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ABSTRACT

Superplastic forming (SPF) is a process which exploits the phenomenon of
superplasticity. SPF is commercially desirable because complex shapes can be produced in a
single forming operation, reducing the need for fasteners and connectors. This results in an
overall reduction in component weight and decreased fuel consumption. The current project
focuses on the development of a microstructure in an Al-Mg-Si-Cu alloy that exhibits
superplasticity.

A new thermomechanical process has been designed for the grain refinement of a
6X XX aluminum alloy using particle-stimulated nucleation of recrystallization. The
compositional variant under investigation falls within the ranges of both 6013 and 6111. The
process results in an equiaxed, thermally stable grain structure with an average diameter of
approximately 10 um, with a nearly random texture.

The fine-grained microstructure exhibits superplasticity dbove 500 °C. denmum

elongations of 350-375% were achieved for strain rates of 2. 8x10™ s to 5x10™ s™! during

ambient pressure uniaxial tensile tests at 540 °C. Failure in this regime was due to cav1tat10n
ddmaoc "I he strain rate sensitivity reached a maximum of 0.5 for strain rates of 2x10™
5x10™

Conslant—pressure cone-forming tests were performed to determine the overall
formability and cavitation behavior of the alloy. Cavitation was significantly suppressed by the
application of bdck pressure, leading to true strain values in excess of 1.7 for strain rates on the
order of 1x107 ™.

Keywords: Thermomechanical Processing, Grain Refinement, Superplasticity,

Aluminum Alloy 6013

INTRODUCTION

Superplasticity is the ability of a material to undergo extensive (200-1000%)
clongation without necking when pulled in tension at high temperature, (T>0.6T). Non-
superplastic metals and alloys commonly undergo elongations of less than 100% under
similar circumstances. Currently, there is increased commercial interest in the exploitation of
the phenomenon of superplasticity through superplastic forming (SPF), a process by which
materials can be formed into complex shapes using gas pressure with minimal energy
expenditure (gas pressure <1000 psi (7 MPa)) due to the low resistance of such materials to
plastic flow. SPF also reduces tooling cost since only a single surface tool is required. Part
counts are also reduced since complex components can be formed from one operation,
reducing the need for subcomponents and fasteners. [1-3]

Superplastic metallic alloys exhibit flow stresses which vary with strain rate
according to the relation
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where o = flow stress

¢ = strain rate





















