Optimisation in the design process
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Size optimization is a parameter optimization technology, which is used to find the optimal combination of design parameters, such as material parameters, cross-section size and thickness, etc. It is the most common and simple optimization (Tomás, 2010). 
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Shape optimization is a technology to optimize the shape and position of existing parts, which is suitable for detailed design stage (Allaire, 2002).
Shape optimization is generally divided into three types: shape optimization based on geometric parameters, shape optimization based on shape basic vector and non-parametric shape optimization. The modification of geometric parameters of shape optimization based on geometric parameters is related to CAD geometry, and the design variables are radius, length and angle, and the mesh needs to be re-divided after each iteration. The optimization results depend on the selection of design variables. Based on shape optimization of shape basic vector, the parameters of finite element model use basic shape, and the user-defined basis needs to be found out by optimization system. The optimal combination of base shapes; non-parametric shape optimization requires that each node can move independently from the adjacent nodes. The mesh smoothing algorithm ensures the mesh quality. It is unnecessary to use sensitivity analysis, and the standard finite element solver can be used for optimization.
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Topology optimization is a mathematical method to optimize material distribution in a given region according to given load cases, constraints and performance indicators. It is also a kind of structural optimization. Unlike traditional optimization designs, topology optimization does not require definitions of parameters and optimization variables. The objective function, state variable and design variable are predefined. Users only need to give structural parameters (material properties, models, loads, etc.) and the percentage of material to be omitted (Renold, 2007).
Topology optimization is an innovative conceptual design technology. In the initial stage of product design, designers determine design space, design objectives, design constraints and manufacturing process constraints. The result of topology optimization can determine a design scheme with the best load path. The high-density region of the material in the result is taken as the structure, and the low-density region of the material is represented by holes.
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Topography optimization is a conceptual design technology for thin-walled structures and sheet metal parts. The designer can determine the design area, the maximum height of the reinforcement and the angle of the reinforcement.
For example, the design of fuel tank. In the initial stage of design, the designer can quickly and automatically determine the reinforcement bar after completing the basic space layout. The specific operation flow of topography optimization is as follows: 1. Determine the area requiring reinforcement, the maximum height, width and angle of reinforcement 2. Set optimization objectives according to design requirements; 3. Set constraints. Through the above steps, the software can automatically optimize the iteration calculation to get the best reinforcement layout.
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The design of composite structures involves the definition of the lamination angle, number of layers and stacking order of a given laminate. Considering a large number of potential variables, design is usually limited to standard design configuration sets based on experience and available test data. Laminated composite structures have the potential to improve performance and reduce weight by using optimization methods to find the best combination of variables for a given application.
When the design variables of composite laminate design optimization are mainly the position and angle of the laminate, the optimization process is as follows: first, the initial calculation model data are obtained after the finite element modelling of the three-dimensional structure containing composite components generated by the equivalent CAD system; then, a large number of optimization populations are formed by entering the genetic algorithm, and then the component structure is divided into parallel parts through the program. Analysing and calculating the layers; obtaining the optimization results through repeated optimization calculations, forming the optimized layers through the conversion software of layers; then visualizing and analysing the calculation results, and deciding to adjust and optimize the whole or part of the structure according to the calculation results, especially for the composite components in the structure, in order to obtain new calculation results. Repeat the above calculation and analysis iteration process until the structure is optimal.
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[bookmark: _Toc10585152]Why we need to optimise the Chassis frame of Small and Medium Buses
Unlike large buses, small and medium-sized buses do not drive at high speed most of the time and often must stop. They must face many complex road cases, such as uphill and downhill, steep turns and sometimes poor-quality roads.
According to the principle of automobile design, when it runs on various complicated road cases, the chassis frame will not only bend but also twist under the action of load, because the load it bears does not pass through the bending centre of the thin-walled section of steel. At the same time, the dynamic load caused by road roughness, engine vibration and other factors will cause fatigue damage to its structure.
Therefore, the structural design of chassis frame should not only consider its static characteristics under static load. The dynamic characteristics of frame structure under dynamic loads should also be considered. The existing bus chassis frame structure design generally only considers its static load characteristics but ignores the influence of dynamic load. As a result, the stiffness and vibration characteristics of the running bus chassis frame structure do not adapt to the dynamic load changes, and the problems of poor comfort and ride comfort occur. The buses designed in this way are prone to vibration and noise problems during driving, although the bending stiffness and torsional stiffness of chassis frame structure can meet the relevant requirements.
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In this case, the use of topology optimisation.
Because it is simple and cost less. Users only need to give structural parameters (material properties, models, loads, etc.) and the percentage of material to be omitted.
Improvement of static performance of original frame structure while improving dynamic characteristics. And we can also cut down the material we don’t need during the optimisation.
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The low first natural frequency is one of the main reasons that directly affect the ride comfort and create the noise. According to the principle of automobile, the automobile will produce vibration under the excitation of various vibration sources during driving, and most of the excitation frequencies of vibration sources are in the low frequency region. Therefore, the analysis of low-order natural vibration frequency and the optimization of structure are the necessary links in the design of automobile body structure. But we can’t just set our objectives to maximum the first natural frequency, we also need to consider the design requirements for static structural stiffness. But the structural stiffness of bus chassis frame and its first natural frequency are interdependent due to static characteristics.
In order to comprehensively consider the influence of the two on the chassis frame structure, a multi-objective topology optimization method based on static and dynamic characteristics is adopted to optimize the chassis frame structure.
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K is the number of optimization objectives, because the optimization objectives are the maximum static stiffness and the maximum first-order natural frequency of chassis frame structure under multi-loads, so K is 2.
ωi- the weight corresponding to the first optimization objective;
x-design variables;
P-penalty factor, when p=1, is a simple weighting method. When 2<p<∞, the larger the objective value in the compromise programming formula, the larger the weight assigned to it. Here we choose 2 to be the penalty factor
fi(x)- the first optimization objective;
fimin, fimax-The minimum and maximum of the objective function of the first optimization.
So, the objective now is to maximise the minl(x) value. 
But we still need to find out how to define the stiffness. Stiffness reflects the ability of structure to resist deformation under external loads. For automobile chassis frame structure, its static stiffness mainly includes bending stiffness and torsional stiffness. Because chassis frame will produce different optimal topological structures under each load cases, the static stiffness topological optimization problem of Multi-Cases chassis frame structure is actually a multi-objective topological optimization problem. According to the structural mechanics of automobile, the maximum stiffness problem can be equivalent to the minimum flexibility problem, that is, the planning problem with the maximum static stiffness of chassis frame under multi-working cases as the objective function can be transformed into the optimization problem with the minimum corresponding flexibility as the objective function. Among them, the flexibility value can be expressed as the total strain energy of the unit.

[bookmark: _Toc10585155]Loading and the designable area
Taking the chassis frame of medium and small buses as the optimization object, according to the actual structure design and load distribution, the initial model before optimization is established based on the chassis frame structure of medium and small buses on the market. The passenger mass is loaded on the upper and lower longitudinal beams of the frame by the equivalent uniform force, and the load is applied to the passenger volume of medium-sized buses multiplied by the average adult weight per capita. The front end of the frame is equipped with engine power assembly and transmission assembly, where the load is applied to the weight of these components, and there is no topological optimization in this area.
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Three typical Load cases of bending, front wheel torsion and rear wheel torsion are considered in static flexibility topology optimization of frame. Among them, the bending and torsion cases are the main load cases of chassis frame, while the bending cases mainly refer to the vertical downward load cases of chassis frame under the action of body weight mass when driving at uniform speed; the torsion cases generally refer to the situation of three-wheel obstacle crossing and one-wheel suspension when the vehicle passes through uneven road surface, due to self-reliance. Under the action of weight and load, the corresponding working cases of chassis frame under the maximum torsion effect.
[bookmark: _Toc10585157]Practical considerations
Considering the need of manufacturing, processing and production of chassis frame, on the basis of finite structure topology, all factors are considered comprehensively, and the new frame is reconstructed. Finally, the regular chassis frame is obtained.
We need to consider about the manufacturing cost and hardness of the chassis frame during the design, and we also need to consider about the assembling of other parts to the frame.
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