
Accepted Manuscript

Title: Laser-arc hybrid welding of thick HSLA steel

Authors: Ivan Bunaziv, Odd M. Akselsen, Jan Frostevarg,
Alexander F.H. Kaplan

PII: S0924-0136(18)30154-7
DOI: https://doi.org/10.1016/j.jmatprotec.2018.04.019
Reference: PROTEC 15719

To appear in: Journal of Materials Processing Technology

Received date: 17-2-2018
Revised date: 4-4-2018
Accepted date: 5-4-2018

Please cite this article as: Bunaziv I, Akselsen OM, Frostevarg J, Kaplan AFH, Laser-
arc hybrid welding of thick HSLA steel, Journal of Materials Processing Tech. (2010),
https://doi.org/10.1016/j.jmatprotec.2018.04.019

This is a PDF file of an unedited manuscript that has been accepted for publication.
As a service to our customers we are providing this early version of the manuscript.
The manuscript will undergo copyediting, typesetting, and review of the resulting proof
before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that
apply to the journal pertain.

https://doi.org/10.1016/j.jmatprotec.2018.04.019
https://doi.org/10.1016/j.jmatprotec.2018.04.019


1 
 

Laser-arc hybrid welding of thick HSLA steel  

 

Ivan Bunaziv1, Odd M. Akselsen1,2, Jan Frostevarg3, Alexander F.H. Kaplan3 

 

1 Norwegian University of Science and Technology, Department of Mechanical and Industrial 

Engineering, Richard Birkelands vei 2B, NO-7491 Trondheim, Norway 

2 SINTEF Industry, P.O. Box 4760 Sluppen, NO-7465 Trondheim, Norway 

3 Luleå University of Technology, Department of Engineering Sciences and Mathematics, SE-

97187 Luleå, Sweden 

* Corresponding author: ivan.bunaziv@ntnu.no   

 

Abstract 

A standard laser-arc hybrid welding (S-LAHW) and LAHW with preplaced cut wire inside the 

groove before welding were studied and compared. The S-LAHW setup revealed problems with 

filler wire delivery to the root, resulting in substantial hardness increase due to bainitic-

martensitic transformation. The applied finite element modelling confirmed significant cooling 

rate increase in the root area for deep penetration welds. Preplacement of cut wire prior to 

welding reduced hardness providing improved welds with higher homogeneity. This method 

was subsequently applied for multi-pass welding that revealed insufficient nucleation of 

acicular ferrite on non-metallic inclusions (NMIs). It is implied that a critical cooling rate has 

been exceeded where the NMIs become inactive, resulting in a microstructure consisting of a 

martensite and bainite mixture. This kind of microstructure is clearly harmful for the weld metal 

toughness. 
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