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2.1 MIG
2.1 CMT MIG/MAG welding techniques
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CMT video
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MIG versus CMT
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CMT

Fronius 2004
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CMT
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CMT
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CMT
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The wire buffer decouples the front and 
rear wire-drives from one another and 
ensures smooth wire travel.
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The new tension-lever system in the 
welding torch ensures constant and 
reproducible contact pressure.
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Basic parameters of CMT
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Effect of short circuit duration on bead profile

By altering the dduration of the CMT short circuit  penetration can be 
controlled.

Adjustment to this parameter not only alters the arc off/cold phase of the 
welding cycle but also changes the frequency of the arcing phase which 
further influences the amount of thermal input transferred to the 
workpiece. 

An increase in this parameter from ~5 to 10 ms results in a reduction in 
penetration of ~40%. 
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CMT pulse mix welding

Combining CMT welding with conventional pulsed 
welding allows for greater material deposition and 
increased penetration with the result that thicker 
material sections can be welded than that is possible 
with CMT welding alone.
If greater current were to be applied during the arcing 
phase of the welding cycle (either peak current and/or 
applied current duration), uncontrolled droplet 
detachment could result. 
Introduce current pulses into the CMT arcing phase 
during which droplet detachment occurs in a controlled 
manner.
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a 20 pulses/6 CMT short circuits; b 20 pulses/4 CMT short circuits; c 20 pulses/2 CMT 
short circuits. In increasing the short circuits, thermal input is reduced resulting in
shallower penetration.
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Butt-weld, without weld-
pool backing support, on 0.8 

mm AlMg3 sheet.
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1.0mm   

CuSi3  

1.0mm  AlMg3 2.0m/min 
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Cladding
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To join this tube section, a component in a vehicle air-conditioning system, Bernd 
Russ uses the innovative, automatable CMT Pulse-Mix process rather than 
labourintensive TIG welding.
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Fronius CMT + Syncropulse
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CMT application  
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CMT Advanced stands for deposition rates that can be 
exactly adjusted by way of positive and negative process 
cycles. 
Polarity reversal takes place in the short-circuiting phase, 
which is what ensures the accustomed process stability of 
CMT. 
What is more, CMT Advanced stands out for its carefully 
targeted thermal input, higher deposition rate with no 
increase in heat input, and minimal distortion.
Used for CMT pin ball, printing, cladding, etc. 

CMT Advanced
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CMT Advanced, alumínio ER4043, v= 6m/min
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CMT Advanced
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CMT Advanced application 
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2.2 MIG
2.2 Variable Polarity AC MIG welding techniques
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Principle

In AC pulsed MIG/MAG welding, the process is operated on 

electrode negative polarity for a proportion of the pulse cycle.  

When operated on negative polarity, solid wires melt at a faster 

rate than on electrode positive polarity, but the process is 

unstable in DC operation. 

Stable operation has been made possible employing inverter 

power sources with very rapid response times. This gives a 

rapid transition into negative polarity operation, and so the arc 

does not extinguish as the current approaches zero. 
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Principle 
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Features

The key characteristics of this process variant are:
Independent control of wire feed speed and heat input  

Lower heat input

Higher deposition rate at same mean welding current 

Gap bridging, Control of dilution

Distortion is reduced and also fume levels are claimed to be 
lower. 

0.8mm
Typical applications include automotive door panels, 
motorcycle chassis and aluminium window frames in thin 
sheet aluminium.
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Principle 

MIG/MAG

CP

AC PMIG
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Principle

The effect is to increase the burn-off rate for a given mean 

welding current, This makes it possible to tolerate large 

variations in fit-up. 

Alternatively, the welding current can be reduced for the same 

deposition rate, so lowering the heat input.  

It is possible to control the dilution with the base material by 

adjusting the proportion of electronegative current and hence 

burn-off rate, and the process shows some potential for 

surfacing applications.
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Effects  
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Principle
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AC-MIG
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Cold Process (CP) of CLOOS

MIG   MIG

MIGMIG
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Cold Process (CP) of CLOOS
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Case 1: joining of Al to steel
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2.3 MIG
2.3 MIG Brazing
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MIG 

, , , 
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1 1

40A-130A 70cm/min 100cm/min

MIG
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MIG
CuSi3,  CuA18, CuSiMn, CuA18Ni, CuSn CuSn6

A207M 1% Mn
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MIG
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Pure argon is the shielding gas most often used in MIG 
brazing. 
Mixed gases with an active component of up to 1 % CO2 
or oxygen, for example, are advantageous for a large 
number of applications.
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MIG

CMT, AC-MIG MIG
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MIG
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MIG
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Tandem MIG AlBZ8 
6m /min 



Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 19

Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 20

http://www.mig-welding.co.uk/ 

Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 21

Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 1 

2.4 
2.4 Surface tension transfer technique 
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CO2
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FeO C CO

CO2 Ar

dI/dt

CO2 2-5



Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 4 

(Surface Tension Transfer STT) 1993
Stava Welding Journal

7 20

STT

CO2

CO2
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STT

CO2
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STT
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2. STT

STT
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2. STT

t0

50 100A

1.2
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2. STT

t1

0.75ms
10A   
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2. STT

t2
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2. STT

t3

50A
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2. STT

t4

1-2ms
E70S-3 CO2 5. 08m/min

450A
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2. STT

t5

t5 t0

HI
T s
tu
de
nt
s u
se
 on

ly

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

2 4 STT

2. STT
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MIG
From : Lincoln Electronic
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STT
From : Lincoln Electronic
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3. STT

STT (Lincoln)
MIG/MAG Invertec STT

dV/dt  detector”
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3. STT

STT MIG/MAG

STT

STT

Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 19

4. STT

STT

: 

90%

0.6mm

( 50%-

70%)

       

TIG
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4. STT

TIG MIG

CO2 20

3mm
12mm

Ar He CO2
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CO2     

STT 1% CO2 STT
9 CO2
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CO2 STT ( 4.45m/min) 

CO2 STT

CO2   
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STT process using 100% CO2 and .045 in. wire.

Inside of an 8 in. x .375 in. wall API 5L-X52 pipe, welded in 5G position.
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OOpen Root Pass w ith Stick 
Electrode.

Superior weld profile (no

wagon tracks)

• Slight convexity of root 
weld

• Improved hydrogen

deposit
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The semi-automatic open root welding process

This process requires the following technique: The 12 to 2 o’clock 

position may require a drag angle of 45 degrees and weave side to 

side. Between 2 and 6 o’clock, reposition the electrode on the puddle 

with a drag angle of 10 to 20 degrees in the direction of travel. Stay on 

top of the puddle while making the weld. 

Between 4 and 6 o’clock, it may be necessary to weave side to side. 

After a few practice joints, the operator will find STT easy to use.

In the 5G position, the operator must stay in the puddle. Experienced 

pipe welders almost always find the process a welcome improvement, 

both in ease of welding and comfort. They particularly appreciate the 

reduction in spatter when welding in the 6 o’clock position.
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Cleveland, OH – Construction crews in China recently completed that 

country’s longest pipeline, the West-East Pipeline Project (WEPP). This 

4,000-kilometer gas pipeline will link China’s economic hub of 

Shanghai to the Changqing gas field in northwest China. The project, 

completed with Lincoln Electric’ STT® (Surface Tension Transfer®) 

welding equipment, will play a key role in supplying energy to east and 

central China, as well as aiding in the development of west China.
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2.5 GMAW
2.5 Tandem MIG/MAG welding techniques
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Video 
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Categories of multi-wires system 

Twin welding (one feeding unit): 
Two wires are fed by the same feeding unit. Both wires have 
the same potential and are connected to the same power 
source. 

Twin welding (two feeding units): 
Two wires are fed by each one feeding unit. Both wires have 
the same potential and are connected to the same power 
source. 

Tandem welding (two feeding units and two power 
sources): 

Two wires are fed by each one feeding unit. The wires are 
connected to each one power source, and the wires are 
electrically insulated from one another in the welding gun. 
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Tandem 

Sync.
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ESAB
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TANDEM

Tandem

Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

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

2-3mm 6m/min 8mm
24kg/h 30m

/min 
,   

(
8KJ/cm 12KJ/cm)
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Comparison of the travel speeds for the single/double-wire 
applications
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Butt welding
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Kvæerner Shipyard in Rostock, Germany

Butt weld will ESAB’s tandem welding system with LAF635. Filler 
material first wire PZR6105R/1.6 and PZR6105R/1.4 second wire. 
Weld speed 2.5 m/min, weld parameters 550A/128V and 350A/23V. 
Sheet thickness 5 mm. 

The wire diameter is 1.4 mm. The weld travel is 120 cm/min.

Case study 1
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Butt weld with 80% penetration (12mm plate thickness 
with no joint preparation). Travel speed 80 cm/min.
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 :  AIMg 3 
 :  AIMg 5 
 :  1,2mm

 : 180 cm/min
1+2 : 340 A
 : Argon t=3mm 

300 mm
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 :  Al Mg 3
:           225 mm
:           15 mm
 :   Al Mg 5
 :  1,2 mm

 :  50 cm/min
1+2 :    340 A
 :   PA
 :  50/50 Ar/He
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8 mm

4,5 mm

 :  130 cm/min
 :  33 m/min 

I1 + I2:   560 A
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6mm
2mm
6mm

 :  AIMg 3
 :           6mm
 :  AIMg 5
 :  1,2mm

 : 100 cm/min
1+2 : 360 A
 : PB 
 : Argon

  

Fo
r H
IT 
stu
de
nt
s u
se
on
ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 27

se

1,5 mm

0,9 mm

 : Al Mg 3
 :  Al Mg 4,5 Mn
 :  1,2mm

 :  250 cm/min
1+2 :    280 A
 :   PA
 :   Argon
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• MIG

• PA

8mm

 :      AIMg 3
 : AIMg 4,5 Mn  :

1,2mm
 : 60 cm/min
1+2 :       360 A

 : 4,5kg/h
 : Argon
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Lincoln Electric Tandem MIG High Deposition 
Welding
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2.6 ColdArc and ForceArc
2.6 ColdArc and ForceArc 
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Principle of low-heat ccoldArc
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Solution

The modified short arc is regulated in the energy source only
New type of highly dynamic inverter switching

Very fast digital process regulation

With standard torch

Drastic reduction of the power peak on re-ignition of the arc
Significant reduction of the heat input during the melting phase
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Material transfer

The following results from the nearly 
powerless material transfer and the 
reduced heat feeding:

Significant reduction in the panel 
thickness possible

Extremely low spatter

Excellent fissure bridging

Seam geometry individually 
influenceable 

Minimal material distortion

Material is transferred with the EWM-
coldArc® without mechanical support 
of the wire drive unit, i.e. vwire = const. 
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Reduced arc power during reignition
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Arc types
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Overview „Application areas“
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Available characteristic curves
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Welding the thinnest possible panels
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MIG brazing

Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 11

Zinc – an alternative to copper-based solder

Aluminium/silicon alloys: AlSi 5 AlSi 12
Zinc/aluminium alloys: ZnAl 2 ZnAl 25

Brazing of galvanised steel 
Mixed connections of galvanised steel with aluminium, 
welding on aluminium side and brazing on steel side
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Low-melting zinc-based solder

For the first time, MIG brazing with a 
new type of filler material based on 
zinc (Tboil C, Tboil C) is 
possible: 

No damage to the zinc layer

Excellent corrosion resistance

Minimum distortion

Comparable strength to CuSi solder, 
0.75 mm galvanised steel:

Fillet weld on lap joint: 340 Mpa

Butt weld: 200 MPa

coldArc brazing of galvanised 
steel with zinc-based wire
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Mixed connections

Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

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

EWM-coldArc-Hybrid process

The laser or plasma support of the relatively „cold“ ccoldArc leads 
to:

Excellent wetting of the solder on thicker galvanised steel 
panel surfaces 

Increase in load-bearing cross-section of the brazing

Significantly higher joining speed 

Laser-supported 
EWMcoldArc
joining of 1.5 mm
DC04ZE75/75, edge-
formed
seam, 1 mm gap,
PLaser=500W 



Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 15

Sample applications
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Sample applications

Steel panel, 1.0 mm
Butt joint, 1 mm gap, 1.0 mm G4Si1 wire

CrNi panel, 0.5 mm 
Fillet weld on lap joint with 1.0 mm CrNi wire
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ForceArc
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Customer requirements

Ever increasing pressure from competitors in the metalwork 
industry
The demands for different arc types:

Directionally stable arcs

The removal of undercut and porosity 
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How it differs from the MSG Spray arc
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Technical Requirements
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Process properties and advantages

Regulation, i.e. the removal of the short circuit process
Optimal re-ignition of the welding arc
A ultra fast reaction time to any alterations of the welding arc 
length
Fine to mid-size droplet transfer
A concentrated welding arc
A higher plasma pressure in the welding arc
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Extremely directionally stable arc
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A very short and high pressure arc
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The removal of undercut and porosity
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Excellent capture of the root and flanks
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Excellent capture of the root and flanks
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Advantages for the user
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Advantages for the user
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video
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2.7 
2.7 Double Pulsed MIG welding
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MIG 50~300Hz

0.5~30Hz
50%
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2.8 T.I.M.E. 
2.8 T.I.M.E. welding technique
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MIG

,

MAG 1.6mm 300A
15m/min

TIME
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Canada Weld Process J.Church 1980
MAG —Transferred Ionized Molten 

Energy Process T.I.M.E.

T.I.M.E. MAG
MAG   

transferred, ionized, molten, energy , , ,

20 80 90

TIME
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TIME

TIME 65 Ar+26.5 He+8
CO2+0.5 O2

50m/min MIG 3
35mm
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TIME

TIME 1.2mm 300A

480A 30m/min
4mm 120r/s

650A 50m/min

TIME
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Ar

He

CO2

O2: 

TIME
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TIME MAG

usts

mm uddd
eeen
u

n

 A 
m/min g/min

MAG

HIII
TTTT s
HIII
TTT s1.2 400 16 145

FoFo

T.I.M.E. r H1.2 700 50 450-500

TIME
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TIME

He

2 TIME ,

MAG 17 , T.I.M.E. 11   

TIME
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2.
TIME HY80

P MAG 60 70 S
MAG 65 80 H

3.

TIME

TIME
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4.

5. 0.05-0.4mm
0.3g/min

TIME
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He
2000 50 ,

1100 22 ; 
240~320 T.I.M.E. 1500
5

T.I.M.E.

T.I.M.E.
4% 0.5% 0.02

0.48-0.52%

TIME
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0.2V

T.I.M.E. MAG 2~3 ,
MAG ,

,

2

,

, ,
2

,
,

TIME
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TIME

TIME

TIME
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FRONIUS TIME

2/4— TIME

TIME
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2.9 
2.9 Flux cored arc welding (FCAW)
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, 80
, 

80 , 1% , 1995
8.2 , 24% , 15 20 , 

, 

FCAW 35
45 25 FCAW MAW

FCAW
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CO2 CO2 Ar N
O

CO2
SMAW5
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                            TiO2+4/3Al 7/3Al2O3+Ti
                                 TiO2+Si SiO2+Ti

    Ti
C N
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CO2
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1959

,
, ,

, COD

Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 10

Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 11

1.  ,
 ,  ,  ,

 ,
15%
2.
3. CO2 4
4. : 20% ; 

 ,
 ,
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1. 15-25

2.

N O
3.
4.
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,

Al Si
 ,

,

, ,
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CaF BaF 
CaF , :CaF - 

Al CaF - TiO CaF - CaO -TiO ,
,

,
CaF BaF

CaF ,
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, , : 
C O ,

,
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Flux_core_bevel_plate.mpg 
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Flux core welding basics—Miller  
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Flux core welding basics
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Video from youtube.com 

Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 22

Video from youtube.com
Fo
r H
IT 
stu
de
nt
s u
se
 on

ly

Dr. Lin Sanbao, http://weld.hit.edu.cn/~arc ,  / 23

End of chapter 


