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1. Preface
Among industrial joining processes, GTAW (Gas Tungsten Arc Welding) or, as it is 
commonly referred to, TIG (Tungsten Inert Gas) welding has become a well-esta-
blished method. Initially being the sole option to connect a select group of exotic 
metals and alloys, the obtained results depended to a large extent on the skill, ability 
and experience of the particular welder, who had to carry out the task manually.

Unrivalled weld quality, exceptional TIG process stability, allowing the modification 
of weld parameters within a wide range and the almost unique feature of control-
ling the addition of filler metal independently from weld current intensity, promoted 
the development of mechanised TIG welding equipment.

Due to efficient electronic devices, total 
master of the TIG process in all positions 
has become a reality and has enabled 
automatic orbital welding. Supported 
by a PC, complex welding sequences 
are now programmed in advance, gua-
ranteeing complete suitability with the 
entire specifications of the application at 
hand, at each stage of the process. Once 
memorized, any successfully completed 
weld cycle can be repeated as often as 
necessary – the result will always remain 
the same: the production of a faultless 
joint with zero weld defects.

Heat exchangers are designed to extract 
heat from one medium and to transfer it 
to one or several others. The state of the 
fluids to be processed may be different: liquid-to-liquid, liquid-to-gas, and gas-to-
gas are usual combinations, but pasty formulations or solutions with suspended par-
ticles can be found as well. Changing of the aggregate state is also commonplace, 
in this case the devices are known as evaporators or condensers. Heat exchangers 
are widely used as components of domestic and industrial installations; due to the 
different fields of application numerous constructions are in use.

Plate heat exchangers (Fig. 1) e.g. offer a high degree of compactness, but they are 
unsuitable in cases of high pressure, or contaminated media.

Fig. 1:  Plate heat exchanger 
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Shell-and-tube heat exchangers are composed of a large number of tubes (Fig. 2) 
which are mounted in a cylindrical shell. The ends of the tube bundles are connec-
ted to the tubesheets or tube plates, which are situated opposite to each other at 
both sides of the shell. These heat exchangers can be operated at high pressures 
and elevated temperatures. Depending on their function within the process they 
may be called: heater, cooler, cooling tower, steam generator, evaporator, conden-
ser, regenerator, recuperator or radiator, to name but a few.

Fig. 2:  Tube bundles and tubesheets from the inside of a shell-and-tube heat 
exchanger

The reliability and longevity of a shell-and-tube heat exchanger depend largely on 
the quality of the connections between the tubes and the tubesheets. Despite their 
sheer number, which can easily exceed several thousand joints, each of them must 
remain tight during the whole service life of the device. Depending on the intended 
application of the apparatus, the selection of an appropriate joining procedure is 
vital. It has to be taken into account that the tightness of the joint must not be 
altered either by forces exerted from periodic thermal expansion of tubes and tube-
sheets and the internal pressure of the process, or by different corrosion pheno-
mena which, under certain circumstances, are prone to occur in this zone.

Different techniques for the connections have been qualified: roller or hydraulic 
expansion of the tubes inside the bores of the Tubesheet, explosion fastening and 
welding (Fig. 3). If necessary, the techniques can be combined: the expanded part 
of the tube e. g. provides the required properties to absorb mechanical stresses 
whereas an added seal weld ensures lasting leak tightness even after long periods 
of operation. If a strength weld is applied, an overall improvement of the joint cha-
racteristics can be achieved by a subsequent expansion of the tube inside the bore.
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Within the European Union, the Pressure Equipment Directive (PED) 2014/68/EU 
(formerly 97/23/EC) entered into force in the year 2016. Here, design, manufacture 
and conformity assessment of stationary devices for pressures above 0.5 bar gauge 
are laid down in binding form, guaranteeing a high level of safety and free move-
ment of the components in its scope.

For the US market or if required by the customer, the pressure equipment standards 
ASME Section VIII of the American Society of Mechanical Engineers must be adhe-
red to.

In Germany, further instructions are given in the AD Codes of Practise 
(AD-Merkblätter) issued by the Working Group for Pressure vessels and in the TRD 
directives (Technical Directives for Steam Boilers).

Certified quality assurance within the EU is regulated by the standards ISO 9001:2008 
and EN 729-2; ISO 9001:2008 is valid in the US as well.

The standard EN 288-3 / A1 deals with EU welding procedure specifications, the US 
pendant is known as ASME section IX.

Roller expansion Internal pressure 
expansion

Explosion fastening Welding in

Fig. 3:  Proven joining methods for tube-to-tubesheet connections

Regardless of the chosen joint design, if welding is applied to connect tubes to a 
tubesheet, the general conditions are always quite similar: a significant number of 
identical welds have to be produced and stringent national or international regula-
tions and guidelines must be applied.

In order to bring about conformity between European and national guidelines 
concerning pressure vessel regulations and to eventually replace them, EN 13445 
was issued in the year 2002. Due to regular updates the standard is now completely 
harmonized with the PED.
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Food and beverage preparation are subject to the guidelines Hygienic Welding 
of Stainless Steel Tubing in the Food Processing Industry, issued by the European 
Hygienic Engineering & Design Group (EHEDG).

If stipulated, compulsory rules and implementing provisions from customer speci-
fications must additionally be adopted. The excellent quality of the welded joints 
concerning visual aspects, geometry, penetration, material composition, micros-
tructure and mechanical properties, as well as fouling and corrosion resistance 
must be proved by non-destructive and destructive test methods and continuous 
examinations.

If not excluded by codes or customer specifications, most of the tube-to-tubesheet 
connections can be accomplished by manual welding. However, this involves having 
a sufficient number of trained welders with the required skills and certifications 
available at all times. Furthermore, as the results of manual welding are less repeti-
tive, a substantially higher effort of weld quality control becomes necessary.

In practically all cases, to avoid any difficulties, the implementation of orbital TIG 
welding should be considered from the outset. Basically, mechanized welding 
equipment has been designed for the production of large quantities of identical 
welds. With the TIG welding process even the strictest specifications can be met 
or exceeded and an extended quality level of joints is ensured. A range of standard 
orbital TIG welding installations, for common applications, is available on the mar-
ket, depending on the needs of the manufacturer. The machines are mobile and 
robust enough to be used on site, under harsh working conditions. Also, unlike 
manual welding, where only certified welders with adequate skills can complete 
joints successfully, orbital TIG welding heads allow for the achievement of excellent 
joint results by trained operators.

Furthermore, If additional features are needed, basic installations can be upgraded 
by adding appropriate accessories, e. g. switch boxes so that two welding heads 

Fig. 4:  Orbital tube welding behind the front wall of a header box: the joints are 
not accessible for a manual welder
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can be supplied by only one power source, or clamping devices enabling a single 
operator to work simultaneously with several welding heads.

If delicate welding problems have to be solved, it is possible to utilise special equip-
ment with tailor-made welding tools. In-bore welding or tube connection inside an 
air cooled heat exchanger header box (Fig. 4) are examples where only orbital TIG 
welding with special tooling can be applied, as the restricted access makes manual 
welding impossible.

2. Heat exchangers as components of domestic 
and industrial installations

Heat exchangers cover a wide field of applications, they can be tiny and completely 
hidden or huge and highly visible, some of the devices in the field of cryogenics 
are operated close to absolute zero, whereas others serve at ambient or extremely 
high temperatures and the range of possible working pressure and further process 
characteristics is also very broad.

Comparatively small heat exchangers are used to cool electronic components and 
are installed, for example, in laptop computers. Huge heat exchangers (Fig. 5) are 
usually situated next to power plants. These cooling towers are often quite pro-
minent and serve as landmarks, because they can easily be spotted from great dis-
tances, by the mighty plumes which they emit. In the case of domestic applications, 
houses and buildings are commonly heated by burning fossil fuels; inside the furnace 
hot combustion gases flow through a first heat exchanger to warm up circulating 
water, which then passes through indi-
vidually mounted radiators in different 
rooms. Further domestic applications 
comprise of air conditioning, heating of 
Spas and swimming pools, and cooling 
and freezing of food and beverages. 
Cooling and freezing devices are based 
on phase transformations. The change 
from liquid-to-gaseous state of the coo-
ling fluid by means of an evaporator, 
extracts energy, which causes sinking 
temperatures in the cold-storage room, 
whereas the gas-to-liquid change in the 
following condenser releases calories, 
which are considered as waste energy 
and heat up the surrounding air. Fig. 5:  Cooling  towers besides a power 

plant can be spotted from great 
distances
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Heat exchangers for industrial installations are usually operated under particular 
conditions and must satisfy application-specific requirements. Production lines of 
foodstuff and beverage preparing plants are expected to comply with the rules of 
hygienic design. A common problem is posed by portions of product, which may 
become trapped, remaining within the apparatuses for longer periods of time and 
beginning to spoil there. If suddenly released sometime afterwards, a whole batch 
of product can be ruined. Therefore heat exchangers for this kind of application 

must be without any dead space, retention-free 
and fully drainable.

Manufacturers of pharmaceutical formula-
tions also have to overcome such difficulties, 
additionally they must respect obligatory High-
Purity Standards. To ensure that substances or 
microbes do not adhere to porous or rough sur-
faces of welded joints, pore-free connections 
with smooth surfaces are essential in these 
cases and explicitly prescribed by implementing 
provisions for aseptic apparatuses, often accom-
panied by the stipulation that the connections 
must be produced by mechanized TIG welding.

Unlike other applications, where a certain corro-
sion rate of production equipment is tolerated 
if the expected service life span of the devices 
will not be shortened, in the food, beverage 
and pharmaceutical industry any contamina-
tions caused by the manufacturing process and 
processing operations inevitably provoke the 

rejection of the entire lot. Consequently, the installed heat exchangers are made 
of stainless steel, titanium or even zirconium, often with electro-polished surfaces 
(Fig. 6). After completion the welded joints are thoroughly inspected for traces of 
coloration or heat tint. To deter any oxidation right from the start, special orbital 
TIG welding heads are available. Their additionally mounted shielding gas chamber 
covers the whole weld seam and ensures sufficient protection for oxygen-sensitive 
metals and alloys.

To maintain their thermal processes, fossil-fuelled power plants depend on a large 
assortment of different heat exchangers. The heart of the installation is a boiler, that 
is a huge heat exchanger where the fuel is burned, and the flue gas heats up water 
in the surrounding tubes. After passing subsequent heating stages, which are heat 
exchangers as well, the water is converted to superheated steam and drives a tur-
bine. Exiting steam then flows through a cooling tower which works as a condenser, 

Fig. 6:  Aseptic heat exchanger 
with extended surface quality, 
the welded joints are free of 
coloration and electro-polished
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there it is retransformed into the liquid state to be used again as feedwater for 
the process. The flue gas leaving the boiler is directed to an air preheater, where 
a part of its waste heat serves to raise the temperature of the combustion air. In 
this way preheated combustion air contributes to increase the boiler efficiency. The 
rest of the waste heat of the flue gas is extracted by another heat exchanger and 
transmitted to the feedwater, thus a further increase of process performance can 
be achieved.

Each of the heat exchangers in a power plant has to fulfil specific tasks and must 
be planned and manufactured individually. In addition to the process characteristics, 
the consequences of leakage or other malfunctions of the devices must be taken 
into consideration. A minor leak in an air preheater for example can slightly decrease 
the efficiency of the boiler, but the resulting finan-
cial losses would be affordable. However, the mal-
function of a steam generator (Fig. 7) which forces 
a standstill of the entire power plant could cause 
disproportionately high costs. Therefore, preven-
tive maintenance and service-friendly repair proce-
dures for the affected devices must be thoroughly 
planned in advance: especially the cleaning of the 
tube bundles and the exchange or plugging of 
damaged tubes must be possible at reasonable 
expense.

Heat exchangers in the primary circuit of nuclear 
power plants are designed and manufactured for 
extreme reliability. Typically, contaminated water 
with a temperature of 330 °C comes from the core 

Fig. 7:  Steam  generator in a 
power plant

and flows through the tubes of the steam generator to heat up the uncontaminated 
water of the secondary circuit to 289 °C at 73 bar. Mixing the water of the two cir-
cuits would have devastating consequences for human life and the environment, so 
the heat exchanger must remain absolutely leak-tight. To minimize thermal stress, 
each of the 5,599 tubes is bent to a U-shape and connected to the 11,198 bores 
of a single tubesheet. The tubesheet itself with a thickness of 600 mm is made of 
low-alloyed steel with an Inconel cladding on the primary side. Detailed information 
about dimensions, joint design, welding equipment and joining technique of the 
device is summarized on a particular application sheet in the Annex.

To withstand the aggressive attacks in high pressure heat exchangers for the pro-
duction of Urea acid (Stripper-Condensers), the tubes with a wall thickness of 2 to 
3 mm and diameters of 25 or 31 mm are made of special Urea grade steel or nickel 
base alloys and the primary side of the tubesheet is protected with a weld overlay 
coating of the same material. To ensure uninterrupted protection, the protruding 
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tubes have to be joined to the coating on the tubesheet by a fillet weld, the inside 
of the tubes and the tubesheet itself must remain intact. A precise and repetitive 
joining process must be employed to avoid damage by excess penetration of the 
welds. Heat exchangers for processing concentrated sulphuric acid are made of spe-
cial steel. Effective because of its high Si-content, this SX-grade guarantees superior 
corrosion resistance, but is also characterised by delicate welding properties. Use of 
both the lowest and controlled heat input is imperative and should be supported by 
the addition of filler wire, re-fusion of tack welds for example can provoke cracks, 
also start and end points of the welds should not be marked by abrupt parameter 
changes, but carried out as smooth up or down slopes. The TIG process allows a 
precise control of all relevant welding parameters.

In the pulp and paper industry, heat exchangers materials are attacked by aggressive 
agents released by fouling processes of the pasty liquids with a high concentration 
of wood fibres, additionally used bleachers and other chemicals require improved 
corrosion resistance. In most cases, titanium is the metal of choice, but during wel-
ding a perfect protection against the oxygen of the surrounding atmosphere must 
be provided.

3. Structural shapes of heat exchangers
Heat exchangers cover a vast field of applications where they solve specific pro-
blems, fulfil various tasks and meet diverse requirements. Some of the most fre-
quently mounted types are as follows.

3.1. Plate heat exchangers
Plate heat exchangers (Fig. 8) are composed of a stack of plates, which form a series 
of broad, parallel passages, the fluids then pass through alternating channels. The 
plates can be separated by gaskets and fixed by bolts, or they can be brazed or 
welded together. Plate heat exchangers are characterised by their compact design, 
compared to shell-and-tube devices the large surface of the plates allows increased 
heat transfer for a given volume. Plate heat exchangers are common equipment in 
many industries such as, food and beverage processing, dairy, chemicals and petro-
chemicals, pharmaceuticals etc. They can be manufactured from stainless steel and 
chosen if other metals like copper or aluminium are not suitable.

Fig. 8:  Plate heat exchanger



THE ART OF WELDING

13
THE ART OF WELDING

3.2. Air Cooled Heat Exchangers
In many cases, cooling water has become a precious and scarce commodity. If it is 
taken from a river, there may be a shortage during a certain period of the year for 
various reasons: the water level may be low, or the oncoming water can become too 
hot or even frozen. Environmental protection sets a limit for the amount of energy 
which can be legally transferred to the water before it is returned. Also, natural 
water must be analysed, filtered, treated, cleaned, and pumped, which causes 
various additional expenses. Finally, when it comes to natural resources, any type of 
pollution becomes a more and more growing concern.

Air cooled heat exchangers (Fig. 9) manage without cooling water, they allow the 
direct cooling of various process media by ambient air. The so-called Fin Fan heat 
exchangers belong to the open flow types: one fluid is contained and the second 
one is not. These devices are used for different industrial purposes, such as power 
generation, ORC plants, inorganic chemical manufacturing, oil and gas exploita-
tion and processing, refining, mining, steel manufacturing and many other related 
applications. Generally, air cooled heat exchangers are suitable if the expected pro-
cess outlet temperature is higher than the temperature of the ambient air. The 
hot medium passes through the heat exchanger through an important number of 
tubes. One or more fans push or pull air along the outside of the tubes so the heat 
is transferred from the hot medium to the atmosphere.

Fig. 9:  Air cooled  heat exchanger  with 
plug type header

At both ends, the tubes are connec-
ted to the walls of two rectangular 
boxes which are called headers. The 
hot fluid which is expelled from the 
process flows through the first header, 
which distributes it evenly to the tubes. 
After having passed through them, the 
cooled fluid is collected in the second 
header at the other side and sent back 
to the process. Commonly, these hea-
ders are of the plug type. Situated direc-
tly opposite each tube in the front wall 
of the header is a hole, which during 

the assembling period of the device, provides access to allow roller expansion of 
the tubes and/or welding in; putting the heat exchanger into operation, the holes 
can be used for maintenance and repair, e. g. to remove stubborn deposits or to 
stuff leaking tubes. During normal operation mode of the installation, the holes are 
sealed with plugs, hence ‘plug type headers’.

The local heat exchange coefficient between a liquid and the tubes is a magnitude 
higher than that between the tubes and the atmosphere. To compensate for this 
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imbalance, the external surface of plain tubes is often increased by fins. It is to be 
noted that similar conditions prevail if the heat transfer takes place between fluids 
with distinctly different thermal characteristics, such as flue gas and water, when 
again the surface of the tubes is commonly enlarged by fins.

Fig. 10:  Finned tubes for air cooled  heat 
exchangers with spirally wound strips

Finned tubes for air cooled heat exchan-
gers with limited performance are often 
made of plain tubes with spirally wound, 
L-footed aluminium strips (Fig. 10). The 
problem with this cost-efficient design 
is the high thermal contact resistance 
between tube and fin, which becomes 
even more critical with rising tempe-
ratures. Due to the different thermal 
expansion coefficients of tube and fin 
material the gap between them grows 
and with it, an inhibitory effect on the 
heat transfer. Better performance can 
be achieved with embedded or extruded 
fins. For embedded fins (Fig. 11) a heli-
cal groove is cut into the outer surface 
of the tube, the shape of the lower end of the fin fits exactly into the groove and 
can be locked there. This connection remains mechanically stable and ensures good 
heat conduction under all operating conditions. 

For extruded fins the carrier tube is inserted into an aluminium sleeve which is 
afterwards machined to form the desired fins. Even at very high temperatures the 
mechanical bond between carrier and sleeve remains excellent, enabling efficient 
and constant heat conduction. Another important advantage of extruded fins is 
the complete protection of the carrier tube, its external surface is entirely covered 
by the aluminium coating and cannot be attacked by aggressive media or crevice 
corrosion.

Fig. 11:  Improved design of tubes with 
embedded and extruded fins, connection 
between finned tubes of an air-cooled heat 
exchanger by welded in return bends
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Besides industrial applications, innumerable air cooled heat exchangers are part of 
electrical appliances and automotive constructions. Almost every refrigerator, deep 
freezer and air conditioning unit is equipped with condenser, which works mainte-
nance-free over decades and saves the additional connection to a water supply and 
waste water disposal system. Combustion engines produce a lot of waste heat. If 
they are installed to drive a vehicle, a continuous cooling fluid supply is not usually 
available. The ambient air serves to eliminate residual heat of hot engine water, 
lubricant oil and other utility fluids, in this case the air cooled heat exchanger is 
called a radiator (Fig. 12).

Fig. 12:  Air cooled  heat exchanger 
(radiator) for automotive applications

3.3. Shell-and-tube heat exchangers
If a shell-and-tube heat exchanger is designed as a straight-tube type (Fig. 13), the 
tube ends are connected to two at the opposite sides of the shell situated tube-
sheets. Both of the tubesheets may be fixed or one of them can slide inside the 
shell, which helps to reduce the forces exerted on the tubes by heat dilatation. One 
fluid arrives at the inlet of the shell, flows along the tubes, passes the baffles and 

Fig. 13:  Shell-and-tube heat exchanger (principle)
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leaves the shell through the outlet. The other fluid flows through the inlet plenum 
of the shell head and is then evenly distributed among the tubes, passing them and 
finally leaving through the outlet plenum at the other side.

One solution to minimize thermal stress is to install U-tubes inside the heat exchan-
ger. In this case the tubes are linked together by elbows or return bends, the outlet 
plenum is situated at the same side of the shell as the inlet plenum. However, the 
tubes and the additional segments must be connected, which means important 
extra welds must be completed (Fig. 14). Butt welding of tube-to-tube, tube-to-
elbow or tube-to-return-bend connections may be regarded as common task in 
pre-fabrication or on site, but the tube bundles are quite close together and barely 
accessible for manual welding. To accomplish this task, open orbital TIG welding 
heads are preferred, as they offer highly repeatable accuracy and enhanced pro-
ductivity. The welds are finished with zero defects, outstanding quality and virtually 
inaccessible spots can be reached by means of customer-specific designed devices.

Fig. 14:  Assembly of a U-tube bundle for a steam generator
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4. Orbital welding of tube-to-tubesheet 
connections

4.1. Basics of orbital welding

4.1.1. TIG torch

A TIG torch is equipped with a non-consumable tungsten electrode, which is 
centered in a gas lens and surrounded by a ceramic nozzle. A continuous electric 
discharge between the electrode and the workpiece, the ‘electric arc’, releases heat 
creating a pool of molten metal. The gas lens maintains a laminar flow of shielding 
gas to protect the hot electrode, the weld pool and the heated zone of the work-
piece from the oxygen of the atmosphere. The arc is very stable and regular, no 
welding fumes or splatter are released from the TIG process.

4.1.2. Arc ignition

The standard procedure of striking an arc is to apply high voltage surges with a ten-
sion of 10 kV during a time period of 2 microseconds at a frequency of 50 Hz. The 
column of shielding gas between the electrode and the workpiece becomes ionised 
and takes on conducting properties. As a consequence, an arc is struck and the 
weld current begins to flow. This ignition method is commonly applied by all types 
of recent orbital arc welding equipment.

4.1.3. Welding current

The welding current is one of the affecting parameters of the TIG process; its inten-
sity must be controlled accurately by the power source. To meet the requirements of 
the different applications, dissimilar current types are supplied by the power sources: 
Alternative Current (AC) for aluminium 
welding and special applications and 
Direct Current (DC) for the majority of 
orbital welding operations.

The essential basis of successful orbital 
welding is the control of the pool of 
molten metal during the whole weld 
cycle, taking into account the perma-
nently changing conditions during 
the process. Owing to the continuous 
alteration of the weld position, the 
influence of the force of gravity is perio-
dically growing or diminishing, whe-
reas the heat input from the welding 
operation leads to rises in workpiece 
temperatures.

Fig. 15:  Fluctuating  size of weld bead 
caused by thermal pulsation of welding 
current
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The most effective measure to keep control of all welding positions during the 
orbital weld cycle is to apply a pulsed weld current. Basically, a pulsed weld current 
toggles between two different levels of intensity (Fig. 15). During time period Th, 
the weld current remains at a high level Ih (pulse current); here the volume of the 
weld pool increases to its maximum and enables the desired penetration. During the 
time period Tb, the weld current remains at a lower level, Ib (background current), 
allowing the weld pool to cool down and decrease in volume to a minimum, miti-
gating the adverse effects of the force of gravity. The intensity of the background 
current must be at least high enough to maintain a stable arc. To ensure a conti-
nuous fusing of the workpiece and a regular surface of the weld, the pulse current 
intensity and the length of the background current must be determined thoroughly 
with regard to the linear weld speed. The idea is to weld spots in a row, one behind 
the other, with a sufficient overlap to form a smooth seam without any defects.

4.1.4. Downslope

At the scheduled end of a weld cycle or 
an unexpected interruption of the pro-
cess, the welding current must not be 
cut off abruptly, but decreased linearly 
by means of a downslope function 
(Fig. 16). The length of the downslope 
and the cut off intensity of the weld 
current depend on the application. By 
smooth reduction of energy input at the 
end of weld the formation of an end 
crater and the appearance of cracks can 
be reliably avoided.

4.1.5. Torch rotation

During welding the torch must be rotated with the desired linear travel speed 
around the tube or sometimes inside a bore. Orbital welding of tube-to-tubesheet 
joints requires a linear travel speed range between about 50 mm/min and 200 mm/
min. In most cases the travel speed remains unpulsed, but it can also become pulsed 
and synchronized to the weld current pulsations. It is possible to select different 
speeds during base and pulse current. Usually, rotation stops (V = 0 mm/min) or slow 
motion are set during the high current level, whereas the fast torch movement takes 
place during the base current period.

4.1.6. Wire feeding

For autogenous welding the TIG process can be maintained as long as desired wit-
hout the addition of filler wire. If necessary, filler wire can be fed independently at 
any time of during the weld cycle.

Fig. 16:  Schematic diagram of a 
downslope function
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Fig. 17:  Tube-to-tubesheet welding head 
with integrated rotating wire feeder

Power sources for orbital welding are 
equipped to control different types 
of wire feeders; external units with 
large wire spools, on board devices for 
extended mobility, and special types 
which rotate together with the torch of 
the welding head (Fig. 17).

Standard functions of wire feeding 
which are managed by all power sources 
are the control of the wire start and stop 
as well as a pulsed feeding rates. The 
wire feeding pulses can be synchronised 
to the pulses of the weld current; the 
fast wire speed is used when the weld 
current is at its high level, whereas slow 
feeding takes place during the back-
ground current period. At the end of 

welding, a wire retract function allows the reversal of the feeding direction. The 
wire end is drawn back a few millimetres, avoiding the formation of a terminal wire 
ball or, even worse, allowing the wire to stick in the weld.

4.1.7. Arc voltage control (AVC)

To obtain optimal reproducible results it is important to begin the weld with the 
specified arc length and to keep it constant during the whole welding cycle.

The arc length depends on the distance from the tungsten electrode to the surface 
of the workpiece. Orbital welding heads allow movement of the torch manually 
towards the workpiece or it can be drawn back by turning a button; the right 
distance between electrode and workpiece is reached when indicated by a cor-
responding gauge. However, the adjustment may be delicate or even impossible 
for the operator, especially in cases of restricted access to the workpieces and hot 
equipment.

Even if the distance between electrode and workpiece has been adjusted accurately, 
it can change during the rotation of the welding tool. To a certain degree, non-uni-
form roundness of a tube, irregularities of its wall thickness and ovalisation of the 
bore in the tubesheet cannot be excluded. Together with insufficient concentricity 
as result of misalignment during the clamping of the welding head on the uneven 
surface of a forged or cladded Tubesheet, the tolerances can cumulate and exceed 
the acceptable limits.

Orbital welding heads with an Arc Voltage Control (AVC) function are equipped 
with a slide, which carries the welding torch (Fig. 18). The slide is electrically ope-
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rated and can move the torch towards 
the workpiece or draw it back. Before 
the ignition of the arc at the beginning 
of a weld cycle the torch is gently moved 
towards the workpiece, a soft touch of 
the electrode indicates the position of 
the surface, and the AVC slide moves 
back until the perfect distance between 
electrode and workpiece has been 
reached.

Once the arc is struck the arc voltage is 
taken as measure for the arc length. Any 
deviation of this voltage means that the 
arc length has changed, which is imme-
diately compensated by a corresponding 
movement of the AVC slide.

Fig. 18:  Example of AVC slide on tube-
to-tubesheet welding head for low-
protruding application

The AVC function assists the operator, who does not have to worry any longer 
whether the correct adjustment and arc length are respected; it contributes to bet-
ter repeatability and improved weld quality and, in cases of multi-pass welding, 
ensures increased productivity. Before the second pass can be laid, intrinsically the 
weld cycle has to be interrupted to readjust the distance between electrode and 
workpiece. With AVC this adjustment is carried out automatically and several passes 
can be welded without interruption.

4.2. Design of tube-to-tubesheet connections

4.2.1. Mechanical stability and leak tightness

The connections between tubes and tubesheets of heat exchangers with lower 
capacity can be realized by roller or hydraulic expansion of the tubes inside the 
bores, especially if joint tightness is not a concern and minor leakage is acceptable. 
Lasting leak-tight joints can be achieved by a seal weld; if forces are exerted on the 
joint a strength weld becomes necessary.

To improve the reliability of heat exchangers for hazardous fluids or dangerous pro-
cess conditions tube expansion and tight and/or strength welds are often advanta-
geously combined. The tube expansion can be completed by a seal weld which, in 
some cases, is still followed by a strength weld; if an expansion with little pressure 
serves to hold the tube in position tack welding can be avoided, and a final expan-
sion of the tube after having been welded in, closes the gap to the shell side. Some 
delicate welds can be carried out only if a good thermal conduction between tube 
and tubesheet is ensured, any play or gap between tube and bore must be elimi-
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nated by a slight expansion of the tube. A certain play is necessary for the assembly 
of the apparatus before the welds are carried out, but if clearances become too 
great, problems of falling through, penetration and repeatability may occur.

In every case fitting is a precise operation which directly affects the weld quality: 
too tight expansion provokes problems by explosive degassing and occurrence 
of porosity, whereas insufficient expansion leads to defects and incomplete root 
penetration.

4.2.2. Joint configurations of tube-to-tubesheet connections

Flush tubes

A simple joint configuration for tubes which are fitting flush with the face of the 
tubesheet (Fig. 19) is frequently selected. The tube ends have to be bevelled square, 
for welding the tube axes are usually horizontal (5F position).

Open orbital welding heads for this application carry a classic TIG torch (Fig. 20) 
with an inclination angle of 0° or 15°. The welding head is positioned by means 
of an expandable mandrel which has to be introduced into the respective tube 
to be welded. Three adjustable stand-off legs ensure concentricity and the proper 
distance between welding head and surface of the tubesheet (Fig. 21). The supply 
of the torch with welding current, welding gas and cooling water is provided via 
a collector which allows endless rotation of the torch. If oxygen-sensitive metals or 
alloys are to be welded, open welding heads can be equipped with an additional 
shielding gas chamber.

Whenever possible, seal welds are laid by autogenous orbital welding without filler 
wire, the joint is formed by a fusion weld between the materials of tube and tube-
sheet. Strength welds can be obtained if the procedure is completed by a second 
pass with filler wire. Multi-pass-welding without interruption for readjustment of 

Fig. 19:  Tube-to-tubesheet welding of a 
flush tube

Fig. 20:  Tube-to-tubesheet welding 
head positioning with an expandable 
mandrel and three stand-off legs
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the arc length has a beneficial impact 
on the microstructure of the weld, the 
tempering effect of the continuous heat 
input supports the formation of a fine 
grain structure of the weld seam.

A multitude of techniques exist to pro-
duce reliable strength welds. Some 
manufacturers of heat exchangers start 
the root pass without wire and add 
a second one with filler wire, others 
simply weld two passes with wire. The 
strength of the connection can also be 
improved by adequate preparations of 
the tube sheet (Fig. 22).

Most often the type 1 design is applied, 
where the tube is introduced directly 
into the through hole of the tubesheet. 
The type 4 is less prevalent, as it needs 
more delicate machining operations, but 
strength welds can be laid without the 
addition of filler wire. The type 3 V-joint 
must be avoided as it bears a high risk 
of incomplete root penetration (Fig. 23), 
instead a type 2 J-preparation is prefe-
rable. Together with optimized welding 
parameters an expertly designed geo-
metry of a J-preparation guarantees the 
fastest work progress, best results and 
outstanding quality.

Fig. 21:  Tube-to-tubesheet welding 
heads during weld cycles

Fig. 22:  Common  preparations of the 
tubesheet for seal or strength welds 
with flush tubes

Fig. 23:  Risk of fusion defects at the 
ground of a V-preparation
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Besides the mechanical properties and the corrosion resistance of the joint further 
criteria have to be taken into account when the welding procedure is specified: 
inferior weldability of tubes originating from different batches, limited heat input 
of delicate tube and/or tubesheet material, geometry of the weld or the whole 
connection to avoid perturbations of the laminar flow of the fluid, surface quality 
and absence of pores, the possibility of having to change tubes if repair becomes 
necessary, etc.

Standard tube-to-tubesheet welding heads are usually equipped with a wire fee-
der. On-board devices facilitate the handling of the welding head, however, they 
operate without wire sheath connection to a floor mounted wire feeder which is 
sensitive to kinking and limits the range of movement. The quantity of added wire is 
an important parameter of the process and the precise wire speed should be main-
tained by a close loop control. The quality of the wire itself must also be excellent: 
remaining residues from the drawing process clog sheaths and nozzles and provoke 

Fig. 24:  Closed chamber welding 
head for autogenous welds without 
coloration

porosity and scaling of the weld, irre-
gularly wound spools impair consistent 
feeding and, a diameter variation of 
only 0.02 mm at a 0.8 mm wire could 
lead to a difference of 5% of added 
metal. To reduce inconsistent wire fee-
ding to an absolute minimum, some 
orbital welding heads can be equipped 
with on board wire feeders which rotate 
together with the torch of the welding 
head (Fig. 17).

For tube-to-tubesheet welds, which 
can be completed without the addition 
of filler wire, closed chamber welding 
heads are ideally suited. A special purge 
gas chamber at the front end of such a 
welding head (Fig. 24), ensures additio-
nal shielding gas protection of the entire 
welding zone against the atmosphere.

Heat exchangers with thin-walled tubes 
are frequently used in the chemical industry. The processed fluids are often quite 
aggressive, so only construction materials with sufficient resistance against the 
attacking media can be used. Tubes with distinctive properties are, for example, 
made of nickel-base alloys, titanium or zirconium. To provide overall protection, the 
corresponding tubesheets consist of a similar material or at least their front faces 
are coated with it. An autogenous weld connection between tubes and coating of 
the tubesheet does not alter the material composition and provides uninterrupted 
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protection against the attacking fluid. Due to the purge gas chamber of the closed 
welding head, the atmosphere cannot access the weld seam and the hot workpiece 
zone, so that unacceptable oxidation and heat tint are reliably suppressed.

Protruding tubes

Protruding tubes are commonly connected to the tubesheet by a fillet weld with 
addition of filler wire.

To avoid excess penetration and melting of the inside wall, a torch with an inclina-
tion of 15° is recommended for thin-walled tubes. Thick-walled tubes can be joined 
more effectively with a 30° torch, if there is enough space to access the adjacent 
tubes. Models with adjustable inclination angle may be used if projection and pitch 
do not allow the use of standard 30° torches. In every case, to avoid melting down 
the tube edge, the tube length measured from the ground of the groove must 
exceed a minimum of 5 mm.

Tubes with a projection of only 1 to 1.5 mm can be joined by fusing down the 
protruding ends flush with the tubesheet level, instead of added filler wire, the 
tubes themselves providing the material for this autogenous weld. 

Fig. 25:  Common  
preparations of the 
tubesheet for strength 
welds with protruding 
tubes

However, in most cases the protru-
ding tube ends and walls must remain 
intact, therefore an extension beyond 
the tubesheet of at least 3 to 4 mm is 
required, typically are projections of 
5.5 mm. Precise penetration is ensured 
by a tight pass without filler wire, fol-
lowed by a strength weld with filler wire 
addition. An open orbital welding head 
with wire feeder is perfectly suitable for 
this task, an AVC function allows both 
passes to be laid within the course of 
one single weld cycle, interruptions for 
readjustment, cleaning or other manual 

Fig. 26:  Tube sheet connection of a 
protruding tube without excessive 
penetration of the autogenous tight 
pass and subsequent strength weld 
with filler wire



THE ART OF WELDING

25
THE ART OF WELDING

interventions are not necessary. The 
continuous heat input of multi-pass 
welding supports the formation of fine-
grain microstructure (Fig. 26).

The type A joint preparation of the tube-
sheet based on a through hole (Fig. 25) 
is commonly used if protruding tubes 
have to be welded (Fig. 27). The type C 
design with a V-gap should be avoided 
because of the previously mentioned 
risk of incomplete root penetration; a 
better solution is a J-preparation such as 
type B.

Recessed tubes

The geometry of connections with protruding tubes is not really favourable to sup-
port an undisturbed flow of the fluid; the projections of the tubes can interfere with 
the function of the heat exchanger and cause turbulences with pressure losses and 
reduced efficiency.

Whilst the inner walls and ends of protruding tubes should not be affected by the 
welds and remain untouched, the extremities of recessed tubes become integrated 
part of the joints.

The type D weld preparation (Fig. 28) with a through hole in the tubesheet is a 
popular design for joints with recessed tubes. Type E is based on a J-preparation of 
the tubesheet and requires additional machining, but the finished joints support a 
steady flow of the fluid. Unlike V-gap preparation, which is not recommended in 
cases of protruding and flush tubes, the Type F preparation is suitable, if recessed 
tubes are to be connected.

Fig. 27:  Orbital welding in of protruding 
tubes

Fig. 28:  Common  
preparations of the 
tubesheet for seal or 
strength welds with 
recessed tubes
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If a tight pass without filler wire is followed by a resistance pass with filler wire addi-
tion, a perfectly smooth transition between tubesheet and tube can be obtained 
(Fig. 29). 

Fig. 29:  By  orbital welding of a recessed tube produced 
connection with the tubesheet, a perfectly smooth transition 
allows undisturbed fluid flow

Gapless tube-to-tubesheet welding

Each of the different tube-to-tubesheet joints with flush, protruding or recessed 
tubes offers distinct advantages, but all of them are situated next to the front side 
of the tube sheet with a long gap towards the shell side. Whenever the operation of 

Fig. 30:  Scheme  of gapless tube-to-
tubesheet joints

Welding at the rear of the tubesheet

Gapless welds at thin-walled tubesheets up to a thickness of about 30 mm can be 
carried out from the front side. Open orbital welding heads for this task (Fig. 31) are 
equipped with special clamping units, which are not centred within the tube to be 
joined itself, but instead make use of other bores located around it.

For this kind of joint full penetration is required (Fig. 32), generally the welds are 
laid with the addition of filler wire. The access to the weld zone is quite restricted, 
correct adjustment of the distance between electrode and workpiece for a proper 
setup of the welding head is taken over by the AVC function. During the weld cycle, 
the operator has only a limited visual field to watch the process, so the uniform arc 
length is ensured by the AVC system as well. A second slide is installed to move 
the torch perpendicularly to the welding direction, via remote control pendant the 

the heat exchanger provides favourable 
conditions for crevice corrosion, gapless 
tube-to-tubesheet welding remains the 
only possible solution (Fig. 30). To avoid 
any gap between tubes and tubesheet, 
the weld is laid at the shell side.

In cases of tubesheets with limited 
thickness, gapless tube-to-tubesheet 
welding can be carried out from the 
front side, otherwise the internal bore 
welding technique has to be applied.
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operator can centre the electrode preci-
sely above the joint. During the welding 
operation, an alternating movement of 
this slide can be programmed, instead 
of the stringer bead technique the torch 
oscillation (weaving) allows to get a wider 
weld seam.

If the inner diameter of the tubes is large 
enough to introduce a welding torch, 
connections at the rear of tubesheets with 
bigger wall thicknesses can be welded by 
means of customized tooling, depending 
on the application as autogenous weld or 
with filler wire addition (Fig. 33).

Fig. 31:  Special  orbital welding head for 
gapless connections at the rear of the 
tubesheet

Fig. 32:  Macrographic section of a tube-
to-tubesheet joint with full penetration 
at the rear of the tube plate

Fig. 33:  Gapless  welding at the rear of 
a tube plate, the inner diameter of the 
tubes is large enough to introduce a TIG 
torch

Internal bore welding

If gapless joints between tubesheets with wall thicknesses of up to 600 mm and 
tubes with small inner diameters become necessary, the internal bore welding tech-
nique remains as the sole solution. The close pitch of the tubes excludes joining 
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from the shell side, as there is not enough space to position even the slimmest 
orbital welding head.

Internal bore welding is carried out from the front side of the tubesheet by means 
of a welding lance which is introduced into the individual tube. A type X joint 
preparation (Fig. 34) is not recommended, because of the uneven mass distribu-
tion between tube and Tubesheet, the required full penetration of the joint cannot 
reliably be achieved.

Fig. 34:  Common  preparations at the rear of a tubesheet for 
gapless joints of small tubes

The type Y preparation at the rear of the tubesheet is very laborious, but avoids 
the problem of the unbalanced mass distribution; the resulting geometry with a 
relief groove allows for the completion of a butt weld similar to a normal tube-tube 
connection. However, to hold the tubes in position, tack welding is required, an 
operation which is not always possible due to the restricted access to the tubesheet.

The recess of the type Z preparation 
serves to align the tubes on the bore 
without tacking; additionally, melting 
down the collar offers some material to 
reinforce the weld.

An individually designed matching wel-
ding lance must be precisely orientated 
towards the particular application, the 
small diameter of the tubes is usually 
not sufficient to provide enough space 
for wire feeding. By the same token, the 
integration of an AVC device is normally 
impossible as well. The TIG torch has 
been modified to a ceramic sleeve with 

Fig. 35:  Internal bore welding at the rear 
of a tube plate by means of a welding 
lance
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a hole to allow the tiny electrode to pass through, a guide ring directly in front of 
the lance pilots and stabilizes the tool.

The correct setup of the welding head is vital, in particular, the correct projection of 
the electrode, but in the final position of the welding lance the operator cannot see 
or measure its real distance to the workpiece. Without the AVC function there is no 
possibility of adjusting the distance or correcting the arc length during the welding 
operation. The same problem arises with precise positioning of the electrode above 
the joint, the operator can only measure the distance to the front side of the tube-
sheet but cannot see if the proper location has been reached.

To get the expected results, a precise and detailed planning of the whole manu-
facturing process is necessary. Very close workpiece tolerances have to be adhered 
to, therefore the joint preparation of the tubesheet has to be carried out on a CNC 
machining centre, the ends of the quality tubes have to be cut square by means of 
adequate facing machines, and the assembly must be carried out thoroughly by 
experienced and motivated staff. Only state-of-the-art orbital welding equipment 
with excellent repeatability can be used and the consumables, such as shielding gas 
and electrodes must also be of outstanding quality.

Fig. 36:  Positioning of an orbital welding lance for a tube connection at the rear 
wall of a header box

Welding of tubes to header boxes of air cooled heat exchangers

Some types of air cooled heat exchangers are equipped with header boxes which 
serve as manifolds and distribute the incoming hot fluid evenly or collect it after it 
has passed through the tubes. The tube ends are connected to each of the back 
walls of the rectangular headers at both sides of the heat exchanger. Principally 
these connections are similar to the presented tube-to-tubesheet welds of shell-
and-tube heat exchangers, however they are hidden behind the front wall of the 
header box and only accessible through the small plug holes on its opposite side.
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The plug holes in the header box usually 
have almost the same diameter as the 
bores for the tube connection, the 
welding lance with its slightly smaller 
outside diameter can just fit through 
(Fig. 36). The distance between front 
and rear wall depends on the particular 
design of the header, the welding lance 
can be adjusted to the current value.

The centring mandrel must be geared to 
the inside diameter of the tubes to be 
welded, a suitable one has to be fixed 
at the front of the welding lance, which, 
properly introduced, ensures guidance 
and stability of the device (Fig. 37).

Fig. 37:  Connection  of a tube at the 
rear wall of a header box, the orbital 
welding lance must pass through the 
plug hole in the front wall

Welding of flush or slightly recessed tubes

The TIG torch inside the welding lance is inclined and allows welding of flush or 
slightly recessed tubes. Due to the integrated wire guide, as well as seal welds, 
strength welds can also be completed successfully. 

The view of the operator is obstructed by the front wall of the header box, he 
can neither see the tip of the electrode nor can he watch the welding operation. 
Therefore, during positioning of the welding lance, he must make sure that the 

electrode does not get too close to 
the workpiece. After the launch of 
the weld cycle the AVC system begins 
to function, the forward end of the 
welding lance with the torch moves 
slowly towards the workpiece, a slight 
contact with the electrode is sufficient 
to reverse the movement and to draw 
the electrode back to the proper dis-
tance. Once the arc is struck, its length 
is kept constant by the AVC system. The 
progress of the programmed sequence 
is entirely controlled by the equipment 
and the orbital weld joint is laid automa-
tically, without any intervention of the 
operator (Fig. 38).

Fig. 38:  Inclined  TIG torch with wire guide in 
position for the connection of a flush 
tube at the rearwall of a header box
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Welding of protruding tubes

Besides flush or recessed tubes some types of air cooled heat exchangers are equip-
ped with header boxes, where protruding tubes have to be connected by means of 
a fillet weld. In this case the welding seam lies at the outside of the protruding tube 
and the welding operation must be completed from the exterior, so that the torch 
moves on a circle with a diameter bigger than that of the plug hole.

In the setup mode the torch and the wire guide are retracted, disappearing comple-
tely inside the welding lance. With its slightly smaller outside diameter the welding 
lance can be put through the plug hole, until the correct working position has been 
reached. The centring locating pin which is mounted at the front side of the lance 
matches the inside diameter of the tube to be welded and ensures guidance and 
stability (Fig. 39). When the setup mode is turned to the welding mode (Fig. 40), the 
torch and wire guide become locked in their operating position and the program-
med welding sequence can be executed.

4.3. Equipement for tube-to-tubesheet welding

4.3.1. Welding heads for tube-to-tubesheet welding

Closed chamber welding heads for joining tube-to-tubesheet connections

Closed chamber welding heads are designed for TIG welding (GTAW) of tube-to-
tubesheet applications, if this can be accomplished without the addition of filler 
wire. As closed chamber heads are exclusively intended for autogenous welds, wire 
feeding accessories are generally not available.

These welding heads are suitable for joining flush or slightly protruding tubes with 
a minimum internal diameter of 9.5 mm (3/8”), the maximum diameter being 
33.7 mm (1 1/3”).

Fig. 39:  Connection o f a protruding 
tube at the rear wall of a header box, 
the orbital welding lance is equipped 
with a retractable torch and wire  guide

Fig. 40:  Front view o f the orbital 
welding lance in setup mode and with 
torch and wire guide in operating 
position



THE ART OF WELDING

32

Orbital TIG welding of industrial heat exchangers

THE ART OF WELDING

The advantage of closed chamber wel-
ding heads is the excellent gas protec-
tion which they provide for the entire 
welding zone, including the heated 
parts of the workpiece. Thus, in parti-
cular, tubes and tubesheets made of 
oxygen-sensitive metals, or alloys and 
tubesheets cladded with delicate coa-
tings can be welded without coloration 
or heat tint.

The welding heads are suitable for heavy 
duty tasks, as the closed loop liquid coo-
lant circuit helps to avoid overheating 
during continuous operation.

Fig. 41:  Principle  of a closed chamber 
welding head with expandable 
mandrel, purge gas chamber and 
collector

As standard clamping and centring solution, a mandrel is inserted into the tube 
to be welded and expanded mechanically by means of a lever at the back of the 
welding head (Fig. 41).

Endless rotation of the torch is ensured, welding current, shielding gas and cooling 
liquid are supplied via a collector. Finally, there is no need to wind or unwind the 
supply bundle composed of hoses and cables.

The scope of use of these welding heads can be enlarged by different accessories. 
If non-sensitive materials are to be joined, instead of the purge gas chamber a 
conventional TIG torch can be mounted. This configuration is preferable for slightly 
protruding tubes and offers the operator an accurate visibility of the process.

If matching welding lances are mounted, gapless joints of thin walled tubes can be 
realized by internal bore welding (Fig. 42). A similar operation can be executed if 
nipples have to be welded on headers (Fig.43).

Fig. 42:  Internal  bore welding of 
gapless joints by means of a welding 
lance Fig. 43:  Nipple  on header joints by means of a 

welding lance



THE ART OF WELDING

33
THE ART OF WELDING

Due to liquid cooling and heat resis-
tant components the welding heads are 
highly suitable for carrying out heavy 
duty cycles. For improved productivity, 
a connection with the power source via 
a dual welding head switch box allows 
two welding heads to be operated by 
one power source at the push of a but-
ton. As the first welding head is comple-
ting a weld cycle, the second one can be 
prepared and positioned. Once the weld 
cycle has been finished, the second wel-
ding head is switched on and the first 
one can be set up for further operation.

The manual clamping system of the 
standard welding heads can be replaced 
by a pneumatic centring and positioning 
device. The operator only introduces the 
mandrel into the tube to be welded, the 

Fig. 44:  Only one operator can work 
simultaneously with several orbital 
welding heads

Fig. 45:  Open  tube-to-tubesheet 
welding head with on-board wire 
feeder, equipped for joining tubes 
at the rear wall of a plug type 
header box

pneumatic drive holds the welding head in working position and allows the welding 
cycle to be executed. Thus, the operator is not only freed from pressing the welding 
head permanently against the tube sheet but can also work with several welding 
heads simultaneously. As well as an important gain in productivity, manufacturing 
time can also be shortened considerably, a significant advantage with respect to 
competition.

Open welding heads for joining tube-to-tubesheet connections

If the joint of the tube-to-tubesheet connections requires the addition of filler wire, 
open welding heads should be used. Depending on the particular task, open wel-
ding heads can be equipped with a wide range of accessories (Fig. 45) and, whe-
never necessary, helpful functions can be added. The degree of automation of the 
equipment can be exactly adapted to the particular needs. Open welding heads are 
suitable for connections of flush, protruding or recessed tubes and can be equipped 
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for welding at the rear of a tube sheet, internal bore welding operations and tube 
connections to plug type header boxes of air-cooled heat exchangers.

The basic version with four controlled axes (welding gas, welding current, torch 
rotation, wire feeding) is particularly suitable if a single layer weld is requested. 
The wire feeder can be a floor mounted type with a large wire spool, in this case 
a connection to the welding head by means of a flexible wire sheath becomes 
necessary. If an on-board wire feeder (Fig. 44) is mounted, only smaller spools can 
be used, but there is no sheath connection with the danger of kinking and a limited 
range of possible welding head movement. Imperfect feeding caused by twisted 
wire can be avoided if the integrated wire feeder rotates at the same speed as the 
welding torch. As already mentioned, the TIG welding process is completely inde-
pendent of the addition of filler wire, autogenous fusion welds without wire can be 
laid with open welding heads, without any change of their configuration.

With a dual welding head switch box, two welding heads can be supplied by one 
power source. During alternating operation without the need of changing cable or 
hose connections, the first welding head is busy with a weld cycle while the second 
one can be prepared and positioned for the following joint; once the weld cycle 
has been finished the second welding head begins to work and the first one can be 
arranged to produce the next joint.

If multi-layer welding has to be carried out, welding heads with five controlled axes 
(welding gas, welding current, torch rotation, wire feeding, AVC) become the tool 
of the choice. Before the start of the weld, the AVC system moves the torch into 
the proper position so that the distance between electrode and workpiece surface is 
precisely set. During the weld cycle the 
arc voltage is measured continuously, 
any changes indicate a difference in the 
arc length which is immediately com-
pensated by an appropriate movement 
of the AVC slide with mounted torch.

After the completion of the first layer 
the distance between electrode and 
workpiece surface changes; without 
AVC the process has to be interrup-
ted for readjustment. Due to restricted 
access and hot equipment this task is 
time-consuming and demanding for the 
operator. However, this can be avoided 
if the readjustment is carried out auto-
matically by the AVC system: the weld 
cycle can progress without any interrup-

Fig. 46:  Open  tube-to-tubesheet 
welding head with six controlled axes
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advance and readjusted during the weld 
cycle via remote control pendant. If two 
or more layers have to be laid, welding 
programs can be chained. This means 
that a link to a particular sequence of the 
weld cycle allows for it to be repeated as 
often as necessary. With these welding 
heads, gains of productivity between 30 
and 40% can be reached.

Open welding heads can be equipped 
with a pneumatic centring and clam-
ping system. The operator introduces 
the centring tip into the tube to be 
welded and presses a button, which 
activates the pneumatic drive. A mand-
rel is expanded, keeping the welding 
head in position, so that the operator no 
longer needs to press the welding head 
against the tubesheet. This allows time 
for him to work with two or more wel-
ding heads simultaneously at the same 
workpiece (Fig. 47).

Highest precision, unlimited repeatability 
and permanent uptime are the advan-
tages if a tube-to-tubesheet welding 
head is operated by a robot (Fig. 48). 
The welding cycles are programmed 
offline and stored in the memory of the 
welding equipment. The permanent 
data transfer between robot and control 
unit ensures fast and efficient work-
flow and well-coordinated operational 
procedures. Whenever efficiency, quality 
and short delivery time counts, robotic 
equipment delivers unrivalled results.

tion. Besides the gain of time, productivity and work simplification for the operator, 
the continuous heat input supports the formation of a fine-grain microstructure of 
the weld and so helps to improve weld quality.

Open welding heads with six controlled axes (welding gas, welding current, torch 
rotation, wire feeding, AVC, torch offset) (Fig. 46) offer the additional possibility of 
motorized torch offset, i. e. the gyration radius of the torch can be programmed in 

Fig. 47:  With  a pneumatic centring and 
clamping system, several open tube-
to-tubesheet welding heads can be 
operated on the same tubesheet

Fig. 48:  Orbital  tube-to-tubesheet 
welding head operated by a robot
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power source, furthermore, for backup, 
data transfer and documentation they 
can be transferred to a USB memory 
stick or output by means of the inte-
grated printer.

4.3.2. Power sources for tube-to-tubesheet welding

Generally, the entire equipment for orbital tube-to-tubesheet welding is mobile, 
only robots need to be firmly anchored to the floor. With a weight of 32 kg the 
smallest power sources are still portable, medium-sized machines with a weight of 
75 – 115 kg should be placed on a trolley and full function power sources with a 
weight of up to 330 kg are mounted on wheels and can be moved by the operator 
or lifted with a crane. These power sources are not exclusively designed to be ope-
rated with tube-to-tubesheet welding heads, depending on their size and perfor-
mance they can be used with other orbital welding equipment as well, e.g. closed 
chamber welding heads for autogenous tube-to-tube welding of thin-walled tubes 
or open welding heads, if thick-walled tubes have to be joined with the addition 
of filler wire.

Power sources with four controlled axes

Power sources for orbital welding of one layer joints are equipped to control four 
axes: welding gas, welding current, torch rotation, and wire feeding (Fig. 49). Only 
a single phase mains supply is needed, the auto-range system detects tensions 
between 100 V and 230 V and switches the device automatically to the respective 
input voltage. The machine is able to run with field power generators and hence 
is usable on site. The welding current with an intensity of up to 170 A can be sup-
plied in constant or pulsed mode and the integrated liquid cooling system helps to 
avoid overheating of the welding heads. Programming and development of welding 
parameters can be executed offline with a PC or directly at the source by means of 
a touch screen. The automatic generation of welding procedures is supported by 
the software. A user-friendly graphic interface allows the progress of the weld cycle 
to be viewed and real-time values of decisive welding parameters are continuously 
displayed. Customer-specific welding procedures are stored in the memory of the 

Fig. 49:  Example  of a power source 
for orbital tube-to-tubesheet welding 
heads with four controlled axes
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Power sources with six controlled axes

Many tube-to-tubesheet connections require multi-pass welding, especially when 
strength welds must be laid on thick walled workpieces. The fifth axis of the power 
source (Fig. 50) controls the AVC (Arc Voltage Control) function, which contributes 
substantially to facilitating the operator’s work, raising productivity and improving 
weld quality.

Welding heads with AVC function are equipped with an electrically driven slide 
which carries the torch. At the beginning of a weld cycle this slide is moved slowly 
towards the workpiece. A gentle touch 
between electrode and workpiece sur-
face creates a short-circuit, which is 
recognized by the control unit of the 
power source as distance zero. The 
direction of the slide movement is then 
reversed and the torch is drawn back 
until the precise distance between elec-
trode and workpiece has been reached.

When the arc between electrode and 
workpiece is struck, the arc voltage 
is continuously measured and moni-
tored by the control unit of the power 
source. Any variation of tension indi-
cates a change of the arc length and 
is immediately compensated for by an 
adequate movement of the AVC slide 
with mounted torch. With AVC, the 
distance between electrode and work-
piece is adjusted correctly from the very 
beginning and kept constant during the 
whole welding cycle, the operator is thereby released of responsibility both for the 
position of the electrode at the beginning and for undesirable variations in arc len-
gth during welding.

When the first pass is completed, the distance between electrode and workpiece 
must be corrected to weld the second pass. Performing this task manually is 
time-consuming and very troublesome, as the welding process has to be interrup-
ted while a delicate adjustment within a hot environment with restricted access is 
required. With the AVC function the adjustment is carried out automatically, there 
is no need to interrupt the welding cycle and to handle hot tools. Furthermore, the 
continuous heat input has a beneficial effect on the formation of the microstructure 
towards creating the desired fine-grain size.

Fig. 50:  Example  of a power source 
for orbital tube-to-tubesheet welding 
heads with six controlled axes
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If the welding heads are equipped with a slide perpendicularly to the welding direc-
tion, the torch can be alternately moved to and fro, this torch oscillation or weaving 
allows a better control of the heat distribution and a wider weld seam. The oscil-
lation can be paused when the torch arrives at the reversal point on the side with 
the more important heat absorption, commonly the tubesheet, whereas reversing 
at the tube side is carried out without pause. Thus, the penetration can be concen-
trated mainly to the tube sheet, whereas the interior of the tube wall remains intact.

Instead of the narrow joints produced by the stringer bead technique, torch oscilla-
tion makes wider welds possible, as for example, if the weld should require a final 
capping pass.

Some tube-to-tubesheet welding heads offer a motorized torch offset. The gyration 
radius of the torch can be programmed in advance and readjusted or corrected 
during a weld cycle by means of the remote-control pendant. Torch oscillation or 
offset are controlled by the sixth axis of the power source.

Multi-pass welding of thick-walled workpieces requires higher welding current. 
Power sources for orbital tube-to-tubesheet welding heads with six controlled axes 
deliver current intensities of up to 300 A. They must be connected to a three phase 
mains supply with the possibility of including multi voltage kit extensions from 
200 V to 400 V.

As well as functions complying with Welding Procedure Specification (WPS) stan-
dards, the software of these power sources can access a comprehensive database 
with preprogramed WPS (Fig. 51), which can be easily modified for any task, as 
determined by materials to be welded, tube diameters, joint configuration etc.

Fig. 51:  Example of search result 
in the preprogramed WPS 
database
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Full-size power sources for complex applications

Full-size power sources (Fig. 52) offer a great flexibility to the user. They can be 
adapted to meet the needs of the intended welding task exactly. Depending on 
the model, weld currents from 300 to 600 A can be supplied. They are connected 
to a three phase 415 V outlet and can also come with a multi-voltage input. The 
programming is carried out online or offline via a PC and Windows-based interac-
tive software. A full function remote control pendant gives the operator complete 
control of the equipment. Full-size power sources are designed to handle six axes 
or more, each of them can be programmed and controlled separately. Basically, 
shielding gas flow, weld current intensities and pulses, travel speed of the welding 
head, wire feeding operations, Arc Voltage Control and oscillation or torch off-
set are featured. The power sources are designed to control supplementary axes, 
which can still be added later. To house the necessary electronic boards, empty 
slots are situated at the front of the machine. Supplementary axes are required for 
the ‘handshake’ between the welding equipment and a robot. The supplementary 
axis of the power source receives the signals from the robot that the welding head 
is positioned and the weld cycle can start, whereas a message about a successful 
completion of the weld sent to the control unit of the robot triggers the movement 
of the welding head to the next tube. Supplementary axes are available for a wide 
range of applications. Input and output ports can be programmed individually by 
the customer to control or synchronize turntables, gas valves, slides, security sys-
tems etc.

Fig. 52:  : Example  of a full-size power 
source for orbital welding with 
supplementary axes for complex 
automation and control purposes
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5. Application sheets

Examples of materials, dimensions, joint design and welding tech-
niques of shell-and-tube heat exchangers

Reference: INF_CO091

Subject: tube-to-tubesheet welding of nuclear steam generators

Application: TIG welding of inconel® or titanium tubes

Tube-sheet Tube bundle

Diameter 4.58 m Tube O.D. 19.05 mm

Thickness 600 mm Tube thickness 1.09 mm

Base material
Low alloyed 
forged steel 
(18MND5)

Number of 
U-shaped tubes

5,599

Cladding Inconel® 82 Tube material Inconel® 690

Welding characteristics Equipment

Welding process
GTAW/TIG 
without wire Power source PC 300

Welding current Pulsed current

Welding position Flush tubes 5F Welding head 
(optional with 
special clamping 
device)

TS 25 or TS 34
Welding speed 150 mm/min

Welding time 
(complete cycle)

approx. 1 minute

General description and unique features
	z High productivity

	z Simplicity of execution

	z Two passes without filler metal for 
deep and regular penetration

	z Zero defect, 100 % traceability

	z Favourable geometry for draining 
and decontamination
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Reference: INF_CO059

Subject: Tube-to-tubesheet welding of condenser for corrosive fluids in Oil & Gas 
industry

Application: TIG welding of protruding tubes made of Zirconium

Tube-sheet Tube bundle

Stripper 
exchanger

Pitch ∆ 24.5 & 33 Tube O.D. 22 mm

Tube thickness 1 mm

Tube material
Zirconium or Duplex 
25.22.2 690

Welding characteristics Equipment

Welding process
GTAW/TIG with 
wire

Power source PC 350 DC

Welding head TP 60

Welding head 
accessoiries

A pneumatic 
clamping system & 
a sensor adapted to 
the tube I.D.

General description and unique features
	z Positioning device through an inde-
pendent system with pneumatic 
clamping

	z TP 60 welding head with AVC and 
integrated wire feeder

	z High productivity
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Reference: INF_CO031

Subject: Multipass tube-to-tubesheet back-plate welding 

Application: Tube-to-tubesheet welding of heat exchanger for the petrochemical 
industry

Tube-sheet Tube bundle

Thickness 12 to 26 mm Tube O.D. 30 to 60 mm

Tube thickness 3.2 to 8 mm

Welding characteristics Equipment

Welding process
GTAW/TIG with 
wire

Power source PC 600

Welding time on 
a 60 x 8 mm tube

30 min Welding head TIG 20/160 AVC/OSC

Welding head 
accessoiries

Prepositioning and 
clamping devices

Accessory
Floor-mounted 
POLYFIL wire feeder

General description and unique features

	z Several passes are possible depen-
ding on the application

	z Welding without oscillation, repo-
sitioning before each pass is carried 
out automatically as programmed 
with the PC power source

Pass 2

Pass 1
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Reference: INF_CO039

Subject: Special tooling for TIG/GTAW back plate internal tube welding

Application: Back plate internal tube welding of a reformed gas waste heat boiler 
for the chemical industry

Tube-sheet Tube bundle

Base material Stainless Steel Tube O.D. 19.05 mm

Thickness 102 mm Tube thickness 1.85 mm

Tube material Stainless Steel

Welding characteristics Equipment

Welding process
GTAW/TIG 
without wire

Power source PC 254-2

Welding position
back plate tube 
welding

Welding head TS 2000

General description and unique features
	z Pneumatic clamping device to position and maintain the welding head in the 
tube sheet,

	z Automatic welding is the unique possiblity to weld this type of heat boiler design,

	z Reduced clearance,

	z Easy to set up. 



THE ART OF WELDING

44

Orbital TIG welding of industrial heat exchangers

THE ART OF WELDING

Reference: INF_CO088

Subject: TIG/GTAW orbital tube-to-tubesheet welding with rotating wire feeder  

Application: TIG/GTAW cold wire - heat exchanger industry - in 5F or 6F position

Tube-sheet Tube bundle

Base material Inox, Hastelloy Tube O.D. 12 to 76 mm

Tube thickness 1 to 1.5 mm

Tube material Inox, Hastelloy

Welding characteristics Equipment

Welding process
GTAW/TIG 
with cold wire 
(Ø0.8 mm)

Power source PC 254-2

Welding position
Flush tubes 5F 
& 6F

Welding head
TIG 20/160 with 
rotating wire feeder

General description and unique features

	z Collector type welding head. Welding current, shielding gas and cooling liquid are 
supplied via a collector, so there is no need to wind or unwind the supply bundle 
composed of hoses and cables,

	z The wire feeder rotates at the same speed as the torch,

	z Possibility to weld with reduced speed, without problems of wire wrap-up,

	z Retrofit for an existing positioning device of the customer,

	z Reduced clearance,

	z Easy to set up,

	z Designed for welding in vertical or horizontal position.

Welding head in 
5F configuration

Welding head, 
here in 6F 

configuration
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Welding in 6F position

Welding head mounted on an existing 
device

TIG torch with ceramic nozzle, wire guide, 
ignition aid, and coolant hoses
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