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Statement of Purpose

The purpose of the project is to design and modify a trailer to be pulled by a motorcycle that will
allow the user to bring up to two dogs with them. The trailer will also be able to be used as a dry
storage space for their motorcycle gear or a short camping trip. The trailer can also be converted
back to a flatbed trailer that can be pulled with a truck or an SUV for various purposes. A strong
aerodynamic design is the intent to keep the trailer stable from the wind, so riders and pets will

have a safe ride.

The market for motorcycle trailers is a small market. However, for the true enthusiast or long-
distance tourer, they really enjoy the idea of having a trailer that they can take with them to hold
all of their luggage and gear. There are certain motorcycle specific trailers that are available for
purchase, but they tend to be fairly expensive. Also, a new common trend is that people are now
taking their pets along with them when they ride their motorcycles. Most of the time they do this
by having their animals ride in a backpack or in a sidecar if their motorcycle is able to have one.
However, those animals have to be smaller to fit in a backpack or in a sidecar. Therefore, we
want to design a multi-purpose trailer that can carry animals and also be converted back to being

a simple flatbed trailer for multiple other uses.

Since one of our group members has a need for this kind of trailer for his motorcycle. We want
to treat this project as a real-life experience. We are looking at this as though a customer has
reached out to us to customize their needs for this product. Therefore, the problem is: “He has 2
dogs (one weighs about 18 Ibs. and the other weighs about 50 Ib.). He and his wife enjoy riding
motorcycles with their dogs. However, they can only take the smaller dog with them. This trailer
will make it possible for them to take both dogs along with their motorcycle rides.” We came up
with the idea of having a trailer that could fit two dogs for the motorcycle and can also be used
for other applications.
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Scope and Methodology

The scope of this project is for us to develop a trailer that can be safely pulled behind a
motorcycle and that will have the ability to safely transport two dogs, cargo, or be able to be
converted back into a flat-bed configuration for multiple uses. In order to achieve this, we:
conducted extensive research in regard to laws and regulations for the State of Ohio, developed a
step-by-step plan for the project as well as a Gantt Chart for the project's timeline, designed the
pet enclosure, performed a finite element analysis (FEA), performed a computational fluid
dynamics (CFD) analysis, conducted wind tunnel testing of a 3D printed model, and assembled
the trailer and pet enclosure. The duration of the project is from 8/17/2020 to 4/23/2021. Below
is our step-by-step plan for the project and within the appendices our project Gantt Chart can be

found.

Project Step-By-Step Plan:

1. Gather group members and discuss various project ideas.

2. Decide on a project and also develop a name for the project.

3. Refine the scope for the project and begin performing research on standards, availability
of parts/materials, premade items that can be purchased, current market, etc.

4. Create a document for recording the various costs of the materials and items that will
need to be purchased for the project in order to develop the required budget.

5. Select a base trailer that can be used for the project and begin drafting rough 3D models
that can be used for development of the design.

6. Finish initial research and begin drafting the project proposal for the project. This
includes this step-by-step plan, development of a Gantt chart/project timeline, etc.

7. Continue design/research for the project and start developing various 3D models, plans
for manufacturing, tools and resources needed, etc.

8. Decide/source a motorcycle hitch that is compatible for the motorcycle that will be used
for the project. Also, find a wiring harness that can be used to add a trailer plug in to the
motorcycle so that it can work with the trailer.

9. Perform a finite element analysis of the cage design (FEA) that is planned to be created

and also compare some material options for the design.



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Determine where will assemble the design as well as where we can outsource the
necessary welding of the cage design. Outsourcing the welding is crucial that way it is
done professionally and by a certified welder.

Begin collecting various quotes for the cost of having the cage fabricated and decide on a
shop that will be able to do the work required effectively/timely.

Develop a document for requesting funding for the project based upon the estimated
budget. This document will need to be revised and reviewed to ensure it is accurate for
the project. Once revision is completed, submit the request for funding.

Continue testing the design and begin looking into options for a drag study of the trailer
model. Also, make changes if needed based upon results from the FEA.

Begin drafting the final report and PowerPoint that must be created for the first duration
of the project. Both the final report and PowerPoint will be reviewed, revised, and edited
to ensure it accurately portrays the work we have done.

Order the necessary components for the project and have the welder begin fabricating the
cage design once funding is approved.

Once the base trailer is obtained, assemble the trailer, and complete the necessary
setup/wiring so that the licensing can be completed so that the trailer is legal and able to
be transported on roadways. This includes installing decking onto the trailer.

Begin working on a computational fluid dynamics (CFD) analysis for the trailer model
with the cage design within Ansys Fluent. A simplified trailer model will be used for this
analysis. Later on, a wind tunnel analysis will also be conducted to compare the CFD
results.

Once the motorcycle hitch and wiring harness is obtained install them on the motorcycle
so that it is ready for testing.

When the welder finishes the fabrication of the cage design, begin developing a plan for
the paneling process. This will be conducted within the Miami University Middletown’s
engineering lab by project team members.

Once the trailer and the completed cage design is at Miami University Middletown as
well as the aluminum sheet metal that is going to be used for the paneling begin
developing templates out of poster boards that way we can shape and model the panels in

an efficient and effective manner.



21.

22.

23.

24,

25.

26.

27.

28.
29.

During the assembly process for the paneling a 3D model will be printed and the plan for
the wind tunnel analysis will be developed. Certain materials resources will need to be
acquired as the wind tunnel is not currently functioning. This analysis process will be
ongoing with the assembly process and its goal is to gain an insight into the air flow path
lines of our design. These resources will be obtained by the engineering department at
Miami University.

Once the templates are completed, they will then be traced onto the aluminum sheet
metal which will then be cutout using metal shears. The panels will then be formed by
using a metal brake, shaping hammers, and dead blow hammers. The edges for the panels
will also be filed down and proper safety equipment will be used throughout this process.
Once all of the panels are completed, they will then be attached by sheet metal screws so
that they can be removed if they ever need to be replaced. The door on the back of the
trailer will be attached by a piano hinge and also be supported by metal cables.

Once the panels and the door are installed rivnut inserts will be installed so that a lid can
be created for the top section. The lid will be made from excess materials that are
available for use within the engineering lab.

Once the lid is installed and can be removed the inside of the trailer will be sealed with
caulking to prevent water from being able to get inside. Once this is cured the finished
design will then be bolted down onto the trailer to ensure that it is secure and stable.
Once the design construction is completed the trailer will be transported to Miami
University Hamilton as testing with the motorcycle will be conducted in the large parking
lots on campus property. This process will be documented by video recordings.

After testing is completed, the design will then be sent out for bodywork/painting as the
bare aluminum is very reflective which is problematic for road use.

Future testing will be conducted once the paint work is completed.

The final poster, presentation, and report will be the primary focus during and after the
testing process. Once these documents and the video for the presentation is
reviewed/revised the project will then be officially completed.



Laws and Regulations

Based on the research performed, we have found there are a few laws and regulations in Ohio
that are associated with this project, especially when it comes to trailers for motorcycles. These
laws mostly apply for larger size trailers. These laws are:

e Brakes are required if the trailer has an empty weight of over 2,000 Ibs.

e The original owner of any trailer weighing 4,000 Ibs. or less and used exclusively for
non-commercial purposes shall, upon application for initial registration, obtain and
present such evidence of the trailer’s weight as the registrar may require. Total length: 65
feet; trailer length: 40 feet; width: 102 inches; height: 13 feet 6 inches.

When 1 vehicle is towing another vehicle, the drawbar or other connection may not

exceed 15 feet from 1 vehicle to the other.

When the connection consists only of a chain, rope, or cable, there shall be displayed
upon such connection a white flag or cloth not less than 12 inches square.

In addition to a drawbar or other connection, each trailer and each semitrailer which is

not connected to a commercial tractor by means of a 5th wheel shall be coupled with stay

chains or cables to the vehicle by which it is being drawn.

Every trailer or semitrailer shall be equipped with a coupling device, which shall be so
designed and constructed that the trailer will follow substantially in the path of the

vehicle drawing it, without whipping or swerving from side to side.

55 mph is the maximum speed for any vehicle or vehicle combination that weighs over
8,000 Ibs.

A Non-Commercial Trailer needs to meet these requirements to be registered:
e Maximum weight is less than 10,000 Ibs.

e Title is not issued on trailers that weigh less than 4,000 Ibs.

Trailers must carry, either as part of the tail lamps or separately, 2 red reflectors.

Trailers must be equipped with at least 1 red tail lamp visible from 500 feet to the rear
and a white light to illuminate the license plate and render it visible from at least 50 feet

from the rear.

Trailers must be equipped with at least 2 brake lights and turn signal lights, visible from
500 feet to the rear.



Trailer should have safety chains. Safety chains prevent the trailer from separation if the
hitch connection fails.

Ohio driver license or state 1D

Proof of weight: Official Weight Slip (form BMV 5721), or Manufacturer’s Certificate of
Origin (MCO) / Statement of Origin (MSO), or if using previous owner’s Ohio
registration, complete a notarized Affidavit of Original Weight (form BMV 5728)

available at any local deputy registrar license agency.

There are some general rules of thumb that are associated with a pull-behind motorcycle trailer:

Pull-behind trailers should only be designed for motorcycles with an engine size of
1000cc or more.

Only pull a trailer that weighs less than half of your total weight (vehicle + riders + gear).
The actual weight of the trailer must be lower than the curb weight of the motorbike.
Also, the trailer’s unladen weight must be clearly specified on the trailer. Curb Weight is
the total weight of the vehicle without any passenger or load attached.

Gross Vehicle Weight Rating (GVWR) — Curb Weight = Total Capacity of Motorcycle
The distance between the rear of the bike and the trailer must not exceed 8 feet.

Also, from our research, we found that Ohio did not have any laws that prohibit dogs in trailers.

Most state laws that address the issue make it illegal to transport a dog on a public road in the
back of an open bed vehicle. It appears that only six states (CA, CT, ME, MA, NH, and RI) have

such laws related to pets in open vehicles or trailers:

Maine prohibits transporting a dog in an open vehicle like a pick-up truck or convertible
in a manner that does not protect the dog.

Connecticut prohibits dogs in the back of pickups unless the dog is caged and secured.
New Hampshire adds a requirement that the vehicle's side extend to a height of at least 46
inches vertically. In addition to that, the dog must be cross-tethered, and protected in a
secured container, cage, or other form of protection from jumping or falling out.
California's law is nearly identical in its requirements to New Hampshire. That state's law
also has exceptions for the transportation of livestock, the transport of a dog in a rural
area to and from a livestock auction, and the transport of a dog for purposes associated

with ranching or farming.



e Massachusetts extends its law to all animals instead of just dogs in the back of a motor
vehicle in a space intended for a load on the vehicle on a public way unless such space is
enclosed or has side and tail racks to a height of at least 46 inches extending vertically
from the floor, the animal is cross tethered to the vehicle, the animal is protected by a
secured container or cage or the animal is otherwise protected in a manner which will
prevent the animal from being thrown or from falling or jumping from the vehicle.

e Rhode Island required animals are placed in the enclosed motor vehicle and safely
restrained by a harness manufactured for the purpose of restraining animals.

We designed this trailer to be used in Ohio and under the restrictions of Ohio laws. However, we
also considered some of the laws about pets in trailers from other states such as having restraints
and cages, so that the pets will be safe and feel safe when riding in our trailer. Overall, we set out
to design a trailer that is stable, tracks straight and pulls smoothly behind the motorcycle and
gives the rider a piece of mind as well that it is safe.

Project Design and Development

During our research, all of the trailers that were found were either bulky and not aerodynamic, or
they were mainly fiberglass bodies, that would not provide protection in case of a car accident.
To address this, we decided to design a skeletal cage/frame to act as protection for the animals.
When we began designing the MPMT, we started by picking out a base trailer. We wanted to
make sure that the trailer was rather small so that it would be easier to safely be pulled behind a
motorcycle. We found two versions of the same ‘Ironton’ trailer that we believed would meet our

needs, one steel and one aluminum. The trailers have a 40” by 48” deck.

We considered building our own trailer so it could be narrower, but the costs would have risen
significantly. From what we could find, there were not any trailer axles shorter than the one on
the selected Ironton trailers. Because of this, we would have had to purchase an axle-less
suspension system. The axle-less system on its own, without wheels, had the same cost of the

entire Ironton trailer including the wheels.

Once we knew which trailer we wanted to use, we used Autodesk Inventor to design an inventor
assembly model of the trailer that we wanted to use. Once we obtained the trailer, an exact model
was made to help with designing the cage, this model is shown in Figure 1.



Figure 1: Trailer model

During the design period, we decided to use 3/4” square aluminum tubing. We decided to use
square tubing because it is hollow which will help with the weight restrictions to make pulling a
trailer behind the motorcycle safe. Square tubing also provides a better welding surface than
round tube would. The first design that we drafted was very rudimentary. Since we had already
decided on a trailer, we knew what the deck size of the trailer was going to be. We used the 40”
x 48” deck size as a footprint for designing a rough idea of what the cage would need to look like
as shown in Figure 2.

Figure 2: Initial cage design

As seen in Figure 3, the second design was much more visually appealing, as well as
aerodynamic. An aerodynamic design is important because we want to limit the effect the trailer
has on the motorcycle while in operation.

10



Figure 3: 2nd Version of the cage design

This design would be difficult to construct so we created a simpler cage assembly design as seen
in Figure 4. This would consist of a three-tier design. Each tier has simple angles. These tiers
would be assembled independently, then all of the more difficult angles would become easier to
assemble.

Figure 4: 3rd Version of the cage design

The design was further simplified, as seen in Figure 5, and some un-necessary supports were
removed. This design is the current/final design that was used. It still utilizes the three-tier design

to make the assembly process easier.

/i

Figure 5: Final version of the cage design
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Once the cage frame design was set, 20-gauge aluminum panels were added to the frame as

shown in Figure 6. Some additional support bars were also added to support the panels properly.

Figure 6: Final version with aluminum plating

Since one of the pets that is going to be pulled in the trailer weighs around 50 Ibs., we designed a
tailgate that will open in the rear of the trailer making it possible for the dogs to jump onto the
trailer themselves, so they do not have to be picked up and placed through the opening on top. As

shown in Figure 7.

Figure 7: Tailgate design

The deck of the trailer needs to be padded as pets will be hauled on it. A mat was made that can
then be removed when the pet enclosure is not on the trailer. Padding was also added around the
opening on the top of the pet enclosure. Although we hope to not get in an accident, if we were
to, the padding would help to protect the pets from the hard metal cage. While riding in the
trailer, the pets will also experience changes in momentum when the motorcycle accelerates, as

well as brakes. During these moments, the padding would also be beneficial.
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For the trailer to be multi-purpose we created a lid to go over the opening on top to create dry
storage. The trailer uses a 1 75 ball hitch so it can be pulled by any vehicle that has a matching
ball hitch. The entire pet enclosure is able to be easily removed by one person so that the trailer
can be used with just the flat deck, making it super helpful if a pickup truck is not available when

something needs moved.

I i
< 1713 1

L3

Figure 9: Exploded view of the trailer and parts list
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Project Budget

We applied for funding through the Armin Fleck Grant and were approved for $4000. Our

original design would have left us with an $816 dollar deficit. This was partly due to the fact that

the original design would have used ‘4 inch aluminum plates that would be welded to the frame

costing $1660. To reduce cost, we decided to use a 20-gauge aluminum sheet to cover the

exterior of the cage, and do the metal working ourselves. The aluminum sheet only cost $215 and

miscellaneous hardware was only $139.10. This allowed us to come in under budget as seen in

our budget shown in Figure 10.

Assembly Process

Trailer & Wire Harness Assembly

Figure 10: Project budget

Material Supplier Units Cost per (5) Quantity | Total (S)
Welding and Materials | 1,750.00 1 1,750.00
Aluminum Sheeting ] 215.00 1 215.00
40"x48" Ironton Aluminum Trailer Northerntool.com 399.00 1 399.00
Motorcycle Hitch ebay.com 370.32 1 370.32
Trailer Decking Lowes 3/4"x4'x8' 47.00 1 47.00
Pool Noodle Bass Pro Shop 299 2 598
Piano Hinge MchMaster.com 27.33 1 27.33
Weather Strip Amazon.com 11.98 2 2396
Trailer Wire Adapter amazon.com 1"x1/4"10° 34.95 1 34.95
Miscilanious hardware Lowes 139.10 1 139.10
Door Latches Amazon.com 11.89 1 11.89
Weather Seal MM seals 17.50 1 17.50
Paint (estimated) Shane Syx 350.00 1 350.00
Total 3,382.13

We purchased a 40x48 inch pre-built aluminum trailer kit from Northern Tool Equipment and

assembled it. The trailer kit came with reflectors, running lights, license plate light, signal lights,

brake lights and wiring harness. The wire harness for the lights were soldered and heat shrink

wrapped. The lights were tested to make sure they worked properly. A 40x48x%a inch thick

weather resistance sheet of plywood was bolted on top of the trailer to use as the trailer’s deck.
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Figure 11: Assembly of the trailer

Motorcycle Hitch & Wire Harness Assembly

The motorcycle we used to pull the trailer is a Yamaha V-Star 1100, therefore we required to
purchase a ball hitch that is specifically designed for the motorcycle. The hitch was installed to
the frame of the motorcycle, leveled, and properly tested. The ball hitch provided the motorcycle
with a good amount of lean angle when turning. A standalone wiring harness kit was connected
to the motorcycle to use the trailer lights during normal operation. The wiring harness was
soldered to the motorcycle, heat shrink wrapped, and electrical tape was used for cable

management. All lights were tested with the trailer to make sure they worked properly.

Figure 12: Motorcycle hitch

Cage Frame Assembly

The cage frame fabrication was outsourced to CG Welds for welding using % inch square
aluminum tubing. Additional % inch aluminum flat bars were added to the side of the cage to

provide more support to the aluminum panels. Four 1.5x0.5 inch square tabs were welded to the
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bottom of the cage for securely bolting the cage to the deck of the trailer. The case was then

sanded to smooth out the welds, so the panels can be properly installed.

Panel Assembly

This was our very first time working with sheet metal, therefore we had to make sure that we
knew exactly what we needed to do by creating templates for the panels. The first attempt to
make the panel templates was using cardboard to form around the frame. This was a total failure
because the cardboard was very flexible, but we did learn a lot during this process. The next and
final attempt of making the panel templates was using poster board instead of cardboard. This

gave us a more accurate fit and closer dimensioning for the panels.
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The templates were then traced onto the 20-gauge aluminum sheet so they could be cut out.
Electrical sheet metal shears & aviation snips were used to cut the aluminum panels. We first had
to rough cut each individual panel using the electrical shears to make it easier to maneuver the
individual pieces. We then used the aviation snips to cut the panels more accurately.

The panels were then formed using a metal brake, shaping hammers, and rubber dead blow
hammers. We had just enough sheet metal to make one of each piece that was needed, so we had
to practice using scrap sheet metal pieces before working on the master pieces. First, we had to
bend all the longer bends needed using the metal brake, then slowly form the panel to the frame
using rubber dead blow hammers. We used dead blow hammers because we did not want to dent
the panels. After all panels were formed, we then used stainless steel sheet metal screws to

secure the panels to the cage frame.

Figure 14: Assembly of the panels
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Lid & Door Assembly

The lid was made out of a piece of ¥ inch thick polycarbonate sheet. It was securely bolted to
the top of the cage using rivnuts for when the trailer will be used for dry storage. An angle
grinder was used to put a chamfer on the lid to remove sharp edges.

The door frame was also welded by CG Welds using % inch square aluminum tubing. The outer
door panel was installed with a 20-gauge aluminum sheet using self-tapping screws. The inner
door panel was riveted with ' inch thick polycarbonate sheet and rubber padding was glued on
top to provide better traction for the dogs when they jump onto the tailgate. The door was
attached to the cage frame using a heavy-duty aluminum piano hinge and the hinge was riveted
to the cage frame. Two 1/16-inch stainless steel wire cables were attached on both sides using

bolts to hold the door as a tailgate.

Figure 15: Assembly of the door

Weather Sealing & Padding Protection

Quiarter inch thick rubber strips were used to seal the gap between the door and the cage. An
additional seal was added as well to ensure a watertight seal between the door, lid, and the cage.
All weather resistance silicon was used to seal up any gap between the panel from the inside of
the trailer and reduce panel vibration during use. A % inch thick, soft, rubber foam mat was used
on the top of the trailer deck to have some cushion for the dogs. Thick foam pipe insulation was
used to wrap around the top frame to give the protection for the dog’s head and neck. The dogs
will be securely attached with a leash and harness that will be secured to the base of the trailer;

therefore, the dogs will not be able to jump out of the trailer while it is moving.

18



Figure 16: Assembly of the sealing and padding protection

Expected Findings and Engineering Analysis

The expected findings for this project include the following: strengths and weaknesses of our
cage design, drag/lift coefficients and forces of the trailer/design, air flow paths and turbulence
regions of the trailer/design, maneuverability of the trailer/design while being pulled behind the
motorcycle, how the trailer/design reacts under acceleration and deceleration while being pulled
behind the motorcycle, ease of use and functionality, etc. In order to find the answers to what we
expected to find with our project we performed a finite element analysis (FEA), a computational
fluid dynamics (CFD) analysis, wind tunnel testing and analysis of a 3D printed model, and real-
world testing using the assembled/completed design. In the following sections the results from

these types of tests and analysis will be discussed.
Finite Element Analysis

The finite element analysis (FEA) that was conducted for this project included a few different
simulations. The main focus of these simulations was for us to gain a better understanding of the
strengths and weaknesses of the cage design as a whole. These simulations were done using
Ansys 2020 R2 Static Structural. The cage design that was used for the finite element analysis
was the final version of the design and is also the design that was assembled/fabricated. For more
detailed information please refer to Appendix F as it contains two Ansys reports for the finite
element analysis. One of these reports is for a 1000 Ibf (side impact) simulation, while the other
is a pressure loading simulation (0 psi to 100000 psi) acting on the outside of the design and is
increased with time to measure changes in deformation due to pressure. Within the following
Figures (18-21) these conditions/results from these simulations can be seen, however as
mentioned previously, please refer to Appendix F for more information.
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Figure 18: Test conditions for 1000 Ibf side impact

As seen in Figure 19 below, after a side impact of 1000 Ibf, the largest amount of deformation is

only 5 inches.

0.00 20,00 40.00(in)

10.00 30.00

Figure 19: Total deformation from 1000 Ibf side impact
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0.00 2000 40.00(in)

10.00 3000

Figure 20: Initial conditions increasing pressure to 100,000 psi

As seen in Figure 21, the largest amount of deformation after 100,000 psi of pressure is applied
is only .013926 inches.

Figure 21: Total deformation after increasing pressure to 100,000 psi
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Computational Fluid Dynamics Analysis

The computational fluid dynamics (CFD) analysis that was conducted for this project was based
around using a simplified model of our design that we prepared/refined for simulation. This
analysis was conducted using Ansys 2020 R2 Fluent/Fluent meshing. The main goal of this
analysis was to gain a better understanding of the drag/lift coefficients, drag/lift forces, and fluid
flow characteristics of the design. The simulations were modeled around a symmetrical analysis
of the geometry and this was done in order to reduce the total computational time since many
simulations were performed. In the following paragraphs the geometry and initial modeling will
be discussed, the mesh development/refinement within Fluent meshing, the conditions and

physics models that were used, and finally the overall results from the simulations.

As mentioned previously a simplified model was used for the simulations. This model was
created using Autodesk Inventor and then prepared/refined for the CFD simulations using Ansys
Space Claim. These refinements included repairing the geometry, removing unnecessary
features, creating a large enclosure for the fluid flow path, splitting the model so that it is
symmetrical, creating name selections for mesh refinement/boundary conditions, creation of
bodies of influence around the model for mesh refinement, etc. Once these refinements were
completed the geometry was then transferred into Fluent meshing. The simplified model prior to
refinement and then the model used for the simulations after being refined are as shown in Figure
22.

Figure 22: Simplified trailer model

Within fluent meshing the refined geometry model (Shown on the right side in Figure 22) was

used for all of the simulations that were conducted. The initial mesh that was used consisted of
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sizing controls that were placed on the various name selections that were created for refining the
mesh. The type of mesh that was used for the simulations was a poly-hexcore mesh. The reason
this mesh type was chosen was because it is one of the more efficient forms of meshing that is
available within Ansys and it was suitable for analysis that was being conducted. Two versions
of the mesh were created as well and the reason this was done was to compare and contrast the
original mesh against a very refined mesh in order to see if any dramatic changes occurred. The

original mesh consisted of 2,607,967 nodes and the very refined mesh consisted of 13,304,816.

The result of this comparison was that original mesh compared to the very refined version only
had a variance of around +1 for the measured values such as the drag force and drag coefficient.
However, the computation time for the very refined version took nearly three times as long as the
original mesh and because of this the original mesh was then used for the extended simulation
cases and is the mesh that the results shown later on are responsible for. Below is a side view
comparison of the original mesh as shown in Figure 23 and the very refined version as shown in

Figure 24.

Figure 23: Original mesh

23



Figure 24: Refined mesh

Once the meshing was completed the simulations were then set up and ran to collect data for the
drag/lift coefficients and forces. Two physics models were used and compared against each other
these models are as follows: k — w GECKO and k — & with enhanced wall treatments as well as
realization enabled. Both of these models are included within Ansys Fluent and both cases were
run at the same number of iterations and timesteps for each as well. The number of iterations
used is 500 at a timestep of 0.01. The fluid used in these simulations is air as the purpose of the

CFD analysis was to gain an understanding of how the design would react in operation.

With this in mind the simulations for both cases had the following inlet

velocities:45 mph (20.11 m/s), 35 mph (15.65m/s), 25 mph (11.18 m/s), 15 mph (6.71 m/
s), 10 mph (4.47 m/s), and 5 mph (2.24 m/s). The reason for this various amount of velocities
is because these are the typical speeds that the trailer will be traveling at when being pulled
behind the motorcycle. Within the solver setup this velocity is also attributed to the wall
boundaries to simulate them as being moving walls except for the wheel on the trailer model
which follows a rotational moving wall condition. The reason for this is so that we can have the
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model essentially be stationary while the boundaries around it are moving at the operation speeds

allowing us to model the airflow over the model.

Once the simulations were completed, their results for the drag/lift coefficients and drag/lift

forces were documented into an excel spreadsheet. These results can be viewed in Figures 25 and

26. From these results we can see that the total drag increases as we increase the inlet velocity

and decreases when we lower the inlet velocity. The total drag/lift force also follows the same

pattern as well as the lift coefficient. In Figure 27, the graph shown shows the drag coefficient

compared against the speed (inlet velocity) in meters per second for the k — w GECKO model.

k — w GECKO Model Results

Speed | Speed | Speed Drag Lift Drag Force | Lift Force | Drag Force | Lift Force

(Mph) | (Km/h) | (m/s) | Coefficient | Coefficient (N) (N) (Ibf) (Ibf)
45 72.42 20.11 0.2463 0.0438 61.05 10.85 13.73 244
35 56.33 | 15.65 0.1460 0.0290 36.18 7.20 8.13 1.62
25 40.23 11.18 0.0773 0.0069 19.16 1.72 431 0.39
15 24.14 6.71 0.0287 0.0041 7.11 1.01 1.60 0.23
10 16.09 4.47 0.0131 0.0006 324 0.15 0.73 0.03
5 8.05 2.24 0.0032 0.0001 0.78 0.03 0.18 0.01

Figure 25
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k — & with Enhanced Wall Treatments and Realization Model Results

Speed | Speed | Speed Drag Lift Drag Force | Lift Force | Drag Force | Lift Force
(Mph) | (Km/h) | (m/s) | Coefficient | Coefficient (N) (N) (Ibf) (Ibf)
45 72.42 | 20.11 0.2376 0.0447 58.89 11.08 13.24 2.49
35 56.33 | 15.65 0.1434 0.0258 35.54 6.39 7.99 1.44
25 40.23 | 11.18 0.0748 0.0129 18.53 3.19 4.17 0.72
15 24.14 6.71 0.0272 0.0055 6.74 1.36 1.52 0.31
10 16.09 4.47 0.0121 0.0025 2.99 0.61 0.67 0.14
5 8.05 2.24 0.0031 0.0005 0.76 0.12 0.17 0.03
Figure 26
Drag Coefficient vs Speed (m/s)
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Figure 27: Drag coefficient plot from k — w GECKO model
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Overall, from the CFD analysis we were able to gain an insight into the aerodynamics of our
design. In the future further research may be conducted to address the Y+ values for the wall
boundaries and also to compare more of the turbulence models within Ansys Fluent. Also, there
are future plans for developing a removable windshield for the design and because of this a
future CFD analysis is planned that way we can compare the characteristics of the design with
and without a windshield. Additionally, within the appendices in Appendix C, some additional

information/images/plots from two of the simulations in Ansys Fluent can be seen.
Wind Tunnel Testing

The CFD results were verified by conducting tests in a subsonic wind tunnel. A model of the
trailer with the pet enclosure was 3D printed at 1/12" scale for this testing. The 3D printed model
was created using the same file that was used in the CFD simulations. The blockage ratio of the
scaled model in the wind tunnel was calculated to be 6.42%.

Max Frontal Area of the Model _9.247 in’
Cross Section Area of the Wind Tunnel 144 in?

Blockage Ratio = = 6.42%

The wind tunnel we used needed some work done before it would become operational because
the smoke machine did not produce enough smoke to get clean streamlines. With assistance from
Dr. Dinc, research was done, and a replacement smoke machine was ordered. Once the
replacement smoke machine arrived, we had to modify the delivery system used with the
previous smoke machine so that it would work with the new one. To do this, we used various

plumbing supplies purchased from Lowes.

Once we began testing utilizing the wind tunnel, we saw that we needed to modify the smoke
inlet pipe. During the first test, we noticed that the smoke streams would only appear on the top
half of the 3D printed model. To fix this, we added new holes to the bottom of the inlet pipe to
create streams that would hit lower on the model. After more testing, we noticed that the smoke
streams were thicker than we wanted. Because of this, we rotated the inlet pipe, closed off the

larger holes, and put in smaller holes.

The wind tunnel testing gave us a better understanding of the aerodynamics in comparison to the
CFD simulations. Testing was conducted using speeds of 15 MPH, 25 MPH, 35 MPH, and 45
MPH. These speeds match the speeds used for the CFD simulations so that they could be directly
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compared. In Figure 28 we can see a high turbulence directly behind the trailer. In Figure 29 we
have an image from one of the CFD results that was collected and here we can also see high

turbulence behind the trailer as well. As expected, the turbulence behind the trailer became more
intense as the air flow speed increased.

Figure 28: Wind tunnel testing

Figure 29: Ansys fluent turbulence result
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Execution Testing

The first time the trailer was attached to the motorcycle, it was just the trailer without the pet
enclosure. We wanted to ensure safety by starting with just the trailer, then the trailer with the
enclosure, then the trailer with the enclosure and weights to simulate the pets, and finally have
the pets in the enclosure being pulled behind the motorcycle.

Due to safety concerns, the trailer was only to be pulled behind the motorcycle while on Miami
University property. The first time the trailer was attached to the motorcycle was on Miami
University’s Middletown campus. This was just a quick test to ensure that the trailer lights
worked and to see if there were any major problems that could be noticed. While pulling the
trailer with the motorcycle, there was no difference in maneuverability, acceleration, or breaking.
The only difference noticed is that the trailer is much wider than the motorcycle. This could

become a potential problem in some situations.

Typically, while riding a motorcycle, the rider will keep the wheels of the motorcycle in the
same path that the tires from a car would be. This is because most of the oil and other substances
that make the road slick is typically in the center of the lane. Because of the width of the trailer,
the motorcycle will not be able to ride in its normal position. This new position for the
motorcycle is closer to the center of the lane to ensure that the entire trailer stays fully in the

intended lane of travel.

Because of the size of the parking lots on the different Miami Regionals campuses, the trailer
was moved to the Hamilton Campus to have more space to test the trailer. One of the concerns
for the trailer was whether or not the ball hitch would limit the ability of the motorcycle to lean
enough to make some turns. To test this, one of the tests performed was to lean the motorcycle as
much as possible safely to see if the ball hitch would limit the lean angle. During testing, we
were able to determine that the ball hitch did not reduce/limit the lean angle, in either direction,

because the footpads had scraped against the pavement on multiple occasions.

After we were comfortable with pulling the trailer with the enclosure and weights to simulate
pets, we began testing with the dogs in the trailer. To prepare the dogs for testing, they were
trained to jJump onto the tailgate of the trailer and sit in position so that leashes that are secured to
the deck of the trailer could be attached to their harness. This training took place over the course
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of a few weeks to get the dogs acclimated to the trailer before any testing would take place with

the dogs.

When the dogs were first pulled in the trailer, they were visibly unsure. We started pulling the
trailer with the dogs at a very slow pace to allow the dogs to get used to the trailer in motion. We
would slowly increase the speed, being sure to keep an eye on the dogs to ensure that they were
not trying to jump out of the trailer. Eventually, they dogs became less nervous and began to

enjoy the wind, and the smells of the field as we drove by.

Because of safety restrictions we were unable to do road testing. Going forward, testing will be
performed on the road first without the dogs, and then with the dogs once we know that the
trailer is safe on the road.

Figure 29: Finished product
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Conclusion

In conclusion, this project was a success, and we were able to achieve our intended goals. By
applying the skills and knowledge that we have learned at our time at Miami University this is
what led to the success of our project. As a team, we collaborated and used our skills and
strengths to address various design problems and questions. We also applied and developed new
skills within this project and pushed ourselves to achieve the best results that we could. The
challenges we faced, and lessons learned along the way from this project are truly invaluable and

will allow us to continue and grow as engineers and individuals.
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Appendix B: Project Presentation

Miami University
2020 - 2021 Senior Design Project

Multi-Purpose Motorcycle Trailer
(MPMT)

Presented by:
Tony Hester, Logan Street, William Dao, and Kyle Guggenheim

\ What is MPMT?

Multi-Purpose Motorcycle Trailer - a trailer that can be pulled
behind a motorcycle with the following capabilities

e Enclosed Storage
e Open Top Pet carrier
e Flat-Bed Trailer

e Can be pulled with most tow capable vehicle
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One of our team member has a
need/desire for this project

It is not acommon/readily
available product = ;/

Designed for special uses and V =
was a challenging design in
general

New/Ongoing trend in the
motorcycle community

Requirements & Laws

Only pull a trailer with a motorcycle with an engine size of
1,000cc or more

The weight of the trailer must be lower than half the curb weight
of the motorbike.

The distance between the rear of the bike and the trailer must
not exceed 8 feet.

Maximum speed is 45 mph (manufacturer's statement)
Design specifically to Ohio’s Laws requirements.
There are no laws associated with hauling pets in trailers.

Brakes are not required for trailer under 2,000 Ibs (law)




Requirements & Laws

Requirements to be registered by Ohio State Law:

Operable Tail Lights visible from 500 feet to the rear
License plate lights

Safety chains

Brake lights

2 red reflectors

Turnsignal lights

Ohio Driver license or state ID

Proof of weights of the trailer (must less than 10,000 Ibs)

Project Timeline

GANTT CHART

+ ENT497/498 Senior Design 179.25 days 8/17/20 4/23/21
Project
Assemble Project Teams 14.25 days  8/17/20 9/4/20
4 Multi-Purpose 165 days 9/4/20 4/23/21
Motorcycle Trailer
(MPMT)
« Project Stage 1 165 days 9/4/20 4/23/21
(ENT497)
Research Project 7 days 9/4/20 9/15/20
Requirements
Begin Drafting and 15 days 9/15/20 10/6/20
Working on Project
Proposal
Design/Research 19 days 10/6/20 11/2/20
and Development
Partl
Request Funding for 2 days 11/2/20 11/4/20
the Project
Design/Research 7 days 11/4/20 11/13/20
and Development
Part2
Final Project 6 days 11/13/20 11/23/20
« Project Stage 2 109 days 11/23/20 4/23/21
(ENT498)
Design Review 43 days 11/23/20 1/21/21
and
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Project Timeline Continued

Drag analysis and 20 days 1/21/21 2/18/21
CFD Research Part
1

Trailer 2 days 2/18/21 2/22/21
Wiring/Testing

and Resource

Collection

Drag analysis and 14 days 2/22/21 3/12/21
CFD Research Part

2

Paneling and 16 days 2/22/21 3/16/21
Installation of the

Cage Design and

Motorcycle Hitch

Trailer and 8 days 3/16/21 3/26/21
Motorcycle

Testing

Final Report and 20 days 3/26/21 4/23/21
Video

Preperation

GANTT CHART

Budget

Fleck Grant Approved for $4,000

$816 Deficit With Original Design

Exterior Panels Cost $1,660

20 Gauge (0.032”) Aluminum Sheet $215




Material Supplier Cost per (S) Quantity | Total (S)

Welding and Materials ttps.//www.cgwelds co 1,750.00

Aluminum Sheeting www cgwelds co 215.00
40"x48" Ironton Aluminum Trailer 399.00
Motorcycle Hitch 2 370.32

1

1

1

1

Trailer Decking Lowes 47.00 1
Pool Noodle Bass Pro Shop 2.99 2
1

2

1

1

Piano Hinge VicMas DM 27.33
Weather Strip C 11.98
Trailer Wire Adapter am .com 1"x1/4"x10' 34.95
Miscilanious hardware Lowes 139.10

Door Latches .com 11.99

Weather Seal MM seals 17.50
Paint (estimated) Shane Syx 350.00

Design

e Wedesigned a scale trailer model
that was modeled to be a replica of
the actual trailer within Autodesk
Inventor.

The structural cage was designed
using Autodesk Inventors Cage
Design Feature.

The aluminum panels were designed
within Autodesk Inventor as well
using the Sheet Metal Design
Feature.




Design

The design has a skeletal cage
%" Aluminum Square Tubing
20 Gauge Aluminum Sheeting

Cage can be easily attached and
removabled from the trailer

Lid was designed for dry storage

Tailgate is designed to allow
safe/sturdy loading of the
animals
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This video was made using Autodesk Inventor 2021

Assembly Process

Motorcycle Hitch and Wire Harness:

The ball hitch is designed for a Yamaha
V-Star 1100 motorcycle.

The hitch was installed to the frame of
the motorcycle.

A standalone wiring harness kit was
connected to the motorcycle to use the
trailer lights during normal operation.
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Assembly Process

Trailer assembly and wiring the trailer lights:
A pre-built 40” x 48” aluminum trailer kit.

Wiring harness for the trailer lighting was
installed by us.

40" x 48" x %" thick weather resistance
plywood was bolted on top of the trailer to
use as the trailer base.

Assembly Process

Cage Frame:

e Cage fabrication was outsourced to CG
Welds for welding using %” square
aluminum tubing.

Additional %” aluminum flat bars were
added to the cage to provide more support
to the aluminum panels.

Four 1.5” tabs were added on the bottom
of the cage for bolting the cage to the
trailer.




Assembly Process

Panels:

e First attempt of making the panels
template was done with cardboard.

Final attempt was done using poster
boards to make the panel templates.

The templates were then traced on
the 20 gauge aluminum sheet for
cutting.

Assembly Process

Panels:

e Electrical sheet metal shears &
aviation snips were used to cut the
aluminum panels.

The panels were then formed using a
metal brake, shaping hammers, and
rubber dead blow hammers.

Stainless steel sheet metal screws
were used to secure the panels to the
cage.




Assembly Process (Panels)

-y ; e ~da @
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Assembly Process

Lid:

e The lid was made out of %”
thick polycarbonate sheet.

e |twas securely bolted to the
top of the cage viarivnuts
when used for dry storage.




Assembly Process

Door:

e Thedoor frame was welded by CG
Welds using %" square aluminum
tubing.

Inner door panel was riveted with %&”
thick polycarbonate sheet and rubber
padding was glued on top to provide
better traction on the surface.

Door was attached to the cage frame
using a heavy-duty aluminum piano
hinge and 1/16” stainless steel wire
cables.

Two latches were used to secure the
door.




Assembly Process

The Weather Sealing:

e Y thick rubber strips were

used to seal up the gap
between the door and the
cage.

All weather resistance silicon
was used to seal up any gap
between the panel from the
inside of the trailer.

Assembly Process

The Padding & Protection:

%" thick, soft rubber foam mat was used
on the top of the base to have some
cushion protection for the dogs.

Thick foam pipe insulation was used to
wrap around the top frame to give the
protection on the dog’s head and neck.

The dogs will be securely attached with a
leash that will be secured to the base of
the trailer.
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Assembly Process (Sealing & Protection)

Assembly Process

The Paint Finish:
e Outsourcing to Shane Syx to paint.

e Gettingrid of the shiny panel
surfaces is required to safely pull
the trailer on the road and have a
more finished look.
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Analysis

e We have conducted a finite element analysis (FEA), a
computational fluid dynamics analysis (CFD), and a wind tunnel
analysis to gain a better understanding of the aerodynamics,
drag/lift coefficients, drag/lift forces, and strengths/weaknesses
of our design.

e Ansys 2020 R2 was used for both the FEA and CFD Analysis.

e The wind tunnel that was used is the one located at Miami
University Middletown Campus.

Finite Element Analysis (FEA)

The FEA included a comparison between static loading and
increasing pressure acting on the entire cage structure.

Within the FEA our primary focus was on the cage design and
testing its strengths and weaknesses through simulations.

The static loading focused on having 10000 Ibf acting on individual
components throughout the cage design.

The increasing pressure simulation had increasing pressure acting
on the outside of the cage design that was increased with time.




FEA Ansys Simulation
(Increasing Pressure)

This video was made using Ansys 2020 R2

Computational Fluid Dynamics
(CFD)

e The CFD analysis for this project was a symmetrical analysis of a
simplified trailer model. The reason a symmetrical analysis was done
was to reduce the total computational time.

e Two physics models were used for comparison purposes to validate
the results as well as check for any discrepancies between them.

Multiple simulations were done and addressed various speeds in
which the design will experience while in operation.
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Computational Fluid Dynamics
(CFD) Results

K-Omega GECKO Model Resuits

Lift t Drag Force (N

K-Epsilon with Enhanced Wal

ficient Lift

Computational Fluid Dynamics
(CFD) Results 45-MPH K-Epsilon

iteration iteration




CFD Ansys Simulation
(45-MPH K-Epsilon)

This video was made using Ansys 2020 R2

Wind Tunnel Results

e The wind tunnel testing was done
using a 3D printed model of the
MPMT at 1/12th scale.

The testing gave us a better
understanding of the
aerodynamics in comparison to
the CFD simulations.

Various speeds were tested to
match the simulations done in
Ansys.

15 MPH
25 MPH
35 MPH
45 MPH
50 MPH
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Testing

Maneuverability Test
Braking Test

Stability Test

Reaction Under Speed and
Loading

Pets Reaction Test

Tongue Weight 8.3 |bs
(Goal under 40 Ibs)

Total Weight is 263 |bs
(Goal under 402.5 |bs)
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Testing

”

® A functional/safe design.

® Thetrailerisregistered and
safe for road use and
follows Ohio's state laws.

The finished product is safe
to be used behind a
motorcycle and other tow
capable vehicles.

. -
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Future Plans

More testing to address road performance and stability once
road testing can be conducted.

Potential continuation of CFD to compare more physics
models and gain a better understanding for the aerodynamics
of the design.

Alter trailer frame to follow footprint of the cage.

Addition of a windshield to protect the dogs during higher
speeds.

Axle-less suspension to improve ride quality.
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Appendix C: Additional CFD Images/Information

Additional information from the 45 MPH (K-Epsilon Model) from Ansys Fluent:
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n Scaled Residuals
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Turbulence
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Velocity Vector Streamline
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Additional information from the 25 MPH (K-Epsilon Model) from Ansys Fluent:
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Lift Coefficient Plot
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Lift Force Plot
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Static Pressure
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Velocity Streamline
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Appendix D: Individual Reflective Essays

Logan Street
Professor Gary Drigel
ENT498 — Senior Design
10 May 2021
Individual Reflective Essay

Throughout ENT498 | have enjoyed the experience and personally feel that this course is
one of the most important and rewarding courses that | have had the opportunity to attend and be
involved with. Despite the fact that the normality of this course was greatly impacted by the
Covid-19 pandemic and this resulted in the course structure to be drastically different then what
it would normally be. In the start of senior design that was a concern that | had at the very
beginning of the project. However, due to the fact that the team | was involved with was both
dependable and active with communicating the concerns due to the pandemic were quickly
subdued. When we started ENT498 we continued on with our original plan from ENT497, but
we did have to adjust since we gained another team member at this stage in the project. This
turned out to be excellent because it allowed us to carry out additional forms of analysis that we
wanted to do but were not able to do within our original team of three members.

In terms of communication, | feel that myself as well as my team did a good job with
communicating and working with each other. Whenever, an issue came about or if anyone had
any questions or concerns we were able to address them quickly and professionally. We mainly
communicated through weekly meetings as well as a cellphone group chat. During our weekly
meetings we would discuss in detail any results, data, concerns, plans, and more. In my opinion |
think that communication is one of the most important aspects of any project and for myself |
believe that ENT498 helped me a lot with discussing and presenting any new information or
research that | had collected. Moving on | would like to discuss the design process and general
skills’lknowledge that myself and my team utilized during this project.

For my team, our project was the Multi-Purpose Motorcycle Trailer (MPMT). This
project was unique due to the fact that we were going to make something that is uncommon and
not readily available. Due to this we had to overcome many challenges and obstacles one of
which was that we needed to make sure that design followed Ohio’s laws and regulations.
William Dao conducted research around the laws and regulations that we needed to follow and
once he concluded his research we began designing in accordance with Ohio's laws. Within the
design and development for the project my main contributions involve the following:
design/drafting a trailer model in Autodesk Inventor, developing/maintaining the project
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schedule/Gantt chart, keeping the meeting journals up to date, performing finite element analysis
simulations of the designs, performing computational fluid dynamic simulations, etc. | was not
the only person to do some of these tasks, everyone drafted/designed using Autodesk Inventor
and we made various components and designs for components. For example, Kyle Guggenheim
drafted the panels for the project design in Autodesk Inventor using the sheet metal function and
William Dao designed the tailgate/door in Autodesk Inventor as well.

In terms of the general skills/knowledge that I utilized in this course | found myself very
grateful for the courses that | had taken in the past while at Miami University. In order to solve
some of the various problems | encountered | applied the information that I learned from my past
courses. Some of these courses are as follows: ENT316 Project Management, ENT235
Computer-Aided Design, ENT272 Strength of Materials, ENT355 Introduction to Finite Element
Analysis, ENT301 Dynamics, and more. All of these courses and the knowledge that | gained
from them helped me to solve and overcome the problems that myself and my team encountered.
For example, | was responsible for the development/creation of our project Gantt chart and
general timeline. In order to do this, | had to apply the knowledge that I gained from ENT316
and utilize Microsoft Projects to develop the Gantt chart. Moving on however | will next discuss
some of the various things/skills that I learned on my own as well as my overall performance
during this project.

Within this project | had to learn a lot on my own and because of that it only made the
project more enjoyable as well as rewarding. For starters I was familiar with Ansys Fluent as
well as Computational Fluid Dynamics (CFD), but | had never done a 3D flow simulation at the
scale of what we wanted to do within our project. In order to overcome this, I spent a lot of time
my time working within the Ansys software and also studying and researching various aspects of
properly performing a 3D flow analysis in Ansys Fluent. | had previous experience with Ansys
Fluent when | was involved in academic research that required me to use the software. However,
for that research | was only using 2D flow analysis rather than 3D. | am glad that we decided to
implement this form of analysis into our project because | enjoyed learning about it and also feel
that it has allowed me to improve my analytical skills within Ansys. Also, during this project my
team and | implemented and utilized new functions within Autodesk Inventor that we had not
previously used before. This includes the frame design function as well as the sheet metal
function. Having the opportunity to use these functions and simply learn about them was quite
rewarding and a key factor within our project. Tony Hester utilized the frame design function
and he drafted and designed the cage structure that we actually had fabricated and used for the
project.

In terms of my performance in general throughout ENT498 | feel that | have done a good
job and have been a helpful team member. | feel the same way towards my team members, and |
feel that we have come to be an effective team. One aspect that | feel | have improved upon
during ENT498 is my drafting as well as simulation skills. I was proficient in drafting as well as
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running analytical simulations, but I definitely felt that I still had room to improve and even now
| still feel that | can continue to improve and develop these skills. However, this project has been
a great learning experience for myself and has allowed me to apply these skills and to develop
them further. One thing | have come to find out is that I really enjoy performing various forms of
analysis and from this project it has inspired me to continue developing these skills.

In conclusion I am grateful for the opportunity to be involved in this project during
ENT498 and | am proud of myself as well as my team members. | feel that our project was a
success because we were able to utilize the skills that we have developed while attending Miami
University and | hope that they continue to have students participate in senior design projects.
Despite everything that is going on in the world | found the experience to be quite enjoyable and
rewarding. As with anything you get what you make of it and | feel that myself and my team
members put forth a lot of effort into this project and by doing so we have all grown as
engineers. However, this is only the beginning as we continue into our professional careers | feel
that as we reflect back on this project while taking on future projects we will be able to apply the
same optimism and passion that we did within this project.
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Tony Hester
Professor Gary Drigel
ENT498 — Senior Design
10 May 2021
MPMT Individual Reflective Essay

| have thoroughly enjoyed my time in ENT-497 and ENT-498. | have learned a great
amount of what it takes to work as a team to achieve a goal from just a concept to a functioning
product. There were times during the senior design when I did not know if we would have
anything to show at the end of the school year. From insanely expensive quotes from welders to
licensing issues that kept the trailer off the road or thinking we could not confirm our
Computational Fluid Dynamics analysis results using the wind tunnel, we had our share of
troubles. Despite all the obstacles that we had to face we were able to finish our senior year with
a project we can say we were proud to work on.

One of the largest contributing factors to us being able to complete our senior design
project was our ability to communicate with each other. Even though the whole world was
essentially shut down due to Covid-19, as team members, we were able to maintain constant
contact with one another. We would meet as a group at least two times a week using WebEx and
would text message each other in a group text on almost a daily basis. Not only did we stay in
constant contact with each other we also kept in contact with Gary Drigel and Dr. Dinc outside
of the Thursday evening class times. On multiple occasions we would encounter problems such
as a delay in receiving needed supplies that had been ordered. We were able to communicate
with each other to set up a plan to keep the team on track despite these obstacles. One of the
largest delays was receiving the Hitch. What | expected to be delivered shortly after it was
ordered in December, wasn’t delivered until February 23rd.

My group was able to work as a team throughout both semesters. Even though an
additional member was added at the beginning of spring semester, it did not affect the group
dynamic or have a negative impact on our performance. Because of the additional members, we
were able to complete more than we originally thought we could have. With the addition of a
new team member, we were able to take on the task of replacing the smoke machine on the wind
tunnel in the engineering lab on the Middletown campus. In doing so, this allowed us to be able
to verify our Computational Fluid Dynamics analysis. This also allowed all four of us to get
experience operating the wind tunnel and we learned quite a bit about wind tunnels in the
process. Another example of how effective our teamwork was the end result of the project. With
none of the team members having any real experience in metalworking, with the four of us
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working together, we were able to wrap the trailer in 20 GA aluminum sheets without any known
defects.

For our senior design project, we were able to pull from multiple different classes that we
have taken as students at Miami. We spent a lot of time using Autodesk Inventor which was
originally introduced to me in ENT-235. Using the knowledge gained from that class, we were
able to use and figure out more features inside Autodesk Inventor that were not taught in class
like the sheet metal feature and the frame design feature. We used Ansys software that was
taught to us during ENT-355 to perform Finite Element Analysis, and with the help from Dr.
Dinc, we were able to use Ansys Fluent to perform Computational Fluid Dynamics. There was
also a lot that was used from Project Management, ENT-316, to complete the project.

| liked that unless they were asked, the professors gave us the freedom to design,
assemble, and test our project as we saw fit. One thing that | was told while attending the police
academy that applies to my time as a student entering the world of engineering, is just because
we went through the training, that does not mean we know what it's like to be an engineer (I was
told similar, but it was about being a police officer). We have gone through classes teaching us
formulas and computer programs. We are told how to apply them, but that is it. During our
senior design project, we had to choose what formulas to use, what programs to use, and
determine if the direction we wanted to go in, would be supported by the math and science that
we were taught.

One of the greatest lessons | think that I have learned from this senior design project is
that not everyone is as enthusiastic as | am about the project | am doing. | do not mean that my
group members were not enthusiastic, they were amazing. | am referring to vendors or
contractors that | contacted to have work done or to have materials sourced. | was surprised at
how difficult it was to get information that was required to make it possible for the contractor to
get paid. Just to get a simple invoice to have the tax removed so that the Fleck grant could be
used to pay for work took a week. | had to text message or email someone multiple times just to
be able to give them money. Even having someone begin work on the trailer took longer than
expected too. In early December | emailed a contractor the inventor file of what we wanted done.
In the email | asked them to open the file to make sure they were able to access it, and if they
could, 1 asked for them to email me letting me know that they needed a different file type
submitted. After a month I contacted them asking how everything was going and was told that
they were never able to open the file. | was then able to convert the files into the correct file type,
but there was a month of progress that was postponed. | have learned that following up if you
have not heard back is more of a necessity than originally thought.

Engineering is using science and math to solve problems. This project has given us the
opportunity to prove that we can use the science and math we have learned in class to solve a
problem in the real world. I have learned more throughout this experience than I have learned
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any other single class. | believe that having a senior design project will make the transition from
student to engineer smoother than having not had a project to learn from.
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William Dao
Professor Gary Drigel
ENT 498 — Senior Design Project
10 May 2021
Individual Reflective Essay

In all my years of schools, | have found Senior Design to be the most challenging but
exciting experience of my entire education journey. Senior Design allowed students to use what
they had learned throughout their school years and applied it into making a real product. Beside
the skills and materials that students had learned in class, they also have to use skills and
knowledge that they had developed outside from the classroom. Senior Design allows students to
improve their people skills and prepares students to get ready for the real-world working
environment.

In the beginning of Senior Design, | was very concerned about the lack of in-person
learning and interaction. It is difficult for us engineering students to work and communicate with
team members and professors in Senior Design projects. Thanks to Miami University, professors
and the Mechanical Engineering Technology department made online learning work successfully
during this Covid-19 pandemic time, especially for senior design. Also, thanks to Tony Hester
and Logan Street and Kyle Guggenheim for being very well team players. As a group, we did a
fantastic job with communicating during the project. We are constantly using emails, text
messages, google docs, google sheets and WebEx as communication tools to work together on
this senior project. We constantly use text messages to update any new information as well as
short discussions before we can get together for a meeting.

Senior design allows us engineering students to apply what we have learned in previous
classes into real working experiences. | realize that all classes that | have taken in the past were
to be greatly helpful in senior design projects especially Computer-Aided Design, Mechanics,
Strength of Materials, Project Management, Finite Element Analysis and more. For example,
Project Management was a very helpful course for this senior design project as we need to make
a Gantt chart to make sure we can stay on track with the project as well as manage the whole
project properly. Computer-Aided Design and Finite Element Analysis are extremely important
to this project as we need to design the trailer and perform FEA and CFD analysis.

Our senior design project was a product that is not commonly done which will have a lot
of challenges that we had to overcome. In the beginning, we have to do lots of research about the
laws and requirements that are associated with the project. Then each team member tries to come
up with design ideas and we would compare them to see which one will be the best. We end up
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using Tony’s design because of how aerodynamic and the trailer having an esthetic look. I think
the hard part of this project is to stay under or within our budget. Our first model of the trailer
frame was overly designed because we want it to be strong. The original plan was outsourcing
the trailer frame and panels assembly. However, after reviewing the cost of the materials and
labors, we were way over the budget. We then have to simplify our design, as well as installing
the metal panels ourselves to stay under budget.

Everyone was very good about staying on top of the project, making sure that every problem can
be solved within the time limit. However, there are a few problems that we unexpectedly ran into
that were beyond our control such as the delay in shipment of the motorcycle hitch, and the
trailer licensing with the University which led to the trailer cannot be tested on the road. At the
second semester of Senior Design, an additional team member was introduced to our group, and
we did have a little bit of scope creep. We were required to add more works into our Senior
Design project such as printing a 3D model and have it tested in the wind tunnels. We had to
spend a lot of time modifying/fixing the wind tunnels so it could give us the best results of the
test. At the beginning, we were concerned about not being able to have everything finished by
the end of the semester. However, we were working very hard to fit everything in schedule and
manage to finish the project in time. We were all glad that an additional team member was
introduced because that would allow us to add more testing to our design that we were not able
to fit in our schedule.

Senior design has given me the opportunity to improve my ability to work as a team.
Beside applying what we have learned in the past, we have learned a lot during the Senior
Design process. | have majorly improved in researching as well as designing. We all learned new
features in Autodesk Inventor, for example, the frame design and sheet metal design were
something that we found, and we have not learned about it in class. We all improved our people
skills and learned how to stay well communicated as a team, as well as budgeting and time
management. Senior design helped us learn how to solve a problem quickly and efficiently. We
also have to use skills and knowledge that we had developed outside from the classroom such as
metal working, installing motorcycle parts, fixing the wind tunnel, ordering materials, working
with vendors/manufactures to outsource certain jobs that required specific skills and tools that
we were not able to access.

In conclusion, Senior Design is a very exciting and well-planned project for us
engineering students, to apply what we have learned to a real-world project. This project allows
us to review and refresh our education as well as learning more new materials and developing
new skills that are going to help us in the future. Senior Design also allows us to improve our
people skills and the ability to work as a team, as well as be more responsible with our work.
Overall, I hope that the Senior Design program will continue to improve and provide engineering
students the best experiences as well as prepare them to get ready for the real-world
environments.
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Kyle Guggenheim
Professor Gary Drigel
ENT 498 — Senior Design
10 May 2021
Individual Reflective Essay

This last semester at Miami has truly been an experience. Starting ENT 498 with a new
group was a huge change in pace. This meant completely learning and becoming familiar with a
totally new project than what | had been working on during the previous semester in ENT 497. |
was very excited to start working with Logan, Tony, and William and | am grateful that they
were able to accept me into their project with ease. They made working in a group easy in large
part because of how active they were in communicating with each other. | think we all shared a
similar opinion in that we all believed communication was the most important thing in getting
this project not only completed but completed with a high level of detail.

My group utilized various different methods for communicating throughout the project.
One of the main reason’s communication was so import for this project was that the COVID-19
pandemic was still in effect. This meant that face-to-face meetings were minimized to only
occur when absolutely necessary like when we had to physically build the trailer and the cage for
the trailer. Most of our communication occurred during video conferences through WebEXx
which occurred at least once a week but sometimes two to three times a week. These video calls
are where we did a vast majority of our project planning and coordinating. We would also use
that time to get into more detail about our data and results we had. Another form of
communication that we utilized was texting through a group chat on our cell phones. This
method allowed us to formulate plans quickly and easily for meeting times or just to quickly give
each other minor updates on our individual tasks we assign to each other.

Everyone in my group for this Senior Design Project was capable of working together in
a group setting. My team made use of a shared Google Drive because it is a cloud storage
service that allowed us to easily keep all of our project files in a common location. This also
allowed us to work on complex tasks simultaneously so that no project time was left unused.
Throughout the second half of this project most of my responsibilities leading the wind tunnel
testing, creating an as-built 3D model using Autodesk Inventor. Some other tasks | worked on in
coordination with my team were taking pictures during the process of building the cage for the
trailer, filming the motorcycle testing, and editing videos that were going to be used in our
presentation.
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Working on this Senior Design Project required the use of a variety of skills and
knowledge bases. A lot of the problems | faced were problems that are addressed in most of the
engineering classes | took throughout my time at Miami University. Some of the classes that had
a direct link to this project are ENT 235 Computer Aided Design, ENT 355 Introduction to Finite
Element Analysis, ENT 316 Project Management, ENT 301 Dynamics, and ENT 272 Strength of
Materials. These courses gave me the tools | needed to be able to be able to tackle the problems
and tasks that were put in front of me throughout this project.

As far as skills go, I still had to learn a variety of new things in order to complete some
tasks. One of the best examples | can give has to do with working with metal. Working with
metal is something | have never personally experienced myself. Thankfully, my team members
had all worked with metal before. They were able to teach me and guide me through the process
of working with aluminum sheet metal while putting together the cage for the trailer. Our teams’
ability to not only teach each other but to also learn from each other gave us the ability to work
simultaneously so that we could maximize our workload as efficiently and effectively as
possible.

Joining this senior design group halfway through the project timeline meant that myself
and my teammates had to get over some hurdles that other groups did not. As for myself | think
| was able to quickly adjust to the way this group was working, and | was able to learn the
project in a relatively quick manner. | think my proficiency in working with Autodesk Inventor
came to great use for documenting the trailer and cage that was build and being able to adjust the
original 3D model to represent more closely what we had in the real world. | was also able to
contribute a variety of images and videos that were used for the project’s presentation and report.

Overall, I am very happy with my opportunity to be a part of this Senior Design Project.
| feel very lucky to have been able to work with such fine and well-rounded fellow student
engineers as well as some very experienced advisors like Gary Drigel and Dr. Murat Dinc. The
enthusiasm my teammates had for this project is something | rarely see in school projects and it
made for an enjoyable and rewarding project experience. Because of this | think our project
ended up being a great success and | am very excited to see what the future will bring us as
engineers.
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Appendix E: Team Meeting Journals

Present
Advisor: Gary DlriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes |
Student: Tomy Hester | Yes |
Student: | |

Meeting Journal
Department of Engineering Technology
ENT 497/498 - Senior Design Project

Praject Title: MPMT (Multi-Purpose Motorcyvele Trailer)

Topics Dniscussed

This meeting was about discussing and talking about ideas for our project.

One idea that we discussed in detail was designing a multi-purpose teailer for a motorcyele

We are thinking about going with this project however we need to discuss it with our advisor

. e
Meeting Date: 08222020 |
HeetinE Location: Webex .\'leetinﬁ 1

. __
Responsibilities’ Actions Taken

Mo immediate actions were taken at this time.

Continue brain storming and thinking of projects and design conflicts that may oceur

Mext Meeting Date: 0827/ 20020

Location: Webex Meetin
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Department of Engineering Technology

UNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Meeting Journal
ﬁ- MIAMI

Present
Advisor: Garv Drigel | Yes |
Student: Logan Street | Yes |
Student: William Dao | Yes |
Student: Tony Hester | Yes | Meeting Date: 08/27/2020

Student:

p——

lopics Discussed
We discussed our idea and components that we would like to purchase and build off of.
We also asked for feedback, both from the class and our advisor about our project.

We wanted to see if what we were thinking for our project was acceptable as well some plans
fand steps that we plan to do for the design process

A __
Rezsponsibilities’ Actions Taken

|]IIH1113:_ A et """‘-""'11"".'.'- W e ['|'|.'|r'|1'|ir'|:-_-_ i h'r.:||‘1|r'|3_1_ it ril‘l"'l_1-|"|:'r ]‘|11:'||‘H'§u|'| .'lr'ln:1 :1|\.-|"'|IN'\.11'|:_I_ inre
coiponents of the project in more detail. We are also going to start looking at the cost of
building materials and various options.

Logan is going to setup the meeting for this upeoming Sunday 8/30/2020

Mext Meeting Date: (08/30/ 2020

Location: Weheg .\rleeti_ng
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Meeting Journal

ﬁ' MIANI Department of Engineering Technology
UNIVERSITY ENT 497/498 - Senior Design Project

Praject Title: MPMT (Multi-Purpose Motorcyvele Trailer)

Present
Advisor: Giary DlriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes |
- I
Student: Tomy Hester | Yes | Meeting Date: 0873002020
Student: | | Meeting Location: Webex Meetin

T
lopics Discussed
We discussed various frame ideas and our goals for the upcoming week

We also discussed the types of metals for the structure of the frame and looked at the cost
of the materials if we were going to build with them.

Respansibiliries’ Actinne Taken

Chose to use 1" x 1" box tubing for the framing

Everyone is going to deaw and render their own frame in autodesk inventor and present it
during our next weeks meeting

Continue working on the project proposal

JAquire microsoft projects and update autodesk inventor

.Nﬂt ."r'leeting Diate: 09003/ 20210 Location: Webex .\r'leetlnﬂ
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Meeting Journal

ﬁ MIANI Department of Engineering Technology
| UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DlriEel | Yes |
Student: Logan Street | Yes |
Student: William Dao | Yes | - —
Student: Tony Hester | Yes | Meeting Date: (¥9/03/2020 |
Student: | | Meeting Location: Webex Meetin

Topics Discussed
We gave an update on our groups project/progress and stated the name of our project.

Currently we are still drafting our own cage designs and plan to discuss these drafis on
Sunday %620

P - __
Rezponsibilities’ Actions Taken

Continue drafting our individual design ideas
Giet microsoft projects

Continue working on the project proposal

.Nﬂt ."n-'leeting Date: U‘.I."III’J-FIUEII Location: Wehe; .\leetiJﬁ




o MIAMI
| UNIVERSITY

Present

Advisor: Gary DriEel | Mo |

Student: Logan Street | Yes |

Student: William Dao | Yes |

Student: Tony Hester | Yes |

Student: | 1|

Meeting Journal

Department of Engineering Technology

ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Meeting Date: 0906/ 2020
ng Location: Webex .‘\rleerlug

P __
Topics Discussed

for what we are trying to accomplish

Discussed frame ideas and potential concerns that may occur in the design
Current concerns are in the cize of the trailer that we are considering to modify.
We currently believe that are previous frame option would not work for the project.

We have found a potential replacement idea however we are not certain if it would work

Responsibilities’ Actions Taken

Continue working on the project proposal

MNexl Meeting Date: 09 1072020

Get microsoft projects and start drafting a gantt chart for the project

Try and use the frame design function within autodesk inventor to deaft frame ideas

Laocaton: Webex Meeting
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Present
Advisor: Gary DriEel | Mo |
student: Logan Street | Yes |
Student: William Dao | Yes|
Student: Tony Hester | Yes|
Student: | 1|

Meeting Journal

Department of Engineering Technology

ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

Meeting Date: 09/13/2020

Topics Discussed

Jihe vpcoming week

Update on quote and trailer information and its status (still waiting to hear back)

Proposal progress and topics on needed research as well as current standing and plan for

Cage ideas and potential changes and recommendations

Meetiuﬂi Location: Webex .\r'leetqu

.
Responsibilities’ Actions 'I-'n ken

fplacement on the motorcycle

William is going to continue doing research and gather more information
Logan is going to start on the Gantt chart in microsoft projects
Tony is going to continue drafting up frame ideas and start learning the sheet metal

function in inventor. He is also going to compare trailer heights in regard to the hitch

Everyone is going to continue working on the proposal

Next Meetini Diate: 0/17/2020

Location: Webex .\r'leetinﬁ
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Meeting Journal
o= NMIANI Department of Engineering Technology
| UNIVERSITY  ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary l.‘lriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes |
Student: Tony Hester | Yes | Meeting Date: 09172020
Student: 1 | Meeting Location: Webex Meeting

Topics Discussed

Frame design progress within autodesk inventor
The drafi of the gunit and the current estimated melines

BOur overall progress within the project and current/upecoming plans and goals

R ity Actions Tal
Continue working on the project proposal
Review the gantt chart (Document proposed changes/make changes in another copy)

Continue research around standards

‘ontinue the frame development and design




Meeting Journal
= NMAITANMI Department of Engineering Technology
| UUNINVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary l.'lriEel | No |
Student: Logan Street | Yes|
Student: William Dao | Yes |
Student: Tony Hester | Yes | Meeting Date: 09/20/2020
Student: | | Meeting Location: Webex Meetin

Topics Dscussed

We discussed the current 3D model progress and testing within inventor {Still having issues)

Discussed research that has been collected so far and reviewed some links to helpful
fresources and information

T e Actone Lol

Continue working on the project proposal and the 3D models
Create a table for the cost estimates and add it into the project proposal (Tony)

Continue working on the gantt chart { Logan)

‘ontinue resarch on materials and ponder potential 1ssues (William)

“ontinue working on the project proposal { Evervone)

Mext Meeting Date: 092472020 Location: Webex Meetin
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Meeting Journal
= NATANMI Department of Engineering Technology
| UNIVERSITY  ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: (sary DriEel | Mo |
Student: Logan Street | Yes|
Student: William Dao | Yes |
Student: Tony Hester | Yes | muzu
Student: | | .‘ﬂeetiunE Location: Webex }leeting

P .
lopics Discussed

Current standing of the project and goals for the next weekend
Gantt chart progress
Curreni rescarch and projeci proposal progress

JConcerns and current update about evervones current emotions around the project

Responsibilities’ Actions Taken

Continue research and development for the project
Continue working on the cost estimates and finalization of the costs for the project
Continue working on and finishing the project proposal

Send out the gantt chart to be reviewed by Drigel

l_\iﬂt ."ﬂu-ting Diate: 0927/ 2020 Location: Webex ?\-leetinﬂ
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Meeting Journal
%' MIANI Department of Engineering Technology
| UNIVERSITY  ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

Present
| Mo |
Student: Logan Street | Yes |
Student: William Dao | Mo |
Student: Tony Hester | Yes | muzu

Student:

Meeting Location: Webex Meetin

1o pics Discussed

Gantt Chart final version

Current cost estimates and project options/decisions
Project proposal progress

Frame design progress within Autodesk Inventor

P - __
Responsibilities’ Actions Taken

Continue working on the cost estimates and finalize the options for the project

Continue working on the project proposal and prepare it to be reviewed

Continue working on the frame design

l."cif:ut !'n-ltn:-tini Drate: 1OA0L/ 2020

Location: \"r"thtﬁ .\'ln:ttini
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Meeting Journal
= MIANI Department of Engineering Technology
| UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT (Multi-purpose Motoreyele Trailer)

Present
Advisor: Gary l.‘lriEel | Yes |
Student: Logan Street | Yes |
Student: William Dao | Yes| - —
Student: Tony Hester | Yes | Meeting Date: 10701/ 2020 |
Student: | | Meeting Location: Webex .\rleeriuﬁ 1

Topics Discussed

Discussed trailer options and discussed the different manufacturing possibilities and the
ability to outsource assemble work such as welding.

Discussed current proposal progress and looked at some of the frame design
Discussed the current cost estimates for the project and some new ideas

Dhscussed padding options for the inside of the trailer for comfort for the dogs

T ———— L _ -

Responsibilities’ Actions Taken
Everyone is going to continue working on the project proposal
Finalize the rough version of the cost estimate for the project

Goal is to have the project proposal ready to be reiviewed sometime next week

Mext Meeting Date: 10/04/2020 Location: Webex Meeting




== MIAMI
UNIVERSITY

Meeting Journal
Department of Engineering Technology
ENT 49%7/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

Present
Advisor: Gary l.‘lriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes| - —
Student: Tony Hester | Yes| Meeting Date: 10704/ 2020 |
Student: | | I."ﬂeetinE Location: Webex .\rleeriuﬁ 1

Topics Discussed
Project Proposal and cost analysis were discussed in extensive detail

We also discussed current design ideas and solutions that we felt could improve the design

Current research and various topics/design information

Changed project title from Variable Motoreyele Trailer to Multipurpose Motorcycle Trailer
MPMT-1 (Multipurpose Motorcycle Trailer)

T e Achons Tal

Tony is going to continue on working on getting quotes for outsourcing welding he is also
going to continue working on the coat analyais in casc he gets this information back in time

William and Logan are going to continue refining and finalizing the project proposal and
Mprepare it for submission on 10/15/2020

We are also going to send out are current draft of the project proposal to Drigel to be reviewed

.Z\'ext Me-eting Date: 1OGDE 2020 Location: Webex .‘\rleetinﬂ
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= NMIANMI
 UNIVERSITY

Present
Advisor: Gary Driﬁel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes |
Student: Tony Hester | Yes |
Student: | 1|

Meeting Journal
Department of Engineering Technology
ENT 4497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

- — T
Meeting Date: 100082020

Topics Discussed

Discussed general ideas and concerns

.“E'Hillﬂi Location: Webex .\rlc-eting

Discussed different frame designs that we plan to perform testing on the designs

Discussed possible door and material options for the trailer/ideas

P - __
Responsibilities’ Acitions Taken

Jrrailer and door assembly (William)

Begin drafting and remodeling of two different designs and prepare them for stress analysis
N Logan and Tony are going to begin drafting the designs)

Research and look into the different types of paneling, hinges, and hydraulics for the

._‘iﬂt ."ﬂtctin; Date: 10/1 172020

Location: Weht; .\rleeti_ng
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Meeting Journal

o= MIADNMI Department of Engineering Technology

UNIVERSITY  ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes| - -
Student: Tomy Hester | Yes| Meeting Date: 10/11/2020
Student: 1 | Meeting Location: Webex Meetin

Topics Discussed
Project proposal and revisions/added information

Current 3D models and sketches as well as cost information for the cost analysis
fMaterials and Welding)

m IDilities) Actions Tal
William sent another copy of our revised project proposal to Gary Drigel to be reviewed

William is going to continue performing research into the latches and hinges for the trailer
to make a door for the animals

Tony and Logan are going to perform research into using Autodesk inventors frame analysis
as well as the weldement functions to better improve the cage designs for testing,
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Meeting Journal

ﬁ' MIANI Department of Engineering Technology
| UNIVERSITY  ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

Present
Advisor: CGary DriEel | Mo |
student: Logan Street | Yes |
Student: William Dao | Yes| - -
Student: Tony Hester | Yes| Meeting Date: 10/15/2020
Student: | | MeetinﬂE Location: Webex .\'leeting

.
Topics Discussed

Project proposal and current design plans and options

Current project progress

Trailer components design options and motoreycles wiring diagrams

R YT

Continue working on research and design modeling
Continue on the project and reach out to more contacts and welders

| ok imtos CFTY nprinrm within Ansys fowr drag ;‘m:ﬂ}'m\ and testing

l_\iﬂt !.-lecting Diate: 10/227 2020

Location: Webex .\'leetinﬂ
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== MIAMI
 UNIVERSITY

Meeting Journal
Department of Engineering Technology
ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DriEel | Yes|
Student: Logan Street | Yes |
Student: William Dao | Yes | - —
Student: Tony Hester | Yes| Meeting Date: 107222020
Student: | | I."ﬂeetiuﬂ: Location: Webex .\rleeriuﬁ

Topics Discussed
Discussed current progress on the project
Discussed the trailer quote and which trailer design option we want to go with
Discussed the trailer design progress and the idea of adding in a door assembly

Discussed the material options and costs as well as motoreycle wiring harness

T e Aenans Tal

Continue and get another quote for the cage welding including paneling
Reach out to Dr. Murat Dine for help with the CFD analysis

Continue the frame analysis and testing for the design

Develop/design the mounting for the cage assembly to the teailer.

Decided on the trailer design we want to go with.

MNext ."rleetina Date: 1IW2S/ 2020

Location: Webex i\r'leetinE
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Department of Engineering Technology

UNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyvele Trailer)

Meeting Journal
%- MIAMI

Present
Advisor: Gary Drigel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes | - —
Student: Tony Hester | Yes| Meeting Date: 10725/2020 |

Student:

Meeting Location: Webex Meetin

Topics Dhiscussed

Discussed current progress on the project
Discussed trailer design concerns
Discussed the trailer door assembly

[Dnzcussued current quote progress

. __
Rezsponsibilities’ Actions Taken

Continue and get another quote for the cage welding including paneling
Continue the frame analysis and testing for the design
Develop/design the mounting for the cage assembly to the trailer.

Continue research for the door design

Mext Meeting Date: 10029/ 2020
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Meeting Journal

ﬁ' MIANMI Department of Engineering Technology
| UNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary l.'lriEel | Yes|
Student: Logan Street | Yes|
Student: William Dao | Yes |
Student: Tony Hester | Yes | Meeting Date: 10/29/2020
Student: | | Meeting Location: Webex Meetin

" Topics D pics Nscussed

CGave an update on our current project progress

Discussed the current design and quote progress and needed research
Worked on the cost analysis for the grant/scholarship

Worked on refining the proposal for submission for the grant

[DMscussed upcoming group assignment

. __
Responsibilities” Actions Taken

Continue working on the project Pfl}[_'llll:ii.’ll for the grant
£ E
Start working on the UpCOMIBG QROUPE 2201 grment

Perform more research and contnue working on the project

Mext ."rlu-ting Date: 110012020 Location: Webex ?\rleeting
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Meeting Journal

ﬁ M I A M I Department of Engincering Technology
| UUNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes| - —
Student: Tomy Hester | Yes | Meeting Date: 11/01/2020
Student: | | Meeting Location: Webex Meetin

T
lopics Discussed
We discussed the upcoming group assignment and selected our case

We discussed the current proposal grant progress and editted the document to properly
show the intended project

T ———— _ -
Responsibilities” Actions Taken

Continue working on refining the grant proposal
Finish/continue working on the ethics assignment

Continue working on the project

Mext Meeting Date: 1103/ 2020 Location: Webex Meetin
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Meeting Journal
ﬁ' MIANMI Department of Engineering Technology
| UUNINVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Maotoreyele Trailer)

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes| - —
Student: Tony Hester | Yes| Meeting Date: 11703/2020
Student: | 1| Meeting Location: Webex Meetin

Topics [iscussed
Discussed and completed the ethics assignment

Discussed and refined the proposal grant document and cost information

. __
Responsibilities’ Actions Taken

Tony is going to turn in the propoesal grant to Drigel once the quote information is finalized

Continue working on the project as well as the individual assipnment within the ethics

jassigniment
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Meeting Journal
f | M I A M I Department of Engincering Technology

| UNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

Present
Advisor: (sary DriEel | Mo |
Student: Logan Street | Yes|
Student: William Dao | Yes|
Student: Tony Hester | Yes | muzu
Student: | | .‘ﬂeetiunE Location: Webex lleeting

" Topics I pics Discussed

Current project progress in regard to project timeline

Current needs and goals for the project and what needs to be done
Discussed ansys software and FEA trials that need to be done.

IOptimal element size for meshing in ansys = 0235

R Dilitics Actions Tal
Downloaded ansys discovery and ansys student 2020 R2

Logan is going to try and peroform FEA analysis within ansys

Logan is also going to experiment and test ansys discovery for CFD analysis

Tony is going to start on the paneling for cage design as well as the drawings for the structure

William is going to start on the presentation/report and work on the door design
He is also going to design'test in ansys as well if he has the times

._\i-:nt Mtctin; Dratc: 1108/ 2020 Location: Webex .'i'le-:tinﬁ
I _
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Meeting Journal
: | M I A M I Departiment ol Engineering Technology

| UNIVERSITY  ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes|
Student: William Dao | Yes | - —
Student: Tony Hester | Yes | Meeting Date: 11/08/2020
Student: 1 | Meeting Location: Webex Meeting

Topics DNiscussed
Discovery update an overall impressions/progress/issues/etc
Door design update and progress as well as concerns (general discussion)
Upcoming presentation and what we needs to get done

1D Scanning Motoreyele Diecast

"~ Responsibilities) Actions Taken

Created a google slide presentation and the final report document. Begin working on both.
Continue door design and continue working with ANSYS

Plan/collect ideas and images for the presentation

Tony is going to look into getting a 3D scan of the motorcycle diecast

Mext Meeting Date: 111272020 Location: Webex Meetin
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MIANMI
 UNIVERSITY
Present
Advisor: Liary DriEel | No |
Student: Logan Street | Yes|
Student: William Dao | Yes |
Student: Tony Hester | Yes |
Student: 1 |

Topics Discussed

Current FEA progress and future simulations
Project presentation and overall plan

Current progress and concerns/suggestions

Meeting Journal

Department of Engineering Technology

ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Meeting Date: 1171272020

Meeting Location: Webex Meetin

Begin working on the final report

Continue working on the project

p— S— - —
Responsibilities’ Actions Taken

Continue working and finishing the project presentation

..\'en ."rlﬁ-ting Date: 11715/ 2020

Location: Webex .\leetlnﬂ
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ﬁ MIAMI
| UNIVERSITY

Present
Advisor: (ary DriEel | Mo |
Student: Logan Street | Yes|
Student: William Dao | Yes|
Student: Tony Hester | Yes |
Student: | 1|

Topics Discussed

Meeting Journal
Department of Engineering Technology
ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Meeting Date: 1172272020

Meeting Location: Webex Meetin

Discussed current order updates for the project (such as the trailer order)

Discussed the plan for the week and the tmeline in order to finish the final report

T e ice Actons Tal

Begin working on our reflection reports

Continue working on the project

Next Meeting Date: 117232020

Continue working and [\l[]ih]'ll[]g-"ﬁ]'lﬂli.?.]I‘IH the final report
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MIANMI
 UNIVERSITY
Present
Advisor: Gary Driﬁel | M |
Student: Logan Street | Yes|
Student: William Dao | Mo |
Student: Tony Hester | Yes |
Student: | 1|

Topics Discussed

Continued working on the final report and finished the design as well as analysis sections

Discussed the plan for the week and the tmeline in order to finish the final report

Meeting Journal

Department of Engineering Technology

ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

e
Meeting Date: 117232020

Meeting Location: Webex Meetin

Continue working on the project

P _- — - -_
Responsibilities/ Actions Taken

Continue working on our reflection reports

Location: Webex Meetin

MNext Meeting Date: 11/24/ 2020
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Advisor: Gary DriEel | Mo |

Student: Logan Street | Yes |

Student: William Dao | Mo |

Student: Tony Hester | Yes |

Student: I I

Meeting Journal

Department of Engincering Technology

ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Meeting Date: 1172472020

[To pics Discussed

Finished the initial draft for the final report

Discussed the plan for the week and the tmeline in order to finish the final report

T i Actans Tal

for review as well
Continue working on our reflection reports

Continue working on the project

Scnt the deaft to be reiviewed by William and then had him send it to Gary Drigel

Tony picked up the trailer and is going to assemble it on the upcoming weekend

MNEXT ."I-"Il‘:f[ll'lﬂ Drare: 1173002020

Laocation: “’Eﬂt; ."lf'E'[lllﬂ
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o= MIADNMI Department of Engineering Technology
| UUNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes| - —
Student: Tomy Hester | Yes| Meeting Date: 11/30/2020
Student: | | Meeting Location: Webex M eetin

Topics Discussed
Final project report current work and refinement

Trailer assembly completed. Discussed the current frame design and began refining the
design so that we could later send the design off to the welder

Decided to go with plating the cage by using rivets rather then welding in order to reduce
the total cost

Decided to use 34" plywood for the decking on the traler

T ———— L _ —
Responsibilities” Actions Taken
Tony is going to contact the welder so that we can have the design begin assembly

We are going to send the final report out for review again priot to the submission date

Mext Mecting Date: 1200120210 Location: Webex Mectin
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o= MIADNMI Department of Engineering Technology
| UUNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes| - —
Student: Tomy Hester | Yes| Meeting Date: 12/01/2020
Student: 1 | Meeting Location: Webex Meetin

T
lopics Discussed
Discussed current project status and finalized the final report for the fall semester

Discussed paneling options and decided to go with unpainted aluminum because the panels
will be bended to shape

Responsibilities’ Actions 'l-'n ken

Sent another copy of the final report out for review and upon review and revison if needed
the final report will be submitted before or on 12/03/2020

Still waiting to hear from the welding shop. However Tony is planning to call them at some
point tomorrow | 12/02/2020)

.ﬁiﬂt ."lrlecting Date: 12062020 Location: Webex }leetlnﬂ
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Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes|
Student: William Dao | Yes |
Student: Tony Hester | Yes |
Student: 1 |

Topics Discussed

delivery date/time

Discussed current project status and the welding simation as well as the expected

Talked amount the door assembly and the piano hinge we intend to use for the door
Jassembly as well as the door assembly in general and on additions that may need added

Discussed the motorcycle hitch and are going to get it ordered for the motoreyele

Meeting Journal
Department of Engineering Technology
ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Meeting Date: 12/706/2020

Meeting Location: Webex Meetin

I __
Responsibilities’ Actions Taken

Continue working on the door assembly and finalize its desigh so that we can begin it's a

addition into the project

Tony is going to order the motorcycle hitch so that we can aquire it in a reasonable amount
of time and pet the motoreyele prepped for polling the trailer

..\'ext ."rlteting Date: lyl 12020

Location: Webex .\leetlng
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ﬁ' MIANI Department of Engineering Technology

UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes |
Student: William ao | Yes| - -
Student: Tony Hester | Yes| Mecting Date: 12112020
Student: | |

Topics Discussed

Discussed current project status and the welding situation as well as the expected
delivery date/time

Talked about the trailer hitch oeder progress and plan for the holiday/break
Discussed individual plans and upcoming conflicts with meetings

[Ciscussed trailer titing progress for road use

T e A etans Tal

Continue working on the door assembly and finalize its design so that we can begin it's a
Jaddition into the project

Logan is going to revise the trailer model andmake it made available to everyone

Currently waiting on title information for the trailer

l?ﬂie:t ."r'leeting Date: 01/ 1872021 Location: Wehe; .“eeti_nﬂ
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| IUNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Mulii-Purpose Motoreyele Trailer)

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes|
Student: William Dao | No | - -
Student: Tony Hester | Yes| Meeting Date: 01/18/2021
Student: | | Meeting Location: Webex Meetin

Topics Discussed
Discussed revised trailer and potential frame conflict issue

Discussed welding quote information and what needs to be done before we have the welder
fbezin building the cage

Discussed trailer hitch conflict/progress

__
Responsibilities’ Actions Taken

Logan and Tony are going to verify that the revised trailer is correct and make sure that
the plan for mounting of the cage is correct with the cage design that way we can have the
welder begin working on the design

.Z\'ﬂt ."rleeting Date: 01/23/2021 Location: Webex i\'leetinﬂ

105



MIANMI
 UNIVERSITY
Present
Advisor: (ary DriEel | Mo |
Student: Logan Street | Yes|
Student: William Dao | Mo |
Student: Tony Hester | Yes |
Student: | 1|

Meeting Journal

Department of Engineering Technology

ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

Meeting Date: 01723/2021

.
Topics Discussed

Discussed welding progress/current status
Discussed trailer hitch information and any updates

Discussed 3D model status and want needs to be added

wheel wells.

. __
Responsibilities’ Actions Taken

Tony is going to fill out the request for funding and get in contact with the welder.

Logan is going to update and add to the 3D trailer model so that it includes the lights and

l_\iﬂt ."rleeting Date: 01/24/2021

Location: Webex Meetin
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o MIANI Department of Engineering Technology
' UNIVERSITY  ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

Present
Advisor: Gary DlriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes |
Student: Tony Hester | Yes | Meeting Date: 01/24/2021
Student: | 1| Metting Location: Webex .\rleetiug

Topics Discussed

Discussed the trailer model and made a slight revision to the cage design to allow better
bolt placements for the mounting of the trailer.

Discussed the title information and what we need to do as well as the trailer hitch informationf]

Discussed what we need to get done for refining the 3D model further

Responsibilities’ Actions Taken

Tony is going to send the updated drawings and model to the welder
William is going to continue working and refining the door design
Logan is going to continue refining and editing the trailer model

Trailer wood top was installed

MNext ."rlecting Date: 01242021 Location: Webex Meetin
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o= NTANI Department of Engineering Technology
| UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DriEel | Yes|
Student: Logan Street | Yes |
Student: William Dao | Yes | - —_—
Student: Tony Hester | Yes | Meeting Date: 01282021
Student: | |

Topics Discussed
Current project standing and what still needs to be done and our current plan

Discussed the complications we ran into during the break and the issues we have ran into
with delays with the welder and shipping of parts

Discussed potentially ordering another hitch due to current delays

IDiscussed the updated/refined 30 model

E Dilities Actions Tal
Everyone is going to start on the CFD research within ANSYS

Tony is going to keep in direct contact with the welder and look for another motoreyele hitch
due to the delaye we are experiencing

Everyone is going to keep working on the project

l.\iext ."r1eeting Date: 01/31/2021 Lscation: Weheg .\rle-eti_nﬂ
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= MDA TA NI
| IUUNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

Department of Engineering Technology

Present
Advisor: Gary Drigel | Mo |
Student: Logan Street | Yes|
Student: William Dao | Yes|
Student: Tony Hester | Yes | Meeting Date: 01/31/2021

Student:

Meeting Location: Webex Meetin

Topics Discussed
Paneling optons and what is available/cost
Aquiring tools needed for paneling process
Current CFD progress

Motorcycle hitch stamus

Current welder status

We are going to order the paneling for the project as well as the wiring harness for the
motorcycle and the trailer.

Going to go with 1/4 inch aluminum rivets for mounting the panels

Continue working on the CFD analysis

§Going to conduct more research on the motorcycle wiring harness before ordering
Ciul a copy of the mowreycle service manual for wonys meloncycle

MNext Meeting Date: 02/04/2021

Location: Webex Meetin
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o= NTANI Department of Engineering Technology
| UNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary Drig&l | Yes |
Student: Logan Street | Yes |
Student: William Dao | Yes | - —
Student: Tony Hester | Yes | Meeting Date: 02/04/2021
Student: | | Meeting Location: Webex Meetin

P __
Topics Discussed

ICurrent CFD progress, meshing error is now resolved. Moving on to setting up the solver

in order to mun the simulation and establish more parameters so that we can determine

the drag coeffiecients as well as the force acting on trailer while moving at different speeds.
Once the solver is setup the model will be run in three sets of simulations going from 23, 35,
and 45 mph as these will be the common speeds that the trailer will experience.

Motorcyele Hitch Status - expected to ship on the 23 of February

We are going to get wiring harness ordered (Delayed because of research)

Responsibilities’ Actions Taken

We are going to get wiring harness ordered (Delayed because of research)

Tony is going to check in with the welder for an update on the cage progress

Tony is going to look into aluminum paneling for the project and then later subimit an order
William submitting the form for the wiring harness

Tony is going to take the teailer to the middletown campus so that it can be stored

Logan is going to continue working on the CFD simulations for the drag coefficents

MNext Meeting Date: 02082021 Location: Webex Meetin
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Meeting Journal
= MMIAN Department of Engineering Technology
| UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes | - —
Student: Tony Hester | Yes | Meeting Date: 02008/ 2021
Student: 1 | Meeting Location: Webex .\rlcetiuﬁ

_'I'ngia:s Discussed

CFD progress and current status/issues
Door design progress

Trailer title progress/update

Welder status and current situation

T s Actone Tal

Logan is going to continue working on the CFD within ansys and continue to work towards
finalizing the meshing so that the simulation cases can be started.

William is going to continue/finalize the door design

Tony is going to keep in contact with the welder and also in communication about the
Rurailer title status.

.Eﬂt .'Heeting Date: uylmu;l Location: Wehex Heetlng
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Meeting Journal

ﬁ' MIANI Department of Engineering Technology
| UNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary Driﬁel | Yes |
Student: Logan Street | Yes |
Student: William Dao | Yes | - -
Student: Tony Hester | Yes | Meeting Date: 02/11/2021
Student: | |

1o pics Discussed

Cuurent CFD progress as well as trailer legality

JOrdering the alumnium paneling

Current status of the wiring harness {Just ordered should arrive on Friday)
Motorcycle hitch status and welding progress/status.

Dwor design progress

R ilties, Actions Lal
Going to order the aluminum paneling from the welder.

Going to plan a time to install the wiring harness for the motoreyele and run the wiring for
fthe trailers lights.

Continue CFD analysis from drag coefficents

Continue door design development.

l.\iﬂt ."rleeting Date: 02152021 Location: Webex .\rlcetlnﬂ
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Student: Logan Street | Yes |
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Meeting Journal
Department of Engineering Technology
ENT 497/498 - Senior Design Project

Project Title: MPMT (Mulii-Purpose Motoreyele Trailer)

Meeting Date: 02/15/2021

I."ﬂeetiuﬂ‘ Location: Webex .\r'leetiuﬁ

T
lopics Discussed
Current welders progress/status

Current CFD progress and status

Current door design progress

Current wiring harness status for the motoreyele

T e iee Actons Tal

Logan is going to continue working on the CFD

Tony is going to keep in contact with the welder as a group we are planning
stop by the welding shop to see the current progress possibly on 02/20/21

William is going to keep working on the door design

Planning to start wiring the trailer lights for the teailer on 02/20/21 as well.

.?iﬂt ."rlt-:tin; Date: II&“I'TFI{I'II

Location: Wtht; .\rlceti_ng
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Project Title: MPMT (Multi-Purpose Maotorcyele Trailer)

Present
Advisor: Gary DriEel | Yes|
Student: Logan Street | Yes |
Student: William Dao | Yes| - —
Student: Tomy Hester | Yes| Meeting Date: 02/17/2021
Student: Kvle [iuﬂiﬂﬁenhcim | Yes| Meeting Location: Webex Meetin

Topics Discussed
Addition of another group member ( Kyle Guggenheim)

Project changes and what needs to be updated such as the gantt chart
Jand project requirements

Current project status and current progress for the project and it's status

T —— .
Responsibilities’ Actions Taken
Logan 1s going to start rearranging the gantt chart and continue CFL research

Kyle is going to review some of the current project materials so that he can be caught up
on the design and project.

Tony is going to review the door design and get the model sent to the welder

Next Meeting Date: 02/18/2021 Lcation: Webex Meetin
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ﬁ' MIANI Department of Engineering Technology
UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DriEel | Yes |
Student: Logan Street | Yes |
Student: William Dao | Yes | - -
student: Tony Hester | Yes | Meeting Date: 02/18/2021
Student: kyle Guggenheim Yes .‘ﬂeetiuﬂE Location: Webex .\rle-etinE

_'I'n pics I-.'Iisi: ussed

Current gantt chart progress and revisions

Plan for 02/20/21 going to meet as a group at the miami middletown campus
Reviewing project needs and what needs to be ordered still

3D printing trailer model and

Taking images and recording group work

m Dilities Actions Tal
Logan is going to continue working on CFD

Everyone is going to meet on campus on this upcoming Saturday to work on the trailer
Kyle is going to look into getting a teailer model 3D printed

William is going to review project resources and what is still needed

Next Meeting Date: 02/22/2021 Location: Webex Meetin
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= MMIAN Department of Engineering Technology
| UUNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes| - —
Student: Tony Hester | Yes | Meeting Date: 02/22/2021
Student: kvle [.‘-uﬂEﬂEenheim ‘t'e:a!

Topics Discussed
Current CFD results and progress
Hitch status, location of break on middletown, motoreyele storage location
Plan for working and assembling the motoreyele as well as the paneling for the cage

Everyones current schedule and days we can meet to work on the project

IL'u ment budget and what needs to be ordered

R ltical Actions Lal
Logan is going to continue working on CFD

Kyle is going to get the 3D print file sent to be printed

Everyone is going to meet at the campus on Thursday moming to start on the paneling

Tony is going to pick up the cage design and the sheet metal once it is available and deliver
it to the middletown campus. He will also test the trailer lights

Mext Meeting Date: 02/23/2021 Location: Webex Meetin
I
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Advisor: Gary DriEel | Yes|
Student: Logan Street | Yes |
Student: William Dao | Yes|
Student: Tony Hester | Yes|
Student: Kyle [;uﬂEnEenheim Yes |

Meeting Journal

Department of Engineering Technology

ENT 497/498 - Senior Design Project

Project Title: MPMT (Mulii-Purpose Motoreyele Trailer)

Meeting Date: 02/23/2021

Meeting Location: Webex Meetin

Topics Discussed

Current CFD progress

What materials need to be ordered/gather still

Door Design and matenials

Fiberglass and paint option for enclosing/sealing the cage

Motorcycle hitch status and relocation of items in middletown lab

T e iee Actons Tal

Groing to continwe with the aluminum paneling instead of the fiberglass
William is going to get the remaining parts ordered
Eovle ie going to send frank the 3D print form once the scaling of the model ie complete

Tony is going to contact the welder for potential pickup as well as the painter to learn
frnore about the fiberglass work for a backup option.

.Z\'e:t ."rleeting Date: 02/25/2021

Location: Webex i\r'leetinﬂ
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ﬁ' MIANI Department of Engineering Technology
UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DlriEel | Yes |
Student: Logan Street | Yes |
Student: William Dao | Yes | i —
Student: Tony Hester | Yes | Meeting Date: 02/25/2021
Student: kyle Guggenheim Yes Meeting Location: Webex Meetin

r—
Topics Discussed
Current project standing and current plan
Fog machine order for the wind tunnel and expected arrival time

Plan for the paneling and making refined templates

Credering of wire for the trasler doeor

R iliics Actions Tal
Going to meet as a group to work on the motorcyele this upcoming Saturday
William is going to get the wire for the door ordered

Decided to use sheet metal serews instead of rivets to attach the panels
Tony is going to make refined templates out of poster board for the panels
Koyle sent the 3D model to be printed

Logan is going to send Dr. Dinc the current CFD results for review

..\ie:'.t ."rleeting Date: 02:27/2021 Location: Webex .\rleeting

118



Presemt
Advisor: Gary Driﬂel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes |
Student: Tony Hester | Yes|
Student: kyle lZ..‘-l.l-ﬂ'= Eenheim | Mo |

Meeting Journal

Department of Engineering Technology

ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

. I
Meeting Date: 02/27/2021
ng Location: Webex .\leetirlE

P __
Topics Discussed

fmotorcycle to the trailer.

Met as a group and got the motorcyele hitch installed as well as the trailer wiring for the

Got the motorcycle lights on the trailer tested and installed and also took
fthe trailer for a test ride with the motoreyele at miami middletown

m e Actons Tal

Tony tested the trailer lights and used his motorcyele to test the trailer
Going to meet as a group on 03-042021 to continue working on the paneling for the cage

BOverall, everyone as a group is planning on meeting within the next week to finish paneling
s that we can move onto real-world testing.

.."iflt ."ﬂtf[in; [rate: O304/ 2021

Location: ‘Hr"tht; .‘Ir'lﬂ'ﬂ_llﬁ
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= MMIANI Department of Engineering Technology
| UUNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary Drigel | Yes|
Student: Logan Street | Yes |
Student: William Dao | Yes|
- e
Student: Tomy Hester | Yes| Mecting Date: 03/04/2021
Student: Kyle [iuﬂenheim | Yes| I.\‘leetqu Location: Webex .‘\r'leetqu

Topics Discussed
Met as a group earlier today and worked on the wind tunnel as well as the cage paneling

The cage is now cleaned and prepped for the aluminum paneling to be mounted to it
and the hardware/fasteners including the hinge have been obtained

Current CFD progress and final data collection for it

Plan for this upcoming Saturday 03/06/2021 15 to meet as a group and finish/mstall the panels
for the cage design

HResponsibilities! Aclions Taken

Logan is going to finish the CFD analysis/study

Everyone is going to meet on 03/06/21 to install the panels for the cage and get it finalized
s0 that we can move onto real-world testing

Koyle is going to send Dr. Dinc an update about the wind tunnel and current progress

Going to look into options for securing the trailer model/scale model so that it can be safely
Iplaced inside the wind tunnel

Next Meeting Date: 03/06/2021
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ﬁ' MIANI Department of Engineering Technology
UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DlriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes | - —
Student: Tony Hester | Yes | Meeting Date: 03/06/2021 |
Student: Kyle [iuﬁenheim | Yes | _"h’leetirlE Location: Webex .\rleetiuﬁ 1

Topics Nscussed
Met as a group at miami and got the main panels for the cage structure installed

Discussed waterproofing options and some of the finishing details that will need to be
Jaddressed

Going to meet as a group again on 03/11/2021 to work on the door and get it finalized

Everyone is going to plan to meet at the school again on 03/11/2021

Orverall, the main goal is to get the cage/door finalized and bolted onto the trailer so that
we can begin testing at Miami Hamilton as soon as possible.

MNext ."rleeting Date: 03/11/2021 Location: Webex Meetin
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ﬁ' MIANI Department of Engineering Technology
| UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreycle Trailer)

Present
Advisor: Gary Driﬂel | Yes|
Student: Logan Street | Yes |
Student: William [ao | Yes | - -
Student: Tony Hester | Yes| Meeting Date: 03/11/2021
Student: kyle lZ..‘-l.l-ﬂ'= Eenheim | Yes | Meeting Location: Webex .\leetirlE

Topics Discussed
Met as a group and got the door finalized minus the closing latches and the seal
Tested the wind tunnel and made sure that it was working properly
Got the cage bolted to the trailer so that it can now be transferred to the hamilton campus

Got the lid installed onto the cage

ll{“slmnﬁihiliﬂu-" Actions Taken

BOrdered the seal and latches for the door and we are planning on installing them on 03/18/21

fOverall, we are planning to begin the wind tunnel analysis soon and finish the main
construction of the design so that we can move onto testing with the motorevcle.

l.\iext ."rleeting Date: 03/ 158/ 2021 Location: Wehe; .\r‘leeti_nﬂ
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| UUNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT {Multi-Purpose Motoreycle Trailer)

Present
Advisor: Gary Driﬁel | Yes |
Student: Logan Street | Yes |
Student: William Dao | Yes |
Student: Tony Hester | Yes | mull
Student: kyle [quEenheim | Yes | .‘k’lettius Location: Webex .\rle-eting

P __
Topics Discussed

Msenssed current project standing amd oure goal/plan four the npenming weekend as we are
Iplanning to perform live testing this upcoming weekend.

Got the door sealed, latches installed, as well as the traction mat installed for the dogs

Got the lid sealed as well and trimmed/sanded so that it is smooth all around

Plan for the poster as well as the video for the project

‘urrent wind tunnel results

Responsibilities’ Actions Taken

Tony is going to transport the trailer from Miami Middletown either on this upcoming Friday
or this upcoming Saturday.

Everyone is going to start getting ideas for the poster as well as the video for the project

Everyone is going to meet at Miami Hamilton on 03/21/21 for live testing with the motorcyele

._‘iext I"ﬂtetin; Date: 03/21/2021 Location: Webex .\rleeting
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| UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

Present
Advisor: Gary l.‘lriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes | - —
Student: Tony Hester | Yes| Meeting Date: 03/21/2021
Student: kyle [Suﬂiﬂnenheim | Yes | ng Location: Webex .\rleetiuﬁ

Topics Discussed
Met as a team and performed live testing with the trailer and the motorcycle.
Tests performed include the following:
Manuverabilty, braking, acceleration, and stability

We also collected footage using a gopro

IchraII. testing was a success and the trailer worked exceptionally

Kovle is going to review the footage and make a short film for the test results to be showcased
as a claim for us to get permission for road testing

Logan is going to run some more CFD simulations for low speed and also start making videos)
tor the CFD simulations

Tony is going to take the trailer home and finish the remaining installations
of small parts/accessories

Everyone is going to meet on 03/25/2021 for continuing wind tunnel testing

MNext Meeting Date: 032502021 Location: “"ehe; .‘Irleﬂl_ng
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ﬁ' MIANI Department of Engineering Technology
| UNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorevele Trailer)

Present
Advisor: Gary DlriEel | Yes |
Student: Logan Street | Yes |
Student: William Dao | Yes |
Student: Tony Hester | Yes | Meeting Date: 03/25/2021
Student: Kvle ““"E"E enheim | Yes | Meeting Location: Webex Meetin

Topics Iscussed
Met as a group and continued wind mnnel testing as well and video coverage

Discussed the plan for the upcoming weekend as we are going to work on the report and
Ipu-_-.[er as well as the powerpoint presentation

Orverall, windunnel analysis is now completed and we are now maoving forward with focus
on the report and other documents

Tony is going to meet with some different painters to get quotes

Responsibilities’ Actions 'l-'u ken

Everyone is going to meet on 03/28/2021 to work on the poster, final report and the
powerpoint presentation

Main focus now is shifting to focusing on the documents that are needed to be finished as
well as getting the presentation video started

Koyle is going to review and edit the wind tunnel videos for the presentation

Mext Meeting Date: 030282021 Location: Webex Meetin
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| UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT {Multi-Purpose Motoreycle Trailer)

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes | - —
Student: Tony Hester | Yes| Meeting Date: 03/28/2021
Student: Kyle [;uﬁenheim | Yes| I."ﬂeetiuﬂ: Location: Webex .\rleeriuﬁ

" Topics D pics Discussed

Final poster was edited/finalized and sent out for review

General outline of the video presentation was discussed and revised
Current design weight and caleulations

Plans for the video presentation and the method for the video

T ——— i .
Responsibilities’ Actions Taken
Logan sent a copy of the final poster to Gary Drigel for review

Tony is going to continue talking to painters and training the dogs to become more familiar

with MPMT

Everyone is going to meet on Thursday 04/01/2021 to finalize and finish the video
presentation so that we can get the video completed

Eveyone is also going to start writing and working on the final report

Next ."rleeting Date: 04012021 Location: Webex Meetin
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Meeting Journal

@' MIANI Department of Engineering Technology
| UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DlriEel | Yes |
Student: Logan Street | Yes |
Student: William Dao | Yes | - —
Student: Tony Hester | Yes | Meeting Date: (04/01/2021
Student: kyle ““"E"E enheim | Yes | .‘“E‘E[il‘lE Location: Webex .\rleetiuﬁ

pr—
lopics Discussed
Final poster for the project revised and edited it

Continued working on the presentation for the video and decided on a day for
when we will record and complete the presentation video

IContinue working on the final report and get it ready for review

Responsibilities’ Actions Taken
Decided that we will record our video presentation on 04/08/2021
Gioing to meet as a team and continue working on the final report on 04/03/2021

Gioing to get the final poster and presentation reviewed

..\iﬂt ."rleeting Date: 0403/ 2021

Location: Webex .\rlceting
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Meeting Journal

ﬁ- MIANAI Department of Engineering Technology
| U UNIVERSITY ENT 497/498 - Senior Design Project
Project Title: MPMT (Multi-Purpose Motorcyele Trailer)
Present
Advisor: Garv Drigel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes|
Student: Tony Hester | Yes | Meeting Date: 04/03/2021
Meeting Location: Webex Meetin

Student: kyle [iuﬂEﬂEenheim | ‘t'es!

Topics Niscussed
Current status with the painter and expected completion date
Project final presentation and edits that need to be done as well as additional images
Final report outline and plan

Process for citing our previous report so we can reuse some of our previous information

Tony is going to keep in eontact with the painter and plan for collecting the design onee
paint is finished

J“lanmng to meet as a group on 04082021 to continue x'.'url-cm-:-, on the final report

Planning to do more testing and get more videos and images of the finished project once
paint is finished

I.\iﬂt ."rleeting Date: 04082021 Location: “"thta .\leeti_ng
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== MIANMI
| UNIVERSITY

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes |
Student: Tony Hester | Yes |
Student: kvle ISuﬂEEenheim | Yes|

Topics Discussed

ooing to use

Meeting Journal
Department of Engineering Technology
ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Meeting Date: 04/10/2021
Meeting Location: Webex .‘\rlcetqu

Met as a group and began working on the video presentation

Recorded various parts of the video presentation and selected which videos/images we were

Finalized the overall presentation content expect for some of the images

Hesponsibilities! Actions 1 aken

Jrrailer at Miami University Hamilton

Everyone is going to meet on 04/12/2021 to get new videos and images with the finished

Plan is to get a new group photo if everyone is available and also do some testing with
Bthe animals riding in the trailer for a brief amount of time

l.\'c:nt ."ﬂtctini Datc: 04/12/2021

Laocation: Webhe i AMectin i
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= MIAMI
UNIVERSITY

Present
Advisor: Gary l.‘lriEel | Mo |
Student: Logan Street | Yes|
Student: William Dao | Yes |
Student: Tony Hester | Yes |
Student: Kyle [iuﬁenhcim | Yes |

Meeting Journal

Department of Engineering Technology

ENT 497/498 - Senior Design Project

Project Title: MPMT (Mulii-Purpose Motoreyele Trailer)

Meeting Date: 04/12)2021 |
I.ﬂeetinE Location: Webex .\r'leetluﬁ 1

.
Topics Discussed

Met as a group and conducted some testing with the animals and the trailer
Got new photos of the finished/painted trailer with the animals

Got a new images for the poster/presentation/report

Everyone is going to meet as a group on (4/15/2021 to finish the video presentation and

the final poster

Tony when he has the time is poing to collect the trailer from the Hamilton campas

Everyone is going to continue working on the final report as well

Mext !rle-eting Date: 04/15/2021

Location: Weht; .‘\rleeti_nﬁ
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Meeting Journal
= NMIANMI Department of Engineering Technology
| UUNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary l.'lriEel | Yes |
Student: Logan Street | Yes |
Student: William Dao | Yes | - -
Student: Tony Hester | Yes | Meeting Date: 04/15/2021
Student: kyle [.‘-uEEenheim | Yes | MeetinE Location: Webex .\rleetluﬁ
pr—

-
Lopics Discuissed
Submission of the final poster

Video presentation setup and what needs to be done still. Goal is to have the presentation
completed by next Teusday so that it can be reviewed

Final report progress and what needs to be done still

P A __
Responsibilities” Actions Taken

Everyone is going to meet on 04/18/2021 to finish and adjust the video presentation if
changes need to be made

Everyone is going to continue working on the final report so that it can be sent out for
review and then revised/editted based upon the feedback that we receive once the review
is completed.

Tony 13 poing to continue working on his 2-minute prescntation for displaving our

project
I.\iext Mﬁrting Date: 04/18/2021 Location: Weheg .\rleeti_ng
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Meeting Journal
— MIANMI Department of Engineering Technology
| UUNINVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary DriEel | Mo |
student: Logan Street | Yes |
Student: William Dao | Yes| - -
Student: Tomy Hester | Yes | Meeting Date: 04/18/2021
Student: Kvle [.iunEnEenheim | Yes | Meeting Location: Webex Meetin

Topics Discussed
Met as a group and finalized the project presentation.
Planning to send the presentation out for review on 04192021 as of current timeline

Final report progress as well as planned content and additional content within the appendices

.
Responsibilities” Actions 'l-'n ken

Everyone is going to meet on 04/22/2021 to continue working on the final report
we are also going to discuss the project presentation as well

Main focus now is on getting the final report finished so that we can have it reviewed

Tony is going to continue working on his 2-minute presentation for displaying our project

..\iext ."ﬂeeting Date: 04/22/2021 Location: Webex .\'leetinﬂ
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Meeting Journal
= NMTANMI Department of Engineering Technology

| UNIVERSITY  ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

Present
Advisor: Gary l.'llriEel | Mo |
Student: Logan Street | Yes |
Student: William Dao | Yes |
Student: Tony Hester | Yes | Meeting Date: 04/ 26/2021
Student: Kyle ““"E"E enheim | Yes |

Topics Discussed
Final report progress and what needs to be done
Tony's progress on the 2-minute presentation
What files/documents need to be included into the final report

Reflective essays

Responsibilities’ Actions Taken
Tony is going to continue working on the 2-minute presentation
Logan is going to add some more of the CFD documents/images into the appendices
Everyone is going to start working on their reflective essays

Everyone is going to continue working on the final report

..\iﬂt ."rleeting Date: 04:29/2021 Location: Webex }leetinﬂ
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Meeting Journal
o VMITANI Department of Engineering Technology
| UNIVERSITY  ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary l.‘lriEel | Yes |
Student: Logan Street | Yes |
Student: William Dao | Yes |
Student: Tony Hester | Yes| Meeting Date: 04/29/ 2021
Student: kyle [iuﬂinnenheim | Yes | Meeting Location: Webex Meeting

Topics Discussed

Final report progress
Tony's 2-minute presentation for 04/30/2021
Individual reflective essays

What still needs to be done within the project

T iee Actions Lal
A copy of the current final report is going to be sent out for review and feadback

Everyone is going to continue working on their individual reflective essays

Once feedback is received we are going to go through and revize and edit the report
and have it sent out for review again.

Orverall, primary focus is now on finishing the remaining/final details for the report and
the project as a whole.

|.\'e1t !'rleeting Date: 05032021 Location: Webex .‘\rleetlng
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Meeting Journal
= MIANI Department of Engineering Technology
| IUUNIVERSITY ENT 497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motoreyele Trailer)

Present
Advisor: Gary DriEel | Mo |
Student: Logan Street | Yes|
Student: William Dao | Yes|
Student: Tony Hester | Yes | Meeting Date: 05/03/2021
Student: kvle Guggenheim Yes

T
lopics Discussed
Final report progress
Status of the current review progress and if any updates have been received

Individual reflective essays

. __
Responsibilities’ Actions Taken

Everyone is going to continue working on their individual reflective essays
Kyle is going to send a copy of the final report to the writing center for review

Everyone is going to wait for feedback and as soon as feedback is received we will make
Jany of the changes that are necessary

..\iﬂt ."rleeting Date: 05/06/202 1 Location: Webex Meetin
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Meeting Journal

ﬁ' MIANI Department of Engineering Technology
| UNIVERSITY  ENT497/498 - Senior Design Project

Project Title: MPMT (Multi-Purpose Motorcyele Trailer)

Present
Advisor: Gary Driﬂel | Yes|
Student: Logan Street | Yes |
Student: William Dao | Yes| - —_—
Student: Tony Hester | Yes| Meeting Date: 05/06/2021
Student: kvle Guggenheim Yes Meeting Location: Webex Meetin

lopics Discussed
Presentation review and reflection from the previous week
Final report and review progress towards the final version
Class conclusion and summary of the course/final comments

M This is the final meeeting journal entry)

m e Actons Tal

After we receive feedback we will go through and revise any changes that need to be
fmade within our final report.

We will meet as a group and turn in the final report once revsions are finished

l.\iﬂt ."rlecting Date: MNA Location: Wehe; .\r‘leeti_nﬂ
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Appendix F: Ansys FEA Simulations/Reports

1000 Ibf (Side Impact) Static Structural Simulation
Project® Page 1 of 18

file:///C:/Users/streetl3/AppData/Roaming/Ansys/v202/Mechanical Report/Mechanical ... 11/11/2020

137



Project® Page 2 of 18

Contast Rugeis
a Mish
» Paich Cofnrring blede

o Mirmial Soleckons

®» Logds
» Sitdutien (AF
= Soutien infmidion
w Bguls
» Materal Data
o Suminam Ao
Units
TABLE 1
ivit Syl |U.8. Cis i, B, B v radls Fabiasb
=
R
T T Fahianhat
Model (Ad)
Geometry
TABLE I
Wodul ]
| G ¥
St | Filly Dol
Diafiriitios
— Col b et Dissuarvea i EWTL0T WPMT Progict Pl WPRT Siate SrecnrabbdPMT Cage Skalaten Etabe Leadng_Seidpd
NS BADMNEYE. e
Tipe .
ﬁun‘l Wi
tirn Conaled
— Diapia Sy ]
Ecomating Bos
Langth % 0.0 n
E 2006 R
Targh & TR
Progamies
i 11807 n?
~ s 181G lbm
Seale Faclor Vsl 1
Elahies
=™ EL]
T Bedi T
[T Sh06s0
Elirats FLETE
Taih Mare: I
- Tpealu Optuns —
Ascigyn Dualaash Matarial | [
Basic Geomeiny piiors
ke Bt Vs
Srtusi Bodia Wik
Lins Bodies Wi
Fararmlirs T
Pt iy
Al Wi
AnTibii
s Wi
T Flame e Ray
Malerial Propariio ik
ASvinced Gusmary Optlos
s Kisociataty Via
—_— Coswiinale Eyslinm Nich
it il i
i L) T e
[FTrTE Vi
Evmaait CAD Lipetata Wik
i Paits On L [
TPl e =

file:/{C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical ... 11/11/22020

138



Page 3 of 18

bfixind Risedution i
Chian Eodes On Fac
e e
| Cammaiy Vi
Encinei and Bymmaly Yea
P iy
ASTM AS15- ASTMASIE - | ASTM AS73 - [ASTM AS15 - |ASTM A515 -
i [
Object Harma 4z Ex s
0o - 1
2 S
S
sk | Tis
 Tiansparancy| 1
Definition,
Eure e Fiz
Sl B Flazitdi
M”: Dok Covasehrmli Syatam
T Hﬁl !E‘H By Enereimnl
Tiusabesuari | Paorm
Ll T —
L R Ay
Peinbrma Efets rice
Thamad S

Box

Effacis
[emghi] DidAm | Gramn | 455dm | o=m | -lgﬂﬁn I

[ECTT

[ =20 in

[EETT

Langh Y 075 in |
Langih 2 iEn [ s | _Emm ] T [ EEm | iiem Hm | SiEEm | iiim
Vohwrw] Z73@ar | Siiin | it | SBaiciw 10457 a7 SEGS i | loteder | Geaeiw | Teccar | Dame
Miass | 057450 e | 057196 lm | 010062 e | 0526803 b 10506 lbm 058603 o | 010062 mues | 0 50450 e | 070713 mes | BEIT0-002
Caniow X B CEd A0 [LFEEET TELET EENE T T T IS T ST T T AT 046
Tanvcid ¥| Z0008n | s0obn | ddn 000 in FEET) F000in_| 2004ain | 1538 | 077isin | swein
ConboaZ] 213 | Bi4min | 2is@n | 0630 130472 in 0EMn | 2150 n | GE%n | 473840 | 13735n
Wormani ol inwrta | 54,726 3148 LEs | Gz | 0Z2iEE 558 e - ) T2
ipi| s it ot mswisy | 10557 B | g En i g art - | A g e En i
Merrar ol inartia | 34.726 34148 ET) — | oozt | o2z2iam 557 [T — | wes CEERED
i Rt e e i | 0SSEB | Brvie? Reen e il v e
mﬁﬁ X EE R [EELe i | 1 T
ip3| i It a1t it natt 1555 E03 - natt it [ B i
ErTE
Womm|  meir | w1 | dmas | vemw | mes | awes | ewa | swr | wwes | miesi | 4o
Ewmenbs| 1Mez | i | @wes | waw | Mo | waya | mor | @sa | iie0 | tmme | o
Fara —
CAD Alivibates
PailTcbimainsi | 0000001
[l 185 149175 1
TABLE 4
ifid] = Quomery > Parts )
ASTM 4513 - ABT.H'.G:I.!‘ asmiass- [P AN Leny asia |asmiassa [ ASTUATT - | ASTMASTE - Loomiy aers - fasTuasis. "'gm"‘ﬂ"
4z - i% i%“ 3.2 4
‘Citjact Hama a%%&: . 3 o - ﬁ_:afwm
Bt | 12 03T Bt 1 13.":15 e 35&_ ﬁa_a
B
Yk
Box
0428 in Gi5n mam | .in [ nazsn
075 in FETE | BEWE R 075 in
TOA0E It LTI | EIENETT [ | IELEFETT
Vauma| 516 | 2EEniw | 2EiEEr | Zoitewr | G74me TETw AT FRTHT IEEw
Mass | 025153 o | 026800 Bon | 0126730 | 020008l | | Vo 0 036352 B BAS s L4001 e 036720 B
Cantron & 19367 n 4GETin | WEsim | Gceem | G5ram | UeAmn T BT

file://C:Users/streetl3/ AppData/Roaming/ Ansys/v202/Mechanical Report/Mechanical

11/11/2020

139



Project® Page 4 of 18
43613 in 1530 | 0777540 | 50075 in
iETin 15 T8 in EEEn 12T R
L3475 i 12 148 Banin? 12508 lben-n® 4374 e e
L3475 i 12 148 Banin? 12.508 lbem-n® PET P —
- EaETe 00z - [T
3B 002 Mo e e 15854000 Ibem-in® e
Toar | e | wam |t | teme | 3ied
N TN RN NN N -
i
mﬂ'.'lq! 151:&
ASTMASI - | werar 513 - st asr - [T Lasmeasss. |SSTGATS [AE0ANE-
. 4 Hode Hode %%4; i T %%4;
Ditginct Mirmt s o ax dx -
3 700 - X . - 81,3 1000 [ - [a3oae- | as 3¢ soa0-
T 083 o " 2y 1 11 |9 7
m‘i 4.5 T\Bakar 38 Tmakdr 87671 : |
—_— \Soks St ekt |
isitsha |
Trarparinsy |
i aad
Silhws Butmsi]
v s —
R B Ensreimnt
ﬁ“"‘%wu o
I _—
o L o
PMorhneai Efhects Yk
Eftacts T
| Box
Largh &] 104260 T N i75in EEER A
Targh v| 075w ik G75n [ TieEs | ofm | 55w | BEm TiHn 57N
[ in T T | (XA | o=m [T EECI
Vdum| ZUTew | OEmAw | Teesiw | Ewtw | ISt | Earnw | GaeEw | fese THEW TTER e
M | 020198 B o QI3 Iben | 050430 B | 025183 e | 083200 e | R0 026850 lbm 04757 Bm 0 1TROR e
Canveid % 147830 | oS | 105 RIETS A58 geamn | wsmin | eswe | oesse | wmooie
Tamied | G7775Am | 318 | 0rsie | 3iWn | 7EDn | 177He | JWEn | ioene EEn e in
Canbed 2 n 1 m | =qakm | - n T = W = SHAE R 1057 n
Worent ol eria| 22811 [EFTF [FEIE] - FI T WEST  |ElEatemE | 3@ ; IO
e Bwrird peni | RSRBM| G [ e en-i? BLATEED R ==
& 1 1 ﬁ;i . Eﬁ EE'I Eﬁim 1
|§ i weir? [P ekl B [ reae? [ CLBTOSE et -
[ 1 E 'Im E:m T m,:m . I
gl Bmim Bsrind en e Benind e B wried Ben-i? 3 Sbha A R P Ihen-in
Elath s
Tosm| wom | awr | wEm | www | e | e | senw | el | B AT F
Ereamit] N O NS N N NN N NN N 55N - N N -
Wi Waic g
TAD Alsibats
" Farlcsrance | T
o 185 149105
TABLES
Mol b = Parts
ASTM AS13-3_H 423 M 4| ASTMAS?3-3 3 dr |ASTMASIZ- 3 3 423 3 ds [ASTMASII- 531 423 3 4a| ABTMAE?3.3. 5 420 H ¥
Cosjoct bamss | # 83 1000 & 10848213 |s_ar_ua-?!g5 LE 18 a.q_zt_m'?i 71 rjns_x_mm.ﬁ'm%ﬁ'r as_x_mm.mﬁfﬁgh
Bt 1 | Skt Bkt Bkt
Eauw — s
VaEh] e
Tenspanincy] !
Gt
Tapresied] E—
Stthiicas Behawes | Fhixdiis
o - [ —
T rasabesurd | [
T —
At SV T
o Menresis Efacts i
Treermal Sran
= Vs
Langh %] Sk n T 33857 in T R
Langgh | 752 [ TA5Tin I AT in
file:/{C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical ... 11/11/22020

140



Project® Page 5 of 18
Laragih 2] 4455 in ] .33 in 12183 in
ek TE TTEAG TEETT
— TAmms B LEFC T Ut Tom —
Cantion & 8265 ETETT ErToT Tiain 145 in
Cariice ¥ " TETHT I 6737
Caniizad 2 “H AR 105 I EiFEIT]
—ns SED ain =
"'"L; ETENT i 10355 b 4 3086 Baviet
"“""'""‘“”"*E LETERE i 10358 ber-in® 4 3087 Bt
_E""""‘M""'{E 2 34D 00 Roeer i 3 550002 loen i 4186700 lopn "
Smnbo
Fomes btk T = T TERT ] TR
=T L1 | 251 I EJEI] LSTE] I ST
Whish Mt e
CAD Altribatas
ParT churar | 0. D00
i =]
TAELE 7
Mdil [A4) > Matesias
hiarms | Miaarat
Gt | Fully Daliviss
T
Wetwal [

Coordinale Systems

Conmeciions

Misies | Ginbal Cocrginens System
Bzl Fully Dl
Diefinition
T Caatahian
e i B
Dreign
i %) [T
b [T
F Th
Diractiosal Veclon
R futh 3
"Rl Dot | [0
? A Dt | [ .. 1

Mol [A4) » Conmaetions » Gosacts » Conlacs

file://C:Users/streetl3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical ...

11/11/2020

141



Project®

Page 6 of 18

M : 2 | fwgony | | magens | Regisns | fegon? | Fegens | Fegond ) L 1t
SRt Fully Crufirne
Beops
% Dty Sebiction
Contact| 5 Faces | 3 Pt 2 Fucis |
Taiget| SFaces | SFaces | 1 Fagn 3 P e |
Conlact BETMAEIS-3_ 7 4x3 H 4259 _H_1000-27 000 |AETMAS15-9 M 4x3 H 4 B9 H 1000
Boies| ASTMASIS -3 243 30 4483 21 400 - 27,20 50kl1 7 i XGRS Em ~ -
AETM AG15 - | ASTM AG1E - BETM AS13 - AETM B515 - ASTM AG1A - ASTM AGTE -
ARTUAEIN T | 3w g ATTMASTA Ty g g [ASTMASIA-(ASTM A1 m e | aaraw | MEMATEATS ara
Target| 3314y BT EEET B o 500 3 H 4x T4y BT EEET 34y EEET
L B3 H 000- | & H 1000 == B3 3 o0 [ S =l B3 2 000-| & H j0- | S0 23 3 1000 -
&3 33000 - 1301634287 1 83 21 1000 - | &3 31 000 - B33 1000 -
: | EsHer | 1ainEasr rl Il o e | gaE | retieeses | BLAIOEC| 8 Gomsz:
41 Sadat il el 1 f— \Bul s el e 1 iy ‘Sl 1
[
[= T Crlier
; =
Wattoa
Lt 1 Fiaw 2 Pt 1?'& ZFPaws | 1P
Target 1 Fisa 2 P 1 Faga 3 Fascws | i Fasi
ASTM AG13 -
FEET ASTM AG13-3 H 4x
Conliet| ASTM AS13-3 2 453 3 4x83 3 9000 3-5 METMASI3 -5 3 453 2 x| ASTMASIZ - 3 3 45 3_20 4 83_N_1000 - -
Bosiias, T T 3245 (Taa 3 10005338 v “ifamcae 0 A deas . ioln-smn
E3H 7000 - - - ‘Bl
5 Aokl
ASTMASIS - |ASTMASII - |asTuasna - | aSTMAStS. [asTM asia.|asTMAs13. | asTMasia. |ASTMEASTS-|aamu aais.
FEdy | 3 aas | 22Mex [3MasaHa| 3Max | 3a4x [3H4xzHa| Foepr [ 24
2% T joo0- (& M jooo. | 32 ax |aBda B0G- | 924w 3 4x | w8 000 | gae qpm. | 324
el ol e Ml e e il I
i H 1 n 1 .1 n 1 \Salid ¥
[
Diefitioe:
— B
Aoirats
Frogram Conbukd
Prigyam Contolkd
01638 in
[
Advancad
Frigg am Conbaked
Prigyam Contolkd
Prigyam Contolkd
Prisgram Conbrolkd
Prigyam Contolkd
Prigyam Contolkd
Frogyam Contolked
file:///C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical Report™Mechanical ... 11/11/2020



Project® Page 7 of 18

Prisgam Conbolkd
Tuormir: WodlE ke

5

5

TABLE 13

Ml [A4) > Corrmilens > Costacls > Conlac
= EAFFIEFA AR AR A A
e —

] L —
Contael]  SFasics | 5 Fagim | 3 Pl | T = Fiaass 3 P
T iFaw | 5 Fuci | 1 Fiazir | 3 Faus = Fiaass 1 Fagn

i
Badiad ASTMAS13-3 3 4 w3 N 4x B3 31000 - ShBek ABTMASTZ-32¥ 4 x3 2 483 N 1000 - 57.E06Ecka1 | on or 1000~ 4 FE0RAT

ASTM A513 - | ASTM AG13 - | ASTM ASqs . | ASTMASTI - | ASTM ASTA - | pomy agig . | agTM agqa . [ AETMLASTE- |eamy acis | asTi asta - | AsTM ST -
5 M 4x 5M 4z aady aardy 2aax 3 4x 3HAx

3 4 -
a3 2 000 - | &3 3 Gpoo -

23 3 1000 - | 33 M 1000- F.
1202 iBedit | 13 o Bedat

11 20550k | 1232 Tisaka

Ohject 3 I 35 [ Ringhan 38 £ l 43 I FRagien £4
EIE
e
Caanitacl 1 Fisea A Facus 2 Fasii [ iFasa
— Tamui T P T P TPaces | dFaies |
[AETWAZIS- | AETW AL - — — —
Contact| 3HAX SEAR | AmTMASIE-3 2043 30 4k 2 9000 AETMASIZ-3 2 433 21 43
Bodus| o0l AR | AN 13 HOHEGE R 5 LA e B2 H B5_3_1000 - 12 JasEaed
4 355k | 11805180k
Eﬁﬂxzﬂg. A5TM Asts - | ASTMasia - | asTmasts. | asmiasis- |astmasts- | oo ASTM AS13- | ASTM AS13. | ASTM ASi3
T . 5 4 FEET 5 M 4 3 M 4 3aax [ GFTMASIR 34 [3H4x3 28| 3H4x
& 3 30m (R 3 H4ax (L ET 3 3 4x 3adn | GEEN o | 33 dx | wEs @ ad0f. | 3 3 da
| ey | B3 B j000- | a3 3 im0 | 83 3 T000- | &3 3 000 | 63 3 dow- i &3 31000 | 19.50ms | & 3 o0
Begai | MW TWEBaEn | 355w | wosEsee | M 1Bkt | 558k ! 2018k Bekd 20 1Bl
T _ =
Definition
L Borwd
= s
. Frigram Controlud
Triss Contact PEEEM
Tt 016336 in
T

file://C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical Report/Mechanical ... 11/11/2020

143



Project® Page & of 18
Forssid ation
—
Pursali et
Testarica
Elasta: Ehp
Tesitaricss
Mesmmiad
Eilfricis
Tleataur
Eilfricas
Pirbal
T
Tora]
Gy Hsiie
e ]
T
Quasry -
L s ]
TABLE 158
> ComMEt =
FRagon 48 | Regon 47 FRigian 50 Ragiow 57 | Regow 53 | Region 54 | Region 55
Dpemhdry Sarbction
2 Faws | 1 Fs | e % Fsica
2 Faus | 5 Fissim 1 & i 2 Fissis 3 Fiis I 1 Facs 5 Fiaca [ 1 Fasi

ASTMAS1Z-5 M 453 M ax | ASTMASIZ.3 3 4x | ASTMASIS-3 2.4
ASTMASTS -3 2 4 =3 3 2283 21000 -12MOTETEM | Van of 1000 1GwTrBd | 33 4w&) 3 00020 |3 3 4w 83 20 1600- 20 1
ekt [ 1Bakd1 \Gokd
AETMASTE- | aarmasty [PSTMAETS ] pomyagy. |ASTRASIE- | poqyanss. [ASTMASIS-) jomy aops [SEMASTA-f pamy asi
- -3 Hdx | 3 s 4xa Ha| 3o IMax3Ha| 3- Y- IT -3 2 4%
IHAx iaax |3 I ax e 3o X
== 3H dx == #2852 1008- ) w33 90 == CEr Y == TR
B2 000 (g3 % foon - (B3 2 1000-) 55 gfesaoy ¢ | 22000 | 4o gopiingy o (B3 2 1000155 5 ogg. | 25 2L 1000 -5 3 So00 -
[y b e e T W) - | 1adnEaE fowerriill BT TR oy it BEET-R FyR
1Bkt 1 - ekt il g \Guskel -

file://C:Users/streetl3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical ...

A Facus | EFacia S P 1 Pt | 5 Fuacas T 1 Pt S Fascica
T Facit | 1T I 1F2 L1 1Faca
ASTMASTS -3 M 4x3 3 8383 2 1000 - [ASTMASIS-3 21 4x3 21 4| SSTMASII 2 20 4u2 28 ammp acis. g 21 4u3 21 4
T3.008_ 35kl B3 M 1000355 ndaed | CSALIOE L1 | w3 1000738 vadad
nﬂmms.lmmms.lmum. ASTM AG13 - | ASTM A513 - nﬂmms.lmum. A.'EITM.ﬂEﬁ-lABTMA&ﬂ-

11/11/2020

144



Project® Page 9 of 18
3 M dx 34 3M 4 34 34 FEET 3 4x 3M 4 34 FEET 3 4x
Ta soax | 3Eax | 5aax | Eae | 5 3ux | 33i4x | 304 Sa4x | 3dax | 33i4x | 3 dx
. B3 X T000- | 63 3 jo00- | 63 3 000 | B3 H j000- | 83 3 Jo00- | 23 3 1000 - | &3 31 3000 - | 63 3 J000- | 83 F J000- | 83 3 j000- | &3 3 000 -
4.5 TiBakdi | 35 1Bk |45 Tigokdi | 57808 4 AE {TEakdi e 1 LT iR ] fidns 1 |aa® it 1805 1 e 1
N a - \Basiel T a (ke Gkl T el Bkl T iG]
T
| Cosfact Regen 71 | Conaer Ragins 72
Conilie] 3 Facws 1 Fata 2 v
Ti 1 Fasin 3 Faaas I
— RETHAGT11-1 8 4s B x - [
Conlact Bodi ABTMASI3 -5 3 43 21 4983 X 1000 -3 _1i5aki 53 4B 3 000- | 3 4xB3 N 000- | 3 2 4x83 N 1000-
11805 1\Saheli 218 TiBeduii B 181 1Sk 1
AETHMAS13-3 A 4x AZTM A513-3 H 4 AETM AG1S -3 M 4 AETM AS13 -3 H 4x ASTMAS1Z-3 X 4 AETMASI3 -5 H 45
3 4xEd H 000- 3 4x &3 H W00 - | 3 4xE3 H 0 - 3.9 4 503 3 1000- 3. 4w @3 1000 3 21 4w 85 X 1000
~ diifi iEskdi " b i0# a1 170807 1iBakdi ~ 50 Sl 1 R ~ hi
== ez L St e S
=
Bui
Fadiy
Prisgiin Controbd
Prisgiirn Controkd
0 VEEE in
T
Advancad
i Conliobad
Frogiem Contraked

TABLE 18

#ts Prafaanon Pbinstea il
i Conisolhe

file:/{C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical

we 1171142020

145



Project®

Named Selections

Static Structural (A5)

TABLE 13
Midsd [A4) > Mush > Mish Contreis

- lenumnﬁ Mt |
Bcope
Wathod | Geomatry Sehction
ey ety
Dfunition

&JE.’“ [
[ ] Toald iaFuis s

Elaal Dishir L Qhshiad Seilirig

3 Facars

46153 !

file://C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical ...

Page 10 of 18

11/11/2020

146



Project®

Page 11 of 18

a] M| P i
n s
Blap Contreds
T —
End Tima 1a
Adsles T Sl i Conlyod e
Holvar Fl
Bt Typa] — Piogun Conodles
‘Waak Springs | [+l
Barbviai Prast i Conlyod e
L gy Do i s [+
o
s =Skl &MHI o
Rotordpnimics Costros
Conols E\'Im' [
Foamart Cuntroi
Crmmales Raclar] Prasis | i Cornla ol e
Futir Flis Al Full Solvi [
Sl T Conin

file://C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical Report/Mechanical ...

FIGLURE 1
Micsdil (A4] > Baatie Structural (AS) > Test Conditions

11/11/2020

147



Project® Page 12 of 18

file:///C:/Users/streetl3/ AppData/Roaming/Ansys/v202/Mechanical Report‘Mechanical ... 11/11/2020

148



Project® Page 13 of 18

Fixud Sugpert Forcw |

— Defnved

FIGURE 3
Model (A4) > Static Structural (AS) > Force

)

FIGURE 4
Model (A4) > Static Swructoral (AS) > Force 2

0"’
1

FIGURE §
Moded (A4) > Static Structural (AS) > Force 3

1o

FIGURE &
Model (A4) > Static Swucswral (AS) > Force &

file:///C:/Users/streetl3/AppData/Roaming/Ansys/v202/Mechanical Report/Mechanical ... 11/11/2020

149



Page 14 of 18

Project®
L
1000, =
™.
L
=0
0.
N | [
Solution (A6)

Model (A4) > S

{ T\ Elaslic Stean ot Sars ) B ek Total Defomeaton

1 e

{ TR Tasi

_Catcutane Tina H: Yes }
| Idenifar

00
T2
[

ASTM AS13.3 21 4x3 21 4« 83 2f 9000 - 18 350580458 alad 1|

L] i

file:///C:/Users/streetl3/ AopData/Roaming/Ansvs/v202/Mechanical Report/Mechanical ... 11/11/2020

150



Project® Page 15 of 18

eraton Nurser| 1 ]

FIGURE T
Model (A4) > Stasic Stroctural (AS] > Sehation (AS) > Equivalent Elaatic Sxain

[in/in]

FIGURE
Model (A4) > Static (AS) > 8 (A8) > Sweas

file:///C:/Users/streetl3/ AppData/Roaming/Ansys/v202/Mechanical Report/Mechanical ... 11/11/2020

151



Project® Page 16 of 18

Ipsil

FIGURE 11
Model (A4) > Susc (A%) > {A%) > Tetal

file:///C:/Users/streetl3/AppData/Roaming/Ansys/v202/Mechanical Report/Mechanical ... 11/11/2020

152



Project® Page 17 of 18

aw g 200001

1000 B

Material Data
Aluminum Alloy

file:///C:/Users/streetl3/AppData/Roaming/Ansys/v202/Mechanical Report/Mechanical ... 11/11/2020

153



Project® Page IR of 18

407 3ev006] 0 |
3500 et 006
12430 : -
o Te0l
10750 Tes06

11/11/2020

file:///C:/Users/streetl3/AopData/Roaming/Ansvs/v202/Mechanical Report/Mechanical

154



0 psi to 100000 psi (Pressure Loading) Static Structural Simulation

Project Page 1 of 21

Project
First Saved Novernber 12 2020
Last Saved Noverrber 13 2020

file:///C:/Users/streetl3/AppData/Roaming/Ansys/v202/Mechanical Report/Mechanical ... 11/24/2020

155



Project Page 2 of 21

o Gy
» Bt
a Malsuk
& Coidinale Syslims
Comtimciing
w Conlests
n Contact Rgons

2 Mash
w Paich Condmsing Mgthes
a Pamied Soleclons
= st Strotiucal (A5
L T EIII'I'!.I':-

n Bolutien infermatisn

= Basuls
» Matarial Data
o Suminum Kl
Units
TABLE 1
iiniL S ILI.5. Cassi in bm Bl s ¥ s rad's Fahnanhei
=
s
T T Fahianhat
Model (Ad)
Geometry
TABLE 3
Wodul 3 s
st Marrs | v
Erl Fuily Dafinsd
Diafiriitios
B | C Wk sl calrsstd 2D ecuimasnts EMT 237 MPMT Fibas/WPRIT St Sruciuie Slae Sruciinn C AREY
—_—
1]
Linggh Linil chis
Elimin Conliol an Contrabid
Dispiay Byl Sody ot
Esmding ax _
X A0U00T in
Ei L I
Targin 7 AT I
Progaies
i 11795 n®
[ 11803 Ibsm
Eca Facil Vo 1.
Skt
Blexiurs 38
Aakwi Bt EL]
oSk O]
Elusminits 28070
Whash Mstie Huna
Adsaign Dl Matarial | [
Basle Geomainy Gpilors
Tela Biedus =
i ik
Lina Bleaiis B
Fatamirs [ L
Faramar Fiy -ﬁ?
Al [
Maivid Sidinctions [
e — Aeveed Guomaly 0@ =
Usas Assascialiily i
Cenidinats Sysienms M
Fuiabin' Medi Savis Fila P
Ui InsLancars =
Eniat CAD Lipsdita Wik
i Paits On il 15
3
— Mlimiad gl Rissohiben Ling
Clian Bl O [
Hm Tehrann
1 =

file:/{C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical Report/Mechanical ... 11/24/2020

156



Project Page 3 of 21

| Enehssuire and Symrenatry Prevsssing | Wi

TS03HS07 STRMASTI | 160390507 STEMASTI | 160390591 STERAST | BONASITITERASTY | oo pocntie sy s oy, | 160990801 2780ASTM | 1o opgentttn sy
Otject Mama|  AS13-Dwdde | AST3-Swddx | ASUS-usBdr | ASIS-3drBde | oannoswesawy | A5 Beeduy | PrEsISTASE
#371000 - 371000 - 5T #3700 -
37 2t Bt 27 208 e BIT000- S MESeHn | o ant neepm | E000- 1838 ket
=T &dﬁ
Oeuphics Propertes 00
b | itk
napanany |
Dulisation
S ]
i Fhedbia
M”: Dl Cosdingte Syilem
e P ——
?lumr\q Facim
Waatisial
LT i ey
s
Tl
Earuin Eficts s
2N
Ty & T I T T TOEE In 1 [T I I [T
Lm! ¥ [T
Langth 2 075 | T I T T 23102 in T
e TTE T PRI T TER W TIET i
Wasms|  OGraEbem | GGTEAEm G005 b T 38562 Bm 010495 ibm
Tanies & E e I in 5T in 76967 n EiEn ! EEim
— Canen v Pk L AN In TS I Foilix]
Cenboia 2 2135 in EEY T TR in e [ETFT
e 4132 Bein? 0TS hein? 100 554 Rein? 0.FHI2 e 0132147 Beie?
E::",g 34,707 loan ' 54,135 Banir? 010608 i 10 554 s in® [Err— 032122 B
Warrard o ; - - -
| Sewtelpime | SMelobmi | 146680002 B | 850002 eried 153450002 B
e T T — T —mm
Ewrant T078Z [ TI00E 1 kT [ Tz 1 737 [ EFiid
T Tash Wi

TABLE 4
Mol * Quomelry > Parts

Franmd P P Fatir Fi Franmd Franmd
TEQSEPSST 2TENASTI | 160508567 ITENASTM [ 18030SHTITEMASTI |1 BOMABIERASTIY | o PO | TEGOS0S01 ITEQASTM | 1S0SIRERT 2TEMASTI
Oitgect Marrea | A513- 2w 34 x FOIETIENE ASTS- 44 g B4 x ASTS- 34 x 34 ¥ proa “_":" FIERETFE R AS13- B x A4 x
E3000 - BETO00 - BE1000 - EE1006 - E7000 . 1 5 Sake? E3/7000 - E3000 -
11,505 Saburt 1205 Bt 1.5 ) sl 15908 _7|Soiet 12 GG Seuer 12 37T B 1
Eui Whealynt
i | ik
[Transparancy| i
[T
[ P i N£
Sifiness N
et Fhiitii
&'“m“: Defauh Cosrdingtis Syslem
LT T 3
T P B’rEﬂ“mM
T i v it [
s 0 BT
T
Effacis s
Thsasel
Eaain Efests i
Bounsany Bos
L Fl 75 m TOLAH N [ECTT
T ¥ 11808 n I HAT TE Thm T ERWE
Tangin 2 TG | T n T n [ 1 T N
Properiies
LTl arel 13} 14 1 13}
el FEFITT | TEEEd THEEE 3 ECTITY TLTaaE FI:ETT
— Dobidbm | USR] Em T e TSGR Bm TEa 0 o s Tom
Caniros & 10467 in 14,558 in 14631 n 5600 n e BH in
Carron 1 70552 in 3830 in 50275 in OIS in 025 in 03614 in
Canbzed 2 25471 in L0005 in 18,657 in 18780 in 525 in 871 n
E“"I 4| #esEs e 5 GEIE B 45721 i 45757 lusecin® B 15550-002 s if? 33451 e ied
"““"I*’ 2 035l 5 GEIE B 4572 B 45757 lusecin® B 15550-002 s if? 3345 B
E::",E 36E36-000 e | 309700002 ibmn® | 430580002 Bemint | 427456000 Becin? | 1000He-002 Deie? 3B D02 B e

file:/{C:Users/streetl 3/ AppData/Roaming/Ansys/v202/Mechanical ReportMechanical ... 11/24/2020

157



Project Page 4 of 21
Sraliases
Puch 10237 | 11182 T ] T 123018 I AH2T I e | 101
Eurants il [ 51 1 ) 1 B | TBET | [T [ i1
Tash Wi Tzt
TABLE &
Mizedil (d] = Qaamsiry = Parts
Frama Frams Frams f— Fratie Frama
_ 160599501 27 ASTM | 160z00seTaTEMASTM | 180009501 2PRASTI [ oo e o | neanaei 2TE0LASTM | rSOTIOBTITEMASTM | | encactarar A ST
Cibject Marme Aslg‘i';?ﬁllh‘ As?:i-mh‘ ASTE - 34 x B4 ASTH- 34 34 & ASTE - 3 x 2 Aj:l.;_i:\lxhu AS13- Ty A4 x

31600
13988 3 Sakdt 435 fEskii 37808 1|Sabat S3I000 - 1.5, TiSakdt

£I000 -
11,805 # skt 28,788 Sk

Firh

1
Tuliticn

M

Fliibla

Dt Cossidinate Sysiem

By Envirnmant

Bl B
TILE i LT T | o.?

Lingh ]
Tangh 7 Ttn [F-TT] T Ttn T TSN 1 Ttn 1 EETT
Langth 2 T0a5 in G7En 1 57508 in I T n I Litn
e
VETT PLIEEIT TEETeE TOE T | LT SN [T R
Mais| 02006 [T F 079652 len DEusEbm | 025145 Bm 05224 7454 36002 Bm
Caries % 14743 in BT 19,582 i T & SB4eu 00 n 0 £B08 in
¥ X = T T [ik I3 EEEETY W [k IS
Canbed 2 TETE N X117 3 BT R AN n LT TR B
e 0AETE B 9277 e 38 454 e in? 2 9385 Ibm-in? 105 86 lbam - £ 15550. 00 lom -
Momart el 4 s7a7 et 0L 13722 e 9277 e 38 454 e in? 2 9385 Ibm-in? 105 86 lbam - £ 15550. 00 lom -
"““"Id! 427850000 e | 100003 b 1675 e ETa000 e | 3 EEIBN-000 Bcie? 012198 B 1,092 16002 B
s T Ty
Emrranls 575 | 1004 1 15884 | 11217 1 S177 1 BT | =
Whsh Wiz hocn
TABLE &
Mol = Parts
Frame 16095 12TE0AGTI | Frams 160000501 TBMASTM | Frame 180300501 STE0ASTA | Frame 1B0I00CS1ITS0/A5TM | Frame JB0300SH12TS0A5TM
Dbject Mamss | AS13- 34 5 34 ¢ BR1000- | ASTH. 39 DH e BFI000. | AS13.- 39 ¢ 30 & BIA000 - AST3 - 3 34 x ELA000 - AST3 - B 5 34 5 EATO00 -
5. 1084521 2 Sakelt £ 108 Saie 3 10070407 _1| Sk 13 STEI2AT Soke1 1301634787 T Sakrt
= — — e —
Gr
k]
Transparancy |
BHEW
Sifnass
Butasis
M”: Dt Coondinats Systam
ke -
it By Envisorniinsi
e | Heni
Waterial
Hﬁf‘ mufﬂ&
Efects s
Thearmal Skan
Effacis s
H"I%
Tangh & T Th 3545 In
Langh v T Ta5Tin T ABET in
Langih 4458 in E1536n 12 163 in
CErT ToEas T % 14 TEEAT
Was 15244 bm 17621 Bm 0 5
Carien % B 368 n & 5T0m &A400 n Tidin T SEECETT
i — v T O I
 Cummeaz 21494 i 1068 in 1183 in
Mo o - -
o OATIEY Msied 10044 s ie? 4 3085 In-in?
Em; i OETAIE rie? 100063 sie? 43086 Rn "
[TR—

file:/{C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical ... 11/24/2020

158



Project Page 5 of 21
i I3 | 23350 D02 i | 2 SB4G-MOT B e ] A BT 002 Rem i
Sunlics
Ruse T ] fF30 I Eum ] FINF] ] o
— Euruen 750 | 175 1 1T] | L] | T
Wheah Wit Mo
TABLE T
Widul [A4) = Materias
%@m Marats
Siata |Fully Dalust
Sltnlics
Wawrah] 7
Wil [
Coordinale Systems
TABLE &

Conmneciions

K# o n
o ——

S Tom
2 Asis Durta |

0.1.0
[0.0.1.]

TABLE 18
Mzl

Fualy Duslaneat

‘Confeelnn Tﬂl Cailact

ﬁ?‘ Bedus
s Eodes |
Suahites
Cormusin] L]
i ]

TABLE 11
Micdul [A4) > Conmmetions > Comacts > Contact

ml Contrer Ragios I Cantae Ragien 2 | [ — [ Cantuct Fugion 4 ] Cordact Ragion 5 | Covluct Ragian & I Cantact Region T I c
F

it |

Cenlact 1 Fiat | 5 Fiaisi | 1 P | 2 Facus ||

TFace [ 2 Faces |
Er Fiaeme 160500501 ZTEMATTM AS13 - 34 5 34 « B31000 - 37 254 St Frarns 180300601 FPEA(ASTM ASTS - 548 ¥ 14 & AX1000 - 77300
Fraims 051050137 SASTM | 1500 US 3760 T | 150300201 BT BUAETM | se0300sa PPEARTM Frass P B

L 1 1 1
aap| B ITESTMY Tasta. 3k | AS13-3MaBan | AEGD-3dadde | AST3-Besdige | CLTTSO|SSTM|TECSRRIIZTRIATM) Ty
- 311000 - £21000 - BS000 - E211000 - AS15 - -
BAN0N - SBEEG | cagp qmedt 13 91EIRT S [ 1209634087 1Seket | S sipqocayseear | BA000 - SI3HBaR EVIDND - D1E1BekdT|
Py i Mo
Do ity

file:/{C:Users/streetl 3/ AppData/Roaming/Ansys/v202/Mechanical ReportMechanical ... 11/24/2020

159



Project Page 6 of 21
Type Bicaniud
Ecope
Blernatic
Butuwrt Frogram Contrius
T,
o Progranm Contslied
T -
ekt 01635 in
=T o
Atvancad
Siding Progranm Contslied
Detecion Prugram Contratiad
Peneraion
Plorrrsl
UE:
Frbal
Ragion Progranm Contslied
Gutrmulne Modie o
Canviact
Cumerimaley e
Canesion
Target
r?mn e
TABLE 12
Wizl (4] * Coremctions = Comucts » Contaet Rgons
m Contat Figien 12 I Cantaer Ragios T3 Contacd Region 74 [ Contiel Ragen 15 ] Contaer Ragios T8 | Contasl Ringian 17 I Carndact Ragion 15 I [
BT F?Mﬁd
= Eopng
Carirmdry Sakaciien
it 1 Fatoi
Target TFars
Frane
Contact Frama 160300501 T7TRUASTIM AS15 - 4 x 54 x 21000 - 180300501 TRUASTM | Frarms 1803005 FTEMASTM AS13 - 548 ¥ 24
Beulias 18 3B05605) Bekit AG13- 24 5 A4 w ELD00 - 5.346_1|Sckd [Froma G EEHAETI
5211000 - 5. 346/Seka1
Fi Fsrr F s Frarm Frama Frasa Frama
Target| oot gy PSS 2TENASTH | 1BURUSI TN ASTM | 160 30T UASTM S 1o T L. S
b AS13-J4xdMx | ASI3-FdaBex | ASI3-Ddxdx | and AS13- 34 x5 %
Bostien| AS513 -3 234 % AS13. 58 x A x AG13-BdxAds | A
B31000 - 5. 366{Sd Ao - SO0 - e BAA000 - 12 5 Beid 1 BAAGMC - 31000 - & 138 Sekd1 | B34
GA007MO07|Sakt | & 0B4SIINEsE1 | 0.900PO407|Sekn 91007407 1|Sabdt
Prroybcdisdd Mo
Cafinitien
T B
Ecope
Butuwret Trogram Contoius
T,
o Progranm Contslied
T -
ekt 01635 in
Eatvancad
giding Progranm Contslied
Dietoc
o Prugram Contratiad
Elasi: S
Plorrrsl
- Progranm Contslied
Lipskin
E:E-EI Progranm Contslied
Tutrmulne Modlzaton
Canviact
Cumerimaley e
Caesion
Target
Chumerimalep e
Canesion
TABLE 13
Medul [44] > Conmpetions > Costacts > Contact
m Contas! Figien 23 I Cantacs Ragios 24 Contacd Region 35 [ Contie! Ragen 28 ] Coniaer Ragios 27 | Contas Figian 28 I Carvact Regon 29 I [
BT F

file://C:Users/streetl3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical ...

11/24/2020

160



Project

prast]

Page 7 of 21

A Faces

TFam

Faca

Fmmis 180230017 TE00ASTM AS13 - 34 x 508 % 3211000 - J8Sakd1

Fmmin 180230501 ITE0IASTM AS13 - 34

i
1S
AG13 -3 n B x
BE1000 -

11. 65 Sedid1

Fsarroin
TEOEIIS0 1T TElASTM
AS13-34 k34 x
230 -

12 921| Bl

F i
10305 ITEO ST
AE1E -3 n N
BEA000 - 0.1681|Salidd

Friai
18030001

BIAETM
AG13-34 53

BEHD00 -
0. 10070407 | Bedindd

Fiarruin
EOA050 1 ITEUAS T
AS13- B e A4y
EAMDDD -

B.1084521

S

TH
AGTE -3 n BN
BEH000 - 4 35 Bkl

Friamiin
B0 RS0 I TENASTM
AG13-34 £ 34 x
239000 -
1. 806 Bedii

gl
A

i

-

-
Caniact
Elesiisi
B

Pt

4

TABLE 14
Micdul (44) > Conmactions > Comtacts » Conlact

Contact Rigen 34 I Cenitact Ragiont 35 lm.uumu'mn [oauamqm:n ] Contet Regio 38 ] Contast Regen 39 I Cantact Ragin 40 I;
Fuly Dulirm

Gy Selecion

4 Facica |
EL==—

3 P |

1

3 Pt 1 ﬁFE

i
1S
AG13 -3 n BN
BIH00D - 4 35 Bkl

i
160303 ITEO ST
AE1E -3 a SN

i 12 e
Sty i

Fmmis 18023001 ITRIPASTM AS13 - 34 x 50 x 321000 -
13 J0E{Bakil

Franm
1S I TEHASTM
AS13-34 a5 x

BE1000 -
13098 1|Bakil

160303 ITEO ST
AE1E -3 a SN

E3 O -
P RE] sl 1

i
18030001

BIAETM
AGT3-34 53

BEH000 - 3 SjSaki1

TH

BIH000 - 3 5{5alidd

file://C:Users/streetl3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical ...

11/24/2020



Page 8 of 21

Danrmatrie Modificatios
Canviact
Cumerimaley Mortis
Camacion
T
Camerimalep Mortis
Camucion
TABLE 15
Meodul = Commmeions > Comtacts > Conbact
DR Contact fugien 45 I Cortaet Rapion 4 | Conlact Regian 47 | Conlact Ragion 48 | Contrer Regios 49 | Cantast Regien 50 I Cardact Ragion 51 I o
ﬁF
 Conac T Fate I TFaces T Facis [ T Pk | T Faces T Faces
7 = — — = b — TFacus T TFac
Contact| Frame 1603905012760ASTM A513 - 34 1 54 B B Frase 1603005 2760|85T
et e Fiame DE03M0SE127R0ASTM AS13 - 34 x 54 x 831000 - 12 037E7ZI4/Seid1 bty 2
= Frame Frame = Frame Trarw Fam
it 1ERAI050 127EHASTM | 1B00SHITEAETM i E0K0501 7ENASTM | 180000501 2PenanTM | vea0sa1 Z7espasTM | 1800
gt | 1SOISTI ATENASTM 51334y | RS- IMaan | Coa o HTEMASTM Tooia Sa i | AS13-3MaBMn | AS13-3dedde | A
39000 - 20_1| Skl B - E31000 - S 5 1 Bk E00 - A31003 - /300 -
JENEEET | 130163426700k | 1950772008 Seiett 000 -2 NEekat | 1no08 2isenti mh&mH& 13 SEMIETBel1 | 150
LT T
Tafinities
T Bended
Trien
= Thm -
Teberaen 018388 in
Advancad
Emall FE——
F
o
TFmeatn
Elasiic Sig|
ﬁml
;m‘w: Prugram Contratiad
Finbal
Fiagion Progranm Contslied
oot Mol it
Gt
Cumerimaley e
[+
Targat
LT
Camacion
TABLE 18
> > Comaacts > Contaet
DR Cotact fugeen 56 I Cortaet Ragion 57 | Conlact Regian 58 | Conlact Ragion 50 | Contrer Regios 60 | Cantast Region 81 I Cortact Ragion 6 I o
T Cum Filly Difnad
. Beope
Bceping Caormedry Sakecion
= Contact A Faces TTam T STacis I Tra= T A Faces T
Taigid 1 Fiagi % Fsica | 1 Fassin 3 Faris
Fraim
Conmtact | 1BOEISU12TBHASTM| Frame 1B00U05012760)AETM AS13 - 508 2 34 Fiame 160300501 Z7B0ASTM AS13 - 14 x 54 x 831000 - Frase 1603005 2760|A5T
Boxties| AG13-34 534 x x E11D00) - 13 958 _HBaikd 13008 _3[Sedii1 « BEH00 - & 35 -
B30 - 20 1|Sekat
Fram Fsrri Frama Fraim Farmi Fi Frarmi
1E00050 12TEHASTM 1BO30US01 2T BUASTM | 1600501 ZTEUASTI e B3RS0 127EMASTM | 1608
Targer st aTanASTH | ' E0EIE TEURSITM) 4gcuniananjas i 1B RIS T ARESTM | 0O TRRSTMN sesoagunzneaan i | S0 TR ETROAETM 1eCE
Bodies| AG13 -3 53 AS1E - 34 5 A513 - 34 3 54 x ;
331000 - .5 1|Saiet Ranoan - BR1000- 35, 1|Saik Eavend - 839000 - 35, 1|Sakt R -
-5 1) 435 1|Buiidt -85, 435 _ijSeaii 37.EI6_1 [Sekl1 -35_ 57,506 1[Eockdl 1
Proyacdisd Mo
Tafinitien
75 Bended
Trien
Conact Progranm Contslied
= Thm -
- 018388 in
T
file:///C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical ... 11/24/2020

162



Project Page 9 of 21

Fofrwikion P L Canlsoliod
Erna
S P‘fﬁ?’ﬂ.l'ﬂm
mim
rws Progranm Contslied
Paneraion
e e— P‘fﬁ?’ﬂ.l'ﬂm
Elasie: Sig|
Tk o P‘fﬁ?’ﬂ.l'ﬂm
e
- Frogran Cortrolied
Updas Program Contrellad
IE_:I Frogram Certiobas
—Fgion —
Chas oottt W oved il ity
T Conac
rl?m e
Targat
LT
Camesion
TABLE 17
> Gontacts > Conbaet
m Cofact Rigean &F I Cantars Ragios B | Contacd Region 89 Contiel Ragen T Coniae Ragios 71 | Contas Ringian 72 I Cardact Ragion 73 I [
T Ty e
_Eﬁ':g Cometry Sabection
T Conac T Pt I T P T Facu T Fatus
Tage 1 Faca 5 Facis 1 Face 2 Faces
Farni Frasa Frama
IS ZTEUASTM 160U FTEHASTM 185
Contacs Framss 16030060 127EHASTM AS15 - 34 x 54 ¥ E000 - 25_1|Sabet AS13.3Mxdds | AGIS-adpway | VEUEMSDLTERASTM) .
e b 1000 - BLA000 - A1 - 3N 5 S x
11,605 1[ekii 12097 1|Gakst | S 1000- RISk )
Fraim Fsrr E Frarm Farni Frasoa Frami
Targec| 1ECAHSH TRNASTI | s60tausa12TEAS T FIAS160 500501 TTROLASTM | 45000501 TEOIAS T | 1B0MASULITEASTM | 160 30SDI2TEOASTM |
aade] As13-34asex A513-3dnade  [TEEEEEE 3!""-“' AG1 - A5 3 AS1E - B e Al AES - A B AS13-Zdedda |TEE
s BE000 - 231000 - a8 1&;;._“ B0 - EAD00 - BLAD00 - 23090040 - s
12921 1|Sakdt D161 1[Sed1 -8 910070407 _1|Ske1 50 705 Sukit GA00P407 1Sakett | & 10845312
Prroybcdisdd Mo
Cafinfies
T e
Bcope
Adslernatic
Butuwet Frogam Conroes
o Tii Progam Conralied
Tries| -
Tl 018336 in
T L.
anun‘iml P ﬁe Canviraliad
Siding Progam Conralied
Detecion Program Convaled
Paneraion
Tk o P‘fﬁfﬂ“w“
Tok Program Controlied
Progam Conralied
Progam Conralied
Progam Conralied
Gt Mol aton
[
[

Meash

file:/{C:Users/streetl 3/ AppData/Roaming/Ansys/v202/Mechanical ReportMechanical ... 11/24/2020

163



Project Page 10 of 21

Named Selections

Static Structural (AS5)

Phiyais T Eanictural
Anadysis T Ezabe: Bruslural
war Tai
Efranafivsi T i T1E'F
folt il Inpal Cindy
TAELE X2

— Modal &8 > Siatie mﬂjﬂiMﬂ H I

file:/{C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical ... 11/24/72020

164



Project

Page 11 of 21

Biap Comnsds
H
1.
T
Pyt Ceriiol ke
Bolver Comrals
Frogram Conbaba
Py Gl kel
[«
i
o
Rotordynamics Costeoty
&nﬁiml [
Featan Contreia
Crmmnales Racalail Poasis | Program Centrolked
Funain Files Al Full Solwe [
ot Fluslat aan Conls
rhar &
a1 Cernbrol e
ftn Conve aan Cenls
it ol
T Py ool sl
Faslaatisn Cofva i byl e
[FTYTE ol
=) aan Conlt
Budvancad
[T Ho
L4 o
Tulpul Comrol
e | [Ty
Sarfucn S [
T
Susan s
Conaet Dala Yan
m Far
al 7
s s ¥
Van
Hrecc latmenia 7y
Contact Misculaimos Ho
Exiia Riciults &1 Al Tissa Prsinis
sl Pl Lo i oo i Cenls
Bedwai Filis Difesieny | C Vo s I DosiurminENTADT MPWT Projest Pk MPMT Exic St aMPMT Siate Losaiing (Presdune) filesiy Sy BUWECH,
Fiiluin Ak Mo
ity Sedwint Filis Da
Ewﬁm 7]
Conliet Eustimary) Priogrim Ceoniio ke
Dt Lot Fibisss i
M W
Barhat Units Atk Byatias
[ Sahar Unk Syuam] Ein

TABLE X3
Model | &4 > Statie Sructoral (AS) > Analysls Settisgs
Controls®
Edinp | Enag End Timi
1

=]
N
=

1 1

14 14

Jz<4=

20 4
214

=

FIGLRE 1
Model (A4) > Smtie Srusweal (A5) > Analysis Conditions

file:/{C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical Report/Mechanical ...

11/24/2020

165



Page 12 of 21

Project

FIGURE 2
Model (A4) > Statie Structural (AS) > Standard Eans Gravity
13

B e e e e S T ]
& 15 16 1 W 1 2

1
| GRERXRERENESE BE RATISIDE- S8 NETRETIS ¥E AT ES T AE B

file:///C:/Users/streetl3/AppData/Roaming/Ansys/v202/Mechanical Report/Mechanical ... 11/24/2020

166



Project

Solution (AE)

EEE iR

g

-

Page 13 of 21

x\.‘

L 2 3% 4 % & T B R OOOIL T2 TR A 1RO TR WM 2

| FARRERERE AN RE RE R RN AR AR AR IR CAR AT OF- 2]

TABLE 28

Mol |44) > Statie mﬂﬂ:l}uﬂm
Tirrin P piciceura

[}
1

Lo L el

=
=

R
1

WAPDL Rasull Fike Sivs| 243650 OB

15|
O Do S0P P i M

TABLE 3

il !;’l
E Pusirils Al

FE Consctis Vis
Sclmal Vi

file://C:Users/streetl3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical ... 11/24/2020

167



Page 14 of 21

[u] All FE Confesions

Egereasen!
Siraiy
Equ it
Srsciind Enor
Birain
T
BHEW
Dinpuy
5 Bt
Forstae
Acius e ™
Bleius
Rl
Whrasruirs 771 0e 007 Wn S [ TS pa i T 3754e LB BT
Mazieraes 1530412 hin TH7 4k +00E [FRET= T TEaEe-0lE cal W T B O BTU
1. TOEES o & B E EEIET Wn .
eeases| 1B TEHUASI I TEAVAETM | Frar 1E03U050T ZPEQIASTH | Frume 1E0S00S012TEIASTA | Fame 1E050050 12760ASTM Frarea W00 ZTE0ASTH
MU " AR13 - 3k 0 34 0 BRDO0 - | AS13-3hx 34w BIIO00- | AS13- 54 x 34 % BEIC00- | AST3- 3 4 x 53000 - AS515 - 34 x 548 x 8311000 -
i 37 334|Buikd 20 _1jSedi1 37 BUAEai1 20 1]Eabd 37 234|Baiid
- - Fiame 15000501 2T EASTM | Frame TECGE0127G0AS TH Frama V02001 ZTE0ASTH
Mz Fummmmmg&ﬁ{m.xnaam. ASTE - 54 % 3 % BE1000 - | AS1S- 34 s 54 % 239000 - AE13 - 34 x 48 % 237000 -
e = 27 200 5t 1 13,006 ik 2
Teial 5804 50002 BTL
— Winkmum Vs Gree Time —
- T T YOS 0E i TR 0 | I X TR | TR I T I 1 1111
Mazieruirn 2 710a-007 inin 12985 pui 1 Tin I =T Twin | 137SteliBETY
Wiazimium Valus Gver Time
Whrarairs T a0k nin T EEE I S 310005 in T TERE pal [ Gwn | i EiemaETl
b T e e
Inifirmarties
Tarw P
[ Eil
Hubsiar 1
i o
L il ]
FIGLRE 4
Modal * Slathe Sinesniral  Balltion L
an
T —
17503 T
1582 o A
.'"" 1
1253

[isfin]
1
A

T3 e
-
S5 =
.-'."
L5e P
."’
— g

LI

ML YT Osy

file:/{C:Users/streetl 3/ AppData/Roaming/Ansys/v202/Mechanical ReportMechanical ... 11/24/2020

168



Project Page 15 of 21

| 1.12326.002 | 66150-008 |
. } 3ede-002 | 7 9504e-004 .

FHHEEEEEEEEEEEH

FIGURE &
Moded (A4) > Static Swructard (AS) > Sclution (AS) > Equivalent Sess

L8505 5
17505 o

1503 P

1.25¢+3 /
i 1ee8 /-'

//'
32000 7

25000 -~

file:///C:/Users/streetl3/AppData/Roaming/Ansvs/v202/Mechanical Report/Mechanical ... 11/24/2020

169



Project Page 16 of 21

FIGURE &
Model > Stasic Strectural > Selution > Tetal Deformatien

013659
o

1502

Sel

2502

0 + [ 2 * ]
(EREIESTNESESEAE BE R RN IREIETIE- VA TR AR BS L 0E 0E 0

TABLE 22

Model > Swsic Structural (AS) > Selution (AS) > Tetal Deformasion

file:///C:/Users/streetl3/AppData/Roaming/Ansys/v202/Mechanical Report/Mechanical ... 11/24/2020

170



Project Page 17 of 21

HHH

FIGURE 10
Model (A4) > Stasie Structural (AS) > Sokution (AS) > Maximus Shear Stress
.
2.0385e-5 ]
//’
fie
-
! 50000 /-’/
//
25000
/’/
//
20852
) & [3 [ 16 o
Isl
TaTslaiatalria slminiaiainisheirieinieia)

file:///C:/Users/streetl3/AppData/Roaming/Ansys/v202/Mechanical Report/Mechanical ... 11/24/2020

171



Project Page 18 of 21

1000

FIGURE 12
Modsl {A4) > Stasic Structural (AS) > Sclution (A%) > Equivalent Plastic Stain

file:///C:/Users/streetl3/AppData/Roaming/Ansys/v202/Mechanical Report/Mechanical ... 11/24/2020

172



Project

Page 19 of 21

n

03
s
axs
Qs
g
aus
axs
L4375
05
[} IS 3 12 ® o
i)
(NESERERE NN SEAR S NS J6 RS- IRDATIAI N I8 (AR VA RFT3F 4]
TABLE 34
Model (A4) > Stasie Structural (AS) > Selution [AS) > Eq it Plastic Swain
Tieve (o] | Misssurn Sried [Micerruum fovin]] ¢ il
9.
10
11 o o o
12
13
i
=
18
17
)
—
—
20
D
FIGURE 13
Model (A4) > Static Sa (AS) > 8 (A8) > Errer
n
340ael /
1e2 /
V.
503 l/
/
y
- ied /,/
1503 //
143 //
Fad /
Laea7e 10 —r
4 ] 12 1% 2
Is)

file:///C:/Users/streetl3/AppData/Roaming/Ansys/v202/Mechanical Report/Mechanical ...

PSRN RS A% SR WA 38 6 ISEIRTGIRE" PR ART IR 0F 35 1]

11/24/2020

173



Project Page 20 ot 21

h [+ =T
11. 355 0T |
FA RS Or I
4
14. 5. aEe-0N T |
CA WCFEEE
e [ Tty |
LA ML= TR
18, ST liT | S
1. 1.188a-018 BE
B R0
Fil 157 a-NE
Material Data
Aluminum Alloy

1 524 7e-000
ik
BT ]
2 3406000
TABLE 44
Kl usinufn * B-H Cunei
Sliuss R-Flalic!
A0 R S
SR =
Frr 34000
F=Ti T &e+lis
] TarliE
EETO
ety
5 Gu+D0T

=008

HEEAAAE AN AAD

BHdiE

T vl
4 Sarl06
T Za v 0T
T
Au-005

1.5e+i06] 0
T 0

T
T
15751
13750
T
10
I
1750 T Da v s
TAET
13500
I
10250

Ly

file:/{C:Users/streetl 3/ AppData/Roaming/ Ansys/v202/Mechanical ReportMechanical ... 11/24/72020

174



Project Page 21 of 21

175



