Hsst HTM @"2%\ Vol.55 No.7
20254E7 H Electric Welding Machine 72025

DOI: 10.7512/j.issn.1001-2303.2025.07.03

Inconel 718 2B HEHLZ2 Ak ob TIG WLy 3444
PROWLEH 25 Be P i

g& ﬁ§19§f‘ M]Jl*’ j’J/‘f\XI,E ﬁl’% }%2
L 22 ToR 2 A (4 Jm e T 5 PR I R S =, Hl 224 730050
2. EHUAT ST SR A BTG R R T A IR wl L, BRI BRJRIE 150028
T AR SR A A TIG W IRIE A A 78 41 8B M AR & o) S 9 SR M AR, 42 B SRR 3 3F 3 22 Bk b 4541 &
787 (Double-Pulse-TIG , DP-TIG ) 7 i 77 & T Inconel718 4 3k & 32 &4 69 34 44 ) 3 X B, & EAF XM T & Sk o
W, IR PR 08 X3S A AL R M AR WY R AL . AR SN BORAEAU F T B RIR E Ot 4 A F B ST 4 (Elec-
tron Back Scatter Diffraction, EBSD) 4248 = T MWL AL E T N AR A F R A, BRI EAET X4 H F
PEREZ AL, 24 T BT o B4 AE, AR LR AV % SHMART SR WAL Y 20 A3 mE] 100 A B, 1528 EHE G
WA LR B iR R RIE K, BB A GXR A0 GIR AR LR F 4 S e AT B A KD W 56.2 pm i
3 49.7 um, £ <001>7 & L a9 B e 5 21,1638 3] 28.32; #h @ 345 0% S A KR R &, 29 25 740 MPa; 2\ &) 4t
3% FE W) 729 MPa 3§ e 3] 756 MPa. & 3Rk b iR W@ AR 42 7T vA BB ALIG A & & R BRI R IEAR
KEIF: AL ZEAE; Wk TIG; B & F; MIELR; &@rht
RESES: TG444 SCERFRIATG: A XEHS: 1001-2303(2025)07-0036-07

Microstructure and Properties of Inconel 718 Alloy Additively Manufac-
tured by Double Pulsed TIG with Stepped Filling Wire
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Abstract: Aiming at solving the anisotropy of microstructure and properties commonly existing in traditional arc welding,
the component of Inconel 718 was additive manufactured by double-pulse-TIG (DP-TIG). The influence by the amplitude of
high frequency pulse current on the microstructure and properties of the components is specially studied. The temperature
field of molten pool was got by infrared thermal imager, and the thermodynamic reasons of microstructure evolution were re-
vealed by Electron Back Scatter Diffraction (EBSD). The mechanical properties of the samples were characterized by tensile
test, and the fracture morphology was analyzed. The results show that when the amplitude of high frequency pulse increases
from 20 A to 100 A, the temperature gradient G of molten pool decreases, the solidification rate R of molten pool increases,
the solidification parameters G xR and G/R decrease, and the microstructure changes to equiaxed crystal; The average grain
size decreased from 56.2 um to 49.7 um, and the orientation density on the <001> direction increased from 21.16 to 28.32;
The horizonal tensile strength is about 740 MPa which is nearly constant. The vertical tensile strength increased from 729
MPa to 756 MPa. By controlling the amplitude of high frequency pulse current, the anisotropy of the components is weak-
ened and the plasticity and toughness in both transverse and longitudinal directions is enhanced.
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Fig.1 Principal diagram of wire filling stepped-DP-TIG AM
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Table 1 Chemical composition of 316L and Inconel718 (wt. %)

g Ni Cr Nb Mo Ti Fe
316L 12 17 — 2 — Bal.
Inconel 718 53 19 5 2.5 0.8 Bal.
L Al Si Mn Co C
316L — 1 2 — 0.09
Inconel 718 0.4 0.35 0.3 0.7 0.08

1.2 AR

7E 316L A5 89 5 A - 145 1k Inconel 718 457 22 3
1710 )2 P UTRR S b4 ] 3 1 RE 5 A, b 3161
25 Inconel 718 J&- 22 1Ak ~22 i A3 W 1 AT o
1.3 KW HES%

DU T 2S8R 2 R, FEAR A HoAth 4%
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Table 2 Depositing process parameters

K ISyl S KL KL HE EISS
HEAF/A WE(E/A %/ Hz HAH/A WE(E/A WiR/MHz  /(mmes™) 1°) /(m+min”") /mm

60 160 140 70 90 20 1.7 35 1 3

80 140 140 70 90 20 1.7 35 1 3

100 120 140 70 90 20 1.7 35 1 3

AR T, 23R i Dk AR R 23501 20 A S AL

60 A, 100 A, I ZZ XUPK il TIG HLHTUE A7 il 3 F- = £
£ AR TR 22 TR T SRS 2R B R E I = | [E
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Fig. 2 Experimental system of wire filling stepped-DP-TIG AM
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Fig.3 The locations of the metallographical test samples and tensile

test samples
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Fig.5 Temperature field of the molten pool
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Fig. 6 The superimposed picture of molten pool boundary at 1s and 2s
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Fig. 7 Influence of different high frequency pulse amplitude on solidi-

fication parameters
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Fig. 9 Influence of temperature gradient G and solidification rate R

on microstructure
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Fig. 10 Influence of high frequency pulse amplitude on microstructure at different positions
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