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� 2 Business Units:

� Aerospace Transport and Industry (ATI)
� Alcan Extruded Products (AEP)

Extrusion business inside ALCAN
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Markets for ALCAN’s extruded products
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Overview of the extrusion process

11--Loading of logsLoading of logs

3 3 ––Log shearLog shear
44-Loading of 
billets and 
lubrication

22--Preheating Preheating 
furnacefurnace

55-Press 7-Quench 8 –Hot saw 9 9 -Puller

1111-Stretching

1010-Roll out 
table

1212-Cold saw

6 -Die

1414-Ageing 
treatment

1313-Baskets

Extrusion plant

Customer

Casthouse

Aluminium
alloys
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Definitions

billetram die

press 
body

dummy-
bloc

container die holder

� Principle of direct 
extrusion:

Die plate
Mandrel 

body

Branch

Feeding hole

Mandrel

Porthole

� Typical die for hollow 
sections:

Ram speed

Speed at die exit

Billet temperature

Temperature at die exit

Extrusion force

Bearing 
channel
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The aims of extrusion modeling 
� Product feasibility � Process productivity � Die lifetime  

Before die correction

After die correction

Extrusion diagram

T S

Extrusion diagram
speed

Billet 
temperature

Limit 
curve for 
press 
powerLimit curve 

for surface 
quality

Extrusion 
window
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Methodology for extrusion modeling

1. Pre-processing (HyperMesh):
� Meshing
� Boundary Conditions
� Morphing

2. Computation (HX solver) :
� Steady state
� Transient

3. Post-processing (HyperView): 
� Results fields (P, T, S)
� First step of fields transfer 

(HX� MARC)

4. Pre-processing (HyperMesh & Mentat):
� Meshing
� Field transfer and mapping
� Boundary Conditions

5. Computation (MARC):

6. Post-processing (MARC):
� Stress field
� Displacements
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Example of die design optimization

A - Current die design

B - Proposed die design

� Die geometries 

� Objectives: Compare the flow and the behavior of th e tool in terms of:

� Productivity / Feasibility: 
� increase the extrusion speed through a reduction of extrusion pressure or outlet temperature
� be compatible with the power of the press 

� Product quality
� avoid distortion at die exit
� ensure a good surface quality
� reduce scrap due to transverse welds

� Die lifetime
� increase the number of extruded billets before the failure of the die
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� Complex flow simulations (steady state)

Pcalc =667 MPa Pcalc =669 MPa

mean 592°C mean 581°C

mean 13.9m/min

Smean + 0.2%

Smean- 0.2%

Smean

Smean + 10%

Smean- 10%

Smean

� (P) Pressure at the rear side of the billet ⇒⇒⇒⇒

Feasibility - Productivity ⇒⇒⇒⇒ decrease beneficial

� (T) Temperature at die exit  ⇒⇒⇒⇒ Productivity -
Product quality ⇒⇒⇒⇒ decrease of the mean temperature 
and local hot spots beneficial

� (S) Speed at die exit ⇒⇒⇒⇒ Feasibility - Productivity –
Product quality ⇒⇒⇒⇒ decrease the gradient inside a 
same hole and decrease the difference of mean 
speeds between holes beneficial

600°C

575°C

590°C

571°C

P T

S

Example: Modeling of flow

mean ec. b. 13.9m/min

mean ec. h. 13.2m/min

A B A B

A B
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� (BIT) Billet interface tracking ⇒⇒⇒⇒ Product quality ⇒⇒⇒⇒ decrease of the length affected by the 
transverse weld beneficial (scrap reduction)

1.7m

Extruded length (m)
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Billet n+1

A B

A

B

Low scrap High scrap

� Complex flow simulations (transient)

Example: Modeling of flow

Billet 
n

Billet 
n+1

Billet
n+1

Transverse 
weld

nn n n+1
Billet 

n
Billet 
n+1

Billet
n+1

Transverse 
weld

nn n n+1
n n+1n+1

BIT
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� Thermomechanical analysis of die behaviours

� (D) Displacement of mandrels ⇒⇒⇒⇒ Product 
quality ⇒⇒⇒⇒ decrease of deflection beneficial

� (St) Stresses inside the dies ⇒⇒⇒⇒ Die lifetime ⇒⇒⇒⇒

decrease of principal maximal stress beneficial

1200 MPa
1100 MPa
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Example: Modeling of dies

Cracks 
behind the 

branches of a 
Porthole die
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+Stresses inside the die

+++Geometrical tolerances

-Transverse weld behavior

+++++Speed at die exit

+++Outlet temperature

=Pressure

Effect of the new designCalculation outputs

Productivity/feasibility

Product quality

Die lifetime

Example: Synthesis of the comparison 

Easier decision
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Global die design optimization  – Productivity

D2

1205 
MPa

1047 
MPa

865 
MPa

1151 
MPa

D2
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1047 
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Before (13t) After (120t)

Porthole optimization –
Die lifetime

Bearing channel optimization – Surface defect
Before (tearing)

After (tearing suppressed)

D0 D1 D2

8-9 m/min 11m/min 12m/min

Tmoy +2%

Tmoy - 2%

Tmoy +2%

Tmoy - 2%

Vmoy +0.25%

Vmoy – 0.25%

Vmoy +0.25%

Vmoy – 0.25%

Temperature Speed

Some cases solved by numerical calculations

Local bearing changed 
4mm →→→→ 1mm

Temperature
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Conclusions
� Numerical modeling of extrusion is currently used t o ensure optimal die design and 

relevant correcting operations carried out in Alcan  Extruded Products’ die shops. It is 
also a way to rationalize our know-how in die desig n.

� The main industrial objectives reachable thanks to numerical simulations are:

� Reduction of the number of trials 

� Improvement of die lifetime 

� Increase of extrusion speed

� Implementation of new dies for novel applications

� Alcan is satisfied with Hyperworks and continues to collaborate closely with Altair to 
implement the necessary new functionalities for com plex extrusion cases.

� Outlook concerning the software:
� Reduction of calculation times (parallel calculatio ns)
� Improvement of the accuracy of the basic features 

� Skin tracking
� Multiple cycle

� More flexibility for advanced users (user subroutin es, etc…)


