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Microstructure and Fracture Behavior of 304 Stainless Steel Prepared by
Wire Arc Additive Manufacturing

CHEN Chao, REN Bogiao, FU Yan, GAQO Yihao, SUI Xinchen, CHEN Yunhao, ZHAO Xiaohui
(School of Materials Science and Engineering, Jilin University, Changchun 130025, China)

Abstract: The columnar grains growth characteristics of components prepared by wire arc additive
manufacturing have significant effects on mechanical properties. However, current research on fracture
behavior is msufficient. The tensile and fracture behaviors of 304 stainless steel thin-wall component along
deposition and scanning directions are investigated, and optical microscope (OM) , scanning electron
microscope (SEM) and electron backscatter diffraction (EBSD) are used to characterize cross-section
fractures, aiming at unraveling the fracture mechanism. The findings show that columnar grains grow along
deposition direction, inducing a lower strength than that along scanning direction. But the obvious necking
appears at fracture position, with numerous fine dimples distributed, signifying greater plastic behavior.
However, the interlayer with coarser columnar grains also becomes the weak region, even fracture within the
layer under tensile stress paralleling columnar boundaries. Conversely, scanning direction exhibits a higher
strength with lower plasticity, attributed to dislocations suppressed by boundaries under vertical stresses.
Additionally, numerous low angle grain boundaries and strain are detected in the fracture, indicating non-
uniform dislocation slip and eventual fracture under strain concentration.
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Table 1 Chemical composition of 304 stainless steel sub-

strate and wire %

D% Cr Ni  Mn Si C S Fe

AR 16.5~22.5 8~10 <<1.9 <C0.65 <<0.07 <0.04 &kt
Moy 16.8~22.4 7~10 <<1.8 <<0.62 <<0.05 <0.03 4x i
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(b) Sample extraction diagram
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Fig.1 Additive system and sample extraction diagram
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Table 2 Depositing parameters

KL/ WW/ R/ M/ S/
(memin ') A \% (mmes ') (Lemin ')
6.5 192 18.1 3 15

MRS B RS S e i
1(b) 7% T KT T BE A 1 R A7 D) BB B, 51 43 51
W UCRRS F34 1) 2 R R B S 2 mm A A
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FH SEM Xt FE i W7 1247 W 8% . ok, itk — 2
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Fig.2 Microstructures in different regions of 304 thin -

walled component
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(c) EDS result of point 1

(d) EDS result of point 2
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Fig.3 SEM and EDS results in middle region of 304 thin-

walled component
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Fig.4 Ultimate tensile strength and elongation of samples

along deposition and scanning directions
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(a) Deposition direction
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Fig.5 Morphology of fractures along deposition and scan-

ning directions
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(a) Deposition direction (b) Scanning direction

P 6 PRS0 AR T AL

Fig.6 Sectional morphology of fractures along deposition

and scanning directions
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Fig.7 Misorientation angle and KAM maps of fracture sec-

tion along scanning direction
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