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The processability and function of a
sheet-steel part are largely dependent on
which characteristics its surface has. “In
the case of cold-rolled steels, surface-
refined sheets now already account for
75% of supplies and this proportion will
continue to rise,” says Dr.-Ing. Karl-
Ulrich Köhler, a Member of the Board of
Thyssen-Krupp Stahl AG (TKS) in Dort-
mund. Furthermore, customers from the
automobile, construction and household-
appliance industries are apparently set-
ting ever more stringent requirements on
the coatings: The surfaces should not 
only have a decorative appearance but
should also, for example, be characterised
by scratch and wear resistance.

Division of labour between the
steelmaker and the processor

According to Köhler, the division of
labour will, in future, develop to the effect
that the steelmaker will already apply the
finished paintwork to the surface. The
user will thus be able to process the mate-
rial directly into the finished component.
The paint applied by the steelmaker will
thus have to exhibit such a condition that
it will survive all the processing steps
such as cutting, forming and joining with-
out any damage.

Therefore, Thyssen-Krupp Stahl AG
has, in the field of surface technology for
steel, planned a competence centre
which, according to the information pro-
vided by the company, is unique in Eu-
rope: Dortmunder Oberflächen Centrum
GmbH (DOC), Fig. 1. Together with the
partner, SMS-Demag – which has a 25%

shareholding in DOC GmbH –, approx.
DM 40 million was invested in new build-
ings and installations on the Dortmunder
Westfalenhütte site. The facilities include
not only an existing office building but 
also a two-storey technical centre with a
large number of laboratories as well as
two test halls. DOC employs around 80
people.

Processes for the cleaning, vapour and
plasma deposition as well as beam hard-
ening of organic coatings on steel strip
are investigated at DOC. A modern strip-
treatment installation in which these
processes are tested at a throughput speed
up to 60 m/min was built for this purpose
– conditions which come close to those in
industrial fabrication. The vapour deposi-
tion of coatings in a vacuum thus offers
new possibilities with regard to the selec-
tion of the coating materials. In combina-
tion with the customary strip-refinement
methods, it is then possible, for example,
to produce anti-corrosion surfacing with
selective concentration distributions.

Substantially thinner coatings
with improved characteristics

These new possibilities result in sub-
stantially thinner coatings with a simulta-
neous improvement in the corrosion-pro-
tection and processability characteristics.
The selective application of the plasma
technology allows coatings and strip sur-
faces to be designed according to the
needs. For example, it is thus possible to
manufacture intermediate layers which
could not be achieved until now and per-
mit a particularly good bond with subse-
quent coatings of paint.

The installation for the surface treat-
ment of steel strip which is over 76 m
long, has a modular structure and cost
around DM 15 million on its own is thus
the centrepiece and pièce de résistance at
DOC, Fig. 2. It was equipped with a
whole range of cleaning and surface-
refinement devices. The extensive prelim-
inary cleaning alone covers four stages,
including high-pressure and ultrasonic
cleaning as well as final plasma fine
cleaning in a high vacuum.

Inside a vacuum section, the strip then
passes through several chambers in 
which high-quality coatings can be ap-
plied by means of vaporisation according
to the physical vapour deposition (PVD)
process. This is followed by another sta-
tion for coating by means of flame pyrol-
ysis which is one of the chemical vapour
deposition (CVD) processes. The thermal
post-treatment and the application of a
primer coating are finally followed by the
station for the application of organic coat-
ings with UV cross-linking and, last of
all, by a cooling field.
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Fig. 1.
Dortmunder Ober-
flächen Centrum
(DOC) possesses 
extensive equipment in
the field of the surface
refinement of steel.

Fig. 2.
The centrepiece at

DOC is the surface-
treatment installation
with a modular struc-

ture. The vacuum 
section encompasses a

plasma fine-cleaning
unit (right), followed by

two PVD sections.

In contrast with previous investiga-
tions on small specimens, welded joints
which were relevant to the component
and had realistic stress distributions were
tested in this paper [1]. These component
welding tests were performed in a special
large-scale testing installation with varia-
tions in the shrinkage prevention, in the
parent and filler metals as well as in the
energy per unit length. It was possible to
show what effects each of these individ-
ual influencing variables has on the levels
and courses of the reaction forces and
moments. An uncritical dead load on the
component exists at relatively low de-
grees of clamping but the stress may lead
to cracking in the case of a high rigidity.
Furthermore, for the first time, investiga-
tions were conducted on the component
into the effect of the strength of filler met-
als on the stress-strain distribution with
defined shrinkage prevention. A high-
strength filler metal leads to lower reac-
tion forces than a filler metal with a lower
strength in comparison. The strain course
during and after the welding operation
was also determined with defined shrink-
age prevention. There were characteristic
deformation courses which allowed the
weld to be divided into near and far fields.
Using the drill-hole method, the residual
stresses in the weld region were estab-
lished in the case of clamping, after the
load removal and after the reloading to
the same level as the originally effective
reaction forces of the specimens and were
compared with radiographic values.

Background
Ever more stringent requirements are

being placed on welded structures. Pre-
cise knowledge of the stresses and defor-
mations introduced by the welding opera-
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tion is necessary when modern support-
ing structures are optimised and imple-
mented while guaranteeing their safety
and reliability. However, the standardised
fabrication-weldability tests paid hardly
any attention to the loads resulting from
the interaction between the welded joint
and the structure during the fabrication
process. At the same time, these results
obtained on small specimens can be
transferred to real components to a limit-
ed extent only because the geometry and
heat dissipation of the small specimens
are totally different to those of the com-
ponent. However, the fabrication weld-
ability must be rated as a component
characteristic for which it is imperative to
take account of the structural aspects. It is
precisely during the finishing process that
the elements which have already been in-
corporated prevent any shrinkage in the
joint to be manufactured. The level of this

shrinkage prevention is dependent on the
rigidity of the surrounding structural
members and can be calculated via the
degree of clamping. Here, the influence
of the degree of clamping RFy in the trans-
verse weld direction on the resulting reac-
tion forces is presented especially.

Testing conditions
In order to examine the influence of

the structural rigidity on the reaction forces
and moments, large plates (1000 mm �
500 mm � 25 mm) made of the S355N
fine-grained structural steel were investi-
gated with different degrees of clamping
RFy. The submerged-arc welding process
with one wire electrode in several passes
was used in order to manufacture the test
welds with single-V butt weld prepara-
tion (included angle: 60°). All the compo-
nent specimens were welded without any
preheating at an interpass temperature of
100°C in a large-scale testing installation
which was specially designed at the
“Bundesanstalt für Materialforschung
und -prüfung” and had a three-dimen-
sional effect [2].

Selected results
Reaction forces

Fig. 1 shows the reaction forces Fy

over the time t which was measured dur-
ing the welding operation with different

Fig. 1. Reaction force Fy during the multi-pass welding and subsequent cooling operations with dif-
ferent degrees of clamping RFy.

Formation of welding-induced
stresses and deformations in 
the case of variable clamping
conditions in the component
welding test1)

1) Communication from the “Bundesanstalt für
Materialforschung und -prüfung” (BAM), Berlin.
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