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Total distortion [mm]
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Temperature
ValeT— 20,0 = =l
Heat transfer
Convective heat transfer coeffident h: Izu.n I'J-.u'f(ml't{}
Contact heat transfer coefficent a: I 100.0 I'Ju'f(ml'li} |

X«
Q.=-hA (T;-T)

/

T Bt H e 3 R AL

Emission coefficient &: [0.6 \

Brief description

Convective heat transfer coefficient h
The convective part of the heat transfer h to the surroundings is calculated by the
following equation:

Q: = -hA(T: - T2)

Feset | Ok | Cancel Apply Help

Qeur=aA (T; - Ty

EHBARE &
Stefan-Boltzmann /7 F&:

Qp=-eA(T*- T,

//

(0<e<1)
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\P Testl - Settings ﬂ Goldak’s double ellipsoid source model @
Ment Heat source
z Goldak's double ellipsoid source model b Motion direction
Data points
Welding parameters Parameters
Heat source
Length a¢: ll.S Irnm j
Rear length @,: |6.0 Jmm -]
Width b: '1.4 Imm ;]
Depth d: [1.2 [mm =]
Heat front scaling factor: |0.4
Brief description
Goldak's double ellipsoid source model i‘
The goldak's double ellipsoid source model is mainly used for _'I i
GMA welding. It is a 3d heat source with an adjustable r=on
sl s vy ! = Rear ellipsoid Front ellipsoid
fourth ; fourth
Reset | (o]¢ Cancel I Apply | Help | I )
.
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\!‘ Testl - Settings

Volume and area-distributed laser source
=

=

Welding parameters Parame ters

Cylinder heat fraction:

Gauss surface
distribution of Heat
Input

| Appr. 2x Standard
Deviation o

Constant Heat Input
(Cylinder)
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Motion Direction
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2. Robot1 - RESULTS-LOCKED!
welding order

Order |\J’_‘.Trajectory |aLength [mm] |Q35tart welding [s] |@End welding [s] |@Welding time [s] |QﬂEnd time [s] |aWeIding Filler | J
1 D Trajectary!sF =0 o 3.3333 3.3333 3.3333 g
z I1_'|‘I Trajectory?sf 50 08,3333 9.6666 3.3333 9.6666
3 r".h Trajectory3sf 50 13,6666 16,9999 3.3333 16,9999
4 |1_'|I Trajectorydsf 50 21,9999 25,3332 3.3333 25,3332 M

% Simufact-Mech, - Time table

- | L L L L L L L L

- [ J* simufact-Mech
O x';; Analysis time
[ +&+ 3Robats-Tool
O @ 3Robots-Taoll
[ +& 3Robats-Toolz
[ +&+ 3Robots-Tools

el

i
‘welding filler Selected trajectory ;‘,‘; :Rgbtolts-moh
] 71 Robo
# Initial temperature: |20 =i '1-“ Mare: |Traject0rylsf Heat source: [ Goldak's \(‘ Trajeckaory 1sf

\ﬁ- Trajectary7sf

Time interval length Welding ps .
Raobot time data . B \P Trajectary3st
) @ Pause (start): |U |s J Yelacity: A\ Trajectaryasf
@ Start time: [0 s =l | | - = 73 Robotz
Lead time: i} 5 Current: 2]\ Trsi
Qutne: 5 = © D s
1) welding time: | 3.3333 5 yoltage: A
(&) Tokal working time: | 25,3332 |s o | | J Y Trajectoryast
(9 Follow-up time: |U |s J Efficiency \f‘ Trajectory10sf Hame: Trajectory8sf
=14 73 Robet3 T T T T T T P
‘ Pause (end): |D |s J BT Vx TrajectorySsf 5 10 15 20 25 30 Start.tlme: 795 | 95 g0 =
AP Trajectary1sf 4 End time: its N
&) sum: |3 3333 |s J Ele=s l A\ Trajectaryest Interval length: 8 s |
’ W] h . - : ] L
Net: I \f‘ Trajectarydsf Scaling Pause (start)s 35 ) ) ) ) ’
Lead time: 0s
Brief description Weldingtime: 55
Trajectori Follow-up time: 0
rajectories P el 0
This list provides an overview of the welding order, the individual trajectory timings and the assignment of the welding Ffillets, ause (End) i

Drag and drop of a selected trajectory provides a simple mechanism ko change the welding position of this trajeckory,

Reset Ok Cancel | Apply | Help
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¢ Solver of process: Process-

Solver General settings
I@ simufact j Analysis mode
€ Draft mode  Expert mode Edit
Eme | ' Normal
'(%E)‘n_?irj:;:‘rtmgs € User-defined

- Refinemen t ¥ Suppress mechanical solution (nly thermal solution)
- [l Tracking points
~ Friction

[~ Phase transformation

[™ High end contact separation

Solver type
IPardisu Farallel Direct Solver j

¥ Multiprocessing

Processors: |6 3:
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Animation control ————————————————————————— Position

"l a] af of p| p| == s P
Time delay: |0 ms I ™ Loop ™ showinres: (D?.SUUC l

i R B AN




& BB
S b SE PR 45 AR IE AR R

N

=
2GRS

1.80 mm
2.80 mm

e




3 $¥§%%&r:

Process report

Eimafact welding 3. 1.0, 14922 %86 (findews) - 2013758 15:36:31)

Process: TubeT—Joint

mmmmm

Slmuﬁact welding user example with simufact solver rev. 2284:

(c) Simufact.welding 3.1 (08/2012)

User example TubeT-Joint: two aluminium (Al99,5) tubes welded by a robot with T-Joint.
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& TR E ) (Release) , ¥4 (Cooling) , VIHI (Trimming) Al5Ef7 (Positioning)
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< simufactwelding 3.1.0 BETA 08 - Projekt: UmSchw [D:\public\UmSchw\]

Jro PRINT
3

Fenster
JR0 = 0H
Explorer Katalog

« B Prozess

S+++ Einfiigen von Umformergehnissen‘
pre state
4,4,0,-1,-2,2,1,1,1,
2,
DECEKEL360M
UNTERTEIL360
MSTAGE_DECKEL360M.2RC
MSTAGE_UNTERTEIL360 .ARC

© W Prozess-2
% Prozess-3
® A\ Prozess-3-2
= B Prozess-4
@ simufact
« @ UNTERTEIL360
+ @ DECKEL360M
» B Auflager
= 91 Roboter

Qb MSTAGE-DECKEL360M

@ Auflager

“ Spannwerkzeug
Trajektorie-fillet

% Importiere Geometrien
-

@v'l » Computer » DATAPARTL (D) » public » UmSchw  transfer

ol

transfer durchsuchen

% Temperatur

rganisieren v
5ey ‘ Organisiere

2,8,
DWERR,
DAMAGE ,
DAMR,
DAMC,
GRRINSZ,
CVFRUST,
DVFRUST,
ORIENV1X,

2,8,
DWERR,
DAMAGE,
DAMR,
DAMC,
GRAINSE,
CVFRUST,
DVFRUST,
ORIENV1X,

0,0,0.00000000000000E+0,0.00000000000000E+0,0.00000000

Modelle _____
UNTERTEIL30
DECKEL360M
Aiiager

0, Prozess-4 - Information
5 UNTERTEIL380

@; -

1

D)

Neuer Ordner

Name Anderungsdatum

MSTAGE_DECKEL360M.ARC
MSTAGE_UNTERTEIL360.ARC

15.05.2012 17:12
15.05201217:12

"MSTAGE_DECKEL360M.ARC"™ "MSTAGE_UNTERTEIL360.ARC"

ARC-Datei
ARC-Datei

v

- 1 0

GroBe

23227 K8
52481 KB
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& 16MnCr5-SPM_sw.xmt
& 20MnCr5-MPM_sw.xmt

& 22MnB5-JMP-MPM_sw.xmt

& 316LNSPH_sw.xmt

& AI99-5_swxmt

& AlMg5_swxmt

& AIMgSil_sw.xmt

& AIMgSi05_sw.xmt

& Cu_swxmt

£ DCO4-IMP-MPM_sw.xmt
€ G2Si1-JMP-MPM_sw.xmt
& H400_sw.xmt

& INCONEL718_sw.xmt

& 5235-)JMP-MPM_sw.xmt
& 5235-SPM_sw.xmt

& 5355)2G3-MPM-sw.xmt

& $355)2G3-SPM_sw.xmt

& S690QL-JMP-MPM_sw.xmt

& S690QL-SPM_sw.xmt

& SGH440-SPM_sw.xmt

& SHGA370-SPM_sw.xmt

& Stellite21_sw.xmt

& STKM13A-SPM_sw.xmt

& TIAI6V4-SPM_sw.xmt

& Weldsim-A6XXX-PITypel0-PSD_sw.xmt
& Weldsim-A7XXX-PlTypel2-Iso_swxmt
& Weldsim-AA4XX-PITyped-Iso_sw.xmt
& Weldsim-AlMg3Mn-PITypel_sw.xmt
& X5CrNi18-10_sw.xmt
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Material FPhases

Thermal expansion

2 BE-05 —
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2 4E-05 o
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e
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126805 bbb Sum 10a. 0 T
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Temperature [K]
Flow eurve approach
[Tables =] Phase: [hustemite |v| Sealing factor / Ep0.2 adjustment| Sealing factor: 10D :
hustenite
Tenmperatures Ferrite
P ite
K b J Bainite
= T Wertensite
32315 1,400,000,000 Lo
373, 15 g .
42315 - e
j o
= 1,200,000,000 -] S
573,15 ] ——
62315 ) 2 = : e
673,15 —='1,000,000,000 — T
723 15 I j 7 ﬁﬁgﬁ e
77315 = i oy e L T T
e 1 @ ] M.—“'—;F"’sg;‘ : S
873.15 | £ 500,000,000 e
----- & ] S
@ ] e et il
Strain rates g ] S
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ifs - J [t
0000 b
0.0t 3 ]
e ﬁ 400,000,000
1 1
10 = W
100 200,000,000 - ff 475
1000 E f = -
o J
T T T T T T T 1
0 05 1 15 2 25 3 35 4

Plastic strain [-]
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153

134

1its - Information
[=]

Coordinates [mm]

0 (-614.2; -400.53; 138.3)
Proemad Mawsts e 1 (-569.7: -400.5: -156.1) 1.271 mm
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& simufact | #-\[* Trajectories st of components
B, partz-.. | 3 27 Materials
# B parti-.. | ® 47 Temperat...
5 O Bearing | # [5g Sets
= B Clampi...
# B Clampi..
+ 8 Robot
Results
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& simufact
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#- %4 Bearing
+- e Clampi...
- e Clampi...
- 78 Robot
Results - Inform:
Eroperties: Results part1-mm-cubit2
Name Value part2-mm-cubit
Base process multylayers-29-2 Clamping-2 dmonitor - Information
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Bearing
multylayers-29-2-2 - Model view - Information
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Wheelhouse
welded assembly

> A6EH

B

Clamping system

Wheelhouse in
AUDI AS C6 car body Wheelhouse AUDI A6

]
Element edge
length: 1 mm

Automatic
| refinement |

- ge
length: 0.25 mm
t,=0.48 s
o A— —T1-1.19 mm
— . ——T3-1.10 mm
o T3 i ’/—.'E\\ ——T4 - 2.55 mm
£ 600 I s 600 |' -
® 5
3 B ' =
e 4 / | =
g 400 g 400 : ——
E = | / %
- |
B |
_0. : |
0 T T T T T T T 0 l T T T
0 25 50 75 100 125 150 175 200 1.0 1.5 2.0 25 3.0
Time ins Time in 3

b) Temperature cydes T1-T4 fom 1sto3 s



max.: 4,67 mm
min.: -4.72 mm
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270 mm

90 mm Y.

0,

T

Crossmember

Welding sequences
P hichbobiech Ao vt

rﬁw O

=
Position for transient
distortion measurement

Transient distorfion measurement at A

Experimental global distortion field measurement after 800 s, crossbeam, optical 3D

\Area for distortion field

deformation analysis system Aramis

in XYZ in mm

Global
distortions in XYZ in mm

> A8 BRI

Crossmember and inserts

Inserts

TN -_"“‘Q

s P

=

>
e ———eoomm
* -a_pploxima\ew 1600 ™M™ ¢ rossmember

a) Rigid clamping b) Complete clamping
a00 Epg <30
720 EQ s
640 S 344
560 N 01
480 B || 258
400 oc || 215
320 ) 172
240 § 129
160 S 0486
080 043
000 g 0.00

210 mm
90 mm YA o Welding sequences
X

»

Cl: Clamping Insert
CC: Clamping Crossmember

e

1

=1 | L 1

N,

-
Position for transient

distortion measurement

) g

Area for distortion field

ww gk

(b) Weld seam area, detailed view

Approximate number of nodes:
Before refinement: 66 000
After refinement: 118 000

Element edge length (not in the thickness):
7 mm

Weld metal: 1.7m
HAZ: 3.5mm
Base metal: 8 mm

(c) Cross section B-B

$2.8 mm
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Pbkte! re [°C]

1200.00
1082.05
964.11
846.16
728.21
610.26
492.32
37437
256.42
138.48
2053

Effective stress [MPa]

=600.00

Q .00
60.00 - 120.00
0.00 - 60.00
<0.00

Total distortion [mm)]
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Thanks for your attention!




