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1. Abstract

This report describes the A-Team’s airplane design for the 2005 SAE Aero Design West

competition.  Our challenges are to build a strong and lightweight fuselage, durable landing gear, and a

thoroughly analyzed wing to produce a functional high-lift airplane.  The following pages include

thorough analysis of fuselage design, landing gear, airfoil selection, wing dimensions and construction,

tail dimensions, and other aspects of our plane.

2.  Configuration

2.1 Number and Type of Engines

The 2005 SAE competition rules designate that only a single stock engine (O.S. 0.61 FX with E-

4010 muffler) with no modifications may be used.

2.2 Tractor Configuration

We decided on a tractor propeller driven plane, which has the propellers and the engine in the front

of the plane.  A diagram of the tractor configuration is pictured in Figure 1 [1].

The tractor configuration possesses several advantages.  First, a propeller is more efficient if it cuts

through undisturbed airflow.  Because a stock engine is required, thrust is a limiting factor.  Therefore,

the propeller needs to be as efficient as possible.  Another advantage of the tractor configuration is that

the engine is near the front of the plane.  This moves the center of gravity of the plane forward, which

reduces the required size of the tail to achieve stability, and also allows the nose of the plane to pitch

downward in case of a stall, thereby making recovery easier.

 

Figure 1: Tractor Configuration [1]
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2.3 Number of Wings

Due to the limited wingspan given by SAE rules, we considered multiple wings for our plane.  The

options were narrowed down to either a biplane or a monoplane.  While a triplane or a quadraplane

might provide more lift, the construction of a plane with these wing configurations would be very

difficult.

Monoplanes have some advantages [2].  Construction of a monoplane is easier than construction of a

biplane.  Monoplanes don’t require connections between two wings, which reduces the weight of the

plane.  Also, biplanes experience added drag due to the friction and form drag over the extra wing, and

to mutual interference between the two wings.

However, biplanes have several distinct advantages over monoplanes both generally and when the

wingspan is limited.  First, biplanes require a shorter take-off and landing distance, proving

advantageous for the 2005 SAE competition, which has a take-off limit of 200 feet and a landing limit of

400 feet.  Also, biplanes experience lower bending moments on the wing due to the fact that the weight

is distributed over two wings.

Biplanes also possess distinct advantages over monoplanes when the wingspan of a plane is limited.

Biplanes maximize the effective wing area by adding an additional wing.  A monoplane with equivalent

wing area would possess a larger chord and an aspect ratio much smaller than the optimal, leading to a

plane with significantly more drag and much poorer performance.  A monoplane constructed with an

optimal aspect ratio and chord given the limited wingspan would have a much smaller wing area than

the optimally designed biplane. This would lead to less lift.  Because the SAE competition is a high-lift

competition, we choose a biplane for Rice’s 2005 plane.

2.4 Landing Gear Configuration

We choose the tricycle configuration for our plane.  A diagram of this setup is pictured in Figure 2.

The placement of the wheels relative to the centerline of the plane is pictured on top of the diagram and

the side profile of the plane is pictured on the bottom of the diagram.
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Figure 2-Tricycle Landing Gear Configuration [1]

In the tricycle configuration, the center of gravity of the plane is between the nose wheel and the

main gear, keeping the plane stable during take-off and landing.  In addition, the tricycle configuration

keeps the wings at an angle of attack of zero during take-off, thereby allowing the plane to reach flying

velocity quickly.  Finally, having the nose gear at the front with the tricycle configuration enables the

pilot to easily steer the plane.  For the reasons stated above, the tricycle configuration was chosen for the

plane.

3.  Power System

Because we are restricted to a stock engine, thrust is a limiting factor for our plane.  Therefore,

propeller selection is a very important issue.  Last year’s Rice team conducted extensive thrust tests to

analyze propeller performance [3].  These tests were conducted using a centrifugal fan and an airspeed

indicator.  Three propellers were tested with the stock O.S. engine.  Their results showed that the 12x6

(a length of twelve inches and a pitch of six) propeller produced more thrust at all velocities than the

other propellers.  Based on these exhaustive tests, we chose the 12x6 propeller for our plane. This

propeller gives a thrust output based on velocity of

VT ⋅−= 00251.55.8 (1)

where thrust (T) is in pounds and velocity (V) is in inches per second.
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4.  Wing Design and Construction

4.1 Airfoil Selection

The goal of the 2005 SAE Design competition is to design and construct an aircraft to carry as

much weight as possible.  The basic design criterion for this airfoil is to maximize lift while minimizing

drag at subsonic velocities.  It is very impractical to design an airfoil from scratch, so we investigated

the performances of previously designed airfoils and chose one that best met the purpose of the aircraft.

Several different airfoils have frequently been used in SAE high-lift competitions: the Eppler 423

(E423), the Wortman FX 63-137 (FX63137), the Selig 1223 (S1223), and the Selig 1223RTL

(S1223RTL) [4, 5].  Profiles of these four airfoils are shown in Figure 3.

                          
                                                                                     

                          
                                                                         

Figure 3: Airfoils [5]

To analyze our choices of airfoils we use a computer program called “DesignFOIL” [5].   This

program utilizes the vortex panel method and the tangential velocity boundary condition along with the

Kutta condition at the trailing edge to obtain the pressure distribution along the airfoil.  DesignFOIL also

contains a database of over 1000 different airfoils.

To ensure accurate data, we needed to verify the DesignFOIL results.  Selig et al. have conducted

wind tunnel tests for over a thousand airfoils at low Reynolds numbers at the University of Illinois at

Urbana-Champaign (UIUC).  This data is contained on the UIUC website [6].  Several airfoils were

selected and analyzed in DesignFOIL for given Reynolds numbers.  CL and CD at various angles of

attack were compared to the data found on UIUC’s website and we found that DesignFOIL gives very

accurate results compared to empirical data from wind tunnel tests.
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The four different airfoils are entered into DesignFOIL to create drag polars, which can be seen in

Figure 4.

Figure 4: Drag Polar for Four Chosen Airfoils [6]

The Reynolds number selected for these drag polars is Re = 308,425.  This Reynolds number is

calculated based on an expected flight speed of 40 mph, density of air at sea level, viscosity of air at 60˚

F, and characteristic length based on a chord length of one foot and a wing span of 5 feet.

From Figure 4, it is observed that the S1223 and the S1223RTL airfoils have the highest maximum

coefficients of lift.  These airfoils have the highest drag, but more importantly also provide the greatest

lift.  Therefore the S1223 and the S1223RTL are examined in more detail.  As can be seen the S1223

and the S1223RTL have comparable coefficients of lift for angles of attack greater than _ = 1˚.  For

angles of attack less than _ = 1˚, the S1223 airfoil has a greater coefficient of lift.  However, this is not a

factor because maximum lift is required at takeoff during which the angle of attack will be greater than _
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= 4˚.  In addition, the S1223RTL has a lower CD, which allows for slightly more lift (the plane can travel

faster when experiencing less drag).  Therefore, the S1223RTL is the airfoil selected for our plane.

4.2 Wing Dimensions

The first step in deciding wing dimensions is to determine the shape of the wing.  The optimum wing

shape which reduces induced drag is the ellipse [1].  However, the wingspan is limited for our plane.  If

we were to round off the ends of the wings, we would sacrifice wing area that could be used for lift.

Therefore, we chose a wing of constant chord.

After the wing shape is chosen, an optimal chord length must be selected.  We need to come up with

chord dependant perimeter and area equations for our airfoil.  By plotting various data points of area and

perimeter versus chord length, we can use Microsoft Excel to formulate a regression line for the two sets

of data.  The equations for the two regressions are seen in Equations 2 and 3.

p(c)≡ airfoil perimeter as a function of chord

A(c)≡ airfoil area as a function of chord

p(c) = 2.0977c-0.0031 (2)

A(c) = 0.0724c1.9991 (3)

The selection of a chord length proves to be a daunting task.  Biplanes have seldom been used or

produced since World War II and research on them is limited.  The first approach used to come up with

the aspect ratio of our wing utilized aerodynamic performance equations for monoplanes.  Initially we

believed that this would give us a good idea for an approximate chord length, which could then be

compared to and refined using data from proven biplane designs.

First let us define the wingspan, planform area, aspect ratio and wetted area of the wing [1].

Wingspan:  inches 60b =

Planform Area:  cbS ⋅=  (4)

Aspect Ratio:
c

b

S

b
==

2

AR (5)
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Wetted Area: bcp ⋅= )(Swet (6)

We now want to get a ratio of Swet/S.  To do this we solve the Swet equation above for various chord

lengths between six and twelve inches and add an approximate area for the fuselage.  We get an average

Swet/S of 2.6.

Now we are ready to define a skin friction coefficient.  Looking at the graph in Figure 5 we see that

most planes lie in a region between 1.25 and 1.75 times Cfico.

Figure 5: Skin-friction coefficient [1]

We get a Cfico of 0.0056 by solving the Karman-Schoenherr equation shown below at an

approximated Reynold’s number (Re) of 300,000, which corresponds to a velocity of about 40mph.

Relog13.4
C

1
10

fico

⋅⋅= icoC (7)

0084.0C5.1 fico =⋅=feC (8)

Using the skin-friction coefficient found we can make an estimate of the zero-lift drag.

02184.00, == fe
wet

D C
S

S
C (9)
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We now calculate the coefficient K using the equation shown below with a conservative (L/D)max

number of 14, even though for our biplane this ratio would likely be higher [1].

0584.0
)/(4

1
2
max0,

=
⋅⋅

=
DLC

K
D

(10)

To calculate Aspect Ratio

1.9
1

=
⋅⋅

=
Ke

AR
oπ

(11)

The eo value seen in the above equation is the Oswald efficiency factor.  We choose a common and

also conservative value of 0.6 for this variable [1].  The aspect ratio of 9.1 corresponds to a chord length

of approximately 6.6 inches.  When comparing this aspect ratio to those of proven biplane designs, such

as the North American P-51 Mustang and the Pitts S-2A special, whose aspect ratios vary from about 4

to 6.5, we see that our monoplane equations do not provide us with an accurate chord length.  To

confirm this fact we discussed the issue of the chord length with our pilot, Sam Grice, who has decades

of experience building model planes.  He suggested that the chord length be closer to 10 inches.

After finding that the monoplane aerodynamic equations did not work, we did some more research to

find aerodynamic equations for biplanes.  This proved difficult, since as stated above, biplanes have not

been extensively researched or designed since World War II.  However, after much searching, we came

across an article on a NASA website that discussed biplanes [7].  This website gave the maximum lift

over drag ratio (L/D)max for a biplane as

0,
max 2

1
)/(

DC

A
DL

επ
= (12)

where

Aspect Ratio for biplane: A = K2AR = K2b2/S (13)

Munk’s Span Factor: K = 1.1

Airplane efficiency factor: _ = 0.725 (normally 0.7 – 0.75)

Zero-lift Drag Coefficient: CD,0 = 0.02184 (from above)
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Lift over drag ratio:  (L/D)max = 14

Munk’s span factor is an average value found for biplanes.  The airplane efficiency factor was

chosen as an average of the range values.  The maximum lift over drag ratio is estimated as 14 based on

a conservative recommendation by Anderson [1].  Solving for aspect ratio yields an aspect ratio of

approximately AR = 6.2, which corresponds to a chord length of approximately c = b/AR = 4
39 inches.

Once the chord length for our plane is set, we estimate how much weight our wings can carry.  We

use an equation given by Anderson for wing loading with a biplane efficiency factor [1].

21.1

)( maxTCSgs
W Lairg ρ

ε= (14)

where

Biplane efficiency factor: _ = 0.75

Ground roll: sg = 180 ft

Planform Area: S = 4.06 ft2

Acceleration due to gravity: g = 32.2 ft/sec2

Density of air: _air = 2.38 x 10-3 slugs/ft3

Maximum coefficient of lift: (CL)max = 1.55

Thrust: T = 6.78 lbs

The biplane efficiency factor is given to be 0.75.  The allowable ground roll for the SAE competition

is 200 feet.  Thus, we made a conservative estimate of 180 ft.  The maximum coefficient of lift is found

from the drag polar of our airfoil.  Thrust is found from the thrust equation for our propeller as

determined by last year’s Rice team [3].  Solving for estimated weight (W) we obtain a result of W ≈

16.5 lbs.

4.3 Control Surfaces

In order to ensure lateral control of the aircraft, ailerons are incorporated into the top wing.  The

dimensions of these control surfaces are dependent on the wing size and shape.  Lennon gives
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recommended aileron dimensions for model aircraft [7].  He states that the width of each aileron should

be 25% of the chord length of the wing, which yields a width of 2.44 inches.  It is also stated that the

length of each aileron should be 40% of half of the wing span, which yields a length of 12 inches.

Because our plane is a biplane and our equivalent monoplane wing area is doubled, we increased the

width of the aileron by one third giving a width of 3.25 inches.  We also increased the length of the

aileron by fifty percent giving a length of 18 inches.  The increased size of the ailerons will give our

plane sufficient control during flight.  These ailerons are placed at the very end of the top wing to create

the maximum moment about the center line of the plane.  The position of the ailerons on the top wing

will prevent damage to the ailerons in case our wingtips brush the ground during landing.

4.4 Wing Construction

There are various methods of constructing a strong and sturdy wing.  Once our airfoil and chord

length were decided upon we were confronted with our first decision: to construct a built up wing or to

use a foam core.  The built up wing produces a very strong wing and can make it easy to introduce taper.

However it is a very tedious process and can result in a heavy wing.  Since our wing design does not

incorporate taper and has a relatively short span, we used Styrofoam cores to produce our wing.

Once the Styrofoam cores were made, we covered them with two full layers of fiberglass and a third

partial layer at the center of the wing to provide added support where the two 2.5 feet Styrofoam cores

are joined.  We also placed a strip of carbon fiber on the underside of the wing.  The fiber glass and

carbon fiber combination provides lightweight strengths as well as a relative ease of repair.

5.  Servo Sizing
Servos are needed to operate the control surfaces on our plane.  An important aspect of designing

our plane is to ensure the servos supply the correct amount of torque to the control surfaces.  Several

torque calculators are available on the internet.  We used the servo torque calculator located on

Montrose Model Aircraft Association's website [11].  This calculator gives us the following servo

strengths.
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Servo Locations Servo Strength Required Strength of Servos Chosen

Ailerons 13 oz-in 51.4 oz-in

Rudder 7 oz-in 54 oz-in

Elevator 11 oz-in 54 oz-in

Table 1: Servo Strength

The values for the servo strength required are theoretical values.  In practice, more torque is

needed and the servos installed on our plane are more than powerful enough to adequately operate the

control surfaces.

6. Tail

6.1 Tail Analysis

We chose a conventional configuration for our tail, which places the horizontal tail is at the base

of the vertical tail.  A picture of this tail configuration is given in Figure 6.

Figure 6: Conventional Tail Configuration [1]
One consideration for tail design is downwash.  As air passes over the wing, it becomes turbulent

and loses velocity. As the air is incident upon the horizontal tail, this air can cause negative lift and

reduce the moment the horizontal tail is capable of exerting for pitching the aircraft.

The conventional tail configuration experiences significant downwash.  We are reducing this

downwash by angling the empennage upwards so that the tail is high above the fuselage [7]. The

horizontal distance, called the total moment arm (TMA), between the wing and the tail is determined by

Equation 15:

inchesinchesordMeanWingChtArmTotalMomen 4.2475.95.25.2 =×=×=  (15)
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The wing area is approximately:

211706075.922 inWingspanordMeanWingChWingArea =××=××≈ (16)

Assuming that the aspect ratio of the wing is approximately 6 (ours is 6.15), the area of the

horizontal tail is calculated from Equation 17:

2234
2.05.2

in
TMA

WingAreaordMeanWingCh
TailAreaHorizontal =

×××
= (17)

However this value is far too large, creates too much drag, and would weigh far too much. Still the

need remains to generate sufficient pitching moment. Therefore we increased the total moment arm by

forty percent giving:

inchesTMA 344.244.04.24 =×+=

This alters the horizontal tail area yielding:

2168
2.05.2

in
TMA

WingAreaordMeanWingCh
TailAreaHorizontal =

×××
= (18)

Some tail designs have the horizontal tail produce negative or positive lift at zero angle of attack. We

have opted for a tail design that produces zero lift at zero angle of attack. That way we can actively

adjust for varying load situations, even during flight. The relatively higher drag resulting from this is

offset by the adjustability of the force exerted by the horizontal stabilizer. The servo for the horizontal

stabilizer is mounted in the tail attachment wedge on the fuselage.

Literature recommends that a model plane’s vertical tail have an aspect ratio of 2.5 – 3 [7]. As such,

we have chosen an aspect ratio of 2.75. The major chord of our vertical tail will be equal to that of the

horizontal tail, which is 6 inches. This yields a vertical tail area of:

222 99675.2 incheschordARilAreaVerticalTa =×=×= (19)

After constructing the vertical tail, we observed that the vertical tail was too tall and would create

excessive roll.  Therefore we reduced the height of the tail by three inches and increased the size of the

rudder, providing a similar amount of control while reducing roll instability.  Finally, the rudder servo is

placed within the tail attachment wedge on the fuselage.
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7.  Fuselage

7.1 Design Objectives

The primary characteristics we desire for our fuselage are low weight, high strength, simplicity of

construction, and ease of loading cargo.

7.2 Material Selection

An easily obtainable material that meets all of the above design requirements is carbon fiber. The

properties of its epoxied and cured unidirectional fibers are listed in Table 2:

Tensile Strength 355 - 370 ksi

Tensile Modulus 18 - 20 Msi

Tensile Strain 1.7%

Compressive Strength 215 - 230 ksi

Table 2:  Carbon fiber properties
7.3 Evolution of the Fuselage Design

We decided to build the fuselage using an inner carbon fiber sleeve enveloped by and epoxied to an

outer fiberglass sleeve, cured into a rectangular tube with rounded edges. However, because carbon fiber

is relatively weak in compression and has a tendency to get soft in hot weather, we decided to reinforce

the fuselage.

Fortunately, we found a way to increase the strength of the fuselage without adding extra material.

Aerospace Composite Products, a California firm, sells an epoxy called EZ Lam HT that is specifically

designed for use with braided carbon sleeves at high temperatures, sometimes even being used in

exhaust tubes. Since this epoxy is significantly heat resistant, we do not have to worry about the tube

getting soft in sunlight and can therefore do away with heavy reinforcements. The properties of the

epoxy are as listed in Table 3.
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Viscosity when mixed 5000 CPS

Durometer D 94 Shore

Density 74.3 lbs_ft-3

Use Temperature 400 F

Flexural Strength 102 ksi

Compressive Strength 64 ksi

Tensile Strength 57 ksi

Table 3: EZ Lam HT epoxy properties [10]

Our use of a rectangular fuselage results in increased stress concentration at the edges of the

fuselage. Carbon fiber tends to fail by either cracking or a process known as delamination, where two or

more layers of fiber are epoxied together. High shear stress can actually cause the layers to separate,

much like pulling two strips of masking tape apart. The best way to prevent this is to give the fuselage

rounded edges, a measure that makes sense in view of the well known fact that rounded edges have

lower stress concentrations than sharp edges.

Towards the nose of the aircraft, the fuselage’s cross-section decreases linearly to a rectangle of

smaller width and equal height. This is done to reduce drag and also to allow the engine to be centrally

mounted without the muffler being blocked by the shape of the fuselage behind it. The fuselage ends in

the firewall, to which the engine is attached. A balsa cowling is placed around the engine to reduce

profile drag, and a small hole is cut into the top of the fuselage to allow for easy access of the interior

components.

7.4 Fuselage Interior

The interior of the fuselage must contain the batteries, throttle and nose gear servos, transmitter,

wiring and the cargo. The above items are held in two foam inserts: one for the controls and the other for

the weights. The former is shaped to the taper and curvature of the interior of the fuselage and attaches

to the firewall to prevent unwanted sliding around during flight. It has slots inside so that the receiver



Rice University – The A Team – Team 024

17

and battery and other pieces all fit firmly within. After all pieces are loaded into the foam carriage, it is

inserted into the plane. A control panel cut into the top of the fuselage allows access to the controls

insert to allow attaching of wires and tubes.

The weights insert carries the payload. The weights are loaded into slots in the foam carriage, which

is then inserted into the cargo bay area of the fuselage. A conical back cover with a flat base closes the

fuselage at the rear.

7.5 Construction of the Fuselage

Construction of the fuselage proceeds as follows:

1. Find and prepare a mandrel

The mandrel is the solid object over which the sleeves will be cured. It functions as the analog of a

mould in the case of clay: the sleeves will (with some exceptions) assume the shape of the mandrel they

are put over. We used EPS foam. This material is easily cut and shaped using hot wire, and can be

dissolved away with gasoline or acetone after the vacuum bagging process is complete.

2. Mylar and wax the mandrel for easy removal

We covered the EPS foam in mold release wax and then with Mylar, which we attached using blue

painter’s tape, and then again with Monokote to give the mandrel a smooth outer surface. This outer

surface was then covered with mold release wax so that the tube could easily be separated from the

mandrel once vacuum bagging was complete

3. Cut and apply the sleeves to the mandrel

Because they are braided, the length of the sleeves changes with their diameter, which is slightly

variable. It was therefore necessary to first expand the sleeve to the desired size before cutting off the

desired length. As many sleeve layers as needed may be added in this step.

4. Apply epoxy to the carbon fiber
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The epoxy must first be mixed with hardener. Application is done using a paintbrush, and is

followed by running a squeegee over the outer surface of the assembly. This works the excess epoxy out

of the matrix (epoxy by itself adds no strength) and constricts the sleeves to the desired radius.

5. Vacuum bag the fuselage

This is done in a two-step process. The fuselage is first vacuum bagged for approximately 24 hours,

thereby removing excess epoxy and forcing the composite layers as tightly together as possible. The

fuselage can be then removed from the bag.

6. Remove fuselage from mandrel

The foam was dissolved away using acetone, after which the mylar and monokote were peeled away

from the fuselage’s inner surface.

7. Cure the fuselage in a curing oven

The epoxy must be temperature-cured. This is done by placing it in a curing oven under the

temperature-time schedule shown in Table 4:

150 F 2 hours

200 F 2 hours

250 F 2 hours

300 F 2 hours

350 F 2 hours

Cool to room temperature in oven As long as necessary

Table 4: Curing process

For the last step in the above sequence, the oven door is cracked open by an inch or so for 1 hour,

then by an additional inch for another hour, followed by _ open until thermal equilibrium is reached.

8. Allow fuselage to sit undisturbed for 24 hours
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7.6 Testing the Fuselage

Once the above process is complete, the carbon fiber fuselage behaves similar to conventional

material, tolerating holes being drilled into it and items being attached to it. However, since there is the

risk of metal screws eroding the walls of the holes due to in-flight vibration, a few drops of thin

cyanoacrylate glue are dropped at the edge of each hole. The glue is wicked into the material by

capillary action and strengthens the hole edge upon curing, thus preventing erosion.

We loaded the carbon fiber fuselage by resting up to 15 lbs directly upon it and noticed no

problematic deformation. Since this is close to the projected weight of the loaded airplane, our fuselage

is as strong as we need it to be.

8.  Static Margin

Static margin is defined as the difference between the center of gravity and the center of lift

divided by the chord length of the wing.  For favorable stall characteristics, the center of gravity should

be located in front of the center of lift.  This causes the nose of the plane to dip down during stall,

allowing air to flow over the wing and the pilot to regain control of the plane.  Anderson recommends

that the static margin be between 5% and 10% [1].  Because our plane is going to have variable loads, it

is very difficult to maintain the center of gravity at one point.  Therefore, we have ensured that the foam

insert mechanism for loading our plane keeps the center of gravity in front of the center of lift.  The

position of the engine and the fuel tank near the front of the plane also help hold the center of gravity in

front of the center of lift.  In addition, we place the wings at least 10% of a chord length behind the

center of the fuselage.

9.  Landing Gear

As stated in the Configuration section, we choose to utilize a tricycle landing gear configuration for

our plane.  We select the trapezoid design for our main gear, which effectively distributes the stresses

from landing throughout the whole landing gear, thus reducing the chance of buckling.
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The final aspect of design is the landing gear material. Carbon fiber landing gear is significantly

stronger than aluminum gear of comparable weight.  We purchased a carbon fiber landing gear made by

Graph Tech.  This landing gear fits the specifications required by our plane and has proven extremely

strong in testing.

10.  Attachments to Fuselage

10.1 Tail

Our empennage consists of a simple carbon fiber rod that is connected to the fuselage by a

composite wooden wedge epoxied onto the fuselage (tail boom drawing can be seen in the Appendix A).

A similar wedge exists at the other end of the empennage rod so that its final segment is parallel with the

fuselage. The tail is mounted to this latter wedge.  Due to the torsional flex and vibration in our tail

boom, we added flying wire attached to the ends of the wings and attached to the ends of the elevator.

10.2 Wing

The view in Appendix A shows the attachment point of the upper wing to the fuselage.  Struts

are used to attach the wing to the fuselage.  To ensure that the strut remains securely in place, a fiber

glass layer is exopied to the strut and to the fuselage.  The wing is attached to the strut with screws.  The

lower wing is attached in a similar manner.  The struts not only provide a point of attachment, but also

serve an aerodynamic purpose.  To lessen interference (a source of additional drag) in biplane wings, the

gap between the wings should between 1 and 1.3 times the wing chord length chosen.  These struts

allow us to keep the gap between our wings greater than the wing chord length.

10.3 Landing gear

The landing gear attachment is simple.  The front landing gear is attached with screws in front of

the bottom wing to the firewall in the fuselage and the back trapezoid landing gear is attached with

screws through the bottom wing.  We have extra internal plywood supports at these attachment points.

11.  Weight of Plane

Currently our plane weighs 8.5 lbs.
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12.  Conclusion

We have constructed an aircraft that both fulfills the design objectives and the rules of the

competition. It is also on the forefront of amateur building technology, incorporating composite

materials in its construction as much as possible. Armed with the above and our engineering skills, we

should be successful in competition.
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15. Appendix A: CAD Drawings
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16. Appendix B: Plot of Payload vs. Density Altitude
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