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Motivation
and Examples




Welding of a T-Joint

 Double sided T-Joint a =4 mm
e Plate S355 thickness 8 mm

e 3 Tacks double sided

e Travel speed 80 cm/min

e Current: 390 A

e Voltage: 30 V

o Start Time Tack 1: 0 s

o Start Time Tack 2: 20 s

o Start Time Weld 1: 1000 s
o Start Time Weld 2: 1023 s

* Weld 1 and Weld 2 have
the same travel direction




Process Simulation with SimWeld

Torch parameters [Tl + 3]
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SimWeld Results

3D double ellipsoid source
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z-Distortion at Evaluation Path
transformed to flat left side

Z-Distortion in mm

1,0
5

Simulation - LS-DY NA
= = = om0 Measurement - Experiment Volvo
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iy Curved Hollow Section Beam
Y

e T

Length 4,00 m
8 2-layered Welds
12 single layered Welds




Curved Hollow Section Beam
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Autobody Sheet

11



Autobody Sheet
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Welding

z-displacement 5-times scaled
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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
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5 To

fe o9 Weld of a Pipe with 40 mm Wall Thickness
N made of Alloy 625 - 60 Layer GMAW

M5G
Time = TE425

Temperature Layer 44

Equivalent Plastic Strai




Temperature Field Multilayered Weld
2D Metatransient

35401, #nodes=3630, Felem=1867




Multilayererd Weld T-Joint with large Plate Thickness
2D-Analysis LS-DYNA

2D plain strain

Plate: 300 x 80 mm
Stiffner: 150 x 24 mm
Fillet Weld: a =13 mm
Material: 1.4301

Tack a=1,4 mm
with failiure on strain KFAIL = 0,25 m/m

Initial gap between stiffner and plate:
0,1 mm

Symmetry boundary contitions on left and
right side.
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Multilayererd Weld T-Joint with large Plate Thickness
2D-Analysis LS-DYNA — plastic strain

Fringe Levals
2,500e-01
2,250e-01 l
2.000e-01 |
1.750e-01 _
1.500e-01 _
1,250e-01 |
1,000e-01 |
7.500e-02 |
5.000e-02
2.500e-02 I
0.000«+00

T2D
Time = 2409.7
Contours of Effective Plastic Strain
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Prediction of Weld Quality

Microstructure and Mechanical Properties

[ Material Specification }KWeld-Pool '\ [ WPS }
‘HAZ

Welding Procedure Specification

Chemical Composition .
*Microstructure

*Yield Strength
«Ultimate Strength

Hardness

® eUltimate Elongation
[WeldWare ‘ - I ‘
8355 s \_E =

L e ™)
BEERAVPNRRAARIE VIR

high energy per unit length ; e RIS
g gyp g e tg 5.5-time of view-point

ultimate st}l_:,ss —

Martensite
tg 5.5-time of view-point

high energy per unit length

s

. yield stress
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Quenching

20



Quenching of a Gear made of S355

Temperature Curve

4 Quenching Gear # www.loose.at

Node no.
A 42713
B 24762
1
%‘ 0.8 )
3 — Edge
o L\l
E .
. *_e—Middle
.
E 0.4 ~— —_— .,
e 5 10 1 20 25

Time




Quenching of a Gear made of S355

Results of Heat Treatment Simulation

Martensit (right)
Hardness HV (bottom left)
Yield (bottom right)
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Validation
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Validation
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Validation Nitschke-Pagel Test

Spannung in N/mm?

5355

350,

2501

150:

Lingseigenspannungen
—  Messung
Berechnung

.........................................

............................................

: Quereigenspannungen
: Messung
e Berechnung

-10

10 20 30 40

Nahtmittenabstand in mm

2 ’ . _ﬁﬁ --:!l_ﬁ!'" ?:‘1_' _'I-'_-'_=_
Berethnung: w
Meiline Eigenspanoungen
- Verformung
nach dem
e Schweilicn

Distortion w:

0,33 mm

W

Experiment: 0,34 mm

Sysweld:

0,32 mm

LS-DYNA: 0,34 mm

Loose, T.: Einflul} des transienten
Schweifvorganges auf Verzug,

Eigenspannungen und Stabiltidtsverhalten
axial gedriickter Kreiszylinderschalen

aus Stahl, Diss, Karlsruhe, 2008
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Makrosection

Temperature: 100 .. 1500 °C
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Benefits
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Results from Simulation of Welding and Heat Treatment

* Process simulation welding (SimWeld)
— weld pool formation
— heat input / heat generation
— local temperature field, cooling time in the weld and heat affected zone

» Structure simulation welding (DynaWeld)
— temperature field in the whole assembley during welding, cooling time
— distortion during welding and cooling
— clamping forces and bearing reactions
— plastic strains, strain hardening
— residual stresses, elastic or plastic reserves
— microstructure / areas with change of microstructure

* Heat treatment stmulation
— temperature during quenching
— carburization and depht of arburization for case hardening
— microstructure and hardness
— distortion / distortion after hardening

29



Benefits from Simulation of Welding and Heat Treatment

e Adjustment of Process Parameter

e Design of Geometrie
— optimization of geometry concerning acceptable distortions
— determination of invers distorted geometry for the design of forming
— design of gap for laser welding
 Heat Management
— preheating temperature, intermediate temperature
— design of desired microstructure
e Design of Clamps

— predeformation
— clamp forces

e Design of the Order of the Welds

* Observation of the State of Stresses
— prestressed zones / tension zones
— delimitation of plastic strain

J SPecial Tasks ...

30



’E More Benefits of Welding and Heat Treatment Simulation

* Simulation 1s available 1n early stage of design.

« Simulation 1s available without any fabrication place.

e Simulation 1s helpful for the analysis of damages.

« Simulation helps to understand the process and its events.
« Simulation is helpful for education and training

* Welding and heat treatment simulation provides the state of the assembly for
further simulation analyses.

Check Trajektory

LS-Prefoit Med by Check Model Larguage Ersd
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Material
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Sources of Material Data
for Welding and Heat Treatment

* Experiment
— Execution of tests

e References

— Papers with test results for material data
— Material data sheet

e Software / Material Stmulation

— WeldWare®
— JMatPro
— MatCalc

33



Depending on Temperature

250000
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Depending on Microstructure

Re in N/imm2
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CCT-Data
WeldWare®
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e == || Microstructure
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Thermal strain

Thermal Strain
0,025

|
—e— ALP

0,020 -

0,015

0,010

Thermal Strain in m/m
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Transformation effects

0,0200 e 1.0
0,0150 0,9
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Simplified Approach

0,0250
0,0200
0,0150
0,0100

0,0050
0,0000
-0,0050

=g Dijlatation

Cooli .
P08 e Thermische Dehnung alpha

=== Thermische Dehnung gamma

Dehnung in mm/mm

-Ut DlDD

-0,0150
0O 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300

Temperaturin °C
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Deactivation of not yet deposited material

Frivage Lavyr

= Deactivated material (blue)
w0 - AKtivation criterion:
o TEMperature

1

Peak Temperature
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Reset of plastic strain

Dy maWeld
Tiffed = L, T

Cantzury of Tamperaiure
min=Z31 149, &l roded BEL])
idn s TALN, U, &7 il T U39

= Equivalent plastic strain
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L&T e i)
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Heat Input

42



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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//" rﬁ‘ Estimation of Heat Source Parameter from
\}_{/ Welding Procedure Specification (WPS) for Arc Weld, TIG, GMAW, SAW

* Velocity

» Estimation of weld pool geometry
— length = length of heat source
— depth = depth of heat source
— width = withd of heat source
e Energy input per time
— Voltage
— Currency
— Energy per unit length

* Estimation of efficiency
— TIG: 0,75
— GMAW: 0,8
— SAW: 1,0

47



i

N

Doppelt-Elipsoide Heat Source (Loose)
with constant heat source density

Heat Source Code DynaWeld .
LE Solid Locale coordinate

LEP Solid Part system
TRLE Solid trajectory reference i[5 SOQ}CG
TSLE Solid trajectory surface
SLE Shell

SLEP Shell Part

SHLE Shell Surface

SHLEP Shell Surface Part

qf, gr: Warmequelldichte konstant:

 Wirmeeintrag qf fiir (u/af)"2 + (v/c)"2 + (w/b)"2 <=1
 Wairmeeintrag qr fir (v/ar)*2 + (v/c)"2 + (w/b)"2 <=1
qf = 1,5 * Q * ff /(af*2 * b2 * ¢"2)

qr=1,5* Q * fr /(ar"2 * b"2 * ¢c"2)

ff+fr:=2

Geometry function
(double-elipsoid)

Parameter:

Q: total energy per unit time
qf: source density front

qr: source denstiy rear

ff: ratio front

fr: ratio rear

af: radius front

ar: radius rear

b: radius width

c: radius depth
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Laser, Electron Beam, Laser-Hybrid
Adjustment due to Microsection

* Velocity

e Estimation of the geometry
of weld pool from microsection

* Geometry of weld pool = geometry
of equivalent heat source

* Adjustment of heat input
until calculated liquidus line
fits liquidus line of microsection

49



//’ “Q‘ Double Conical Heat Source (Loose)

o with constant heat source density
Heat Source Code DynaWeld A y Locale coordinate .
. system Geometry function
L Sl vl o Souree (doublz:,-elipsoid)
LKP Solid Part v / T
rl >

—

Parameter:

ql: source density top

q2: source denstiy bottom
rl: radius top

r2: radius middle

r3: radius bottom

v1: v-coordinate top

. v2: v-coordinate middle
q2 v3: v-coordinate bottom

ql, g2: heat source density constant

\J
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/f“gl‘a Local Coordinate System Heat Source

\;___{;« Moving along Trajectory
.
ay: N
Rotation of the reference around the trajectory. .°
The reference needs to be adjusted in torch or o* .
beam direction. . o
v-offset: . .
movement of heat source in -
direction of torch V¢
For the Heat Sources with the v u
DynaWeld Code TSxx only a a
trajectory needs to be defined. :
The Reference is automatically Q‘Q @ Local Coordinate
set normal to the surface. \(\Q N . System Heat Source
GG IR W
Global ~° 6;@@ ¢ et w-offset:
Coordinate System Q~ * . * movement lateral to the direction of torch
X o’ . \Q'd D&QQ and lateral to the direction of travel
- : S
7 k@\@ 6%@\ u: Trajektory direction
,eob v: Torch direction
y w: Lateral direction
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Final Adjustment of Heat Input

Determination of calibration factor kf to achieve the target heat input

7000

m— Energy actual
m— Energy target

6000 2l s
= 5000
=
£ 4000 l
8
= 3000
=
2
a 2000 1
=
w

1000

ol | _
0 B 10 15 20 25 30 35
Timeins

Heat Input Adjustment:

Weld actual target Faktor kf old kf new

1001 421263 5525,82 1,31 1,00 1,31

1002 5838,02 5525 .82 0,95 1,00 0,95
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Metatransient Heat Source
with constant heat source densiy in the whole part

Heat Source code DynaWeld
PH Solid Part
PHS Shell Part

Parameter:
Q: total energy per unit time

q: heat source density constant over all elements of considered part.
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Metatransient Method
with Engergy calibration

2250

2000

1750

1500

1250

1000

750

Tempenrtature in °C

500

250

- Metatransient-Naht
=3 Transient-Naht

Benefit of Energy Calibration:
Enables the application of the
Metatransient Method from
SimWeld simulation or WPS.

10 15 20 25 30

Timeins
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Metatransient Method
with Engergy calibration

Metatransiente Berechnung

Transiente Berechnung




/ 3\
\\”ﬁ

Process




Heating
Cooling
( . N
Reheating
Tempering Effects
Grinding and
Rewelding
. J
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Heat Treatment

\

Heating

Thermal Heating
____Inductive Heating

Carburisation

Quenching

[ Tempering w
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Process Chain
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Manufacturing of a Box

Task and Model
‘Forming:
e The roof geometry is made by forming a 3 mm thick sheet (1.4301)
Assembly:
e Add the sidewall
Welding:

* Weld the sidewall to the roof
Clamp and predeformation:
e press the sidewall on measure
Assembly:

e Add the bottom plate
Welding:

» Weld the bottom plate to the sidewall
Unclamping

Model:

« Solid-element model N |

e Material model (*MAT 270) is used 1n all steps

e History variables and deformations are kept from one step to an other
e Implicit analysis in all steps
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Deep-Drawing of a Cup from a Laser Welded Sheet

J Task and Model

‘ Welding:

Two sheets (S355) with 1 mm wall thickness are laser welded

Forming:

The welded and distorted sheet 1s clamped
a globular die is pressed slow in the sheet.

A

Model:

Shell-elements are used for the sheet, solid elements are used for the clamps and the die
Same material model (*MAT 244) is used 1n all steps

History variables, phase proportions and deformations are kept from one step to an other
Welding: implicit analysis, Forming: explicit analysis

61



Stresses and Strains in Midsurface of Shell
after welding and deep drawing

top left:

effectiv stress bevor unclamping
200 .. 1100 N/mm?

bottom left:

effectiv stess after unclamping
0..200 N/mm?

bottom right:

plastic strain after unclamping
0..0.65 m/m
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: | Microstructure during Deep-Drawing

top left:

Ferrit proportion
top right:

Bainit proportion
bottom right:

Martensit proportion
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Effective Stress during Forming
Influence of Material Property Change from Welding

CuUp
Time = 0.0059 Fringe Levels
Contours of Effective Stress 1.100e+03

reference shell surface

min=58.1917, at eleng 1.055e+03

max=1037.41, at & 1.010&+03
9.650e+02

3,200e4+02 _

S0e+02 _

p0e+02 _

pe+02

4+ 02

+02 _

+02 _

02 |

02 _

+02 _

+02 _

e+02 _
De+02
50e+02
300e+02
A50e+02

2.000e+02 |
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'“\ Thinning of the Sheet

:{'/*f Influence of Material Property Change from Welding

CuUP .
Time = 1 Fringe Levels

Contours of % Thickness Reduction- based on 4.000e+01

min=-21.1098, at elem# 1638

max=44.7195, at elem# 4653 3.800e+01
3.600e+01

3.400e+01 | il
3.200e+01 _
3.000e+01 _
2.800e+01 _
2.600e+01
2.400e+01 _
2.200e+01 _
2.000e+01 _
1.800e+01 _
1.600e+01 _
1.400e+01 _
1.200e+01 _
1.000e+01 _
8.000e+00
6.000e+00
4.000e+00
2.000e+00
0.000e+00 |
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Process chain
Heat Treatment - Welding
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Welding after Heat Treatment

Welding Gear # www.loose.at
Time =  1.7487
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Results of Process Chain Simulation
Heat Treatment - Welding

Special Contact
during Welding

Martensit
before welding

Equivalent Stress
after welding

i

Martensit
after welding
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Thanks for your Attention!

Forming

1 = g ey T

J

Heat Treatment

\

S

SimWeld |

: y
DynaWeld B{‘

[ Forming

bl

[

\

Post Weld
Heat Treatment

] Structure Analysis ]

J

Crash

J L

Assembly
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