Design Search and Optimisation Course (FEEG6009)
Coursework assignment one, 6th January 2020, Prof. A.J. Keane
You are required to design a minimum mass (volume) cantilever beam that is subject to a tip loads and moments.  The beam is to be fixed (encastre) at its left-hand end, 1500mm long and made from material with Young’s modulus of 216620MPa. The beam is to have a rectangular cross-section of varying section depth (but subject to minimum section depth of 75mm) and fixed section width of 30mm. The maximum tip deflection allowed is 5mm. The optimisation problem is to minimize the total volume of material used by varying the depth of the cross-section along the beam (i.e., it will be some form of non-uniform tapering design).

This problem must be considered from a multi-objective Pareto front perspective where the design must be optimal for a mixture of vertical tip forces and tip moments – since the ideal design shape differs for forces and moments a Pareto set of compromise solutions exists depending on the weighting between force and moment. By considering a range of loadings of the form force loading = 5000N*(1-w) and moment loading = 5000Nm*w with weighting w=0,0.1,0.2,0.3,0.4,0.5, … ,1 you can vary the loading from a pure force of 5000N to a pure moment of 5000Nm (note the spreadsheet works in N and mm). This combination must be set in the spreadsheet used and for each value of w a different optimal beam geometry will be found. Each person or group will be issued with a different value of w and thus each will find a different geometry and optimal volume. The values of w chosen will be recorded on a sheet during the tutorial session to ensure each choice is used only once.

To analyse this problem you will consider the beam in 40 equal length, uniform but different sections and use the supplied spreadsheet to evaluate the overall tip deflection. You must design a parameterisation in Excel that links the variables used by the Excel solver to the dimensions of the design (simply selecting all 40 variables will make the optimization evaluate more designs than would be realistic in a real world problem using finite element codes – you can try it here to check you end results though). The initial spreadsheet is available on blackboard and at www.soton.ac.uk/~ajk/DSO and is called beam_excel40.xls – it is ready set up to do the optimization and is initially set for a force of 5000N and a moment of 0Nm, but works on all 40 beam depths individually – it is this aspect that you must redefine by replacing the depths with some form of expression linked to your parameterisation and then suitable changes to the solver set-up to invoke them. Marks will be awarded for getting correct solutions with the fewest number of design parameters – n.b. simply taking the answer from a solver run with all 40 variables and scaling this is NOT acceptable!  – your solution must not be based on this solver answer in any way. VBA programming or the use of third part excel functions are also not permitted – you must simply use the basic spreadsheet functions that are already built in.
When you first load the example spreadsheet, the optimizer “solver” is under the add-ins menu and may need to be checked before it becomes visible. Go to file, then options, then add-ins and chose solver add-in, then select go and check the tick box against solver. Solver is then under the data tab.

For marking purposes I simply require a copy of your spreadsheet submitted via e-assignments in the usual way (go to http://www.southampton.ac.uk/eassignment/
). The spreadsheet must show how you have calculated the beam depths and also how you have set up the optimization, along with the resulting beam design and optimal beam volume for your given weighting between tip force and moment (w). Please also note your given value of w in your spreadsheet to avoid any misunderstandings. Only your spreadsheet will be marked – do not submit any other documents.
Hand-in deadline is Wednesday 19th February 2020
� See also � HYPERLINK "https://guides.soton.ac.uk/uni/isolutions/eassignment/start/default.htm?url=https://guides.soton.ac.uk/uni/isolutions/eassignment/html/topic_28996C3C-E4F1-4641-B881-9EC5CD723B87_056D0A3F-0241-4135-A6E8-14A576F031F1_2.htm" �https://guides.soton.ac.uk/uni/isolutions/eassignment/start/default.htm?url=https://guides.soton.ac.uk/uni/isolutions/eassignment/html/topic_28996C3C-E4F1-4641-B881-9EC5CD723B87_056D0A3F-0241-4135-A6E8-14A576F031F1_2.htm� 
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