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1.1 A-TIG
1.1 Activating Flux Assisted TIG Welding
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1. Limitation of conventional TIG welding

limited thickness of material which can be welded in a 
single pass

Weld penetration achievable in single pass TIG welding of 
stainless steel is limited to 3 mm when using argon as 
shielding gas.

poor tolerance to some material composition (cast to cast 
variations) 
the low productivity

Poor productivity in TIG welding results from a combination 
of low welding speeds and in thicker material the high 
number of passes required to fill the joint.
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2. Advantages of A-TIG welding

The new process enables single pass welding of higher 
thickness plates with higher welding speed and hence 
reduced heat input.
Enhanced productivity and reduced consumption of filler 
wire
Residual stresses are reduced significantly (more than 
70%) in A-TIG weld joints compare to conventional TIG 
weld joints and the weld joints are distortion free.
Significant improvement in creep-rupture life (more than 
75%) 
Significant reduction in the cost of fabrication (more than 
50%)
Up to 25 mm thick plates can be welded using double side 
welding procedure with square edge preparation Fo
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Penetration increase

A-TIG TIG

6mm 1.5-2.5

a)A-PAW       (b)PAW
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Penetration increase

1m
20mm

7mm
30%
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TIG A-TIG TIG A-TIG

Bead profile improvement
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Reduce distortion

TIG A-TIG
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Reduce the porosities
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1960s : former Soviet Union (EO Paton welding institute)
1990s

UK: TWI

US: EWI

Japan  

India

China 

HIT

Lanzhou university of technology 

625 (aerospace)

Space  

History of A-TIG welding
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Available at market

1- 1

PATIG - S-A Cr-Mo

PATIG - N-A ( 600 690)

FASTIG SS-7

CS-325

Fi-600
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4. A-TIG

304
SiO2 TiO2 Cr2O3 AlF3 CaF2 NaF NaCl CaCl2 
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4. A-TIG

EWI 2000 A-TIG

Alloy600 Alloy 718
Alloy 625

100% TIG 4 ( 23
) A-TIG 1 (3 ) 2 (12 )

7.6mm 600 A-
TIG A-TIGTIG
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4. A-TIG
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4. A-TIG

2007

5mm GH4263



Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 17

O

4. A-TIG
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4. A-TIG

2002 M. MARYA TIG

2004
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4. A-TIG

SIRE TIG(FB-TIG) A-TIG

TIG 

TIG(FZ-TIG)
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4. A-TIG
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4. A-TIG

A-TIG

(PA) A-TIG
12mm 6mm

12mm
A-TIG

6mm
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4. A-TIG

A-TIG

(PA, 1G)
6mm

9mm
PC(5G) TIG

A-TIG
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4. A-TIG
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4. A-TIG

70mm diameter, 5mm wall 
thickness stainless steel tube, 
welded using the Paton Welding 
Institute activating flux in the 5G 
position.
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4. A-TIG

1G 5G, A-TIG
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4. A-TIG

5.7mm TIG

TIG

A-TIG
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4. A-TIG

A-TIG TIG5mm 304 A-TIG
( =245A, =175mm/min, 
f=530mm/min, a=2.5mm, 

=10L/min) Fo
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4. A-TIG

EWI A-TIG
45%-55%   

A-TIG

TIG
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4. A-TIG

G. SRINIVASAN 5mm 304L
(dummy fuel)
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5. A-TIG
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5. A-TIG
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5. A-TIG
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6. 

TIG
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6. 
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Case study 

304LN stainless steel weld (10 mm thick)

316 LN Stainless steel weld (12 mm thick)
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1.2  TIG
1.2  Hot-wire TIG welding
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2. 

40 60
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TIG   

TIG 300-500
3-5 MIG

,

3. 
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TIG 60
100   

3. 

¢4mm

TIG
¢1.2mm

390A

TIG
¢1.2mm

390A

MAG
¢1.2mm ¢4mm

400A
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TIG 1.5-2kg/h TIG      3-3.5kg/h
MIG

3. 
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4. 
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4.1 

Iap

Iab

Iwp

t

t

Ia

Iw

TIG
TIG
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4.1 
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TIG

4. 1 
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TIG SAW PAW MIG

TIG

4.1  Limitations
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4.2 
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4. 2 

Patent of HIT
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TIG
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4.3 

Patent of HIT
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35A 2000mm/min 920

60A 5000mm/min 540

15A 1300mm/min 400

4.3 
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4.3 
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4.3 
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TIG

5. TIG
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TIG TIG
TIG

5. TIG
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Video of hot-wire TIG welding
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1.3 TOPTIG
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MAG ,

TIG , 90

,

TIG
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Source: www.youtube.com
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TIG
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TOPTIG
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TOPTIG

TOPTIG MAG
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Two possible transfer modes depending on wire feeder speed
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Uninterrupted metal bridge transfer

When the wire feed speed and the arc fusion energy 
reach equilibrium, a continuous contact is 
established between the melted filler metal and the 
workpiece. 

The video snapshots shown in Figure 4 have been 
obtained using a laser strobe vision system that
completely eliminates the arc radiation effect from 
images. They are representative of complete welding 
cycle from arc strike to slope down and arc 
vanishing.

Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 12

Uninterrupted metal bridge transfer
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Droplet metal transfer

Starting with the formation of a droplet at the end of the 
wire tip; this droplet grows until it is detached by gravity 
and surface tension effect. This mode is similar to a short 
arc transfer in MIG welding 
Advantages:

It improves weld pool degassing and produces a fine and 
regular bead microstructure by forcing weld pool oscillations 
with repetitive droplet contact on the liquid surface.

It extends the system operation range to lower amperage 
and WFS values 

It produces larger weld beads. 
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Droplet metal transfer
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TOPTIG

TOPTIG MIG
TIG

TIG

MIG
3
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Travel speeds and appearance of weld
• On plate up to 3 mm thick, the TOPTIG process gives travel 
speeds near or even greater than those obtained with the MIG 
process.
• The quality and appearance of the weld beads are exceptional,
as the TIG process does not generate spatter: so no finishing 
work is needed after welding.
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1.4 TIG
1.4 Twin electrode TIG welding
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1998

TIG
TIG Twin-Electrode TIG Welding

TETW

TIG
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TIG

1.
50g/min 34.8g/min

20
2. X 40

15

3.

4.
. 
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TIG

coupling arc
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TIG TIG
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a b c
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20 40 60 80 100 120 140 160 180 200 220
7.0
7.5
8.0
8.5
9.0
9.5

10.0
10.5
11.0
11.5
12.0

2mm
 4mm
 6mm
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TIG
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TIG

TIG TIG
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TIG

TIG

(A) (mm) (mm/min) (mm)

1 150+150
2 600

3

2 200+200 3

3 250

600

3

4 280 3

5 300 3

  

1
150A 150A
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TIG

        

2
200A 200A

3
250A

4
280A

5
300A
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TIG

A V cm/min g/min

1 SM490 700 11-13 10 90

2 SF340A 360-500 10-11 10 16-34

3 SQV2A 300-600 9-12 10-16 17-23

4 SM490 300-600 10-11 6 18-27

1 2 3 4
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1.5 
1.5 Variable polarity plasma arc welding (VPPAW)
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1. VPPAW

VPPAW (Variable Polarity Plasma Arc Welding)

5 108—5 1010W/m2

(Keyhole welding)
(DCEN Current) (DCEP Current)

Initial Current

DCEP Current

I (A)

Time (ms)

Straight
Polarity

Reverse
Polarity

DCEN Current

0

19ms

4ms
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1. VPPAW

TIG
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1. VPPAW

VPPA
25.4mm
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2. 

  

  

  

  

TIG
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2. 

  

(2014 2219
2195)
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4.

1978 NASA

2219 6400m 100
X
TIG

NASA
8-

16.5mm

Delta IV
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5. VPPA
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5. VPPA
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5. Liburdi
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5.  AMET
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6.

Keyhole

Welding current(DCEN, DCEP, Tp), arc length, plasma 
gas, protective gas, welding speed 

AVC

FSW
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6. VPPA

LF6 LD10 3mm 6mm
10mm

703

2004-2006.  149   

2006 529

2008 529

2008-2009 149……
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(1) VPPA
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(1) VPPA
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(1) VPPA

3 

Mm

2219
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(1) VPPA

-

3 

mm
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(1) VPPA

6 

mm

2219   

  

    

  

LD10   
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(1) VPPA

-

6 

mm

LD10   

2219   
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(1) VPPA

-

6 

mm

6mm
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(1) VPPA

-

2219 6mm

ER2319 1.6mm

      

1 430 MPa 19.7 kN 264.6MPa 16.2% 61.5%

2 430 MPa 20.1 kN 266.0MPa 15.4% 61.9%

1) 
5mm 15mm
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(1) VPPA

2) 

X   

  b /MPa 5 /%

6-1-1-1 

6mm

281.0 4.0

6-1-1-2 279.5 4.0

6-1-1-3 281.5 4.0

6-1-1-4 281.5 4.0

6-1-1-5 281.5 4.0

281.2 4.0

  b /MPa 5 /%

3-1-2-1 

3mm

289.0 5.0

3-1-2-2 274.0 5.0

3-1-2-3 277.5 5.5

3-1-2-4 295.5 5.5

3-1-2-5 284.0 5.5

284.0 5.3

65.4%
66.1%( 430MPa) 4%

5.3%
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(1) VPPA

-6mm   

X 
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(1) VPPA

VPPA

In Ip tn tp

VPPA GTA

VPPA
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(1) VPPA
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(2) VPPA

VPPA

VPPA
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(2) VPPA

529
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(2) VPPA

5mm LF6
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(2) VPPA
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(2) VPPA

VPPA
VPPA 

5.0 mm LF6 4.0 mm 

4.0 mm 2.0mm 
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1.6 TIG
1.6 Keyhole TIG welding
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Video of K-TIG
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TIG Keyhole TIG welding K-TIG
2000 TIG
CSIRO

1. 
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6mm 6.3~6.5mm
60o 600~650A 16~20V
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Standard high current TIG welding K-TIG welding

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 6 



Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 7 

2. 

TIG K-TIG K-
TIG

K-TIG

K-TIG
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Keyhole TIG welding --torch 

http://www.msm.cam.ac.uk/phase-
trans/2004/CSIRO2/CSIRO2-Pages/  
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3. 

ASTM B265 12.7mm TIG
V 60o AWS A5.16 

ERTi-1 1.2mm K-TIG
I

K-TIG 99.999%
99.99% TIG

99.99%
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3. 

6mm 316L K-TIG( ) TIG( )
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3. 

6.35mm Zr702 K-TIG
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4. Benefits 

No filler materials needed. This greatly reduces the chance 
of corrosion in the welded metals, as little or no foreign 
materials are being introduced;
A Keyhole TIG weld is capable of welding 12mm thick 
stainless steel in a single welding pass. It does this at a 
speed of 300mm (12 inches) per minute, offering far 
greater productivity, and therefore profits, to companies 
using the K-TIG welding system.
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10.5 MM THICK AISI 304 STAINLESS STEEL 6.5 MM THICK 3CR12

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 14

Macrograph of a keyhole GTA weld in 10 mm 
thick Inconel 718 plate (as-welded). Beraha’s tint 
etchant.
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Macrographs of keyhole GTA weld 
(top) and conventional GTA weld 
(bottom) in 13 mm thick ASTM B265 
Grade 2-95a (CP titanium) plate. The 
conventional GTA weld was made 
using matching filler material, a 
double-V edge preparation and 6 
welding passes. 
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Macrographs of keyhole GTA welds in 
13 mm thick ASTM B265 Grade 5-95a
(Ti-6Al-4V) plate. The upper photo 
shows a single pass keyhole GTA weld 
while the lower has an additional 
dressing pass for improved bead 
profile.
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1.7 
1.7 Magnetically Impelled Arc Butt (MIAB) welding

http://website.lineone.net/~diverse/layer2/miabpr.htm
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(Magnetically 
Impelled Arc Butt Welding MIAB )

20 70

1. 
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2. 
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The components to be welded are rigidly clamped in the 
MIAB welding equipment, leaving a predetermined, small 
gap between their ends. In the first stage of the process, a 
DC arc is struck between the component ends. A static, 
radial magnetic field causes this arc to travel at high speed 
around the joint circumference, heating the component 
ends to a high temperature (see Fig. 1).
Heating continues for a few seconds then, in the second 
stage, the components are brought together under a 
predetermined forging pressure (see Fig. 2). Any molten 
material is expelled from the joint and a solid phase weld 
is produced.

http://www.twi.co.uk/technical-knowledge/faqs/process-faqs/faq-what-is-
miab-welding/
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3.   

  

MIAB
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4.   

DIVERSE
10 ~ 200mm
1 ~ 6 mm

20 mm 1 50 mm 6

1200 A
100 kN
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Authorized selling agent for S.E. Asia & Middle East

M/s. JIT Engineering & Solutions Pte. Ltd., Singapore.

           NO EDGE PREPARATION !  NO FILLER MATERIAL ! 
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              Materials to be welded 

 

• Steel

• Stainless steel

• Aluminum alloys
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      Tube Welding

 
 MIAB welding reduces weld time by 90% 
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         Optional features of MIAB 

Two welds can be carried out simultaneously on a double ended machine.

Mobile machines are available.

Retractable electromagnetic coils and field profile control for easy loading 
and unloading of work.

Can be configured for automatic flash removal.
    

    Mobile MIAB machines can be used on site and allow
transmission pipelines to be welded with potential
savings due to improved productivity over other arc
welding processes. 
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    MIAB welding machines for pipes 

MD-1  K-872 

Machine -1 is intended for welding 
small diameter tubes & pipeline.
Machine K-872 is intended for welding 
pipelines under field conditions.  

1. Welding Head 
2. Pump Station   
3. Control Cabinet                      
4. Weld Management System 
5. DC Power Source

Equipment composition 
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Applications 

Solid Rod OD 22mm 
Welding Time:12 s  

Solid Rods

Pull test of weld joint of Reinforcement Rod - OD 32 mm 
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Tubes & Pipelines

 Applications 

Hydraulic Test Result - 72.5MPa.

“Pipes with OD up to 219mm can be welded using 
MIAB” 

Tubes OD 22 & 48 mm
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Automotive applications
     MIAB welding is predominantly used in the European 

Automobile Industry

Vehicle drive shafts.

Rear axle assembly.

Wheel bearing housing.

Pipe and tube assemblies.

Shock absorber assemblies.

Threaded sleeves assemblies.

Nuts welded to plates.

Brake pipes
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Shock absorber
Welded section: 
OD53x1,8mm. 
Productivity: 200 
butts/hour
Welding time: t=2.9 s
Material: Steel 20 + 
Steel 35

Applications 
Shock Absorber

Machine MD-103 and MD-102 type  
for MIAB welding of shock absorber 
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Applications 

Automobile Part: Piston Rod

Piston Assembly: OD22x2.2mm  
Welding Time: 3.6 s Pull Test. Force of break - 12900 kg  

Macro section of welded joint  

x250 

micro section of welded joint  

HAZ 
4.4mm 

Line of 
Joint 

f L
JJ
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“The tests conducted on the drive shaft have indicated that 
MIAB welding does not reduce durability of  the drive shaft.” 

 Drive Shaft OD75x2.1 mm 
  Welding time: 3.8 s  

Machine K1015 for drive shaft welding OD 
70 - 102mm,WT 2-4mm.  

  Automobile part: Drive ShaftApplications 
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Applications Automobile Part: Oil Tank

Field for  MIAB welding 
Welded Joint  of 
Connecting Pipe: 

 OD 31.7x 4.1 mm 

 Welding Time: 7 s 
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Liquid Propane Tanks

LP Tank Assembly, Girth Weld 
Size: OD203.2, WT2.1 mm  
Welding Time: 12.5 s 

LP Tank Assembly, Boss Weld 
Size: OD 31.7 mm, WT 4.1 mm 
Welding Time: 7 Second 

Welded Joint after Tensile 
Elongation Test 

Applications 
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Comparison to other welding processes

MIAB has replaced automated TIG, MIG, Resistance and Flash Butt Welding.

Why MIAB scores over other welding process?

Less internal flash.

Shorter weld times.

Less metal loss.

Reduced machine maintenance.

Uniform welding.

Low power consumption

No rotation of components

No consumables needed. e.g.. Filler material. Fo
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1.8 TIP TIG
1.8 TIP TIG welding

http://www.plasch.at/
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1. 

Invented by Siegfried Plasch, Austria
The steady forward motion of the welding wire feed is 
superimposed by a secondary high-speed linear oscillation 
of the four-roll drive plate.
This induces a dynamic onto the wire in the form of a 
vibration which when introduced to the molten weld pool 
destroys the surface tension. This gives better fusion, 
allows impurities and gases to escape and improves 
wetting resulting in higher deposition.
TIP TIG can be connected to any 
water-cooled T.I.G. welding 
power source.
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2. 

Weldable Materials
Most materials including: Duplex, Super Duplex, Inconel, 
Stainless Steel, Aluminium, Copper, Titanium, Hasteloy, Zinc 
plated materials, Mild Steel.

Applications
Stainless Steel Fabrication, Heavy wall Duplex and Super 
Duplex Pipe, Tank and Vessel Fabrication, Cladding, Duplex 
Boilers, Aluminium Roofing Industry, Food Industry, Precision 
Metal Fabrication, Defence Technology, Aerospace, 
Automotive Industry. 

Cold wire, hot wire and orbital welding

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 5 

3. Benefits 

TIP TIG gives 100% x-ray quality welds
TIP TIG equals the deposition of pulsed M.I.G. welding but 
gives the quality of T.I.G. welding
TIP TIG can be easily automated and production increased 
by the use of hot-wire
TIP TIG produces cosmetically finished welds with no need 
for dressing
Excellent metallurgical and mechanical results for all 
materials
Low heat input = low distortion = low rework = cost 
savings 
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TIP TIG welding of super duplex stainless steel
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TIP TIG orbital welding
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Manual TIP-TIG welding
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End  of chapter 1


