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Problem statement
There is a need to develop cost-effective, production volume-independent, manufacturing processes that can be used to form extremely low-ductility sheet metals into shapes suitable for automotive structures.
Keywords: 
Background
Automotive body structures have been conventionally based on sheet metal stamping, which require the metal to have good formability.  Metals generally have an inverse relationship between strength and formability, however, meaning complex shapes were traditionally stamped from low strength materials.  As the need for lighter vehicles has increased, the structure has required higher strength materials than can offset the thinner gauges used and deliver the same level of safety performance.  To ensure that shape design is not limited, this has led to a high emphasis on developing higher strength metals that still retain a reasonable level of formability (for instance advanced high strength steels), or on more expensive manufacturing processes such as elevated temperature forming.  Both of these approaches incur a cost-penalty, as the materials become more highly alloyed (or involve more processing steps), or the manufacturing equipment becomes more expensive.  
The other downside in cold stamping is that it requires a very high initial capital investment in both stamping presses and dies, which limit the feasibility of this process to only high volume production.    

Casting and extrusion are both used in the development of light-metal space-frame structures. These processes have limitations; in the relatively poor mechanical properties of cast components, in the low extrudability of high strength light metal alloys, and in the cost of extrusion dies.  These processes are also not suitable for high strength steel manufacture.
Rather than designing metals that are optimised for component formability, it makes more sense to design metals that are optimised for component performance.  This means having high stiffness for vehicle handling/performance, and high strength for safety/crash performance.  Inexpensive metals developed for high strength generally have exceptionally low formability.  Since stiffness is generally more dependent on geometry rather than material properties, it means that the manufacturing process needs to be able to form sufficiently complex component shapes from these low formability metals.
Finally, 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.
Methodology 
This research project will integrate with the understandings generated in the structural design component of the lightweight structures visionary project.  The PhD student will focus on one or more of the key components in the vehicle structure, investigating inexpensive manufacturing methods to obtain the necessary geometry and mechanical properties using difficult to form materials that would previously be disregarded for that application.  An extensive literature review would be required on low-formability materials and alternate manufacturing methods.  It is envisioned that this project would require extensive formability analysis under different strain modes, as well as prototype component production and testing.  Potential manufacturing methods may also need to be developed or adapted to suit the production volume scaling requirement.
Timeline
Start: ASAP, duration: 3 years
Relationship of research project to visionary project aims, and to other student research projects within the visionary project.

The project will be closely linked to the modular design PhD project in that the geometrical and mechanical property requirements of the designed components in the vehicle structure will need to be met by the findings generated in this research project. 
List of any requirements for resources external to current capability of the research partners, including information, access and equipment.  

