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 INTERESTING FACTS ABOUT THE 
HISTORY OF TUNGSTEN INERT 
GAS WELDING

So as to be able to weld magnesium and magnesium 
alloys, which are highly � ammable, American Russel 
Meredith uses a tungsten electrode and the shielding 
gas helium for the � rst time. He names this new weld-
ing process “Heliarc”. It is a development of the arc air 
gouging process.

The process that has gained acceptance in the US is 
adopted in the UK.

Increasing use of alternating current power sources is 
made for the welding of aluminum and its alloys.

In the US, T. E. Piper discovers that superimposing 
high frequency onto the welding current makes it easi-
er to ignite and stabilize the arc. He also discovers that 
argon gas can be used instead of helium.

TIG welding with shielding gas is used for the � rst time 
in Germany. Unlike in the US, however, argon is used 
rather than helium. The process is therefore called “Ar-
gonarc”.
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1950

Continuous improvements are made to TIG welding: 
the composition of the electrodes changes, the power 
sources are further developed and the range of weld-
ing torches expands – to include models with switch 
functions, wirefeeders, water cooling and other en-
hancements.

Russian specialist literature makes the � rst mention of 
pulse technology, where the welding current oscillates 
between a base current and a peak current value at a 
frequency that can be adjusted.

In the following years, in tandem with work in Russia, 
researchers from the UK and the US focus on TIG 
pulse technology.

With the development of pulse technology for TIG 
welding, the welding process becomes more and more 
mechanized to the point of being fully mechanized.

From
1962 



4“Tungsten Inert Gas Welding” Training Documentation

Contents
 INTERESTING FACTS ABOUT THE HISTORY OF TUNGSTEN INERT GAS WELDING  .............................................................2

WELCOME! .............................................................................................................................................................................7

1. THE LEARNING OBJECTIVES .....................................................................................................................................8

2. BASIC KNOWLEDGE: JOINING MATERIALS .............................................................................................................9

3. THE “TUNGSTEN INERT GAS WELDING” WELDING PROCESS ..............................................................................10
3.1 Terms ................................................................................................................................................................................................................. 10
3.2 Characteristics and Applications  ............................................................................................................................................................ 10
3.3 Set-up and Basic Principle ......................................................................................................................................................................... 11
3.4 Advantages and Disadvantages of TIG Welding ................................................................................................................................ 13
3.5. Questions to Check Understanding ....................................................................................................................................................... 13

4. WELDING POSITIONS .............................................................................................................................................14
4.1 De� nition ......................................................................................................................................................................................................... 14
4.2 Classi� cation ................................................................................................................................................................................................... 14
4.3 Questions to Check Understanding ....................................................................................................................................................... 15

5. ELECTRICITY AND TUNGSTEN INERT GAS WELDING ............................................................................................16
5.1 Electrical Current ........................................................................................................................................................................................... 16
5.2 Electrical Voltage ........................................................................................................................................................................................... 16
5.3 Electrical Resistance ..................................................................................................................................................................................... 17
5.4 “Ohm’s Law” .................................................................................................................................................................................................... 17
5.5 Circuits .............................................................................................................................................................................................................. 18
5.6 Short Circuit .................................................................................................................................................................................................... 19
5.7 Voltage Types and Current Types ............................................................................................................................................................ 20
5.7.1 DC Voltage ....................................................................................................................................................................................................... 20
5.7.2 Direct Current ................................................................................................................................................................................................. 20
5.7.3 AC Voltage ....................................................................................................................................................................................................... 21
5.7.4 Alternating Current ...................................................................................................................................................................................... 21
5.8 The Welding Current Circuit ...................................................................................................................................................................... 22
5.9 Ignition of the Arc ......................................................................................................................................................................................... 22
5.9.1 Ignition by Contact (SOFTStart Ignition) .............................................................................................................................................. 22
5.9.2 Touchless Ignition ......................................................................................................................................................................................... 23
5.10 Polarity with Tungsten Inert Gas Welding ............................................................................................................................................ 24
5.10.1 TIG Welding with Direct Current ............................................................................................................................................................. 24
5.10.2 TIG Welding with Alternating Current ................................................................................................................................................... 25
5.11 Questions to Check Understanding ....................................................................................................................................................... 26

6. POWER SOURCE TECHNOLOGY ..............................................................................................................................27
6.1 Power Source .................................................................................................................................................................................................. 27
6.1.1 Inverter Power Sources (TransTig and Magic Wave)......................................................................................................................... 27
6.1.2 Rating Plate ..................................................................................................................................................................................................... 29
6.2 Welding Torches ............................................................................................................................................................................................ 29



5“Tungsten Inert Gas Welding” Training Documentation

6.2.1 Gas-Cooled Welding Torches .................................................................................................................................................................... 30
6.2.2 Water-Cooled Welding Torches ................................................................................................................................................................ 30
6.3 Tungsten Electrodes .................................................................................................................................................................................... 31
6.3.1 Types of Tungsten Electrode ..................................................................................................................................................................... 31
6.3.2 Grinding Tungsten Electrodes .................................................................................................................................................................. 33
6.4 Remote Control ............................................................................................................................................................................................. 34
6.5 Questions to Check Understanding ....................................................................................................................................................... 35

7. FILLER MATERIAL ...................................................................................................................................................36
7.1 Filler Material Rods for TIG Welding ....................................................................................................................................................... 36
7.2. Standardization of Filler Material Rods for TIG Welding ................................................................................................................. 37
7.2.1 Filler Material Rods for Unalloyed Steels and Fine-Grained Steels as Speci� ed in

DIN EN ISO 636 ............................................................................................................................................................................................... 37
7.2.2 Filler Material Rods for Corrosion-Resistant and Heat-Resistant Steels as Speci� ed in

DIN EN ISO 14343 ......................................................................................................................................................................................... 37 
7.2.3  Filler Material Rods for Welding Aluminum and Aluminum Alloys as Speci� ed in

DIN EN ISO 18273 .......................................................................................................................................................................................... 37
7.3 Shielding Gases for TIG Welding .............................................................................................................................................................. 38
7.3.1 Argon (Ar): ....................................................................................................................................................................................................... 39
7.3.2 Helium (He): .................................................................................................................................................................................................... 39
7.4 Questions to Check Understanding ....................................................................................................................................................... 40

8. CC AND CV CHARACTERISTICS ..............................................................................................................................41
8.1 CC and CV Characteristics .......................................................................................................................................................................... 41
8.2 Questions to Check Understanding ....................................................................................................................................................... 42

9. FUNCTIONS OF A TIG WELDING CURRENT SOURCE ..............................................................................................43
9.1 TIG Welding Current Source Controls .................................................................................................................................................... 43
9.2 2-Step Mode and 4-Step Mode ................................................................................................................................................................ 43
9.2.1 Instructions for 2-Step Mode .................................................................................................................................................................... 43
9.2.2 Instructions for 4-Step Mode .................................................................................................................................................................... 44
9.3 RPI Ignition ...................................................................................................................................................................................................... 44
9.4 Tacking Function (TAC) ............................................................................................................................................................................... 45
9.5 Balance Setting .............................................................................................................................................................................................. 46
9.5.1 33% Balance .................................................................................................................................................................................................... 46
9.5.2 15% Balance .................................................................................................................................................................................................... 46
9.5.3 50% Balance .................................................................................................................................................................................................... 47
9.6 TIG Pulse Welding ......................................................................................................................................................................................... 47
9.7 Questions to Check Understanding ....................................................................................................................................................... 49

10. JOINT PREPARATION ..............................................................................................................................................50
10.1 Weld Seam Pro� les ....................................................................................................................................................................................... 50
10.2 Welding Without Filler Material and Without Edge Preparation ................................................................................................. 51
10.3 Welding with Filler Material but Without Edge Preparation ......................................................................................................... 52
10.4 Welding with Filler Material and with Edge Preparation ................................................................................................................ 52
10.5 Questions to Check Understanding ....................................................................................................................................................... 53

11. TIG WELDING OF MATERIALS ................................................................................................................................54
11.1  TIG Welding of Unalloyed and Low-Alloy Steel .................................................................................................................................. 54
11.2 TIG Welding of High-Alloy Steels ............................................................................................................................................................. 55



6“Tungsten Inert Gas Welding” Training Documentation

11.3 TIG Welding of Aluminum and Magnesium ........................................................................................................................................ 57
11.4 Questions to Check Understanding ....................................................................................................................................................... 58

12. PROCESS VARIANTS WITH TIG WELDING ..............................................................................................................59
12.1 Orbital Welding .............................................................................................................................................................................................. 59
12.1.1 Orbital Welding Equipment with Closed Welding Head ................................................................................................................ 60
12.1.2 Orbital Welding Equipment with Open Welding Head ................................................................................................................... 61
12.2 Cold Wire TIG Welding ................................................................................................................................................................................. 62
12.3 Hot Wire TIG Welding ................................................................................................................................................................................... 63
12.4 Speed Cladding ............................................................................................................................................................................................. 65
12.5 Simultaneous Two-Sided Welding .......................................................................................................................................................... 66
12.6 ArcTig Welding ............................................................................................................................................................................................... 67
12.6.1 The Principle of ArcTig ................................................................................................................................................................................ 67
12.6.2 ArcTig Welding Torches............................................................................................................................................................................... 69
12.7 Questions to Check Understanding ....................................................................................................................................................... 69

13. DEFECTS IN TIG WELDING ......................................................................................................................................70
13.1 Pores .................................................................................................................................................................................................................. 70
13.2 Tungsten Inclusions ..................................................................................................................................................................................... 71
13.3 Lack of Fusion ................................................................................................................................................................................................. 71
13.4 Oxide Inclusions ............................................................................................................................................................................................ 72
13.5 Questions to Check Understanding ....................................................................................................................................................... 72

14. EQUIPPING A SAFE WORKPLACE FOR TIG WELDING ............................................................................................73
14.1 Safety at Work ................................................................................................................................................................................................ 73
14.2 Questions to Check Understanding ....................................................................................................................................................... 73

15. ACCIDENT PREVENTION AND HEALTH PROTECTION ............................................................................................74
15.1 Hazards Posed by Arc Radiation .............................................................................................................................................................. 74
15.2 Hazards Posed by Electrical Currents ..................................................................................................................................................... 76
15.2.1 Open Circuit Voltage .................................................................................................................................................................................... 76
15.2.2 Protective Measures when Working with Electrical Current ......................................................................................................... 77
15.3 Hazards Posed by Hazardous Substances and Vapors .................................................................................................................... 77
15.4 Questions to Check Understanding ....................................................................................................................................................... 78

Glossary ................................................................................................................................................................................. I



7“Tungsten Inert Gas Welding” Training Documentation

WELCOME!

We are pleased that you are interested in our training on Tungsten Inert Gas 
Welding.

We would like to support you in your training with this training documentation. 
The following pages contain a great deal of helpful information about TIG 
weld-ing. You can use it to look up useful information and �nd the right 
answer to questions.

We hope you enjoy your training program and wish you every success!
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1. THE LEARNING OBJECTIVES

By the time you have completed our full “Tungsten Inert Gas Welding” training 
course, you will know a great deal about this welding process:

You will know what equipment you need for TIG welding.

You will know how the process of TIG welding works and how the welding 
process is carried out.

You will be able to explain the purpose and how to use each device compo-
nent and accessory.

You will be familiar with the basics of TIG welding and the various arc ignition 
techniques.

You will be able to select the appropriate current type, polarity, shielding gas 
and electrode in conjunction with the application in question.

You will be familiar with the switches and functions of various power sources, 
and their e� ect.

You will be aware of the speci� cs of the TIG process for di� erent materials.

You will be able to describe the scope of application with and without � ller 
metal.

You will be familiar with the variants of the welding process.

You will know how to prepare seams appropriately.

You will be aware of possible problems that may arise during TIG welding.

You will be aware of weld seam faults and how to avoid these.

You will recognize potential hazards and be familiar with methods for safe 
handling and safe working.

Want to know more?
Great! Then the training can begin!

Let’s go!
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2.  BASIC KNOWLEDGE: JOINING 
MATERIALS

There are various manufacturing processes, including forming, separating, 
coating and joining materials.

In accordance with DIN 8580 “Manufacturing Processes – Terms And De� -
nitions, division”, joining materials constitutes a main group encompassing 
all processes in which two or more solid objects with a geometrically-de� ned 
shape are permanently connected (joined) to one another.

 Examples of separable joints:
Screws, pin and bolt connections, wedges.

 Examples of inseparable joints:
welding, brazing, bonding, riveting.

Cohesive joints create a connection in the material itself. These include 
welded and soldered joints.

Form-locking joints use the shape of the components to connect them. 
These includes hooks and eyes.

Force-� t joints are held together by frictional forces.

Another way of classifying the joining of materials relates to 
the type of joint. Here a distinction is made between cohesive, 
form-locking and force-� t joints.

When joining materials, a distinction is made between
separable and inseparable joints.

separable and 
inseparable joints

cohesive, form-locking 
and force-� t joints
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3.  THE “TUNGSTEN INERT GAS WELDING” 
WELDING PROCESS

3.2 Characteristics and Applications 

TIG welding is extremely versatile, is regarded as a fusion welding process, 
and is universally applicable. As TIG welding can be carried out manually or in 
mechanized form, it is frequently used in the building of portals, pipeline con-
struction and in the aerospace industry. What is more, TIG welding is always 
the � rst choice for applications with the most demanding of quality require-
ments, such as welding pipework in reactor construction.

A concentrated, very stable arc and shielding gas are used in TIG welding. 
These two aspects enable very clean processing. The shielding gas that is 
used shields the molten metal from the in� uence of oxygen. This results in 
high-quality weld metal and an even, spatter-free weld seam with no slag. As 
TIG welding does not produce welding fumes, the process is less hazardous 
to health.

Another advantage is that it is often possible to do without � ller material when 
TIG welding. 

3.1 Terms

There are various terms for the “Tungsten Inert Gas Welding” welding process:

TIG welding is suitable for all weldable materials and for numer-
ous applications.

Nearly all metals 
can be joined using 
Tungsten Inert Gas 
Welding.

TIG welding is suitable for 
numerous applications.

SCOPE OF USE DESCRIPTION

Global standard DIN EN ISO 4063 Welding process with number 141

Germany Wolfram-Inertgasschweißen
(WIG-Schweißen)

United Kingdom Tungsten Inert Gas Welding (TIG-W)

USA Gas Tungsten Arc Welding (GTA-W)

Tab. 1: Variant terms for Tungsten Inert Gas Welding.

Arc and shielding gas
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The main materials suitable for TIG welding include stainless steels, aluminum 
and nickel alloys and thin sheets of aluminum and stainless steel.

With a mechanized wirefeeder, cost-e� ective welding speeds can be achieved 
for sheet thicknesses of less than 4 mm. The thicker the sheet, the lower the 
cost e� ectiveness. Where sheets thicker than 4 mm are used, the TIG process 
is recommended for welding the root pass only. In this case, it is better to use 
more powerful processes, such as MIG/MAG or submerged arc welding, to 
weld the � lling runs.

For many TIG welding applications, a pulsed welding current is bene� cial. Not 
only does it prevent excessive melting of the parent material, it also prevents 
the associated failure of the weld seam. What’s more, the pulses make it easier 
to control the root when thin sheets are used, as the parent material just melts 
a section at a time and then solidi� es again.

3.3 Set-up and Basic Principle

The set-up:  On a power source with two poles, the workpiece is connected to 
one pole and the welding torch with the tungsten electrode is connected to the 
other pole. The tungsten electrode is connected to the pole via the welding cur-
rent feed, while the workpiece is connected to the power source via the welding 
current return (Figure 4).

Either direct current or alternating current can be used for TIG welding.

Fig. 1: TIG welding in 
container construction.

Fig. 3: TIG welding during as-
sembly work.

Fig. 2: TIG welding in pipeline 
construction.

Main materials used in 
TIG welding

Pulses

Fig. 4: The basic principle of TIG welding.

1  Mains connection

2 Power source

3 Welding current feed

4 Welding current return

5 Welding torch

6 Workpiece

7 Filler metal

8 Arc

9 Shielding gas cylinder
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In TIG welding, the welding heat is generated by an electric arc. An arc is a 
short section of air or gas through which the electrical current � ows.

The basic principle: In TIG welding, the required current is supplied via the 
tungsten electrode. This electrode is heat-resistant and will not melt.  This elec-
trode emits an arc that heats up and lique� es the material. The nozzle for the 
shielding gas is located around the tungsten electrode (Figure 5).

The arc

The tungsten electrode 
does not melt.

Shielding gas and its e� ect

Shielding gases that can be 
used in TIG welding are the 
noble gases argon or helium, 
or mixtures of these.

Fig. 5: Detailed view of the welding torch. 

The gas � ow escaping from the nozzle protects the heated material from chem-
ical reactions with the ambient air. This ensures the required strength and resil-
ience of the weld metal.

The noble gases argon or helium, or mixtures of these, are used as shielding 
gases in TIG welding. All these gases are non-reactive, as indicated by the 
technical term “inert”.

As the tungsten electrode does not melt, in TIG welding the � ller material is fed 
in by hand or in mechanized form by an external wirefeeder, either drop-by-
drop or continually. It is important that the welding wire remains in the shielding 
gas environment for the entire time. If the join to be welded is very narrow, it is 
not generally necessary to use any welding wire as � ller metal.

Manual TIG welding takes place using both hands: the welding torch is held 
in one hand, while the � ller material is fed in with the other hand. This means 
manual TIG welding requires a great deal of skill and experience.

a Tungsten electrode

b Ceramic gas nozzle-pole

+pole



13“Tungsten Inert Gas Welding” Training Documentation

3.5. Questions to Check Understanding

 What are the main applications for manual TIG welding? 

 Up to what material thickness can cost-e� ective welding speeds be 
achieved with mechanized wirefeeders in TIG welding? 

 In the case of thick-walled materials, how should the � ller and � nal runs be 
welded after the TIG root pass? 

+ No slag is produced when 
using argon and helium.

+ No spatter is produced.

+ TIG welding creates very visu-
ally pleasing weld seams.

+ TIG welding is possible in all 
welding positions.

+ TIG welding guarantees opti-
mum weld seam quality and 
grade.

- The process requires a high 
level of skill.

- A low welding speed only can 
be achieved with TIG welding.

- It is vital that rust is removed 
during joint preparation.

- The process is not suitable for 
thick workpieces.

DisadvantagesAdvantages

The advantages and 
disadvantages of this 
welding process at a 
glance

3.4 Advantages and Disadvantages of TIG Welding
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Butt welds

Fillet welds

PA  Flat position for butt and 
� llet welds

PB Horizontal vertical position
PC Horizontal position
PD  Horizontal overhead position
PE Overhead position

PF Vertical up position
PG Vertical down position
PH  Pipe position for welding 

upwards
PJ  Pipe position for welding 

downwards

Classi� cation of 
welding positions in 
DIN EN ISO 6947.

De� nition of welding 
positions

Welding positions describe the position of the welding seam 
during the welding procedure.

4. WELDING POSITIONS

4.1 Defi nition

The way in which the components are welded together leads to a fundamental 
di� erence in:

1. Butt welds

2. Fillet welds

With butt-welded joints, the components are at 180° to one another and are 
therefore welded on a plane. So that the weld seam passes through the whole 
workpiece, from a material thickness of approx. 5 mm upwards, the material 
is � rst machined with an angle grinder so that a V-shaped opening is created 
between the workpieces that are to be joined. 

With � llet-welded joints, the components to be welded together are at an angle 
to one another (generally a right angle). Depending on the type of connection 
between the components, a distinction is made between various types of � llet 
weld, such as lap welds, edge welds, web welds, chord welds or corner welds.

Each welding position calls for speci� c welding technology which, in turn, may 
in� uence the choice of welding torch and/or amperage.

The position of the workpieces to be welded and the position of the welding 
torch to the seam result in a very wide range of welding positions.

4.2 Classifi cation

Welding positions are organized in accordance with international standard DIN 
EN ISO 6947. In line with this standard, an international classi� cation of the 
various welding position is applied (Figure 6):
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Fig. 6: Welding positions in accordance with DIN EN ISO 6947.

4.3 Questions to Check Understanding

 In line with DIN EN ISO 6947, what is the abbreviation for the vertical up 
welding position on sheet metals?

 In line with DIN EN ISO 6947, what is the abbreviation for the overhead 
welding position on sheet metals?
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Atoms, protons 
and electrons

5.  ELECTRICITY AND TUNGSTEN 
INERT GAS WELDING

For Tungsten Inert Gas Welding, it is important to understand circuits and weld-
ing current circuits, and to be aware of their similarities and di� erences.

5.1 Electrical Current

Formula symbol: I Unit: Ampere (A)

Current is the directed movement of negatively-charged charge carriers (elec-
trons). The formula symbol I describes the quantity of current that � ows through 
the line within a given time period. 

In order for current to be able to � ow, it requires an electrical voltage. This is 
generated between two di� erently-charged poles and is the driving force caus-
ing the movement of the electrical charge, similar to water pressure. The higher 
the voltage, the more current that can � ow.

Resistance is the “opponent” of voltage, as voltage is lost at each instance of 
resistance.

Atoms have protons and neutrons in their nucleus and electrons on the atomic 
shell that is made up of multiple layers. The proton has a positive charge, the 
neutron has no charge and the electron has a negative charge. Although the 
number of protons, neutrons and electrons di� ers for each material, it is always 
the case that the atomic nucleus is positively charged.

The technical current direction (e.g. in drawings) runs from the 
positive pole to the negative pole.
The actual physical current direction runs from the negative 
pole to the positive pole.

Technical and 
physical current 
direction

5.2 Electrical Voltage

Formula symbol: U Unit: Volt (V)

Electrical voltage is generated between two points with di� erent charge poten-
tials, for example between a positive and a negative pole.
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Di� erently-sized charges attempt to balance each other out through the � ow of 
a current. This di� erence is known as the voltage. The higher the voltage, the 
greater the distances that can be bridged. It is only possible for current to � ow 
as a result of voltage. 

The formula symbol U indicates the size of the di� erence in electrical charge.

5.3 Electrical Resistance

Formula symbol: R Unit: Ohm (Ω)

Electrical resistance indicates how much the electrons are slowed down while 
the current is � owing. Resistance is therefore the reciprocal value for electri-
cal conductivity: materials with high electrical conductivity have low resistance, 
while poor conductors have high resistance.

All substances display di� ering levels of resistance to the � ow of electrons. A 
distinction is made between conductors, semiconductors and non-conduc-
tors. In the case of electrical conductors (metals, etc.), the electrical charge 
carriers are moveable. In non-conductors (e.g. glass or rubber), they are � xed 
in their location.

5.4 “Ohm’s Law”

Ohm’s law was named after Georg Simon Ohm, who discovered it. He estab-
lished that there is a linear relationship between current, voltage and resistance:

1. The electrical amperage and the electrical voltage are dependent on each 
other.

2. At a constant resistance, the amperage and the voltage increase proportion-
ately. 

3. At a constant current, voltage and resistance are proportional to one another: 
the greater the resistance, the higher the voltage.

4. At a constant voltage, the amperage is indirectly proportional to the resis-
tance: When the resistance increases, the current is reduced.

 The formula for Ohm’s law is therefore as follows: U = R x I
“Ohm’s law”

Electrical voltage gives rise 
to the current � ow.

Conductors, semiconduc-
tors and non-conductors
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Fig. 7: Closed circuit.

I:  Current
   Voltage source/power 
generator

  Power consumer
A:  Ammeter
S:  Switch
R:  Resistor/fuse

: Direction of current � ow

Closed circuit

The basic components of a circuit:

 Voltage and/or power source as a power generator 
(power supply, battery, dynamo, etc.)

 Power consumers, connected to one another via lines 
(motor, lamp, etc.)

 Switch

 Wires

Basic components 
of a circuit

Circuit variants

There are two di� erent types of circuits:

1. Closed circuits

2. Open circuits

In a closed circuit, the individual elements are connected to each other in such 
a way that charge can be transported: current � ows (Figure 7).

5.5 Circuits

An electrical circuit consists of at least one power source and various electri-
cal components that can be connected together.
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In an open circuit, the connection is interrupted, meaning that no current � ows 
(Figure 8). The interruption can either be triggered deliberately using a switch 
or may happen unintentionally, for example due to a loose contact, a missing 
cable or similar.

Fig. 8: Open circuit.

Fig. 9: Short circuit.

Short circuit

Open circuit

5.6 Short Circuit

An electrical short circuit (Figure 9) is an almost resistance-free connection of 
the two poles of an electrical power or voltage source. In the case of a short 
circuit, the voltage falls to almost zero.

With a short circuit, the current reaches its maximum value (initial short circuit 
current). This current is only limited by the resistance of the wire and the inner 
resistance of the power or voltage source.

   Voltage source/power 
generator

  Power consumer
A:  Ammeter
S:  Switch
R:  Resistor/fuse

Short circuit

   Voltage source/power 
generator

  Power consumer
A:  Ammeter
S:  Switch
R:  Resistor/fuse
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De� nition of 
DC voltage

Direct current is an electrical current where the strength (value) 
and direction (polarity) do not change (Figure 10).

De� nition of direct 
current

GERMAN TERM Gleichstrom

INTERNATIONAL TERM Direct current

ABBREVIATION DC

SYMBOL

Tab. 2: Variant terms for direct current.

5.7 Voltage Types and Current Types

5.7.2 Direct Current

Variant terms:

5.7.1 DC Voltage

Technically and in drawings, current always � ows from the positive pole to 
the negative pole of a voltage source. If the assignment of the poles does not 
change and the current’s direction of � ow therefore also remains the same, we 
refer to a DC voltage.

Fig. 10: Direct current and DC voltage.

Voltage

Current

Mixed current with a predominant share of direct current is also referred to as 
direct current, if the oscillations that occur are insigni� cant for the intended 
use. 

DC voltage is an electrical voltage where the strength (value) 
and direction (polarity) do not change (Figure 10).
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270 °90 ° 180 ° 360 °

De� nition of alter-
nating current

Alternating current is an electrical current where the strength 
(value) and direction (polarity) change at regular, recurring in-
tervals. Due to the periodical repetition of positive and negative 
values, the amperage over the averaged time is zero (Figure 11).

GERMAN TERM Wechselstrom

INTERNATIONAL TERM Alternative current

ABBREVIATION AC

SYMBOL

AC voltage is an electrical voltage where the strength (value) 
and direction (polarity) change at regular, recurring intervals (Fig-
ure 11).

De� nition of alter-
nating voltage

Fig. 11: Alternating current and alternating voltage.

Voltage

Current

Tab. 3: Variant terms for alternating current.

5.7.3 AC Voltage

There are voltage sources (e.g. sockets) where the polarity changes in a recur-
ring rhythm. Due to the change of voltage, the current’s direction of � ow also 
changes. In this case we refer to an AC voltage.

5.7.4 Alternating Current

Variant terms:

There are various types of alternating current. The curved shape of the AC 
voltage describes the alternating quantity. Pure alternating quantities are the 
square wave voltage, sawtooth voltage, triangular voltage, sinusoidal voltage 
or a mix of all these variants. 
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The components of a welding current circuit:

 Power source

 TIG welding torch

 Tungsten electrode

 Workpiece

Components of a 
welding current circuit

5.8 The Welding Current Circuit

A welding current circuit behaves like an electrical circuit, meaning that Ohm’s 
law also applies to the welding current circuit.

However, a welding current circuit is made up of di� erent components than an 
electrical circuit. 

The welding current circuit triggers the formation of the arc, without which Tung-
sten Inert Gas Welding is not possible.

In the welding current circuit, the formula symbol Is (A) is used for the welding 
current, while Us (V) denotes the welding voltage.

5.9 Ignition of the Arc

In the welding current circuit, a low open circuit voltage is selected in order to 
prevent accidents. However, the arc cannot ignite independently due to this low 
voltage, and therefore needs a pilot arc. 

In order for an arc to be formed between the electrode and the workpiece, the 
gap between the two must be rendered electrically conductive. This happens 
either through an intentional short circuit (ignition by contact) or by applying a 
high voltage (touchless ignition) 

5.9.1 Ignition by Contact (SOFTStart Ignition)

In the case of SOFTStart ignition, the tungsten electrode is touched against the 
workpiece (Figure 12). This contact gives the welding current source the trigger 
for the welding process. As the electrode is then slowly lifted away, the welding 
current rises to the preset value.

Pilot arcs facilitate initial ignition at the start of the welding pro-
cedure. 

The arc can be ignited 
either through contact or 
in a touchless manner.
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The arc is thereby ignited and the welding process begins. With SOFTStart 
ignition, care must be taken to ensure that undesirable tungsten inclusions are 
not formed in the weld metal (Figure 12).

In TIG welding, the 
arc is normally ignited 
touchlessly.

In TIG welding, the 
arc is normally ignited 
touchlessly.

Sequence of 
touchless ignition

Fig. 13: Touchless ignition. 

Fig. 12: Ignition by contact (SOFTStart ignition).

5.9.2 Touchless Ignition

In TIG welding, the arc is usually ignited touchlessly. Here a high-voltage 
source that is temporarily connected is used for ignition (high frequency igni-
tion). These high-voltage pulses are only active during the ignition phase.

The arc is normally ignited touchlessly in TIG welding, where the 
tungsten electrode and the workpiece do not make contact with 
one another. 

In the case of high frequency ignition, the tungsten electrode 
and the workpiece do not make contact with one another. Con-
sequently, with this type of ignition, no tungsten inclusions are 
formed and the tip of the tungsten electrode is not damaged.

Sequence of high frequency ignition:

1. Position the gas nozzle at the ignition 
point so that there is a distance of ap-
proximately 2 to 3 mm between the tung-
sten electrode and the workpiece.

2. Press the torch triggers.

3. Via the “HF input coupling coil”, the 
charging voltage of the pulse capacitor is 
transformed to approximately 12 KV.

With touchless ignition (Figure 13), high-frequency pulses are triggered one 
after another. This creates a spark, which is transferred to the workpiece and 
ignites the arc.
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5.10 Polarity with Tungsten Inert Gas Welding

On a welding current source, the positive pole is always the hotter pole, while 
the negative pole is the colder one.

5.10.1 TIG Welding with Direct Current

TIG welding with direct current is also known as TIG DC welding. TIG DC welding

Comparison of an electrode with a positive pole and an elec-
trode with a negative pole:
When welding with a tungsten electrode on the positive pole at 
50 A, a tungsten electrode with a diameter of 4.8 mm is required. 
However, the result is an overheated tungsten electrode, very 
little penetration in the workpiece and an unstable arc.

When welding with a tungsten electrode on the negative pole at 
50 A, a tungsten electrode with a diameter of 1.6 mm is required. 
The result is a cool tungsten electrode, deep penetration in the 
workpiece and a very stable arc. 

In TIG welding with direct current, the colder negative pole is connected to 
the tungsten electrode. This means that the electrode is not overloaded and a 
stable arc is formed. The hotter positive pole is connected with the workpiece. 
Because the free electrons � ow from the tungsten electrode to the workpiece, 
most of the heat is generated on the workpiece and the electrode is only ex-
posed to a small amount of heat. 

TIG welding procedures using direct current have a very low noise level and 
the arc burns steadily and quietly. This results in a narrow weld seam with good 
penetration. 

The positive pole is always 
the hotter pole.

TIG welding with direct 
current is suitable for virtually 
all metals.

TIG welding with direct current is used for almost all metals – it is particularly 
well suited to alloyed steels and to non-ferrous metals such as brass or copper. 

Exceptions apply when welding aluminum, magnesium and other light metals. 
These are TIG-welded using alternating current. 

Alternating current is used for 
TIG welding of light metals!
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The “cleaning half cycle” (electrode on the positive pole) alternates with a “cool-
ing half cycle” (electrode on the negative pole). As a result of this alternation 
the oxide � lm is destroyed and the electrode is simultaneously charged with a 
su�  ciently high current.

There are exceptional cases in which light metals are TIG welded with direct 
current. In such cases, the tungsten electrode is connected to the negative pole 
and helium is used as the shielding gas.

5.10.2 TIG Welding with Alternating Current

TIG welding with alternating current is used with aluminum and magnesium. 
This is because it is characteristic of aluminum, for example, that due to the 
metal’s high a�  nity for oxygen, an oxide layer immediately forms on all surfac-
es that are exposed to the air. 

The oxide layer (Al2O3) has a melting point of approximately 2,050 °C, while 
aluminum itself has a melting point of approximately 650 °C, depending on the 
alloy. Where there is an oxide layer on the material, it is not possible to create 
a welded joint as the metal would � ow away in droplet form. The alternating 
current destroys or displaces the oxide layer, thereby making welding possible.

Fig. 14: In the “cleaning half cycle”, the 
electrode is connected to the positive 
pole.

Fig. 15: In the “cooling half cycle”, the elec-
trode is connected to the negative pole.

Cleaning half cycle and 
cooling half cycle

TIG welding with alternating current is also known as TIG AC 
welding.

TIG AC welding

Material 
Schmelzpunkt 
bei ca. 660 °C

Oxid-Schicht 
Schmelzpunkt 
bei ca. 2015 °C

Ion

Elektron
Polarität

Ion

Elektron

Material 
Schmelzpunkt 
bei ca. 660 °C

Oxid-Schicht 
Schmelzpunkt 
bei ca. 2015 °C

Polarität

Ion

Electron

Material
Melting point
at approx. 660 °C

Oxide layer
Melting point
at approx. 2015 °C

Polarity

Ion

Electron

Material
Melting point
at approx. 660 °C

Oxide layer
Melting point
at approx. 2015 °C

Polarity
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5.11 Questions to Check Understanding

 What is the unit of electrical voltage called?

 What is the unit of electrical current called?

 What types of current and voltage are there? 

 Which types of current are used in TIG welding?

 Why should the tungsten electrode not be connected to the positive pole? 

 What e� ect do high-voltage pulses have in TIG welding?
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6. POWER SOURCE TECHNOLOGY

6.1 Power Source

Tungsten Inert Gas Welding requires a high amperage and a low electrical 
voltage. This means a welding current source is required. Welding current 
sources transform the current available from the grid, with high voltage and 
low amperage, into a current that is suitable for welding. In addition, welding 
current sources are responsible for rectifying the AC voltage coming from the 
grid (except in the case of constant current transformers) and regulating the 
welding current. Modern welding current sources are digitally regulated and 
permit in� nitely variable current settings. This is important in order to be able to 
weld di� erent thicknesses of sheet metal. 

Fig. 16: TIG equipment 
ready for welding.

Fig. 17: Clear display.

The following types of welding current sources can be used for TIG welding: 

6.1.1  Inverter Power Sources (TransTig and Magic 
Wave)

Modern inverter power sources enable rapid re-
actions to changes in the welding process.

Inverter power sources (Figure 18) represent 
the state of the art. From the grid voltage, the 
devices create a pulsed voltage with high fre-
quency.

Fig. 18: Inverter-controlled 
power source.

In the case of inverter power sources, the grid voltage is recti� ed immediately 
downstream of the main switch (hence the name inverter) and then divided by 
a transistor stage. This transistor stage, also known as the primary power mod-
ule, works with between 40 kHz (IGPT transformers) and 100 kHz, depending 
on the device type. This means that the welding transformer is not supplied with 
50 Hz, but rather with up to 40,000 Hz.

Tasks of the welding 
current source

Operation of inverter 
power sources
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Fig. 19: Operation of an inverter power source.

1:    Input: sinusoidal 
alternating current

2:  Rectifying (primary)
3:  Bu� ering and switching
4:  Transforming
5:  Rectifying (secondary)
6:  Smoothing
7:  Output for welding

This voltage arrives at the welding transformer, which thanks to the high fre-
quency can be constructed so that it is lightweight, compact and e�  cient.

Inverter power sources have a recti� er. The low current ripple of the transform-
er’s output current enables a compact design. In the case of inverter power 
sources, the recti� er therefore consists solely of uncontrolled diodes.

Due to their properties and construction, power sources for TIG welding can 
also be used for manual arc welding. 

In principal, there are two di� erent appliance versions for TIG welding:

1. TransTig power sources

2. MagicWave power sources

TransTig power sources are cost e� ective. They are always used 
when the welding process calls for direct current.

MagicWave power sources have a complex design. They can 
be used for alternating current and direct current applications, 
meaning that all metals can be welded with them.

TransTIG power 
sources

MagicWave power 
sources
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Fig. 20: Rating plate for a TIG power source. 

6.2 Welding Torches

The core of a TIG welding torch is a non-melting, heat-resistant tungsten elec-
trode. This electrode emits an arc that heats up and lique� es the material. 
Around the tungsten electrode there is a nozzle through which the shielding 
gas emerges. The escaping gas � ow protects the heated tungsten electrode 
and the heated parent material from chemical reactions with the ambient air.

The load on a TIG welding torch depends on whether welding is carried out 
using direct current (DC) or alternating current (AC). In the case of alternating 
current, the load is higher.

Design and operation of 
a TIG welding torch

Welding torches for TIG welding must be cooled. There are two 
di� erent cooling systems:

1. Water-cooled welding torches

2. Gas-cooled welding torches 

New “intelligent” TIG welding torches (Figure 21) have a remote control and 
a display. This allows the welder to set the relevant parameters at the place 
where welding is taking place and retrieve or edit pre-programmed jobs. The 
display shows the parameters in digital form (Figure 22). In some cases, di� er-
ent torch neck sizes can be used on the same hosepack (Figure 23).

Symbol for welding current (--- direct current  ~ alternating current)

Symbol for block diagram power 
source design (e.g. inverter)

Symbol for welding process

Protection class

Open circuit voltage

Max. occurring peak voltage

Symbol for mains connection

Standard speci� cations for manufacturer

Power range

Duty cycle

Primary intake current with max. welding current

Primary intake current at 100% D.C.

Stipulated mains fuse protection

6.1.2 Rating Plate

A rating plate (Figure 20), sometimes also referred to as a “type plate” is an 
identi� er attached to the power source by the manufacturer. The rating plate 
contains data that identi� es, describes and classi� es the power source. This 
information tells the welder the conditions under which the device can be op-
erated.

The rating plate provides 
important information on 
working with the power source.
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Gas-cooled welding 
torches are well suited 
to work on construc-
tion sites.

6.2.1 Gas-Cooled Welding Torches 

Gas-cooled welding torches are connected to the power source with a stan-
dardized connection (Figure 21). Cooling is achieved by the shielding gas and 
the ambient air. As gas-cooled welding torches do not rely on cooling water, 
these welding torches are well suited to use on construction sites.

Depending on the duty cycle, gas-cooled welding torches are suitable for weld-
ing currents between 150 and 200 A. With larger loads, the dimensions and 
weight of the welding torch would become too great.

Important safety instruction!

6.2.2 Water-Cooled Welding Torches

For parts of the welding torch that get very hot, 
cooling water supplied via a water recooling 
system is used (Figure 24). The water recooling 
system is generally installed under the power 
source. Water-cooled welding torches have 
a relatively thin welding current cable that is 
located in the water return hose. As a result, 
these welding torches are lighter than the gas-
cooled variant. 

Fig. 24: Water recooling system.

Fig. 21: Ergonomic 
TIG welding torch. 

Fig. 22: Display. Fig. 23: Exchangeable torch neck.

Water-cooled welding torches are used with 
welding currents of approximately 150-200 A. 
In addition to the amperage, the duty cycle also 
plays a part in the decision whether to use a 
water-cooled welding torch.

Fig. 25:  Standardized 
torch connector.

Caution! When gas-cooled TIG welding torches are overloaded, 
it is possible for metal parts to get scorched and for the ceramic 
gas nozzle to shatter. 
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Tungsten electrodes should have the following properties:

 Good ignition and re-ignition capability

 Production of a constant arc

 Long service life

 High current carrying capacity

 Universal application options for direct current and alternating 
current 

Tungsten electrodes are produced using a sintering process. The behavior and 
the service life of electrodes can be in� uenced by adding oxides to them. This 
process is known as doping. 

Doping

The “electron work function” is key to the ignitability of a tungsten electrode. 
The term electron work function describes the force that is required to release 
one electron from the atomic union of the tungsten electrode. 

Low electron work function means that only a low amount of force has to be 
used and the arc can be ignited easily. This electron work function can be re-
duced further by doping with oxide additives. Another positive e� ect of oxide 
additives is the increased heat resistance of the electrode.

Examples of oxide additives:
Lanthanum oxide: La2O3

Cerium(III) oxide: Ce2O3

Cerium(IV) oxide: CeO2

Thorium dioxide: ThO2

Zirconium oxide: ZrO2

Electron work function

E� ect of oxide additives

6.3 Tungsten Electrodes

6.3.1 Types of Tungsten Electrode

Tungsten has the highest boiling point and the highest melting point in compar-
ison to other pure metals.

Properties of tungsten 
electrodes

Examples of 
oxide additives

Oxides should be distributed as evenly (homogeneously) as possible within the 
tungsten electrode. 

The international standard DIN EN  ISO 6848 provides information on selecting 
the correct electrode. In line with this standard, the most common electrode 
types are listed below, with their abbreviations and color codes.
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Tungsten electrodes in 
accordance with DIN 
standard

Tungsten electrodes with thorium oxide have weak radioactivity. As a result, 
they are only used very rarely. 

Tab. 4: Tungsten electrodes in accordance with DIN EN 26848.

An example: DIN EN ISO 6848: WCe20 -1.6 -75

Standard Identi� cation code

Fig. 26: Explanation of the standard designation.

ABBREVIATION OXIDE
OXIDE SHARE 
(IN %)

TUNGSTEN
SHARE (IN %)

IDENTIFICA-
TION COLOR

WP – – 99.9 Green

WC 20 Cerium oxide 1.8 - 2.2 Residue Grey

WL 10 Lanthanum oxide 0.8 - 1.2 Residue Black

WL 15 Lanthanum oxide 1.3 - 1.7 Residue Gold

WL 20 Lanthanum oxide 1.8 - 2.2 Residue Blue

WT 10 Thorium oxide 0.8 - 1.2 Residue Yellow

WT 20 Thorium oxide 1.7 - 2.2 Residue Red

WT 30 Thorium oxide 2.8 - 3.2 Residue Purple

WZ 3 Zirconium oxide 0.15 - 0.5 Residue Brown

WZ Zirconium oxide 0.7 - 0.9 Residue White

WS 2 Rare earth oxide Max. 2 Residue Turquoise

Electrode             ISO 6848            -WCe 20            -1.6            -75
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The color code on the end of the tungsten electrode (Figure 27) 
should always be retained. 

Diameters of commercially available tungsten electrodes:

 1.0 mm

 1.6 mm

 2.4 mm

 3.2 mm

 4.8 mm

 6.4 mm
Fig. 27: Color code on the 
tungsten electrode

Color codes for tungsten 
electrodes

The most common length for tungsten electrodes is 175 mm.
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In order to achieve a high-quality weld seam, in most cases it is 
necessary to grind the tungsten electrode. The grinding angle is 
dependent on whether the welding procedure is carried out using 
direct current or alternating current.

The following points apply: The � ner the grinding pattern, the 
longer the service life of the electrode and the better the weld 
seam.

The � ner the grinding 
pattern, the better the 
weld seam.

6.3.2 Grinding Tungsten Electrodes

The sequence of the welding process and the quality of the weld seam are in-
� uenced by the shape of the electrode tip. 

A great deal of care should be taken when grinding tungsten electrodes:

1.  Prior to grinding, � rst check that the electrode has not been nipped or broken 
o� .

2. Always grind in the lengthwise direction.

3. Grinding should result in a centered tip, as otherwise ignition will be triggered 
next to the actual ignition point and the arc may become unstable.

4. The grinding angle depends on the penetration depth required and on the 
width of the weld seam.

5. After grinding, the tip of the electrode should be blunted. This reduces the 
load on the tip and increases the service life. The size of the blunted tip 
should be approximately 10% of the electrode diameter.

Special grinding machines are used to grind 
tungsten electrodes (Figure 28). When grinding 
tungsten electrodes, the grinding disc should 
run against the electrode tip in order to prevent 
the brittle material breaking o� . 

Fig. 28: Tungsten-electrode 
grinding machine

Grinding tungsten electrodes

Fig. 29: Grinding angle of 30° for 
TIG DC welding.

When welding with direct current, 
the electrode is ground at an an-
gle of approximately 30° (Figure 
29). This means that the arc is 
very concentrated. The length of 
the ground tip is approximately 
equivalent to twice the diameter 
of the electrode.

Grinding angle 
when welding with 
direct current
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When welding with alternating current, electrodes with a diameter greater than 
1.6 mm are ground. The grinding angle is approximately 90°. In the subsequent 
welding process, a ball (cap) is formed at the electrode tip.

Alternating current is generally used to weld aluminum. As a result, the tungsten 
electrode is exposed to a greater load than when using direct current. The tip of 
the tungsten electrode should therefore be formed in the shape of a cap. The 
cap may vary in diameter, depending on the application (Figures 30 and 31). 

Cap

Grinding angle 
when welding with 
alternating current

Fig. 30: AC welding:
1.0 mm cap

Fig. 31: AC welding:
Cap 2.4 mm

The greater the cap diameter, the wider the arc!
The width of the arc 
depends on the cap.

Remote controls facilitate 
the steps in the welding 
process.

In the case of mechanized welding, tungsten electrodes must always be ground.

6.4 Remote Control

If settings on the welding current source need to be speci� ed at the place where 
the welding is being done, a remote control (Figure 32) is helpful. For example, 
a foot-operated remote control enables precise working, as the person carrying 
out the welding work can use their hands to guide the welding torch and feed in 
the � ller metal (Figure 33).

With new TIG welding systems, data are exchanged between the remote control

Fig. 32: Wireless foot-operated remote 
control and hand-operated remote control.

Fig. 33: Remote control on TIG 
welding torch

and the power source wirelessly via Bluetooth. In these systems, the digital 
welding torch assumes the master function, meaning that, during welding, pa-
rameter corrections can be made via the remote control on the welding torch 
handle. 
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6.5 Questions to Check Understanding

 What advantages do inverter power sources o� er when TIG welding?

 The rating plate of a power source lists various information. Three of these 
are...

 Above what amperage should water-cooled TIG welding torches be used?

 What properties should tungsten electrodes have?

 Why is a cap formed on the tungsten electrode during TIG alternating 
current welding? 
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7. FILLER MATERIAL

7.1 Filler Material Rods for TIG Welding

In practice, � ller material rods with the following diameters are predominantly 
used in manual TIG welding:

 1.6 mm

 2.0 mm

 2.4 mm

 3.2 mm 

 4.0 mm

In automated applications, the same wire diameters are used as for Metal 
Inert Gas (MIG) and/or Metal Active Gas (MAG). Common diameters are:

 0.8 mm

 1.0 mm

 1.2 mm

 1.6 mm

The � ller metal is generally always more highly alloyed than the parent materi-
al. This higher alloy prevents alloy combustion caused by the arc and thereby 
ensures high weld seam quality. 

The relevant identi� er is stamped on the end of the � ller material rod and should 
always be retained (Figures 34 and 35).

Diameter of � ller 
material rods for 
manual TIG welding.

Filler metals are more 
highly alloyed than the 
parent material.

Fig. 34: Unalloyed � ller material rod. Fig. 35: Alloyed � ller material rod.

Diameter of � ller material 
rods for automated TIG 
welding.

Filler material rods 
improve the weld 
seam quality

The following points apply:
Irrespective of which material is welded in the TIG process, the 
quality of the weld seam produced with a � ller material rod is al-
ways higher than for weld seams that have been produced with-
out a � ller rod.
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7.2. Standardization of Filler Material Rods for TIG Welding

Filler rods for TIG welding are identi� ed in accordance with the standard. The 
speci� cations provide information on the relevant applicable standard and the 
composition of the � ller material rod.

7.2.1  Filler Material Rods for Unalloyed Steels and Fine-Grained Steels as Specifi ed 
in DIN EN ISO 636

The � ller material rods are made of steel. The main alloy elements are silicon 
and magnesium.

Fig. 36: Standard designation of an unalloyed � ller metal.

Unalloyed steels and � ne-
grained steels

7.2.2 Filler Material Rods for Corrosion-Resistant and Heat-Resistant Steels as 
Specifi ed in DIN EN ISO 14343

The speci� cations for the alloy elements chrome, nickel and molybdenum are 
shown as percentages. In addition, the stabilization elements niobium and tita-
nium are also speci� ed.

Fig. 37: Standard designation of a corrosion-resistant � ller material rod in accor-
dance with DIN EN ISO 14343.

Corrosion-resistant and heat-
resistant steels

Fig. 38: Standard designation of a � ller material rod in accordance with DIN EN ISO 18273. 

7.2.3  Filler Material Rods for Welding Aluminum and Aluminum Alloys as Specifi ed 
in DIN EN ISO 18273

The speci� cation of the chemical composition is not stipulated in the standard. 
It is su�  cient to use the alloy identi� ers.

 Delivery form

 Standard number

 TIG welding process

 Chemical composition

Rod    ISO 636-A–W    3Si1

 Standard number

 Solid wire or rod

 Numerical alloy code

 Chemical composition

ISO    18273–S    Al5754 (AlMg3)

 Delivery form

 Standard number

 TIG welding process

 Content of alloy elements (speci� ed in %)
Chromium nickel molybdenum

 Stabilization element

Rod    ISO 1434–W    19 12 3 Nb
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Practical tips!

Practical tips:
1. Manufacturers provide precise information on their � ller met-

als. However, it is down to the welder to make the appropriate 
choice.

2. The temperature of the weld pool can be in� uenced by the 
wire diameter: a thick wire has a greater cooling e� ect on the 
weld pool than a thin wire, as the wire “pulls away” the warmth 
and prevents burn out. This e� ect is predominantly used in 
aluminum welding and in TIG welding of thin sheet metals. 

3. Under no circumstances should � ller rods for oxy-acetylene 
welding be used in TIG welding, as these can lead to the for-
mation of pores.

7.3 Shielding Gases for TIG Welding

Shielding gases are standardized in accordance with DIN EN ISO 14175.

During the welding process, the shielding gases perform various 
functions:

 They ionize the contact-gap between the tungsten electrode 
and the workpiece.

 They stabilize the arc.

 They protect the weld pool from the e� ects of the ambient air.

 They in� uence the penetration behavior and the cost e� ec-
tiveness.

Functions of the shielding 
gas in welding.

In TIG welding, it is almost exclusively inert, i.e. non-reactive, gases that are 
used, as these gases do not react with the weld pool.

In rare cases, mixed gases are used, such as:

 Argon + 5%H2 (hydrogen) or

 Argon with minimal active shares in the ppm range.

Inert gases are non-reactive.
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The quantity of shielding gas is estimated at ap-
prox. 5-10 l/min (Figure 40). The actual quantity 
of shielding gas required is in� uenced by the 
environmental conditions, the size of the weld 
pool and the gas nozzle diameter.

Fig. 40: Measuring tube 
for measurements on the 
gas nozzle itself.

Important safety instruction: 
always secure gas bottles to 
prevent them falling over!

7.3.1 Argon (Ar):

 Is an inert gas with very good ignition properties.

 Argon forms what is known as � nger-shaped penetration.

 In comparison to other inert gases, argon is cost e� ective, as it is extracted 
from the air.

 Argon shielding gas can be used for all materials.

7.3.2 Helium (He):

Just like argon, helium is also an inert gas that does not react with the weld 
pool. In practice, helium is often referred to as a “very hot gas” and o� ers ad-
vantages and disadvantages.

Argon is the most frequently-used shielding gas in TIG welding.
Argon is used most 
frequently as a 
shielding gas.

Argon

The type of gas is shown on the 
shoulder of the bottle by means 
of a color code covering a large 
surface area (Figure 39):

 Argon has the color code dark 
green.

 Helium has the color code 
brown.

Fig. 39: Color code on the 
shoulder of the bottle.

Practical tips:
1. When oxygen-free copper is welded, the welder has to rely on 

argon-helium gas mixtures.

2. With material thicknesses of 5 mm and above, TIG welding 
of copper is only possible in a cost-e� ective and high-quality 
manner using pure helium. 

Practical tips!

Helium
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Advantages

+ Compared to argon, helium is 
a much better thermal conduc-
tor (around 8 times better than 
argon).

+ Due to the higher thermal 
conductivity, deeper and wider 
penetration is achieved with 
helium. 

+ The extremely good thermal 
conductivity of helium results in 
less temper colors on the weld 
seam surface than argon. 

Disadvantages

- Helium is a very expensive gas, 
because rather than being ex-
tracted from the air, it is extract-
ed from the ground.

- Gas consumption is high be-
cause helium is lighter than air.

- Due to good thermal conduc-
tivity, helium is not suitable for 
welding thin sheet metals. 

- Compared to argon, helium has 
poorer ignition properties.

The advantages and 
disadvantages of 
helium.

7.4 Questions to Check Understanding

 Why should the � ller metal in TIG welding be slightly more highly alloyed 
than the parent material?

 What must be speci� ed in the standard designation of aluminum � ller 
metals?

 Why is helium not suitable for welding thin sheet metals?

 For which materials is argon suitable as a shielding gas for TIG welding?
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8.  CC AND CV CHARACTERISTICS

8.1 CC and CV Characteristics

A welding current source must be able to hold the set welding current even 
if the length of the arc (the distance between the tungsten electrode and the 
workpiece) changes (Figures 41 and 42). 

When the arc gets longer, the welding voltage increases. When 
the arc gets shorter, the welding voltage is reduced. This rela-
tionship is known as control behavior. 

 In accordance with Ohm’s law, U = R x I applies for the amperage I:

De� nition of control 
behavior

Amperage (I) = 

Fig. 41: Steeply falling power source characteristic. Fig. 42: TIG power source.

According to this formula, voltage and resistance must be proportional, in order 
to keep the current value constant.

With Tungsten Inert Gas Welding, it is not possible to keep the arc length 100% 
constant. For this reason, a constant-current characteristic (CC characteris-
tic) is used with this welding process. The CC characteristic regulates the arc 
length by means of the electrical voltage. As a result, the amperage remains 
constant and the arc is maintained even if guiding of the electrode changes.

Constant-current 
characteristic

Voltage (U)
Resistance (R)
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In turn, the welding voltage Us (V) results from the arc characteristic. Its loca-
tion and position depends on the electrode diameter used and on the electrode 
type. 

CV characteristic: 
The opposite of a constant-current characteristic is a constant-voltage charac-
teristic (CV characteristic). 

In the case of power sources with a CV characteristic, the welding voltage
Us (V) remains constant during welding and the welding amperage Is (A) is 
continuously adjusted. In order to regulate the welding process, the
welding current is increased or reduced. 

Power sources with a CV characteristic are not suitable for Tungsten Inert Gas 
Welding as the arc would immediately go out each time the electrode was re-
tracted. Multiprocess systems are an exception.

Power sources with a CV characteristic are therefore used for Metal Inert Gas 
Welding (MIG) and Metal Active Gas Welding (MAG).

8.2 Questions to Check Understanding

 Which welding current sources are used for Tungsten Inert Gas Welding?

 In line with which principle is the arc length regulated in Tungsten Inert Gas 
Welding?
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9.  FUNCTIONS OF A TIG WELDING 
CURRENT SOURCE

9.1 TIG Welding Current Source Controls

1:  Operation start button
2: Gas-test button
3: Reading zone for the key card
4:  Parameter selection dial
5: Menu button
6: Favorites button
7: Display
8:  “HOLD” indication for the 

welding form
9: Status bar

10:  “HOLD” indication for the 
welding voltage

Fig. 43: Controls on a TIG welding current source.

Fig. 44: 2-step mode. 

9.2 2-Step Mode and 4-Step Mode

TIG welding current sources have two di� erent step modes:

 2-step mode

 4-step mode

By choosing one of these two step modes, the user can decide whether they 
want to press the torch trigger continuously or only for starting and stopping. 
This decision depends on the weld length and/or weld duration.

9.2.1 Instructions for 2-Step Mode 

1. At the start of the welding procedure: Pull back the torch trigger and hold it 
in this position.

2. At the end of the welding procedure: Release the torch trigger.

2-step mode

Step modes and weld length
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9.2.2 Instructions for 4-Step Mode

Fig. 45: 4-step mode. 

1. Start of welding with starting current Is: Pull back the torch trigger and hold 
it in this position.

2. Welding with main current I1: Release the torch trigger.

3. Lowering to � nal current IE: Pull back the torch trigger and hold it in this 
position.

4. At the end of welding: Release the torch trigger.

*Intermediate lowering: With intermediate lowering, the welding current is low-
ered to the set lowering current I2 during the main current phase.

9.3 RPI Ignition

RPI is the abbreviation for “Reversed Polarity Ignition” (Figure 46).

As already mentioned, the positive pole is always the hotter pole. In order to 
create a stable arc, the positive pole is used for ignition with RPI ignition. So 
that thin metal sheets do not burn through, the positive pole is only at the tung-
sten electrode for a few milliseconds. The welding current source then automat-
ically reverses the polarity to the negative pole. This means that the tungsten 
electrode is only heated up for a very short time, enabling stable and safe igni-
tion of the arc.

Reversed Polarity Ignition

4-step mode

When welding with alternating current (AC), ignition always takes 
place on the positive pole, therefore the “RPI” function is only 
available with TIG alternating current devices (MagicWave).

Positive pole ignition 
for TIG welding with 
alternating current
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9.4 Tacking Function (TAC)

With the tacking function, components can be tacked together quickly and con-
veniently.

The tacking function principle is based on overriding the surface 
tension of liquid metal. This takes place by means of pre-set 
pulse parameters. 

If you wish to join two sheets together with a butt weld, it may be the case that, 
at the point where the two sheets melt, the weld pools move away from one an-
other and do not form a connection. Due to the pulse parameters of the tacking 
function, the liquid metal is made to oscillate. As a result, the surface tension is 
overridden and the two weld pools mix together. 

The pulse parameters of the tacking function can be compared to a glass of 
water that can be � lled slightly above the edge of the glass. If the glass of water 
is now made to oscillate slightly, this oscillation overrides the surface tension 
and the water � ows downwards.

Pulse parameters override 
the surface tension.

Fig. 46: RPI ignition. 

Tacking function

Practical tip:
Once the tacking point has been reached, the user should not 
move the TIG welding torch out of the way immediately, but 
instead should wait for a few seconds. The gas post-� ow pro-
tects the tacking point, which is still hot, from oxygen, meaning 
that tacking points can be created without temper colors. These 
points are then easy to weld over later.

Practical tip!

Ion

Electron

Material
Melting point
at approx. 660 °C

Oxide layer
Melting point
at approx. 2015 °C

Polarity

Ion

Electron

Material
Melting point
at approx. 660 °C

Oxide layer
Melting point
at approx. 2015 °C

Polarity
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9.5 Balance Setting

The balance setting is important for TIG welding with alternating cur-
rent, which breaks o�  the oxide layer that forms when welding light metals.

Fig. 47: The 33% balance setting. Fig. 48: The 33% balance setting.

The 33% balance

 … is the standard setting for most applications.

 … corresponds to the factory setting.

 … only places a small load on the tungsten electrode.

 … has a good cleaning e� ect.

9.5.1 33% Balance
The standard setting for the alternation between the waves is a positive half 
cycle share of 33% and a negative half cycle share of 66% (Figure 47 and 48).

The times for the “cleaning half cycle” and “cooling half cycle” 
can be set using the “AC balance” function.

Advantages of a 
33% balance.

Cleaning half 
cycle and cooling 
half cycle

Fig. 49: The 15% balance setting. Fig. 50: The 15% balance setting.

9.5.2 15% Balance

With the 15% balance setting (Figures 49 and 50), the positive half cycle share 
accounts for 15%, while the negative half cycle share accounts for 85%. The 
arc is very focused, meaning that deep penetration is achieved.

t (s)

t (s)



47“Tungsten Inert Gas Welding” Training Documentation

+

-

The 15% balance

 … is used with very clean components.

 … is used to achieve deep penetration, for example with root 
passes.

 … creates a focused arc.

 … only places a small load on the tungsten electrode.

The 50% balance

 … is used with very dirty components.

 … has a very good cleaning e� ect.

 … creates a wide arc.

 … ensures wide, but not deep penetration.

 … places a very high load on the tungsten electrode.

 … is used for repair welding on cast aluminum.

9.5.3 50% Balance

With this balance setting, the positive and negative half cycle shares are equal 
in size. This produces a wide arc and penetration that is wide yet not deep.

Fig. 52: The 50% balance setting.Fig. 51: The 50% balance setting.

Advantages of a 
15% balance.

Advantages of a 
50% balance.

9.6 TIG Pulse Welding

TIG pulse welding is also referred to as TIG pulsing or the TIG 
pulse technique. 

TIG pulsing and/or TIG 
pulse technique

TIG pulse welding is mainly used for welding with direct current, but also 
sometimes for automated welding with alternating current.

t (s)

TIG pulsing
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If TIG pulse welding (Figure 53) is done manually, this is only possible in the low 
pulse frequency range between 0.25–5 Hz. The addition of the � ller rod takes 
place during the pulse current phase. This creates attractive weld seam surfac-
es and, above all, facilitates welding for beginners.

In the automated range, TIG pulse welding is carried out with higher pulse fre-
quencies up to 200 Hz. The high pulse frequency “ties up” the arc, making it 
more stable. In the lower power range, above all, this reduces arc blow and 
permits higher welding speeds.

Fig. 53: Diagram of TIG pulse welding.

Manual TIG pulsing in 
low-frequency range.

Automatic TIG pulsing in 
high-frequency range.

Fig. 54: Pulse frequency: 3 Hz. Fig. 55: Pulse frequency: 10 Hz.

Pulse current Ip

Base current lG

Pulse time 
(duty cycle) tp

Base current time tG

Pulse frequency tp=1/tc

Period duration tc
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9.7 Questions to Check Understanding

 What is understood by “2-step welding”? 

 What does “RPI ignition” mean?

 Why is welding predominantly carried out on the negative pole when TIG 
welding with direct current?

 Why is alternating current used for TIG welding of aluminum?

 In which frequency range does the manual TIG pulse technique predomi-
nantly take place?
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10. JOINT PREPARATION

10.1 Weld Seam Profi les

The weld seam pro� le determines two key aspects of the welding process:

1. The preparation of the join

2. The pro� le of the weld seam

The weld seam pro� le to be considered for the welding process depends on 
various factors:

 Material type

 Material thickness

 Welding process 

The most frequent weld seam pro� le is the � llet weld, in which the workpieces 
are welded at an angle to one another. Butt welds join workpieces that are po-
sitioned in the same plane (180° angle) (see also page 14).

When, in the case of a butt weld, a complete, single-sided full penetration weld 
is required, edge preparation is necessary from a wall thickness of approxi-
mately 4 mm upwards.

Weld seam pro� le

Square 
butt weld

Single-V 
butt weld

Double-V weld

Y-butt weld

Double U weld

Technical 
symbol

Weld seam pro� les in� uence the 
welding process.

Weld seam pro� les and their 
depiction in technical drawings.

Fig. 56: Weld seam pro� les and their technical depiction.

Fillet weld Double � llet weld

Lap joint Corner weld

In the case of TIG welding, it is particularly important that the join is clean. Scale 
and oxide � lms should therefore be removed by scrubbing or grinding.
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Weld seam preparation for TIG welding depends on the weld 
seam. A distinction is made between three di� erent types 
here:

1. Weld seams that are welded without � ller material and with-
out edge preparation.

2. Weld seams that are welded with � ller material but without 
edge preparation.

3. Weld seams that are welded with � ller material and with edge 
preparation.

10.2 Welding Without Filler Material and Without Edge Preparation 

TIG welding is particularly well suited for weld seams that do not require any 
� ller metal, as the workpiece edges only run under the arc. 

In accordance with international standard DIN EN ISO 9692, up to a material 
thickness of approximately 3 mm, these are the following weld seam pro� les: 

 Edge weld

 Corner weld

 T weld

 Flange weld 

 Flange corner weld.

Fig. 57: Weld seam pro� les with TIG welding.

Weld seam pro� les 
with TIG welding

Edge weld Corner weld T weld

Flange weld Flange corner weld
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Workpieces that are thicker than 8 mm must generally be bev-
eled. The weld seam is executed as either a single-V butt weld, 
Y-butt weld, double-V weld or single-U butt weld. The included 
angle in each case depends on the type of material.

With workpieces that 
are 8 mm or more 
thick, edge preparation 
is necessary.

10.4 Welding with Filler Material and with Edge Preparation 

Fig. 59: Edge preparation for TIG welding with a � ller metal.

Unalloyed and alloyed steels are prepared and/or worked on both abutting fac-
es with an included angle of approximately 60°. With aluminum materials, the 
angle is up to 90°.

For reasons of cost e� ectiveness, however, TIG welding is often used only for 
the root pass with these materials.

With � ller metals, in the 
case of aluminum, mate-
rial thicknesses of up to 
5 mm can be welded in a 
single-sided process.

10.3 Welding with Filler Material but Without Edge Preparation

If a � ller metal is used, square butt joints on steel can be welded in a single-sid-
ed process without edge preparation up to a thickness of approximately 3 mm 
or with little distance between the abutting faces. 

In the case of aluminum materials, single-side 
welding without edge preparation is possible 
up to a material thickness of 4-5 mm. On thick-
er sheets of metal, up to approximately 8 mm, 
double-sided welding must be carried out, and 
under certain circumstances a join up to half the 
thickness of the sheet must be maintained. 

Fig. 58: Square butt weld.

Square butt weld

Single-V 
butt weld

HY weld

Double U weld

Y butt weld

U-weld

Double HY � llet weld

Double-V 
weld

Double HY weld
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10.5 Questions to Check Understanding

 Which weld seam pro� les can be welded using the TIG process without 
� ller metal? 

 Up to what material thickness can square butt welds on aluminum materials 
be welded as full penetration welds using the TIG process?

 What measures can be taken to prevent a seam collapse on the root pass 
reverse side of aluminum materials? 

Practical tip:
With single-sided full penetration welding of aluminum, a slight 
seam collapse often occurs on the surface of the root pass 
reverse side. This can be avoided by slightly breaking up the root 
face edges on the reverse side. 

Practical tip!
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11.  TIG WELDING OF MATERIALS

With the TIG welding process, users achieve the highest weld seam quality 
of all arc welding processes. Consequently, TIG welding is very widespread 
in power plant construction and in pipeline construction, as well as in the food 
industry, medical technology and the aerospace industry. Moreover, as TIG 
welding makes it possible to achieve the best-looking weld seams, the process 
is also often used in furniture production.

Practical tips:

1. Prior to welding, all materials should be decreased using ap-
propriate solvents.

2. When handling the materials, cleanliness is of utmost impor-
tance. This applies to the parent material and the � ller materi-
als.

11.1  TIG Welding of Unalloyed and Low-Alloy Steel

Unalloyed and low-alloy steel is welded using the TIG process, as this 
improves the quality and appearance of the weld seam. When TIG weld-
ing steel, the surface � nish is particularly important: the steel must have 
a clean surface, free from scale, as otherwise pore formation will occur. 
Sandblasted, milled or ground steel components are most suitable. 

Polarity:

Like most metals, steel is welded using direct current, with the tungsten 
electrode being connected to the negative pole.

Shielding gas:

Argon is primarily used as the shielding gas for TIG welding of steel. In 
principle, argon-helium mixtures can also be used, but they do not o� er 
any practical advantage.

Filler material:

With TIG welding of steel, welding similar materials is important. This 
means that the � ller material has the same composition as the parent 
material, but is generally more highly alloyed.

TIG welding produces optimum 
weld seam quality.

Unalloyed and low-al-
loy steels must have a 
clean surface, free of 
scale.

Welding of similar 
materials

Practical tips!
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11.2 TIG Welding of High-Alloy Steels

TIG welding o� ers particular advantages when welding high-alloy steels, as the 
smooth weld seam surfaces guarantee high corrosion protection.

In order to enable a passive layer (CrO3) that protects against corrosion to form 
again after welding, temper colors must be completely removed. This can be 
achieved by means of pickling, MagicCleaner, mechanical scrubbing or polish-
ing. It takes approximately 72 hours for complete formation of a passive layer 
that protects against corrosion. 

The following points apply: The smoother the surface, the 
more e� ective the corrosion protection.

Polarity:

Like most metals, high-alloy steel is welded using direct current, with the tung-
sten electrode being connected to the negative pole.

Shielding gas:

Argon is primarily used as the shielding gas for TIG welding of high-alloy steel. 
In principle, argon-helium mixtures can also be used, but they do not o� er any 
practical advantage.

Filler material:

High-alloy steels can be welded with and without � ller wire (t < 2 mm).

Practical tips!

Practical tips:
1. With root passes, the scale should also be removed from the 

inside of the pipe and/or the reverse of the root pass. Once 
this has been done, the root pass can � ow out cleanly, pore 
formation is avoided and silicate formation on the weld seam 
surface is impeded. In most cases, forming is not absolutely 
essential.

2. So that no crater pores or crater cracks develop, a downslope 
of at least 1.5 seconds should be set. Moreover, it is important 
to guide the arc back to the weld seam by means of a welding 
torch movement when lowering. This gives the weld pool suf-
� cient time for degassing, which reduces crater faults.

Temper colors of 
high-alloy steels must 
be removed.

The smoother the 
surface, the better the 
corrosion protection.
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Important safety 
instructions!

With TIG welding, optimum weld seam quality is only attained with � ller wire, 
as the weld metal then mixes with a � ller wire that is rather more highly alloyed, 
thereby creating a higher quality. 

Forming:

With root passes of pipe welds, forming must always be carried out, as oth-
erwise the inside of the root pass will be burnt and the corrosion-resistance 
properties will be completely lost. 

Forming must also be carried out when welding � lling runs and � nal runs, as 
otherwise oxide forms on the reverse or the inside.

Argon-hydrogen mixtures (Ar+H2):

Argon-hydrogen mixtures must only be used with high-alloy steels with less 
than 0.03% carbon (C)! 

Practical tips!

Practical tips:
1. The arc is kept short in order to avoid oxidation of the weld 

seam and to keep the heat input to a minimum. This is be-
cause the less heat that is input, the lower the distortion of the 
components. 

2. For a high-quality weld seam, it is helpful to tack the sheets in 
multiple places and to observe the correct welding sequence.

3. High-alloy steels must be stored and processed separately.

4. When argon (Ar) is used as the forming gas, it must be sup-
plied to the welding point from below, so that the air is forced 
upwards out of the way. Argon can be used as the forming gas 
for any material.

5. Nitrogen (N2): nitrogen is lighter than air. Nitrogen must there-
fore always be supplied from above, so that the air is forced 
downwards out of the way. 

Argon-hydrogen mixtures must not be used for forming of stabilized high-alloy 
steels. 

In the case of argon-hydrogen mixtures with a hydrogen share (H2) of 10% or 
more, special safety measures must be implemented as there is a risk of � re!
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11.3 TIG Welding of Aluminum and Magnesium

Polarity:

Aluminum and magnesium are the only materials that undergo TIG welding with 
alternating current, in order to break up the oxide layer coating the metals. Only 
then can the parent material be fused.

When the electrode is connected to the positive pole, the electrons � ow from 
the workpiece to the tungsten electrode and thereby break up the oxide layer. 
When the tungsten electrode is connected to the negative pole, the electrode 
is under less load and penetration is generated. This procedure takes place 
irrespective of the frequency preset on the machine (40- 250 Hz). 

A typical set alternating current frequency for TIG welding of aluminum and 
magnesium is 100 Hz. 

In exceptional cases, aluminum can be welded on the negative pole with direct 
current. However, helium is then required as the shielding gas.

Practical tips!

Practical tips:
1. Due to the oxide formation, for aluminum welding the groove 

faces and the weld seam area must be cleaned again with a 
stainless wire brush immediately prior to welding.

2. Aluminum must be stored and processed separately from oth-
er materials.

3. Due to the oxide formation, aluminum should not be stored for 
too long.

4. In order to avoid pore formation, helium or argon-helium mix-
es should be used as the shielding gas when welding alumi-
num.

5. When TIG welding aluminum, it is recommended to work the 
edges of the components and to preheat the workpieces in 
the case of thicker walls.

Aluminum and magne-
sium are welded using 
alternating current.
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11.4 Questions to Check Understanding

 What does the term “welding of similar materials” mean? 

 Why must the inside of the pipe be formed in the case of chrome-nickel 
pipes? 

 Why should the arc be kept as short as possible when welding 
chrome-nickel applications?  

 What is used to break up the oxide layer in the case of aluminum?  
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12.  PROCESS VARIANTS WITH 
TIG WELDING

12.1 Orbital Welding 

The orbital welding technique is useful wherever consistent seam qualities 
must be attained under controlled conditions. It is also frequently stipulated that 
the welding parameters of the applications must be documented immediately. 
Consequently, the main usage areas for this welding technology are pipeline 
construction, the food industry and the chemical industry.

With the orbital technique, it is not only possible to produce pipe-to-pipe con-
nections, but also to weld pipes into pipe baseplates.

The basic design of orbital welding equipment includes a � xed pipe and a 
moveable TIG welding torch/welding head that moves around the pipe. The 
moveable orbital welding head is also referred to as a spot welding gun.

An orbital system is made up of the following elements:

 A power source, including a control system for the process 
sequence and for data documentation.

 Di� erent welding heads, dependent on the job. 

 Wirefeeders that are either attached to the welding head or 
are located externally.

 Remote control, grounding cable

 Gas supply 

Components of an 
orbital welding system

In addition to the power module, the control system for the process sequence 
and the water cooling are installed in the power source housing (Figures 60 
and 61).

The welding current source is operated via a touchscreen. A colorful, graphical 
process display ensures that the working processes are mastered quickly.

Applications of 
orbital welding

Spot welding gun



60“Tungsten Inert Gas Welding” Training Documentation

Fig. 60: Orbital power source 
with integrated control system. 

Fig. 61: Compact orbital power 
source with remote control. 

Orbital welding current sources are often equipped with a USB interface. This 
interface facilitates seamless data capture. At the same time, the USB connec-
tion is helpful for installing programs or for creating backups of programs and 
data.

The welding parameters, which are dependent on the weld seam geometry, 
the parent material and the � ller metal, can be programmed freely with orbital 
welding systems and saved in the control system as jobs. As the welding pa-
rameters have to be programmed prior to the welding process, precise weld 
seam preparation is important. What is more, the workpieces must be prepared 
precisely with no o� set as the welder cannot manually compensate for pipe 
o� set when forming the root. 

With orbital welding of thick-walled pipes, a � ller wire is often necessary. The 
wirefeeder required for this is either integrated on the orbital welding head or 
located in an external device. Welding is carried out using a pulse technique. 
This enables targeted melting and solidi� cation of the weld pool, thereby per-
mitting optimal control over the success of the welding process in all welding 
positions. The system can be operated via the welding current source or via a 
remote control.

Programming welding 
parameters

12.1.1 Orbital Welding Equipment with Closed Welding Head

In orbital welding equipment with a closed welding head, the orbital welding 
head completely surrounds the pipe. The welding head must therefore be se-
lected to suit the pipe diameter (Figure 62). Around the welding head there is 
a chamber that is completely � lled with shielding gas. Within this chamber, the 
orbital welding head is guided around the pipe (Figure 63).

Variants of orbital 
welding systems

In general, a distinction is made between two variants of orbital 
welding systems:

1. Orbital welding equipment with closed welding head

2. Orbital welding equipment with open welding head
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Due to their closed design (encapsulation), with these items of 
orbital welding equipment it is not possible to feed in welding 
� ller metals. The pipes to be welded are therefore joined to one 
another using butt welds (with no air gaps or o� set) (square butt 
weld). 

Fig. 62: Closed welding head with 
control elements.

Fig. 64: Open welding head in use.

Fig. 63: Closed welding head in use.

Fig. 65: Open welding head on a 
chrome-nickel pipe. 

The dimensions of the spot welding gun are comparatively compact, meaning 
that welding can be carried out even under cramped installation conditions. 
However, the use of a closed spot welding gun is restricted to smaller pipe 
diameters of approximately 76 mm at present. 

As closed orbital spot welding guns completely surround the pipe, the pipe 
seam does not oxidize on the outside and no temper colors develop. Orbital 
welding systems with closed welding heads are particularly well suited to weld-
ing stainless steels. However, it is still necessary to protect the inside of the 
pipe from oxidation by means of forming. 

Orbital welding systems with 
a closed head are suitable for 
welding in cramped conditions.

In the case of orbital welding equipment with an open design, the spot welding 
gun does not completely surround the pipe and there is no closed-o�  shielding 
gas chamber.

With these orbital welding systems, it is possible to weld various diameters 
of pipes that can be varied in intervals – from a few millimeters up to approxi-
mately 275 mm. The greater the pipe diameter, the more bulky and heavy the 
welding head becomes. Orbital welding with the open head therefore ceases to 
be useable in a cost-e� ective manner from a certain pipe diameter.

No welding � ller metals 
with closed orbital 
welding systems

12.1.2 Orbital Welding Equipment with Open Welding Head

With a pipe diameter in excess 
of 275 mm, orbital welding with 
an open head is no longer cost 
e� ective.
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For greater pipe diameters, which are required particularly in boiler and pipeline 
construction, welding systems where the arc or the welding torch head is guid-
ed around the pipe on a rail are used. 

12.2 Cold Wire TIG Welding

A cold-wire feed increases productivity. On the one hand, the welding speed 
becomes faster, while on the other the � ller metal is supplied precisely and 
evenly to the weld pool. As a result, even less-experienced welders are able to 
achieve outstanding welding results.

A TIG cold wire system includes the following components (Fig-
ure 66):

1. TIG power source

2. Core wire supply (feed)

3. Cooling unit

4. Trolley

5. Cold wire feeder

6. Interconnecting hosepack

7. TIG welding torch with cold wire feed

Components of a 
cold wire system

Fig. 66: Components of a TIG cold wire system. Fig. 67: Welding torch detail, 
TIG cold-wire welding torch.

As the welding chamber is not closed with orbital welding sys-
tems that have an open design, welding � ller metals can be fed 
in. This means that weld seam preparation other than the air gap-
free square butt weld are possible. In general, the tulip-shaped 
single-U butt weld is preferred.
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In general, with TIG cold-wire welding, the tungsten electrode is connected to 
the negative pole and the workpiece to the hotter positive pole. 

With cold wire TIG welding, the � ller wire is available in almost unlimited quanti-
ties. It is not necessary for the user to adjust their hand placement or to change 
a rod, meaning that the welding process can be carried out without interrup-
tions. In addition, the � ller metal provided in spools saves on cost. 

Cold wire TIG welding is suitable for wires made of various materials with di-
ameter of up to 1.6 mm maximum. Di� erent parameters such as the 2-step or 
4-step mode, interval and pulse mode and the wire retraction can be set on the 
device display.

If a welding job is suitable for cold wire TIG welding, this process variant can be 
used with both mechanized and also manual TIG welding.

12.3 Hot Wire TIG Welding

TIG hot-wire welding (Figure 68) developed from TIG cold-wire welding. In TIG 
hot-wire welding, the � ller metal is heated. This results in various advantages:

 The burn-o�  length becomes greater.

 The deposition rate becomes greater.

 The welding speed is increased.

 The dilution is reduced.

Polarity in cold wire 
TIG welding

Variants of hot wire 
TIG welding

Hot wire TIG welding can be subdivided into two variants:

1. Joint welding

2. Overlay welding

Fig. 68: Cladding on pipe 
outer walls.

Hot wire TIG welding can be used in all welding 
positions. It is used above all for welding stel-
lites and nickel-based alloys, where very good 
weld seam quality and high cost e� ectiveness 
are vital. 

Advantages of hot wire 
TIG welding
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A TIG hot wire system (Figure 69) consists of the following com-
ponents:

 System controls

 Wirefeeder

 TIG power source

 Hot wire power source

 Shielding gas

 TIG welding torch

 Hot wire feed

Components of a hot 
wire system

Fig. 69: Design of a TIG hot wire system.

In hot wire TIG welding, the parent material is melted by an arc that is generat-
ed by a direct current source or a switchable direct/alternating current source. 
A wirefeeder system continuously conveys a � ller wire to the weld pool. This 
� ller wire is heated up by a separate power source. The heat is generated at 
the free wire end due to resistance heating between the contact tip of the hot 
wire welding torch and the weld pool. It is also possible to use a direct current 
source or a switchable direct/alternating current source to heat up the � ller wire.

The construction of the hot wire system extends the free wire end through which 
the current � ows. On this extended wire section, the electrical resistance and 
the temperature are raised, meaning that the deposition rate is increased. The 
quantity of heat developing is proportional to the product from the square of the 
amperage and the resistance (l2 x R) (Joule heating).

Improved deposition rate

Design of a hot wire system

System controls

Wirefeeder

Hot wire 
power source

TIG
power 
source

Shielding gas

TIG
welding 

torch

Hot wire 
feed
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If a welding current source is used for direct current in TIG hot-
wire welding, there is the risk that the arc will be de� ected count-
er to the direction of welding. In order to avoid this, the hot wire is 
connected to the negative pole and the workpiece to the positive 
pole. The hot wire power source works with a voltage between 
1.5 and 5 V in order to prevent the creation of arcs.

With hot-wire 
welding using direct 
current, the hot wire 
is connected to the 
negative pole.

Depending on the welding job and the component requirements, the � ller wire 
can be immersed in the weld pool from the front, side or rear. 

So that the TIG hot-wire welding yields the desired results, it is important that 
the welding torch and the wirefeeder are set correctly. However, there are no 
generally-applicable rules for this. 

12.4 Speed Cladding

Cladding is a welding process in which the components are coated with special 
alloys in order to extend the service life of the components signi� cantly. The 
coating is achieved by means of mechanized overlay welding.

In terms of quality and reproducibility, TIG hot-wire welding is the most suitable 
cladding process. However, it is only possible to achieve low welding speeds 
with this process, which may give rise to bottlenecks in the production work� ow. 
Speed cladding makes the coating process up to three times faster and more 
e�  cient.

The speed clad twin process works with two tungsten electrodes and two pre-
heated welding wires (Figures 70 and 71). The alignment of the electrodes has 
an impact on the welding results. The result changes depending on whether the 
position of the electrodes is vertical or parallel to the weld pool. Speed cladding 
is used for inside plating of up to 160 mm in diameter and for outside plating 
from a diameter of 100 mm upwards.

The following points apply:
The lower the dilution, the higher the quality of the alloys used. Dilution and alloy

Improved service life of 
components
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Fig. 70: Speed cladding 
twin welding torches.

Fig. 72: Manual simultaneous two-sided welding 

Fig. 71: Outside plating with 
speed-cladding twin. 

12.5 Simultaneous Two-Sided Welding

When joining thick sheets of metal, it is � rst necessary to weld a root pass, then 
to grind this, and subsequently to carry out back welding. The time required for 
this can be reduced by welding from both sides simultaneously.

With simultaneous two-sided welding, the welding torches are always located 
opposite one another (Figure 72). 

Simultaneous two-sided welding also provides an advantage with thin-walled 
chrome-nickel welding jobs, as it reduces distortion and even makes it possible 
to avoid forming on the opposite side.

Reduced time requirement

If aluminum is simultaneously welded on two sides with alter-
nating current, both arcs must be synchronized. (Figure 73). To 
this end, MagicWave power sources have the “Sync Mode” func-
tion that aligns the two arcs. This synchronization takes place 
through adjustment of the half cycles and the zero crossing.

Arc synchronization 
with aluminum welding
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12.6 ArcTig Welding

The ArcTig welding process is a TIG process variant for mechanized joint weld-
ing. ArcTig welding guarantees excellent weld seam appearance, reliable full 
penetration welding of the root pass and optimal weld quality. Due to the higher 
welding speed and reduced time and e� ort for weld seam preparation, ArcTig 
welding also improves the cost e� ectiveness of the entire welding process.

A further advantage of ArcTig welding is the reduced heat input. This is achieved 
through sharper focusing of the arc: in conjunction with a heat exchanger, the 
electrode is cooled very e� ectively. As well as the increased cooling power, the 
temperature can be kept stable, meaning that the arc is sharply focused and 
the weld properties improve.

Improved cost e� ectiveness

Moreover, the clamping system makes it possi-
ble to adjust the electrode end freely. As a result, 
the characteristic of the arc can be changed, to 
allow for better accessibility for example. 

With ArcTig welding, the tolerances for process-
ing are set at +/- 10% of the material thickness.

Operation of an ArcTig 
welding torch

Fig. 74: Welding torch design for 
ArcTig welding.

Fig. 73: Arc synchronization.

12.6.1 The Principle of ArcTig

The core element of the ArcTig welding process is a welding torch (Figure 74) 
with a special electrode clamping system. A mechanism clamps the electrodes 
over a very large area using just one clamping element. This means that elec-
trodes with a minimum length of 20 mm can be inserted and changed quickly.
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In conventional TIG welding processes, the uncooled tungsten electrode is 
heated up. This creates a � ow of electrons that supports the arc transfer. How-
ever, the resistance is also reduced here, thereby creating a soft, wide arc 
(Figure 75).

With ArcTig welding, the cooled tungsten electrode forces the electrons to es-
cape at the electrode tip. This creates a higher overall resistance. Consequent-
ly, the electron emission takes place over a small area and thereby increases 
the electron density. The result is a narrow, focused arc (Figure 76). 

Fig. 75: Flow of electrons in the TIG 
welding process.

Fig. 76: Flow of electrons in the 
ArcTIG welding process.

Focused, narrow arc

ArcTig welding is suitable for the following material thicknesses:

Stainless steel: 3 mm -10 mm without processing

Unalloyed steel: 3 mm - 8 mm without processing

Titanium: 3 mm -10 mm without processing

The intelligently controlled cooling system used in the ArcTig process prevents 
the tungsten electrode from burning out. As a result, the service life is increased 
and the ignition properties are improved.

Material thicknesses 
for ArcTig welding
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Applications of ArcTig welding:

 Longitudinal and circumferential welds

 Butt welds and lap joints

 Joint welding with 100% root formation

 Materials such as chrome-nickel, nickel-based alloys, titani-
um, Duplex and steel in TIG welding processes using direct 
current 

Applications of 
ArcTIG welding

12.6.2 ArcTig Welding Torches
In addition to the very good cooling properties of the tungsten electrode, the 
ArcTig welding torch also has a water-cooled gas nozzle. If water hoses are 
routed externally from the gas nozzle to the heat exchanger, this ensures an 
optimal � ow.

Fig. 77: Components of the ArcTIG welding torch. 

12.7 Questions to Check Understanding

 What are the components that make up an orbital system? 

 What are the advantages o� ered by cold wire TIG welding?

 What is the polarity of the � ller metal in TIG hot-wire welding?   

 For which applications is the speed cladding process variant suitable?   

 Why is the tungsten electrode water cooled in the ArcTig process?  
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13. DEFECTS IN TIG WELDING

The following imperfections can be compensated for by skillful 
welding during TIG welding:

 Pores

 Tungsten inclusions

 Lack of fusion

 Oxide inclusions

13.1 Pores

Pore formation takes place as a result of gas bubbles that are trapped when 
the weld metal solidi� es. When gaps develop between the sheets to be joined, 
for example in the case of � llet welds or lap joints, we refer to mechanical pore 
formation.

When welding aluminum, it is predominantly hydrogen that causes the pores. 
This constitutes metallurgical pore formation. The source of the hydrogen is 
generally oxide � lm on the parent material and on the � ller metal. 

Leaky, water-cooled welding torches are also frequently a cause of pore for-
mation.

Pore formation can also occur with unalloyed tube steels or deep-drawing 
steels. The pores appear when oxygen is absorbed from the atmosphere and, 
as a result, carbon monoxide develops in the weld metal. 

In order to avoid pore formation, the � ller metal should not be stored for too long 
and should not be withdrawn from the shielding gas environment during the 
welding process. On the parent material, the oxide � lm should be removed and 
care should be taken to ensure cleanliness during the welding process.

Pore formation

Even with good preparation and e� ective electrode guiding, it is possible for 
defects to occur during Tungsten Inert Gas Welding. In the specialist jargon, we 
also refer to imperfections or discontinuities.

Discontinuities
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13.2 Tungsten Inclusions

Tungsten inclusions are a frequently-occurring defect in TIG welding. They de-
velop if the tungsten electrode comes into contact with the weld pool and alloys 
up.

If the tungsten inclusions are very small and occur at large distances from one 
another, they do not constitute a risk for the quality of the welded joint. On the 
other hand, larger inclusions or nests of tungsten inclusions must be eliminated 
by grinding them out and re-welding, as these hard particles constitute a foreign 
body in the joint and reduce the quality.

Tungsten inclusions can be detected on X-ray images as white spots, due to 
the fact that tungsten absorbs more of the X-rays than steel and the � lm ap-
pears less blackened at this point. 

Tungsten inclusions

Practical tips!

Practical tips:
1. Experience shows that it pays to thoroughly remove the oxide 

layers around two hours prior to the welding process. In the 
time period between preparation of the workpiece surfaces 
and welding, a wafer-thin oxide � lm then forms, ensuring a 
stable arc without promoting pore formation.

2. In order to avoid pore formation with unalloyed crude steels 
or deep-drawing steels, a � ller material with increased silicon 
content (e.g. G4Si 1) should be introduced in generous quan-
tities, as this � ller material binds the oxygen.

13.3 Lack of Fusion

When lack of fusion occurs, the weld metal and the parent material are not cor-
rectly joined to one another. There may be multiple causes of this:

 The root face has not been completely melted.

 The penetration depth of the arc was overestimated.

 The arc was not guided precisely in the join.

 The tungsten electrode was ground so that it is too blunt.

 The tungsten electrode is too worn.

 The weld pool has run forward as the welding was carried out too slowly.

Instances of lack of fusion on edges and lack of fusion involving layers tend to 
be rare.

Lack of fusion
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Oxide inclusions

Practical tip:
During welding, the � ller materials should not generally be moved 
out of the shielding gas environment, as this avoids oxidation of 
the liquid tip of the � ller. So that the � ller materials remain within 
the shielding gas environment, the dabbing movement of the rod 
must be well controlled.

13.4 Oxide Inclusions 

Oxide inclusions generally occur in TIG weld seams due to the oxidation of the 
droplet on the tip of the � ller rod. The inclusions principally occur in aluminum 
weld seams, as the aluminum oxide is heavier than the metal. Consequently, 
the oxide cannot rise in the weld pool and is suspended there.

13.5 Questions to Check Understanding

 What are the causes of porosity in TIG aluminum welding? 

 How do you detect tungsten inclusions on X-ray � lm?  

 What causes lead to a lack of fusion with the TIG process?  

 What causes lead to oxide inclusions with the TIG process?  

Practical tip!
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14.  EQUIPPING A SAFE 
WORKPLACE FOR 
TIG WELDING

14.1 Safety at Work

Safety at work plays a particularly important role for the welder throughout the 
entire welding process. This explicitly includes joint preparation and rework on 
the joint.

To ensure e� ective safety for the welder, various protective measures must be 
taken into consideration when equipping a workplace for Tungsten Inert Gas 
Welding.

The following elements form part of a safely equipped 
workplace for TIG welding:

 Local ventilation or ventilation of the whole area

 Protective clothing

 Safety gloves

 Pieces of slag to be removed as protection against radiation 
penetrating from the side and against particles of slag � ying 
up during weld seam machining

Safety measures 
in the welding 
workplace

14.2 Questions to Check Understanding

 What are the most important protective measures for a safe welding envi-
ronment when TIG welding? 
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15.  ACCIDENT PREVENTION AND 
HEALTH PROTECTION

During TIG welding there are various factors that can give rise 
to a possible risk: 

 Arc radiation

 Electrical current

 Shielding gases, vapors and hazardous substances.

The welder must wear protective clothing and take appropriate 
precautions to protect from these hazards.

The electric arc emits the following types of radiation: Visible 
rays, invisible infrared radiation or heat radiation, and also 
invisible ultraviolet radiation. However, the electric arc does 
not emit any radiation similar to X-rays during TIG welding.

15.1 Hazards Posed by Arc Radiation

The electric arc emits various forms of radiation that are both visible and invis-
ible. The strength of this radiation depends on the type of the welding process 
and the welding amperage chosen.

Visible light rays

Potential risk:
If there is no protection, or insu�  cient protection, visible light rays cause glare 
that is unpleasant for the eyes. If a person's eyes are exposed to visible rays of 
light repeatedly, frequently and over a long period of time, this may impair their 
vision in the long term – particularly at twilight.

Protective measures:
In order to provide protection from visible rays, welders use visors or helmets 
with standardized and suitably dark-tinted protective glass (welding � lters).

Visible light rays

Dangers with TIG 
welding

Types of rays in 
the arc
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 Infrared radiation or heat radiation

Potential risk:
Infrared radiation can result in burns. Above all, the invisible infrared or heat 
rays heat up the parts of the body that are directly adjacent to the point to be 
welded, i.e. particularly the hands and the upper body. There is also a risk of 
injury to the eyes. If unprotected eyes or eyes without su�  cient protection are 
exposed to this invisible radiation over a long period of time, this could result in 
clouding of the lens (heat cataract).

Protective measures:
In order to protect against the heating e� ect of radiation, the welder wears 
heat-resistant protective clothing (Figure 78) and special welding gloves. Gloves 
with cu� s and made from � ne leather enable a high level of dexterity during TIG 
welding (Figure 79). The eyes are protected against infrared radiation or heat 
radiation with standardized protective glasses. (Figure 80).

Infrared radiation and 
heat radiation

Ultraviolet radiation

Fig. 78: Standardarized 
protective clothing 

Fig. 79: TIG gloves

 Ultraviolet radiation

Potential risk:
Ultraviolet radiation (UV radiation) is also invisible. Within a very short time, 
this form of radiation can lead to “� ash burn” of the eyes. Burns on unprotected 
body parts are also possible even after a short time if exposed to UV radiation.

Protective measures:
Heat-resistant protective clothing, consisting of protective overalls and gloves, 
prevents burns. Standardized protective glasses protect the eyes against pos-
sible � ash burn. The eyes are protected by protective helmets with protective 
glass that darkens automatically in accordance with DIN 4647. These are divid-
ed into levels of protection in line with their light transmission. For TIG welding, 
levels of protection above 9 are recommended (Figure 80). If � ash burn of the 
eyes has occurred during welding due to a lack of protective measures, it helps 
to place cold compresses on the eyes and, after consulting a doctor, to use eye 
drops. 

Fig. 80: Visor with integrated 
forced ventilation 
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15.2 Hazards Posed by Electrical Currents

15.2.1 Open Circuit Voltage

The greatest electrical risk is posed by the open circuit voltage UL. When no arc 
is ignited, this is the highest voltage that is applied to the power source at the 
connector. The open circuit voltage can be life-threatening if the welder touches 
the connector with bare hands. The open circuit voltage becomes even more 
hazardous if the welder’s skin is damp, as moisture conducts electricity. E� ec-
tive protection against the existing open circuit voltage consists of insulation by 
means of shoes, work clothing and leather gloves.

After igniting the arc, the voltage is lower and generates a welding voltage 
of approximately 10-20 V. In accordance with standard UVV VBG 15, power 
sources for direct current may have an open circuit voltage peak value of max. 
113 V in normal operation. In the case of alternating current systems, the peak 
value is also 113 V, but the maximum e� ective value is 80 V.

OPERATING CONDITIONS RATED VALUE OF OPEN CIRCUIT VOLTAGE

Increased electrical risk
Direct current 113 Volt peak value
Alternating current 68 Volt peak value
and  48 Volt e� ective value

No increased electrical risk
Direct current 113 Volt peak value
Alternating current 113 Volt peak value
and  80 Volt e� ective value

Mechanically-guided arc welding torch with 
increased protection for the welder

Direct current 141 Volt peak value
Alternating current 141 Volt peak value
and  100 Volt e� ective value

Tab. 5: Dangers from current.

There is an increased electrical risk while welding in cramped rooms. Here a 
peak value of 68 V and an e� ective value of 48 V applies for alternating current. 
The identi� er “S” must be attached to the device:

This label is required to be able to use the welding system to perform 
welding subject where there is an increased electrical risk.

The CE label indicates that this product has been tested in accor-
dance with the technical standard.

Due to the electrical conductivity of wetness and moisture, you 
must NEVER sit or lie directly on the workpiece in work clothing 
that is damp, soaked with sweat or soaking wet! 

Important safety 
instruction!

Dangers from 
open circuit voltage
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15.2.2 Protective Measures when Working with Electrical Current

In order to protect yourself from the dangers of electrical current during TIG 
welding, it is vital that you apply the following safety measures:

 Only handle the tungsten electrode and the welding torch when wearing 
leather gloves.

 Never weld with a bare upper body, even if the weather is very hot.

 Never clamp the welding torch under your armpit.

 Do not wear shoes with nailed soles.

 Never sit or lie down on metal without a base layer of wood or felt mats.

 In containers and cramped rooms, do not lean against the metal walls with-
out an intermediate layer made of wood or felt.

 Do not use damaged cables.

 In containers, large housings, box girders, etc., never weld with the usual 
transformers and, in these locations, do not use any standard hand-held 
lamps with mains voltage, but instead only those with a maximum of 42 V.

15.3 Hazards Posed by Hazardous Substances and Vapors

In comparison with other arc welding processes, TIG welding produces a rela-
tively small amount of smoke, vapors and noise. However, there is a potential 
risk. Stationary or mobile extraction systems (Figure 81) therefore form a � xed 
part of the health protection measures.

Among other things, extraction systems protect 
against these dangers:

 One gaseous harmful substance found in TIG 
welding is ozone, which is formed through 
UV radiation during the melting of aluminum 
� ller metals. 

 The shielding gas argon is heavier than air. It 
therefore displaces the atmospheric oxygen 
in depressions, meaning that there is a risk of 
su� ocation for the welder.

 As thorium oxide is weakly radioactive, it is 
vital that the grinding dust is vacuumed up 
when grinding thorium-alloyed tungsten elec-
trodes. 

 When welding alloyed steels with chrome 
and nickel and galvanized materials, pollut-
ants that are hazardous to health are also 
produced and must be vacuumed up.

Fig. 81: A mobile extraction 
system.

Moreover, there is a risk when working with shielding or forming gases that con-
tain hydrogen, as they could form � ammable mixtures where there is relatively 
high hydrogen content.

Safety measures with 
TIG welding

Hazards of shielding and forming 
gases containing hydrogen
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15.4 Questions to Check Understanding

 What types of radiation are generated in TIG welding?  

 During normal operation with direct current, how high can the peak value of 
the open circuit voltage be?   

 Why could non-toxic argon be dangerous during TIG welding?   

 What can develop in the case of forming gases with relatively high hydro-
gen content?  



I“Tungsten Inert Gas Welding” Training Documentation

GLOSSARY

A

B

D

F

Alloy burn-up
Chemical reactions in the arc in� uence the actual alloy content of a weld metal. 
As the result of an alloy burn-up, di� erences in the alloy content of the electrode 
and the melted weld metal arise.

Arc characteristic
The arc characteristic indicates the relationship between the arc voltage and 
the arc current.

Balance
The balance is a parameter in aluminum welding. The balance in� uences the 
required cleaning e� ect and/or the penetration pro� le of the welding.

Cap
A cap is a special form of the tip on a tungsten electrode. Caps are used due to 
the current load during TIG welding of aluminum.

Cleaning effect
The cleaning e� ect refers to the destruction of the aluminum oxide layer through 
the positive polarity of the tungsten electrode.

Crater crack
Crater cracks occur when, at the end of welding, the crater is not � lled before 
the arc goes out.

Degassing
Degassing refers to the escape of gases from liquid or solid material during the 
welding process

Deposition rate
The deposition rate indicates how much � ller metal melts per unit of time.

Dilution
The dilution refers to the relationship between the weld metal and the melted 
parent material.

Focused arc
An arc with high arc pressure is known as a focused arc.

Forming
Forming refers to a method used in TIG welding to protect the part of the weld 
seam facing away from the tungsten electrode from oxidation and scaling.

C



II“Tungsten Inert Gas Welding” Training Documentation

GLOSSARY

L

I

O

Gas pre-fl ow
The gas pre-� ow describes the period of time to protect the arc from the ambi-
ent air during ignition.  

Groove faces
Groove faces are bevels of the sheets that are used to ensure a complete full 
penetration weld.

Heat input
Heat input refers to the energy that is introduced into the weld area during 
welding.

Inert gas
Inert gases are argon, helium and mixtures of these.

Interval mode
The interval mode is an intermittent welding mode used so that less heat is 
introduced into the workpiece.

Lack of fusion
Where there is a lack of fusion, no proper join is created between the weld met-
al and the parent material.

Orbital welding
Orbital welding is a fully-mechanized TIG process in which the arc is guided by 
machine 360° around pipes or other round objects, without interruption.

Oxide formation
Oxide formation describes the phenomenon whereby oxides are created on 
the weld seam surface as a result of reactions in the weld pool.

Penetration
The depth of the area in which the � ller metal fuses with the parent material is 
referred to as penetration.

Pore formation
Pore formation is a weld fault caused by contamination or a lack of gas.

Power source characteristic
The power source characteristic is the standardized value of a voltage that is 
required for a speci� c welding process. 

G

H

P
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GLOSSARY

R

S

T

Preheating
Preheating is a procedure in which the components are heated up and then 
kept at a speci� c temperature in order to in� uence the cooling speed during 
welding.

Root pass
The root pass is the � rst bead that is introduced into the join in the case of 
multirun welding.

RPI ignition
An RPI ignition is the brief polarity reversal of the tungsten electrode to the 
positive pole, in order to achieve better ignition.

Submerged-arc welding
With submerged-arc welding, the welding process is covered by a layer of 
coarse-grained, mineral welding powder. This melts as a result of the heat emit-
ted by the arc and forms a liquid slag.

TAC
During tacking with TAC, a pulsed arc causes the liquid weld pool to begin 
moving. This leads to accelerated merging of the elements and therefore to a 
shorter tacking process.

Tacking
The term “tacking” is used to refer to the joining of the components prior to the 
actual welding process.

Temper colors
Temper colors is the name given to super� cial, bright colorings on metals, gen-
erally caused by oxidation.

Thermal conductivity
Thermal conductivity is a property that describes how well the material con-
ducts the electrical current.

Tungsten electrode
The tungsten electrode is a welding electrode for TIG welding that does not 
melt.

Tungsten inclusions
When the tungsten electrode comes into contact with the weld pool, particles 
of the tungsten electrode may fall into the molten mass and cause weld faults.
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Welding of similar materials
When welding similar materials, the parent material and the � ller metal have the 
same composition. Consequently, welding behaves similarly to the process of 
welding the parent material.

Welding sequence
The welding sequence determines the order in which the weld seams on a 
structure are created. The welding sequence is generally set out in a welding 
sequence plan.

Wire retraction
After the welding process is complete, the wire retraction pulls the currentless 
� ller metal back out of the liquid weld pool.

X-ray fi lm
The X-ray � lm is a tool used in non-destructive testing in order to determine 
weld faults in the weld seam.

W

X

GLOSSARY




