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ABSTRACT: The work aims to study the effects of welding speed and interlayer cooling time during wire and arc additive
manufacturing (WAAM) on the accuracy and mechanical properties of formed parts. Here, deposition speed and cooling time
between layers were examined and arc welding was used to conduct 20-layer reciprocating deposition experiments on 316L
stainless steel. Four thin-walled metal walls were prepared. The morphology, microstructure, and hardness and tensile property
of the deposited specimens were researched. The results showed that the preparation process of the 4 groups of specimens were
relatively stable, the surface forming was good, the bonding between layers was smooth with clear stratification and without
cracks, collapse and other defects. When the cooling time between layers reached a certain value, the molten pool would solidify,

the forming width and height stability of the specimens were stable and the amount of molten metal per unit time added to the

YR BEH: 2023-05-16

Received: 2023-05-16

EE&WBE: B%EA ékﬂaé%/\( 51805099 ); /= Z& 5 43 & AAH AT B (2022ZDZX3046 ); )~ M At %1 (202201011747 );
SR KRFAMBAIIEEFT FRFK 4L (pdjh2022b0844 )

Fund: The National Natural Science Foundation of China (51805099); Scientific Research Projects of Colleges and Universities
in Guangdong Province (2022ZDZX3046); Science and Technology Projects in Guangzhou (202201011747); Special Funds for
Cultivating Scientific and Technological Innovation of Guangdong College Students (pdjh2022b0844)

BT k&, WL, HAML, 3161 RFM W IRIG A4 2 T LAF R[], #5542, 2023, 15(11): 164-170.

ZHU Qiang, YAO Ping, XU Si-fan, et al. Wire and Arc Additive Manufacturing Technology of 316L Stainless Steel[J]. Journal of
Netshape Forming Engineering, 2023, 15(11): 164-170.

*B{51E& ( Corresponding author )



B1sHE FH1u M

R, . 316L B IUEH G T 25

165

molten pool decreased as the deposition speed increased. The layer height and layer width of deposited specimens varied at dif-

ferent welding speeds. The hardness and tensile properties of the specimens increased slightly due to the increase of welding

speed and the decrease of heat input. The Vickers hardness value curves of four groups of specimens exhibited a wave shape,

gradually decreasing from the bottom to the top of each fused layer. Additive manufacturing process parameters have an effect

on the forming quality, microstructure and mechanical properties of the product. Under the premise of ensuring the stability of

the forming process, increasing the welding torch stacking speed can improve the mechanical properties of the product.

KEY WORDS: wire and arc additive manufacturing; 316 stainless steel; forming quality; metallographic structure; mechanical
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Tab.1 Chemical composition of ER316L welding wire wt.%
C Si Ni Cr Mn P Mo S Cu Fe
<0.03 0.30-0.65 11.0-14.00 18.0-20.00 1.00-2.50 <0.03 2.00-3.00 <0.03 <0.75 Bal.
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Tab.2 Additive forming process parameters

Experiment Deposite Cooling time be-
number speed/(cm-min ") tween layers/s
1” 30 30
2" 30 40
3* 40 30
4* 40 40

IR A MR E T, S5 — B SR
W55 R AR B 15 mm, ZEMERUS B R AR IR A S
WM R 1, RRMEROE—)2 , MR AE BT 2 mm,
B 20 EHERLE RO Ik SRR SO E T
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Ar+CO, (RFUNE I 98%F1 2% ), KK =N
20 L/min,

f§ 20 2 HBERRIAMERUE S, FWFESHLIE PR
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Fig.1 Metallographic structure and sampling position
of tensile specimens
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Fig.2 Dimensions of tensile specimens
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Fig.3 Surface morphology of deposited walls
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Fig.4 Metallographic structure of 1% deposited walls: a) macroscopic metallography; b) the first deposition layer;
c) intermediate deposition layer metallography; d) microscopic metallography
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Fig.5 EBSD maps of 1" experimental specimens: a) grain growth orientation; b) image quality (IQ) map
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Fig.6 Vickers hardness distributions of additive specimens: a)
the first deposition layer; b) intermediate deposition layer
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Fig.7 Average hardness of four groups of specimens
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Fig.8 Stress-strain curves of additive specimens
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Tab.3 Yield strength and ultimate tensile strength 4
groups of specimens MPa

Experiment Yield Ultimate tensile
number strength strength

1 328 554

2" 322 547

3" 327 560

4* 335 564

VR 3" R W 21 25 1 1 EJB 55 an &l 9 B
TEE] 9a FIE 9b L H#RREMLEE 2 I Ai AN B 2] B0
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Fig.9 Fracture morphologies of tensile specimens
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