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1. Preface
The quality and productivity requirements relating to welded joints is inexorably driving 
industrial companies towards the implementation of automatic processes.

These primary objectives are however supplemented by more subtle notions such as 
energy management, bead regularity or even aesthetic criteria for sectors affecting the 
general public.

Several decades of progress in TIG welding have seen it become an essential process 
that offers not only the widest scope of use but also reasonable operating constraints 
compared with more recent developments (laser or electron beam welding).

The effectiveness achieved in producing quality weldments using the TIG process, both 
in terms of compactness and control in all positions, is at the origins of a large number 
of automatic applications including orbital welding.

This technique has now been popularised with the creation of numerous machines 
which have boosted recognition of the TIG process as a real alternative for the auto-
mated welding of a wide variety of materials.

Efforts made in tool design (miniaturisation, strength, increased duty cycles, etc.) have 
made it easier to optimise the designs and service performance of the equipment to 
be built.

The whole range of benefi ts linked to TIG welding have not only encouraged the auto-
mation of sequences that were previously only done manually, but have also been the 
starting point towards applications involving increasingly large workpieces.

Consequently many variants or developments towards high-power welding power 
sources, or the introduction of additional functions such as the use of hot wire or 
double wire feed, or the creation of specifi c tools such as cladding and narrow groove 
torches have decidedly widened the scope for TIG.

Nowadays it is no longer unrealistic to consider using TIG  to weld workpieces 30 to 
300mm thick given the numerous relevant advantages compared with all of the pro-
cesses available on the market.

The TIG welding approach on thick workpieces does however require some specifi c 
knowledge with regard, on the one hand, to the choice and use of equipment and, 
on the other, to workpiece preparation and the development of operating techniques.
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2. Prerequisites for TIG welding
First and foremost, it is important to remember that even if it is compatible with thick 
workpieces, TIG welding is nonetheless demanding with regard to the context in which 
it is used.

The following key factors must be considered as essential prerequisites:

 High target quality level.

 Suitable means of preparation (tolerances, surface condition and cleaning).

 Materials and the method of production corresponding to the usual range.

 Appropriate precaution threshold (protection from humidity, draughts, etc.) 
available.

 Technical environment to accommodate an automatic process.

 The choice of the TIG process must be given due consideration and be the best 
compromise with all the usual criteria (quality level, productivity, metallurgy, etc.). 

Once these prerequisites have been fulfi lled, the technology is open to all areas of 
industry with several examples in the construction of equipment for the energy (hydro-
electric, conventional fossil fuel and nuclear power plants), petrochemical and metal-
working sectors, and the manufacture or repair of thick pipes.

3. TIG welding with strong currents

3.1. General
Irrespective of the thickness to be welded, the basic notions relating to the TIG welding 
process remain the same.

TIG welding is characterised by the creation of an electric arc between a refractory 
(tungsten) electrode and the workpiece in a neutral atmosphere.

The electrode withstands the high temperature of the arc and, by means of its special 
grinding, guides the arc towards the fusion zone to create the weld pool into which 
the fi ller metal will be dipped. The phenomenon is made possible by the neutral gase-
ous atmosphere created around the arc column and the pool of molten metal.

Particularly high welding currents are required to weld thick workpieces and the tung-
sten electrodes must therefore be suitably adapted (3.2 to 4.0mm in diameter).

Note that such welding currents require the use of a current ramp to attenuate the 
strength of the arc in the striking phases, and especially to facilitate synchronisation 
with the control of other functions (AVC, oscillation, wire feed and hot wire current 
control).

The hot wire variant uses a current source entirely dedicated to preheating the wire by 
a Joule effect. This source does not provide complete autonomy for the fusion of the 
fi ller metal but does considerably limit arc energy consumption, thereby ensuring rela-
tive independence between the deposition rate settings and the TIG arc.
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Fig. 1:  Conventional confi guration for hot wire TIG welding. The TIG 
electrode and wire each have a separate current source although 
both have negative polarity.

The strength of the welding currents used to weld thick workpieces implies that high 
amperage and, in most cases, pulsed currents be used for the arcs.

3.2. Equipment particularities
The basic installation comprises a high-power welding power source (max. current 
ranging from 300 to 450 A) together with an external cooling unit and a carrier (boom, 
orbital head, robot, etc.) equipped with a specifi c torch.

The TIG power source will always use DC technology with the electrode connected to 
the negative terminal of the power source (straight polarity).

The power sources used for TIG welding have drooping characteristics for usual arc 
voltages of 9 to 18V.

With this type of characteristic, which is customary in TIG welding, the current can 
remain constant despite variations in arc height.

The DC power sources used for the hot wire are of identical technology but generally 
have a lower duty cycle (150A at 100%). The wire has negative polarity like the weld-
ing electrode.

It is however possible to use AC heating sources. In this case, the duty cycles are slightly 
higher (around 250A at 100%).

As for the welding current, pulsed current is frequently used to heat the wire. The puls-
ing is synchronised with that of the welding current. The two heating levels themselves 
correspond with a pulsed wire feed.

3.3. Welding currents
TIG welding of thick workpieces is conceivable with rotating workpieces (fl at or hori-
zontal position) or by orbital welding for solid workpieces that cannot be set in motion.

The operational diffi culty linked to the welding position and the need to use strong 

Welding arc 
current source

Hot wire current 
source
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currents almost always prevent the use of non-pulsed direct current (except for fl at or 
horizontal position).  On the other hand, when combined with high wire feed speeds, 
this reduces the scope of the pulsing settings which must remain compatible with the 
control of a large weld pool compared with a conventional orbital application.

Consequently, even if in principle and particularly for the root passes, all the usual set-
ting and wave selection techniques apply (see orbital welding or cladding guide), it is 
recommended to stick to the following principles for the fi lling runs.

3.3.1. Single stringer bead

Thermal current waves (monopulse, exceptionally) are selected with preference given 
to a frequency ranging from 2 (optimum) to 1.5 pulses per second.

A quicker frequency would make synchronisation with mechanical movements (AVC 
axis or wire feed) unrealistic. A slower frequency could cause porosity to form during 
the cold periods in case of poor combination with the feed movement.

Current amplitudes between high and low periods range from 100 to 150A. Voltage 
control shall preferably be active over the cooling periods while the high periods shall 
not exceed 50% of the pulsing cycle.

Welding current 
pulsing

Wire speed 
(mm/min) pulsing 
synchronised 
with the welding 
current

Synchronisation 
of wire 
preheating

Synchronised wire preheating 
(preheating pulse current in phase 
with high wire speed and welding 
pulse current)

Wire preheating with reverse syn-
chronisation (preheating pulse cur-
rent in phase with low wire speed 
and welding background current)

Fig. 2:  Synchronised preheating or wire preheating with reverse synchronisation
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Fig. 3:  Principle and advantages of electrode oscillation

Note that for very high densities and very wide setting amplitudes of the TIG arc, it is 
not uncommon for the hot wire pulsing currents to have reverse polarity.

This situation is explained by the fact that the strength of the impact of the high-den-
sity pulsed arc can momentarily unsettle the regularity of the hot wire current setting 
(wire contact with the weld pool broken) on each pulse.

3.3.2. Dual or multiple-pass stringer bead

This is a variant that consists in making several passes on the same layer (see below). 
The setting principles are identical to the single-pass beads but with less powerful 
currents.

3.3.3. Oscillation passes

Oscillation passes refers to the use of Narrow Groove welding torches with oscillating 
electrodes to weld thick workpieces.

With a wide gap and conven-
tional torch, the electrode and 
wire guide axes are offset. Gas 
coverage is wide enough and 
there is no risk of interference.

Proximity to ensure wetting.

Suffi cient approach to the edges 
is not possible with Narrow 
Groove torch oscillation. The 
slope is steep to retain the 
benefi t of the technique (gener-
ally an identical pass per layer). 
Gas coverage is tricky if the gap 
is wide.

Torch thickness prevents elec-
trode approach without a risk 
of interference.

By oscillating the electrode, it can 
approach the edge of the groove 
without exposing the electrode 
body, wire guide and nozzle to 
a risk of interference with the 
walls.

Oscillation under the body 
enables gas coverage and elec-
trode proximity to the groove 
to be adapted to ensure 
wetting.
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The electrode is oscillated with a transverse movement on the capping run. On other 
passes, however, a circular motion (arc of a circle) may be adopted.

Welding behaviour is comparable in this case to that obtained in a conventional orbital 
procedure in pulsed welding mode with the current synchronised with the oscillation 
movement.

In this situation, welding with non-pulsed current is possible and the mean currents 
are generally much lower than on single stringer bead welding. A 3.2mm diameter 
electrode is commonly used (250 to 300A mean current at 100%).

“Edge” times range from 0.3 to 0.6s with voltage control preferably active during the 
crossing.

Control on crossing and on the edges is possible, but this is a little trickier to use due to 
the risk of rising up the edges (accidental datum setting in case of incorrect centring).

Reversal of the wire heating pulse is not used in this technique which it is simpler to 
control.

4. Applications 
Productivity is a question that is invariably posed on developing a Narrow Groove oper-
ating procedure. However, in order to choose an operating technique, the strengths 
and weaknesses of that technique must be known beforehand to avoid ending up in 
an impasse. 

Productivity gains are considerable and increase in proportion to the thickness to be 
welded. It is vital nonetheless to assess the thresholds below which the restrictions 
involved in Narrow Groove welding outweigh the substantial gains.

4.1. Narrow Groove profi tability limit
Several decisive factors come into play when analysing this question and the fi nal 
choice must take account of the notion of relativity which may exist between the vari-
ous situations.

It can therefore be seen from comparative tests that, for thicknesses ranging from 
12 to 15mm, the increase in productivity between a conventional groove (angle of 
approximately 20°) and a narrow groove optimised in relation to the materials is not 
signifi cant.  Profi tability will then increase, reaching a factor of 3 on sections around 
55 to 60mm thick.
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Fig. 4:  Profi tability limit of hot wire Narrow Groove TIG welding

Conventional welding procedure on 
Ø 168 x 13mm tube

Technique: 1 transverse oscillation pass per fi lling 
run

Technique: 1 stringer bead per layer (+ 2 fusions)

From 15mm, the oscillation passes become increas-
ingly wide and increasingly delicate.

From 20mm, it is wise to modify the slope angle 
(from 12 to 10°). Wetting consequently becomes 
diffi cult. The double-slope groove solution may 
be used up to 30mm with a single-pass oscilla-
tion technique and then a multiple-pass technique 
beyond this point (the fi lling strategy depends 
therefore on the operators’ qualifi cations).

When shrinkage is controlled, the fi lling strategy 
remains the same.

Compared with conventional welding, productivity 
only increases from the thickness where multiple 
passes per layer becomes unavoidable.

Oscillation procedure Narrow Groove procedure

Tube diameter 
- D - 
(mm)

Thickness
 - E - 
(mm)

Groove angle 
- A - 
(°)

Cycle time
(min)

Groove angle 
- A - 
(°)

Aggregate 
cycle time 

(min)

168 13 20 35 10 45

270 28 15 135 4 110

270 25 37/10° 190 / /

Narrow Groove welding procedure on 
Ø 168 x 13mm tube
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Today, POLYSOUDE has a comprehensive line of Narrow Groove welding torches for all 
thicknesses from 30 to 300mm (thicker sections may be possible on special request).

The ranges and thicknesses to be welded are to be considered on the basis of the line 
of torches created and constructed according to various technological constraints.

Each torch has a scope which enables it to be used from maximum thickness (maxi-
mum torch insertion depth into the groove) up to completion of surface capping runs.

Fig. 5:  Torches for welding 0 to 300mm and thicker sections

Thicknesses to 
weld (mm)

Transverse oscillation Stringer bead Circular oscillation

single layer multiple layer single layer multiple layer single layer multiple layer

Conventional or MSO 
torches

NG-7 torches NG-OSC torches

NG-V2 or V3 torches NG-V2 or V3-OSC torches

Capping out of groove

Conventional (20°) or double-
slope compound grooves

Narrow grooves

4.2. Sections from 30 to 300mm
At thicknesses of 30mm and above, apart from the specifi c case of welding one-off 
parts, a Narrow Groove procedure must be used.

The diffi culties relating to materials or other operating restrictions are to be considered 
in order to choose the Narrow Groove technique that is appropriate and compatible 
with the application in question.
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Fig. 6:  Conventional torch

Narrow groove:

- Electrode stick-out adjustment

- Wire impact point adjustment

-  A minimum length of 15 to 20mm may remain 
invariable for the fi nal fi lling and capping runs 
(base - internal nozzle diameter of 19mm for an 
output of 22 to 30L/min)

- The output will generally remain identical

With conventional torches from 0 to 
45mm, electrode stick-out has to be 
adjusted over a 5 to 10mm range. 

So-called conventional torches remain 
fully versatile torches that are suited to all 
types of work.

A category of intermediate tools called 
“V2 and V3 nozzles” exists for 0 to 
100mm thick sections. These nozzles 
have the particular feature of being insu-
lated and channelling the gas to the root 
better than a conventional torch but 
without guiding the tungsten via a true 
electrode lance. 

From an insertion thickness of approxi-
mately 45mm, these nozzles are com-
bined with trailing shield assemblies 
(removable) to complete the weld (oscil-
lated capping run included).

Fig. 7:  NG-V2 or V3 torch for 0 to 100mm 
thick sections
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5. Torch design
Narrow Groove torch design is a key stage in the development and popularisation of 
welding using this technique.

Fig. 9:  The numerous torch design requirements

Narrow Groove 
welding torch

Hot wire    
compatibility 

(variant)
As thin as possible

Insulated in 
relation to groove

Easy electrode 
replacement

Robust 
(metalwork/pipe-

work environment)

Duty cycle of 
350 to 400A

Preheating to 
350°C

All-material gas 
shield

Width (orbital) 0.8 to 1.2mm wire

With video

Fig. 8:  NG torch module - thickness 
up to 250mm

is also available with trailing shield assem-
blies (removable if necessary) for all runs 
from root to cap.

All Narrow Groove solutions (i.e. 0 to 
100mm V2 and V3 nozzles, and 0 to 
150 mm, 0 to 250mm and 0 to 300mm 
NG torches) exist as fi xed electrode or 
oscillating electrode versions. Similarly, a 
conventional torch with oscillating elec-
trode is available.

For thicknesses of 0 to 150mm, 0 to 250mm and fi nally 0 to 300mm, a line of torches 
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It must be noted that a torch is an effective tool when its design provides a well-
balanced response with regard to the various functional restrictions imposed by the 
environment or inherent in the welding techniques.

Over and above the identifi cation of all functions to be fulfi lled with robust, industrial 
solutions, the essential diffi culty will be to provide relevant responses in spite of the 
apparent antagonism of the basic restrictions governing use. 

An example of this would be a narrow but robust torch that has conductive properties 
and a high duty cycle, but is insulated in relation to the groove.

Here are a few of the essential functions considered in torch development:
 Guarantee duty factors of 350 to 400A at 100%.

 Be compatible with interpass temperatures of up to 350°C.

 Be as narrow as possible (6 to 7mm for fi xed-electrode technologies and less than or 
equal to 10mm for oscillating-electrode solutions).

 Offer easy access for electrode changing (Ø 3.2 to 4mm).

 Provide a perfect gas shield compatible with applications on unalloyed, low-alloy and 
high-alloy steels or nickel alloys.

 Be fully insulated to enable operation in spite of occasional accidental contact with 
the groove walls.

Favouring one aspect can wreck the whole concept and render the system dysfunctional

As thin as 

possible

Insulated

Easy electrode 
replacement

Robust

Knowledge base

Technological 
challenges

Established 
know-how

Fig. 10:  The balanced design principle
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 Be robust and compatible with the environment.

 Be light and compatible with orbital applications.

 Be able to be built on the basis of concepts compatible with thicknesses of up to 
300mm and over.

 Compatible with hot wire use (double insulation).

 Compatible with the use of fi ller wire ranging from 0.8 to 1.2mm.

 Be able to accommodate double video with front view between wire and electrode 
(monitoring the wire impact point and arc height) and rear view to monitor side 
wetting.

5.1. Narrow Groove NG-V2 and V3 torches
V2 and V3 torches are built on the principle of conventional torches.

The metallic nozzle is specially profi led to guarantee a satisfactory level for the gas 
shield.

Conventional TIG torch body

Conventional gas lens

Diffusion chamber

Free electrode length = tech-
nological limit for very heavy 
wall thicknesses

V2 or V3 nozzle

Electrode stick-out

Fig. 11:  V2 or V3 torch principle

These torches have the advantage of having a hardy design, being easy to use and and 
requiring minimum maintenance.

Their use is however limited to 100mm for the following essential reasons.
 In relation to the contact area with the clamp, electrode stick-out is very long causing 
the electrode to heat up. The electrode must therefore be oversized compared with a 
normal duty cycle.

 Construction diffi culties in ensuring accurate guiding of the electrode in the nozzle axis 
in spite of the extent of the overhang and without positioning elements that are liable 
to disturb the gas fl ow.
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 The obligation to procure specifi c lengths 
of tungsten electrode.

 The need to review the principle on each 
extension to the scope.

Note that NG-V2 and V3 nozzles are made 
of copper-containing materials, have their 
own cooling circuit and are available in a 
width of 7.8mm with duty cycles of 350A 
at 100% for 3.2mm diameter tungsten 
electrodes.

Specifi c chromium-plated versions can 
be made available on request (in special 
cases where specifi cations forbid contact Fig. 12:  NG torch

between copper-containing materials and the groove).

On request, 9mm wide versions can be supplied for applications requiring multiple 
passes per layer or for duty cycles requiring 4mm diameter electrodes.

These nozzles are insulated from the torch body such that they can touch the edge of 
the groove without causing a short circuit.

Fig. 13:  NG-7 torches (7mm thickness) with 
insulated welding lance

5.2. Narrow Groove NG-7 torches
These torches are built on a different prin-
ciple to the V2 or V3 nozzles.

Through their design, they can guaran-
tee a duty cycle irrespective of the depth 
of the groove and in preheated environ-
ments up to ambient temperatures of 
350°C.

The torches comprise an electrode holder 
that is insulated from the rest of the torch 
body such that a contact between the 
nozzle and the groove does not create a 
short circuit.

The essential characteristic of these 
torches resides in the construction thick-
ness limited to 7mm.

On account of this arrangement, these tools are naturally suited to the most sophisti-
cated Narrow Groove applications. 

They can therefore be used in 8.5–9mm wide grooves and enable the procedures used 
to produce single stringer beads in all hot wire TIG positions to be implemented.

In view of the accuracy required for insertion into the groove and the fact that guiding 



18

NARROW GROOVE TIG WELDING GUIDE

THE ART OF WELDING

is preferable throughout its travel, NG-7 
torches are often combined with guiding 
mechanisms.

For orbital applications, the torches are 
equipped with locators designed to 
recentre the bottom of the torch in the 
centre of the groove.

The torch is mounted in a fl oating 
arrangement on its support with three 
axes of movement to avoid collisions with 
or being trapping by the groove walls.

The distances between the torch body 
and the groove sides are frequently less 
than 1mm.

In confi gurations with rotating tubes, the 
locators are replaced by a side tracker.

In this case, the torch is mounted freely 
(with a return spring on the axis perpen-
dicular to the feed direction).

With this confi guration, an edge can be 
taken as a reference for tracking and, 
contrary to the fi rst device, several offset 
passes can be made per layer.

This type of side tracker is therefore 
mounted on a mechanical slide to ena-
ble adjustment of the point of electrode 
impact in relation to the reference edge.

Fig. 14:  NG-7 torch with self-centring 
trackers implanted directly in the torch 
body (very common in orbital welding). 
The action of the trackers centres the elec-
trode automatically in the groove mating 
interface.
The torch is mounted in a fl oating 
arrangement on its support (3 axes of 
movement). This arrangement does not 
allow offset (where required, remove the 
trackers and lock the axes of movement to 
offset the torch)

Fig. 15:  NG-7 torch (100mm) and side 
tracker
The tracker positioned to the rear of the 
torch takes an edge as a reference. This 
arrangement is used to weld rotating 
workpieces (“screwing” risk) on turning 
gear or where offset is required in rela-
tion to the axis of symmetry of the groove 
(multiple-pass bead per layer)
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5.3. Narrow Groove NG-OSC (oscillating) torches

Fig. 16:  NG-OSC torches – Principle
The electrode is fastened to a pivoting 
welding lance passing through the torch 
body (with insulation).
The wire is synchronised with the elec-
trode either by a second motor or by a 
gear and linkage mechanism. The move-
ments are circular in both cases.
The amplitudes are adjustable and a 
differential is possible to enable the wire 
amplitude to be adjusted separately.

These torches are insulated from the 
groove in the same way as NG-7 torches.

The electrode and wire oscillate in a cir-
cular motion.

A single drive motor synchronises the 
electrode movement in relation to the 
wire movement.

The mechanism allows a differential 
amplitude setting between wire move-
ment and electrode movement.

The torches can be used for welding with 
an oscillating electrode or quite simply for 
a stringer bead with automatic electrode 
prepositioning.

Due to the complexity involved in control-
ling the oscillation movements, the mini-
mum thickness for this type of tool is now 
set at 10mm.

The fl exibility of NG-OSC torches is off-
set by the drawback of being heavier and 
having a larger footprint in their environment.

Use of a side tracker is advisable. Adapting the oscillation amplitudes to the differences 
or variations in groove width reduces the constraints relating to passing through the 
groove and enables manual recentring via the oscillation slide.

5.4. Integration of video functionality
The deliberate reduction in the volume of metal to be deposited, which is the main 
objective of Narrow Groove applications, highlights several operational diffi culties 
including that relating to the lack of visibility for operators to track the welding.

These diffi culties are explained by the effect of several combined factors that differ 
slightly according to the applications, but which include:

 Groove width commonly between 10 and 20mm for depths of 100 to 300mm.

 Welding on fl at sheets or large diameter workpieces rendering tangential viewing 
angles almost impossible.

 Preheating which is very often used when welding heavy wall thicknesses.

In addition to these technical aspects, it is also natural to seek comfort for the operator 
stations and to move them away from the arc given that the radiation remains quite 
strong due to the use of high currents.

To remain compatible with the industrial environment and refrain from overburdening 
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Fig. 17:  Integration of CCD cameras in 
NG-7 and NG-OSC torches.
The front camera is equipped with a 
retractable fi lter (viewing with and with-
out arc). The rear camera has a permanent 
fi lter. Fibre-optic lighting is provided.

the tools, it is possible to integrate the video function by design, as opposed to the use 
of add-on external cameras which disfi gure the industrial nature of the equipment.

Restrictions are essentially linked to EMC aspects to prevent interference phenomena 
on the one hand and to thermal constraints to withstand the severe environment on 
the other.

As far as control over the cooling of the 
integrated video cameras is concerned, the 
sensors must be insulated and simultane-
ously protected from variations in temper-
ature. These sensors are in fact subjected 
to heat on the outside from the nearby 
presence of preheated workpieces and, on 
the inside, to the increase in torch temper-
ature due to the duty cycles and to the very 
high utilisation rates in automatic welding.

It is relatively common to encounter appli-
cations using 350A with arc times repre-
senting 80% of the work time when the 
installations are in production.

The target objectives in cases where video 
is designed into the torches can be sum-
marised by the following main functions:

 To provide images with a front viewing 
angle, between the wire and electrode, 
to inform the operator of the point of impact (essential in hot wire welding).

 To provide rear view images with a viewing angle as tangential as possible (to check 
wetting).

 The cameras must not however prevent the operators from having a direct view 
(unlike the cameras mounted on the front and rear which obstruct the only possible 
viewing angle for a spot check).

 To benefi t from image magnifi cation on the front view that is close to that obtained 
on the rear view in spite of the different camera locations.

 To be equipped with a fi ltering device to provide at least a front view with or without 
the arc.

 To have a focusing device accessible from the exterior.

 To have a cooling function compatible with a CCD operating temperature of less 
than or equal to 50°C.

 To enjoy the widest possible viewing angles, compatible with the monitoring of 
the capping run, without vignetting (reduction of the image fi eld by the presence 
of a fi xed obstacle such as the nozzle inside walls or the contours of the windows 
supporting the fi lters, etc.).
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 An industrial integration level to avoid damage in the environment.

The camera is implanted in the upper part of the torch whereas the lens is located 
in the lower part near to the prism which is generally made to measure to adapt the 
viewing angle to the torch architecture. 

An optical device, also custom-made, conveys the image between the lens and the 
CCD. On the front, a retraction device in the torch body is used to switch from a non-
welding to a welding mode. 

Automated mode selection is either directly programmable and controlled in the weld-
ing sequence like any other function, or synchronised with the shielding gas supply.

The lighting required for vision in non-welding mode is provided by an external light 
source (high power LED) mounted on the machine (orbital head, boom end interface 
or other position) and conducted to the end of the torch via optical fi bres in the torch 
body.

Shadow phenomena are prevented by the organised distribution of the light sources 
both on the front part and on the rear.

Simplifi ed versions are available for 
welding applications involving NG-V2 and 
V3 torches for sections up to 100mm thick.

In this case, video may be considered 
a less vital solution but which may 
nonetheless be added as an option. The 
view is provided in this case by modules 
that are less integrated, but more versatile 
such that they are common to several 
types of torch.

The cooling system generally does not 
offer the same level of performance given 
the lower level of integration. 

However, these modules have a liquid 
crystal fi lter technology similar to that used for welder's masks providing greater 
comfort and more fl exible adaptation for image adjustment. 

Note that technological issues involved in miniaturisation prevent the integration of 
crystal fi lter technology in 150 to 300mm torch bodies.

As illustrated above, each welding torch technology must fulfi l its own specifi c design 
constraints which result in variable thickness limit characteristics.

The design constraints are to be compared with the welding constraints inherent in the 
various techniques.

Fig. 18:  CCD camera installation with V2 
and V3 torches
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5.5. Specifi c case of conventional torches with motorised nozzles
In the case of thick sections where the use of a Narrow Groove torch with video func-
tionality is required, electrode stick-out length is an important parameter to monitor.

As the viewing angle of the front and rear cameras is fi xed (to limit operator actions), 
the electrode must always be positioned in the same way to centre the weld pool in 
the image fi eld of the cameras. 

Electrode stick-out length with a Narrow 
Groove torch is a constant that is depend-
ent on torch design. Complying with this 
length will indirectly guarantee:

 The image fi eld of the cameras.

 The point of impact of the wire (and its 
adjustment ranges).

 Shielding quality (in line with recom-
mended fl ow rates).

Where a trailing shield is added, stick-out 
length must be monitored for all runs 
(from root to cap).

Where the section to be welded is less 
than 45mm thick, it may be simpler to 
use conventional torches where only the 
electrode and wire guide are introduced 
into the groove.

In such confi gurations, it is customary 
to ensure that the distance between the 
surface of the workpiece and the ceramic 
nozzle does not exceed 10mm to avoid 
generating sensitivity to draughts.

In order to comply with this provision, 
the electrode stick-out length must be 
modifi ed approximately every four fi lling 
runs. The wire guide will also be adjusted 
in parallel.

Similarly, where a trailing shield is used, it 
is advisable to adjust its vertical position 
as frequently as possible (every two 
to three passes) in order to maintain 
constant shielding quality.

Adjustments are usual and may be per-
formed on the preventive electrode changes advised for long cycles.

?  In-welding 
adjustments:

- L set on conventional torch
-  Fixed L set on NG-V2 (V3), NG-7 and

NG-OSC torches
- Trailing shield adjustment

With a conventional torch without video, 
electrode stick-out must be adjusted 
to avoid disturbing the gas flow.
With a Narrow Groove torch, stick-out 
length is variable but for the last 45 mil-
limetres, either a change of torch will be 
required to finish with a conventional 
torch or a trailing shield will have to be 
used and readjusted every two to four 
passes.
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In the specifi c cases of variable thicknesses or extreme automation with conventional 
welding torches, there is a variant with a programmable motorised nozzle which offers 
the twin advantage of avoiding manual operations on the one hand, and, on the other, 
of guaranteeing a tool centre (electrode position) in order to remain compatible with 
the orientation of the associated video systems. 

In other special cases, it may be necessary to motorise the movements of trailing shield 
assemblies on Narrow Groove torches.

Fig. 19:  MSO torch
This arrangement with a motor-
ised nozzle avoids having to 
adjust electrode stick-out length 
manually

Fig. 20:  Motorised trailing shield
Another example of extreme automation with 
trailing shield motorisation for the fi nal fi lling and 
capping runs

5.6. Validation of NG Narrow Groove torch concepts
The torch is not only the most complex tool, but is also the one that has the great-
est exposure and the greatest infl uence on weldment quality. Consequently, testing 
methodologies have been developed to verify and validate the predominant functions 
where failure could impinge on welding results.

Two essential factors are to be considered:

 The duty cycle (all functions mounted on the torch being globally combined and 
validated by the lack of deterioration of its initial function over time).

 Bead shielding quality.

Validation is performed for each new torch reference with regard to functions such as 
video and gas shielding.

More comprehensive tests are performed per torch family or as a result of a notable 
technological development.

Once validated, the concepts are reused per family to reduce the development time of 
variants and to capitalise on lessons learned on each model.
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6. NG Narrow Groove welding techniques
It can be considered today that there are no longer any technological issues in using a 
Narrow Groove torch to weld sections with a thickness of 30 to 300mm.

This situation means that technicians can choose a welding technique without being 
infl uenced by a technology, a product or a supplier.

As there is no technological barrier, only technical criteria can be considered.

Based on this fact, what are the alternatives, the common features, and the strengths 
and weaknesses associated with each methodology?

Fig. 21:  Instrumented torches + temperature measurement curves
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6.1. Hot wire & cold wire TIG
The fi rst choice to be made in TIG welding concerns the process variant: cold wire TIG 
or hot wire TIG welding.

Hot wire TIG welding machines generally have higher duty cycles with the capacity to 
use currents approaching 450A.

There are only advantages to be gained in opting for hot wire welding over the cold 
wire process and the former is increasingly used to weld sections over 10mm thick. 
These machines also offer the benefi t of versatility and can make use of the two TIG 
welding variants quite easily.

The only benefi t of the cold wire TIG process may lie in the portability of the equipment 

Fig. 22:  Rate of productivity 
between cold wire and hot wire TIG

Diameters

114,3 x 8,5 
Stainless steel

168,3 x 12,5 
Carbon steel

355 x 80 
Stainless steel

Productivity
Deposition rate 

GTAW/TIG cold wire 100% 100% 100%

Deposition rate 
GTAW/TIG hot wire 128% 218% 341%

Time 
(minutes)

Deposition rate 
GTAW/TIG cold wire 26 60 1380

Deposition rate 
GTAW/TIG hot wire 20 28 405

The cold wire Narrow Groove TIG process is therefore dedicated, by default, to applica-
tions on thin sections (less than 30mm thick) in stainless steel or noble alloys.

Also note that some less powerful cold wire TIG machines do not possess all of the 
features to control wire oscillation, wire guide or nozzle motorisation, etc.
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for occasional use with a lower 
purchase price, as a direct conse-
quence of the difference in power, 
for a complete installation.

However, cold wire TIG equipment 
must be avoided for a single stringer 
bead per layer procedure on unal-
loyed or low-alloy steels. These 
applications require high peak cur-
rents (close to 350A) to have a suf-
fi ciently powerful arc impact and 
avoid compactness defects such as 
a lack of fusion. 

hot wire

cold wire
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Consequently, for a new development, cases where cold wire TIG can be applied are 
very much an exception, especially if the difference in productivity – up to two or three 
times higher with the hot wire TIG variant – is taken into consideration.

6.2. Filling strategy
The various welding procedures are differentiated by the fi lling run layering strategy 
(cf. Comparison of the various NG fi lling techniques).

Four essential approaches and their advantages shall be examined:

 Single stringer bead per layer for welding performance and productivity in all posi-
tions where shrinkage and preparation are fully controlled.

 Multiple-pass stringer beads per layer for optimum control over welding energy and 
diffi cult bimetallic joints.

 Single oscillation pass per layer for welding in positions 5GT and 6GT with limited 
variations in width – a good compromise between productivity and ease of 
implementation.

 Multiple oscillation passes per layer (rarely chosen) to use Narrow Groove TIG 
welding while adapting to existing preparations.

6.3. Narrow Groove welding with a single stringer bead per layer
This technique offers the best performance of all Narrow Groove solutions, although 
its welding procedure is the most complex to develop.

Depending on the welding position, the technology and the power of the weld-
ing power sources, it is possible to achieve speeds of 15 to 18cm/min on unalloyed 

Filling strategy

Single pass Offset stringer 
beads

Oscillation passes

Productivity +++ + ++

Ease of operation ++ - +++

Shrinkage control - machining 
precision - ++ +++

Sensitivity to cracking - +++ +

Equipment complexity +++ ++ +

Orbital 5G ++ - +++

Orbital 2G - 6G ++ ++ -

Fig. 23:  Comparison of the various Narrow Groove fi lling techniques
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and low-alloy steels and up to 25 to 30cm/min on stainless steels or noble alloys (cf. 
Appendix 1: Development methodology for a Narrow Groove welding procedure with 
a single stringer bead per layer).

These limits can be obtained by direct-current welding in a fl at or horizontal position 
whereas the use of thermal pulsing generally restricts the speed to between 8 and 
12cm/min (linked to the pulse current spacing) for the other positions.

From an operational point of view, the widths to be welded shall generally not exceed 
9.5mm (or 10mm in a fl at or horizontal position provided that the parameters are 
adapted) whereas a minimum of 8.0mm is required to guarantee that the torch body 
can pass (limited to 7mm).

The diffi culty will therefore consist in being able to perform enough prior tests to 
guarantee control over the widths to be welded within a variation limit of around 1.0 
to 1.5mm at most.

Fortunately, shrinkage on this type of welding procedure is relatively constant with 
excellent repeatability from weld to weld (cf. Appendix 2: Shrinkage on Narrow Groove 
welding – free shrinkage, excessive distortion, restrained shrinkage, longitudinal shrink-
age and “diabolo” effect).

The diffi culties relate to machining precision, fi t-up conditions and transverse stresses 
(free shrinkage or embedding).

Generally, if the above-mentioned stresses are controlled and studied in development, 
the single stringer bead welding procedure offers the best performance and is easy to 
implement.

Note that the use of a conventional torch for the last 45mm gives greater fl exibility 
and makes it possible to weld from a width of 7.5mm (this solution is a response to 
degraded mode).

6.4. Narrow Groove welding with a dual or multiple-pass stringer 
bead per layer

This technique is used frequently with a dual pass per layer, with up to three passes 
per layer for the end of fi lling and cap-
ping runs.

Several essential criteria may result in this 
type of procedure being used.

The fi rst relates to the welding energy 
which is quite high on single-pass weld-
ing to guarantee wetting and penetration 
on both groove edges simultaneously. 

Fig. 24:  Welding with multiple-pass stringer 
beads per layer with bend electrode
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Single-pass welding is not recommended for certain types of material prone to crack-
ing, due to energy-related aspects and to the severity of the stresses recorded on weld 
pool solidifi cation (hot cracking possible).

The alternative in this case will be to concentrate the arc on a single edge at a time, 
while also adjusting the energy level.

Another criterion is often relative to welding shrinkage control which can vary accord-
ing to the tolerances governing groove machining, fi t-up and restraining of weldments 
by the environment (notion of free shrinkage and self-restraining welds).

Note that a high productivity level can be maintained (away from the energy control 
aspect) for fl at and horizontal positions whereas performance drops in greater propor-
tions for all-position applications.

Also worth considering are a few interesting cases of heterogeneous welding where 
the dual-pass procedure provides greater operational stability (different parameters 
according to the nature of the workpieces present particularly in the case of buttering).

Generally, the width of the groove at the weld varies from 10 to 13mm. The gradients 
are very similar to those used for single-pass welding.

6.5. Narrow Groove welding with a single oscillation pass per layer
This welding procedure is the most accessible in terms of fl exibility and productivity.

The use of an oscillation pass simplifi es adjustment of the parameters which become 
less predominant in guaranteeing penetration on the groove sides.

The only restriction relates to the horizontal position which, where it is still possible to 
weld with oscillation passes, nonetheless calls for much greater vigilance or a relative 
drop in productivity. This is also the case when welding in an intermediate position (6G) 
which must also be monitored.

Fig. 25:  Welding with two torches 
(lower pass with one torch and 
upper pass with the other torch 
at 180°)
Welding without stopping 
between passes is possible with 
this method while avoiding 
angular misalignments (balancing 
of the shrinkage stresses while 
welding)
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Fig. 26:  Oscillation pass appearance

The groove used in the welding procedure 
with a single oscillation pass is similar to 
that used with dual-pass stringer beads 
per layer (it is however widened to 
between 12 and 16 or even 18mm).

As a result of this similarity, dual-pass 
stringer bead procedures using a torch 
with oscillating electrode technology is 
conceivable. In this case, run positioning 
can be automated by motorising the 
electrode and wire.

6.6. Narrow Groove welding with 
multiple oscillation passes per 
layer

The welding procedure is rarely used 
except where Narrow Groove equipment 
is available and, for external reasons, 
existing preparations cannot immediately 
be changed.

In this case, the approach is identical to 
that of the single oscillation pass with 
practically equivalent welding parameters.

Rapid overview of choice of torch and welding procedure

Performance, productivity, shrinkage control and all-position welding
 single-pass welding is an effi cient solution

Flexibility and limited width variation in all positions (except horizontal)
 the single oscillation pass is a fl exible, versatile solution

The need to control energy or for diffi cult bimetallic joints
 multiple-pass stringer beads provide an alternative to stay with 

Narrow Groove welding

Existing wide groove (fl uxless welding type) 
  multiple-pass oscillation welding may be a transition step
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7. Development of Narrow Groove welding procedures

7.1. Root Pass
This is one of the most delicate steps.

Cases where welding is done on a backing support without a penetration run must 
therefore be identifi ed. In most cases, the backing support is removed by machining.

Then there are the cases where the root must be made with a penetration run on the 
second side or with the possibility of back access for sealing or repair.

Finally, the case of root passes without back access involving an extreme level of dif-
fi culty must be considered. 

Where the application prevents back accessibility (small diameter pipe or complex 
workpiece profi le), the confi guration of the joint will have to be considered, ensuring 

Fig. 27:  Various con-
fi gurations for the root 
passes

On backing support

Permanent backing support Backing support removed 
after welding

With interpenetration or sealing run

Without sealing run

Tapering for collar alignment
Socket joint (more fragile 
but effective against loose 
fi t-up)
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that control over the fi t-up is coherent with the conditions for performing a root pass 
by TIG welding.

A few basic rules for the root pass:
 The thickness of the collars will be adapted according to the materials. A connection is made 
between collar thickness and operational weldability (depth-to-width ratio). Consequently, 
for unalloyed steels, collar thicknesses vary between 2.5 and 3.5mm whereas for other 
steels, they tend to fall in the 2 to 2.5mm range. Thicknesses of less than 2.0mm are used 
only for duplex or super duplex-type stainless steels or possibly for titanium.

? What is the depth-to-width ratio (P/L)?

This is used to assess the shape of a pass on a plate.

P

If P/L is close to 1 = good weldability 
If P/L is close to 0 = poor weldability

Favourable case 
L1

Unfavourable case 
L2

 The difference in level between the two collars shall not exceed 75% of the total collar 
thickness. Depending on the applications and materials, one criterion or the other will 
alternately set the fi t-up conditions or the collar geometry. A difference in level of more 
than 1.5 or 2mm is often prohibitive due to construction codes (maximum tolerated level 
difference – case of the RCC-M or ASME for the nuclear industry).

? Why must the level difference be limited to 75% of 
collar thickness? 
Limiting the level difference to 75% of the collar 
thickness avoids crossover or shearing phenomena under 
the effects of shrinkage.

0.75 t

t

Blocked shrinkage Loss of penetration
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?  
Concavity is a typical phenomenon in pipe welding.
It is the result of the combined effect of surface tension forces 
and gravity.

 The groove profi le together with the welding parameters guarantee the absence of con-
cavity in the overhead position. The objective to achieve on adjusting the penetration 
run parameters differs from that sought, for example, for a fi lling run (avoid wetting the 
root pass).

Welding 
direction

Pipe sectional view

Area sensitive to concavity

Note: Concavity phenomena can appear 
with 6G and 2G

Solution: seek a groove profile and parameters to avoid the combined effect of gravity 
(G) and surface tension forces (Fts)

V groove

Concavity very common (almost systematic)

Observation identical to V groove

The absence of wetting limits the level of the 
surface tension forces.
Concavity is controlled

Type of groove favourable to concavity
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 A root sequence generally concerns the fi rst 5 to 6 millimetres. This sequence forms a 
suffi ciently thick support to avoid repenetration by the fi rst fi lling run. The fi rst fi lling run 
is the fi rst pass made with welding parameters that guarantee optimum productivity.

 Fit-up gaps on Narrow Groove welding cannot exceed 1mm. Even where the gap is close 
to a millimetre, it must be ascertained that the gap is reduced by welding shrinkage 
to avoid exceeding 0.5mm in immediate 
proximity to the front of the weld pool. 
Where this is not the case, a variation of 
just 1mm over the width of the groove 
would be detrimental to use of a single 
bead per layer procedure.

 Where there is a wide variation in fi t-up 
conditions (gap and level difference), 
a borderline test campaign is recom-
mended to fi nd the average welding 
conditions (the parameters resulting in 
satisfactory penetration irrespective of 
fi t-up conditions per position).

 A gap more readily results in collapse 
in the fl at position and concavity in the 
overhead position. It also increases the 
penetration width measured on the 
inside.

 Compared with a fi t-up condition with 
no gap at the root face, the level differ-
ence will reduce the penetration width 
measured on the inside.

 Where there is a gap, the level difference 
accentuates the effects of the gap (risk 
of collapse).

 The single stringer bead procedure is not recommended for materials that cannot be 
welded without wire. This situation bars remelting which is almost essential to guarantee 
completion of the root sequence.

 The operational weldability of the materials infl uences the size or even the geometry of 
the root. In the case of a Narrow Groove development, the question of variations from 
one casting to another must be raised. Are there many different castings and is the 
behaviour of those identifi ed as “extreme” very different? (Review of chemical analyses, 
depth-to-width ratio test, constant-parameter tests, tack welding tests, etc.).

 The weldability of the fi ller metal is an element to consider. The operational behaviour of 
the wire, irrespective of its compliance with the applicable standard, is a factor of success 
or failure on developing a welding procedure. Before selecting, a number of criteria must 
also be considered: hold in position (weld pools that are too runny or too pasty), mechan-
ical behaviour (exaggerated fl exibility is detrimental to the feeding action) and excessive 

?  
How to proportion collar thickness 
and groove width

The search for parameters (low current 
amplitude to limit wetting) must be 
combined with knowledge of the depth-
to-width ratio while assimilating collar 
behaviour to that of a thin plate.
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oxide deposits. At fi rst glance, these considerations may appear excessive but when the 
wires are compared during development, the differences in behaviour can be quite sig-
nifi cant with regard to some extreme batches. Furthermore, as the weldability of the wire 
is easiest to control, it is important to avoid changing or mixing batches unnecessarily.
Comply with markings on the product and monitor the working of new castings. It is 
also recommended to assess a batch by performing an acceptance test on an initial spool 
(prerequisite to purchasing the batch).

 Where there are no risks of concavity (welding in a fl at position, or horizontal posi-
tion to a lesser extent), it is possible to modify the shape of the collar by replacing the 
fl at root face by a radius. This arrangement can avoid the need for cosmetic passes.
In Narrow Groove welding (mainly single and dual-pass stringer beads per layer), 
scenarios or operational diffi culties may be encountered which prevent progres-
sion through 360°. Generally, such complications occur in position 5GT and the 
operator encounters weld pool holding issues from the start of uphill progression.

?  Change to groove profiles where there is no risk of 
concavity.

Where there is no risk of concavity (penetration on backing support or welding in flat 
position), the root may be simplified.
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In this precise case, either a machine 
equipped with two feed units or a revers-
ible torch (to reverse the feed direction) is 
required. With these two arrangements, 
the root is made in two half-passes.

?  What can 
be done if 
the depth-
to-width 

ratio is not compatible with the 
widths required by Narrow Groove 
techniques?
In this case, opt for root welding 
generally in two uphill half-passes.

7.2. Smoothing passes
These are the two wire-free passes made in the weld toe angles with the groove sides.

?   
Multiple role of smoothing passes

The profile of a non-concave penetration run generates the 
risk of a lack of fusion or repenetration on the following run 
(hot pass).

G

Fts Fts

Risk of lack of fusion Total remelting and reappear-
ance of concavity (identical 
mechanism to the penetration 
run)

Two passes on the sides guarantee lateral fusion without 
repenetrating the penetration run.
These passes prepare the profile to facilitate wetting of 
the following run.
These passes cause additional shrinkage which affects the 
depth-to-width ratio to avoid repenetration by the hot 
pass.

2 smoothing passes

How should these smoothing passes be done? By using bend electrodes.
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?  How are tungsten electrodes to be bent?

- If possible, choose 3.2mm diameter electrodes
- Grind them to 25°
- Place them, for example, in the jaws of a bench vice
- Leave the cone height tip protruding
- Heat with an oxyacetylene blowpipe until red/orange
- Forge by striking with the specific chisel/tool pressing on the cone
- Aim for an angle of approximately 40–45°
- Keep a model (template)

These passes are generally made in single bead per layer procedures. 

The purpose is to guarantee completion of the fi rst supporting pass (occasionally 
known as the hot pass), by avoiding total remelting of the penetration pass.

This fusion is performed with bend electrodes to direct the arc towards the groove 
edge mass.

These two passes prepare the wetting of the following pass and also generate surplus 
shrinkage.

On some diffi cult-to-weld steels and heavy wall thicknesses, it is not uncommon to 
carry out two or three fusion sequences to guarantee the absence of root defects.

Smoothing passes may also be used on fi lling to repair some wetting imperfections.

7.3. Filling passes
This is the core of welding procedure development.

Regardless of the chosen technique, the development of this sequence will have two 
primary operational objectives:

 To defi ne the basic parameters to guarantee productivity and compactness in line 
with the “metallurgical response of the materials”. This implies ensuring that there 
are no detrimental effects tending to embrittle the structures and degrade the cha-
racteristics to below the authorised levels. This approach does of course mean that 
the metallurgical aspects are considered in each case in order to adjust the opera-
tional conditions (choice of parameters, gas, etc.).
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 To compare the effects of the parameters with the materials to defi ne shrinkage 
conditions.
The aim is to defi ne the shrinkage conditions by preliminary tests in order to weld 
at a constant width. By controlling the width, it is easier to reuse identical welding 

conditions from pass to pass thus 
simplifying the operators’ actions.
Ideally, this width control will 
be conducted in the same way 
regardless of whether the welding 
technique uses single stringer beads 
or oscillation. It is essential and 
prohibitive in welding by single 
beads per layer whereas a variation 
in width with other techniques will 
only result in the need to vary the 
parameters from one pass to the 
next.

In single stringer bead welding, 
as for the root passes, operational 
issues (weldability) may call for half-
pass progression. Considering the 
number of passes, it is most impor-

tant to adapt the machine to this requirement (dual-wire torch or two heads each 
completing a half pass).

7.4. Final fi lling passes
As the end of groove fi lling approaches, thermal pumping is different and can result in 
exaggerated fusion of the groove edges, or collapse in some cases.

The “end of fi lling” sequence designates in fact the fi nal passes where energy and the 
deposition rate have to be minimised to avoid collapsing the upper edges prematurely.

Note that a lack of anticipation on 5GT welding may give rise to a lack of interpass 
fusion, mainly in the downhill part.

For heavy wall thicknesses welded in position 5GT, it is conventional at this stage to 
resort to partial passes to equal out the fi lling before completing the capping run.

This is a natural situation and originates mainly from the effects of gravity which mod-
ify the profi les of the beads throughout progression.

7.5. Capping run or cosmetic pass
This pass is completed successfully when, as its name indicates, its sole purpose is to 
fulfi l a cosmetic role.

In other words, it is essential to fi ll the whole of the groove without under-thickness 

Fig. 28:  Dual-wire machine suited to half-pass 
welding
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5GT 1 coveriNG-OSCillation pass

 or  

The grooves are completed with partial passes The capping run is wider and fi lls 
little of the groove

Filling with single stringer bead or oscillation passes in 2GT or 6GT Several stringer beads bearing on 
the lower edge

 or
If possible, preserve the lower 
edge at the end of fi lling (used 

for bearing and alignment)

Fig. 29:  Capping run welding strategy according to position

in excess of 1 or 1.5mm during the end of fi lling stage. In this situation, the oscillation 
pass used for the capping run provides the surplus material required to join the two 
diameters without creating undercuts in the uphill part.

For positions 2G and 6G, the capping sequence requires several stringer beads instead 
of the single oscillation pass that suffi ces in position 5GT.
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7.6. Repair and degraded modes
This section relates to all situations requir-
ing special treatment, outside normal exe-
cution of the welding procedure.

The most commonly encountered situa-
tions are:

In-welding:

 Interruption during the pass (delibe-
rate or accidental).

 Wetting defect during the pass

 Partial pass completion.

 Development of the width to be 
welded different to the reference 
procedure.

Post-welding:

 Repair strategy depending on the 
results of the non-destructive tests 
with cases of partial manual repair, cases of partial automatic repair, repair throats 
(centred or offset), cutting and new welds.

Depending on the degree of investigation, each case must be analysed during testing, 
special parameters qualifi ed (or even integrated into the procedure) and the repair 
strategies established beforehand.

7.7. Diffi culties and lessons learned
Here are a few typical situations with an analysis of the probable causes and the pro-
posed solutions. 
 On 5GT welding, the penetration pass is completed without diffi culty and with a satisfac-
tory internal profi le. However, the hot pass leads to collapse and the appearance of an 
area of concavity. 

 Outside of the parameter adjustments, this is a situation where the L/t ratio is 
unsuitable.

L = total width of the two half-grooves (radius included)

t = collar thickness

Width L is generally to be determined on the basis of the torch technology used 
(9–9.5mm for an NG 7 torch and generally 12–13mm for an oscillating NG torch). 
Large weld toe radii are tolerable with the oscillating torch whereas for the 7 mm 
wide torch, the collar thickness must be adapted to the grade to be welded with a 
toe radius of 1 to 1.5mm.

?
Tip for restarting during filling.

For a single stringer bead per layer pro-
cedure, the overhead area is one of the 
trickiest for restarting.
In the event of an inadvertent stop-
page in this area, it is sometimes sim-
pler to restart at 12 o'clock as if the pass 
were completed normally.
Welding at the end of filling will in any 
case require partial passes but starting 
is much easier in the final filling phase.
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The strategy to be adopted depends on arc time and the criticality of the joint.

It is often simpler to cut and redo a weld with a defective root completely rather than to attempt spot 
repairs (except where an emergency sealing run or local manual repair on medium wall thickness are 
possible). 

When welding on wetting defects, use of smoothing passes is recommended (side or centre pass).

Depending on the depth, this operation may be preceded by grinding or machining a centred groove.

Repair by making a centred or offset groove is possible, but generally requires experience (preliminary 
tests) as a large support blocks shrinkage (in this case, the groove opening must be sized in line with the 
depth to be repaired).

Fig. 30:  Narrow Groove weld repair strategy
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Defi nition of the repair groove profi le

L = Nominal fi lling width

θ = Nominal angle

L0 = L + ΔRT+P(0-P1)

-  If the root area is sound over 360°, the aggregate 
cycle time is used to determine whether a full 
cut-off is conceivable.

-  If lack of fusion is located on a single side, an 
offset groove is conceivable (unless buttering 
is present). Restarting with a centred groove is 
often the best approach in the fi rst instance.

-  Local repairs (manual or machine) are possible 
for near-surface defects (but a circular groove 
through 360° is generally easier to manage). The 
choice depends on workpiece dimensions with 
knowledge of the estimated times to repair.

Smoothing passes and repair grooves are to be 
anticipated to ensure qualifi cation together with 
or in addition to the welding procedure.

Depth

RT = shrinkage and pinching 
taken on the external edges



41
THE ART OF WELDING

 On 5GT welding, penetration is lost in the vertically down position but over the rest of 
the circumference, the internal penetration width is modest (2–3mm). 

Here, on the other hand, the collar thickness is exaggerated, especially if on adjusting 
the current, wetting occurred between the weld pool and the edge of the groove (see 
root and concavity panel). Note that a groove is validated when it represents the best 
compromise between the diffi culty in melting the collar thickness while obtaining the 
required profi le (convex profi le without excess) and resistance to fusion on making the 
hot passes.

 On 5GT welding, penetration is correctly proportioned but the wire “drags” at the 
start of the vertically up position, or welding stops after collar collapse.

1 - Check that the AVC axis is inclined forward enough.
2 - Opt for a double downhill root.

If impossible, change batch of fi ller metal. NOTE: this case applies to stringer bead 
welding only.
 On stringer bead welding, the weld pool collapses on uphill progression in spite of a 
width of between 8 and 9mm.

1 - Check the arc height and the associated voltage. Voltage must be regulated during 
the background current time and a cone (synonymous with high arc pressure) must 
be visible on the surface of the weld pool next to the electrode.

Fig. 31:  The arc column pressure creates a 
cone in the molten metal.
This axial pressure is converted by the 
medium (the previous passes) into two 
radial components which promote wet-
ting.
Unlike plate welding, wetting will be 
improved (up to a point) by reducing the 
arc voltage.

2 - Check the forward inclination of the AVC. Do not exceed 10 degrees as this could 
result in a lack of fusion on downhill progression.

3 - If inclination appears correct, wire behaviour is likely to be the cause.
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4 - A few cases can be managed by using a monopulse pulsing system (25–50ms with 
peak of 30 to 50A). If this is not the case, make arrangements to change wire or fi ll 
by passes with semi-downhill progression. In this case, be sure to incline the AVC axis 
moderately forwards (around 5°). 

?  What is monopulse pulsing?

Conventional thermal pulsing Monopulse pulsing

I (A)

T (s)

I (A)

T (s)

The current peak on fi lling can 
increase wetting without providing 
excessive energy

 Lack of fusion issues on 5GT welding (mainly in the vertically down position).

1 - Identify the distribution (360 or specifi c progression).

2 - Be sure to work with pass thicknesses of 2 to 2.5mm maximum. Pass thickness must 
be increasingly correlated with the widths (thin pass with narrow widths and thick-
ness close to 2.5mm for large widths).

3 - Correct AVC inclination (reduce the angle) particularly in the absence of operational 
issues on uphill progression. For information, lack of fusion is very rare on a verti-
cally up position. The most frequent issues are operational (the weld pool holds or 
collapses – if it holds, the weld is generally satisfactory). On the other hand, the 
weld pool holds very easily on downhill progression, but it can generate compactness 
defects which are less obvious to detect by observing the weld pool.

 Presence of porosity (2GT, 5GT, 6GT or 1GT)

1 - Check pulsing with a logical balance between the pulse current level, high wire speed 
and corresponding wire heating and correct proportions for the background current 
times.
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2 - Check the position of the wire impact point (particularly ensuring that the wire is not 
under the weld pool during background current time).

 No wetting on the edges on welding with an oscillating electrode

1 - Check the welding speed setting (max. 60–100 mm/min).

2 - Increase energy at the edges and increase weld pool size (by increasing the wire 
speed and wire preheating) while remaining in within the 2–2.5mm limits (except 
fl at position).

3 - Check the setting of the arc height and voltage level.

4 - Check the time delay value on the edges.

 Change to bead wetting at the end of the fi lling run or on the capping run.
The end-of-fi lling sequence is quite tricky to control as it involves compensating for 
the reduction in thermal pumping (via the walls) by reducing the welding energy.
It is not uncommon, however, in this same phase, to be exposed to a dete-
rioration in the gas shield (draught) which can disturb wetting initially with-
out any other warning sign. Subsequently, if the phenomenon is more 
far-reaching, it will give rise to oxidation or even the formation of porosity.
Recommendations in terms of electrode stick-out length must therefore be complied 
with and the work site must be protected from any draughts that could go as far as caus-
ing imperfections (precaution commonly neglected in TIG welding).

 On single bead welding, bead wetting on the fi lling run is not perfect and 
an increase in voltage does not improve the situation (or even worsens it).
This situation is quite normal. On narrow groove welding, the AVC voltage reference 
is taken both at the edge of the groove and at the root. Consequently, a groove that 
tends to narrow off will increase electrode “fl yoff” height. This upward vertical move-
ment reduces arc pressure on the weld pool which becomes more diffi cult to control.
In this situation, unlike the usual case (such as sheet metal welding), the arc voltage 
should be reduced to reset the vertical position of the electrode in relation to the weld 
pool.

Two clues are used to confi rm this situation:
1 - The wire attached to the torch tends to be disrupted (hot wire contact with the weld 

pool broken).

2 - The cone in the molten metal (under the electrode) is less pronounced. 

Beware: if the groove widens, the opposite reasoning applies and corresponds to set-
ting on a free surface.

8. Choice of equipment
Workpiece profi les, thickness ranges and the environment are all essential data when 
it comes to defi ning welding equipment.

Welding machines are generally matched to the welding tool to be used.

A few typical examples of equipment confi guration according to the thickness of the 
sections to be welded are provided below.
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More versatile and modular PC power sources are suited to mechanised applications, 
or even more complex applications such as welding robot-type holder-based solutions 
or orbital cutting machines.

Boom end interfaces, orbital heads such as the MU hot wire or POLYCAR (version 60-3 
– MP), or even the SPX head are perfectly suitable.

Fig. 32:  P6 HW power source Fig. 33:  Boom end interface Fig. 34:  MU-type weld-
ing head

Fig. 35:  Polycar carriage-type welding 
head Fig. 36:  SPX welding head

8.1. Thicknesses of less than 45mm
For sections less than 45mm thick, usual mechanised or orbital welding equipment is 
suitable as long as it is compatible with the required duty cycles.

The P6 HW power source is recommended for single stringer bead and conventional 
orbital head applications.
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“Carriage”-type heads offer the advantage of being able to be used on circular or 
straight rails. The POLYCAR MP (friction drive) can be implemented on combined sec-
tions (curved or elliptical, etc.). Due to the simplicity of the POLYCAR MP profi le, indus-
trial companies can create their own tool.

Apart from the economic aspect, this approach opens up the possibility of creating 
fi xtures dedicated to the shapes of the workpieces.

Straight rails are identical to the “bed” notion except for the fact that they can be used 
in all positions and are an easily implemented solution for linear welds.

8.2. Thicknesses up to 100mm
The torch holders are the same as for conventional torches. Beware however of circular 
welds in a horizontal plane which, other than the particularity of being so-called self-
restraining welds (high stress concentration), also call for Narrow Groove torches with 
a curved profi le (to be avoided).

8.3. Thicknesses over 100mm
The tools gradually increase in size forming, in certain cases, modules that weigh sev-
eral hundred kilograms (turbine rotor applications, for example).

For so-called mechanised applications, the solutions are identical but constructed on 
the basis of more robust components 
adapted to the context, the geometry 
and the weight of the subassemblies, 
in keeping with the thickness of the 
workpieces.

For orbital welding, however, the weight 
of the torches, the engagement strokes 
and the need to consider use of 15kg 
spools (justifi ed by the volumes of metal 
to be deposited) call for larger tools than 
the POLYCAR 60-3 and MP orbital heads. 
In this case, choose heads capable of 
moving heavy loads (80kg) with an offset 
providing suffi cient fl exibility to adapt to 
heavy-duty sheet metal workpieces.

Use of a welding robot is also recommended for anything other than circular trajecto-
ries or where the industrial company wishes to acquire a more versatile tool.

Fig. 37:  Welding head for turbine rotor 
application
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8.4. Robotic solutions
There are no particular considerations for solutions involving torches intended for 
applications up to 45mm. A retractable nozzle torch offers a multipurpose solution 
provided that electrode changing can be accepted as a non-automatable operation.

For heavy wall thicknesses, torch weights and dimensions must be integrated and 
robots compatible with wrist loads of 10 to 50kg selected.

The notion of trajectory remains linked to the profi le of the torches which limits move-
ments and implies studying 
torch positioning along the 
usual three axes.

The use of a Narrow Groove 
torch renders the notion 
of automated preventive 
maintenance, such as electrode 
changing, somewhat illusory.

The other approaches are 
specifi c to robot use and are 
to be addressed according to 
workpiece dimensions and the 
level of automation (gantry, 
multi-robot station, seam 
tracking, etc.). Fig. 38:  Robot and NG-OSC torch
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9. Conclusions
Narrow Groove TIG welding is no longer a solution for exceptional circumstances.

It is important to consider it whenever the thickness to be welded exceeds 30mm.

An initial analysis is imperative to ascertain the potential benefi t, verify the absence of 
notable contraindications and above all to choose the methodology and equipment 
best suited to the context.

There are a multitude of solutions with a signifi cant level of industrial maturity con-
fi rmed by numerous concrete examples.

The diffi culties involved in implementing the welding procedures vary according to the 
chosen technique. The temptation to take a simplistic approach and skip a case-by-
case assessment must however be avoided as there is no universal solution.

Moreover, in terms of tools, the entire 30 to 300mm thickness range is covered with 
numerous variants and adaptation possibilities for special cases.

For the welding process, knowledge and mastery of TIG are highly important and 
enable the technique to be popularised, with recourse in the event of diffi culties.

From the point of view of industrial companies, the implementation of a Narrow 
Groove application calls for a structured approach with marked steps regarding: 

 Knowledge of the welding conditions (means, environment, lead time, etc.).

 Check on operational feasibility (machining and preparation precision, metallur-
gical aspects, etc.).

 Knowledge of shrinkage and restraining conditions.

 Targets in terms of performance (acceptance criteria, productivity level, etc.).

 Selection of fi ller materials.

 Choice of methodology (operating technique, tools, etc.).

 Defi nition of welding procedures and limits.

 Degraded modes and fallback solutions.

 Team training (staff qualifi cation aspect + aftersales procedure).

 Production monitoring and support.

In parallel, corresponding approaches for machining facilities, tracking and traceability 
of materials and inspection techniques may need to be undertaken requiring validation 
steps close to those used in welding.

All of these anticipatory measures are justifi ed by the prospect of substantial gains 
compared with the use of more conventional techniques.
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10. Appendix 1 – Development methodology for a 
Narrow Groove welding procedure with a single 
stringer bead per layer

 Phase 1: Identifying the main variables

Defi nition of the groove, 
sequences and corresponding 
parameters

 Phase 2: Root sequence

Groove tolerances and fi t-up tolerances in relation to borderline tests

Variable weldability tests

Lmin + tmax

Lmax + tmin

Nominal 
parameters

 Phase 3: Groove and level difference

dmax parameters

jmax parameters

Parameters 

dmax + jmax
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 Phase 4: Filling passes

Welding parameters in relation to width L and according to position

Welding position

12h 9h 6h 3h

Lmax 11mm parameters/sector for L = 11mm

10mm parameters/sector for L = 10mm

9mm parameters/sector for L = 9mm

8mm parameters/sector for L = 8mm

Lmin 7mm parameters/sector for L = 7mm

TH: thickness of fi lling passes = constant

Welding 
direction

 Phase 5: Summary of root welding parameters

Root welding parameters

Intersection of the various mandatory 
conditions obtained by limiting the fi t-
up tolerances

Root welding parameters
j = 0 to j = jmax (nominal or modifi ed)
d = 0 to d = dmax (nominal or modifi ed)
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 Phase 6: Summary of fi lling parameters

Determination of the parameters in relation to width range L and according to position

TH: thickness of fi lling passes = constant

No intersection possible over the entire width range (to maintain a constant pass 
thickness).

Width measurement x 4 clock positions and use of a procedure to select the parame-
ters for each measurement scenario.

Welding position

12h 9h 6h 3h

Lmax 11mm parameters/sector for L = 11mm

10mm parameters/sector for L = 10mm

9mm parameters/sector for L = 9mm

8mm parameters/sector for L = 8mm

Lmin 7mm parameters/sector for L = 7mm
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11. Appendix 2 – Welding shrinkage
Knowledge and control (repeatability) enable the groove angle to be defi ned.

Transverse shrinkage depends on:
 Welding energies

 Wall thickness

 Mechanical characteristics of the materials

 Joint confi guration.

Example of the infl uence of the materials (all 
other conditions being similar)

The mechanical characteristics determine the shrinkage value at constant energy 
conditions.

Transverse shrinkage corresponds to a reduction in the width of the joint over the 
entire thickness.

Groove depth
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Transverse shrinkage and pinching (shrinkage perpendicular to welding line)

Shrinkage 
stress

Shrinkage Rt = A - A'

Pinching = (L - L') - Rt

Note: A1 and A2 are 
markers located appro-
ximately 100mm on 
either side of the mat-
ing interface

Example of variation according to grades (all 
other conditions being equal)
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Defi nition of groove opening with knowledge of shrinkage values.

Groove opening: nominal width to be welded + transverse shrinkage + pinching.

Influence of joint configuration

1 - Free shrinkage (case of two placed tube sections)

Pinching  0 Heavy pinching resulting in “diabolo” effect

Tube inertia restrains longitudinal shrinkage.

Transverse shrinkage and pinching apply as 
usual.

2 - Excessive shrinkage

One of two workpieces does not have its 
natural inertia. The phenomenon may be 
accentuated by a difference in temperature.

Deformation is higher than a tube-to-tube 
joint.

The opening must be increased accordingly.

Deformation linked to a 
lack of inertia (+ heating)

Pinching on some materials corresponds to the deformation of a part of the thickness 
(typical on steel grades 304L, 316L, etc.). 

This phenomenon is observed by a reduction in the thickness near the weld (“diabolo” 
effect).
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3 - Self-restraining welds

Transverse shrinkage will be less than 
the shrinkage tube-to-tube joints (high 
residual stresses).

Transverse shrinkage blocked if both joints welded or on sequential welding.

Free if S1 welded completely before S2 but to be avoided due to width variations on S2.

Heavy thickness

Transverse shrinkage blocked by plate 
inertia.

Double linear weld

Circumferential weld
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For plate joints, self-restraint may originate from the bridges designed to limit angu-
lar misalignments.

Unrestrained shrinkage (case of excessive shrin-
kage linked to lack of plate inertia).

Welding of a stiffener which, after welding, applies 
self-restraint.

4 - Longitudinal shrinkage

This is shrinkage that occurs along the weld line.

For example, on a pipe, such shrinkage is manifested by a reduction in the internal 
diameter of the pipe.
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