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Å Preliminary study of a heat exchanger

Å Thermal and structural analysis (symmetry)

CASE 1: Thermal / Mech Analysis of a Heat exchanger
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Å Radiation to ambient (top and bottom faces)

Å Convection on all free surfaces

200 °C

850 °C

1020 °C

35 °C

1020 °C

Thermal Boundary Conditions
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Å Weight of top structure

Å Frictionless support at bottom face

Å Internal pressure

Structural Boundary Conditions
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1000000 nodes

200000 elements

Finite Element Mesh



PAGE 8Global Results
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Å Manufacturing process widely used in industry

Å Main applications include joining and repairing of components

Å Welding can be generated by different processes:

ï Solid -State Welding

ï Fusion Welding

Å Fusion welding processes are the most common

ï Contact surfaces melting is promoted by a heat source

ï Differente heat sources are available , being the electric arc ones
the most used

Å Complex process , due to couplings between different phenomena

CASE 2: Welding (Thermal )
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THERMAL

PHASE TRANSF. MECHANICAL

Influence on mechanical 

properties

Thermal strain

Heat generated by 

plastic strain

Strain induced phase tranf.

Influence on mechanical properties

Phase transformation induced strain

Heat generated by phase transf.

Influence on thermal properties

Initiates phase 

transf. 

Phenomena Coupling
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Å Good representation of the temperature distribution is
very important for a correct numerical modeling

Å Total heat power is dependent of the heat source
characterisitcs and welding process efficiency

Å Different approaches are available in literature , using
geometric distributions

Double Ellipsoid Volumetric 

Distribution (GOLDAK et al, 1984)

Gaussian Surface Disc Distribution 

(KRUTZ and SEGERLIND, 1978)

Heat Source Models
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Å Welding thermal cycles and phase transformation induced 
strain are responsible for residual stress fields in the weld 
joint .

Å Residual stresses act as a initial stress state, prior to stresses 
caused by operational loads.

Å Tensile residual stresses are very dangerous in components 
submitted to fatigue loadings.

ï Affect the nucleation and propagation of cracks.

Å Many design methodologies do not consider the existence of 
residual stresses (null initial stress state ).

ï Adoption of elevated safety factors.

Å Post -weld heat treatments are recommended for stress relief.

RESIDUALLOPERATIONATOTAL sss +=

Residual Stresses
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Å Submerged arc welding of a low carbon steel plate with 100 
mm thickness

Å Welding process parameters:

ï Voltage : 32.9 V

ïCurrent : 1170 A

ïWelding speed : 5 mm/s

ï Efficiency : 95 %

Å Adiabatic condition on symmetry plane

Å Convection on other surfaces (except weld region)

Å Heat generation at elements inside double ellipsoid 
region

Å Temperature -dependent thermal properties 

Double Ellipsoid FEA Model
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Temperature distribution (°C)

Double Ellipsoid Model 3D Geometry
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Temperature distribution at half length of plate (°C)

Double Ellipsoid Model 3D Geometry
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FZ limit

(mm)

HAZ limit

(mm)

3D Model

(at mid-length)
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(GOLDAK et al, 1984)
14 21

Model Comparison



PAGE 24CASE 3: Welding Process

ÅArvinMeritor Automotive

ÅTheoretical aspects of welding

ÅCAD Model employed

ÅFEM Model

ÅTransient Thermal Analysis

ÅTemperature Distribution

ÅMechanical Analysis Methodology

ÅPlastic Strain Distribution

ÅStress Distribution
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During the welding process the partôstemperature

rises abruptly. The partôstemperature from the

melting pool may be represented by the graph at

the right.

Considering the temperature change of a single

point of the part, the welding thermo cycle may

be represented.

It is possible to verify the temperature rises very

fast and then decreases to the room temperature in

a certain speed that depends on:

1. Initial temperature of the molten metal

2. Initial temperature of the part

3. Thermal conductivity of the part

4. Partôsthickness

5. Union configuration

6. Environmental dissipation coefficient
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ÅAlso, due to the thermal cycle, the metalôs

mechanical properties change during the welding

process.

ÅIn this way, welding process may lead to distortion

and residual stresses.

ÅDuring the welding process, in order to melt the

metal, high heat is abruptly applied on a small

area.

ÅThe heated metal expands up to be

blocked by the cooler neighbor regions.

This generates transient stress, which may

exceeds the yield limit. When the part cool

down to the room temperature, the metal

contraction will not be proportional. So the

permanent distortion.

Theoretical Aspects
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Detail of the seam weld, split in 14 parts according to

the methodology adopted. In a total, 28 parts are

necessary to represent the whole joint.


