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ODbjectives

Modelling Arc Welding Heat Source to Predict
Peak Temperatures and Cooling Rate

Laboratério de Soldagem e Técnicas Conexas — UFRGS LS&TC



Goldak’s Model

> Heat Source - Characteristics:

- Double ellipsoid (half bottom) composed by two
guarters of different ellipsoids

- Gaussian distribution of the power density inside the
double ellipsoid

- Maximum value q, at the center of the double
ellipsoid

- Minimum value of 5 % of g, at the surface of the
double ellipsoid
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Goldak’s Model

> Heat Source - Geometry:
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Ellipsoid A Ellipsoid B
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Goldak’s Model

> Heat Source - Geometry:
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Goldak’s Model

» Heat Source - Equations:

6\/§f Q _3[(x—xgo)2+(y—};0)2+(z—220)2
f1lx,y,z,t) = Rt e cf a b
abc,m\m

Power density distribution inside the Front quadrant

(x=x00)% , (7—y0)? | (z—2¢)*

63 -3 - +
fz (x’ y’ Z, t) — ¢ e CTZ aZ b2
abc, t\m S— :
PPower density distribution inside the Rear quadrant Power Density Distribution Inside the Double
Ellipsoid
Where Q is the power rate,
(x0.Y0.20) is the center point,
f1(x,y,z,t) for X>=X 0 Xgo=Xot+Vvt and v=welding speed.
X,y,z,t)= fr and f,. are coefficients to ensure continuity condition,
q(x.y.2.1 fa0xy.z) for X<xgg 4

ff+ fT:2’
F1(%00, y2.t) = f2(x00.y2.t) <& ff/Cf = frlc,
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Goldak’s Model

» Heat Source - Equations:

_3[(x—xgo)z+(J’—);0)2+(Z—Zzo)2
filx,y,z,t) =qpe s : ¢
Power density distribution inside the Front quadrant

_3 (x—x%0)2+(y—);0)2+(z—zzo)2
fz(X,y,Z, t) = (o€ Cr “ b
PPower density distribution inside the Rear quadrant

Power Density Distribution Inside the Double
Ellipsoid

Where Q is the power rate,

(x0,Y0,20) is the center point,

f1xy.zy for X>=xq, e _
Xoo=XotVvt and v=welding speed.

ax,y,z,t)=
fZ (x,y.z,1) for X<Xoo fr and f,. are coefficients to ensure continuity condition

F1(x00, y2.t) = f2(x00.y2) ff/cf = frlc,
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Experiment

> Process:

- Metal cored wire

- C25 gas

- Preheat Temperatures of
-30 °C, 30 °C, 100 °C,

150 °C and 200 °C.

» Geometry: ;?%
AP| 5L X80 steel Plate of 32 mm thick { 5
with  no chamfer, in bead on plate ‘a
configuration.
Plate
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Experiment

» Data Acquisition:

g

-Thermocouples:

type K: | ]
- 1 positioned at the bottom of the s - ‘_r
plate. // | 3
-5 positioned 2 mm, 4 mm, 6 mm, 8~
mm and 10 mm away from the bead. Y .!

type S:

: Thermocouples positioning
- 1 plunged into the weld pool
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Experiment

» Data Acquisition.

Weld Pool Measures: Macrograph Measures:

front length:

Cr
rear length:
CT'
Macrograph
total length: width: penetration:
c=crtc, Ic b

Weld Pool
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Model Definition

» Parameters

Plate Geometry: _ Source:
Length (1) : ..
Width (w) Front proportion coefficient (ff)

Thickness (th) - Rear proportion coefficient (fr)
Maximum power density (q0)

Process:

- Tension (U) e .
Current () Boundary conditions:
Thermal efficiency (n) - Pre-heat temperature (TO)
Welding speed (v) - Ambient temperature (Tamb)
Energy input rate (Q) - Convection coefficient (h)

Bead Geometry: o > :

~ Penetration depth (p) - Initial conditions:

Bead width (bw) - Source position (x0,y0,z0)
Total length of the weld pool (c) - Temperature (T0)

Front length of the weld pool (cf)
Rear length of the weld pool (cr)
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Model Definition

» Functions

Gaussian Distribution Inside of an Ellipsoid
expression: g0*(exp(-3*((A-A0)"2/CC"2+(B-B0)*2/a"2+(C-C0)"2/b"2)))

Gaussian Distribution inside Front Ellipsoid Gaussian Distribution inside Rear Ellipsoid

Front Part Rear Part
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Model Definition

» Variables

Sources center position
X00=x0+Vv*t

Source 1 (front part)
Ql=anl1(x,x00,y,y0,z,z0,a,b,cf)*(x>=x00)

Source 2 (rear part)
Q2=anl1(x,x00,y,y0,z,z0,a,b,cr)*(x<x00)
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Model Definition

» Geometry

3D Component with

-plate dimensions

-lines (to create different mesh regions)
-points at thermocouple position

(to improve accuracy at this points)

Geometric model of the plate
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Model Definition

»Heat Transfer in Solids Physic Module:

Heat Source 1

- General Source defined as (t<=wt)*Q1
- Where (t<=wt) is the turn off condition

Heat Source 2

- General Source defined as (t<=wt)*Q2
- Where (t<=wt) is the turn off condition

Surface-to-Ambient Radiation

Convective Heat Flux
- User defined: Heat transfer coefficient = h
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Model Definition

» Mesh

Surface Elements
Triangles

Volume Elements
Tetrahedrons

Volume Elements Size
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Validation

» Peak Temperature

Position 2 mm away from bead Position 8 mm away from bead

Preheat Temperature 30°C 100°C 150 °C 200 °C Preheat Temperature 30°C 100°C 150 °C 200 °C

Experimental (°C)  Failed 1058 Failed 1196 Experimental (°C)  Failed Failed 660 670
Numeric (°C) 1094 1054 1094 1128 Numeric (°C) 450 495 524 667

Position 4 mm away from bead Position 10 mm away from bead

Preheat Temperature 30°C 100°C 150 °C 200 °C Preheat Temperature 30°C 100°C 150 °C 200 °C

Experimental (°C)  Failed 889 Failed 798 Experimental (°C) Failed 373 Failed 313
Numeric (°C) 759 773 810 842 Numeric (°C) 364 419 448 483

Position 6 mm away from bead
Preheat Temperature 30°C 100°C 150 °C 200 °C

Experimental (°C)  Failed 660 743 670
Numeric (°C) 575 604 633 667
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Validation

» Cooling Time

Cooling Time 800 °C to 500 °C (s)
-30 °C 30 °C 100 °C 150 °C 200 °C

Experimental | 447 555 6.83 7.55 10.50
Numeric 465 5.10 7.35 840 10.55
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Validation

» Thermal Cycle

Preheat of 200 °C
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Future Works

> Consider Phase Transformation

» Consider Material Deposition

> Predict the Microstructure

> Evaluate Distortion and Residual Stress
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Conclusions

Through this study It was possible to
conclude that COMSOL Multiphysics
provide sufficient conditions to simulate the
electric arc welding process in order to
obtain the cooling rate and peak
temperatures.
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Thank you for your attention!

Any guestion?

Contact: 196575@ufrgs.br
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Pesquisa do Rio Grande do Sul — for providing financial
support that allowed COMSOL license acquisition
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