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Automated Underwater Arc Welding
V. Hecht-Linowitzki, J. Klett, T. Hassel

ABSTRACT

tests in dry hyperbaric environment are possible.

The Institut für Werkstoffkunde IW (materials
science) of the Leibniz Universität Hannover
investigates the influence of water depth on
different stick electrode types for wet underwater shielded metal arc welding. To obtain reproducible welding conditions, a multi-axis
welding machine is used inside a 30 bar pressure chamber. The environmental conditions
such as temperature and salinity can be controlled while the water depth can be simulated
by setting the internal pressure up to 30 bar,
equivalent to 300 m water depth [1] [3].
1

INTRODUCTION

The enormous growth of the offshore wind
power industry has increased the demand for
the development and qualification of special
underwater welding consumables for water
depth higher than 20 meters. In order to understand problems associated with underwater wet welding and recommend possible
solutions to the problems, the Institut für
Werkstoffkunde applies an internal pressure
chamber and a multi-axis welding machine for
testing welding equipment. This welding compound offers excellent possibilities to investigate the welding equipment (power sources
etc.) on one site and the welding process on
the other. In recent studies the influences of
different ingredients of the stick electrode coating have been investigated. Based on a typical
rutile electrode composition the correlation of
its amount into the covering and the welding
properties in dependency of the water depth
was investigated [5] [6]. Furthermore hydrophobizing measures to substitute the waterrepellent coatings of stick electrodes have
been investigated [2] [4].
2
2.1

EXPERIMENTAL EQUIPMENT
PRESSURE CHAMBER AND MULTIAXIS WELDING MACHINE

Fig. 1 Hyperbaric welding chamber at IW
The multi-axis welding machine, shown in Fig.
2, consists of four modular parts:
•
•
•
•

An electrodes stack for dry storage of up to
100 stick electrodes enables continuous welding tests.
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Welding
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Fig. 2 Multi-axis welding machine components
made from stainless steel
2.2

The developed and constructed multi-axis
welding machine is implemented in a hyperbaric chamber of 10 m³ volume, Fig. 1. Water
depths from 0 to 300 m can be simulated in
this chamber by filling it with water and generating equivalent pneumatic pressure. Also,

3 - Axis portal (x, y and z linear axis)
Rotation and tilt unit
Welding unit
Cleaning unit

CONSTRUCTION OF THE GUIDE
UNIT

The positioning device consists of 3 axes. Two
guides are parallel to each other at a fixed
distance in the X direction, a further axis in the
Y direction perpendicular to those spans the
working space. Fig. 3 shows the arrangement
of the axis directions to each other.
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The Z-axis has been realized by a prepared
welding frame structure of rectangular hollow
sections. Fig 6 shows the construction and the
arrangement of the guide carriage in detail.

Z-Axis
Y-Axis

X-Axis

Guide rods

Rack

Carriage
of

Fig. 3 Guide unit

the Z-Axis

The motion of the different axis is being realised by using electric step motors. To prevent
leakage during the wet welding process under
up to 30 bar, the electrical components have to
be encapsulated from the surrounding medium. Housings against water penetration contain the entire engine-transmission combination, Fig. 4.
Engine-transmission combina-

Engine housing

Fig. 6 Guide carriage of the Z-Axis

Engine cover
Cog wheel

Flat
seal

Flange Cover

Engine pot
Sealing screw Radial seal-

Fig. 4 Engine-transmission housing
Furthermore, the penetration of water is prevented by an over pressure balance between
the housing and the surrounding water pressure. By simultaneous pressurization of the
motor housing, while filling the chamber, the
pressure difference between the components
can be minimized. A slight overpressure of 0.1
bar in the housings further ensures that no
moisture enters the housing. This pressure
equalization principle applies to all electrical
and pneumatic components.
The guides of the Y-axis are chosen to be
identical to the X-axis. Because only one Yaxis is required, both of the guide rods are
mounted on one side of the box profile. Fig 5
illustrates the position of the components.
Motor Y-Axis
Motor ZAxis

Rack

Sleigh Y-Axis

Guide rods

Fig. 5 Y-Axis and motor of Z-Axis

2.3

CONSTRUCTION OF THE WELDING
UNIT

The construction of the equipment for automated welding with stick electrodes was based
on the previous work at the IW. The automat
consists of a linear guide, a driving unit, and
the construction of an electro-pneumatic electrode clamp, Fig.7.
Upper holding
plate

Feed motor

Fixation of the stick

Stick electrode holder

Stick elec-

Stability plate

Sleig
h
Plain bearLower holding plate

Fig. 7 Automat for welding of stick electrodes
The electrode holder is connected to an upper
holding plate and a lower holding plate by pipe
clips. To move the two plates towards each
other, two pneumatic muscles are used. These
pneumatic muscles also have to be pressurized with an overpressure during the filling of
the chamber. The nominal operating pressure
is 6 bar, resulting in a maximum internal pressure of the muscles of 36 bar.
In a PID controller, which controls ignition during the start of welding and the feeding rate of
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the stick electrode during the welding process,
the control of the feeding process is guided by
the arc voltage. If the actual welding voltage is
higher than the predetermined volt-age, the
stick electrode is fed faster towards the workpiece. In the case of a short-circuit or if the
voltage is less than a predetermined voltage,
the speed is reduced.
2.4

Step
motor unit

Revolver
stack

CONSTRUCTION OF THE CLEARING UNIT

In most cases, joining components under water
needs multiple welding layers. This means that
the individual weld layers must be cleaned
before over-welding. For this purpose, a cleaning unit is designed to automatically remove
the slag. The device consists of a linear feed
axis, consisting of guide rails and drive motor,
and a rotating brush, Fig. 8.
Motor

Stick elec- Inserted
Ejector

Fig. 9 Electrode stack

Cleaning

Brush1100 mm

Motor-

Spring package
Brush-

Fig. 8 Clearing unit
2.5

CONSTRUCTION OF THE ELECTRODE STACK

1300 mm

Fig. 10 Working area
The entire structure of the multi-axis welding
system in the pressure chamber is shown in
Fig. 11.

For an automatic use of the multi-axis welding
system and reproducible welding results it is
necessary to store stick electrodes within the
pressure chamber. For that purpose a revolver
magazine was developed. The electrode stack,
containing a dry environment, provides 100
stick electrodes for fully automated operation
of the multi-axis welding machine in the pressure chamber, Fig 9.
2.6

FUNCTION OF THE MULTI-AXIS
WELDING MACHINE

The constructed welding equipment is suitable
for single and multi-layer welding of fillet and
butt welds. The joining of the components can
be performed in all major welding positions.
Furthermore, the plant is resistant to corrosion
and can be operated completely submerged.
The working area of the multi-axis welding
system is shown in Fig. 10.

Fig. 11 Pressure chamber with multi-axis welding machine
The installation of the multi-axis welding
equipment inside the 10.000 litres pressure
chamber allows intensive research activities in
the field of welding equipment to perform up to
a water depth of 300 m. The wired system is
shown in Fig. 12.
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tion, the water coverage is 500 mm, thus the
complete stick electrode is wet during the
welding process. Immediately after the end of
the welding the lever is actuated by a pneumatic control system. The weld sample moves
from position (1) on a circular-shaped path
over (2) and (3) to the stopping position (4) Fig.
13, where the weld sample is released into the
liquid nitrogen bath. The time between welding
and the storage is about 5 s, which meets the
requirements according to DIN EN ISO 3690:
2012.
3

Fig. 12 Wired multi-axis welding machine
All electrical connections are made of special
shielded cables to prevent disruptions and
influences by inductive phenomena. The welding power source is an ELIN SWA 303 electric
motor-generator-set (converter) with an adjustable open circuit voltage. To ensure the diver
safety according to the diver restrictions, the
open circuit voltage was fixed at 24 V. The
welding power source is located outside the
chamber and the welding cables are fed into
the chamber.
For welding and storing of standard hydrogen
samples an extension of the pressure chamber
test rig had to be made. For this purpose a
holding, feeding and stocking device was constructed, which is schematically shown in Fig.
14.

EXPERIMENTAL RESULTS

The following tests were performed with a selfdeveloped rutile electrode, named HK3 with a
wire diameter of 3,25 mm and a length of 350
mm. This electrode was used, because of the
knowledge of the different amounts of ingredients of the coating. This is information is not
given for commercial stick electrodes. Therefore in previous working steps this developments and experiments for underwater welding
in wet conditions were done. The work covers
inter alia the development of suitable powder
components, particle sizes, binder, coating and
electrode pressing conditions to form a product
which is applicable for the stable arc welding
process under water.
The investigations show that the composition
of the electrode coating and the water repellent
varnish have a significant impact on the handling of the welding process and therefore on
the quality of the weld.

Double-walled
container
4
3

2

1

Welding
specimen
z
y

x

Fig. 14 Under water welding at 20 m simulated
water depth

Fig. 13 Device for welding standard hydrogen
samples under water

3.1

SYSTEMATIC STUDIES AT HIGHER
WATER DEPTH

The device essentially consisted of five separately controllable levers with a mechanical
mounting for standard welding specimen and a
double-walled container for the storage of liquid nitrogen. In the initial position (1) the sample is fixed via a spring mechanism on the
support rail. This serves as a ground connection of the electrical welding circuit. In this posi-

For the mechanical and technological characterization of the seam, welds were performed
in an unmanned pressure chamber system in
different water depth, Fig.15 and Fig. 16. The
metallographic cross sections show the uniform layer structure of a reproducible underwater welding and an increasing porosity with
ascending water depth.
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performed. Fig. 18 shows the real procedure in
the unmanned pressure chamber system.

10 mm

10 mm

Fig. 15 Seam weld in 0,5 m (l.) and 20 m (r.)
water depth

10 mm

10 mm

Fig. 16 Seam weld in 40 m (l.) and 60 m (r)
water depth
3.1.1

Weld toughness

The toughness of the weld metal was determined according to DIN 2302: 2005 at a test
temperature of 0 ° C. Fig. 17 shows the average impact energy as a function of the welding
depth.

Fig. 18 Bead on plate weld for determination of
diffusible hydrogen content
The depth-dependent results of the hydrogen
measurement are displayed in Fig. 19.
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Fig. 17 Notch impact energy in dependence of
the welding depth
The reduction of the impact energy with higher
water depth is based on a combustion of the
oxygen affine alloying elements (Si and Mn),
because of the increasing dissociation of
steam and carbon dioxide.
3.1.2

Diffusible hydrogen

To determine the diffusible hydrogen content
for each water depth four slot welds with three
test samples each (Material C: S355NL) were

Fig. 19 Diffusible hydrogen content in the weld
bead in dependence of the water depth
With increasing water depth, the median of the
diffusible hydrogen content rises from
80,9 ml/100 g weld material (0,5 m) to
102,6 ml/100 g weld material (60 m). Furthermore, an increased dispersion of the hydrogen
content can be seen at higher water depths (40
m and 60 m) due to the sinking process stability.

Proceeding of Symposium on Automated Systems and Technologies

26

4

AKNOWLEDGMENT

The authors wish to thank the Federal Ministry
of Economics and Technology for the financial
support by the IGF/AiF and DVS for executing
the project „Systematische Untersuchung von
Lichtbogenprozessen für das nasse Elektrodenschweißen unter Wasser in Tiefen größer
20 Meter“ (16777 N) and the project „Hydrophobierung von Stabelektroden für das nasse
Lichtbogenhandschweißen
unter Wasser“
(17149 N). Additionally the authors thank the
committee of experts of the FAV4 – Unterwassertechnik of the DVS and the technical committee which attend the project.
5

_____________________________________
Author:

Hecht-Linowitzki, Vitali

University:

Leibniz Universität Hannover

Department:

Institut für Werkstoffkunde

E-Mail

Hecht-linowitzki@iw.unihannover.de

Author:

Klett, Jan

University:

Leibniz Universität Hannover

Department:

Institut für Werkstoffkunde

E-Mail

Klett@iw.uni-hannover.de

Author:

Hassel, Thomas

University:

Leibniz Universität Hannover

Department:

Institut für Werkstoffkunde

E-Mail

Hassel@iw.uni-hannover.de

REFERENCES

[1] Hassel, T.; Hecht-Linowitzki, V.; Kussike,
S.M.; Rehfeldt, D.; Bach, Fr.-W.: Underwater
arc wet welding and statistical analyses with
the ANALYSATOR HANNOVER, Welding and
Cutting 14 (1), S. 48-53, 2015.
[2] Kussike, S. M.; Hecht-Linowitzki, V.; Werner, J.; Peuker, M.; Bach, Fr.-W.; Hassel, T.
(2013): Hydrophobierung von Stabelektroden
zum nassen Lichtbogenhand-schweißen unter
Wasser – Wo liegen die Möglichkeiten, In:
DVS-Berichte Band 296, Große Schweißtechnische Tagung, Essen, S. 56–62, 16. bis 21.
September 2013, DOI: 978-3-87155-614-2
[3] Hecht-Linowitzki, V.; Wenzel, A.; Hassel, T.
(2015): Aus der Forschung in die Praxis –
Entwicklung einer neuen Stabelektrode zum
nassen Unterwasserschweißen, In: DVSBerichte Band 318, Unterwassertechnik. Hamburg, 10. und 11. November 2015.

_____________________________________

[4] Kussike, S. M.: Hydrophobierung von Stabelektroden für das "nasse" Lichtbogenhandschweißen unter Wasser, Dissertation, Berichte aus dem IW: Band 5, 2015.
[5] Hassel, T.; Kussike, S. M.; Wolyniec, A.;
Bierbaum, M.; Bach, Fr.-W.: Entwicklung von
Sta-belektroden für das nasse Lichtbogenhand-schweißen unter Wasser mittels Simulation von Tauchtiefen durch unbemannte Druckkammersysteme. Die Verbindungsspezialisten
2011, Große Schweißtechnische Tagung,
DVS-Verlag, Düsseldorf, 2011.
[6] Hassel, T.; Hecht-Linowitzki, V.; Kussike, S.
M.; Rehfeldt, D.; Bach, Fr.-W.: Underwater arc
wet welding and statistical analyses with the
ANALYSATOR HANNOVER, In: 66th IIW Annual Assembly. Commission XII „Arc Welding
Processes and Production Systems“. Unter
Mitarbeit von International Institute of Welding,
2013.

Proceeding of Symposium on Automated Systems and Technologies

