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[bookmark: _Toc9868767]Abstract
The material selection and the component design is one of the significant role in modern industry especially industries like automobile and aircraft. While comes under the performance part endurance and strength is more important parameters to support against the competition. The performance of the product are concentrated from the initial level of product life cycle management. Nowadays the word optimisation is being triggered in modern PLM unit. The optimisation process is interrelated with structural parameters like stress, strength, durability and other mechanical and thermal properties. 
The structural optimisation of the component or product is one of the most advance technology part to increase the performance of the component with appropriate optimisation techniques which leads to higher performance with minimal cost. The primary objective of this assessment is to enumerate the hypothetical analysis of the structural optimisation of the components with appropriate techniques. The assessment starts with the background research and provide detailed view against the optimisation process in design and its impact over the industry. The vehicle body structure is chosen as structural optimisation component for this assignment.






1. [bookmark: _Toc9868768]Introduction
The structural optimisation is one of the qualified and significant tool in design process over the past decades. The structural optimisation process is grouped in to several optimisation techniques such as size optimisation, shape optimisation and topology optimisation. Each optimisation has its own techniques and methods to increase the structural performance of the components under various circumstance. The primary objective of the structural optimisation is to reduce the stress compliance for a given material and boundary conditions (M.Wallin, 2012). The progress cab be utilised in product life cycle management under design prospects which is also utilised in tailor microstructures. Normally, the structural optimisation progress are performed using computer aided engineering tool which is worked based on numerical methods. The most common numerical scheme used in optimisation process is SIMP (Solid Isotropic Material with Penalisation) scheme in which the density is approximately set as constant for each and every element of the components. The significance of the optimisation is to identify the design which provides maximum stiffness within the given material (M. Ristinmaa, 2013).
	The structural optimisation is one of the real time solution for the design engineering problems under structural performance of the tool or components. So the optimisation process helps to design an optimum components with high performance characteristics of static and dynamic features which reduce cost of manufacturing and time. The structural optimisation can produce and satisfies the need of the performances under various aspects such as structural rigidity, reduced weight, product reliability and so on. The optimisation progress are being developed in recent decades. Based on FEA (Finite Element Analysis) techniques, the optimisation progress are achieved via several CAE tools and which ensures the optimised structures over the critical parts of the machine tools.
[bookmark: _Toc9868769]1.1 Background
	The structural optimisation provides real time solution for all the optimisation problems via approximation concepts approach. According to the approximation approach, the model is generated and optimised for each design cycle based on the requirement. The approximation solution finally provides the appropriate optimum design. This approach enumerated as sequences of analysis with respect the design cycle. Each cycle the design got further optimised with appropriate level. 
The whole progress is enumerated with Finite Element Method. The design cycle is further continuing with the sequence of analysis until to get super optimum design. This approximation approach is start from mid 1970s and now it’s acting as most qualified approach in structural optimisation platform (Schmit L. A., 1974,).  The main objective of this approximation approach is to decrease the design cycle to reduce the lead time.
	The structural optimisation not only provides the high performance which also leads to weight reduction through less consumption of materials. So, the structural optimised components provide higher performance with less weight which also leads to higher productivity. In automobile industry, weight reduction is one of the most important role in order to increase the performance. The structural optimisation delivers effective reduction of material or mass of the automotive parts. In to that, decreasing weight will leads to decreases of stiffness of the parts which further leads to the stiffness reaction throughout the vehicle. The appropriate concerns are needed to carry out these issues and enumerate the design as super optimum level (Vanderplaats, 1999).

In general, the primary aim of the automotive industry is to focus on the light vehicle structure which also concerns with appropriate safety constraints. The structural optimisation is plays vital role in mass reduction with appropriate strength.  The concept of this progress is simple, the mass has to be reduced with more effective way especially while comes under safety concerns. There are several types of optimisation process is available which will be discussed in upcoming section. Each optimisation process has its own strategy and advantages to deliver optimum design.
[bookmark: _Toc9868770]1.2 Types of Structural optimisation
In structural optimisation, there are several types available based on the design variables. The following list shows the classification of structural optimisation based on the design variables related to them.
· Size Optimisation
· Shape Optimisation
· Topology Optimisation
· Topometry Optimisation
· Topography Optimisation
· Freeform Optimisation
[bookmark: _Toc9868771]1.2.1 Size Optimisation
The size optimisation is associated with the element cross sectional dimensions which typically engaged as design variables. In vehicle body or structure the important design variable is thickness of elemental shell. This optimisation progress investigates the optimal dimension of the cross sectional parameter over the components. The type comes under the applied structural model completely deals with the size and its dimensions (Leiva, 2004). The below figure 1 demonstrate the outline of size optimisation progress.
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[bookmark: _Toc9868884]Figure 1 Size Optimisation
[bookmark: _Toc9868772]1.2.2 Shape Optimisation
The scale element of perturbation vector is the design variables in shape optimisation. Generally perturbation vector are the inputs provided by basis vector or get as directly. This is one of the important structural optimisation in optimum design progress. The shape optimisation governing with geometrical variables like node coordinates of the finite element, morphing boxes, control points, shape amplitudes which are common design variables of shape perturbation vector (Leiva & Watson, 1999). The shape optimisation is interrelated with the topology of the structure which formulate the shape derivatives which provide more appropriate design under shape prospective.
[image: ]
[bookmark: _Toc9868885]Figure 2 Shape Optimisation
	The figure 2 shows the progress of the shape optimisation under truss component.
[bookmark: _Toc9868773]1.2.3 Topology Optimisation
	The topology optimisation is one of the common optimisation progress used for structural optimisation of the components which is completely deals with the material properties like material density and young’s modulus. The design variables of the topology optimisation is element volume fractions which completely comprises of material density and young’s modulus. The important parameters of the topology optimisation problems are the boundary condition and design space of the mechanical model. The optimisation technique computes the efficient material distribution in design space. The common topology optimisation technique is Solid Isotropic Material with Penalisation (SIMP) with comprises the mechanical properties (Kosaka, et al., 1999).  The below figure 3 shows the outline of topology optimisation.
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[bookmark: _Toc9868886]Figure 3 Topology Optimisation
[bookmark: _Toc9868774]1.2.4 Topometry Optimisation
The Topometry optimisation is interrelated with size optimisation whether all the element associated with property data of the design includes the same property data (Leiva, 2004). Each and every elements are designed independently for this Topometry optimisation.
[bookmark: _Toc9868775]1.2.5 Topography Optimisation
The topography optimisation is completely interrelated with shape optimisation which is one of the special case comes under shape optimisation. The perturbation vectors like node coordinates of the finite element, morphing boxes, control points are automatically generates with appropriate shapes (Leiva, 2003). Normally the perturbation generated with perpendicular direction of the designable region or in respective direction.
[bookmark: _Toc9868776]1.2.6 Freeform Optimisation
[bookmark: _GoBack]	The freeform optimisation is completely interrelated with shape optimisation which is also one of the special case comes under shape optimisation. In this optimisation, the perturbation vectors are automatically split by the element as grid basis. This kind of optimisation are applied to any type of body or element (Leiva, 2010). The freeform optimisation can used to design bead arrangements, design rib of dense components with constant or variable height.
[bookmark: _Toc9868777]1.3 Objective
	The primary objective of this assessment is to study the structural optimisation of the components. The vehicle car body model is chosen as the component to enumerate the structural optimisation. The main reason to choose this component is the deep investigation and optimisation is possible for car body. The automotive industry highly concentrates on the car body structural optimisation so this assessment investigate the car body optimisation with methodology and discussion.
2. [bookmark: _Toc9868778]Literature Survey
This section comprises of the literature review of the structural optimisation over the vehicle car model. This section investigates several journal and paper related to the topology optimisation of the vehicle car body. The following journals provide short overview of the structural optimisation with appropriate suggestion over the car body model.
	(Bastien, et al., 2012) investigates the structural optimisation of the lightweight car body. This paper comprises of BIW (Body In White) design using several optimisation techniques such as size, shape and topology optimisation. In to that, topology optimisation is carried out over the car body with appropriate loadings and boundary conditions. Initially the CAD model is taken and proceeded with optimisation progress using Finite element method. The appropriate discretisation progress are chosen and the real time boundary condition are provided to the model. The material properties are applied wisely and induce the topology optimisation. The results provides the efficient optimised design model using various techniques under topology optimisation.
	(Aulig, et al., 2016) studies the topology optimisation of BIW structure with appropriate loading conditions. The topology optimisation are enumerated over the light weight BIW design via several load cases. The structure undergoes various load cases with appropriate boundary conditions to enumerate the optimum design. The topology optimization carried out for the purpose of crash load. The main objective of this paper is to enumerate the optimum design against the crash.
(Leiva, 2013) investigates the structural optimization techniques and methods to enumerate the efficient car body design. This paper comprises of whole car body optimisation which includes several optimization techniques such as size, shape, topology, Topometry, topography, freeform and so on. Each and every components undergoes appropriate optimisation techniques to deliver optimum design solution. Finally the comparison between the optimisation methods took place and enumerate the best optimization technique. The topology optimisation is enumerated as the quality optimisation method than other optimization method. The paper conclude with several methods of structural optimisation techniques with proper car body analysis and reckoned the optimum design using topology optimisation.
(Manohar & Sahu, 2017) investigates the topology optimisation of BIW design to enumerate the performance optimisation. This paper comprises of lightweight BIW design with appropriate optimisation methods. The primary objective of this paper is to reduce the overall mass and increase the performance. The material properties are widely chosen, the loads cases and boundary condition are applied with respect to topology optimisation to carry out the high-end performance of the product via structural characteristics. The benefits of basis performance parameters are widely discussed with appropriate suggestion. The parameters like stiffness, modal characteristics and torsional stiffness are investigated promptly.
	These are the important journals comprises of the structural optimisation progress over the vehicle car body with effective investigation. Each paper holds appropriate objective and studies covers complete guide to enumerate the optimum design via optimisation technique.




3. [bookmark: _Toc9868779]Methodology and Discussion
This section comprises of the detail overview about the structural optimisation especially topology optimisation over the vehicle car body design. As discussed earlier, the car body model is chosen as structural optimisation progress. 
[bookmark: _Toc9868780]3.1 Component Overview
The traditional car body is chosen as structural optimisation process. As per the literature review and guidelines the topology optimisation is one of the best optimisation technique to enumerate optimum design. So the topology optimisation is implemented over the car body design and undergoes optimisation process with appropriate boundary conditions.
[image: ]
[bookmark: _Toc9868887]Figure 4 Topology Optimisation of Car Body (Leiva, 2013)
	The above figure 4 demonstrate the topology optimisation of vehicle. This is hypothetical analysis to carry out the investigation under the topology optimisation process. The complete approach of the topology optimisation is given below.
[bookmark: _Toc9868781]3.2 Approach of Topology Optimisation
The topology optimisation comprises several steps, each steps holds wide range of progress to enumerate the optimum solution for design problems.
[image: ]
[bookmark: _Toc9868888]Figure 5 Topology Optimisation Approach
	The above figure 5 shows the approach of topology optimisation which holds six different steps to enumerate the appropriate solution. 
[bookmark: _Toc9868782]3.2.1 CAD Data
Initially the CAD model is required to start the optimisation process. The CAD model of the car body is designed using CAD software like Solidworks based on industrial standard. The CAD data is the source of any structural optimisation progress and which comprises of appropriate standard and methods. CAD design is possible via CAD tool and which can be transferred to modelling unit.
[bookmark: _Toc9868783]3.2.2 Modelling
This is second step of the optimisation process and which is one of the most important step in whole optimisation approach. The CAD design forwarded to the modelling unit which works on the geometry clean-up progress. These things comes under pre-processing simulation. As everyone knows, the high-end model takes more computational time for simulation which affects the workflow. So for that, the CAD model is simplified based on the design requirement for optimisation progress. The unwanted surfaces, fillets, chamfer are further deleted in this process and forwarded to the optimisation setup unit.
[bookmark: _Toc9868784]3.2.3 Optimisation Setup
The simplified model is got from the modelling unit ad which further proceeded with optimisation setup progress. There are wide range of procedure available to make up the optimisation setup. Every structural optimisation techniques has its own methods and procedure to follow. In this assessment, the topology optimisation is concentred and implemented to the vehicle car body. Four important factors need to be considered in finite element optimisation technique such as,
· Discretisation
· Material Selection
· Load Cases
· Boundary Condition
The discretisation or mesh need to be done to initialise the optimisation process. The whole model is discretised by several grids based on the requirement. There are wide range of mesh method available to enumerate the appropriate one. The mesh method like quad, tri and tetra has to be considered appropriately. The implementation of prism layer approach will increases the accurate output instead of approximate.
	The material of the car body is appropriately selected to undergo optimisation process. The industrial standard approach have to be use to the selection of appropriate material. Normally standard grade steel is chosen for cr body material with appropriate material properties such as Young’s Modulus, E: 210 GPa, Poisson’s ratio: ν: 0.3 and Volumetric mass density; ρ: 7850 kg / m3
	Then the boundary conditions and the load cases is another most important thing in topology optimisation setup. The boundary condition for the topology optimisation is used as Inertia Relief (IR) which chosen based on the investigation journals (Widrick., 2011). The load cases are appropriately chosen to develop the optimised model in order to proceed further. The following loads cases are considered to finalise the optimisation setup
· Side barrier impact. 
· Pole impact. 
· Front impact, ODB (Offset Deformable Barrier). 
· Low speed centred rear impact. 
· Roof crush: A-pillar. 
· High speed rear impact.
The above loads cases are appropriately chosen to start the topology optimisation process.
[bookmark: _Toc9868785]3.2.4 Results Interpretation, recommendation and validation
After the optimisation setup, the model are undergoes numerical simulation via finite element approach. In this part the pre-processing setup of the optimisation model are undergoes processing via numerical simulation. Based on the load cases and boundary condition, the topology optimisation will finish to gather the results from the numerical simulation.
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[bookmark: _Toc9868889]Figure 6 Topology Optimisation of Vehicle. Red Areas Show Optimal Areas to Reinforce (Leiva, 2013)
[image: ]
[bookmark: _Toc9868890]Figure 7 Thickness Distribution using Structural Optimisation (Leiva, 2013)
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[bookmark: _Toc9868891]Figure 8 Optimal Places to Reinforce a Car Body using Optimization (Leiva, 2013)
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[bookmark: _Toc9868892]Figure 9  Results of Stiffness Optimisation using Different Structural Optimisation Types (Leiva, 2013)
	The above figures 6-8 shows the optimisation results over car body with appropriate solution. The stiffness, modal characteristics and torsional stiffness parameters are widely optimised with appropriate performance. The reduction of mass is achieved with appropriate performance. The results are further validated with the theoretical and experimental analysis. The optimization approach is comprises of mathematical modelling which can be validated with the numerical results as well experimental results
[bookmark: _Toc9868786]3.3 Practical Consideration
While comes under structural optimisation, there are several practical consideration have to be implement to enumerate the appropriate design solution. In that, the predominate practical considerations are material selection, loading condition, appropriate boundary condition, discretisation process and so on. These are the most common practical consideration avail to enumerate the optimum design solution via structural optimisation.



4. [bookmark: _Toc9868787]Conclusion
The assessment starts with the background research of the structural optimisation and provide detailed view against the optimisation process in design and its impact over the industry. The vehicle body structure is chosen as structural optimisation component for this assignment. The topology optimisation is chosen under structural optimisation type and which is further implemented over the car body model. The optimisation procedure and setup are widely investigated with appropriate suggestions. 
The assessment comprises with background study, literature review and methodology. Each section widely investigates the optimisation progress and it’s important throughout the industry. The topology optimisation setup are implemented with appropriate examples over the vehicle car model. The boundary conditions and load cases are widely investigated with proper examples. The practical consideration for structural optimisation is widely discussed with appropriate suggestions.
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