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Abstract

The purpose of the study is to produce a mechanically improved weld and minimum variation of color
through comparing unpulsed and pulsed GTAW (Gas Tungsten Arc Welding) for pure titanium (CP grade7)
tube. Pulsed GTAW using 60 A peak current and 20 A background current (1:9) achieved the wider
window of welding conditions having part and full penetration without burn-through than the case of
unpulsed GTAW. Moreover, the pulsed welding reduced a discoloration on the back bead of the weld and
the size of microstructures (basket weave and serrated a). That is because the pulsed welding has it's a
low heat input and severe weld flow induced from electric current variation. Furthermore, the pulsed welding
improved the bending property of the welded Ti tube. The enhanced bending property for the pulsed GTAW
was due to the insignificant discoloration on the weld surface with maintaining the metal polish.
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Table 1 Chemical composition of titanium CP grade 7

Element wt. %
0 0.25
B 0.03
C 0.08
H 0.015
Fe 0.30
Pd 0.12~0.25
Residuals 0.40
Ti balanced
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Fig. 2 Welding jig manufactured for Ti tube
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(a) Open jig

(b) Closed jig
Fig. 3 Gap control for open and closed jig
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Table 2 Welding conditions

Weld voltage 10V

Current(A) Velocity (mm/s) H?E;I;résut
7 42.9
20 10 30.0
13 23.1
7 57.1
10 10 40.0
13 30.8
45/15 . o
(PC/BC, 1:9) 10 =
13 13.9
60/20 . o
(PC/BC, 1:9) o s
13 18.4

* Heat input = Voltage x Current / Velocity

Table 3 Top bead and penetration for unpulsed weld

condition
Weld condition Arc length(mm)
Current | speed
(A |(mm/s) 0.5 10 15
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13 .| Not melted
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©
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——
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Table 5 Discoloration in un-pulsed weld condition

Weld condition Arc length(mm)
7 [Burn through{Burn through| s
30 10
13
7 Burn through/Burn through
40 10 [Burn throughBurn through -
13 |Burn through-

Table 6 Discoloration in pulsed weld condition

Weld condition Arc length(mm)
Current | speed
(A) | (mm/s) 0.5 1o 15
7 & Not melted | Not melted
45/15 Part
(Pc/BO)| 10 penetration Not melted | Not melted
13 Not melted | Not melted | Not melted
7
60/20 10 Part Part
(PC/BC) penetration penetration
13 Part. Not melted Part‘
penetration penetration
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Table 7 Bended tubes for unpulsed conditions

Weld condition Arc length(mm)
Solamt] s [ a0 | s
7
30 10
13
7
40 10
13
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Table 8 Bended tubes for pulsed conditions

Weld condition Arc length(mm)
Current | speed
(A |(mm/s) 0.5 10 1.5
7
45/15
(Pc/BC)| 10
13
7
60/20
(PC/BC)| 10
13
4.2 =
2 A7 7 0.5 mm YA 059 TF EelEE
(CP grade7) H8#& ARSI, 2 9 AE2 GTAW
270 g T A, HA gigehE AT
sttt
1) Eolely FEde] =3 4 9 &3 dddgds
SE3lo] 859 A= A WS F e A
E AA 9 AlFsle], 98- 2 da 84 21S HA
sletglon, A &g gl 73] gl FE/dEY
LHFE 58t
2) &3 A7t =1 84 &=t =8y of=a o]
7h e SR EANA SFEL HE YHZL STk
of, Egk AddA g HlE A 8 FYS 84
Y A5 3E JEFde 7R3 o] &Edde] 2
aste], W 34 9EE 7] FE/gd 8510

Jm e gl 1= oo W

O

;% & 1o

i)

[

ofo

3T

N

>

ox
o
N
N,

Lol 23 WAL E basket weave & serrated
J

[e]

et freuEel 288 A%
AAEle], dhx SAF9 Az EY viAgE 2

i

A Zol9 zpe], Hx GAo= 3 AHH vlAE}

Reference
1. o] &8 : Elolelw, = 7R, 2009 (in Korean)
2. R. L. Little : Welding and Welding Technology, Mcgraw-

Hill Book Co., (1973) 217

3. W.R. Oates, A.M. Saitta : Welding Handbook, vol.
4, eighth edition., AWS, (1998) 488

4. Yoon, Byoung-Hyun, Kim, Suk-Hwan, Chang, Woong-
Seong : Recent Trends of Welding Technology for Ti
and Ti Alloys, Journal of KWJS, 25-5 (2007), 22-28
(in Korean)

5. Thomas BG, Beckermann C : Modeling of casting,
Welding and advanced solidification process VIII.
Warrendale, PA, The minerals, Metals and Materials
Society (1998)

6. Kawahito Yousuke, Kito Masayuki, Katayama Seiji :
In-process monitoring and adaptive control for gap in
micro butt welding with pulsed YAG laser, Journal
of physics. D, applied physics, 40-9 (2007), 2972-
2978

7. Richter K., Behr W., Reisgen U : Low Heat Welding
of Titanium Materials with a Pulsed Nd:YAG Laser,
Materialwissenschaft und Werkstofftechnik, 38-1 (2007),
51-56

8. LIN Mau-Chin, LIN Sheng-Chieh, WANG Yu-Tsai :
Fracture Resistance of Nd:YAG Laser-welded Cast
Titanium dJoints with Various Clinical Thicknesses
and Welding Pulse Energies, Dental materials journal,
26-3 (2007), 367-372

9. Balasubramanian M., Jayabalan V., Balasubramanian
V. @ Optimizing pulsed current parameters to minimize
corrosion rate in gas tungsten arc welded titanium alloy,
International journal of advanced manufacturing
technology, 89-5/6 (2008), 474-481

10. Casalino G, Ludovico A.D : Finite element simulation
of high speed pulse welding of high specific strength
metal alloys, Journal of materials processing technology,
197-1/3 (2008), 301-305

11. Jong-Do Kim, Myung-sub Kwak : Lab Weldability
of Pure Titanium by Nd:YAG Laser, Journal of the
Korean Society of Marine Engineering, 32-2(2008),
315-322 (in Korean)

12. Yang Mingxuan, Qi Bojin, Cong Baodgiang : Effect of
pulse frequency on micro-structure and properties of
Ti-6Al-4V by ultrahigh-frequency pulse gas tungsten
arc welding, International journal of advanced
manufacturing technology, 68-1/4 (2013), 19-31

13. Yang Z., Qi B., Cong B. : Effect of pulse frequency
on weld appearance behavior of TC4 titanium alloys,

Journal of Welding and Joining, Vol. 32, No. 6, 2014



GTAW B2 3 270 W2 Eolehs P17

o §9, ¥4

He

&9

=
;/H

3 55

14.

15.

RN - AR

Transactions of the China Welding Institution, 34-
12 (2013), 37-40

Torkamany M.J, Malek Ghaini F., Poursalehi R :
Dissimilar pulsed Nd:YAG laser welding of pure
niobium to Ti-6Al-4V, Materials & design, 53 (2014),
915-920

S. Sundaresan, Janaki Ram G.D., Madhusudhan

$32% F698, 20144 121

16.

Reddy G : Microstructural refinement of weld fusion
zones in a-B titanium alloys using pulsed current
welding, Materials science & Engineering, A262
(1999), 88-100

Chae-Hun, Lee : Electron beam weldability of commer—
cially pure titanium and Ti-6Al-4V alloy, Proceedings
of KWJS, 48 (2007), 360-362 (in Korean)

591





