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[bookmark: _Toc100662220]Abstract

Our project is to design, test, and manufacture the wings and tail of a radio-controlled airplane capable of competing in the 2022 Society of Automotive Engineers (SAE) Aero Design Competition. As part of the competition the plane must take off within 100 feet of runway, load a standard size soccer ball and have a single engine. The primary focus is in sizing the wing and tail and designing the control surfaces that help control the plane while flying. We coordinate with another team whose primary focus is to design the plane’s main body and its landing gear. The plane’s tail will have a standard configuration, composed of horizontal and vertical sections with control surfaces that will help provide sufficient stability during flight. This means coordinating with the fuselage team to estimate the power and weight of the airplane and designing a wing that generates enough lift. Next, we design a tail to stabilize the aircraft and help it be steered. Once the wing and tail are finalized in their design and placements, we transition into the manufacturing stage. For the integration of the body and wings of the plane, we are using an emergent technology known as additive manufacturing commonly referred to as 3D printing. While most radio-controlled airplanes are made using wood or other materials, our team and sponsors have decided to take on the added challenge of 3D printing the airplane’s structure. 3D printing allows for the rapid production of geometrically complex objects that could not be easily produced using other manufacturing methods. The team is utilizing a specialized foaming plastic filament (LWPLA) which is up to 60% lighter compared to a typical filament used in a 3D printer. The LWPLA filament provides a lightweight choice to enhance design innovation and complexity.
Keyworks: LW – PLA, RC Airplane, 3D Printing 
[bookmark: _Toc100662221]
Disclaimer 

Due to a change in the SAE Competition date, the team will not be attending the competition. Regardless of this, the plane was still designed and built within the competition rules regarding size, payload restrictions, and material restrictions. 
The Seminole RC Club has graciously offered to provide us with their test field and a certificate of insurance in case of an accident. The test flight will be conducted on April 4, 2022, in Tallahassee carrying the required payload and will follow the same flight path as required by the SAE competition. 
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	RC
	Remote Controlled 

	AMA
	Academy of Model Aeronautics 

	SAE
	Society of Automotive Engineers 

	3D
	Additive Manufacturing 

	LW-PLA
	Light Weight Polylactic Acid

	CG
	Center of Gravity 

	AR
	Aspect Ratio 

	CL
	Coefficient of Lift 

	CD
	Coefficient of Drag 

	TR
	Taper Ratio 

	
	Angle of Attack

	CAD
	Computer-Aided Design 

	CFD
	Computational Fluid Dynamics 
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1.1 [bookmark: _Toc100662226]Project Scope

[bookmark: _Toc100662227]1.1.1 Project Description:

  	The SAE Aero Design Competition involves the designing, fabricating, and testing of a radio-controlled aircraft capable of carrying a specified payload. Our team will be focusing on designing the wing and control surfaces while the other half of our team, team 507, will be focusing on the fuselage design capable of carrying the payload.
*In this specific section there are no necessary revisions  

1.1.2 Integration Clause:
 
FAMU-FSU College of Engineering will manufacture one plane that will be represented by Team 507 and Team 508.  Team 508 will be the aero design team, focused on building the wing and the control surfaces and team 507 will be responsible for designing and building the fuselage. Both teams will be working together on selecting the design, using the 3-D printers, and assembling the prototype and final aircraft. 







[bookmark: _Toc100662228]1.1.3 Key Goals:

  	This section of the project scope lists objective oriented goals set by the design team to ensure a successful and structured final product. The final product should be mainly fabricated out of 3-D printed material, including the wings and the control surfaces. To ensure a successful design, the aero design and the fuselage teams must coordinate well to ensure seamless integration of all systems. 
    	The first goal for team 508 will be to estimate the wing size based on the aircraft requirements such as the aircraft's final weight. We will need to choose an airfoil profile, chord length, width, and taper.  The second goal will be designing the aircraft’s tail. Like the wing, the elevator and rudder of the tail will require an airfoil profile, length, width, and taper if necessary. The last goal in the preliminary design process will be to design and create the aileron, rudder, and elevator control surfaces to provide sufficient control of the aircraft. The control surfaces will require aerodynamic validation as well as mechanical validation of the control linkages used.
The team will coordinate with the fuselage team to assemble a scaled down version of the final design to conduct aerodynamic tests. Testing will allow team 508 to verify that the selected design can fly.
The aero and fuselage team must verify that all competition guidelines are met. This includes a weight and wingspan limit, material restrictions, and sufficient space in the fuselage to hold the size 5 soccer ball and the one-pound payload. 


[bookmark: _Toc100662229]1.1.4 Market:

Our product could be of interest to several organizations or individuals. The target market for our RC plane would be primarily composed of pilots of RC planes, mainly who are interested in incorporating new materials into existing RC aircrafts.  Having our plane primarily made of 3-D printed material could be beneficial to the user to make repairs if the user owns a 3-D printer or has access to one. 
A secondary market for our design could be the Academy of Model Aeronautics (AMA), they have several flight school programs and could be interested in acquiring a 3-D fabricated aircraft for the new RC pilots to use. The organization is always seeking to promote development of model aircraft and could be interested in an RC plane that is made almost entirely of 3-D printed material. 
Companies such as Airbus, Boeing, and GE are experimenting with 3-D printed parts in their planes. These companies are interested in exploring how to incorporate new material properties in all their planes but are still unsure how to combine traditional engineering techniques with existing planes. Having a RC model airplane built out of 3-D printed material would be an innovative option to begin incorporating more 3-D printed parts into all their planes.  
Another market would be the Society of Automotive Engineering (SAE), if the RC aircraft proves to be successful and is competitive with the other aircrafts that are built out of sturdier materials then SAE could use our RC plane as a standard for their future collegiate competitions.   


[bookmark: _Toc100662230] 	1.1.5 Assumptions: 

To establish a coherent timeline and a productive work environment, assumptions will be made regarding the overall design of the plane as well as how the team will function during the design process. All team members, including team 507, will have access to senior design labs and online resources for the duration of the project. With access to FAMU-FSU College of engineering senior design lab, it is assumed that the SAE Aero team will be provided with all Lightweight PLA 3D printed material as well as two working 3-D Lulzbot printers. Access to this lab also provides the Aero Team with necessary tools and hardware to establish a 3D plane prototype. This hardware provided includes a E-Flight 90 brushless motor, an Onyx 22.2V LiPo battery and a variety of servos/connecting linkages. It is assumed that the budget for the Aero Team will be equivalent to 1,000 US Dollars, this will be used to purchase necessary electrical components as well as registration fees and unforeseen project costs. To be able to compete in the 2022 SAE International Aero competition, it is assumed that the finished plane will abide by all SAE competition rules and team 508 will be registered as a verified SAE aero competitor.
· Although there are no changes in this section, it should be noted that although the team will no longer be attending the competition, they will still be abiding by all SAE competition guidelines. 

1.1.6 Stakeholders: 

Team 508’s primary stakeholders include the mechanical engineering department at the FAMU-FSU College of Engineering, our sponsor Dr. McConomy, our teaching assistant Jordan Noyes, our faculty adviser Dr. Ali, and Team 507’s adviser, Dr. Hruda. Our sponsor and our faculty advisors are contributing time, resources, and knowledge to aid their respective team. Dr. Ali will be aiding in the design process, since the primary focus of his research was on fluids/aerodynamics and will be able to guide us on which design will be the best for our team. Dr. Hruda’s focus will be on the additive manufacturing aspect, she will be helping both teams in working with the 3-D printers. Finally, the team members of both the SAE Aero (David Jay, Michael Nalovic, Sofia Rodriguez, and Tristan Wahl) and the fuselage team (Bridget Andrew, John Healy, and Alejandro Torro) are the main stakeholders, since they are investing time on research, design, and development. 

1.2 [bookmark: _Toc100662231]Customer Needs: 

The primary customer whose needs will be considered throughout the duration of this project is the team sponsor, Dr. Shayne McConomy. To adequately meet Dr. McConomy's needs, the focus of this project will be to design in accordance with SAE competition rules and requirements. Some requirements of the SAE competition rules will provide constraints in the fashion the plane will be presented in competition, specifically with design specifications such as weight, length, and wingspan. Other design constraints will limit the electronics that can be used to power the aircraft thus affecting the maximum takeoff distance and payload. A more detailed description of the rules is provided in appendix C with the statement provided by SAE and the team’s interpretation of that need can also be found in this section. 
With SAE competition participation and regulations forming a portion of the needs of the customer, it is important to note that Dr. McConomy also requires the project to be primarily manufactured using light weight PLA material, with other materials only to be used where necessary.  
An additional customer that will be considered in the design and build of the RC aircraft will be the SAE pilot.  Considerations will be given to the specific design to provide features which will allow the pilot added maneuverability of the flight surfaces – elevator, rudder, and ailerons controls. 
To challenge the engineers of this project as well as provide additional guidance, Dr. McConomy expects a significant level of innovation within the manufacturing and assembling of the aircraft. 
Our customers’ needs will be of the utmost importance to the team of engineers assigned to this project and therefore plan to fully abide by SAE competition guidelines as well as design a plane with innovation composed primarily of 3D printed materials.



1.3 [bookmark: _Toc100662232]Functional Decomposition 

Introduction 

	The functional decomposition was a result of the information taken from the project scope; the team broke down the project scope into smaller more detailed specifications that the final product will need to achieve. The group began by establishing the main functions the airplane will need to be able to do and then determining what minor functions must be accomplished for the main functions to occur, this was done in a manner that the group did not designate specific metrics for the major or minor functions as this will be done in the targets and metrics. 


Major Functions 
In Figure 1, the hierarchy chart is broken down into four branches. The four branches each represent a main function of the airplane, these were determined by understanding what the plane needs to do to perform accurately. The four functions are: takeoff, the payload, flight controls, and landing. The takeoff function covers all minor functions relating to getting the airplane off the ground. The payload function refers to the stability, positioning, and unloading/loading of the payload. The flight controls indicate all the motions of the plane. Finally, the landing function encompasses the functions relating to the landing of the plane. The plane was broken down into these functions based on the primary goals determined by the customer needs. 
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[bookmark: _Toc100502858][bookmark: _Toc100662084]Figure 1: Functional Decomposition Hierarchy Chart

Connection to Systems 

The minor functions are the tasks that need to be accomplished to meet the major functions needs.  The takeoff of the plane is divided into two minor functions: accelerate and enable lift. Under accelerate is another function for moving the plane down the runway. The payload function is broken into two minor functions: load the cargo and unload the cargo. These two minor functions refer to the storage and keeping of the payload prior to the flight. The goal would be to store the payload in a manner that there is no change in the CG during flight or during landing. Flight controls is broken down into four minor functions: motor, rudder, elevator, and ailerons. Each of these minor functions is respectively broken down again into one minor function: provides thrust, controls yaw, controls pitch, and controls roll. 
Integration 

For the plane to travel down the runway, it must generate enough thrust to accelerate. This sequence of events is the first branch of the hierarchy chart. Beginning with takeoff, as the major function, then accelerate as the first step of the minor function, and then for the plane to be able to accelerate it must generate enough thrust first. The second branch of takeoff is the minor function: enable lift, before lifting the plane, it will need to overcome any effects of drag. After takeoff, the second function refers to the payload, the payload is a significant need of the customer. The payload must be safely encapsulated within the fuselage and restrict as much movement possible to prevent the CG from moving during flight. Once the plane is in the air and the payload is securely within the fuselage, the pilot will utilize the controls of the plane: motor, yaw, pitch, and roll to follow the mission profile designated by our customer and then finally landing the plane safely. For the plane to safely land, it must be able to withstand the shock due to landing. 






Cross Reference Table
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[bookmark: _Toc100514328]Table 1: Functional Decomposition Cross Reference Table
	The functional decomposition cross reference chart, shown in Table 1, is a visual rank of the functions as they relate to the minor functions. This chart is used in determining which system will be of main priority in the design process. The columns that contain more “X” marks are of higher rank because more of the minor functions pertain to this major function. 
For example, because loading/unloading the payload refer to the main function of payload an “X” was placed for both of those minor functions. However, accelerating and landing are not applicable to one another then the box remains empty. The function with the most “X” marks will be considered the highest priority in the design process, and the function with the least amount of “X” marks will be of the lowest priority. After analyzing the cross-reference table, we inferred that the plane controls will be of the utmost importance to the plane compared to the landing which will be the lowest of priorities. To match which minor function relates to the correct major function, the team conducted research to determine what is necessary and how aerodynamics and physics are related for takeoff, controls of the plane, landing, and storing the payload. The team also referenced the customers’ needs, located in Appendix C, to accurately determine which functions should be of primary importance. 
Action and Outcome
Team 508’s plane will need to be a remote-controlled plane that can store a payload, takeoff, fly a designated path, and land safely on the same runway. The plane will need to be able to takeoff in the runway provided, it will need to store a soccer ball within the fuselage and land safely. These are the main functions of the team’s project; the team will develop targets and metrics that will give specific parameters to aid in building a successful plane.

[bookmark: _Toc100662233]1.4 Target Summary
	Function:
	Metric:
	Target:
	Validation Method:
	Validation Tools:

	Accelerate

	
Generate Thrust


	Take-off
Distance
	Less than 100 ft.
Time Limit: 120 sec.  
	Test Flight
	Measuring tape to find take-off distance of each test flight 



	
	 Thrust Force
	Greater than 10 pounds
	Thrust Test
	Custom built thrust test stand

	Maneuver Down Runway
	Turn Radius
	Less than 5 ft 
	Physical Measurement
	Measuring tape

	Enable Lift

	Provides Lift
	Planform Area
	Greater than 6 ft2
	CAD
	Creo

	
	Wingspan
	Less than 120 in.
	CAD
	Creo

	
	Max Weight
	15 Pounds
	Physical Measurement
	Scale

	Overcoming Drag
	Drag Coefficient
	Less than 0.15 for the aircraft
	Computational Fluid Dynamics
	Ansys

	Carry Payload

	Load/Unload Cargo
	Time to Unload
	Less than 1 minute
	Timing
	Stopwatch and/or video recording

	Flight Controls 

	Motor – Provide Thrust 
	Thrust Curve
	Maximum thrust within 4 seconds
	Thrust Test
	Custom built thrust test stand combined with video footage for timing

	Rudder – Control Yaw 
	Angle of deflection
	±25°
	Physical Measurement
	Protractor

	Elevator – Control Pitch 
	Angle of deflection
	±25°

	Physical Measurement
	Protractor


	Aileron – Control Roll 
	Angle of deflection
	±25°

	Physical Measurement
	Protractor


	Longitudinal Stability
	Static Margin
	Greater than %, less than 15%
	Manual Computation
	MATLAB, Creo

	Resist Effects of Stress 
	Airspeed at maximum deflection
	50ft/s

	Experimental testing
	Moving test rig with manometer


[bookmark: _Toc100514329]Table 2: Target Summary
The first section of the major functions is to accelerate and to do so, the plane must be able to generate thrust. One of the most important functions and end goals of the airplane will be to take off within 100 feet as per SAE guidelines. Although simulating the dynamics will help get an estimate of our takeoff distance, the best way to see if we’ve met our target is to test fly the aircraft with video recordings and measuring tapes. 
According to our rough estimations of drag, lift, and total weight, the airplane will need achieve a minimum airspeed of 34 ft/s to counteract gravity in level flight. This is assuming a minimum wing planform area of 6 ft2. In MATLAB simulation, this speed was reached with 10 pounds of thrust. To test this thrust, our team has already assembled a thrust test stand capable of monitoring thrust, power draw, and motor RPMs. Given that our team has a variety of motors and propellers available to us, we will be testing different combinations to determine what’s best for our limitations.
The plane must be able to taxi and maneuver about the runway. For this reason, we have decided on a minimum turn radius of 5 ft. This turn radius will allow the plane to perform a U-turn on a 10ft wide runway. The minimum turn radius could be computed theoretically or tested and measured physically.
When creating our wing, we need to consider how large it needs to be to generate an appropriate amount of lift. Our calculations for level flight called for a 6 square foot planform area given 10 pounds of motor thrust. This area can be computed by hand or by using a projection in CAD. Our wing will also be limited to a 120-inch span for the competition which can easily be measured physically. Here we have also added a new need of total aircraft weight. Looking at planes from previous competitions and using our MATLAB simulation, we have decided to limit ourselves to a maximum weight of 15 pounds with a goal weight of 13 pounds.  Our airplane will need a low enough drag coefficient to achieve suitable lift speeds. The drag coefficient is considered in the wing section because most of the drag will come from the wing rather than the fuselage. Once again, going off our rough simulation in MATLAB, a total drag coefficient less than 0.15 should allow us to get up to speed. This can be verified using CFD or wind tunnel testing with a force balance.
Another requirement from SAE is that the payload (soccer ball) must be unloaded within one minute after landing. This unloading time can be tested experimentally using either a stopwatch or video recording.
Once the airplane is in the air, there must be a function to control the roll, yaw, pitch, and throttle. In the accelerate function, we defined a maximum thrust, but never gave any time specifications for the motor. Competition rules state that one team member can hold the airplane until max thrust is achieved before takeoff, but in the air, we need to make sure that the throttle response time is low enough to provide the pilot with decent control. To begin, we have defined a desired step rise time of 3 seconds to reach maximum throttle from a dead stop. This can be validated using the custom thrust stand along with video recording.
 With certain aircraft configurations, only a rudder or ailerons are required to obtain usable control over the aircraft, however, most pilots are accustomed to having all four control inputs. Removing one of the control inputs may affect the pilot's ability to make quick and instinctive adjustments to the flight path. For this reason, we have decided to include all standard airplane controls. According to our research, the maximum usable deflection for a control surface is approximately 20° for a surface that is 20% of the chord length. Our team has decided that each of these control surfaces need to be able to deflect to a minimum angle of 25°. With this minimum we can always adjust the maximum deflection from the airplane transmitter.
Another need that has been added to our targets and metrics is the longitudinal stability of the airplane. Without simulating every aspect of the aircraft, the static margin provides a good estimate of stability from an aerodynamic perspective. In general, lower static margins yield more maneuverable aircraft, higher static margins yield more stable aircraft, and a negative static margin results in instability. We will be using dimensions and center of gravity estimations taken from Creo, combined with a MATLAB program to predict this metric. The upper and lower limits we chose for static margin are based off single prop planes with similar desired flight characteristics.
Finally, each control surface needs to withstand some minimum airspeed at their maximum deflection. To avoid mathematical complexity and possible inaccuracy, this is to be tested using an actual wing segment and high-speed winds. These high airspeeds can be emulated using a moving platform, high powered fan, or wind tunnel. A handheld manometer attached to a pitot probe can be used to measure this airspeed. The minimum airspeed target is based on our simple MATLAB simulation, with a safety factor of 1.4.

1.4 [bookmark: _Toc100662234]Concept Generation

Before we began our morphological chart, we decided on the most important criteria that would have the biggest effect on our aircraft. First, we have the fuselage with 3 types: the guppy, the dolphin, and the whale. These three fuselage types were designed in CAD specifically for the task of carrying the payload and mounting the landing gear, without much consideration for aerodynamic effects. Next is the section that our team is primarily concerned about since it involves the wing design of the airplane. Based on our research we chose two candidate airfoils for our morphological chart, the Eppler 423 or S1223, and its placement on the aircraft (low, medium, or high). The next 3 sections are subcomponents of the plane that are essential to its design, yet that didn't have as much importance as the previous sections. These are the landing gear (tricycle or taildragger), the rear tail design, (conventional, medium, or T-tail), and winglets to help with drag (None, Hoerner or Swept).
The next section of our concept generation is Biomimicry where we looked at animals to try and get some insight into how they achieved flight. The first few concepts are based on birds with long wingspans, the next few are those with a similar body style to our guppy designs that have a large circular cross section that would imitate us carrying our payload and the last selection of birds were those that migrate large distances. Further, we went beyond birds and looked at any animal that was able to fly through flows of either water or air to make us think critically about ways to achieve flight. 
Next, our concept generation chart looks at preexisting full-scale airplanes that are available. This allows us to scale down an airplane with desirable aerodynamic characteristics without needing to change many parameters. In terms of optimization design, this can be seen as an initial “guess” configuration that we can optimize iteratively for our project requirements. Some of the aircraft selected would not fit our project but were still worth considering in the ideation process.
Finally, the last section of our concept generation looks at model aircraft. Since we are building a model aircraft, many of these concepts are more obviously feasible. They are also designed to use similar components. 
The SAE aero design competition states that we must use an original design, so the preexisting aircraft are listed to exemplify the overall configuration, rather than specifics of the design. Any concept used from these two categories will be heavily modified to suit our needs.


[bookmark: _Toc100662235]Medium Fidelity Concepts:
[bookmark: _Toc100662236]Concept 1.
E-flite UMX Radian scaled up
[bookmark: _Toc100662237]Concept 2.
Skyhunter 1800
[bookmark: _Toc100662238]Concept 3.
E-flite Air Tractor scaled up
[bookmark: _Toc100662239]Concept 4.
Cessna 208B scaled down

[bookmark: _Toc100662240]High Fidelity Concepts:
Concept 1.
Dolphin
E423
Low wing
Conventional tail
Taildragger
Hoerner wing tips

Concept 2.
Guppy
E423
High wing
Tail Dragger
Conventional tail
No wing tips

Concept 3.
Whale
E423
Low wing
Tricycle Gear
Conventional Tail
Hoerner wing tip







[bookmark: _Toc100662241]1.6 Concept Selection
After analyzing all our generated concepts, we chose a select few to further analyze to ensure that we arrived at the most optimal design for our engineering needs. We began the selection process by generating a binary pairwise comparison, seen in Appendix E. This matrix compares our customer requirements against each other, this allows us to narrow our focus to fewer customer requirements. After the binary pairwise was analyzed, the information gathered was transferred to the House of Quality, seen in Table 1. We used the importance factors from Binary Pairwise and instead compared the customer requirements against our engineering characteristics. We weighed the engineering characteristics in order from highest weight % to lowest. We found them to be: Elevator, Aileron, Static Margin, Resist Effects of Stress, and Weight. Along with the most valued customer requirements and engineering characteristics we then compared them to the designs we’ve established. The comparisons against these are visually represented in the Pugh Charts, table 2 and 3. A more detailed description of the tables and the decisions made will be further discussed. 
One noticeable difference in our needs and previous concepts is the decision to not include wingtips in the selection process, this is because it was decided that they don’t have a measurable effect on the aircraft performance which would be influential in the overall design. We began by making a pairwise matrix, which lists the most important needs of the project and gives the important weight factor of each of the customer requirements.  After creating our pairwise matrix as shown in Appendix D, we used the customer requirements and compared them against our engineering characteristics using an importance weight factor in our House of Quality (HQT), table 1. This “weight factor” was chosen for each of our needs from the pairwise matrix and resulted in the most important requirements being the controls of the aircraft, the loading/unloading of the aircraft and the maneuverability of the aircraft both on the runway and in the air. Going through each requirement and cross referencing it with our demonstrated characteristics, relative weights were determined, and the characteristics were ranked in order of importance. The two most key design factors were found to be the weight of the aircraft and the control of the ailerons which affect the overall flight stability

	
	
	Engineering Characteristics 
	

	Improvement Direction 
	
­
	¯
	
­
	¯
	¯
	
­¯
	
­¯
	
­¯
	
­
	¯
	¯
	

	Units 
	ft, sec
	ft.
	ft, lbs 
	Non-Dim
	Min.
	Deg.
	Deg. 
	Deg. 
	%
	ft/s 
	lbs. 
	

	Customer Requirements 
	Importance WF Factor 
	Thrust Generation 
	Moving Down Runway 
	Ability to Provide Lift
	Overcoming Drag 
	Load/Unload Cargo
	Rudder 
	Elevator
	Aileron
	Static Margin
	Resist Effects of Stress 
	Weight 
	

	Material 
	5
	 
	1
	3
	1
	 
	9
	9
	9
	3
	9
	9
	

	Stability 
	5
	3
	1
	 
	1
	3
	9
	9
	9
	9
	 
	 
	

	Takeoff/Landing Requirements 
	6
	9
	9
	9
	3
	 
	3
	3
	3
	9
	 
	3
	

	Wingspan Restrictions 
	4
	 
	 
	9
	9
	3
	 
	3
	9
	3
	3
	 
	

	Power 
	5
	9
	3
	3
	 
	 
	1
	1
	1
	 
	 
	9
	

	Maneuverability 
	7
	1
	9
	3
	9
	9
	9
	9
	9
	3
	 
	9
	

	Lightweight 
	5
	 
	3
	9
	 
	 
	 
	 
	 
	3
	3
	9
	

	Landing Shocking 
	2
	 
	1
	 
	 
	1
	 
	 
	 
	 
	9
	3
	

	Controls 
	11
	9
	9
	9
	 
	3
	9
	9
	9
	 
	 
	 
	

	Minimum Cargo Load Required 
	3
	1
	1
	1
	 
	3
	 
	 
	 
	3
	 
	9
	

	Loading/Unloading Payload 
	9
	 
	 
	 
	 
	9
	 
	 
	 
	9
	 
	3
	

	Innovation 
	4
	 
	 
	 
	 
	3
	 
	 
	 
	3
	 
	 
	TOTAL: 

	Raw Score (2629)
	223
	261
	288
	127
	227
	275
	287
	311
	264
	90
	276
	2629

	Relative Weight % 
	8.48
	9.93
	10.95
	4.83
	8.63
	10.46
	10.92
	11.83
	10.04
	3.42
	10.50
	

	Rank Order 
	9
	7
	2
	7
	6
	4
	2
	1
	2
	2
	1
	


[bookmark: _Toc100514330] Table 3: House of Quality

Moving on from the HQT, we created Pugh charts to help finalize our selections and look at the various concepts and compare their certain aspects to a predetermined datum. The datum that we used was the 2019 FAMU-FSU Aero design competition. We decided on using this as a datum because we have access to the physical model as well as the data that the previous group obtained on it. Another reason that the 2019 airplane was chosen was that the 2020 group design was too different for our chosen needs and would be irrelevant when comparing it to our design because of its dual–wing canard shape design. The concepts that we examined were based on 3 fuselage types that the fuselage team decided on with varying wing placements and landing gear configurations. By testing these criteria against the datum, we were able to illustrate the pros and cons of each design and discuss their effectiveness in trying to capture our needs. After looking at the results, we chose the SR-22 L and RV-14 L because they had the most pluses, seen in the Pugh chart in table 2, however for deciding our 3rd concept, we decided to go with the SR-22 H over the SR-22 HB because although the latter had 1 more plus, it had an additional minus in the load/unload section that outweighed its weight factor.

	PUGH Chart: First Iteration
	 
	Concepts 

	Selection Criteria 
	Datum 
	SR-22 H
	RV-14 L
	SR-22 L
	RC-V1
	SR-22 HB

	Trust Generation
	2019
SAE
Aero
Comp
	S
	S
	S
	S
	S

	Moving Down Runway
	
	+
	+
	+
	S
	+

	Ability to Provide Lift
	
	+
	+
	+
	+
	+

	Overcome Drag
	
	-
	+
	+
	S
	-

	Load/Unload Cargo
	
	S
	+
	+
	-
	-

	Rudder
	
	S
	S
	S
	S
	S

	Static Margin
	
	+
	+
	+
	+
	+

	Resist Effects of Stress
	
	+
	+
	+
	+
	+

	Weight
	
	S
	+
	-
	-
	+

	# of pluses 
	 
	4
	7
	6
	3
	5

	# of Minuses 
	 
	1
	0
	1
	2
	2

	# of S
	 
	4
	2
	2
	4
	2

	
	
	
	
	
	
	


[bookmark: _Toc100514331]Table 4: Pugh Chart
With the second iteration of our Pugh chart, we took a more scrutinized approach towards the selection criteria and tried to think unbiasedly about the concepts. Comparing them off our datum of the SR-22 HB however, we realized that the SR-22 H concept was practically identical to the datum and only varied by not having a higher resistance to stress effects. This left us with two other concepts, yet it was clear that the SR-22 L was the ideal concept because of the number of pluses it had in critical areas such as load/unload and static margin compared to the RV-14 L. Despite both planes having a low wing configuration, ensuring that they would provide the stability that we need, the SR-22 L also had a greater static margin than the RV-14 L which made it even more stable and more easily able to maneuver.



[image: ]
[bookmark: _Toc100514332]Table 5: Pugh Chart (Iteration #2)

To better understand what we needed to get out of our design, we developed a normalized comparison matrix to highlight the engineering characteristics that we deemed most important and then judge them against each other to see what the most important ones were, this table was generated by using the criteria comparison matrix in Appendix E and dividing each induvial score of each of the characteristics and diving that by the sum of the column of each characteristic. After comparing, we found that our two most important characteristics were reducing the effects of stress and the weight of the aircraft. We rationalized these findings by acknowledging that reducing weight and stress would help our aircraft maneuverability and increase its overall stability. There are various ways that these could be achieved and so it is now the mission of our team to develop ways to do this without sacrificing the overall production of the aircraft.

	Normalize Comparison Matrix

	Engineering Characteristics 
	Rudder 
	Stability
	Resist Stress
	Weights
	AVERAGES:

	Rudder 
	0.090909091
	0.090909091
	0.133333333
	0.066666667
	0.095454545

	Stability 
	0.090909091
	0.090909091
	0.066666667
	0.133333333
	0.095454545

	Resist Stress 
	0.272727273
	0.545454545
	0.4
	0.4
	0.404545455

	Weight 
	0.545454545
	0.272727273
	0.4
	0.4
	0.404545455

	SUM: 
	1
	1
	1
	1
	1



[bookmark: _Toc100514333]Table 6: Normalized Comparison Matrix

Shown below is the final rating matrix. This table summates the AHP values for our final two concepts and through the multiplication of the transpose of this final rating matrix to the calculated criteria weights of the engineering characteristics, the alternative value table can be formulated.  All these averages helped give the team a better understanding of what we needed out of our design and helped quantify our final concepts.

	Concept
	Alternative Value 

	SR22L
	0.523863636

	RV-14L
	0.476136364


[bookmark: _Toc100514334]Table 7: Final Rating Matrix

With the alternative value table providing a scalar representation of the two final concepts, it is observed that the SR22L holds a slight advantage of favorability over the RV-14L when comparing engineering characteristics and their calculated weight. This advantage can be more visually discerned in the following bar graph and thus the concept selection process is complete, with the SR22L being the chosen concept for the plane design.
Although the RV-14L holds an advantage over the SR22L in stress resistance, the SR22L’s advantage over the RV-14L in both stability and weight reduction proves it to be a more efficient and optimal design choice for the completion of the mission profile as well as the execution of the project objective. This is due to the criteria weight that was calculated for both stability and weight being of a higher value and thus a more crucial factor in the selection of an aircraft design.

	Final Rating Matrix

	Selection Criteria 
	SR22L
	RV-14L

	Rudder
	0.5
	0.5

	Stability 
	0.75
	0.25

	Resist Stress 
	0.25
	0.75

	Weight 
	0.75
	0.25


[bookmark: _Toc100514335]Table 8: Final Rating Matrix



[bookmark: _Toc100662085]Figure 2: Alternative Value Bar Graph
























[bookmark: _Toc100662242]1.8 Spring Project Plan

December 2021
-Buy all materials necessary to complete the project 
-Advisor Meeting During Winter Break (Finalize all design details) 
-Finish ideation of integration of wings/fuselage and tail/fuselage 
-CAD final wings/tail with integration method, controls, wing tips, and flaps 

Jan 5, 2022 - Classes Begin
Jan 6, 2022 – Final Design Check (Tolerances, Dimensions, Sizing, and CADs are all complete and ready for printing) 

Jan 7, 2022- Advisor Meeting with Dr. Ali 
Jan 8, 2022 – Printing Begins with Wing 
Jan 17, 2022- Martin Luther King (No Classes) 

Jan 10-14, 2022- Initial Printing of Wing Sections (Begin testing the attachment of wing sections) 

Jan 14- 17, 2022 – Flaps and Hoerner Wing Tips Sections Printing 
Jan 17-21, 2022 – Test Connection Method, Strength/Failure, Run Spar through first wing 
Jan 22, 2022- First Wing Complete 
Jan 24-28, 2022 – Repeat all steps for wing #2 

Milestone 1: Finish All Wing Printing and Testing 

Feb 1-7, 2022 - Begin Tail Printing (Horizontal & Vertical) 
Feb 7-14, 2022 – Begin Attachment of Tail Sections (Includes testing of top three attachment ideas) 
Feb 16-23, 2022 – Strength/Failure Testing of Tail

Milestone 2: Finish All Tail Printing and Testing 

March 1-7, 2022- Inner Configuration of Wings/Tail (Wiring) 
March 7-14, 2022 – Attach Wings/Tail to Fuselage (Final Assembly) 
March 7-14, 2022 – Placement and Testing of Servo Motors 
March 14- 20, 2022 – Emergency Week for Printing 
March 21, 2022 – Test Day + Printing of Sized Down Model (Backup) 

Milestone 3: Assembly and Printing is Complete 

March 14 – March 18, 2022 - Spring Break No Classes
April 7, 2022 - Engineering Design Day 
April 22, 2022 - Last Day of Class
April 25 – 28, 2022 - Finals
April 29, 2022 – Semester Ends 
April 30, 2022 - Graduation 





[bookmark: _Toc100662243]Chapter Two: EML 4552C

2.1 [bookmark: _Toc100662244]Restated Project Definition and Scope 

[bookmark: _Toc100662245]2.1 Project Scope

[bookmark: _Toc100662246]2.1.1 Project Description:

  	The SAE Aero Design Competition involves the designing, fabricating, and testing of a radio-controlled aircraft capable of carrying a specified payload. Our team will be focusing on designing the wing and control surfaces while the other half of our team, team 507, will be focusing on the fuselage design capable of carrying the payload.

2.1.2 Integration Clause:
 
FAMU-FSU College of Engineering will manufacture one plane that will be represented by Team 507 and Team 508.  Team 508 will be the aero design team, focused on building the wing and the control surfaces and team 507 will be responsible for designing and building the fuselage. Both teams will be working together on selecting the design, using the 3-D printers, and assembling the prototype and final aircraft. 

[bookmark: _Toc100662247]2.1.3 Key Goals:

  	This section of the project scope lists objective oriented goals set by the design team to ensure a successful and structured final product. The final product should be mainly fabricated out of 3-D printed material, including the wings and the control surfaces. To ensure a successful design, the aero design and the fuselage teams must coordinate well to ensure seamless integration of all systems. 
    	The first goal for team 508 will be to estimate the wing size based on the aircraft requirements such as the aircraft's final weight. We will need to choose an airfoil profile, chord length, width, and taper.  The second goal will be designing the aircraft’s tail. Like the wing, the elevator and rudder of the tail will require an airfoil profile, length, width, and taper if necessary. The last goal in the preliminary design process will be to design and create the aileron, rudder, and elevator control surfaces to provide sufficient control of the aircraft. The control surfaces will require aerodynamic validation as well as mechanical validation of the control linkages used.
The team will coordinate with the fuselage team to assemble a scaled down version of the final design to conduct aerodynamic tests. Testing will allow team 508 to verify that the selected design can fly.
The aero and fuselage team must verify that all competition guidelines are met. This includes a weight and wingspan limit, material restrictions, and sufficient space in the fuselage to hold the size 5 soccer ball and the one-pound payload. 

[bookmark: _Toc100662248]2.1.4 Market:

Our product could be of interest to several organizations or individuals. The target market for our RC plane would be primarily composed of pilots of RC planes, mainly who are interested in incorporating new materials into existing RC aircrafts.  Having our plane primarily made of 3-D printed material could be beneficial to the user to make repairs if the user owns a 3-D printer or has access to one. 
A secondary market for our design could be the Academy of Model Aeronautics (AMA), they have several flight school programs and could be interested in acquiring a 3-D fabricated aircraft for the new RC pilots to use. The organization is always seeking to promote development of model aircraft and could be interested in an RC plane that is made almost entirely of 3-D printed material. 
Companies such as Airbus, Boeing, and GE are experimenting with 3-D printed parts in their planes. These companies are interested in exploring how to incorporate new material properties in all their planes but are still unsure how to combine traditional engineering techniques with existing planes. Having a RC model airplane built out of 3-D printed material would be an innovative option to begin incorporating more 3-D printed parts into all their planes.  
Another market would be the Society of Automotive Engineering (SAE), if the RC aircraft proves to be successful and is competitive with the other aircrafts that are built out of sturdier materials then SAE could use our RC plane as a standard for their future collegiate competitions.   
[bookmark: _Toc100662249] 	2.1.5 Assumptions: 

To establish a coherent timeline and a productive work environment, assumptions will be made regarding the overall design of the plane as well as how the team will function during the design process. All team members, including team 507, will have access to senior design labs and online resources for the duration of the project. With access to FAMU-FSU College of engineering senior design lab, it is assumed that the SAE Aero team will be provided with all Lightweight PLA 3D printed material as well as two working 3-D Lulzbot printers. Access to this lab also provides the Aero Team with necessary tools and hardware to establish a 3D plane prototype. This hardware provided includes a E-Flight 90 brushless motor, an Onyx 22.2V LiPo battery and a variety of servos/connecting linkages. It is assumed that the budget for the Aero Team will be equivalent to 1,000 US Dollars, this will be used to purchase necessary electrical components as well as registration fees and unforeseen project costs. To be able to compete in the 2022 SAE International Aero competition, it is assumed that the finished plane will abide by all SAE competition rules and team 508 will be registered as a verified SAE aero competitor.
· Although there are no changes in this section, it should be noted that although the team will no longer be attending the competition, they will still be abiding by all SAE competition guidelines. 
2.1.6 Stakeholders: 

Team 508’s primary stakeholders include the mechanical engineering department at the FAMU-FSU College of Engineering, our sponsor Dr. McConomy, our teaching assistant Jordan Noyes, our faculty adviser Dr. Ali, and Team 507’s adviser, Dr. Hruda. Our sponsor and our faculty advisors are contributing time, resources, and knowledge to aid their respective team. Dr. Ali will be aiding in the design process, since the primary focus of his research was on fluids/aerodynamics and will be able to guide us on which design will be the best for our team. Dr. Hruda’s focus will be on the additive manufacturing aspect, she will be helping both teams in working with the 3-D printers. Outside of the FAMU-FSU College of Engineering, the Tallahassee based organization, the Seminole RC Club, has volunteered their practical knowledge on RC planes as well as any materials needed to successfully complete the plane. 
Finally, the team members of both the SAE Aero (David Jay, Michael Nalovic, Sofia Rodriguez, and Tristan Wahl) and the fuselage team (Bridget Andrew, John Healy, and Alejandro Torro) are the main stakeholders, since they are investing time on research, design, and development. 

2.2 Results 

	Weight
	Take Off
	Flight
	Landing
	Controls

	Target: Under 15 pounds 
Final: 15.4 pounds 
	Target: Under 100 feet
Final: Under 100 feet  
	Target: Follows mission profile
1- Able to load the soccer ball under 1 minute 
2- Take-off under 100 feet 
3- Ascend to a safe altitude 
4- Complete the required turn
5- Reorient
6- Land under 400 feet
	Target: Under 400 feet 
Final: Under 400 feet
	Target: 20° Actuation of Elevator, Rudder, and Ailerons in both direction 

Final: 20° of Elevator, Rudder, and Aileron Actuation 

	Method of Validation: 3 Scales were used under each landing gear to measure the total weight of the plane 


	Method of Validation: Use of a measuring tape 
	Method of Validation: Sight and Pilot Feedback
	Method of Validation: Use of a measuring tape
	Method of Validation: 
Use of a protractor to measure the angle of the controls when in neutral position and when actuated in both directions 


Table 9: Results/Validation






2.3 Results and Discussion 

The GX-5 was divided into two teams: the fuselage team and the aero team. Our team was focused on designing and manufacturing the wings and tail of the plane. We were given restrictions on both the method in which manufacturing methodology we could use as well as design restrictions mandated by the SAE competition. Working with an additional team we went through a rigorous concept generation and concept selection process. Our final design selected was the Whale Design, shown in Figure 3. In this design, the wing has a low wing configuration, a tapered wing, Hoerner wing tips, an Eppler 423 airfoil, and a 5° dihedral. The tail has a conventional tail configuration, a cross connection integration to the fuselage, and a tail dragger landing gear. After aerodynamic validation of our design decisions were done, we had to plan on how we would manufacture designs on the Lulzbot printers in the Senior Design Lab. We sectioned the wings and tail by the allowed dimensions of the printers and planned to glue sections together as well as use spars that ran through the wings and the horizontal section of the tail. To fill any gaps between sections of the wing, the fuselage, or tail plastic welder was used. For the landing gear on the wings, pieces of epoxy putty were used to eliminate any flex of the landing gear. After the final weight was found and the plane successfully flew on our test flight date, the plane was painted using spray paint to present it on engineering design day. 
In table 9, we summarize how we validated our targets and metrics. Our initial target weight was to keep the plane at or below 15 pounds, however our final weight was 15.4 pounds. This is a percent difference of 2.63%, from all our targets this was the main target we failed to meet. According to competition requirements the plane had to be kept below 55 pounds, in terms of the competition requirements we satisfied this target by 39.6 pounds. Due to the added need of our customer our plane had to be made of over 90% of 3D printed material. Because of this we needed to minimize the weight to assure the plane would still fly. From our calculations, given the power of the motor the maximum weight it would be able to manage would be 16 pounds. To avoid the extremes of the motor, we decided to set our target weight to be 15 pounds. 
At the conclusion of the flight, we were able to validate our takeoff and landing. We marked the position where the motor began running as the start of our take-off and marked the location of where the wheels of the plane were off the ground, this was measured to be 88 feet total, we were able to successfully meet this target by 12 feet. Because we conducted several test flights it was difficult to quantify the landing, however on our second test flight we marked our landing to be at approximately 385 feet. This includes the first initial touch of the wheels to the ground to the final position where the motor was shut off. In addition to takeoff and landing, we discussed the plane’s performance during flight with pilot, Gordie Meade, to validate whether all flight performance calculations were accurate. The plane flew well, had a smooth roll, yaw, and pitch. The pilot did mention that the motor did have troubles when it was first taking off, prior to our next test flight we plan to do a comparison with another motor and potentially change the motor used for the second flight. 
Our final target was with the controls: ailerons, elevator, and rudder. The actuation of the ailerons, elevator, and rudder were measured prior to flight with manual actuation and a protractor, this was done prior to flight in case of any crashes/failures during flight. On our first manual validation of the controls, all controls met the 20° of actuation in both directions. We conducted another iteration of testing prior to flight with the controller and a protractor to verify all connections and four-bar linkages were properly functioning, and again it met the 20° metric in both directions. After the flight, we conducted both iterations of testing and all controls were still properly functioning and actuating 20° in both directions. 
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[bookmark: _Toc100662086]Figure 3: Whale Design


2.4 Conclusions 

After manufacturing, assembling, and wiring the plane we were able to validate our project on the test flight date, April 4, 2022. Our plane successfully followed the mission profile, it took off under 100 feet, ascended to a safe altitude, made the required turn, reoriented, and landed on the same runway as required by the SAE competition guidelines. Although, our team will not be attending the competition, the plane was still built within the competition guidelines. The final weight of the plane was 15.4 pounds, which is under the 55-pound weight restriction. In addition to the weight, the other functions that we validated our plane by were the static margin, the target set for the take-off and landing, the actuation of the controls as well as the performance of the plane while in flight. The static margin and center of gravity were calculated the morning of the test flight. The static margin was found to be 12%, this was the metric assigned to be the ideal static margin for our plane. The ideal center of gravity was calculated using three scales, each placed under the landing gear wheels and from the readings of the scale we used our MATLAB program to determine the ideal CG was at 20.6 inches from the nose of the plane. With the placement of our battery and soccer ball our CG was not accurate to our ideal CG, to repair this we added 0.03 lbs. of clay to reach the ideal location of 20.6 inches from the nose of the plane. 
[image: A picture containing floor, indoor, tiled, tile

Description automatically generated]
[bookmark: _Toc100662087]Figure 4: GX-5 Fully Painted and Assembled

2.5 Future Work 
	We have submitted another approval form to the FSU PD to further validate our design. After the flight, we plan to conduct a stress analysis on the plane to determine which sections of the plane were prone to the most stress and why. During our initial test flight, the ESC seemed to have issues during the beginning of the flight, to prevent any issues in the next test flight we plane to use the remaining budget to purchase another ESC. Finally, one of the 3D printers in the Senior Design Lab has been failing due to an issue with the fan and leading to a thermal runaway failure. We plan to repair this printer in case of any failures in our second test flight we can reprint any section and re-assemble the plane. 



[bookmark: _Toc100662250]Appendices

[bookmark: _Toc100662251]Appendix A: Code of Conduct
[bookmark: _Toc100662252]Mission Statement
Our mission is to design and manufacture a 3D-printed remote-controlled airplane capable of competing in the SAE Aero Design Competition. 

[bookmark: _Toc100662253]Outside Obligations:  
Sofia: Part time job (10 hours per week)  
David: Part time internship (20 hours per week)
Michael: Part time job (self-employed)
Tristan: Part time job (10 hours per week)
[bookmark: _Toc100662254]Team Roles 
· If at any point, one member feels that they are unfairly doing one group member’s work they can take it to the remaining group members and take the issue to Dr. McConomy 

· To assign roles, the project was divided into four separate areas of interest:
· Tristan Wahl: Flight Design Engineer 
· Tristan will be expected to provide aerodynamic analysis of the overall design and make sure that each design decision does not result in deviation from the predetermined flight plan.
· Weekly Deliverable: An update on any of the code or CAD designs.

· David Jay: Manufacturing Engineer 
· David will be expected to assist in manipulating designs for 3D printing, determine print settings, and ensure that prints are produced on time with suitable tolerances.
· Weekly Deliverable: Summary of completed prints
· 
· Sofia Rodriguez: Aeronautics Engineer  
· Sofia will be expected to continue to arrange all meetings with Dr. Ali and the Seminole RC Organization 
· Sofia will delegate the deliverables for Dr. McConomy 
· Sofia will be expected to complete any necessary design deliverables needed to work towards the success of the project 

· Michael Nalovic: Controls Engineer 
· Michael will be expected to oversee the integration of control surfaces within the wings and empennage, the installing of the actuation linkages as well as the powering of the servo motors. 
· Weekly Deliverable: Update on control surface progress, including aeronautical validation. 
· Team members assume responsibility for their respective roles as well as the integration of design considerations from other roles. If other duties need to be assigned, the team will discuss the roles in a meeting and then the duty will be assigned to the member who the team decides is best suited for its completion by way of a majority vote.

[bookmark: _Toc100662255]Communication: 
· Communication will be done primarily by iMessage, and all professional/file sharing will be done through Microsoft Teams and Outlook. 
· Team will be expected to communicate daily to inform group on progress of work and deliverables. 
[bookmark: _Toc100662256]Dress Code:
Presentations and Team Photos: All presentations and the team picture will be in business attire (jackets, no ties)  
Professional Interactions and Sponsor: Will be in professional attire (no tie, polo) 
Adviser Meetings: Will be in casual but presentable attire 

[bookmark: _74sq4qlq35q2][bookmark: _Toc100662257]Attendance Policy: Meetings Tuesday and Thursday at 2:00 PM 
The team is expected to all be present for all team meetings. Notice is expected if a meeting will be missed.  Missing more than 3 meetings (even with notification) will require discussion of all group members. If two or more group members find that one member is not “pulling their weight” then we have a meeting with Dr. McConomy. 

[bookmark: _mk37hbdx0z4p][bookmark: _Toc100662258]Excuse of Absence 
 iMessage will be used to notify group members when missing meetings. If there is no active response from a group member within a period of 24 hours, other ways of communication will be expected.  
[bookmark: _Toc100662259]How to Respond to People in a Professional Meeting:
All group members must discuss the appropriate response to the sponsor/professor/etc. and be copied into the email. All professional emails will be conducted through FSU emails. 

[bookmark: _zg8elt1jfjwb][bookmark: _Toc100662260]Dr. McConomy Intervention:
First, group 508 will meet to discuss the issues within the group and determine if there is a solution that can be uncovered without external help. If problem persists and one member is no longer doing what is expected Dr. McConomy will be brought it to have a team meeting and discuss the issues we are having and potentially discuss any solutions to the particular issues we are having. 

[bookmark: _hcuq5zvcm390][bookmark: _vfb0u85htstf][bookmark: _Toc100662261]Amend Clause:
The majority of team 508 (3 out of 4 members) must agree before amending the code of conduct. 

[bookmark: _Toc100662262]Integration Clause: 
The team will work in conjunction with Team 507 on the tail-fuselage and wing-fuselage connections and the connection between the sections of the fuselage. Outside of the three listed expectations the teams will work independently in printing the plane. 
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	Competition Rule Book: 
	Statements: 
	Interpreted Need: 

	Design Specifications 
	“Team number must be visible on the top and bottom of the wing, and on both sides of the vertical stabilizer or other vertical surface” 

“Must be identified with the school name, address, and email address on the outside or inside of aircraft” 

“Team numbers shall be a minimum of 3 inches in height” 

“University name must be clearly displayed on the wings or fuselage” 

	Team number (3” font) will be visible when seeing the plane from any angle

The name of school, address and email will be printed inside the fuselage. 

“FAMU-FSU College of Engineering” will be displayed on the wings or fuselage.


	Engineering Requirements 
	“Aircraft may not exceed fifty-five pounds” 

“Must have fuselage marked on both sides with Center of gravity symbol” 

“Rotary wing aircrafts are not allowed” 

“Limited to fixed aircraft” 

“Wingspan must have a maximum length of 120 inches” 

“Metal propellers are not allowed”

“Lead is strictly prohibited”

“Tape, Velcro, rubber bands (rubber bands cannot be used on the wings or payload), containers, or friction alone cannot be used to secure the load” 
	The plane will be less than 55 pounds 

The plane will have the center of gravity marked on the fuselage (both sides)

The wing’s will be fixed to the body of the plane

No multirotor or helicopter type designs

The wingspan will be below 120 inches 

Propeller will be made from a material other than metal 

Lead will not be used in manufacturing the plane

The team will find alternative solutions to securing the load 

	Radio Controlled System
	“Use of a 2.4 GHz radio control system is required” 

“Must have a functional fail-safe system that will reduce the throttle to zero immediately if the radio signal is lost” 

“All powered aircraft must use either a spinner or a rounded model aircraft type safety nut” 
	The team will use a 2.4 GHz radio and will have a fail-safe system 

The plane will have a safety nut or spinner on the propeller 


	Payload
	“Cannot contribute to the structural integrity of airframe” 

“Airframe must be able to fly without the payload installed” 
	The plane can fly without the payload and will be structurally sound without the payload inside 

	Control Surfaces 
	“The aircraft cannot rely on flight control systems for ground steering” 
	The plane will have a mechanical system for steering.

	Battery Pack 
	“Must be 
· Commerically Avaliable” 
· “Postively Secured” 
· Must be free of any hardware protrusions..” 
· “Homemade Batteries are prohibited” 
	The team will use a battery that is commercially available (not homemade) and will not rely on the battery for structural integrity 

	Aircraft Flight and Repairs, Alteration, and Spares
	“The plane must take-off in less than 100 feet”
“Each team has two minutes to achieve take-off” 
“One person can be used in assisting take-off”
“The team is given one minute to load the payload prior to flight” 
“All major repairs must undergo safety inspection before the aircraft is cleared” 

	The plane will take-off in under 100 feet 
The team has two minutes to achieve take-off, multiple attempts are allowed 
One team member is allowed in helping the pilot in take-off 
The team member will have one minute to open the fuselage and load the plane prior to take-off 
If any repairs are to be needed they will be checked by a safety inspector 


[bookmark: _Toc100514336]Table 10: SAE Rules/Regulations Statements and Interpretations 





	Questions Asked: 
	Statements: 
	Interpreted Need: 

	Do we consider SAE as a customer? 
	“Yes and no, I am your customer and as your customer I require you to attend the competition.”
	Since our customer is having us build a plane for the competition, we must follow the SAE rules (to be allowed to compete) but SAE is not considered the customer.

	Would the SAE pilot be considered a primary customer?
	“Any pilot could be considered the end-user which in some instances is the customer, so yes.”
	Design and build the plane in consideration for the pilot. 

	How innovative do we have to be?
	“Don’t use previous years designs as a base to build yours, do something original to your team.”
	Change the way the previous years designed their plane.
Original designs, securing methods, and fuselage.  


	Can we consider using other materials outside of lightweight PLA?
	“3D printed material must be the primary material. Must be able to reason why other material is being chosen.”
	Primarily use 3D printed material.

	Can we purchase new materials/equipment?
	“Yes, but remember there’s a $1000 budget.”
	Use previous years material unless broken.


[bookmark: _Toc100514337]Table 11: Customer Needs Statements and Team 508 Interpretation of Need
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	Concept
	Fuselage
	Airfoil
	Airfoil Placement
	Landing Gear
	Tail
	Winglets

	1
	Guppy
	E423
	Low
	Tricycle
	Conventional
	None

	2
	Dolphin
	E423
	Medium
	Taildragger
	T-Tail
	Hoerner

	3
	Whale
	E423
	High
	Tricycle
	Conventional
	Swept

	4
	Guppy
	E423
	Low
	Taildragger
	Medium
	None

	5
	Dolphin
	E423
	Medium
	Tricycle
	Medium
	Hoerner

	6
	Whale
	E423
	High
	Tricycle
	Medium
	Swept

	7
	Guppy
	E423
	Low
	Taildragger
	T-Tail
	None

	8
	Dolphin
	E423
	Medium 
	Tricycle
	T-Tail
	None

	9
	Whale
	E423
	High
	Tricycle
	T-Tail
	None

	10
	Guppy
	E423
	Low
	Tricycle
	Medium
	Hoerner

	11
	Dolphin
	E423
	Medium
	Tricycle
	Medium
	Hoerner

	12
	Whale
	E423
	High
	Tricycle
	Medium
	Hoerner

	13
	Guppy
	E423
	Low 
	Taildragger
	Medium
	Hoerner

	14
	Dolphin
	E423
	Medium
	Taildragger
	Medium
	Hoerner

	15
	Whale
	E423
	High
	Taildragger
	Medium
	Hoerner

	16
	Guppy
	E423
	High
	Tricycle
	T-Tail
	Swept

	17
	Dolphin
	E423
	Low 
	Taildragger
	T-Tail
	Swept

	18
	Whale
	E423
	Medium
	Taildragger
	T-Tail
	Swept

	19
	Guppy
	E423
	High
	Taildragger
	T-Tail
	Swept

	20
	Dolphin
	E423
	Low
	Tricycle
	T-Tail
	Swept

	21
	Whale
	E423
	Medium
	Taildragger
	Conventional
	None

	22
	Guppy
	E423
	High
	Tricycle
	Conventional
	None

	23
	Dolphin
	E423
	Low
	Taildragger
	Conventional
	None

	24
	Whale
	E423
	Medium
	Taildragger
	Conventional
	None

	25
	Guppy
	S1223
	Low
	Tricycle
	Conventional
	None

	26
	Dolphin
	S1223
	Medium
	Taildragger
	T-Tail
	Hoerner

	27
	Whale
	S1223
	High
	Tricycle
	Conventional
	Swept

	28
	Guppy
	S1223
	Low
	Taildragger
	Medium
	None

	29
	Dolphin
	S1223
	Medium
	Tricycle
	Medium
	Hoerner

	30
	Whale
	S1223
	High
	Tricycle
	Medium
	Swept

	31
	Guppy
	S1223
	Low
	Taildragger
	T-Tail
	None

	32
	Dolphin
	S1223
	Medium 
	Tricycle
	T-Tail
	None

	33
	Whale
	S1223
	High
	Tricycle
	T-Tail
	None

	34
	Guppy
	S1223
	Low
	Tricycle
	Medium
	Hoerner

	35
	Dolphin
	S1223
	Medium
	Tricycle
	Medium
	Hoerner

	36
	Whale
	S1223
	High
	Tricycle
	Medium
	Hoerner

	37
	Guppy
	S1223
	Low 
	Taildragger
	Medium
	Hoerner

	38
	Dolphin
	S1223
	Medium
	Taildragger
	Medium
	Hoerner

	39
	Whale
	S1223
	High
	Taildragger
	Medium
	Hoerner

	40
	Guppy
	S1223
	High
	Tricycle
	T-Tail
	Swept

	41
	Dolphin
	S1223
	Low 
	Taildragger
	T-Tail
	Swept

	42
	Whale
	S1223
	Medium
	Taildragger
	T-Tail
	Swept

	43
	Guppy
	S1223
	High
	Taildragger
	T-Tail
	Swept

	44
	Dolphin
	S1223
	Low
	Tricycle
	T-Tail
	Swept

	45
	Whale
	S1223
	Medium
	Taildragger
	Conventional
	None

	46
	Guppy
	S1223
	High
	Tricycle
	Conventional
	None

	47
	Dolphin
	S1223
	Low
	Taildragger
	Conventional
	None

	48
	Whale
	S1223
	Medium
	Taildragger
	Conventional
	None

	49
	Guppy
	S1223
	High
	Taildragger
	Medium
	Swept

	50
	Dolphin
	S1223
	Low
	Taildragger
	Medium
	Swept

	Biomimicry 

	51
	Albatross


	52
	Great White Pelican

	53
	Vulture

	54
	Bald Eagle

	55
	European Robin

	56
	Dickcissel

	57
	Vermillion Flycatcher

	58
	Bar-Tailed Godwits

	59
	Common Swifts

	60
	Sooty Shearwater

	61
	Arctic Tern

	62
	Blackpoll Warbler

	Existing Aircraft

	63
	SR-71

	64
	King Air B200

	65
	Quest Kodiak

	66
	Pilatus PC-12NG

	67
	Cessna 208B Grand Caravan

	68
	Cirrus SR-22

	69
	DeHavilland Fox Moth

	70
	Cessna 205

	71
	Cessna 207

	72
	Airspeed Envoy

	73
	Huges XF-11

	74
	Hughes H-1

	75
	Lockheed Model 10 Electra

	76
	Yakovelev Yak-18T

	77
	Cessna 208B

	78
	P-51 Mustang

	79
	F4U Corsair

	80
	Spitfire

	89
	B-534

	90
	Zero

	Existing RC Airplanes

	91
	HobbyKing Bixler

	92
	HobbyZone AeroScout

	93
	HobbyZone Apprentice STS

	94
	E-flite UMX Night Vapor

	95
	E-flite RV-7

	96
	E-flite UMX Radian

	97
	E-flite Air Tractor

	98
	Avios Grand Tundra

	99
	VQ Models Cessna 188 “Agwagon

	100
	Skyhunter
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Binary Pairwise Comparison 
	Binary Pairwise Comparison:
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	TOTAL

	Material 
	1
	-
	1
	0
	1
	1
	0
	0
	1
	0
	1
	0
	0
	5

	Stability 
	2
	0
	-
	0
	1
	1
	1
	0
	1
	0
	1
	0
	0
	5

	Takeoff/Landing Requirements 
	3
	1
	1
	-
	0
	0
	0
	1
	1
	0
	1
	0
	1
	6

	Wingspan Restrictions 
	4
	0
	0
	1
	-
	0
	1
	0
	1
	0
	0
	1
	0
	4

	Power 
	5
	0
	0
	1
	1
	-
	0
	1
	1
	0
	1
	0
	0
	5

	Maneuverability 
	6
	1
	0
	1
	0
	1
	-
	1
	1
	0
	1
	0
	1
	7

	Lightweight 
	7
	1
	1
	0
	1
	0
	0
	-
	1
	0
	0
	0
	1
	5

	Landing Shock
	8
	0
	0
	0
	0
	0
	0
	0
	-
	0
	1
	0
	1
	2

	Controls 
	9
	1
	1
	1
	1
	1
	1
	1
	1
	-
	1
	1
	1
	11

	Minimum Cargo Load Required 
	10
	0
	0
	0
	1
	0
	0
	1
	0
	0
	-
	0
	1
	3

	Loading Payload 
	11
	1
	1
	1
	0
	1
	1
	1
	1
	0
	1
	-
	1
	9

	Innovation 
	12
	1
	1
	0
	1
	1
	0
	0
	0
	0
	0
	0
	-
	4

	
	TOTAL: 
	6
	6
	5
	7
	6
	4
	6
	9
	0
	8
	2
	7
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	CRITERIA COMPARISON MATRIX

	Engineering Characteristics 
	Rudder 
	Stability 
	Resist Stress 
	Weight 

	Rudder
	1
	1
	0.333333333
	0.166666667

	Stability 
	1
	1
	0.166666667
	0.333333333

	Resist Stress 
	3
	6
	1
	1

	Weight 
	6
	3
	1
	1

	SUM
	11
	11
	2.5
	2.5
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	Consistency Check Criteria

	Weight Sum Vector 
	Criteria Weight
	Consistency Vector 
	λ (Average Consistency)
	Consistency Index
	Consistency Ratio

	0.393181818
	0.095
	4.119047619
	4.121321562
	0.040440521
	0.045438787

	0.393181818
	0.095
	4.119047619
	
	
	

	1.668181818
	0.405
	4.123595506
	
	
	

	1.668181818
	0.405
	4.123595506
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	Random Index Values (RI) 

	# of Criteria
	RI Value 

	3
	0.52

	4
	0.89

	5
	1.11

	6
	1.25

	7
	1.35

	8
	1.4
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	Rudder 

	 
	SR22L
	RV-14L
	Design Alternative Priorities {P} 

	SR22L
	1
	3
	2

	RV-14L
	3
	1
	2

	SUM: 
	4
	4
	4

	Normalized: Rudder

	 
	SR22L
	RV-14L
	Design Alternative Priorities {P} 

	SR22L
	0.25
	0.75
	0.5

	RV-14L
	0.75
	0.25
	0.5

	SUM: 
	1
	1
	1

	Consistency Check 

	 
	Weight Sum Vector
	Criteria Weights
	Consistency Vector 

	 
	2
	0.5
	4

	 
	2
	0.5
	4

	 
	Average Consistency
	Consistency Index
	Consistency Ratio

	 
	4
	2
	2
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	Resist Stress

	 
	SR22L
	RV-14L
	Design Alternative Priorities {P} 

	SR22L
	1
	0.333333333
	0.666666667

	RV-14L
	3
	1
	2

	SUM: 
	4
	1.333333333
	2.666666667

	Normalized: Resist Stress

	 
	SR22L
	RV-14L
	Design Alternative Priorities {P} 

	SR22L
	0.25
	0.25
	0.25

	RV-14L
	0.75
	0.75
	0.75

	SUM: 
	1
	1
	1

	Consistency Check 

	 
	Weight Sum Vector
	Criteria Weights
	Consistency Vector 

	 
	0.5
	0.25
	2

	 
	1.5
	0.75
	2

	 
	Average Consistency
	Consistency Index
	Consistency Ratio

	 
	2
	0
	0
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	Weight

	 
	SR22L
	RV-14L
	Design Alternative Priorities {P} 

	SR22L
	1
	3
	2

	RV-14L
	0.333333333
	1
	0.666666667

	SUM: 
	1.333333333
	4
	2.666666667

	Normalized: Weight

	 
	SR22L
	RV-14L
	Design Alternative Priorities {P} 

	SR22L
	0.75
	0.75
	0.75

	RV-14L
	0.25
	0.25
	0.25

	SUM: 
	1
	1
	1

	Consistency Check 

	 
	Weight Sum Vector
	Criteria Weights
	Consistency Vector 

	 
	1.5
	0.75
	2

	 
	0.5
	0.25
	2

	 
	Average Consistency
	Consistency Index
	Consistency Ratio

	 
	2
	0
	0
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	Stability 

	 
	SR22L
	RV-14L
	Design Alternative Priorities {P} 

	SR22L
	1
	3
	2

	RV-14L
	0.333333333
	1
	0.666666667

	SUM: 
	1.333333333
	4
	2.666666667

	Normalized: Stability 

	 
	SR22L
	RV-14L
	Design Alternative Priorities {P} 

	SR22L
	0.75
	0.75
	0.75

	RV-14L
	0.25
	0.25
	0.25

	SUM: 
	1
	1
	1

	Consistency Check 

	 
	Weight Sum Vector
	Criteria Weights
	Consistency Vector 

	 
	1.5
	0.75
	2

	 
	0.5
	0.25
	2

	 
	Average Consistency
	Consistency Index
	Consistency Ratio

	 
	2
	0
	0
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	Function:
	Metric:
	Target:
	Validation Method:
	Validation Tools:

	Accelerate

	
Generate Thrust


	Take-off
Distance
	Less than 100 ft.
Time Limit: 120 sec.  
	Test Flight
	Measuring tape to find take-off distance of each test flight 



	
	 Thrust Force
	Greater than 10 pounds
	Thrust Test
	Custom built thrust test stand

	Maneuver Down Runway
	Turn Radius
	Less than 5 ft 
	Physical Measurement
	Measuring tape

	Enable Lift

	Provides Lift
	Planform Area
	Greater than 6 ft2
	CAD
	Creo

	
	Wingspan
	Less than 120 in.
	CAD
	Creo

	Overcoming Drag
	Drag Coefficient
	Less than 0.15 for the aircraft
	Computational Fluid Dynamics
	Ansys

	Carry Payload

	Load/Unload Cargo
	Time to Unload
	Less than 1 minute
	Timing
	Stopwatch and/or video recording

	Flight Controls 

	Motor – Provide Thrust 
	Thrust Curve
	Maximum thrust within 4 seconds
	Thrust Test
	Custom built thrust test stand combined with video footage for timing

	Rudder – Control Yaw 
	Angle of deflection
	±25°
	Physical Measurement
	Protractor

	Elevator – Control Pitch 
	Angle of deflection
	±25°

	Physical Measurement
	Protractor


	Aileron – Control Roll 
	Angle of deflection
	±25°

	Physical Measurement
	Protractor


	 Longitudinal Stability
	Static Margin
	Greater than 5%, less than 30%
	Manual Computation
	MATLAB, Creo

	Resist Effects of Stress 
	Airspeed at maximum deflection
	50ft/s

	Experimental testing
	Moving test rig with manometer
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1.0 Project Overview 
Team 508’s project is to build a radio-controlled airplane capable of competing in the Society of Automotive Engineers (SAE) Aero Design competition. The competition requires that the plane must hold a soccer ball within the fuselage and be unloaded and loaded under one minute. The plane must take off under 100 feet of runway. The plane was divided into two different teams: team 507 oversaw designing and manufacturing the fuselage and the landing gear. While our team focused on the aerodynamic analysis, design, and manufacture of the wing and tail. Typically, RC planes are built from lightweight materials such as foam or balsa wood, our plane is primarily printed from LW-PLA (lightweight PLA). Adding the aspect of additive manufacturing added a new level of complexity and presented new challenges. This meant we needed to find innovative ways to minimize the weight in creative ways either decreasing the infill, or blank. Within this operation manual you will find a section dedicated to additive manufacturing: how to convert a file from CAD to Prusa Slicer, how to “slice” the part, how to convert to gcode, and how to load it onto the printer. We will also describe recognizing failures in the Lulzbot Printer and how to “fix” them. 

2.0 Additive Manufacturing 

In this section, we will describe how the sections/parts of our plane were prepared in a CAD program then sliced in a slicer program and finally printed on the Lulzbot printers that are in the senior design lab. PLA is one of the most common 3D printing filaments, but our team is using a material known as Light Weight PLA to print all the major components of the plane. LWPLA is like regular PLA except for the added blowing agent, which expands when heated to create a foamy, cellular structure within the plastic. This has allowed our parts to be printed almost 60% lighter than regular PLA.

2.1 CAD 
When designing the parts on CAD, it is important to keep a holistic approach, making sure the aerodynamic needs are met but also thinking about the 3D printability of the part. Two main constraints to always consider are the angles that the part involves as well as the overall size. Both printers in the senior design lab have a print volume of 11”x11”x8”. Without thinking about these, the design of the part becomes futile. Another vital aspect of the design of the parts is the need to not have less of a 45° angle because then the material will be unable to cling to the previous segment and the part can experience major defects. These parameters can be merely treated as a guide when designing the part as there are several ways to work within them. For instance, splitting a part in CAD allows for the separation of a part into smaller segments that may be printed and reassembled to make the original part. This, however, brings in the added complexity of creating fittings between the sections but that is straightforward once a chosen fitting has been designed. A detail to understand is the tolerancing of the part and the fittings in it. When 3D printing, required tolerances change based on shape and material so it is important that, before any manufacturing gets done, tolerance tests are conducted to be able to appropriately adjust and design the part so that it can fit nicely with the other components. 








2.2 Slicing Software
Once the CAD model has been prepared with the appropriate considerations, the model is exported as a “.stl” file which is used to encode the surface geometry of a three-dimensional object. This stl model is then imported into a slicing software, also referred to as a slicer. The slicers job is to intuitively program the 3D printer. In other words, a user interface allows the operator to move the model around on the build surface, construct supports, and adjust a variety of the settings that control the printer. These settings make the difference between a successful part and a stringy pile of plastic. Typically print settings vary by printer, material, desired strength, and desired weight. By “slicing” the model, the slicer converts the stl file into a G-code file. This G-code file controls fan speeds, build plate temperature, nozzle temperature, and nozzle motion about the build volume. 
2.3 Printing
Two Lulzbot Taz 6’s were used to print all major components of this airplane. Once the G-code file has been sliced in the slicing software, the file is uploaded to an SD card and put in the 3D printer, the filament is loaded in, and the print process begins. The G-code file is selected on the printer and the nozzle and print bed will begin heating. Once heated to an initial temperature of 180C, the nozzle wipes against a felt pad for cleaning and maneuvers over the first probe point. The nozzle will lower and touch each of four probe points to determine the exact angle of the print bed relative to the printer gantry. After the bed leveling procedure has been executed, the nozzle is parked and heated to the actual print temperature of 250C. If everything has gone correctly, the printer will start the first layer. This is the most critical layer to the success of the print. If the first layer does not stick to the print bed properly, the print can fall off, and the nozzle will extrude plastic in thin air. If the first layer finishes properly, the hard work is out of the way, and the printer can be left to finish the part. In our production, we experienced many failed prints, most of which were due to problems with the printers themselves, rather than slicer settings or loading the print. Typical problems included faulty wiring and connectors, failing heater cartridges, and poor extruder design. The most common of these problems was thermal runaway, or the inability for the printer to maintain proper extruding temperatures. Having a designated printer mechanic helps ease these troubles and ensure that the printers are running consistently.
3.0 Project Description
This section will cover both the design, manufacturing, and assembly of both the tail and wing sections, along with the control surfaces and necessary linkages and wiring. It is important to note that all the assembled parts are printed individually and assembled and glued into systems (wing, vertical stabilizer, horizontal stabilizer) which are then integrated into the entirety of the plane. This ensures ease of repair and accessible replacement if manufacturing defects are present, or flight damage occurs.

3.1 Wings 
The wings of this plane, extending horizontally from the fuselage mounting point, are a set of Eppler 423 high lift airfoils with a five-degree dihedral mount and initial angle of attack. Flaps are not present within this design, with the sole control surface in the wing portion being a set of individually channeled ailerons. The sizing of these ailerons is based off the planform area of the wing as well as the geometric design, in our case a rectangular tapered, asymmetric airfoil. Each wing is composed of six individually printed lightweight PLA sections. Each of these segments are both mechanically and chemically fastened to the other. For the mechanical friction fit, the larger sections of the wing, located nearest to the fuselage, are fastened with both a rectangular aluminum spar running perpendicular to the airfoil flow direction, and a set of printed PLA I-beams, limiting both torsion and bending moment throughout the wing. As the lift generated on the wing decreases further out towards the wing tip, both the aluminum spar and I-beams are replaced with ¼ inch circular dowels, with a tight friction fit mechanically fastening the rest of the wing segments. For chemical fastening, a bead of Permatex Plastic Weld is applied around the seam joining adjacent wing segments, this prevents airflow between the airfoils, while providing an immobile joint. The reason that a sealing bead is applied rather than applying glue between the individual segments is to allow for potential cutting of glue layer to access individual part-locked segments.

3.2 Tail 
The main job of the tail is to provide additional stability to the aircraft. The lift force will come from the main wing so there is no need to use an airfoil to generate more from the tail or else it will sacrifice the planes overall control. That is why we chose to use the symmetric airfoil NACA 0012 for both the horizontal and vertical wings of the tail. When deciding on what design of tail to use, we chose a conventional, low wing style for simplicity and manufacturing ease. Because our plane is 3D printed, having a horizontal wing only be supported by the vertical section was not ideal and would require more support and therefore more weight which would be unnecessary. A single circular spar runs through the fuselage and the horizontal wing while the vertical sections were force fitted together. An important part of our tail was the vertical connector. Designed to secure the vertical part to the fuselage, the top of the connector locks into the wing with a cross style connection and then has the bottom fasten into the fuselage and have a hole which the spar runs through. Having the spar go through connector holds the tail to the plan and then the cross shaped connection on top prevents any movement in the horizontal direction.

4.0 Integration 

The integration process of this plane is innovative in its approach to modularity and optimization based on flight profiles and feedback. Therefore, no chemical adhesion occurs between the flight surfaces (wings, vertical stabilizer, horizontal stabilizer) and the fuselage. This has led to the multiple mechanical attachment system (MMAS) that is currently seen on this plane. For the wing portion of the plane, one fully assembled segment of the wing is mated to the fuselage through printed PLA I-beams, minimizing torsional stress with respect to the fuselage's perpendicular axis and vertical bending moment to the fuselage’s parallel axis. The second form of mechanical fastening is a 3/8-inch rectangular aluminum spar, which extending through the wing into the fuselage, is mechanically mounted with a set of two-inch bolts to a centrally located V-bracket, carrying the load of the opposite wing segment, this bracket maintains balance equilibrium at the fuselages center of gravity. It is important to note that there is a five-degree dihedral rise in the wing's orientation, this dihedral mounting is the reason for the v-bracket and is in place to both help prevent roll instability as well as general wing sag while at rest. For the tail portion of the plane, it is important to characterize separately the vertical and horizontal stabilizer. Although both stabilizers are mounted on a squared mating surface, the mechanical fastening portions are different. For the vertical stabilizer, a geometrically optimized recess has been extruded into both the vertical stabilizer body and the fuselage mating surface, this allows for a specially designed, chamfered cross connector to be the joining point between the two surfaces. This cross dowel, being chemically glued to the vertical stabilizer, and frictionally fit into the fuselage, has an extruded hole running perpendicular to the direction of the vertical stabilizer. This hole is designed for the horizontal stabilizer load bearing aluminum spar to run through it, thus preventing any vertical movement of the vertical stabilizer, while constraining the horizontal stabilizer in the x direction. The segments of the horizontal stabilizer are then threaded onto the aluminum spar from each direction, being fastened at each end using countersunk socket head screws. The control surfaces for both the vertical and horizontal stabilizer are mounted using quarter inch aluminum dowels on each end of the control surface, individual servomotors operate the rudder and elevator respectively. 


4.1 Fuselage and Landing Gear 
Although our team was not directly assigned to the designing or manufacturing of the fuselage and landing gear, we still had to coordinate with Team 507 on the placement, sizing, and setup. We decided that a tail dragger landing gear would be best for our plane instead of a tricycle setup for stability and structural integrity reasons. The landing gear has traditionally been left as an afterthought in the design process and so it was imperative for our group that we make it a priority since the beginning. When looking for more detail on the fuselage design, please refer to team 507’s operations manual.






5.0 Operation
After the plane is manufactured and is ready to be flown, it is wise to have a pilot with experience and certifications such as an AMA or FAA license. All members of the Seminole RC Club are AMA licensed and have been flying RC planes for over 10 years. The general procedure they follow before flying is: 

1) Test all electronics on ground prior to flight. Verifying the controllers and receivers are connecting, and all servo motors are getting current. If there are any errors, check that the wiring was done properly. When checking all electronics, verify the propeller is unattached. If the propeller is attached and propels to hit someone by accident, it can likely cause a serious accident/injury. 
2) After checking if all electronics are in place and working, check that the red arming plug is plugged in.
3) Once all controls and electronics have been tested, the plane is now ready to have the propeller mounted onto the propeller shaft. When mounting the propeller verify the motor is off. After the safety nut is secure, check the controller connects to the receiver and test the motor and all control surfaces actuate correctly. 
4) To load the soccer ball, unscrew the bowties on the hatch, remove the hatch piece and load the soccer ball within the hatch space. Place the bowties back into their respective spot and tighten the screw back into place. 
5) Once the plane is ready, stand a safe distance away and begin to mauver the place onto the runway and check that the runway is clear of any people/objects. 
6) Now, begin the test flight. At all times, watch the plane in case of crash. 
7) After the plane has landed immediately remove the red arming plug. With the circuit broken the plane is now safe to be moved. 
8) To remove the soccer ball, unscrew the bowtie, remove the hatch piece, and unload the soccer ball. 
6.0 Troubleshooting 
Because 3D printing is the main source of manufacturing and will take approximately 3 weeks of continuous printing the printers are far more susceptible to printing issues. Below are some of the most common problems we encountered while manufacturing along with a fix to each of them.

6.1 Typical Printing Failures 
Thermal Runaway 
Thermal runaway occurs when a 3D printer heats up to an extremely high temperature and cannot stop. There are several causes of thermal runaway. One could be due to the thermistor being misaligned; this error could be fixed in the firmware. To check the thermistor: 
1) Unscrew the thermistor wire from the heat block using a screwdriver 
2) Remove the thermistor wires with tweezers from the heat block, making sure the two are not touching 
3) Turn on the printer and wait one minute, the thermal runaway error should appear on the display screen. 
4) If not, this indicates the thermal runaway protection is not activated in the printer’s firmware. 
5) If a printer is showing repeated error of thermal runaway, keep a vigilant eye while printing so it could be immediately turned off in case of overheating. 

Nozzle digging into printer bed
If the nozzle begins to dig into the printer bed or during the probing if the nozzle pushes into the probe point bending the bed while doing so, immediately stop the print. The digging into the bed could be due to an error in the initializing and will cause the printer to “think” that the bed is much lower than it really is, so when the print starts, the nozzle with scratch the bed and could cause damage to the printer. The solution to this is using the felt brush to light brush the nozzle and probe point at each probing location when initializing. 
 
 Plate Adhesion 
If the part is stuck to the plate after the print is completed, the team found that adding a brim to the print would help lift the part off the bed without any failure. The team also found that spraying a light layer of hairspray will help for a print under 8 hours. 

 7.0 Project Recommendations 
7.1 Sponsorships 
For the past three years that FAMU-FSU College of Engineering sponsored the SAE Aero senior design group, they have maintained a working relationship with Tallahassee’s Seminole RC Club. Throughout the 2021-2022 year, the club has provided our team with guidance on all design decisions. During their monthly meetings, we presented our updates and they talked us through each of our decisions and this allowed us to defend our choices and provided reasoning as to why we made these choices. Because our team will not be attending the competition and validating our plane is an important part of the success of our project, we plan to conduct a test flight with the Seminole RC Club. Jay Wiggins, the current president of the RC Club has granted us permission to use their field and all their resources for the day of our flight. A member of their club will be our test pilot and we recommend that next year’s team does this as well, they have several years of experience and will do all they can to minimize risk for the team’s plane. We highly recommend that next year’s team maintain this relationship and follow all the insight the members have to offer. The members encouraged us to go to the airfield and they gave us the opportunity to be the pilot of their trainer planes, this allowed us to have both the insight of an engineer and a pilot. They have plenty of equipment and are more than eager to lend/give equipment as needed. 
As a final sponsor, reach out to past team members of this project, most members will be more than happy to provide either sponsorship or guidance as needed. 
7.2 Fuselage Team 
In past years, the project has been divided into two separate teams. This is the first year the plane was divided into a fuselage team and an aero (wings and tail) team. Working with two groups presents its challenges, especially when determining each team’s responsibilities. If next year’s team is divided in the same manner, we recommend that the wings and tail team takes responsibility on the landing gear mechanism. It is important that both teams have a good working relationship, having weekly meetings with the entire group reminds everyone that it is one plane and all working together will ensure the success of the plane. Because 3D printing is an integral part of the project, it consumes a lot of time. Having several team member’s responsible for the manufacturing distributes the responsibility evenly. 
6.3 College Resources 
The innovation hub located at FSU’s main campus has several resources for learning how to 3D print. Visiting the innovation hub in the first semester will help learning how to efficiently run the printers with minimal amount of error. This will also help guide the team on how to design a part specifically designed for a stronger 3D printed part. 
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[bookmark: _Toc100662091]Figure 8: Engineering Drawing of Bracket
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[bookmark: _Toc100662092]Figure 9: Engineering Drawing of Wing
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[bookmark: _Toc100662093]Figure 10: Engineering Drawing of Spar
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[bookmark: _Toc100662094]Figure 11: Horizontal Stabilizer Engineering Drawing
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[bookmark: _Toc100662095]Figure 12: Vertical Stabilizer Engineering Drawing

[bookmark: _Toc100662270]Appendix I: Calculations 

[image: Text

Description automatically generated]
[bookmark: _Toc100662096]Figure 13: MATLAB E423 Airfoil Part 1 Calculations
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[bookmark: _Toc100662097]Figure 14: MATLAB E423 Airfoil Part 2 Calculation 
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[bookmark: _Toc100662098]Figure 15: MATLAB E423 Airfoil Part 3 Calculation
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[bookmark: _Toc100662099]Figure 16: MATLAB S1223 Airfoil Part 1 Calculations
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[bookmark: _Toc100662100]Figure 17: MATLAB S1223 Airfoil Part 2 Calculations
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[bookmark: _Toc100662101]Figure 18: MATLAB S1223 Airfoil Part 3 Calculations
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[bookmark: _Toc100662102]Figure 19: MATLAB Turning Flight Calculations Part 1
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[bookmark: _Toc100662103]Figure 20: MATLAB Turning Flight Calculations Part 2
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[bookmark: _Toc100662104]Figure 21: MATLAB Take-off and Landing Analysis
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[bookmark: _Toc100662105]Figure 22: MATLAB Tail Sizing Calculations
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[bookmark: _Toc100662106]Figure 23: MATLAB Function Determining Velocity of Plane
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[bookmark: _Toc100662107]Figure 24: Part 1 Weight Estimation
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[bookmark: _Toc100662108]Figure 25: Part Two Weight Estimation
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[bookmark: _Toc100662109]Figure 26: Tolerance Testing Data
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Project Hazard Control- For Projects with Medium and Higher Risks 
	Name of Project: SAE Aero Design 
	Date of submission: 11/15/2021

	Team member
	Phone number
	e-mail

	David Jay
	850-830-2803
	Dmj17b@my.fsu.edu

	Michael Nalovic
	850-502-6775
	msn15@my.fsu.edu

	Sofia Rodriguez
	305-450-0284
	Smr16n@my.fsu.edu

	Tristan Wahl
	831-673-1269
	Trw17c@my.fsu.edu

	
	
	

	Faculty mentor
	Phone number
	e-mail

	Dr. Mohd Ali
	(850) 410-6588
	myali@eng.famu.fsu.edu

	Teaching Assistant 
	Phone Number 
	E-mail

	Jordan Noyes
	
	Jmn17@my.fsu.edu

	Rewrite the project steps to include all safety measures taken for each step or combination of steps.  Be specific (don’t just state “be careful”).

	1. 3D Printing: Receive extra training to be aware of all hazard/potential risks that could occur 
2. Thrust Test: Have a COE faculty member verify the thrust setup is properly done and that could potentially present a  hazard to students 
3. Flight Test: Have a COE faculty member verify all sections/propeller/tail/etc. (anything on the outside of the plane that could fly off) are securely fastended. 
· When flying, slowly reach the desired altitude 
· Verify the plane has a red arming plug, a means to disable the motor from outside the aircraft incase of a potential crash 
·       4. When using a soldering iron, verify the person using it is instructed on how to safely use it. Unplug it after    use and never leave the iron unattended. 
4. When using a soldering iron, verify the person using it is instructed on how to safely use it. Unplug it after    use and never leave the iron unattended.
According to SAE: 
5. In accordance with the SAE guidelines, our plane will have a red arming plug incase of emergency 
6. In accordance with SAE guidelines, our plane will not fly above people in case of crash landing 
7. In accordance with SAE guidelines, our plane will have a a power limiter, to restrict the power level 
8. In accordance with SAE guidelines, 


	Thinking about the accidents that have occurred or that you have identified as a risk, describe emergency response procedures to use.

	
1. 3D Printing: 
· Incase of Burn: Thoroughly wash affected area, incase of increase severity of burn call 9-11 
· Incase Exposure to additives or chemicals: depending on chemical call poison control or 9-1`
2. Flight Test
· Incase of hit/strike: Depending on severity, either call 9-11 or ice the area, if laceration bandage the wounded area 
3.  Thrust Test
· In case of propeller hiting someone call 9-11. 




	[bookmark: _Toc100662272]List emergency response contact information:

	· Call 911 for injuries, fires or other emergency situations
· Call your department representative to report a facility concern

	Name
	Phone number
	Faculty or other COE emergency contact
	Phone number

	Shayne McCononmy 
	(850) 410-6624
	Faculty
	

	Mohd Ali
	(850) 410 6588
	Faculty 
	

	FSU Emergency 
	850-644-9111
	FSU Emergency Management 
	

	
	
	
	

	[bookmark: _Toc100662273]Safety review signatures 

	Team member 
	Date
	Faculty mentor
	Date

	David Jay 
	3/7/223/6/22
	Dr. Mohd Ali 
	3/6/223/7/22

	Michael Nalovic
	3/7/223/6/22
	Dr. Mohd Ali
	3/7/223/6/22

	Sofia Rodriguez 
	3/7/223/6/22
	Dr. Mohd Ali
	3/7/223/6/22

	Tristan Wahl 
	3/7/223/6/22
	Dr. Mohd Ali
	3/7/223/6/22


Report all accidents and near misses to the faculty mentor.
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Functional Decomposition Cross Refrence Table

O O gKeo 0 ol Plane Payioaa

Accelerate X X

Move Down Runway X X X

Create Thrust X X X

Enable Lift X X X
Overcome Drag X X

Load Payload X

Unload Payload X

Provide Thrust X X X

Control Yaw X X X
Control Roll X X X
Control Pitch X X X X
Resist Stress X X X X
Absorb Shock Due to Touchdown X X X





image6.png
PUGH Chart: Second Iteration Concepts
Selection Criteria Datum | SR-22 H [RV-14 L | SR-22 L
Trust Generation S S S
Moving Down Runway S + +
Ability to Provide Lift S - -
Overcome Drag S + +
Load/Unload Cargo SR-22 S S +
Rudder HB S + +
Static Margin S S +
Resist Effects of Stress - + -
Weight S + +
#of pluses 0 5 6
#of Minuses 1 1 2
#ofS 8 3 1
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Statement of Understanding:

| understand all discussed above, including the strike system, the methods of
communication, the dress code, the weekly group meetings, and that although this is a
living document it requires the majority vote to be changed.
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507 and 508 Integration Clause:

Meetings: Meeting will occur weekly on Wednesday at 5:30 PM, at least two members
of each respective team must be present for a meeting to commence. In order to be
excused from a meeting you must inform group members at least 12 hours prior to the
beginning of the meeting*.

*Unless there is a last minute emergency

Strike System: A strike system will be implemented starting September 7, 2021 and will
be as follows:

- Missing a Meeting without prior notice
- Neglection of duty without any communication
- Lack of communication (for a period of 24 hours)

Revision of the Code of Conduct: Requires a majority vote, 3 people from 508 and 2
people from 507.

Communication: Day to day communication will be through imessage and all file sharing
and professional interactions will occur through email (google drive and gmai)
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Date Entered Information Status Assignee Date Complete Date Due
Item No. |9/9/21 Project Scope Complete Assignee 16/9/2021 17/9/2021
1.1 Project Description|Complete David Jay 14/9/2021
1.2 Key Goals |Complete Michael Nalovic 14/9/2021
1.3 Market|Complete Tristan Wahl 14/9/2021
1.4 Assumptions [Complete Michael Nalovic 14/9/2021
1.5 Stakeholders |Complete Tristan Wahl 14/9/2021
1.6 Review Grammar / Format|Complete Tristan Wahl 15/9/2021
1.7 Review Rubric|Complete David Jay 16/9/2021
1.8 Submit Project Scope|Complete Sofia Rodriguez 16/9/2021
1.9 Revision after Grading|Incomplete Sofia Rodriguez
2[9/9/21 Work Breakdown Complete [ 2a/9/2021]
2.1(9/9/21 Share Schedule with Team|Complete Sofia Rodriguez 17/9/2021
Create a weekly avaliability for team [Complete Sofia Rodriguez 18/9/2021
Determine asignees for each assignments [Complete Tristan Wahl 23/9/2021
2.2|0Ongoing Update W.B. [Complete Michael Nalovic Ongoing
2.3 Submit W.B.|Complete Sofia Rodriguez 24/9/2021
24 Revision after Grading |Incomplete David Jay Ongoing
3[9/24/2021 Customer Needs Incomplete [ 1/10/2021]
Meet with Sponsor|Incomplete Tristan Wahl 22/9/2021
Disucss the end User and need |Incomplete Michael Nalovic 22/9/2021
3.1 Competition Regulations [Incomplete David Jay
3.2 Sponsor Regulations [Incomplete Sofia Rodriguez
33 Discussion of Regulations |Incomplete David Jay
Review Grammar / Format|Incomplete Sofia Rodriguez
Review Rubric |Incomplete Tristan Wahl
Submit Needs [Incomplete Sofia Rodriguez
Revision after Grading and Update E.M|Incomplete Michael Nalovic
5[9/26/2021 Webmaster Incomplete [ 1/10/2021]
Create/Publish the website |Incomplete Tristan Wahl
Website Homepage |[Incomplete Sofia Rodriguez
Team member page |Incomplete David Jay
Project Deliverables page|Incomplete David Jay

Review Grammar / Format

Incomplete

Michael Nalovic

Review Rubric

Incomplete

Michael Nalovic

Submit Webpage |Incomplete Tristan Wahl
Revision after Grading and Update E.M|Incomplete Tristan Wahl
6(10/1/20 Functional Decomposition Incomplete _

Split up airplane 507 / 508

Incomplete

Michael Nalovic

Check that functions start with a verb|Incomplete Tristan Wahl
Create the graphics [Incomplete Michael Nalovic
Cross-reference table|Incomplete Sofia Rodriguez
Creation of heirarchy chart|Incomplete David Jay
Explanation of results [Incomplete Michael Nalovic
Connection to Systems |Incomplete Tristan Wahl
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Submit Assignment |Incomplete Tristan Wahl
15 Spring Project Plan Incomplete i
Engineering Design Day (April 1) |Incomplete Sofia Rodriguez
Finals |Incomplete David Jay
Graduation [Incomplete Tristan Wahl
Incomplete

Incomplete
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Review Communication/Grammar + Final Revisions [Incomplete Sofia Rodriguez
Revision after Grading and Update E.M|Incomplete Sofia Rodriguez
11[11/5/20 VDR 2 Incomplete [ 12/11/2021]
Create PPT [Incomplete Tristan Wahl
Title/Introduction |Incomplete Michael Nalovic
Accomplishments since VDR1|Incomplete David Jay
Concept Generation|Incomplete Sofia Rodriguez
Concept Selection |Incomplete Tristan Wahl
Summary/Takeaways |Incomplete Sofia Rodriguez
Meet with TA to discuss any questions/expectations |Incomplete Sofia Rodriguez
Review Communication/Grammar + Final Revisions [Incomplete Sofia Rodriguez
Submit Assignment |Incomplete Tristan Wahl
12 Risk Assessment Incomplete _
What can go wrong? (Assembly Operation)|Incomplete David Jay
What can go wrong? (Testing and Transport) [Incomplete Michael Nalovic
Accidents Identified |Incomplete Tristan Wahl
Steps to Avoid Hazards |Incomplete Sofia Rodriguez
Safety Measures |Incomplete David Jay
Personal Protection |Incomplete Sofia Rodriguez
Emergency Response|Incomplete Tristan Wahl
Emergency Contacts [Incomplete Michael Nalovic
Review Communication/Grammar |Incomplete David Jay
Submit Assignment|Incomplete Sofia Rodriguez
Revision after Grading and Update E.M|Incomplete Tristan Wahl
13 Bill of Materials Incomplete [ 29/11/2021]
Line Items [Incomplete Sofia Rodriguez
Order Needs |Incomplete David Jay
Check for thoroughness |Incomplete Tristan Wahl
Identify Vendors [Incomplete Michael Nalovic
Identify Part Details [Incomplete Sofia Rodriguez
Line ltem Maturity |Incomplete Tristan Wahl
Project Maturity | Incomplete Sofia Rodriguez
Project Cost|Incomplete David Jay
Unit Cost|Incomplete Michael Nalovic
Labor Cost|Incomplete Tristan Wahl
Review Communication/Grammar|Incomplete Sofia Rodriguez
Submit Assignment|Incomplete Michael Nalovic
Revision after Grading and Update E.M|Incomplete Sofia Rodriguez
14 VDR 3 Incomplete _
Aquiring Poster Materials |Incomplete Michael Nalovic
Aquiring Poster Materials |Incomplete David Jay
Future Work [Incomplete Sofia Rodriguez
Verify Correct Specifications |Incomplete David Jay
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m = 14/32.2; g#mass of plane in slug (13 1lb)

rho = 0.077; %density of air in lbm/ft"3

Cdw = 0.03; %Coefficient of drag on wing*

Cdf = 0.08; $Coefficient of drag on fuselage*

Clw = 1.6; %Coefficient of 1lift for Eppler423, alpha = 5deg
SAw = 14.531; $Surface area of wing in ft"2

PAw = 7; $Planform area of wing in ft"2

SAf = 14; $Surface area of fuselage in ft"2*

FAf = (pi*(9/12)"2)/4; %Characteristic frontal area of fueselage in ft"2*
Ft = 10; $Thrust of plane in 1lbf (modeled as constant)
kw = 0.5*rho*PAw*Cdw; %Consolidate constants for wing

kf = 0.5*rho*FAf*Cdf; %Consolidate constants for fuselage

%Put variables
plane.kw = kw
plane.kf = kf
plane.m = m;

plane.Ft Ft;

i
i

into a struct to send to ODE
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tspan = [0 10]; %define the time interval
ICs = [0 0]; %$Initial conditions [Pos0 VelO]

[t,x] = oded45(@(t,x) xXVelODE (t,x,plane), tspan, ICs);

subplot(3,1,1)
plot(t,x(:,1))
grid on

title('Position, Velocity, and Lift Estimations (Eppler 423, alpha

xlabel('Time(s)"')
ylabel('Position (ft)')
subplot(3,1,2)
plot(t,x(:,2))

grid on

xlabel('Time (s)')
ylabel( 'Velocity (ft/s)')

Sdeg) ')
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Lift

v = x(:,2); %Air speed in ft/s
L 0.5*Clw*rho*v."2*PAw/32.2; %calculate lift force of wing

subplot(3,1,3)

plot(t,L)

grid on

xlabel('Time')

ylabel('Lift Force of Wing (lbf)')
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rho

Cdw

1

Cdf =

Clw

SAw

PAw =
SAf =

FAf

Ft

kw
kf

4/32.2; g$mass of plane in slug (13 1lb)

0.077; %density of air in lbm/ft"3

0.03; %Coefficient of drag on wing*

0.1; %Coefficient of drag on fuselage*

o778 $Coefficient of 1lift for Eppler423, alpha = 5deg
14.531; $Surface area of wing in ft"2

6; $Planform area of wing in ft"2

14; $Surface area of fuselage in ft"2*
(pi*(9/12)%2)/4; %Characteristic frontal area of fueselage in ft"2*
10; $Thrust of plane in 1lbf (modeled as constant)
0.5*rho*PAw*Cdw; %Consolidate constants for wing

0.5*rho*FAf*Cdf; %Consolidate constants for fuselage

%Put variables into a struct to send to ODE
plane.kw = kw;

plane.kf = kf;

plane.m = m;

plane.Ft

Ft;
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tspan = [0 10]; %define the time interval
ICs = [0 0]; %$Initial conditions [Pos0 VelO]

[t,x] = oded45(@(t,x) XVelODE (t,x,plane), tspan, ICs);

subplot(3,1,1)
plot(t,x(:,1))
grid on

title('Position, Velocity, and Lift Estimations (S1223, alpha

xlabel('Time(s)"')
ylabel('Position (ft)')
subplot(3,1,2)
plot(t,x(:,2))

grid on

xlabel('Time (s)')
ylabel( 'Velocity (ft/s)')

Sdeg) ')
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Lift

v = x(:,2); %Air speed in ft/s
L 0.5*Clw*rho*v."2*PAw/32.2; %calculate lift force of wing

subplot(3,1,3)

plot(t,L)

grid on

xlabel('Time')

ylabel('Lift Force of Wing (lbf)')
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Turning Flight Calculations

% "KNOWN VARIABLES"

speed = 32; % mph (Confirm with David)

instanturnradius = 0; %refers to instantaneous turn radius = allowed to slow down during turn VERIFY
wingarea = 6*144; %wing area: converted 6ft"2 to in"2 (Bridget Assumptions)

planformarea = wingarea; % temporary

K = 1.00; %at sea level || at 5,000 ft = 0.8616

rho = 0.002377;

SWEIGHTS (lbs)
weightfuselage = 5;

weighttail = 1.5;
weightbattery = 1.2;
weightwings = 3;

payload = 1; % exactly .94
electronics = 3.2;
totalweight = weightfuselage + weighttail + weightbattery + weightwings + payload + electronics; % 1 = either the piano wire or other

fprintf("The total weight comes out to be = %.2f 1lbs",totalweight);
fprintf("\n");

$AIRFOIL DATA

wingliftcoef = .12; %CL: comes from the airfoil plots
wingliftcoefMAX = 1; % temporary

$Level Flight Conditions

CentrifugalForce = 1; % assuming g =1 level flight condition

% Lift Needed to Take Off (Speed, Wing Area, Level Flight Force & Weight)
LiftNeeded = (totalweight * 3519 * CentrifugalForce) / (speed * wingarea * K);

LoadFactor = LiftNeeded / totalweight; % n in the VT notes, load factor: the ratio of the force on the aircraft to the weight of the aircraft
% % Airspeed = sqrt((totalweight)/(.5 * 1.23 * planformarea * wingliftcoef)) * sqrt(LoadFactor); %% Equation found in the VT notes

MAXairspeed = sqrt((LoadFactor * totalweight)/(.5 * rho * planformarea * wingliftcoefMAX)); %airspeed for the maximum turn rate
fprintf("The airspeed for the maximum turnrate is given by: %.2f", MAXairspeed);
fprintf("\n");
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% TURNING RADIUS & RATE
MinimumTurnRadius = (totalweight)/(.5 * rho * CentrifugalForce * planformarea * wingliftcoefMAX) * (LoadFactor)/(sqrt(LoadFactor”2-1));
fprintf("The corresponding minimum turning radius is given by %.2f", MinimumTurnRadius);

TurnRadius = 1/(.5 * rho * 9.8 * wingliftcoef) * (totalweight/planformarea) * (LoadFactor/sqgrt(LoadFactor”2-1));
fprintf("\n");

radialacceleration = speed”2/TurnRadius;
Turnrate = speed/TurnRadius;
fprintf("\n");

% Now compare to turn-rate without the speed
turnrateNOSPEED = CentrifugalForce * sqrt((.5 * 1.23 * planformarea * wingliftcoef)/(totalweight)) * sqrt((LoadFactor”2-1)/(LoadFactor));

x = 1/LoadFactor;
X1l = x * pi/180;
theta = cos(x1l);

fprintf("The Load Factor is = %.2f",LoadFactor);
fprintf("\n");

LoadFactorl = (totalweight * Airspeed * Turnrate) / (sin(theta));
% fprintf("The load factor calculation one comes out to be = %.2f versus the second load factor calculation is %.2f", TurnRadius, TurnRadiusl);
fprintf("\n");

fprintf("The steepest banked turn allowable is = %.2f",theta);
fprintf("\n");
fprintf("The turn radius is = %.2d",TurnRadius);

The total weight comes out to be = 14.90 lbs
The airspeed for the maximum turnrate is given by: 1.36
The corresponding minimum turning radius is given by 0.00

The Load Factor is = 0.13
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Take-off and Landing Analysis

maxtakeoffdistance = 100; %ft
densityofair = 0.002377; % slug/ft"3
densityofair2 = 0.077; % lbm/ft"3

wingarea = 6; %wing area: 6ft"2, minimum
% wingarea = 6*144; converted 6ft"2 to in"2
planformarea = 6; % temporary

SWEIGHTS (lbs)
weightfuselage = 5;

weighttail = 1.5;
weightbattery = 1.2;
weightwings = 3;

payload = 1; % exactly .94
electronics = 3.2;
totalweight = weightfuselage + weighttail + weightbattery + weightwings + payload + electronics; % 1 = either the piano wire or other

$AIRFOIL DATA
wingliftcoef = 0.03; %CL: comes from the airfoil plots
wingliftcoefMAX = 1.6; %Coefficient of lift for Eppler423, alpha = 5deg

% takeoff speed

stallspeed = sqrt((totalweight)/(.5 * densityofair * planformarea * wingliftcoefMAX));
fprintf("The takeoff speed is %.2f ft/sec", stallspeed);

fprintf("\n");

takeoffspeed = 1.2 * stallspeed
fprintf("The takeoff speed is %.2f ft/sec", takeoffspeed);
fprintf("\n");

%thrust equation
thrusttakeoff = 13; % roughly 13 pounds of thrust at takeoff
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$For a front mounted, propeller aircraft, the tail is 60% of the fuesalge
$For a T-Tail, the vertical tail volume coefficient can be reduced by 5%
$for end-plate effect as well as the horizontal tail volume coefficient

S w = 7*144; $Wing planform area in inches "2
b w 6%12; %Wing span in inches

$Wing mean chord (Base chord 14 inches) Chord = rootchord * 2/3 * ((1 + t + t"2)/(1 + t))
%t =6/ 14 (estimate)
Cw =14 % (2/3) * ((1 + (6/14) + (6/14)"2)/(1+ (6/14)));

SL_HT = ((.25 * C_w)) + (56 - (.25%6)); % Shortcut,

L HT = (.6 * 56); % tail arm in inches estimated using singular propeller aircraft value of 60%
L VT = (.6 * 56);

$C_HT = (S_HT * L_HT)/ (S_w * C_w);

$These values are for a general aviation single engine plane (.50 for homebuilt) Page 112 .04 for homebuilt aircraft
C_HT = .70;
C_VT = 0.04;

s_vT
S_HT

(C_VT * b w * S_w)/L_VT;
(C_HT * C_w * S_w)/L_HT;

fprintf("THe horizontal wing area is calculated as %.2f", S_HT);
fprintf("\n");

fprintf("The the veritcal wing area is calcualted as %.2f", S VT);
fprintf("\n");
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function dx = xVelODE(t,x,plane)

m = plane.m;
ku = plane.k;
kf = plane.kf;
Ft = plane.Ft;
x1 = x(1); *Position
X2 = x(2); %elocity

dxl - x2;  %dpos - vel
dx2 = (1/m).*(Ft-((ku+kF).*x2.72));

dx = [dx1; dx2]; %[vel acc]

end

%a = 1/m(Ft- (kutkf)*vr2)
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Shell Mass + Infill Mass

Part CAD Volume (mmA3) CAD Surface Area (mm*3) Infill% Shell Thickness(mm) Estimated Mass (g)  Actual Mass (g) % Error
Test Wing Section 1 5.05E+05 64746 3% 1 57.2981157
Test Wing Section 2 5.05E+05 64746 5% 1 63.7713195

0
RWing Section 1 2.06E+06 1.99E+05 3% 1 187.140555 177
RWing Section 2 2.06E+06 1.98E+05 3% 1 186.5871 174
RWing Section 3 1.58E+06 1.55E+05 3% 1 145.307295 142
RWing Section 4 1.26E+06 1.19E+05 3% 0.5 70.247625 69
RWing Section 5 5.54E+05 6.41E+04 3% 0.5 35.0470785 37
RWing Tip 2.45E+05 36924.59 3% 0.5 18.55832822 22
RAileron Section 1 2.84E+05 52547.448 3% 0.5 25.00066653 25
RAileron Section 2 1.43E405 36221.127 3% 0.5 16.06728125 15

LWing Section 1
LWing Section 2
LWing Section 3
LWing Section 4
LWing Section 5
LWing Tip
LAileron Section 1
LAileron Section 2

©Ooooooooooooooo0ooo

0.00%
0.00%
0.00%
5.73%
7.23%
2.33%
1.81%
5.28%
15.64%
0.00%
7.12%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
0.00%
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CAD Surface Area * Shell Thickness
Shell Volume

64746

64746

0

198900

198000

155100

59500

32030

18462.295

26273.724

18110.5635

©coocoocoooo0oo0o0o0o0o000 00

CAD Volume - Shell Volume
Infill Volume
440354
440354
0
1857100
1862000
1419900
1202500
521770
226237.705
258026.276
124989.4365

©Oooooooooooooo0o0ooo

Initial Density * Flow Rate

FlowRate Initial Density ~Final Density

Shell Volume * Final Density
Shell Mass

35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%
35%

0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021
0.0021

0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735
0.000735

47.58831
47.58831

0

146.1915
145.53
113.9985
437325
23.54205
13.56978683
19.31118714
13.31126417

©Ooooooooooooooo0ooo

Infill Volume * Final Density * Infill (%)
Infill Mass

9.7098057

16.1830095

0

40.949055

41.0571

31.308795

26.515125

11.5050285

4.988541395

5.689479386

2.756017075

CoooocoococooooOoO0o0oOoOO oo
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Inner Component
Aluminum Spar
Aluminum Spar

Aluminum Spar
Aluminum Spar
Aluminum Spar
Aluminum Spar
Aluminum Spar

PETG | Beam
PETG | Beam
PETG | Beam
PETG | Beam

1/4" Aluminum tube
1/4" Aluminum tube
1/4" Aluminum tube
1/4" Aluminum tube

Outer Component
PETG I-Beam Insert
PETG I-Beam Insert

LWPLA Wing Segment (Test Brick]
LWPLA Wing Segment (Test Brick)
LWPLA Wing Segment (Test Brick]
LWPLA Wing Segment (Test Brick)
LWPLA Wing Segment (Test Brick]

LWPLA Wing Segment (Test Brick)
IWPLA Wing Segment (Test Brick)
LWPLA Wing Segment (Test Brick)
LWPLA Wing Segment (Test Brick)

LWPLA Wing Segment (Test Brick)
LWPLA Wing Segment (Test Brick)
LWPLA Wing Segment (Test Brick)
LWPLA Wing Segment (Test Brick]

Print Settings
0.2mm Layer Height on | beams
0.2mm Layer Height on | beams

0.3mm layer height, 30mm/s, 50% flow
0.3mm Layer height, 30mm/s, 50% flow
0.3mm Layer height, 30mm/s, 45% flow
03mm Layer height, 30mm/s, 45% flow
0.3mm Layer height, 30mm/s, 35% flow

0.3mm Layer Height, 30mm/s, 35% flow
0.3mm Layer height, 30mm/s, 35% flow
0.3mm Layer height, 30mm/s, 35% flow
0.3mm Layer height, 30mm/s, 35% flow

0.3mm Layer height, 30mm/s, 35% flow
0.3mm Layer height, 30mm/s, 35% flow
0.3mm Layer height, 30mm/s, 35% flow
0.3mm Layer height, 30mm/s, 35% flow

Print Orientation
Flat on bed
Flat on bed

Flat on bed
Flat on bed
Flat on bed
Flat on bed
Flat on bed

Flat on bed

Vertical orientation

Vertical orientation

vertical, slanted at 5 deg (like on fuselage)

horizontal
vertical
horizontal
vertical

Offset Used (mm)
017
0.1

01
02
0.1
02
0.1

02
02
03

03
03
05
05

Offset Used (i) Results:
0006692913 Loose fit, slides easily along spar
0.003937008 Less wobble, stillslides freely along spar

0003937008 To tight to get in. Would need post processing.

0007874016 Tight, but spar can be inserted. Need to rerun with a lower flow rate
0003937008 Flow rate still too high, over extrusion causing bad tolerance.
0007874016 Flow rate still too high, over extrusion causing bad tolerance.
0.003937008

0007874016 Snug fit, may become a problem when printed vertically
0.007874016 Difficult to get supports working well. Need to increase tolerance so we don|
0011811024 Still difficult to remove supports, hard to get | beam in

0.015748031 Pain to remove supports, but the tolerance seems right

Snug fit, may become a problem when printed larger sections
Way too tight, test print was too small to slice properly
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Project Hazard Assessment Worksheet

Pl/instructor: Dr. McConomy

Phone #: 850-410-
6624

Dept.: ME

Start Date: 11/17/2021
End Date: 03/07/2022

Revision number: 1

Project: SAE Aero Design

Location(s): Senior Desi;

/ Airfield / FAMU-FSU COE

Team member(s): David Jay, Michael Naloyjg, Sofia Rodriguez, Tristan Wahl

Phone #: 305-450-0284
Phone #: 850-830-2803
Phone #: 850-502-6775
Phone #: 831-673-1269

Email: smrl6n@my.fsu.edu
Email: dmj17b@my.fsu.edu

Email: msn15@my.fsu.edu
Email: trwl7c@my.fsu.edu

Experiment Steps Location Person Identify hazards Control method | PPE List proper Residual Risk | Specific rules based
assigned or potential failure method of on the residual risk
points hazardous waste
disposal, if any.
Senior Design Lab— | All Team | Physical, Engincering Gloves, | N/A HAZARD: 3 | Safety controls are
FAMU-FSU College | Members: | Ergonomic Hazard, | Control: Safety CONSEQ: planned by both
3D Printing of Engineering Psychological Glasses, the worker and
/Innovation Hub David Jay | Hazard, Respirator ysr— supervisor.
Temperature, Being s esidual:
Michael | Struck By Administrative Low A second worker must
Nalevie Contral be in place before
Loose Electrical ) proceed
Sofia Cables, Poor Desk (buddy system).
Rodriguez | Seating, Bright
Lights, Hot Proceed with
Tristan Temperature from PPE: supervisor
Wahl Nozzle, Moving authorization.
Object and
Projectile from
Filament
Outside/Air Field/ | All Team | Physical, Engineering Safety N/A HAZARD: 4 | After approval
FAMU-FSU Members: | Ergonomic, Control: Glasses, CONSEQ: by the PI,
Flight Test- College of Noise, Being Toe a copy must be sent
Prototypes and Eull | Engineering David Jay | Struck By, Shoes, Residual: to the
Scale Model /Pending Location Entangled By, Administrative | Earplugs, Med High Safety Committee.
Michael Slips, Trips and Control: and Hard Residual:
Naloyis, Falls Hat, Red Med High A written
arming Project Hazard
Sofia plug, Control is required
Rodriguez PPE: Power be approved by the
Examples: Broken Limiter, proceeding. A copy
Tristan part from Safe sent to the Safety
‘Wahl prototype can Committee.
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plan
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must be in place
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