and Engineering, Dalian University of Technology, Dalian 116024, China;
2. Shengu Group Co., Ltd., Shenyang 110869, China)

Abstract: A three-factor three-level orthogonal test was designed with welding current, welding speed and swing
amplitude as factors. Single-track 12-layer deposited specimens of FV520B martensitic stainless steel were fabricated by
gas metal arc welding (GMAW )additive manufacturing. The optimized process was determined with maximum hardness as
the indicator. The microstructure and properties of the deposited specimen under the optimal process were investigated. The
results show that the order of influence of the parameters on hardness of deposited specimen, from greatest to least, was:
welding current, swing amplitude, welding speed. The optimal parameters were determined as the welding current of
122 A, welding speed of 5.5 mm « s7!, and swing amplitude of 4 mm. Under the optimal process, the deposited specimen
exhibited good forming quality without defects such as cracks, pores, or delamination. The microstructure of the deposited
specimen consisted of lath martensite and minor amounts of retained austenite and d-ferrite. From the bottom to the top of
the deposited specimen, the grain size first increased then decreased, the martensite content first decreased then increased,
the hardness, and strength of deposited specimen first decreased then increased and the elongation after fracture first
increased and then decreased. The fracture mode of the bottom, middle and top of deposited specimens was brittle fracture,
ductile fracture, and a mixed ductile-brittle mode, respectively.

Key words: FV520B martensitic stainless steel; gas metal arc welding; wire arc additive manufacturing;

microstructure; mechanical property
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