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Laser submerged arc hybrid welding �± the innovative method for welding 
thick plates  

 
Oliver Engels 
 

Laser submerged arc hybrid welding (LB-SA-Hy-
brid) is an innovative welding process for the join-
ing of structural grade steel for thick plates. Dou-
ble-sided single pass welding allows the joining of 
plates with a thickness of up to 50 mm with, at the 

same time, high weld quality. The existence of a 
common molten pool facilitates a metallurgical influ-
ence on the deep weld regions via the input of filler 
material.

Thick plate welding : Welding of thick-walled struc-
tures or semi-finished products is a sophisticated 
task. Foundation structures of wind energy plants, 
bridge building or pipeline production are just a few 
examples where, currently, plates with a thickness 
of 50 mm and more are processed. Normally, con-
ventional joining methods, such as submerged arc 
welding (SA), are applied. Due to the required large 
joint volume, the high time expenditure and also the 
high energy input into the part are unavoidable 
when working this joining task. The combination of 
the conventional SA method with the laser beam 
welding method (LB) towards a hybrid process (LB 
SA hybrid) allows for the significant reduction of pro-
ductive welding time and also of the energy input 
into the part.  

 
Fig. 1: Welding process: Schematic set-up   
Laser beam submerged arc welding (LB SA hy-
brid): For decades, the ISF was pioneering the de-
velopment and testing of laser arc hybrid welding 
processes. Already in 2007, first fundamental re-
search about the LB SA hybrid process was carried 
out. Nowadays, the welding process has been de-
veloped to such extent that high welding quality is 
achieved reproducibly when welding plates with a 
thickness of up to 50 mm.  
In LB SA hybrid welding, the spatial distance be-
tween the two welding processes is, per definition, 
reduced to that extent that just one single common 
process zone exists, Figure 1. While this was not 
explicitly researched in previous research work, in 
this current project particular attention is directed to 
the development of a common molten pool.  
It was, for example, established that, besides the 
process distance, the inclination angle of the laser 

beam optics exerts significant influence on the geo-
metrical shaping in the workpiece interior. With an 
inclination angle of 15° and a process distance of 
19 mm, a sharp dividing line between the upper SA-
dominated and the lower LB-dominated weld region 
is no longer visible, Figure 2.   

 
Fig. 2: 1st layer (left): Double sided single pass welding 
(right); plate thickness 40 mm   

The chemical analysis of the weld metal allowed to 
substantiate the visual impression further. Chemical 
elements of the weld filler material were also found 
in the root area of the welded seam. This way, it is 
possible to exert specific influence on the metallurgy 
over the entire weld seam depth.  
While the research work carried out in the ISF so far 
dealt with the basic applicability of this method, cur-
rently tolerance tests, for example the robustness of 
the welding process against joining gaps or slightly 
changed weld parameters are carried out. Moreo-
ver, efforts are made to monitor the welding process 
with an adapted sensor system and, if required, to 
control it as an important step for the industrial ap-
plicability of the novel welding process.    
Acknowledgements:  The funding of the IGF pro-
ject 19.039 N of the Research Association for Steel 
Application (Forschungsvereinigung Stahlanwen-
dung e.V.) (FOSTA), by the AIF within the frame-
work of the program for promoting joint industrial re-
search (IGF) of the Federal Ministry for Economic 
Affairs and Energy by the resolution of the German 
Federal Parliament / Deutscher Bundestag is grate-
fully acknowledged.  
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Improving the efficiency of submerged arc welding by plasma support  

 
Lukas Oster 
 
Within the framework of this project, approaches to 
process coupling of submerged arc (SA) welding 
with plasma welding methods are investigated. The 
degree to which the economic efficiency of existing 
SA manufacturing devices can be improved is ex-
amined by a pre-connected plasma torch. The cou-
pling of both welding methods is carried out serially 
and also hybrid. The serial coupling of plasma key- 

hole and SA process allows one-sided welding of Y 
weld preparations without taking special measures, 
such as backing or root protection. For the welding of 
a square butt weld preparation, the serial soft plasma 
SA and also the hybrid plasma SA process coupling 
are investigated. Both approaches serve for the in-
crease of the welding speed and/or of the penetration 
depth compared with conventional SA welding.

For inexpensive welding in the field of thick plates, 
the SA welding method is widely used due to its high 
process stability, weld quality and economic effi-
ciency. The increasing cost pressure, however, 
raises the necessity for further optimisation steps of 
existing manufacturing processes. One approach 
for increasing the process efficiency is the use of 
hybrid welding methods, for example for the reduc-
tion of the welding time. Possible variations are the 
coupling of laser beam welding processes with 
plasma welding, and also of plasma welding pro-
cesses with the SA process. Especially for small 
and medium entreprises, the plasma method is a 
low-priced alternative to the laser beam.  

For the coupling of both methods, the approaches 
of two separated molten pools (serial coupling) and 
of a common molten pool (hybrid coupling) are most 
suitable. The serial coupling can be carried out us-
ing the plasma keyhole process with a high plasma 
gas flow and/or the coupling with soft plasma, i.e. a 
leading process with reduced plasma gas flow in or-
der to avoid humping effects.   

For a serial process coupling, the process distance 
is varied between 300 mm and 50 mm, Figure 1.    

SAW-Torch

Plasma-Torch
Flux feeding system

Hot wire feeder

 
Fig. 1: Machine set-up for serially coupled plasma SA 

welding  
For one-sided welding, the plasma keyhole process 
is used as the leading process. The process is used 
for the welding of the root face (5 mm) for Y weld 
preparation. The trailing SA welding process with a 
negative polarity of the electrode is filling up the rest 
of the joint, Fig. a. 

A reduction of the process distance of a serially cou-
pled soft plasma SA welding on a square butt weld 

preparation has a positive effect on the process stabil-
ity and penetration depth, Fig. 2b.  

 
Fig. 2: Plasma keyhole SA welding without backing and - 
forming 50 cm/min / 750 A (SA) / 310 A (plasma) and serial 
soft plasma SA welding 50 cm/min / 800 A (UP) / 300 A 
(plasma). 

Current investigations show already that plasma sup-
port has a positive effect on penetration and welding 
speed. It is possible to weld plates with a thickness of 
15 mm in a single pass with Y weld preparation without 
backing and with square butt weld preparation with 
flux backing and a welding speed of 50 cm/min. Previ-
ous studies were restricted to serial process coupling. 
Future work will also consider the hybrid coupling of 
both methods and, subsequently, compare mere SA 
welding and combined plasma SA welding in a bench-
mark. 

Acknowledgements : The funding of the IGF project  
18.147N of the Research Association Welding and 
Related Methods e.V. of the German Welding Society 
(DVS) by the AIF within the framework of the program 
for promoting joint industrial research and develop-
ment (IGF) of the Federal Ministry for Economic Af-
fairs and Energy by the resolution of the German Fed-
eral Parliament /Deutscher Bundestag is gratefully 
acknowledged.   

Moreover, the ISF would like to thank the companies 
who are participating in the project-accompanying 
work group for their excellent support. 

15
 m

m

UPP12

1 mm

60°

5 mm
#30

15
 m

m

3 mm

a) b)

                   



  

4 

ISF Direkt 56 �± November `17 
 

News 

 

Staff 

In July 2017, Mr. Thomas Krichel started his work in 
the beam welding department as research assis-
tant. Since October 2017, Mr. Josef Weiland has 
been supporting our �W�H�D�P���³�$�G�K�H�V�L�Y�H���%�R�Q�G�L�Q�J�´�����0�U�V����
Chika Koyama returned in September to the EDP 
department after having taken parental leave. Mr. 
Christoph Kohl started his training as mathematical-
technical software developer and Mr. Maximilian 
Schneider and Mr. Justin Steinicke started their 
training as industrial mechanics in the ISF.   
Congratulations on the weddings of Paulina and 
Marc Essers, Barbara and Sebastian Ufer, Ella and 
Andreas Naumov. The ISF also congratulates Britta 
and Klaus Lenz on the birth of their son Martin, and 
Desiree Decker and Bernd Marx on the birth of their 
daughter Penelope and, moreover, congratulations 
to Lisa and Johannes Schönberger on the birth of 
their twins Lio and Lou. Mrs. Stephanie Bier, Mr. Jo-
hannes Schäfer, Mr. Klaus Lenz and Mr. Sebastian 
Ufer have left our institute.  
 

In Memoriam 

We mourn the death of Dr.-Ing. Horst Ernenputsch, 
first ISF doctoral candidate in the year 1960, who 
died on August 4, 2017 at the age of 86. As a mem-
ber of the �³Freundeskreis�  ́ Advisory Board, Mr. 
Ernenputsch supported the ISF alumni in an inten-
sive and successful manner throughout his life.    
We also mourn the death of Dipl.-Ing. Hans-Josef 
Frohn, the longstanding, committed managing di-
rector and �K�R�Q�R�U�D�U�\���P�H�P�E�H�U���R�I���W�K�H���³Freundeskreis�´��
of the Welding and Joining Institute of the RWTH 
Aachen University e.V. who died on August 2, 2017, 
at the age of 83.  

Promotion 

Within the framework of the cooperation with the 
Jülich Research Centre, Dr.-Ing. Stefan Reichle re-
ceived his doctoral degree on November 3, 2017  
about the subject �³�$�O�W�H�U�Q�D�W�L�Y�H���D�S�S�U�R�D�F�K�H�V���D�Q�G���I�X�U��
ther development of reactive brazing of metal ce-
ramic compounds for application in the high-temper-
�D�W�X�U�H���I�X�H�O���F�H�O�O�´��. 

Completed Research Projects 

Process-oriented research of photonic tools for ad-
hesive bonding of multi material light weight struc-
tures in automobiles (ProPhoMuLa). Subproject: 
Research about the automated overall process 
(BMBF 13N12771) 
 
Improvement of the microstructure of laser beam 
welded, ultra high-strength steels by specific heat 
input (IGF 18.510 N1) 
 
 
 

 
 
Mechanical-technological properties of underwater-
welded high strength and higher-strength steels (IGF 
18.158 N1) 
 
WickElStent �± Production of a single-wire stent in a 
winding process with electron beam welded crossover 
points; investigation of the micro electron beam weld-
ing in wound Nitinol networks (AiF/ZIM 
KF2683605CJ4) 
 
Multi-sensor based damage detection and quality as-
surance in the CFRP repair process (IGF 18.757 N2) 
 
Laser beam welding of copper and copper alloys with 
a thickness of > 3 mm under reduced working pres-
sure up to a fine vacuum  (IGF 18.707 N1) 
 
Extension of the material and processing spectrum in 
wind energy plant construction by consistent compo-
nent safety certificates  and welding process optimisa-
tion (IGF 18.460 N2) 
 
Development of methods for the structural mechanic 
damage patterns and evaluation of fibre-reinforced 
plastic materials and for the design of repair concepts  
(IGF 18.758 N3) 
 
New Research Projects 
Micro-scaled geometrically and metallurgically 
adapted surface structure of implants for the specific 
simulation of the osterogeneous differentiation  (DFG 
RE 2755/47-1) 
 
Determination of the influence of processing-induced 
and environmentally induced hydrogen sources with 
regard to the susceptibility of high-strength steels to 
hydrogen-induced cold crack formation (AIF 19.540 N) 
 
Generation and validation of material parameters in 
heat affected zones for a closed simulation chain from 
the joining technique simulation to the load simulation 
in the application case of laser beam welding of the 
ultra high-strength steels  22MnB5 und DP1000 (AIF 
19449 N) 
 
Welding and brazing of Al alloys by means of NV EBW 
and use of filler material at low acceleration voltage  
(Low Acceleration Voltage - LAV) (AIF 19.435 N) 
 
Prediction of welding parameters for electron beam 
welding and laser beam welding in vacuum by inverse 
use of a surrogate model (AiF 19.467 N) 
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