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Abstract TE 1626 47

Aluminum is one of the most widely used materials in engineering components,
especially in construction as well as automotive industry. A typical manufacturing
process for aluminum components is profile extrusion in which an aluminum billet is pre-
heated to a high temperature and then pushed through a die to create desired cross-
sectional shape. The extruded aluminum is then cut into uniform lengths. In order to
protect and improve the surface quality, aluminum bars will go through further chemical
reactions. The manufacturing facilities usually has standard billet sizes available in
stock. However, in several extrusion machines, it is possible to pre-heat long billet and
then cut to specified sizes in front of the extrusion press before being extruded.
Furthermore, the runway to provide support for the extruded profile can be extended
within a certain range. Extruded profiles must be cut before they surpass the runway
otherwise the profile bending may lead to product quality problems. Therefore the
extrusion operation may be performed differently according to the billet size, profile
cross-sectional area and desired profile length. The operation setting then can be
classified into one of the following categories-one extrusion per billet, multiple extrusions
per billet and multiple billets per extrusion.

The purpose of this research is to develop a decision making tool to select
aluminum billet size as well as to plan the extrusion operation to meet the required
profile length with minimum waste. The decision making scheme developed includes
practical constraints and considerations in the extrusion operation which are not
typically considered by the optimization community. To address the variations in
aluminum density, extrusion experiments to investigate the behavior of Al 6063 are
performed on various cross-sectional areas(products) with different process parameters

as well as desired lengths. The range of aluminum density are determined. The range
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of weight per lengths of the new aluminum profile is predicted from the curve fitting
scheme. Maximum density is used in the optimization scheme to ensure that the
extruded profile is always sufficient for the number of workpieces determined. The billet
size can be reduced incrementally if the extruded profile is longer than expected. Even
with modest problem sizes, solving the ILP formulation is time-consuming. The
solutions for non-linear integer programming for the case of muitiple billets per extrusion
are not obtainable. Otherwise the optimal solutions from the ILP are compared with the
solutions from heuristic algorithms developed.

For online billet cutting case, it is found that the solutions from ILP usually call for
the use of more billet sizes than those obtained from the heuristic algorfthm. However,
the solutions from ILP leads to better material utilization than those from the algorithm
by 1-4%. The tradeoff between cutting and extruding more billets and 4% difference in
waste should be examined by the end user. In the standard billet size case, the
heuristic algorithms perform well as compared to those obtained from solving the ILP.
The solutions from both sources are almost identical. Solutions obtained from both ILP
and heuristic methods are equal or better than the manual calculation employed by the
company. The actual implementation of the program developed is now underway. |t is
expected that the solution methodology developed in this research can improve material
utilization up to 10% over the current approach used (manual calculation) in some

cases.
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