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Task Description
A written report of 1000 words demonstrating knowledge of CAE tools, techniques and their limitations


1. Making use of credible research informed literature critically appraise the use of Computer Aided Design its tools, techniques and limitations with regards to your applications and methods of verification and validation of the solutions sought. 
 
2. Based on your experience in lab using Solidworks™ reflect on its applicability to your application and how its use will change how you deliver your tasks. Give examples of work you have been able to produce using CAE tools as part of the course.  























Introduction

Design and analysis has advanced a lot since the days of pencil and rule. In the late 1980’s AutoDesk introduced a computer based design software called AutoCAD which revolutionised Computer Aided Design (CAD). Since then there have been many leaps forward in technology, enabling abilities in Computer Aided Engineering (CAE) that were previously unheard of.
Time is a big factor in an engineering process. The amount of time used to produce a design, analyse, model and finalise the design can vary according to the detail needed and funds available. Whilst designing a disposable pen can take a day, or week, the design of a motor fan blade can take months. Nearly all modern day designing uses CAD in some way. 
Another factor in the engineering process it money. CAD can be very cost effective when used in the right way. It saves the need for physical modelling and even some testing which can be very costly.


Task 1
Making use of credible research informed literature critically appraise the use of Computer Aided Design its tools, techniques and limitations with regards to your applications and methods of verification and validation of the solutions sought. 
One of the main tools in Solidworks and other computer aided design software is Finite Element Analysis (FEA) [1] “Finite-element analysis is a powerful numerical analysis process widely used in engineering applications. FEA is used to analyse and study the functional performance of an object by dividing it into a number of small building blocks, called finite elements. For example, functional performances of an object or continuum, such as a structure's stresses and deflections, are predicted using FEA. The core of the FEA method is an idealisation of the object or continuum by a finite number of discrete variables. For this purpose, the object is first divided into a grid of elements that forms a model of the real object. This process is also called meshing. Each element is a simple shape such as a square, triangle, or cube or other standard shape for which the Finite-element Program has information to write the governing equations in the form of a stiffness matrix. The unknown parameters for each element are the displacements at the node points, which are the points at which the elements are connected. The Finite-Element Program assembles the stiffness matrices for these simple elements to form the global stiffness matrix for the entire model. This stiffness matrix is solved for the unknown displacements, given the known forces and boundary conditions.” The powerful software incorporated into CAE programs has evolved to make FEA a simpler process allowing any competent user to analyse impacts on the design.
Motion study allows any static design to be analysed whilst in motion. It highlights unforeseen problems that might have gone unnoticed whilst assembling the design. [2] “Motion simulation also checks for interferences, and this is a very different process from the interference checking available with CAD assembly animation”.  An example of this would be on an engine assembly, checking out the timings on the pistons. Using the motion analysis section, you can slow down the frames per second just like using a slow motion camera on the real thing. There is also the option of a graph showing the performance of the design against set criterial like velocity.  
The advantage of modelling this is the with a click of a button you can change anything in the design or speed of rotation etc. Whereas in real life doing this could put the engine at risk, Solidworks will just show through FEA and other analysis tools that the it would not cope. This decreases risk and therefore saves money. [3] “Motion simulation is capable of importing time-history data from a test. This way a motion of an existing mechanism can be easily reproduced and fully analysed including all joint reactions, inertial effects, power consumption, and more. using inexpensive computer models rather than time-consuming and expensive tests.” 
Once a component is designed it can be saved and copied as many times as you like this allows anyone to make an inventory of components. [4] An engineer fresh from a brainstorming session may have 100 ideas. Once CAD files, they're automatically archived and documented. "Once you've created something in a CAD package, you've committed it to a paper trail,". The outcome of this is it speeds up the process of designing. If you had to design a car you may already have many of the components needed saved, allowing you to used them again in the new design. 
CAD does have some limitations. The start-up cost is one of the main problems, especially for a small business. Annual subscriptions that constantly update the software, removing the bugs also cost a fair bit of money. The updates, constantly change the layout of the software meaning that the staff using the software have to be trained to become accustomed to the new changes. Training for staff takes a while before they are competent. As the software is powerful it is also quite data and memory hungry meaning that the computers used have to be able to cope, especially when analysing big assemblies in motion.

























  Task 2
Based on your experience in lab using Solidworks™ reflect on its applicability to your application and how its use will change how you deliver your tasks. Give examples of work you have been able to produce using CAE tools as part of the course.  

Experience
My experience on Solidworks is as follows:  4 days worth of university tuition and a lot of Solidworks software tutorials.
Design
The design aspect of the package is quite easy to use and instinctive, if you have used similar design packages. As you learn different buttons on the software you gradually get quicker as it becomes second nature. 
Once the 1st sketch has been drawn in 2D the use of the 3D tooling comes into effect, creating the desired design, using selections on the features tab like “extruded boss/base”. The sketch and extrusion technique was used to create a Conrod that was part of an overall task to assemble a car cylinder.


Having the ability to create the Conrod in a third dimension, instead of multiple second dimension drawings provides you a better appreciation of the design. Whereas you previously would have to visualise the design and how it would look in 3D in your head. It secondly allows mistakes in the design to be spotted earlier enabling designers and engineers to anticipate further problems.
The design is able to be rotated on all 3 axis, allowing the user to analyse all aspects of the design. The additional tools that detail the material specification that the design requires and use of colouring on the design make it highly realistic. 
[image: ]




It also has a display style option allowing the designer to look at the design in different ways; “Shaded with edges” which is a solid with the edges in black, “Wireframe” which is just the frame and many other choices. The wireframe selection allows you to see inside the design which gives you a greater understanding of how each component is connected. Overall I found this makes you work quicker as it gives you everything you need to know in one glance.


Assembly
The assembly option is the fantastic allowing many designed components to be (brought) into one design and “assembled” as a unit. The components may have been used before on other designs, for example a simple fixing like a nut and bolt. In the assembly you have the ability to use an item as many times as you like.
One of the tasks was to create components of a car cylinder and assemble them. Some of the assembly components were already designed and ready to go, this highlighted the speed of which an assembly design can be made using pre designed components.
[image: ]








Analysis
Motion study and Full FEA analysis can be carried out on the design. 

The FEA tool is so fast compared to having to work everything out individually. I used the FEA tool on the Conrod that I had previously designed in a task that meant it had to fit with the other assembly components made. The FEA was slightly different to the original version that I had used previously, which was a static FEA (see pictures below). I used the motion study tool, selecting the motor to rotate the crank shaft at a certain rpm. The FEA was then used to analyse the stress, displacement, von mises, etc that the conrod would see whilst being used.

The more I used the Solidworks the quicker I got, the FEA can be as in depths as you make it according to how fine you make the mesh. Without using Solidworks FEA it would take days to try and work out.




Conclusion

CAD uses a very sophisticated software that enables straight forward design, modelling and analysis to be carried out with a few clicks of a button. Although the user has to be trained to use the software, constant use and training will increase the competency of the user. Although the start-up cost is very high, with added yearly subscriptions, CAE saves money in the analysis of the design. Modelling and testing of the physical design component is replaced by the software as physical storage is replaced by memory space on a PC. CAE is also very time efficient as designed components can be archived and reused in other assembly designs with a few clicks of a button.

Overall found Solidworks to be straightforward to use and quite intuitive once I got to grips with it. It enabled me to design whatever was required, within a short time frame and analyse it using the different tools of the CAD package.
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