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Motivation
and Introduction




Motivation
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/ / \ Don't waste time

on typing keyword-files
T

Spend time on engineering

Reduce the input
on necessary data

Y SN

Efficient setup of
simulation models for welding

Focus on the problem

Maximised automatisation
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Workftlow of a welding project
with SimWeld and DynaWeld

[ Meshlng [New Project]
DynaWeld ] ‘

[Trajectorles i [ Create ]

WPS [ Check ]
[Heat Sourc;j SimWeld } ‘

E’rocess Plan] [ RUN ]




(et Process Simulation — Structure Simulation
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=t

Welding Process Simulation Welding Structure Simulation
 SimWeld * DynaWeld / LS-DYNA
e for GMA Welding e for all types of welding

= Temperature Stress Distortion
e Prediction of e  Prediction of
— Heat Input — Deformation
— Weld Pool — Residual Stress
— local Temperature Field — global Temperature Field
* Input: * Input:

— Process Parameter — Equivalent Heat Source

— Trajectories and Process Plan
For beam welding (Laser, Electron Beam) exist no tool for industrial use ]
like SimWeld. The prediction of the equivalent heat source requires the
method of adjustment by mircosection.



WPS and Process Plan

The The
Welding Procedure
[ Specification (WPS) ] [ e [ ]
1s a document that describes 1s a document that describes
— weld process type — the order of the welds
— machine settings (U, I, Puls) — start time of welds
— weld preparation — 1ntermediate time between welds
— work position — weld type
Input for 1 Input for 1
welding process simulation welding structure simulation

[ SimWeld | ] [DynaWeld E:'—‘"]




Equivalent Heat Source




Equivalent Heat Source

« The Equivalent Heat Source 1s a coupled function
of geometry and intension of the heat generation density.

It describes the thermal loading of a welding structure simulation.

 Its aproach is to generate the same heat input as the real proccess.

It is an engineering aproach and not real physics.

» It covers fluid dynamic effects like convection in the weld pool.

e Any funktion is allowed.

« To find the heat source parameter is the challenge but SimWeld predict them.

3D double ellipsoid source

SimWeld Work-Directory 3756, 71510 //Q (W)

44V 2532,43120 //Qf (W)
.. Input _ 1224,28390 //Qr (W)
I g 5 G SimWeld.ehs 86,38137 //g0 front (W/mm3)
— : : Eﬁnldak.ms . 2,61212 //q0_rear (W/mm3)

2,88001 f/af (mm)
18,54003 //ar (mm)
T,76000 /f/b (mm)
6,08000 //c (mm)
3,24000 /%0 (mm)
3,32000 //z0 (mm)
0,00000 /ffay (degree)
51,00000 //vy (cm/min)




SimWeld Heat Source
a new Equivalent Heat Source aproach for GMAW

Goldak - Gauss SimWeld - SuperGauss

= Konstanten: « Konstanten:

r— =3 r.=r =3
. c=2
.
b _?;- . P |
2
fra o) = explk (3 +37) st 1) = expl- (ks + 7))

H e (X5 Y )ddxdy =H Fagrs (X, ¥)dxdy =1

improved threshold of heat density outside the elipsoid
same parameter as Goldak heat source
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//" "‘\5‘ SimWeld Heat Source

[ (Y ) .
o a new Equivalent Heat Source aproach for GMAW
Goldak - Gauss SimWeld - SuperGauss

g PR B y

b= (r T T, xl?:. KG = - . KM = —

1.5
e

h bH-0.691368

improved aproach for the effect of fluid heat convection in the weld pool
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Process Simulation GMAW
Numerical Prediction of Equivalent Heat Source
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SimWeld Preprocessing

e Definition of:
— weld preparation
— geometry and geometric parameter
— work position
— material




SimWeld Preprocessing

e Definition of:
— wire: feed, diameter, material,
— stick out
— travel speed
— angle of torch, stabbing, slabbing, skew
— shielding gas
— machine settings U, I
— process type normal, pulsed U/I, pulsed I/
— pulse parameter

= Wit = Equipment = Powes sowce
Diametsr | 1.0 vl ] S - Select . | Custom -
Mgtenial sGFe L Wekding cabls Process typs | Pulped 1A .
[ ] 'fire il sy [+ Contider veldng cables Wire fend 46 2115 | [rmrmir]
Contac noe. L 1] s g | Hebe attambiy
L o} [m] -
- Positi :ﬂh o Pulse Shepe | Sleep
o et ¥ilx Frequency 82 1alls] M :
= 11,1 B [rm] AT Cabils bo wine: Beadiar Pk = o .- L e e
¥ 000228 [mm] X Lergh 105808 |m) - Al ls g
L 20002802 ) Cioss section %5208 [med] Base curent s CHCIN o 01 3345[5‘173911;1113
B 00 [rem] Cabide bo work piece P cumant 400 s s [l : >
—— Lergth 105 [eile ] St lengh 22002 %] Aro mimaulation
Cooas seckon 95 eiet| ] SIMULATION 3.1
Along wiim Il
e : vﬂ# - Paute ";h_||'|

Il . [ Execute vokage metesing
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SimWeld Results

 Equivalent Heat Source B
» Weld Pool Geometry

* Droplet P -
*  Wire Temperature L*’% 1
* Energy, Voltage, Currency

e Temperature Curve
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Simulation Time till end of Tg 5 5
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Interface
WeldWare - SimWeld
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Prediction of Weld Quality
extended Quality Assurance

[ Material Specification ] [ WPS }

Chemical Composition Welding Procedure Specification

[WeldWare® ‘ m__ I(’Veld-Pool \[ SimWeld T I
 helle )| —
l Microstructure 1

Material Analysis °Yie.ld Strength [ Thermal Analysis J
*wwd-File *Ultimate Strength Temperature Rate
*Hardness

Ultimate Elongation

)
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DynaWeld
Welding and Heat-Treatment with LS-DYNA

Distortion — Restidual Stress - Microstructure
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DynaWeld
The Idea for an efficient Preprocessor for Welding tasks

- 0-wcues
Add On and compatible to —
existing Pre-Processor e
DS-RLNTART Ci
o
Define trajectory quick and easy NAT_279_K7E-Bhdym
RETT. iy
ALl s
S i
Definition and Dokumentation RIS
L] (] = - L
of the simulation Model 01.5TAR ayn
° OT-RESTART, dwyn
in one spreadsheet-file T
Every data in readable and it o
oy . By Structured input deck
editable ascii- / csv-format A with quick acess
SIS
Editable keyword-files with the B it e
ability of user extentions i
T dyve
< 3pfad
SO0y
Strong name convention for files b
and IDs but minimised clicks roa.dy
B
8001 -:_T:
o =l s
Setup-Tool for Engineers 1001 e
. . . ° + [T |
to minimise work time e
[r P
Olrun

Chyra'tveld Procepeplan 0 07 adu




Weld Path

The definition of welding heat input consist of:
— Location: Weld Path
— Energy: Heat Source
Two trajectories are needed to define
a local moving reference frame
The weld path consist of:
— Trajektory Weld-Line
— Trajectory Reference-Line

— Time information: (" Nodeset for:
* start Reference-Line SRR\ 1 T HEEEEETUN S0 SUa
« velocity L Weld-Line

DynaWeld uses sorted node-sets
to define the trajectories

DynaWeld sorts unsorted node-sets
Definiton of node-sets in LSPrePost with option ,,By PATH* or ,,By EDGE*
DynaWeld calculates the length of the trajectory and its number of Elements
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Process Plan
with import of ScmWelds equivalent heat source

N Process W q af ar b o H ir
SimWeld | e
— 0 E: B E T n 12 12 1

heat source import _ Simiiiedd ohs 4167 ESISHP? 3455  F3AS47 | 5455 BE4S | L113 | 0BAT

C

A B
DynaWeld — Process plan

1
i N
4 | Process nr Weld ID Length ¥ Duration Start End PALUSE o
5 il mims 5 5 5 8 C
6 0 1 2 3 4 5 6 7 )
T - L] - - L] - L] - - :
8 1 1001 55,65987 416666667 133584 10000000 10133584 5,0000 5525 8223 o
L 2 1002 74,21316 4 16666667 178112 10183584  1036,1695 5,0000 5525 B223 o
i}
11 - E
[ [k 3 0L-PROTESS JITETEIT 7 OB NI 0
o

I

* ProcessPlan
— Complete Information of Welding Tasks
— Complete Information of Clamps
— Documentation of the Simulation
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STATUS

= Welding Input Writer -- W0 28.05.2015
120062015 - 0756230

Create Mew Frojekl

| Create Input

Dedete Projekt

| Task by Task

¥ Sort Hode Sels of Trajekbories

Heal Source

Teme Gchedule

Roundary

FParts and Segments

Check by

Contaki

Visualisation

Start-Input

Ready with LOG for Start
Riady with LS-D¥NA Input for Starl

dhow Heat-Source LOG-File

Fhow Time Schedule LOG- File

i Bowndary LOG-File

Show Parl LOG-File

Check by Weld-Line

Log-File

o Kontakl LOG- Filse

Show Start LOG-File

e T, [ Tt H— fo—

RUN the Job |

Bat |

Start Reference-Line
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DynaWeld - Performance Analyse

o Y T Y] I (SN T (N1 I [ ] [ S [—_, U |
| IEssErrrrErETETES T ST T A A AT EERERE R RD i
Performance BT (c) Ingenieurbwen Tobias Loose & wiaw. l0ose.al - wats.d-ing.eu
. B Dabum: 12052015 - 11:02:14
AnalySls Sheet ."-I.__ ] 0l H
5 [Ssep D real ime e Since Sian  simulaion ome Gme step  fiefabon  redry sieps
TT:MMLL HHMMSS s 5 5 - -
(113052015 183555 i 0,00
111052015 183644 49 043 043 3 1]
2113052015 1836536 151 086 043 5 1]
3112052015 163544 25 123 043 4 L]
4 11052015 184101 E1 ] in 043 4 ]
511052015 184218 33 214 043 4 0
6 11052015 16:43:36 461 257 (.43 4 ]
g Iterations per
E time step
=
5
= — i1 r 0,1
% — 1105
= — 2701
— 205
— it 21 0,1 NSOLVR 12
o
=
0 10 20 20 40 50 60 70 a0 E 6
Simulaticn ime in s E
4
Simulation
—_—
Performance £
0

0 10 20 30 40 S0 60 [ 80 90 100
Simulation time in s
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Workftlow of a welding project
with SimWeld and DynaWeld

[ Meshlng [New Project]
DynaWeld ] ‘

[Trajectorles i [ Create ]

WPS [ Check ]
[Heat Sourc;j SimWeld } ‘

E’rocess Plan] [ RUN ]
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Weld of a Pipe with 40 mm Wall Thickness
made of Alloy 625

TR l
b
i
L
;

60 Layer - GMAW 93 Layer - TIG




//" ﬁ“\ﬁ‘ Weld of a Pipe with 40 mm Wall Thickness
Y made of Alloy 625 - 60 Layer GMAW

Temperature Layer 44 Equivalent Plastic Strain
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Curved Hollow Section Beam

Length 2,00 m
8 2-layered Welds
12 single layered Welds

e T
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Animation of Welding

DynawWeld # www.dynaweld.eu
Time = o

www.loose.at
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