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Effect of interlayer temperature on mechanical properties of austenitic

stainless steel in wire arc additive manufacturing

Masato UCHI, Mar1i TAKAHASHI and Yoshihiko KOYANAGI

Synopsis

Wire arc additive manufacturing (WAAM) is attracting attention as a high-deposition and cost-effective process for producing
large metal components. In this study, WAAM walls were fabricated on base plates using a JIS Z 3321 YS316L solid wire.
Interlayer temperature was controlled at three levels in the Cold Metal Transfer (CMT) mode, and a pulsed MIG mode (Puls)
was also examined for comparison at an interlayer temperature of <100 °C. The built specimens were evaluated in terms of
appearance, internal infill density by X-ray computed tomography (CT), microstructure by optical microscopy/SEM/EBSD, ferrite
number (FN) and Vickers hardness, and tensile properties in both horizontal and vertical directions in the as-built condition
and after solution treatment (ST: 1050 °C/2 h/water cooler). All builds were completed without arc instability. CMT produced
smoother surfaces than Puls, whereas Puls showed a larger inclination in the width direction. X-ray CT revealed spherical
porosity of several hundred micrometers in all conditions; however, the average infill density exceeded 99.9 %, and Puls tended
to show lower density than CMT. In the as-built state, lower interlayer temperature increased FN and slightly increased hardness,
while after ST the FN and hardness decreased and their interlayer-temperature dependence disappeared. The 0.2 % proof stress
tended to be higher at <100 °C in the as-built condition, but decreased after ST and became insensitive to interlayer temperature
with reduced anisotropy. Puls exhibited larger scatter in elongation, likely due to pores acting as fracture initiation sites.
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Table 1. Chemical composition of welding wire (mass%).

Wire C Si Mn Ni Cr Mo Fe
YS316L [ 0.02| 05 | 1.7 | 122 |19.4 | 2.2 | Bal.
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Table 2. Building process parameters.

Welding power supply Fronius TPS 500i
Welding process CMT,Puls
Wire feed rate 6 m/min

Current 162 A
Arc voltage 13.1V
Scanning speed 60 cm/min
Shielding gas 98 %Ar + 2 %0,
Shielding gas flow rate 15 L/min
=100 C,
Interlayer temperature 300 ‘C~400 C,
=400 C

Z (Vertical)

[ : X (Horizontal)
Y

Torch scanning direction
(Reverse each layer)

Tensile specimen
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Fig. 1. Building method and specimen sampling location.
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Fig. 2. Appearance of building metal by CMT at an
interlayer temperature of = 100 °C (a) Top view,
(b) long-side view, (c) short-side view, and (d)
central cross-section and those built by puls at
an interlayer temperature of =100 °C (e) short-
side view, and (f) central cross-section.
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Fig. 3. X-ray CT images of the test specimens and the
average infill density for each condition (a) CMT
at an interlayer temperature of = 400 °C (b) CMT
at an interlayer temperature of 300 °C~400 °C
(c) CMT at an interlayer temperature of =100 °C
and (d) Puls at an interlayer temperature of =100 °C.
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Fig. 4. Optical microscopic images of building metal and ferrite number and hardness.
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Fig. 5. SEM results of building metal by CMT at an

(b)

interlayer temperature of = 400 °C, for (a) As built,

(b) After ST.
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Fig. 6. SEM-EDS results in Fig. 5 of (a).
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Fig. 7. EBSD IPF maps for (a) as built (c) after ST, and
EBSD KAM maps for (b) as built (d) after ST, built
by CMT at an interlayer temperature of = 100 °C.
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Table 3. Tensile properties of building metal.

0.2 %Proof stress  Tensile strength

Elongation (%) Reducticom of area

(MPa) (MPa) (%)
‘é\ﬁgggg t;mgggﬁrre Direction | As built After ST Asbuilt After ST Asbuilt After ST Asbuilt After ST
CMT =400C Horizontal | 360 239 574 507 40 49 63 66
CMT =400 C Vertical 301 233 538 477 52 64 65 67
CMT 300 ‘C~400°C Horizontal| 355 237 570 503 42 46 65 64
CMT 300°C~400°C Vertical 303 228 544 481 51 61 65 69
CMT =100C Horizontal | 394 246 571 505 39 50 60 62
CMT =100C Vertical 338 242 534 493 52 65 51 57
Plus =100C Horizontal | 397 242 575 505 60 62 59 63
Plus =100C Vertical 345 232 499 459 51 57 56 59
Actual values of deposited metal 401 243 571 507 39 45 64 58
F316L wrought property (ASTM A182) =170 =485 =30 =50
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Fig. 10. SEM images of fracture surfaces after tensile
testing in Fig. 9 of (a) and (b).
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