Extrusion


Extrusion is the act of pushing a malleable solid through a die; you may recall doing this as child with Play-DohTM, making stars and crescent moons. This same process can also be used on some metals to make complex shapes that would be impractical to make by other methods. Many aerospace parts are made by extrusion, right here in Lafayette; if you’ve ever flown on a commercial airplane, something on it was made in Lafayette. 
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Figure 1: A schematic of the extrusion process.

http://www.matter.org.uk/glossary

The extrusion process for aluminum, or any metal, is fairly simple. Basically a ram pushes a “billet” of material through a die (see Figure 1); the die lets material through in the desired shape. The resulting product is a long piece with the desired cross sectional shape (see Figure 2). The pressures needed here are a bit above Play-Doh; thousands of tones of forces are needed to push aluminum through a die. The biggest extrusion press at Alcoa Lafayette is rivaled by only two others in the world: one in Luybachany, Russia, and another near Atlanta. 
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Figure 2: An example of shapes that can be made by extrusion. http://www.aluminumextrusions.com/extrusions
DRAWING


Drawing is a process where a tube is pulled through a die with a smaller diameter than the starting tube. Sounds a lot like extrusion, doesn’t it? The only real difference is that you are pulling a long piece through a die instead of pushing a stubby billet. So why not skip drawing and just extrude metal in the diameter you need? The reason is the force required to push something through a die increases as the cross sectional area of the product decreases. There reaches a point where no matter how much force you put on the metal billet, the metal will not extrude through die. To overcome this limitation, a tube of a larger diameter and thickness that is needed is extruded, then drawn down to size later. This adds extra time to the process, but it saves wear and tear on the extrusion presses.
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Figure 3 (upper) and Figure 4 (lower): A simplified view of tube drawing: the gripper grips the tube and pulls it through the die and over the mandrel. The mandrel keeps the tube from collapsing on itself while it is being pulled. The result is shown in Figure 4.

http://class.et.byu.edu/mfg130/processes/descriptions/deformation/tubedrawing.htm

HOT METAL!


Heat treatment is a process that gives aluminum both the ability to be formed and at the same time increases its strength. The two most common types of heat-treatment for extrusions are solution treating (or annealing), and aging. A solution treatment softens a metal for further working, while aging hardens it to give it the properties it needs to do its job. So why does a company have to do this? Think of bending a paperclip…..


So as you sit in class one day you start bending a paper clip back and forth. What eventually happens? Of course it breaks, at or near the spot it was being bent. How is it that something that was ductile a moment ago suddenly becomes brittle and breaks? The answer is cold work. As a metal is deformed (i.e. bent, shaped, stamped, extruded), you are performing cold work on it. The more cold work you perform on the material the harder and more brittle the material gets, until it is so brittle it can’t be deformed anymore, and breaks. Extrusion is an extremely deformative process, so the metal is very hard when it comes off the press. Consequently, it is very difficult to form further, as in drawing. A solutioning heat treatment is used to soften the metal so it can be worked further. If several drawing steps are required, the material may have to be annealed several times.


After the material is in its final form (the final diameter, thickness, and length), it is sent to aging. Aging treatments harden the material appreciably, giving it the properties the client specifies. Aging temperatures are lower than solutioning temperatures. The material hardens because of the nucleation and growth of a second phase within the material. This second phase may constitute only 2% of the volume of the metal; however it can increase the strength 200%. Aging times can vary from a few minutes to over a day, depending on the temperature.










Figure 5: A graph of the heat treatment process (temperature of the metal vs. time). Here a piece of material is solutionized, quenched, and then aged immediately afterwards
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