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INTRODUCTION

SAE holds twelve different collegiate design

competitions annually. One of the competi-

tions is the Aero Design Challenge, a competi-

tion to design, build, and test the performance

of an air scale vehicle. The competition is di-

vided into three divisions: Micro, Regular, and

Open Class. Micro Class has more challenges

pertaining to the weight and size constraints

of the aircraft; Regular Class is the entry-level

competition; and Open Class is more difficult

due to little limitations on the design param-

eters and the requirement to take off from a

non-developed airstrip.

UAV’s are of high interest to many people in

many applications. The military is the number

one source that desires the development of mi-

cro UAV’s and technology has made this pos-

sible. The Micro Class competition requires

aircraft that are portable, have a payload area

that could hold a video or still camera, and be

quick and easy to assemble by a team of two

people.

This team’s objective was to design and build

a highly competitive Micro Class aircraft for

entry in to the SAE Aero Design Challenge.

We believe we have achieved this by extensive

research in to the methods of remote-control

aircraft design, construction, and operation;

detailed in the following report.

REQUIREMENTS

The Micro Class division of the SAE Aero De-

sign competition requires participants to engi-

neer a small remote-controlled aircraft that is

easily disassembled, and is capable of carrying

a payload. The scoring equation drives teams

to create an aircraft that can carry the a large

payload, while keeping its empty weight to a

minimum. The aircraft must contain a pay-

load compartment that fits an 8 in×4 in×3 in

rectangular prism.

The aircraft’s components and its controller

must fit in to a carrying case that has interior

dimensions of 20 in× 20 in× 20 in. Two peo-

ple must be able to take the aircraft from its

carrying case and fully assemble it in under 3

minutes. The aircraft is considered “fully as-

sembled” when the radio controller is used to

actuate the control surfaces of the aircraft.

The aircraft must be able to takeoff within

100 ft, fly a circuit of the flying area, and land

within a designated landing zone 200 ft long.

During the flight, the aircraft must maintain
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controllability so as to not pass into the no-

fly zones. The aircraft must remain intact

throughout the flight and landing, with the

exception of the propeller, which may be dam-

aged upon landing.

The scoring system necessitates that, for a

competitive score, the aircraft must be both

as light as possible and carry as much weight

as possible.

DESIGN OVERVIEW

DESIGN PLAN The first step in design of

the aircraft was to select a configuration. The

team chose a traditional monoplane, due to

the simple nature of the analysis required to

evaluate a monoplane design. It was decided

that the wing should be on top of the fuselage,

for roll stability. To maximize lifting area, the

team determined that the main wing would

disassemble in to two halves, each which would

fit inside the carrying case. To construct an

appropriately large fuselage that will also fit

in the carrying case, the fuselage must also

disassemble in to two parts, and the tail must

detach from the fuselage.

An analysis of the structure factors of the fuse-

lage, tail, and wing of last year’s winning Mi-

cro Class competitor from the University of

Minnesota gave the team a rough estimate of

the weight per unit area and volume of the

components of the type of aircraft we were

building. Further examination of power load-

ing and wing loading of comparable model air-

craft allowed the team to optimize the design

with respect to the flight score equation within

the constraints of carrying case dimensions.

Figure 1: Complete aircraft structure design.

DESIGN EXPOSITION The driving pa-

rameters of this design were to engineer an

aircraft of minimum empty weight, which can

carry a significant payload fraction. Another

goal was, whenever possible, to design the air-

craft for ease of construction. In order to meet

the design criteria of fitting in the carrying

case, the aircraft had to be broken down into

several parts. The wing is composed of two

halves which connect to the fuselage. In addi-

tion, the fuselage separates at the point where
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the payload box connects with the beginning

of the tail arm.

The electronics and propulsion components se-

lected are comprised of the lightest commer-

cially available products that the team was

able to find that still effectively power the air-

craft and actuate the control surfaces. The air-

craft is powered by the Electrifly Rimfire 28-

26-1600 electric motor along with a 9x4 pro-

peller.

The fuselage is rectangular in shape. The main

box of the fuselage has a height of 4.8 in, a

width of 4.75 in, and a length of 11 in. The

nose section of the fuselage is 7 in long, and the

tail moment arm is 28 in. The nose and tail

sections provide smooth aerodynamic transi-

tions on the fuselage to minimize drag.

The wing disassembles in to two halves for

storage in the carrying case mandated by the

rules. It has a rectangular plan form, for

ease of construction and maximum lifting area.

The wing uses an S7055 airfoil section, chosen

for both sufficient lift capabilities and manu-

facturability. The internal structure features

a main spar at the aerodynamic center of the

wing, with perpendicular ribs that define the

shape of the wing. The wing has flaperons,

control surfaces that act both as lift-increasing

flaps and ailerons that control the roll rate of

the aircraft.

The tail features a conventional design, with

the horizontal stabilizer at the base of the ver-

tical stabilizer. Both the horizontal and ver-

tical stabilizer have a flat plate cross-section

to minimize weight and facilitate construction.

Both portions of the tail have control surfaces

on their entire trailing edges, serving as the

elevator and rudder of the aircraft. The air-

Table 1: Design parameters of the wing and
tail

Main Horiz. Vert.
Wing Tail Tail

Cross-Section S7055 Flat Flat
Span Length 50.0 in 17.4 in 6.3 in
Root Chord 12.0 in 7.3 in 6.95 in
Aspect Ratio 4.21 2.66 1.03
Taper Ratio 1.0 0.8 0.75
Sweep Angle 0◦ 9.75◦ 12.4◦

% Control Surf. 21% 40% 40%

craft is expected to have an empty weight of

no more than 21 oz, and will carry a payload

of up to 74 oz, for a maximum payload frac-

tion of 0.76. When carrying its maximum pay-

load, the aircraft will cruise at approximately

25 MPH.

LEVEL-ZERO SIZING The starting

point of sizing the aircraft was first to under-
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stand the flight score equations. The flight

score FS for a flight is given by [1]:

FS = (10− EW )× PF × 13 (1)

PF =
EW

EW + PW
(2)

where EW is the aircraft’s empty weight, in

pounds; and PW is the weight of the car-

ried payload, in pounds. Thus, the total flight

score is a function of the empty weight of the

aircraft and the payload carried by it, as shown

in Figure (2).

Figure 2: Flight score plotted against empty
weight and payload weight.

The first step in sizing the aircraft was to

examine existing radio controlled aircraft to

determine acceptable specifications for wing

loading and power loading. Higher wing load-

ing was determined to be desirable, as it re-

sults in less empty weight per unit of payload

lifted. Similarly, minimizing power loading re-

sults in a lower empty weight due to smaller

electronics. Based on information found in

Lennon[4] for aircraft of similar size, the team

chose a wing loading of 25 oz/in2 and power

loading no lower than 35 W/lb.

The second step was to examine the Micro

Class aircraft that the University of Minnesota

built last year. By disassembling it and weigh-

ing the components, the team was able to de-

termine a formula for the weights of the wing

and tail based on their plan form area, and the

fuselage based on its length.

Next, an Excel spreadsheet was created that,

given a wing size and desired wing loading,

would calculate an empty weight for the struc-

ture of the aircraft and maximum takeoff

weight. Using the resulting takeoff weight, the

team chose a motor and associated electronic

systems in order to achieve the desired power

loading specification. Adding the weight of the

electronics to the weight of the structure re-

sulted in the design empty weight of the air-

craft.

Once the electronics were specified for a de-

sign, the wing area and the other parameters

that follow were varied to maximize the flight

score of the aircraft. If needed, the electron-

ics were re-specified, and the process was re-
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Figure 3: Flight score plotted against payload
weight. Each dark curve represents a differ-
ent empty weight, indicated at the top of the
plot. The black dot indicates the location of
the designed aircraft.

peated. After several iterations, the process

converged to a conceptual aircraft with a wing

area SW = 543 in2, chord cW = 12 in, a tar-

get empty weight of 20 oz, and a maximum

payload of 74 oz, leading to a payload fraction

of 0.76, and a flight score of 89.6. Figure (3)

shows the designed aircraft’s location on the

scoring curve.

WING DESIGN

The size of the wing was a major constraining

factor in the level-zero sizing of the aircraft;

the Micro Class carrying case allows for a max-

imum wing length of about 28 in with a 12 in

chord, by placing the wing across the longest

diagonal of the carrying case. By designing the

wing to disassemble in to two parts, the team

was able to achieve a 50 in span, resulting in

543 in2 of lifting area.

Figure 4: Wing Structure Design.

SHAPE AND SIZE The wing was chosen

to have a rectangular plan form to maximize

the lifting area. No taper, sweep, or twist

were included, because the team decided that

the aerodynamic benefits of these features was

outweighed by those of simplifying construc-

tion. 3◦ of dihedral were added for enhanced

lateral stability.

AIRFOIL SELECTION The airfoil shape

was kept simple for ease of construction and

strength. Because the overall design of the

aircraft is very lightweight, it was determined

that an extremely high lift airfoil featuring

high camber and a thin trailing edge was not

necessary; the S7055 flat-bottomed airfoil sup-

plies adequate lift, while being thick enough to

contain a sturdy internal structure, and has

no inward camber or thin trailing edges that

would make construction and skin application

difficult.
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Figure 5: S7055 Airfoil, used as the cross-
section of the main wing.

PERFORMANCE SPECIFICATIONS

According to level-zero sizing, the wings are

required to lift 5.89 lb. The lift curve data

for the S7055 Airfoil [6] at an angle of attack

α = 4◦ gives CL = 0.79. Therefore, according

to

L = 1/2ρV 2CLS, (3)

the wing will be capable of lifting 7.13 lb at

the cruising speed of 25 MPH determined by

level-zero sizing, resulting in a safety factor of

1.22 with full payload.

WING STRUCTURE The wing will be

constructed using a traditional spar-rib layout:

a primary spar across the span of the wing acts

as an anchor for all of the components of the

wing and transmits the wing loads to the fuse-

lage. Attached to the wing are chord-wise ribs

that define the airfoil shape of the wing, and

transmit the aerodynamic loads to the spar.

The spar is at the aerodynamic center of the

wing (the quarter chord), where there is zero

net torque on the spar, reducing the torsional

load on the spar, which in turn reduces its

weight. The quarter chord is also near the

point of maximum thickness of the S7055 air-

foil, allowing for a large spar to be built within

the wing.

Several concept test spars were designed and

built to determine the best spar configuration.

Spars tested included an I-beam, a C-channel,

a two-part spar, and a box beam. Each spar

was put through an identical three-point bend-

ing test to determine its flexural and ultimate

strength. Through this test, the best design

for the wing spar was determined to be a box

beam, formed by adding webbing to a two-

part spar: A larger balsa spar is on the top

and bottom surfaces of the wing, joined by

webbing for additional strength. Holes were

cut in the webbing for weight savings.

The wing structure will be covered in

lightweight Monokote film to provide a smooth

aerodynamic surface on the wing. This has

the added effect of tying together all the in-

ternal structural components and completing

a torque tube, giving the wing additional
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Figure 6: Detail of the wing spar, showing the
box beam and holes in the webbing.

strength in all degrees of freedom.

WING ATTACHMENT The two halves of

the wing will be attached to not only the fuse-

lage, but also each other to ensure that the

fuselage does not have to carry a large bend-

ing load due to the cantilevered nature of the

wing. This is achieved by manufacturing the

left and right spars such that, at the root, each

half of the wing composes one half of the box

beam structure. Then, these two halves are

bolted together to form one continuous wing.

The same bolts used to attach the wing halves

to each other also fasten it to the fuselage.

Full-scale prototypes of the wing and fuselage

were built and tested. The wing attachment

mechanism held over 50 lb without failing, giv-

ing a safety factor of 2.8 in a 3g loading sce-

nario.

FUSELAGE DESIGN

FUSELAGE DESIGN The design con-

straint with the most impact on the fuse-

lage design was the payload box dimensions

of 8 in × 4 in × 3 in. To accommodate this,

the fuselage was designed to be rectangular,

with the long axis of the box down the center

line of the aircraft. The payload box was ori-

ented with the 4 in dimension horizontally to

minimize the height of the fuselage and give a

wider area above the box to attach the wings.

Figure 7: The fuselage structure design.

The nose and tail fairing sections were de-

signed using standard aerodynamic rules of

thumb. The nose is about 1.5 times the maxi-

mum width of the fuselage, and the tail fairing

section is about 3.5 times the maximum width

of the fuselage, to ensure that there is no flow

separation around the fuselage, so that mini-

mum drag is achieved.
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FUSELAGE CONSTRUCTION After

considering carbon fiber and other materials

for the fuselage, balsa wood was determined

to be the best material for the majority of the

structure. According to the team’s analysis,

the extra strength of composites was not

worth the additional weight. Most of the

fuselage is made of 1/16 in balsa sheet with

1/8 in or 3/16 in balsa stick glued in corners

for reinforcements. The nose of the plane is

constructed with 1/16 in plywood to ensure it

can adequately transmit the loads of the mo-

tor to the fuselage. The wing attachment and

joint between fuselage sections are built with

1/8 in plywood for strength, since it is critical

that these components do not fail. The parts

were cut on a laser cutter for accuracy and

glued together with cyanoacrylate adhesive.

TAIL DESIGN

The tail features a conventional design, with

the horizontal stabilizer at the base of the ver-

tical stabilizer. Both the horizontal and ver-

tical stabilizer have a flat plate cross-section

to minimize weight and facilitate construction.

Both portions of the tail have control surfaces

on their entire trailing edges, serving as the

elevator and rudder of the aircraft.

Figure 8: Tail structure design.

HORIZONTAL STABILIZER The area

SHT of the horizontal tail was calculated by

SHT = CHT
cwSw
lHT

= 116 in2 (4)

where the horizontal tail volume coefficient

CHT = 0.5. This value is slightly smaller than

the minimum recommended in Lennon[4], but

it was shown to be adequate in last year’s top-

scoring University of Minnesota Micro Class

entry.

VERTICAL STABILIZER The area SV T

of the vertical tail was calculated by

SV T = CV T
cwSw
lV T

= 38 in2 (5)

where the vertical tail volume coefficient

CV T = 0.04. Similar to the sizing of the

horizontal stabilizer, this value is slightly

smaller than the minimum recommended in

Lennon[4], but it was again shown to be ade-
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quate in last year’s entry.

CONTROL SURFACES

FLAPERONS Flaperons are used in the

design primarily to give the aircraft roll con-

trol. In addition, they double as flaps, for

added lifting capability during takeoff and act-

ing as air brakes when landing. The flaperons

span 85% of each wing’s semi-span to achieve

a large amount of roll authority and extra lift

when needed. 25% of the wing’s chord length,

as recommended by Lennon[4].

Flaperons were chosen over the more tradi-

tional set up where there are two ailerons and

two flaps because of the savings in weight, as

less control linkages and servos are required.

Other considerations included the cost savings

by not having to purchase more electronics,

easier first flights with less control surfaces,

and overall simpler construction.

ELEVATOR From Corke [3], the elevator

area is nominally 40% of the horizontal stabi-

lizer:

SElev = 0.4× SHT = 46.4 in2 (6)

RUDDER From Corke [3], the rudder area

is nominally 40% of the horizontal stabilizer:

SRudd = 0.4× SV T = 15.2 in2 (7)

CONTROL SURFACE CONSTRUCTION

The flaperons will be constructed from foam

in order to preserve the integrity of the air-

foil’s shape, while the rudder and elevator will

be constructed from a balsa wood framed flat

plate covered in Monokote. Four servos will

be used to actuate the control surfaces: one

for each flaperon, one for the rudder, and one

for the elevator. Piano wire control rods will

connect the servos to control horns on each

control surface.

A medical tape called “Blenderm” will be used

to hinge the control surfaces. Tape provides

many advantages over a conventional hinge: it

is lightweight, easy to install, and it has been

shown to provide a damping effect to prevent

control surface flutter.

LANDING GEAR

The “tail dragger” landing gear configuration

was chosen for the aircraft over a conventional

three-wheel layout because of its light weight
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and simplicity. The rear “dragging” wheel

does not have to be very strong, thus effec-

tively limiting the structure of the system to

the main landing gear. In addition, because

the rear wheel is in the back, only a simple

linkage is needed between the rudder and rear

wheel for steering control, instead of a sepa-

rate linkage to the front of the aircraft. This

configuration also has the added benefit of in-

creasing the aircraft’s angle of attack on take-

off.

The main landing gear for the aircraft must

be strong enough to withstand a 3g load from

the combined airframe and payload, equal to

18 lb. It must also be rigid enough to prevent

excessive deflection (determined to be 0.5 in)

at the maximum 3g loading and at the same

time be as light as possible. Landing gear from

similarly sized model aircraft lead the team to

select a 10 in span between the wheel struts.

The size of the propeller required the height

of the gear to be no less than 3 in. The place-

ment of the landing gear was dictated by where

the strongest connection could be made to the

fuselage, and far enough forward of the center

of gravity to keep 10-15% of the weight on the

rear wheel.

Figure 9: The landing gear design.

The team determined that all the commer-

cially available gear in the desired size and

strength were too heavy for this application.

Based on previous experience with compos-

ites, the team felt confident that it was pos-

sible to construct custom carbon fiber land-

ing gear that would weigh less than commer-

cially available solutions. Three prototypes

were constructed, varying the number of layers

of fabric as a test parameter. These prototypes

were then loaded statically as shown in Figure

(10).

Figure 10: Static testing apparatus used to
determine landing gear strength.

The results of the test are listed in Table 2.

From these tests, it was determined that the

extra strength and safety factor of the 7 layers

14



Table 2: Landing gear prototype static loading
test results.

Fabric Load at
Layers Weight Failure

4 31.5 g 19 lb
5 35.5 g 24 lb
7 36.5 g 30 lb

of fabric was worth the extra 5 g of material

over the 4- and 5-layer models. Lightweight

plastic wheels were attached to the composite

struts with a solid wire axle between the two

wheels.

PROPULSION

The propulsion system must be powerful

enough for the aircraft to take off in less than

100 ft, and must do this when carrying even

its maximum possible payload. Other factors

considered were commercial availability, relia-

bility, and ease of use.

A study was done comparing the use of an

electric motor and a gas engine. Due to the

scale of the aircraft, it was decided that an

electric motor would be better suited to the

requirements: electric motors can supply am-

ple thrust while remaining lightweight and are

also gentler on the aircraft due to reduced vi-

bration over gasoline engines. Electric motors

have the added benefit of being significantly

easier to use and maintain.

After the decision to use an electric motor was

made, a more in-depth study was conducted

to determine the motor and battery combi-

nation that would result in the highest flight

score. To aid in this decision, a MATLAB pro-

gram was developed that analyzed the theoret-

ical power output for different motors, battery,

and propeller combinations based on the mo-

tor and battery’s electrical properties. This

analysis narrowed the selection to two motors:

the Purple Peril from Little Screamers, and

the Rimfire 28-26-1600 from Electrifly. These

motors were then compared with two differ-

ent Lithium Polymer batteries from Thunder-

power, a 730 mAh, 11.1 V battery pack and

a larger 910 mAh, 11.1 V pack. While the

730 mAh pack is lighter, the 910 mAh pack

has a greater current limit and can therefore

provide more power.

Analysis of the takeoff roll and the scoring

equation showed that, although the Rimfire is

heavier than the Purple Peril, when combined

with the 910 mAh battery, it yields a higher

potential flight score.

Therefore, the choice was made to use the

Rimfire 28-26-1600 in conjunction with the
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Thunderpower 910 mAh, 11.1 V LiPo battery.

The same MATLAB simulation of the motor

was also used to determine the optimal pro-

peller for this motor-battery combination. Re-

sults can be seen in Figure (11). Using these

Figure 11: Theoretical Thrust vs. Speed for
Rimfire 28-26-1600 motor and ThunderPower
910 mAh, 11.1 V LiPo battery pack using 9 in
diameter propeller at various pitches.

results and the predicted speed required for

level flight (known from Level-Zero Sizing), it

was concluded that a 9x4 propeller was the

best for this aircraft, as it would give sufficient

thrust for all foreseeable speeds of the aircraft.

ELECTRONICS

After choosing the motor and propulsion bat-

tery, the rest of the electronics were chosen

to fit with this configuration while minimizing

weight and maximizing reliability. The other

components include a 20 A Hacker X-20-PRO

speed controller, a Futaba RG17FS 2.4 GHz

spread-spectrum radio receiver, a 4.8 V NiMH

battery pack to power the receiver, two Scan-

ner RC Ball Bearing servos to actuate the flap-

erons, and two Blue Arrow Micro servos to ac-

tuate the elevator and rudder.

A diagram of the wiring of the electronics is in

Appendix A.

PERFORMANCE ANALYSIS

Lift is of course the primary concern of a com-

petitive heavy-lift aircraft. However, of sec-

ondary concern, but still essential, is an air-

craft’s ability to perform its intended function

well. The aircraft must have low enough drag

(or high enough power) to produce the forward

velocity to provide the required lift and take

off within a prescribed distance. In addition,

the aircraft must be dynamically stable while

in the air, which is mostly a function of the

location of critical aerodynamic components

relative the center of gravity.

DRAG ANALYSIS A drag analysis,

shown in Figure (12), was performed based

on Dr. Leland M. Nicolai’s White Paper on

estimating the performance of R/C aircraft
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[5]. It was assumed that the drag due to

Figure 12: Drag polar curve generated from
Nicolai’s method of drag analysis.

the landing gear and the engine would be

negligible compared to other components, and

thus those components were left out of the

calculation. For the aircraft, using Nicolai’s

method [5]:

CDmin
= 0.022 (8)

Professor Jeff Hammer, a University of Min-

nesota instructor, supplied his own drag anal-

ysis spreadsheet, which he had previously de-

veloped, to the team. The spreadsheet pre-

dicted that CDmin
= 0.023, which is in agree-

ment with Nicolai’s method. The value for

CDmin
is useful in creating a drag polar curve,

and providing a good drag estimate for takeoff

roll approximations. Wind tunnel data for the

S7055 airfoil obtained from the University of

Illinois at Urbana-Champaign [6] was used to

complete these calculations.

3D DRAG EFFECTS Wingtip vortices

occur on any finite wing when it produces

lift. The effect of this is an induced down-

wash across the wing cross-section, which re-

duces lift and increases drag. The team con-

sidered using winglets or other vortex-reducing

devices on the wingtips, but it was determined

that adding such a device would increase the

size of the wing enough that it would not fit

in to the aircraft’s carrying case. In addition,

the specified motor has enough excess power

to overcome the drag due to wingtip vortices.

TAKEOFF ANALYSIS Rule 20.1.2 for

the SAE Aero Design competition states that

“Micro Class aircraft must lift from the ground

within a takeoff zone measuring 100 feet in

length.” Again, using Dr. Leland M. Nicolai’s

White Paper [5], a takeoff roll approximation

was made using the results from the drag anal-

ysis and airfoil data on the S7055 from the

University of Illinois at Urbana-Champaign,

shown in Figure (13). Like Nicolai’s analy-

sis, this is a conservative one, assuming that

the aircraft will be taking off in atmospheric
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Figure 13: Takeoff Distance vs. Payload. The
circular markers denote values from Profes-
sor Hammer’s code, while the diamond-shaped
markers denote values from the code that used
Dr. Nicolai’s method. The colors blue, red,
and green refer to maximum coefficient of lift
values of 1.1, 1.3, and 1.5, respectively.

conditions at 3000 ft above sea level, and only

using 80% of the available power.

In this simulation, the empty weight of the air-

craft was assumed to be 1.28 lb. The payload

and lift values were varied to simulate different

loading conditions and flap settings. Again,

Professor Jeff Hammer provided a good com-

parison tool, this time in the form of a MAT-

LAB/Simulink code which simulated the take-

off of an aircraft. The results from both meth-

ods agreed, thus confirming the results.

STABILITY ANALYSIS In order to suc-

cessfully fly, the aircraft designed must have

static stability. A longitudinal controls-fixed

stability is achieved when [2]:

dCm

dCLW
= (h− h0)− ηVT

(
a1

a

(
1− dε

dα

))
< 0 (9)

where h = 0.25 is the location of the center of

gravity from the leading edge of the wing, h0 =

0.25 is the location of the aerodynamic center

of the wing, η = 0.6 is the stabilizer efficiency

for a conventional tail [7], VT is the tail volume

coefficient. a1 = 3.12 rad−1 is the lift curve

slope of the horizontal tail, a = 4.12 rad−1 is

the lift curve slope of the wing. Both lift curve

slopes were calculated using thin airfoil theory

and correcting for finite wing effects using the

aspect ratio AR [5]:

a =
2πAR

2 + (4 + AR2)1/2
(10)

dε
dα

is the change stabilizer downwash angle ver-

sus the change in wing angle of attack. Typical

values for the change in stabilizer downwash

angle versus the change in the wing angle of

attack are between 0.33 to 0.5, so a value of

0.4 was used [7].

Using Equation (9), the stability margin Kn

for this aircraft is

Kn = − dCm
dCLW

× 100% = 14% (11)
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The neutral point is another useful parameter,

as it provides a good reference point for locat-

ing the center of gravity. The neutral point

is defined as the point where all of the aero-

dynamic forces are in equilibrium with each

other. The neutral point hn is calculated by

[2]

hn = h0 − ηVT

(
a1

a

(
1− dε

dα

))
= 0.39 (12)

It is important to note that when the aircraft

is empty, it is unstable. Only when carrying

a payload, strategically placed in the payload

box, is stability achieved. This is not a con-

cern, as the predicted payloads are much heav-

ier that the predicted empty weight of the air-

craft, thus making it easy to shift the aircraft’s

center of gravity. The minimum load that the

aircraft can carry while maintaining stability

is 29 oz, located at the front limit of the pay-

load box.

FUSELAGE STRUCTURAL ANALYSIS

After the selection of the fuselage design,

a finite element analysis was performed on

the computer model using the ANSYS 11.0

software package. The objective of this was

to estimate the location and magnitudes

of the stress concentrations as well as the

resulting deflections. Assumptions were made

of the non-isentropic balsa wood to approxi-

mate isentropic behavior. This included the

assumption that the loading would occur

against the grain of the wood to maximize

the strength of the material. This is a good

assumption because the airframe will be con-

structed with this as a guiding principle. The

properties were then generalized according to

the properties specified by the retailer Tower

Hobbies. The balsa used had a specified den-

sity of 10 oz/ft3, with compressive strength of

1890 psi and tensile strength of 1910 psi.

The applied loads were: 4.8 lb distributed load

on the payload box, 6.0 lb distributed load

across the wing spar support box, two 3.0 lb

point loads at the landing gear and a 0.5 lb

load distributed across the last 5 in of the tail

spar. All of these loads were multiplied by a

safety factor of 3.

The resulting simulation created several points

of interest. As discussed previously, the fuse-

lage is collapsible into two pieces about the

center. The connection points created a lo-

cal maximum stress of 1336 psi. The result-

ing deflection of the tail under a triple loading
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was only about 0.25 in, resulting in an angle

of attack adjustment of 2.8◦. The last area of

interest occurred about the two points of con-

tact for the landing gear which created local

stress concentration of 1913 psi. These results

were integral in the design of the fuselage fail-

ure test as well as highlighting areas to reduce

structurally to save weight.

Figure 14: Finite Element Analysis of the fuse-
lage. Analysis was performed on only half of
the fuselage due to symmetry. A stress con-
centration of 1913 psi was found at the landing
gear contact points.

Figure 15: Finite Element analysis of the tail
section of the fuselage. Max deflection at the
tail is 0.25 in from a 3 lb distributed load on
the tail area.

PROTOTYPE BUILDS

Before this project, the team collectively had

very little experience with building remote

control aircraft. Therefore, building a prelimi-

nary prototype of our design not only reme-

died this situation, but allowed for verifica-

tion of design manufacturability and strength.

During the build, we were able to identify sev-

Figure 16: Prototype build of the aircraft de-
sign, without the tail.

eral areas of improvement in the team’s de-

sign. There were several areas in the wings

that needed re-enforcement, and several ar-

eas in the fuselage that could be lightened up

from the original design. To quantify these

observations, the wings, fuselage and landing

gear were statically loaded to determine points

of failure. These revisions were added to the

model and will be incorporated in the next

version of the aircraft, which will be built to

fly.
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CONCLUSION

Designing and building a Micro Class aircraft

was both challenging and exciting. The team’s

goals of minimizing weight and ensuring ease

of construction, our effort to fully understand

the scoring equation, and knowledge of pre-

vious successful designs allowed us to justify

our design decisions in a timely manner. The

knowledge gained from last year’s University

of Minnesota team was of key importance in

that it provided a baseline for work done this

year.
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