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The most important parameters in extrusion are: 

·  Billet Temperature 
·  Die Temperature  
·  Container Temperature 
·  Exit Temperature 
·  Cooling Rate 

Measurement and control of temperature plays an important role at all stages of the 
extrusion process. Non-contact measurement systems have improved to the point that 
reliable results can be obtained without the need for complex calibration processes. 
However, temperature measurement is only part of the intelligent extrusion process. It 
essential that the basics of the extrusion process are understood within the plant. It is 
surprising that even today many extruders do not have a basic understanding of the 
metallurgy of the most common 6000 series alloys and, in particular the metallurgical 
changes that take place during the extrusion and age-hardening processes.  
 
Every extruder understands the need to control the billet temperature and the majority 
know the best option is to have a temperature gradient along the length of the billet to 
compensate for the temperature increase that takes place during the process. However, 
the temperature shown on the billet furnace display is only the temperature measured at 
one point by a contact thermocouple. The actual temperature and the temperature profile 
will vary between successive billets. Typical temperature profiles measured on one gas 
fired billet furnace at a constant temperature setting are shown in Fig.1. 
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There can be many reasons for such a wide variation but if the operator is relying on the 
set temperature he will not know that there is such a large spread of values. Induction 
furnaces are capable of giving more consistent taper heating and this is the reason why 
some extruders of quality products prefer induction heating to gas heating in spite of the 
higher energy costs. 
For some reason the die temperature has always been a blind spot in the industry. If the 

die oven is set at 480o C and the die 
has been in the oven for 4 hours then 
the die must be at 480o C. This is 
rarely the case. Cold dies result in: 

·  Premature die failure 
·  High extrusion pressures 
·  Run out variations in multi-

cavity dies 
·  High scrap rates  

The number of die changes per shift 
has increased dramatically as order 
sizes have reduced. However, very 
few companies have increased the die 
heating capacity. Measuring the 
temperature of the die before it is 
loaded into the press is an inexpensive 
way of ensuring that “cold” dies are 
not used. The introduction of single 
cell ovens (Fig.2) is starting to change 
the approach to die heating. The most  

Fig 2: Thermserve Twin Cell Oven 

Fig 1: Billet temperature profiles from a gas fired log heater set at a temperature of 450o C 
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recent designs actually measure the temperature of the die within the oven. In recent trials 
at one extruder, problem multi-cavity dies suddenly started to work after being heated in 
a single cell oven -a clear demonstration of the benefits of heating the die to the correct 
temperature. These ovens also have the advantage of fast heating times – less than 90 
minutes in some cases.  
 
The container is in direct contact with the billet and heat is generated at the interface 
between the billet and the liner. Heat flows from the billet to the container liner and this 
influences the exit temperature.  For many years containers were heated externally, 
temperature-controlled by one thermocouple. Control of the liner temperature and the 
heat flow from the billet to the liner was left to chance. The actual temperature profile 
could not be controlled. Internal heating of containers improved the situation but still did 
not control the heat flow from the billet to the liner. Modern “intelligent” containers with 
three zone heating systems and cooling systems are now available. Complex temperature 
measurement and control systems gives greater control of the heat transfer from the billet 
and can react to changes in the extrusion temperatures and throughputs.  
 
Exit temperature measurement is now found on most presses. Modern pyrometers are 
plug and play units. The most difficult part of the control scenario is ensuring that the 
information is used. Installation of an automatic scanner that detects the maximum 
temperature overcomes the problem of the operator not positioning the pyrometer 
correctly. Training of press operators, production supervisors and production managers in 
the extrusion process, billet metallurgy and process control is essential. 
 
The cooling rate from the exit temperature is important as it determines the volume of Mg 
and Si retained in solution before the precipitation hardening that takes place during 
ageing. Control of the cooling rate has always been important for the higher strength 
structural alloys 6082, 6061 and 6005A but is also important for the standard 6063 and 
6060 alloys where the trend is to use more dilute alloys to improve throughput and 
surface finish. Cooling rates can be measured using low temperature pyrometers with 
automatic scanning on the run-out table.  
 
The temperature of the section as it leaves the die is the most important parameter in the 
process. The exit temperature will depend on many things but it has long been known that 
the exit temperature can be controlled by changing the extrusion speed. The advantage of 
closing the loop between the exit temperature and the extrusion speed to give isothermal 
extrusion has long been recognised and several simulation programs have been developed 
to approximate this. Modern pyrometers and control systems enable this goal to be 
realised.  However, any system of isothermal extrusion has to allow for the variations in 
the other parameters and , in particular, the temperature profile along the billet as this will 
influence the temperature of the alloy as it enters the die.  The system must be simple to 
install and not require a degree in metallurgy or process control to operate. The control 
program must also integrate into the press control system. The MoMAS system 
developed by Professor Pandit at Kaiserslautern University and developed to a practical 
industrial system by BEC in Germany meets these requirements. The speed needed to 
give a constant exit temperature is calculated according the temperature profile along the 
length of the billet as it enters the container and the exit temperature measured as the  
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section leaves the die. The operator views a simple dashboard (Fig.3) showing the basic 
parameters.  
 

 
 
 
 
 
The system is already in use in plants around the world giving increases in productivity of 
over 10%. 
Intelligent extrusion involves recognising that temperature control is the key to achieving 
the process control needed to obtain high throughputs, excellent quality, good recovery 
and consistent performance. Intelligent extrusion also involves a basic understanding of 
the metallurgical processes that take place during the extrusion process.  

 
         
 

Fig 3: MoMAS screen dashboard showing a number of parameters to 
help extruders 


