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Executive Summary

Wind turbines fall under the category of new technologies for renewable energy sources. New designs are

continuously being drafted to improve the reliability of these turbines.

This report examines the measures and steps taken to redefine the design structure of a blade that will be used to
install multiple wind turbines in a remote village in Quetzaltenango, Guatemala. These steps include creating a
problem statement, deriving material performance indices (MPI), choosing a material based on selective factors,

an interview conducted with another team, and final remarks.
Design Summary

Finalized problem statement:

The objective of the turbine in the following scenario is to create a design that should be long

lasting and require little maintenance. The amount of energy produced should be just enough to power simple
electrical devices. The turbine must be simple enough to assemble by local villagers that are currently living off
the grid in Quetzaltenango, Guatemala, and other inexperienced individuals. The materials used must be

easily accessible and durable enough to withstand harsh weather conditions [2].

Justification of Technical Objectives and Material Performance Indices:

Figure 1: Obj ecti[\:‘f}‘ T}:ge Outlines the main objectives that the EWB

T humanitarian aid mission turbine must conform
to [Figure 1], which helped with decision

making for the selection of materials.

Table 1: MPI Derivation for selective objectives [1]:

Objective Derived MPI
Minimize Mass MpICmass) =22
p
— - -
Minimize mass (stiffness) MpItnas) = 2
Minimize cost (strength) MPIeost) = 2
PCm




1P13 DP-1 Final Report Tutorial 05 Team Tues-26

Minimize cost with respect to stiffness MPIeor) = 2

The top three materials for the materials selection have been chosen and are weighted in the decision matrix
[Table 1].

Table 2: Decision Matrix.

Decision Matrix
Weight | Medium carbon steel High carbon steel Low carbon steel
factor
Rating Weighted Rating Weighted Rating Weighted
Rating Rating Rating
Lightweight 2 3 6 3 6 3 6
Cheap 5 3 15 3 15 3 15
Strength 4 2 8 3 12 1 4
Stiffness 2 3 6 3 6 3 6
Carbon 1 2 2 2 2 3 3
footprint
TOTAL 37 41 34

All three of the material finalists had very similar if not the same properties [Table 2]. For this reason, the total
rankings for each of the materials were very close. In the end, high carbon steel had the highest ranking because
it has the highest strength compared to the other two materials. High carbon steel satisfies each

of our criteria’s the most, making it the top material to use for this design.

Table 3: Material Properties [3]

Material Name: High Carbon Steel Average value:
Young’s modulus E (GPa): 210
Yield Strength oy (MPa): 678.5
Tensile strength cUTS (MPa): 1055.5
Density p (kg/m?): 7800
Embodiment Energy Hm (MJ/kg) 32.4
Specific carbon footprint CO2 (kg/kg) 2.375

The material properties which were used in creating the material in Inventor Professional [Table 3].

6
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Conceptual Design — Justification of Selected Material

The way we began our material selection process was by first deriving MPI stiffness and MPI strength for our
primary objective (minimizing cost) and secondary objective (minimizing mass). Then each group member
plotted their MPI on a graph in Granta removing certain materials, we were able to rank and choose our top five
materials for each of our assigned MPI. Our selection came down to medium carbon steel, high carbon steel, and
low carbon steel. We then chose our criteria to decide our final material. Our criteria came down to lightweight,
cheap, strength, stiffness, and carbon footprint. Using the decision matrix, we concluded that high carbon steel is
the best material for us. The rankings for most lightweight, cheap, and stiffness were the same for all three
materials and carbon footprint had a very similar ranking for all three materials. What offset high carbon steel
from the other two materials was its strength which was our second most important criteria. Overall, high carbon
steel satisfied our decision matrix and our objective to create a turbine that is cost efficient, minimizes mass, and

is strong and long lasting for the villagers.

Design Embodiment: Justification of Solid (CAD) Modelling

Type: Displacement

. Unit: mm
e 2020-10-27, 2:52:17 PM
- $.747 Max

8.

Ot 5.648

gL

’ N x —
Figure 2: Deflection of Turbine Blade

Through trial and error, as well as through calculated values, the optimal thickness of the turbine blade is
24.5mm [Figure 2]. This is considered optimal because it is below the maximum deflection of 10mm and above
the minimum deflection of 8.5 mm, which were constraints given by the instructional assistant [1]. The
deflection is numerically closer to the maximum displacement of 10, which is good because it means that the
thickness is just below the amount that would fail under the pressure, therefore minimizing material used and

therefore cost.
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Concluding Remarks

We have learned a lot about the design process in engineering by designing a wind turbine and its blade. We
learned the process of material selection and the importance of testing and redesigning our turbine blade to
obtain our finished product. The design process is iterative and requires a lot of testing to improve our design.
This process was a team effort that required resilience and a lot of perseverance. In the future we will work
towards building a much more sustainable and carbon neutral design that would preserve the environment.
Through all this, we learned that a successful design comes from multiple perspectives and integrated

collaboration.
Appendix A — Peer learning discussion summary:

The team that we discussed with had done their project on Scenario 1: Renewable Energy for a Large Population.
Their goal was to design an effective turbine to be used on a wind farm to generate large amounts of renewable
energy for a large population. So, their primary objectives based off their problem statement were producing
many cost-efficient wind turbines that minimized mass. In addition, maximizing the energy produced and building
a structurally sound wind turbine for the city were other important objectives of their wind turbine. Based on these
objectives and after using Granta, they concluded that low alloy steel was the best material for their blade. High
carbon steel and CFRP-epoxy were the other two materials being compared; however, low alloy steel satisfied
their decision matrix the best. Low alloy steel had the highest rating for being lightweight, having an ease of
transportability, stiffness, and flexibility. Carbon footprint was the only one with a smaller rating than the other
materials, but it was not important for the group which is why its rating did not greatly affect their decision for
the material. Flexibility and stiffness from the decision matrix had become constraints for them since they wanted
to minimize inertia and maximize efficiency. After doing the simulation in Granta, they found that their deflection
was between 15mm-30mm, which does satisfy their constraints. Overall, the group achieved their objectives and

met all the requirements and constraints needed to get there.
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Appendix C — Schedule and Gantt Chart:

Our preliminary Gantt Chart and Final Gantt Chart remained the same. We followed our due dates, deadlines,

and how we aimed to complete each assignment exactly as stated below.

Legend Description
® Betors Design Heview the advinistratve responsiblitias saction
Milestone O INDIVIDUAL .
Studio of the PI project medule,
® Before Design
Milestone 1 INDIVIDUAL ) -Camplata pre-prog@ct memo
Studio
® Durng Dasgn
Milestone 3A INDIVIDUAL - ~-Complete materisl selection Srocess
Studio
@ During Desgn
Milestone O TEAM -Camplata Taam chartar workshest
Studio
Complata intial problem statement and ogjective
® During Desgn . . .
Milestone 1 TEAM Stk trees for the 4 dfferent ergineering scenaros of a
Studio
wind turbine.
-Complata refinad problem statamant of wind
® Durng Dasgn wrbne, dasqgn raguiramant ot wnd turtine bladad
Milestone 2 TEAM o ] o )
Studio of 2 specific scerano, design onjectives of a turbine,
and tha metrics of tha design abjctives
® Betora Design Laarm how to use Granta EduPack as a dasign tool
Milestona 3A TEAM
Studio materisl selecticn (in material: science lab #1)
-Camplete problem definition of a turbine blade for
® Durng Desgn matarial selecticn, compare material aternative,
Milestone 3A TEAM
Studio seact tha mare suitable material your turbing

blade sheuld be made ol
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Title Lane Legend

Milestone 3B TEAM @® During Lab B

@ During Design
Studio

Milestone 4 TEAM

® DUE
NOVEMBERA4TH

Final deliverable TEAM

Design Project 1

Tutorial 05

Description

-Complete deflection calculation, CAD drawing of
a turbine blade, and deflection simulation turbine
blade CAD file

-Estimate the thickness requirement of the turbine
made of your chesen material, refine the thickness
requirement based on deflection simulation turbine
based CAD file, and interview another team with a
different assigned scenario and take notes of what
you have learned,

Include the following in your Design Summary:
finalized problem statement of the turbine blade
design, justification of technical objective and
material performance index, justification of
selected materials, justification, justification of solid
(CAD) modelling, and peer-learning interview

summary.

Sep Legend
@ Before Design
INDIVIDUAL @ During Design
Studio

TEAM

@ Ouring LabB

@ DUE NOVEMBER
4TH

Team Tues-26
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Tutorial 05

Logbook
Date Milestone | Topics Discussed | Description
September 30 | Milestone 1 | Initial Problem e We further discussed our
Statement initial problem statement
October 6 Milestone 2 | Final Objective e Finalized our objective tree
Tree e Edited the final problem
Refined Problem statement
Statement e We discussed the rationale
for the objectives we selected
Rationale for
Objectives
October 9 Milestone 3 | Organization e Worked on organizing our
files and doing the pre-design
studio work
e Looking ahead for the next
week
Oct 21 Milestone Simulated e Due to an error we made
3B Deflection for originally, we redid the
Blade simulation to achieve the
simulated deflection value
October 26 Milestone 4 | Peer Interview e Before the interview we met
to organize our files
e Discuss which parts of our
project each member will
present
October 28 Milestone 4 | Peer Interview e After the interview we

compared our notes

12
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Tutorial 05

Made a document with our

collective notes

October 30

November 4

Final

Deliverable

Final Deliverable

Collected our information
from the project
Organized it on the final
deliverable template
Completed the final

deliverable
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