[image: ]
[bookmark: _Toc516922413]Simulation and Modelling

[bookmark: _Toc516922414]Optimisation in the Design Process

[bookmark: _Toc504385940][bookmark: _Toc510283267][bookmark: _Toc516922415]M7X01380

[bookmark: _Toc497656135][bookmark: _Toc504385941][bookmark: _Toc510283268][bookmark: _Toc516922416]Sarah Chappell-Smith
[bookmark: _Toc510283269][bookmark: _Toc516922417]P143899

[bookmark: _Toc510283270][bookmark: _Toc516922418]19th June 2018

[bookmark: _Toc497656136][bookmark: _Toc504385942][bookmark: _Toc510283271][bookmark: _Toc516922419]MSc Mechanical Engineering








[bookmark: _Toc510283272][bookmark: _Toc516922420]Abstract 

This report considers the different forms of optimisation available to companies and the benefits of conducting CAE lead designs. An insulin pump manufactured by Cellnovo is considered and the uses of topology to minimise strain whilst only using 30% of the available material. A discussion into the advantages of the use of optimisation for such a small company are also highlighted.
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1.0 [bookmark: _Toc516922421]Introduction 
This report considers the application of structural optimisation in the design process. A component from Cellnovo will be selected and a discussion as to how the piece of equipment would benefit from structural optimisation and the methods that could be used to achieve optimisation will be conducted.

Within the research paper the following will be addressed;

· How the component could be optimised and the benefits of the optimisation 
· How the part should be optimised by considering the variables, constraints and objectives
· What type of structural optimisation could be used on the chosen component
· Discussion on how the part would be loaded and the boundary conditions that would be appropriate in order to achieve the best optimised result





























2.0 [bookmark: _Toc516922422]Background 
Computer Aided Engineering (CAE) is the procedure of the complete product engineering process. It involves all aspects of design, virtual testing to planning of manufacture. CAE is the next step in an engineering process after a 3D CAD model of a part has been designed. CAE has numerous simulation analysis techniques, but the most common analysis techniques include FEA, CFD, Thermal analysis and optimization (Simscale, 2018).

It has been stated by Chang in the Design Theory and Methods using CAD/CAE that virtual prototyping is the back bone of e-Design paradigm. Virtual prototyping involves the construction of a CAD model and conducting product performance simulations and reliability evaluations using CAE software. (Chang, 2015). 

Optimisation in the product lifecycle historically involved the process of a CAD design being built, tooling then being manufactured from the CAD design and the parts would then be tested. Based on the test result obtained the engineer would then return to the CAD model and make any necessary adjustments to the CAD model and have new tooling made followed by testing of the parts and this would be a continuous loop until a suitable part is achieved.

The more modern optimisation process involves the CAD and CAE being front loaded in order to achieve an optimum part before tooling is made. Once completed the tooling is then produced followed by testing. The benefits of front loading the CAD/ CAE is that with the packages such as design studio engineers have the ability to run numerous simulations and make numerous design changes and compare results without having the expense of tooling and having to go back to make adjustments to the CAD model based on the test results obtained, which can be seen in the historical method. The advantage of front loaded CAD and CAE is not only a cost saving but also time saving to a company. 

Not only do CAD/CAE led designs save time and money other benefits can be seen such as; 
· Lighter parts are designed 
· Parts produced are more robust
· The process is more efficient 
· Faster result can be achieved 
· Numerous simulations can be made in a short time period
· Faster product development can be achieved
(Simscale, 2018) (Lake, 2018)

A further benefit that can be seen is that there is less cost to a business when quotations are done at the expense of a supplier. (Simscale, 2018) (Lake, 2018)




There are numerous forms of optimisations, these include;

Topology Optimisation – Is structural optimisation in its simplest case where a mathematical approach is used to optimise material layout within a given design space for a set load and boundary conditions. Topology is used to find an optimum solid void pattern of the material layout over a specific design domain with given boundary conditions. Topology is usually used to optimise rigidity and natural frequencies (Zhu & Gao, 2016) (Setchi, et al., 2014)

Topography Optimisation – Is normally applied to thin structures to define a bead and swage pattern and is a form of shape optimisation. Topography is used to maximise the stiffness of components without having to increase the mass. (Solid Thinking, 2018)

Shape Optimisation – Defines ideal component parameters such as cross section dimensions and thickness, ideal thickness of a material can be determined based on the objectives, constrains and variables inputted by the users. As stated by Zhu and Gao shape optimisation aims at designing structural boundaries or holes in a structure. This form of optimisation is used to improve performances such as stress distribution. (Zhu & Gao, 2016) (Altair University, 2015).

Size Optimisation -  Size optimisation modifies the properties of the structural elements such as thickness, beam correctional area, spring stiffness and mass in order to solve the optimisation problem. (Altair University, 2015)
Variables, Objective and Constraints
In order to perform any form of optimisation a design variable, constraint and objective must be clearly defined by the user.

Design Variables need to be defined by the user, these include items such as material properties, panel thickness. In the case of topology packaging space, design material and non-designable material bust be defined. (Lake, 2018)

Design objectives are what the user wishes to achieve from performing the optimisation these are normally measurable responses such a minimum or maximum value, a mass, mass friction, frequency, displacement, stress and strain. 


Design Constraints are conditions which must be met. Examples of these include 
1 – Only 30% of the material can be used 
2 – Limiting deflection to a specific value
3 – Limiting the value of stress or strain 
(Altair University, 2015) (Lake, 2018)





3.0 [bookmark: _Toc510283276][bookmark: _Toc516922423][bookmark: _Toc510283279]Methodology
Cellnovo manufacture medical insulin pumps for type 1 diabetes sufferers which are used to regulate a consumer’s insulin intake without the user having to continually inject throughout the day. The chosen component which will be considered for optimisation is the insulin pump. 
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Figure 3.1 – Cellnovo Insulin Pump (Cellnovo, 2018)

The insulin pump could be optimised by using Topology optimisation. However, in order to achieve successful optimisation of the insulin pump it is essential to clearly define variables, objectives and constraints. 

Design Variable 
The design variables for the part are the material properties for the plastic injection moulded pump and the packaging space which is 40mm x 60mm x 30mm.

Design Objectives 
Minimise strain energy whilst using only 30% of the available material.

Design Constraints 
The design constraints set out is that only 30% of the material available can be used.


Initially the Solidowrks model would be drawn, the model would then be constrained, and the force applied to the model and results would be generated. A contour plot on the 3D model would be generated which highlights areas of high stress. 
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Figure 3.2 – Example of a constrained cantilever beam with applied force (Plunchard, 2011)

The 3D model of the Insulin pump would be constrained on the back face with the force of 20N being applied to the sop face. The constrained face is the face which is attached to the patient’s skin. The force applied to the top face of 20 N is the face the insulin cartridge is clipped on to. In order for the cartridge to be clipped onto the pump. 20N is the maximum force that a patient would need to apply in order to connect the pump and cartridge. 
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Figure 3.3 – Constraints and Force Diagram for Insulin PumpConstraints

Initial stress results for the pumps original design would be generated along with a contour plot as shown in figure 3.2. The results would then be exported as a NASTRAN Deck. This format is then imported into the design studio. The original model is then run in Genesis and the results can then be accessed. This is known as the baseline results as no topology optimisation has been conducted yet. 

The topology optimisation will then be conducted. The user inputs all the desirables in terms of Design variables, objectives and constraints which have been stated on page 6 for the insulin pump. 

Before optimising the structure, a maximum number of iterations must be set to prevent the programme from running for too long or getting stuck in a loop which never provided the user with results. The more iterations set the longer the running time. In order to minimise run time without compromising the quality of the optimisation setting the number of iterations to 30 is suggested. Once completed the structure can now be optimised. 

The user will then be provided with two graphs the first graph will show the objective against the design cycle, this shows the user how far away from the set objective the design is for each cycle and the second will show the maximum constraint violation against the design cycle, this shows the user in terms of percentage how much the design has violated the constraints that were initially set out. 

From the provided graphs the user can also determine how many cycles it took for convergence as well as seeing the constraints are not being violated and review how much the normalised objective has changed.    

The results obtained from the optimisation can then be reviewed by the user. The results displaced show the areas of important material which would be required in order to comply with the variables, constraints and objectives which had initially been stated. The results highlight any major load paths to the user. The results can then be taken and used to design a suitable shape that would have the most suitable structure to perform optimally based on the area of constraint and the load applied. 

The results generated by software usually need to be interoperated by a designer as the design generated is not usually suitable for manufacturing. This is one disadvantage of the process is that manufacturing ease is not taken into consideration by the software so must be considered be the designer after the optimisation process.  
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Figure 3.4 – Example of optimisation design reconstructed to a more suitable design that can be manufactured without great difficulty
As shown in figure 3.4 the topology optimisation of a cantilever beam produced an optimised shape with the critical material areas being highlighted. However, it is clear the shape produced is not a suitable shape to be manufactured due to difficult shaping and geometry. Based on the topology results a designer takes the results and with the use of a 3D package such as Solidworks the designer will construct a more suitable shape that contains all the critical load paths. 

The same process would be used to optimise the insulin pump. Based on the results obtained from the topology optimisation the major load paths and critical material would be considered and used in the new optimised design. 

Once designed a prototype of the new design could then be manufactured and critical testing would be conducted to ensure the performance of the part is suitable. Based on the test results obtained from the prototype parts any additional changed required can then be made on the CAD model and further prototype parts can then be manufacturing and testing conducted. This process would continue until a suitable part is produced that meets all of the user’s requirements. 



Advantages

· Topology Optimisation can be combined with manufacturing processes such as additive manufacturing and 3D printing
· Designs of a more suitable structure can be designed 
· Parts tend to be lighter 
· Cheaper prototyping costs and the optimum design produced should provide a suitable design which meets all the customers’ needs. Removing the need for numerous tools to be produced to manufacture different prototype products until an optimum design is achieved. As most of this is done using the optimisation process. Although it should be noted changes may still need to be made to the part even after optimisation in order to ensure manufacturing of the part can be conducted without incurring great additional costs.  
· Designing of parts in achieved in a far timelier manor
· Parts produced are more robust  









Disadvantages 

· The best possible shape is designed by a designer’s trial and error method. Which can be time consuming in the initial stages. (Pursche, 2016)
· Ease of manufacturing of the part must be taken into consideration by the designer as the optimised shape will only highlight key areas of essential material and load paths and does not consider ease and cost of manufacturing. So, this must be taken into account when the designer takes the shape and converts the 3D model to incorporate those key features.
· The output results are only as good as the input variables, constraints and objectives. If key details are left out by the user, the optimised part may not be suitable for application.
· In order to conduct optimisation a company must have access to the package which will come at a cost which some smaller start-up companies may not have the budget for. 

Applications

Many companies use optimisation for numerous products to achieve things such as weight reduction and increased stiffness of products. 

Examples of these are;

· EADS who achieved a 64% weight reduction with the use of topology optimisation of an aerospace part which was produced by additive manufacturing. 
· Together ahead, RUAG and EOS who achieved a 43% weight reduction of a 3D printed antenna bracket for sentinel-1 satellite. 
· Renishaw used optimisation to achieve a 45% lighter than original world’s first 3D printed bike frame.
(Pursche, 2016)
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4.0 [bookmark: _Toc516922424]Conclusion
It can be seen that the insulin pump manufactured by Cellnovo would benefit from optimisation. Topology optimisation would allow the company to set objectives constraints and variables and be provided with a starting point for a design. It is always desirable to have a very small insulin pump so reduction in size and reduction in weight is always a priority in order for the company to remain competitive. Having the ability to specify a packaging size and an objective to reduce weight by 30% will be very useful for Cellnovo to see what areas of the packaging and load paths are critical allowing the design to produce a pump case that is potentially smaller and lighter weight. 

Due to Cellnovo still being a start-up company and not having a very large budget use of topology optimisation and other forms will be very useful.  Allowing designers to try different designs and run numerous simulations with the only cost being for the purchase of the software package. This will allow the engineering team to review the data and make numerous changes to the design of the pump and come up with an optimum design before any prototypes are produce and any tooling purchased. This is very important to a small company such as Cellnovo who have to be careful with the budget assigned to them. 

























5.0 [bookmark: _Toc516922425][bookmark: _Toc510283282]Evaluation 
Overall it can be seen that the advantages of using a CAE/CAD led design for optimisation greatly outweigh any disadvantages. Optimisation can be used in numerous industries and is used today by many companies such as Ford, CAT, Jaguar Land Rover, Renishaw, Airbus and many more.
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Figure 4.1 – Companies who have benefitted from optimisation processes (Pursche, 2016)

Although there would be an initial cost to a company to purchase the software package in order to allow them to conduct optimisation. Once purchased it opens the company up to a wide range of tools which can help improve designs whilst reducing cost and time.

The benefits to a company can be phenomenal as numerous simulations can be conducted and different designs tested before any physical tooling is manufactured and physical testing begins. Having the ability to conduct these forms of simulations saves a company a lot of time and money as tooling can be very costly and if the initial design is not suitable a company will have to produce a new 3D model, drawing and tooling which will then need to be tested. Depending on the type of tooling required there can be a fairly long lead time before physical prototypes and products can be received for testing. 

However, with the use of CAE and optimisation a lot of the time and rework can be cut out or reduced with the use of the software tooling as a lot of simulated testing and design change can be done before hand and changes can also be made without any additional cost. 

This can be very useful for companies who are designing concept ideas for customers at the cost of the company. Being able to minimise cost is always desirable in all industries.     
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