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Motivation

Digitalisation in the manufacturing design

No computers
Empirical knowledge and try out by 

physical tests to achieve best 
manufacturing processes

Computers and simulation available
The digital try out enables to achieve 

best manufacturing process
in advance!
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Introduction
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Definitions

Welding Simulation
Process

Welding Simulation
Structure

Assembly Analysis
Distortion
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Definition
Welding Simulation

Welding process analysis

In the welding process analysis, 
• the evolution of the heat generation,
• the evolution of melt pool,
• evolution of the weld seam shape,
• the nearby temperature field 
are calculated, with the input of machine settings.

Welding structure analysis

In the welding structure analysis
• the global temperature field,
• the distortion,
• the residual stresses
are calculated with the input of equivalent heat on moving 
heat sources according the weld plan.
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Definition
Assembly Analysis
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Definition
Assembly Analysis

Assembly Analysis
Distortion = Welding Simulation

Welding Simulation
Structure

Welding Simulation
Structure

Clamp Kinematic Simulation

Imperfect single Parts

Imperfect Sub-Assemblys

Multi – Stage Simulation
(multi GEO Stations)

Welding Simulation (Structure)

+

+

+

+

Distortion management requires 
Assembly Analysis.

A pure welding simulation
is not sufficient.

DynaWeld's challenge is the 
development of entire assembly 
simulation method including 
welding simulation.



8© DynaWeld GmbH & Co. KG www.dynaweld.eu

Advanced Simulation Methods

Precise results require
precise modeling and

consideration of 
the real physics.
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DynaWeld Advanced Method for Filler

Mechanics at Weld Seams:

DynaWeld developed the „free motion filler technology“, 
which considers the mechanical details of welding:
1. Not yet welded seams:
Weld filler elements are present, but should not affect the relative movements of the later 
connected devices. Therefore a sliding status is remaining, until:
2. Welded seams: 
the welding torch heats up materials to the melting point. From the moment of solidification on a 
permanent connection is kept until the end of the process. 

Movements between components, 
also gap progress where appearing,
is kept until heating up and 
solidification.

True mechanics are of high importance, as 
the weld seams, yet welded or not, influence 
each other and by this the distortions of the 
entire structure.
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Advanced Preprocessing for 
Distortion Engineering

1. DynaWeld Preprocessor for complex industrial welding processes over many steps:
 

By simple tabular inputs the DynaWeld Preprocessor supports
many weldings simultanously done by multiple robots
over different manufacturing steps. 
Arbitrary welding procedures and 
arbitrary clamping tool kinematics are possible.
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Process Plan - Time Schedule

Time schedule of welded assembly over three GEO Stations:
(Welding- and cooling steps, non truly scaled) 

Welding GEO 1 Welding GEO 2 Welding GEO 3

Cooling Cooling Cooling

250 s 500 s ca. 70 min 110 s 70 s 60 s 

135 s: 
unclamping

355 s: 
Clamping 1000 s: 

unclamping450 s: 
unclamping

925 s: 
Clamping

Clamp closing and opening is simulated.
The correct contact conditions are considered.

9 cycles=450 s 16 cycles=850 s 18 cycles=1020 s3 cycles=125 s 7 cycles=365 s0 s

360 s110 s 430 s 930 s 990 s 5000,0 s0 s
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Advanced Preprocessing for 
Distortion Engineering

2. DynaWeld Material Data Management:

Advanced material management to cover thermal 
related data and quick adjust to applied alloys
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Assembly Analysis
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Simulation of Assembly

Assembly procedure - principle procedure

+ +
Step 1:
Welding 1 with 
2 weld seams

Step 2:
Assembly, adding 
further parts

Step 3:
Welding 2, adding 
further weld seams
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Simulation of Assembly

The assembly simulation takes into account prior stages

Assembly procedure - principle procedure

Part 1 Part 2+ Part 3+

Assembly 1

Part 4 Part 5+ Part 6+

Assembly 2

Distorted 
Assembly 1

Welding 
Simulation

Distorted 
Assembly 2

Welding 
Simulation
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Simulation of Assembly

Distorted 
Assembly 1

Welding 
Simulation

+ Distorted 
Assembly 2

Part 7+

Part 8+

Distorted 
final Assembly

+
• distorted geometry
• initial strain/stress
• welding contact status
• temperature distribution

+
• distorted geometry
• initial strain/stress
• welding contact status
• temperature distribution

 The geometry of single Parts 1 .. 8 
may come from CAD or prior 

manufacturing simulation. They can 
have perfect geometry or imperfect 
geometry from prior manufacturing 

process, for example forming.

The assembly simulation takes into account prior stages

Assembly procedure - principle procedure
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Assembly Example - Car Roof

DynaWeld Car
Welding process of the roof

DynaWeld Car
Motion of the clamping tools
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Assembly Example - Car Roof

Z

DynaWeld Car
Z-Distortions before unclamping

DynaWeld Car
Z-Distortions after unclamping and cooling
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Animation of Roof Welding
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Distortion Management
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Distortion Management
ensure you process before fabrication

Numerical calculation of deformation during welding assembly process

Analyse distortion to be expected

Check if distortion is 
within acceptable 

tolerances

Design compensation methods

Check if distortion is 
within acceptable 

tolerances

Assembly process designed for fabrication

YES NO
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Distortion Management
 proof of robustness – sensitivity analysis

Check if distortion is 
within acceptable 

tolerances

Design compensation 
methods

Check if distortion is 
within acceptable 

tolerances

Assembly process prooved for tolerances 
in process or single part geometry

Define  possible tolerances / deviations in process or single part geometry

YES NO

Define acceptable 
tolerance for process or 
tolerances for geometry

Analyse distortion to be expected
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Distortion Management
Application Example

Proof of 
design of manufacturing

Sensitivity 
Weld process - heat input 

Sensitivity
Clamping device

Sensitivity
Imperfect single parts

Proof / Non Proof

Small / Moderate / High
Impact on distortion

Manufacturing – straight forward

Sensitivity on tolerances

Results

„Non Proof“: 
requires optimization loop

In case of non acceptable distortions 
improve the issues with „High Impact“.
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Minimized Distortion by 
Optimized Weld Sequence?

How many variants to run for check out best weld sequence?
2 welds = 2 possible weld sequences
3 welds = 6 possible weld sequences
9 welds = 362880 possible weld sequences

Is it economic to search for the weld sequence that leads to minimum distortion?
In industrial processes with many welds, rather not! 
Apart from the extreme amount of possibilities in industrial processes, any better weld sequence might 
quickly get in conflict with the given boundary conditions of the manufacturing process. 
This can be the cycle time, the amount of robots, their capacity and their interactions, 
the approachabilities and assembly position during welding.

Only for small weld seam numbers look for the best weld sequence of all possible sequences, else better:

• Design different weld sequences optimized for production an check which is best
• Group welds and check different group orders
• Design compensation methods and go ahead with straight forward engineering

It is impossible to check out the 
best weld sequence due to N! 

Optimize weld sequence to minimize distortion 
is rather a marketing fairy tale than serious engineering
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How to Benefit from 
Distortion Management



27© DynaWeld GmbH & Co. KG www.dynaweld.eu

How to Benefit

Start with Distortion Management in the earliest state as possible:
• Approvement of the prearranged production
• Intervention in early states of development, 

if tolerances are not reached or visible distortions problems appear
• Solutions for distortion issues may be solved by the process design

Assembly analysis and integrated view of manufacturing
• Difference from target geometry by entire process
• Identification of the significant manufacturing steps for distortions and deviations  

for targeted intervention
• Design of compensation method
• Approval of compensation method or 
• Approval of new designed manufacturing process
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How to Benefit

Save many try out loops

Low cost problem solution 
resolved by geometry design 

Save time to production 

Start production with proved and 
robust manufacturing processes

Prevent any expensive emergency 
situation at production start
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Thanks for attention!

Learn more on: 
www.dynaweld.info
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Reference

After more than 40 years of strong research by Pioneers like Goldak, Leblond and other welding distortion 
analysis by welding structure simulation is a well established and validated method. DynaWeld has entire 
knowledge on all physics behind and extended experience in application on industrial cases.
Extract of Reference:
• Loose, T.: Einfluß des transienten Schweißvorganges auf Verzug, Eigenspannungen und 

Stabiltiätsverhalten axial gedrückter Kreiszylinderschalen aus Stahl, Universität Karlsruhe, Diss., 2007
http://www.dynaweld.info/data/ueber_uns/veroeffentlichungen/TL-ING-Schrift-01.pdf

• Goldak, J. A. ; Mehdi, A.: Computational welding mechanics. Springer 2005
• Loose, T. ; Rohbrecht, J.: Equivalent Energy Method for Welding Structure Analysis. in: 11th. European 

LS-DYNA conference 09.-11.05.2017 Salzburg, Österreich
https://www.dynaweld.info/data/ueber_uns/konferenz/170510-LS-DYNA-Loose-Rohbrecht-paper.pdf

• Loose, T. ; Rohbrecht, J.: Equivalent energy method for welding structure analysis. In: Welding and 
Cutting 17, 2018, Heft 3, pp 210 - 216

• Loose, T. ; Mokrov, O. : SimWeld and DynaWeld Software tools to setup simulation models for the 
analysis of welded structures with LS-DYNA. in:10th European LS-DYNA Conference 2015, 
Würzburg 15. - 17.6.2015 
https://www.dynaweld.info/data/ueber_uns/veroeffentlichungen/150616-LS-DYNA-conference-loose-mokrov-simweld-dynaweld.pdf

• Loose, T. ; Sakkiettibutra, J. ; Wohlfahrt, H. : New 3D-Calculations of residual stresses consistent with 
measured results of the IIW Round Robin Programme. In: Cherjak, H. (Ed.) ; Enzinger, N. (Ed.) : 
Mathematical Modelling of Weld Phenomena Bd. 9, Verlag der Technischen Universität Graz, 2010 

DynaWeld's full reference: dynaweld.info/en/dynaweld_company/ 
DynaWeld's research projects: dynaweld.info/en/service/research/ 
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