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Finalized Problem statement

The problem scenario requires an eco-friendly device designed for the Swedish Wind Energy
Association, to act as an alternative source of power to fossil fuels, so that Sweden can reduce their greenhouse
gas emissions to zero by 2045. The device should be an efficient and sustainable mechanism to convert the
kinetic energy of the wind into electrical power [1, pg 10-11]. Our finalized problem statement describes a wind
turbine blade for the Swedish Wind Energy Association in Sweden that provides power to cities and reduces
their carbon emissions. It should have a low environmental impact to produce, efficient, and high yield strength
to better harness the energy of the wind. The turbines need a low carbon footprint. It needs to have a deflection
value less than 10mm and be able to withstand the pressure load without yielding when experiencing high
pressure. [1, pg 8]

Main Body

Justification of Technical Objectives and Material Performance Indices

The objective tree for the “Efficient Wind Turbine” had main objectives as follows: efficient and low
environmental impact. Sub-objectives included lowering carbon emissions, strong corrosion resistant material,
and lightweight blades (see Figure 1). The decision matrix had criteria CO2 emissions, density, young’s
modulus, fatigue strength, and cost (weighted most to least), which were chosen as recommended by the project
module [1, pg 27]. The MPIs were chosen with primary objective to minimize CO2 footprint and minimize
mass, and so the MPIs would therefore be in terms of young’s modulus and yield strength by density times
CO2, but also only density. These were chosen because the scenario had the main goal of reducing greenhouse

gas emissions [1].

Conceptual Design — Justification of Selected Material

Steel was chosen as the best material for several reasons, the first of which being that it was the best
material according to the decision matrix, both weighted and unweighted (see Table 1). Additionally, many of
the other materials under consideration have critical flaws, making them difficult to use within the constraints of
the project. The CFRP epoxy matrix, for instance, has a very high carbon footprint and it would be
environmentally damaging to produce, so it would be an unreasonable choice for an eco-friendly objective.

Wood is also flawed, as it would be very prone to warping due to moisture or splitting under high stress. It
4
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would also be difficult to carve wooden wind turbines blades, because of their physical structure. Steel was also
a material that appeared in all the MPI charts showing its versatility and suitability of steel. When analysing
other materials such as wood or CFRP it becomes clear that they only excel in one area. CFRP is rated highly
under both the mass MPI’s but it has little to no presence under the CO2 emissions MPI because of its high
CO2 emissions. Wood was the opposite strengths and weaknesses, showing how each of the other materials fail
for this specific project, despite both receiving high scores in the decision matrices. Overall, Steel was the best

material for the job as it works well in the setting of a wind turbine blade, and it has a low carbon emission. [2]

Design Embodiment — Justification of Solid (CAD) Modelling

Our desired maximum value for the turbine blade was less than but as close as possible to 10 mm. In order find
the thickness value that would give us a satisfactory result, we tested four different thickness values: 15 mm, 30
mm, 50 mm, and 150 mm [1, pg 31], which gave values: 14.01 mm, 7.8 mm, 5.37 mm, and 3.54 mm (see
Figure 2). The optimal deflection was determined to be between 15 mm — 30 mm. We proceeded to simulate
various thickness values in Autodesk Inventor to find our final value, starting from 21 mm. The final thickness
was honed to 24.75 mm with a maximum deflection value of 9.92 mm (See Figure 3), satisfying the constrained
deflection of less than 10mm [1, pg 8]. [3]

Concluding Remarks

Throughout the course of the project, we’ve learned to calculate theoretical deflection values using
deflection and moment of area formulas [4], as well as how to run stress analysis through Autodesk Inventor
yielding values of stress at different points of the blade as well as the resulting displacement [5]. These
processes can be applied to other future engineering projects in order to evaluate different scenarios that an
object might experience. This would provide important feedback which can be used to alter the design or
material of the object, providing a higher quality end result. To conclude, material selection is a vital part of the
design process in any engineering project. Some additional engineering considerations that could be worth

exploring would include structural design, cost-benefit analysis, and logistics.
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Figure 1. Finalized objective tree
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Figure 3. Autodesk Inventor final deflection simulation
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Table 1. Material properties of steel

Young’s modulus E (GPa) 210 GPa : 200 - 220 GPa

Yield strength oy (MPa) 295 MPa : 255 - 335 MPa

Tensile strength outs (MPa) 456 MPa : 379 - 532 MPa

Density p (kg/m?) 7.81e3 kg/ms : 7.8e3 - 7.82e3 kg/m?
Embodiment Energy Hm (MJ/kg) 30.8 MJ/kg : 29.3 - 32.3 MJ/kg
Specific carbon footprint CO2 (kg/kg) 2.33 kg/kg : 2.21 - 2.44 kg/kg
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Appendix A — Peer learning discussion summary:

The scenario of the design team we interviewed was Renewable Energy for a Large Population. Because
their scenario was different from ours, their objectives differed from ours — this main difference was the reason
for every following difference (objectives, MPIs, materials, thickness). Despite this, both groups had some top-
ranking materials in common such as CFRP and steel. The criteria chosen by both groups were similar, but the
weighting of the criteria differed as each group was considering their respective objectives. The other group
also ended up having a much larger chosen thickness value for their blade than ours (a thickness of 60 mm, as
opposed to our 24 mm). Overall, we can come to the conclusion that there would not be a single solution to
multiple design scenarios: there will be a different solution for every problem, although it’s possible solutions

may have common factors.
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Appendix C — Gantt Chart:

Preliminary Gantt Chart:

F F F F ¥
Milestone # Sept24-30 Oct1-7 Oct 3-14 Oct 15-21 Oct 22-28

Milestone 1

Milestone 2

Milestone 3

Milestone 4

Final Gantt Chart:

ACTIVITY PLAN START PLAN ACTUAL ACTUAL PERCENT
DURATION START DURATION COMPLETE  PERIODS
1/2 3 45 6 7
Milestone O(team) 1 1 " . 100%
Milestone 1(individual) 1 1 1 1 100%
Milestone 1(team) 1 1 1 2 100%
Milestone 2(team) 2 3 2 3 100%
Milestone 3A(individual) 2 2 2 2 100%
Milestone 3A(team) 2 5 5 5 100%
Milestone 3B 2 2 2 2 100%
Milestone 4{individual) 1 1 1 1 100%
Milestone 4(team) 1 1 1 1 100%
Design summary 2 2 2 2 100%
Learning Portfolio 1 1 1 1 100%
Self Peer Evaluation 1 1 1 1 100%
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