
Easy Load Utility Trailer 

by 

DEREK ANDERSON 

Submitted to the 
MECHANICAL ENGINEERING TECHNOLOGY DEPARTMENT 

In Partial Fulfillment of the 
Requirements for the 

Degree of 

Bachelor of Science 
in 

MECHANICAL ENGINEERING TECHNOLOGY 

at the 

OMI College of Applied Science 
University of Cincinnati 

May 2009 

© ...... Derek Anderson 

The author hereby grants to the Mechanical Engineering Technology Department 
permission to reproduce and distribute copies of this thesis document in whole or in part. 

Signature of Author ----------""=='---F=~~""'~:....__ __ --____ _ 
=g Technology 

Certifiedby ____________ ~J?L~~~~~~~~~~-+f.~~~~-------
Ah111ed E:igafy, Fhlt 
Thesis Adviso:r"'·· 

Accepted by ~#,<'R#~f 



Collapsible Radio Controlled Cargo Plane 
 

 
 

Alex Waltamath 
 

 
 
 
 
 



Collapsible Radio Controlled Cargo Plane Alex Waltamath 
 

1 

TABLE OF CONTENTS 
 

TABLE OF CONTENTS .......................................................................................................... 1 

LIST OF FIGURES .................................................................................................................. 2 

LIST OF TABLES .................................................................................................................... 3 

ABSTRACT .............................................................................................................................. 4 

PROBLEM STATEMENT AND RESEARCH ....................................................................... 5 
PROBLEM STATEMENT AND BACKGROUND......................................................................................................... 5 
RESEARCH .......................................................................................................................................................... 5 

PRODUCT INTEREST AND QUALITIES ............................................................................ 8 
SURVEY RESULTS ............................................................................................................................................... 8 
PRODUCT QUALITIES AND DEVELOPMENT ......................................................................................................... 9 
PRODUCT OBJECTIVES ...................................................................................................................................... 10 

DESIGN CONFIGURATION SUMMARY .......................................................................... 10 

AERODYNAMICS AND WING CONFIGURATION ......................................................... 11 
INITIAL CONFIGURATION .................................................................................................................................. 11 
WING CONFIGURATION REFINEMENT ............................................................................................................... 11 
AIRFOIL SELECTION ......................................................................................................................................... 12 
TOTAL AIRCRAFT AERODYNAMICS .................................................................................................................. 12 

STABILITY AND CONTROL .............................................................................................. 14 
FLIGHT STABILITY AND SIZING OPTIMIZATION ................................................................................................ 14 
WING DIHEDRAL AND TAIL SIZING OPTIMIZATION .......................................................................................... 15 
CONTROL SURFACE SIZING .............................................................................................................................. 15 
DYNAMIC STABILITY ........................................................................................................................................ 18 
CONTROL SYSTEM ............................................................................................................................................ 18 
SERVO REQUIREMENTS AND SIZING ................................................................................................................. 18 

STRUCTURES, WEIGHTS, AND BALANCES .................................................................. 19 
STRUCTURAL WING DESIGN ............................................................................................................................. 19 
STRUCTURAL FUSELAGE DESIGN ..................................................................................................................... 21 
STRUCTURAL TAIL DESIGN .............................................................................................................................. 22 
CONNECTIONS AND ASSEMBLY ........................................................................................................................ 22 
LANDING GEAR ................................................................................................................................................ 25 
CARRYING CASE AND PACKING ....................................................................................................................... 26 
TOTAL WEIGHT AND COMPONENTS .................................................................................................................. 26 

CONSTRUCTION .................................................................................................................. 28 
PART PRODUCTION ........................................................................................................................................... 29 
WING CONSTRUCTION ...................................................................................................................................... 29 
FUSELAGE AND TAIL CONSTRUCTION .............................................................................................................. 29 
MONOKOTE ...................................................................................................................................................... 29 
ENGINE, ELECTRONICS, AND SERVO INSTALLATION ........................................................................................ 30 

PROPULSION ........................................................................................................................ 30 

PERFORMANCE AND OPTIMIZATION ............................................................................ 33 



Collapsible Radio Controlled Cargo Plane Alex Waltamath 
 

2 

OPTIMIZATION .................................................................................................................................................. 33 
AIRCRAFT PERFORMANCE ................................................................................................................................ 33 

TESTING AND PROOF OF DESIGN .................................................................................. 35 

CONSIDERATIONS FOR FUTURE DESIGN IMPROVEMENTS .................................... 36 

SCHEDULE ............................................................................................................................ 36 

BUDGET ................................................................................................................................ 36 

BIBLIOGRAPHY ................................................................................................................... 38 

APPENDIX A – RESEARCH ......................................................................................... A1-A4 

APPENDIX B – SURVEY RESULTS……………………………………………………...B1 
APPENDIX C – QFD……………………………………………………………………….C1 
APPENDIX D – SCHEDULE...…………………………………………………………….D1 
APPENDIX E – BUDGET…………………………………………………………………..E1 
APPENDIX F – FINAL DESIGN DRAWING……………………………………………..F1 
 
 
 

LIST OF FIGURES 
Figure 1: A midsized trainer plane. ........................................................................................... 5 
Figure 2: A park flyer. .............................................................................................................. 5 
Figure 3: Cularis glider. ............................................................................................................ 6 
Figure 4: Cularis wing attaching system. .................................................................................. 7 
Figure 5: Vortex Extreme. ........................................................................................................ 7 
Figure 6: Total Aircraft Drag .................................................................................................. 13 
Figure 7: Aircraft slope approximations ................................................................................. 14 
Figure 8: Moment coefficient vs. AoA for moving CG.......................................................... 16 
Figure 9: Trimmed elevator deflection vs. AoA ..................................................................... 16 
Figure 10: Moment Coefficient vs. AoA for elevator deflection ............................................ 17 
Figure 11: Wing structure. ...................................................................................................... 20 
Figure 12: Spanwise loading ................................................................................................... 21 
Figure 13: Fuselage structure .................................................................................................. 22 
Figure 14: Tail structure.......................................................................................................... 22 
Figure 15: Outer panel connection .......................................................................................... 23 
Figure 16: Overall wing panel assembly ................................................................................ 23 
Figure 17: Nose to cargo connection ...................................................................................... 24 
Figure 18: Unassembled and assembled boom ....................................................................... 24 
Figure 19: Cargo loading ........................................................................................................ 25 
Figure 20: Wing installation ................................................................................................... 25 
Figure 21: Main gear ............................................................................................................... 26 
Figure 22: Packing configuration............................................................................................ 26 
Figure 23: The O.S. 0.55 AX engine ...................................................................................... 30 
Figure 24: Torque and power produced by the O.S. 55 AX engine ....................................... 31 
Figure 25: Thrust and power data for 14.2x4 propeller .......................................................... 32 
Figure 26: Engine power vs. required propeller power and thrust vs. RPMs ......................... 32 



Collapsible Radio Controlled Cargo Plane Alex Waltamath 
 

3 

Figure 27: Thrust and drag vs. velocity .................................................................................. 34 
Figure 28: Ground roll vs. velocity ......................................................................................... 34 
Figure 29: Climb angle vs. velocity ........................................................................................ 35 
Figure 30: Rate of Climb vs. velocity ..................................................................................... 35 
 

LIST OF TABLES 
Table 1: Survey results.............................................................................................................. 9 
Table 2:Design factors. ............................................................................................................. 9 
Table 3: Pitch, Yaw, and Roll derivatives .............................................................................. 17 
Table 4: Longitudinal and lateral dynamic stability components ........................................... 18 
Table 5: Required servo torque ............................................................................................... 19 
Table 6: Weights summary ..................................................................................................... 27 
Table 7: Important project dates. ............................................................................................ 36 
Table 8: Budget. ...................................................................................................................... 37 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Collapsible Radio Controlled Cargo Plane Alex Waltamath 
 

4 

ABSTRACT 
 
 A team consisting of Alex Waltamath and Ryan Tolle competed in the Society of 
Automotive Engineers (SAE) Aero Design® Micro Class competition.  The contest was to 
design and build a model aircraft that is as light as possible and can also carry as much 
weight as possible while being able to fit in a 20”x20”x20” space within a carrying case.  The 
plane had to include a cargo space of a predetermined size, assemble from the carrying case 
in 3 minutes or less with two people, and take off in 100’ and land in 200’.  The purpose of 
this contest is to generate ideas for a small portable surveillance aircraft that a soldier could 
carry, assemble quickly on site, and deploy on a limited runway.   
 Radio controlled (R/C) model airplanes are available in many different configurations 
and sizes.  Beginner complete kits are usually small electric models that have no cargo 
capabilities but are easy to fly and assemble fairly quickly.  Larger models are available with 
glow engines and can offer more power and greater lift.  R/C airplanes are made from wood, 
foam, carbon, various types of plastics, and a mixture of all of these.  Two models are 
currently on the market today reflecting the need for camera usage in model aircraft.  These 
models are the Tango and Vortex Extreme which do provide video camera usage but do not 
meet the requirements of the SAE contest.  Surveys were distributed to 31 members of local 
R/C airplane clubs in the greater Cincinnati area.  The results showed focus on ease of 
transportation, the carrying case, and cleanliness while showing high importance in 
maneuverability and ease of cargo access.  The weighted importance was highest for 
durability and ease of transport which will be addressed through design considerations in 
landing gear and fuselage construction.  Through the preliminary design analysis, the product 
objectives desired include; fast assembly, easy to transport, easy cargo access, easy to fly, 
maneuverability, durability, and cleanliness.  All scheduled tasks were met on time and the 
project was budgeted to $1,536 with an actual cost of $1,159.  Less expensive servos and 
links than originally anticipated provided the cheaper cost. 
 The designed plane utilizes a top mounted wing to a box fuselage with aluminum boom 
assemblies for collapsibility.  The Eppler 423 airfoil was chosen due to its high lift 
capabilities as well as a trailing edge taper to the wing for stability.  The airplane proved, 
through program analysis and testing, to be very stable and performed to its predicted 
capabilities of carrying 10.5 lbs with an empty airplane weight of 6.25 lbs.  
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PROBLEM STATEMENT AND RESEARCH 
 

PROBLEM STATEMENT AND BACKGROUND 
 Unmanned Aerial Vehicles or UAVs are being seen as more and more useful for today’s 
military and surveillance needs.  In recognizing this need and interest the SAE organization 
incorporated a Micro Class contest into their Aero Design® competition line.  The contest 
requires an aircraft design that can carry the highest payload possible while maintaining the 
lightest empty weight possible.  Portability is also a design requirement, and the unassembled 
aircraft with all of the needed flying components such as the controller, fuel, etc. must fit into 
a 20”x 20” x 20” space inside a carrying case.  The carrying case must have a handle or strap 
and be light weight yet durable enough to withstand normal wear.  The unassembled aircraft 
must be assembled in three minutes or less by two people.  The plane must also take off from 
a paved runway in 100’ or less and land within 200’.  The contest dictates that no lighter than 
air or rotary craft can be used. 
 

RESEARCH 
 The hobby of radio controlled airplanes has three major categories or size ranges; park 
flyers, midsized, and giant scale.  The first category encompasses small planes that are 
known as park flyers.  The name park flyer is derived from the planes ability to fly in a small 
area such as a park or sports field.  These planes are usually electric but can be powered by 
small glow engines.  Park flyers have wingspans that range from 6 to 40 inches.  These 
models are usually designed to be beginner friendly offering quick assembly and gentle 
flying characteristics.  Assembly time is about 2-5 hours for a park flyer unless the model is 
kit built which can require a more substantial amount of time.  Figure 1 shows a typical park 
flyer currently available on the market (1).  Park flyers can employ some unique technologies 

in the hobby.  Due to their size 
they may use very small 
electronics and cable like 
control mechanisms instead of 
solid links.  The construction 
materials used in a park flyer 
can be unique as well utilizing 
foams, light weight plastics, and 
composites to maintain low 
weight.  Major disassembly of 

these models for transport is 
not required due to their 
small size, but some models 
do allow for wing removal.  
The second category would 
be the midsized aircraft that 
typically have wingspans 
from 40 to 80 inches.  These 
aircraft require a substantial 
amount of open area for safe 

Figure 2: A park flyer. 

Figure 1: A midsized trainer plane. 
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flight and a designated runway.  Planes in this category are mostly glow powered, but electric 
powered models in this size range are gaining popularity with the development of brushless 
motors and lithium polymer battery cells.  The glow engines run on a methanol nitro blend 
with castor and synthetic oils for cooling and lubrication.  Engine sizes range from 0.40 to 
1.0 cubic inch for spans in this size range.  The typical glow model carries enough fuel for a 
10 to 15 minute flight.  The standard construction material is balsa and light plywood with a 
covering that is usually a plastic material.  Other materials such as carbon and foams may be 
integrated as well.  Most models available on the market are known as ARFs or Almost 
Ready To Fly.  These models are largely prebuilt and require the attachment of tail surfaces, 
wing halves, engine, fuel system, electronics, and landing gear.  An ARF takes anywhere 
from 6-12 hours to assemble.  R/C airplanes are also available as kits that require complete 
assembly and installation of all components.  A kit can be ready for flight in as little as 20 
hours or take months.  Kit assembly time depends on complexity and detail.  Figure 2 shows 
a standard 0.40 cubic inch glow engine training airplane that is of wood construction (2).  
The plane in Figure 2 is a unique ARF plane in that is only requires 20 minutes of assembly 
time (2).  This fast assembly time is due to the completeness of installation and fast 
connecting surfaces (2).  The plane in Figure 2 includes the engine, fuel system, and controls 
already installed and uses bolt on preassembled tail surfaces (2).  A large transportation space 
is required for planes in this category.  Normally, only the wing or wing halves separate from 
the fuselage.  The wing is joined to the fuselage by either nylon bolts or rubber bands.   
 
 The giant scale class deals with spans from 80 inches on up.  These are very special craft 
and not for the beginner.  A gasoline 2 cycle engine is the most popular power plant for these 
planes.  For planes on the smaller side, glow engines and even brushless electric motors can 
be used.  The giant scale craft share the same attributes as the smaller midsized planes just on 
a larger scale.  They are available as kits and ARFs, utilize servos, links or cables for control, 
and share the same building materials.  Despite their size, most models offer very little 
disassembly for transport and often require a trailer or truck.  Disassembly may only involve 
wing removal and in rare cases tail surface removal.  Gliders are another form of giant scale 
R/C aircraft.  These models may not be long but most have relatively large wing spans.  

Gliders do not have to be large in order to fly, but most gliders 
on the market have spans from 79 inches on up.  Gliders are 
relatively unique in that they are very efficient in generating 
lift and using thermals to remain airborne.  The Cularis glider 
shown in Figure 3 is an electric powered glider (3).  Due to 
their large spans the wing disassembles into two or more 
pieces for transport.  The Cularis has a unique latching system 
to attach the wings (3).  This is shown in figure 4 (3). 

Figure 3: Cularis glider. 
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Figure 4: Cularis wing attaching system. 
 
 The power source choice for an R/C airplane application is mostly based on the 
modeler’s preference.  The technology of electric motors and batteries has taken a 
tremendous leap in the past few years.  Electric motors in the past did not have the power for 

most models unless they were small and light weight.  
Batteries, until the recent development of lithium 
polymer cells, were too heavy for most models to make 
it a practical application.  Brushless motors and lithium 
polymer battery technology has changed this perception 
on the use of electric motors as a power source.  The 
power between a comparable glow motor to an electric 
brushless motor is nearly the same or if not better for 
the electric application.  The advantage of an electric 
system is that it is clean, quiet, and does not require 
expensive model fuel.  The disadvantage of an electric 
power system is that it is very expensive compared to a 

comparable glow engine.  A typical electric power system for a midsized plane like the one 
in figure 2 runs about $300-$450 plus the cost of a battery charger if not already owned.  A 
0.46 glow engine is $80-$130 with additional fuel costs depending on consumption.
 Almost none of the R/C aircraft on the market today relate or compare to the competition 
requirements.  No aircraft available can break down that small while at the same time offer a 
cargo space to carry a substantial amount of weight.  There are, however, two models that 
offer video or camera capabilities with one of them even utilizing an internal cargo space.  
The Vortex Extreme in Figure 5, an electric park flyer, has a video camera mounted 
externally to the fuselage (4).  It does not have an internal cargo space and only the wing 
disassembles from the fuselage for transportation (4).  Another model called the Tango does 
have an internal cargo space for camera or video equipment (5).  It assembles in five minutes 
using rare Earth magnets to attach the wings and includes a carrying case to house  

Figure 5: Vortex Extreme. 
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Figure 6: The Tango. 
 
and transport the disassembled model (5).  The carrying case and internal cargo bay 
dimensions do not meet the contest requirements, but the model is representative of the 
needed concept.  This model also requires a unique bungee launching system for take off and 
lands on the belly of the craft (5).  See Figure 6 for aircraft and case configuration. 
 
 An interview was conducted with an R/C airplane enthusiast who has some experience 
with using model airplanes for aerial photography.  It was discovered that trainer like planes 
with slow flying capabilities work the best.  In order to develop or modify a plane with for a 
camera cargo space, a large or spacious fuselage is an important attribute.  The wing loading 
also had to be low and an electric power source was preferable.  The plane Mr. Musselman 
uses is a modified trainer that has a 50 inch wing span, weighs roughly 5.5lbs, and is 
powered by an electric brushless motor. The plane is similar in design to the NEXSTAR 
shown in Figure 2. The cargo space in his plane is 2in x 3in x 5in which requires removal of 
the wing panel for access.  He said this access method required the least amount of airframe 
modification.  Mr. Musselman said that he spends roughly ten minutes preparing the plane 
for flight and photography (6). 
 
 
 

PRODUCT INTEREST AND QUALITIES  
 

SURVEY RESULTS  
 Surveys were distributed to 31 members of local R/C airplane clubs in the Cincinnati 
area.  The survey encompassed the important design features that will be considered in the 
development of the aircraft.  It asked respondents to rate these features on a 5-point scale 
with 1 being of low importance or very unsatisfied and five being of high importance and 
very satisfied.  The clubs surveyed included Air Masters and Ross Area Flyers.  The age 
range for the members of these particular clubs is roughly 12 through 80 with the average age 
being somewhere around the early 50s.  Very few of the members surveyed had experience 
with cargo carrying craft, but all of the 31 members surveyed have experience with all other 
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forms of model aircraft on a regular basis.  The survey averaged a consumer spending range 
for a product of this nature of $200-$400 with one participant replying that it would depend 
on the included component completion.  See Appendix B for the complete survey with 
results.  Table 1 highlights the results. 
 
Table 1: Survey results. 

 
 
The survey results showed that easy cargo access was the main concern followed by 
maneuverability.  Easy cargo access will be key design feature to the contest as well since 
weights will have to be added or removed easily between flights.  The contest demands that 
the most weight be carried which will limit the maneuverability of the airplane, but various 
control surface throws can be changed to enhance the handling during lighter cargo loads. 

 
PRODUCT QUALITIES AND DEVELOPMENT 
 Several design factors were established that would be influential in the design of the 
features the survey results deemed important by the customer.  Table 2 lists these factors. 
 
Table 2:Design factors. 

A Quality Function Deployment (QFD) chart, available in 
Appendix C, was compiled to show the absolute and relative importance as well as the 
relative weight of each feature in relation to the design factors and customer deemed 
importance from the survey results.  Table 2 also displays the relative importance to each 
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design factor.  The landing gear geometry and fuselage geometry are of the highest 
importance because they have the highest impact in many aspects of the aircraft design.  The 
landing gear will affect durability and space consumption and the fuselage geometry will 
dictate cargo application, space consumption, and collapsibility. 
 

PRODUCT OBJECTIVES 
 The following is a list of product objectives and how they will be obtained or measured 
to ensure that each goal of the project was met.  The product objective focus is on the design 
and build of a radio controlled aircraft which meets the guidelines set forth by the SAE Aero 
Design® Competition.  Box and or carrying case design is not the focus of the product and 
therefore is not addressed as direct product objectives. 
 
Fast Assembly: 

• Complete assembly in three minutes or less with two people 
• No threaded fasteners in assembly 

Easy to Transport: 
• Complete empty airplane weight under 7 lbs 
• Unassembled airplane with all components fits inside a 20”x20”x20” space 

Easy Cargo Access: 
• Located below wing with no door or hatch removal needed 

Easy to Fly: 
• Take off from paved runway in less than 100ft 
• A landing zone of 200ft 
• Multiple control surface settings 
• High level of flight stability proven by software 
• Static thrust of 1x empty weight of aircraft 

Maneuverability: 
• Roll rate of 1 roll per second 
• Climb rate of 200 ft/min 
• Empty wing loading of less than 25 oz/ft2  

Durability: 
• Wing factor of safety of 8 (7) 
• Landing gear factor of safety of 4 

Cleanliness: 
• Easily cleaned surface material by soap, water, and cloth. 

 
 
 

DESIGN CONFIGURATION SUMMARY     
  
 Models were used for developing each part of the aircraft and expressing dimensions for 
construction.  A student produced code performed the needed aerodynamic analyses for the 
overall aircraft design and performance.  The final design was a conventional airplane setup 
consisting of a front mounted engine, top mounted wing, and a tail with vertical and 
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horizontal control surfaces.  The landing gear is a standard tricycle configuration.  The 
selected engine was an O.S. 0.55 in3 AX two stroke engine with a standard muffler operating 
on 30% nitro model fuel.   
 
 AERODYNAMICS AND WING CONFIGURATION    
  
 Aerodynamic issues with high lift were critical concerns in preliminary designing 
especially in terms of the wing configuration.  The aerodynamic analyses and calculations 
were performed using a Python (8) program called Aerothon (9) written by UC Aerospace 
Engineering students.  The program utilizes XFOIL (10) and XFLR5 (11) to conduct the 
aerodynamic analysis.  These are programs that the Aerothon program uses to combine wing 
and airfoil analysis into one environment.   Two and three dimensional data was synthesized 
in the Python model using analytical and empirical equations for lift and drag. 

 
INITIAL CONFIGURATION 
 A number of different aircraft configurations were considered.  A convention design 
with a rectangular wing, a biplane, and a flying wing were all part of the initial 
considerations.  A biplane was quickly ruled out due to the space consumption and added 
assembly as compared to single wing craft.  The flying wing was considered a more feasible 
option but the box size constraint was thought to prevent a flying wing aircraft size capable 
of producing a large cargo carrying capacity.  Flying wings also pose added difficulties in 
control and construction so the concept was discarded.  The conventional aircraft design with 
a single top mounted rectangular wing, vertical tail, horizontal tail, and fuselage was 
considered to be the best design.  This configuration was thought to be the easiest to analyze, 
build, fly, and apply fast assembling features. 

 
WING CONFIGURATION REFINEMENT 
 The Aerothon code utilizes XFLR5 to perform the airfoil and wing analyses in a single 
environment.  The XFLR5 code incorporates XFOIL, Vortex Lattice Method (VLM), and 
Lifting Line Theory (LLT) into one package.  The VLM is linearized with respect to the 
Angle of Attack (AoA) and accounts for wing sweep.  LLT accounts for non-linear effects 
with respect to AoA but does not account for wing sweep.  Hence both VLM and LLT are 
utilized to accurately predict the behavior of the wing.  A perfectly elliptical lift distribution 
minimizes induced drag more than a rectangular wing of the same aspect ratio (12).  One 
way to achieve this is to construct an elliptically shaped wing.  A wing of this shape is 
difficult to construct and creates a constant Cl distribution across the wing.  A constant Cl 
distribution makes the entire wing stall simultaneously leading to a total loss in aircraft 
control.  Through sample testing of wings in the program, it was noticed that a taper ratio 
beginning at the root of the wing has a maximum lift coefficient occurring at the center of the 
wing semi-span roughly where an aileron would be located.  This would cause the wing to 
initially stall at the aileron location before the root of the wing leading to a loss in roll control 
during a stall.  It was noticed in researching previous contest designs and in program testing 
that the best solution was to have a constant chord near the root of the wing with a trailing 
edge taper at the wing tips.  This provides easier packing, assembly, and allows for easier 
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building techniques 
 The box size constraint was used to determine wing sizing.  It is known that a high 
aspect ratio wing induces less drag for a given area.  Since the aircraft had to assemble 
quickly the wing was limited to no more than 4 pieces or panels.  A max chord of no more 
than 10.25” was set to maintain packing allowances.  To maintain simplicity, the two inner 
panels were designed to be rectangular with the two outer panels tapering to the tip.  The 
taper was adjusted through the python program to best match the elliptical shape.  A taper 
ratio of 0.5 from the center of the half span fit the best.  To maintain packing allowances the 
inner two wing panels were set to lengths of 19.5” and the outer two panels were set to 
lengths of 18.5” giving a total span of 76”. 

 
AIRFOIL SELECTION 
 Two heavy lifting airfoils were the most popular in previous designs (13).  The Selig 
S1223 and the Eppler E423 were the two airfoils of choice.  It was understood that the nature 
of these airfoils included a high pitching moment which would require a greater tail moment 
and that the high camber presented higher drag coefficients.  The higher tail moment required 
was manageable from a building and packing aspect and the plane is not judged on speed so 
the higher drag was acceptable as well.   The S1223 airfoil did offer higher lift as compared 
to the E423 but due to its slender trailing edge section was deemed too impractical to build so 
the E423 was chosen as the main wing airfoil.  The horizontal and vertical tail utilized a flat 
plate airfoil.  This was chosen to simplify construction and to increase packing space. 

 
TOTAL AIRCRAFT AERODYNAMICS 
 A series of parametric models was developed in the Aerothon program to provide the 
necessary aerodynamic characterization of the final aircraft configuration.  The drag polar 
produced in XLFR5 was used as a guideline to correlate parameters such as Oswald 
Efficiency and downwash on the tail.  By summing the profile drag of the airfoil with the 
induced drag, parametric models for the total drag of each lifting surface were developed.  
With the drag for each aircraft component, the “D/q” method was used to find the total 
aircraft drag by summing up all of the components which can be seen in Figure 6. 
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Figure 6: Total Aircraft Drag 

 
 
 
 
The final full aircraft lift curve can be seen in the top left hand graph of Figure 7 which was 
generated by summing up the lift over the horizontal tail and wing.  This was similar to the 
method used to sum up the drag.  This graph also shows that a stall AoA is fairly high and 
occurred at roughly 17o which is a favorable feature.  The minimum drag for the total 
airplane occurred at 0o AoA from Figure 6 which will simplify building by placing a 0o AoA 
ground roll angle. These graphs of the total drag build up in Figure 6 and the slope 
approximations in Figure 7 verified that our aircraft exhibited no unusual or unpredictable 
behaviors within its AoA range ensuring that the plane would fly in an acceptable manner 
from an aerodynamic stand point.  
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Figure 7: Aircraft slope approximations 
 

 
 

STABILITY AND CONTROL        
  
 Aerodynamic surfaces had already been selected but, control surfaces, weight 
distribution and therefore the aircraft center of gravity (CG) and moments of inertia had not 
yet been determined.  The sizing and placement of control surfaces was then analyzed.  After 
which analysis was completed to locate the parts of the plane so that the true CG is in the 
same location as the design CG.    

 
 
FLIGHT STABILITY AND SIZING OPTIMIZATION 
 Both static and dynamic stability were analyzed to yield the aircraft’s flight stability.  
The dynamic stability of the aircraft is intrinsically linked to the static stability.  Therefore 
dynamic stability implies static stability as well.  Critical pitch damping was of utmost 
concern.  Due to the pilot’s relative inability to sense perturbations in the AoA while on the 
ground, longitudinal stability was crucial.  The pitching moment coefficient (Cm) for the 
design CG versus AoA is shown in figure 8.  The trend towards a negative slope indicates a 
restoring moment for all pitch perturbations.  With the CG placed the horizontal tail 
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incidence angle was then trimmed to produce a zero moment at takeoff.  The direct 
calculation of the neutral position (NP) was then possible and the CG was positioned at 10% 
MAC in front thereof.  The 10% MAC was chosen based on literature reviews suggesting 5 
to 10% MAC (12).  This allowed for error margins during manufacturing. 
 

WING DIHEDRAL AND TAIL SIZING OPTIMIZATION 
 Several analyses were performed in order to minimize the weights of the aft components 
of the aircraft, namely the horizontal and vertical tail, and to provide adequate stability for 
the aircraft.  These included appropriate tail boom length and sizing of the horizontal and 
vertical tails.  Stability was the primary trade study concern.  Aerothon was used to analyze 
the pitch, Phugoid, short period, and Dutch roll damping ratios, as well as the spiral stability 
time to half and the Dutch roll natural frequency. 
 Due to assembly restrictions it was decided to build the wing utilizing a flat upper 
surface.  This provided a means of incorporating a small amount of dihedral while giving a 
natural means of construction.  It was also anticipated that the long, slender nature of the 
wing would increase the dihedral due to its natural deflection under load.  A single-variation 
study was then performed to investigate the effect of tail length on the aircraft’s stability. 
 It is preferable to keep the plane fairly level during takeoff with only a slight rotation.  
Because lengthening the tail leads to increased damping of the pitching motion, the tail was 
moved to the location such that a 15° angle with the main landing gear was formed.  It was 
also decided that a horizontal tail with a span of 19.5” would best utilize the space available 
in the planes container.  A trade study was then performed by varying the horizontal tail area.  
A critically damped pitching motion was found with an area of 110 in2 and a corresponding 
horizontal tail volume coefficient (HTVC) of 0.70.  Once the horizontal tail size and location 
had been established, the vertical tail volume coefficient (VTVC) was varied.  Although a 
large vertical tail increases the spiral instability while a small tail may not be able to 
withstand cross winds.  A compromise was found with a VTVC of 0.07. 

 
CONTROL SURFACE SIZING 
 Once the static margin and horizontal tail volume coefficient were established, the 
elevator was sized such that the pitching moment could be controlled over the entire range of 
flight.  After several iterations, an elevator chord fraction of 0.25 and a span fraction of 1.0 
were found to give adequate control as seen in Figures 8, 9 and 10. 
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Figure 8: Moment coefficient vs. AoA for moving CG 
 

 
Figure 9: Trimmed elevator deflection vs. AoA 
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Figure 10: Moment Coefficient vs. AoA for elevator deflection 
 
Figures 8, 9, and 10 display a fairly smooth downward sloping curve through the airplanes 
AoA range indicating that the elevator is effective in providing the proper moment.  Figure 
10 shows the Cm plotted vs. AoA for five elevator deflections: -10°, -5°, 0°, 5° and 10°.  
Clearly, the elevator is capable of shifting the Cm curve such that the curve crosses the 
Cm=0 line at any point between -10° and 20°, hence providing complete control over the 
effective AoA range of the wing.  The rudder was sized using Aerothon to provide 
appropriate control in a crosswind situation with a chord fraction of 0.4 and a span fraction of 
1.0.  In order to achieve roll control, an aileron chord fraction of 0.2 and a semi-span fraction 
of 0.5 were determined, which yielded a roll rate of 126° s-1 during takeoff and 232° s-1 at 
maximum velocity with a 15° deflection.  
 The yaw, pitch and roll derivatives calculated for the aircraft configuration are shown in 
Table 3.  The power of the elevator, rudder, and aileron control are given respectively by the 
coefficients Cmδe, Cnδr and Clδa.  These represent the change in moment per a unit of 
deflection of the respective control surface.  The values were similar to values found for 
existing aircraft.  Both Cma and Clβ were negative – a requisite for static stability.   
 
Table 3: Pitch, Yaw, and Roll derivatives 

 
Cmα Cmq Cmδe Cnβ Cnδr Clβ Clδa 
-34.0 -7.8 -1.54 17.8 0.055 -27.2 -0.29 
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DYNAMIC STABILITY 
 Dynamic stability analyses took place during the sizing of the horizontal stabilizer and 
vertical tail.  Based on the selected geometric layout of the aircraft, Level 1; Class1; 
Category B flying qualities for lateral and longitudinal dynamic stability as given by FAR 23 
were met or exceeded.  This indicated that as a light aircraft, adequate maneuver capability 
existed during non-terminal flight phases.  Table 4 shows the flight qualities and the 
requirements used to evaluate the FAR 23 performance rating.  Through the trades for sizing 
that had previously taken place, namely for the dihedral, spiral stability and excellent 
damping ratios for Dutch roll and short period motions were achieved.  Note the damping 
motion was deemed close enough to the value of 1 to be effectively critically damped and 
with the anticipated deflection of the wing the spiral mode will drop below 0.  
 
Table 4: Longitudinal and lateral dynamic stability components 

 

  Phugoid Short 
Period 

Pure 
Pitching Spiral Mode Dutch Roll 

Required 0.04 < ζ 0.35 < ζ < 
1.3 1.0 < ζ 12/s or 

negative 
0.08 < ζ ; 0.4 < 

ω 
ω(1/s) 1.75 8.82 5.60 8.75 3.77 

ζ 0.10 0.85 0.80   0.21 
 
CONTROL SYSTEM 
 A Spektrum DX7 controller was selected for use with an AR7000 receiver.  Rudder and 
elevator servos were integrated into the vertical and horizontal tails by design.  Short, rigid 
tie-rods and ball linkages were used to maintain consistent control. Mounted in the 
detachable forward section of the fuselage is the fuel tank and servos for the throttle and nose 
gear.  The battery and receiver were mounted behind the cargo area to shift the CG rearward.  
Flexible linkages were used to operate both the throttle and front gear to minimize the 
potential for damage. 
 

SERVO REQUIREMENTS AND SIZING 
 The required hinge moment coefficient for each of the servos was calculated through a 
specific process utilizing XFOIL.  Because direct calculation of hinge moment coefficient 
occurred in XFOIL, it was not necessary to approximate the pressure distribution over the 
airfoil.  The hinge moment was then given by Eq (1), where HMc is the hinge moment 
coefficient, Vmax is the maximum velocity, b is the span of the control surface, and HM is the 
hinge moment.  The required torque for control surface deflection of these servos 
corresponds to the hinge moment and can be seen in Table 5. 

  
HM=HMc*0.5**Vmax

2*MAC2*b    (1) 
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Table 5: Required servo torque 

 
 
STRUCTURES, WEIGHTS, AND BALANCES    
   
 The contest demands that the lightest possible airplane be constructed to withstand the 
stresses of flight maneuvers and landings.  Designing and implementing fast connecting 
features to the aircraft were also part of the structural design considerations.  The connections 
had to be fast assembling, light weight, and strong enough to withstand flight loads.  Cost 
was the biggest determining factor in material and connection selection.  The team personally 
supplied the funding for this project so the use of expensive composites and building 
resources was kept to a minimum.  Most models in the R/ C industry are comprised of model 
grade woods consisting of balsa, birch ply, and basswood which work well in all types of 
aircraft applications.  Due to the low cost, ease of manufacture, and familiar building 
techniques, model grade woods were implemented greatly in this design. 

 
STRUCTURAL WING DESIGN       
 In researching previous heavy lifting airplane entries, the D-spar wing was a common 
successful structure.  A wood and carbon tube built up D-spar wing structure also was the 
easiest to adapt to collapsible and fast assembling features in these designer’s minds.  The 
built up wood structure would be relatively light in comparison with other wing constructions 
such as foam core due to its small size compared to other heavy lifting models.   
 The main spar was constructed of a 0.575” Outer Diameter (O.D.) 0.5” Inner Diameter 
(I.D.) carbon tube with 0.25” x 0.25” balsa cap strips on the top and bottom and of the tube.  
Wing ribs constructed of 0.0625” balsa was cut to fit on the tube to provide fast assembly and 
solid construction.  The tube main spar was also selected to provide fast assembly as a 0.5” 
O.D. tube will be inserted into the tube spar to assemble the wing.  The leading edge was 
rounded and curved balsa to match the airfoil with 0.0625” balsa sheeting up to the center of 
the main tube spar on top and bottom.  The trailing edge is sheeted with 0.0625” balsa to 1.5” 
from the trailing edge.  This method will allow the crucial camber on the bottom of the airfoil 
to remain intact during building.  A 0.1875” wood dowel rods were place in the leading edge 
and near the trailing edge for added rigidity.  0.1875” carbon tubes were used as set pins to 
prevent the wing panels from rotating on the tube spars during flight.  The remaining portion 
of the wing ribs that were not sheeted was given 0.25” x 0.0625” cap strips to help the 
adhesion of the skin material, Monokote. Figure 11 shows the components in the wing 
structure. 
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Figure 11: Wing structure. 
 
 
The Schrenk approximation was used to analyze the wing through the Aerothon program and 
was assumed to be applied directly over the spar.  Wing twisting is not accounted for in this 
method and neither are the effects of sweep but it does deliver an acceptable approximation 
to the lift distribution.  The Schrenk approximate loading distribution is depicted in Figure 11 
with the corresponding moment and shear distributions. 

0.25”  x 0.0625” 
balsa cap strips 

0.0625”  balsa 
sheeting 

0.5”  O.D. Carbon 
joining tube 

0.0625”  balsa ribs 

0.125”  hardwood 
dowel 

0.575”  O.D. carbon 
tube main spar support 
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Figure 12: Spanwise loading 

 
The greatest focus was placed on cantilever bending stress at the root of the wing.  The 
carbon tube main spar has a max bending stress of 580 ksi and moment of inertia equaling 
0.002in4.  Using the equation for max stress due to bending, the max bending moment of the 
tube is 4034.8 lbf-in which offers a safety factor of 11 to the spar design.   
 

STRUCTURAL FUSELAGE DESIGN 
  Due to ease of construction and space configuring with the packing box size constraint, a 
simple box fuselage design was employed.  The fuselage was constructed from built up 
0.125” balsa and 0.0625” light plywood sandwiched together. Typical models with good 
durability in our size range are constructed of 0.125” to 0.1875” balsa for the general 
fuselage structure.  Light ply may be used for added strength in areas such as the fire wall or 
landing gear mount but most of the structure is balsa.  Normal low density model balsa has a 
tensile strength of 1.74 to 2.18 ksi parallel to the grain (14).  The model airplane grade 5 ply 
plywood used has a tensile strength of 6.53-10.53 ksi parallel to the face of sheet (14).  The 
fuselage strength was dramatically increased through the bonding of the 0.0625” ply to the 
0.125” balsa that was used as the panels in the fuselage.  The panels and bulk heads were also 
notched to assist in assembly and alignment. Lightening holes were applied to the panels 
where there was no significant structure needed.  Monokote was used as the covering skin 
material.  The tail boom is an aluminum tube with a 0.875” O.D.  This boom was chosen due 
to cost and parts compatibility with various model components.  Figure 13 shows the basic 
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component structure of the fuselage. 
 
 
 
 

 
Figure 13: Fuselage structure 
 
 

STRUCTURAL TAIL DESIGN 
 In order to provide a simple, light, and easy to build tail a flat stick truss structure was 
used.  The tail is built out of 0.25” square balsa sticks with 0.25” square bass wood sticks for 
added strength.  The use of the hard wood in the tail structure also provides added durability 
for the packing of the plane in the container.  Figure 14 shows the tail structure of the 
airplane. 

 
Figure 14: Tail structure 
     
 

CONNECTIONS AND ASSEMBLY 
 The restriction of the box dimension to store and transport the airplane required the 
collapsibility of many of the major aircraft components.  The internal box dimension 
restrictions of 20in x 20in x 20in required the wing panel to be collapsible and the fuselage to 
be collapsible while at the same time taking no longer than 3 minutes to assemble by two 
people.  The wing was designed to be a sub assembly of 4 wing panels, 2 panels for each half 

0.125”  plywood formers 0.25”  plywood fire wall 

0.125” balsa & 0.0625” plywood sandwich panels 

Bass wood 
spars 

Elevator servo (Rudder 
servo is mounted in the same 
location on the other side) 
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span, which will join to the fuselage.  The fuselage was designed to be a sub assembly of 4 
pieces that includes a nose or engine section, a cargo section, and two tail sections. 
 The wing connects the center halves with by a 0.5” O.D. carbon tube.  The 2 inner 
panels join together via the fuselage where carbon rods protruding from the leading edge at 
the wing root inserts into the fuselage locking them in place.  The trailing edge of the wing 
root secures to the fuselage with 2 aluminum posts mounted in the fuselage that allows the 
wing to slide over and secure with cotter pins.  The cotter pin and rod set up will eliminate 
threaded fasteners which are time consuming in assembly.  The outer 2 wing panels attach to 
the inner 2 wing panels with 0.5” carbon tubes and rare earth neodymium magnets.  The 
tubes will align the panels and provide the needed rigidity while the magnets will provide the 
latching strength.  It was calculated that at max roll rate the axial pull on the wings would be 
1.03lb.  Two magnets each with 3.3lb pull were placed at the outer panel connection to offer 
a high safety factor.  The aileron servos will be mounted in the outer 2 wing panels and an 
internal tube within the wing panels will house the aileron servo wires.  The two aileron 
servos require a connection to an extension wire that is connected to the wires that lead to the 
nose section which houses the receiver.  This connection is made as the wing is joined to the 
fuselage. 

 
Figure 15: Outer panel connection 
 

 
Figure 16: Overall wing panel assembly 
 
 The fuselage assembles in 4 pieces.  The nose piece which includes the engine, tank, 
throttle and steering servos, receiver, and nose gear joins to the cargo section through a 
flanged male and female slide connection system.  To lock the flanged slide connection in 
place, the leading edge carbon rods that also secure the wing will be used to pin the system 
and prevent the connection from sliding apart.  The top section of the nose section will be 
blocked as well to prevent further disconnect and provide one way only assembly.  The servo 
connections for the rudder and elevator servos will be made through a permanently mounted 

Servo wire housing tube 

Servo connection at outer panels 

0.5” Carbon joining tube 

Magnets for outer panel latching 
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wire connection that is located on the exterior side of the model.  The receiver battery was 
located in the cargo section and connects to the receiver via the same means as the elevator 
and rudder servos.  Note that the title given as cargo section is to describe this particular part 
of the fuselage assembly and not the designated space needed for the actual cargo bay. Figure 
17 shows the nose to cargo section assembly. 

 
Figure 17: Nose to cargo connection 
 
 The tail assembles in two boom assemblies.  The first boom assembly joins the 
aluminum boom to back of the cargo section.  The aluminum boom assembles into a female 
end in the cargo section and secures with an aluminum rod and cotter pin through the boom 
and fuselage.  The final boom section which includes the tail surfaces inserts into the first 
boom assembly and secures with an aluminum rod and cotter pin. Figure 18 shows the boom 
before assembly and the boom assembled.  The elevator and rudder servos are mounted in the 
tail surfaces and connect through standard servo wire extensions housed in the boom 
assemblies that remain in permanent connection. 

 
Figure 18: Unassembled and assembled boom 
 
 The cargo is loaded prior to the installation of the wing.  The cargo is simply placed 
within the bay.  Depending on the cargo application, mounting or fastening of the cargo may 
be required.  Dead weight was all that was required as cargo for the SAE contest.  Steel 
plates were cut to the cargo bay dimensions and were simply dropped into the cargo bay to 
provide varying dead weight.  Figure 19 shows the plates loaded into the cargo bay. 

Nose section 

Slide connection 

Cargo section 
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Figure 19: Cargo loading 

 
 The leading edge of the wing attaches to the fuselage by the insertion of the leading edge 
carbon tubes in to the nose and cargo sections which also secures the slide connection of 
these two sections.  The trailing edge secures with aluminum pins that are mounted in the 
fuselage and pass through the wing securing with cotter pins.  This installation can be seen in 
Figure 20. 

 

 
Figure 20: Wing installation 
  
 The tricycle style landing gear will all remain fixed or with no collapsibility. The nose 
gear is mounted to the nose section and the main gear is mounted to the cargo section.  The 
wheels will also remain attached to the gear.  Due to the strength needed for the gear during 
potentially rough landings and the 3 minute assembly time restriction, the gear was not 
designed to be an assembling feature.  The internal box space packing was adjusted to 
accommodate the gear dimensions. 
 

LANDING GEAR 
 Aluminum and carbon fiber were investigated as main gear materials.  Carbon fiber has 
a better strength to weight ratio but was substantially higher in cost.  Commercially available 
carbon fiber landing gear was located with the needed dimensions and strength, so the higher 
cost was justified to reduce fabrication and design time (Figure 21).  The manufacturer rates 

Steel plates  

Leading edge carbon 
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the gear for a 16lb plane.  70lbs of static weight was applied to the main gear with no 
structural failure to test the strength.  Our airplane weight with our max cargo is 16.75lbs 
giving us at least a 4g landing factor of safety.  It was assumed that anything beyond a 4g 
landing would be considered out of control and that the airplane would suffer other damage 
beyond the gear.  Nearly all of the weight is supported through the main gear so a spring steel 
wire strut, typical of most model aircraft nose gear, was used for the front gear.  Hanger 9 
Pro-Lite 2.25” diameter wheels was used on both the main and nose gears. 

 
Figure 21: Main gear 
 

CARRYING CASE AND PACKING 
 The carrying case was constructed using 0.1875” hardboard for the box walls that were 
bolted to steel L brackets with 8-32x0.5” bolts.  The entire inner surface was covered with 
0.25” insulation foam.  The fuselage assembly is placed at the bottom of the box with the tail 
resting below the cargo section of the fuselage.  The nose section secures to the cargo section 
by hook and loop tape.  The wing panels then rest on the top of the fuselage assembly 
separated with Funfoam.  The transmitter and the rest of the needed flight components are 
organized on the bottom of the box.  The blue insulation foam and Funfoam were chosen 
mostly due to the prior possession of these materials and light weight.  Aluminum handles 
are ergonomically positioned on the sides of the box.  Figure 22 shows the packing 
configuration. 

 
Figure 22: Packing configuration 

 
TOTAL WEIGHT AND COMPONENTS 
 Table 6 displays the component weight, relative position to the CG of that component, 
and the moments of inertia.  Weights of the individual components were determined by using 
a combination of masses of materials and structure weight approximations.  Specific 
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component locations were corrected to ensure the balance of the model.  The payload bay 
resides directly below the CG so that any alteration to the payload weight will have little 
effect on the overall performance of the airplane.  The estimated total empty weight of the 
airplane was 5lb with a max payload total weight of 16lb.  The final constructed airplane 
weight was 6.25lbs and carried a successful payload of 10.5lbs giving a total weight of 
16.75lbs.  The 1.25lb error in weight estimation could be explained through glue usage and 
through rough weight estimations of the building materials and control components.      
 
Table 6: Weights summary 
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CONSTRUCTION 
 
 The construction of a quality model airplane depends on numerous techniques and skills.  
A great deal of explanation could be spent in this subject but it posses little relevance to the 
overall project.  For the sake of this project, only the important techniques and aspects of the 
construction will be addressed.  
 Accurate and quality model airplane building depends on several critical requirements.  
The first of which is beginning with a solid flat building surface.  Model woods are very soft, 
and the structure being built will inherit any warping or defect that the building surface might 
have.  This is a very important fact that the builder should be aware of as a slight warp in the 
wing or tail surface will affect the control of the plane.  The next important practice is to 
have the means of clamping ready.  Weights, pins, or clamps should be ready to go once the 
glue is applied. A good bond is achieved through a tight fit and not through a glue bridge 
between the two surfaces.  As with any building project, the assembly procedure and part 
quality should be examined prior to the construction.  The time should be taken to make sure 
parts fit well and are properly matched.  Once the glue is in place it’s a permanent bond so 
great care should be taken as to avoid gluing parts that do not go together. Being patient for 
the glue to cure prior to handling or continuing construction is another critical practice to 
follow.  Most glues used for model airplane building cure quickly or even instantly, but the 
time should still be taken to allow it to fully cure.  Premature handling could weaken the 
bond or make the joint come apart all together.  The most critical practice to the completion 
of any model aircraft build is checking and rechecking the CG location.  In order for the 
airplane to remain stable it must be balanced to its proper CG location to within 0.125”.  
Balance checking should be done not only at the very end of the build when the propulsion 
system and control systems are installed but also prior to covering the airframe.  The wing 
panel should balance at the half span, and the fuselage should balance along its length.  By 
doing this now, weight adjustment in the frame can be performed and the adding of dead 
weight to compensate for errors might be avoided. 
 Another consideration to the build process is the adhesive selection.  One of the 
strongest glues dealt with is Gorilla Glue.  This brand or type of glue requires a long period 
of time to cure which would make constructing the plane very time consuming in waiting for 
the glue to cure for each build section.  Gorilla Glue also expands as it cures which can add 
further finishing time to clean up joints where the glue has undesirably displaced.  For these 
reasons this glue was not chosen for the build.  The most common model aircraft glue is 
Cyanoacrylate (CA).  This particular type of adhesive cures in a matter of seconds and is 
available in a thin watery consistency that allows for deep penetration into the wood fibers 
for a very strong bond.  CA glue will bond any material but its thin consistency works very 
well for balsa and light ply materials.  Thin CA was the most predominately used glue in the 
construction.  Two-part 30 minute cure epoxy was also used where added strength was 
desired such as the fire wall and the landing gear block.  Two-part epoxies are relatively 
heavy as compared to CA and require a curing time making this type of adhesive not suitable 
for the entire build.  As a means of gap filling and non structural bonding a typical household 
acetone or MEK based cement was used. 
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PART PRODUCTION 
 Full scale 2-D plans of the aircraft frame were first drawn to lay out the parts.  From the 
plans, dimensions were then transferred to the balsa and balsa ply sheet stock for cutting.  A 
scroll saw was then used to cut the parts.  Sand paper and an X-acto blade were then used to 
achieve accuracy and precision in producing the parts.  Keep in mind that the success of this 
method relies on the skills of the builder.  Laser cutting was an option that was not chosen 
due to the cost and also that the builder preferred to do it by hand.  
 

WING CONSTRUCTION 
 The wing construction began with laying out the spar tube over the plans and then laying 
out the wing ribs over the tube at the locations on the plans.  Once the ribs were properly 
aligned, glue was then applied and allowed to cure.  The leading and trailing edge hardwood 
dowels were then inserted and glued in place.  The next step was the sheeting of the top 
portions of the wing.  The top was sheeted first due to the extreme camber of the airfoil. The 
wing is still fragile at this stage and is still susceptible to warping.  The building board was 
used as a clamp to help apply even pressure to reduce warping to the wing as the sheet was 
applied.  With the top fully sheeted the bottom was then sheeted.  After the panels were 
completely sheeted, household cement and light wall patch were used to fill in any gaps.  The 
panels were then sanded with 220 grit sandpaper to smooth the surfaces for Monokote. 
 

FUSELAGE AND TAIL CONSTRUCTION 
 The fuselage construction was fairly simple.  Its box shape allowed for the basic box 
panel assembly to create the structure.  The bottom panel was first laid out and the bulkheads 
were then glued in place followed by the side panels and the top panels.  Great care was 
taken as to make sure the fuselage was built straight.  If there is a small twist or angle in the 
fuselage it will be amplified out by the tail and create control problems.  As with the wing 
panels, glue and light wall patch were used to gap fill and 220 grit paper was used for surface 
finishing to prep for Monokote. 
 The tail was built by cutting the balsa and bass wood sticks to their appropriate sizes 
from the plans and assembling them.  The importance of the flat building surface played a 
significant role to the tail construction.  If there had been any warping in the building surface 
the tail surface would have also been warped thus creating control problems later.  The tail 
structures were also gap filled and sanded in the same manner as the other structures for 
Monokote. 
 

MONOKOTE 
 Monokote is a heat shrinkable plastic film material that is used as a skin for model 
airframe structures.  Monokote has a heat activated adhesive on the back which is used to 
apply the material to the frame with the use of a specific heating iron.  A hot air gun can then 
be used to tighten the material and remove any wrinkles.  This material is inexpensive, light 
weight, and durable which made it an obvious choice for this project. 
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ENGINE, ELECTRONICS, AND SERVO INSTALLATION 
 The engine was bolted to the engine mount and fire wall with 4-40 bolts and lock nuts.  
The fuel tank was installed in its predetermined location behind the firewall and secured with 
latex foam rubber and hook and loop tape.  The electronics such as the receiver and receiver 
battery were secured in their designated location with double sided foam tape. The locations 
of these components were determined through the CG location.  These components were 
placed where the weight was required for the model to balance on the CG.  The servos 
installed with small wood screws and rubber grommets.  The rubber grommets are used to 
suppress vibrations from the engine which can cause radio interference in the servos.  The 
servo links simply bolt on to the servo control horns and control surface horns.  The servo 
link lengths were adjusted to achieve zero deflection at zero control input.  The final CG 
check was performed to complete the construction.  
 
   
 

PROPULSION          
  
 Several problems were posed by the propulsion system.  First an engine had to be chosen 
based upon the rated power output, weight, cost, reliability and availability of each system.  
Once a suitable engine was selected, tests were conducted using various propellers to 
measure engine torque and power. 
 Initially the decision to utilize an internal combustion engine was made.  Secondly a 
variety of engines was looked at by the team before selecting the OS 55AX. 

 
Figure 23: The O.S. 0.55 AX engine 
 
The other proposed engines were the O.S. 46 FX, O.S. 61 FX, Saito 56 and Saito 72.  System 
cost and availability were the teams’ primary concerns.  The OS 55 AX had the greatest 
availability and lowest cost to the team.  It is also a relatively light weight engine for its 
power output as compared to other engines and is very reliable.  For these reasons the OS 55 
AX was chosen.  Wildcat 30% Curtis Youngblood fuel was then selected because of its 
relatively high nitro methane and oil content. 
 Several phases of experimental testing were performed in order to develop an 
appropriate model of the propulsion system.  Torque, power and thrust were all of utmost 
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concern.  Static thrust tests indicated the attainable thrust and RPM’s while torque tests 
yielded the engines torque and power.  All test data was corrected for standard day and then 
used in a piston engine parametric model to extrapolate the engines performance at various 
altitudes and RPMs.  Figure 24 shows the correlated theoretical model and the experimental 
data.  

 
Figure 24: Torque and power produced by the O.S. 55 AX engine 

 
 For the propeller, a representative blade theory taken from Von Mises (15) was used.  
An assortment of various propellers was tested with the engine to determine propeller 
performance.  Experimental testing showed that the propeller which produced the highest 
thrust was 14.2” in diameter with a 4” pitch (14.2x4).  In Figure 24 and Figure 25 the 
correlation between the propellers RPM, power required and thrust is shown.  The 14.2x4 
propeller was chosen because it produced the highest thrust for the least amount of power 
usage. 
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Figure 25: Thrust and power data for 14.2x4 propeller 

 
 After correcting the data for standard day the engines modeled horsepower curve was 
plotted against the power requirement of the 14.2x4 propeller in Figure 25.  From Figures 26, 
the power requirement of the propeller at various speeds closely correlates to the maximum 
power available from the engine.  Also shown is the reduction in thrust output as the velocity 
increases.  This final parametric study was then used to assess the flight characteristics in the 
performance section.  

 
Figure 26: Engine power vs. required propeller power and thrust vs. RPMs 
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PERFORMANCE AND OPTIMIZATION       
 
 The models final performance was evaluated and optimized by incorporating the models 
and analyses performed in the previous sections.  This was done in order to maximize the 
payload weight. 

 
OPTIMIZATION 
 Obtaining the maximum payload fraction for the desired configuration was based on 
numerous independent factors.  The 100 ft takeoff limit forced the group to employ low 
friction drag and a minimum-drag ground roll aircraft orientation.  A high lift airfoil, high 
aspect ratio and accounting for the Cl distribution established the minimal induced drag.  A 
high power, light weight engine was located prior to locating a propeller with the highest 
thrust output.  Various structural configurations were evaluated to minimize the empty 
weight while maintaining structural integrity.  The takeoff limit of 100 ft and the 
unassembled size and assembly time restrictions proved to be the greatest limiting factors for 
the optimization process. 
 

AIRCRAFT PERFORMANCE  
 Estimates of the aircraft performance were readily available from the parametric model 
after determining the final configuration.  The thrust and drag data were compiled and plotted 
against velocity in Figure 27.  While only in-flight drag forces were accounted for in the 
aerodynamics section, a frictional force was added for the ground roll between the surface 
and the wheels.  The highly cambered airfoil produces lift during ground roll which in turn 
induces drag.  The resultant drag loses during ground roll was a noticeable detriment to 
takeoff performance.  A maximum velocity during level flight of 86m/s is achieved when the 
available thrust equals the induced drag. 
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Figure 27: Thrust and drag vs. velocity 
 
 The ground roll distance as the velocity increases during takeoff is illustrated in Figure 
28.  At 95 ft the lift-off velocity of 46.2 ft/sec was achieved - allowing for a margin of error 
in the approximate calculations.  The lift generated during takeoff is also captured.  Both the 
angle and rate of climb during takeoff were plotted as functions of velocity in Figure 29 and 
30.  The values in both cases are zero during the takeoff run.  At a lift-off velocity of 46.2 
ft/sec, the model shows the aircraft leaving the runway with a climb angle of approximately 
16 and a climb rate of 800 ft/min.  

 
Figure 28: Ground roll vs. velocity 
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Figure 29: Climb angle vs. velocity 

 
Figure 30: Rate of Climb vs. velocity 
 

TESTING AND PROOF OF DESIGN 
 
 The design was very successful through all of its first trials and testing.  The plane 
assembles on average in around 2.5 minutes by two people.  The plane performed well in 
carrying 10.5lbs in under a 100ft take off.  The plane also flew very stable and can land 
easily within 200ft.  The durability of the plane was proven as the plane has flown at least 12 
times with no signs of structural damage or fatigue.  The plane has also proven to be durable 
through numerous assembling and disassembling as nothing has shown signs of damaging 
wear.  The plane met the maneuverability requirements as it has a loaded climb rate of 
800ft/min, a roll rate greater than that of one roll per second, and an empty weight wing 
loading around 18oz/ft2.  The plane placed 5th out of 13 competing teams in the 2009 SAE 
Aero Design® Micro Class competition. 
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CONSIDERATIONS FOR FUTURE DESIGN IMPROVEMENTS 
 
 The greatest future design consideration would be a lighter airframe.  It was a difficult 
challenge to determine how durable to make the plane while still maintaining a light weight 
structure.  Due to our time constraints, our fuselage and wing may have been slightly over 
designed and further structural analysis might prove a more light weight design while still 
maintaining some durability.  This was the biggest downfall to our contest scoring as well.  
In order to maintain maneuverability and durability our plane was designed larger and 
stronger thus being heavier than most other competing airplanes.  The lower the empty 
weight of the plane results in a better score.  Improvements in the wiring could also be 
examined for future designs.  The exposed wiring to allow for the nose to cargo collapsibility 
is not very clean to the eye or air.  A rewire could improve the looks and slightly improve the 
performance.  The plane performed very well aerodynamically and the only improvement 
consideration could be the use of an airfoil in the tail surfaces.  This would improve the 
control and stability of the plane and may allow for a shorter tail length.  The added time 
involved in the building proved that a tail with an airfoil was not worth the benefits for this 
particular project but could be if time was not as great of concern.   
  

SCHEDULE 
 Table 7 indicates important project and contest dates for reports, testing, and competing.  
All of the tasks were completed on time but keep in mind that a great deal of time was spent 
closer to the deadlines for many of the tasks in order to complete on time.  Set backs in 
material delivery and minor design changes did occur but did not affect the meeting of any 
deadlines.  For a full schedule see Appendix D. 
 
Table 7: Important project dates. 

Task: Due Date  
Completed 
Date 

Design freeze 2/2/2009 2/2/2009 
Contest report 2/19/2009 2/19/2009 
Design Report I 3/9/2009 3/9/2009 
Completion of building 3/22/2009 3/22/2009 
Competition 4/3/2009 4/3/2009 
Demonstration of proof of design 4/27/2009 4/27/2009 

Tech Expo 5/7/2009  5/7/2009 

Oral report design II 5/26/2009  5/26/2009 

Design report II 6/12/2009  6/12/2009 

 

BUDGET 
 Table 8 shows the projected costs of the project details.  The forecasted cost of the 
project was estimated to be $1,536 with and actual cost of $1,159.  This gave a difference of 
$377.  The cheaper cost can be explained through the use of smaller servos than originally 
anticipated and through the use of less expensive links and hardware.  The lower cost was 
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also due to the use of less expensive container materials. 
Table 8: Budget. 
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Interview 9/27/2008 
Ric Musselman, radio control enthusiast  
513-371-2435 
ricmussman@hotmail.com 
Enjoys aerial photography with the use of model airplanes 
Slow electric planes are best for use with aerial photography 
Requires large transportation space 
Takes too long to assemble and disassemble for flight 

 
Parkflyer radio controlled plane features a pod and boom 
construction with foam wing and electric “pusher” 
propulsion. 

• Easily assembled 
• Stable flight 
• Slow flight 
• Electric powered 

http://www.flyzoneplanes.co
m/airplanes/hcaa41-
skyfly2/index.html 
Skyfly 2, Electric trainer 
plane, Hobbico(Flyzone) 

No cargo capability 
Easily assembled 
Ground takeoffs 
Small package 
Electric powered 
Hand launch option 

 
Radio controlled nitro powered plane.  Features quick 
assembly, all wood construction and nose mounted nitro 
engine. 

• Easily assembled 
• Stable flight 
• Slow flight 
• Nitro powered 

http://www.hobbiconexstar.co
m/nexstar-select/index.html 
Nexstar Select, nitro trainer, 
Hobbico 

Spacious fuselage 
Easily assembled 
Requires large area for storage 
Nitro powered 
Requires large runway 
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Draganfly Tango aircraft with aerial camera technology cargo.  
Rare Earth magnets are used to attach components for a 5 minute 
assembly time. Easy to operate.  Electric powered.  Tandem 
wings for slow stable flight.  Bungee launching system that 
assembles in three minutes.  Sturdy transport casing.  Automatic 
flight system that controls the plane if heading towards the 
ground.  Composite construction.  Customizable for different 
camera equipment. 

• Wingspan: 60 in (1500mm) 
• Wing area: 900 sq. in (60 sq. dm) 
• Length: 48 in (1200mm) 
• Weight:  

o Basic (1 hour duration) 5.3 lbs (2300g) 
o Payload 3.5 lbs (1700 g) 

• Maximum airspeed: 60 mph (100 km/h) 
• Loiter speed: 25 mph (40 km/h) 
• Maximum duration: 5 hours 

 

http://www.draganfly.com/uav-
airplane/tango/ , 9/26/08 
 Radio Controlled Airplane, 
Tango-Video and Photography 
capable.  

Expensive 
Requires special 
bungee launch system 
Fast assembly 
Fits into sturdy case 
for transport 
Electric powered 
Customizable cargo 
space 
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http://www.multiplexusa.com/m
odels/kits/cularis_.php/,  9/26/08 
 
Radio Controlled Airplane, 
Cularis-Electric Powered Glider 

Broad speed range and capable of aerobatics. Thermaling 
capabilities.  Electric powered. Uses a mechanical wing 
latching system to automatically lock wings and connect wing 
servos.  ELAPOR foam construction.  Removable tail. Two 
carbon wing spars for extra strength.   
Model Specifications 

Wing Length: 102 in. 

Wing Area: 852 sq. in.  

Wing Loading: 418 sq. in.  

Fuselage Length: 49 in. 

Weight (English): 49 oz. Glider | 59 oz. Electric 

Flight Characteristics: Glider, Sail Plane 

Target User: Advanced-Intermediate 
 

No cargo compartment 
 
Foam construction  
 
Hand launched 
 
Mechanical wing 
latching system 
 
Removable tail 
 
Electric powered 

Similar MET Senior Design Project 
 
 

Portable High Performance 
Model Aircraft; Gettler, R.; 
OMI College of Applied 
Science, University of 
Cincinnati, 2005 

Portable Electric Flying Wing 
No cargo capabilities, designed to fit inside a briefcase, case 
not included, foam construction, no assembly prior to flight, 
short flight duration, top speed 70mph, cost of $154. 

• Wingspan: 16.2 inches 
• Length: 9.42 inches 
• Height: 2.77 inches 
• Weight: 0.5 pounds 

 

No cargo space 
No carrying case 
Electric powered 
Foam construction 
High speed 
Good manuverability 
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The Eclipse II portable shelter is designed to be easily and quickly 
set-up buy 1 or 2 people.  It also collapses into a small custom bag 
for easy storage. 

• Special Formulated High Strength Steel or Aircraft Grade 
Aluminum  

• Patented, Elevated Center Design for Increased Headroom  
• Telescoping Legs Lock Into Place Using the New Toggle 

System 
• Patented One-Piece Instant Frame (Sets up in seconds!™) 
• Double-Braced Oval Shaped Trusses 
• Steel Reinforced Strengthened Outer Leg  
• Pull-Pin Auto-Slider® for Quick Lock Release  
• Bolt-on Top Protects Against Wear and Tear  
• Redesigned Footpad for Increased Durability 
• Custom Graphics and Designer Fabric Colors Options  
• Cover Bag  

 

Easy set-up 
 
Fast set-up 
 
Quick latch 
fasteners 
 
Comparably very 
large 
 
Includes carrying 
case 
 
 

 

Vortex Extreme 3 Channel RC Airplane with Eyecam 
video bundle. 

• Relatively inexpensive $299 
• Externally mounted camera No internal bay 
• Electric powered 

• Wingspan: 40" (100 cm)  
• Wing Area: 217 sq in  
• Length: 30" (75 cm)  

• Weight: 1.1 lbs (0.48 kg) 
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