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Introduction

On the morning of December 17, 1903 Wilber and Orville Wright crossed a
historic milestone by achieving the first powered flight controlled by a pilot. This event
marked the beginning of a new era of flight. The flight was brief, a mere 12 seconds
covering a distance of 120 feet, but by 1905 the brothers had developed a practical
aircraft that could sustain flight as long as 38 minutes. This was the model that the
Wright Brothers showcased at Paris and Washington DC in 1908, bringing them
international recognition and fame, with the pilot and a passenger sitting upright on the
wing.

The year 2003 marks the 100" anniversary of this monumental achievement.
Although several groups around the nation are attempting to create exact replicas of the
Wright Brothers™ aircraft, two professors at Utah State University had a different idea of
how to pay homage to the grandfathers of flight.

Dr. Dave Widauf and Professor Chuck Larsen entertained the idea of creating an
aesthetically similar plane to the 1905 Wright Flyer while incorporating spacc-age
materials and modern acrodynamic sciences. After presenting the idea to USU
administrators, the project received an enthusiastic approval. The USU Wright Flyer
project would be funded as a K-12 outreach program, culminating with participation in
the 2003 festivities in Dayton, Ohio. It was determined that the Industrial Technology
and Education Department would build the USU Wright Flyer. Construction would begin
after a design team, consisting of ten senior engineering students from the Department of
Mechanical and Aerospace Engineering, had completed the modified design.

Nick Alley, a graduate student in mechanical engineering, was assigned to be the
project manager. Twenty-one students applied to be on the design team, of which ten
were selected. Five students were responsible for the aerodynamic redesign of the USU
Wright Flyer and the other five were responsible for the structural redesign. The process
took two semesters, with the goal in mind to build the plane built during the summer of
2002.

It became the responsibility of the student design team to produce a working, full-
scale, modified design of the 1905 Flyer. The USU Wright Flyer was to be a more stable
and stronger aircraft than its 100-year-old predecessor. The USU Wright Flyer was to
lock amazingly similar to the 1905 Rlyer, while incorporating characteristics that are
necessary for modemn, conventional aircraft.  This report contains a complete,
comprehensive review of the eight-month design process.




AERODYNAMIC
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Introduction

The characteristics of the 1905 Wright Flyer were ingenious and yet displayed the
limits of the Wrights’ understanding of flight mechanics and dynamics. They were great
engineers, but luckily they were even better pilots, Today’s Ievel of aerodynamic
properties in the subsonic realm are well understood and implementation of the now
considered “basic” theories and principles of aircraft design are able to easily mend the
shortcomings of the 100 year old design.

At the time, relatively little was known about the flight dynamics, and the 1905
Wright Flyer, though advanced for its time, was aerodynamically unstable by today’s
standards. The objective of USU Wright Flyer design team has been to research the
characteristics of the original 1905 Flyer and improve the flight ability of the plane.

One of the major constraints placed upon the project was to retain the aesthetics
of the original Flyer. This, of course, required the use of a canard-style biplane powered
by two pusher propellers. The general dimensions of the aircraft were retained as much
as possible so that the plane would look like the Wright Flyer from a distance to the
average airplane enthusiast.

All of the powered aircraft that the Wrights’ designed from 1903 to 1909 suffered
from moderate to severe instability in pitch. Pitch stability was the first major goal for
improving the Flyer. Stall speed was another characteristic worth exploring since the
Wright Brothers’ plane was stalled much of the time during flight, cruising at a relatively
slow 28 mph. Higher design speeds would permit higher stall speeds, but also would
increase the drag significantly.

These regulations and other governing parameters for safe flight helped to
establish the following targets for the redesign:

1. Aesthetically similar to the original 1905 Wright Flyer
2. Stable in Pitch (Static Margin = 8%)
3. Stall Speed no less than 15 mph under cruise speed

The Wright Flyer was an engineering marvel of its time, the first step into a whole
new world. Naturally, since it was the first airplane, it left much to be desired in
comparison to the aircraft of today. The flight characteristics of the original 1905 Wright
Flyer could have been greatly improved by implementing just a few basic aerodynamic
principles.




Tools of Analysis

In order to make improvements on the 1905 Wright Flyer Design it was necessary
to perform an analysis on the original to understand quantitatively 1ts flight
characteristics. The necessary analysis was divided into two general areas, the individual
parts of the aircraft (airfoils and bluff bodies) and the aircraft as a whole.

The analysis of the airfoils was done using two different computer programs: 1) a
program developed by Dr. W. F. Phillips at Utah State Untversity called AIRFOIL2001,
and 2) an online program called CALCFOIL. AIRFOIL200! uses an inviscid vortex
panel numerical method to calculate lift and moment coefficients of an airfoil. This was
used primarily as a quick preliminary analysis tool. CALCFOIL uses a simple viscous
bubble method in conjunction with a vortex panel method to calculate the viscous drag
and stall angle of attack of an airfoil in addition to the coefficients that AIRFOIL2001
calculates.

The data for the airfoils collected from CALCFOIL was then used in another
program written by Dr. Phillips called WINGS2001. This uses Prandtl’s inviscid lifting-
line theory to calculate the aerodynamic interaction between all parts of an aircraft. By
entering the aerodynamic coefficients of each part of an aircraft, the flight characteristics
of that plane can be analyzed in a variety of situations. Aerodynamic coefficients
obtained from WINGS2001 were then used to calculate the stall speed, static stability and
dynamic stability of the airplanes. Calculated values from WINGS2001 were in
agreement with available historical or experimental data and flight performance of the
1905 Wright Flyer.

The Original 1905 Wright Flyer

All of the powered aircraft the Wright Brothers built up to 1909 suffered from
moderate to severe instability in pitch. One major reason for the pitch instability of
the 1905 flyer is its oversized canard control surface. This placed the aerodynamic center
of the aircraft in front of the center of gravity by almost a foot and a half, as seen in
Figure 1.1 (Hooven 1978). The other major contributing factor to the pitch instability is
that the Wright Brothers preferred controllability rather than stability for fear of going
into a stall dive. This caused the death of many would-be aviators including Otto
Lilienthal, an inspiration to the Wrights and the father of modern aviation (Hooven
1978).




A modern measurement for pitch stability is the static margin, which, for modern
conventional aircraft, should be around 5%. By contrast, the first iteration of the 1905
Flyer was approximately —23%. By 1908 the static margin had improved to —8%, which
1s still below -5%, today’s limit for human-controlled aircraft (Hooven 1978). This
instability can be observed in film footage of the airplane in flight, with the airplane
constantly porpoising throughout the flight. This instability led to frequent “hard” or
otherwise unplanned landings for the Wright Brother’s flyer. More often than not their
planes needed some level of repair after this type of landing.

Another area of concern with the Flyer is the [act that the aufoils used were very
thin and therefore extremely susceptible to stall. The canard’s ability to produce lift was
only slightly better than that of a flat plate. Although it had a very ingenious mechanism
to increase its camber as it was deflected upward, it still did not perform any better than a
NACA 0002, while producing significantly higher drag. Also, in order to produce
enough lift in steady level flight the wings had to fly at an 8° angle of attack, right on the
verge of stall.

Another shortcoming of the 1905 design was its high parasitic drag. Both the
wing and canard had blunt leading and trailing edges resulting in high drag coefficients.
Also, all of the aircraft structure for the airplane had the same level of streamlining:
nothing more than rounded corners on their woodwork. Wind tunnel data for the 1903
Flyer, which had the same general drag cross section as the 1905, showed that it
developed approximately 125 pounds of drag in level flight at 28 miles per hour (NASA
1999). This could have easily been reduced by a factor of 2 or 3 using appropriate
streamlining.

Characteristics of Canard Aircraft

In standard tail-configured aircraft the elevator often has negative lift in trimmed
flight in order to counter the negative pitching moment of the main wing. With a canard-




configured aircraft the lift in trimmed flight is positive in order to counter the main wings'
pitching moment. Thus the canard carries a percentage of the aircraft’'s weight. The
canard configuration is more efficient in that both the canard and wing contribute to
lifting the aircraft where in tail configured aircraft the main wing supports the aircraft's
weight plus the negative lift created by the elevator. The absolute lift created is less for
canards than tail-configured aircraft, which means less drag is induced.

For a canard-configured aircraft to be statically stable, the canard must have
higher wing loading than the main wing and thus an airfoil with a high maximum lift
coefficient. A statically unstable canard aircraft has a low wing loading on the canard
and thus does not need to create much lift. The 1905 Wright Flyer was statically unstable
and this is why it was able to fly with an airfoil that had such a low maximum lift
coefficient.

Orne of the design criteria was 1o have a stall speed below the Federal Aviation
Regulation (FAR) requirement of 40 mph minimum stall speed for an uvltralight trainer.
Minimum stall speed of a canard-configured aircraft is determined by the stall speed of
canard. The high wing loading on the canard for stability increases the minimum canard
stall speed, which increases the stall speed of the whole aircraft. Stability (high canard
wing loading) and low minimum stall speed requirements are satisfied using an airfoil
with a high maximum section lift coefficient. High maximum section lift coefficients are
obtained for an all-flying canard predominantly by increasing the camber and thickness
of the airfoil section. However if thickness and camber are increased dramatically the
acsthetic design criterion is compromised.

Airfoil Considerations

The Wright Brother’s performed airfoil analysis using rudimentary wind tunnel
testing that was advanced for its time, however present-day technology allows for much
improvement. Many different airfoil types including the NACA 4-digit and the USU 12-
digit series were analyzed to evaluate lift, drag, moment, and stall characteristics. USU
airfoils are designed for a uniform pressure distribution at zero angle of attack. The
uniform pressure distribution minimizes adverse pressure gradients, drag, and probability
of boundary layer separation, or stall.

Canard Airfoil Design

As previously described, the 1905 Wright Flyer canard airfoil ts closely modeled
as an all-flying NACA 0002. A NACA 0002 produces a very small maximum lift
coefficient, approximately 0.25. As previously concluded, a higher lifiing airfoil would
need to replace the 1905 canard airfoil. The 1905 used an all-flying canard, meaning that
the entire surface rotated to obtain a deflection. To satisfy aesthetics, the USU Wright
Flyer also utilizes an all-flying canard.




Airfoil sections for the canard were optimized by first changing camber. Several
aircraft were modeled in WINGS2001, the only difference being the camber of the canard
airfoil. The camber was increased from 2.2% to 4.5%. Over this range, the static margin
only decreased 0.6%, while the canard stall speed decreased 5 mph. Increasing camber
had a desirable effect, which was to lower the stall speed without significant change in
the stability, A camber of 4.5% was chosen because it was the highest cambered airfoil
that would not take away from the aesthetic value of the design.

Next, an optimization of canard airfoil section thickness was made. Aircrafts with
8%, 9%, and 10% airfoil thickness were analyzed. Static margin dropped 0.06 % from
8% to 9% thickness, and dropped 0.12 % from 9% to 10% thickness. Stall speed dropped
0.85 mph from 8% to 9% thickness, and dropped 0.11 mph from 9% to 10%. Increasing
thickness had a better effect from 8% to 9% than from 9% to 10% because there was a
larger drop in stall speed and a smaller drop in static margin. Therefore a 9% thick airfoil
for the canard was the best choice.

The USU 12-digit airfoil that corresponded to the 4.5% camber and 9% thickness
was a USU 993009-3040.13 shown with the 19035 canard in Figure 1.2, Lift slope and
maximum section lift coefficients were then obtained from CALCFQIL and compared to
the NACA 0002 as shown in Figure 1.3. Obvious improvements in maximum section lift
can be seen in this comparison.

An analysis of pressure distributions on the upper and lower surfaces of the USU
993009-3040.13 and NACA 0002 airfoils was done using AIRFOIL2001 to check for the
presence of adverse pressure gradients. As previously mentioned, adverse pressure
gradients can cause an abrupt stall. Both airfoils were analyzed at zero degree angle of

Figure 1.2: 1905 Wright Flyer (top) and USU 993009-3040.13 (bottom) canard airfoil
cross-sections.
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Figure 1.3: A section lift coefficient comparison between USU 993009-3040.13 and
NACA 0002 airfoils.

attack and at a takeof{/landing condition of 10 degrees angle of attack as seen in Figure
1.4 and Figure 1.5 respectively. The obvious effects of camber can be seen as the change
in pressure between the upper and lower surfaces in Figure 1.4, The USU airfoil has a
smoother pressure distribution and the desired smaller pressure gradient near the leading
edge of the airfoil section as seen in Figure 1.5.
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Figure 1.4: The zero angle of attack pressure distribution for the USU 993009-3040.13
(left) and NACA 0002 (right) airfoil sections.
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Figure 1.5: The 10-degree angle of attack pressure distribution for the USU 993009-
3040.13 (left) and NACA 0002 (right) airfoil sections.

Main Wing Airfoil Design

The 1905 Wright Flyer main wing airfoil had a poor lift to drag ratio due to its
thin shape and blunt leading edge. The main factors considered in selecting a new atrfoil
were the lift and stall characteristics along with the pitching moment created. Because of
the large wing area with respect to the overall weight of the aircraft, it was not necessary
to select a high lift airfoil. It was more important to select an airfoil that had an
acceptable pressure distribution and good stall characteristics.

Airfoil Optimization and Analysis

There were several variables that were taken into account that affect the
performance of an airfoil. These variables included airfoil thickness, location of
maximum thickness, leading and trailing edge geometry, and camber. After much
iteration a modified USU 402509-3040.13 airfoil was selected. It is shown in Figure 1.6
along with the 1905 Wright Flyer airfoil.

The USU airfoil has a much larger maximum thickness than its 1905 counterpart
(9% of the chord length vs. 3.5%), which allows larger angles of attack before stall. The
1905 airfoil has very blunt leading and trailing edges and has a pear constant thickness
over the whole chord length. The USU airfoil is thickest at the quarter chord, tapers to a
sharp point at the trailing edge and is smoothly rounded in the front. These
characteristics reduce flow separation and allow the suitable pressure distribution shown
in Figure 1.7.
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Figure 1.6: 1905 Wright Flyer airfoil (top) and USU 402509-3040.13 airfoil (bottom)
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Figure 1.7: Pressure distribution of modified USU 402509-3040.13 airfoil.

Due to the improved aerodynamic efficiency of the new airfoil design, it was not
necessary to have such a highly cambered design. Even with less then half the camber of
the 1905 airfoil, the lift characteristics of the modified USU airfoil are much more
desirable. TFigure 1.8 shows the predicted lift slopes of the two airfoils using data
obtained from CALCFOIL. It can be seen that the USU airfoil has a higher maximum lift
coefficient, and can achieve higher angles of attack before stalling.

The USU airfoil was modified slightly in order to reduce the forward pitching
moment that is created by cambered airfoils. This was done in order to reduce the
loading of the canard. The last 5% of the trailing edge was reflexed upward slightly 7
degrees which reduced the lift on the end of the airfoil. At high angles of attack the end
section of the airfoil actually produced a small amount of negative 1ift. While this does
reduce the lift efficiency of the airfoil, it is justifiable due to the low wing loadings
required for flight. Figures 1.9 and [.10 illustrate the slight design modification and how
it drastically reduces the forward pitching moment coefficient.
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Longitudinal Static Stability

The improvement in the airfoils assisted in developing a more stable aircraft, but
many more parameters needed to be studied. The most accurate representation of the
airplane and its flight stability was found by modeling it in WINGS200!. However, when
the affects of many variables needed to be explored, using WINGS200! was very time
consuming. In order to assist in the analysis, a computer program named STAB was
developed to quickly approximate the static margin. STAB incorporated the basic
equations that govern the longitudinal stability of an aircraft, including simple statics
(Newton’s Second Law), and basic flight mechanics, to compute the static margin. A
free-body diagram similar to the one used in the derivation is shown in Figure 1.11.
Though the program was designed to produce only an estimate of the static margin it

proved to be quite accurate in its predictions when compared to the results found from
WINGS2001.

When comparing a bi-plane to a conventional single-wing aircraft the non-
dimensionalization process must be changed. The reference area must be doubled, to
represent an area equivalent to both the top and bottom wings. The longitudinal
reference length was also doubled to represent the two wings. Another factor of concern
was that two wings in a biplane configuration do not create the same amount of lift (and
therefore upwash on the canard), when placed together. In order to account for this
inefficiency WINGS200] was used to determine how a bi-plane configuration affected
the lift of two wings. Then the lift and upwash created by the main wings were scaled
proportionally (the scaling factor was 0.91).

fuselage reference line

| Figure 1.11: Simplified free-body diagram of a canard aircraft (without vertical offsets).
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In order to find the desired static margin, certain parameters of the plane were
altered while others were held constant in order to retain aesthetics to the highest possible
degree (such as the span and chord length of the main wing). After eliminating these and
other parameters, the following remained as variables altered to find the ideal static

margin:

+ Location of the center of gravity
« Canard span

« Canard chord length

+ Canard location.

After experimenting with many different configurations and values for the chosen
variables, the following changes increased the static margin:

Moving the CG position further forward.
Decreasing the canard span.

Decreasing the canard chord length.
Moving the canard further aft.

Al e

Notice that changing all of these parameters in the manner specified also increases
the wing loading on the canard surfaces, affecting not only the static margin but also the
stall speed of the aircraft. The coupling of higher stall speeds with low static margins
was a difficult obstacle to overcome. Figure 1.12 shows a plot generated using STAB. It
represents a flyer with a canard span of 12.5 feet and the CG placed one foot in front of
the leading edge of the main wing.

The following parameters were chosen from the preliminary analysis:
1. CG position = 1.0 feet forward of the main wing’s leading edge
2. Canard span = 12.5 feet
3. Canard chord length = 2.5 feet
4. Canard placement = 9.5 feet forward of the CG (referenced to the Y chord)
5. Static Margin = 8.0%

The 1905 Wright Flyer parameters for comparison:

CG position = 3 to 6 inches behind the % chord of the main wing

Canard span = 15 feet, 7 ¥z inches

Canard chord length = 3.125 feet

Canard placement = 11.2 feet forward of the CG (referenced to the % chord)

Static Margin = -23%

R N

Final results after analysis with WINGS2001:
6. CG position = 1.0 feet forward of the main wing’s leading edge
7. Canard span = 12.5 feet
8. Canard chord length = 2.5 feet
9. Canard placement = 9.5 feet forward of the CG (referenced to the % chord)
10. Static Margin = 9.5%
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Canard Chord Length (ft)

Canard Placement (distance from CG) ()

Figure 1.12: Static Margin (%) as a function of the canard chord length and placement
with respect to the CG. Using a span of 12.5 ft. and the CG being placed 1 ft. in front of
the leading edge of the main wing.

Aerodynamic Drag Reduction

To improve the aerodynamic design of the 1905 Wright Flyer, a detailed analysis
of structural parasitic drag of the original was performed. Once the characteristics of the
original aircraft were understood, improvements could be recommended and designed.

The 1905 Wright Flyer

The aerodynamic drag forces that affected the 1905 Wright Flyer were estimated
using a set of blueprints drawn under the direction of Wilbur Wright nearly forty years
after the plane was flown. The main equation used in the analysis was the definition of
the non-dimensional drag coefficient.

DragForce (eq. 1.1)
=S5 - eq. 1.
2T 3pVArea q

The process was simply a matter of examining each part of the plane, estimating
the frontal area of the part, then determining the best value for the drag coefficient, The

H
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areas were estimated by measuring the blueprints and scaling the dimensions. The drag
coefficients were determined by comparing each part to a list of geometries described in
Fluid Mechanics by Frank M. White, and then choosing the geometry best describing the
part. The aerodynamic forces calculated for each part were then added together to give
an approximation of the total drag force exerted on the original aircraft during flight.

In using the drag coefficient equation, density was assumed to be 0.0023769
slug/fr' (standard sea-level air density). The velocity used was 28 mph, which is about the
speed the Wrights are reported to have flown. The drag coefficients and corresponding
geometries used are tabulated below in Table 1.1.

A large portion of the drag was actually developed by the main wings. The drag
coefficients for the main wing, canard, and rudder were found using CALCFOIL. To be
consistent with the derivation of their coefficients, the reference areas used in the drag
force calculations were the planform areas. A spreadsheet was then used to organize the
analysis of each part and calculate the drag forces (see Appendix A).

Although the Wright brothers had done a good deal of airfoil testing in the
development of their plane, they seem to have been primarily interested in the lift
produced by the surfaces they tested. It is not evident that they paid much attention to the
aerodynamic drag caused by the many other parts on their flying machine. For exampie,
the parasitic drag coefficient for the main wing airfoil on the original plane was estimated
to be about Cp, = 0.047, while most modern commercial planes have wings with parasitic
drag coefficients around Cp, = 0.02.

All of the flying machines designed and built by the Wright brothers developed
relatively large aerodynamic drag from bluff bodies as well. The 18 struts between the
main wings, and the 9 struts on the canard were all simply oval cylinders. The entire
chassis was made of a similar cross section. Several hundred feet of wires and cables
held the plane together. A round cylinder, such as a wire or cable, has a drag coefficient
of 1.2. A small cylinder about 0.0625” diameter, such as a wire, creates the same drag
force as a streamlined body that is six times as thick. There was much room for
improvement in the structural/aerodynamic design of the world’s first airplane.

Round Nose L/H 0.5 1.0 2.0 4.0 6.0
Section Cp 1.16 0.90 0.70 0.68 0.64
Flat Nose L/H 0.1 0.7 2.0 3.0 6.0
Section Ch 1.0 2.70 1.80 1.30 0.90
Cylinder CD 1.20
Disk Cp 1.17
Main Wing Co parasitc 0.047
Canard Wing Ch pacasivic 0.030
Rudder Cp ;mm,: 0.002

Table 1.1: Drag coefficients of varying geometries.
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The USU Wright Flyer

The reduction of drag for a more modern design was a straightforward process.
The structural elements of the plane were redesigned with two objectives aside from the
requirements of holding the plane together. The first periphery constraint was to
maintain a form that would represent the 1905 Wright Flyer from about 100 feet away.
The second periphery constraint was to reduce the aerodynamic drag.

By using stronger and more modern materials, along with better construction
techniques, many extraneous structural elements were either eliminated, or their numbers
reduced. The remaining parts were redesigned to reduce their frontal area or use
geometries with smaller drag coefficients. In the case of the wings and canard, more
efficient airfoils were used, thereby not only increasing the performance and stability of
the plane, but also greatly reducing the parasitic drag. The final design of the main wing
airfoil resulted in an impressive parasitic drag coefficient of Cp, = 0.0073.

After the final structural design of the USU Wright Fiyer was finished, a second
spreadsheet (Appendix A) was developed to estimate the drag forces experienced in
flight. Comparing the two spreadsheets shows the drag differences between the new

USU flyer with the old 1905.

For the USU flyer the number of struts needed for structural support was reduced,
the struts that remained were changed to have a streamlined cross-section, and all of the
wires used to hold the plane together were eliminated. Figure 1.13 shows how these
changes benefit the performance of the USU Wright Flyer. The 1905 fought
approximately 120 pounds of aerodynamic drag at a cruise speed of 28 mph. The new
aircraft at the same speed had only 55 pounds of drag. If the original aircraft had enough
propulsive power to reach the design cruise speed of the new aircraft (45 mph) the drag
would be 300 pounds. The new aircraft is estimated to induce only 120 pounds at cruise.

From a copy of the Wright brother’s 1908 notebook, they recorded a static thrust
from their propellers of 134 pounds (Ash 1999). Their propellers would produce less
thrust at 28 mph, and the thrust must equal the drag in steady-level flight. So a prediction
of 120 pounds of drag seems quite reasonable.

It is interesting to note the influence that a passenger had on the two airplanes.
There is not much difference between flying with or without a passenger in the original
aircraft. The drag from the 1905 airframe was so large that the second person didn’t
make much difference. On the new aircraft however, the airframe drag is low enough
that adding a passenger significantly adds to the over all drag.
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Figure 1.13: Aerodynamic drag force developed as a function of airspeed.

The aerodynamic drag forces on the aircraft also produce a moment about the
center of gravity. Since the majority of the aircraft’s frontal area is above the center of
gravity a piiching-up moment is produced. As the speed of the aircraft increases the
pitching moment also increases. Figure 1.14 shows a prediction of how the positive
pitching moment is expected to increase as a function of forward airspeed. At a cruise
speed of 45 mph, the moment acting on the USU Wright Flyer should be about 700 ft-Ib.
The propellers, sitting two feet above the center of gravity will have to produce enough
thrust to balance the expected drag force of about 125 Ibf, thus producing a negative
moment of 250 ft-Ib. A remaining moment of 450 {t-lb is left acting on the aircraft. The
possible stability problems due to the increased pitching moment were evaluated by
adding an extraneous surface to the WINGS200] model that would produce the same
results as the total parasitic drag of the aircraft.

The detailed estimations of the drag forces and moments that are expected for
both the 1905 and the USU Wright Flyer made it possible to find ways to improve the
1905 Wright Flyer and also predict the needs of the USU Wright Flyer. The thrust
needed for take off and cruising flight were predicted, and values needed to predict the
static stability of the aircraft were found.
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Figure 1.14: Drag moments as a function of airspeed.

Performance

Canard configured aircraft can be suscepiible to an unrecoverable stall if the main
wing stalls before the canard. If the wing were to stall first the aircraft would pitch
backwards and there would be no way to restore the flow over the wings surface and
regain level flight. When the canard stalls first the aircraft pitches forward and loses
altitude (potential energy), which is exchanged for an increase in airspeed (kinetic
energy). The boundary layer re-attaches to the canard surface inducing lift, which allows
the pilot to pitch back the aircraft and return to level flight.

To verify a "canard first" stall, the new aircraft was balanced in WINGS2001 at
speeds ranging from 20 mph to 80 mph. Data from WINGS2001 showed that as the
aircraft approached stall, the balanced angle of attack for the canard approached its
maximum angle of attack at a faster rate than the wing did. Thus the canard would stall
first. Downwash on the wing tends to decrease its absolute angle of attack and move
away from stall, while upwash on the canard tends to increase its absolute angle of attack
and move it closer to stall.

A "canard first" stall analysis was also done with respect to lift coefficients using
the same method outlined above. The data also showed that as the aircraft approached
stall the lift coefficient for the canard increased at a higher rate than that of the wing, thus
the canard always stalled first. Static margin was found to increase with decreasing
speeds. This verified that the aircraft would maintain good stability throughout its design
speed range.

ks - -
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The USU Wright Flyer performance analysis found in Appendix B was developed
using equations based on Newton's second law (Phillips 2002), data obtained from
WINGS2001, and the drag analysis (Appendix A). Results of this analysis are best
presented graphically as: Figure 1.15 - Thrust Required/Available, Figure 1.16 - Power
Required/Available, Figure 1.17 - Rate of Climb, and Figure 1.18 - Sink Rate. The
analysis also found the USU Wright Flyer to have a stall limited minimum turning radius
of 84.2 ft, and take off distance of 222.0 ft.
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] Figure 1.15: Comparison of thrust required to maintain level flight and thrust available
; given the chosen engine and propellers at standard sea level.
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Figure 1.16: Comparison of power required to maintain level flight and power available
given the chosen engine and propellers as standard sea level.
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Dynamic Stability

After finding the USU Wright Flyer to be statically stable it was necessary to
ensure its dynamic stability. Many modern aircraft design projects are delayed because
of problems with dynamic stability, as it can be a difficult characteristic of an airplane to
predict (Phillips 2002).

The dynamic stability of an aircraft is found by determining how the airplane
would respond to different perturbations from the equilibrium state. Just as a spring-mass
system has different dynamic modes, so does an aircraft. The airplane is the mass and the
atmosphere is the spring. The five main dynamic modes for an aircraft are:

1. Short-period

2. Long-period or Phugoid
3. Roll

4. Spiral

5. Dutch Roll

Each mode represents conditions that could cither make the flight uncomfortable or, in
some cases, dangerous.

In order to quantify an airplane’s characteristics in dynamic stability, the
government has established a classification system that measures how an aircraft’s
dynamic modes affect the quality of flight. Cooper and Harper (1969) developed a rating
system that ranked an aircraft’s handling characteristics according to pilot opinion. A
Level I rating in this system corresponds to an aircraft for which “pilot compensation (is)
not a factor for desired performance.” Level 4, the lowest pilot rating, states “control will
be lost during some portion of required operation” (Phillips 2002).

Different classes of aircraft and categories of flight phases are also taken into
account when classifying an airplane’s dynamic flight capabilities. The USU Wright
Flyer is a Class I aircraft, which means it is small, light, and used for training or “general
observation.” The flight phase for the flyer will be a Category C, implying “gradual
maneuvers” requiring “accurate flight-path control” (Hodgkinson 1999). Table 1.2
shows the reguirements of a Level I pilot rating for each of the major dynamic modes
given this particular aircraft class and flight category.

Just as a spring-mass system has a governing equation to describe its motion, so
does an aircraft. A computer program named DYNSTAB was developed using the
linearized equations of motion to find the properties of the different dynamic modes of an
aircraft. DYNSTAB required as input a list of moments of inertia and derivatives
characterizing the motion of an aircraft. The moments of inertia were found using solid
models of the 1905 and USU Wright Flyers made with Autodesk® Mechancial Desktop©
and Inventor®. The aerodynamic derivatives were found using WINGS200! and
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DYNSTAEB was then able to find the dynamic flight qualities of both the USU Wright
Flyer and the 1905 flyer (see Table 1.2).

As can be seen in Table 1.2, the USU Wright Flyer passed almost all of the
requirements for Level I status in steady-level flight. The divergent spiral mode had a
Level II doubling time, which is less than ideal. However, in the conditions the airplane
will be flying in (visual flight reference or VFR), it should be only a slight inconvenience
to the pilot, and not a dangerous quality.

The positive pitching moment of the 1905 Flyer, which resulted in static
instability, prevents a proper prediction of its short-period mode. The spiral mode
doubling time of the 1905 Flyer was just above the threshold of a Level IV pilot rating
(4.0 seconds), resulting in a nearly uncontrollable aircraft.

The Level 1T spiral mode of the USU flyer gave rise to a study of the effects of
how dihedral and a smaller rudder would effect the plane’s dynamic stability. Not
mentioned earlier was the fact that the initial dynamic analysis did not consider the fact
that under regular flight conditions the wings would have natural dihedral due bending in
the wing spar. Ignoring the natural dihedral resulted in a doubling time of 9.54 seconds.
Using a simple cantilever model, dihedral was placed in the wing representing the natural
wing deflection during steady-level flight. The doubling time of the spiral mode was
then found to be 12.62 seconds. The result was not only more pleasing, but also more
realistic. The dynamic stability results shown in Table 1.2 for the USU Wright Flyer are
actually the results obtained by incorporating the natural dihedral.

Hodgkinson Classifications (1999)

Aldrcraft Classification: Class [
Flight Phase: Category C

Requirements for a Pilot Rating of Level [USU Wright] Original
Mode
I: Flyer 1905 Flyer
Short-period Range of § 0.35 to 1.390 0.87156 n/a
Phugoid Minimum & 0.04 0.12814 0.52627
Roll Maximum t/¢ {sec) 1.0 0.03733 0.08827
Spiral Minimum Doubling Time (sec) 20 12 .62
Dutch Roll Minimum § c.08 0.46145 0.56481
Key: i
Level I Minimum {a, 0.15 1.84903 1.35481
Povel 0l
) Minimum & 1.00 4.00701 2.39834
Eevel v n

Table 1.2: Hodgkinson (1999} classification comparison for Level I pilot rating,
Values for the USU Wright Flyer and the original 1905 Flyer represent steady-level
flight.
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Another attempt to increase the doubling time of the spiral mode was to decrease
the size of the rudder. The design team was hesitant to do so in the first place because of
the negative effect it would have on the aesthetics of the airplane. Decreasing the chord
length of the rudder was the best possibility. However, by reducing the rudder’s chord
length from 3.0 feet to 2.75 feet in the DYNSTAB model, the resulting doubling time was
12.68 seconds, only a 0.5% increase. Needless to say, the original rudder size remained
in vse.

Velocity is a large contributor to the quality of an aircraft’s dynamic stability.
Figure 1.19 represents the manner in which the velocity affects the doubling time of the
spiral mode. The figure also presents the relationship between the spiral mode’s doubling
time and changes in climb angle. As one can see, high climb angles can the plane to
plummet below the Level III threshold, placing the aircraft in a potentially dangerous
situation.

In the continued study of airspeed effects, a phugoid mode of decreasing quality
was found at lower speeds, as shown in Figure 1.20. A flight speed of 35 mph causes a
higher climb angle to be potentially dangerous. With this and the potential spiral mode
problems at lower airspeeds, it will be important for the pilots of the USU Wright Flyer
to be gradual in their maneuvering. In take-off configuration, for example, the pilot must
maintain a high speed and a low climb angle to secure safe handling of the aircraft.

The effects of bank angles were also studied, but found only to increase the
dynamic stability of the aircraft within the realm of the USU Wright Flyer's flight
conditions.
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Figure 1.19: Doubling time of the spiral mode amplitude as the climb angle changes for
airspeeds of 45 and 55 mph.
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Figure 1.20: Damping rate of the phugoid mode as the climb angle changes for airspeeds
of 35 and 45 mph.

Early in the year of 1905 the Wright Brothers added blinkers to their canard to
keep the nose of the plane from sliding to the side when banking. The blinkers were small
vertical plates that sat between the two canards. Little did the Wright Brothers know that
the blinkers would also increase the dynamic stability of their aircraft. In the initial
design phases of the UST Wright Flyer the blinkers were assumed to create more drag
than they would assist in stability, and were therefore emitted. The small difficulties
encountered in both the spiral and phugoid modes led to a decision to reapply the
blinkers. Adding the blinkers raised the spiral doubling time to almost 18 seconds. They
also had a small positive effect on the phugoid damping ratio, most likely due to the
winglet effect the blinkers had on the canard. I is common for modern aircraft to use
what is called a strake to create a similar stabilizing effect, due to the commonality of the
divergent spiral mode. The actual application of the blinkers to the USU Flyer will be
beyond the scope of our time frame.

The design of the USU Wright Flyer has been one to create a unique airplane —
one to bring the past into the future. Had the goal of this design been to create a more
conventional aircraft, different design criteria would have been established, and the
performance in dynamic stability would have been greatly improved. However, it has
been shown that the dynamic stability of the USU Wright Flyer surpasses the
performance of the 1905 Wright Flyer. Due to the overall improvement and the
competent performance of the new plane the less-than-ideal circumstances presented
above, such as the spiral and phugoid modes, are permissible.
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If design changes were possible, the first step in improving the dynamic stability
would be to increase the airspeed. This alone would raise the dynamic stability pilot
rating to Level I for all modes, and allow for steeper climb angles. Blinkers would also
increase the dynamic stability, especially for the spiral mode. However, the effects of the
blinkers are still small compared to simply increasing the airspeed.

Conclusion

‘The Wright Brothers” work was ingenious for their time, laying the groundwork
for the advancement in flight sciences for 100 years. As aerodynamic sciences have built
upon their findings, this project has built upon their aircraft. The targets established at
the beginning of this re-designing; an aircraft that appears as the 1905 Wright Flyer,
positive pitch stability and a stall speed 15 miles per hour less than cruise have been
accomplished according to the analysis completed thus far.

1. Aesthetically similar to the 1905 Wright Flyer (See Figure 1.21)
2. Stable in Pitch (Static Margin = 9.5%)
3. Stall Speed = 30 mph (2 people), 25 mph (1person).

All of these results are based upon a 45 mph cruise speed and a 496 Ibf aircraft empty
weight. The relevant results of the aerodynamic design were passed along to the
structural team members to bring the design to life as is detailed in the following
chapters.
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Figure 1.21: WINGS2001 models of 1905 and USU Wright Flyers, Clockwise from top
left: 1905 Wright Flyer, USU Wright Flyer, USU Wright Flyer, USU Wright Flyer side
view showing lift of airfoils (red), USU Wright Flyer top view.
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Introduction

The main wing the 1905 Wright Flyer was ingenious in many ways. The spars,
ribs, and struts were made of spruce and ash, making them light and easy to work with.
The wings could be attached and detached easily using simple, modular hardware. The
wing warping method designed to control the plane was ahead of its time. The
exceptional designs invented by the Wright Brothers made their wing simple and light

weight.

Although the original wing design was extraordinary, major changes were needed
to accommodate the aerodynamic redesign. For example, the original airfoil was
replaced by a thicker more efficient design. The simple change in the wing thickness
necessitated changes in many other aspects such as the spars, struts and cabling system.

Despite these large changes, every care was taken to remain sincere to the Wright
Brother's original wing design. Wing warping is the defining characteristic of the 1905
Wright Flyer wings. As will be shown, all designs of the USU Wright Flyer were done
around wing warping in hope of honoring the great builders of a legacy.

Concept Requirements

1. Weight
A. The final design must weigh less than 120 pounds without compromising

safety and/or functionality.

2. Wing Warping
A. When warped, the wings must keep an acceptable airfoil shape (minimal skin
wrinkling).
B. The design must accommodate a maximum pilot force of 70 1bf.
C. The design must produce an acceptable roll rate.

3. Strength
A. The wings must be built so that the deflection of the wingtips 18 20 inches
when the aircraft is in a 2.5g turn.
B. The wing spars must be able to withstand a maximum distributed load of 525

Ibf at the interfaces.

4. Aesthetics
A. The aircraft must look like the 1905 Wright Flyer from a distance of 100 feet

to a person that has a general knowledge of the design.
5. Interfaces with other parts of the airplane
A. All interfaces must withstand all possible loads that could occur during

normal flight and landing conditions.

6. Manufacturing
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A. All designs must take into account the construction capabilities of the Utah
State University Industrial Technology Department.

B. All designs must be capable of being manufactured within a reasonable time
frame. '

Wing Warping
1905 Wright Flyer Design

Initial wing warping ideas for the USU Wright Flyer were based on the warping
devices of the 1905 Wright Flyer (see Figure 2.1). The 1905 Wright Flyer used two
flimsy spars that could be deflected to warp the wing. Each rib was attached to two
spars, one at the leading edge of the wing and one about four feet back. With a clever
cable setup, the Wright Brothers deflected the back spar to achieve an acceptable rolling
rate. The design worked well with the thin airfoil of the 1905 Wright Flyer.

USU Wright Flyer Design

Using the wing warping method designed by the Wright Brothers as a foundation,
internal changes were made to accommodate the new airfoil shape. Several ideas
considered were twisting a single spar, splitting a rib to include an elastomeric interface
and twisting the leading edge of the wing with free floating ribs.

Twisting a Single Spar

This concept uses a single main spar to catry both the lifting loads and the wing
warping loads. The spar would have a torsion load applied at the wingtip to cause the
attached ribs to deflect.

Initial concepts using a twisting spar had some very appealing properties.
Foremost was the elimination of the rear spar, which greatly reduced the overall weight
of the wing structure. Control cables and rods would be located inside the wing structure,
eliminating parasitic drag caused by external cables.

Several attributes of the Single Spar design were found to be unacceptable. First,
the main spar would be subjected to continuous torsion and bending loads. Torsion loads
would be further increased by the inherent moment caused by the wing. Such a
combination of loads was frightening bearing in mind that if the spar failed the aircraft
would crash. Second, no acceptable twisting mechanism was found to apply controlled

warping.
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Figure 2.1: The 1905 Wright Flyer wing weirp;ng detaﬂ from original drawings.

Splitting the Ribs with an Elastomeric Interface

This concept splits the outer ribs near the quarter-chord and reattaches them with
an elastomeric material effectively creating a large, internal aileron. A load applied to the
back spar would bend the back portion of the ribs while the front piece remained rigidly
attached to the main spar. Two rubber-like interfaces would hold the pieces to together
(Figure 2.2). This eliminates the constant loading of the main spar, allowing it to carry
the lifting forces while the rear spar experiences only the predictable bending loads
created by the control cables.

A mockup was built to analyze the feasibility of construction and locate any
problems that were not originally taken into account. Motion was found to be acceptable,
but the front and back rib pieces tended to separate. Applying retaining blocks to the
edges of the ribs impeded this problem, but still left concern (Figure 2.3).
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Flgure 2.2: Split rib with elastomeric material.
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Figure 2.3: Split rib with elastomeric material mockup.

Unfortunately, this design did not meet the requirement for simplicity. As the
individual parts were considered, the design quickly grew too complex. This design
required two to three separate D-tubes, elastomeric material that would run the entire
length of the warping section, two spars, and four spar collars (Figure 2.4).
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Figure 2.4: List of req_uired parts for split rib idea.
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Twisting Leading Edge with Free-Floating Ribs

Work was then done to simplify the previous design. It was found that the
leading edge of the airfoil was nearly three inches in diameter. Therefore, a three-inch
diameter front spar was placed at the leading edge. This would strengthen the leading
edge and effectively eliminate the need for the two heavy D-tubes, which could now be
replaced with a single lightweight composite piece. The rib was also left as a solid piece
that could rotate around the front spar, eliminating the need for the elastomeric material.
Finally, simple wooden blocks bonded to the spar replaced the spar collars to constrain
the ribs in the lateral direction. :

This idea, consisting of only five main parts (the ribs, the back spar, the front
spar, the leading edge, and the wingtip) is much simpler than the previous design, which
incorporates ten. As shown in Figure 2.5, the outer seven ribs are free-floating over both
spars and are bonded only to the slightly flexible leading edge. The wingtip simply
constrains the distance between the two spar tips and is also free-floating. Control cables
bend the back spar to provide the same warping motion as the 1905 Wright Flyer.
Ironically, the best design found was nearly identical to the 1905 Wright Flyer, which is
great testament to the ingenuity and engineering skill of the Wright Brothers.

Leading BEdge Pesien

To achieve the flexibility for the required motion of the leading edge, the
expertise of Dave Widauf and Charles Larsen was sought. According to their opinion,
woven graphite laid up at a 45° angle would provide the needed strength and flexibility.

Wingtip

Flexible leading edge

Figure 2.5: Twisting leading edge idea detal.



Determination of Required Wing Deflection

To ensure proper aileron size and placement it was necessary to model the USU
Wright Flyer using WINGS2001. The process of studying the affects of aileron deflection
entails matching a desired rolling rate with the required aileron deflection. If a large
deflection is required the ailerons may be undersized or poorly located. Similarly, small
deflections might indicate that the ailerons are too large.

The difficult part in obtaining assurance of proper aileron sizing and deflection is
generating an accurate model of the airplane. For most aircraft it is not a problem
because the ailerons have a specific location and size. However, it is difficult to model a

warping wing. |

WINGS2001 applies the same angle of aileron deflection on every flap designated
as an aileron. With wing warping, the wing is most deflected toward the tips of the wing
and the deflection decreases until the wing can be considered rigid, having no deflection.
Since it was impossible to model this gradual decrease in deflection angle in
WINGS2001, a different technique was used. First of all, the wing was broken up into
sections as shown in Figure 2.6(a). After dividing the wing, the midpoint of each section
was treated as a point on a cantilever beam. Next, the ratio of a section’s midpoint
deflection compared to the maximum deflection was used as the percent of the chord of
cach section vused as an effective aileron, as shown in Figure 2.6{a) and (b).

A rolling rate value p, commonly used for aileron sizing in low-maneuverability
aircraft is shown non-dimensionalized as follows (Phillips):

(Pbo/2Vihmas 2 0.07 (eq. 3)

After placing this value into WINGS200!, the resulting rolling moment was then
balanced by an opposing aileron deflection. At this balanced configuration, the aileron
deflection required in the lifting line model was 5.4°, which corresponds to a wingtip
deflection of 4.3 inches. A visual of the exaggerated wing warping used in WINGS2001
is shown in Figure 2.7.

Trailing Edge Design

1905 Wright Flyer Design

The Wright Brothers simply attached a wire, pulled as tight as possible, to
the trailing edge of the ribs. This design did an adequate job, but still allowed the fabric
to ‘dip’ and ‘bubble’ in flight.
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Figure 2.6: (a) Visual of how the main wing was sectioned, and the percent chord used

on each section as an effective aileron. (b) Cantilever beam model used to approximate
the percent chord modeled as an aileron.

Figure 2.7: Eagerated ing wingof the WINGS2001 model.
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USU Wright Flyer Design

Great thought was given to this aspect of the design mainly because of a paper
written by J. D. DeLaurier of the University of Toronto, “The Development of an
Efficient Ornithopter Wing.” The DeLaurier-proposed ornithopter wing had many
similar warping motions and requirements, namely the design required that the skin of a
double-surface airfoil remained relatively unwrinkled. To achieve this, a sliding trailing
edge was developed for the ornithopter wing.

“The essential feature is that the trailing edge has to be split, thus opening the
‘torque box’ formed by the airfoil’s cross section. Two unidirectional carbon fibre/epoxy
strips are glued to the ends of the ribs to form the trailing edge. However, these are not
glued to each other. Instead, clips are attached which prevent spreading of the trailing
edge while allowing free relative lateral motion between the strips” as seen in Figure 2.8
(DeLaurier 1993).

Final Design

Upon further investigation, the motion of the USU Wright Flyer was considered
small when compared to the ornithopter motion, and the shearflex trailing edge concept
was retired. Therefore, a simple, off-the-shelf trailing edge was specified as seen in
Figure 2.9,

Covering Bonded to These : Covering Bonded to These
Ribs on Top Only 7 Ribs on Bottem Cnly

Sliding Trailing - Edge
T Strips with Clips

Figure 2.8: Shearflex concept.
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Figure 2.9: Trailing edge detail.

Spar Design

1905 Wright Flyer Design

The 1905 design, as mentioned in the ‘Wing Warping’ section, consisted of a
rectangular arrangement of relatively flimsy spars that depended on cables for stiffness.
Wing warping and weight seemed to be the reason behind the idea.

USU Wright Flyer Design

To accommodate the wing warping mechanics, two spars would be required: a
main front spar that would carry most of the lifting load and a smaller, flexible back spar
that would share some of the lifting load and provide the proper deflection motion for
wing warping. Each spar would also require a high enough radial stiffness to bear
landing loads at each of the chassis interfaces.

To meet the strength requirement stated above, the combination of the bending
stiffness of the front spar, the back spar, and the cables would have to have a deflection
Weight - LoadPercentage ). This

4

test simulates a 2.5g load to the aircraft. In order to design to these specifications, several
assumptions were made. First, since a canard-configured aircraft will always have some
load being carried by the canard, a percentage of the load will be sustained by the canard.
Second, the load on the wings will be equally distributed over both wings. Finally, the

of 20 inches while carrying a wingtip load of 60 Ibf (



36

addition of ribs, skin, and especially cables will carry a substantial percentage of the load.
It was decided to model the load percentages as follows;

Front Spar: 30%
Back Spar: 20%
Canard: 15%

Cables/Ribs/Skin: 50%

Front Spar Design

To determine the size and layup to carry the aforementioned load, a simple
cantilever model was used (much the same that was used to determine aileron deflection)
where the chassis interface location was considered the rigid point of the cantilever (207
inches from the wingtip). The bending load would be placed at the wingtip (see Figure
2.10).

From the chosen wing warping design, the front spar would have to fit the ribs’
leading edge of three inches in diameter. It was found that a 3.2-inch diameter tube
wotild only change the leading edge by 0.01 inches. Therefore, a range of values was
known for the outer diameter: 3.0 to 3.2 inches in diameter. The outer three ribs’ leading
edge radii decreased linearly as they were placed further from the center. The front outer
spar diameter was reduced to fit this change.

All that was now required to complete the initial design was the inner diameter or
thickness of the tube. To find this, the stiffness of the tube would have to be modeled.
Composites have been known to have moduli that are difficult to predict. For help with
this aspect, a paper written by Chan and Demirhan of The University of Texas at
Arlington was consulted. It states that the bending stiffness of composite tube[s] can be
obtained by using smeared modulus of the laminate and multiplying the moment of
inertia of the tube. The expression is given as:

EI-:EX%-(R:—R,.“) (eq. 2.1)

where E is the smeared modulus of the tube laminate and can be obtained by lamination.
(Chan, Demirhan 1995} According to one of the composites donators, Bill Pratt of
Patterned Composites Inc., the smeared modulus of the contributed material would be 95
to 100 MPa.

Armed with these assumptions and values, calculation was done to find the
thickness of the tube to be ten laminate layers (.05 inches) on the inner section of the spar
and twelve layers on the outer section of the spar (Appendix C).
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Figure 2.10: Cantilever model used to size front and back spars.

The front spar’s layup was done according to the suggestion of Bill Pratt. He
suggested that multiples of four were required when using wavy composites to retain
even curing properties. Therefore, four wavy layers, two 0° layers, and then another four
wavy layers were used for the inner section. This layup takes advantage of the ease of
building, beauty, and torsional stiffness of the wavy graphite while retaining the good
bending stiffness qualities of the 0° layers. The front outer spar would use a twelve layer

wavy design.

Back Spar Design

While the front spar was mainly designed to hold the bending forces of lift, the
back spar was made to support lift, propeller forces, and to assist the warping motion. As
can be seen in Figure 2.11, the back outer spar is a large, flexible glass tube much like a
vaulting pole in order to provide the proper warping mechanics. The larger middle
section of the spar was made to be a rigid anchor for the outer spar and a stiff connection

for the engine struts,

Figure 2.11: Back spar assembly.
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Again, the smearing method was used to calculate the proper thickness for the
inner and outer tubes. The exact motion that would be caused by forces from lift, control
cable, and/or propeller forces is unknown because of coupling effects, but has been
accounted for in designs discussed in the ‘Interface Design’ section.

Thicknesses for the back spar pieces were found to be eight layers of graphite and
a lay-up of eight wavy layers would be used (see Appendix C).

Spar to Spar Interfaces

Since the complete spar would be difficult to build as one piece, each spar would
have to be made in section and attached together using interfaces. These consisted of
shorter, stiffer graphite tubes made to slide into the ends of each spar section and would
be filled with foam, wood or any acceptable filler. A filler was used to support the part
from crushing since most spar locations have either a chassis interface or a wing strut
interface or both.

At the locations where the diameter of the spar is reduced, a different insert would
be used. A ‘spar cap’ was inserted into the end of the larger diameter spar having the
smaller diameter spar adhered to the inner part. Consisting of a balsa center and spruce
end caps, the spar cap would resist the bending loads of the smaller spar while remaining
lightweight (Figure 2.12).

Spar Weight

Fortunately, the required stiffness of the spars resulted in a lightweight tube. The
total weight of the front spar would be about 15 pounds (1/3 Ib/foot). The total weight of
the back spar drops to 12 pounds (1/4 Ib/foot). This left 66 pounds for ribs, struts,
connections and skin (see Appendix C). The final spar design follows in Figure 2.13.

Figare 2.12: Spar cap assembly.




Figure 2.13: Final spar assembly.

Rib Design

The two funciions of the USU Wright Flyer ribs were to carry the lifting forces
(bending loads) and to constrain the spars in the longitudinal direction (buckling loads).
The ribs would form the airfoil shape, and require stiffness in every direction. Also, with
over 60 ribs, weight was of great concern.

A number of ribs were manufactured by students of the ITE Department. Each
rib consisted of a low-density foam core and a single layer of glass/epoxy adhered to the
surfaces of the foam (Figure 2.14). Since the manufacturing method was proven, this
general design was chosen for further analysis and modifications.

A simple test was done to determine the bending strength of the ribs (Figure
2.15).  Weight was added in a suspended bucket until rib failure. One rib that was
recorded to weighed less than 0.5 pounds carried a load of 142 pounds.

The load each rib carried was determined by taking the theoretical lift distribution
from WINGS200! and finding a polynomial to fit the curve (Figure 2.16). The largest rib
load in a 2.5g maneuver was calculated to be 50 1bf, well below the tested 142 Ibf. This
relatively small value was expected because of the small wing loading.
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Figure 2.16: Lift distribution of the UUSU Wright Flyer

This result left room for weight reduction and several more rib designs were
tested, such as the “swiss cheese” design seen in Figure 2.17. Before this testing was
done, it was decided that manufacturability would be sacrificed if holes were cut in the
rib structures. If holes were cut the exposed foam would have to be covered by
composite ~ a painstaking process for 60 ribs. Since this only reduced the weight of the
wing by 3 pounds, it was decided to reduce the weight by using less foam and replacing
the fiberglass skin with Kevlar.

Wing Strut Design

1905 Wright Flyer Design

The Wright Brothers used spruce sticks to provide a vertical constraint between
the wings. Each strut had an eyebolt lashed to the end that was run though a hook
fastened to each spar. This prevented the strut from applying any torsional forces to the
spars.

USU Wright Flyer Design

Several aspects of the stiut design were explored. First, since the strut cross-
section with respect to the free-stream velocity was rather large, drag would be a major
consideration. Second, a six-foot strut could be rather heavy and weight was an issue.
Third, the struts would have to meet requirements for strength and manufacturability.
Several ideas were considered.
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Figure 2.17: “Swiss cheese” rib concept.

Graphite, Cylindrical Tube with Graphite/Nickel Streamlined Fairing

To be consistent with the spar design, a cylindrical tube was initially chosen as
the strut structure. The tube and fairing would be made of graphite/epoxy. Simple
buckling calculations showed that a 34-inch tube would be required to hold the loads. A
nickel-coated fairing would be wrapped around the strut to reduce drag and provide
aesthetics.

Graphite, Airfoil Shaped Tube

The second idea consisted of using an airfoil-shaped bar as a mandrel for the strut.
Composite would then be laid around the mandrel and cured. Since the airfoil shape was
wider and longer than the diameter of the cylindrical tube, the buckling resistance would
be higher and there would be no need for a fairing. The only problem was that the
concept was unproven.

With the help and expertise of Professor Charles Larsen, a method was developed
to make a streamlined strut (Figure 2.18). This aspect of the USU Wright Flyer is
perhaps the most innovative of the entire wing structure. By using this unique building
scheme, the struts were created with an airfoil shape made from graphite and epoxy with
a nickel surface to create the appearance of wood.
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Configuration

The layout of the struts is nearly identical to the 1905 Wright Flyer with one
exception: the USU Wright Flyer has added cross struts (see Figure 2.19). By doing this,
the stress box was closed where the wings attach to the chassis to provide longitudinal
stiffness and help carry the landing and thrust loads.

—p = Inferface loads

Figure 2.19: Demonstration of the ‘stress box’.
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Strut Interface Design

With a finalized strut design, the last obstacle was to connect these struts to the
spars. Each interface would have to withstand expected loads while not affecting the
properties of the spar. Also, since the above mentioned loads were unknown before
actual flight-testing, a modular design was developed to meet the requirements if
unforeseen problems arose.

The first part of the design was a simple aluminum plate that would be bonded
and strapped to the spar with epoxy and graphite strips. The plate could be bonded in any
direction on the spar, providing modularity. Also, the effect on the spar properties would
be minimal. Second, a simple aluminum tube would be welded onto the center of the
plate. The support bar of the strut would then be inserted inside the tube and affixed to
the strut by an epoxy/cotton filler (see Figure 2.20).

Weldament strength was a concern and strength calculations were done to
determine that a 0.20x0.20 weld bead would provide strength to withstand the expected
bending load of 421 pounds. Where needed, universal joints (Figure 2.21) were used
instead of the inserted bar to protect the structure from repeating loading. These joints
were constrained in twisting and axial directions, and still allow bending.
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Figure 2.21: A universal joint in twisting, bending, and compressmn.

Cable Design

1905 Wright Flyer Design

The majority of the 1905 Wright Flyer wing stiffness was provided by a large
matrix of cables. These cables were required because of the inherent flaws of the aircraft
configuration such as large wings, no fuselage, and flimsy wing spars.

USU Wright Flyer Design

Structural Cabling

For aesthetic purposes, the inherent problems mentioned above were slightly
improved but not avoided. Therefore cables were needed to add stiffness to the USU
Wright Flyer wing box. The wing spars would be much stiffer than their 1905
predecessors, and the exact stiffness of the entire wing structure would be very difficult
to analytically determine. It was determined to make a modular interface design that
would allow different cable configurations.

Simple cable plates were designed to fit the bar of the strut interface (Figure
2.22), which could easily be added or removed to any strut interface. The one-pronged
cable plate would accommodate a strut interface with only one cable connection while
the two-pronged cable plate could fit two connections. It was estimated that the largest
load to be carried by the structural cables would be 412 pounds and a 1/16-inch cable
(break strength of 460 pounds) was specified.

Control Cabline

To provide routing for the cable design shown in Figure 2.23, another modular
pulley idea was used (Figure 2.24). The pulley assembly was also attached to the strut
interfaces via cable plates. The cable plates were then bent to the proper angles to
prevent cable derailment. Standard 1/8-inch control cable was used on all control
routing.

Conclusion

As was shown in the previous sections, many concepts of the USU Wright Flyer
mimic the Wright Brothers' original wing design while accommodating the needs of the
USU Wright Flyer. By doing this, the design remains true to the Wright Brathers' legacy
while creating a safer platform.
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Figure 2.22: USU Wright Flyer cable plates (one and two-pronged).

Figure 2.23: Control cable routing design.

Figure 2.24: USU Wright Flyer pulley assembly.
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Intreduction

The main objective of the USU Wright Flyer canard redesign was to make a
strong, simple bi-wing canard, which looked like the 1905 Wright Flyer canard. A
canard is the vertical elevator for the aircraft. The dominating problem was the design
had to be flexible to accept aerodynamic design modifications and constraints which were
undetermined at the beginning stages of the design. Also new material types were to be
used and it was important to understand the different characteristics of innovative

composite materials.
Concept

When designing a component of an atrcraft such as the canard, it is critical to
understand the loads and moments that it will experience during normal use and the
maximum loads encountered. The initial estimation of the loads in flight was estimated
as half the weight of the plane plus a safety factor of two. Resulting in a maximum load
of 500 pounds, this was used to calculate stresses. In actuality, the final aerodynamic
analysis predicts a trimmed flight load of 183.1 Ibs and a 2.5G loading of 457.75 lbs.
The 500-pound estimation was an adequate loading in comparison to the predicted
values.

Preliminary Design

To allow the airfoil shape, size and location to be variable until aerodynamic
analysis was complete meant the structure had to be able to accept a wide variety of
constraints and dimensions such as chord length and thickness. A preliminary design
package was created and presented to the customer, which incorporated the variability of
the structural components and placement.

The initial design for the aerodynamics was finished on November 20 establishing
specific parameters such as the chord length, mounting angle, span and distance from the
leading edge of the wing. These numbers were later finalized on January 10 and all
subsequent drawings that used preliminary design numbers were modified but the basic
design did not change.

The 1905 Wright Flyer canard pivoted about the half-chord, which allowed for
the varying camber as the angle of attack increased (see Figure 3.1). Canard design
constraints were no ailerons, no airfoil deformation during changes in angle of attack, and
pivoting about the quarter chord. Pivoting about the quarter chord allows the hinge pins
to take most of the load. This minimizes the pitching moments or control forces, and
reduces the input force required from the piiot.




Figure 3.1: Original canard changing airfoil shape as anglé of attack varies.

Airfoil

The airfoil shape changed drastically as shown by Figure 3.2. The drawing
: package needed the correct airfoil shape for the construction of the foam core. To
! determine the dimensions of various components, an X-Y data point file for the airfoil
was plotted in AutoCAD 2000 and then imported into Inventor. The airfoil shape was
extruded as the basis for all subsequent parts.

The Original 1905 Canard Airfoil

1

T e M

The 2003 Canard Airfoil

USU 893009-3040.13

Figure 3.2: A comparison of the original canard airfoil versus the 2003 design.
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Hinges

Vital structural components of the canard are the hinges, ensuring that both lifting
surfaces rotate at the same angle. The shear loads on the hinge pins are small: 125 Ibf
(500 Ibf being-divided among the 4 hinges). The main spar was initially along the quarter
chord for strength, but was moved forward properly locating the hinge pins. The main
spar and hard plates are important mounting points; a collar and two plates were logical
ways to mount to these components. A round collar was initially used to mount on a
round support strut. The strut was changed to an airfoil cross-section to reduce drag.
This required the collar to be changed to a plate that welded onto the strut. The new hinge
asscmbly is shown in Figure 3.3.

Control linkages

Control linkages start with cables coming from the cockpit, running along the left
skid from the control stick to a bell crank. The bell crank connects the cables to push-
pull rods that connect to the hinge assembly. Hinges are coupled and are attached to the
hard plates on one side of the strut supports. The hard plates and hinge assembly transfer
the torque from the controls throughout the foarn. The first idea was to form hard plastic
to make these hard plates. A more suitable solution, considering cost and ease of
manufacturability, was to bolt the hinge to half-inch plywood.

For the final selection, a bell crank was mounted on the support struts in between
the two lifting surfaces of the canard to control angle of attack. Running parallel to the
chassis struts, the control cables from the cockpit attach to the bell crank at a variable
distance from the pivot point. This adjustability of control wires allows the pilot to set a
desired deflection rate and stick force (see Figure 3.4).

Also seen in the figure are the push-pull rods attached to the bell crank, which
connect to the hinge assemblies mounted in the lifting surfaces of the canard. A
symmetric four-bar linkage was designed such that the angle of attack of each lifting
surface was identical.

Structure:

The objective in the overall structure was to keep it as strong and as light as
possible, while retaining a safety factor. The notion of designing a carbon fiber-truss-
airfoil-shaped structure as rib supports with varying pressure loads was possible but
unnecessary. The most feasible and modular design, from a manufacturing standpoint,
was to use a solid foam core. Dave Widauf, an expert in composite fabrication,
suggested several options that were available for construction. He mentioned several
hybrid methods not generally found in engineering textbooks such as plastic or foam
cores with fiberglass skins, D-tube spar and graphite shell, or shaped honeycomb with
graphite layers similar to that used in F-16 fighter planes. A foam core rib reinforced
with fiberglass skin was chosen for manufacturability, which includes the low cost of
materials, little training needed for technicians, and no need for special equipment.




Figure 3.4: Canard bell crank mounted o
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Testing and Mockups

A full size mock up of one of the canard wings was built and assembled. An
excellent job of covering the foam core with a graphite skin was done. Figure 3.5 gives a
reference for how large the canard lifting surfaces are.

_ et

Final Design

Due to a sound preliminary design, the final design did not vary much from the
initial ideas. Some materials and dimensions were modified, but most modifications
were putting details into the assembly. To match the aesthetics of the original planform
view of the canard, the wing tips had to be made in several pieces as shown in Figure 3.5.
Each section has a different chord length of the same USU airfoil shape with a scaled
down thickness and width. A template of the cross-sections for each piece had to be
made so the foam cores could be hot-wired out. Each section is glued to the next and
sanded for a smooth finish before being coated with a layer of fiberglass.

bbb <
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The location of the center of gravity, an important design constraint, needed to be
moved forward. Weight was added to the canard to ballast the aircraft. As a result, steel
was used for many components instead of hanging odd-looking items from the canard.
The main spar is made of large steel tubing. The rear spar size and position were chosen
such that the sum of the moments about the 1/4 chord was zero. With the added weight,
the center of gravity was moved to the correct location, meeting the aerodynamic
requirements of the aircraft.

394
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Figure 3.5: Diagram of the different foam sections of the canard end caps.
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Preliminary Design

The design constraints for the rudder were to reduce weight and drag. The
requirement of minimal drag set the rudder airfoil shape as a thin airfoil. The lifting
surface needed to be symmetric with the objective that the lift coefficient must remain
equivalent as angle of attack varied from one direction to the other. The NACA 0009
was selected, being symmetric and having a maximum thickness that is 9% of the chord
length. From WINGS200! the maximum lifting coefficient was found to be at o = 8° and
the maximum force for this angle of attack was found to be 130 Ibs. Initial designs were
established using this number as the preliminary maximum force on each panel.

The early design was composed of a simple foam core covered with one or two
layers of fiberglass and resin depending on the strength test performed. The chord length,
spar length, and the distance between centers were kept at the same dimensions as the
1905 Wright Flyer to retain aesthetics. The two rudder panels would no longer be joined
as a rigid box pivoting about a center point, but rather rotate parallel to each other about
the quarter chord (see Figure 4.1). There are many advantages of changing this design
including minimizing the effects of downwash from one panel to the other, and having
the center of pressure acting along the pivot points.

‘.‘
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The top and bottom cross plates connecting the two rudder panels could be made
light and extremely strong by using a honeycomb core with several layers of carbon fiber
lamina on the outside. Hard points inserted inside the honeycomb were needed to take
the compressive loads caused by mounting the attach fittings to the plates. Bearings also
had to be mounted inside the honeycomb to provide pivot points for the rudder panels.

The rudder initially was to attach by an aluminum channel that bolts to the rudder
plates (see Figure 4.2} and glues to the main wing ribs. Standard dimensions for
aluminum channel stock set the thickness of the plates and special wing ribs., Round
alnminum inserts to fit in the carbon fiber tubes had to be tapered, such that the fiftings
would not cause stress risers at the uneven point of contact when in bending. The round
inserts and aluminum channe! were designed to weld together. Special care was given to
the top attachments that must be welded on a slight angle of 6.6° in order to match the
geometry of the original Wright Flyer.

Figure 4.2: Rudder attachments that bolt to the cross plates.
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Testing and Mockups

Before any testing or building of prototypes, it was decided that a solid foam core
added too much weight to the rear of the aircraft, and that a rib design would be lighter.
A test mockup of the rib design is still being built. Due to fabrication length constraints
the C-beam and leading edge are both constructed in two sections and later glued together
as shown in Figures 4.3 and 4.4, Extensive testing will be done to ensure the two
sections are properly bonded together.

A working prototype of a rudder panel was fabricated. End caps were changed
from half-inch plywood to half-inch honeycomb with aluminum skin, which greatly
reduced the weight. It was found that the Kevlar reinforced foam leading edge could be
manufactured to be a full pound lighter than predicted. The rudder panel shown in Figure
4.5 weighed 3.5 lbs.
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Figure 4.5: Prototype of one rudder panel at meaures 81 inhes n length and
weighs 3.5 pounds.
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Selection

Initially a large safety factor was invoked and later reduced considerably as the
weight in the rear of the aircraft became the primary concern in attempting to move the
center of gravity of the aircraft to a foot in front of the leading edge of the wing. Many
parts were reduced in size making them lighter and weaker.

To reduce drag, support cables were inifially removed from the design. The
proper tube strength to hold the rudder rigid was derived such that the aero-elastic
deflection was less than 4°. Sufficiently strong tubes were calculated to weigh 6 pounds
at length of 9.5 ft. As prescribed by weight restrictions, this design was replaced by the
use of support cables capable of withstanding the lateral forces created at maximum
deflection. The support tubes are also only required to resist compressive loads, thus
greatly reducing their size and weight. Included in the design selection was the
shortening of the tube lengths from 9.5ft to 8 feet to aesthetically match the changes done
to distance the canard is from the wing, With the thinning and the shortening of the
support tubes, each tubes final predicted weight is now 1.66 lbs. A symmetric, seven
layer stacking sequence of [0/+20/0/220/0] was used in the calculation of loads with the
primary concern of buckling. Later it was changed to a wavy composite.

Elaborate attach fittings that earlier served as cantilever beam-ends were reduced
in size because there was no longer a need to withstand bending moment. The aluminum
inserts, which were tapered to prevent a stress riscr, were changed to thin steel tubing.
The tubes bond to the inside of the support beams require holes to increasing the
mechanical bond strength. Slits are milled in the side to allow attach plates to be welded
in the tubing, see Figure 4.6. Where the support tubes attach on the wing spar, a single
tab is welded to a collar that is glued and lashed to the spar. This provides ample strength
and rigidity for mounting (see Figure 4.7).

Final Design

The final design consisted of a C-beam channel spar along the quarter chord that
allowed one inch notched ribs to be glued to the inside of it. The ribs were made of foam
covered in fiberglass or Kevlar to make them as light as possible. The C-beam consisted
of two layers of bi-directional weave carbon fiber laid up inside two pieces of aluminum
channel and pressed together during the curing process. The rudder endplates are made
from half-inch aluminum covered honeycomb, and the pivot inserts were changed to
lightweight Delrin plastic. The trailing edge could be purchased from the Spruce Aircraft
catalog. Other components remain the same (see Figure 4.8).
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Figure 4.6: Attach fittings that bolt to the rudder cross plates.
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Figure 4.7: Attach fittings that mount to the rear wing spar.
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Figure 4.8: Final rudder panel assembly.
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Introduction

To fly the 1905 Wright Flyer, the pilot lay prone with his head forward as shown
in Figure 5.1, his left hand operating the elevator control, and his right hand operating the
rudder control. Lateral confrol was achieved by warping the wing tips in opposite
directions via wires attached to a hip cradle mounted on the lower wing. The pilot shifted
his hips from side to side to operate the mechanism {Smithsonian 2002). In 1907, the
Wright brothers hastily adapted their 1905 Flyer with two seats and a more powerful
engine as shown in Figure 5.2, as per request of the U.S. Army and the French.

Figure 5.1: 1907, Orville Wright flying upright.
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Concept

The USU Wright Flyer was in need of a cockpit design, since the 1905 edition did
not incorporate a literal cockpit. The customers set up guidelines for a cockpit design.
The specified ghidelines to design towards included:

Consider pilot ergonomics

Implement modern control mechanisms
Incorporate flight instrumentation
Modular mounting

Simple maintenance

Accommodate two people

Maintain overall aesthetics

N AWM=

The cockpit integration into the flyer needed to be accomplished withont
distracting from the original aesthetics of the 1905 Flyer. Early aerodynamic analysis
illustrated a prone pilot impractical for the stability of the flyer. The seats needed to be
placed on the center of gravity. This allows the location of the CG to remain unchanged
even with weight differences in passengers.

Preliminary Design

To begin the cockpit design initial decisions were made to direct the design of the
project. One decision was an open cockpit. Another was to use mechanical control
mechanisms as opposed to radio signals or electrically driven controls. These decisions
were the dominating factors in the design of the cockpit.

Cockpit Frame

The frame was the first component of the cockpit to be designed. The frame was
first intended for an average man of about 6’0" in height. The layout and position of the
pilot was similar to a small one-seat aircraft. Initially the frame was to be manufactured
from carbon fiber tubing, but the resultant frame looked like a PVC structure (as shown
in Figures 5.3 and 5.4.)

& R‘uddcr Pudal
Connecr

Figure 5.2: Line drawing of first frame design.
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Figure 5.3: First frame design including control mechanisms.

Considering ergonomic issues, the arrangement of the pilot was changed to a
more comfortable sitting position, as shown in Figure 5.5. The position change allows for
a more pleasant flight for extended periods. In addition, it creates a place for the
passenger to place his/her feet so interference with the rudder pedals does not occur.

Figure 5.4: Cockpit frame with modified sitting position.
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The next major design modification was the frame material. Aesthetically the
frame looked like it was constructed out of PVC pipe. Structurally the cockpit would be
subject to tensile, compressive, and bending stresses. Carbon Fiber exhibits high tensile
strength, however the bending strength of tubular composites is very difficult to predict
and model. In consideration of the manufacturability of the structure, the material type of
the frame was changed to aluminum (6061)-tubing stock, and high strength steel {AIST
4130), as shown in Figure 5.6. Changing the frame to isotropic, readily available
materials, allowed for simpler design calculations and considerable simplification of the
manufacturing plan.

Considering the stability of the USU Wright Flyer, the frame suspends between
two aluminum chassis bars making the position of the travelers adjustable. Aerodynamic
analysis positioned the location of the CG in front of the leading edge of the wing. To
aid in moving the CG forward, the engine was proposed to mount on the cockpit
structure. A practical place to mount the engine was between the pilot and passenger on
the footrest plate as shown in Figure 5.7.

Figure 5.6: Frame including the engine position
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Pitch/Roll Control System

The control stick, pitch, and roll mechanisms were the next components designed.
Initial mechanism sketches were drawn as shown in Figure 5.8. The simple pitch and roll
reactions were coupled, meaning that when the pitch mechanism was initiated a roll
reaction occurred too. To solve the problem, the cable for the roll mechanism was placed
along the center of rotation of the pitch mechanism as shown in Figure 5.9.

Figure 5.7. Control mechanism sketch.

Yigure 5.8: Simple representation of mechanisms needed.
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Modifications were made to the original control system. Shown in Figure 5.10,
the straight stick was replaced with a curved stick to eliminate seat contact when pulled
inward.  Placing both control differentials outside the main rotation tube further
simplified the design. Shown in Figure 5.11, the bell crank for the pitch mechanism was
placed in line with its connecting device on the canard. The throw differential was
moved to an external position due to size restraints.

Figure 5.10: Final control system
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Rudder Control System

The next component for design consideration was the rudder or yaw mechanism.
An initial sketch shown in Figure 5.12 represents a possible mechanism. To bring the
rotation in-house, a modular pedal set was considered. A floating bar connects the
primary set to the trainees’ pedal set. The pilot’s pedal set incorporates the rudder control
differential as shown in Figure 5.13.

Figure 5.11: Injtial rudder mechanism drawing,.

Figure 5.12: Modular rudder pedal set.
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To reduce the number of parts included in the rudder pedal assembly, the system
was revamped. Shown in Figure 5.14, the new configuration performs the same task as
the modular set, but with simple movements and a design similar to many systems
currently used in industry. The bell tabs allow for adjustable pedal movement versus
rudder rotation.

Testing and Mockups
Cockpit Frame

The selection of the span bars, footrest bars, and chassis bar was based on a
Microsoft Excel spreadsheet, which represents different shapes of possible stock bars and
calculates maximum deflection and bar weight. To check the chosen bar geometry, a
model of each worst-case scenario was performed using I-DEAS finite element method.
Refer to plots in Appendix D.

The Control Systems

Throughout the cockpit design process, physical and 3-D computer models were
useful design and visualization tools. Physical modeis brought attention to problems with
actual movements. Shown in Figure 5.15 is a simple cotton swab and pin mockup of an
initial design concept. The mockup illustrated coupling movements in the pitch and roll
mechanism. Shown in Figure 5.16 1s a balsa wood mockup of the cockpit system. The
quarter scale model showed concerns with mounting the pitch and roll control assembly.
The model brought attention to concerns with mounting the modular cockpit onto the
chassis, and the effect of a solid footplate when flying at an angle. The computer models
also illustrated physical problems such as control stick interference with the seat, size and
mounting concerns.
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Figure 5.13: Rudder pedals.




Pitch/Roll Control System

The final design of the pitch and roll control system, shown in Figure 5.18 is easy
to integrate into the main cockpit frame. To mount the system, two pillow blocks bolt
onto the chassis bars. The thin walled steel rotation tube has bel] crank tabs welded on
one end fo control the canard movement, which also couples the primary and trainee
sticks.  Sideways control stick movement initiates the wing warp mechanism. The
trainee control stick is coupled to the primary with a push-pull rod. The control stick is
fabricated from tubular steel stock. All systems use pull-pull cable response, excluding
coupling devices.

Rudder Control System

The final design of the rudder control system, shown in Figure 5.19 is simple and
common to industry. A steel tube connects the right pedals together and another steel
tube connects the left pedals together. The right and left pedals are coupled through a
bell crank. The bell crank tabs use a push-pull rod to move the bell crank that in turn
pulls the cable to rotate the rudder. The bell crank is located about one foot back from
the pedal assembly. The pedal assembly is mounted using pillow block type mounts with
dual holes to restrain the bars,

Figure 5.17: Final pitch/roll control system.

Figure 5.18: Final rudder control assembly.
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Conclusion

The final cockpit design meets the criteria set by the customers. The cockpit is
designed for two occupants, sitting upright. The pilot can easily reach the rudder pedals,
and the footrest plate provides an area for the passenger’s feet. The coupled control
mechanisms are purely mechanical, and are similar to systems currently used in industry.
The necessary flight instrumentation is mounted on the control panel to meet Federal
Aviation Regulations for ultra-light aircraft. The cockpit frame is mounted modularly
using standard bolts and materials. The incorporation of high strength steel minimizes
the amount of materials used and causes less distraction from the overall flyer aesthetics.
The evolution of the design produced a more efficient, manufacturable cockpit,
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Propellers

Reguirements

Propeller selection was based on several requirements including aesthetics and
thrust production. As much as possible, the propellers needed to look just like the
propellers designed by the Wright Brothers. The propellers also needed to produce
enough thrust to make the plane safe under all predictable conditions. The 1905 Wright
Flyer incorporated two counter-rotating propellers, with eight-foot diameters. From a
photo copy of Wilbur and Orville Wright’s 1908 Notebook, pg.13, the results of testing
the original propellers show a static thrust between 132 and 136 pounds (for two
propellers) when the propellers were turning at a speed of 350 rpm (Ash 2001).

Much has been accomplished in the development of propellers since the Wright
brothers flew nearly 100 years ago, but the trends they observed are still valid today. A
large diameter propeller, accelerating a large mass of air across a small velocity

increment is most efficient. The Wright Brothers used the largest propeller possible

considering their airframe structure. At low airspeeds, a small pitch to diameter ratio
produces the most thrust per unit power: during low forward speed conditions, the
rotational velocity of the blades is much larger than the forward velocity. The free stream
velacity seen by the propeller blade sections is basically in the plane of propeller rotation.
To keep the blades from stalling, the angle of attack of the blades must be measured
relative to the direction of rotation and designed to be less than the stall angle. Since the
velocity of the blade sections in the plane of rotation increases with the distance from the
hub, the angle of attack of the blade sections must decrease with the distance from the
hub. Stalled blade sections create large amount of drag and very little, if any, lift.

Selecting propellers for the USU Wright Flyer meant choosing propellers as close
to the original eight-foot diameter as possible in order to maintain aesthetics. Minimizing
forces such as P-factor and torque would require the use of counter-rotating propellers.
Materials used for construction would need to be made of wood or at least finished to
have the appearance of maple or mahogany. In accordance with the design goal of a
lighter, stronger, more modern plane, the most modern and lightweight materials would
have to be used.

Preliminary

The foremost concern with the propellers was finding a manufacturer that would
build an eight-foot propeller, and do so with lightweight composite materials. Most
propellers used for modern lightweight aircraft have a diameter between four and six feet
and are made of heavy metals. Reducing the diameter from eight feet to six or less was
strongly considered for purposes of availability.

L
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Testing

Computer software that incorporates Propeller Blade theory and Goldstein Vortex
theory was developed to further the understanding of each variable involved in propeller
design. The main variables considered were diameter, pitch-to-diameter ratio, rotational
speed, and desired cruise speeds. The main results considered were the power required to
turn the propeller at take-off and cruise, and the thrust produced at take-off and cruise.

The advance ratio, J, is a variable that combines the forward airspeed of the plane,
the rotational speed of the propeller and the propeller diameter, as shown in eq. 6.1.

(eqg. 6.1)

After experimenting with the effects of each variable, and noting how each one
affected the important results, several trends were found. Figure 6.1 shows the generic
trends that power and thrust coefficients follow as functions of the advance ratio. Actual
values of thrust and power are directly proportional to the coetficients. Conclusions
drawn from the graphs include the fact that thrust produced drops off as velocity
increases, which would indicate that for a given amount of power, a propeller driven
plane would have a limiting maximum velocity.

Selection

The majority of the design of the final propellers was done in conjunction with
CATTO PROPELLERS, a propeller manufacturing and design company located in San
Andreas, California. Calculations showed that the thrust produced at cruise speeds was

=== THrust Coefficient

,' —= Dawer Coefficient

0 2 4 6 8 - 10
J, Advance Ratlo

Figure 6.1: Generic curves for Thrust and Power Coefficients.
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nearly independent of propeller diameter. On the other hand, for static thrust, or take off
thrust, more thrust was available with larger diameters. With this information, the
selection of the propeller diameter was simple. Propellers with the same eighi-foot
diameter that the Wright brothers used would meet constraints for both aesthetics and
thrust.

With the general size of the propeller selected other specific parameters such as
the pitch-to-diameter ratio, airfoil sections, and lift distribution depended mainly on the
weight of the plane, the engine to be used and the desired performance of the plane. The
weight of the plane was assumed to be the maximum allowable under the FAR
regulations described earlier. The selection of the Rotax 277 for the engine 1s discussed
later on. The desired performance of the plane required the propeliers to produce high
thrust at takeoff and sufficient thrust to overcome drag at cruising speed.

In order to match the propellers and the engine, performance curves for the Rotax
277 were generated. Figure 6.2 shows the torque and power curves for the selected
engine. Additional propeller software was developed to estimate the RPM at which the
engine would run, the power that it would produce and the thrust that would be available
to the plane under a variety of conditions. The interaction between the engine RPM and
the propellers is quite complicated. The thrust required for steady level or climbing flight
depends on the airspeed, and climb angle. The power available from the engine depends
on throttle setting. If the power required by the propellers is less than what the engine 1s
able to supply at a given throttle setting, the propeller RPM will increase, accelerating the
plane until the drag forces on the plane and the brake power required to turn the
propellers match the engine power. The propellers and transmission would need to be
designed so that the propellers could turn at the RPM necessary while the engine was
turning at the RPM that could provide sufficient braking power. After a brief evaluation
of the engine- propeller combinations using the software developed at USU, Catto
Propellers determined the actual blade section coefficients, using a program that they had
developed which incorporated years of empirical data.

A 94-inch diameter propeller with a 70-inch pitch was selected. The design
rotational speed is 800 RPM. Thrust data supplied by CATTO ranges from 280 pounds at
static to 70 pounds at 60 mph. A curve fit to the data points provided is shown in Figure
6.3. A quick comparison of the thrust produced by the propellers and the expected drug
forces of the aircraft evidently show that the 2003 Wright Flyer will have a top speed
some where around 50 mph.

The propellers will be mounted using an SAE — 1 bolt pattern that is comprised of
six 3/8-inch bolts. Catto Props found that space-age materials are not always the most
appropriate. Sometimes Mother Nature does a pretty good job herself. Materials used for
construction of the propellers include maple and mahogany, so the appearance will be
similar to the propellers used on the 1905 version. Each propeller will weigh only eight
pounds: quite impressive for such a large diameter.
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Figure 6.2: Torque and Power curves for the Rotax 277 two-stroke engine.
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Figure 6.3: Propeller thrust produced as a function of Airspeed.

Final

Catto Propellers was selected to manufacture the propellers to be used on the
USU Wright Flyer. Craig Catto’s extensive experience in the design and manufacture of
light aircraft propellers was the main factor in their selection as propeller supplier. He
demonstrated great proficiency in adapting a propeller to the engine that had been
selected and the purposes of the plane. As a wonderful benefit, Craig Catto offered to
donate everything needed to design and build the propellers.
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Transmission

Concept

The two main requirements of the transmission assembly were speed reduction
and the ability to counter rotate the propellers. In order for the propellers to rotate at 800
rpm, a seven to one speed reduction was necessary. The 1905 Wright Flyer used bicycle
chains to transmit power from the engine to the prop shafts. One chain was twisted to
achieve counter-rotation of one prop. The transmission needed to accomplish the same
objective, without use of the twisted bicycle chain. The maximum weight of the
transmission was limited to 30 pounds.

Preliminary

Drive belts were first considered as an alternative to chains. By using belts,
efficiency could be increased while reducing noise and overall weight. Both toothed
timing belts and grooved V-belts were taken into consideration. Other ideas for
transmitting power from the transmission to the prop shafts included drive shafts with
bevel gears on each end, cogged V-belts and serpentine belts.

Counter-rotation of props using belts of any kind left only two options. The first
was to twist one of the belts over itself between the transmission and the prop shaft. The
other was incorporate the use of an idler gear built into the transmission assembly as
shown in Figure 6.4. The use of belts to transmit power would allow the use different
sheave diameters to obtain the necessary gear reduction for the system.

Testing

Testing and analysis were conducted using belt design software provided by
Gates Rubber Company. This design program provided several belt options, and
illustrated their respective advantages and disadvantages. The program accounted for the
design horsepower, maximum rpm of the smallest sheave, center-to-center distance
between shafts and the type of leading. After reading these inputs, the program
recommends a belt type, length, width and appropriate tension.

Selection

Poly-Chain toothed belts were selected to transmit power to the propeller shafts.
Poly-Chain belts, shown in Figure 6.5, are timing type belts manufactured by Gates
Rubber Company. While they require approximately 30 percent more tensioning force
than standard V- belts, tensioned properly they can provide the safest power transmission
possible.

After determining the horsepower that would be transmitted through the
transmission, Rush Gears proved to be the best vendor for the gears needed to
accommodate the necessary counter-rotation of the props.
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Figure 6.5: Poly-Chain used for poer transmission to pr shafts.

Engine
Concept

The power plant selected would need to generate enough thrust to fly the plane at
least 50 mph. The motor needed to have a high power to weight ratio and excellent
reliability. The Wright Brothers flew the 1905 version on a 12 horsepower engine that
weighed over 100 pounds. The USU Wright Flyer required an engine that could provide
at least 25 horsepower and weigh half as much as the original.
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Preliminary

Simple lightweight two-stroke engines power most aircraft in the ultralight
category today. Because of this, first consideration was given to use of a Rotax two-
cycle engine. The Rotax 277 provided 28 horsepower while weighing only 74 pounds,
making it a viable option (see Figure 6.6). A fuel consumption rate of 1.8 gallons per
hour would allow for a one-hour flight on less than two-gallons of fuel, as shown in
Table 6.1. The availability and relatively low cost of this engine seemed to make it a
practical choice.

Powering the USU Wright Flyer via electric motors was also strongly considered.
The high efficiency, lightweight motors available today could provide the needed power
to fly the airplane but weigh less than two-stroke engines in the same power range. By
using electric motors, the transmission could be eliminated by attaching a motor directly
to the prop shaft. This would also eliminate the need for belts and pulleys. Other
advantages included increased reliability and noise reduction. The disadvantages of
using electric motors were the high cost of the new technology and the reduction of flight
duration. Even with the best available batteries, flight times would be reduced to around
25 minutes.

Ratax 914

Rotax 912

Rotax 618

Rotax 582

Rotgx 532

Rotax 503 D/IC

Harsepower

Ratax 503 SiC
mWeights
Catmplete

Rotax 447

Rotax 377

Rotax 277

T T
0 20 40 &0 30 100 120 140 160

Table 6.1: Complete data for Rotax 277 two-cycle eﬁgine.
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Final

After weighing the options, the Rotax 277 was selected as the best choice for the
USU Wright Flyer. The Rotax 277 has been proven reliable in the ultralight industry.
The high availability of this engine and its parts was also taken into consideration during
the selection process. The analysis and modeling of the USU Wright Flyer showed that
the Rotax 277 could provide sufficient power to propel the aircraft.

Support Structure

Concept

The support structure would need to provide support to the propeller drive shafts,
transmission, and engine. The Wright Brothers used a system of four rods and eight
cables to support each propeller drive shaft. Due to the high drag caused by cables,
eliminating as much cabling as possible was an immediate consideration for the USU
Wright Flyer. The main force the propeller support structure would have to withstand
would be the axial force along the shaft. Other minor forces included drive belts turning
the shaft producing lateral forces and vibrations. Any eccentricity in the propellers would
also induce lateral forces. Due to the size of the propellers, excessive lateral motion
could result in the propellers colliding with the main wing. Transmission and engine
supportt systems would not only support their respective components, but also add rigidity
to the wing and cockpit assemblies.

Preliminary

From the thrust curves of the propellers, the maximum expected thrust each
would produce would be around 175 Ib. The tension in the drive belts would be less than
150 1b. In order to support these loads, the system shown in Figure 6.7 was developed.
Four rods support the thrust from the propellers while four other rods support the end of
the shaft where the drive belts will be pulling and vibrating. In order to reduce the drag
on the entire structure, a streamlined cross-section would be needed for the support
shafts. The use of carbon fiber would allow for a larger streamlined cross-section while
still keeping the weight low.

Transmission support could be provided by the strengthened wing ribs or by
adding structural tubing between the front and rear spar. Early consideration was given
to using tubing because of the high tension in the belts.

Engine support and placement varied throughout the design in order to
accommodate proper placement of the center of gravity of the aircraft. Originally, the
idea was to place the engine on the quarter chord of the main wing and support it and the
transmission with the same structure. This location was gradually moved forward onto
the floor of the cockpit to move the center of gravity forward.




Parts List

ITEM | QTY PART NUMBER DESCRIPTION
] 1 |Spar Assm
2 2 |WF-40-002-507A Mouriing Assembly
3 2 WF-40-002-5078 Mounting Assembly
4 1 |WF-40-002-503 Shaft Support Assm
5 2 [WF-40-002-505A Rear Support Assm - A
6 2 JWF-40-062-5058 Rear Support Assm - B
7 2 |WF-40-002-508A Front Support Assm- A
8 2  |wWF-40-002-5068B Frant Support Assm - B
g 1 |WF-40-003 Propeller (Designed by CATT

O PROPS

i

Figure 6.7: Drawing of the Propeller support and drive system
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Introduction

The 1905 Flyer incorporated a chassis made up of spruce struts and skids
assembled with bolts, screws and sheet metal fittings. The skids provided a large contact
area, stabilizing the 1905 Flyer while on the ground. The chassis was interfaced with a
track system that guided the plane during takeoff. When the Wright Brothers relocated
their proving grounds away from the ceaseless winds of Kitty Hawk, North Carolina, the
chassis-track takeoff system was reintegrated with a catapult system to obtain the needed
airspeed required for lift off. The challenge of the USU Wright Flyer redesign was to
incorporate space age materials in order to avoid, undoubtedly, the strut repairs made by
the Wright Brothers in between flights. Also, the chassis needed to aesthetically look like
the 1905 Flyer, but allow the USU Wright Flyer to take off and land like a conventional
aircraft.

Concept
Aesthetics

In keeping with the aesthetics requirement for the overall look of the plane, the
chassis design needed to keep the skids as part of the design. However, the geometry of
the structural tubing attaching the skids to the rest of the USU Wright Flyer was largely
unspecified. It was requested that the USU Wright Flyer incorporate composite tubing as
the main component of construction.

Landing Gear

It was also determined in the early conceptual phase of the project that wheels
would also need to be incorporated into the design of the new Flyer. Originally, the 1905
Flyer used the heavy winds at Kitty Hawk, North Carolina to create the needed lift as a
man on each wing guided the Filyer down its track with the skids sliding across the sand.
Later, when the Wright Brothers relocated their experimental proving grounds to a
remote field near Dayton, Ohio, the Wright Brothers constructed a catapult system to
give the Flyer the needed velocity to create the necessary lift for take off. Heavy winds
and a catapult would not be available in takeoff of the USU Wright Flyer., The USU
Wright Flyer would need to be able to take off on asphalt or cement and possibly a
manicured grassy lawn. This would not be possible if the plane had to overcome the
sliding friction of skids on any of the proposed take off surfaces. It was determined that
the appearance of the USU Wright Flyer would need to suffer the addition of wheels.

Early flights of the 1905 Flyer undoubtedly saw the failure of many struts upon
landing. The experiments at Kitty Hawk especially saw many broken components when
the Flyer would execute improper landings, as well as perfect landings. This was due
largely to the lack of any suspension system absorbing the impact forces during landings.
It was also decided early in the conceptual phase that some sort of landing gear
suspension system would be critical in extending the life of the USU Wright Flyer, as

gt it LTS
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well as avoiding embarrassing and timely repairs during the tour of the aircraft on its way
to Dayton, Ohio for the 2003 festivities.

Disassembly

As part of a USU Outreach Program, the USU Wright Flyer needed to be
disassembled for transport in semi-truck trailer. Using nylon locking bolts to attach the
skids to the canard and wing would quite easily accommodate this requirement. The
USU Wright Flyer would most likely be broken down into five pieces consisting of
wings, rudder, canard and two skids.

Preliminary Design

From the beginning, emphasis was placed on interchangeability of parts. This
was a lesson learned by Henry Ford and adopted since by all of manufacturing,
Interchangeability would ease in the manufacturing of the parts as well as the assembly of
the components during construction. Emphasis was also placed on adjustability,
understanding that the scope of a systems integration project such as this one would,
undoubtedly, lead to tolerances quickly stacking up and leading to inevitable conflicts.
However, the built in adjustabilities of the design created their own unique complexities
that further created problems for manufacturability and cost of construction. Early
possibilities of solving the suspension problem included using a lightweight mountain
bike shock in conjunction with a composite leaf spring. This was an impressive solution
that included sliding linkages and hinged joints that would allow the rear part of the skid
to compress upward independent of the wings and canard. Figure 7.1 below shows a
conceptualization of the shocks and spring and the two-piece nature of the skid. A
diagram of the sliding mechanism of the composite spring is also included.

Developing an accurate mode] of the mechanics of such a large composite spring
proved inconsistent with the intnition of the team. Curved beam theory was the model
equation used. This was found in Mechanical Engineering Design, Shigley, Mischke,
pages 138, 140-142, 200-202.

_7FR’
2EI

o =382.8in

F= landing force, 1000 1b
R= centerline radius of spring, 90.47 in.
E= smeared modulus of elasticity for fiber lay-up, 12.2 E6 psi

I= moment of inertia, 0.25 in*
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Figure 7.1: Spring/shock conceptualization.

-
. _‘;‘_,

The smeared modulus of elasticity was taken from a program that calculated the
value for different fiber orientations. A [0/90]  gave the highest value that most closely

resembled an isotropic material. The characteristics of an isotropic material would be
desirable, given the possible angles at which the Flyer might land. The spring should
behave the same regardless of the angle of impact. This value was used in the
calculation. As demonstrated, the value of 382.8 in of deflection was quite inconsistent
with design requirements. A finite element analysis of the design gave a deflection of
1040 in. Either the science was demonstrating the complete Iack of feasibility of the
design, or the science could not accurately model the unique characteristics of the
composite design. It was determined that a mock up would need to be made to determine
“hands-on” the true mechanics of the design.

Preliminary design showed that, unlike the Wright Brothers who flew their 1905
Flyer with the pilot lying prone on the wing, the USU Wright Flyer would require the
pilots to be situated in a “cockpit” forward of the main wing. This arrangement would
allow for correct placement of the center of gravity. Due to this new design requirement,
some of the chassis struts would require being directly attached to the cockpit
components. Struts that had previously been subjected to only “historical” loading,
would now need to be reexamined for the additional loading of the weight of the cockpit
itself, as well as a possible loading of 500 b of pilot and passenger.
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The preliminary design phase involved drawing early concepts in the Inventor
CAD program. This allowed for a visual of conceptual designs in a real-life scale. Many
early designs were plagued with complexity as might be expected, and later refined into
simpler ideas as the team made suggestions. A good example of a part evolution in the
chassis design involves the skid hard-point. This was a fitting to be attached to the skid
on which to attach the struts. Figures 7.2, 7.3, and 7.4 show how the part went from a
heavily machined design, to a lightweight cut and welded design.
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Figure 7.2: Early hard—pomt deswn note mtense machining requirements.
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Figure 7.3: Progressed hard—point‘desig‘n, note intense welding reéluii‘eﬁlents.
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Figure 7.4: Final hard-point design, note little welding, mostly drilling and milling.

During the preliminary design phase, much thought was given to the construction
of the skids. Imitially it was thought that the skids could be made out of space-age
composites like the struts of the USU Wright Flyer. It was also considered that the hard-
points might be “splices” for different sections of the skid. Thought was given to
covering the bottom of the skids with P-Tex, a material used to repair the bottom of skis
and snowboards. The desire for a siraight, stiff skid began fo weed out the ideas of a
multi-piece design. It was determined that each skid would at the most be made up of
two pieces in order to facilitate the leaf spring linkage concept for the USU Wright Flyer
suspension. However, before a final decision could be reached, a proof of concept moeck-
up of the composite spring would need to be made.

Testing and Mockups
Composite Spring

A mock up of the composite spring was constructed out of less expensive glass
fibers. The spring was laid up in excess of 20 layers in a [0,90] configuration. During

the curing of the spring the vacuum pump failed to work properly and the spring cured
with serious spaces and voids. However, the mock up did demonstrate that the springs
would be too heavy to be considered for the final design, and the mathematical models
were showing serious problems in the rigidity of the structure subjected to our anticipated
maximum landing loads. Figure 7.5 is a picture of the mock up leaf spring with a span
near 100 in.
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Figure 7.5: Mock up composite spring made of glass fibers.

Composite Structural Tubing

The application of composite materials is generally for tension and torsion. The
USU Wright Flyer would require most of the composite structural tubing to undergo
compressive loading, magnified greatly during landing.  Traditionally composite
materials are not used in compressive loading applications because of the inaccurate
predictability of the behavior of a composite member in compression. Analysis of such
compressive loading was beyond the scope of a student engineer, and doctoral assistance
was not readily available. Intuitively the TTE professors felt that their experience with
composite materials warranted their use in the USU Wright Flyer. In order to back up a
decision to use composite tubing in the strut structures of the USU Wright Flyer, three
composite tubes of different geometries where tested in compression.

It was determined that the worst case scenario for the loading on one of the tube
struts would be a fully loaded plane at 1000 pounds landing at two times the acceleration
of gravity. This would cause the landing load of 2000 pounds to be distributed at 1000
pounds per skid assembly. If the entire load were taken by one strut, then it would need
to be able to withstand 1000 pounds. The composite tubes to be used in the project are
constructed of a “wavy” fiber made by Wavy Composites, Provo, Utah. Due to the
nature of the even more unpredictable wavy composite construction, iests were
invaluable. The three test specimens were fitted with steel pipe plugs that where glued in
place with epoxy in order to be placed in the compression test cell. The three specimens
were each loaded at a displacement rate of 0.0816 in /min. The tests were only limited by
the failure of the epoxy bonds on the fittings. None of the tubes failed in the tests, Table
7.1 and Figure 7.6 give the specifications of each tube and the loading at which the epoxy
bonds of the fittings failed.




PR m::_-'#.,.“-'!“‘"' et U ¥

e W U T T S

i e

S T TR T s T T

P

e T T e S e e e T

T o b e L i G N A D i
e s e s T

e e

o

i

92

| Tube Description 1.D. 0.D. Maximum Load
Thin-wailed .8821in 928 in 891 Ib
Thicker-walled 875 in 945 in 689 Ib
Damped .8751in .980 in 470 1b

Table 7.1: The three tubes placed in compressive testing.
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Figure 7.6: Compressive loads in three dissimilar wavy composite tubes.

Although tests were only conducted on three dissimilar specimens, the results
were very encouraging. As stated earlier, none of the tubes failed at the loads indicated,
and each tube appeared quite intact upon later inspection. Later inspection also showed
that the epoxy had only adbered to only 1/4 in of the fitting at the end of the tube and that
the “swiss-cheese” feature of the fitting had not been properly “gooped” with epoxy.

Steel Structural Tubing

Using the AISC specifications for allowable loads in structural columns
referenced in Mechanics _of Materials, Timoshenko, pages 775-782, analysis was
performed on the longest steel tube to be used in the chassis struts. Below are the
equations used to calculate the allowable loads on a 46 in steel tube with a 1/16 in wall
thickness.

— 2 2N )
Acrossusecrignaf — 75'(7"0 - rt ) = 01841 i

E=29,000 ksi
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2
G =2 E 17643 psi
23(KL/r)
F allow = O-alfaw * Acmss—sec:imlal =3 ! 2 48 Ib

With an allowable load of 3,248 pound, the steel struts are well suited for the
design. As discussed earlier, it was assumed that in a worst case scenario a single strut
might be subjected to a 1000 pound loading. The allowable load on the steel struts gives
added security in the cockpit support areas where the struts will be applied.

Weldamenis

No physical tests of weldaments were performed, however theoretical calculations
were made. The smallest, simplest weld on the skid hard point was analyzed under a
worst-case scenario to determine the overall integrity of the USU Wright Flyer’s
structural welds. A worst-case scenario would again involve a possible 2.0g landing. At
1000 pounds per skid assembly, it is assumed that the most a single weldament would
have to take would be 500 pounds in bending. Below is a string of calculations to
determine the nominal throat shear stress in bending, with a rectangular weld 1/8 in x 1
in. The equations were taken from Mechanical Engineering Design, Shigley, Mischke,
pages 540-544.

b=0125in
d=1in
h=0.0625 in
c= i =05in
2
F=5001b
X=075in
M = FX = 375 lb*in
2

I, =%(3b+d) =.229 in®
I=0.707h1, = .010 in’

_ Mc

T-—T = /852 kpSl

Using fillet welds, the permissible stress in the AISC Code for weld metal using
an AWS electrode number E60XX in shear loading is [8.6 kpsi. Compared to the shear
stress value of 18.52 kpsi found in the above equations, this gives a safety factor of 0.996
in a worst-case scenario. This is an acceptable design, and despite theoretical
calculations that sometimes don’t correctly model real-life situations, welding a 1/8 in
steel plate to a 1/16 in steel plate is intuitively strong enough for this lightweight aircraft.
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Selection

It was determined that the structural tubing of the project would be a mix of wavy
composite tubes, steel tubes and rectangular aluminum tubes. The selection was due to
several factors.

First, using steel tubing in areas that would directly support the weight of the
cockpit during landing was preferred because of the strength of steel needed in these
critical areas. Next, the steel and aluminum tubes allowed for conventional drilling and
mounting with nuts and boits. This allowed for secure placement of cockpit elements.
Composite tubes do not lend themselves to be drilled through and bolted without placing
a wood core inside the tube in areas to be mounted in order to take the compressive hoop
stresses. Such fabrication details did not mesh well with overall ease in manufacturing.
Finally, the use of wavy composite tubing in the remaining struts of the chassis was
preferred for weight savings as well as their demonstrated compressive strength.

The tubes that were tested had an approximate outside diameter of 7/8 in. The
final tubes to be used in construction of the plane would be 1 40/1000 LD. with
approximately 40/1000 in gluing tolerance. The wall thickness on the final tubes was
specified at 1/16 in. This diameter will still allow for streamiining later if the need to cut
wind resistance is great enough. This decision is in stark contrast to an original proposal
to have the tubes 2 LD.

It was decided that all hardware and fittings, except for the cockpit aluminum
tube, would be made out of steel. In general, steel is easier to weld than aluminum. The
strength of steel in the heat-affected zone of the welds is not as affected as it is in the case
of aluminum. Aluminum was chosen for the cockpit mounting tubes because of the
weight savings over steel due to the size of the tube.

The desire to use composites for the skids, allowing the USU Wright Flyer to
leave the wooden legacy of 1905 Flyer behind, was outweighed by the inability of
composites to resist impact and abrasion well. The Wright Brothers had it “right” in
selecting spruce for the skid material. Wood has great strength to weight ratio as well as
good impact and abrasion resistance. The USU Wright Flyer skids, however, would be
beefed up just a touch by adding in layers of Kevlar during the spruce laminating process.
This will indeed add a touch of space-age design desired in the project as a whole.

All joints of the chassis were designed to incorporate a double-shear property
allowing the maximuom shear in the bolts to be doubled. The bolts specified have a
125,000 psi tensile rating. Generally, the maximum shear in metals is half the tensile
strength. With the double shear property of the joints the shearing force in the boits
becomes approximately 125,000 psi, well over-designed for the application.
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Conclusion

The final design (see Figures 7.6 and 7.7) is indeed somewhat along the lines of
the New VW Beetle. It successfully pays homage to its predecessor, yet it exhibits the
vast improvements that years of technological innovation have spawned. Indeed, the
final chassis design most closely resembles the geometry and look of the original 1905
Flyer chassis better than any other component of the USU Wright Flyer. This is due
largely in part to the Iack of a need to improve its function. The chassis of the 1905 Flyer
functioned well for its intended purpose, to hold the canard and wing together in flight
and provide an aircraft to ground interface when taking off or landing. The wing, canard,
and rudder design of the 1905 Flyer did not function well. The cockpit was poorly
designed from a practical standpoint, and the motor was primitive to say the least. Hence
these components saw a more serious overhaul in the USU Wright Flyer design than that
of the chassis.

Figure 7.6: Final chassis design.
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Figure 7.7: Final chassis design,
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Materials List for Wings

ck spc= check drawing specifications

ltem/Material

Description

Supplier

Aluminum Plate .04" thick ck spe Aircraft Spruce
Alurminum Tube ck spc Aircraft Spruce
Universal Joint ck spc Alrcraift Spruce
Clevis Pin ck spc, Aircraft Spruce
Trailing Edge ck spc Airgraft Spruce




Parts List for Wings

Part Number L ___Description Qty Type
WF-10-000 | B Assy, Wing 1 topﬂssembfy_
WF-10-200 Sub-assy, Lower Wing Planform 1 assembly/adhered
WF-10-201 Sub-assy, Upper Wing Planform 1 assembly/adhered
WF-10-202 Sub-assy, Back Mid Strut Interface 10 | assembly/weldament
WF-10-203 Sub-assy, Back End Strut Interface 8 assembly/weldarment
WF-10-204 Sub-assy, Front Mid Strut Interiace 14 | assembly/weldament
Fik WF-10-205 Sub-assy, Front End Strut interface 4 assembly/wsldament
“‘ WF-10-220 Assy, Pulley 6 assembly/boit
i‘k' WF-10-206 Strut 16 laid up & cut
i WF-10-207 Cable Plate, 2-Prong T8D cut & drilled
pil WF-10-208 Cable Plate, 1-Prong _ TBD cut & drilled
!;E} WF-10-213 Leading Edge, Inner 2 laid up & cut
o WF-10214 Leading Edge, Outer Left 2 Jaid up & cut
Iﬁi’l WF-10-215 Leading Edge, Outer Right 2 faid up & cut
IT?;E WF-10-218 Trailing Edge, Innar 2 cut from stock
" WF-10-217 Tralling Edge, Quter Leift 2 cut from stock
:5‘.: WF-10-218 Trailing Edge, Quter Right 2 cut from stock
ek WF-10-219 Pulley Plate 12 cut & drilled
I WF-10-221 Strut Cap 28 cut and adhered
i WF-10-222 X-Strut 2 laid up & cut
' ; WF-10-300 Sub-Assy, Front Spar 2 assembly/adhered
Ji WF-10-301 Sub-Assy, Back Spar 2 assembly/adhered
{A WF-10-302 Interface Plate, Back Outer 8 cut
| ]! WF-10-303 Interface Plate, Back Inner 8 cut
“f WF-10-304 Interface Plate, Front Inner 12 cut
i Wi--10-305 - Interface Plate, Front Outer 4 cut
WF-10-308 Interface Tube, Strul/Spar, Front 16 cut
WF-10-307 interface Tube, Strut/Spar, Back 16 cut
WF-10-308 Wingtip 4 cut & bent
WF-10-309 Cap, Wingtip/Front Spar 2 cut
WF-10-310 Cap, Wingtip/Back Spar 2 cut
WF-10-312 Rib, Main, Structural 34 cut & laid up
WF-10-313 Rib A 4 cut & laid up
WF-10-314 Rib B 4 cut & Jaid up
WF-10-316 Rib C 4 cut & laid up
WF-10-318 Rib D 4 cut & laid up
WF-10-315 Rib, Main 12 cut & laid up
WF-10-400 Spar, Front, Middle 2 laid up
WF-10-401 Spar, Front, First Outer 4 laid up
WF-10-402 Spar, Front, Second Quter 4 laid up
- WF-10-403 Spar, Front, Third Outer 4 laid up
: WF-10-404 Spar, Back, Middle 2 laid up
| i WF-10-405 Spar, Back, First Quter 4 laid up
WEF-10-406 Spar, Back, Second Quter 4 laid up
. WF-10-407 Spar, Back, Third Outer 4 laid up
WF-10-408 Spar Interface, Front [nner 12 laid up
WF-10-409 _Spar Interface, Back Inner 8 lald up
WE-10-410 Spar Interface, Front Quter 4 cut & adhered
WF-10-411 Spar Interface, Back Outer 8 cut & adhered
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2 1 1
NOTES
1. GENERAL STRUT/SPAR INTERFACE ASSEMBLY
REPRESENTED IN DETAIL A AND B. USE ON ALL SUCH ASSEMBLIES
2. ADHERE SPAR/STRUT INTERFACE PLATES TO SPAR WITH EPOXY AND ONE LAYYER
OF EPOXIZD GRAPHITE AROUND THE FLANGES Parts List
3. REFERENCE AREAS TO ATTACH INTERFAGE PLATES AGCORDING TO TEM L ary PARTILMBER LEst AT
" NAME. (EX. "FRONT MID STRUT INTERFAGE SUB-ASSY" (ITEM 5) § I3 (APILA0A SUB-551, FRONT MID STRUT INTERFACE
WOULD BE ADHERED IN THE "MID* SPAR/STRUT REGION ON THE FRONT SPAR) 2 F-10-2214 STRUT CAP
7 16| WF-10-206A STRUT
4. BOND LEADING EDGE TO SPAR AND RIBS EVERWHERE EXCEPT THE OUTER 8 4__|WP-10-205A SUB-ASSY, FRONT END STRUT INTERFAGE
SEVEN RIBS WHERE IT IS ONLY BONDED TO THE RIBS. 9 8 _ [WF-10-203A SUB-ASSY, BACK END STRUT INTERFACE
: ] VERSAL JOINT
5. USE ATTACHING HARDWARE AS NEEDED ON PULLEY ASSEMBLY. BEND 1-PRONG - 180 y;zf : 21125 ~ ;’SB E\Sgﬁ S Ag:( HID STRUT NTERFACE
PLATE TO APPROPRIATE ANGLE TO PREVENT GABLE FROM SLIPPING OFF OF THE PULLEYS. -19- ASSY,
12 2 |WF-10-222A X-8TRUT
6. USE CABLES AND CABLE PLATES TO CREATE A STRUCTURAL CABLE SETUP 13| 4 {WF-10-208A CABLE PLATE, 1-PRONG
THAT WILL CREATE 2' OF DIHEDRAL. ATTACHING HARDWARE AS REQUIRED. 14 2 WF-A0-216A TRAILING EDGE, INNER
15| 2 [Wr10217A TRAILING EDGE, OUTER LEFT
16| 2 |Wr-10-218A TRAILING EDGE, OUTER RIGHT
17 3 [WF-10-213A LEADING EDGE, INNER
18 2 |WF-10-215A LEADING EDGE, OUTER RIGHT
19 2 |[Wr-10-214A LEADING EDGE, OUTER LEFT
20| 32_|AN39z2i CLEVIS PIN
21 1_[05-04300 CONTROL CABLE
22 1_05-03500 STRUCTURAL CABLE
1 1 [WF-10-200A SUB-ASSY, LOWER WING PLANFORM
2 1_|WF-10-201A SUB-ASSY, UPPER WING PLANFORM
3 6 _|WF-10-220A ASSY, PULLEY
Usu
WRIGHT FLYER
DRAWN BY: 1903-2003
MATERIAL: PART DESCRIFTION: PART NUMBER: REV
DATE: 2117/2002 SCALE: [sze: B |swEer 4 of 4




ASSEMBLY IS IDENTICAL TO WF-10-201 EXCEPT THAT CENTER RIB

[S OMMITTED

tahState

MNIVERSITY

Mechanical & Aeraspace Engineering

UsU
WRIGHT FLYER
DRAWN BY: 1902-200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
SUB-ASSY, LOWER WING PLANFORM200A A
DATE: 2M7/2002 SCALE: LSJ'ZE: B |SHEET 1 of 1
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1
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DETAIL A : RIB PLACEMENT worey

FREE BONDED FREE
FLOATING TO SPARS FLOATING

(46.45)

- =—14.63
27.63
r-—40.63-—
53,63 —r
66.63
79.63
———84.63 ——
109.63
124,63
139.63 Slate i S B
. s ygp‘!le ilate ‘Mechanical & Aerospace Engineering - N
171.63
189.38 UsU
| 207.13 WRIGHT FLYER
224.88
’ DRAWN BY: 1003-200
243.50 CKESPLIN 903 3
MATERIAL: PART DESCRIPTION- PART NUMBER: REV
SUB-ASSY, UPPER WING PLANRGRIG-201A A
DATE: 2/17/2002 SCALE: |size: B [sweer 1 of 4

4 I 3 43 2 | 1




DO NOT BOND WINGTIP

\HOLES ORIENTED AT MAXIMUM p Al TO CAP PIECES!!
DISTANCE APART AS SHOWN N 3
DETAIL G : WINGTIP ASSEMBLY
DETAIL B : SPAR CAP ALIGNMENT {NOTE 3)
(NOTE 2)
A A
UsU
WRIGHT FLYER
DRAWN BY- P -20
CKESPLIN 903 03
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
SUB-ASSY, UPPER WING PLANESRIG-201A n
DATE: 2117/2002 SCALE: [size: B [sweeT 2 of 4

4 Nl 3 4). 2 ' I 1
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APPLY RETAINING BLOCKS TO =g
OUTER 7 RIBS. (ONLY OUTER
4 SHOWN)
[ B B
TYP 0
-+ 3~
. y ﬁ’ ) “"
\/ -
DETAIL D : RIB RETAINING BLOGK ASSEMBLY R
A (NOTE 4)
WRIGHT FLYER
DRAWN BY: , 1 -200
CKESPLIN 903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
SUB-ASSY, UPPER WING PLANRGRIZ-201A
B DATE: 2/17/2002 SCALE: \size: B Isweer 3 of 4
4 { 3 Fiiy 2 i 1




NOTES

1. BOND RIBS TG SPARS WITH STRUCTURAL ADHESIVE AS REQUIRED

2. BOND CAPS WITH STRUCTURAL ADHESIVE IN ORIENTATION AS SHOWN

3. OUTER 7 RIBS AND THE WINGTIP ARE FREE FLOATING. THE RiBS WILL BE
RETAINED BY THE LEADING EDGE AND RETAINING BLOCKS. THE WINGTIP
WILL BE RETAINED BY THE SKIN TENSION. PERFORM ON BOTH WINGTIPS.

4. BOND BLOCKS ON SPAR ONLY TO HOLD RIBS IN LOCATIONS SHOWN IN DETAIL A.
MAKE BLOCKS TO FIT SPAR (BUILDER'S DISCRESSION).

Parts List
[TEM | QTY | PART NUMBER DESCRIPTION
3| 2 |Wr10-309A  |CAP, WINGTIP-FRONT SPAR
4| 2 |WF10-310A _|CAP, WINGTIP-BACK SPAR
5 [ 2 |[Wr10-308A |WINGTIP
6_ | t8 |WF-10312A__ |RIB, MAIN, STRUCTURAL
7| 2 |Wr-10-313A_ |RiB,A
§ | 1 _|Wr-10314A _|RIB,B
5 | 1 Wr10318A__[RiB,D
10| 1 |WF-10317A__|RIB.C
11| 44 [NONE RIE RETAINING BLOGK
12| 4 |WF-10316A __ |RIB,MAIN
i 1 [WF-10300A___|SUB-ASSY, FRONT SPAR
2| 1 _|WE-10-301A___ |SUB-ASSY, BAGK SPAR
USU
WRIGHT FLYER
DRAWN BY: 1903-2003
WMATERIAL: PART DESCRIPTION: PART NUMBER: REV
DATE: 2/17/2002 SCALE: Isize: B ls#eer 4 or 4

1




NOTES
1. ATTACHING HARDWARE AS REQUIRED

Parts List

ITEM | QTY |PART NUMBER DESCRIPTION

1 2 |WF-1

0-213A PULLEY PLATE

2 1 |A-223 PULLEY

3
UtahState  Mech

UHIVERSITY

WF-10-208A CABLE PLATE, 1-PRONG

anical & Aerospace Engineeting

UsU

WRIGHT FLYER
DRAWN BY: -2
CKESPLIN 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
ASSY, PULLEY WF-10-220A A
DATE: 2/17/2002 BCALE: - |s;zs.- B |SHEET 1 of 1

1
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NOTES
1. ASSEMBLE ACCORDING TO TABLE BELOW
ASSEMBLY NUMBER PLATE OF ASSEMBLY TUBE OF ASSEMBLY
WF-10-202 WF-10-303 WF-10-307
WF-10-203 WF-10-302 WF-10-307
WF-10-204 VWF-10-304 WF-10-306 Parts List
[TEM_| QTY | PART NUMBER DESCRIPTION
WF-10-205 WF-10-305 WF-10-506 i 1_|SEE TABLE INTERFACE PLATE
2 1 |SEE TABLE INTERFACE TUBE
Vechanical & Aerospa gineering
USsU
WRIGHT FLYER
DRAWN BY; 1 -200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 STRUT INTERFACE PLATES | SEE TABLE A

DATE: 21172002

SCALE: Isize: B |sweer 1 of 1

1
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1. USE MADREL AND BUILDING METHCD THAT CHUCK LARSEN WILL PROVIDE
2. LAYUP: 4/WAVY

3. NOMINAL SIZE SHOWN. CUT TO BEST FIT.

B B
84
B |
[ ]
UMl UtahState - vechanical & Aetospace Engineering
A UNLESS NOTED OTHRERWISE JRLIECLERAINE . A
X=%.1
XX =%.03 USU
XXX =4.010
ANGLES & 7' WRIGHT FLYER
DRAWN BY: 1903-200
ERIC PEFERSON 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Graphite X-STRUT Wi -10-209A
DATE: 2/17/2002 SCALE: J size: B IS’HEET 1 of 1

4 3 4}. 2 ]
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1. CUT FROM 04" THICK PLATE (AIRCRAFT SPRUCE & CO. P.N, 03-31150)
2. PUNCH HOLES

Alt DIMS ARE IN INCHES
UNLESS NOTED OTHERWISE

UtahState

TANGENT TO LARGER RADI!

HNIVERSITY.

Mechanical & Aerosp'ace' Engineering

X=.1 —

XX =303

XK= £.010

ANGLES 2 1 WRIGHT FLYER
DRAWN BY: 1903-200
CKESPLIN 203 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 CABLE PLATE, 2PRONG | WF-10-207A A
DATE: 2/17/2002 SCALE: |size: B [swEET 1 of

| 1




1. CUT FROM .04" THICK PLATE (AIRCRAFT SPRUGE & CO. P.N. 03-31 150)

2. PUNCH HOLES
R0.20
B ©0.19 B
END ALONG LINE
~TANGENT TO OUTER CIRCLES
0.69
@0.50
=3 e
R.44
vt Sl UtaliState - Mechanical & Aeraspace Engineering
A UNLESS NOTED OTHERWISE RIIEEE ik pa gineering . N
X=k.1
XX =£.03 Ustu
XX =010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1903-200.
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 CABLE PLATE, 1-PRONG WF_10-208A n
DATE: 2117/2002 SCALE: | size: B |sweer 1 o 1

1
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1. USE MADREL AND BUILDING METHOD THAT CHUCK LARSEN WILL PROVIDE
2. LAYUP: 4/WAVY

3. NOMINAL SIZE SHOWN. CUT TO BEST FIT.

e B
84
P <
ALL DIMS ARE IN INCHES _ § Mechanical & Aeraspace Engineering:
A UNLESS NOTED OTHERWISE ek & Pace Engineering.
X=+1
XX =£.03 USU
XXX = 010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: ‘ 1002-200
ERIC PETERSON 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Graphite STRUT WF-10-208A
DATE: 2/17/2002 SCALE: |size: B [swEET 1 of 1
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1. USE LEADING EDGE OF RIBS AND SPAR AS A TEMPLATE FOR PIECE

2. USE WOVEN GRAPHITE AT A 45" LAYUP

1 LAYERS

2 1 1
343.25
A
I P -
A
ALL DIMS ARE IN INCHES BLIO R0

UNLESS NOTED OTHERWISE EIEELEILM

Mechanical & Aerospace Enginéering -

X=%.1
XX =%.03 USU
IEW A-A ANGLES = 1 WRIGHT FLYER
SCALE 1:1 DRAWN BY: 1903-2003
ERIC PETERSON
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
graphite LEADING EDGE, INNER WF-10-213AA A
DATE: 21772002 SCALE: ( size: B JiHEET 1 of 1
4 i 3 2 i
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1. USE OUTER 54 INCHES OF WiING RIBS AND SPAR TQ CREATE A TEMPILATE FOR PART

2. USE WOVEN GRAFHITE AT A 45" LAYUP

2 LAYERS
SLIGHTLY TAPERED
ALL DIMS ARE IN INCHES  R1[8}|H]n]{3 anical & Aerospace Engineering -
TinRry vt iy IIMINNE - Mechanical & Asrospace Engineering
' Xt
X =£.03 USsU
XXX =+.010
ANGLES & ' WRIGHT FLYER
SCALE 1: 1 DRAWN BY: 1903-2003
ERIC PETERSON
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
graphite LEADING EDGE, OUTER LEFT| WF-10-214A A
DATE: 211712002 SCALE: | size: B [swEET 1 of 1
4 ! 3 4}. 2 | 1
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1. USE CUTER 54 INCHES OF WING RIBS AND SPAR TO CREATE A TEMPLATE FOR PART
2. USE WOVEN GRAPHITE ON A 45° LAYUP
2 LAYERS
B B
= e
SLIGHTLY TAPERED
PRI L I UtahiState -hechanical & Aerospace Engineering -
A UNLESS NOTED OTHERWISE RIITEEERAEN. B ‘ - ‘ P
X=%.1
XX =03 UsSU
XXX =£.010
ANGLES & 1 WRIGHT FLYER
SCALE 1:1 DRAWN BY: 1903-2003
ERIC PETERSON
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
graphite LEADING EDGE, OUTER RIGHWF-10-215A A
| DATE: 211712002 SCALE: l size: B lSHEET 1 of 1
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1. CUT FROM AIRCRAFT SPRUCE & SPECIALTY CO. PN 0348900

2. BEND AND CUT TO FIT TRAILING EDGE

P UtahShale - Mechanical & Asraspace Endineering
TR RN i Ene ry echanical & Araspace Engineering.
X=1
XX = %03 UsU
XX =010
ANGLES + 1' - WRIGHT FLYER
DRAWN BY: 1903-200,
ERIC PETERSON 903 3
WATERIAL: PART DESCRIPTION: PART NUMBER: REV
Traing Edge TRAILING EDGE, INNER | WF-102164 A
DATE: 211772002 SCALE: |s;ze: B |suEer 1 of 1
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1. CUT FROM AIRCRAFT SPRUCE & SPECIALTY CO. PN 03-48900
2. BEND AND CUT TO FIT TRAILING EDGE

/"

i(i

56.99

ALL DIMS ARE IN INCHES

UtahState Wechanical & Aerospace Engineering

1 UNLESS NOTED OTHERWISE SIEEEEIN
X==£1
110}, XX =403 USU
XX =4 010
- . .
ANGLES # 1 WRIGHT FLYER
DRAWN BY: 19032-200
ERIC PETERSON 903 3
MATERIAL: PART DESCRIFTION: PART NUMBER: REV
Trailing Edge TRAILING EDGE, OUTER LEFT| WF-10-217A A
DATE: 2/17/2002 SCALE: | size: B ISHEET 1 of 1
4 3 2 I
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1. CUT FROM AIRCRAFT SPRUCE & SPECIALTY CO. PN 03-48900
2. BEND AND CUT TO FIT TRAILING EDGE

57.00

ALL DIM3 ARE IN INCHES

UNLESS NOTED OTHERWISE RILEETEILS

® _ Mechanical & Aerospace Engineering

X==%.1
i XX=£03 USU
XX =£ 010
the ANGLES # 1 WRIGHT FLYER
- DRAWN BY: 1903-2003
ERIC PETERSON
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
TRAILING EDGE, OUTER RIGHTNVF-10-218A A
DATE: 2/17/2002 SCALE: | size: B |SHEET 1 of 1
4 |
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ANGLES £ 1 WRIGHT FLYER
DRAWN BY: -
CKESPLIN 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6051 PULLEY PLATE WF-10-219A A
DATE: 2/17/2002 SCALE: " [size: B lsweer 1 of 1

| 1




Parts List

ITEM QTY | PART NUMBER DESCRIPTION
1 2 WF-10-410A SPAR INTERFACGE, FRONT QUTER
1 WF-10-400A SPAR, FRONT MIDDLE
2 [WF-10-401A SPAR, FRONT, FIRST QUTER
2 WF-10-402A SPAR, FRONT, SECOND OUTER
2 |WF-10-403A SPAR, FRONT, THIRD OUTER
4  |WF-10-408A SPAR INTERFACE, FRONT INNER
echa al & Arospace ginee 0
UsvU
WRIGHT FLYER
DRAWN BY: 1002-200
CKESPLIN 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER:

SUB-ASSY, FRONT SPAR

WF-10-300A

REV
A

DATE: 2/117/2002

SCALE:

[stze: B [smeer 1 of 1
7




1. ADHERE WITH STUCTURAL EPOXY

Parts List

QTY | PART NUMBER DESCRIPTION

WF-10-411A SPAR INTERFACE, BACK CUTER

WF-10-404A SPAR, BACK, MIDDLE

WF-10-405A SPAR, BACK, FIRST OUTER

WF-10-406A SPAR, BACK, SECOND QUTER

2

1

2

2

2 |WF-10407A SPAR, BACK, THIRD OUTER
4

5

IvERSE

WF-10-409A __|SPAR INTERFACE, BACK INNER
tﬂ\!? .. Mechanical & Aerospace Engineeting

USsU
WRIGHT FLYER
DRAWN BY: -
CKESPLIN 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
SUB-ASSY, BACK SPAR WF-10-301A A

DATE: 211772002

SCALE: |size: B |sHEET 1 of 1
7




4 [ 3

i

2 1 1
1. CUT PART FROM 5x1.5" PLATE  AIRCRAFT SPRUCE & SPECIALTY CO. PN 0331150
2. BEND PLATE TO RADIUS
B
5.00
R1.54
B
PTG UtahState : Wechanical & Aerospace Engineering.
A ey yyeicpitinivem LI Mechanical & Aeraspace Engineering
X=£.1
XK =£03 UsU
XXX = +.010
ANGLES # 1 WRIGHT FLYER
DRAWN BY: 1002-200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION; PART NUMBER: REV
INTEREACE PLATE, BACK OUTEWF-10-302A A
DATE: 2/17/2002 SCALE: |size: B lsweer 1 of 1
4 [ 3 2 I




4 L 3 K 2 { 1

1. CUT PART FROM 5"x1.5" PLATE AIRCRAFT SPRUCE & SPECIALTY CO. PN 03-31150
2. BEND PLATE TO RADIUS

B B
5.00
R132
,_B
LY RENICO UtahShate  Mechanical & Aerospace Engineering
A UNLESS NOTED OTHERWISE RISNEEEIAAN p 9 S
Xk
XX .03 UStr
XXX =+ 010
ANGLES 1" WRIGHT FLYER
DRAWN BY: 19002-200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-5061 INTERFACE PLATE, FRONT OUTERI0-303A a
DATE: 201772002 SCALE: | size: B |sHEET 1 of 1

H
4]




. S
B e i e e T

1. CUT PART FROM 5"«1.5" PLATE AIRCRAFT SPRUCE & SPECIALTY CO. PN 03-31150
2. BEND PLATE TO RADIUS

R1.58

ALL DIMS ARE IN INCHES

UtahState  (echanical

& Acraspace Engineering’

UNLESS NOTED OTHERWISE [RIMIELENIR
X=£.1

XX=£.03 sy

XXX = £.010

ANGLES # 1 WRIGHT FLYER
DRAWN BY: 1002-2
CKESPLIN 903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER:
Aluminum-6061 INTERFAGE PLATE, INNER | WF-10-304A"
DATE: 2117/2002 SCALE: |s.rzr_=.- B ‘SHEET 1 of 1

1




4 [ 3 ¥

1. CUT PART FROM §"x1.6" PLATE AIRCRAFT SPRUGCE & SPECIALTY CQ. PN 03-31150
2, BEND PLATE TQO RADIUS

5.00

R1.09

ALL DIMS ARE IN INCHES

UtahState

Mechanical & Aefospace Engineering &

UNLESS NOTED OTHERWISE RIIEEEEIRA
X=.1
XX=2.03 USU

XXX = £.010

ANGLESs 1 WRIGHT FLYER
DRAWN BY: 190023-200
CKESPLIN 903 3
MATERIAL: FART DESCRIPTION: PART NUMBER: REV

INTERFACE PLATE, FRONT O 0-305A A

DATE: 21712002 SCALE: |size: B IsHEET 1 of 1

1

ik




1. CUT FROM TUBE STOCK (AIRCRAFT SPRUCE & CO. P.N. 03-36400)

(0.73)

ALL DIMS ARE IN INCHES _ Z1 (1} B i1 ical & Aerospace Engineering . . .
UNLESS NOTED OTHERWISE IR Attt pace.tngineering - . - o
X=i4

XX =4+.03 USTU

XX =%.010

ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1602-200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 INTERFACE TUBE, FRONT | WF-10-3084 Fy
DATE: 2/17/2002 SCALE: [size: B |sHEET 1 of 1

4 | 3 45 2 | 1




4 1 3 ¥ 2 i 1

1. CUT FROM TUBE STOCK (AIRCRAFT SPRUCE & CO. P.N. 03-38400)

'| ‘» - :
| l
3 |
| |
| |
| !
| |
; | (1.13)
| |
| |
| !
| |
R1.
NG UtahiState  Mschanical & Aerospace Engineering
A UNLESS NOTED OTHERWISE [DEITTEEIA NS P g g N
X=k.1 '
XX =£.03 USU
XX = £ 010
ANGLES # 1 WRIGHT FLYER

DRAWN BY: 1902-200

CKESPLIN 903 3

MATERIAL: PART DESCRIPTION: PART NUMBER: REV

Aluminum-6061 INTERFACE TUBE, BACK | WF-10-307A A

DATE: 2/17/2002 SCALE: |size: B |smEEr 1 of 1




4 | 3 & 2 [ 1

1. USE 1" TUBE AIRCRAFT SPRUCE & SPECIALTY CO. PN 03-36600
2. BUSHING, AIRCRAFT SPRUCE & SPECIALTY CO. PN: FB1620-06

46.73
B
138
WBUSH'NGSN _
R2.00

! R2.00 1 11,25

g
-+ Sl
\x\ = — — — — — — — - — - — — ___L‘//

TUBE

ALLDIMS ARE N INCHES . Rl nical & Aerospbace Engineeri
UNLESS NOTED OTHERWISE RITi i Acrospace Engineering - |
K==+
XX = .03 USU
XX = & .010
ANGLES &1 WRIGHT FLYER
DRAWN BY: 1002-200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
. | wineTIP WF-10-308A
DATE: 201712002 SCALE: | stze: B [sweer 1 of 1




®
®
@

4 | 3 t]7 2 1 1
8 B
@2.05 | +0.00
4 0.28 5’1 -
1.29 ‘| /
|
2.00 !
L= UtahStale : Mechanical & Aefospace Engineering -
A // // UNLESS NOTED OTHERWISE RILIEEERI pace Eng S -
X=%.1
XX=%.03 USU
NGLES +1 WRIGHT FLYER
ANGLES £ 1
SECTION A-A SR BT 1002-200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
SPRUCE CAP, WINGTIP-FRONT SPAR | WF-10-300A A
DATE: 21772002 SCALE: |size: B |sHEET 1 of 1

"%




AT

7

.

@142

+0,006
B1.300 9500

e
|
L/ e
1
g / UtahStale Vocha -
/ ALL DIMS ARE ININCHES _ § ale fechanical & Aerospace Engineering -
1.29 / UNLESS NOTED OTHERWISE RIS kE A Aerosp ginesnng .
5 ’ X=+1
XX =£.03 USU
g XX =010
‘| A ANGLES £ 1° WRIGHT FLYER
g DRAWN BY: 1903-200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
SECTION A-A SPRUCE CAP, WINGTIP-BACK SPAR | WF-10-310A A
DATE: 2117/2002 SCALE: |size: B |sweer 1 or 1
I 3 2 T

7




1. CUT PATTERN FROM 1" FOAM USING TEMPLATE WF-10-311-T1
2, COVER FOAM WITH 1 LAYER KEVLAR
3. FINAL WEIGHT MUST NOT EXCEED 0.45 LB

B B
+ \TS
> -
I N el UtahStale * Mechanical & Aerospace Engineering
A UNLESS NOTED OTHERWISE RIIEEEE A P nd S
X= 1
XX =%,03 USU
XXX =% 010
ANGLES % 1" WRIGHT FLYER
DRAWN BY: 19032-200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
FoamComposite RIB, MAIN WF-10-311A
DATE: 211712002 SCALE: [size: B |sHEET 1 of 1




LI

S e o S T o W IR S

4 | 3 ¥ 2 1 1

1. CUT PATTERN FROM 1" FOAM USING TEMPLATE WF-10-312-T1
2. COVER FOAM WITH 1 LAYER KEVLAR
3. FINAL WEIGHT MUST NOT EXCEED 0.45 LB

$3.20

46.45

PRGN UtahState  wiechanical & Aerospace Engineerin
TN ety [IRAe  Mechanical & Aeraspace Engineering N
K=

XX =£.03 USU

XXX =% .010

ANGLES 21 WRIGHT FLYER
DRAWN BY: 1002-200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
FoamComposite RIB, MAIN WF-10-312A A
DATE: 2/17/2002 SCALE: [size: B [sweer 1 of 1




4 |

“1. CUT PATTERN FROM 1" FOAM USING TEMPLATE WF-10-313-T1
2. COVER FOAM WITH 1 LAYER KEVLAR
3. FINAL WEIGHT MUST NOT EXCEED 0.45 LB

@225

46.45

ALL DIMS ARE IN INCHES

UtahState

Mechanical & Aerospace Engineering

UNLESS NOTED OTHERWISE [NLIEELEIRAS
X==x1
XX = £.03 USU

XXX = £ 010

ANGLES &1 WRIGHT FLYER
DRAWN BY: 19032-200
ERIC PETERSON 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
FOAM COMPOSITE RIB, QUTER A WF-10-313A A

DATE: 2M7/2002

SCALE: | size: B |sHEET 1 of 1
7




4 | 3

1. CUT PATTERN FROM 1" FOAM USING TEMPLATES WF-10-314-T1
2, COVER FOAM WITH 1 LAYER KEVLAR
3. FINAL WEIGHT MUST NOT EXCEED 0.4 LB

?2.25

@1.52

46.45

ALL DIMS ARE IN INCHES

MahState
UNLESS NOTED OTHERWISE itk

‘Mechanical & Aeraspace Engineering

X=%.1
XX=£.03 . USU

XXX =+ 010

ANGLES 1 WRIGHT FLYER
DRAWN BY: 1009-200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
FOAM COMPOSITE RIB, B WF-10-314A A
DATE: 201712002 SCALE: | size: B |sEET 1 of 1




4 ] 3

1. CUT PATTERN FROM 1" FOAM USING TEMPLATES WF-10-316-T1
2. COVER FOAM WITH 1 LAYER KEVLAR
3. FINAL WEIGHT MUST NOT EXCEED 0.35 LB

@2.25
| 46.45
RGNl UtahState  Mechanical & Aerospace Engineering
UNLESS NOTED OTHERWISE JRIREENNA] ke -
X=:.1
XX =+.03 USU

XXX = £.010

ANGLES £ 1° WRIGHT FLYER
DRAWN BY: 1903-200
ERIC PETERSON 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
FOAM COMPOSITE RIB, C WF-10-316A A
DATE: 2/17/2002 SCALE: [size: B |suEET 1 of 1

4 I 3 2 ' I




4 ! - 3

1. CUT PATTERN FROM 1" FOAM USING TEMPLLATES WF-10-318-T1
2. COVER FOAM WITH 1 LAYER KEVLAR
3. FINAL WEIGHT MUST NOT EXCEED 0.3 LB

2.25
¢ #1.52
 — 46.45 i
I EYANI S UtahState - \ischanical erospace Engineering -
UNLESS NOTED OTHERWISE [RLIEECEA] Mechanical & A p =NQNEErng - .
Xk

XX =+ .03 Ustr
XK = 3,010
ANGLES £ ¥ WRIGHT FLYER

DRAWN BY: 1903-200

ERIC PETERSON , 903 3

MATERIAL: PART DESCRIPTION: PART NUMBER: REV

FOAM COMPOSITE RIB, D WF-10-318A A

DATE: 2117/2002 SCALE: |srzs.- B ISHEET 1 of 1

4 i 3

] 1




0 i N Y B S A W TR S it i

ot st

LAYUP: 4/WAVY, 2/0°, 4/\WAVY

10 LAYERS

©3.00

1 A L____JA 72,00

_SECTION A-A

SCALE1:1

ALLDIMS ARE IN INCHES QI[N R0l B ieal | : ineeri
A UNLESS NOTED OTHERWISE RITHAaSLs Mechanical & Aerospace Engme_enng A
X=%1
XX =%.03 UsSU
KK =+ 010
ANGLES & 1° WRIGHT FLYER
B DRAWN BY: -
ERIC PETERSON 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Graphite SPAR, FRONT MIDDLE WF-10-400A ‘
DATE: 211712002 SCALE: |size: B [swEeT 1 of 1

4 ] 3 4& 2 [ 1



i
i

LAYUP: 4/WAVY, Z/U7, 4/WAVY

— _____r
10 LAYERS

#3.00

’_} A 51.00

SECTION A-A
SCALE1: 1

L= UtahState echanical & Aerospace Engineering ~
A —_— I UNLESS NOTED OTHERWISE EILINLLE RN Me h ncat& e p C E gn r Q o A
X=x£.1
XX = 03 USU
KX =£,010
ANGLES £ 1' WRIGHT FLYER
DRAWN BY: -2
ERIC PETERSON 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Graphite SPAR, FRONT, FIRST OUTER | WF-10-4014
DATE: 2M17/2002 SCALE: —[SIZE: B [SHEET 1 of 1

4 i 3 4& 2 I 1




1. LAYUP: 4/WAVY, 2107, 4/WAVY

10 LAYERS

@3.00

SECTION A-A
SCALE 1:1
‘ TGN tahState | fiechanical & Actospace Engineering
A UNLESS NOTED OTHERWISE RRIEIASThA ARG ? :
X= 1
XX = £.03 USU
XX = £ 010
ANGLES £ 1 WRIGHT FLYER
T DRAWN BY: 1902-200

ERIC PETERSON 903 3
WATERIAL: PART DESCRIFTION: PART NUMBER: REV
Graphite SPAR, FRONT, SECOND OUTHRVF-10-402A A
DATE: 2/1772002 SCALE: [size: B |smeEr 1 of 1




LAYUP: 12/WAVY

12 LAYERS

#2.08

SECTION A-A

SCALE 1:1

ALL DIMS ARE IN INCHES

MiahState

Mechanical & Aerospace Enginegring ..

UNLESS NOTED OTHERWISE KIRIEETRT
X=d.1
XX = 4,03 Ust

XX =£.010

ANGLES +1° WRIGHT FLYER
DRAWN BY: 1903-200
ERIC PETERSON 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER:
Graphite SPAR, FRONT, THIRD QUTER | WF-10-403A
DATE: 2(7/2002 SCALE: | size: B |sEET 1 of 1

1




4

LAYUP: 8/IWAVY

72.

00

8 LAYERS

@2.50

SECTION A-A
SCALE 1: 1

ALL DIMS ARE ININCHES  RI[AY HinL- hanical : ce Endi oo
UNLESS NOTED OTHERVSE Riictats: Mechamgal & Aeraspace Engineering A
X=+.1
XX = .03
XX =.010 USsu
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1903-200
ERIC PETERSON 903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Graphite SPAR, BACK, MIDDLE WF-10-404A A
DATE: 211772002 SCALE: |srzs: B ‘SHEET 1 of A

] 1




4 I 3 ¥ 2 1 1
LAYUP: 8/WAVY
5 B
8 LAYERS
@2.50
ks I I <t
A A sels SECTION A-A
' SCALE1:1
PGV LN ltahState - mechanical & Aerospace Engineerin
A UNLESS NOTED OTHERWISE RERIELaSNed P 9 9
X=& 1
XX =£.03 USU
XX =%.010
ANGLES * 1 WRIGHT FLYER
DRAWN BY: 1902-200
ERIC PETERSON 903 3
MATERIAL: PART DESCRIPTION- PART NUMBER: REV
Graphile SPAR, BACK SECOND OUTER WF-10-406A A
C L DATE: 2/17/2002 SCALE: [size: B [sueer 1 or 1

4 i 3 4& 2 [ 1




Al

AA

130.00

8 LAYERS

?1.42

SECTION A-A
SCALE 1:1

ALL DIMS ARE ININCHES

UtahState

- Mechanical & Aerospace Engineering -~

UNLESS NOTED OTHERWISE RIRINIENAEE
X==.1

XX=£.03 Usvu

XX =010

ANGLES + 1 WRIGHT FLYER
DRAWN BY: 1002-200
ERIC PETERSON 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Graphite SPAR, BACK, THIRD OUTER | WF-10-407A. A
DATE: 2/17/2002 SCALE: | size: B |SHEET 1 of 1

I 1




LAYUP: 12/IWAVY

SECTION A-A
SCALE 1:1

P —
-
>

r
I
!
|
I
I
|
I
|
I
|
I
I
|
[
|
!
|

s o m s

ArI
I
|
I
I
I
I
|
I
|
I
{
I
I
|
I
[
|

PN RGN e =0 UtohState * echanical & Aerospace Engineerin
A UNLESS NOTED OTHERWISE REINEEEGR P g g N
X=k.1
XX=2%.03 U,
XX =+ 010 SU
ANGLES + 1 WRIGHT FLYER
[
DRAWN BY: 1903-200,
1 ERIC PETERSON 903 3
i MATERIAL: PART DESCRIFTION: PART NUMBER: REV
| Graphite SPAR INTERFACE, FRONT INEGF-10-408A A
DATE: 2/17/2002 SCALE: JSIZE: B ISHEET 1 of 1
|




‘ LAYUP: 120WAVY

e ———— ]

12 LAYERS

@2.36

ALL DIMS ARE IN INCHES

UNLESS NOTED OTHERWISE RAlkiakili

OAM CORE

SECTION A-A
SCALE 1:1

UtahStote  Mechanical & Aerospace Engineerin

g .

X=%.1
XX =+.03 USU
XX =% .010
ANGLES * 1 WRIGHT FLYER
DRAWN BY: 1 -200
ERIC PETERSON 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER;

Graphite

SPAR INTERFACE, BACK INNBRVF-10-409A

REV
A

DATE: 2117/2002

SCALE: [sze: B lsweer 1 or
7




1. MATERIAL : PER DRAWING
2. ADHERE JOINTS WITH STRUCTURAL WOOQOD ADHESIVE

B #2.97 —SPRUCE BALSA SPRUCE —+

@2.18 1.5 5.0 1.5

PRIVERSII = UtahState - Mechanical & Aerospace Engineerin
A UNLESS NOTED OTHERWISE RIRREkA A - P ginsening
X==.1
XX =%.03 USU
XX = 010
ANGLES £ 7 WRIGHT FLYER
DRAWN BY: 1903-200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
SPAR INTERFACE, FRONT OL{TSR-10-410A A
DATE: 2/17/2002 SCALE: |'sze: B lsmesr 1 of 1

4 i 3 4& 2 { 1




1. MATERIAL AS SHOWN
2. ADHERE JOINTS WITH GENERAL STUCTURAL WOOD ADHESIVE

@2 .47

©31.47

—SPRUCE

BALSA

SPRUCE —+

ALL DIMS ARE IN INCHES
UNLESS NOTED OTHERWISE

ttahState

DNIVERSITY

1.5

'Mechanical & Aerospace Enginéering N

Xzt
XX =+£.03 USU
KA =£.010
ANGLES £ 7 WRIGHT FLYER
DRAWN BY: 1002-200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER:

SPAR INTERFACE, BACK QUTERF-10-411A

REV
A

DATE: 21712002

SCALE:

I'size: B

LSHEET1 of 1

1




Canard Assembly




Materials List for Canard

ck spe= check drawing specifications

Item/Mit;e_n_al _ _bescriﬂtion Qty | Part # _L_L Suppher
Control Rod I ~ 4 ANB?SAC-M?S A:rcraﬁ Spruce Co.
Terminal Assembly 8 ANBB5-21{R/L) Aircraft Spruce Co.
Rear Spar (4130 tube) 2 x oft 1 03-02300 Aircraft Spruce Co.
Main Spar (4130 tube) 2 x Oft 1 03-08100 Aircraft Spruce Co.
10-32 Bolts 32 AN526-1032R16 Aircraft Spruce Co.
10-32 Nuis 32 AN365-1032A Aircraft Spruce Co.
Clevis Pin 4 AN386-81 Aircraft Spruce Co.
3/8-24 Bolt 1 ANB-24 Aircraft Spruce Co.
3/8-24 Stop Nut 1 AN3B5-624A Aircraft Spruce Co.
Bearing 1 KSBA-AN200 Aircraft Spruce Co.
Parts List for Canard
Part Number Descrlpnon r Qty] Type
“WF-20-050 " Control Adjust' 1] cut & drilled
W F-20-033 Linkage Mount 1 cut & drilled
WEF-20-030 Chassis Connect 2 cut & drilled
WF-20-028 Control Mount 1 cut & drilled
WF-20-025 Canard Supports 2 cut & drilled
WF-20-022 Hinge Pin Shaft 12 cut & drilled
W-20-021 Spar Hinge Shaft 4 cut & drilled
WF-20-020 Strut Hinge Plate 4 cut
WF-20-018 Hinge Bracket 8 cut & drilled
WF-20-017 Linkage Bracket 2 cut & drilled
WF-20-016 Canard Surface Right 2 | hot wired,glued, shaped,layed up
WF-20-015 Canard Surface Left 2 | hot wired,glued,shaped,layed up
WF-20-014 Canard Suriace Center 2 | hot wired, glued,shaped,layed up
WF-20-013 Canard Rib 8 cut, drilled, & sanded
WF-20-007 _ Spar Hinge Assembly 4 weldament
WF-20-006 Strut Hinge Assembly 4 weldament
WF-20-005 Hinge Assembly Right 2 weldament
WE-20-004 Hinge Assembly Bottom | 1 weldament
WF-20-003 Hinge Assembly Top 1 weldament
WI-20-027 Cantrol Sub-Assembly 1 weld and bolt
WF-20-040 Ganard Sub-Assembly 1 weld and bolt
WF-20-001 Top Surface Assembly 1 bolt
WEF-20-002 Bottom Surface Assembly | 1 bolt
WF-20-000 Canard Assembly 1 weld and boit




¥

OAM CAN BE CUT OUT TO CREATE A COMPARTMENT
) FOR ADDING WEIGHT TO BALANCE FLANE. PLACE
Note: Weld Hinge Plates tangent o leading edge of supports WEIGHT AS CLOSE TO THE 1/4 CHORD AS POSSIBLE.

and flush with top of supporis.

BOTH SIDES
TWO PLACES

Parts List
ITEM | QTY PART NUMBER DESCRIPTION
3 B JANG65-21(R/) Terminal Assembly
4 4  |ANG73AC-1475 Control Rod
5 1 |WF-20-040 Canard Sub-Assembly
6 1 |WF-20-001 Canard Surface Assembl
y Top

. UtahSitate " Mechanical & Aerospace Engineering .
UsU
WRIGHT FLYER
DETAIL B e oman 1903-2003
SCALE 0.12: 1 MATERIAL: PART DESCRIFTION: PART NUMBER: REV
Canard Assambly WF-20-000
DATE: 21712002 SCALE: |size: B [smEET 1 of 1
4 T 3 i 2 | i




OVER WITH DACRON

AFTER FULLY ASSEMBLED

Parts List
ITEM Qry PART NUMBER DESCRIPTION
1 1 |WF-20-603 Hinge Assembly Top
2 1 |WF-20-005 Hinge Assembly Right
3 16 |AN526-1032R16 /AN36 |10-32 Screws and Nuts
5-1032A
4 1 |WF-20-014 Canard Center Surface
5 4 |WF-20-013 Canard Rib
-] 1 |03-09100 Main Spar
7 1 |03-02300 Rear Spar
8 1 JWF-20-015 Canard Surface Left
] 1 |WF-20-018 Canard Surface Right
WahSitate Mectianical & Aerospace Engineering
USU
WRIGHT FLYER

DRAWN BY: 1903-200

N. Holman 9 3 3

MATERIAL: PART DESCRIPTION: PART NUMBER: REV

DETAIL A Canard Surface Assembly Top | WF-20-001
SCALE0.16:1 DATE: 217/2002 SCALE: [sze: B [srEET 1 0f 1
] 3

i




DETAIL B
SCALE 0.16 : 1

OVER WITH DACRON AFTER
FULLY ASSEMBLED

Parts List
QrYy PART NUMBER DESCRIPTION
1 |WF-20-005 Hinge Assembly Right
1 |wWF-20-004 Hinge Assembly Bottom
16 |AN526-1032R16 / AN36 |10-32 Screws and Nuts
5-1032A
1 |WF-20-014 Canard Center Surface
4 {WF-20-013 Canard Rib
1 03-09100 Main Spar
1 103-02300 Rear Spar
1 [WF-20-015 Canard Surface Left
1 [WF-20-016 Canard Surfage Right

!.JIEI\!IE%QE | Mechanical & Aerospace Enginesring
WRIGHT FLYER
DRAWN BY: 1903-200
N. Holman 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Canard Surface Assembly Botto -20-002
DATE: 2172002 SCALE: [ size: B SHEET 1 of 1

4 ]




(1787

(1/8")

Parts List
ITEM QTY PART NUMBER DESCRIPTION
1 1 {WF-20-007 Spar Hinge Assembly
2 1 JWF-20-006 Strut Hinge Assembly
3 1 WF-20-018 Hinge Bracket
4 1 |WF-20-017 Linkage Bracket
5 1 |AN396-81 Hinge Clevis Pin

it - Mechanical & Asrospace Engineering -

USU
WRIGHT FLYER
DRAWN BY: 1903-200,
N. Holman 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Hinge Assembly Top WF-20-003
DATE: 2/17/2002 SCALE: |size: B |sHeET 1 of 1

I 1



178"

UHIVERSITY

Parts List

ITEM | QTY PART NUMBER DESCRIPTION
1 1 |WF-20-006 Strut Hinge Assembly
2 1 {WF-20-007 Spar Hinge Assembly
3 1 JWF-20-017 Linkage Bracket
4 1 |WF-20-018 Hinge Bracket
5 1 [AN396-81 Hinge Clevis Pin
UtahState - Mechanical & Aerospace Engineering

UsU
WRIGHT FLYER
DRAWN BY: o3-2
N, Helman ’ 9 3 003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Hinge Assembly Bottom WF-20-004
DATE: 21772002 SCALE: l size: B lSHEET 1 of 1
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Paris List
ITEM QTYy PART NUMBER DESCRIPTION
' 1 1 |WF-20-007 Spar Hinge Assembly
2 1 |WF-20-006 Strut Hinge Assembly
3 2 |WF-20-018 Hinge Bracket
4 1 |AN396-81 Hinge Clevis Pin
UtahSlate ' Mechanical & Aerospace Engineering - |
: UsU
GHT FLYER
DRAWN BY: 19072-200
N, Holman 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Hinge Assembly Right WF-20-005 -
DATE; 2M17/2002 SCALE; J size: B ITSHEET 1 of 1

4 i 3 i) : Z B
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1.500
t-— 1.000—+]
0.75—+
0.500
e
B 5116 o
I ——
Parts List
meEM | Ty PART NUMBER DESCRIPTION
i 2 |WF-20-022 Hinge Pin Shaft
2 1 |WF-20-020 Strut Hinge Plate
. Utahitate - mechanical & Aerospace Engineeting A
USU
G WRIGHT FLYER
DRAWN BY: 1 «200
N. Holman 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Strut Hinge Assembly WF-20-006
DATE: 2117/2002 SCALE: | size: B ISHEET 1 of 1

4 ) 3 4}. 2 I 1




1.275
0.875

Parts List
TEM QrYy PART NUMBER DESCRIPTION
1 1 |WF-20-021 Spar Hinge Shaft

© 2 1 |WF-20-022 Hinge Pin Shatt
- Utahitate * Mechanical & Aerospace Engineering

UNIVERSITY
USsU

- WRIGHT FLYER
DRAWN BY: 1903-2003

N. Holman
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Spar Hinge Assembly WF-20-007 .

DATE: 211712002 SCALE: lSlZE.' B lSHEET 1 of 1
1




4 ! 3 4 2 r 1
AW
B 0.5 B
a o I I
f
, 30.0 |
USU £93009-3040.13 30" CHORD
31.50 /- P038
4X0.20 B0.50
= <
2.68 _L /T‘F:o’/
A 1sa . N
! 0] ‘__1_18 12.50 !
| 22.50 |
T e =l UtahState * Mechanical & Aerospace Engineering
W ) s T : . I v
A USE LINKAGE BRACKETS TO LOCATE UNLESS NOTED OTHERWISE JEliiiadin A
4 SMALL HOLES & MAIN SPAR HOLE o USU
XXX = £.010
ANGLES & 1° WRIGHT FLYER

DRAWN BY: 1003-200
N. Holman 903 3
MATERIAL: PART DESCRIPTION: PART NUNMBER: REV
Ply-Wood Canard Rib WF-20-013
DATE: 2117/2002 SCALE: | size: B |sweer 1 o 1

4 | 3 4& 2 ] 1




4 i 3 ¥ 2 i 1
|
| |
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| B
|
64,75 |
|
-
NOTE: FOAM CAN BE CUT INTO CONVIENIENT PIECES IN ORDER TO CREATE
HOLES FOR SPARS. REASSEMBLE PIECES WITH APPROPRIATE GLUE.
COVER FOAM WITH FIBERGLASS FOR ADDED STRENGTH.
i
il
11
ALL DIMS ARE ININCHES I [Gr 0| - R e e heeri
UNLESS NOTED OTHERWISE MRt ka A pace Engineering o
X=+1
XX=2.03 USU
XX = %010
5w s ANGLES 1 WRIGHT FLYER
| T 1903-2003
. HO
REFER TO CANARD RIE WF-20-013 n
FOR SECTION DIMENSIONS MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4 Lb Foam Canard Center Surface WF-20-014
DATE: 2/17/2002 SCALE: J size: B jsnssr 1 of 1
2 | 3 i 2 | 7




r

4 | 3 ¥ 2 I 1
30.0 ﬁ
_ . DRILL HOLE DEPTH 17"
11 i FROM RIGHT SIDE
I Il
I Il
[ i
o fl
Il 11}
B 8
39.4 28.0 !
27.4
17.7 - 170 -
REFER TO CANARD RIB WF-20-013
sfu \ / FOR SECTION DIMENSIONS
L !
B <
NOTE: TEMPLATE WILL BE PROVIDED FOR CHORDS OF 30", 26", & 17" TO ALL DIVS ARE 1N NCHES - Mambanioal 8 o R
N CHECK AIRFOIL SHAPE. SAND A SMOOTH TRANSITION BETWEEN SECTIONS. UNLESS NOTED OTHERWISE UtahState - Mechanical & Aerospace Engineering A
COVER FOAM WITH FIBERGLASS FOR ADDED STRENGTH. X1 _
XX =1%.03 USsU
XXX = £.010
ANGLES 1" WRIGHT FLYER
DRAWN BY: -20
N. Holman 1903 2 03
MATERIAL: | PART DESCRIPTION: PART NUMBER: REV
4 Lb Foam Canard Surface Left WF-20-015
| DATE: 2/17/2002 SCALE: |size: B |SHEET 1 of 1
4 i 3 Q 2 I 1




4 l 3 ¥ 2 i 1
80 17.0
17.7
274 DRILL HOLE DEPTH 17"
| 250 ¥ =~ FROM LEFT SIDE
A ' \
B
H-L.—\ T T
b I}
N I REFER TO CANARD RIB WF-20-01
| I FOR SECTION DIMENSIONS
[ !
P I
11 11
= 30.0
e_

NOTE: TEMPLATE WILL BE PROVIDED FOR CHORDS OF 30", 26", & 17 TO

CHECK AIRFOIL SHAPE. SAND A SMOOTH TRANSITION BETWEEN SECTIONS. oA AN Utahfitate - mechanical & Aerospace Engineering
COVER FOAM WITH FIBERGLASS FOR ADDED STRENGTH. i A
XX =03 UsU
XXX = & 010
ANGLES & T WRIGHT FLYER
DRAWN BY: 1903-200
. Holman 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4 Lb Foam Canard Surface Right WE-20-016
DATE: 2/17/2002 [ scate: |size: B [suEET 1 of 1




4 l 3 ¥ 2 | i
0.08
f
,L 5.63 |
R0.31
@1.750
BX@0.20 $0.375
R0.25
x Ia I
O O
3.00
2.50 3.3
2.00 0.50 K
1250 o
L.
T — o
t U A
031~ -t
0.56
—————3.313 ur _ . _
PRSI = UtahSitate - Mechanical & Aeraspace Engineerin
4500 UNLESS NOTED OTHERWISE RLIEEEEASE - mT P gineering
6.06 X=x.1
6.31 XX =:+.03 USU
XXX =+.010
ANGLES WRIGHT FLYER
DRAWN BY: 19072-200
N. Holman 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 Alloy Steel Linkage Bracket WF-20-017
DATE: 2/17/2002 SCALE: ]s.rzs.— B ]sussr 1 of
4 I

1




| 3 4 2 | 1
@1.750
! 3.31
{ . 4X30.20
0 $0.375
? K O
2125
3.313 _
6.06 ALL DIMS ARE ININCHES [T [0l ] Y P e roar Endineering
6.53 UNLESS NOTED OTHERWISE KTITEEERR Mechanical & Asrospace Engineering
NEER!
XX =+,03
XXX =£.010 USU
ANGLES + 1 WRIGHT FLYER
DRAWN BY: 1002-200
N. Holman 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 Alloy Steel Hinge Bracket WE-20-018
DATE: 21712002 SCALE: | size: B |SHEET 1 of 1

1 3 4& 2 [ 1




4 1 3 L 2 | 1
8 8
1.50
e 1.50
.t R
0. 1L3
PGP WtahState ~wechanical & Aerospate Engineering -
A UNLESS NOTED OTHERWISE RIIEGLEIRES % N
X=.1
XX =%£.03 USU
XXX =010 |
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1903-2003
N. Holman
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 Alloy Steel Strut Hinge Plate WF-20-020
DATE: 2/17/2002 SCALE: | size: B IsweET 1 of 1




!
2.25 I 5
| |
@1.750
@1.500
TGt e =l UtahState ischanicat & Aerospace Enginsering
A UNLESS NOTED OTHERWISE IEHEGEIRR -
X=x.1
XX=4.03 USU
X0 = £.010
ANGLES 1 WRIGHT FLYER
DRAWN BY: 1903-20032
N. Holmian
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 Alloy Steel Spar Hinge Shaft WE-20-021
DATE: 211712002 SCALE: | size: B |SHEET 1 of 1
4 I 3 4& 2 ] 1




@0.625

@0.375

ALL DIMS ARE IN INCHES

UtahState  wiechanical & Aerospace Engineering

UNLESS NOTED OTHERWISE RILIMISIkES

X=£1 —
XX =03

2O = 010

ANGLES + 1* WRIGHT FLYER
DRAWN BY: -2
N. Holman 1 903 003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 Alloy Steel Hinge Pin Shaft WF-20-022
DATE: 2/17/2002 SCALE: | size: B |sHeer + o 1




62.0

USE MATERIAL ALL READY AVAILABLE.

ALL DIMS ARE IN INCHES
UNLESS NOTED OTHERWISE

UtahState . \echianical & Aerospade Engineering

HNIVERSITY

X=+.1
XX=%.03 UStU
XXX =+ 010
ANGLES + 1 WRIGHT FLYER
DRAWN BY: 1903-200
N. Molman 9 3 3
MATERIAL: PART DESCRIPTION: PARY NUMBEE; REV

Geld

Streamline Canard Supports WF-20-025 .

SCALE:

[size: B Isueer 1 of 1

DATE: 2117/2002

| 1




4 | 3 ¥ 2 | 1
S
L}
(=] o )
B o ° s
[} Drill 0.875" dia
o} o) < o hole after assembled.
Q [a] 0
178 ‘ o
: . ® :
o o ) ) (Z o 1 @
©® ® e
A of b
a Q Q o 0\ (=) ]
o ] b ]
-
o o] s
1/8"] 7
118" °
T ° ° ~
o) o]
o o PRESS BEARING INTO WELDED PARTS
AFTER PARTS ARE DRILLED OUT TO 0.875" DIA
R UlahSltate . mechanical & Aerospace Engineering *
USU
—— WRIGHT FLYER
arts Lis .
ITEM | QTY PART NUMBER DESCRIPTION ﬁﬁmﬁ“ 1903-2003
1 1 |WF-20-033 Linkage Mount -
MATERIAL: PART DESCRIPTION: PART NUMBER;: REV
2 1 [WF-20-050 Control Adjust Control Sub-Assembly WF-20-027
3 1 KSBA-AN200 Canard Controls Bearing
DATE: 2/17/2002 SCALE: | size: B lsweer 1 or 1

P I 3 i 2 ]




4 2

A

|

/—;zso.sa

\ANER WIDTH JUST LARGE ENOUGH TO
FIT OVER STREAMLINE SUPPORTS.

= L

t—1.00~—

ALL DIMS ARE IN INCHES

UNLESS NOTED OTHERWISE JLREETRR

UtahiState - Mechanical & Aerospace Engineering

X=&.1
XX =403 UsvU
XXX =£.010
ANGLES % T WRIGHT FLYER
DRAWN BY: 1903-200,
N. Holman 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 Alloy Steei Control Mount WF-20-028 -
DATE: 2M7/2002 SCALE: ‘ size: B |SHEET 1 of 1
4 | 3

1




R0.50
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—0.18
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ALL DIMS ARE IN INCHES

UtahState - Mechanical & Aerospace Engineering

UNLESS NOTED OTHERWISE [ekidhdaiitid
Xe=£9
XX =%.03 USU

XX =1 010

ANGLES £ 7 WRIGHT FLYER
DRAWN BY: 072-20
N, Holman 1903 03
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 Alloy Steel Chassis Connhect WF-20-030
DATE: 2M7/2002 SCALE: l size: B lSHEET 1 of 1




4 { 2 | L
I —
T_- | - - T 1
0.13
Drill 6.125" dia hole first to locate
with other part then drill 0.875" dia 4X@0.20
hole after assembled.
O T
[
r
3.000
2.15 2.50 \ 3.63
1.500 I
75 ]
' N . S
0.50 0.313—]
0.63—]
1+0.88
3313 - —, ‘ N
5.75 U IVERGINeL SN WrahSitate wicchanical & Aeraspace Engineering
5.0 UNLESS NOTED OTHERWISE RIIREREA AR
) K=t
£.313 XX =%.03 USU
6.63 XXX =2 010
ANGLES # 1’ WRIGHT FIL.YER
DRAWN BY: 19002-200
N. Holman 9 3 3
MATERIAL; PART DESCRIPTION: PART NUMBER: REV
4130 Alloy Steel Linkage Mount WF-20-033
DATE: 2M7/2002 SCALE: l size: B ISHEET 1 of 1
4 1 2 ] 1




4 i
il
23.1
B
347
ps
r
B 17.9 L
230 pacer 1 - Positon controls appropriately 1
with steel washers.
DETAIL F
SCALE 012 : 1
Paris List — . —
TEM | QTY PART NUMBER BESCRIPTION UtahState - Mechanical & Acrospace Engineering
A 1 1 [WF-20-002 Canard Surface Assembl UHIVERSITY
y Bottom
2 1 [WF-20-027 Control Sub-Assembly L__ Usu
3 2 |WF-20-025 Streamfine Canard Supp WRIGHT FLYER
orts -
1 2 |WF-20-030 Chassis Connect DETAIL E pRAWN BY: 1903-2003
5 1 |ANG.24 Control Mount Shaft SCALE 0.16: 1 -
" ) H RT DERCRIPTION: PART NUMBER:
6 1 |AN365-624A 3/8-24 Stop Nut MATERIAL Egnard Sub-Assembly WF-20-040 REV
7 2 |Spacer1 Spacer 1 ALE: r ) 'SHEET ] F 1
8 | 1 |WF-20-028 Control Mount DATE: 2/17/2002 SCALE: SiZE: °

4 i 3 7]5 2




4 | 3 ¥ 2 ; 1
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b, [}
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0 187 (Note: 1) BOTH SIDES
o 1/8
L~
Notes: 1. Control Mount - Position for best alignment with controls and weld fangent to 1/4 chord k‘
of supporis.
2. Support Mounts - Position for best alignment and weld tangent fo 1/4 chord of supports.
{Nofe: 2) TWO PLACES 3. Hinge Mount Plates - Weld fangent to leading edge of supports.’
(Note: 3) BOTH SIDES
TWO PLACES
95?\!&51}9 " Mechanical & Aerospace Engineering
UsvU
DETAIL C WRIGHT FLYER
SCALE1/4 ﬁRgmaﬁ*’-‘ 1903-2003
MATERIAL; PART DESCRIPTION: PART NUMBER: REV
Canard Sub-Assembly WF-20-040
DATE: 211772002 SCALE: [size: B [smeer 1 or 1

4 i 3 ) 45 2 I 1




4 1 3 4 2 L 1
_—12X@0.25 a
e ! }
Q I a
i o
<
B o B
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! | o
0 I N
< Drill 0.125" dia hole first to locate || Q
with other part then drill 0.875" dia J
hole after assembled,
1400 ,.'co O’ .
12.50 |
11,50 o °
10,50 ! o
9.50
8.50 - ﬁ 5
P 7.00 o o <~
|
5.50 o
450 0 ™~
3.50 o '
250 § 1
t | e !
—~jf=-0.13
T s
0.50
1.50
PTVEYLENNE WahState | vechanical & Aerospace Engineering
A UNLESS NOTED OTHERWISE RIINECEDRE A
X=x.1
XX=1.03 USU
20K = £.010
ANGLES 1 WRIGHT FLYER
DRAWN BY: 10072-200
N. Holman 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 Alfoy Steel Control Adjust WE-20-050
DATE: 2117/2002 SCALE: | size: B |sweer 1 of 1

4 I 3 ZP 2 I 1




108.0

ALL DIMS ARE IN INCHES Qi Ut ni-9 i ' . ineefing
UNLESS NOTED OTHERWIGE IIT Rk Mechanical & Aerospace Engineering 1.
@0.500 X=£.1 USU
XX =+.03
XXX =.010
ANGLES + T WRIGHT FLYER
0.44 DRAWN BY: 1903-200
? AIRCRAFT SPRUGE CO. 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 Alloy Steel Rear Spar 03-02300
DATE: 211712002 SCALE: [ size: B ISHEET 1 of 1
] 2 ! 1



4 1 3 ¥ 2 | 1
—F—_—— M
B B
108.0
i
-+ -
- L
#1.500 LAl UtahState - \echanical & Aerospace Engineering -
A UNLESS NOTED OTHERWISE RIIECEEnR Rk ey : ‘ ‘
X=%.1
XX =+.03 Usvu
XXX = £.010
@1.37 ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1903-200
AIRCRAFT SPRUGE CO. 903 3
MATERIAL; PART DESCRIPTION: PART NUMBER: REV
4130 Alloy Steef Main Spar 03-09100
DATE: 211712002 SCALE: | size: B [sueer 1 o 1

4 T 3 4& 2 i 1




RDER TO LENGTH FROM SPRUCE
PART # ANB73AC-1475

14,750

RDER RODS WITH TERMINAL "ASSEMBLIES"
SPRUCE PART # ANB65-21(R & L)

ALL DIMS ARE ININCHES  Rl[eiltR]hl (I8 ical ace Crgi ina -
UNLESS NOTED OTHERWSE IIEiRiaes Mechanical & Aerosp ngineering A
X=%£.1
XX =+ 03 UStr
XX =% 010
=) ANGLES & 1 WRIGHT FLYER
DRAWN BY: 039
AIRCRAFT SPRUCE & CO. 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Stainless Steel, Austenitic Control Rod ANBT3AC-1475
DATE: 2/17/2002 SCALE: | size: B |sHEET 1 af 1

] 3 » i 2 | 1



Rudder Assembly




Materials List for Rudder

ck spc= check drawing specifications

ltem/Material | Description Qty Part # Supplier
Foam 1"X30", 2* sheets ck spc _ [ Hardware store
Kevlar 7' length ck spc ?
Aluminum Skin Honeycomb 12" X 30" ITE Dept.
Wood 1/2" X 1 1/4" X 5" 2 ITE Dept.
Wood 1/2" X 2" diameter 4 ITE Dept.
Carbon Tubes 2"X8' 2 ITE Dept.
Steel Tubing 2" 0.D. x 0.035" wall 2ft ITE/IPACO
Steel Pins 3/8" 1f ?
Plate Steel 5" x 1/16" 2 ft ITE/IPACO
Plate Steel 4" x 1/16" 1t ITE/PACO
Plate Steel 3" x 0.10" 1 ft iTE/IPACO
Aluminum Plate 1/8" X 4" X 4" 2 ITEIPACO
Push/Pull Control Rod ITE/Aircraft Spruce
Bolt and Nut 1/4" 8 ITE
Bolt and Nut 10-32 2 ITE
Bolt {(machine screw) 8 ITE
Nylon Washer 3/8" hole 8 NW 2081 ITE/Aircraft Spruce
Deirin Stock 1/2" X 2" X 4" 4 ?
Nylon Stock 1/4" X 2" X 2" 2 ?
Trailing Edge 1" 14 ft pg. 72 ITE/Aircraft Spruce
Dacron Cavering 28 sq ft ITE/Aircraft Spruce




e

Parts List for Rudder

| PariNumbe Description Qty | Type
 WF-20-100 Rudder Assembly 1 assembly
WF-20-101 Rudder Surface Assembly 2 assembly
WF-20-103 Boitomn Plate Assembly 1 assembly
WF-20-104 Top Plate Assembly 1 assembly
WF-20-105 Control Linkage Assembly A assembly
WF-20-130 Push/Pull Rod {round) 1 fit
WF-20-131 Control Plate 2 cut & drilled
WFE-20-141 Rudder Spacer Plate {(bottom) 2 cut & drilled
Hardware attach
WF-20-111 Rudder D Tube 2 foam lay-up
WF-20-112 Rudder C Beam 2 i bi-dir weave lay-up
WE-20-113 Rudder Hard Plate 4 cut, mill & finish
WF-20-114 Rudder Ribs 10 foam lay-up
WF-20-115 Rudder Trailing Edge 2 cut & attach
WF-20-116 Rudder Pivot Block Insert 2 mill & bond
WIF-20-140 Rudder Pivet Block Insert Pins 4 cut & bond
Hardware
Glue
Covering Material attach
WFE-20-117 Cross Support 2 honeycomb lay-up
WF-20-118 Bearing Assy 4 | press-fit & bond
WF-20-130 Steel Shait 4 cut & drilled
WF-20-131 Wood Circle 4 cut & drilled
WF-20-119 Mount Point 2 cut
WF-20-120 Support Cables 4 attach fit
NW 2061 Nylon Washers 6 drili
WF-20-122 Hattom Beam Support 1 wavy comp, lay-up
WF-20-128 Top Beam Support 1 wavy comp. lay-up
WF-20-123 Wing Spar Mount Assy 2 weldment
WF-20-142 Wing Spar Mount Tube 2 rolled
WF-20-145 Wing Spar Mount Brace 4 weldment
WF-20-124a Beam Attach Insert 2 cut & milled
WF-20-125 Bot Rud Attach Assy 1 weldment
WF-20-135 Bot Rud Tube 1 milled
WF-20-129 Top Rudattach Assy 1 weldment
WF-20-136 Top Rud Tube 1 milled
WF-20-137 Rud Attach Plate 4 milled




2 | 1
B
<t
Parts List
ITEM ary PART NUMBER DESCRIPTION
1 2 WF-20-101 Rudder Surface Assembl
¥
2 1 |WF-20-103 Bottom Plate Assembly
3 1 |WF-20-104 Top Plate Assembly
4 1 WF-20-105 Linkage Assembly
5 2 |WF-20-141 Rudder Spacer Plate (bot
tom}
umvsnswe - Mechanical & Aerospaqe Engineering’
USU
i WRIGHT FLYER
DRAWN BY: 1 -20
J. Holfelltz 903 03
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Rudder Assembly WF-20-100a A
DATE: 211772002 SCALE: |sze: B lswEer 1 of 1

2 ] 1




B
Parts List
ITEM | QTY PART NUMBER DESCRIPTION <}

3 4 |.25in bolt&nut
4 T |WF-20-117 Cross Support
5 2 [WF-20-118 Bearing
6 1 JWF-20-119 Mount Point
7 2  |WF-20-121 nylon washers
8 1 |WF-20-129a rudattachassy2a
9 1 |WF-20-124a Wing Spar Mount Bottom
10 1 |WF-20-124a tube cnt
11 1 |WP-20-126 Top Beam Support

» Mechanical & Aerospace Engineering - A

Usu
WRIGHT FLYER
A D BY: 1903-2003
5 e v
DATE: 217/2002 SCALE: |size: B {sweer 1 o 1

1
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O ©

Parts List
ITEM QTY PART NUMBER DESCRIPTION
1 1 WF-20-136 top2 rud tube
2 2 |WF-20-137 rugd attach plate

- Mechanical & Aerospace Engineering

X= 1
XX =303 UsU
XXX =% 010
ANGLES & 1 WRIGHT FLYER
DRAWN BY: 1903-200
J. Holfeliz 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
vudattachassyza WF-20-129- A
DATE: 2117/2002 SCALE: |size: B [smeer 1 o 1
4 i 3 i | 1




ar Laie® Frpuan &

START WITH 3" LONG PIECE OF 2"DIA PIPE 0.035" THICK
ILL 2 PARALLEL 1/16™ SLITS, 3/4" LONG, 1/2" APART
THROUGH MIDDLE, DRILL HOLES FOR BONDING

#2.00 f —— e —
6.6° TR WahState : wvechanical & Acrospace Engineering
)_L_’_’_’_ ;_:_:—__-;1—-"&‘ UNLESS NOTED OTHERWISE RIAEEEETRAS i . P 'gineenng.
ok o X=1i USU
‘ 06 XX =£.03
o = XXX = %010
ANGLES £ 1° WRIGHT FLYER
0.06
e—0.74 DRAWN BY: 19072-200
_________ J. Hoifeltz 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alley | top2 rud tube WF-20-136
DATE: 2/17/2002 SCALE: |size: B |swEET 1 of 1




B
96.47 {
-
0.042
LT N el UtahState  wcchanical & Asrospace Engineering -
A UNLESS NOTED OTHERWISE SIRIRELEIRR pical &. P 9 g
X=%£.1
XX =+.03 USU
XXX =£.010
ANGLES % 1 WRIGHT FLYER
DRAWN BY: 1903-200
J. Holfeltz 9 3 3
MATERIAL: PART DESCRIFTION: PART NUMBER: REV
carbon fiber Top Beam Support WF-20-126 -
DATE: 211712002 SCALE: ls:zs: B ISHEET 1 of 1

[ TR




B

ITEM | QTY PART NUMBER DESCRIPTION ﬁ"

3 4 |.25in bolt&nut

4 1 [WF-20-117 Cross Support

5 2 |WF-20-118 Bearing

B 1 |[WF-20-119 Mount Point

7 2 |wWF-20-121 nylon washers

8 1 |WF-20-124a Wing Spar Mount Bottom

9 1 PAF-20-125a rudattachassy1a

10 1 |WF-20-122 Botton Beam Support

11 1  |Wr-20-124a tube cnt

UtzhSitate | Méqh’a_rii_cal & Aerospace Engineering

BHIVERSITY

WRIGHT FLYER
DGRAWN BY: 1 -200
J. Holfeltz 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Bottom Plate Assembly WF-20-103a A
DATE: 2/17/2002 SCALE: I SIZE: B LS‘HEET 1 of 1

1




O 0O .
5.00 4.63
-
R1.00
3,00
e UtahStat ‘ Jine
ALL DIMS ARE ININCHES R {0 6 (1 hanical & Asrospace Engineerin
UNLESS NOTED OTHERWISE R ts Akl P gmeenng -
X=1
XX =+ .03 UStL/
00 = %010
ANGLES % 1' WRIGHT FLYER
DRAWN BY: 1902-200
J. Holfeltz 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
rudattachassyla WF-20-125.
DATE: 2/17/2002 SCALE: [stze: B [swEEr 1 of 1

3 ] ' 3 ‘ iy 3 | 7




@2.00

#1.03

START WITH 3" LONG PIECE OF 2'DIA PIPE 0.035" THICK .
) MILL 2 PARALLEL WITH CENTERLINE 1/16" SLITS,
0.69 0,69 3/4” LONG, 1/2" APART

250 THROUGH MIDDLE, DRILL HOLES FOR BONDING

T
|
; 0.75 |
! J“—-—i-—o.os
% —~l—o0.08 |
ALL DIMS ARE IN INCHES “mhstnte ehani &‘Aero A E ineerin h
II 2.00 UNLESS NOTED OTHERWISE RIS A Mechanical space Enginsering A
X=x41 ’
| XX = £ .03 UsU
| XXX =+.010
| | ANGLES 2 1 WRIGHT FLYER
DRAWN BY: 1903-200
! | __L J. Holfeltz 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | pot rud tube WF-20-135 A
DATE: 2/17/2002 SCALE: ISIZE: B rSHEET 1 of 1
i

1




s 96.00

ALL DIMS ARE IN INCHES Rl [riiH ol nical & bate Enainsaring
UNLESS NOTED OTHERWISE RIISEEATG Mechanical & Aerospace Engineering A
0.042 X=+.1
XX =%.03 USU

XXX =+ .010

ANGLES + 1 WRIGHT FLYER
DRAWN BY: -200

#2.00 J. Holfeltz 1903-2003

MATERIAL: PART DESCRIPTION: PART NUMBER: REV
carbon fiber Botton Beam Suppoit Wi-20-122.
DATE: 211712002 SCALE: [size: B sweer 1 of 1




2 I 1
0.38 Q
O/—4x¢o.25 [ 9
G b
"% 325 4y
O O 163
- R0.25 K | i 258
4 Q
' ®
0.13 -+
0.38
l——1.28—
———1.53
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MATERIAL: ‘ PART DESCRIPTION: BARY NUMBER: REV
Steel, High Strength Low Alloy | rud attach plate WF-20-137
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV -
== = Steel, High Strength Low Alloy | type ont WF-20-124a a
2" PIPE STOCK :
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3.10 Parts List
l I | TEM | aTY PART NUMBER DESCRIPTION
i i 6.00 1 1 |[WF-20-142 BSSA Tube
4 2 |JWF-20-145 sfrap
ALL DIMS ARE ININCHES [T T o e o e o
UNLESS NOTED OTHERWISE RIS a Attt & Aerospace Engineering
X=%1
XX =203 S
XXX = 010 USU
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1 -20
J. Holfeltz 903 03
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Wing Spar Mount Botiom WF-20-123
DATE: 2/1712002 SCALE: | size: B \SHEET 1 of 1
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1.50 MATERIAL: PART DESCRIPTION: PART NUMBER: REV
| Steel, High Strength Low Alloy | strap WF-20-145
oL DATE: 2/17/2002 SCALE: |size: B |SHEET 1 of 1
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | BsSA Tube WF-20-142
DATE: 2117/2002 SCALE: | size: B |sHEET 1 of 1
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J. Holfeltz 1903 003 .
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
honeycomb, graphite skin Cross Support WF-20-117 .
DATE: 2117/2002 SCALE: |size: B [swEer 1 of 1
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MATERIAL: - PART DESCRIPTION: PART NUMBER: REV

wood Mount Point WF-20-119

DATE: 2117/2002 SCALE: [ size: B JSHEET 1 of 1
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Nylon-6/6 nylon washers NW2061 Spruce p. 134
DATE: 2/1712002 SCALE: [size: B lsweer 1 of 1
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Parts List
ITEM | QTY PART NUMBER DESCRIPTION
1 1 |LS 6 hearing
2 1 |steel pin
3 1 wood insert
@2.00
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J. Holfeltz 903 3

MATERIAL: PART DESCRIPTION: PART NUMBER: REV

bearing assy WF-20-118
DATE: 2/117/2002 S8CALE: I size: B ISHEET 1 of 1
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
wood wood insert WF-20-132
DATE: 21172002 SCALE: | size: B ISHEET 1 of 1
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | steel pin WF-20-133
DATE: 2/17/2002 SCALE: [ sze: B lSHEET 1 of 1
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Parts List
1.00 PART NUMBER DESCRIPTION
1 1 |WF-20-111 Rudder D-tube
ALL PARTS ARE BONDED WITH ADHESIVE 2 5 |WF-20-114 Rudder Ribs
1 3 2 |WF20-113 Rudder Hard Plate
12.50 4 1 |03-48900 pg.72 Rudder Trailing Edge
5 1 |[WF20-112 Rudder C-beam
6 2 [WF-20-116 Rudder Pivot Block Insert
‘ 7 4 |WF-20-140 Rudder Pivot Block Insert
T Pins
T 8 1 |coverng Dacron Covering
1250 MiahiState Mechanical & Aerospace Engineering
USU
30.00 WRIGHT FLYER
DRAWN BY: 1 -20
30.00 J. Holfeltz 903 03
| MATERIAL: PART DESCRIPTION: PART NUMBER: REV
.{g}. 270 Rudder Surface Assembly WF-20-101 -
I DATE: 217/2002 SCALE: ] size: B |SHEET 1 of 1
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MATERIAL: FPART DESCRIPTION: PARYT NUMBER: REV
Kevlar reinforced foam Rudder D-fube WrF-20-111
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R0.125 MATERIAL: PART DESCRIPTION: PART NUMBER: REV
‘L—' carbon fiber Rudder G-beam WF-20-112
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Al Honeycomb Rudder Hard Plate WF-20-113
DATE: 2/1712002 SCALE: | size: B [swEer 1 of 1
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Kevlar reinforced foam Rudder Ribs WF-20-114
DATE: 211712002 SCALE: |size: B |sHeer 1 or 1
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Delrin, Black Rudder Pivot Block Insert WF-20-116

DATE: 2/17/2002 SCALE: | size: B [swEET 1 of 4
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Nytan-6/6 Rudder Spacer Plate (botfom) | WF-20-141
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4X@0.18COUNTERSINK Aluminum-6061 Control Plate WF-20-131
DATE: 2117/2002 SCALE: |size: B [smEET 1 of 1
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Parts List
PART NUMBER DESCRIPTION
WF-20-130 Push/Pull Rod (round)
WF-20-131 Control Plate
WF-30-207 FORK END
Hardware

UtahState

UNIVERSITY

Mechanical & Aerospace Engineerin

g

USsU
WRIGHT FLYER
DRAWN BY: 1 -20
J. Holfeltz 903 03
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Linkage Assembly WF-20-105.

DATE: 21772002
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DRAWN BY: -
J. Holfeiltz 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Rudder Assembly WF-20-100a A
DATE: 21712002 SCALE: Isize: B [sneer 1 o 7
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Parts List
ary PART NUMBER DESCRIPTION
1 4 |.25in bolt&nut
2 1 |WF-20-124a Wing Spar Mount Bottorn
3 1 |WF-20-125 rudaftachassyta
4 1 (WF-20-117 Cross Support
5 2 |WF-20-118 Bearing
B 1 |WF-20-119 Mount Point 0
7 2 |NW2061 Spruce p. 134 [nylon washers
8 1 |WF-20-122 Botton Beam Support = ’
9 1 |WF-20-124a tube ent
10 2 |cross skin

WRIGHT FLYER
DRAWN BY: -
J. Hoffeltz 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER:
Bottom Plate Assembly WF-20-103a
DATE: 2/1712002 SCALE: [size: B |sHEET 1 of 1
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Rudder Asgembly WF-20-100a A
DATE: 2/17/2002 SCALE: |size: B |sHeer 1 o 1
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Cockpit Assembly




Materials List for Cockpit

ck spe= check drawing specifications

ltern/Maierial

Description

Washer 1/4" flat washer
Nut 1/4" locknut 96 0
Bolt 11/2" 1/4-20 grade 8 hex 78 0
Bolt 2 1/2" 1/4-20 grade 8 hex 12 0
Bolt 2" 1/4-20 grade 8 hex 2 0
Screw 1 1/2" 1/4-20 flat screw 4 0]
Pillow Block UHMW Duo 3/4" hore dia 2 IPACO
Pillow Block UHMW 2" bore dia. 2 IPACO
Steel Tubing 4130 - (3/4" OD X .063" wall) | 122.51n 0
Steel Tubing 4130 - (2" OD X .049" wall) 69 in 0
. -Stee! Tubing 4130 -- (1/2" OD X .03" wall) 28in 0
Sheet Metal - Steel 4130 -- {.063" thick) 459.5in° 0
Sheet Metal - Aluminum .016" thick 54 in° 0
Honeycomb - Aluminum (1/2" thick, 18"X12") 2 ?
Rectangular Tube aluminum (2" X 1" X 1/8"wall) | 247 in 0
Angle Stock aluminum 2" 20 in 0
Streamline Tube 4130 steel 1" 138 in 03-11300 0
Steel Rod push rod 38 in 0
Linkages fork end {cable terminal) 4 MS20667-4 0
Linkages fork end (rod terminal) 4 AN161-328 0
Linkages eye end (cable terminal) 2 MS20668-5 )
Linkages fork end {rod terminal) 2 ANB65-34R 0
Tangs 1 prong %" (see wing parts) 4 0
Spacer nylon 5/18" inside diameter 2.5in 0
Bushing 1/4" inner diameter (1.5” long) 2 0
Bushing 1/4" inner diameter(1.75" long) 2 0
Clevis Pin atleast 1" long 2 0
Cotter Pin to fit clevis 2 0
Cable Wire steel 1/8" diameter ? 0
Carbon Fiber 18" X 12" lamina ?(4) ITE
Chair pifot defined 2 ITE




ComETTETERR

Parts List for Cockpit

L Part Number | Description Qy | Type
WE-30-001 ' Span Bar Front BER  cut & drilled
WF-30-002 Span Bar Back 1 cut & drilled
WF-30-003 Foot Bar Front 1 cut & drilled
WF-30-004 Foot Bar Back 1 cut & drilled
WF-30-005 Span Bar Support 8 cut & drilled
WFEF-30-007 Streamline Rear Strut 2 cut & weldament
WF-30-008 Streamline Small Plate 2 cut & drilled
WF-30-013 Streamline Large FPlate 10 cut & drilled
WF-30-014 Streamline Left Front 1 cut & weldament
WF-30-015 Streamline Right Front 1 cut & weldament
WF-30-016 Streamline Left Back 1 cut & weldament
WF-30-017 Streamline Right Back - 1 cut & weldament
WF-30-019 1/16" Tab 4 cut & drilled
WEF-30-021 Control Panel 1 cut & drilled
WF-30-022 Long Panel Legs 2 cut & drilled
WF-30-023 Short Panel Legs 2 cut & drilled
WF-30-031 Foot Plate Fiber Lamina 4 layed up
WFE-30-032 Hardpoint 8 drilled & placed
WF-30-101 Control Case 1 cut & weldament
WF-30-102 Control Stick Mount 2 cut, bent & drilled
WF-30-104 Round Section of Stick 2 cut & bent
WF-30-105 Straight Section of Stick 2 cut & drilled
WF-30-106 Short Section 2 cut & threaded
WF-30-116 Canard Bell Crank 2 cut, bent & drilled
WF-30-112 Nylon Spacer 4 cut
WF-30-115 Push Pull Rod 1 cut & threaded
WE-30-119 Nylon Spacer 2 cut
WFEF-30-121 Wing Warp Bell 1 cut, bent & drifled
WEF-30-201 Pedal Bod 2 cut & weldament
WF-30-203 Pedal -Foot Interface 4 cut & weldament
WFE-30-204 Pedal Arm 4 cut, bored
WF-30-205 Rudder Tab 2 cut, bent & drilled
WEF-30-209 Nylon Spacer 2 cut
WF-30-210 Rudder Bell Crank 1 cut, bent & drilled
WF-30-212 Push Pull Rod 2 cut & threaded




SEATS TO BE MOUNTED AT ITE'S DISCRETION

DETAIL B
SCALE 0.24 : 1
B
Parts List
TEM | QTY _[PART NUMBER DESCRIPTION
i 1 |WF-30-001 SITTING AREA
2 1 |WF-30-002 FOOT REST AREA
3 1 |WF-30-100 CONTOL ASSEMBLY
4 48 |WF-30-094 1/4" FLAT WASHER
5 20 |4P254 1.5 1/4-20 HEX GRADE 8
B 4 |4P258 2.5 1/4-20 HEX GRADE 8
7 24 _|WF-30-093 174" LOCKNUT
8 2 |[CHAIR CHAIR
ALL DIMS ARE IN INCHES -
A UNLESS NOTED OTHERWISE
X=%.1
XX =%.03 : USU
XXX = +.010
ANGLES 21 WRIGHT FLYER
7 DRAWN BY: 1002-200
AMY HINTZE 903 3
DETAIL D MATERIAL: PART DESCRIPTION: PART NUMBER: REV
SCALE 0.24: 1 COCKPIT ASSEMBLY WF-30-000
DATE: 2/1772002 SCALE: l size: B |sHeer 1 o 1
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DETAIL C
SCALE 0.30 : 1

DETAIL B
SCALE 0.30: 1

Parts List
ITEM | QTY | PART NUMBER DESCRIPTION
] 1 |WF-30-001A _ |FRONT SIT BAR
7 1 [WF30.001B _ |BACK SIT BAR
3 1 [WrF30020 CONTROL PANEL AGSM
B 7 |Wr-30-118 WING WARP BELL ASSM
4 > |WF-30-301 PSEUDO CHASSIS
5 36 |WF-30-094 114" FLAT WASHER
6 18 |4P254 1.5 17420 HEX GRADE 8
\ 7 13 |WF-30-093 1/4" LOCKNUT
I el UlahState - vechanical & Aerospace Engineering
A — UNLESS NOTED OTHERWISE DTNt ia e 2! & AGTOSpace Engineerning
X=%1
KX =4.03 USU
XXX = £.010
ANGLES % 1 WRIGHT FLYER
DRAWN BY: 1002-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER; REV
SITTING AREA WF-30-001
DATE: 2/17/2002 SCALE: [size: B {sHEET 1 of 1
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DETAIL B
SCALE1/2
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Parfs List
ITEM | QTY | PART NUMBER DESCRIPTION
1 1 |WF-30-001 SPAN BAR FRONT
2 4 |WF-30-005 SPAN BAR SUPPORT
3 16 |WF-30-094 1/4" FLAT WASHER
4 8 [4P254 1.5 1/4-20 HEX GRADE 8
5 8 |\WF-30-003 1/4" LOCKNUT
ALL DiMS ARE IN INCHES h% Latke ~chanical & Acrospace Endineering
A UNLESS NOTED OTHERWISE :
X=%1
XX =£.03 _ SU
2O = £.010 UL
ANGLES & 7 WRIGHT FLYER

DRAWN BY: 1 -200

AMY HINTZE . 1903 3

MATERIAL: PART DESCRIPTION: PART NUMBER: REV

FRONT SIT BAR WF-30-00H A
DATE: 2/17/2002 SCALE: J size: B [SHEET 1 of 1
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DRAWN BY: 1902-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6051 SPAN BAR FRONT WF-30-001
DATE: 2/17/2002 SCALE: : | size: B ISHEET 1 of 1
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DRAWN BY: 1602-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminutm-6061 SPAN BAR SUPPORT WF-30-005
DATE: 217/2002 SCALE: [ size: B |SHEET 1 of 1
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DETAIL B
SCALE 1/2
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Parts List
ITEM Q7Y | PART NUMBER DESCRIPTION

1 1 |WF-30-002 SPAN BAR BACK

2 4 WF-30-005 SPAN BAR SUPPORT

3 16 |WF-30-094 1/4" FLAT WASHER

4 4P254 1.5 1/4-20 HEX GRADE 8

5 8 JWF-30-093 1/4" LOCKNUT

ALL DIMS ARE IN INCHES erhanical & Asresnace Endineering
UNLESS NOTED OTHERWISE A
X=t1
XX = £.03 USU
XXX =+.010
ANGLES WRIGHT FLYER
DRAWN BY: 1903-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
BACK SIT BAR WF-30-0018

DATE: 21712002 SCALE: I size: B ISHEET 1 of 1
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ANGLES + T WRIGHT FLYER

DRAWN BY: 03-200
AMY HINTZE 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 SPAN BAR BACK WF-30-002
DATE: 2/17/2002 SCALE: ‘s.rzs.- B [ SHEET 1 of 1
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Parnts List
TEM | GTY | PART NUMBER DESCRIPTION
1 2 [Wr-30-023 PANEL LEGS
2 1 [WrF30-021 CONTROL PANEL
3 4 |GRANGER 5K177 174" 10-24
ALL DIMS ARE IN INGHES € anical & Aerosnace Enaineering
UNLESS NOTED OTHERWISE z A
X=i1
XX =4 03 Ust
XXX = £ 010
_ ANGLES %7 WRIGHT FLYER
DRAWN BY: 1003-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
CONTROL PANEL ASSM WF-30-020
DATE: 2117/2002 SCALE: |size: B \SHEET 1 of 1
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UtahState chanical & Aerospace Engineering
UNLESS NOTED OTHERWISE RLITCEERE Mechanic P 9 g

X=i.1
XX = .03 USU

; XX =% 010

T ANGLES 1’ WRIGHT FLYER
DRAWN BY: 1002-200

0.016 AMY HINTZE 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 CONTROL PANEL WE-30-021
DATE: 211712002 SCALE: | size: B |sHeer 1 of 1
3 ! 3 2




0.38 B
@0.15 *
F% | o02s 120 7
I / / \
I\g.aa
o 2.00 ,
-
/—¢0.19 THRU
0.38 !
— i}
)|
0.50
ALL DIMS ARE ININCHES 11t : ; A Erainearing . -
UL DIMS ARE ININCHES 1 tahifitate - Mechanical & Aerospacé Erigineering .
X=x.4
XX =+.03
XXX =% 010 Usu
ANGLES & 1° WRIGHT FLYER
DRAWN BY: -
AMY HINTZE 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 PANEL LEGS WF-30-023
DATE: 2/17/2002 SCALE: | sze: B ISHEET 1 of 14
4

} 1



DETAIL B o
SCALE0.34:1
Paris List
TTEM | QTY | PART NUMBER DESCRIPTION
1 1 [WF30-002A  |FRONT FOOT REST
2 1 |WF-30-0028 _ |BACK FOOT REST
3 T |wr-30200 TOP PEDAL ASSEMBLY
3 7 [WF30-030 FOOT FLATE
5 24 |WF.30-094 /4" FLAT WASHER
5 8 |4P254 1.5 1/4-20 HEX GRADE 8
7 4 |4P358 2.5 1/4-20 HEX GRADE B
8 12 |Wr-30-093 174" LOCKNUT
g 2 [WFa0212 PUSH PULL ROD
ALL DIMS ARE IN INCHES B Me Aerosnaces Enainsering
UNLESS NOTED OTHERWISE
X=#.1
XX=%.03 USsU
XXX = %010
ANGLES 1 WRIGHT FLYER

DRAWN BY: 1903-200

AMY HINTZE 903 3

MATERIAL: PART DESCRIPTION: PART NUMBER: RV

FOOT REST AREA WF-30-002
DATE: 217/2002 SCALE: |sze: B sweer 1 of 1

2

N




| 3 & 2 | 1
HONEY COMB COMPOSITE PLATE
CARBON FIBER AND 1/4" ALUMINUM HONEYCOMB
4X ¢0.25 THRU
16.00 Ll $0.50 ¥ 0.09
- é _ | B
12X 2.00 THRUS |
' —~1 }—0.28
k-
|
| ] Parts List
ITEM | QTY PART NUMBER DESCRIPTION
18.00 1 2 |WF-30-031 FOOT PLATE FIBER
2 4 |WF-30-032 HARD POINTS
ALL DIMS ARE IN INCHES ® Wechanical & Asrospace Engineering
UNLESS NOTED OTHERWISE A
Xex.1
XX =+.03 USU
JHX =£.010
ANGLES % 1 WRIGHT FLYER
DRAWN BY: 1002-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
FOOT PLATE WF-30-030
DATE: 2/17/2002 SCALE: | size: B 'SHEET 1 of 1
| 3

i 1



DETAIL C
SCALE 0.40:

B B
DETAIL B ®\G>
SCALE0.40:1 ,
~—__" Parts List
-+ [TEM | QTY | PART NUMBER DESCRIPTION
1 1 |WF-30010 STREAMLINE F RIGHT
2 1 WF-30-009 STREAMLINE F LEFT
3 1 |WF-30-003 FOOT BAR FRONT
] 4 |WF-30-019 116" PLATE
5 4 |4P5a9 17172 10-24 FLAT SCREW
B 18 |WF-30-004 1/4" FLAT WASHER
7 12 |WE-30-093 14" LOCKNUT
) 8 |dP254 1.5 1/4-20 HEX GRADE 8
12 2 |CABLE PLATE - 1P |CABLE PLATE, 1-PRONG
RONG .25hole
AR TN WtahState “1ischanical & Agrospace Engineerin
A UNLESS NOTED oTHERWISE RRIFEES AT chanica P 9 9
X=%.1
XX =%.03 USsU
XXX =+ 010
ANGLES * 1° WRIGHT FLYER
DRAWN BY: 1002-200
AMY HINTZE 903 3
MATERIAL; FART DESCRIPTION: PART NUMBER: REV
FRONT FOOT REST WF-30-002A
DATE: 2/17/2002 SCALE: TSJ’ZE: B ‘SHEET 1 of 1
4 | 3 4‘_\. 2 I 1




|

58.70
/~¢0.25 THRU TYPICAL
17.10 24.50
! | .
—f--+-1- - =
' |
18.97 16.00

ALL DIMS ARE [N INCHES
UNLESS NOTED OTHERWISE Relilhdatiiaki

UtahState -

‘Mechanical & Aerospace Engineering

X=x1
XX=4.03 UsU

XXX =+ .010

ANGLES £ 1° WRIGHT FLYER
DRAWN BY: 1002-200
AMY HINTZE 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER:
Aluminum-6061 FOOT BAR FRONT WF-30-003
DATE: 2/17/2002 SCALE: [size: B {swEer 1 o 1




; B
g
e s
S0 TYPICAL
A=l WtahState - nMechanical & Aerospace Engineering
A UNLESS NOTED OTHERWISE [FIELGEIRR] A
X==%.1
XX = .03 USU/
XXX = %.010
ANGLES + ' WRIGHT FLYER
DRAWN BY: 1 -200
AMY HINTZE 903 3
MATERIAL; PART DESCRIPTION: PART NUMBER: REV
STREAMLINE F LEFT WF-30-009
DATE: 2/17/2002 SCALE:  [size: B |sweEr 1 or 1
|

7




B T e B R e

it i

e T S e e Ty

2 1 1
B
23.24 1
/;—\““"—
80° \‘
<
AT AR UtahState  echanical & Aerospace Engineerin
UNLESS NOTED OTHERWISE EAINEEE Mechanical & p ng 9 A
X=x1
XX =:%.03 USTtr
XXX = .010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1903-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | STREAMLINE LEFT FR 03-11300 -
DATE: 211712002 SCALE: | size: B JSHEET 1 of 1

2 I 1



4 i 2 i 1
0.06
_L i — L - -
5 !
1.75
0,25 TYPIGAL
_\ 038
S \@T JPS
0.381 1.00—
175 1.00
| i I
[ |
AN E il UtahStale  nMechanical & Aerospace Engineering
A UNLESS NOTED OTHERWISE RIIVELEIRR]
X=%.1
XX =%.03 USU
XXX =3 010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1903-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steed, High Strength Low Alloy | STREAMLINE PLATE WF-30-013
DATE: 2/1712002 SCALE: [stze: B |SMEET 1 of 1
2

i 1




SAME AS DRAWING WF-30-009

Parts List
ITEM | QTY PART NUMBER DESCRIPTION
1 2 JWF-30-013 STREAMLINE PLATE
2 1 03-11300 STREAMLINE LEFT FR
ALL DIMS ARE IN INCHES ate ical’ s ineering
UNLESS NOTED OTHERWISE RIRE it Ak kbt st L
X=%.1
XX =+.03 USU
XXX =£.010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1 -9
AMY HINTZE 903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
STREAMLINE F RIGHT WF-30-010
DATE: 211712002 SCALE: [ size: B 'S'HEET 1 of 14

1




B B
23.20
‘ - — 1
‘% 7 7 ﬁ_
.80 L 10°
T Y ENIREC WahStake © Mechanical & Acrospace Engineerin
A UNLESS NOTED OTHERWSE IR Mechanicaf & Aerospace Engineering A
X=%.1
XX =403
XXX =% 010 Usu
ANGLES # 1 WRIGHT FLYER
DRAWN BY: -
AMY HINTZE 1903-2003
. MATERIAL: ' PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | STREAMLINE RIGHT FR 03-11300
DATE: 217/2002 SCALE: [ size: B [SHEET 1 of 1




4 | 3 ¥ 2 | 1
0.50 /-950.25 THRU TYPICAL
@( |
0.50
|
n 1.00 B
5.00 !
2,50
|

0.083
]——1.00——[ _ ,
Rt il UtahState - iechanical & Aerospace Engineering -~ *
R UNLESS NOTED OTHERWISE REIET A A P J LN
XK=k
XA =+.03 USTr
XXX =%.010
ANGLES % 1 WRIGHT FLYER
DRAWN BY: 1002-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | 1/16" PLATE WF-30-019
DATE: 211712002 SCALE: | size: B |sneer 1 or 1




¥ 1
B \
DETAIL B
SCALE1/4
Parts List
[TEM | QTY | PART NUMBER DESCRIPTION
1 1 WF-30-011 STREAMLINE B LEFT
B 2 1 |wWr-30-012 STREAMLINE B RIGHT
3 2 |WF-30-008 SUPPORT
10 T |WF-30-208 RUDDER BELL ASSM
4 1 |WF-30-004 FOOT BAR BACK
‘ 5 24 |WF-30-004 1/4" FLAT WASHER
X 6 8 |4P254 1.5 1/4-20 HEX GRADE §
7 5 |ap258 2.5 1/4-20 HEX GRADE 8
DETAIL E 8 13 |WF-30-093 114" LOCKNUT
. 9 Z |CABLE PLATE - |CABLE PLATE, 1-PRONG
SCALE 0.16: 1 1PRONG 25hole
11 2 |ANGBS-34R FORK END 2
ALL DIMS ARE IN INCHES : achanical & Aerasoace Enainearing
A UNLESS NOTED OTHERWISE R
X=+.1
XX =£.03 USU
006 = £.010
ANGLES 1"~ WRIGHT FLYER
3 DRAWN BY: 1903-200
DETAIL C - AMY HINTZE 903 3 -
SCALE 0.35: MATERIAL: PART DESCRIPTION: PART NUMBER: REV
A 35:1 o BACK FOOT REST WF-30-0028
DATE: 2/17/2002 SCALE: | size: B |sHEET 1 of 1




/¢0.25 THRU TYPICAL

TOP VIEW 50| 50.00 |
1| | / t
s - ]
|-.3,24-| —1.00 100+ [+~
56.47
28.24 |
0.38 — 22.99 10.75 | ' 22.99 ]
R | | | | | | |
ki) = i = —
R e “¥ o Fp J&- - —EEC
~{ .38 ' i [ das
-!-|— 11'0(\ 1_L0 1.o'o~| lTr_
2.75— , 16.00 | 16.00 ; (275
#0.31 THRU
@0.25 THRU TYPICAL T T T
ALLDIMS ARE ININCHES TNy : - iy
FUTZTAnpasi LLILILe . Mechanical & Aerospace Engineering
X=+£.1
XX =£.03 USU
XXX = £.610
ANGLES * 1 WRIGHT FLYER
DRAWN BY: 03-200
AMY HINTZE 1903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 FOOT BAR BAGCK WF-30-004
DATE: 2/17/2002 SCALE: [s:zs: B |SHEET 1 of 1
4 3 P3 [ ‘




4 1 3 W 2 i 1
TYPICAL
B oMo B
o O
- Sa
TYPICAL
Parts List
o . o|[JTEM_[arY | _ PART NUMBER DESCRIPTION
1 1_|WF-30-008 STREAMLINE PLATE
7 1_[WF-30-013 STREAMLINE PLATE
3 17 [03-11300 STREAMLINE LEFT FR
ALL DIMS ARE IN INGHES 8 - Mechanical & Aetaspace Enginearing
A UNLESS NOTED OTHERWISE Z A
X=4.1
XX = .03 USU
X = +.010
ANGLES T WRIGHT FLYER

DRAWN BY: -2

AMY HINTZE 1903-2003

MATERIAL: " | PART DESCRIPTION: PART NUMBER: REV

i SUPPORT VWF-30-006
{ DATE: 2/17/2002 SCALE: [s1ze: B [swEer 1 or 1

4 —i 3 FiN 2 ] 1




32°

2404

e eIl UtohState wechanical & Aeraspace Engineering
UNLESS NOTED OTHERWISE IELIREGEIRM
X=z.1
XX =+£.03 USU

XXX =£.010

ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1903-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | STREAMLINE LEFT FR 03-11300
DATE: 217/2002 SCALE: l size: B ISHEET 1 of 1

I 1




=

B 0.063

1.75

[=~—0.38 — r——0.38 —=

¢0.25/

P el UtahState - Mechanical & Aeraspace Engineerin
A UNLESS NOTED OTHERWISE LIS ; P - d 9
XK=k g :
XX =4.03 USU

XX =%.010

ANGLES : 1 WRIGHT FLYER
DRAWN BY: 19002-200
AMY HINTZE 9 3 3
MATERJAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | STREAMLINE PLATE WF-30-008 |
DATE: 211712002 SCALE: I size: B rSHEET 1 of 1

4 | 3 4& 2 | }




SAME AS DRAWING WF-30-009

Parts List

ITEM | QTY | PART NUMBER DESCRIPTION

1 2 |WF-30-013

STREAMLINE PLATE

03-11300

ALL DIMS ARE IN INCHES

UrahState
UNLESS NOTED OTHERWISE REINEREIRR]

STREAMLINE RIGHT BACK
Mechanical & Aerospace Engineering - -

X=%.1 USU
KX =4.03

XXX =+,010

ANGLES + 1 WRIGHT FLYER
DRAWN BY: 1 -200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV

STREAMLINE B LEFT WF-30-011.

DATE: 2M7/2002 SCALE: | size: B lSHEET 1 of 1

1




15777

20.13

ALL DIMS ARE IN INCHES

tahState ~ Mechanical & Aerospace Enginzering

UNLESS NOTED OTHERWISE KILITEEEIhL]
X=% 1
XX =%.03 USU

XXX =+ 010

ANGLES £ 1 WRIGHT FILYER
DRAWN BY: -20
AMY HINTZE 1903 03
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | STREAMLINE LEFT BACK 03-11300
DATE: 211772002 SCALE: | size: B [sweer 1 of 1

[ 1




: 3 v 2 i 1
TYPICAL
TYPICAL
TG il UtahStale  pechanical & Aerospace Engineering -
UNLESS NOTED OTHERWISE RGN
X=t.1
XX =%.03 USU
XXX = £.010
ANGLES 21 WRIGHT FLYER
DRAWN BY: 1002-200
AMY HINTZE 903 3
Parts List JAL: IPTION: PART NUMBER:
PART NUMBER DESCRIPTION MATERIAL: ’;‘T‘é‘éfhfgﬁg d R?Gl—iT e MUMBER: REV
2 |[WF-30-013 STREAMLINE PLATE
1 {03-11300 STREAMLINE LEFT BACK DATE: 21712002 SCALE: | size: B |SHEET 1 of 1

3

&




2 L 1
B
|—— poltl—.,
75°\£ 150
<) = —
..B
20.10
YNNIl UtahState wechanical & Aeraspace Engineering
A UNLESS NOTED OTHERWISE RERTLSEAN P! g d
X=x 1
XX =£.03 UsU
XXX = £.010
ANGLES £1° WRIGHT FLYER
DRAWN BY: 1 -200
AMY HINTZE 903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | STREAMLINE RIGHT BACK 03-11300
DATE: 217/2002 SCALE: [sze: B [swEET 1 of 1
4 i 3 2 { 1




OUNT BLOCKS SO THAT

OUNT BLOCKS SO THAT

REFERENCE LINE WELD IS ON

REFERENCE LINE WELD IS ON THIS FACE.
THIS FACE.
Parts List
TEM | Q1Y PART NUMBER DESGRIPTION
7 2 |WF-30-202 SINGLE PEDAL ASSEMBLY
2 2 WF-30-206 PILLOW BLOCK
4 7 |AirCrafiSpruce AN161-325  |Stesl Clevis Fork
ALL DIMS ARE (N INCHES 2 Mechanical & Acrosnace earing
UNLESS NOTED OTHERWISE :
=1
XX = .03 UsStU
XXX =£.010
ANGLES 1 WRIGHT FLYER
DRAWN BY: 1002-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
TOP PEDAL ASSEMBLY WE-30-200
DATE: 2/17/2002 SCALE: |sze: B [SHEET 1 of 1

1




&

4.50 inches from A

/—g—(TYPaCAL TYPICAL
1 © 0
TYPICAL 17.81 )
TYPICAL
N P ]
Cg TYPICAL bead around the perimeter

bead around the perimeter
29.50 inches from A

ALL DIMS ARE IN INCHES

UNLESS NOTED OTHERWISE ELINGREIERES

UtahState

)
:
L]
:
10° e

Mechanical & Aetospace Engineering

X=k.1 USU
XX =% 03
XXX =% .010
ANGLES & 1 WRIGHT FLYER
Barts List
TTEM | QTY | PART NUMBER DESCRIPTION Rﬂﬁmﬁg 1903-2003
] 1 |WE-30-201 PEDAL ROD . - —
2 2 [WE-30-203 PEDAL - FOUT INTERFACE MATERIAL: ’S"I“Ng_g"f,sE%i’f T ALY AR NUMBER: REV
3 > [WrF-30-204 PEDAL - ARM
4 1 |WFE-30-205 RUDDER TAR DATE: 217/2002 SCALE: ]SIZE: B ‘SHEET 1 of 1
4 ]

3 4




P0.75

40.00

ALL DIMS ARE IN INCHES
UNLESS NOTED OTHERWISE

kohState

UHIVERS|TY

Mechanical & Aerospace Engineering

X= 1
XX=%.03 UStU

XX = £.010

ANGLES 1 WRIGHT FLYER
DRAWN BY: 02-200
AMY HINTZE 1 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 STEEL PEDAL ROD WF-30-201
DATE: 211712002 SCALE: |size: B lsweer 1 of 1




2075

0.06

4.00

ALL DIMS ARE IN INCHES Uy 0o it ' ; .
UNLESS NOTED OTHERWISE RISt Mechanical & Aeraspace Engingering
Xk
XX =403 USU

XXX =4 010 S

ANGLES = 1° WRIGHT FLYER
DRAWN BY: -0
AMY HINTZE 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 STEEL PEDAL - FOOT INTERFACE | WF-30-203
DATE: 211712002 SCALE: I size: B [SHEET 1 of 1

[ 1




075 /—‘50-75 @0.08 THRU ~\

N
v

0.06

3.00

U S HtahGitale  viechanica! & Aeraspace Engineerin
UNLESS NOTED OTHERWISE RIIELGIRAY P 9 9 B
X=£.1
XX =+.03 USU

XX =% 010

ANGLES  1' WRIGHT FLYER
DRAWN BY: 1903-200
AMY HINTZE 903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 STEEL PEDAL - ARM WF-30-204
DATE: 2/7/2002 SCALE: |size: B |sweer 1 of 1




8 B
020—= |~ [ﬁqjs*
. @0.75 —Jw
- 3.25
B -
_.|
- —-:o.bs 5X @025
ILIVYGEIL = UtohState  wiechanical & Aerospace Engineering
A . UNLESS NOTED OTHERWISE IIiRcIRA A
X=+%.1
XX=%.03 USU
XX =010
ANGLES & 1 WRIGHT FLYER
DRAWN BY: 1902-200
AMY HINTZE 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 STEEL RUDDER TAB WF-30-205
DATE: 211712002 SCALE: l size: B 1SHEET 1 of 1




ALL DIMS ARE IN INCHES
UNLESS NOTED OTHERWISE

Paris List
ITEM Qry PART NUMBER DESCRIPTION
2 1 WF-30-208 RUDDER BELL CRANK
3 2 |WF-30-209 CATALOG |NYLON SPACER
1 WF-30-211 {CATALOG)} [BUSHING
ahState -

UNIVERIITY

Mechanical & Aerospace Engineerin

g

X=%.1
XX =103 USstur

XXX =010

ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1002-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PARY NUMBER: REV

RUDDER BELL ASSM WF-30-208

DATE: 2M7/2002 SCALE: | size: B \SHEET 1 of 1

! 1




4 | 3 'd? 2 l 1
'!— 5.25 !
B —L T o — T T T T T —T T T — T T T T T T T B r
r 1 ], e—— 1 A — 1 1 —L - L ) L 1 1 | I N ]
010
2.38 2.38
1,88 1.88
1.38 1.38
0.88 0.88
#0.50 30.50 Y R0.10
‘B : - Q-
Q - 0.005—+]
/ /_ ]
#0.31 —/
#0.25 THRU X8
PG = UtahStale - \iechanical & Acraspace Engineering
A UNLESS NOTED OTHERWISE REIREREI A
X=%.1
XX =103 USU
XXX =£.010
ANGLES & 1 WRIGHT FLYER
DRAWN BY: 1002-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | RUDDER BELL CRANK WF-30-210
DATE: 217/2002 SCALE: l sze: B —[SHEET 1 of 1




B
0.38
0.13
-
#%0.28
el il WahState fiechanical & Aeraspace Engineering
A UNLESS NOTED OTHERWISE REITERIER; ;
X=+1
XX =%.03 USyU
XXX =4.010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1002-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Nylon-6/6 NYLON SPACER WF-30-209 CATALOG
DATE: 2017/2002 SCALE: |size: B [sueer 1 of 1

4 I 3 45 ] | . 1




‘-—-1.00~—i e 1.00 —|

Q_
O,—¢o_25 1

1/4-28 UNF - TAj

1/4-28 UNF - 1Aj

10.00

IGEEEUNCCR UtohState  ivechanical & Aetaspace Engineering
A UNLESS NOTED OTHERWISE [RRIEEGEEIRRS A
X=.1
XX =%.03 UsU
XXX = £.010
ANGLES £ 7' WRIGHT FLYER
DRAWN BY: 1002-200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | puUSH PULL ROD WF-30-212
DATE: 211712002 SCALE: [size: B lsweer 1 or 1
q T 3 i 2 |




4.

DETAIL E
SCALE 0.44 : 1

Parts List
TEM_| QTY | PART NUMBE DESCRIPTION
i 2_|WF-30-107 __|CONTROL ASSM
2 1 [WF-30101 _|CASE
3 | 2 |WF50-102 _[CONTROL STICK MOUNT
4 {2 |4pass 2.0 1/4-20 HEX GRADE 8
5 | 2 |Wr30-110__ |CANARD BELL CRANK
6 | 2 |MS208674 |FORKEND
7 | 2 |WF30-093 |14" LOCKNUT
8 1_|WF-30-115___|PUSH PULL ROD
9 | 2 [6254KB5 __|UHMWPILLOWBLOCK
| 10| 2 |WF-30-094  |1/d" FLAT WASHER
ALL DIMS ARE IN INCHES tahState ni erasnace Enaineering’ -
UNLESS NOTED oTHERWISE RISl A A S
X= 1
XX =:,03 SU
XXX =010 %
ANGLES = 7 WRIGHT FLYER
i DRAWN BY: 19002-200
ANY HINTZE 903 3
MATERIAL: PART DESCRIFTION: PART NUMBER: REV
CONTOL ASSEMBLY WF-30-100
DATE: 211712002 SCALE: |sze: B [sueer 1 o 1

| 1




Parts List
ITEM QTY | PART NUMBER DESCRIPTION
1 2 |WF-30-107 CONTROL ASSM
2 1 WF-30-101 CASE
3 2 |WF-30-102 CONTROL STICK MOUNT
4 2 |4P258 2.0 1/4-20 HEX GRADE 8
5 2 |WF-30-110 CANARD BELL CRANK
6 2  IMS206674 FORK END
Fi 2 |WF-30-083 1/4" LOCKNUT
8 1 WF-30-115 PUSH PULL ROD
g 2 G254K85 UHMW PILLOW BLOCK
10 2 |WF-30-094 1/4" FLAT WASHER
ALL DIMS ARE IN INCHES g sehanical & Aerosbacs ERaines
UNLESS NOTED OTHERWISE
X=z.1
XX = .03
XXX =4 010 USU
ANGLES £ 1 WRIGHT FLYER

DRAWN BY: -

AMY HINTZE 1903 2003

MATERIAL: PART DESCRIPTION: PART NUMBER: REV

CONTOL ASSEMBLY WF-30-100
DATE: 2HM7/2002 SCALE: l size: B ,SHEET i of 1

1




| ¥ 2
13.50 1350
: Q.
K e B f
A @
h=1718 Re1716
Note: WELD AFTER
T ASSEMBLY IS MOUNTED,
FOR POSITIONING REASONS.
PILLOW BLOCK MUST BE ON
Note: WELD AFTER PRIOR TO WELD.
ASSEMBLY IS MOUNTED, -~ R e UahSiot ]
FOR POSITIONING REASONS. ALL DIMS ARE IN INC ate echanical & Asraspace Enginearin
PILLOW BLOCK MUST BE ON UNLESS NOTED OTHERWISE [RLINERER] 8 P gineering
PRIOR TO WELD. X=.1
XX = .03 UStr
XXX =+ 010
ANGLES 21 WRIGHT FLYER
Parts List gl\%ﬂng 1903-2003
ITEM | GTY | PART NUMBER DESGRIPTION
: w3001 SASE MATERIAL: PART DESCRIPTION: PART NUMBER: REV
2 2 |[WF-30-102 CONTROL STICK MOUNT REF. FOR WELDING 0
3 2 |[WF30-110 CANARD BELL CRANK DATE: 2/17/2002 SCALE: |size: B |sHEEr 1 of 1
i 3

&

i 1




1 2
@2.00
0.049
69.00
SIDE VIEW 12.25 4.50-; os0  [T450 12.25
L +
_:_, I—— T ¥ -
00
0.50 1.00
PIRTYERYeR ol Utahtale - iechanical & Aerospace Engineerin
UNLESS NCTED OTHERWISE IRkt M Gal. pace =ng 9
X=z1
XX=£.03 USU
XXX =4.010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1903-200
AMY HINTZE 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alioy | cASE WF-30-101 .
DATE: 2117/2002 SCALE: TSIZE: B 'SHEET 1 of 1
4 I 2 I 1




2.00

L0.0G

——]

2.50

1.38

270°

R1.00

ALL DIMS ARE iN INCHES

UNLESS NOTED OTHERWISE ekl bhitilaing

UtahState

~Mechanical & Aerospacé Engineering

X=%.1
XX = .03 USU
XK =£.010
ANGLES ¥ WRIGHT FLYER
DRAWN BY: -2
AMY HINTZE 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | CONTROL STICK MOUNT WF-30-102
DATE: 2/17/2002 SCALE: I size: B ISHEET 1 of 1
I

1
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
4130 STEEL CANARD BELL CRANK WF-30-110
DATE: 2/17/2002 SCALE: l size: B ISHEET 1 of 1
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AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | pUSH PULL ROD WF-30-115
DATE: 21712002 SCALE: |size: B |swEET 1 of 1
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Parts List
ITEM | QTY PART NUMBER DESCRIPTION
1 1 [WF-30-103 CONTROL STICK ASSM
2 1__|ANB65-34R FORKEND 2
3 1 _|MS20668-5 EYE END
4 2 JWF-30-112 CATALOG _ [NYLON SPAGCER
5 1 |WF-30-111 (CATALOG) |BUSHING
5 1 JAN-395-33 5/16" CLEVIS PIN
7 1 |AN-380-2-3 3/4" COTTER PIN
ALL DIMS ARE IN INCHES 2  Sechanical & Asressace Entineefing
UNLESS NOTED OTHERWISE
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XX =+£,03 USU
XXX =£.010 S
ANGLES &1 WRIGHT FLYER

DRAWN BY: 10072-200

AMY HINTZE 903 3

MATERIAL: PART DESCRIPTION: PART NUMBER: REV

CONTROL ASSM WF-30-107
DATE: 2172002 SCALE: fs:zE: B ‘SHEET 1 of 1
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K TEM | QTY PART NUMBER DESCRIPTION
: 1 1 [wr30.105 STRAIGHT SECT.
' TYPICAL 2 1 |[WF-30-104 RND SEG. OF STICK
@' 3 T [Wr30-108 SHORT SECTION
ALL DIMS ARE IN INCHES ale ic Aerospace. Engineerin
A UNLESS NOTED OTHERWISE W€  Mechanical & Aerospace Eng 9 N
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ANGLES £ 1° WRIGHT FLYER
DRAWN BY: 1 =200
AMY HINTZE 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
CONTROL STICK ASSM WF-30-103
DATE: 2/17/2002 SCALE: | size: B |SHEET 1 of 1
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AMY HINTZE 1903 2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | RND SEC. OF STICK WE-30-104

DATE: 211712002
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AMY HINTZE 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy STRAIGHT SECT. WF-30-105
DATE: 211712002 ~ SCALE: [size: B [SHEET 1 of 1

i 1



1.00
B

0.50
0,50

0.03 ' <

e — —_ — P

11212 UNs-zA/

ari Sl LIl WiahState - Mechanical & Aerospace Engineerin
A UNLESS NOTED OTHERWISE Rk 2 P g S K
X=%.1
XX =403 USU
XXX = £.010 S
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 02-20
AMY HINTZE 1903 03
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | SHORT SEGTION WF-30-106
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MATERIAL: i PART DESCRIPTION: PART NUMBER: REV
Stainless Steel, 440C |- BUSHING WF-30-111 (CATALOG)
DATE: 211772002 SCALE: | size: B |sweer 1 or 1
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DRAWN BY: 1002-20
AMY HINTZE 903-2003
MATERIAL: PART DESCRIFTION: PART NUMBER: REV
Nylon-6/6 NYLON SPACER WF-30-112 CATALOG
DATE: 21772002 SCALE: |size: B [sHeer 1 o 1
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Parts List
ITEM | QTY |PART NUMBER DESCRIPTION
1 1T_|WF-30-120 __|BUSHING 25 ID X 1.75 BARREL
2 1 WF-30-121 WING WARP BELL
3 2  (WF-30-119 SPACER .25I1DX03L
ALL DIMS ARE ININCHES  1[0)) 10|15 icatl & S Enaineeri
T Eyaicpatisigrds LV Mechanical & Acraspace Engineering
Xz
XX =%.03 S
XXX =010 USu
ANGLES & ' WRIGHT FLYER
DRAWN BY: 1 -200
AMY HINTZE 903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
WING WARP BELL ASSM___ | WF-30-118
DATE: 21712002 SCALE: |size: B |sHeET 1 of 1
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MATERIAL: PART DESCRIPTION: PART NUMBER; REV
Steel, High Strength Low Alloy | WiNG WARP BELL WF-30-121
DATE: 2117/2002 SCALE: |size: B [sHEET 1 of 1
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Materials List for Transmission

ck spe= check drawing specifications

Item/l\/latje_rial ~ Description Qty Part # Supplier
Square Tu'Bing_ ~ 4x4x72" 2 88875k44 MchMaster
Keyed Shaft 0.6x12" 2 1497k81 McMaster
Hoflow Rod 0.5x12", 1/8 wall 2 89965k65 McMaster
Ball Bearing 0.5x1.5x0.5" 4 2329k37 McMaster
Sheave 24 tooth 2 P24-8MGT-30 Gates
Sheave 56 tooth 2 P56-8MGT-30 GCates
Spacer 0.5x1.0x0.25" 6 3088A514 McMaster
Shaft Caollar 0.5x2.0x1.0" 2 6157k16 McMaster
Gear 36 tooth, 1.5" face, steel 2 AB36H Rush Gears
Drive Belt 144 tooth, 30mm wide 2 B144-8BMGT-30 Gates
Bolt grade 8, 0.375x 3.5 4 ?
Nut grade 8, 0.375 4 ?
Washer grade 8, 0.375 8 ?
Bolt grade 8. 0.375x 25 4 ?
Parts List for Transmission
4_Part Number ____ Description Qty _ Type
"~ WF-40-002-602 " Mounting Bracket 2 ] cul&drilled
WF-40-002-603 Bearing Block 2 milled & drilied
WF-40-002-604 Keyed Shaft 2 cut
WF-40-002-605 Support Shaft 2 cut
WF-40-002-606 Ball Bearing 4 N/A
WF-40-002-607 24 Tooth Sheave 2 N/A
WF-40-002-608 56 Tooth Sheave 2 N/A
WF-40-002-609 Shaft Spacer 6 NIA
WF-40-002-610 Shaft Collar 5 N/A
WF-40-002-611 Gear 2 Bored
WF-40-002-612 Drive Belt 2 N/A




)
\

|

o

DETAIL C
SCALE1/2
Parts List
QrYy PART NUMBER DESCRIPTION
1 2 |WF-40-002 Transmission Block and Bearings
2 5  |Wr40-002-610 / McMaster#f 6157K16 Transmission Shaft Collar
3 6 IWF-40-002-609 / McMaster# 3088A514 Transmission Shaft Inner Race Spacer
4 2 |WF-40-002-607 / Gates# P24-8MGT-30 Transmission Sheave 24 Tooth
5 2 IWF-40-002-611 / Rush Gear# AB36H Transmission Gear
DETAIL A 6 1 |WF40-002-608 / Gates# P56-8MGT-30 Transmission Sheave 56 Tooth
SCALE1/2 7 2 |WF-40-002-604 / McMaster# 1497K61 Transmission Shaft Keyed
8 2 |WF-40-002-605 f Mcmaster# 89965K54 Transmission Support Rods
11 4 |Bolt-0.375-225 AN HardWare
12 4 |Washer 0.375 Reg AN Hardware
ALL DIMS ARE IN INCHES achanical & Aerasbace dineering
UNLESS NOTED OTHERWISE
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ANGLES £ ¥ WRIGHT FLYER
DRAWN BY: 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
DATE: 4/21/2002 SCALE: l size: B !SHEET 1 of 1
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Parts List :
ITEM | QTY PART NUMBER DESCRIPTION
1 2 WF-40-002-500 Block and Bearing
2 5 |WF-40-002-610 / McMaster# 6157k16 Shaft Collar
3 §  |WF-40-002-608 / Mcmaster# 3088a514 Inner Race Spacer
4 2 JWF-40-002-607 / Gales# P24-8MGT-30 24 Tooth Sheave
5 2 |WF=40-002-611 / Rush Gear# AB36H Gear
& 1 |WF-40-002-808 / Gates# P56-8MGT-30 56 Tooth Sheave
7 2 (WF-40-002-604 / Mcmaster# 1497K61 Keved Shaft
B 8 2 |WF-40-002-605 / McMastard 89965k54 Support Rods B
9 2  |WF-40-002-601 Mounting Brackets
10 4 Bolt0.375-3.5
i1 4 Nut 0.375
12 12 Washer 0.375 Reg
13 4 Bolt - 0.375-2.25
B <
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DRAWN BY: 1903-2003
MATERIAL: PART DESCRIPTION: FART NUMBER: REV
| DATE: 4/21/2002 " | scace: |sze: B |sweer 1 of 1
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- MATERIAL: PART DESCRIPTION: PART NUMBER- REV
SUPPORT TUBING WF—40-002-602
) DATE: 4/21/2002 SCALE: [size: B IsHEET 1 of 1
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
TRANS BEARING BLOCK WF-40-002-603
DATE: 4i21/2002 SCALE: |srzs.- B |SHEET 1 of 1
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV

SHAFT BEARING VWF-40-002-506
DATE: 4/21/2002 SCALE: | size: B ISHEET 1 of 1
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
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MATERIAL: PART DESCRIPTION: PART NUMBER: REV
SHAFT COLLAR WF-40-002-510
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Propeller Assembly




Materials List for Propeller Support Assembly

ck spc= check drawing specifications

{itern/Material l . Description Qty Part # Supplier
4130 Normalized Tubing 1" X 0.065" wall B ft Aircraft Spruce
Ball Bearings # 6305 4 Motion Industries
6061-T6 Aluminum 1.25" X 4" X 4" 4 ITE

4130 Steel Round Stock

1 1/2" dia. - normalized

1 ft MIL-5-6758A

Aircraft Spruce

4131 Steel Round Tubing

1 7/8" OD - 0.25" wall - nrmlized

Aircraft Spruce

6061-T6 Aluminum round stock - 6" diameter 1.5t ?
4131 Steel Plate 0.125" thick X 6" wide 1.5t ITE
4132 Steel Strap 0.125" X 3/4" 12 ft ITE
4133 Steel Strap 0.125" X 5/8" 12 ft iTE
Steamlined Carbon Tubes 186 ITE

Parts List for Propeller Support Assembly

Part Number “Description Qty Type
 WF-40-009-03 Drive Shaft ' cut and ground ]
Bearing - 6305 Drive Shaft Bearings purchased
WF-40-008-086 Front Bearing Block milled & drilled
WF-40-009-04 Rear Bearing Block milled & drilled

WF-40-009-09A

Shive Hub

cut, drilled, keyed

WF-40-009-098

Shive Hub Outer Collar

cut & drilled

WE-40-009-09C

Shive Hub Inner Collar

cut & drilled

WF-40-009-10A

Propeller Hub

turned & drilled

WF-40-009-108

Hub Backing Plate

water jet cut

WE-40-009-05A

Rear Support

layed up & cut

WFE-40-009-G7A

Front Support

layed up & cut

WE-40-0098-058

Rear Support Mounting Tab

cut, formed & drilled]

WF-40-009-078

Front Suppert Mounting Tab

cut, formed & drilled]

WF-40-009-08A

Spar Mount Bar - Rear

cut, formed & drilled]

WF-40-009-088

Spar Mount Bar - Front

cut, formed & drilled

Flat sheet to wrap around

spar to glue and lash

Sheet Steel 0.065"
{ any type )

S B BN e ool Focd [oo 1S LT LST VRS [ SR ESY PN T VY ¢

cut & formed
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DETAIL E
Parfs List
ITEM QTY PART NUMBER DESCRIPTION
1 1  |Spar Assm
2 2  |WF-40-002-507A Mounting Assembly
3 2 |WrF-40-002-507B Mounling Assembly <
4 1 |WF-40-002-503 Shaft Support Assm
5 2 JWF-40-002-505A Rear Support Assm - A
& 2 |WF-40-002-5058 Rear Support Assm - B
7 2  IWF-40-002-506A Front Support Assm - A
8 2  [WF-40-002-5068 Front Support Assm - B
4] 1 |WF-40-003 Propeller |Designed by CATT
O PROPS
10 1 [WF-40-099-10A In-House propeller hub d
esign
11 1  |WF-40-099-108 hub back plate
ALL DIMS ARE IN INCHES R - Mechanical & Aerospace gineering
UNLESS NOTED OGTHERWISE 3 A
X=+.1
XX =%.03
XXX =£.010 USU
ANGLES &1 WRIGHT FLYER
DRAWN BY: -
Adam Richards 1903 2003
DETAIL D MATERIAL: PART DESCRIFTION: PART NUMBER: REV
SCALE 1/4 Prop Support Assembly WF-40-002-555
DATE: 2/17/2002 .| scALE: | sze: B |SHEET 1 of 1
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The design of the hub is depending on the
propeller design, and wil! be added fater.

DETAIL B
SCALE 0.35: 1

DETAIL E
SCALE1/3

ote: Two Center bolts need
to be safety wired together
through head to prevent loosening.

Parts List
ITEM TY PART NUMBER DESCRIPTION
1 1 |Spar Assm
2 2 |WF-40-002-507A Mounting Assembly
3 2 |WF-40-002-507B Mounting Assembly
4 1 WF-40-002-503 Shafi Support Assm
5 2 YWF-40-002-505A Rear Support Assm - A
5] 2 PWF-40-002-5058 Rear Support Assm -B
7 2 |WF-40-002-506A Front Support Assm- A
8 2 |WF-40-002-506B Front Support Assm - B
9 1 |WF-40-003 Propeller Designed by CATT
O PROPS
10 1 [WF-40-099-10A In-House propeller hub d
esign
1 1 |WF-40-099-10B hub back plate
ALL DIMS ARE IN INCHES achanical & Aerospace dinzaring
UNLESS NOTED OTHERWISE
X=x 1
XX =303
XXX =4.010 USU
ANGLES + 1 WRIGHT FLYER
DRAWN BY: : -
Adam Richards 1903 2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV

Prop Support Assembly

WF-40-002-555

DATE: 21772002

SCALE: | sze: B

lSHEET1 of 1

1




3 2 i 1
3.38
3.00
B
0.50
1.00 - — .
R0.90
B
[ I |
T NAT
2.25 T T __'“'T"'“*h"
_ IR 3
0.685
1
go13~" | B [ 0.4
- S A SECTION B-B
I 0-13 SCALE 1: 1
T J
\L 'l }
RO.13 RO.UE—/ R0.04
R0.04——/’_—/\—RO.13 S ah8S s
I Lol UtahiState - Mechanical & Aerospate Engineering - -
UNLESS NOTED OTHERWISE RIRIRCIFIRES ‘
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XXX = £.010
ANGLES & 1" WRIGHT FLYER
DRAWN BY: 1002-200
A Richards 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-5061 In-House propefler hub design | WF-40-099-10A
DATE: 2/17/2002 SCALE: I'size: B |sweer 2 or 2
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-—1.25—{

¢O.3B—/

#0.31

0.40

teeee .40

@0.50

ALL DIMS ARE IN INCHES
UNLESS NOTED OTHERWISE
X==%.1
XX =£.03 UStU
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ANGLES + T WRIGHT FLYER
DRAWN BY: 19002-200
A Richards 9 3 3
MATERIAL: PART DESCRIPTION: . PART NUMBER: REV
Aluminum-6061 In-House propeller hub design | WF-40-099-10A
DATE: 2117/2002 SCALE: |size: B [sHEET 2 of 2
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DRAWN BY: 1002-200
A Richards 9 3 3
MATERIAL; .| PART DESCRIPTION: FART NUMBER: REV
Steel, High Strength Low Alloy | hub back plate WF-40-099-108
DATE: 211772002 | scae: |size: B |SHEET 1 of 1
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Dimensions between blocks are
critical.
B
38 ] 34.04
3.72
After grinding shaft, -
press fit bearings fo either the blocks Paris Lt
or the shaft first, which ever is best. - a 5
ITEM QTy PART NUMBER DESCRIPTION
1 1 WF-40-099-03 Prop Drive Shaft
2 2 (Balt Bearing - 6305 Deep groove double seal
ad
3 1 |WF-40-099-06 Front Bearing Block
4 1 WF40-099-04 Rear Bearing Block
5 1 WF-40-099-09A Drive Shive Hub
6 1 WF-40-099-09C Hub Collar - Inner
7 1  WF-40-099-09B Dyvive Shive Hub Colfar
ALL DIMS ARE IN INCHES Rl 6] (] e ical & Aerospace Enaineerin
UNLESS NOTED OTHERWISE ILLINLEIRES Mechanical & rosp g nd A
X=x 1 |
KX =£.03 US U
HKXX =4 010 :
ANGLES + 1' ' WRIGHT FLYER
DRAWN BY: 1903-20
A Richards 9 3 03
DETAIL A MATERIAL: PART DESCRIPTION: PART NUMBER: REV
SCALE3/4 Shaft Support Assm WF-40-002-503
DATE: 217/2002 SCALE: | size: B [SHEET 1 of 1
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Pilot hole: Q 1 .
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into the inner diameter. l , sea -0< anap Ring
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¢ —— 95 4389 0.95 | HELICOIL INSERTS
Dimensions apply AFTER | 0.625" DEEP
anodizing the part. i
{
~—2.20 [}
2.00 @ ‘ L —|  Partis symmetric, -
— N A
| I Dirnensions above I
apply below. \\
t = = == a—/\ O % N
A 1,63 ~——— 4X45X0.13 SECTION A-A
SCALE 1:1
TN UtahState © Mechanical & Aerospace Engineering
3.25 UNLESS NOTED 0THERWISE RLITEEERR AN ‘ P 9 9
X==%.1
XX = .03 USU
M =4.010
ANGLES + T WRIGHT FLYER
DRAWN BY: 1902-200
Adam Richards 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum~-6061 Rear Bearing Block WF-40-099.04
DATE: 2/17/2002 SCALE: |size: B |sHEET 1 of 1
4 l




Pilof hole: Q
Pilot hole cannot break
into the inner diameter.

0.95

| 24401
D7a380

Dimensicns apply
AFTER ancdizing part.

4X45X0.130

2.00

4.00

el

N 1.54 A;x

T - M
|0 M-

Ay |

Iﬁt;\'r_\

| ~}——4x 5/16 X 18UNC-2B

== HELICOIL INSERTS

.. 1 0.625" DEEP

IQ I

I

| !

[ ==
Lk ——

O apply below.

Part is symmetric
dimensions above

ALL DIMS ARE IN INCHES

UNLESS NOTED OTHERWISE

K=£1, :

m
\e
SECTION A-A
SCALE1:1

UtahState '

UNIVERSITY

- Mechanical 8 Aerospace Engineering

DETAIL D
SCALE2: 1

Snap Ring Groove
Use a DHO-82 Snap Ring

XX =£.03 USU

OO =+ .00

ANGLES 1 WRIGHT FLYER
DRAWN BY: 1903-200
A Richards 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 Front Bearing Block WF-40-095-06
DATE: 217/2002 SCALE: | size: B lSHEET 1 of 1




] 1
Shaft needs to be ground down to given tolerance for
bearing press fit, but only on the ends. Distance fram
end to be ground {o tolerance Is indicated,
rind to tolerances from Grind to tolerances from #0.38
end to atleast 4.5" from end. end lo af [east 8" from end, i
0.3 ‘- W 15/
N
A,
/ \ NOTE: Finish grinding edge with a 45
£0.25 #0.25 taper to reduce stress concentrations. 250

Surface finishes apply only to the portion

le—2 38 of the shaft {hat is ground to tolerance.
42.85
Revisions:
- REV A April 12, 2002
- Added surface finish to bearing surfaces
- Moved Propelier Hub boit hale from 3"
from end to 2.25" from end
uy 1" 4130 MIL-T-6736 Normailized
tubing. Grind down fo tolerances. - REV B May 1, 2002
Original wall thickness is 0.085" - Shortened the length of the shaft
- Maoved Propeller Hub bolt hole from 2.25"
from end to 2.50" from end
ATl UtahSitate * Mechanical & Aetospace Enginieering
UNLESS NOTED OTHERWISE I Ik A g e et ool
X=4.1
0.9843 =
B0.0839 oy oh USU
These tolerancas apply only {o the ends - =iy
where the shaft is ground to allow ANGLES =1 WRIGHT FLYER
press fit of bearings. DRAWN BY: .
Criginal Wall Thickness: 0.065 in, AFRichard: 1903 2003
MATERIAL! PART. DESCRIPTION: PART NUMBER; REV
4130 MIL-T-6736 Normalized Prop Drive Shaft WF-40-099-G3 B
DATE: 211712002 SCALE: [size: B lsweer 1 or 1
4 ! 3

2 ] i




i ST

T S e

0.6693

NQOTE: For illustration only. This is a deep groove, double
sealed ball bearing. It is a metric size, 25mm shaft and
§2mm housing. Inch tolerances are given here.

-

”4|_ _IL_

1IN
| || o.g839
| || 09843
L
a—

..] i.-

-] 1]

RSN UtahState fiechanical & Aerospace Engineering =
UNLESS NOTED OTHERWSE REEEC A A ‘ P gineenng - 8
X=%.1
XX=%.03 USU

000 =4 .010

ANGLES & 1 WRIGHT FLYER
DRAWN BY: 1903-200
A Richards 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER; REV

Deep groove double sealed Ball Bearing - 6305

DATE: 2/17/2002 SCALE: |sze: B |sHeeT 1 of 1

; 1



4 s 3 Vd 2 I 1
T T ——— T
- —_ -4 013
—  M— '—L
—
i T N A T T
B 1} [ B
0.75 0.75
ey Way
3H6" Wide
3/32" Deep
275 /2x¢0.25
ws I - 7 DETAIL B -
- ' 1 SCALE 2:1
o | B
() 1.50
e —
I
. 0.38 0.31
el SN il UtahState  Mechanical & Aerospace Engingering
A UNELESS NOTED OTHERWISE R EEHER ST A
K=+
XX=1.03 USsU
XXX =+ .010
ANGLES £ T WRIGHT FLYER
DRAWN BY: 1002-200
Adam Richards 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | prive Shive Hub W-40-099-09A
DATE: 2/4712002 SCALE: |size: B [swzer 1 or 1
1




0.31 ¢0.38—/

(=]
Y
w

uhe

#$1.50

%1.88

0.88

Revisions:

- REV A Aprl 12, 2002

ALL DIMS ARE IN INCHES

UNLESS NOTED OTHERWISE RIS

UahState

- Changed the 0D dimension from 2" to 1.875"

‘- N,Eéchatiic‘xal,‘& Aeraspace Engingering -

X=t1
XX = £.03 USU

XXX =+.010

ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 19032-200
Adam Richards 9 3 3
MATERIAL; PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | Hub Collar - Quter WF-40-099-09B A
DATE: 2117/2002 SCALE: ! size: B ISHEET 1 of 1

| 1



—tO

B 0.31—

$0.38 .ﬁ

Revisions:
- REV A April 12, 2002
- Changed the OD dimension from 2" fo 1.875"

0.63
A J-u.
’ #1.88 ’
0.13 S
#1.50
JINTCTISG =l UtahState - wechanical & Aerospace Engineering .
A UNLESS NOTED OTHERWISE IR - ‘ - -
X=%,1
XX =%.03 USU
XXX =+.010
ANGLES + 7' WRIGHT FLYER
DRAWN BY: 1903-2003
A Richards
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | Hqub Collar - Inner WF-40-099-09C A
DATE: 2/17/2002 SCALE: [size: B {sHEET 1 of 1

4 ] 3 43 2 T 1




Cemposite tube has a hard point here.
A threaded insert is also included in the

B hard point for the clevis fork fo screw into.
Note: Direction of airfoil s important.
ATTENTION:
A N9 Assembly WF-40-002-5058 is assembled just
like this assembly, except the airfoil must
|, be turned the opposite direction.
[ DETAIL E
‘ : SCALE 0.35 : 1
> Parts List
ITEM | QTY PART NUMBER DESCRIPTION
. 1 1 |WF-40-099-05A Rear Support
. e tube h hard point &t this end 2 1 |WF-40-099-05B Rear support maunt Tab
omposite tube has a hard point at this end. - n
The tab stem is attached by being inserted 4 1 |AirCraftSpruce AN161-4 | Steel Clevis Fork
into the hard point resin before it hardens. 65
5 1 |ANS55 Nut & washers o fit
6 2 |Bolt-0.3125-0.875 AN HardWare
7 2 |jwasher 0.3125Reg AN Hardware
Inner bolt is drilled through ALL DIMS ARE ININCHES Q[ b16idH i Enaineering .-
A the head for safely wire, UNLESS NOTED GTHERWISE LEELLEINR] M.echan'ca[ & Aeraspace._E.ngmegrlng‘ e
X=x1
Cuter boft will go all the way XX=+.03 USU
through the bearing block for XXX =£.010
a nut on the other side. ANGLES £ 1" WRIGHT FILLYER
DRAWN BY: 1903-2003
DETAIL D A Richards
. MATERIAL: PART DESCRIPTION: PART NUMBER: REV
SCALE 0.80: 1 Rear Support Assm - A WF-40-002-505A
DATE: 2H7/2002 SCALE: l size: B !SHEET 1 of 1
4 | 3




4 1_ 3 Y 2 ) 1

NOTE: This part can be constructed two ways. Build a round
tube of composife material, and then cover it with a thin airfoil.
Or use the stee! tubing as the mandrel to lay up the part as drawn,

. ATTENTION: Wali thicknesses and layup methods will be
determined after testing of parts.

—+ 47.3 1 -

Note: Dimensions are flexible, depending on the
availability of sireamlined steel fubing for mandrels.

IEEY LSRRI UtahState - vochanical & Aerospace Engineering -
A UNLESS NOTED OTHERWISE RIITEE 2Rl p g g N
- X=£ .1
XX=#.03 USU

JXX = £.010

ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1002-200
Adam Richards 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Carbon Fiber Rear Support WF-40-099-05A A
DATE: 2/17/2002 SCALE: [size: B [sHEET 1 of 1




‘—0.730*

#2.00

04
02— [

@o.
02 /—BX 0.19
] /
Fan

O 0

04 #4.00

CO0

Y
Ay

175 0.125" Stock Material
D.13 (5
31° l W
! e i '
| f
I 1.70 | .._0_75—J
YN UtahState - Mechanical & Acrospace Engineering -
UNLESS NOTED OTHERWISE RITGR A & P gn g
X=£.1
XX=%.03 USU
XXX =%.010
ANGLES * 1 WRIGHT FLYER
DRAWN BY: 1903-200
Adam Richards 9 3 3
MATER._!AL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | Rear support mount Tab WF-40-099-058
DATE: 2117/2002 SCALE: [ size: B ISHEET 1 of 1
4 [ 3 2 i i




Composite tube has a hard point here.
A threaded insert is also included in the
hard point for the clevis fork to screw info.

B
B B
ATTENTION:
Assembly WF-40-002-5068 is assembled just

g like this assembly, except the airfoil must
-~ be turned the opposite direction.

DETAIL B
SCALE 0.55: 1
‘g Parts List I+
" ITEM QTy PART NUMBER DESCRIPTION
omposite tube has a hard point at this end. 1 1 |WF-40-099-07A Front Support
The tab stem is attached by being inserted 2 1 (AwCraftSpruce AN161-4 |Steel Clevis Fork
into the hard point resin before it hardens. 6S
3 1  |ANS-6 Nut & washers to fit
5 1 [WF-40-099-07B Fnt support mount Tab
[¢] 2 {Washer 0.3125Reg AN Hardware
7 2 |Bolt-0.3125-0.875 AN HardWare
o ALL DIMS ARE IN INCHES - & Endineerinng -
inner boit is drifled through UNLESS NGTED OTHERWISE !J!Sﬂ!'eﬁms Mechanical & Aerospace Engineering
A the head for safety wire. K=t 1
Quter bolt will go all the way )())?(X : ig?o USU
{hrough the bearing block for ANGLES + 1
DETAIL C a nut on the other side. WGHT FLYER
. DRAWN BY: 1903-2003
SCALE 1 o1 A Richards
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Front Support Assm - A WF-40-002-506A
DATE: 211712002 SCALE: iS!ZE: B |SHEET 1 of 1
]




'\L‘ @ @

‘: ) 4 1 3 j? 2

‘:. NOTE: This part can be constructed two ways. Build a round
! tube of composite material, and then cover it with a thin airfoll.
‘. Or use the steel tubing as the mandrel to lay up the part as drawn.

ATTENTION: Wall thicknesses and [ayup methods will be
determined afier testing of parts.

‘ B
‘ 38.7 |
‘ >
Note: Dimensions are flexible, depending on the
avaitability of streamlined steel fubing for mandrels.
IRl UtahState  (iechanical & Aerospace Engineering -
A UNLESS NOTED OTHERWISE LTIt i A Aeraspace Eng g
X=x 1
XX =£.03 USU
XXX = % .010
ANGLES £1° WRIGHT FLYER
DRAWN BY: 1009-200
Adam Richards 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Front Suppont WF-40-099-07A
DATE: 2/17/2002 SCALE: | size: B [sHEET 1 of 1
I

1




ALL DIMS ARE IN INCHES

UNLESS NOTED OTHERWISE IILIRELEIRNS

2 i i
2X 530.31—\ RO.38
DDDD | S
booo| ¢ ¥ o
L 02—~ |-
8X@0.19
0.38 0.2—1
f '
l—1.315— Q0O
0.4 o0
0.125" Stock Material OO0
>
_% %_
0.13 = 'S
S8 =
N 58 =
> f —
- 0.75 -]

UtahState - Mechanical & Aerospace Engineering

X=4.1
XX =%.03 USU
XXX =% 010
ANGLES + 1° WRIGHT FLYER
DRAWN BY: -0
Adam Richards 1903 003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | Fnt support mount Tab WF-40-099-078
DATE: 2/17/2002 SCALE: isze: B |sHEET 1 of 1
2




Spar Mounting Cup is made of 4130 steel, Normalized.
Itis cutout flat 0.083" X 4.5" X 6*, It is then rolled as
shown. The mounting plates are welded at the angles
shown all the way around.

For mounting, the cup is glued and lashed in place on
the rear spar.

B A vertical line runs through the center of the top and battom \
rear spars. The center line of the mounting cup must be
parellet to that line in order for the tabs to line up properly.
yann
/@ 0.50
B
136°
Parts List
ITEM { QFY PART NUMBER DESCRIPTION
1 1 |WF-40-099-08C Spar Mounting Cup
2 1 |WF-40-099-08B Spar Mount PLate - Front
3 1 WF-40-099-08A Spar Mount Plate - Rear
ALL DIMS ARE IN INCHES achanical & Asrognace ginaaring
A UNLESS NOTED OTHERWISE
X=+1
90° XX=1.03 USU
XXX =1.010
ANGLES 1 WRIGHT FLYER

DRAWN BY: 1903-200

A Rlchards 9 3 3

MATERIAL: PART DESCRIPTION: PART NUMBER: REV

Mounfing Assembly WF-40-002-507B
DATE: 2117/2002 SCALE: LSIZE: B 'SHEET 1 of 1
4 B! 3 z]x Z 1




. . | | .

4 ! 3 ¥ 2 I 1
Spar Mounting Cup is made of 4130 steel, Normalized,
1t is cutout flat  0.063" X 4.5" X 8", It is then rolled as @
shown. The mounting plates are weided at the angles
shown all the way around,
For mounting, the cup is glued and lashed in place on
the rear gpar.
A vertical line runs through the cenfer of the top and bottom
B rear spars. The center line of the meounting cup must be B
parellel to that fine in order for the tabs io line up properly.
0,50
B <+
Parts List
ITEM § QTY PART NUMBER DESCRIPTION
1 1 [WF-40-099-08C Spar Mounting Cup
2 1 (WF-40-099-08B Spar Mount Plate - Front
3 1 JWF-40-099-08A Spar Mount Plate - Rear
TN UtahStote | piechanical & Aerospace Engineerin
A UNLESS NOTED OTHERWISE RS P ‘ g 9 A
X=x.1
XX =4.03 USstU
XXX =4.010
ANGLES & 1’ WRIGHT FLYER
DRAWN BY: 1902-200
A Richards 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Mounting Assembly WF40-002-507A
DATE: 2/17/2002 SCALE: TSIZE: B ‘SHEET 1 of 1
4 i 3 i 2 ]




B e L i e

4 l 3 ¥ 2 | 1
———'————0.31
— "—j
| ™
| TRUE $0.31
[@ ‘ N
1 0.31
0.63
B
0.12
/\  mm——
2.19 - <
Note: Revisions
REV A - Aprit 11, 2002
51° - Changed from 0.25" bar stock to 0.125"
4; ____________ ]
This curve not required.
L LM a I UtahState - nechanical & Aerospace Engineerin

UNLESS NOTED OTHERWISE IELIELLEINR ‘ : rosp 9 9 A

[ 3.31 X=+.1 USU

XX =+£.03
XXX =% .010
ANGLES £ 7 WRIGHT FLYER

DRAWN BY: . - 02-200
Adam Richards 1 9 3 3
MATERIAL: ' PART DESCRIPTION: PART NUMBER: REV
Steel, High Sirength Low Alloy | Spar Maount Plate - Rear WF-40-099-08A A
DATE: 2/17/2002 SCALE: [size: B |sweer 1 or 1




4 1 3 j!l 2 | i
R0.13—\—-—-]——— 0.31
, ; P $0.31
| 0.31 —
GD 0.63
( | 1
8 B
1.97 @
L | —
B 57 -
/ Note; Revisicns
o ] REV A - April 11, 2002
= -~ Changed from 0.25" bar stock to 0.125"
l This curve not required
i 3.24 l
. ALL DIMS ARE IN INCHES T T —
A Ryl iy UtahSitate | nechanical & Aerospace Engineering N
X==.1
XX=% 03 USU
XXX =2.010
ANGLES 1 WRIGHT FLYER
DRAWN BY: 1002-200
Adam Richards 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, High Strength Low Alloy | Spar Mount PLate - Front WF-40-099-088
DATE: 217/2002 SCALE: I'size: B Isneer 1 of 1

4 ! 3 Fi 2 ] 1




Chassis Assembly




Materials List for Chassis

ck spe= check drawing specifications

ltem/Material “Description Supplier
Spruce Stripg 1.75" wide I Aircraft Spruce
Kevlar {lay up with spruce), 1.75" wide ?
Carbon Tubes 140/1000" 1.D. x 1/16" wall | ck spc ITE Dept.
Steel Tubing 1" 0.D. x 1/16" wall 18 ft ITE/IPACO
Steel Tubing 7/8" 0.D. x 1/8" wall 10 in ITE/IPACO
Plate Steel (strapping) 1.75" x 1/18" 9 ft ITE/IPACO
Plate Steel (strapping) 1" x 1/8" 3ft ITE/IPACO
Flate Steel (strapping) 4"x 1/18" 8 ft ITE/IPACO
Plate Steel (strapping) 33/8" x 1/8" 2 ft ITE/IPACO
Plate Steel {strapping) 2 3/4" x 1/8" 5in ITE/IPACO
Plate Steel 2 1/2" x 3/8" 18in ITE/IPACO
Bolt 2 AN4-24 ITE/Aircraft Spruce
Bolt 4 ANS5-13 ITE/Aircraft Spruce
Bolt 28 AN4-14 ITE/Ajrcraft Spruce
Bolt 2 AN4-23 ITE/Aircraft Spruce
Bolt 2 AN4-25 ITE/Ajrcraft Spruce
Bolt {machine screw) 60 MS24694 [TE/Aircraft Spruce
' Nut 60 | AN365-(match MS) | ITE/Aircraft Spruce
Nut 4 AN365-524A ITE/Alrcraft Spruce
Nut 34 AN385-428A [TE/Aircraft Spruce
Washer 5/16" hole 8 ITE/Aircraft Spruce
Washer 1/4" hole 72 ITE/Aircraft Spruce
Nyilon Bushing 1/4" hole x 1/2" {shaped to size)| 70 ?
Aluminum Tubing (rect) 1" % 2" outside x 1/8" wall 97 in ITHIPACQO
Aluminum Plate 1"x 1/8" 18 in ITE/IPACO
Aluminum Disks 1.25" 0.D. x 1/8" wall 2 ITE/IPACCO
Aluminum Tubing (circ) 1" 0.D. x 1/8" wall 8 in ITEAPACO
Matco Wheel castered, solid rubber 4 P/N 06-01615 Aircraft Spruce
Azusalite Nylon Wheel 4" wheel 2 P/N 06-02600 Aircraft Spruce
Tire & Tube Assembly 2 P/N 08-02800 Aircraft Spruce
Cannondale Shock Lefty model 2 Cannondale Corp.
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Parts List for Chassis

__Part Number | Description Qty | __Type
"WF-50-099-01 Skrcmardpoint 2 weldament
WFE-50-099-01A Plate 2 cut & drilled
WF-50-099-018 Tab 20 | cut,shaped & drilled
WF-50-099-01C Plate 2 cut & drilled
WF-50-089-02 Fitting 26 { cut, milled & drilled
WI--50-099-02B Disk 2 cut or stamped
WF-50-089-02C Fitling 2 cut & drilled
WF-50-099-03 Canard/Skid Hardpoint 2 weldament
WF-50-099-03A Plate 2 cut & drilled
WF-50-099-03B Fitting 2 cut & drilled
WF-50-099-03C Flate 2 cut & drilled
WF-50-099-04-01 Spar Hardpoint 1 weldament
WF-50-099-04-02 Spar Hardpaint 1 weldament
WF-50-099-04A Fitting 6 cut & rolled
WI-50-099-05-01 Spar Hardpoint 1 weldament
WF-50-098-05-02 Spar Hardpoint 1 weldament
WF-50-099-05A Fitting 4 cut & rolled
WF-50-099-06 Spar Hardpoint 2 weldament
WFEF-50-098-06A Tab 8 cut, milled & drilled
WF-50-099-07 Spar Hardpoint 2 weldament
WF-50-099-08 Spar Hardpoint 2 weldament
WF-50-099-08A Tab 2 cut, mitled & drilled
WE-50-099-10 Skid Hardpeint 10 weldament
WF-50-095-10A Plate 10 cut & drilled
WF-50-098-108 Plale 14 cut & drilled
WF-50-099-11 Cockpit Mounting Strut 2 weldament
WF-50-099-11A Strut 2 cut
WF-50-099-11B Plate 4 cut
WFE-50-099-11C Tab 4 cut,shaped & drilled
WF-50-099-13 Fitting 2 cut, milled & drilled
WF-50-099-14A1 Strut 2 layed up & cut
WF-50-098-14A2 Strut 2 layed up & cut
WF-50-099-148 Strut 2 layed up & cut
WF-50-099-14C1 Strut 2 tayed up & cut
WF-50-098-14C2 Strut 2 layed up & cut
WF-50-099-14D Strut 2 layed up & cut
WF-50-099-14F Strut 2 cutl, milled & drilled
WF-50-098-14F Strut 2 layed up & cut
WF-50-099-14G Strut 2 layed up & cut
WF-50-099-14H Strut 2 layed up & cut
WF-50-089-14/ Strut 2 layed up & cut
WI--50-009-14.) Strut 2 cut, milled & drilled
WF-50-099-18 Fitting 4 cut, milled & drilled
WF-50-099-19 Strut/Shock Mount 2 weldament
WI--50-099-19A Maount 4 cut, milled & drilled




w

Parts List
meEm | QY PART NUMBER DESCRIPTION
1 2 |WF-50-000-00F Skid
2 1 |[WF-50-000-00D Rear Struls, Left
3 1 |WF-50-000-00C Middle Struts, Left
4 1 [WF-50-000-00B Front Struts, Left
5 1 WF-50-000-00J Rear Struts, Right
6 1 |WF-50-000-001 Middle Struts, Right
7 1 WF-50-000-00H Front Struts, Right
8 1 |WF-50-000-00K Structural Cable Routing
TGN = UtahState - fiechanical & Aerospace Engineerin
UNLESS NOTED OTHERWISE EEINECTIER ' P ‘9 8 A
K=+ .1 -
XX =+.03 USU
XXX =+ .010
ANGLES % WRIGHT FLYER

DRAWN BY: -

David Beck Christensen 1903 2003

MATERIAL: PART DESCRIPTION: PART NUMBER: REV

Chassis Assembly WF-50-000 A
DATE: 2117/2002 SCALE: |sze: B |sHEET 1 or 1
I

1




ALL DIiMS ARE IN INCHES
UNLESS NOTED OTHERWISE

UtohState

UNIVERSITY

Mechanical & Aeraspace Engineering

X=x1
XX =£.03 UsvU

XXX =+ 010

ANGLES 1 WRIGHT FLYER
DRAWN BY: 1903-200
David Beck Christensen 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV

Chassis Assembly WF-50-000 A

DATE: 21772002 SCALE: l size: B lSHEET 1 of 1

1




Right side assembly is mirror image of the left

Parts List
{TEM QTY PART NUMBER DESCRIPTION
1 1 |WF-50-000-00F Skid
2 1 |WF-50-000-00D Rear Struts, Left
3 1 |WF-50-000-00C Middle Struts, Left
4 1 WF-50-000-008 Front Struts, Left
ALL DIMS ARE ININCHES aeha al & Aeraspace qieering
UNLESS NOTED OTHERWISE
X=x .1
XX =%.03 USU
XXX =010
ANGLES & 1 WRIGHT FLYER
DRAWN BY: 1 -200
David Beck Christensen 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Chassis Assembly WF-50-000-00A
DATE: 2/17/2002 SCALE: I size: B —[SHEET 1 of 1




4 : 3 & L 1
6.52 B
N,
48.67 35.62 i 36.66 43.98 { 10.10
205.28

The skid is to be laid up as one piece, using layers of spruce and
keviar.

ALL DIMS ARE IN INCHES

ITEM | QTY PART NUMBER DESCRIPTION
1 1 [WF-50-000-03A Canard Mount Assembly
2 5 [WF-50-000-05 Skid Hardpoint Assembly
3 1 |WF-50-000-0t Angled Hard Point Asse
mbly

9&"}1\!}&% tate Mechanical & Aerospace Engineeting

UNLESS NOTED OTHERWISE A
X=% A
XX =403
XXX =£.010
ANGLES & 1 WRIGHT FLYER
DRAWN BY: 1902-200
David Beck Christensen 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Skid Hardpoint Placement WF-50-000-00E
DATE: 21712002 SCALE: _LSIZE: B ISHEET 1 of 1
4 ] 3 ‘ ZIS

1



3kid to be lavered spruce and kevlar, with spruce being the layer
B that comes in contact with the ground. Skid to be one continuous B
structure and made from a full size pattern. Dimensions here are only
to give a rough size of the skid.

__._/'ﬁtf:”‘:j 1f
| | I I *
TS | L
205.28 1
t
L 1L I—L AN I | || [ T7T 1 1
175
PARNGTVEF LTINS MtahState  Mechanical & Aetospace Engineering
A UNLESS NOTED OTHERWISE RIS P 9 4
X=% 1
XX =03 USU
XK = £.010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1002-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: ey
Skid WF-50-000-00F A
DATE: 217/2002 SCALE: | size: B {SHEET 1 of 1

4 | 3 4§ 2 ! 1




ALL DIMS ARE IN INCHES
UUNLESS NOTED OTHERWISE

B
Parts List
ITEM [ QTY PART NUMBER DESCRIPTION
1 1 |WF-50-000-03A Canard Mount Assembly
2 1 |WF-50-000-05 Skid Hardpoint Assembly
3 1 |WF-50-000-09 Tube Assembly
4 2 [Wr-50-000-06 Tube Fitting Assembly
5 1 WF.50-099-07 Hardpoint, Spar, Lead, T
op
6 1 |WF-50-000-04 Tube Fitting Assembiy
7 1 |WF-50-000-08 Bolt & Nut Assembly -
B8 1 P_N 06-01615 Matco Wheel & Carbon
Spring
9 1 |WF-50-099-14B Strut
10 2 |WF-50-099-18 Fitfing, Splice
11 1 WF-50-089-14A1 Strut
12 1 [WF-50-099-14A2 Strut
13 1 [WF-50-099-14C2 Strut
14 1 JWF-50-0938-14C1 Strut
15 2 |CABLE PLATE - 1PRON JCABLE PLATE, 1-PRON
G .25holemount G

!II,EI\!I:-E1 tale Mechanical & Aerospace Engineering

X=+1
P o XX =%.03 UsuU
‘, XXX =1 010
Carben leaf spring to be bended to 7 ANGLES + 1 WGHT FLYER
skid hard point and "sandwiched” .\)
with another steel backing plate . DRAWN BY: 1 903_20 03
not shown, David Beck Christensen
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Front Steuts, Left WF-50-000-008 A
DATE: 211712002 SCALE: | size: B |sHEET 1 of 1

1



ross section of skid

ounting instructions applicable to all skid hardpoints

ardpoint to be bonded and holted 1o skid

Counfersunk screws into backing plafe

ALL DIMS ARE IN INCHES e k] i (-0 hanical & Aerospace Engineerin
A UNLESS NOTED OTHERWISE [IMTEET ke A P S
X=#.1
XX=+£.03 U
XXX = £.010 US
ANGLES & 1 WRIGHT FLYER
DRAWN BY: -0
David Beck Christensen 1903 003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Mounting Info WF-50-000-01A A
DATE: 2/17/2002 SCALE: |size: B [smEET 1 o 1

o a e i D iy S




Parts List

PART NUMEER

DESCRIPTION

WF-50-099-18

Fitting, Splice

.25washer

Washer, misc

AN365-428A

Nut

E&GN
E’.d_mmh.:

AN4-24

Bolt

ALL DIMS ARE IN INCHES _ R1]1} W1} anical & Aerospace Engineerin
UNLESS NOTED OTHERWISE RELITEAte A ' P ng 9
X=2%1
KX = £.03 UstuU
XK = £.010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: , 1903-200,
David Back Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Assembly Info WF-50-000-01B A
DATE: 2/17/2002 SCALE: Js:zs.- B LSHEET 1 of 1

T

1



4 1 3 ¥ 2 I 1
B
B
Parts List
ITEM | QTY PART NUMBER DESCRIPTION
1 1 |WF-50-089-03 Mount, Canard to Skid
2 & |MS24694 Screw, Machine
3 1 |WF-50-099-03C Plate, Mounting
4 & (AN365 Nut
5 2 |AN365-524A Nut
3] 4 [.313washer Washer, misc
7 2  JAN5-13 Bolt
ALL DIMS ARE IN INCHES echa & Aerospace ginearing
A UNLESS NOTED OTHERWISE
X=%.1
XX =403 USU
KX =+ 010
ANGLES 1 WRIGHT FLYER

DRAWN BY: 1903-200

David Beck Christensen 9 3 3

MATERIAL: PART DESCRIPYTION: PART NUMBER: REV

Canard Mount Assembly WF-50-000-03A A
DATE: 2/17/2002 SCALE: I size: B JSHEEF 1 of 1

T




3.04

Parts List
ITEM [ QTY PART NUMBER DESCRIPTION
1 1 JWF-50-099-3A Plate, Mounfing
2 1 |WF-50-099-01B Tab, Mounting
3 1 WF-50-099-028 Tube, Fitting
ALL DIMS ARE IN INCHES & Aarasbace ainsering
UNLESS NOTED OTHERWISE
Xe=31
XX =:£.03
XXX =2.010 USU
ANGLES + 1 WRIGHT FLYER
DRAWN BY: 1002-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Mount, Canard to Skid WF-50-099-03 A

DATE: 217/2002

SCALE: {size: B |smEET 1 of 1
1




0.38 TYP

™ -

6)(;?50.19—/

6.00

PTGV UtahState Mechanical & Aeraspace Engineerin
UNLESS NOTED OTHERWISE IFLINEEEIRE] P 9 g
X=x.1
XX =%.03 USU

UK =£.010

ANGLES & 1 WRIGHT FLYER
DRAWN BY: 1903-200,
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Stesl, Mild Plate, Mounting WF-50-099-3A A
DATE: 21772002 SCALE:

| size: B JiHEET 1 of 1
1




I 2 | 1
/
65°
B
\l\'\ @
| t
o
| |
| _I
I TN
i % \2x¢0.31
| |
| |
| @#0.88 -
b
|
3.00 |
|
E)_{ 0.12
I
|
1.00 # I {
|
- TNl UtahState Mechanical & Asrospace Engineering
UNLESS NOTED OTHERWISE IREGEIRR] A
X==x1
XX=+.03 USU
XXX =+ .010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1903-200,
David Beck Christensen ‘ 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Mild Tube, Fitting WF-50-099-03B8
DATE: 2/17/2002 SCALE: |s;ze: B ,S‘HE‘ET 1 of 1
4 J

iy, Vs b L1
s B o M s v 15 1+




4 | 3 ¥ 2 ] 1
B
5.50 TYP
3.50 TYP
le1.25 TYPA‘
+ '
o - - p
| I i -
1.75 — _ — — _ — _ 0.38 TYP
| | |
| K | |
8X©0.19—  \100 deg. countersunk holes
6.00
' PO UtahSkate  (echanical & Aerospace Engineering
A UNLESS NOTED OTHERWISE RDMaRERY P 9 9 N
X=£.1
XX =£.03 USU
XXX =+.010
ANGLES & 1 WRIGHT FLYER
DRAWN BY: 1002-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Miid Plate, Mounting WF-50-099-03C A
DATE: 2/17/2002 SCALE: I'size: B [sHEET 1 of 1
2 T 3 I 2 ]




£

Parts List
ITEM | QTY PART NUMBER BESCRIPTION
1 1 WF-50-099-10
2 1 WF-50-099-108 Plate, Mouniing
3 4 |AN365 Nut
4 4 [MS24694 Screw, Machine
ALL DIMS ARE IN INCHES achanical & Acrospace gineerino
UNLESS NOTED OTHERWISE
X=+x.1 USU
KX =£.03
XXX =£.010
ANGLES  1° WRIGHT FLYER
DRAWN BY: -2
David Beck Christensen 1903 003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Skid Hardpoint Assembly WF-50-000-05
DATE: 2M7/2002 SCALE: | size: B |SHEET 1 of 1

i 1




1/16x

\
2>

Q

Parts List
ITEM QTY PART NUMBER DESCRIPTION
1 1 WF-50-099-10A Plate, Mounting
2 1 WF-50-089-01B Tab, Mounting
ALL DIMS ARE IN INCHES schanical & Aerasnace Endinesring
UNLESS NOTED OTHERWISE
X=x.1
XX =% .03 USU
XXX =+ .010
ANGLES # 1 WRIGHT FLYER
DRAWN BY: I ~-200,
David Beck Christensan 903 ' 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Hardpoint, Skid WF-50-099-10 .
DATE: 2/17/2002 SCALE: ‘ size: B ‘SHEET 1 of 1

1




1

4 | 3 ¥ 2 | 1
1|: B
‘ 0.38 TYP
4 X 2019 0.38 TYP
\ _\ ~li—0.08
o r
| | i
175
! |
‘ i | .
3,00
ALL DIMS ARE ININCHES  Ri[a)H] o)1 chanical & Aerospace Engineerin
A UNLESS NOTED OTHERWISE It i Ak P gineening
X=t1
XX =+.03 USU
200X = 3010
ANGLES % 1" WRIGHT FLYER
DRAWN BY: 1903-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Mild Plate, Mounting WF-§0-099-10A A
DATE: 211712002 SCALE: [sze: B |sweer 1 of 1
4 | 3 4_\ 2




4 | 3 d,? 2 | 1
B
2 X go.19 038 TYP
_\ 0.38 TYP ~[0.08
é) 1
™
o ©
1.75
/-Holes countersunk 100 deg.
O OA I
L
3.00
TV SN WtahState  wvechanical & Aerospace Engineerin
, BTN WahState wechanical & Aerospace Engineering
. X=+.1
XX =4 .03 USU
XXX = £.010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1 -20
David Beck Christensen 903 03
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Mild Plate, Mounting WF-50-099-108
DATE: 211712002 SCALE: | size: B [stEer 1 o 1

4 f 3 43 2 ] 1




DETAIL C
SCALE 0.80: 1

Paris List
ITEM | Q7Y PART NUMBER DESCRIPTION
1 1 WF-50-099-14) Strut
2 1  |AN4-14 Bolt
3 2 |Nylon Bushing Bushing, Nylon
4 1 |AN365-42BA Nut
5 2 |.25washer Washer, misc
ALL DIMS ARE IN INCHES \ Machanical & Asrospace firearino
UNLESS NOTED OTHERWISE
X==x.1
XX=+.03 UstU
XXX =£.010
ANGLES % 1 WRIGHT FLYER
DRAWN BY: 1002-2
David Beck Christensen 9 3 003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Tube Assembly WF-50-000-09 A
DATE; 2/1712002 SCALE: |sze: B [swEET 1 of 1

| 1




DETAIL C
SCALE 0.60 : 1

Tube to be "swiss-cheesed" on four sides as dimensioned below

©1.00
INT LT

0.06

—ATeH-

46.00

e !__025
os0TvPd B
]

trri

ALL DIMS ARE IN INCHES

i

UNLESS NOTED OTHERWIS
DETAIL B NoTED
SCALE 0.60: 1 XX=+.03 USU
XXX =010
ANGLES & 1 WRIGHT FLYER
DRAWN BY: 1903-200.
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Mild Strut WF-50-099-14) A
DATE: 211712002 SCALE: | size: B |SHEET 1 of 1

1

@

£ ysmﬁgi‘lgg Mechanical & Aerospace Engineering A




Parts List

PART NUMBER DESCRIPTION
2  |MNylon Bushing Bushing, Nylon
2 1 [WF-50-099-02 Tube, Fitling
3 1 JAN3G65-428A Nut
4 2 |.25washer Washer, misc

ALL DIMS ARE IN INCHES
UNLESS NOTED OTHERWISE RILIKIIS

1 |ANd 14 Bolt
WtahState - \echanica! & Aerospace Engineering. - A

X=x .1
XX =103

KX =010 USU

ANGLES 1 WRIGHT FLYER
DRAWN BY: 1903-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV

Tube Fitting Assembly WF-50-000-06 A

DATE: 2M7/2002

SCALE:

I size: B

{stEET 1 of 1

1




4 L 4 2 l 1
Fitting is to be "swiss cheesed” on all four sides as dimensioned
below
0.50 TYP “1'00-_i ¢1.00_
0.08 R0O.13
IO S M gl EP il St Ay ST dpmpefs Sp—— ST e T 0.13
I i [ ,L \
—_— —_— _|. [T —————— *
| ! ! |
e o e e e T e
0.25 5X @025
I 3.88
PO UtahState  echanical & Aerospace Engineering .
UNLESS NOTED OTHERWISE BlhizRCIERS A
X==1
XX =£.03 UsStU
XXX =+ 010
ANGLES 1 WRIGHT FLYER
DRAWN BY: 19002-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Mild Tube, Fifting WF-50-099-02 A
DATE: 2/17/2002 SCALE: Isize: B |sHEET 1 of 1
4 | 3




Parts List

ITEM | QTY PART NUMBER DESGRIPTION
1 1 JWF-50-099-D4A Tube, Mount, Spar, Lead
2 1 |WF-50-099-06A Tab, Mount, Spar, Lead
ALL DIMS ARE IN INCHES : sehanical & Acraspace Enaineering
UNLESS NOTED OTHERWISE
X=11
XX =103 USU
FOXX =1 .010
ANGLES £ 1' WRIGHT FLYER
DRAWN BY: I -2
David Beck Christensen 903 003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV

Hardpoint, Spar, Lead, Top WF-50-099-07

DATE: 2/17/2002

SCALE:

|srze.- B JSHEET 1 of 1

—

1




1HE" X 4" X 10 1/4 " 4130 rolied 180 deg.

4.00

0.06 <t
R1.63

e CRLTIE CIl UtahState  Mechanica! & Aerospace Engineerin
UNLESS NOTED OTHERWISE NGRS P Y g
X=x 1
XX =+.03 USU

XXX =£.010

ANGLES £ T WRIGHT FLYER
DRAWN BY: 1 -2
David Beck Christensen 903 003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Mild Tube, Mount, Spar, Lead WF-50-099-04A A
DATE: 2/17/2002 SCALE: [size: B lsweer 1 of 1

\ 3 qh 2 | 1

O —— —— RO



adius to match outside radius of WF-50-099-04A

6,? / 0.50 TYP
i L
RO50 TYP T—2x;250.25 0.50 TYP-v—-J Y= UtahStat
ALL DIMS ARE IN IN ale  Mechanical & Aerospace Engineerin
X=%.1
3.38 XX = .03 USU
: XXX =4£.010
ANGLES * 1 WRIGHT FLYER
DRAWN BY: 10072-200
Davii Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Miid Tab, Mount, Spar, Lead WF-50-099-06A A
DATE: 2/117/2002 SCALE: ] size: B ISHEET 1 of 1
I 3 2 T



4 | 3 ¥ 2 1 1
3
° ; | ’
i
2
3
B 5 <}
Parts List
ITEM QryY PART NUMBER DESCRIPTION
1 1 |WF-50-082-13 Tube, Fltling
2 2 |Nyton Bushing Bushing, Nylon
3 2 |.25washer Washer, misc
4 1 AN365-428A Nut
5 1 AN4-14 Boit
I TVl UlahSitate © Mechanical & Aerogpace Engineering
A UUNLESS NOTED OTHERWISE (RIS
X=k.1
XX =%.03 USU
JHXA=4£.010
ANGLES % 1° WRIGHT FLYER

DRAWN BY: 1902-200

David Beck Chiristensen 9 3 0 3

MATERIAL: PART DESCRIPTION:; PART NUMBER: REV

Tube Fitting Assembly WF-50-000-04 A
DATE: 2/17/2002 ‘ SCALE: | size: B —[SHEET 1 of 1




—0.50 TYP

1.50

A A EE e S Sinsp S s

—_————— L ]

—] =

4.38

below.

@1.00

0.06

Fitling to be “swiss-cheesed” gn four sides as dimensioned

R0.13
—\

B Rta acaclon

._...._—I;—-——__—,_.__.u--._._.——-.————-.__,—-.._._,—-—._.

ALL DIMS ARE IN INCHES

UtahState

Mechanical & Aerospace Engineering

UNLESS NOTED OTHERWISE IITEEEA]
X=%.1
XX =£.03 USU

XXX =+.010

ANGLES * WRIGHT FLYER
DRAWN BY: 1003-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER; REV
Steel, Mild Tube, Fitting WF-50-099-13 A
DATE: 2117/2002 SCALE: | size: B [SHEET 1 of 1




2

Carbon Spring to be designed and consfructed after the wheel arrives.
heck Chassis Assembly drawing to get an idea of how the carbon
fiber spring fs suppose to function.

B B
Matco Wheel Assembly {castered)
B <t
Parts List
ITEM QTY PART NUMBER DESCRIPTION
1 1 Matco Mount
2 1 |Matco Tire
3 1 |Carbon Spring
LYY AR UtahState  wiechanical & Aerospace Engineering
A UNLESS NOTED OTHERWISE RNLIKCIEEINAIEN A
X==1
KA =% 03 US U
XX =4 010 [
ANGLES 21 | WRIGHT FLYER
DRAWN BY: ' 1903-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Matco Wheel & Carbon Spring | P_N 06-01613 A
DATE: 2/17/2002 SCALE: [size: B sweer 1 of 4

4 3 45. 2 ] 1




This spring will need to be fashioned after the amrival of the Matco wheels.
It will need to be constructed much like the carbon fiber landing gear munt
that Dave Widauf showed to David Christensen. It will need to have holes
drilled to match WF-50-099-10B. It wilt be mounted by being "sandwiched"
at the indicated locations, inbetween the skid and the mounting plate. Longer
machine screws will also need to be used.

-Approximately 3 inches of travel required,

ALL DIMS ARE IN INCHES
UNLESS NOTED OTHERWISE

UtahState

UBIVERSITY

Mechahical & Aerospace Engineering

KX=+.1
XX =4£.03 US U

O =4 .010

ANGLES # WRIGHT FLYER
DRAWN BY: 1902-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Carbon Fiber Castered Wheel Leaf Spring Carbon Spring A
DATE: 2/17/2002 SCALE: , size: B ,SHEET 1 of 1

! 1




arbon fiber tube, 1" 1.D. X 1/16" wall

0 71.31

JIGTINIGEEYNECER UtahStote  viechanical & Asrospace Engineering -
X==x.1
XX =403 USU

K =% .010

ANGLES & 1 WRIGHT FLYER
DRAWN BY: 100292-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION; PART NUMBER: REV
Carbon Fiber Strut WF-50-009-148
DATE: 2/17/2002 SCALE: l size- B JfHEET 1 of 1

4 ] 3 4: z ] i

T e b R o S o G [———

e T




Fitling fo be swiss-cheesed” on four sides on both ands as

dimensioned below

7.00

F:j—‘—t:ﬂ:k_.l——i..__.J—-—L._.A-—————L.._,A—————-—L.,_J—--J-._.L—J._J——L.,_
! | I

i S i b s 4 crys S s AP, el ks e SOV ke s AR e s dnce A

©1.00

0.06

ALL DIMS ARE IN INCHES

{ltahState

UNLESS NOTED OTHERWISE Khuhd ikl

Mechanical & Agrospace Engineering

X=%.1
XX =%.03 UStU/
XXX =%.010
ANGLES £ WRIGHT FLYER
DRAWN BY: 1002-200
David Beck Christensen 903 3
WMATERIAL: PART DESCRIPTION: PART NUMBER:
Steel, Mild Fitting, Splice WF-50-099-18
DATE: 2/17/2002 SCALE: |size: B |sHEET 1 o 1
7 i




arbon fiber twbe, 1" 1.D. X 116" wall

—
|

N

465.52

3

LIRSS UtahState © vechanical & Aerospace Engineerin
A UNLESS NOTED OTHERWISE SRR ¢ ' P 9 L
X=%1
XX =£.03 UsU
XX = £.010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1002-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Carbon Fiber Strut WF-50-099-14A1
DATE: 2/17/2002 SCALE: | size: B |swEET 1 of 1




rbon fiber tube, 1" 1.D. X 1/16" wall

87.31

ALL DIMS ARE IN INCHES

y&mﬁgﬂg Mechanical & Aerospace Engineering N

UNLESS NOTED OTHERWISE
X=£A1
XX =% .03 UStU

KXX=+.010

ANGLES £ 7 WRIGHT FLYER
DRAWN BY: 1902~-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Carbon Fiber Strut WF-50-099-14A2
DATE: 2H7/2002 SCALE: | size: B |SHEET 1 of 1

| 1



rbon fiber tube, 1" L.D. X 1/16" wall

27.13

ALL DIMS ARE IN INCHES

UtahState - Mechanical & Aerospace Engineering

UNLESS NOTED OTHERWISE |RIZAIEA
X=ik.q
XX =%.03 USU

XX =2 010

ANGLES 1 WRIGHT FLYER
DRAWN BY: 1903-20
David Beck Christensen 903 03
MATERIAL: FPART DESCRIPTION: PART NUMBER: REV
Carbon Fiber Strut WF-50-099-14C2
DATE: 201712002 SCALE: [size: B [sweer 1 of 1

1




rbon fiber tube, 17 1.0. X 1/16" wall

42.77

ALL DIMS ARE IN INCHES
UNLESS NOTED OTHERWISE IELIASIAR

UtahState

Mechanical & Aerospace Engineering

KX=+1 USU
XX=£.03

HKXX =3.010

ANGLES % 1 WRIGHT FLYER
DRAWN BY: 1902-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Carbon Fiber Strut WF-50-099-14CH1
DATE: 2172002 SCALE: | size: B ISHEET 1 of 1

1




4 ! 3 ¥ 2 I 1
~f f+—0.04
N
B #0.25 | B
-1
@0.50
B [ e
@0.88
LENEELEIN = UtahState wechanical & Aerospace Engineerin -
. I UahState Mechanical & Acrospace Engineering
X=z 1
XX =+.03 USstr
XXX = £.010
ANGLES & 1 WRIGHT FLYER
DRAWN BY: 1 -200
CKESPLIN 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6961 CABLE PLATE, 1-PRONG CABLE PLATE - 1PRONG .25hole
DATE: 211712002 SCALE: l size: B LSHEET 4 of 1
4 f 3 AP. 2 1




ALL DIMS ARE IN INCHES

B
Parts List
ITEM | QTY PART NUMBER DESCRIPTION
1 2 |WF-50-000-05 Skid Hardpoint Assembly
2 1 |WF-50-000-07 Tube & Mount Assembly
3 3 |WF-50-000-08 Tube Fitting Assembly
4 1 |WF-50-000-02-01 Spar Hardpoint Assembl &}~
y, Lefi
5 1 jWF-50-099-04-01 Hardpoint, Spar, Leading
, Left
6 1 WF-50-099-11 Tube, Mounting, Cockpit
7 1 |WF-50-000-10 Shock & Wheel Assem.
8 1 WF-50-099-02 Tube, Fitting
9 i |WF-50-099-14D Strut
10 1 |CABLE PLATE - 1PRON |CABLE PLATE, 1-PRON
G .25hotemount G
11 1 |WF-50-099-14F Strut
UtahState  Mechanical & Aerospace Engineering

UNLESS NOTED OTHERWISE LRSI

X=+.1 USU
KX =103

KX =+.010

ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1902-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV

Middle Struts, Left WF-50-000-00C A

DATE: 2M17/2002 SCALE: I size: B |SHEET 1 of 1

1



Parts List

QTY PART NUMBER DESCRIPTION
1 1 |WF-50-099-14E Strut
2 2 [.25washer Washer, misc
3 2 |Nylon Bushing Bushing, Nylon
4 1 [AN3G5-428A Nut
5 1 JAN4-14 Bolt
8 2 pWP-50-099-19A Mount, Shock
7 2 |AN365-1032A Nut
8 4 |.1875washer Washer, misc
g 2

ALL DIMS ARE IN INCHES

UNLESS NOTED OTHERWISE IRl ling

AN3-27 Boit
UtahState pechanical & Aerospace Engineering A

X0 USU
XX =% .03

00K=£.010

ANGLES + 1 WRIGHT FLYER
DRAWN BY: 1002-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV

Tube & Mount Assembly WF-50-000-07 A

DATE: 211712002 SCALE: {size: B [sweer + or 1

T

1




16.13

5.25

~ JT_

=

ALL DIMS ARE IN INCHES
UNLESS NOTED OTHERWISE

UtahState

UNIVERSITY

1/16x

4 X

Wechanical & Aerospace Engineering

X=%x1
KX =+%.03 US U

KAX = +.010

ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1002-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV

Tube and Shock Mount Assem, | WF-50-009-19 A

DATE: 2/17/2002 SCALE: | size: B [sweer 1 of 1




4 ¥ 2 | 1
R1,00
$1.00 0.38
- =
L
N
91.75—\ L. L 0
!
2.00
-
4.25
}
138 ©0.19
L]
ALL DIMSARE IN INCHES VDRI D1 ical & Aer e Enaineerin
I T A (LR ¢ - Mechanical & Aeraspace Engineering
X=%.1
250 XX=%.03 UStr
KK = £.010
ANGLES = T WRIGHT FLYER
DRAWN BY: 1903-200
David Beck Christensen 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Mikl Mount, Shack WF-50-099-19A A
DATE: 211712002 SCALE: Js:zs: B8 LSHEET 1 of 1
4 | 1

R




4 1 3 4 2 l 1 T
24.50 1.0
RO.13 TYP
o I da— —_— — —— S S 0.06
S —= — —= — ——== T
] |-VU.50TYP
1.00779'-—‘
| 0.13 TYP
__EL;,,__ - - — IR N
_____________________ . L _ — ] f

RGN ol UtahBtate  wechanical & Aerospace Engineering
UNLESS NOTED OTHERWISE [ELIFLEEIIR
X=%1
XX =03 UStU

XXX = 010

ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1002-200
David Beck Christensen 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Mild Strut WF-50-089-14E A
DATE: 2117/2002 SCALE: | size: B lSHEET 1 of 1

4 1 3 4 2 I




ki

Right side part is the same, except bolts and thin bushing
are reversed

B } /9 B
=@
b \® M
Parts List
ITEM QTY PART NUMBER DESCRIPTION
1 1 jWF-50-099-06 Hardpeint, Spar, Lead, B
oftom
2 1 |AN4-23 Bolt
3 6 INylon Bushing Bushing, Nylon
4 1 |Nylon Bushing 2 Bushing, Nylon
5 2 |AN365428A Nut
B 4 |.25washer Washer, misc
7 1 |AN4-25 Bolt
UL = UrahState  jechanical & Aerospace Engineering
A UNLESS NOTED OTHERWISE JELIEELGIRAS A
X=x.1
XX =+,03 USsuU
FXK =4 010
ANGLES + 1 WRIGHT FLYER
DRAWN BY: 1903-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Spar Hardpoint Assembly, Left | WF-50-000-02-01 A
DATE: 2/17/2002 SCALE: |sze: B |suEeT 1 of 1
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Parts List
ITEM QTY ~ PART NUMBER DESCRIPTION
1 1 WF-50-099-D4A Tube, Mount, Spar, Lead
2 3 |WF-50-099-06A Tab, Mount, Spar, Lead
ALL DIMS ARE IN INCHES : echanical & Asraspace Enaineering
A UNLESS NOTED OTHERWISE
K=t
XX =4.03 USU
XXX =1 .010
ANGLES & 1 WRIGHT FLYER
DRAWN BY: 1002-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Hardpoint, Spar, Lead, Bottom | WF-50-099-06
DATE: 211712002 SCALE: [sze: B lsweer 1 of 1
I 3
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2 | 1
B
=
) Parts List
ITEM Qry PART NUMBER DESCRIPTION
1 1 [WF-50-099-04A Tube, Mount, Spar, Lead
2 1 [WF-50-099-01B Tab, Mounting
USRI (tahState | s4echanical & Acrospace Engineerin
UNLESS NOTED OTHERWISE RLINELEDRS ¢ v erospac 9 ¢
K=+
XX=1% 03 USU
XXX =£.010
ANGLES 1 WRIGHT FLYER
DRAWN BY: 1003~-200,
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Hardpoint, Spar, Leading, Left | WF-50-099-04-01 A
DATE: 2117/2002 SCALE: |size: B lsweer 1 of 1
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[ 1
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Parts List
! ITEM | QTY PART NUMBER DESCRIPTION
% 1 1 |WF-50-099-04A Tube, Mount, Spar, Lead
2 1 |WF-50-099-01B Tab, Mounting
ALL DIMS ARE IN INCHES echanical & Aerospace Engineering
UNLESS NOTED OTHERWISE R
X=%.1
XX =% .03 USU
XXX =%.010
ANGLES  1° WRIGHT FLYER
DRAWN BY: 1902-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Hardpoint, Spar, Leading, Right | WF-50-099-04-02 A
DATE: 21M7/2002 SCALE: ]S!ZE.- B ]SHEET 1 of 1
4 i 3 q& 2 |
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hole to be drilled during final assembly to match cross member:

0
——}-—0.13
2X 3 TEx] 7 \

Parts List
ITEM QTY PART NUMBER DESCRIPTION
1 1  |WF-50-099-11A Bar, Support, Cockpit
2 2  |WF-50-099-11B Plate, Reclangular
3 2 |WF-50-099-11C Tab, Mounting
4 1 WF-50-099-02B Plate, Circular
5 1 [WF-50-099-02C Tube, Fitting
ALL DIMS ARE IN INCHES _ fi1[z ale  (jechanical & Aerospace Engineerin
UNLESS NOTED OTHERWISE IRLIALLIAES p 9 9
X=%£.1
XX =403 SU
XHX =010 U
ANGLES & WRIGHT FLYER
DRAWN BY: 1903-200
Davld Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER; REV
Tube, Mounting, Cockpit WF-50-099-11
DATE: 2/17/2002 SCALE: ] size: B j SHEET 1 of 1

4 | 3 43 2 I 1
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1

Hole to be drilled during final assembly in order to match with cross member

/—- $0.25

Recl. Tubing 1" x 2" Qutside x 0.125 wall

¥

48.00

ALL DIMS ARE IN INCHES
UNLESS NOTED OTHERWISE

UtahState echanicat & Aerospace Engineering

UHIVERSITY

Xmk.1 USU
KX =+.08

XXX = £.010

ANGLES % 1° WRIGHT FLYER
DRAWN BY: 1903-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 Bar, Support, Cockpit WF-50-089-11A
DATE: 2/17/2002 SCALE: | size: B IsHEET 1 of 1

1




*—0.8541 e le—0.13

ALL DIMS ARE IN INCHES R n) CIY ; r ; :
UNLESS NOTED OTHERWISE RIRIEAXRL] echanical & Aerospace Engineering A
Xe=E.1
XX =%.03

SO = £.010 USUu

ANGLES £ 1 WRIGHT FLYER
DRAWN BY: -
David Beck Christensen 1903 2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 ) Plate, Rectangular WF-50-099-11B
DATE: 2/17/2002 SCALE: {sze: B [smEer 1 of 1




R0.50

-~ [—0.19

HE

ALL DIMS ARE IN INCHES

UNLESS NOTED OTHERWISE JellilikdRig

ahState

Mechanical & Aerqé.pace Engineering

X==+ 1 USU
XX =x.03

XXX =% 010

ANGLES  1* WRIGHT FLYER
DRAWN BY: -
David Beck Christensen 1903 2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6051 Tab, Mounting WF-50-099-11C
DATE: 2/17/2002 SCALE: I size: B ]SHEET 1 of 1

1
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4 | 3 ¥ 2 | 1
B B
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#1.25 0.13
GRS iohState © iiechanical & Acraspace Engineeri
A UNLESS NOTED OTHERWISE [RLIRELEIRE anical & Aerosp gineerng A
X=%1
XX =+.03 S
OO = £ 010 Usu
ANGLES % 1 WRIGHT FLYER
DRAWN BY: -0
David Beck Christensen 1 903 003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 . Plate, Circular WF-50-093-02B
DATE: 2/17/2002 SCALE: [srzs.- B ,SHEET 1 of 1

4 | 3 4}. ] i 1




5 X ¢0.25 THRU

4 X 0.50

5 X 0.25 THRU

ALL DIMS ARE IN INCHES
UNLESS NOTED OTHERWISE

Tubing 1" 0.0, x .125 wall

UtahState

UNIVERSITY

Mechanical & Aerospace Engineering

X==.1 USU
XX =x.03

XXX =£.010

ANGLES £ 1" WRIGHT FLYER
DRAWN BY: 1 -20
David Beck Christensen 903 2 03
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Aluminum-6061 Tube, Fitting WF-50-099-02C

DATE: 211772002

SCALE:

’s:zs: B ISHEET 1 of 1

| 1




Wheel! will need to be machined to fit the unigue shock spindle

Parfs List
ITEM QTy PART NUMBER DESCRIPTION
1 1 |P/N 06-0600 Azusalite Nylon VWheel
2 1 |Lefty Shock Cannondale Mt, Bike Sh
ock
ALL DIMS ARE IN INCHES ; achanical & Aeraspace Engineering
UNLESS NOTED OTHERWISE
X=+1
XX = .03 USsU
XXX =%£.010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1 -200
David Beck Christensen 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Shock & Wheel Assem. WF-50-000-10 A
DATE: 211712002 SCALE: lsize: B |sweer 1 of 1




arbon fiber tube, 1" L.D. X 1/16" wall

39.81
ALL DIMS ARE IN INCHES R0 0] RN ical & Acrospace Engineerin
UNLESS NOTED OTHERWISE IMIRELEIN Mechanical & A pace Engineering
X=%.1
XX =4 03
XXX =+.010 USu
ANGLES # 1 WRIGHT FLYER
DRAWN BY: T -20
David Beck Christensen 903 2 03
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Carbon Fiber Strut WF-50-099-14D
DATE: 211772002 SCALE: |size: B |sHEET 1 of 1

| 1




arbon fiber tube, 1" 1.D. X 1/16" wall

37.51

TG WtaliState  Mechanical & Aerospace Engineering -
A UNLESS NOTED OTHERWISE RUIEILIIIA Mechanical & Aerospace Engineering A
X=z%.1
XX=2%.03
JORX = £.010 Usu
ANGLES £ 1" WRIGHT FILLYER
DRAWN BY: 1 -
David Beck Christensan 903 2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Carbon Fiber Strut WF.-50-099-14F
DATE: 21172002 SCALE: |'size: B \SHEET 1 of 1

4 1 3 4& 2 T 1




¥ 2

I

RN

Carbon leaf spring to be bonded to skid hard point and "sandwiched”_

with another steel backing plate not shown,

i

Parts List
ITEM | QTY PART NUMBER DESGCRIPTION
m 1 2 |WF-50-000-05 Skid Hardpoint Assembly
It 2 1 |WF-50-000-01 Angled Hard Point Asse [€}-
o mbly
3 6 |WE-50-000-06 Tube Fitting Assembly
4 1 WF-50-099-05-01 Hardpoint, Spar, Rear, L
eft
5 1 |WF-50-099-08 Hardpoint, Spar, Rear
o [ 1 |P_N06-01815 Matco Wheel & Carbon
Spring
o 7 1 [wWF-50-009-141 Tube, Strut
8 1 |WF-50-099-14H Strut
] 1 |WF-50-099-14G Strut
5 ALL DIMS ARE IN INCHES echanical & Asrospace Endinearing

ki UNLESS NOTED OTHERWISE A

L5 X=+1

=X XX = %03 USU

’, XXX = £.010
A ANGLES * 1 WRIGHT FLYER
o DRAWN BY: -
Q David Beck Christensen 1903 2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Rear Struts, Left WF-50-000-00D A
DATE: 211712002 SCALE: | siZe: B [SHEET 1 of 1




Parts List
ITEM | Q7Y PART NUMBER DESCRIPTION
1 1 WF-50-099-01 Skid, Hardpoint
2 1 |WF-50-099-01C Plate, Backing
3 4  |AN36S Nut
4 4 [MS24694 Screw, Machine
ALl DIMS ARE IN INCHES B echanical & Asrospace Sa i
UNLESS NOTED OTHERWISE R
X=£ 1
XX =+.03
OO =& 010 USU
ANGLES % 1° WRIGHT FLYER
DRAWN BY: -20
David Beck Christensen 1903 03
MATERIAL: PART DESCRIPTION: PART NUMBER: REV

Angied Hard Point Assembly WF-50-000-01

DATE: 2HTi2002

SCALE:

| size: B {sHEET 1 of 1

| 1




O
.51 TYP (AN
\O
0.88 TYP j
45° TYP
Parts List
ITEM | QTY PART NUMBER DESCRIPTION
1 1 WF-50-099-01A Plate, Mounting
2 2 |WF-50-099-01B Tab, Mounting
ALL DIMS ARE IN INCHES R 1im|ed ani erospace Enaineeri
AT lai o Bl ULMIMIOLE  Mechanical & Aerospace Engineering
X=z1
XX =+.03 QU
XXX = .010 U.
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: 1 -20
David Beck Christensen 903 03
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Skid, Hardpoint WF-50-099-01 A
DATE: 21742002 SCALE: | size: B ISHEET i of 1
4 3 2

i

1




- ' ' 0.38 -

4.00

ALL DIMS ARE IN INCHES utﬂhstﬂte P ni. al & A r anace Enginserin
A UNLESS NOTED OTHERWISE IR ETA Machanical & Aero pac 9 8 A
X=+.1
_ XX=%.03 UsU

XXX =4 010 S
ANGLES % 1 WRIGHT FLYER

DRAWN BY: I -200

David Beck Christensen 903 Y 3

MATERIAL: PART DESCRIPTION: PART NUMBER:

Steel, Mild Plate, Mounting WF-50-099-01A

DATE: 21172002 SCALE: [size: B |SHEET 1 of 1

T 2 [ 1

M
i
i




o.13-[ Iv

RSl UtahState 1jechanical & Aerospace Engineerin
UNLESS NOTED OTHERWISE IEELEIE] ' P g 9
X=%1
XX = .03 UsvU

XXX =+ 010

ANGLES 1 WRIGHT FLYER
DRAWN BY: 1903-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Mild Tab, Mounting WF-50-099-018 A
DATE: 2/17/2002 SCALE: [ size: B fSHEET 1 of 1




B B
4 X @0.19
[ X 100 deg. countersunk ' _.H.._g_os
1 : ]
B ' [ 0.38 &+
1.75
| !
I | 1
- 4.00
T LA UtahState Mechanical & Aerospace Engineering
A UNLESS NOTED OTHERWISE RiiiaRA :
Xet.1
XX =£.03 USU
XXX =4 010
ANGLES * 1 WRIGHT FLYER
DRAWN BY: 1903-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Mild Plate, Backing WF-50-099-01C
DATE: 2M72002 SCALE: iSIZE: B [SHEET 1 of 1

7 ; 3 i 2 T




Paris List

[TEM | QTY

PART NUMBER DESCRIPTION

1 1

WF-50-099-05A Tube, Mount, Spar, Rear

2 1 |WrF-50-099-01B Tab, Mounting
ALL DIMS ARE IN INCHES | [a B0l ¢ ical & Aerospace Engineerin
UNLESS NOTED OTHERWISE IIREEt i Tkt ngineering
X=£1
XX =+.03 USU

XXX = £.010

ANGLES % 1 WRIGHT FLYER
DRAWN BY: 1002-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV

Hardpoint, Spar, Rear, Left WF-50-099-05-01 A

DATE: 2117/2002 SCALE: | size: B [SHEET 1 of 1

1




4 l 3 2 ] 1
116" X 4" X B" 4130 rolled 180 deg.
B
i- 4.00
-+
R1.28
BTN UtahStole  Mechanical & Acrospace Engineering -
A UNLESS NOTED OTHERWISE RN - p 9 9
X=%.1
XX =£.03 USsU
JOX ==+.010
ANGLES & 1 WRIGHT FLYER
DRAWN BY: 19003-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Mild Tube, Mount, Spar, Rear WF-50-099-05A A
DATE: 21772002 SCALE: l size: B JSHEET 1 of 1
4 | 3 2 |

e e vt e




45°
Parts List
[TEM | aTY PART NUMBER DESCRIPTION
1 1 WE-50-099-05A Tube, Mount, Spar, Rear
2 1 |WF-50-099-01B Tab, Mounting .
ALL DIMS ARE IN INCHES Mechanical & Aerospace aaring
UNLESS NOTED OTHERWISE R
X=x1
XX =103 Ustr
XX =010
ANGLES £ 1 WRIGHT FLYER
DRAWN BY: -
David Beck Chiistensen 1903 2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Hardpoint, Spar, Rear, Right WF-50-099-05-02 A
DATE: 2117/2002 SCALE: l size: B lSHEET 1 of 1
3 2 |

1
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————— _F_ e | . e v el e

Paris List
ITEM | QTY PART NUMBER DESCRIPTION
1 1 |WF-50-099-05A Tube, Mount, Spar, Rear
2 1 JWF-50-099-08A Tab, Mount, Spar, Rear

ALL DiMS ARE IN INCHES slale  \echanical & Aerospace Engineering
UNLESS NOTED OTHERWISE RNk
X=£ A1
XX =%.03 USU

XXX =£.010

ANGLES * 1 WRIGHT FLYER
DRAWN BY: 19003-200,
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REVY

Hardpoint, Spar, Rear WF-50-099-08 A

DATE: 211712002 SCALE: ‘ size: B |SHEET 1 of 1

.




adius to ﬁatch outside radius of WF-50-099-05A

:
0.50 TYP
L
R0.50 TYP L 0.50 TYP
2X 0.31 ALL DIMS ARE IN INCHES RV R 0140 8 g
Mechanical & Acrospace Engineering
263 UNLESS NOTED OTHERWISE [ELINLEERR P g ing.
X=%1
XX =+.03 USU
XXX = £.010
ANGLES & 1 WRIGHT FLYER
DRAWN BY: 1003-200
David Beck Christensen 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Steel, Mild Tab, Mount, Spar, Rear WF-50-099-08A A
DATE: 211772002 SCALE: |size: B |smeer 1 or 1
4 I 3 2 | 7




rhon fiber tube, 1" 1.0, X 1/16" wall

19.50

TNyl UtahSitate Nechanical & Aerospace Engineerin
X=.
XX =%.03 USU
XXX =%.010 '
ANGLES * 1 WRIGHT FLYER
DRAWN BY: -20
David Beck Christensen 1903-2003
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Carbon Fiber Tuba, Strut WF-50-089-141
DATE: 2/17/2002 SCALE: | size: B ISHEET 1 of 1




rbon fiber tube, 1" 1.D, X 1/16" wall

I

31.89

ALL DIMS ARE IN INCHES [l [nikinis
UNLESS NOTED OTHERWISE JERIRELINR]

Mechanical & Aerospace Engineering

X=%.1 USU
XX =403
XXX =2 .010
ANGLES £ 1° WRIGHT FLYER
DRAWN BY: 1 -200
David Beck Christensen 903 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Carban Fiber Strut WF-50-099-14H
DATE: 211772002 SCALE: I SIZE: B 17SHEET 1 of 1
] 1

T




rben fiber fube, 1" 1.0, X 1/16" wall

35.80

ALL DIMS ARE IN INCHES

UNLESS NOTED OTHERWISE KRR

UtahState

Mechanical & Aerospace Engineering

X=%1 USU
KX =+.03

XXX =£.010

ANGLES = T WRIGHT FLYER
DRAWN BY: 02-200
David Beck Christensen 1 9 3 3
MATERIAL: PART DESCRIPTION: PART NUMBER: REV
Carbon Fiber Strut WF-50-099-14G
DATE: 2117/2002 SCALE: | size: B {SHEET 1 of 1




APPENDIX A




Original 1905 Wright Flyer Drag Calculations
Reference: White, Frank. Fluid Mechanics. Fourth Edition. Pages 458-460.
Important Notes:
1.) All asrodynamic areas are frontal unless otherwise specified.
2.) Any diagonal member is modeled using a vertical projection of the area.
3.) A YELLOW cell contains a changeable property.
Air Properties (@ 1 atm, and 68 F):
velocity, V = 28 mph or 41.076 ft/s
density, p = 0.002377 slugs/ft®
viscosity, [L = 0.000000376 Ib*s/ft®
kinematic viscosity, v = 0.000158183 ft*/s
o = 1,02 = 2.0053 slugs/ft/s®
Characteristic Length Reynolds :
0.25 in or C.020833 ft 541
1in or 0.083333 ft 216¢
21in or 0.166667 ft 4327
18 in or 151t 38951
Main Wing:
Part Description Modeled as a. .. Cp |Area (in)|Area (i) Quantiry| Drag (Ib) | Drag (%
Top Wing Generic Wing 0.047 251.50 1 23.703 20.8%
Bottom Wing Generic Wing 0.047 251.50 1 23.703] 20.8%
Propeller Supports Cylinder 1.2 32.81 0.23 8 4,386 3.9%
Struis Rounded Nose Secti 0.8 70 0.49 18 14,037 12.3%
Wires ollsctive) Cylinder 1.2 175.2 i.22 i 2.928 2.6%
Subtotal = 68.758 60.5
Front Rudder (Canard):
Part Description Modeledas a... | Cp |Area (in®)|Area (%) Quantity| Drag (Ib) | Drag (%
Top Wing Generic Wing 0.03 --- 41.50 1 2.497 2.2%
Bottom Wing Generic Wing (.03 --- 41.50 1 2.497 2.2%
Controt Shaft Cylinder 1.2 76.5 0.53 1 1.278 1.1%
Blinkers Rounded Nose Secti 0.8 22.3 0.15 2 0.497 0.4%
Struts Rounded Nose Sacti 0.8 33.75 0.23 9 3.384 3.0%
Wires (coltective) Cylinder 1.2 15.68 0.11 1 0.262 0.2%
Subtotal = 10.414 z




1905 F lyer Drag Calculations Continued...

Rear Rudder:

Moment arms on the next sheet, sheet 2

Part Description Modeled as a... CD Wrea (in2)Area (fi2) Quantity| Drag (Ib) |Drag( % )
Left Wing Generic Wing 0.0017 17.40 1 0.059 0.1%
Right Wing Generic Wing 0.0017 --- 17.40 1 0.059 0.1%
Struts Rounded Nose Secti 0.8 22.5 0.16 6 1.504 1.3%
Wires (collective) Cylinder 1.2 15.68 0.11 1 0.262 0.2%
Subtotal = 1.885 1.7%
Engine and Drive Train:
Part Description Modeled as a. .. CD  Wrea (in2)Area (fi2)| Quantity} Drag (Ib) |Drag ( % )
Engine - - -
Block|Rectangular Plate 1.2 250 1.74 1 4.178 3.7%
Radiator|Flat Nose Section 0.8 101.6 0.71 1 1.132 1.0%
Fuel Tank|Cylinder 0.8 76.56 0.53 1 0.853 0.8%
Drive Train o - - --- --- ---
Guide Tubes (collective}{Cylinder 1.2 200 1.39 1 3.342 2.9%
Sprockets|Disk 1.17 99.4 0.69 2 3.239 2.8%
Fropeilers {non-rotating) |Flat Plate 0 -— 4.00 2 0.000 0.0%
Subtotal = 12,744 T1.20
Pilot:
Part Description Modeled as a... CD Jﬁlrea (in2 JArea (ft2)} Quantity | Drag (ib) |Drag( %)
Onville Human( siting ) 12 5 4813] | 4.2%
Airframe Structural Supports:
Part Description Modeled as a... CD  Wrea (in2)Area (112 )| Quantity| Drag (Ib) (Drag ( % )
Skids Fiat Nose Section 1.6 38.75 0.27 2 1.727 1.5%
Wires (collective) Cylinder 1.2 86.78 0.67 1 1.617 1.4%
Control Wires (collective)}Cylinder 1.2 80.36 0.56 1 1.343 1.2%
Center Strut Rounded Nose Secti 0.8 14 0.10 1 0.156 0.1%
Vertical Struts (collective] Rounded Nose Secti 0.8 728.1 5.08 1 8.111 7.1%
Horizontal Struts Rounded Nose Secti 0.8 63.75 0.44 3 2.131 1.8%
Subftotal = 15.085 13.3%
Total Drag Force = 113.70 b




USU Wright Flyer Drag Calculations
****Drag of wings counted on this sheet
Reference: White, Frank. Fluid Mechanics. Fourth Edition. Pages 458-460.
: Important Notes:
: 1.} All aerodynamic areas are frontal unless otherwise specified.
i 2.} Anydiagonal member is modeled using a vertical projection of the area.
' 3.} AYELLOW cell contains a changeable property.
f Air Properties (@ 1 atm, and 68 F):
velocity, V = 45 mph o 66.015 ft/s
density, p = 0.002377 slugs/t®
viscosity, [L = 0.000000376 Ib*s/ft*
_ kinematic viscosity, v = 0.000158183 ft’/s
¥ .
s Qo = pV?i= 51795 slugs/ft/s®
E Characteristic Length Revynolds #:
] 0.25 in or 0.020833 ft 8694
1in or 0.083333 ft 34778
2in or 0.166667 ft 65556
18 in or 1.5 ft 626001
; Main Wing:
Part Description Modeled as a. .. Cp |Area (in®)|Area ()| Quantiry | Drag (b) |Drag (%
Top Wing usu 402509-3040.13] 0.0073 -- 230 1 8.6963125 5.7%
Bottom Wing usu 402509-3040.13] 0.0073 --- 230 1 8.6963125 5.7%
Propeller Supports  |Stream Lined Body 0.12 50| 0.347222 16 3.452073| 2.3%
Struts Stream Lined Body 0.12 100[ 0.694444 18 £6.905946| 4.6%
Wires (colective) Round Cylinder 1.2 0 0 0.0%
Subtotal =) 27.751544 18.3%
Front Rudder (Canard):
Part Description Modeled as a... Cp |Area (in®)Area (") Quantity | Drag {Ib) |Drag (%)
Top Wing usu 993009-3040.13] 0.0451 27.5 1 6.4174151 4.2%
% Botiom Wing usu 8993009-3040.13f 0.0451 - 27.5 1 6.4174151 4.2%
: Struts Stream Lined Body 0.12 24| 0.166667 2 0.2071784] 0.1%
i Subtotal =| 13.042009 8.6%




USU Flyer Drag Calculations Continued...

Rear Rudder:
Part Description | Modeledasa... | Cp |Area (in®) Area (#*)] Quantity | Drag (Ib) |Drag (%
Left Wing NACA 0009 0.0017 == 21 1 (0.1849067)] 0.1%
Right Wing NACA 0009 0.0017 - 21 1 0.18480671 0.1%
Struts Rotund Cylinder 1.2 20| 0.138889 1 0.8632432| 0.6%
Wires (collective) Round Cylinder 1.2 0 0] -0.0%
Subtotal =] 1.2330567 0.8%,
Engine and Drive Train:
Part Description Modeled as a... Cp |Area (in)|Area ()| Quantity | Drag (Ib) [Drag (%)
Engine - --- —
Block|Bluff Body 1 180 1.25 1 6.4743244; 4.3%
Fuel Tank(BIuff Body 1 100| 0.694444 1 3.5968469] 2.4%
Drive Train
Transmission|Bluff Body 0.5 216 1.5 i 3.88458946| 2.6%
Sprockets{Round Cylinder 1.2 28.25] 0.196181 2 24386622 1.6%
Sublotal =| 16.394428}. . 10.6%
Pilot:
Part Description Modeled as a... Cp |Area (in’)|Area (i) Quantity | Drag (Ib) |Drag (%)
Orville Person 6 --- 2 62.153514 41.1%
Airframe Structural Supports:
Part Description | Modeledasa... | Cp |Area (in®)|Area (t){ Quantity | Drag (b) |{Drag (%
Skids Square Cylinder 2.1 12| 0.083333 2 1.8128108] 1.2%
Wires {collgctiva) Round gylindei’ 1.2 0 0 0.0%
Conirol Wires (eoliestive} j Round Cylinder 1.2 0 0 0.0%
Vertical Struts toiiecive) [RoUNd Cylindet 1.2 2717 1.881944 2 23.393892] 15.5%
Diagonal Struts Round Cylinder 1.2 65] 0.451389 2 5.6110811 3.7%
Subtotal =| 30.817784 20.4%
Total Drag Force = 15139 b




APPENDIX B




]- AIRCRAFT PERFORMANCE ANALYSIS

Thrust Required

| .
5 (s pi= .00237695—‘;5 Cpor=0  Cpgi=00411
15 15 ft Note: Cdo was obtained from drag
o spreadsheet. The parasitic drag for
25 25 4050 b :=40.5ft steady level flight {50 mph) was
AT 9 then non-dimensionalized with
V= > mph V= 3 ot Sy =46LIt"  repect to the main wings.
40 40 W = 890IbE oo
45 45 W =890
50 50
\
55 55) 1.547= IO3
182.649
2 w 92.11
Sp VG S
Tg = SO +Cpypt —_  lw Tp = 20.895 Ibf
W }
Ll .s-n-e-RA-p-v2 101.67
Sy 117.191
136.579
159.331
Power Reqguired 20.626
7.306
v 6.141
5ovCp, s
Ppi= ” + Cpo Ve ————— W . 8.484 b
w 14.063
18.21
23.369
W 20.626
: 5p-V"Cpy Sy 7.306
: ————+ Cpy V+ ———— |'W
:‘ w ' Sm-eRp-prV 6.141
P Sy 8.484
PR] = PRI =
1hp : 10.845
14.063
18.21
23.369




Power/Thrust Available

2
Ibf: bt
Ty = 282.034bf Ty = 5,005 250 7o _ 1442008
f[2 303.559
T s =1282.034+ 5.025V, — 144V 2 325.009
A ! 1 2.76
Note: Thrust available (Ta) data was obtained from 317.659 R.864
propelier manufacturer. 281.509
5 3 Ty = 14.439
282034V + 5025V, ~ 144V, 252.634 17.914
Pp = 216.559 Py = '
A 350 ATl 18373
173.284
17.718
122,809/
15.753
Rate of Climb \12.281
—662.457
57.766
P p 307.694
Ve :=u-55060 Veo 349.677 ﬁ_
! 279.151 ma
135.541
—91.117
—411.118)
Power failure and gliding flight
. 764.78
Vs = Sink Raie
270.895
W 227.686
V3 2.
ChoP: Sw 314558 g
Vs oo — ¢ C]t:’m_"[;V'i~ Vs = —
2._‘91 me-Ry-p-V 402.109 | min
Sw 521.436
67522
866.477
The glide ratio for zero wind is equal to the Lift to Drag ratio. Assuming that the wright
flyer will not be flying in windy conditions, we say that R a=LUD=C/Cy Cland Cd
were obtained from WINGS2001 cutput after the plane was balanced,
C
G =241 Cp =.05018 L
L D Re = % R = 4.803




Steady Coordinated Turn

CLma|x:= 0.706 Added Cl of each surface when plane was balanced for 20 mph.

V:=45mph Design {light speed.

n is the stall limited, Maximum allowable icad on the wings.

maxS

I

. is the stall imited Minimum turning radius

This equation does not account for tip stall.

2
05p-V~

Mmax$™= W “CLmax Nmax§ = 1-894
Sw

L= L

1 = 84199 - t
f 2 %t PercentWingSpan ;= —-100
gy paxs ~ 1 ¢ pa b

PercentWingSpan = 207.898

" PercentWingSpan wing span is not very much, the inner wing could easily be stalling,
so we have to try again using the aquations that take tip stall into account 111,

The following equation finds the max load allowable on a wing, taking into account
the bank angle and tuming radius to avoid stalling the tip of the inside wing (See Eq. 3.9.48
and the preceding paragragh, pg. 76.

When 'f(n, ..} equals zero, n__ s the correct value ==

max

2__
8
b-g ’ 2 W 3
f(nm) = nm—( . Mg, — 1J e — LT
OQver view graph: Z00M view graph:
T T I
04 . 410 ° - -
f[n fln -
Ln) 02 - ﬁz 0’ - -
0 ! L 0 !
0 i 2 3 2.324 2.3242
T Om

This is to verify a guess taken from tha graph above:



Guess from graph:

Nyax™= 2.32421

o) m[ _'

¥

I, = ——————
t
f 2 = t
8 sy — 1 r = 64.53ft PercentWingSEMISpan = -—-100
b
2

PercentWingSEMISpan = 318.665

**The load on the wing structure is the weight of the plane times the load factor, n.

Wingload :=n,, W WingLoad = 2.069x 10° Ibf

g forces on the wings:

Wingl.oad
Gs 1= 18070 Gs=2324
w
Take Off Performance
ft
ft totate = 1sec Vstall = g ——
g=32174—- ft sec
32 t =2sec Vhw =0 ;E
react Vo= 14 Vyan
up=.1 _ fit
VLO =48.4 5
Horakes = 1 hw = 5ft
Note: Rolling and brake iriction are unknown at this time. Note: Uncertain what value is carrect for the haight of
wings from ground {or biplane configuration. An

The vaiues listed are an estimate. If  pbrake= prthena

zero brake analysis is being done. average of the two is being used here.

1 1
CL=meRy BN + 5 '(f“l'r - CD@.L) G, =1.092
16:hw
2. —_—
b
2
]6_h_w c 2
. b L Cn = 0.096
D = Cpo + Cpo.L CL * 2 weR b=
h e A
I+ 16—



=—— =0.217
Koim oy ~Hr Ko
T
1 _
Kji=— K, = 5.646% 107 ° =
W ft
T 2
2 p —48
Kyi=— + (CLme - Cp) Ky =-1.535% 10—
W w 2
2— ft
SW
4 52
KR _4K0K2_Kl KR=—1A65X 10 ‘_2
ft
5= £, = 0217
. N —35
f52 = Kl fsz = 5.646x 10 }'t'
2KV 33
fLoo=K;+ 2Ky V0 fi g =-9.211x 107" =
1 (o2 =R fi
W . KW =213.757—
VKR (fLo2+ \f_KR) ( :
1 o) KK, 1 2
KT = /| - KT=5584X 10 —
2K, | f, 2K, 2
K = Vpw Ky
540= s, = 173.543ft
g
Sg =8, + (VLO - Vhw)'[rotate Take Off Distance
Sg = 221.943ft
Landing Performance
ft
Spi= (VTD - Vhw}'trf:act sp=1012f
W
- 2
Sw P-¥1p =)
L e ' L spy = 47,4541
P ‘g'(CD - "Lbrakes'CL) 2._YV_ Worakes b=
SW
ng =5+ Sy Landing Distance
s = 548,654t
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i

% of Total Weight Carried (800 Ibs} Assumptions
*Canard :15%
*Front Spars : 30%
*Cabies/Skin : 50%
*Back Spars : 20%

Calculations for front spar thickness and weight

P= EQ.OL:EE Assumed load on wingtip test (2.5 g load) [P(%}number of spars]
L:=207in Length of beam (assumed to be rigid at frame mount)
a = 207in Distance down the beam that the deflection is measured
8:=20in Deflection
p= .O<543065798r1—b3 Density
in
do:=3.109in Outer diameter (should be within 3.0 to 3.2 inches diameter)
Ry = % Outer Radius
E, = 10(}109.pa X-dir modulus of the graphite (in line with the fibers)

(El value required)

Stiffness = P—a--(}L— a)
6-5

2
4 kg m3
Stiffness = 2.545x 10 —2

5

(Ri = inner radius according to smearing method)

4
—Stiffness-4 4
R“‘j *Ro R; = 1.5in

T Ey




(Thickness)

=Ry - R t = 0.055in {About 10
(Volume) layers}
Vim Ry - &) 4861 3
=R Ry o V = 254.786in
(Weight)
We=p-V

(Diameter of Mandrel)

d:=R;2

d =3in
Back Spar Calculations
1b
p . 800IbF.20 p = 0643065798 —
' 4 in
L =207in dg =2.531n
a:=207in dy
Roi=—
8:=25in
Ey:=90 10 -Pa
(El value required)
2
Pa 3
: — NEA k
Stiffness - es BL-a) Stiffness = 1,358x 107 ~21
s
(Ri = inner radius according to smearing method)
4 —Stiffness-4 4
R‘::‘/ en, o R; = 1.215in
(Thickness)
. {About
t:=Ry - R t=0.06in 12 layers)

Assume that one must add 3 more 'strength layers' on the center 72 inches of the spar...

ti:==t+ .015in Rocenter =Rg + ¢
{Volume)
Ver (R02 . Ri2)-414in i (Rocﬂmerz - Riz).n-in V=262328in°



(Weight)

=p-V
Wo:=p Wy, = 16.8691b
(Diameter of Mandrel)
di=R;:2 d =2.431in

Total estimated spar weight

TOTALgpgr 1= 2-Wp + 2 Wy

Rib Weight Calculations

P foam = 37165%1
m

Nripg = 60

Xeibs = 69.576in
Yribs = 2.5in

Zihs = .5-0in

Viibs = Xribs' Yribs Zribs

Mfoam = Vribs P foam’ Nribs Mfoam = 7.0061b

gm
P kevlar = 0072 _2
cm

LAYERcevlar =1
2
Apips = .1122m

Mievlar = P kevlar LAYEReeviar Aribs Nribs Okeylar = 1.06%1b

TOTALgps = mfgam + Mievlar

(adjust for epaxy)
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I-deas Beam Models

Figure 1 refers to p/n WF-50-099-11A. The chassis beam is loaded with 120-Ibf
at two points spanning ten inches. The 2 — 120-Ibf loads (240-1bf) is due to two men
standing on the Footrest assembly, estimating 240-1bf per passenger noting there are two
chassis bars supporting the reaction.

Figure 2 refers to p/n WF-50-099-11A. The chassis beam is loaded with 120-1bf
at two points spanning ten inches. The 2 — 120-Ibf loads (240-1bf) is due to two men
standing on the Footrest assembly, estimating 240-1bf per passenger noting there are two
chassis bars supporting the reaction.

Figure 1: Chassis when both standing.

2-CERS Visuatjzar

Disalay 1

Foml ENCT
8.C. I-DISPLACEMENT_t.LOGD SET 1 .

9.8LE-02

3. 10602

B.E. L.DISFLACEHEHT_L.LOAD SET L

Srmes s aes ma s aF lys s/ Ay  Fogr 2. mfl 4

BISPLACEMERT v2 Magnitude B.60C-02 ¢
[ Hic: 0.00E+00 tn Har: 1 81E-01 1n o I8
1.' R Part Coordiaaty Systen L OFE-02 |
B 7,392 H

?.caBEﬂ)\zI

u.585-02 8

5.066-07 B

<.55€-02 £

q.05-02 B

Figure 2: Footrest bar both standing.




Figure 3 refers to p/n WF-50-099-11A. The beam is loaded with two horizontal

~ forces of 120-1bf each, modeling two passengers sitting on the span bar. The distance
between loads is about twelve inches. Assuming that the pilot and passenger are 240-Ibf
each and there are four mounting points, two on each chassis bar.

Figure 4 refers to p/n WF-30-003. The beam is loaded with 2 distributed loads of
120-Ibf across 18 inches each, along with two point Joads 20 Ibf each for the engine. The
distributed loads are if both the pilot and passenger are standing on the footplates. 120-
Ibf is approximately one half the weight of a large man (note: one half because there is a
front and back beam supporting the foot plates.) The 20-1bf point loads are two engine
mounts on the beam, estimated 80-1bf engine divided by four mounting points,

[-DEAS Visualazer
Daspley L

Femt

B.C. 1,DISPLACEMSNT_1,L0A0 SET |
ORS00 _racSmos/uf Eynteenubems.Af s
DISPLRCEHENY Hagnictuca Unsverated Top shell
HIn: 0.00F+00 zn Hax; {.59E-01 in

B.E, LDISPACENENT 1.LGA SET 4

#honc/ =00, nansnat/uflyersanybents ,mE1
DESPLALEMENY XYZ Magolitude

Hln: 0.00£r00 In Hax: 1.535-01 1

Part Loordinate System

Figure 3: Chassis bar hoth sitting,

;o A s 3R

r—‘i;ui's‘—“"‘;’y’-'f-u'&',‘-{z‘-?

moREOF oS H

Figure 4: Span bar both standing.




Control Throw vs. Surface Deflection

Component: Canard [Control Side Tabs |
Action: Elevation 1.5 2 25 3 35 4
Nead Canard rolation of +/- 15 degrees  [Canard control radius]
1.5 2.5 3.5 45 55 6.5
Control Stick
Throw Cable Displacement
holel | hole2 |hole3 | holed | hole5 | hole 6
(degree) ___ (in) {in) (in) {in) (in) (i)
-30.0 -0.750 -1.000 -1.250 -1.500 -1.750 -2.000
-25.0 -0.634 -0.845 -1.057 -1.268 -1.479 -1.690
-20.0 -0.513 -(.684 -0.855 -1.026 -1.197 -1.368
-15.0 -0.388 -0.518 -0.647 -0.776 -0.906 -1.035
-10.0 -0.260 -0.347 -0.434 -0.521 -0.608 -0.695
-5.0 -0.131 -0.174 -0.218 -0.261 -0.305 -0.349
0.0 0.000 0.000 £.000 0.000 0.000 0.0G0
5.0 0131 0174 0218 0.261 0.305 0.345
10.0 0.260 0.347 0.434 0.521 0.608 0.695
i5.0 (.388 0.518 0.647 0.776 0.908 1.035
20.0 0513 0.684 (.855 1.026 1.197 1.368
25.0 0.634 0.845 1.057 1.268 1.479 1.690
30.0 0.750 1.000 1.250 1.500 1.750 2.000
Canard rotation @ 3.5" radius (hoie 3}
halel | hole2 Jhole3 | holed | hols5 | hole
(degree) (degree) (degree) (degree) (degree} (dagree)
-12.37 -16.60 -20.92 -25.38 -30.00 -34.85
-10.44 -13.97 -17.57 -21.24 -25.00 -28.88
-8.43 -11.27 -14.14 -17.05 -20.00 -23.01
-6.37 -8.51 -10.65 -12.82 -15.00 -17.21
-4.27 -5.69 -7.12 -8.58 -10.00 <11.45
-2 14 -2.85 -3.57 -4.28 -5.00 -5.72
0.00 0.00 0.00 0.co 0.00 0.00
214 2.85 3.57 4.28 5.00 5,72
4.27 5.69 7.12 8.58 10.0C 11.45
8.37 8.51 10.65 12.82 15.00 17.21
8.43 11.27 14.14 17.05 20.00 23.01 -
10.44 13.97 17.57 21.24 25.00 28.88
12.37 16.60 20.92 25.38 30.CC 34.85
Component: Wing Warp [ Wing Warp Differential |
Action: Roll hole 1 1.75 in
Properties: [ Stick Dimensions ] hole 2 3 in
Total Vertical Height 15 in hele 3 45 in
Lg radius 12 in hale 4 & in
sm radius 3in hole 5 7.5 in
hole 6 9 in
Need: +/- 8 inches of cabls travel. hole 7 10.5  in
I Cable Travel
Control Side Wing Side
(attach at hoie 1) Bell Rotation hole 2 hole 3 hole 4 hole 5 hole § hole 7
{degree) | (inch) {degree) [ (inch) | (nchy | (inch) | (inch) | (inch) (inch)
-30.0 1.50 59.00 2.57 3.86 5.14 6.43 771 .00
-25.0 1.27 46.43 217 3.26 4.35 5.43 68.52 7.61
-20.0 1.03 35.90 1.76 2.64 3.52 4.40 5.28 6.16
-15.0 0.78 26.34 1.33 2.00 2.66 3.33 3.99 4.66
-10.0 0.52 17.32 0.89 1.34 1.79 2.23 268 3.13
-5.0 0.26 8.59 0.45 0.67 0.80 112 1.34 1.57
a.0 0.00 ¢.00 0.00 0.00 0.00 0.00 0.00 0.00
50 0.26 -8.59 -0.45 -0.67 -0.80 -1.12 -1.34 157
10.0 -0.52 -17.32 -0.88 -1.34 -1.79 -2.23 -2.68 -3.13
15.0 -0.78 -26.34 -1.33 -2.00 -2.66 -3.33 -3.99 -4.66
20.0 -1.03 -35.90 -1.76 -2.84 -3.52 -4.40 -5.28 -6.16
25.0 -1.27 -46,43 7 -247 -3.26 -4.35 -65.43 -5.52 -7.61
30.0 -1.50 -58.00 -2.57 -3.86 -5.14 -6.43 771 -9.00




Component: Rucdder
Action: Yaw
Properties:
[ Pull Cable Differential | L Rudder 1
hale 1 1 in Coupler Radius 2,512 in
hote 2 15 in
hole 3 2 in
hole 4 25 in MNeed Rudder rotation of +/- 15 degrees.
hole 5 3 in
Cable Displacement {in} Rudder Deflection (degree)

{degree) | hole 1 hole 2 hole 3 hole 4 hole 5 hole 1 hole 2 hole 3 hole 4 hole 5
-30.0 -0.50 -0.75 -1.00 -1.25 -1.50 -11.48 -17.37 -23.46 -28.84 -36.66
-25.0 -0.42 -0.63 -0.85 -1.06 -1.27 -9.69 -14.62 -19.66 «24.87 -30.31
-20.¢ -0.34 -0.51 -0.68 -0.88 -1.03 -7.83 -11.78 -15.80 -19.90 -24.11
-15.0 -0.286 -0.39 -0.52 -0.85 -0.78 -5.91 -8.89 -11.89 -14.93 -18.00
-10.0 -0.17 -0.26 -0.35 -0.43 0,562 -3.96 -5.95 -7.95 -9.85 ~11.87
-5.0 -0.09 -0.13 -0.17 -0.22 -0.26 -1.99 -2.98 -3.98 -4.08 -5.97

0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5.0 0.09 0.13 0.17 0.22 0.26 1.899 2.95 3.98 4.98 5.97
10.0 0.17 0.28 0.35 0.43 0.52 3.96 5.95 7.95 9.95 11.87
15.0 .26 0.39 0.52 0.65 0.78 5,581 8.89 11.89 14.93 18.00
20.0 0,34 0.51 0.68 0.88 1.03 7.83 11.78 15.80 18.90 24,11
25.0 0.42 0.63 0.85 1.08 1.27 9.689 14.62 19.66 24,87 30.31
30.0 0.50 0.75 1.00 1.25 1.50 11.48 17.37 23,46 29.84 36.68
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; Quality Assurance

As with any manufacturing process there can be inconsistencies in the final
product. In order to avoid these inconsistencies, quality assurance inspection forms were
created for the purpose of tracking, documenting, and ensuring the quality of each and
every part on the USU Flyer. A few examples of these forms are attached for reference.
The purpose of each form explains why the quality assurance is needed for each part. The
requirements list specific items that must be met in order for the part to continue in the
manufacturing process. Four individuals (Technician, Design Engineer, Manufacturing
Manager, and Project Manager) inspect and pass off these requirements to ensure that no
faulty part continues in the process. If parts are do not conforming to these requirements,
their quality assurance forms can aid in determining the root cause of the non-
conformance.




Sheet Number:

QUALITY ASSURANCE

Inspection and Certification Form

Part Number: WF-20-015

Description: Canard Surface Left

Date:

Purpose: a) Certify that left canard surface is manufactured according to specifications.
b) Verify dimensions.
c) Certify that the surface has the correct aerodynamic shape and size.

Requirements: Verify the correct material of the surface. Inspect the acrodynamic
shape to verify that it is the correct shape and size and reduced
accordingly. Verify that the spar holes are in the correct position as

5 specified in the drawing.
! Part Number | Item Number | Weight | Tech. [ Str. Eng. | Man. Eng. | Proj. Man.
; WE-20-015 #1
| WE-20-015 #2
Signatures:
Technician Date
Structural Engineer Date
Manufacturing Engineer Date
Project Manager Date




QUALITY ASSURANCE
Inspection and Certification Form

Sheet Number: Date:

Part Number: WF-30-101 Weight:

Description: 4130 Steel control system main housing. The case supports control
mechanisms for roll and elevation. It is attached to the chassis with large pillow blocks.

Purpose: a) Certify part has been anodized.
b) Certify part is correct length.

c) Certify all drilled holes are within tolerances of datum.

Signatures:

Technician Date
Structural Engineer Date
Manufacturing Engineer Date
Project Manager Date




QUALITY ASSURANCE

Inspection and Certification Form

Sheet Number:

Date:

Part Number: WE-50-(099-03

Description: Skid to Canard hardpoint

Purpose:

a) Check that four sides on tab are welded
b} Check integrity of welds

¢) Check dimensions with drawing specifications
d) Check overall part with drawing specifications

Requirements: This part is a weldament, consisting of three welded pieces and several
drilled holes. It may or may not be painted at the time of this inspection.

e e g e i 1 AT

Part Number | Item Number | Weight | Tech. | Str. Eng. | Man. Eng. | Proj. Man.

WE-50-099-03 #1

WE-50-099-03 #2

Signatures:
Technician Date
Structural Engineer Date
Manufacturing Engineer Date
Project Manager Date
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g U RTH YD

The Wright Flyer Desi gn Team

Front Row (LR): Nick Filimoehala, Jon Holfeltz, Carson Esplin, Ben Case, Wavyne Goodrich,

Eric Peterson, Nick Alley (project manager), Mark Karpowich (modeler), Adam Richards.
Back Row (LF): Amy Hintze, Nate Holman, David Christensen, Weston Allen (Draftsman).




Poster on the Hill — Capital Rotunda




Wright Flyer

The Structural Design
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A Model of the 1903 Wiicht Flver
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Desioning, and Testino [deas

: Adam and Nick discuss the power train with Carson and Chuck Larsen converse about the
Randy Chesley. wing ribs.
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Cockpit concept in pink Mockup of cockpit eoncept
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Prototyping
Wings and Carbon Fiber Tubes

Eric and Bill Pratt rolling fibers onto a spar.




Carson holding light wing section.

Too Easy!




[ Canard
|

Nate making canard airfoil femplate,

A canard end secfion Canard mid-section
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Surfs up, DUDE!

Caunard on display
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The Rudder

Leading edge of a rudder section

Assembled rudder section

Finished rudder section




Random Shots

Carson --?72?

Jon at work

Eric - CHEESE!

"

Niek (the Boss)
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“Prophet, Citizen, and Aeronqutical Pioneer!”




News Arficles
The Salt Lake Tribune — April 23, 2002

GETTING IT WRIGHT

Hartmaun The S

USL} engineerng student Wayne Goodrich tweaks a guarler-scale replica of the originai Wright Flyer, the
Wright brothers' plane that flew the worid's first powered {light, A full-size version wifl ba built by USU students.

- Marking a Milestone

USU students revamping historic plane for centennial fest

BY GREG LAVINE original plags The 1503 and 1904 would ther have hailt the plase our af

1P BT LATE TRANNE Wright Diglanes erushed on lapding,  torlday? ) ]

: - e LR The 1855 mode! was the first to have Carbonfiber  composites and
LOGAN — Even a century later,  controlled landing Reviarcoated foam replace most of
Uuth State University grad student AR 5 pmoreday in Reom 120 of  the wooden parts of dhe original bi-

Nick Alley marvels at the piloting  USH's Cazier Science and Technology  plane
skills of Ogville and Wilbur Wright. Library, the stidepsz will presem Amy Hintze, a senloron the project.
The wnmodandeanvasbiplane —which  thelr plans. Parl of the presentation  desiznst} the new cockpit. In 1965, the
sprttered into hishory af Kitte Hawk,  will include a Qigheworthy, quartes- plot tald down Dat en e wing to
N* wiih the workl's frst snecesshyl  scale model of the 1903 Wright Flyer. A cantrel the plane, The new ecckpir will
powered Bight - wos unstable and  similar model of the USU version wil!  move forward and will include a pelr

sexm be buil te eompare (light char
maring the Wiight  acteristies of the phes.
“We were asred o red

3

: on the wing is not @
-of the plane, " Hiniz
The trimined do 5
enpeatad to weigh about i

able e 1y if as well oy




The Salt Lake Tribune — April 23, 2002 (continued)

artmann/The Salt Lake Tribune

USU graduate student Nick Alley, lefl, and aviation program
coordinator Dave Widauf show off a replica of the Wright Fiyer.

USU Project
More Than a
Flight of Fancy

B Continued from B-1

“It was too good an opportu-
nity to pass up,” Alley said.
“T've lost sleep over this. It's
been really stressful.”

The student designers have
collectively logged about 4,000
work hours. Some of the scon-
to-be-graduating students will
stick aroungd this summer to

build the plane.

Widaul' said USU has big
plans for the souped-up bi-
plane, Once the plane is bujlf, it
wili g0 on a barpstorming tour
of Uiah scheols.

"Maybe we can light the fire
in some Xid’s eyes to be an en-
gineer,” he said,

I money can he found,
Widauf would like to show off
the plane on the way o or [rom
the Dayion flving festival, Just
don’t expect to see the Wright
Flyer soaring over inferstate
80, as the plane wil} prohably
travel via truck.

“We're going to have an air-
plane flying, hopefully by the

end of summer,” Widauf said.




The Deseret News — March 10, 2002

USU students ready to Iy into the past

By Losh L Culler
Dersonet Newn 83! vantee

Agroup of college students is honoring the _world's l'u'_st aviors
by turning back the clock and re-creating Onville and Wilbor

Wright's ariginal tiving wonder.

Nearly 100 yeurs alter the brothers made their first 1-second
filght. Utah State Uiniversity students are building a modern-day
replica of their flving machine, a feat balieved nover attempted.

“Oither groups are building replicas using original maleniats,”
saug) Diavid Widauf, a TIS1 assoclate professor overseeing the
project. “We thought, “Why not huild i replica with materials that
woild Be availabie ifthe Wright brothers svere eonstructing an air-

plane today?" "

The team is using the ltest Revlar and graplite materials
instead of the muslin and sprice used by lhr- Wrights a contory igo.

PLANE

Cemtlumicnd freame 11

The twa-year projoct ot
under way last semester angd
will culminale when the plane
15 flown during the Wright
Fiyer contennial celebration in
Diptan, Ghio, in 2603

Tha sturients spont LG
haurs last semester petting tn
lriow evervthing abott the orig-
inat right, plane, according (o
Migke Mley # S graduale siy-
dent and the design proiect
munnger, Pive of the 10 stu-
tonty are focusime on the strue
tural aspeet of tha project,
whilz the other five are work:
g onthe plane’s apradynam
ies. This seenester, the students
have hutlt a guarterseale
mausdel and soon will start work

on the seteat full scale plane.
'The quarier-scale model was
on display at “Dinctek 2007 o
free hightech exhibit at the

‘Caden Dinesaur Park. throwgh

Feb, 2.

When they finish that plane,
former Sen, Jike Garn wants o
he the ope in the pilot seal on
al least ane of is1Tidds, They
hope that fight witl go tarther
than the 120 feet the Wright
brothers macaged.

Garn, who Says aviation has
always been a part of kis life,
said it would complete his avia
tion career 1o By a repliva of
the orginal Wright plane Gamn
has “fown all soris of things”
wcinding hang gliders and
experimental and bome-bult
aireraft, In 1865, he hod e
opportunity i bethe Mirst sub-
liw'gMeial to Qv aboard the

Floasy se.» PLANE g B2

Space Shuttle.

And Garn said be's nof wor
ried ahout 1he safety of thy
panc,

“Allor all the things Pve
[town, U'm not the feast bit cone
cernedd about it erashing,” he
said. 1 feel much sater in au
atrplisne than a ear ™

Czarn sakd he does recognie
that tese students face a ehal-
lenge 1n desipning a plane ke
tieal to one brtll 100 years ago

“Ihere's 4 fot of differenices
in the way e Wright brothers
fev ana the syiation technol-
BV W Leive trediy,” B gaid,
Sl i eie s some obstaeles 1
overeonue, bud T'm eonfidoent
they will avercome thom™

The students themselves ded
mitedy reeognize the challengts
they e,

Allew asd the desien feap s

USU students are balding a replica of the gnt Brothers* orginal biplane,

restricted more thae anyibing
by sesthetics, beeause they
want the plane to look jike the
Wrights’ original. Another con-
rern s the eenter of gravity.

“The Wrights had very litite
understanding of acrodynam-
fes.” Alley said.

In the original plane, the
remiar of gravity was bebind
the main wing, Alley said the
wenm fras hid Lo destgn aronned
that by makiny the tail end of
the plane as light as possible,

Carson Esplin isin charge of

the steues azal desipn of tia
wings and hay to deal with
changng the wing-warping
ieehanesim of the eriginal
plane to secomumndate s ow
arrini design.

’\ll(u Adam Richards and
Tsen Case developed softwure

to cheek iow tip original phie

performed i steady 1tight
They used that program o find
trends in how changing Uings
about the aireraft wonld affeet
its flight performance. One of
ther bigpest changes they're
making is reducing the weight
feom its original 710 pounds to
310 pounds.

“We're brymg to make B
plane as lpht as possible.”
Alley said, “ Anybody ean buikd
2 platie that weighs 700 or BOG
pounds.”

Alley snid the ehailenpe s
destening an airerafl that has o
earty i huiman benp

Quarter-seate modaeis of the
plane will he tuben ontasr in
Utake a5 soon as (s Odober.
Prina Pasket! ol the Spuce
brvnamics Labaratory i Lopon
said the four will reach un est)
mated] A0 sthclants who

will have the spportinity wr
tearn shout avistion through
specinlized lesson plans uid
wusay i art conlests

O its way 1o Ohiro dor the

centenniat, e full size plans
will follow o historical path,
stopHngE 1o shuw off sl vinons
spots on the way. For that Loy,

the plane wilk s (0 Fit a3 53

foot varn, witich means if wilt
rave 1o be disassembled and
roassemided. Poskeld sail ilie
project’s otanizers ire il
workregt o s % jrath imri
thntes for et Loy

Bul fur new, e siudats gt
st eoneernies] dilwat gelea
the phane off e prosod,

" Wheh st tie plae G

st Ty i owill 1o fmy bpe
wirrt )l Lo 30t wer've Tl
0" 4 e surd.




The USU Statesman — A pril 26, 2002

Wright plane getting ready to roll

B GO

Seniy Wnrer

Senior mec]:lamml
en; i i aviution

tmﬁmnlog; students are
experimenting with “The
Wright Stff~ to con-
struct 2 medem-day
replica of the 1905 air-
plane flown by the
ATight brothers.

Ten students from
Utah State University
were chosen lowork on
the project gut of 21,
said Nick Alley, a first-
year master’s student in
mechanic] and aere-
space engineering, and
the project’s inanager.

At a presentation
Tuesday evening, Alley
said the students have
put in 4,000 hours to
produce the research
required io build a
werking aircraft

“1 hape everyone roal-
izes what these students
have dine here! Alley
said

What they have done
is to redesiga the origi~
nal airevaft using mod-
ein materizls ta improve
the stability, stal] susce
tibility, drag and to I'E‘IIIK:E
it safer and more user
friendly, Wavne

,a student working on
the pm]ecL said.

“And it'll still be good lookir
Goodrich said.

Using computer prograns sk
sirnkations such as Wings 2000,
students analyeed the effecis of
their redesigns.

Erie Peterson, a senicr in
mechanical engineering said they
have great ronfidence ir the relia-
bility of the compuler models’ pre-
dictions bacause they have heen
tested against wind tunnel experi-
ence and compared to other pro-

Erams.
Although the plane will aciually
be flown, Dave Widauf, aviation
programs coordinater in the
industrial technelogy and educa-
tion department, said the plane
will not he inaking any cross-coun-

A QUARTER-SCALE MODEL of the USU Flyer was on

try flights beeause the fuel fank
caparity will only allow for Dights
of about an heur, and the plane
will et be able to handie crass
winds more than five miles per
hour.

“Tt's 1o prove & cencept and to
celebrate the Wright brothers,”
Widauf saicl. “Ifit gels off the
ground and flies arpund a foothall
field, we'll be happy”

Widauf said USU is the enly
organdzation 16 do anything like
tlsis,

“There are three or four athers
doing exact replicas, but they're
mwre for historic valune. We're
doing something unique,” Widauf
said.

The yroup is vsing loca! mareri-
als such as Kevlar and graphite
hecause Widant'said they thaught

WRIGHT
From Page 3

talked 1o the faculty”

p hriatial Hatl o
ainig ¢

spla

those wonid be what the Wrght
limthers would use if they were
huilding the plane today:

A quarter-scale replica model of
the 1905 plane was dispayed at
the presentaton, and students will
begin fuli-size ronstruction of the
USU versien this sunumer.

Another student working on the
EYU]ECL Ben Case, said the group

opes te have the pi;um built by
the end of surniner, hut it will all
depend on how the building
PTOCESS §08s.

To this paint, Case said many af
the students have been putting in
20 b A0 hours each week, and
nuny s pent 66 houwrs over the
Obmpie Break working on the

praject.
Alley said the students worked
on the project out of “personal

Hintze said she enjoys seeing the models and mock-ups

artuudly built.

~The hest part is secing your jdeas and thoughts in real

life] Hintze saick

Already the group has been featured at several Olympic
venues and has received seeond place with their presenta-
Hon at the Western Regional American Institute of
Aeronautics and Astronautics Student Conference on April

4 through 6.

Eventually Widauf said he hopes to use the plane Lo pro-
vide educabion and to get kids excited about technnlogy,

engineering and aviation.

“My vision is to have an gutreach tour thirougheut Glah!

Widauf said.

Widauf said the project will also highlight USU and their
mechanical engineering and aerodynantics programs.

“We've got a great program hare. 1 thik wete one of the
hest-kept secrets around” he said.

Tuesday the group presented their prajeet 1o the univey-

Slh

"More information wil! be availzble in a few weeks on the
group’s Wels site at wwawnsumrightfiyerorg.

deve
-1t

in'

. Thnkl 4

ty in the Science and Technology Library Tuesday. The liyer
a mocei for a fuli-size replica of the original Wright hru(hers 1902 Kitty Hawk flyter which wilf be completed this
year./Angeic Chiistensen phioto

devotion” because they enly
received two houts of credit for
their pargeipation.

Anmy Hintze, the anly female
working on the project, said they
have been required to spend 12
hotirs each week since September.
even duzing school breaks,

“I1s been a lot of work,” Case
said. “But it's more than just a sers-
ior project. 1t's been really fun
because of the niagnitude of the
project. Its an actnal plane diat
will be used”

Alley said he oaly knew two of
the students when he put together
the team.

T basically went an fhith and
lucked it Aley szid. “But ] also

WRIGHT _. - o
Sep lage
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