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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 lbs. and the other weighs about 50 lb.). 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. 
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10. 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. 

11. 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. 

12. 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. 

13. 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. 

14. 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. 

15. Order the necessary components for the project and have the welder begin fabricating the 

cage design once funding is approved. 

16. 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. 

17. 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. 

18. Once the motorcycle hitch and wiring harness is obtained install them on the motorcycle 

so that it is ready for testing. 

19. 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. 

20. 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. 
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21. 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. 

22. 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. 

23. 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. 

24. 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. 

25. 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. 

26. 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. 

27. 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. 

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

29. 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. 
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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: 

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

● The original owner of any trailer weighing 4,000 lbs. 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 lbs.  

A Non-Commercial Trailer needs to meet these requirements to be registered:  

● Maximum weight is less than 10,000 lbs.  

● Title is not issued on trailers that weigh less than 4,000 lbs.  

● 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.  
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● Trailer should have safety chains. Safety chains prevent the trailer from separation if the 

hitch connection fails.  

● Ohio driver license or state ID  

● 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. 
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● 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. 

● 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. 
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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.  
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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. 

 

Figure 5: Final version of the cage design 



 

12 

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 lbs., 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 ⅞” 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. 

 

 Figure 8: Lid design 

 

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 ⅛ 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. 

 

Figure 10: Project budget 

Assembly Process 

Trailer & Wire Harness Assembly 

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 40x48x¾ 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 ¾ inch square 

aluminum tubing. Additional ¾ 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.  

 

Figure 13: Assembly of the cage frame 

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 ¼ 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 ¾ 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 ⅛ 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  

Quarter 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 ¾ 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.  
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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 lbf (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 lbf side impact 

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

only 5 inches. 

 

Figure 19: Total deformation from 1000 lbf side impact 
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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 
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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 − 𝜔 GECKO and 𝑘 − 𝜀 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 (15.65 𝑚/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 − 𝜔 GECKO model. 

𝑘 − 𝜔 GECKO Model Results 

Speed 

(Mph) 

Speed 

(Km/h) 

Speed 

(m/s) 

Drag 

Coefficient 

Lift 

Coefficient 

Drag Force 

(N) 

Lift Force 

(N) 

Drag Force 

(lbf) 

Lift Force 

(lbf) 

45 72.42 20.11 0.2463 0.0438 61.05 10.85 13.73 2.44 

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 4.31 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 3.24 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 − 𝜀 with Enhanced Wall Treatments and Realization Model Results 

Speed 

(Mph) 

Speed 

(Km/h) 

Speed 

(m/s) 

Drag 

Coefficient 

Lift 

Coefficient 

Drag Force 

(N) 

Lift Force 

(N) 

Drag Force 

(lbf) 

Lift Force 

(lbf) 

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 

Figure 27: Drag coefficient plot from 𝑘 − 𝜔 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 1/12th 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%. 

𝐵𝑙𝑜𝑐𝑘𝑎𝑔𝑒 𝑅𝑎𝑡𝑖𝑜 =
𝑀𝑎𝑥 𝐹𝑟𝑜𝑛𝑡𝑎𝑙 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑀𝑜𝑑𝑒𝑙

𝐶𝑟𝑜𝑠𝑠 𝑆𝑒𝑐𝑡𝑖𝑜𝑛 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑊𝑖𝑛𝑑 𝑇𝑢𝑛𝑛𝑒𝑙
=
9.247 𝑖𝑛2

144 𝑖𝑛2
= 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 jump 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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Appendices 

 

Appendix A: Project Gantt Chart (Microsoft Projects) 
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Appendix B: Project Presentation 
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Presentation Video Link: https://youtu.be/9x0wgsBBl6w  

https://youtu.be/9x0wgsBBl6w
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Appendix C: Additional CFD Images/Information 

 

Additional information from the 45 MPH (K-Epsilon Model) from Ansys Fluent: 

 

Drag Coefficient Plot 

 
 

Lift Coefficient Plot 
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Drag Force Plot 

 
 

 

Lift Force Plot 
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Shear Stress 

 
 

 

Static Pressure 
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Turbulence 

 
 

Velocity Streamline 
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Velocity Vector Streamline 

 
 

 

Additional information from the 25 MPH (K-Epsilon Model) from Ansys Fluent: 

 

Drag Coefficient Plot 
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Lift Coefficient Plot 

 
 

 

Drag Force Plot 
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Lift Force Plot 

 
 

 

Shear Stress 
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Static Pressure 

 
 

 

Turbulence 
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Velocity Streamline 

 
 

 

Velocity Vector 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 I have enjoyed the experience and personally feel that this course is 

one of the most important and rewarding courses that I 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 I had at the very 

beginning of the project. However, due to the fact that the team I 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, I 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 I 

think that communication is one of the most important aspects of any project and for myself I 

believe that ENT498 helped me a lot with discussing and presenting any new information or 

research that I had collected. Moving on I would like to discuss the design process and general 

skills/knowledge 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. I 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 I found myself very 

grateful for the courses that I had taken in the past while at Miami University. In order to solve 

some of the various problems I encountered I 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 I gained 

from them helped me to solve and overcome the problems that myself and my team encountered. 

For example, I was responsible for the development/creation of our project Gantt chart and 

general timeline. In order to do this, I had to apply the knowledge that I gained from ENT316 

and utilize Microsoft Projects to develop the Gantt chart. Moving on however I 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 I 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 I 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. I had previous experience with Ansys 

Fluent when I was involved in academic research that required me to use the software. However, 

for that research I was only using 2D flow analysis rather than 3D. I am glad that we decided to 

implement this form of analysis into our project because I 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 I 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 I feel that I have done a good 

job and have been a helpful team member. I feel the same way towards my team members, and I 

feel that we have come to be an effective team. One aspect that I feel I 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 

I still feel that I 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 I 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 I am proud of myself as well as my team members. I feel that our project was a 

success because we were able to utilize the skills that we have developed while attending Miami 

University and I hope that they continue to have students participate in senior design projects. 

Despite everything that is going on in the world I found the experience to be quite enjoyable and 

rewarding. As with anything you get what you make of it and I 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 I 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 

         I have thoroughly enjoyed my time in ENT-497 and ENT-498. I 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 I 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. 

         I 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 I 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 I think that I have learned from this senior design project is 

that not everyone is as enthusiastic as I am about the project I am doing. I do not mean that my 

group members were not enthusiastic, they were amazing. I am referring to vendors or 

contractors that I contacted to have work done or to have materials sourced. I 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. I 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 I emailed a contractor the inventor file of what we wanted done. 

In the email I asked them to open the file to make sure they were able to access it, and if they 

could, I 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. I was then able to convert the files into the correct file type, 

but there was a month of progress that was postponed. I 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. I 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. 



 

71 

William Dao 

Professor Gary Drigel 

ENT 498 – Senior Design Project 

10 May 2021 

Individual Reflective Essay 

         In all my years of schools, I 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, I 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. I realize that all classes that I 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. I 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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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 I had been working on during the previous semester in ENT 497.  I 

was very excited to start working with Logan, Tony, and William and I 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.  I 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 WebEx 

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 I 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 I faced were problems that are addressed in most of the 

engineering classes I 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 I 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 I can give has to do with working with metal.  Working with 

metal is something I 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 I think 

I was able to quickly adjust to the way this group was working, and I was able to learn the 

project in a relatively quick manner.  I 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.  I 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.  

I 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 I rarely see in school projects and it 

made for an enjoyable and rewarding project experience.  Because of this I think our project 

ended up being a great success and I am very excited to see what the future will bring us as 

engineers. 



 

75 

Appendix E: Team Meeting Journals  
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Appendix F: Ansys FEA Simulations/Reports 

1000 lbf (Side Impact) Static Structural Simulation 
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0 psi to 100000 psi (Pressure Loading) Static Structural Simulation 
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