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Summary of Project

The flap system used on a Cessna 172, the most widely used personal aircraft, suffers
from heavy components, surface discontinuities, and complex hardware configurations that
necessitate the design of a compliant flap, which will change shapes from the default NACA
2412 geometry to improve wing performance during take-off, cruising, and landing, while
reducing surface discontinuities and mechanism weight. Compared to other attempts at
compliant wings, the flap system is the focus of this design because full-wing designs lack the
structural rigidity needed to be feasible, and other novel approaches such as material selection
and actuation method are adopted. The goal of this design project is to fabricate an internally
powered scale model that is servo-actuated by an Arduino and will be placed on an unhinged,
double-pylon test structure for wind tunnel testing the transition between three different
configurations for specific flight events, which will validate computational fluid dynamics

analysis of the system.
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Executive Summary

The success of this project hinges on equal participation and effort from each team
member. In order to ensure all necessary work is completed, we break down tasks week by week.
As Project Manager, Jacob takes notes at each meeting and separates work into equal chunks.
This is communicated to all team members via a weekly email. He also assisted with the design
options for flap actuation and the test stand. Both subsystems required multiple people to
brainstorm, sketch, and consider the relative difficulty of each. Once detailed design begins,

Jacob will work heavily on the actuator and airfoil skin design.

Nial worked primarily on the flap actuation design, coming up with ideas, sketching
potential geometries, and researching the pros and cons of various actuators. He is also
responsible for creating a manufacturing plan so we can begin building once design is finished

and will assist in the detailed design of the actuators and airfoil skin.

Tito worked heavily on the design for the test stand. This required multiple ideas to be
generated, sketches drawn, and pros and cons to be determined for each. He researched various
wind tunnel options for testing, including one owned by Wentworth and some from outside
sources. He will also be responsible for test stand design (mechanical and control systems) once

basic design parameters are finalized.

Andrew specializes in the computational fluid dynamics aspect of the project. Having
worked with complex CFD programs in the past, he has expertise in this field that the rest of the
group does not. He generated a list of potential airfoil shapes for our project and researched how

each of these would affect flight parameters. He also researched how to properly use a wind
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tunnel in order to get accurate data by speaking with professors and industry professionals. Once

our detailed design is complete, Andrew will use CFD programs to validate wind tunnel data.

We feel that each group member has contributed equally to the project and brings a
unique set of skills to aid in our success. All team members contributed to the initial ideas
brainstorming and work equally on deliverables (presentations, reports, weekly assignments).
While not all aspects of the project happen in parallel, group members that have a lighter work

load during a given week assist where needed.

Jacob Willette

. DacadYallits :
PROJECT MANAGER: SIGNATURE: Jd@-WUdE  DATE: 3/4/22
. M 1)
TEAM MEMBER: Tito Bermudez  SIGNATURE: jaz///  DATE: 3/4/22
TEAM MEMBER: Andrew Lanzrath  qIGNATURE: #“"" ~ DATE: 3/4/29
TEAM MEMBER: Nial McInally SIGNATURE: 7uia] 7iclols- DATE: 3/4/90
TEAM MEMBER: SIGNATURE: DATE:
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Compliant Flap Project

Introduction
Modern aircraft utilize flap structures to increase wing length for increased lift during
take-off, retracted flaps for cruising, and deploy flaps in a downward position for increased drag

during descent and landing.

As seen in the figures above, the flaps have multiple points of surface discontinuity. In addition,
the components needed to operate the flaps are heavy. These flaps are fundamental to flight, so
they are used on small and large aircraft alike. Opportunities abound to make flight more
efficient by reducing mechanism density to increase fuel efficiency and or reducing drag on key

parts of the aircraft such as the wing by removing surface discontinuities.

The application of compliant design to wing structures is a candidate that has the
potential to take advantage of both design opportunities enumerated above. The first compliant
wing was on the plane designed by the Wright brothers, but contemporary research on compliant
wing design started in the 2000s. Prior designs have attempted to make the entire wing a

compliant mechanism. This almost completely eliminates surface discontinuities along the entire
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surface area of the wing. Also, the lack of joints reduces the amount of hardware needed, and

thus the overall weight of the wing is reduced.

Despite those advantages gained from compliant wing designs, a whole wing being
compliant is not feasible. The flexible properties of compliant mechanisms utilized over an entire
wing bring about serious concerns over the strength and reliability of the wing under strong
aerodynamic loads. Second, the number of actuators needed to make a compliant wing create
multiple failure points any one of which could severely reduce the function of the wing if failure
occurs. These reasons have stopped compliant applications to wing design from being
commercially viable, but no research has been conducted on making only a portion of the wing
compliant, specifically the flap system, which undergoes the most significant geometry changes
over a typical flight course. Designing only the flap as a compliant mechanism resolves the two
issues stated above related to the prior compliant wing designs. Fewer actuators reduces the
effect of a failed actuator, which increases the overall reliability of the wing, and having only the
flap be compliant means that the rest of the wing can act as a rigid structural body. Thus the
advantages gained from compliant design can be applied to a wing system without reductions to

the structural or operational integrity of the wing, which makes it a feasible concept.

The objective of the proposed project is to design a compliant flap that is optimized for
various stages of flight (i.e., cruising, take-off, landing). The flap would be modeled after the
flight conditions and airfoil of a Cessna 172 but as mentioned before this technology has
applications and benefits for all aircraft. The 172 was chosen as a model because it is the most
constructed plane in the world (there are four times more 172s then Boeing 737s) and because its

fuel efficiency is relatively low at approximately 14 mpg (Mclver).
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The end result of this project will be a fully actuated, testable, compliant flap that yields
results when tested in a wind tunnel. Success will be measured by the flaps ability to accurately
conform to the three pre-determined airfoil shapes within a few seconds, without the need for
discontinuities in the airfoil skin. Because this is a scaled down model of a 172 airfoil, the test

results will likely vary from a full scale 172 airfoil.

This project is feasible for a two semester capstone course because we have experience
with fluid mechanics and computational fluid dynamics (CDF) in addition to having outside
resources for validation. Another factor that contributes to this project’s feasibility is the type of
resources available to us at Wentworth. Wentworth already has a wind tunnel and an additive
manufacturing lab which will reduce the lead time of this project drastically versus having to hire

outside manufacturers and test engineers.

Needs Assessment

A typical airfoil utilizes a significant number of flaps to alter flight characteristics, for
takeoff, landing, and some cruising situations. Each of these flaps and their associated hardware
creates discontinuities in the skin of the airfoil, causing unnecessary and unplanned drag.
Because of this, there is a significant loss to flight efficiency and fuel economy. NASA reports
that just a 1% decrease in drag on the US fleet of wide-bodied aircraft would save $140 million
annually so even the smallest optimization has the potential to save a fortune as well as help
reduce carbon emissions (Kota). The discontinuities in some designs also cause a gap in the wing
that bridges the high-pressure and low-pressure zones, leading to further inefficiency (Sadraey).
Additionally, every moving part of a flap and control surface must be fixed to the wing, move on
a joint, and be actuated causing a build up of hardware like nuts and bolts, increasing weight. All

of these factors contribute to a given flights efficiency, so replacing traditional flaps with a
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compliant flap will have a significant impact on the flight quality and will save plane owners

money.

Specifications

There are three categories of technical specifications. First, the design must be applicable
to a currently produced aircraft. The target application will be the Cessna 172 flap system since it
is the most mass-produced aircraft in existence. Additionally, the 172 has poor fuel efficiency
averaging 12 nautical miles per gallon so efficiency gains made by decreasing drag and
decreasing weight improves the vehicle efficiency for the large number of Cessna 172 owners.

The airfoil and flap system employed on the 172 is the NACA 2412, which is shown below.

RACA T

The flap design must at least meet the standards set by the aerodynamic properties of the NACA
2412, which is the airfoil design used by the Cessna 172, but improving the aerodynamics of the
NACA 2412 is certainly a secondary goal to be pursued after the current properties have been
matched. The aerodynamic comparison of the NACA 2412 airfoil to the new flap design will be
quantitatively assessed by comparing drag-lift ratios, drag-angle of attack ratios, lift-angle of
attack ratios, and other standard metrics used in aerodynamic design. An example plot of the
ratio of the lift to the drag coefficients versus alpha, the angle of attack, at Reynolds numbers

between 50,000 and 1,000,000 is provided.
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Additionally, the flow over the compliant flap design must not have points of boundary layer
separation at any region on the flap surface since separation increases pressure drag and reduces
lift, which decreases efficiency. Airfoils in use have been designed and rigorously tested to
ensure that at operating speeds and angles of attack, there is no boundary layer separation. The

figure below is a visual representation of boundary layer separation.

Another part of the first preliminary specification is that the compliant flap design must weigh
less than the current flap on the NACA 2412. The wing group of a Cessna 172 weighs 236

pounds with a wing group density of 2.489 pounds per cubic foot. (Mclver) The final component

11
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of the first preliminary specification of the compliant flap design that specifically relies on the
Cessna 172 as the model application is the transition speed between flap geometry
configurations, which must be determined with the 172’s optimal operating altitude and speed as
well as take-off and landing angles of attack in mind. Also, the lifespan of the compliant flap
must match that of the Cessna 172’s default design. A Cessna 172 must be inspected every
30,000 flight hours, and within any given flight operation, the current NACA2412 flaps are
actuated about four to five times so the current flaps undergo approximately 120,000 to 150,000

cycles per inspection period.

The second specification is that a scaled model of the final design must be able to fit in
one of the wind tunnels at the team’s disposal to test the program-controlled actuators and
provide experimental aerodynamic data of the flap behavior in each of the four configurations
(take-off, cruising, and landing) as well as the aerodynamics of the transition between any two
configurations. The use of the Cessha 172 as the main application for this project plays an
indirect, but important role in this specification too. It would be very difficult to properly scale
up a compliant mechanism with actuators from a small model to the size of a passenger aircraft
such as a Boeing 737. The small size of the Cessna 172 allows for a smaller scaling factor
between the model and the actual flap size. Both available wind tunnels have dimensions of
twelve 24 inches long by 12 inches wide by 12 inches tall. Models in wind tunnels must not have
a projected frontal area normal to the flow inlet that is greater than ten percent of the cross-
sectional area of the wind tunnel test section normal to the flow inlet so for the given wind tunnel
dimensions, the model’s projected frontal area must not exceed 14.4 square inches. Based on this

dimension restriction, the Reynolds number regime used to test the flap in all potential flight

12
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situations is between zero and 5.75 million. Additionally, the test stand must be designed such

that it can interface with the wind tunnel that will be used for testing.

The final specification is that the system must actuate upon command by a programmed
electrical control system with an internal power source. It will not be sufficient to have an
actuator system that requires manual intervention or an external power supply. At the same time,
this design team does not have any electrical engineers, so the control system must take on a
simple form that achieves the specification without requiring specific electrical engineering

expertise.

Conceptual Design

Design Options
To generate three design options, the subsystems of the flap were analyzed to generate

design option feature lists.

Subsystem 1: Airfoil Shapes

For subsystem 1, airfoil shapes were selected based on their characteristics at different
Reynold’s Numbers. For the takeoff and landing scenarios, two airfoils were presented as
options. For takeoff, the group was looking for high lift characteristics at lower Reynolds

numbers, while for landing higher drag was required. Below are images of the airfoil options:

AH-79-K-143/18 (takeoff)

13
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BOEING 707 0.08 SPAN (landing)

Subsystem 2: Actuators

Subsystem 2 was dedicated to the actuation mechanism of the flap. The four options that
were considered by the group are electric servos, pneumatic pistons, stepper motors, and memory
materials (the latter not being an entirely serious consideration but one the group though was

worth investigating).

Subsystem 3: Test Stand
Subsystem 3 comprised of two parts, the control system and the frame design. For the
controller, the Arduino and Raspberry Pi microcontrollers were considered. The next part of

subsystem 3 was the frame design. The frame was to have either a single pylon entering through

14
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the bottom of the flap or a double pylon attaching to both sides of the flap (see images below).
Additionally, whichever pylon was chosen would either be fixed or have a hinge to change the

angle of the flap.

The following design options were developed for the assessment of the group’s final
design decision. It was determined that the test stand’s frame had to be a double pylon system to

achieve the groups initial design constraints.

Design Option 1

Design option one consists of the following:

e BOEING 707 0.08 SPAN as the landing airfoil
e AH-79-K-143/18 as the takeoff airfoil
e Electric servos as the actuator

e Raspberry Pi as the micro controller

The object of this design is to achieve more complex airfoils via the means of more complex
control systems. The complex airfoils could yield better flight characteristics such as drag and

lift as a trade of for their difficulty.

Design Option 2

Design option two consists of the following:

e AH-81-K-144 W-F KLAPPE as the landing airfoil
e APEX 16 as the takeoff airfoil
e Electric servos as the actuator

e Arduino Uno as the micro controller

15
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This design is meant to have simpler airfoils that could be achieved through simpler actuation
and mostly linear displacements. A simpler and better documented micro controller can be used

in this design option.

Design Option 3

Design option three consists of the following:

e AH-81-K-144 W-F KLAPPE as the landing airfoil
e APEX 16 as the takeoff airfoil
e Pneumatic Pistons as the actuator

e Arduino Uno as the micro controller

Design three has all the simplicity of design two but is achieving it’s actuation through the
use of pneumatics rather than servos. Pneumatics can provide higher power actuation to the

design but also usually require more space and auxiliary systems like air compressors.

Analysis of Design Options
Experimental Results and Analysis

The group considered two options to actuate the deformation of the airfoil skin. Design
options one and two utilized electric servos for this purpose. Servos are a very common actuator
for all applications, meaning they can be found in a variety of sizes, with a range of specs for
power, range of motion, and interface type. Due to the scale of our project, most hobby servos
will be in the correct range of specs for our need, but more powerful ones can be used for a full-
scale mechanism. Due to their rotary motion, servos also provide a lot of options for actuation

method (cam, linkage, cable, etc.).

16
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Conceptual Application of Servo

Design option three considered the use of pneumatic pistons for skin deformation
actuation. Pneumatics offer a lot of power at high speeds with two well defined positions. While
smaller pneumatics are more difficult to come by than servos, there are several options on the
market in the size and power range needed. Pneumatics, however, pose some challenges in
regard to mobility. With only two fixed positions, multiple cylinders would be needed for each
location to achieve three different airfoil shapes. They are also heavier than servos and only

come in standard stroke lengths.

17



Group 1 Final Report

Conceptual Application of Pneumatic Piston

To help make preliminary design options, the group needed to have a preliminary set of
dimensions. The driving factor in the size of the flap is its ability to fit inside the wind tunnel and
collect useful data. From research, the group found that the frontal cross section of the flap
needed to be at most 10% of the working cross section of the wind tunnel. The group took the
default NACA2412 airfoil and bent it at a 30-degree angle halfway along the test flap to
approximate the largest frontal area. Then, the flap was scaled up to meet the 10% requirement.
Through this preliminary analysis, the group now had geometry to determine the available space
inside the flap for actuators and other components. The maximum thickness of the flap would be

approximately 2.52” and the maximum length would be 21”.

18
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Preliminary Size Analysis Terms

Preliminary Frontal Dimensions

19
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Preliminary Side Dimensions

The next set of experiments were to determine the distribution and force requirements to
deform the default airfoil to the target airfoil. For this analysis, the group decided to use the
NACA2412 as the default airfoil, the APEX16 as the takeoff airfoil, and the AH81-K-144 W-F
KLAPPE (abbreviated to AH81 in this document) as the landing airfoil. The group chose an

initial skin thickness of 0.03” and an initial material of 3D printed ASA plastic.

The skin was segmented to have six discrete flat areas on which to apply forces
perpendicular to the skin’s contours. The process of guessing what forces to apply to the skin
commenced but was found to be very sensitive and mostly unreliable to get accurate
deformation. The ultimate solution that yielded the best results was the use of Solidworks
Simulation Suite’s “prescribed displacement” load. This tool was used to move the flat regions
of the skin the distance from the default airfoil to a perpendicular point on the desired airfoil. In
effect, this load acts similarly to a rotating cam if the skin is being pushed or a cable in tension if
the skin is being pulled.

20
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The NACA2412 skin showing the locations of the prescribed displacements and the

magnitudes of said displacements

The initial APEX16 simulation and it’s target airfoil

21
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The initial AH81 simulation and it’s target airfoil

It’s worth noting that the AH81 airfoil has a shorter overall length than the other two
airfoils to maintain the same perimeter, so a small relief joint had to be added to the rib section to

accommodate this difference.

This initial simulation gave the group two major takeaways: 1. The skin was smoother
when deformed if the skin was thicker but required more force to deform and 2. The fore-most
displacement was more useful to an even shape if it was moved back several inches because of

the skin-rib connection.

To test a final skin thickness, the group 3D printed three sets of ASA test circles. Each set
had a different wall thickness (0.03”, 0.06”, and 0.12”") and two different outer diameters (3” and
4”). From these prints, it was determined that an increase in diameter decreased overall stiffness
of the circles and increased wall thickness increased the overall stiffness amongst the same
diameter circles. It was also found that the 0.03” circle was 1 layer of plastic thick while the
0.06” sample was 3 layers thick. The group decided that based on these tests the best wall
thickness to use was at a two-layer thickness, or approximately 0.045”. In the simulation, this

new thickness smoothed out the deformed airfoil desirably.

22
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This initial simulation was only designed to check for deformation shape and could not
be used to accurately determine factors of safety or fatigue capabilities. Future simulations with a

complete 3D model will be used to determine these factors and finish verifying the design.

Assembly Tolerance and Part Dimensions

During design, specific part tolerance must be considered in order to design within spec.
The group considered the manufacturing tools and equipment available when deciding part
tolerance. Most parts, including the skin of the airfoil, will be 3D printed on the Fortus 450 at
Wentworth which can hold a tolerance of +/- 0.005. Individual dimension tolerance is outside of
our control with 3D printed parts, so all dimensions of 3D printed parts will be held to +/- 0.005.
Some parts will be machined on a standard 2 axis lathe. The only interface with each of these
parts will be a press or clearance fit inside of a 3D printed hole. As the printer holds a tolerance
of +/- 0.005, turned parts will be held to a tolerance of -0.005, +0.000 to ensure that they fit

inside the printed holes.

Manufacturing Routing

Additive Manufacturing

1. Design part in Solidworks.

2. Save as STL file.

3. Order part through WIT Additive Manufacturing Center.
4. Remove leftover support material.

5. Sanding and finishing as needed.

Test Stand Spine

1. Cutto 2.75” length.

23



Servo Shaft

1. Cut shaft to 2.15” length.

2. Turn 0.25” diameter circular feature to a depth of 0.125” on lathe.

3. Drill 0.1065” diameter hole using mill.

4. Tap hole using #6-32 UNC tap.

Cost of Parts

Budget
Per Iltem | Subtotal
Control System
Arduino N/A S30
Wiring N/A S5
Breadboard N/A S10
Actuators
Servos $15 $45
Power Supply N/A $20
M4 Bolts $0.16 $2.24
M4 Nuts $0.08 $S0.48
1/8" Paracord S4
Manufacturing
Airfoil $90 $270
Test Stand N/A S50
Test Stand Spine N/A S6
Fore-Servo Cam sS4 sS4
Mid-Servo Cam S4 S8
Aft-Servo Cam S2 S2
Servo Coupler S3 S9
Servo Shaft N/A S14
Total $480

Group 1 Final Report
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Assembly and Detailed Drawings
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ITEM NO. PART MURMBER DESCRIPTION rdaterial ary.
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Decision Matrices

Goals and Rating

A list of five design goals were created based on the group’s design specifications:

Rigidity — The ability of the design to be secure under all forms of testing and

displacements

e Compactness — The relative density of the designs components and ability to fit in small
spaces

e Scalability — The ability of the design to be blown up to a full scale design after being
fully developed

e Controllability — The easy with which the actuators and controllers can control the

movement of the flap’s skin.

These goals were then ranked against each other in a ranking matrix. The goals in the row
title were compared to the goals in each column title. A score of 0 means that the goal is less
important, a score of 0.5 means that the goal is equal in importance, and a score of 1 means the
goal is more important. The sum of these scores is the design goal’s final score and is used to

rank the goals in order of importance.

Goals Rigidity Compactness Scalability Controllability Score
Rigidity X 0.5 1 0.5 2
Compactness 1 X 0.5 1 2.5
Scalability 0 0 X 0.5 0.5
Controllability 0.5 0 0.5 X 1

Goal Rating Matrix

Goal Weighting

A weight was assigned to each goal to further differentiate their relative importance

27
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Goals

Compactness Rigidity Controllability Scalability

Weight

100% 90%

75% 50%

Design Option Assessment

Goal Weight Table

With relative weights assigned to the goals, the three design options could now be rated.

Each design option was scored from zero to ten on it’s ability to reach each design goal. The

rating was then multiplied by the corresponding goal’s weight in order to calculate a weighted

score of each design option.

Goals Compactness Rigidity Controllability Scalability Weighted Total
Option 1 10 8 4 5 22.7
Option 2 8 8 9 6 25.0
Option 3 4 10 5 7 20.3

Final Design Matrix

From this calculation, the group found that design option 2 was the best design option to

pursue for this project. It’s score of twenty-five points makes is a clear winner compared to the

other two scores.

Final Design Option

Part List

The project’s parts are numbered by the convention outlined below:

Manufactured Part
Purchased Part
Assembly

Technical Drawing
Manufacturing
Procedure

Top Level Assembly
Test Stand Assembly

OXXXX
S5XXXX
8XXXX
DXXXXX

PXXXXX
80OXXX
81XXX
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Fore-Servo Assembly 82XXX

Mid-Servo Assembly 83XXX

Aft-Servo Assembly 84XXX

Metal Part XX1XX

Plastic Part XX2XX

3D Printed Part XX3XX

Electronics X04XX

Fastener XO05XX

Other XX6XX

Bills of Materials
Part Name Material Description QrTy
Number
101 | Servo Shaft Aluminum modified 0.25” keystock 6
301 | Skin ASA 3D printed airfoil skin with internal rib 1
1101 | Test Stand Spine | Aluminum SRt::gf aluminum to stiffen the test 1
1301 | Test Stand ASA 3D Printed test stand structure 1
2301 | Fore-Servo Cam | ASA 3D Printed CAM for 82000 1
2302 | Servo Coupler ASA Servo to shaft coupler 1
2601 | Fore Servo Cord | Paracord 1/8” Paracord 1
3301 | Mid-Servo Cam | ASA 3D Printed CAM for 83000 1
3302 | Servo Coupler ASA Servo to shaft coupler 1
4301 | Aft-Servo Cam ASA 3D Printed CAM for 84000 1
4302 | Servo Coupler ASA Servo to shaft coupler 1
4601 | Aft Servo Cord 1 | Paracord 1/8” Paracord 1
4602 | Aft Servo Cord 2 | Paracord 1/8” Paracord 1
50401 | Servo N/A Adafruit 1450 Electric Servo 3
50501 | Servo Nut ?t:;lcmed M4 Nut 6
50502 | Servo Bolt Zinc Coated M4 bolt 12
Steel

51401 | Microcontroller | N/A Arduino Uno Rev 3 1
51502 | Test stand Bolt z't';‘;lcoated M4 Bolt 2
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Part
Number | Name Description Source
Adafruit 1450
50401 | Servo Electric Servo Adafruit
50501 | Servo Nut M4 Nut Bolt Depot
51401 | Microcontroller Arduino Uno Rev 3 | Arduino
51502 | Test stand Bolt M4 Bolt Bolt Depot
50502 | Servo Bolt M4 bolt Bolt Depot
Manufacturing Parts
Part
Number | Name Description

00101 | Servo Shaft modified 0.25” keystock

00301 | Skin 3D printed airfoil skin with internal rib

01101 | Test Stand Spine Rod of aluminum to stiffen the test stand

01301 | Test Stand 3D Printed test stand structure

02301 | Fore-Servo Cam 3D Printed CAM for 82000

02302 | Servo Coupler Servo to shaft coupler

02601 | Fore Servo Cord 1/8” Paracord

03301 | Mid-Servo Cam 3D Printed CAM for 83000

03302 | Servo Coupler Servo to shaft coupler

04301 | Aft-Servo Cam 3D Printed CAM for 84000

04302 | Servo Coupler Servo to shaft coupler

04601 | Aft Servo Cord 1 1/8” Paracord

04602 | Aft Servo Cord 2 1/8” Paracord
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MEMNO. | iniEe DESCRIPTION MATERIAL Qry.
1 00301 Skin ASA 1
2 02301 Fore-Serve Cam ASA 2
3 03301 Mid-Servo Cam ASA 2
4 04301 Aft-Servo Cam ASA 2
5 0X302 Servo Coupler ASA 3
6 50401 Servo Motor (Adafruit 1450) N/A 3
7 00101 Servo Shaft ALUMINUM 6
8 50502 Servo Bolt ZINC COATED STEEL 12
9 01301 Test Stand ASA 1
10 01101 Test Stand Spine, Rod ALUMINUM 1
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ITEM NO. PART NUMBER DESCRIPTION Material Qry.
1 01301 Test Stand ASA 1
2 01101 Test Stand Spine, Rod Al-6063-T5 1
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ITEM NO. PART NUMBER DESCRIPTION Material QTY.
1 50401 Servo Motor (Adafruit 1450) N/A 1
ASA
2 0X302 Servo Motor Coupler Plastic 1
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Part Drawings
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Final Design Plan

Purchasing Plan

All parts will be purchased with the aid of Herb Connors, the head of laboratories in the school
of engineering at Wentworth Institute of Technology. The bolts and nylon lock nuts will be
purchased from Bolt Depot. The Arduino will be purchased as part of a kit that includes all of the
necessary parts to set up basic Arduino systems. Only three servos are needed to successfully
complete the design, but a fourth servo will be purchased as back-up in the event one of the
servos breaks. The cord and aluminum stock will be purchased from McMasterCarr. Finally, 3D
printing orders for the Additive Manufacturing Center will be processed through Wentworth

Institute of Technology’s PaperCut printing service.

Manufacturing Plan

The majority of the manufacturing for this project is 3D printing. The machining required for the
test stand is minimal, not even requiring the lathe station or milling machine. There is no
challenging materials to machine as aluminum will be the primary material for parts not 3D
printed. The benefit to 3D printing a majority of the components is that it allows for rapid
changes to be made to the design when problems are encountered with less cost compared to

using other materials and manufacturing methods.

Experimentation Plan

Computational fluid dynamics simulations will be used to predict the turbulence created by the
test stand. The primary experimental test will be the wind tunnel. The Wentworth wind tunnel
has a maximum air speed of 60 miles per hour, and the wind tunnel at Baxter Academy in Maine

has a maximum air speed of approximately 200 miles per hour. The Wentworth wind tunnel uses
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smoke as the primary optical evaluation technique, while the Baxter Academy uses sublimating
carbon dioxide as the optical tracing technique. The Wentworth wind tunnel will be a good quick
iteration tool because of its proximity to the school’s 3D printing services, but the Baxter wind
tunnel will provide more realistic operating conditions for the airfoil since high wind speeds

approach the similarity solution’s required air speed.

Final Documentation Plan
The complete documentation package will contain the final report, the technical poster, all part
and assembly drawings, part and assembly manufacturing procedures, and the experimental test

plan.

Conclusions

The final design has been presented. The small and lightweight servos allow for the actuation
between simple airfoil geometries meeting the design specifications of a flap that is less dense
than the original and more aerodynamically efficient. Simulations will determine if the servos are
strong enough to withstand aerodynamic loads. The servos will be actuated by an electrically
contained system controlled by a simply programmed Arduino. Moving forward, a securing
mechanism for the cams will be developed, and fatigue simulations to determine the total

number of cycles for the lifetime of a compliant flap.
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Appendices

Appendix 1: Team Qualifications

Tito Bermudez

Tito has taken classes in the manufacturing minor at Wentworth and is more than
qualified to help with the fabrication of parts for this project. Additionally, Tito has experience
working with Wentworth facilities while on his first Co-Op experience so he will be able to help

the group interface with the school’s resources.

Nial Mclnally

Nial has had two Co-Ops in the manufacturing engineering field, taken Wentworth’s
manufacturing minor classes, and used Solidworks extensively. Along with Tito, Nial will be an
asset to the group’s manufacturing capabilities and will be a key part of the groups 3D modeling

and document control system management.

Andrew Lanzrath
Andrew is the group’s computational fluid dynamics and thermos-fluids expert. He has
worked on various CDF projects in his free time and in collaboration with Wentworth’s

professors. His code will be required to test the groups final products against wind tunnel data.

Jacob Willette

Jacob has manufacturing and design experience from his Co-Ops that will be
implemented in this project. He has over five years of experience in Solidworks in addition to a
Solidworks CSWP certification which will be valuable to the 3D modeling and mechanical

design aspects of this project.
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Appendix 2: Resumes of Team Members

Tito Bermudez

Misael Bermudez (Preferred name: Tito)
bermudezml@wit.edu | 617-676-8616 | Newton, MA

EDUCATION
Wentworth Institute of Technology | Boston, MA Expected December 2022
Bachelor of Science in Mechanical Engineering

University of Massachusetts, Boston | Boston, MA Jan 2018-Dec 2019
Physics Major

Related Courses: Engineering Thermodynamics, Mechanics of Materials, Additive Manufacturing,
Engineering Graphics, Fundamentals of CAD & CAM, Computer Science, Multivariable Calculus

SKILLS

Software: SolidWorks, AutoCAD, Java, MATLAB, Microsoft Office (Excel, PowerPoint, Word)
Engineering: Material Testing with Instron Equipment, Stress Analysis, Finite Element Analysis (FEA)
Certification: Stratasys Additive Manufacturing

LEADERSHIP EXPERIENCE
United States Marine Corps December 2013 — December 2017
Team Leader — Camp Pendleton, CA
e Led a demolitions team through training exercises in the successful employment of explosive
charges while always maintaining safety standards.
e Communicated with higher leadership on which obstacles to prioritize for successful
completion of the mission.
e Trained team members in the construction of demolition charges and the calculation of
standard safe distances in accordance with safety practices.
e Conducted quarterly performance reviews on team members.
e Delegated tasks to other team members when needed.

Additional Work Experience
Whole Foods May 2011 — December 2013

Prepared Foods Team Member — Newton, MA
e Weighed, priced, and packaged customer selections.
e Prepared sandwiches and other prepared foods behind the counter for customers, which
included slicing meats and cheeses.
e Ensured a fresh and appealing display by keeping cases and salad/ hot bars clean and well
stocked and properly rotated, while checking and ensuring freshness and quality of products.
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Nial Mclnally

Nlal MCInally Greater Boston Area

508 736-1777

Mechanical Engineering Student mcinallyn @wit.edu
EDUCATION

Wentworth Institute of Technology GPA: 3.66/4
B.S. in Mechanical Engineering, Minor in Manufacturing Junior | Expected Graduation: August 2022

Relevant Courses: Design of Machine Elements, Thermodynamics | & II, Heat Transfer, Fluid Mechanics, Dynamics

SKILLS & CERTIFICATIONS

Design: Certified SolidWorks Associate (CSWA), Autodesk Suite (Inventor/Fusion 360)
Manufacturing: CNC milling, lathe working, 3D printing, calipers/micrometers, basic GD&T, comfortable with power tools
Other: Microsoft Office (Excel, PowerPoint, Word), OSHA 10-Hour General Industry certified, Project Data Management (PDM)

WORK EXPERIENCE

Methods Machine Tools, Inc ¢ Used SolidWorks to design custom machine options for CNC equipment

Design Co-op * Designed automation cell layouts based on customer request

Sudbury, MA * Created SolidWorks drawings to supplement machine installation documentation
January — May 2021 * Communicated with vendors to request quotes for automation cell components
Vangy Tool Company, Inc * Read and executed operations from engineering drawings for custom parts
Entry Level Machinist * Created work-holding setups and CNC machine programs for mills/lathes
Worcester, MA * Performed tolerance checks for manufactured parts

May — August 2019 * Packed and verified orders before shipment

Shrewsbury Robotics * Taught middle school students mechanical design and coding using LEGO MINDSTORMS
Engineering Camp Counselor * Lead students through the engineering design process

Shrewsbury, MA * Collaborated with other counselors to organize each day’s activities

2014 - 2018 (Summers) » Used knowledge and experiences to make engineering fun

LEADERSHIP & ACTIVITIES

Wentworth Chapter of ASME  Collaborate with other members of the Executive Board to:

Co-President * Plan and run weekly meetings

September 2020 — Present * Organize demonstrations of campus technical resources
* Create budget and schedule for future projects

FIRST Robotics (FRC 467) Mentor | Fall 2018 — Present
Alumnus and Mentor * Guided students through the engineering design process
Fall 2013 — Present * Taught class on the basics of CAD using Autodesk Fusion 360

Student | Fall 2013 — Spring 2018
* Designed and manufactured parts for each year’s robot
* Analyzed game elements and implemented strategic design

* Ledthe team as Lead System’s Engineer to two championship events
HONORS & AWARDS

Wentworth Engineering Honors Society | Member
July 2020 - Present
* Accepted into a society for high achieving engineering students

FIRST Dean’s List Finalist
2017 Season
* Awarded to FIRST students for outstanding leadership and community service
* Received in recognition of hard work with FRC Team 467 and commitment to spreading STEM in Central
Massachusetts (one of six recipients in New England)
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Andrew Lanzrath

Andrew Thomas Lanzrath
lanzrath@mit.edu e (619) 495-8044 @ Boston, MA

Research Interests
HTS magnet technology, plasma fusion, nuclear materials science, particle accelerators,
computational fluid dynamics, thermal convection, numerical simulation of magnet quench events,
high energy density physics, nuclear material radiation, Van der Waals heterostructures, strongly
correlated electron transport solid state physics.

Education
MASSACHUESETTS INSTITUTE OF TECHNOLOGY Cambridge, MA
Master of Science, Nuclear Science and Engineering May 2024

Focus: In-situ analysis of nuclear irradiated high temperature superconducting magnet material
properties within a magnetic field under cryogenic conditions using fission reactor neutron and low
energy proton accelerator irradiation sources.

WENTWORTH INSTITUTE OF TECHNOLOGY Boston, MA
Bachelor of Science, Mechanical Engineering. GPA 4.0/4.0 August 2022
President’s List: 2019 — 2021. Tau Alpha Pi
Relevant Coursework: Heat Transfer, Dynamics, Mechanics of Materials, Materials Science, Circuit
Theory, Thermodynamics, Fluid Mechanics

GROSSMONT COLLEGE El Cajon, CA
Associate of Science, Physics. GPA 4.0/4.0 August 2019

Associate of Science, Mathematics. GPA 4.0/4.0
Dean’s List: 2017 — 2019. Phi Theta Kappa

ST. AUGUSTINE HIGH SCHOOL San Diego, CA
Principal’s List: 2013-2017. GPA 4.24/4.0 June 2017
National Honors Society: 2015 — 2017

California Scholastic Federation 2013 — 2017

Research Experience

MASSACHUSETTS INSTITUTE OF TECHNOLOGY: Cambridge, MA
FRANCIS BITTER MAGNET LABORATORY — PLASMA July 2021 — Present

SCIENCE AND FUSION CENTER

Undergraduate Research Intern

e Fabricated and tested REBCO lap joints and reinforced double pancake crossover sections of
various lengths using different fabrication processes for 1.3GHz NMR HTS insert.

® Designed an experiment to simulate conductor wire motion and resultant heating during
quenches of LTS magnets with a heater and applied mechanical forces to assess SN2
impregnation as a replacement for complex coil impregnation with epoxy or paraffin.

e Modeled quench events using simplified schemes for early-stage magnet design quench
protection requirements in MATLAB.

e Constructed and tested a single-pancake REBCO coll to determine turn-to-turn contact
resistance and over-current properties of no-insulation, metal-insulation, and indium shunted
HTS coils.

e Designed a test-fixture for testing a small BSCCO 2212 coil for critical current performance
below 63K including mount, shunt, and current leads for a conduction-cooled/SN2 system.
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Andrew Thomas Lanzrath
lanzrath(@mit.edu e (619) 495-8044 e Boston, MA

WENTWORTH INSTITUTE OF TECHNOLOGY Boston, MA
Undergraduate Research Intern January 2021 — Present

e Computational Fluid Dynamics

0 Tested the Solidworks embedded CFD solution to assess the validity of simulation results
compared to experimental data and analytical solutions of the Navier-Stokes equations.

o0 Developed a report on maximizing solution accuracy using the Solidworks Flow
Simulation for unsteady, incompressible, viscous flow over a circular cylinder at low
Reynolds numbers for use in the educational environment.

o Constructed an implicit finite difference algorithm to solve the two-dimensional,
compressible Navier-Stokes equations using Beam-Warming approximate factorization
and Steger-Warming flux vector splitting.

e Aerosol Transport and Deposition
o0 Designed a program to analyze photometric aerosol deposition data in MATLAB.
e Condensed Matter

o Developed alternative methods to electron beam lithography for electrically connecting to
graphene for four-probe measurements.

o0 Designed and constructed a dual-function machine for low-dimensional material micro-
soldering and stamp transfer stacking of Van der Waals heterostructures.

Work Experience
LAW OFFICE OF ERIC ALAN ISAACSON San Diego, CA
Legal Aid June 2020 — January 2021
® Researched relevant statutory and case law for complex, securities class action and constitutional
law cases.
e Edited legal fillings (memoranda of law, appellate briefs, etc.) for various state courts and the
Federal district and appellate courts.

DI DONATO ASSOCIATES San Diego, CA

Architectural Design Intern June 2017 — August 2019

e Assembled construction documents for commercial, residential, and telecom projects.

e Designed 3D models and renderings for residential, commercial, and mixed-use project
visualization.

e Performed field measures and construction administration site visits for residential, commercial,
mixed-use, telecom, and educational projects.

Technical Skills
Programming: MATLAB, C++, Modern Fortran, R
Software: Solidworks, LabView, Comsol, LaTeX, AutoCAD, Microsoft Office

Publications
CONFERENCE POSTERS
1. “Stability of Two Impregnated NbTi Coils Operated in the 4.2-6K Range, Paraffin v.
Solid Nitrogen,” W. Lee, A.T. Lanzrath, D. Park, J. Bascufian, Y. Iwasa, 27th
International Conference on Magnet Technology, Fukuoka, Japan, November 15-19,
2021.
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Jacob Willette

Jacob C. Willette

Maine/Boston/San Francisco Areas ¢ 207- 577-1845 « ME@)jcwillette.engineer « jewillette.engineer (website /portfolio)

Education
Wentworth Institute of Technology | Boston, MA Class of 2022
Bachelor of Science GPA: 3.81/4.00

Majoring in Mechanical Engineering

Dean’s list for all semesters

Classes: Design Process, Statics/Dynamics, Circuit Theory, Thermodynamics I-1I, Heat Transfer, Materials
Science, Graphics (Introductory GD&T), Mechanical Vibrations, Simulation Based Design

Skills

Software: SolidWorks, Creo ProE, Microsoft Office Suite, Trello, Various Project Management Tools
Manufacturing: Additive Manufacturing (FDM, SLA, Resin, etc.), CNC milling, G-Code, Lean Training,
Injection Molded Part Design

Experience
Mechanical Engineering Co-Op September 2021 — January 2022

Savant Systems Inc. | Hyannis, MA
Assisted mechanical engineers with product design initiatives with the use of 3D modeling. Researched and

assisted in the development of new and innovative ideas, material selections and processes through prototyping
and analysis. Made engineering change orders and documented mechanical BOMs. Interfaced with contractors
and design consultants outside of the company.

Quality & Continuous Improvement Co-Op January 2021 - May 2021
ABB Inc. | Auburn, ME

The purpose of this role is to expand the Co-op’s knowledge on how to implement lean manufacturing and
deliver strong projects for the plant with results that will help improve safety, quality, and productivity for the
department. Made spreadsheets to collect data for the quality department and helped improve quality practices.

Manufacturing Work Study | Boston, MA Spring 2019 — Spring 2020
Assisted professors in Wentworth’s Manufacturing center teaching the intro CAM class.

Leadership / Activities

Co-President of ASME | Boston, MA Fall 2018 — Present
President and member of Wentworth’s chapter of the American Society of Mechanical Engineers. In charge of
directing the group’s vision and managing the club in general.

Academic Affairs Officer, Wentworth Student Government | Boston, MA Fall 2020 — Summer 2021
The interface between faculty and students at Wentworth, responsible for addressing student needs and views at
monthly Faculty Senate meetings and helping students interface with the school in general.

Calculus I Teacher’s Assistant (Supplemental Instructor) | Boston, MA Fall 2019 - Spring 2021
Assisted the professor in teaching calculus I for three classes a week and tutored students during evening drop-
In sessions

Interests
Short Literature, Rock Climbing, National Geographic, 60’s Music (Grateful Dead, Dylan, Hendrix, etc.),
Archaic technologies: typewriters, turntables, floppy disks
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Jacob C. Willette

Maine/Boston/San Francisco Areas ¢ 207- 577-1845 « ME@jcwillette.engineer * jewillette.engineer (website /portfolio)

References

Jonathan Amory, Former Boston Dynamics Engineer, Engineering Teacher/Mentor
Baxter Academy for Technology and Science

207-838-1614

jon.amory@baxter-academy.org

Peter Corsini, Dir. Mechanical Engineering, Former Manager
Savant Systems Inc.

508-683-2518

peter.corsini(@savant.com

Jeramy Lord, Quality Technician, Former Direct Supervisor
ABB Inc.

207-786-5117

jeramy.lord(@us.abb.com

Richard Bourgeois, Quality Manager, Former Manager
ABB Inc.

207-786-5168

richard.bourgeois@us.abb.com

CSwp
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Appendix 3: Weekly Working Notes

MECHS5000 MECHANICAL CAPSTONE PROJECT, SPRING 2022

‘Weekly report

PROJECT TITLE

Group number #: 1

PROJECT MANAGER: Jacob Willette

Week number #: 3

Willetz:

SIGNATURE: DATE:2/1/22
TEAM MEMBER: Tito Bermudez
Musael8

SIGNATURE: - DATE:2/1/22]
TEAM MEMBER: Mclnally Nial

SIGNATURE: DATE:2/1/22
TEAM MEMBER: Andrew Lanzrath

SIGNATURE: DATE:2/1/22

Mechanical Engineering Program
School of Engineering
Wentworth Institute of Technology
550 Huntington Ave, Boston, MA 02115

Spring 2022

1

Group 1 Final Report

‘Weekly report for MECHS5000-Mechanical Capstone Project, Spring 2022

‘Week No: 3
e Meeting minut
Meeting time: 1/27/22 Location:
3pm-5pm KNGMN202

Attendance: All Present

Activities:

Discussed 4 design project options for Assignment 2. Narrowed 4 options down to our top 2:
Compliant airfoil and A UV Cleaner module for waterbottles.

It was later found that the UV Cleaner would not be fiesable for our capstone project as it was
too electrically focused.

The next day we determined that our new backup project would be a Compliant Vise
mechanism to hold strangly shaped one-off parts where creating a jig is too expensive.

Tasks for Next Week:

We need to flesh out our top two ideas for assignment 3 and adapt one of those ideas to a pre-
proposal presentation.

After the presentation we should have a good idea of how we want to procede with Assignment
4 and can hopefuly start that on 1/3/22

[§)
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MECHSOOO MECHANICAL CAPSTONE PROJECT, SPRING 2022 ‘WeeKly report for MECHS000-Mechanical Capstone Project, Spring 2022
Weekly report ‘Week No: 4
e Meeting
Meeting time: 1/31/22 Location: Library
PROJECT TITLE 3pm-5pm
Attendance: All Present
Group number #: 1 Week number #: 4 Activities:
Created an outline for Assignment 3/Pre-proposal Presentation and identified additional
PROJECT MANAGER: Jacob Willette research needs.
Z[/ Tasks for this week:
1. Major Tasks
SIGNATURE: DATE:2/7/22 a. Create, Practice, and deliver Preproposal Presentation
b. Create and Submit preproposal
TEAM MEMBER: Tito Bermudez 2. Individual Tasks
a. Tito
i. Validate need (bullet 1 on A3) for Airfoil
A b. Nial
SIGNATURE: DATE:2/7/22 i. Validate/Expand on Costs
ii. Create Presentation Slides and Format
TEAM MEMBER: Mclnally Nial c. Andrew
i. Select a spesific plane to model our airfoil after
. d. Jacob
M W i. Research existing compliant wing designs and assess their pros and cons
ii. Create Gantt Chart
SIGNATURE: DATE:2/7/22 iii. Fill out reports 3 and 4
TEAM MEMBER: Andrew Lanzrath Tasks for Next Week:
v - % 1. Major tasks
£ " L A . Assi t 4 (Design Spesifications)
| ol a ssignment an Sp:
,/4 'i'/‘/"’ g ﬂ? b. Conceptual Design and design options
SIGNATURE: DATE:2/7/22
Mechanical Engineering Program
School of Engineering
Wentworth Institute of Technology
550 Huntington Ave, Boston, MA 02115
Spring 2022
1 2
bIF.(“]ISDW MECHANICAL CAPSTONE PROJECT, SPRING 2022 Weekly report for MECH5000-Mechanical Capstone Project, Spring 2022 Tasks for Next Week

Weekly report Week No: §

Group number #: |

« Finish and submil assigamment 4
art invesligaling design oplions
« Start Writing Formal Preproposal

+ Mecting minutes
Mesting time: 2/7/22

Location: Library

PROJECT TITLE 3pm-Spm
Attendance: All Present
Weel number #: 5 Mecting Nores:
+ Started to fill out the first part of assignment 4
+ Gotas far as we could before breaking off to do individual work

PROJECT MANAGER: Jacob Willetie

SIGNATURE:

TEAM MEMBER: Tito Bermudez

Musact.

SIGNATURE:
TEAM MEMBER: MelInally Nial

ﬂwzwz@&za

Meeting again Wednesday to finish assignment and develop design options

Determine rough Airfuil Shapes for TakeofT and Landing (we don't have (o do (his yel
this s part of the design aption investigarion phase)
Approximate dimensions of the final airfoil (Andy. Willette 2/9/22)
Tnvestigate WIT wind tunnel specs (Tito 2/9:22)
= Find as much info as you can (iry and source a manual?) from Herb Conners,
connersh@wit.cdu
= Tfyou can get more info that is preferred but at least answer the following
questions:
= Whal is the working volume?
Wil is the max speed?
Daogs it have smoke line capabilities?
How does it hold test samples?
Iow do we get permission to use it ?
Find relevant Cessna 172 stats (Nial, 2/9/22)

DATE:2/14/22

M W > The first citation in works cited is a good starting place

SIGNATURE:

TEAM MEMBER: Andrew Langrath

SIGNATLL

= Tfyou can get more info that is preferred but at least find the following
information:
+ Speeds al different times (cruising, landing, takeof)
= The angle ol avlack range (max decent angle Lo max ascent angle)
= Fatigue Info
A +the life span of plane
+ The expected number of cycles on a flap (they da preflight and
‘postilight checks so it may be different from just the number of
take-offs and landings)
+ How do the plane's current flaps actuate? (mere defails the better here)
« Design Options (everyone, 2/14/22)
We need a few options on how to design the following:

DATE:2/

= Actualors
Mechanical Engineering Program - Airfoils
School of Engineering « Test Stand
Wentworth Tnstinrte of Technalogy + Controls System (may be hand in hand with test stand)
550 Huntinglon Ave, Boslon, MA 02115 o We'll talk more about this Wednesday but it's good to think about while we're
022
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MECHS000 MECHANICAL CAPSTONE PROJECT, SPRING 2022

Weekly report
PROJECT TITLE
Group number i: | Week number fi: 6

PROJECT MANAGER: Jacob Willste

J Jilldte:
SIGNATURE: W DATE

TEAM MEMBER: Tito Bermudez
Muall
TEAMMEMBER:  McInally Nial

7uia] Pickalty-

i3
I

SIGNATURE:

SIGNATURE: 2
TEAM MEMBER: Andrew Lanzrath

}-gfﬂ"“
SIGNATURE: DATER22122

Mechanical Engineering Program
School of Engineering
Wentworth Instinte of Technology
550 Huntington Ave, Boston, MA 02115
Spring 2022

MECHS000 MECHANICAL CAPSTONE PROJECT, SPRING 2022

Weekly report

Compliant Flap

Group number # 1 Week number #: 7
PROJECT MANAGER: Jacob Willetre

SIGNATURE: DATE:2/28722
TEAM MEMBER: Tiw Bermudez

Mparll
SIGNATURE: DATE:2/28/22

TEAM MEMBER: Melnally Nial

] Pickally-

SIGNATURE:
TEAM MEMBER: drew Lanzrath
" ~7 L sy
/_ Jy fornai. ",Ll’o"?m
SIGNATURE: DATE:2128:22

Mechanical Engineering Program
School of Enginecring
Wentworth Instimte of Technology
550 Huntington Ave, Boston, MA 02115
Spring 2022

Weckly report for MECHS000 Mechanical Capstone Project, Spring 2022

Week No: 6
+_Meeting minutes

‘Meeting time: 2714722 Tocation: Library
3pm-Spm

Atiendance: All Present

Mesting Notes:

Finished assignment 4
Broke out research tasks for design options

Tasks:

Next Manday we want ta make an informed final design chaice with a design matrix.
Below is the research that each of us needs ta do in order to came to a conelusion.
Design matrices are based on relative metrics and gut instincts o in many cases the
questians we need to answer don't require exact numbers. If we don't all cantribute to
this wa will have 3 very bad time next week, so please come o the meeting next
Menday with information and answers from your research,
= Research aptions for airfoil target shapes (Andy, 2/21/2022)
+ Gat twa airfoils for take-off and landing canfigurations (4 total sirfoils}
= Research Actuation Method (Nial, 2/21/2022)
+ Lookinto the following
« Electric Servos
+ Pneumatics
+ OTHER, Undetermined
- Find the following:
« Aprox. weight
« Power requirements
+ Space in wing
+ Actuation strength
= Research Control System (Tito,
« Controller (Tito)

llette, 2/21/2022)

+ Options
- Arduino
+ Raspberry Pi
- Other?

+ Find out the following

= Relative complexity (relating to software and electranics)
ability to contrel the actuators above
ability to use sensors

price

Group 1 Final Report

+ Stand (Willette]

* Options
+ single Pylon
- Hinged
= Unhinged
- Double Pylan
+ Hinged
+ Unhinged

= Find out the following:
+ Feasibility in the wind tunnels
+ Prosand Cans
Start Formal Proposal (Everyone, 2/25/2022)
2 Dawhat you can to start but some of these may require a final design option
o Work bresk out
Abstract {Andy)
Intro {Andy)
Meed (Nial)
Objective (Nial)
Product Specs (Andy)
Design Cptions (Willette)
Work Plan (Willette)
Member Qualifications (Willette)
Budget (Tito)
Project's Future (Tito]

Tasks for next week:

« Finish Formal Propasal
+ Begin Midterm Report
« Fill out Design Matrix

Weekly report for MECHS000 Mechanical Capstone Project, Spring 2022

Week No: 7
+  Meeiing minutes

Meeting time: 2:21/22 Location: Libeary
3pm-Spm

Attendance: All Present
Meeting Notes:

+ Filled out design matrix and determined best design option
Distributed work for the preproposal assignments

Tasks:

= Finish Formal Proposal (Everyene, 2/25/2022)
& Detalls for exactly what he wants are in lecture 6. Some stuff we can copy from
our preproposal and others we can't
= Section break out
Abstract (Andy)
Intro {Andy)
Need (Nial)
= this may be exactly the same but double-check
Objective (Nial)
Product Specs (Andy)
= this will likely be the same but you need to mention all the
design specs from assignment 4... maybe de a bulleted list but
it's up te you
Design Options (Willetta)
Wark Plan (Willette)
Member Qualifications (Willette)
Budget (Tito)
= we should have a good idea of what we're buying once we do
the design matrix. You should be able to get a more fleshed-out
budget than last time.
« Project's Future (Tito)
- Finish Formal Proposal Presentation
o Slide break out
+ Outline [Willette)
* Intra {Nial)
* summary of our project
* Need Assessment (NI
= summary of need. | copled your notes and pictures from last
time on one slide

Specifications (Andy)
= briefly go over our design specs from assignment 4
Existing Products (Willette)
- mention trends in existing products and how ours is different
Skills and Analysis (Tito)
* Mention each of the types of analysis we have to do and what
technical skills are required to do them
Subsystem 1 (Andy)
Show each airfoil. Mention what we were looking for when we
picked them out
Subsystem 2 (Nial)
You can use sketches from assignment 4. Explain each actuator
and how it would interact with the flap. One major pro and can
for each
Subsystem 3A (Tito)
* Shouw the two controllers. Mention their differences and try ta
say at least ane major pro and con for each,
Subsystem 38 (Willatte)
+ Use sketches from assignment 4. Explain the difference and
major pros and cans.
Design Matrix Willette)
= Explain the top three design choices and what we are gaing with

Tasks for Next week:

+ Complete midterm report
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MECHS000 MECHANICAL CAPSTONE PROJECT, SPRING 2022

Weekly report

Compliant Flap

Group number # | ‘Week number #: 10

PROJECT MANAGER: Jacob Willette

Willete

TEAM MEMBER: Tito Bermudez

Mosaelh

SIGNATURE: DATE:3/21/22

SIGNATURE: DATE:3/21/22
TEAM MEMBER: Mclnally Nial

SIGNATURE: DATE:3/21/22
TEAM MEMBER: Andrew Lanzrath
SIGNATURE:

DATE:3/21/22

Mechanical Engineering Program
School of Engineering
Wentworth Institute of Technology
550 Huntington Ave, Boston, MA 02115

Group 1 Final Report

Spring 2022
‘Weekly report for MECHS000-Mechanical Capstone Project, Spring 2022

‘Week No: 10
* Meeting minutes

Meeting time: 3/14/22

Location: CEIS
[ 3pm-5pm

Atrtendance: All Present

Meeting Notes:

«  Broke out Design Work
Tasks:

s Tito
o Design Test Stand
« Nial

o Design servo-skin interface mechanism

o Andy

 Study Wentworth’s wind tunnel and give feedback to Tito
+ Willette

o Run FEA sims to determine desired force vectors on skin

Next Week's Tasks:

+ Continue above tasks
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MECH5000 MECHANICAL CAPSTONE PROJECT, SPRING 2022

Weekly report
Compliant Flap

Group number #: 1 ‘Week number #: 8
PROJECT MANAGER: Jacob Willette
SIGNATURE: DATE:2/28/22
TEAM MEMBER: Tito Bermudez
SIGNATURE: DATE:2/28/22
TEAM MEMBER: MeInally Nial
SIGNATURE: DATE:2/2822

TEAM MEMBER: Andrew Lanzrath

ﬁiﬁﬂw :

SIGNATURE: DATE:2/2822

Mechanical Engineering Program
School of Engineering
Wentworth Institute of Technology
550 Huntington Ave, Boston, MA 02115
Spring 2022

1

Group 1 Final Report

Weekly report for MECHS5000-Mechanical Capstone Project, Spring 2022

Week No: 8
+  Meeling minutes

Meeting time: 2/28/22 Location: Library
3pm-3pm

Attendance: All Present

Meeting Notes:

«  Broke out work for Midterm Report

Tasks:
+  Tito
o Cost of parts (under "analysis of design options")
= Tryto go as detailed as you can
»  Nial
= Copy over from Formal Proposal:
= Abstract into Summary of Project
= Introduction
= Needs Assessment
Specifications
= Design options, underneath conceptual design (Wait until | verify | did
that right)
Schedule into Appendix 6
= Andy
o Editor-in-chief
s+ Willette
o Analysis of design options
add stuff for geometry cales in Solidworks
o Decision Matrices
= Any other section that has to do with concept design and schedule
o
Next Week's Tasks:

= NOMEETING, SPRING BREAK
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I\IECHSIIM MECHANICAL CAPSTONE PROJECT, SPRING 2022

‘Weekly report
Compliant Flap
Group number #: 1 ‘Week number #: 12

PROJECT MANAGER: Jacob Willetie

et

SIGNATURE: DATE:4'4/22
TEAM MEMBER: Tito Bermudez
SIGNATURE: DATE: 4/4/22

TEAM MEMBER: Melnally Nial

Tia] Piclmill

SIGNATURE: DATE: 4/4/22
TEAM MEMBER: Andrew Lanzrath
L 7 L
e o~ > e
lhnas L any L
SIGNATURE: = DATE: 4/422

Mechanical Engineering Program
School of Engineering
‘Wentworth Instimite of Technology
550 Huntington Ave, Boston, MA 02115
Spring 2022

1

MECHS(]I)D MECHANICAL CAPSTONE PROJECT, SPRING 2022

Weekly report
Compliant Flap
Group number #i: | Week number #: 13

PROJECT MANAGER: Jacob Willette

il

SIGNATURE:
TEAM MEMBER: Tito Bermudez
SIGNATURE: DATE: 4/9/22

TEAM MEMBER: MelInally Nial

TEAM MEMBER: Andrew Lanzrath

SIGNATURE:

< e
J,' fornad

SIGNATURE: DATE: 4/9/22

Mechanical Engineering Program
School of Engineering
‘Wentworth Institute of Technology
550 Huntington Ave, Boston, MA 02115
Spring 2022

Group 1 Final Report

‘Weekly report for MECHS5000-Mechanical Capstone Project, Spring 2022

Week No: 12
s Meeling minutes
Meeting time: 3/28/22 Location: CEIS
3pm-5pm
Autendance: All Present

Meeting Notes:

+  Continued design work
Tasks:

. Tito

o Finish test stand CAD
+« N

o Finish designing servo-skin interface mechanism

s Andy
o Work on application for money from Wentworth
Willette

o Continue to optimize skin
o CADfinalinterfaces

Next Week's Tasks:

« Finish 2D Drawings
«  Submit Budget request
«  Finish Final Presentation

Weekly report for MECH5000-Mechanical Capstone Project, Spring 2022

Week No: 13
Meefing minutes
Meeting time: 4/4/22 Location: CEIS

3pm-Spm
Attendance; All Present

Meeting Notes:

* Finished CAD
« Moved on to creating technical drawings
« Began writing budget request

Tasks:

« Tito
o Finish test stand Drawings
+ Nial
o Finish designing servo-skin cam drawings

« Andy

o Finish application for money from Wentworth
+  Willette

o Skin and servo coupler drawings

o Set up final submission folder

Next Week's Tasks:
« Finish and practice final presentation

« Finish Technical Poster
+ Finish Final Report and other submissions
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MECHS000 MECHANICAL CAPSTONE PROJECT, SPRING 2022

MECHSDUU MECHANICAL CAPSTONE PROJECT, SPRING 2022
Weekly report
Compliant Flap

‘Week number #: 11

‘Group number #: 1

PROJECT MANAGER: Jacob Willeiie

SIGNATURE: DATE:3/28/22

TEAM MEMBER: Tito Bermudez

SIGNATURE: DATE:3/28/22
TEAM MEMBER: MeclInally Nial

SIGNATURE: DATE:3/28/22
TEAM MEMBER: Andrew Lanzraih

SIGNATURE: DATE:3/28/22

Mechanical Engineering Program
School of Engineering
Wentworth Institute of Technology
550 Huntington Ave, Boston, MA 02115
Spring 2022

Weckly report

Compliant Flap

Group number #: |

PROJECT MANAGER: Jacob Willette

Group 1 Final Report

Weekly report for MECHS000-Mechanical Capstone Project, Spring 2022

o Meeting minutes
Meeting time: 3/21/22
3pm-Spm

Location: CEIS

‘Week No: 11

Meeting Notes:

Tasks:
« Tito
«  Nial
« Andy
+ Willette

Next Week's Tasks:

Attendance: All Present ‘

+  Continued design work

o Finish test stand CAD

o Finish designing servo-ski

o Continue to optimize ski
o CAD final interfaces

«  Finish Final 3D and 2D work

terface mechanism

o Work on application for money from Wentworth

Weelly report for MECTS000-Mechanical Capstone Project, Spring 2022

‘Week No: 14

*  Meeting minutes

Mecting tim

a2 Location: CETS

3pm-Spm
Amendance: All Present

Week number #: 14

Meeting Notes:

+  Broke out Final Report and Final Presentation Assignments

» Tito
SIGNATURE: DATE:4/18/22 o
TEAM MEMBER: Tito Bermudez
SIGNATURE: DATE: 4/1822
o
LTEAM MEMBER: Melnally Nial
; *  Nial
SIGNATURE: DATE: 41822 o
TEAM MEMRBER: Andrew Lanzrath
’ <7 —
o - =
YU e
z o
SIGNATURL: DATL: 4/18/22
Mestanical Engineering Program v Andy
Schiool of Engineering °

Wentworth Tnstitute of Technology
550 Huntington Ave, Boston, MA 02115

Spring 2022

Report:
= Update budget (should be able to estimate costs pretty accurately now

since we know exact parts and 3D print volumes)

Use procedures in grabcad to write “Analysis of Design Optians >

Manufacturing Routing” (you don't need to write abaut every individusl

part, | would make  section that describes the process for every 3D

printed part for example, See how condensed you can make it}

Presentation:

Final Design — Electrical (hit the spees “Electrieally self-contained and

“Test stand interfaces with wind tunnel

Conclusion {Wrap up by briefly covering why the final design fits all our

design spees)

Report:

Asdd sketches and averview of other actuator options ta “Analysis of
Design Options » Experimental Results and Analysis

Import Drawings to “Final Design Option > Drawings”

Write section “Analysis of Design Options > Assembly Tolerance and
Part Dimensions”

Presentation:

Compliant Flap {literally the same summary as befare)

Needs Assessment (Also the same as before]

Final Design-Mechanics | hit the specs “wing density” “wind tunnel
volume” and "actuator strang enaugh to resist aeradynamic loads”)

Report:
= Update Summary of Project as neaded
= Write paragraphs in "Final design plan”, Final Documentation plan, and

o Presentation

* Design Spesifications (same as last time)

= Final Design - Flow Simulatians {hit the specs “Na Flow Separation”)

Willetre
& Report:

* Add Initial Flexing Sim results to “Analysis of Design Options >

Experimental Results and Analysis”
« Add last weekly reports
*  Update Design Matrices
Wit Appendix 5
= Add Part List

o Presentation:
= Intro
- Outline

+  Final Design - actuation simulations (Skin/rib has acceptable lifespan)

Next Week's Tasks:

SEMESTER OVER
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Appendix 4: Samples of Group’s Engineering Notebooks

Tito Bermudez
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Appendix 5: Breakdown of Tasks

e Tito Bermudez
o Primary Duties
= Design Test Stand and relevant interfaces
= Provide Drawings and 3D models for Test Stand
= Chief Manufacturing Engineer
e Provide manufacturing insight for whole project
e Nial Mclnally
o Primary Duties
= Design Servo Cam mechanisms and relevant interfaces
= Chief Technical Drafter
e Provide Drawings and 3D models for Servo Cam mechanisms
e Provided Assembly Drawings for all assemblies
e Andrew Lanzrath
o Primary Duties
= Chief Aerodynamicist and Computational Fluid Dynamics Expert
e Assessed CFD codes and developed accurate testing models
= Editor-in-chief of all major reports and presentations
e Jacob Willette
o Primary Duties
= Design flap’s skin and relevant interfaces

= Chief Finite Element Analyst
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e Ran all solidworks simulations that were out of the purview of
aerodynamics
= Project Manager
e Organized all tasks
e Organized the submission of assignments and work distribution

e Created Gantt charts and organized team vision
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Appendix 6: Schedule and Progress

Sprint 2 (3/14-4/20)

Sprint 2 picks up after spring break and lasts until the end of the spring semester. The
primary goal of this sprint is to finish the initial design of the flap to a point where it is ready to
be constructed when the summer semester begins. Along side this, the group will be completing

the formal report and other end of semester assignments.

Mar 6 Mar 1JRESE 15 16 17 18 19 20 2 22 23 24 25 26 27 28 29 30 3 1 2 3 4 5 n
19 r:. v Compliant Rib Design
0 O Rib Hand Calculations ]
a1 QO Rib 3D and Sims [
2 (O Rb2 e
23 (O wvCompliant Skin Design
24 (@] Skin Hand Calculations \:I
5 C Skin 3D and Sims [
% () Skn2D e —

27 ( :. ~ Test Stand and Electron...

2 O Stand 3D J— 16

1 O Stand Software [

Sprint 2 Gantt Chart

Sprint 3 (5/11-7/1)
Sprint 3 occurs from the beginning of the summer semester and lasts until 4" of July
break. During this period the group will create two working prototypes of their design to evaluate

and iterate upon. This will be the main period for wind tunnel tests.
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Apr 1T May 1 May 15 May 29 Jun 12 Jun 26
0 () vPrototype 1

10 Order Parts for Prototype 1 16 W

2 QO Assemble Prototype 1 ( ’I: )

3 0O Evaluate Prototype 1 : 'E )

2 O Prototype 1 Redesign Phase h ': )

3 _) v Prototype 2

3 () OrderParts for Prototype 2 -

3 g Assemble Prototype 2 ( N

B O Evaluate Prototype 2 : Th

ELING) Prototype 2 Redesign Phase e e

Sprint 3 Gantt Chart

Sprint 4 (7/11-8/10)
In the period after 4™ of July break to the end of the summer semester, the group will
assemble their final product, employ any last-minute changes, and do any end-of-semester work.

Windtunnel tests will be done on the final product to ensure it’s efficacy.

Jul 20d Aug
Jun 12 Jun 26 iz 4 18 18 20 2 4 s 2 3 1 : B
( :_.l v Prototype Final Product ]

Order Parts for Final Product 39 D: \

Assemble Final Product b|:| \

Evaluate Final Product bl:l \

Final Product Perfection Ph... - >:

Sprint 4 Gantt Chart
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