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Executive Summary 

 

This design proposal is based around a research project currently being conducted at RMIT 

University, with the support of CSIRO. This project investigates the redesign of a typical angled 

bracket, a relatively simple component with large potential for optimized design depending on 

loading conditions and available surrounding space. This type of component is used in many 

industries.  

This redesign is conducted by utilizing Finite Element Analysis (FEA) software package Altair 

Hyperworks, specifically using the incorporated RADIOSS and OptiStruct solvers. This approach is of 

interest due to the unique capabilities of Additive Manufacture (AM) that allow for topologically 

optimized structures to be manufactured without the inherently restrictive design limitations that 

would normally be imposed by traditional manufacturing techniques. 

The material choice of titanium is based around the appeal of this material to the aerospace 

industry, and other high performance sectors. The relatively simple component geometry 

demonstrates and quantifies the synergistic effect of additive manufacture and topology 

optimization to increase the component performance whilst reducing costs and waste material.  

Additive manufacturing of titanium and topological design optimization are areas in which Australian 

manufacturing industry already possesses significant knowledge. RMIT, like CSIRO, is investing in the 

development of AM technology (RMIT University, 2013), with the establishment of the Advanced 

Manufacturing Precinct (AMP). The development of topology optimization to complement AM is 

envisaged to lead to the establishment of a further specialised design and manufacturing industry 

that could draw high value business into the Australian manufacturing sector.  
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Use of Titanium Alloy 
 

This design research is being conducted with the primary focus on the advantages for aerospace 
industry where complex components are often manufactured from titanium alloys by traditional 
subtractive or formative manufacturing methods. However, the appealing characteristics of titanium 
alloys are also relevant for other industries, such as medical, marine, automotive, sporting and 
mining (Mouritz, 2012). 
 
The mechanical properties of titanium and its alloys are excellent for aerospace applications, 
primarily due to their low weight, high specific strength, high creep strength and corrosion 
resistance. Generally, titanium alloys are around 60% lighter than aluminium alloys, with roughly 
double the strength, resulting in the specific strength of titanium being higher than that of either 
steel or aluminium alloys. Titanium also has high resistance to creep at high temperatures, which 
combined with the corrosion resistance of titanium, makes the material very useful for high 
temperature and creep stress applications, such as experienced by the rotating components in 
turbine engines.  
 
Demonstrating of the potential of design optimization of titanium components for AM will be highly 
valuable for the aerospace industry. Aerospace industry is highly driven by weight and cost savings 
requiring innovative design solutions for future advances (Advisory Council for Aviation Research 
and Innovation in Europe, 2012). Design optimization has already been used in the aerospace 
industry to achieve over 1000kg of weight savings for the Airbus A380 (Krog, Tucker and Rollema, 
2002), as shown in Figure 1. Some examples of design optimization for AM are shown in Figure 2, 
with the main benefits outlined. Design optimization of titanium components for traditional 
manufacturing methods such as for the Airbus A380 is relatively prohibitive, due to the constraints 
inherent in design for subtractive or formative manufacture and also due to the waste material that 
would typically be produced as a result of manufacturing more complex geometries. 
 

 
Figure 1 - Design Optimization of Airbus A380 droop-nose rib. 
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Use of Additive Manufacturing  
 
Titanium components are relatively difficult to produce by traditional manufacturing methods 
(Ezuguw and Wang, 1997). Difficulties arise from the material properties, such as a high melting 
point (1670°C) and high chemical reactivity at temperatures nearing melting point, making forging 
and machining difficult to control. High reactivity with most mould materials and the strong 
relationship between the content of dissolved gases and the material strength and ductility, 
increases the difficulty of using traditional casting techniques without inferring disadvantageous 
constraints, particularly with the aspirations of design optimization.  

Where traditional manufacturing techniques can be employed, the manufacturing of titanium 
components often results in very high levels of waste material. Since titanium is particularly 
favourable for high strength, low weight and creep resistant applications, typical component design 
tends to be relatively complex. Manufacturing complex titanium components by traditional methods 
can result in up to 95% of the starting material being removed as waste (Brandt et al., 2013). 

Original Design Optimised Design Results 

Airbus A320 nacelle hinge bracket - (Tomlin and Meyer, 2011) 

  

 64% reduction in mass from 
combined design change and 
material change 

 Almost identical bracket 
stiffness 

 Maximum stress 
approximately halved 

Bracket for high lift device - (Machunze, Lehmann and Hein, 2013) 

  

 Undisclosed weight or 
performance benefits. 

 Optimised for minimum 
volume objective 

 Constrained maximum stress 
and minimum dimension 

High value aerospace bracket - (Brandt et al., 2013) 
No original design due to  
topographic  used for an 
allowable design volume, 
physical constraints and set load 
cases. 

 

 Demonstration of some key 
design features which are 
able to be manufactured by 
ALM 

 Demonstration of 
manufacturability 
considerations 

Optimization of aerospace bracket - (Kranz and Emmelman, 2013) 

  

 26% weight saving through 
optimization and material 
change 

 Consideration of potential 
for optimization of 120 
brackets on Airbus A350 of 4 
designs, showing potential 
85kg weight saving. 

Figure 2 - Examples of Design Optimization for AM 
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Due to its general principles, AM can produce significantly more complex and customized 
geometries than traditional manufacturing techniques (Gibson, Rosen and Stucker, 2010). This 
allows for finished components to be of a more optimum design and also allows for significant 
reductions in waste material, which directly relates to the cost of the finished component. The 
simplified manufacturing process, from raw material to near net shape, also provides potentially 
reduced manufacturing times over the multiple machining iterations often required for traditional 
manufacturing techniques. The particular techniques employed to achieve AM vary depending on 
the material being used; and each technique has its own particular compromise of advantages and 
disadvantages affecting the characteristics of the finished product. 

Innovation  
 
Current aircraft structures use thousands of brackets, lugs, and fasteners, the majority of which have 
potential to be optimized. Incorporate that bit: As outlined by (Kranz and Emmelman, 2013), it was 
indicated that by optimizing four bracket designs which correspond to 120 individual brackets per 
Airbus A350, approximately 85kg of weight can be saved per aircraft. This highlights that there is 
potential for significant weight savings by the use of optimized aerospace components similar to the 
design in this proposal. 
 
The major innovation for this project lies in the design process itself. Using AM technology to exploit 
the potential of the topology optimization techniques incorporated in most commercially available 
and widely used FEA packages, has the potential to produce components that offer improved 
performance at reduced manufacturing cost. However, this design process is lengthy and requires 
specialist knowledge in FEA and optimization software. It is unrealistic to expect a typical designer to 
design each component in an aircraft through such a numerical optimization process. It is therefore 
required that standard components for the aerospace industry, such as brackets and lugs, are 
provided to the designer with further options based on optimized geometry, rather than the current 
standard geometries provided due to manufacturing and cost constraints. It is envisaged that the 
resulting designs from this work can be used in a database-type approach, where designers can 
select a suitable optimum design based on the specific loading conditions and space restrictions. This 
approach is appealing for aerospace applications where the performance and weight of such 
extensively used standard components can significantly impact on operating costs.  
 
With most AM techniques, the resulting components often need to be treated in some way to 
remove the resulting porosity. The use of the Arcam Q10 Electron Beam Melting (EBM) additive 
manufacturing process removes the need for any post-treatment to meet the required properties, 
due to the higher ambient temperature and pressure of the build chamber. The ultimate 
demonstration of this is the manufacturing of turbine blades by EBM at Avio, Italy (Fanning, 2013).  
 
With the combination of design optimization and AM drastically increasing the feasibility of 
manufacturing highly optimized structures, it is necessary to develop the understanding of the 
potential benefits of such components and the capabilities of the manufacturing process. By using 
the proposed design to demonstrate the benefits of using optimized designs specific to unique load 
conditions, the concept of such a database-type component selection for designers can be 
quantitatively evaluated and better understood. 
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Design Drawings 
 
The subject of the research project, and indeed this design proposal, has been developed from a 
simple right-angled bracket. Brackets such as this are used extensively throughout aerospace 
structures, both in older metallic material dominated structures s well as newer structures with 
more extensive use of composites. They are used to bring together structural components, sub-
assemblies and assemblies throughout aircraft structures, and are hence are subject to a wide range 
of loading conditions for any given design. The original design is convenient for designers due to 
their relatively simple design, however due to the tendency to use the same bracket design in a wide 
variety of different applications throughout any airframe due to current manufacturing and cost 
considerations, the design is relatively conservative and over-engineered. It is envisaged that the 
ability to reduce the mass of each of these brackets throughout an aircraft structure, would 
accumulate to a significant total weight saving. This is the primary driver for this optimization 
research project and hence this design proposal. 

1 Initial Design – Hypermesh Geometry 

 
This is the initial geometry provided by CSIRO for the research project. Figure 3 shows the geometry 
with initial partitions on the base (purple) to separate into components for meshing in HyperMesh. 
 

 
Figure 3 - Initial Design 

2 Meshed Design – for HyperMesh RADIOSS Static Analysis 

 
The model is meshed in HyperMesh, with partitions as necessary to generate a well refined, 
symmetrical mesh, as shown in Figure 4. Note the partitions around the fastener holes, which are 
assigned a different property to isolate that material from the optimization process. This material 
region is not optimized in order to allow for the fastener to rest on solid material. 
 
At this stage the rigid body elements are also modeled, and the loads and constraints applied, to 
simulate the required load case.  For the purpose of this research project, the rigid body elements 
and constraints were kept as simple as possible, whilst representing a basically fastened loading 
scenario with reasonable accuracy. 
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Figure 4 - Meshed Design 

3 OptiStruct Output – “Element Density”  

 
This design is optimised to meet the static deflection performance of the original bracket design, at a 
minimized weight. Once satisfactory meshing is achieved, a static analysis is run in the RADIOSS 
solver, to determine the static displacement of the loaded node (in this case, the centre node of the 
fastener hole in the YZ-plane). The displacement value is used to set an optimization constraint for 
maximum total displacement, in conjunction with a minimum volume objective, for an optimization 
run using the OptiStruct solver. This results in an element density output, as shown in Figure 5.  
 
Element density is, more accurately, a reference for a variable factor that is used to multiply the 
stiffness matrix of each element. Hence the density of an element, as shown in the results, is closer 
related to the stiffness of the element that is required to meet the optimization criteria. 
 
The raw OptiStruct results demonstrate a weight saving of over 70%. Allowing for the slight design 
changes to both minimise stress concentrations and make the design feasible for manufacture by 
EBM, this can be expected to bring the required material weight savings much closer to those 
indicated by the case studies shown in Figure 2. 
  

 
Figure 5 - OptiStruct Results 
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4 CAD Model based on OptiStruct Output 

 
The optimization results are then imported to a Computer Aided Drawing (CAD) program (CATIA, for 
this project), so that the surface can be used as the framework to create and refine the optimized 
component for manufacture, as shown in Figure 6.  

 
Figure 6 - CAD model based on OptiStruct Output 

5 CAD Geometry for Design Submission 

 

The first iteration of CAD geometry for the design proposal is shown in Figure 7. 

 
Figure 7 - CAD Geometry 
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Feasibility 
 

If this design, and the process used to develop it, can be fully validated to successfully show clear 

advantages over the original part and traditional manufacturing processes, this will provide a 

valuable contribution to the understanding of how AM and topology optimization can be used 

synergistically for design and manufacture.  

This design will demonstrate the potential of the database-type concept of optimized bracket 

designs to suit particular load cases and design volumes. This then indicates the feasibility of such a 

database being created that allowed the selection of optimized bracket geometry for known 

conditions, such as load direction, fastener layout and design volume, that would allow for both AM 

and optimization to be much more readily adopted by contemporary designers with little or no 

specialized understanding of the software required to generate such component designs from 

scratch. This database could be developed as something similar to an engineering or design 

handbook, such as exists to define many of the rules and constraints for subtractive and formative 

Design for Manufacture (DFM), or by the development of product portfolios that could be used as 

the foundation of specialized businesses. However it is achieved, the ability to bridge this knowledge 

gap between DFM and Design for Additive Manufacture (DFAM) will be play a significant part in 

accelerating the adoption of these technologies by the current industry. 

Acceleration of the development and implementation of DFAM would be particularly beneficial to 

aircraft manufacturers, modifiers and operators, particularly if part price and production volumes 

are reasonable. This is largely due to the ability to tailor structures for optimum performance, which 

if used to minimize weight or maximize fatigue life, can directly represent operating cost savings by 

either reducing fuel burn or maintenance burden respectively. For these same reasons, the 

development of this manufacturing process may also be appealing to the automotive and transport 

industry, although this industry would require substantially faster production rates. If the database 

concept for bracket design selection were adopted as a business model, the same products could be 

produced for both aerospace and transport markets driven by weight savings for performance gains. 

Design and manufacture through an optimization and AM process does pose some developmental 

risks. Some of the biggest factors that may affect the development of AM as a large scale 

manufacturing process are related to it being impervious to economies of scale. Whilst this is 

appealing for the manufacture of large numbers of individually unique parts, it does not translate to 

cost effective production methods for large numbers of identical parts, hence why AM is so 

appealing for the production of optimized components. AM of titanium alloys is, at this stage, 

relatively limited in the component sizes able to be manufactured. Particularly for EBM, where the 

build chamber is maintained at a very high temperature and vacuum pressure, it is difficult and 

expensive to construct larger chambers to withstand such conditions. Further to this, the 

development of designs for AM also requires a reasonable knowledge of Computer Aided 

Engineering (CAE) skills, particularly if design optimization is to be incorporated. With the evolution 

and development of AM technology and the computational skills of the general public, it is inevitable 

that most of these risks will be mitigated in the near future. Particularly as CAE software and small, 

private AM machines become more accessible, making it more feasible to quickly and easily design 

and produce parts at will (Harouni, 2011). 
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If this design and manufacture process is not particularly successful for aerospace or other transport 

industry, there is still substantial interest in AM for medical applications. In particular, EBM is a very 

capable means of producing latticed, cellular structures, even single structures with varying densities 

of cellular sub-structures (Heinl et al., 2007). The ability to produce parts with these characteristics 

allows the part to be designed to have very similar mechanical properties to the bone or other 

organic material that it is replacing or supporting. The ability to do this presents the opportunity to 

prevent implants from causing damage to surrounding bone or tissue, as well as the potential to 

design skeletal implants which can effectively be “grown” into the mating bones. This could still 

present feasible opportunities for specialized implant design and AM companies. 

There still exist a number of areas where the capabilities of topology optimization, AM, and the 

complimentary use of the two in product design, are not yet fully understood. A major aim of the 

research behind this design is to develop a more comprehensive, direct comparison of the time scale 

and cost differences between the original design and the final optimized and AM produced part. 

Further beneficial research to this could and will develop a greater understanding of the 

development of a general DFAM process, including optimization considerations. Further to this, it 

would be valuable to develop an understanding of how AM techniques can best be used as a larger 

scale manufacturing and production method, to understand exactly what would be required to 

accomplish this and how this compares to more traditional production methods. 
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Additive Manufacturing Network 
 
CSIRO recently hosted the inaugural Additive Manufacturing Network meeting, intended to bring 
research and development, service providers and end-users together to develop and share visions of 
an additive manufacturing industry for Australia.  
 
The main goals for this network are: 
 

 Facilitate communication within Australia on additive manufacturing by: 
o Using a network infrastructure 
o Gaining understanding of other’s strengths and weaknesses 
o Steering the industry toward a comprehensive capability portfolio, to establish a 

database of equipment and capabilities. 
 

 To market Australian additive manufacturing capabilities globally, to advance R&D and grow 
production in industry by: 

o Connecting the R&D, service provider and end-user communities to provide 
effective solutions 

o Considering the national and global strategies and roadmaps when establishing 
additive manufacturing in Australia 

o Creating the confidence of domestic and global customers in Australian capabilities 
and expertise 

o Fostering efficient collaborations to benefit industry 
o Accelerating the deployment of technologies to industry 
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