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Abstract

Abstract

For the automotive industry, the ongoing development of lightweight construction is an es-
sential component when it comes to designing the car of the future. The primary aim is to
reduce fuel consumption in addition to increasing the agility of the vehicle. As a manufactur-
ing process, aluminium die casting provides an effective method of reducing the weight of
powertrains and body components. The productivity of the casting process is crucial to en-
suring the economic viability of the manufacturing process for these lightweight products.
The surface condition of the die-casting mould plays a decisive role in this respect. The
mould is damaged by thermal, chemical and mechanical loads generated during the process.

The application of cooling and separating agents to the hot mould surface causes massive
damage. The resulting tensile stresses in near-surface areas causes thermomechanical fa-
tigue cracks. The application of these substances is required in the current process in order
to regulate the temperature balance and prevent adherence of the aluminium alloys. This
results in the formation of extensive networks of thermomechanical fatigue cracks. It there-
fore makes sense to refrain from applying these damaging cooling and separating agents
and to use other mechanisms to achieve the cooling and separating effect.

The aim of this project is to develop a die-casting process that does not use cooling and
separating agents. The idea is to achieve the required separation effect between aluminium
alloy and die-casting mould by replacing the separating agent with hard material coatings.
These coatings are applied to the moulded parts using the PVD or PACVD process. A load-
based coating selection system will be developed in order to clarify the central issue of which
of the available coatings are particularly suited to the aluminium casting process. To begin
with, the primary damage mechanisms of the process will be analysed. Based on the results
of the analysis, abstraction will then be applied to develop test rigs that simulate the stresses
of aluminium casting process. A weighted evaluation matrix will be developed to calculate
optimal coatings for the aluminium casting process. In the final phase, synthesis, the findings
relating to the resistances of the coatings will be applied to the different areas of the die-
casting mould.

The removal of the coolant application results in reduced external cooling of the die-casting
mould. This must be replaced by an increase in performance in relation to internal mould
cooling. Design methods will be applied to enable production of a large, near-surface heat
sink in the die-casting mould. The increased performance of the internal mould cooling must
ensure that a quasi-stationary heat balance can be achieved in the mould without applying
coolant.

The process of die-casting without a separating agent will then be tested in a pilot experi-
ment involving the surface design using hard material coating and enhanced internal mould
cooling. The project will also include an economic analysis of the use of hard material coating
in series production and a final review.
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