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Abstract

Topology optimisation has for a considerable time been applied successfully in the automotive
industry, but still has not commonly become a mainstream technology in the aerospace
industry. The aircraft manufactures have already been achieving benefits with optimisation for
some areas where as the bottom layer suppliers in the aerospace industry are still following
conventional design techniques. Most of metal fittings which are widely used in the aerospace
industry with safety nets and straps are identified as bulky and heavy as they are based on
conventional designing techniques. 5000 Ib over-center buckle (OCB) is one of the most
frequently used tightening devices having the aforementioned characteristics.

The purpose of this study is to formulate a mechanism for a strength-based weight reduction
on standard 5000 Ib OCB which is used in the aerospace industry and consequently, to propose
a light-weight design. First objective was to identify the relevant design considerations of
existing 5000 Ib OCB. Design specifications and standards related to 5000 Ib OCB and 5000
Ib safety strap were collected and reviewed for collecting necessary strength, functionality and
other requirements of 5000 Ib OCB. Second objective was to develop a finite element
methodology for static structural analysis of 5000 Ib OCB. 5000 Ib OCB samples were
carefully examined to identify the functionality and other necessary requirements of the OCB.
OCBs were then subjected to a detail measurement check and the dimensions were used to
build a computer aided design (CAD) model for the study. Engineering drawings were also
created from the model for future reference. Then OCB samples with polyester webbing parts
were subjected to various kind of strength tests using tensile testing machine. Purposes of these
tests were to identify the failure loads and failure modes of the OCB itself and the OCB with
safety strap in the operational conditions. These experimental results showed that the 5000 Ib
OCB used inthie aerospace inelustny isah diersdesion d.ast objectivéawas to optimise the 5000
Ib OCB usiggi@ieffective, optimisatiepscheme. dHawing reviewed on optimisation procedures
and currenttrénds in the asrospace industry; Altair HyperMesh software was selected as the
numerical siiiiation 10l osetup thefinite.element model and ‘Topology Optimisation” was
selected as optimisation method for the study. The finite element model was validated using
simulation results and experimental results and the validated methodology was used to setup
optimisation problem with aim of reducing weight. In formulating the topology optimisation
problem, the minimum averaged compliance of the buckle was taken as the objective, and
element density was used as the design variable.

Topology optimisation results were analysed and the elements in the critical regions were
derived as geometries to compare those with original OCB model. Considering other
functionality requirements with the topology optimisation results, a light-weight design was
proposed with step-by-step modifications. Subsequently, FE simulations were repeated for the
proposed light-weight design. Comparing the results of the light-weight design with the
original model results, the proposed light-weight design can be noted as a better alternative.
Nearly 7% (41g) weight reduction could be achieved for 5000 Ib OCB using the proposed
optimisation procedure.

Keywords:

Finite Element Analysis, Topology optimisation, 5000 Ib over-center buckle, Weight
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