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Abstract: The double-tungsten TIG arc has low arc pressure characteristics, which can effectively avoid humping and under-
cutting at high currents and improve the deposition rate. To apply it to additive manufacturing, single wire feeding mode and
dual wire feeding mode were used in this paper. For the high-current double-tungsten TIG arc above 200 A, the effects of de-
position current, wire feed speed and travel speed on the forming characteristics of the deposition bead are studied. The re-
sults show that for the single wire feeding mode, within the range of 200~350 A deposition current, too high wire feeding
speed will lead to poor spreading of the deposition bead, while above 350 A, too high wire feed speed will lead to wire inser-
tion defect. For the dual wire feeding mode, the thermal efficiency of the arc melting wire can be improved, effectively re-
ducing the tendency of wire insertion and improving the deposition rate. The maximum permissible wire feed speed for each
deposition current from 200 A to 650 A and the travel speed range were finally derived, providing a well-formed process
window for double-tungsten TIG arc-based additive manufacturing. The double-tungsten TIG arc-based additive manufactur-
ing can be formed well at 650 A, with a deposition rate of 5.36 kg/h.
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Fig. 1 Schematic diagram of twin-electrode TIG arc-based additive

manufacturing system
1.2 REMEEHE
PR I6 6 FH ELAR 1.2 mm A9 HOSMn2Si {5k #9 i



552 1]

SR, 55 XS TIG HL M A BOE P RS 99

LRI OMEL, 10 mm J5EBE 1 Q235 WA
A, FARA I AR 1
F1 BEMELOUZRS (REHE, %)

Table 1 Chemical composition of substrate and wires (wz. %)

i C Mn Si S P
Q235 0.12~0.20  0.30~0.70 <0.30 <0.045 <0.045
HOSMn2Si  0.06~0.15 1.40~1.85 0.80~1.15 <0.025 <0.025
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Fig.2 Wire feeding direction and electrode arrangement for double

wire twin-electrode TIG arc-based additive manufacturing
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Table 2 Forming characteristics of beads at different deposition cur-

rents and single wire feed speeds

KRB /A B E v/ (mm-s™) BUE R
200 16.7 BUE R4
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Fig. 3 Forming characteristics of typical deposition beads
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Fig. 4 Cross-section profile of beads deposited at 250 A with different

wire feed speeds
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Fig. 5 Influence of the deposition current and wire feed speed on the

forming characteristics of the deposit path during single wire feeding
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Table 3 Forming characteristics of beads at different deposition cur-

rents and double wire feed speeds
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Fig. 6 Influence of the deposition current and total wire feed speed

characteristics of the deposit path during single wire feeding
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Table 4 Forming characteristics of beads at different deposition cur-

rents and travel speeds

163 I GENI 2404y TT7E ,
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200 16.7 1.5~4.0 WOE R4T
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Fig. 7 Poor forming appearances of deposition beads at different de-

position currents and travel speeds
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Fig. 8 Feasible ranges of travel speed at different deposition currents

(2)%FF 450 A DAL A4 S5 30, 190 FH A 22 ik
PR R TR TIG H A 22 A HCR R T
SGIECAICIIN S ey ST =

(3) W22 BB TIG HE 9G4 ) 15 7F 650 A Y
IR T AR T L R A BOE 6 B8CR f = T ik
5.36 kg/h.

XoF T RUE A TIG HLHRIG R il 15 i, Ao 48
AT Ho G B IR AR R T OB R T
80, kB T R R P, ROk
DB S B SR A 32, B A b 3 B 5 A A
FEPESE— DT RIR AWFIT

SE Wk

(1] m3EE, X147, THA, & 4B Inconel 625

G 4 HL I BT LR [T ). JR 374z, 2018, 39
(06): 81-85.
FENG Y C, LIU J P, WANG S J, et al. Effect of solu-
tion treatment on the microstructure of Inconel 625 al-
loy fabricated by arc additive manufacturing[J]. Trans-
actions of the China Welding Institution,2018,39(06) :
81-85.

(2] JRME ATRR, BERURL K ¥4 BH AR 2 D0 et BHA 5525 F

R A 1 o0 A LD ). [ 2w TR, 2010, 23(5) -
82-85.
ZHU S, REN Z Q, YIN F L. Measurement of Radial
Distribution of Plasma Arc Anode Pressure by Water—
cooled Copper Anode Method[J]. China Surface Engi-
neering, 2010,23(5) :82-85.

[3] Spaniol E, Ungethiim T, Trautmann M, et al. Develop-
ment of a Novel TIG Hot-Wire Process for Wire and
Arc Additive Manufacturing[ J]. Welding in the World,
2020, 64(8): 1329-1340.



552 1]

SR, 55 XS TIG HL M A BOE P RS 103

(4]

Zhang X, Wang K, Zhou Q, et al. Microstructure and
Mechanical Properties of TOP-TIG-wire and Arc Addi-
tive Manufactured Super Duplex Stainless Steel

Electrode GTAW Process Using High Current Values
[J]. International Journal of Advanced Manufacturing
Technology, 2018, 98: 929-936.

(ER2594) [J]. Materials Science & Engineering. A, (9] AREFS, SR, EANT, 55 U HEE B R TER
Structural Materials : Properties, Microstructure and 7 HE e 7 25 s il 1 vh i R S A SR LT). AR AL,
Processing, 2019, 762: 138097. 2019,49(04):168-172.

[5] Kobayashi K, Nishimura Y, Iijima T, et al. Practical ZOU G W, MA P F, WANG W B, et al. Application
application of high efficiency twin-arc TIG welding and research of twin—electrode TIG cladding process on
method (Sedar-TIG) for Pclng storage tank. Weld reactor pressure vessels manufacturing [J]. Electric
World, 2004 48:35-39. Welding Machine,2019,49(04) : 168-172.

[6] Leng X, Zhang G, Wu L. Experimental Study On Im- [10] fRHHE . SERVEH GTAW [T A IF5E [ D] V195
proving Welding Efficiency of Twin Electrode TIG TLAEHE 22,2019,

Welding Method [J]. Science & Technology of Weld- NI Z W. Study on arc behavior of special tungsten elec-
ing & Joining, 2006, 11(5): 550-554. trode GTAW [D]. Jiangsu: Jiangsu University of Sci-

[7] Z=4E, £ K,Y Cressault, 25 . X TIG H RS 4 76 ence and Technology,2019.
K 553 FIRBURF S R [T FAEHL, 2017, 47 [11] Sun H, Cong B, Qi Z, et al. Microstructure and Prop-
(07): 1-5. erties of Double-Wires Plus Arc Additive Manufac-
LI H, WANG F, Y Cressault, et al. Arc pressure in tan- tured Aluminium Alloy Deposits Using VP-GTAW Pro-
dem TIG arc and its relation with plasma jet[J]. Elec- cess[J]. Rare Metal Materials and Engineering, 2017,
tric Welding Machine, 2017, 47(07): 1-5. 46(8): 2203-2207.

[8] Schwedersky M B, Gongalves E Silva R H, Dutra J

C, et al. Arc Characteristic Evaluation of the Double-

S Mk - http : //www.71dhj.com

HHIESE 2SS 0 IR LTS RS i Bl g

T Peak et IR AT w9 BERIR] T AT IR T L R SR, o B R A AT RSP A SR ARB R E
BRI E L R AR IR AR ER TR 8] I, A A I R AR A A TR 8] R A0 BRI AR R K
RREAAF K ST AR TR F T il fode T

Wa P e R BB AR EHH LT LA

AREDENBRRAE M E T A S AR Fo W BAF T HEERFBRR GHEBFHE L AT 40 FBA
SeBRIER A MBI AR IARR U RFEEREF PR, RGP RAE RAEZHE MhiE
) 38 Ao PUAR AR Ak 52 B A 7= P 89 J B X B 19 A A A7 B 0G e R R sk A 2200 o2k, R ) B R A U AR A I AT 5T 0 AR,
RiX 5L EAFH,

B SCHE ST BB 3 : Ak 7 30 R M BAEAT 35 R 5 AR D ik Ak 5 s R, SRR L A RARIEN L F AR
WX E(RFI)REF 10 AFRAE, FEL RIS LGSR TR ENLERFE2023FF -+ — BT EF
B AT MR IR EA B IRF AR 73 06 E ib 3 L AT R S .

IR SCHE AT Tyl : DIF AR & AR R & A T2 QaCF AL A7 e de b KA RS B 207 8 In Bl K
BB LE R ;AL ik E LA RN B F T Bl B R ARG M AR B B AR T e R )
# BEABHREEATFELL ;DA T 56+ T ZRKMATXHE ARG B R RBIE R fon ;08 &8s
Bt A IR T LA @M X R EIF AR R R (1) T e B E R DR ERERT ELF T RN E IR
LHRAF B HEFF RO 5 R A @F B RS A PGP ATREMNERG LS T L8R ;
QIR X AEARIR AR R ARBAR LN LL,

(R:E% ’ - 2 —mail : aimin@sina.com 2 )N - C
BRIER =2 K. 0451-86333949/13644505238 E 1 @ 43 02883289008

SRR TR A& 028-83282678/13980752322

‘HEIBSE =



