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Abstract

A three-dimensional model of a one-story residential home, with an emphasis on the roof style and
structure, was modeled using CATIA and then built and tested in the wind tunnel at Western
Michigan University. The wind tunnel allowed an airflow over different style roofs to be tested at
100 mile per hour winds, strengths typical for hurricanes and other natural phenomena. The
measured results show the lift and drag, along with the pressure gradient and the skin friction over
the roofs. The effect of these aerodynamic characteristics of the building due to adding solar panel
prototypes were also evaluated. The results would have been presented here and will be applied to
guidelines and building codes. Future work and continued research are recommended due to the

unexpected circumstances from the Covid-19 pandemic.
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1. Introduction

With the patterns of weather changing, strong winds are formed more frequently than ever before
while causing significant damages to homes, and in worst cases, leading to loss of lives. This
project focuses on conducting wind tunnel testing to replicate sustained winds on a residential
building. An emphasis is made on the roof which is an important element in the structure of a

home.

As there has been a recent trend to expand the number of functions of a traditional roof, the use of
roofs for solar thermal and/or solar energy has increased drastically in the last decade. Based on
that, wind tunnel testing is conducted for a roof with solar panels attached in addition to a standard
roof structure. The following paper presents the background, experimental set-up, and analysis of
aerodynamic testing of wind loads on a residential building, specifically a home that interacts with

strong wind forces.

1.1 The Need

Several families have experienced serious injuries and/or loss of lives when their roof collapsed
during a storm with strong winds. Due to the impact of global warming, hurricane force winds are
becoming more frequent across North America, Europe, and Asia. Many families’ lives are being
turned upside down because the hurricanes are destroying their homes. Usually the first thing to
break down on a home is the roof. The roof is higher up and is more subjected to the wind loading
from the storms and are more likely to fly off or the shingles will fall apart. As the main emphasis
of the project is to test the safety of someone’s potential home, the model needs to be representative

of a realistic residential building.
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1.2 Background Research

Literature review needed to be conducted to receive a solid understanding of the frequency and
magnitude of hurricanes, residential building dimensions and requirements, and solar panel use
and regulations. Additionally, significant background knowledge and guidance was received

through communicating with a civil engineering expert.

Most of the background research was conducted in regard to the solar panel sizing and its tilt.
Depending on the season of the year and the latitude of the location, the tilting angle of solar panels
can be found by adding 15 degrees to the location latitude in winter and subtracting 15 degrees

from the location latitude in the summer.

1.3 Objectives

Roofs collapsing due to hurricane force winds is a unique problem because hurricanes are a
regional issue. Houses in hurricane zones need to be able to withstand the force of the winds and
the amount of flooding that it will encounter. The objective of the project was to test a flat roof, as
the control model, in the wind tunnel at hurricane force speeds. The tests will determine the lift,
drag, and pressure gradient of the residential building along with a skin friction analysis. Pressure
transducers and Arduino boards were used and programmed with the software LabVIEW to
measure the values mentioned above. A flat roof with solar panels will also be tested using the
same procedure as the control roof. The results of the two cases will then be compared to study

the effects that rooftop structures have on the flow over a building.
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2. Approach

2.1 Design Criteria

The model design is representative of a one-story, residential building with a flat roof at a 1:24
scale. The model additionally has a secondary roof with four rows of 3D printed solar panels to be
attached during testing. Both the building material and solar panels have smooth surfaces to ensure

accurate results in the wind tunnel.

2.1.1 Constraints

For the model to be representative of a full-sized building, it must adhere to general
building codes and dimensions. The size of the wind tunnel is also a limiting factor in the
building size. The blockage ratio, defined by the cross-sectional area of the model divided

by that of the wind tunnel test section, must be 10% or less.

2.1.2 Scope and Limitations

The project is limited by the amount of funding received. A budget has been set for the
minimal amount of supplies that will need to be purchased. Another limitation of the wind
tunnel is the maximum speed of the flow velocity. Hurricane force winds range from 74 to
156 miles per hour [1]. This flow regime is unrealistic to recreate given the size of the
model and wind tunnel. The maximum speed the wind tunnel can reach is 163.636 miles
per hour. Lastly, time is a limitation of this project. A limited number of models can be
built during the project period. Also, only a limited number of tests can be performed at

the wind tunnel due to supervision and scheduling conflicts.
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2.1.3 Assumptions

One assumption that will be made in the wind tunnel, is that the air flow will be perfectly
in the center of the tunnel, and therefore in the center of the model. This will impact the
skin friction testing. Second, the air is assumed to be incompressible, meaning the density
is constant. The flow is considered incompressible at speeds under 220 miles per hour [2].
Due to this, a steady flow is also simulated. Another assumption is made during the
calculations. A drag coefficient for a cube on the ground was used because a coefficient
for drag of a residential building is not fully documented. This value was found to be

approximately 1.05 [3].

Values used in initial estimations were obtained using standard atmospheric data [4] at the
elevation of Kalamazoo, MI and the average temperature at that elevation. The values used

can be found in the following table.

Table 1: Standard Atmosphere Values

Elevation (Kalamazoo, MI) ~1000 ft
Temperature, T ~55 °F (~515 °R)
Atmospheric Pressure, p_atm 2.0409e+3 Ib/ft?
Density, 2.3081e-3 slug/ft®
Dynamic viscosity, 1 ~ 0.3713e-6 Ibf*s/ft?

The Reynold’s number for the full-scale building was then calculated using the building’s
characteristic length (20 ft) and the values in Table 1. For a hurricane force wind speed (~75 mph),
the Reynold’s number is on the order of 10-15 million. Given the size of the wind tunnel and the
model size, this flow regime is unobtainable. It was decided to run all tests at a constant speed of

100 MPH. This speed will still simulate a moderate sustained wind on a full-scale building and

Click here to enter text.



will give insight on the impact of rooftop structures on the flow around a building. The Reynold’s

number of the flow regime just described is on the order of 50-100 thousand.
2.2 Specifications

The model and all attachments must be built strong enough to withstand the force imparted on it
in the wind tunnel. For this reason, it was necessary to estimate the pressure it will face as well as

the drag force.
2.2.1 Aerodynamic Forces

The dynamic pressure, g, was determined using the flow velocity and the density.
Calculations can be found in Appendix A. The drag force was estimated using two different
methods. The first method used the definition of pressure (force divided by area) and used
the cross-sectional area multiplied by the dynamic pressure. The second method used the
drag coefficient of a cube on the ground stated in section 2.1.3, Assumptions. These two
values agreed within a reasonable margin and are found in Table 2 below. Equations used

are found in Appendix A.

Table 2: Force Estimates

Wind Speed, v 100 MPH (~147 ft/s)
Dynamic Pressure, g 24.94 |b/ft?
Drag Force, D (method 1) 8.66 Ib
Drag Force, D (method 2) 9.09 Ib

Click here to enter text.



3. The Design
3.1 Concept

A standard-sized residential building of dimensions 20 ft x 20 ft x 10 ft was chosen as a guideline
for this design. As the dimensions of the wind tunnel are 32 inches in height and 25 inches in
width, an appropriate scaling needed to be applied to the model. After applying a scaling factor of
1:24, the size of the model was determined to be 10 in x 10 in x 5 in with a material thickness of
0.75 in. Before physically constructing the building, the software CATIA was used to model the

building to ensure appropriate dimensions which can be seen in Figure 1.

Figure 1: CATIA Building Model

Additionally, solar panels were designed in accordance to appropriate regulations. The solar panels
must be compatible with the building dimensions; otherwise, if the solar panels are too large, the
wind flow patterns will not be realistic. Real-life dimensions of a solar panel placed on a residential
home were determined to be 65 in x 39 in based on background research [5]. A scaling factor of
1:24 was applied to those real-life dimensions and resulted in solar panel model dimensions of

8.125in x 1.625 in.
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Four solar panel rows were determined to be sufficient for a residential building while creating
appropriate spacing between each row. A solar panel with fixtures was first designed with the
software CATIA which can be seen in Figure 1 below. Afterwards, the solar panel models were

developed with a 3D printer.

Figure 2: CATIA Solar Panel Model

3.2 Roof Styles

3.2.1 Flat roof

The first roof style chosen for this project was a traditional flat roof. The model was
developed during the initial design of the building model which can be seen in Figure 1.
The flat roof consists of a roof structure without obstacles, geometrical indentations or
lumps. After developing the model in CATIA, the model was constructed with materials
such as birch wood and screws. The physically constructed building model with a flat roof

can be seen in Figure 3 below.
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Figure 3: Built Flat Roof Building Model
3.2.2 Roof with solar panel arrays

The second roof style chosen for this project was a flat roof with solar panel arrays. The
model was first designed with the help of the software CATIA, which can be seen in Figure
4 below. The 3D modeling allowed for a determination of appropriate dimensions for solar
panel placements in addition to performed calculations. The constructed roof with solar

panel arrays can be seen in Figure 5.

Figures 4 and 5: CATIA Roof with Solar Panel Arrays and Built Roof with Solar Panel Arrays

Click here to enter text.



3.3 Controls

A wind tunnel is a tool used in aerodynamic research to study the effects of air moving past solid
objects. Air is made to move past the object by a powerful fan or other means. The test object, in
this case the residential building model, is instrumented with suitable sensors to measure
aerodynamic forces and pressure distributions. The sensors are then programmed to an electronic

platform.

3.3.1 Pressure Transducers

The sensors fitted in the building model are pressure transducers. The pressure transducers
that were purchased can be seen at different angles in Figure 6 and 7. Smaller sized
transducers allow for a more accurate reading, lightweight, and make it convenient to
install. Air is not the only application for these transducers; oil, fuel, diesel, gas, and water
can also be tested in these pressure transducers. They also have a surge voltage protection

function.

Figures 6 and 7: Side and Top Views of a Pressure Transducer

Click here to enter text.
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3.3.2 Arduino Boards

Arduino UNO boards were the electronic platform mentioned above. The Arduino boards
used during testing are shown in Figure 8. Arduino UNO is an open-source microcontroller
board and is used to collect inputs and turn them into outputs. The board was chosen

because it is equipped with easy to use hardware and software.

Figure 8: Arduino UNO Board

3.4 Methods

The model will be tested in the wind tunnel for two different cases:
Case 1: Flat roof
Case 2: Flat roof with 4 rows of solar panel arrays

Each of these cases will be tested with the front of the building positioned at 0° and 45° relative to
the incoming flow. The data collected for each test will include the aerodynamic forces, such as

lift and drag, pressure gradient, and skin friction analysis.
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3.4.1 Pressure Measurement

In order to read the pressure at various points of the model, several 1/16™ inch holes were
drilled in the sides of the model and on each of the two roofs. The locations of these points
are indicated in Figure 9 below. A small aluminum capillary tube was glued into each of
these and a total of 8 tubes were connected on the inside of the model as shown in Figure
10 Each of these tubes were labeled and fed through the bottom of the wind tunnel test
platform to the pressure transducer. For each test, average pressure would be recorded from

each of these points to create a pressure gradient for the building.

Figures 9 & 10: Pressure Tap Locations and Installed Pressure Taps

3.4.2 Force Measurement

The lift and drag force for each test were to be obtained using the force balance in the wind
tunnel. The model was bolted directly to the wind tunnel test platform, as can be seen in
Figure 10 above and Figures 11 and 12 below. The aerodynamic force data for Case 1 and

Case 2 were to be compared with emphasis on the drag force.

Click here to enter text.
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Figure 11: Bolts in the bottom of the wind tunnel

Figure 12: Model Fixed in Wind Tunnel

3.4.3 Skin Friction Analysis

The skin friction analysis was to be performed by painting the surface of the roof with
Mylar or spray paint and photographing the top surface during the wind tunnel test. These
pictures will then be analyzed to determine the change in skin friction forces between each

case.

Click here to enter text.
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3.5 Results

Due to the unprecedented situation with Covid-19, which developed globally starting January 2020
and caused the closures of WMU facilities in March 2020, the project was not able to reach the

stage of experimental wind tunnel testing.

The following tests are planned to be performed for the completion of the project:

e Test 1: Building with flat roof, O degrees’ orientation
e Test 2: Building with flat roof, 45 degrees’ orientation
e Test 3: Building with solar panel on roof — Case 1 Orientation [40 degrees’ inclination, 0
degree building rotation, facing wind stream directly]
e Test 4: Building with solar panel on roof — Case 1 Orientation [40 degrees’ inclination, 45
degrees building rotation]
Each test is planned to be conducted for a duration of 15 minutes with a wind tunnel speed of 100

mph. The time can be adjusted based on wind tunnel time availability.

3.5.1 Expectations

The purpose of the testing of two different roof styles is to understand the effect which the
strong wind can cause on different types of roof setups. The solar panels which are added
onto a flat roof are an additional structure which can have significant effect on the stability
of a building and especially the roof. It either can provide additional support to the roof
which could slow down the building destruction due to the strong winds or cause a more

rapid damage to the building.

The drag force experienced on the flat roof model at O-degrees orientation is expected to

be similar to the values found in section 2.2.1. The drag force should be slightly lower for

Click here to enter text.
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the model at 45-degrees as the coefficient of drag is lowered when in this orientation [3].
When the solar panels are added to the flat roof, it is expected that the drag force will

increase some amount at both 0 and 45-degrees orientation.

The experiments performed by Aly, Chokwitthaya, & Poche (2017), Qiu, San, & Zhao
(2019) and Xin, Jeimin & Changke (2019) on aerodynamic features on flat roofs were
reviewed in order to speculate possible experimental results. Based on the work and results
of these studies it is expected that this model would have similar pressure distribution to
that seen in Figure 13 for Case 1 at 0 and 45-degrees. It is also expected for Case 2, that
the pressure will be highest at the leading edge of the roof and lower at the trailing edge. It

is unclear how this will compare to the rooftop pressure for Case 1 [8, 9, & 10].

(b) °

Figure 13: Pressure Distribution Results: Building with Flat Edge. (a) 0° (b) 45° [10]

As there are only seven pressure tap locations for the flat roof model, the skin friction test
would give a more detailed image of the flow conditions on the roof. The skin friction
analysis should show evidence of vortices formed at the building edges, and more

prominently in the 45-degree orientation [9]. These cortices are illustrated in Figure 14.

Click here to enter text.



15

Spiral
T axis
Ve R /

) | Main vortex ‘ I(
‘_,.»--'ﬂ.ﬁ /N / \'/ P~
N \\C\AV / L~

. /V o e Y _
N n’\ /f'.', /7\, ;‘V/’ /?".,
~ N XA

n 0 |
/SR
(2

/ % A },jf '
Reattachment Secondary
vortex
G ~

e
<

Figure 14: Vortex Formation Illustration [9].

Successful completion of the testing phase is necessary to confirm these hypothesized
results. Case 2 tests will give insight on how the addition of a solar panel array will affect

the conditions.

4. Analysis
4.1 Stress
4.1.1 Material Selection

During the beginning phase of the project, it was determined that acrylic material can be
used to 3D-print the building model in addition to printing the solar panels using plastic.
Wood was another option which was considered. However, concerns were expressed as
some types of wood could be not strong enough to withstand the high force inside the wind

tunnel. After performing research, time and cost analysis, as well as consulting with
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experts, it was decided to use a strong plywood as the main material for the building model.
Birch wood was chosen due to its strength, and an emphasis on the thickness of the wood

was made while choosing the appropriate type.

4.1.2 Safety Factors

The model needed to be assembled with accuracy and secured with several screws to not
cause any damage under the application of the strong wind force in the wind tunnel.
Additionally, solar panel arrays were secured with screws on the top of the roof. The whole
building model was attached to the wind tunnel fixture and fastened with additional screws

as shown in Figure 11.

4.2 Cost

The materials which were purchased for the execution of this project are the following:

e Birch wood, 2 sheets - $27 each

e Plywood, 2 sheets - $18 each

e Screws, 2 types - $5 each

e Glue-$10

e Pressure transducer, 11 - $20 each

e Arduino board, 2 - $25 each

Due to several trials performed while determining the best type of wood, additional material was
purchased to ensure a safe and stable model as the outcome. Funding, which covered the costs,

was granted by the WMU Research and Creative Scholarship Excellence award.
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5. Facilities

5.1 Needs and Availabilities

The Western Michigan University Applied Aerodynamics Laboratory was the main facility used
for this project. Access to the wind tunnel was essential as the main point of the project was to test
building safety in strong winds. As several groups demanded the use of the wind tunnel for their
projects, a schedule was set up during the Spring 2020 semester. Access to the laboratory is
restricted. Times were discussed with professors and appropriate graduate students for supervision

during certain time periods.

Access to the Ergonomics Laboratory and the Students Projects Lab were also required. These labs
were equipped with the proper tools needed to cut, drill, and assemble the 3D model of the

residential building.

5.2 Instrumentation/Equipment

Pressure transducers and Arduino boards were used to take measurements in the wind tunnel and

can be seen in Figures 6 through 8 in section 3.3.

The pressure taps were programmed by the aerospace engineering PhD student, David Moussa

Salazar, to use with the instrumentation software LabVIEW.

Miter saws were needed in the Ergonomics Laboratory to cut the wood for the building model. A
drill press out of the Student Projects Lab was used to determine the location and depth of each
hole used for the screws and pressure taps. Hand drills were then used to assemble the wood pieces

together for the final product.

Click here to enter text.
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5.3 Computers/Software

The Applied Aerodynamics Laboratory had computers that the group could use. The computers
were already set up next to the wind tunnel for easy access. The instrumentation software
LabVIEW was already installed on the computer as well. This software communicated with the

Arduino boards that were purchased.

CATIA, a computer-aided design software, was accessed through the College of Engineering and
Applied Sciences computer laboratory. The residential building model was designed in CATIA
along with the flat roof. The solar panels were separately designed and saved as an STL file to be

used in the 3D printer.

The software Matlab, which allows numerical analysis and modeling, was used to determine

aerodynamic parameters such as the Reynold’s number for the given characteristics.

6. Conclusion

Due to the increase in occurrence of strong winds globally, it is important to minimize the damages
caused by such natural events. Residential buildings, in particular, and its residents are at risk.
Additionally, as there has been a recent trend to expand the number of functions of a traditional
building roof, the use of roofs for solar thermal and/or solar energy has increased drastically in the
last decade. This project focused on conducting wind tunnel testing to replicate sustained winds
on a residential building. An emphasis was made on the roof which is an important element in the

structure of a home while assuming two roof styles — a flat roof and a roof with solar panels.
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Appendix A: Calculations

Reynold’s Number:

Re =
u %
Dynamic Pressure:
q = 0.5 % p x v?
Drag Force (method 1):
D =q+*A, where A is the cross-sectional area

Drag Force (method 2):

D=05«Cp*S*p*v”2, whereS is the reference area

Building size scaling:
20 ft = 240 in; 240 in*i= 10 in; 10 ft =120in; 120 in*i=5in

Solar panel size scaling:

1
65 in * Cyi 2.71in — Lengthof 1solar panel cluster

1
39in * 2= 1.625 — Width of 1 solar panel cluster
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Appendix B: Cost Analysis

The materials which were purchased for the execution of this project are the following:

Birch wood, 2 sheets - $27 each

e Plywood, 2 sheets - $18 each

e Screws, 2 types - $5

e Glue-$10

e Pressure transducer, 11 - $20 each

e Arduino board, 2 - $25 each

Click here to enter text.
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Appendix D: ABET Criteria

Outcome (2) An ability to apply engineering design to produce solutions that meet specified needs with

consideration of public health, safety, and welfare, as well as global, cultural, socal, environmental, and

economic factors.

Performance Indicators:
1 Generates a detailed statement of all the specified engineening needs for the design project

2. Identfies and lists potential public health, safety and welfare concerns for consideration in the

design process.

3. Identifies and lists global, cultural, social, environmental and economic factors that are relevant

to the development of the project product.

4. Produces solutions that satisfy the engineering needs, address the public concermns and consider

the effects of the relevant design factors.

Qutcome (2) Scoring Rubric
4- Exceeds 3- Meets 2-Progressing 1-Below
Project goals, Project goals, Project goals,
objectives and Project goals, objectives and objectives and
R G performance objectives and performance performance
ddaBed dhatisn it critenia and performance criteria and criteria and
£all th ified constraints are criteria and constraints are not |constraints are not
s “:qn: B clearly listed. constraints are adequately listed |or partially listed
;'g::e dl:sigp 7 |Customer listed. Customer Customer Customer
rolect expectation and expectation and expectation and expectation and
proj verification verification venfication verification
methods are clearly (methods are listed [methods are not methods are not
listed. adequately listed |addressed.
Potential risks in Potential risks i Potential nisks in
Identifies and lists |the development of thz?:v dn sc:: of the development of |Potential nisks in
potential public  [the product or the od:oc?:: the product or the development of
health, safety and |process and future Apc‘ss and future | PEOSESS and future |the product or
welfare concerns |end of the life Pﬂ;-;cof the i end of the life process and futmre
for consideration |disposal methods : cal % cd: g disposal methods  |end of the life
in the design are adequately ar:pl? W dman d are listed disposal methods
process listed and : S somewhat but not  |are not addressed
evaluated.
evaluated. evaluated.
Aspects of
g Aspects of
Lentifies and Euts [¥220t8ti0n ofthe  [Aspects of aduptalion e |Aspecs of
product to different |adaptation of the E
global, cultural, RGBS 5 product to different (adaptation of the
social, R e plodlct o dlﬂ.'e(enl societies are not  |product to different
. clearly listed and  |societies are listed ¥ R
environmental in depth Giscussed |and discussed in adequately listed |societies are not
and economic X . F and'or discussed in (listed or discussed
in the view of cost, |the view of cost, ; : g
factors that are tocal dasidarde’ s [hocsl dtandacis aad the view of cost, in the view of cost.
relevant to the ek sy . legal iystens local standards and |local standards and
da’elop.nut of Epcer it ] PR S legal systems, legal systems,
the project AR ol aesthetics and aesthetics and
product o5 : marketing as marketing.
appropriate. appropriate. P
WMU Mechanical and Aerospace Engineening Department
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Produces
solutions that
satisfy the
engineering
needs, address the
public concerns
and consider the
effects of the
relevant design
factors

The product is
extensively tested
and verified by
experiment, or
simulations/
calculations or
both to satisfy all
requirements
Decisions methods
about prioritizing
the various
considerations and
their effects on the
final product are
explained and
justified in details.

The product is
tested and venfied
by expeniment, or
simulations’
calculations or
both to satisfy all
requirements.
Decisions methods
about prioritizing
the vanous
considerations and
their effects on the
final product are
explained and
Justified

The product is
somewhat tested
and verified by
experiment, or
smulations’
calenlations or
both to satisfy all
requirements.
Decisions methods
about priontizing
the various
considerations and
their effects on the
final product are
not adequately
explained and
qustified.

The product is not
adequately tested
and verified by
experiment, or
simulations’
calculations or
both to satisfy all
requirements
Decisions methods
about prioritizing
the various
considerations and
their effects on the
final product are
not presented.
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Outcome (3) an ability to communicate effectively with a range of audiences.

Performance Indicators:
1. Whting of senior design final report uses technical style and format.
2. Appropriate use of visual aids during oral presentation at the senior design conference!.

3. Communication within the group and with the meator?.

Outcome (3) Scoring Rubric
4- Exceeds 3- Meets 2-Progressing 1-Below

Final report is Final report is Final report Final report is not
Writing of senior |wnilten strictly wrilten using contains parts wrilten using
design final using technical technical style and |written using technical style.
report uses style and format.  |[format. More technical stvle but |Many Figures used
technical style Extensive use of  |explanations can  |requires rework.  |in the report are
and format Figures enhances  |be aided by Limited use of cither irelevant or

explanations. graphics, graphics. not explained.

Graphics,

mimations, and'or |Graphics usedin  [Selection of Selection of
Appropriateuse |prototypes used for [senior design graphics in senior  |graphics in senior
of visual aids senior design presentation design presentation |design presentation
during oral presentation convey limited 1s highly technical |produces
presentation at clearly explain information to a and ignores misunderstandings
the senior design  |project to a technical as well as |audiences who are |about the
conference technical as well as |non technical not familiar with  [engineering

non-technical audience the subject. project.

mudience

Students submit Students submit

detailed project project review Smdents submit A

review reports at  |reports at the project review Sm#;ms sgbzmt

the beginning and |beginning and reports at the m PoEel

middle of the middle of the beginning and ﬁgm‘
Communication  [semester, cleasly semester, middle of the Vel 0?
within the group |describing results  [|indicating the semester indicating g

< < ; occasional

and with the of their own outlines of group  |the results of G
mentor=. meetings and meetings and meetings with the facult)-gan d

meetings with the |meetings with the |[faculty and industrial g

faculty and faculty and industrial mentors | A o

: : X 3 on the progress of

industnial mentors  |industial mentors  |on the progress of h 2

on the progress of |on the progress of |the project. € ot

the project. the project.

Technical wniting is direct. informative, clear, and concise language written specifically for an
identified audience The content must be accurate and complete with no exaggerations To
deliver the intended message, the text must be objective and persuasive without being

argumentative

Technical reports use formal English, direct lamguage, and simple terms. Avoid words that are a

WMU

Mechanical and Aerospace Engineering Department
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problem for the foreign reader, such as the verb “do” and words with multiple meanings (feel,
do, as, like).

Technical reports avoid contractions (I'm, don’t) and personal pronouns, which include: first
person (2.g.. [, we, our, us): second persoa (vou, vour, vours). and third person (he, her, it,
theirs). Technical text is also void of colloquialisms, jargoa, clichés, and sexist language
[Michigan State University Department of Biosystems and Agncultural Eagincenng Famrall Hall,
East Lansing, Michigan)

! Senior design conference is an open, publicized event and the audience regularly coasists of
high-school students, college students, parents, and general public

21t is expected for the mentor to ask senior design group members to hold periodical meetings to
review progress and document these meetings in minutes. Team members must alternate in
writing of these minutes.

Click here to enter text.



Onutcome (4) An ability to recogaize cthical and professional responsibilities in engineening

siations and make informed judgments, which must consider the impact of engineenng
solutions in global. economic. environmental, and societal contexts.

Performance Indicators:

1. Student i< able to recognize ethical and professional responsibilities in various
engineenng situations
2. Student is able to make informed judgements based on the impact of engineering
solutions in global, economic, environmental, and societal contexts

Outcome (4) Scoring Rubric
4 Exceeds 3 Meets 2-Progressing 1-Below

Student writes two

repott™ assignments
S:: : ‘:' RaAe [ thcfeth;zhc zfid Smd 1 Smd pl Smd iall

ize ethical |oneofwhi mdent completes ent completes ent partially
:. d professional berelated to the the assignmentsand |the assignmentsand |completesthe
g shikities i project presentsto  |presentsthe casesto |presentsthe casesto |assignments and
upo- ™ |the class and the class. Some the class. Most preseats the

kst answess the questionsreman  |questionsreman  |incompletecases to
b R questions. Smdent  [unanswered. open. the class.
situations addressesall ethical

and professional

responsbiliies.

The senior design

: reportincludes The senior design ‘ .

S“d" is able to specific statements  [reportincludes ng{uﬁp The senior design
f""‘ informed |of oyt the impactof |specific statements [P O fic statements |TPOTt doesnot
judgements based |he engineering about the impact of :g::' tf\eimemxt o [mclude specific
on theimpact of  |solutionsin global, |the engineering th S & statements about the
engineering economic, solutions in global, so?nctli‘:;:?:ullgbd impact ofthe
solutions in environmerntal and |economic, ALY T #OME | engineering
global, economic, [societal context. The |environmental and ine | and solutionsin global,
environmental, |Statementsare socictal context. The | - text The |SCODOMIC,
and societal comprehensive, statemnents are <t ts ) environmental and

explainedin detail |comprehensivebut |° SERCIS MY societal context.
contexts . " incomplete

and include generic.

examples.

* Each report should address

¢ Background information of the ethical case

Fundamental Principles and Canons of Ethics involved
How the case is resolved
Your opinion about the resolution adequateness
How the case is related to your own senior design project (at least one must be related)
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Chutcome () An ability to function effectvely on ateam whose members together provide

leadership, create a collaborative and inclusive environment, establish goals, plan tasks and meet

objectives

Performence Indicators:

1. Student’s ability to functon effectvely
1. Student provides task specific leadership.
3. Student creates a collaboratvve and inclusive environment.
4. sroup establishes goals.
5. Group plans tasks
6. Uroup meets obpechives.
Outcome (5} Scoring Rabric
4d- Excesds 3- Meets 2-Progreasing 1-Below
Student’s ability |Studeat completed |Student completed [Smdent completed | Student d&d not
to fnnchon assigned tazsks and |assigned task. assigned task with |complete assgned
effertivel engaged to provide assistance from
suppodt to team team members,
members,
Provide Group defined Atleast B0 % of |60 %o 79 % of  |Less than &0 % of
lead ership leaders for all the poals/ tasks ¢ |the goals / tasks ! |goals | tasks /
goals / tasks / objectives have an |objectives have an  |objectives
olypechives asigned leader asgigned leader have an assgned
leader
Create a All project msks  |Project progress is | Team often held Team members fail
collaborative and |complated writh based on inputs group meetings to |t collaborate
imcluzve voluntary inguts, and feedback of all |discuss project wnclusively for the
£ Viron men t feedbacks, tearmn members progress completion of the

supportive achoms
of team members
other than the
leaders of the tasks

project

Establish Croals

Project goals are

Project goals are

Project goals are

Project goals are

clearly defined satistactonly defined with poodly defined.
defined maufficient focus

Plan Tasks Plan tasks are Plan msks are Plan tasks ars Plan tasks do not
clearly defined to  |satisfactonly insufficiently support goals.
suppodt goals. defined to support | defined to suppor

goals. goals.

Meet Objectives  |All objechives are  |All objectives are  |Most objectives are | Most objectives are
met with high met with met but some with | with insufficient
quality satisfactory quality |wsufficient quality |quality

WML Mechanical and Aerospace Enginesnng Department
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Qutcome (7) An ability to acquire and apply new knowledge as needed. using appropriate

leamning strategies.

Performance Indicators:

1
2.

Student is able to find information relevant to problem solution without guidance.
Student has the ability to identify the additional knowledge is needed to complete project.

3. Student is able to acquire and apply the additional knowledge aeeded to complete project.
Outcome (7) Scoring Rubric

4- Exceeds 3- Meets 2-Progressing 1-Below

Student

indepeudently Student fails to

conducts broad
Studeut is able to |scarch of i O S o

> . independently kgroun backgroun
ﬁ:l:‘-nf:r'matwn inf. g ati B conducts search of |information information
Wi e information relevant to problem |relevant to the
problem solution |relevant to YR §
2 . 3 . relevaat to is limited andnot  |solution of the

without guidance |problem’s solution. : 3 PR

Semch s clinty problem’s solution. |documented engineering

documented in g

report

Studeat

independently

;‘:”u'.’fc:‘&"‘:" Student identifies
Student has the  |additional Student gd":;’:; s
ability to identify |knowledge needed |independently f“°‘ o ;Is“ Student fails to
what additional  |for project’s identifies and comp;leJ:chn tuk identify the
knowledge is completion. acquires the - additional
needed to Additionally, additional ke A knowledge needed
complete project |student helps team |knowledge needed v e de::: for project’s
and to acquire the |parmers and for project’s pe completion

g ; 1 complete

needed knowledge |acquires skill not  |completion R din

strictly aceded for SPC;. £

completing porion of project

corresponding

portion of project

. Student applies

mﬁh“ acquired
Student has the |knowledgeto imd.entdapphc.s :;“nlﬁegw salve Studeat fails to
sy to' apply sucn.:cssﬁ‘ﬂly sobve knowledge to solve |problems with Sty Bus acocer
the acquired engineenng it iR ke knowledge to solve
knowledge problems using e g T problems.

problems from
o S e nstructors team
solution methods partaers
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