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Heat treatment overview

Type Single
of heat treatment process steps
Quenching Heating
\ Thermal Heating

Inductive Heating

Case Hardening

- Carburisation
Inductive hardening Quenching
Press hardening [ Tempering

Design of properties by local change of material properties and microstructure




Welding overview
welding structure analysis

Type of Welding Single process steps
/" Weld Process Type Clamping 1
- Arc Welding Predeformations )
- GMAW, SAW, TIG g
- Laser .
- Electron Beam Heating
- GMAW-Laser-Hybrid

kResistive Welding, RSW Cooling

single or multi
layered welds,
9 tack welds

Reheating

Tempering

~

Grinding
and Rewelding )

Dimension
10 um .. 500 mm

Distortion - Residual Stress - Material Properties after Welding




Substructuring of models
for welding and heat treatment

4 )
Geometry
Meshing or import
l _ mesh from prior steps )
1 1 ( [d
! Trajectories ] Material
1 Data, and parameter
: calibration )
Heat Source
\ N
" Clamps and
P Process
___Boundarys
é . N )
Heating
.o ~
: CaI‘bUI'IZETtIOIl FEM
Quenching additional settings:
X Media load, contact, cinematics...
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Benefit of sub structuring

Complex
simulation
task
with many
disciplines

—>

easy to mange by task sharing

J

Vv

outsourcing single tasks

r
Material
specialist
. J
( )
Mesh
specialist
. J
( )
FEM
specialist
. y,
é )
Welding
specialist
. J
é )
Heat Treatment
specialist

.




Definition of simulation steps

R 4l N
E Mesher
A \_ Y
L

4 N
r} Pre-
% . Processsor

J

DynaWeld

“EHS0Z ZO~RPrCZ—w

—>

[ Solver ]

LS-DYNA

—_C=ECEO EHE=m =0

[

Post-
Processsor

LS-Pre-Post

- R

DynaWeld repesents a simulation environment with special preprocessors




DynaWeld
environment and preprocessor

£ @& DynaWeld - (c) Ingenieurbuero Tobias Loose - www.dynaweld.eu -- 2016 * 07.10.2016

- |Work Directory: /homeftl/fpol

e

Material Simweld Trajektory LS-DYNA Input Tools

Data Table SimWeld Check Trajektory Process plan Datei manager

LS-PrePost Mesher Check Model Language End




DynaWeld
environment and preprocessor

[ DynaWeld is not an Island-Solution!
Material Simweld - Traiektory YNA Input Tools
Cléstomer defined Process Chain {(Heat Treatment
nvironment: .
Mosher ST wee—cammesss wnnny | and Welding
*PreProcessor Interface related
*PostProcessor *Material Simulation auxilary Tools
*Welding Process Simulation

: *Auxilary Software

Linux and Windows User defined Keyword
Excel and Libre Calc — no limitation in modeling
| ) je rocess plan atei manager
Plug In for existing ettt | it = :
Software environment ! Supports LS-DYNA FE-Code
as well as stand alone ) one Code - many Solvers - one License Fee
\
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Material

Foto: Edyta Lopatecka




Phase transformation during cooling
CCT-diagram

CCT-Diagram for 22MnB5

Temperature [* C]

A
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1a-1 1e+0 1a+1 1a+2 1e+3 Tasd

Quelle: Bernd Hochholdinger, DYNAmore Swiss



Phase Kkinetic models

Law;

Koinstinen-Marburger

J

Parameter: N
Tstart:  Start Temperature MS
o kinetic faktor KM
\§ v,

[ Use: \
f(temperature)
diffusionless transformation

\ Austenit — Martensit j

Xp = xﬂ(l.(] = E_E(Tstart_T))
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Phase kinetic models

Law: : o
generalized IMAK based on Avrami equitation
\ Jonhson-Mehl-Avrami-Kolmogorov extended by Leblond
/ Parameter: \ / Use: \
Xeq: Proprotion at equilibrium (T) PEQ f(temperature, temperture gradient, time)
n: form parameter (T) N diffusion-driven transformation
T kinetic faktor (T) TAU Austinitisation, Tempering
f.f: Leblond factor (dT/dt) F,F' Austenite — Ferite, Perlite, Bainite
\_ ~/ \_ phase transformation Aluminium _/
n(T)=1.0
dxy & ' Kap(xq +xp) niEd » Xeq(T) _ron o, _ 10— Xeq(T) _, /.
i.'it T H(T)(kﬂbxﬂ i3 kﬂbxb) (]I'l (kﬂ_bxﬂ » k;bl‘h) kﬂ.b e T(TJ f(T)'kﬂb S T(T} f {T]
g Advantage: N ( Disadvantage: )
no limitation on material type nor chemical needs calibration
composition. Fitting according: on existing CCT or TT
\temperatur(T) and temperature rate(dT/dt) ) \ y
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Materials with phase Kinetic models in LS-DYNA

*MAT 254 / *MAT GENERALIZED PHASE CHANGE

Heat treatment :
all materials

Welding
/ Laws: \ / Features:
Koinstinen Marburger 24 Phases
Oddy Shells, Solids, 2D-shells
Kirkaldy Welding features
generalized JIMAK Phase transformation strain
Time criterium Transformation induced plasticity (TRIP)
list might be extended Subcycling for phase transformation
Tempering

userdefined i
assignment of laws Hardeness computation

Simulation of PROCESS-CHAIN feasible



Selected features: DTEMP

Phase transformation calculation temperature requires limit on tempearature step

Phase transformation shall not reduce time step of mechanical solver
DTEMP = maximum allowed temperature step drives subcycle for phase transformation:

Gefuegeumwandlungstest 1.0 - 10.0

0.025 T T
: ' I Element no.
E‘k A dt 0.5 dTemp 10
[ B dt 0.5
0.02 + i ] 3\—— y ' 1€ dto.01

¥X-strain

Time
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Phasenanteil in %

100

m.
a:} | V' N —
y
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dﬂ —rw L = i N **
i E;’*’: LS-DYNA _
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04 e N
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Abkuhlzeit 850°C ...500 "Cin s
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Selected features: phase transformation strain

If Phase A and B have different density g oo ki
in case of phase transformation g W
- . . w 0016
additional strain arises due to volume change: Yo
Phase Transformation Strain. ® ofes
0,008 |
0,010

0015
O 100 200 300 200 500 600 700 HOD D00 1000 1100 1200 1300 1400 1500

Tempenase in *C
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Simplified approach for single phase model *“MAT 270

Heating

\
\

Cooling
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Validation Nitschke-Pagel test

Spannung in Kmm?

Spannung in i

- 85355 s
3 g | SO0 A E =583 klicm E B b= s P
== Melvene | ——
=g Syswmd v = 1,66 mm's e e
250 ;"f @. __.‘El_nwng:_'lff im
/. Berectinung: w= 0,32
4 é e " Mebtng Egenapanmumgen )
150 R —
s N + D! Nitychke-Pagel, 4 ——
ung’ Dr. Feose_ £ *
50 ,-’fh-“ A —— 2
0 a v
=0 ;I ;?‘:_""---____ T Verformung w
2 r T nach dem
= e Schweificn
20 15 -10 5 0 5 10 15 20 | 00 |
reahmitenabstand in mm & 3
150 o LSCYNA Distortion w:
—i— Meliwate .
i o Syl Experiment: 0,34 mm
50 .
Sysweld: 0,32 mm
0
LS-DYNA: 0,34 mm
50
-100
=150
200 Loose, T.: EinfluB des transienten
220 Schweilivorganges auf Verzug,

a0 15 A 5 a 5 10 15 20 Elgenspaqpungen uqd Ste}blltlatsverhalten
axial gedriickter Kreiszylinderschalen

P L 1) aus Stahl, Diss, Karlsruhe, 2008
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DynaWeld — Management for

high sofisticated welding and heat treatment materials

—
. . User defined
Material DynaWeld Material 5
p
t JMatPro
4 A ‘
Import and extensions; g
Base material phase WeldWare
Liquid material phase \
Tempering phase ,
Flowcurve adjustment other material
\Welding settings Y, X simulation software
LS-DYNA LS-DYNA

Material keyword-file
multi phase *MAT 254

Material keyword-file
singel phase *MAT 270

19



DynaWeld Material - Import

Interfaces

288 Dyra'Weld - Maberial Data Prepasation 8. 16, 10. 351 &

enpart:

o wilhout Data Import

= Usar dafined ECT  [13-TTucavl
T Tty gt L

| MatPra mwt:uwptm: Jmtp
| = MatPro [ SysWeld et [Smat)

FRLAT 254 Mudti Phase kodel
'Hﬁ.'l" mwmmm
ﬂfj?ﬁﬁ'-ﬂ"hl““wm

Decimal Separaber civ-file-—-= |
e

aid-Material - Material Parameber & &8 DynaWeld-Materia Material Parameter
Material Mame: NICROFER-Probs Draht 002-13 Schanrma: Material Marme: Tram_|siatPro
Material 10 {1 .. 995): P A —
=|_ Material 1D (1 & 999 ]
T : 1400
Sofidus Temperature (Aktivation Start); Selidus Temppagature (Aktiyation ::I’.“ AL
{1400 Uquidus Temperatur (Aktivation End);
; Latent Heak of Melting (ki) 270
m:’“' Y R | | History Reset Start Temperature (TASTART): 1435 6304
History Reset End Temperature  (TAEND): 1495 6904
History Reset Start Temperatise (TASTART): uu::m E-Modul (MPa): 10000
s Plastic Strain at Uitimate Stress: 8.13
History Reset End Temperature  (TAEND): || g g i ot
L300
Mirirnurm E-Modul (MPa): - Settings for Filler / Liguid / Deactivated
10060 Flow Curve a5 imparted |
Pladtic Strain a1 Uitimate Slreds: Flow Curve according Austenit |
[n.13 > Wi « Comstant Yigld Stress
SErain Rate: E=Modul {MPa): L33
(feooe = Mang i
- 001 Basmaterial: Composition of Phase .
0.1 sm&e phase | |Phase1 Phasez phases  Phases  Phases multi phase
i1} .25 .75 i1} i}
1.0 ]
100
1690.0 Pirm i
10000 Tanget Source
mmm,m,m,m Dynaweld |MatPre | Sysweld ik Ultirmnate Add
E-Modul (MPal: P-1P-2 P-3 P4 B3 MPa MPa
s — BLtenit - 103.0 455,40
= Ferrit 5 60 L0876
Ty e — || pestic e 454.3 933999999999
- Bainit [ - T80.1 119135
Check and End [ Martensit = (TFI] 137053
4 Bage Material 154,92 4555555| 130055 g
Fillier Liquid 1a00 1100 -
Tempared Martentit TEI. 1 1191, 5% =
Temparad Bainit 554,13 932 nwﬂa-ral -
Settings and
. Material Clags:
EXtenSIOHS % Steel [ Steel - without phase transformation | Auminium [ Other|
skip | | Update Re and Rm according Source Phase | check and End |
— SRR I, e —— S—————————————————————
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DynaWeld Material — Documentation

Spreadsheet DynaWeld-Material-Check

= 250000

Elnsnciy-Modul in N
: §
g =] = =]

Elasticity-hodul

o 5000

% 45,00

T 40,00

=

£ 3500

£ 3000

4

0 100 200 300 400 500 800 W%?mﬂ

£ 2000

1500

1000
500
0,00

DynaWeld Material Check

Load MAT_CHECK_*.csv

e e W
=—#— Feiril

#— PEria
= Hant
== Llaifenss

Graph for each material parameter

—+— Base Mareral
—— Filler Liged
+— Temperod Manenst

Heat Conductivity

0 1000 200 300 400 HO0 600 VOO BOD 900 1000 |

:

e
e )
oo
GO0
S00
L1e)
300
200
100

e

0

Yield Stress (Fe)

= 1, Asoeng
== Femi

—tp— Pl

== Marigrag
= ade Ml
gl 4 A ETT

i T 03 D

100 300 300 400 500 GO0 TOO 800 900 1000 1100 1200 1300 1400 1500
Temparature in *C
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DynaWeld

Heat Treatment

22



DynaWeld — Management for

high sofisticated heat treatment simulation setup

Model Setup

LS-DYNA

Mesh keyword-file
\. J

LS-DYNA

Material keyword-file
\. J

DynaWeld

Heat Treatment

|

4 )
HT-Process
—» HT-Parameter
HT-Solver Settings
g J

~—

Oven curve

Carburization

\

Quenching media

7

Y

Dokumentation
in spreadsheed format

}

LS-DYNA
Keyword-files

Diving

> LS-DYNA

solver run
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DynaWeld Heat Treatment - Process

24



DynaWeld Heat Treatment - Parameter
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»

DynaWeld

Welding

Foto: Edyta Lopatecka
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Laser welded sheet with tensile test

nyntmm ;F‘ Weld Contact Shell Temperature

Contours of Temperature LITIe+03 _
min=293.15; at nodes 218
max=295.15, at noder Z18 1.623e+03 _

1.473e+03
1.323e+03
1.173e+03
1.023e+03
8.730e+02
7.2300+02
5.7300+02
4.230e+02 |
2.730e+02




DynaWeld — Management for

high sofisticated welding simulation setup

DynaWeld
Model Setu .
P Welding
LS-DYNA (Process )
Mesh keyword—ﬁle Timestep adjustment
\ y Boundary and Clamps
—- . .
Parts, Material assignment
LS-DYNA Contact
Material k ord-file Solver Settings
5 atcrial KCyw | \ g j
I
Y i
Dokumentation LS-DYNA

in spreadsheed format

Keyword-files

>

Trajectory

Heat Source

Clamp Kinetic

LS-DYNA
solver run

28




DynaWeld Process

DynaWeld - Process plan T
Processnr.  WedID *  Length v
mm mmls
[ 1 ' 3
1 1001 G TSHE4N 1.5
2 1002 64, 93651425 7.5

FRCER L
B,6582

s A o6
TRLE TRLE i [ 3
MOMOP | alf ar | gt
Stant End PAUSE Q aliR1 arfR2 | hiR3
5 5 5 w mm mam mim
-3 [} T g 8 10 11
13,0000 78336 13 0 TE30, 4482 3 17es0s  So0vanz
78334 16 4015 S 000 TE38. 4482 ] 1072505

(Types of heat source
surface heat source
volumetric heat source

\part heating

Start, end, intermediate time

Multi robots simultaneous

V.
Multiple heat source

4 .

Geometric shapes )
elipsoid — double elipsoid auto fill or copy option
cylinder -

_ conus — double conus py Reverse option
Heat input on ) Reorder of sequence
shell, shell 2D " Multi layered welds
solid auto deactivation of

\segment / \_not yet deposit material

50727

b1 B2
of b o
el br i wid erivd L1 wy
mm mmi mm . =)
12 1 14 15 16
4.591353 1,3382878 L1
4 91363 126103721 R

SimWeld interface

Glpports the new \

LS-DYNA heat source

- on shells and solids

- shell thickness distribution
- engergy input control

- sub cycling

- mesh independent

Qime step independent

J
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4 Definition with one Nodeset
auto detection of reference

normal on surface

\BOUNDARY_THERMAL WELD TRAJECTORY ) Rotation of K .
4 .

Local adjustment: reference

- rotation Vo

- v-offset reference direction N\
\ " w-offset lateral D
" automatic calculation of the
_length of trajectory /A
" Display of trajectory, 06@%"“\. .
_reference, startpoint | <> * ¢ w-offset

= &6&60‘ ® . 66%6\
e APRXS
X ¢ o ﬁé
e
Z PR

Global coordinate system

y

Local coordinate system
heat source

W

u: Trajektory direction
v: Torch direction
w: Lateral direction
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DynaWeld Boundary

Single point constraints (SPC)

Symetry surfaces

Force on Nodes or Node Sets

Displacement on Nodes or Node Sets

U

Force or Displacement:
suser defined ramp at start and end
elocal coordinate system
*Predeformation
(Prestress )

Force or displacement driven clamps

force
disp
t
Clamped e
force driven or
displacement drlve
Clamping Unclamping
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DynaWeld Contact

Etandard Contact

R: * SURFACE TO _SURFACE THERMAL mechanical and thermal
RSH: * SURFACE TO SURFACE THERMAL in Area of Heat Sources. BC FLG = 0 Idi
RG:  * SURFACE TO SURFACE THERMAL IGAP = 1 Welding contact

RGSH: * SURFACE TO SURFACE THERMAL IGAP = 1 in Area of Heat Sources. BC FLG = ( otion — i
RO:  * ONE WAY SURFACE TO_SURFACE THERMAL change friction — tied by temperature _J

ROX: * ONE_WAY SURFACE_TO _SURFACE (without Thermal Contact)
RM:  * SURFACE TO_SURFACE MORTAR_THERMAL icti

R5: * SURFACE TO_SURFACE_SMOOTH_THERMAL (S0OFT = 0) FrICtlon contact
F: * TIED_SURFACE_TO_SURFACE

FSH: * TIED_SURFACE_TO_SURFACE in Area of Heat Sources. BC _FLG=0
FO: * TIED_SURFACE_TO_SURFACE_OFFSET 1

FOSH: * TIED_SURFACE_TO_SURFACE_OFFSET in Area of Heat Sources. BC _FLG =0 Tled contact
FCO: * TIED SURFACE TID SL.IHFAEE CONSTRAINED_OFFSET

I
I

FCOSH: * TIED SURFACE T':l EURFACE CONSTRAINED "OFFSET in Area of Heat Sources, B °
N:  * NODES TO SURFACE (without Thermal contact) Shell edge to surface or solid
NI: * NODES_TO_SURFACE INTERFERENCE (without Thermal contact) friction or tied contact

S50 SLIDING_ONLY
R2D: * 2D _AUTOMATIC_SURFACE_TO_SURFACE_THERMAL (S5ID, MSID := D of Part Sets)

F2D: * 2D_AUTOMATIC_TIED_THERMAL (SSID, MSID := ID of Part Sets) mechanical
Additional Options for Standard Contact to drive MST and 55T

o MST o0/ (MG 0 1 2010) Node to surface

*50: 55T =0 auto-correct of large penetration
*MOS0: MST = 0 and S5T =0 hanical onl

Syntax:  append after Standard contact R, RSH, RG, RGSH, RO, ROX, RM, F, FSH, FO FO mechanical only

Example: ROMO, ROS0, ROMOS0

Additional Options for Standard Contact to drive Smooth Option:

S*:  SOFT=0SBOPT =3 :

Symtax: prefix bevor Starndard contact R, RSH, RG, RGSH, RO, ROX, RM Spteal features

Example: SR SRM SROMO smooth option for curved sheets
Welding Contact: mortar option for. implicit analy§is
WRnnn: Welding Contact Frition shell thickness considered automatically

nnn := Fusion Tempoerature
!
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Analysis Options

Work Directory: fpolL S
Analysis Options Project:

I Restan Method

| muﬁd@i"

v |

Delete Projekt Results

o A 4
Model :

Generate LS-DY NG Input:
Complete Input in one file

Complete Input with substrukturing

Clean Work Directory
" Generate Input A
*one file
estructured input
\__°single task creation y
Check options

Run
and

Kill

Heat Source

Time Schedule

Boundary

Parts and Segments
Contakt

General Parameter

|
|
|
|
|
|

Check - view LOG-files:

View Heat-Source LOG-File
Analysis: Wiew Time Schedule LOG-File
" Only Thermal Analysis | view Boundary LOG-File
I @nly Mechanical Analysis | View Part LOG-File
RUN the job | view Kontakt LOG-File
il et L 2 | Viewstart LOGFile

STATUS:
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DynaWeld Tools

Create Variants

Heat iput check

r T N
Automatisation
for results along path

. or time history at nodes

Performance analyse

Midpoint by 3 Points

Conversion utilities

Launch postprocessing file
with
DynaWeld temperature scale

82 &8 DynaWeld Tools

Status:

Modell;
Dublicate model {new Variant)

Delete space in "NETZ*
Evaluation:
Evaluate heat input (*.tprint file)

Show heat input in spreadsheet
Generate * cfile for Histony-Plot

Generate *.cfile for Path-Plot

. Performance analyse

gl - extract last pair of data for all GUT*.dat

k -.-=, for all =dat

k -. =2 for all 07-post/=.dat
ko -, == . for all =.csw
Postprocessing:
Temperature results scale for steel {Kehving

Temperature results scale for alu  (Kelsin)

ol W tn e ey B T

Mechanical results scale for alu  (Kelvin)
Other:

Show Dynaweld environment vars
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Check of heat input and final adjustment

7000,00
— SUm All
m— Sum Part
6000,00
— Sum Flux
5000,00
=
1=
£ 4000,00
=
]
=
= 300000
2
3
S 2000,00
w
1000,00
0,00 - —
0 5 10 15 20 25 30 35 40
Timein s
Heat Input Adjustmaﬁt:
WID  input target factor kf old kf new right energy input
1001 3678 4000 1,09 1,00 1,09 risht results
1002 . 9658 5528 0,98 1,00 0,98 e
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Conclusion

LS-DYNA

v

.

Material Models
representing physics
within phase kinetics

~\

V.

.

from Process
parameter to solver
keyword mput

-/

§

DynaWeld

/ Succes

in industrial applied
simulation for
manufacturing

processes with high

sophisticated

phiysical phenomena

like
Heat Treatment

and Welding

o /
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Foto: Martin Loose





