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Advanced Fabrication Engineering for Welded Structures

• designed for advanced simulation models 

• supports all fusion welding processes, brazing and heat treatment. 

• assembly, clamping, unclamping and mechanical loading.

Your benefits from FabWeld:

• high precision simulation and result quality

• ensure and optimize your welding and fabrication design in advance

• get the first time right 

• save costs and recources and try out loops before fabrication start
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Motivation
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Motivation

• The material properties change during welding 
in the weld area and the heat affected zone (HAZ).

• This influences prior heat treatment results 
such as press hardening

• Thus welding also has an impact on the strength 
and the behavior at ultimate load

• State of the art is: 
The mechanical properties in the weld area 
are identified by expensive tensile tests
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Objective

• The objective is to replace the physical tensile tests 
by numerical simulation.

• This will be investigated for a KSII specimen 
made of press hardened boron steel 22MnB5 

• The influence of the welding process on the 
material properties in the HAZ will be determined

• The strength correlates with the hardness

• Discrete material cards are generated 
based on the hardness profile.



© Dr. Loose GmbH www.dr-loose-gmbh.de 8

Welding Simulation
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Welding Simulation

Geometry: KSII Probe

Plate Thickness: 1.5 mm
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Mesh for Welding Simulation

Mesh Refinement:

Element length
HAZ ca. 0,4 mm

Element length
Weld seam ca. 0,2 mm

Weld seam

HAZ
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Thermal Material Properties
from JMatPro



© Dr. Loose GmbH www.dr-loose-gmbh.de 12

Thermal Analysis
Validation of Equivalent Heat Source
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Transient Temperature Field
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Transient Temperature Field
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Microstructure and Strength
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Hardness Formula for 22MnB5

• Development of a hardness formula
adapted to 22MnB5.

• The formula considers the tempering
of martensite.

• The phase transformation from martensite to 
tempered martensite is realized by a mixture 
rule from the experimentally identified yield 
and tensile stresses at different tempering 
temperature levels.

• The segregation zone at the border of the 
melt pool is considered too
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Hardness Formula for 22MnB5

Hardness from press hardening process

Heat affected zone, 
tempering effects leads to 
reduction of hardness

Molten zone
Hardness from martensite transformed 
from austenite after solidification.
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Hardness
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Martensite
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Tempered Martensite
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Hardness Profile

Hardness Profile Weld and HAZ
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Segregation Zone
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Discretization of Material Properties
New Part Assignment according Hardness

FabWeld Feature „Reorder Part“
Part assignment of elements according history variable

The HAZ contains continous changing material properties.

To perform the analysis of failure, these continuous 
properties need to be discretisized element wise / part 
wise. Each zone of similar properties requires its own 
crash card.

FabWeld has a feature to automate this process:

Input parameters:
• Number of ordinating history variable
• Number of subdivisions
• Limit values of the subdevisions
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Discretisation of Material Properties
New Part Assignment according to Hardness

Input file for FabWeld Part assignment according Hardness 

this is the history variable #36

Continuous hardness distribution



© Dr. Loose GmbH www.dr-loose-gmbh.de 25

FabWeld – Reorder Parts

Continuous hardness distribution Discrete parts
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Numerical Tensile Test
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Simulation of Tensile Test

Mesh for tensile test

• ca. 85 000
full integrated solid elements

• Explicit LS-DYNA Analysis

• Simulation time with explicit analysis
MPP 4 Cores: ca. 8h
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Numerical Test
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Tensile Test
Virtual Data Versus Experimental Data
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Conclusion and Outlook

• The process chain: welding simulation –
simulation of limit load-carrying capacity 
was succesfully performed in the example 
of press hardened steel.

• The continous material properties in the 
HAZ were transformed to discrete material 
cards. FabWeld has a module to automate 
this procedure.

• The object of further investigations will be 
the transfer to other welding processes and 
other materials.
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Thank You!


