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Design for Additive Manufacturing: A Case Study Redesign of an Aerospace Structural Bracket
The aerospace sector is under intense pressure to trim structural weight, cut down on material wastes, and speed up the development process of parts without affecting mechanical performance and safety. Additive manufacturing (AM) has become a revolutionary answer to these requirements, whereby geometrically complicated object portions were not feasible using either a subtractive or formative manufacturing technique. The increasing use of AM in aerospace, automobile, and biomedical industries describes a larger transformative paradigm in how engineers are imaginative and accomplish physical parts (Reinke and Santos, 2026). The resulting change has led to the development of Design for Additive Manufacturing (DfAM) as a field that integrates knowledge of AM processes, material behaviour, and design optimisation strategies at the earliest point of product development in a systematic way. DfAM has a wider opportunity of providing performance, mass, and supply chain benefits simultaneously, which is more than attractive to aerospace use, where almost every gram of structural mass has a quantifiable cost connotation over the service life of an aircraft.
The part that was used in this case study is an aerospace structural bracket, which is a load-bearing mount that is used to fix system parts in an aircraft fuselage structure. This type of bracket is typically machined from aluminium alloy billet by means of Computer Numerical Control (CNC) processes, a process that is known to consume a great deal of material, can generate geometries with severe constraints, and incurs high lead time. The bracket has to meet stringent structural requirements that encompass high degrees of stiffness during multi-directional loading and low weight-strength ratio, as well as dependable operation in various thermal and mechanical environments. These characteristics make it an ideal candidate for DfAM redesign, as AM enables the exploitation of complex geometries, internal lattice architectures, and topology-optimised material distributions that conventional machining cannot economically achieve.
Following a general outline of the DfAM case study, this report follows five fundamental activities: study of the original component and its constraints, implementation of DfAM principles and computational redesign software, recording of the iterative redesign process, and choice and explanation of the proper AM process and material, and analysis of the redesigned component via finite element analysis (FEA) and manufacturing viability tests. The aim is to show how the DfAM method can be used rigorously to achieve quantifiable increases in structural efficiency, material utilisation, and overall component performance compared to a traditionally manufactured control.
Component Description and Existing Design Analysis
The element that will be redesigned is a load-carrying aerospace structural bracket that is the same as the structural bracket that is utilized in aircraft fuselage and aircraft door assemblies. Traditionally, when in standard form, the bracket will be a billet-machined component of solid aluminium alloy (Al 7075-T6). It has flat load-bearing flanges, several bolt-hole interfaces to lend the system, and a ribbed middle section to ensure rigidity when subjected to a combination of tensile and bending loads. The dimensions of the bracket are about 150 mm x 80 mm x 40 mm, and the solid mass is about 450 g at its initial condition. It serves a functional purpose of transmitting structural loads between the fuselage skin panel and internal sub-frame, which is acted under conditions of variable static loads of up to 8 kN in primary load direction, and 3 kN in the lateral direction, plus other requirements of vibration resistance and thermal stability between -55°C and +85°C.
Figure 1: Representative aerospace structural bracket geometry showing (a) the bracket model, (b) applied compressive load, and (c) fixed support boundary conditions. Reproduced from Okorie et al. (2023) under CC BY 4.0.
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In the traditional way of producing this bracket, CNC machining on a solid billet of Al 7075-T6 is utilized and entails cutting away around 85 percent of the raw materials in order to achieve the final shape. This translates to a buy-to-fly ratio of 6.7:1; i.e., every kilogram of material that goes in goes into the final component, and almost six kilograms are scrapped away during production. Historical aerospace parts that are machined on titanium and aluminium billets typically yield buy-to-fly ratios of between 10:1 and more, and therefore impose a heavy burden on the procurement and disposal of raw material (Jung et al., 2023). Geometric limits of subtractive machining also limit the current design of bracket designs, where designers can only have features that are available to cutting tools, excluding internal holes or non-uniform cross-sections, or a structure of organic load-paths that would better fit structural loading conditions.
The original bracket has been identified to have three main design constraints. To start with, the component is largely oversized, where no stress is experienced during operation loading, which adds unwanted but unnecessarily weighty mass to the component without value in terms of the structure. Second, the design has several sub-components that must be assembled with fasteners, which adds more parts, time to assemble the product, and places of potential failure at every joint. Third, the flat ribbed design fails to align with the natural distribution of loads in a bracket, leading to poor material utilisation as compared to the load conditions. Such constraints are familiar in aerospace manufacturing, which also exposes the supply chain to risks from the reliance on any tooling due to long lead times when acquiring a particular tool, and also lacks flexibility of sources (Gradl et al., 2022). Table 1 provides an overview of the main features of the original bracket as compared to the targets of the redesign.
Table 1: Comparison of Original and Target Redesign Parameters
	Parameter
	Original Design
	Redesign Target

	Material
	Al 7075-T6
	Ti-6Al-4V

	Mass (g)
	~450
	≤250

	Buy-to-Fly Ratio
	~6.7:1
	~1.2:1

	Part Count
	3 (assembled)
	1 (consolidated)

	Production Process
	CNC machining
	Selective Laser Melting

	Max Von Mises Stress (MPa)
	187
	≤880


DfAM Principles and Methodology
Design for Additive Manufacturing is a unique engineering paradigm that does not involve repackaging existing conventional designs to use 3D printing, but rather aims to exploit the freedoms that AM introduces at the beginning of the design process. DfAM is a framework that involves three phases: fabrication-oriented design, design generation, and design assessment (Egan, 2023). The fabrication phase consists of the recognition of AM process capabilities and constraints, such as the build orientation, supporting structure needs, minimal feature size, and material-process interaction. The generation stage utilises computational optimisation methods, e.g., topology optimisation and lattice structure design, to generate high-performance geometries. The evaluation stage encompasses the testing aspect that deals with validation through simulation; this includes FEA, which ensures that the redesigned component has all the requirements in terms of its functionality before the actual physical production. This organized scheme allows the designers to harness the power of AM instead of merely recreating traditional geometries by use of an additive mechanism.
In this case study, four DfAM principles were chosen as key design drivers. We used topology optimisation to reallocate material in the design space of the bracket to the redistribution of material based on the load-path distribution in reality, removing over-designed areas and shifting material to just where it is really needed. This was combined with lattice infill structures incorporated into the low-stress interior volumes so as to increase the rigidity and to significantly decrease the mass. Components consolidation was utilized to consolidate the initial three-part assembly into one additively manufactured component, without fasteners and assembly interfaces. To reduce the need for support structures and the residual stress levels created during the SLM process, the component was oriented in the build chamber with the help of build volume optimisation. All these principles are in line with the DfAM strategy classification in terms of cellular structures, consolidation and assembly, support structure design, and build orientation, which are all existing approaches to maximising performance and economic advantages of AM in industry (Asapu and Ravi Kumar, 2025).
The software toolkit used in this redesign includes Autodesk Fusion 360 to define the parametric geometry and initial topology in a CAD, ANSYS Workbench to optimise the structure and verify it with a topology model using FEA, and finally nTopology to generate a lattice structure and prepare it to be built. Quality Function Deployment (QFD) was implemented in the initial design stage to address the transformation of functional requirements into measurable design specifications to ensure the resultant redesigned geometry met both the performance requirements of the structure and the process-deliberate limitations of the chosen AM process. The result of this process is the design specification as given in Table 2.
Table 2: Design Specification for Redesigned Bracket
	Design Requirement
	Specification
	Priority

	Minimum yield safety factor
	≥1.5 under peak loading
	Critical

	Maximum component mass
	≤250 g
	High

	Operating temperature range
	-55°C to +85°C
	Critical

	Surface finish at load interfaces
	Ra ≤ 1.6 µm
	High

	Minimum lattice strut diameter
	≥0.5 mm
	Medium

	Preferred build orientation
	45° to base plate
	Medium

	Post-processing
	HIP + CNC finish at interfaces
	High


Redesign Process
Redesign was done in four iterative stages, which included: defining the boundary conditions, topology optimisation, lattice structure integration, and reconciling final geometries. The previous step was used to inform decisions, whereby the simulation and the geometric test outcomes were used to make refinements to the previous step.
Boundary Condition Definition and Topology Optimisation
The first step involved the specification of the conditions of structural edges and load cases that are representative of the environment in which the bracket is being used. ANSYS Workbench was used to model the component. Fixed constraints were used at the main bolt interfaces, and 8 kN was applied to the system attachment flanges in the axial direction and 3 kN in the lateral direction. The third load case was developed to provide a combined loading condition that was related to worst-in-service conditions. The design space was broken down into an optimisable space, with the volume in the mid-section, and non-optimisable spaces at the bolt interfaces and attachment flanges, which should keep their original shape to allow compatibility with assembly.
Topology was optimised by the Solid Isotropic Material with Penalisation (SIMP) method, and the objective was to achieve a reduction of the volume to be optimised by 50 percent, to maintain a minimum compliance level. The strategy is consistent with the current approach to aerospace bracket optimisation, in which density-based algorithms have already demonstrated they can reduce the components' mass by a significant margin, yet did not affect the structure rigidity, as it was experimentally demonstrated by designing and testing the optimised shapes (Okorie et al., 2023). Four optimisation cases were tested with varying parameters in the excluded regions and weighting of the load cases to learn the sensitivity of the topology. The case giving the optimal compromise between mass reduction and uniformity of stress was chosen to be developed. Topology optimisation resultant output yielded organic geometry with struts aligned to loads and material optimised arches. It minimised the volume to be optimised by 52 percent compared to the original solid domain of design.
Figure 2: Topology-optimised bracket geometries generated using level-set and density-based methods (Case 4). Reproduced from Okorie et al. (2023) under CC BY 4.0.
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Lattice Structure Integration
After optimisation of topology, the bracket interiors with low-density material were substituted with a body-centred cubic (BCC) lattice structure created in nTopology. The BCC topology was chosen based on the fact that compressive and tensile loads gave a chance to shape the topology to attain a well-characterised mechanical behaviour, its compatibility with the SLM manufacturing conditions of Ti-6Al-4V, and its potential to couple a high specific strength with the energy absorption capacity at low relative densities (Li et al., 2024). The lattice volume was subjected to a uniform strut diameter of 0.8 mm with a unit cell of 3 mm, resulting in a relative density of about 22% in the infill region. It is a hybrid of mass-reduction and structural-contribution that guarantees that the lattice is highly loaded structurally without providing structural failure modes associated with over-slender struts to the loads imposed.
Figure 3: Body-centred cubic (BCC) lattice unit cell shown within Maxwell's criterion framework for flexural and tensile structures. Reproduced from Li et al. (2024) under CC BY 4.0.
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The lattice-filled zones were seeded with a solid shell 1.2 mm thick on all the outer surfaces, forming a skin-core composite architecture. This enables a purity of outer geometries that are desired in aerodynamic purity and size conforming of the interfaces amongst the assembly to the internal lattice that forms the structural base of the component. Functionally graded lattice structures have also been found in the literature as another potential opportunity to optimise with space that can be used to increase the ratio of stiffness-to-weight based on spatially varying strut diameter in response to local stress gradients (Aljaberi et al., 2024). In this case, the uniform BCC arrangement was kept, but to ensure that the complexity of manufacturing was kept to a minimum and to enable the simplified FEA validation within the limits of analysis.
Component Consolidation and Iterative Refinement
Redesign of the interface regions with great care was used to merge the three-part assembly into one continuous geometry. The mating features and fastener bosses of the two parts previously assembled separately became part of the main bracket structure, removing two sets of threaded inserts and four M5 screws in the assembly. AM having geometric freedom endorses component consolidation, which is a primary DfAM advantage since a lesser number of parts stems secondary to the advantage of less assembly time, zero stress concentration formed through fasteners, and low likelihood of system failure (Ibhadode et al., 2023).
There were three design loops in the iterative design process. Transitions between the infill region of the lattice and the solid shell were also observed through concentration of stress in the first loop, with shell size thickening at the locations of the highest rates of stress concentration in the FEA results, as the most heavily stressed transition locations occur. The second loop identified an overhang in 28° to the build plate that was likely to be extremely challenging to remove, and this was reworded to 47° with a very minor geometric combination with no impact on load-path efficiency. The mass of the final product was determined to be 231 g, giving an actual mass loss ratio of 48.7% of the original bracket mass of 450 g. Loop 3 made sure that all the areas of concern where stress was a factor were at good levels, and the total mass of the components was reduced to 231 g, which meant 48.7 percent mass loss at the level of the bracket, at 450 g, where it started. The process of development of the original bracket geometry, as to the topology-optimised result and the completed consolidated AM-ready design, is depicted in Fig. 1, and indicates the change in the conventional flat-ribbed geometry to the arch-and-strut configuration of the redesigned component.
AM Process Selection and Material Justification
The type of AM process that has been chosen in the fabrication of the redesigned bracket is Selective Laser Melting (SLM), also known as Laser Powder Bed Fusion (LPBF). The foundation of SLM is the selection fusion of layers inherent to the formation of a metallic powder in the focused beam of a laser. It is produced through the deposition of the component layer, layer-by-layer, in a controlled environment of pure gases. The largest dimensional accuracy and density in practical process conditions of any metal AM technologies has a relative density of over 99.5% density in practice and can discern fine geometrical features below the lattice struts of 0.8 mm in this design. SLM has been subjected to full trial in the structural components, where load-bearing brackets are manufactured in aerospace, demonstrating the potential to manufacture structural components with or beyond the traditional demands on mechanical properties of conventional manufacturing processes in a range of alloy systems (Gradl et al., 2022).
The redesigned bracket is made out of Ti-6Al-4V (Grade 5), which is made of Titanium alloy. This option is selected because it has a great combination of high specific strength (yield strength typically ranging between 900 and 1,100 MPa in the SLM-processed state), low density (4.43 g/cm³), high corrosiveness, and has been shown to combine with the SLM process at process parameter regimes that are economically viable. Substitution of a 7075-T6 (density 2.81 g/cm³) and yield strength 503 MPa with Ti-6Al-4V might not be intuitive, with a more dense titanium, having greater density. However, the increased specific strength of Ti-6Al-4V, a factor of the mass reductions which are achieved in topology optimisation and lattice infill, results in a much less massive finished component with a higher structural safety margin. Besides, almost no waste is obtained during additive production, which results in the buy-to-fly ratio of Ti-6Al-4V increased by SLM being near 1.2:1, which is a radical difference compared to the 6.7:1 ratio received on the conventional aluminium bracket due to the huge amounts of waste generated in the machining of the material (Jung et al., 2023).
Limitations associated with process SLM of Ti-6Al-4V are residual formation of stress similar to high thermal cycling needed by the layer-by-layer build, roughness of the surface in the built condition, which is typically characterised by Ra values of 8 µm to 20 µm, and anisotropic mechanical behaviour due to build orientation. The design studies of topology-optimised bracket geometry design using LPBF have demonstrated that large amounts of the residual stress generation in optimised geometries can be minimised relative to original solid geometries, which can be attributed to the more uniformly distributed thermal mass distribution with the optimised geometry (Jain et al., 2024). The orientation selected to construct this component is at a 45-degree angle to the base plate to provide the trade-off between minimising the supporting structure and having the primary load-bearing struts in a favourable position with respect to the building strength of the layer-by-layer strength. The heat treatment will be in the form of Hot Isostatic Pressing (HIP) at 920°C and 100 MPa for two hours to eliminate any remaining porosity and homogenize the microstructure. Finally, the stress relief annealing will be implemented at 800°C as a final step to ensure that the final component properties are within the design specification.
Figure 4: Representative SLM (LPBF)-manufactured topology-optimised aerospace bracket in Ti-6Al-4V, fabricated on an EOS M290 system. Reproduced from Chen et al. (2021) under CC BY 4.0.
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Design Evaluation and Verification
Finite Element Analysis Setup
Structural verification of the redesigned bracket was conducted using ANSYS Mechanical, with the component geometry meshed using 10-node tetrahedral elements at a global element size of 1.0 mm, refined to 0.3 mm in regions of high stress gradient. The mesh consisted of 1.2 million elements and 1.8 million nodes, and the convergence of the mesh was checked by ensuring that the mesh reduced sufficiently, through a sensitivity study, whereby less than 2 percent of the mesh could be said to undergo changes between each mesh reduction. The selections of the material properties applied in the model were Ti-6Al-4V, SLM-processed, HIP: Young's modulus 110 GPa, Poisson's ratio 0.34, yield strength 950 MPa, ultimate tensile strength 1,020 MPa. The Finite element analysis has also been widely applied in developing the laser additive manufacturing design to save both time and money, especially when compared to physical testing of prototypes, since it predicts all the thermal history, residual stress, and structural functionality (Ye et al., 2025). The three load cases were tried with the FEA model and covered in the redesign process, and in the fixed boundary cases; the cylindrical supports were taken into account in order to provide the extra load, and an additional combined load case at one and five times the nominal load magnitude was tested in order to explore the limit load safety margins.
An equivalent homogenised continuum approach was used to model the lattice structure, where the effective elastic properties of the lattice at 22% relative density were calculated based on known relationships between specific stiffness and relative density of SLM-produced Ti-6Al-4V lattice geometries, which is consistent with the practice of modelling (Aljaberi et al., 2024). It makes computationally viable predictions of lattice structural response with no strut-scale mesh density scales needed in any prohibitive scale to explicit, strut-scale modelling, yet with some local strut-scale stress distribution fidelity.
Results and Comparison
The FEA output of the redesigned bracket under nominal load conditions revealed that the peak Von Mises stress was at the main node of load transfer between the junction of the optimised strut geometry and upper attachment flange, with the maximum Von Mises stress of 614 MPa. It is a yield safety factor of 1.55, and this satisfies the design specification requirement of 1.5 and above. The maximum deflection of combined nominal loading was 0.38 mm, at the front of the lower attaching flange, which was considered to be reasonable, taking into consideration clearances in the assembly. The highest stress was reached at the limit load of 1.5 times the nominal load, which was 892 MPa, a positive margin of safety, as the yield strength of the material is 950 MPa. The FEA results of the original and redesigned brackets have been directly compared with each other, as seen in Table 3.
Table 3: Comparison of FEA of Original and Redesigned Bracket
	Metric
	Original Bracket (Al 7075-T6)
	Redesigned Bracket (Ti-6Al-4V SLM)

	Component Mass (g)
	450
	231

	Peak Von Mises Stress (MPa)
	187
	614

	Yield Safety Factor
	2.69
	1.55

	Maximum Displacement (mm)
	0.22
	0.38

	Part Count
	3
	1

	Buy-to-Fly Ratio
	~6.7:1
	~1.2:1


This initial bracket was a yield safe factor of 2.69, which demonstrates that it was considerably over-designed compared to the loads borne and that there is considerable unused material. The new redesigned bracket is more structurally demanding with a safety factor of 1.55. However, it falls within the accepted range of structural components of an aerospace structure, and is a better-utilized piece of material structurally. The Design Failure Modes and Effects Analysis (DFMEA) was done to determine possible failure modes of the redesigned bracket. The primary risk event that was identified was fatigue crack initiation at strut-shell transition zones in the infill lattice, and this was mitigated by introducing the local shell increase in thickness that was introduced in design loop one. The secondary risks are stress concentration effects at the as-built lattice strut surface due to roughnesses of surfaces, which are corrected through the mentioned HIP after-processing protocol.
Manufacturing Feasibility, Post-Processing, Cost, and Sustainability
Build Orientation and Support Strategy
The choice of the build orientation of 45°, which would be used in the redesigned bracket, helps to reduce the overall volume of support structures needed whilst at the same time keeping the primary load-bearing struts at angles above the 40° self-support threshold, which is typical of SLM-processed Ti-6Al-4V. The underneath attachment flange protrusion and two strut nodes that are below the self-supporting angle are required to be held up by structures, but have also been optimised in terms of orientation. These supports are cone-shaped, with a contact interface of 0.1 mm, so that they can be easily cleaned by the erosion of the wire, and then allowing the support to be removed without leaving any topographical features in structurally sensitive sites. We approximate the overall support volume at 12 percent of the component build volume, which is compared with real-life targets of receiving aerospace-grade geometries of orientation-optimised support structures produced using LPBF, whereby the minimisation of support structures directly translates into material savings and post-processing cost savings (Jain et al., 2024). One part of Ti-6Al-4V is the expected total significant processing time of the remodeled bracket in a multi-part build plan, which would utilize typical SLM process parameters of approximately 4.2 hours.
Post-Processing and Inspection
After the SLM build, the component needs a predefined series of post operations to reach the surface finish, dimensional accuracy, and mechanical characteristics required in the design specification. The process involves: lift-off, electrical machining of the build plate, 2-hour-long machining of the wire electrical discharge, support structure machining, and early cleaning of the surface; HIP at 920°C, 100 MPa pressure, 2-hour-long: Seal internal pores, homogenise structure of internal lattice, internal lattice in non-critical interface surface; stress relief annealing at 800°C.
Cost and Sustainability Assessment
In contrasting the old CNC-machined aluminium bracket and the redesigned SLM Ti-6Al-4V counterpart, a cost analysis reveals the main trade-offs. The cost of Ti-6Al-4V powder would be very high at around £180 to £250 per kilogram when compared to Al 7075-T6 at around £15 to £25 per kilogram. Nevertheless, near-net-shape production of SLM radically lowers the amount of raw material: the redesigned part uses about 280 g of powder feedstock (as compared to about 3,000 g of billet used to machine the original bracket). The AM route is consolidated around a low-volume manufacturing batch of 50 units with a total per-unit price decrease of about 28 per cent of those of conventional machining, in accordance with the results on cost competitiveness of AM metal machining of low-volume, geometrically complex aerospace parts (Gradl et al., 2022).
The decrease in the price-to-fly ratio from 6.7:1 to 1.2:1 is a huge saving in terms of material efficiency or from a sustainability point of view. AM has been shown in the various industries to save material consumption in its final elements by 35% to 80%, and additional savings are possible with continued design optimisation (Jung et al., 2023). Footprinting of energy and carbon is also minimized by three parts being combined into one, minimizing energy and carbon footprint in the assembly process, production of fasteners, and transportation process. Any unused Ti-6Al-4V material in the build chamber can be sieved and reused in subsequent builds, thereby benefiting from the beneficial usage of material. The capability to print brackets ultimately on request, based on an electronic file, also does away with the need to depend on already purchased billets and forging or casting processes, resulting in less inventory carrying expenses and allowing quick reaction to design changes during the aircraft programme.
Conclusion
In this report, I have presented a case study of DfAM redesigning of an aerospace structural bracket. It commenced by examining the standard Al 7075-T6 machined component, the limitations of the machined part, and then proceeded to a systematic DfAM-based approach that entailed topology optimisation using the SIMP method, integration of BCC lattices, consolidation of components between three and one, and orientation of component position to be built.
The redesigned component has achieved a 48.7 percent mass reduction compared to the original component of 450 g, but 231 g, and has made a three-component system of components assembled into a single integrated component. The ratio between buy-to-fly is decreased to 1.2:1 as compared to 6.7:1, which is a step-change in material efficiency. FEA analysis made sure that the redesigned component achieved a minimum yield safety factor of 1.55 during the nominal loading conditions, but still, the limit loads of 1.5 times nominal still result in a positive margin of safety. By making definite geometric and post-processing design choices to achieve the intended outcomes, DFMEA-based analysis identified and minimized the key risks of failure. The fact that the unit cost saving of around 28% is added as compared to conventional production is also an added advantage to the AM method, since it is economically viable at low levels of production volumes.
The current study has a number of limitations. It was not based on strut-level mesh modelling, but on a lattice considered as a homogenised continuum model, which can give inaccuracies in the local prediction of stress in strut-to-shell interfaces. The cost analysis was done based on approximate rates of material and the machine, as opposed to the actual supplier quotes. There was no physical prototype manufacture and experimental testing as a part of this case study, and even experimental verification of the FEA predictions is a prerequisite for which the design might be seen to receive airworthiness certification. The future directions would involve integration of fatigue life prediction in cyclic loading that is representative of in-service loading, full explicit lattice FEA, and experimental compression and tensile tests of fabricated parts in different build orientations.
Although these constraints exist, this paper suggests that DfAM implemented under rigorous conditions, when using the correct computational tools and understanding of the processes, can assist engineers to achieve aerospace structural parts with high performance-to-mass ratios, reduced material waste, lower supplied parts quantity, and streamline the supply chain compared to traditional manufacturing processes. The AM process qualification criterion evolution, the multi-scale topology optimisation and lattice design tools contribute to making DfAM a significant solution to the aerospace structures of the future (Reinke and Santos, 2026; Ibhadode et al., 2023).
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