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[bookmark: _Toc44246436]Executive Summary

This report will provide an overview of ‘Motion Simulation’ and ‘Finite element Analysis’ it will provide information regarding its uses and give practical examples of its benefits, it will also explore any limitations of the technology. The report will contain examples of how it was used during the gearbox assignment and the learnings an improvement it provided.


















































Table of Contents

Executive Summary	1
Introduction	2
Main Findings	4
Conclusions	9
Reference List	10













































[bookmark: _Toc44246437]Introduction

In the last decade, 3D modeling has dominated the CAD world, demonstrating a considerable advantage over its predecessor 2D, it brings with it motion simulation and Finite Element Analysis (FEA). The modeling technology allows users to fully visualise and appreciate the challenges and opportunities of design. With companies rushing to bring products to market 3D modeling allows producers the opportunity to avoid the costly prototype after prototype until you get it right method and allows users to demonstrate proof of concept without leaving the office. The advantages of this method are clear for all to see and industries such as automotive, construction, and even film and gaming the gaming industries have embraced the technology.

This assignment will explore the origins of computer-aided design, the history of 3D design technology and explore the key features and benefits of computer-aided design applications. Using a functioning SOLIDWORKS gearbox model the motion simulation technology will be used to demonstrate its capabilities, how it functions and the opportunities and the benefits it can bring. While using the technology on the gearbox model, the effects of over constraining the model, and reducing the redundant mates will be studied and reviewed.








































 

[bookmark: _Toc44246438]Main Findings

Computer-aided design is a mainstay of modern design bringing with it huge benefits, both financially and technologically, it's advanced and uses across all industries has accelerated the speed at which ideas can be brought to the marketplace and has reduced the overall cost of bringing ideas to reality. Although the 2D design, with its ‘unsurpassed drafting capabilities’ (Jovica, n.d.) is still widely used, 3D packages offer architects, engineers, and other professionals the opportunity to visualize a fully scaled representation of their design ideas before moving into prototyping.

Computer-aided engineering was being developed as early as 1956 by its pioneer Dr. Patrick Hanratty (Editors, 2004), the original package was a 2D package and was designed to be an automated drafting package, by the mid-'60s a French engineer Pierre Bezier had designed the first 3D modeling package (Laurent & Sablonniere, 2001) the package popularized several theories that are still present in most 3D packages today. It wasn’t until the 80’s that Computer-Aided Engineering became more available when packages such as AutoCAD & Pro/Engineer were launched and could be run on PC's and didn't require mainframe computers (Caudhill, 2012). Motion simulation soon followed with Finite Element Analysis, becoming the most widely used simulation tool bringing with it the capability to effectively represent how a product or part will react to physical conditions such as forces, stress, heat, and vibration (Prantil, et al., 2013). 

Motion simulation capabilities are available with most modern computer-aided design systems, the simulator animates the real motion of design and offers designers the opportunity to run models, featuring moving equipment to identify where movement within the designs will not be possible or may cause collisions. Traditionally designs would be designed and modeled, and real prototypes would be constructed. The constructed prototypes would then be used to demonstrate proof of design, in most cases, there would be some unforeseen issue, and a redesign would be required. Once redesigned a prototype would again need to be manufactured and the process would begin again. Building prototypes is both costly and time-consuming and having to carry out this process repeatedly can cause large delays to the launch of a product. Motion simulation reduces the need for repeated prototype construction as many of the issues can be identified through running the technology and final prototypes would be a better representation of the final product. Motion simulation can speed up the design process and reduce the costs of bringing new parts/ products to the marketplace. 
 
FEA is a widely used problem-solving program for remedying engineering and mathematical models. It is used in most industries where critical components are produced and are one of the key principles of motion simulation. Using FEA software allows designers to carry out design trials and experiments so that product designs are optimized, and the number of physical prototypes can be reduced (Harish, 2019). FEA uses complex mathematics and algorithms to solve issues, when the issues are large the FEA simulation generates a mesh pattern (see figure 1)with each of the small meshes combining to form the original shape of the component (Bi, 2018), the meshes are made up from element which form the edges of the meshes and the nodes are the points at which the elements join together. The calculation is then made for each of the individual small elements rather than the whole component. These calculations can then be used to estimate how stress and heat distribution of components will affect the complex geometries of the assemblies. The technology can be used to carry out estimations of heat release rates in Process Safety applications (Chakrabarty, et al., 2016), it can be used to evaluate the stress caused by  orthopaedic implants (Crisco & Wolfe, 2017) and in motorsports such as Formula 1 where parts such as chassis and gearboxes  are checked for reliability. 

[image: See the source image]
figure 1 (Anon., n.d.)

The calculated results can be used to alter any part of the design of the components, including materials types and components dimensions. 

As discussed, 3D motion simulation brings many advantages, it allows designers to easily create and relatively quickly transmit their ideas to visible model representations. It can easily identify design faults without the need to create costly prototypes and is an effective method to streamline the process from the design room to production. However, the 3D simulation model and FEA programs do have some negative points, good simulation models can often be very expensive, and they can take a significant amount of computer time to produce. In addition to this, the models produced are created using approximations so the stress and strain results obtained may be different from that of a real prototype (Ghionea, 2007). The other issue with the modeling is that it just is not the real thing, although the technologies' popularity is growing it is difficult to replace the ability to fully touch and move a real model and this is still preferred by many.

During the gearbox project, the 3D motion study technology and FEA were applied to the model. The technology was used to identify issues in the models produced and allowed an opportunity to trial the operation of the gearbox and identify and resolve any potential issues.ms such as stress overloads.

To calculate the dimension the measuring tool was used to accurately measure the key dimensions required for the design of the gearbox housing (figure 2).
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(figure 2)

The components were assembled allowing all the critical dimensions to be checked. Parallel mating the centreline of the input and output shafts allowed the opportunity to play with how the gears meshed and gave the centreline dimension required to assess the size of the gearbox (figure 3)

[image: ]
(figure 3)

The key dimension for me was the centreline distance of the 2 shafts, and that of the ‘shifter fork rod’ these were the key dimensions. These dimensions were then used as the datums for the construction of the gearbox. The shaft centreline dimension was 61.5mm and dimension from the centreline of the input shaft and the shifter rod was 37mm (figure 4).
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(figure 4)

Once the gearbox base was completed the parts where assembled in the box to ensure the box was okay and any issues with the dimensions were remedied, the gearbox base was then mirrored to create a lid for the gearbox (figure 5). The ability to mirror parts greatly reduced construction time, it also ensured there was no dimensional differences and the gearbox lid fitted together correctly.
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(figure 5)

During the build of the gearbox housing, 'Equations’ were used, the use of equations allows efficient editing of the design during the design process. SOLIDWORKS ‘equations’ creates dimensional relationships within the design, the relationships allow the design to automatically change other dimensions should component dimensions require altering. An example of this would be, if a bearing was shown to be unsuitable during a simulation then without the ‘equations’ function it would be necessary to re sketch the complete gearbox, however, if an equation is used to create a relationship between the bearing and its position within the gearbox then this wouldn’t be necessary as the sketch would recognise the change and reconfigure itself to allow for the dimensional change. The use of and ability to add these equations reduce the time to remodel designs when issues are discovered.

The gearbox then had to be assembled 'mates' were used to assembling all the components into a functioning model. It is tempting to assemble the components as a maintenance technician would in a workshop, but this not best way to do this, over defining the gearbox creates a huge amount of data for the computer-aided design package to solve, the increased data reduces the efficiency of the package and can increase the build time of the model (Anon., 2019) when paying for a model to be built the more mates will result in more cost. 
Once the assembly was complete a full review of the mates was carried out and all unnecessary mates were removed, suppressed, or changed to decrease the stress on the system.

Once the gearbox was assembled a motion study was carried out. to do this all the solid body contact had to be entered and the materials were set (figure 6).
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(figure 6)

An imaginary drive motor was added to the input shaft, this motor was set to drive the shaft, in the model and
allows the user to see how the assembly will function. The motor speed can be set to a speed of your choice. A speed of 10RPM was selected as this allowed the assembly to be seen. It is possible to set the speed faster, but this stresses the system and increases the time to calculate the motion study, it also makes it harder to identify issues within the model (figure 7).
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(figure 7)

The linear movement for the movement of the ‘Primary Combined 1st 2nd gear was then set (figure8), using the smart distance tool the required travel distance was measured and entered. Times for the movements were added to ensure the movements were clear within the assembly simulation.
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(figure 8)




Once all these parameters were set the assembly motion analysis was calculated and a visual representation of the moving assembly could be seen. The Motion Analysis study automatically ignores any mates that are deemed redundant, right-clicking on the mate's tab in the motion simulation allows the user to click the degrees of freedom, this lists the redundant constraining mate (figure 9). These constraints should be reviewed and altered to minimise redundant mates. the redundant mates can cause motion simulation to inaccurately measure the study. 
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(Figure 9)

While running the motion study it is possible to edit the motion study properties, the number of frames captured per second, and the resolution can be altered, these changes do not alter the playback speed, but it does however vary the speed of calculation of the study. The frame rate represents the number of times the moving components are calculated and should be relative to the speed of the motion set. Increasing the number of frames per second could improve the motion of the animation and make issues more visible.































[bookmark: _Toc44246439]Conclusions

The purpose of motion simulation and FEA techniques is to simulate products/designs and identify issues in the design before building prototypes. The engineering analysis allows designers and manufacturers to check the full function of their equipment including the stress and strain, heat transfer measurement, and the dynamic behaviors of the product (Anon., 2008). The benefits the technology brings is that it can often accelerate the speed at which a new product can be brought to the market place as it removes the need to build multiple prototypes which can often be costly and time-consuming. The electronic models produce allow manufacturers the opportunity to streamline designs and minimise manufacturing waste ensuring that assemblies and components can be produced with minimum wastage ensuring products are manufactured efficiently and effectively. However, motion simulation packages can often be costly and considerable training is required to fully utilise the technology otherwise the benefits of its use are wasted.
Modeling a gearbox assembly in SOLIDWORKS gave an insight into how some of the benefits of 3D modeling can be recognised, using functions such as ‘equations’ ensures that reworking of designs can be done quickly with minimum time and cost impact.  
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