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W e made a 3D printing of 960 high-strength steel thin-walled components using direct current and pulsed current wire arc additive manufactu-

ring and conducted the research on thermal process, microstructure and mechanical properties of thin-walled components during wire arc
additive manufacturing of 960 high-strength steel, which provides useful reference for the engineering application of Pulsed-TIG( PTIG) technolo-
gy. The results indicated that both the direct current deposition and the pulsed current one are really stable, and have reliable precision. The
height to width ratio of pulse current deposition component is relatively low and the deposition layer becomes more flatter after pulse is added,
which is beneficial to keep the molten pool stable during deposition and improve the forming accuracy. The microstructure distribution of the sedi-
mentary layer from bottom to top is not uniform. The bottom layer is composed of fine austenite grains, the middle layer is coarse equiaxed
grains, and the top layer is composed of austenite and partially tempered martensite. Through the introduction of pulse, the structure uniformity
and temper martensite structure formation are effectively improved, and the plasticity and toughness of the material are improved. Direct current
TIG-wire arc additive manufacturing( TIG-WAAM) and pulse current TIG-wire arc additive manufacturing ( PTIG-WAAM ) droplet transition modes
were large droplet transition and fine droplet transition, respectively, and the transition frequencies were 5.24 Hz and 9. 17 Hz, respectively. The
high-frequency transition mode of droplets under pulse current is more beneficial to ensure the thermal stability, forming accuracy and process sta-
bility of the whole deposition process.

Key words pulsed TIG wire arc additive manufacturing, 960 high-strength steel, macrostructure and microstructure, droplet transfer,
mechanical property
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Table 1 Chemical compositions( mass fraction,% ) of the substrate and filler wire

JLE C Mn Si Ni P S Cu Nb Cr \% Ti Mo Fe
BS960 0. 08 1.24 0.20 — — — 0.06 0.14 0.6 0.02 0.15 0.29 fui
ERI20S  0.06 1.59 0.5 3.56 0.05 0.005 0.23 — — — — 0.78 4
F2 TIG-WAAM [ T 5%
Table 2 Process parameters during the TIG-WAAM
e SR SehRE WEEMEE MR mitohE 2 i ek e ’%Wﬁ% Tk i
L/ A u/v Iy/A I/ A P/W V,/(m/min) V,/(m/min) Q/(L/min) Hz
RERI RN 123 13.2 — — 1623.6 0.38 0.163 10 —
i QUINERITRII A 144 13.6 230 69 1958. 4 0.38 0.163 12 2.3
Wit % U LRI
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Fig.1 TIG-WAAM experimental setup
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Fig.2 Synchronous acquisition system for dynamic process of arc droplet pool
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Fig.3 (a) Metallography sample locations; (b) tensile sample dimen-

sions; (¢) microhardness sample
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Table 3 Geometric dimensions of two multilayer components

. BE MORE WfEsE miksiE JRE

n L/mm H/mm W/ mm h/mm

BRI 44 180 26 8.47 0.59
PR BRI 44 170 22 9.31 0. 50
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15 R R A A 1) 7 AN SO G AR R T 5T,
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Fig.4 Full appearance of two multilayer components: (a) direct current deposition; (b) pulsed current deposition
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Fig.5 Macrostructure and microstructure of 960 high-strength steel pro-
duced by direct current deposition: (a) cross-section (x-z plane ) morpholo-
gy; (b) cross-section (x-z plane) microstructure; ( ¢) microstructure in the
top region; (d) microstructure in the middle region; ( e) microstructure in the
bottom region
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Fig. 6  Macrostructure and microstructure of 960 high-strength steel pro-
duced by pulsed current deposition: (a) cross-section (x-z plane ) morpholo-
gy; (b) cross-section (x-z plane) microstructure; ( ¢) microstructure in the
top region; (d) microstructure in the middle region; ( e) microstructure in the
bottom region
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Fig.7 Cross-sectional optical micrographs of two different technological multilayer components: (a) top region of the component fabricated by direct current
TIG-WAAM; (b) top region of the component fabricated by pulsed current TIG-WAAM; (c¢) middle region of the component fabricated by direct current TIG-
WAAM; (d) middle region of the component fabricated by pulsed current TIG-WAAM; (e) bottom region of the component fabricated by direct current TIG-
WAAM; (f) bottom region of the component fabricated by pulsed current TIG-WAAM
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Fig.8 Arc and droplet morphology of two TIG-WAAM processes: (a) direct current deposition; (b) pulsed current deposition
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Fig.9 Weld pool morphology of two TIG-WAAM processes: (a) direct cur-

rent deposition; (b) pulsed current deposition
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Fig. 10  Vickers hardness of the direct current and pulsed current additive

manufactured components
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Fig. 11 Tensile property of the direct current and pulsed current additive
manufactured tensile specimens: (a) stress-strain curves along the horizontal

and vertical direction; (b) tensile strength and elongation
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Fig. 12 Scanning electron microscopy ( SEM) images of the fracture mor-
phologies of the components fabricated by (a) direct current deposition and
(b) pulsed current deposition
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