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Materials Used in a Typical Family Car
1977 1999 2010
Total iron & steel | 75% 66%

High-strength 3.4% 10%

steel

Polymer 4.6% 7.5%
composites

Aluminium 2.6% 7.2% 8.6%
Magnesium 0.0% 0.2%

Chevrolet Impala engine cradle
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cathode

Weld pool

Current ~ 150 A
Power ~ 5 kW

Power density ~ 50 MW m™2
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1) We have to model the arc plasma,
electrode and workpiece self-consistently

2) The arc moves relative
to the workpiece

4) The surface of the
molten weld pool has
to be tracked

www.aufocrc.com
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5) The wire electrode melts, forming droplets that fall into weld pool

7) Time-dependence is 8) Metal vapour can
required to model strongly affect the
start and end of weld arc and weld pool

6) The geometry is fully
3-D (fillet weld)

2 mm
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Plasma and Electromagnetic Effects
Mass: %’0+V-(pv) — ()

d(pv)

Momentum: +V-(ow)=-VP-V-7 +jxB+pg

72
Energy: a(g h)+V (pvh) = ;—U -V [ck Vh}+25:CB j-Vh
p p

Charge: V-j=0
PO 0, VxB=1,j
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200 A arc, Al alloy workpiece
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Surface energy minimised, taking into account

« Surface tension and surface curvature
» Gravity (buoyancy)

* Arc pressure

* Droplet pressure

» Conservation of droplet volume

Cross-sectional
Droplets y l area of reinforcement

o S

5 Welding direction
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95 A arc,

y (mm)
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15 mm/s welding speed, Al alloy (AA 5754) workpiece
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95 A arc, 15 mm/s welding speed, Al alloy (AA 5754) workpiece
Flat workpiece

(deformation neglected) Deformation taken into account
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Temperature (K)

Cross-section through x = 0 mm

Temperature(K)
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Z (mm)

Temperature (K) Rate of momentum transfer to

Cross-section through x = 0 mm arc and weld pool from droplet

Temperature(K) (N/m m3)
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104 A arc, 10 mm/s welding speed, Al alloy (AA 5754) workpiece
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t=0.0s
104 A
=10 mm/s

t=05s
=78 A
V,=5mm/s

www.aufocrc.com
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All emission Atomic iron line Atomic argon line
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Zielinska S, Musiot K, Dzierzega K, Pellerin S, Valensi F, de |zarra C & Briand F
Plasma Sources Sci. Technol. 16 832-8 (2007)
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Temperature Aluminium concentration

Aluminium
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95 A arc, 15 mm/s welding speed, Al alloy (AA 5754) workpiece
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Height relative to surface (mm)

Measured
— — Calculated, no metal vapour
Calculated, with metal vapour

Distance perpendicular to welding direction (mm)
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 We have developed a computational model of metal
inert-gas welding of aluminium for the car industry

 The aim was to predict weld pool depth and shape

 We have developed a 3D model that includes:
— the arc, wire electrode and workpiece,
— motion of the arc
— flow in the molten weld pool
— weld pool surface deformation
— transfer of mass, energy and momentum from metal droplets
— fillet weld geometry
— time-dependence
— effect of metal vapour

 (Good agreement is obtained with measurements of weld
pool shape when metal vapour is taken into account
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