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Project description 
Problem statement
Currently optimisation of vehicle structures can be performed to consider size, shape, and topology.  The next evolution of automotive design will need to consider materials and manufacturing constraints for low costs vehicles, and environmental concerns. This project will develop a method to include these factors in the design of future vehicle modules, specifically to develop assessments of manufacturability.
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Background
One of the main objectives of the light weight structures program is to develop a structure that can be manufactured in a wide variety of locations and production volumes.  This means that the manufacturing process used will need to have inexpensive set-up/capital costs to manufacture low production volumes, but be able to be easily scaled-up to larger production volumes.

With continued demands to reduce product development cycle times within the Automotive Industry Computer Aided Engineering (CAE) is becoming heavily relied upon even at the early concept development stages. Optimisation techniques are pivotal to this. They allow a concept design to be optimised for particular targets given the many design constraints. In particular, topological optimisation helps identify the primary structural architecture of a vehicle given predefined loading criteria. This then allows a rapid progression to the detailed design phase to follow. Other optimisation techniques include: size optimisation, in which the physical dimensions, such as cross-section of the structure are used as design variables; and shape optimisation, where the physical boundary of the shape is varied to give the optimal shape for the given load cases. Typically these techniques involve solving an objective function which includes required stiffness and strength as part of the design space, where minimum weight may be the primary purpose. With growing environmental concerns focussing on the entire life cycle of vehicle design, the selection of material and manufacturing processes is a critical factor which is currently not inter-linked with structural optimisation techniques. These design factors include material costs, cost of manufacture and the life cycle cost of the entire product. This is often only performed after a design has been devised and if cost or environmental impact targets are not met requires a re-iteration of the product design, which all increases lead times and increases development costs.

Material selection software, such as Cambridge Engineering Selector (CES) is a powerful tool, which allows the preliminary comparison of material types for simple loading requirements. Coupling this with structural optimisation routines and a simple life cycle assessment method would provide early concept designs to be assessed holistically. This would introduce important factors such as material cost, production/manufacturing costs and life cycle costs into the design space, which is not included in traditional optimisation techniques. 

This lightweight vehicle program is heavily focussed on achieving a design for a vehicles body structure which not only meets all its structural and crashworthiness requirements, but also lends itself to simple and flexible manufacturing processes and supports environmental sustainability throughout its entire life cycle. This, therefore, forms the motivation for developing an optimisation process which addresses the design problem as a whole, allowing a truly ‘optimal’ solution to be reached.

Methodology 
The project will begin by developing simple 2D analytical predictive models of structural strength.  This will be extended to assess additional mechanical and manufacturing criteria associated with automotive body structures.  A literature review of relevant processes will be undertaken to start creating additional assessment metrics for the predictive model.  The work will then continue to encompass basic 3D structures based on data already existing at Deakin regarding simple crush structures.  Ultimately modular 3D structures will be assessed in line with the overall project objectives.
Timeline
Start: ASAP, duration: 3 years
Relationship of research project to visionary project aims, and to other student research projects within the visionary project.

This project will underpin the design work done on the modular designed body structure.  The 2D predictive tool may be used to initially assess potential components within the body structure.  The 3D analysis tool may be used to refine the designed structure for each module in years 2 or 3 of the project.
The project is well in line with the following objectives of this visionary project, which are cited here:
(iv) Relevance to emerging opportunities for Australian automotive industry

The world automotive market is investigating the options for lightweight bodies to drive up the fuel efficiency and drive down emissions.  The outcome of this project is to design and prototype a new body structure that can be developed by Australian industry.  This project, therefore, aims to place Australian industry at the forefront of this design change.
(v) Key Deliverables

A predictive model that can assess the structural strength, manufacturability, and energy intensity of a particular design.
List of any requirements for resources external to current capability of the research partners, including information, access and equipment.  

Design and benchmarking information of a series of related vehicles.
