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Can we predict weld geometry by simulation
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Welding Process Simulation

Welding Process simulation is the prediction of:
« Melt pool evolution

« Penetrations

« Real time history of current and voltage

« Local temperature field

* |Imposed energy

* Droplet s‘i e S — =
By given process parameter:

« Currency ,,

- Voltage — - =

* Puls design

« Wire and wire feed speed

« Travel speed

« Shielding gas

« Weld position and torch angel
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Software

Option 1 - general purpose CFD Code

« free in modeling

« long time for model set up of one Simulation
« simultion expert needed

Option 2 - tailored software tool for industrial application
« gspecialised on discrete processes

« Self explaining GUI

« Input based on speach of applicant

« Enables welders to use the software no expert needed

Example:
— SimWeld Process simulation for Gas Metal Arc Welding
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Validation of Results

s

e auo ommawereurs SimWeld Verifikation. T-StoB Experiment
RWTHAACHEN
UNIVERSITY
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Processes

>

>
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(1) ~l e e Up|. (3)
- U=const |-
= -
: >~
Droplet detachment i Ig..|... - S
> >
(2) A Time, 1 A . f
S SimWeld enables
- =U(1)

W « (1) normal process

>+ (2) puls process with |-l modulation

Z_ ----- R ----- [\ ----- RF\ * (3) puls process with U- modulation

>
t
nnnnnnnnnn i SimWeld. Implementierte Prozess-Regulation
UNIVERSITY
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Material and Material Data

Sy SimWeld Materials Properties Editor - [u] X
. . . . I
«
1BhinCre Name of material 1BMnCr5 Plate  []Wire i
o ¥
ey ri— Group of material Steel
DP600 [
. EEEUUW Table Graph Chemical composition E
g;ﬁsf Temperature, T, °C Thermal capacity, C, J/(g"K) Enthalpy, H, kl/k¢ Thermal conductivity, |, Wi(em*K) Density, r, g/em3 Sp.el Resistance, pe, pQ*em Surface tension, G, mN/c Dynviscosity, m, dvidy Flag E
SaTie 20 045278 90 038 787 14,4687 0 0 RoomTemperatun |
SG-2(G38i1) . ]
SG-3(GASi1) 300 0,56605 199 04 77818 39,5868 0 0 BetweenRoomAn
SG-Fe ) [
S o 740 118145 410 029 76254 83.0037 0 0 At
SCyaws 769 14 507 028 761433 87,6551 0 0 Curie
. . 5400 839 0,67702 580 027 756722 99,6394 0 0 Ac3
A material database exists for Sy o |
e (S235IR) 1512 0.63 1285 0.409 7.05546 129,748 154717 04 Melting
X65

7SHE 340 (H340. AG0] 2860 0,83 241 0451 592853 145304 10,6425 04 Evaporation ‘

m O St l I S e d S‘t e e I g ra d e S \ZSKE 420 (H420, A 60 2861 0,83 8443 0,451 5,92769 145,316 10,6383 04 EvaporationPlus 1
.

The database can be extended or

[CJAluminium

updated by user defined data. H

8y SimWeld Materials Properties Editor - o x
Materials: C:\Program Files (x86)\SimiVeld GMAW\Bin\MaterialDB .xml
. gg’:"gc(g Name of material 16MnCr5 FPlate  [IWire
eq u eS e a a a re . 6635 (so vy | Growp of matei gzl
DP600
ESEUDW Table Graph Chemical composition
° E n-th a I 'gﬁssi Thermal capacity Enthalpy Thermal conductivity Density Sp.el.Resistance Surface tension Dyn.viscosity Zoom out
y S3TiB |
SG-2(G35i1) 1, WiemK) Thermal conductivity
5G-3(G4Si)
o e SGFe
° SG-YGW12
SG-YGW15
SPCC
55400
. Std4 0s
St35.8
® e n S I St37-2 (5235JR)
w24w
X65
ZStE 340 (H340. A0 04
. . . o e ZStE 420 (H420. A 60
¢ pecitic electric resistivity
. 03
i Surface tension
0, T T T T T T T T T T T T T T T
° Dy n a m iC V i S C O S ity 0 200 400 00 800 1.000 1.200 1400 1500 1.800 2000 2200 2400 2600 2800
T,
Legend Temperature, T, °C 2 300 740 769 839 1479 1512 2860 2861
J Aluminium Thermal conductivit #1<)0.38 04 029 028 0,27 0,361 0409 0,451 0451
. 1. WHem™K)0: : . . . - :
Steel
[ Aloyed steel
m] Otheyr New Edit Delste
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Geometry and Weld Position
| Vel Vel et 4

Weld preparations according ISO 9692-1  All work positions are aplicable
minimum plate thickness: 2 mm

Applicable for root pass simulation. as well as individual position angles
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Example: Fillet Weld - PB

Definition

Process Parameter
Travel speed 25 cm/min
Wire diameter 1 mm
Wire speed 6 m/min
Voltage 240V

Geometry Parameter
Plate 1 S355 6 mm
Plate 2 S355 6 mm
Postition PB

Workpiece parameters [Ctil + 1)
Geometny

ENISO EN IS0 9692-1: 2003 (D]

Joint type | Square edges [3.1.1)

Plate 1

Matesial | 5355

H e
Left plate vizsible

Plate 2

Material 5355

o [awailem

Fiight plate visibile

Width 4000 % = [mm]
o ==

C_ Bel
1

Position

| ity
| sty
| sty
L sally

Type  |PB

> |

Across [7] | Along [l

Backing
Type Mo backing
Channel

Type Mo channel
Width 200 % 2 [mm] | Height

2002 % [mm]

Torch parameters [Ctrl + 3)

¥ Wire
Diameter 1.0 ~ | [mm]
Material SG-2[G35) ~

[ *ire iritial heating
Contact noz. b 202 ['C]
¥ Position
bS 02 [mm] pZ
N 0% [mm]
L 20 [mm]
R 20 [mm]
¥ Angle
Alang == [l
Across 05 ']
¥ Equipment
Shielding gas
|82z ar18% CO2 v]
whelding cable

[ Comsider welding cables

YWoltage metering

Execute voltage metering

Regulator Figure
Measuring paint 1 Meazuring point 1
Source ) (O Source
‘wire feeder @) (O wire feader
Tarch(D) @) Tarch
Measzuring point 2 Measuring point 2
‘Workpiece ) (@) warkpiece
Source ® (O Source
¥ Power zource
Select... | Cuztam ~ |
Process type |Norrna| v|

Wwire feed [ma"min]

g
2

Process parameters

Welding speed
Initial temper ature

Simulation Dptioks

Calculation length

Mesh denszity

o]
20,00 21l [c]

Consider gap

| User defined ~ |
o
| normal [1.0x) w |

Reszources: medium
Accuracy:  medium

www.dynaweld.eu




Example: Fillet Weld - PB

Results: Weld Pool and Temperature

Weld pool geometry Temperature - Time at arbitrary points

Sy Temperature cycle - O *

JEl
2600
2.400
2200
2,000
1.800
1.600 ,'"‘-\
1.400 X
1.200 AN
1.000 S

800 /

BOD /

400 /

/
200 |

-8 i} 8 16 25 33 41 49 a7 BE
x[mm]

[ Analytical solution
Chart
(®) Position

() Time

@ v[iE sl
& || z[on S TE

Surfacetemperature

b atriv for MICRESS

Save actual cycle
|j Erint
oK
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——H—Y J—7 Example: Fillet Weld - PB

wANASSL— Results Wire Temperature, Energy, Voltage, Curre

S SimWeld GMAW V3.3.0 Beta Signals of wire and arc — O >
= T _— “oltage
IEI — T of wires surface T of the wire in axial _ 40
- Average result values
Results 35
) 30
Wire voltage drop, [V] -1
125 5
Anode volt. equ., [V] 5,1 ol w %
P20 =
Volt.drop column, [V] 127 s &
1 15 =
Volt. drop cathode, [V] 10,3 10
Voltage at arc, V] 312 2y -
Cable losses, [V] 0.6 34 a
Average current, [A] 1164 . 1,351 1356 1,851 1,886 1371 1576 1,351 1336 1,891 1,896 1901 1906 1,911 1,36 1921 1926 133 1336 1,941 1,945 1,351
1 t[z]
RMS current, [4] 1857
WireFeed, [m/min] 6,0 -
Anode+wire power, [W] 13897 E 6 576
E Droplets power, [W] 13143 = 7 - 495
2 416
Cathode power, [W] 15507 El g 236 o
Total elechric power, [V] 42706 E  oce §
Efficiency factor, [%] 6.9 g 176
z -
Evap.loss abs., [W] 210,8 g 10, . ?E
| | | 1
Evap.loss rel., [%] 152 g g0 "
Diroplet Temp., [FC] 25813 ] T T T T T T T T T T T T T T T T T T T -144
i S 12 1,851 1,856 1,861 1,866 1,871 1876 1,881 1,886 1,891 1,896 1,901 1906 1,911 1,916 1,921 1,926 1,931 1935 1,941 1946 1951
Droplet diameter, [mm] - t[z]
13
Droplet detachm. freq., [Hz] - |_ Wire feed — Arc length |
Pulse freq., [Hz] 0,0 144 T — —_ 7] — 7 '=->E
(1]
Short circuit freq., [Hz) 52 151 g
45 =
161 2
2
17 =
L2 ‘1‘
181 :T
19 05 =
D Zb D G G "-92'3[3612991-4991-5991-3092-9092-2”' 1551 1856 1,861 1666 1,671 1876 1851 1,600 1851 1895 1801 1905 1,911 1516 1521 1926 1831 1936 1561 1996 1351
t[=]
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Experiment is documented in extended WPS

SimWeld GMAW V3.3.0 Beta 25.03.2019 10:45:25 SimWeld GMAW V3.3.0 Beta 25.03.2019 10:45:25
Experiment: K1 Experiment: K1
Workpiece parameters M Simulation results
DIN ENI1S0 9692-1: 2003 (D) C - [mm] Date 25.03.2019 Geometrical results
Type Square edges (3.1.1) Radius - [mm] Energy input 8,41 [kJ/icm] Seam area 20,50 [mm?]
Material S355 E - [mm] E.i./plate thickn. - [kdicm?] Seam width 6,70 [mm]
Width 40,00 [mm] B 0,00 [mm] T 850/500°C - [s] Leg length 1 111,00 [mm]
Height ~[mm] Alpha 90,00 [ T800f5OQ C - [s] Leg Ie_ngth 2 111,00 [mm]
Beta g Workp._ dil. level 8,00 [%] Overthickness 111,00 [mm]
Root penetration 111,00 [mm]
Plate parameters Undercut 1 - [mm]
Plate 1 Plate 2 g”d_em? t ~ [mm]
Material 5355 Material S355 Cisloperet - {m}
Thickness 6,00 [mm] Thickness 6,00 [mm] =
- Heat and mass input results
Welding Process | GMAW Wire feed 5,00 [rimin] Voltage
Description Electric power 427063 [W] Wire volt. drop 2,68 [V]
Deposition rate 2,00 [ka/h] Andone equival. 511 V]
Dilution level 92,00 [%] Column 12,71 V]
Current Cathode 10,32 [V]
Average current 116,36 [A] Voltage at arc 31,25 [V]
RMS current 185,73 [A] Cable losses 0,64 [V]
Generated thermal power Process characteristics (average values)
SimWeld GMAW V33.0 Beta 250320191 Anode + wire 1389,73 [W] T droplet 2581,29 [°C]
Experiment: K1 Droplets heat 131427 [W] Droplet diam. eq. 0,11 [mm]
Torch Cathode 1550,73 [W] Droplet det. freq. - [Hz]
Shielding gas  [82% Ar 18% CO2 Power source Heat input 2865,00 [W] Pulse frequency - [Hz]
= Position Source ype Custom Efficiency factor 67,09 [%] SC frequency 5,20 [Hz]
X 0,00 [mm] Process type Normal Evaporation losses
Welding speed 25,00 [cm/mi Y 0,00 [mm] Wire feed speed 6,00 [m/min] Droplet loss abs. 210,82 [W]
Backing Type MNone Contact t. dist. 20,00 [mm] Voltage 2400 [V] Droplet loss rel 1517 [%]
Angle along 0,00 [7 Choke 20,00 [ms] =
' Angle across 0,00 [7]
: Wire
Calculation User defined YR SG3GIE)
Length 75,00 [mm] Diameter 1,00 [mm]
Initial heating O
O Consider Welding Cables
[ Consider Regulator
Regulator
Start [Wire feeder
End [Source
Figure
Start [Torch
End [Workpiece
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Modifications and their Impact on WeldPool

Travel speed 60 cm/min

K4

8.5

Voltage =30V Postition = PC

www.dynaweld.eu 12




Current and Droplet

K 1 L
RS current, [4] 1857

;
WireFeed, [m/min] 6,0 =6
Anode-+wire power, [W] 1389,7 -E B o
~ Droplets power, [W] 1314,3 = 498
2 M5
Cathade power, [W] 1550,7 E 2 336 o
Total electric power, [W] 42706 E 256 ;
] A
Efficiency factor, [%] 62,9 4 ® 17 =
g =
Evap.loss abs., [W] 2108 2 10 - 192
]
Evap loss rel., [%] 152 é 11 784
Droplet Temp., [*C] 25813 B T T T T T T T T T T T T T T T T T T T -144
=12 1851 1,856 1861 1,666 1,871 1,876 1661 1,606 1,891 1896 1,801 1,008 1911 1916 1921 1,926 1931 1936 1941 1,046 1951
Droplet diameter, [mm] - t[s]
Dules fran Tl an 14 7 E
Arc with short cirquit droplet (25 V)
- . ' & tlsl
RMS current, [A] 1816
'
WireFeed, [m/min] 6,0 o6
Anode-+wire power, [W] 1694,0 -E- 6 -
Droplets power, [W] 16775 T 7 :?2
Gathode power, [W] 23335 g, 36 £
Total electric power, [W] 53255 E 256 5
£ =
Efficiency factor, [%] 756 7 © e R e e G et 178 3
g =
Evap.loss abs., [W] 16,5 é 10 ?E
Evap.loss rel,, [%] 1,0 g 11 -fi4
Droplet Temp., [FC] 26814 B T T T T T T T T T T T T T T T T T T T -144
a2 185 1855 185 1665 187 1675 156 1,685 1689 1,895 1.9 1805 191 1915 1,92 1925 1593 1935 194 1945 195
Droplet diameter, [mm] - t[s]
T ———
Pulse freq., [Hz) - 14 T E
\ I3

Spray-Arc without short cirquit (30 V)




New Task: Optimize Parameter for Position PF

K5

Postition = PF

K7

K6

Postition = PF
Position = PF Voltage =30V
Voltage =30 V Travel Speed = 30 cm/min

www.dynaweld.eu 14




Example: Butt Weld - PA

Definition

Process Parameter

Travel speed 40 cm/min
Wire diameter 1 mm
Wire speed 4,5 m/min

Pulse Process

| Base 40 A
| Pulse 400 A
Frequency 80 Hz

Pulse time 2,4 ms

Geometry Parameter

Plate 1 S355
Plate 2 S355
Postition

4 mm
4 mm
PA

‘Workpiece parameters [Ctil + 1)
Geomety

ENISO  EN IS0 9692-1: 2003 [D]

Joint type | |-groove [2.1]

Plate 1

Material | 5355

: i
Left plate visible

Plate 2

Material 5355

e [ ozialm

Fiight plate visibile

*idth 2000 2 2 [mm]
o
L saluy
L sl
Paszition

I
I ol
.
.-

Type | Pa

> |

] s :

Backing

Type |N0 backing

> |

Charnel

Type Mo channel
wiidth 2.00 % = [mm] | Height

200 % = [mm]

Torch parameters [Chl + 3]

Process parameters

¥ Wire

‘Welding speed

Diameter 1.0

w~ | [mim]

Material SG-2(G3I5)

o

[ *wire initial heating

Contact noz. t. 20 Ll ['C]

¥ Position Caleulation length
# 0> [mm AF

it 0] tmml X

L 20| [rm] Y tesh denzity

& 20 [rnrm]

¥ Angle

Along U&= [l

Acrozs oladls 1

» Equipment

¥ Power source

Select... | Custom

]

Process type | Pulzed 1/

-]

Wire feed

— anEwmn

Pulze Shape |Vel_-,l even

]

Frequency

Pulze time 24 s

Base current

Arc length

400
3E0
300
250
200
150
100

50

[4]

Pulse current 4000 5= [a]

iz

[mz]

4]

Initial ternperature

Simulation Optiohg

[emédmin]

4000 2l
20,00 == ['C

Consider gap

| Calculate cooling time (T8/5) w |
FEE=——— [rnm]

| narmal [1.0%] v |

LA A

Resources: medium
Accuracy:  medium

www.dynaweld.eu
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A/~ J—7

L —r_ Animation
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Example: Butt Weld - PA

Results

Sy SimWeld GMAW V3.3.0 Beta Signals of wire and arc — [m] x
s _— Voltage
@ — T of wires surface T of the wire in axisl _ 40
Average result values \F—\—‘ \_/————J \V‘_——j \_/___‘ &_f_J l\/qﬁ
Results s
30
Wire voltage drop, [V] 19 -1
55
Anode volt. eqv., [V] 52 o] F
20 =
Valt.drop column, [V] 19,3 2
1] 155
Voltdrop cathode, [V] 107 10
Voltage at arc, [V] 376 2 5
Cable losses, [V] 07 3 0
T T T T T T T T T T T T T T T T T T T
Average current, [A] 120,8 . 188 1,885 1,89 1895 1,8 1905 191 1915 192 1925 193 1,935 1,94 1945 195 1955 196 1965 197 1975 198
1 tls]
RMS current, [A] 1891
WireFeed p 45 5 — Current roplet
WireFeed, [m/min] 3 4| 555
Anode+wire power, [W] 1180,5 E- 61 T 576
Droplets power, [W] 11497 s 7] 495
o 416
Cathode power, [W] 16732 El 8 336 2
Total electric power, [W] 49370 E 256 E
= A
Eficiency factor, [%] 578 g ? R
Evap.loss abs., [W] 30,8 2 10 ?:
Evap.loss rel., [%] 28 % 11 ] &4
Droplet Temp., [*C] 26420 B - - - - - - - - - - - - - - - - - - - 144
S 12 188 1885 189 1,895 19 1905 1,91 1315 192 1925 1593 1935 134 1945 135 1955 196 1965 1,97 1975 138
Droplet diameter, [mm] - tlsl
Droplet cetacnm. freq., [Hzl - 1
Pulse freq., [Hz] 0,0 14 ] 5 .='E
E
Short circuit freq., [Hz) 0,0 15 g
L] 25 2
)
17 =
=
H
18] 0oz
18] g
T T T T T T T T T T T T T T T T T T T =
@ 2 I G B””1D$EE_1C]2””1“UMEUD"SU”?”D”H”' 156 1,885 1,89 1,895 19 1905 191 1915 192 1,325 133 1935 194 1,945 135 1,355 196 1965 1,97 1975 136
tls]

L
o

2.3
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Process Parameter

Travel speed
Wire diameter
Wire speed
Pulse Process
| Base

| Pulse
Frequency
Pulse time

40 cm/min
T mm
5,0 m/min

40 A
400 A
200 Hz
2,4 ms

Geometry Parameter

Plate 1 S355
Plate 2 S355
Postition

4 mm
4 mm
PA

Torch parameters [Ctrl + 3]

¥ Wire

Diiamneter 1.0 ~ | [mm]

Material SG-2(H351) ~
['wéire iritial heating

Cotitact noz. ¢, s s ['C]

¥ Position

® 02 [mm]

N 1] [mirm]

L 202 [mm]

R 20 [mirm]

¥ Angle

Alokng =i [

Across =i [']

» Equipment
¥ Power source
Select... Custom

Process twpe | Pulzed 14

II

“wire feed

[m.-"min]

Pulse Shape  |Wery even

pa
i
Base curent ]
Pulze current 4000 = [&]
¢
Pulse

400

350

300
—. 250
I
— 200

150

100

50

Modification 1

10,2

Example: Butt Weld - PA

1,5
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Example: Butt Weld - PA

Modification 2

Torch parameters [Ctil + 3]

¥ Wire
Diiarneter 1.0 | [mm]
M aterial 5G-2(6E351) ~
[wine initial heating
Contact noz. t. 205 3 ['C]
¥ Position
® 05 [mom] 4Z
¥ 0] imml i’x
L 2] imm ¥
R 20 [rrn]
Process Parameter Suonoe Arc Pressure
Along =S Il
Travel speed 30 cm/min peres T
. o » Equipment
ere dlameter 1 mm ¥ Power source
Wire Speed 5'0 m/min Gelect... |Cust0m V|

Process twpe | Fulzed I/ w |

Pulse Process Wicted [ SARIE]wni

I B a Se 40 A Fulze Shape |Ver_l,l even ~ |

Frequency [Hz]
I PUISe 350 A Pulze time [msz]

Baze cument [&] 9.6
Freq Uency 1 50 HZ Pulse curment [A4]

PUISe time 2'4 ms Are lenath 20els ]

Geometry Parameter ol ——

Plate 1 S355 4 mm -

Plate 2S355 4 mm -

Postition PA T ——

23

[A]
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... can we predict weld geometry by simulation?

The Input. Geometry, Postition, Material, Process
The Job: Process Simulation with SimWeld

The Output. Weld-Pool, Energy, Temperature,
Monitoring of Voltage, Current and Droplet

... yes we can!

Tanks for your attention!

20
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