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[bookmark: _Toc44275319]Introduction
With the development of geometrical complexities and increasing customer demands for a better product at a faster rate, it is a necessity for engineers to integrate the use of software capable developing accurate data capture.
The use of computational analysis software has revolutionised the engineering world in recent years, allowing engineers to develop new products and the ability of optimizing existing products to achieve greater results. Developments in software have allowed for engineers to establish a part or assemblies performance under loading conditions without the need and cost of creating prototypes to establish its performance. 
This report has focused on the use of motion simulation and computational methods, including Finite Element Analysis and their applications within a wide variety industry sectors. 
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Design engineers have been continually challenged to critically appraise their processes, designs, and assemblies to optimize and improve the overall efficiency. Since the early 1980’s, the introduction to Computer Aided Engineering (CAE) and particularly the use of Finite Element Analysis (FEA) and continued technological advancements have allowed for various software packages and engineering tools to be created, enabling the users to easily model and simulate their designs under loading conditions. This allows them the advantage of witnessing how the processes conditions will impact the component or assembly.
However, with the competitiveness of the manufacturing world due to globalisation, economic uncertainty, and customer’ increasing demands with design and geometrically complexities, engineers are tasked to deliver new products at a faster rate. As a result, they face increased pressure to increase the scope of the simulation software used beyond that of FEA. This can include simulation of the structural performance along with the dynamics and kinematics that the components (s) will be subjected to once in operation. An apparent benefit of being able to develop a product using computer aided engineering techniques is avoiding the costly process of creating prototypes for each stage of the development, and replacing with the relatively inexpensive computer simulations run using CAD models (Boyalakuntla, 2008).
One key feature when using CAE techniques is to ensure that only the features that are structural are taken into consideration when constructing and simulating the model. Failure to do so would result in an over-defined model which would slow the simulation and potential impact the analysis results obtained (Sola & Ignacio, 2018).

[bookmark: _Toc44275321]Finite Element Analysis (FEA)
Finite Element Analysis uses a numerical mathematical technique termed Finite Element Method or FEM that can simulate the physical properties or a component or assembly. FEA focuses on the structural analysis of the design unlike other computational methods such as computational fluid dynamics (CFD) and can help determine potential weaknesses in the design and areas subjected to high stresses prior to prototyping or entering mass production. FEA was initially developed to help eliminate structural mechanic flaws within civil engineering and the aerospace industry, however it is used across a multitude of industries in today’s world (English, 2019).
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To run an FEA simulation a mesh containing millions of small elements is generated in the design of the component or assembly to be achieved. By doing this it allows the model to be analysed in a mathematical format, with each mesh being calculated to determine the overall result for the model or structure. The complexity of the design will determine the density of the mesh required to run the final calculation. 
Many engineering solutions can be solved numerically, however FEA enables the user to approximate the numerical impact on structure that are deemed too complex for calculations to accurately determine. For example, the deflection at the centre of a concrete beam supported at either end can be determined using simple mathematics, however once the beam is positioned into its application, such as within the structure of a bridge or building, the stresses and forces acting upon become too great to be calculated using basic mathematics. Therefore, FEA will allow for complex structural mathematical solutions to be analysed and obtaining accurate information (Harish, 2020).
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With the development of products having greater complexities in terms of design and geometry, and increased customer demand for products to be supplied at a faster rate, the use of additional simulation tools is an essential aspect from an engineer’s perspective. The use of tools such as motion simulation allows the design concepts to be critically appraised and verified under process conditions before the costly aspect of prototyping or mass production has been established. A benefit of using motion simulation is that it uses the parameters that had been inputted when creating the original CAD model of the design and interprets the mating conditions into the necessary format such as kinematic joints. By using motion simulation, it allows the user to establish potential interferences by running the simulation in real time. Not only will motion simulation enable the user to determine the performance of their design, it allows for the possibility of creating new geometries based on the data gathered, therefore reverse engineering.
Virtual development has become an important part of design and model optimization across many industries, none more so than the automotive sector. The use of motion simulation techniques gives engineers the ability to actively analyse and optimize the vehicles performance on aspects such as the optimum ride performance and handling ability (Soong, et al., 2017). Although computational methods were initially created to evaluate designs and assemblies within the civil engineering and aerospace industries, they have been evolving across all sectors. These developments into alternative fields have allowed for significant improvements in detecting the smallest of changes. An example of these developments is the motion microscope. Small previously undetectable changes of amplitudes below a certain threshold could not be distinguished by humans. However, the creation of the motion microscope, a computational tool that enables these small undetectable changes to be quantified transferred into a visible form (Wadhwa, et al., 2017).
Not only can simulation techniques help develop to optimize designs it also enables engineers to reverse engineer components based on the stresses or interference identified on a component or assembly. Computer aided engineering can also relate to the manufacturing processes which the designed component or assembly produced. Similarly, to motion simulation techniques aimed at the design and performance of a product, Virtual manufacturing (VM) analysis the manufacturing process, enabling engineers to interact with and reconfigure production lines in real time. Fundamentally, the concept of employing simulation software to the manufacturing process is the same as simulation of a products design, by aiming to identify the potential constraints of a process prior to full implementation of new concept. For example, Andrade-Gutierrez et al (2018) conducted a study to determine the productivity of the existing production line and impact of introducing new product lines, ultimately a form of reverse engineering to identify where to implement contingencies for bottle necks. This is the equivalent of interference or areas subjected to high stresses when using FEA on an assembly such as a gearbox.
Motion simulation can be used to determine the mechanical hardware system and its performance once in application. However, many of the products manufactured today have a variety of systems including electronics and software components that will impact the mechanical performance of the system and vice-versa. Therefore, it is imperative that engineers consider the control system application alongside that of any mechanical applications. However, software advancements have enabled engineers to co-simulate the mechanical designs with the control system to establish the compatibility of both system and determine whether the control system is sufficient to control the dynamic mechanism. This is a crucial to avoiding and eliminating the potential for incurring unnecessary costs once the mechanism is in operation (Siemens, 2020).
In recent years, the manufacturing industry has evolved with the introduction of industry 4.0 and the concept of fully automated systems within many industry sectors. As a result of this global shift towards automation the modelling of robotics from a mechanical and programming perspective is a key concept. Motion simulation of robotic is an example of where co-simulation will be required with the mechanical operation of the dynamics of the robot integrating with the electronic control system. Although, the ability to work offline with the technological advancements and integrated CAD systems, motion analysis of robotics can fundamentally be conducted off line, limiting impact to production lines and overall costs (Baizid, et al., 2016).
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The introduction of computer aided engineering in the early 1980’s has had a profound impact on the way in which the engineering world has developed. Software applications such as Finite Element Analysis and Motion Simulation have enabled engineers to generate designs with greater complexities at a faster rate. As well as this, the software also installs greater confidence in the suitability of the design when in application by modelling and detailing the design for its optimum characteristics such as reduction in stresses and improved performance. 
Continued advancements in technologies have enabled the use of these computational tools to become more widespread in use across a variety of different sectors. Previously, only the large organisations were able to benefit from the use of these technologies, however with continued developments in software capabilities and reduced costs, the small to medium sized enterprises (SME) now have the benefits of using these tools (Ivers, et al., 2016).
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