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Abstract 
 
 The X-56A DART: Dynamically-scaled Aircraft for Research and Testing is a project where 
our team was tasked with creating a half-size dynamically scaled working model of the X-56A 
MUTT (Multi Utility Technological Testbed), a research aircraft operated by NASA and developed 
by Lockheed Martin. We were tasked with not only developing the exact 50% scale model, but 
also the creation of a straight wing version of the aircraft with the same aerodynamic 
characteristics. In order to accomplish this, a tail was added, the wing span and chord length 
investigated, and the internals and landing gear designed from scratch. For support of the 
internals and to absorb the loads experienced by the plane during all aspects of flight, a “stress 
grid” was devised and made from balsa wood, carbon fiber, and fiberglass. To solve the issue 
that NASA had with landing gear positioning during takeoff and because of the changing center 
of gravity for different planforms of the DART, a sliding track mechanism was developed for the 
main landing gear. Finally, construction of the straight-wing plane was started. Molds were 
designed and cut for the aircraft, and the fuselage was successfully constructed out of fiberglass. 
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Introduction  
Brianna Grembowski 
 

Long, thin, high aspect ratio wings are a must for the designs of future long-range 
aircraft because they provide greater lift over drag ratios.  Increasing an aircraft’s lift over drag 
ratio means that the aircraft requires less fuel to provide the necessary thrust to overcome drag, 
thus allowing the aircraft to remain in the air longer. Unfortunately, slender high aspect-ratio 
wings are very susceptible to uncontrollable vibrations, or flutter, and are more likely to be 
stressed by wind gusts and atmospheric turbulence.  When this happens, not only could the 
wings fail, avionics lose control of the aircraft. In order to research solutions for this situation, 
NASA envisioned the X-56A Multi-Utility Technological Testbed (MUTT), which was built by 
Lockheed Martin Skunk Works, to explore ways to improve aeroservoelasticity, the interaction 
between avionics and elastic forces acting on the aircraft. The goal of this project is to develop a 
50% scale model of the X-56A MUTT that will serve as a cost-effective vehicle toward testing 
new avionics that will better alleviate the effects of flutter and gust on aerodynamic 
performance. This creation will be called the X-56A Dynamically-scaled Aircraft for Research and 
Testing (X-56A DART). 

 

 
Figure 1: Lockheed Martin X-56A MUTT 

(http://www.uasvision.com/2012/03/06/x-56a-tests-active-flutter-suppression/x56a-660x338/) 
 

 The X-56A DART will be a remote-controlled, unmanned aerial system. Unlike the full-
sized MUTT, this first-generation DART will have a conventional straight-wing and tail 
configuration. The purpose of developing this dynamically similar configuration of the plane is 
too allow the pilot to first test the avionics with a much easier to control aircraft than a flying 
wing. However, the construction of the wings and fuselage will allow the tail and wings to be 
removable so that swept wings may be attached to the fuselage in the future. Additionally, the 
MUTT has flexible wing spars to allow the wings to flutter in flight to force the negative elastic 
effects on the avionics. Conversely, the DART will have rigid wing spars to allow for the 
completion of a controlled test flight. The modularity of the design will allow for the 
implementing flexible wings and thus, the harsh flutter conditions at a later time, as the 
research progresses.  
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Last year, Dr. Fasel’s design team worked to create a 33.33% scale model of the X-56A 
MUTT that they dubbed the X-56A Modular Aircraft for Conceptual Operations (X-56A MACO). 
The MACO also had a modular design to be able to interchange the swept wings for straight 
wings. We have made some fundamental changes from what the design team did last year to 
our plan. A fundamental difference between the design of the MACO and the DART is that the 
MACO only had one spar running through each wing, while the DART will have two spars in each 
wing to increase the strength of the wing and better resist twisting of the wings in flight. 
Because of this change in spar design, we have redesigned how the wings connect to the 
fuselage. Also, last year’s MACO used one electric engine, and it did not produce enough thrust 
to match their required thrust from dynamic scaling calculations. We will be using two jet 
engines, in the same configuration as that of the MUTT.  Our internal structure accounts for the 
additional stresses of two jet engines and the required space for fuel, and our external structure 
is designed to accommodate both engines as well as a removable tail. Our conventional straight-
winged design drastically improves upon last year’s design, as our wings are designed to 
produce the same lift as the swept wing. Additionally, using the Genesis 2 sailplane for 
inspiration, we have designed a modular tail that will minimize drag and maximize stability of 
the aircraft. This report contains a detailed account of our dynamic scaling calculations, stability 
analysis, and designs of the first generation of the X-56A DART as well as our detailed plans for 
manufacturing and descriptions of challenges we’ve encountered along the way.  
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Dynamic Scaling 
Brianna Grembowski 

 
The DART’s swept wing configuration is a dynamically scaled version of the X-56A MUTT. 

The purpose of dynamic scaling is to develop two aircrafts of different sizes with dynamically 
similar characteristics. The parameters of relative density and Froude’s number, the ratio of 
inertial to gravitational effects, should remain the same between aircraft and scaled model. 
Another result of dynamic scaling is that the model will be tested at a much smaller Reynold’s 
number than the full scale for comparable flight conditions. This makes dynamic scaling an 
important form testing as we can observe similar behavior in flight at more easily obtainable 
velocities and conditions.  

The lengths of the aircraft can be scaled by a factor of 0.5, but we must also scale the 
velocities, the thrust, and the moments of inertia of the original plane. From NASA’s archives, 
we were able to find the characteristic dimensions of the MUTT. The first step in scaling the 
aircraft is to scale these values by 50% as can be seen in Table 1.  
 

 
Figure 2: X-56A specifications from NASA’s website 

http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20120015944.pdf 
  

http://ntrs.nasa.gov/archive/nasa/casi.ntrs.nasa.gov/20120015944.pdf
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Design Parameters X56A DART 

Span [ft] 28 14 

AR [ft^2] 14 14 

Fuselage Length [ft] 7.56 3.78 

Fuselage Depth [ft] 1.33 0.665 

Total Height [ft] 4.37 2.185 

Fuselage Width [ft] 3.17 1.585 

Wing Leading Edge Sweep [deg] 22 22 

Wing Trailing Edge Sweep [deg] 22 22 

Fuselage Leading Edge Sweep [deg] 60 60 

Fuselage Trailing Edge Sweep [deg] -22 -22 

M.A.C. [ft] 2 1 

Root Chord [ft] 4.33 2.165 

Thickness Ratio 16.50% 16.50% 

Tip Chord [ft] 2 1 

Thickness Ratio 10.00% 10.00% 

Body Flap Reference Area (Ea) [ft^2] 1.1 0.275 

Control Surface Reference Area (Ea) [ft^2] 1.15 0.2875 

Winglet Reference Area (Ea) [ft^2] 3.9 0.975 

Winglet Height [ft] 2.58 1.29 

Table 1: characteristic dimension values of the X-56A DART 
 

Since we are making a half-scale model, our dynamic scaling factor, “n”, is 0.5. The 
variables are denoted by the subscripts “M” and “A,” where M refers to the model, and A refers 
to the full-size airplane. The following are the equations used to dynamically scale the 
characteristic values of the airplane.  
 
Ratio of Densities (𝜎):  
 

𝜎 =
𝜌𝑀

𝜌𝐴
 =  

𝐴𝑖𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑎𝑡 𝑒𝑙𝑒𝑣𝑎𝑡𝑖𝑜𝑛 𝑜𝑓 𝑇𝑢𝑐𝑠𝑜𝑛

𝐴𝑖𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 𝑎𝑡 𝑆𝑆𝐿 
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Parameter Scaling Factor 

Geometric Dimension n 

Relative Density 1 

Angle of Attack 1 

Linear Acceleration 1 

Weight/Mass n3/σ 

Moment of Inertia n5/σ 

Linear Velocity n1/2 

Angular Velocity 1/n1/2 

Time n1/2 

Reynolds Number n3/2ν/νo 

 
Table 2: Dynamic scaling  

 
Weight (W): 

𝑊𝑀 =
𝑊𝐴  × 𝑛3

𝜌𝑀
𝜌𝐴

 

Velocity (v):  

𝑣𝑀 = 𝑣𝐴√𝑛 
 
Wing Loading (W/S):  

(
𝑊

𝑆
)

𝑀
=

(
𝑊
𝑆

)
𝐴

×  𝑛

𝜌𝑀
𝜌𝐴

 
 

 
Thrust (T):  

𝒯𝑀 =  
𝒯𝐴  × 𝑛3

𝜌𝑀
𝜌𝐴

 
 

 
Moment of Inertia (I):  

𝐼𝑀 =  
𝐼𝐴  ×  𝑛5

𝜌𝑀
𝜌𝐴
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Dynamic Characteristics X-56A MUTT X-56A DART 

Weight, W (lbs) 480 65.4466 

Cruise Velocity, v (kts) 89.1 63 

Stall Velocity, v (kts) 39.61 28.01 

W/S (lb/ft^2) 8.6 4.69033675 

T/W 0.225 0.225 

Thrust, T (lbs) 178 24.3 

Pitch Moment of Inertia, I (lbf ft^2) 411.27 14.0189 

Roll MOI, I (lb ft^2) 3230.67 110.123 

Yaw MOI, I (lb ft^2) 3486.15 118.8315 

 
Table 3: dynamic characteristics of the X-56A DART 
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Engine Selection 
Phillip Greenberg 
 
The full-scale X-56A Mutt uses two JetCat P-400 engines, and since our plane is to be powered 
by jet engines we decided to select smaller models of the engines used on the full-scale plane. 
JetCat had two possible engines we could use, the specifications of which are listed below.  
 
JetCat P-60 SE 
 

 
 
 
JetCat P80-SE 
 

 
 
 

Figure 3: comparison of jet engine options 
 

Note that the values expressed in Table 3 are representative of a single turbine engine. The 
power to weight ratio was calculated using the maximum thrust. It can be scaled for two engines 
by just doubling the value. This means that according to the thrust and scaled weighting the P-
60SE should be able to meet our needs. In addition, scaling laws can be used to define how 
much total power the DART should have.  
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Max Thrust Required 

 

Plane Max Thrust (lbf) 

X-56A MUTT (full-scale) 178 
X-56A DART 24.3 

Table 4: Max thrusts 
 

From this chart it is clear that two P-60 SE engines will be able to supply the scaled 
thrust needed. It is doubtful that the X-56 Mutt was run at full throttle but it is important to 
be able to match any thrust possible. Using the P-60 SE engines this is possible, with a little 
power left over for further research.  
 
Fuel weight is also an important factor in determining engines. The fuel table sums up the 
calculations necessary for this analysis.  
 

Assuming a flight time of 15 minutes at full power: 

Fuel Table 

Fuel Characteristics for One Engine P 60-SE P 80-SE 

Required Volume (oz) 120 135 

Required Volume (gal) 0.9375 1.05 

Weight (lbs) 6.29 7.05 

Weight for two engines (lbs) 12.58 14.09 

Table 5: Fuel  

The weight calculations were found using characteristics of using Jet A-1 fuel that 
has a density of 6.71lbs/gal. While engines won’t be operated at full power the entire time, 
we assumed full power to compare the engines more accurately. The following table 
demonstrates the difference in weight between the two JetCat engines. 
 
Weight Table 

Weight Characteristics  
 

Difference in dry engine weight (lbs) 1.03 

Difference in fuel weight (lbs) 0.75 

Total weight difference for one engine (lbs) 1.78 

Total weight difference for two engine (lbs) 3.57 

Table 6: Weight 
 

The total difference in the weight of the two engines was 3.6 lbs. That makes up 
about 5.5% of the total weight of the aircraft. Since we are early in the design phase, any 
easy ways to eliminate that much weight should be taken advantage of, especially because 
we will still reach our design parameters with the smaller engine.   

 
 After contacting JetCat, the technical data found at the end of this document was 
provided. It should be noted that this data does not provide a complete picture of the 
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turbines’ operations; however, the author was informed that the provided data was all the 
company could provide. Considering this, the information was used with two large 
assumptions. First assumption is that thrust and fuel consumption varies linearly with RPM. 
While it is acknowledged that this is a poor estimation, a better one cannot be found 
currently. Secondly the data sheet provided does not use the special edition P-60’s and P-
80’s. Instead the normal editions of the engines are provided. A few inconsistencies have 
been found between the website data and that of the data sheet, and so the data sheet 
information is only used when absolutely necessary. The following information and graphs 
were found using the provided data sheet for the P-60 engine 

 
P-60 

Characteristics   Max  Idle 

RPM 165000 50000 

Thrust (lbf) 13 0.2248 

Fuel Consumption (lbs/min) 0.323 0.12 

Table 7: P-60 JetCat engine  
 

 
Figure 4: Thrust vs. RPM of P-60 JetCat Engine 
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Figure 5: Fuel consumption vs. RPM P-60 JetCat Engine 

 
The discrepancies for the P-60 and the P-60SE are negligible and the values are 

roughly the same.  This means that the above data is the best estimates that can be found. 
The same procedure was done for the P-80 from the data sheet, with the exception of the 
Thrust vs. RPM graph, in which data from JetCats’s website was found and used for the P-
80SE. 
 
P-80 

Characteristics  Max  Idle 

RPM 125000 35000 

Thrust (lbf) 22 0.67 

Fuel Consumption (lbs/min) 0.4696 0.16 

Table 8: P-80 JetCat engine 
 

RPM Thrust (lbf) 

35000 0.8 
85000 8 
93000 10 
101000 12.5 
110000 15 
117000 17 
118000 18 
120000 20 
125000 22 

Table 9: P-80 JetCat engine Thrust vs. RPM 
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Figure 6: Thrust vs. RPM of P-80 JetCat Engine 

 

 
Figure 7: Fuel consumption vs. RPM P-80 JetCat Engine 

 
After comparison of all of the above data, it in the opinion of the author that the 

P60-SE offers the most advantages for use in the DART project, and should be selected over 
the P80-SE turbine. The P60-SE weighs less than the P80-SE which is an advantage as we 
will have to use a load on the front of the plane to counteract the weight in the back already. 
The P60-SE also has a much lower fuel consumption rate than the P80-SE. It will be 
challenging to accommodate the size of the fuel tank that we require due to the limiting of 
the size of the fuselage. If we have decreased fuel consumption, we can increase the flight 
time for the same amount of fuel.  
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Provided Engine Data from JetCat 

 
Table 10: JetCat engine data 

 
  



 18 

Design Airfoil 
Kris Drozd 
 
The X-56A MUTT is a flying wing with multiple airfoils along its lateral axis.  Along the wings the 
airfoil is constant while the airfoils that make up the fuselage slightly change.  In order to 
accurately model a half scale version of the X-56A MUTT in XFLR5 the airfoils of the wing, edge 
of the fuselage, and center of the fuselage belonging to the MUTT were obtained.  This was 
accomplished by fitting a cross section at the specified airfoil locations of the surface schematic 
of the X-56A MUTT provided to our group by NASA.  With the cross-sections resembling the 
airfoils of the MUTT at the wing, edge of fuselage, and center of fuselage obtained, individual 
points placed on each airfoil in SolidWorks so that dat files readable in XFLR5 of the coordinates 
belonging to each airfoil could be created in Excel.  The airfoils belong to the MUTT at the wing 
edge of fuselage, and center of fuselage are shown below. 
 
Center of Fuselage 
 

 
Figure 8: Center of fuselage airfoil 

 
 

Thickness (chord %) 17.73% 

Max. Thickness Position (chord %) 42% 

Max. Camber (chord %) 0.35% 

Max. Camber Position (chord %) 57% 

Table 11: Center of fuselage 
 

 
 
 
 
Edge of Fuselage 
 

 
Figure 9: Edge of fuselage airfoil 
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Thickness (chord %) 16.44% 

Max. Thickness Position (chord %) 38% 

Max. Camber (chord %) 0.93% 

Max. Camber Position (chord %) 34% 

Table 12: Edge of fuselage 
 
Wing 
 

 
Figure 10: Wing airfoil 

 

Thickness (chord %) 10% 

Max. Thickness Position (chord %) 30.99% 

Max. Camber (chord %) 1.41% 

Max. Camber Position (chord %) 26.99% 

Table 13: Wing 
 

 
 For observational purposes, we obtained polars of each airfoil with XFLR5.  The Reynolds 
Number to test each airfoil at was calculated by utilizing dynamic scaling, which for Reynolds 
Number is shown below. 
 

𝐷𝑦𝑛𝑎𝑚𝑖𝑐𝑙𝑦 𝑆𝑐𝑎𝑙𝑒𝑑 𝑅𝑒 = (𝑛)3/2
𝑣

𝑣𝑜
 

 
 Where n is the scaling number, v is the kinematic viscosity, and 𝑣𝑜 is the kinematic 
viscosity at sea level.  The table below shows the Reynolds Number for the X-56A MUTT and the 
DART while the figure below shows polars for the different DART airfoil sections at DART 
Reynolds number calculated. 
 

X-56A MUTT Re DART RE 
1.4 x 10^6 5 x 10^5 

Table 14: Dynamically scaled Reynold’s Number 
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Figure 11: Airfoil Polars 

 
 From the polars above, gratifying observations can be made.  The most important one is 
that the wing airfoil has the greatest maximum lift coefficient followed by the edge fuselage 
airfoil and center fuselage airfoil lift coefficients.  Furthermore, the wing airfoil provides the 
greatest maximum glide ratio with respect to angle of attack followed once again by the edge 
fuselage airfoil and center fuselage airfoil in that order.  Overall these results make perfect 
sense because the wings along with the parts of the fuselage furthest from the center are 
supposed to generate more lift just like any other airplane.  The center of the fuselage is 
naturally going to the part of the MUTT and DART that is the least aerodynamic compared to the 
wing because the center of the fuselage has to be designed for the storage of fuel, electronics, 
and other necessary parts while the wing is mainly designed for lift. 
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Design – Scaled Planform 
Phillip Greenberg 
 

The main goal of the X-56A DART project is to create a 50% scaled version of the X-56A 
MUTT aircraft. This means geometrically scaling the MUTT by 50% exactly, without any other 
modifications to the design. This proved easy to accomplish, as we had access to a SolidWorks 
model of the MUTT, and it was simply a matter of applying a 50% scaling factor to the entire 
CAD model. For the exterior of the plane, no further modifications needed to be made. Below, 
the resulting SolidWorks model of the scaled design can be seen. 
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Design – Conventional Planform 
Rosie Bether and Kris Drozd 
 
Wing Design 
 
 The wing for the conventional planform was specified to be the same wingspan as the 
swept wing design, have no dihedral, and be a straight wing with no taper.  However, the 
straight wing needed to perform the same aerodynamically as the swept wing.  Thus, the chord 
of the straight wing needed to be the same as the chord of the swept wing, when the swept 
wing chord is defined in the streamwise direction of the airflow over the wing. Because the air 
flows over the wing parallel to the direction of flight, rather than perpendicular to the swept 
leading edge of the wing, the streamwise chord length is the parameter to consider when 
calculating how much lift the wing generates. Because the wingspans of the straight and swept 
wing configurations are going to remain the same, the chord also needs to remain the same if 
the lift-generating area of the wing is going to remain the same. This is the same principle as 
calculating the area of a rectangle and of a parallelogram with the same base length as the 
rectangle. 
 In order to model the straight wing planform, the airfoil of the swept wing was extruded 
straight outwards to form wings of the same length as the swept wings. These straight wings 
were then attached to the original, swept-wing fuselage through the creation of blending pieces 
that allow for a smooth transition between the fuselage and wings. Below, a picture of the 
exterior of the straight wing planform showing just the wings and fuselage can be seen. 

 

 
Figure 12: Straight wing 

 
 Another consideration that needs to be taken into account when creating the straight 
wing planform is the need for control surfaces. On the MUTT, there are 4 control surfaces on 
each wing that operate separately, allowing for precise aerodynamic control. Because the goal 
of the DART is to build a plane as similar to the MUTT as possible, the DART will also have 4 
control surfaces on each wing. Normally, an aircraft of the size of the MUTT or DART would have 
a maximum of two control surfaces on each wing. However, because the plane is being used for 
wing flutter and flutter suppression research, and because the MUTT was specifically designed 
to be a somewhat unstable aircraft, 4 control surfaces are utilized to effectively control the 
plane and guide it through its various tests. These 4 control surfaces can be seen in the picture 
of the MUTT below. 
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Figure 13: X-56A MUTT 

 
Tail Design 
 
 The reflexed airfoil on the wing allows the swept wing configuration of DART to fly 
without the need of a tail because the negative lift generated near the trailing edge of the wing 
due to reflex provides the necessary force to stabilize the aircraft.  However, even though the 
straight wing configuration of DART has the same reflexed airfoil for the wing, the lack of sweep 
means the negative lift generated will be too close to the center of gravity of the plane.  Thus, 
the moment created by the negative lift of the reflex on the straight wing will not be enough to 
longitudinally stabilize the straight wing configuration of DART.  To alleviate this problem a tail 
was designed for the straight wing planform. 
  
 The first priority when designing the tail of the straight winged planform belonging to 
DART was getting the horizontal stabilizer out of the turbulent jet generated by the two turbojet 
engines.  This was prioritized because having the horizontal stabilizer out of the turbulent jet 
behind the aircraft allows the flow over the horizontal to be attached and keeps the horizontal 
stabilizer safely away from the high exhaust temperatures directly behind the turbojet engines. 
With this in mind, the horizontal stabilizer was chosen to be elevated. In order to determine 
how far away from the fuselage the horizontal tail needed to be located, the jet exhaust profile 
was analyzed. When jets penetrate into a fluid of equal density, the radius of the jet is 
proportional to the distance downstream from the discharge location, as seen in figure 14.  The 
universal angle of a turbulent jet created by its radius at a selected distance downstream is 11.8 
degrees.  Using the universal angle of a turbulent jet, the location of the horizontal stabilizer in 
the vertical direction could be determined.  First, however, a tail configuration that would allow 
the horizontal stabilizer to be out of the turbulent jet needed to be determined. 
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Figure 14: Conical Shape of a Turbulent Jet 

 
 After visual inspection of several tail configurations that would allow the horizontal 
stabilizer to be out of the turbulent jet behind the aircraft, a T-tail with the vertical protruding 
out of the fuselage was selected for the straight winged configuration of DART.  Inspiration for 
this tail design came from the LAK Genesis 2, as shown in figure 15.  The main disadvantage of 
this design is that aerodynamic center of the vertical will be closer to DART’s center of gravity 
than most conventional aircraft.  Therefore, the surface area of the vertical stabilizer will have to 
be rather large, similar to the LAK Genesis 2.  However, there are also many advantages to this 
tail design.  One advantage is that connecting the horizontal stabilizer to the top of the vertical 
stabilizer can easily be achieved with pins and screws.  Another advantage is that a spar can be 
completely hidden inside the vertical, providing added strength to the tail.  Furthermore, the 
lack of a rod connecting the stabilizers to the fuselage means this tail design will produce less 
drag.  Overall, the pros listed above and the visual appeal of the LAK Genesis 2 is why a T-tail 
with a vertical protruding out of the fuselage was selected as the tail configuration for DART. 
 

 
Figure 15: LAK Genesis 2 
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 The tail volume coefficient method was utilized in deciding the overall shape and 
dimensions of the tail.  Equations 1 and 2 from this method are shown below. C is the volume 
coefficient for the respected empennage surface, S is the area of respected empennage surface, 
b is wing span, l is distance between CG and average quarter chord of respected empennage 
surface, and 𝑐�̅� is the mean aerodynamic chord of the wing. 
 

𝑆𝑣𝑠 = 𝐶𝑣𝑠
𝑏𝑤𝑆𝑤

𝑙𝑣𝑠
  

 

𝑆ℎ𝑠 = 𝐶ℎ𝑠
𝑐�̅�𝑆𝑤

𝑙ℎ𝑠
   

 
 In order to prevent “dutch roll”, where an aircraft wallows when a pilot gives aileron or 
rudder inputs, the vertical stabilizer volume coefficient of most aircraft is between 0.02 and 
0.05.  Furthermore, the horizontal stabilizer volume coefficient of most well behaved aircraft is 
between 0.3 and 0.6. If the horizontal stabilizer volume coefficient is too small the aircraft will 
poorly resist gusts, making pitch control difficult.  By plugging in Genesis’ parameters into 
equations 1 and 2, the vertical stabilizer volume coefficient of the Genesis was calculated to be 
0.01 and the horizontal stabilizer volume coefficient was calculated to be 0.2.  The reason why 
Genesis is able to be aerodynamically stable and have low tail volume coefficients is because the 
Genesis’ wing has a dihedral, which helps maintain lateral stability, and also has a lot of reflex on 
the wing airfoil.  Since the straight winged configuration of DART does not have a dihedral and 
the reflex on the wing is not as much as that on the Genesis’s wing, the tail volume coefficients 
must be within the acceptable ranges.  Thus, the tail belonging to the DART cannot be 
completely identical to the Genesis’s tail.  In order to have the tail volume coefficients belonging 
to the DART be within the acceptable ranges and have the tail not be too large, the vertical 
stabilizer had to be swept more than the Genesis’ vertical and the horizontal stabilizer needed 
to swept, unlike Genesis’ horizontal.  Tables 15 and 16 below show the chosen characteristic 
parameters belonging to the vertical and horizontal stabilizer of the straight winged 
configuration of DART respectfully.  

 

Characteristic Parameter Value 

Volume Coefficient 0.023 

Projected Area (in^2) 135 

AC Distance From CG (in) 25.276 

Aspect Ratio 1.4 

Height (in) 30 

Root Chord (in) 10 

Sweep (deg) 50 

Taper Ratio (deg) 0.6 

Table 15: Vertical Stabilizer Design 
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Characteristic Parameter Value 

Volume Coefficient 0.305 

Projected Area (in^2) 225 

AC Distance From CG (in) 37.6 

Aspect Ratio 4 

Span (in) 30 

Root Chord (in) 9 

Sweep (deg) 22.62 

Taper Ratio (deg) 0.666667 

Table 16: Horizontal Stabilizer Design 
 

 With the stabilizer parameters selected, equation 3 then showed the height that the 
directional stabilizer should be placed at above the chord line of the fuselage to be out of the 
turbulent jet created by the turbojet engines. 𝑑𝑧 is the location in the vertical direction 
belonging to the horizontal stabilizer, 𝜃 is the universal jet angle, 𝑑ℎ𝑠 is the location of the root 
chord leading edge belonging to the horizontal stabilizer in the longitudinal direction from the 
leading edge of the fuselage, 𝑐ℎ𝑠 is the root chord of the horizontal stabilizer, 𝑑𝑓𝑢𝑠𝑒 is the length 

of the fuselage, 𝑑𝑒𝑥 is the distance of the jet center from the trailing edge of the fuselage in the 
longitudinal direction, and 𝑑𝑒𝑧 is the location of the jet center in the vertical direction.  Table 17 
below shows all the inputs and output of equation 3. 
 

𝑑𝑧 = tan 𝜃 ∗ (𝑑ℎ𝑠 + 𝑐ℎ𝑠 − 𝑑𝑓𝑢𝑠𝑒 + 𝑑𝑒𝑥) + 𝑑𝑒𝑧  

 

Equation 3 Parameter Value 

𝑑𝑧 (in) 10.8 

𝜃 (degrees) 11.8 

𝑑ℎ𝑠 (in) 58.276 

𝑐ℎ𝑠 (in) 9 

𝑑𝑓𝑢𝑠𝑒 (in) 45.276 

𝑑𝑒𝑥 (in) 8 

𝑑𝑒𝑧 (in) 4.6 

Table 17: Equation 3 Parameters 
 

 Therefore, in order for the horizontal stabilizer to be out of the turbulent jet behind 
DART, the horizontal stabilizer will have to be placed at a height of 10.8 inches above the chord 
line of the fuselage.  This is will be accomplished because the vertical stabilizer has a height of 
16.8 inches and the horizontal stabilizer will be right on top of the vertical.  Having the 
horizontal stabilizer a little higher than the needed height to be out of the jet allows the 
horizontal stabilizer to further from the hot exhaust temperatures of the engine.  Last, but not 
least, the airfoil selected for the horizontal and vertical stabilizer was selected to be NACA 0009 
due to symmetry. Figures 16, 17, and 18 below are models of the tail in Solidworks. 
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Figure 16: Horizontal Stabilizer    Figure 17: Vertical Stabilizer 
 

 
 
 
 

 
 

Figure 18: Full Conventional Planform Model  
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Design – Stability Analysis 
Kris Drozd 
 

Both the swept wing and straight wing plan forms of DART are aerodynamically similar 
due to identical fuselages and wing airfoils.  However, the differences between the two 
configurations, such as swept versus straight wing and tail versus no tail, means that both 
configurations will have different neutral points.  Therefore, the center of gravity’s belonging to 
both configurations will need to be different in order to maintain an ideal static margin for both 
types of plan forms.  Placing various lead weights at certain locations inside the fuselage will 
enable both configurations to be longitudinally stable. Longitudinal stability of an aircraft is 
largely affected by its static margin. An ideal static margin for an aircraft cannot be below 5 
percent or the aircraft risks becoming longitudinally unstable, which means the aircraft will not 
be able to maintain an angle of attack on its own.  The maximum a static margin can be is 
around 25% to 30%, but the consequence is not as severe as when the static margin is at a 
negative percentage.  At a high static margin percentage the aircraft will try to correct itself too 
much to a sudden change in angle of attack causing the aircraft to continuously oscillate from 
trimmed level flight, as shown in figure 19.  Thus, an acceptable static margin range of both 
DART plan forms was selected to have a range between 5% and 25%. 
 

 
Figure 19: Static Margin Effect 

 
 In order to determine the static margin of each DART configuration both plan forms 
were constructed in XFLR5 using scaled dimensions of the X-56A MUTT.  To achieve the most 
accurate model, both configurations were built in SolidWorks so that the weights belonging to 
both configurations could be entered into XFLR5.  Dynamically scaling the airstream velocity to 
about 63 knots and running tests at different angles of attack enabled the lift coefficient 
derivative and moment coefficient derivative of each aircraft configuration to be determined.  
Furthermore, both configurations of DART were tested in XFLR5 with a full fuel tank and an 
empty fuel tank in order to determine how much the center of gravity and static margin of each 
configuration will change during flight.  Utilizing the equations shown below, the static margin 
and neutral point locations of both DART configurations at full and empty fuel states could be 
determined.  Where 𝐶𝑀𝛼 is the moment coefficient derivative, 𝐶𝐿𝛼 is the lift coefficient 
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derivative, ℎ𝑛 is the location of the neutral point along the longitudinal axis, ℎ is the location of 
the center of gravity along the neutral point, MAC is the mean aerodynamic chord of the wing, 
and 𝑆𝑀 is the static margin as a percentage.  Figures 20 and 21 below show a test of the swept 
wing configuration of DART in XFLR5 at full fuel. 
 

𝐶𝑀𝛼 = −(𝑆𝑀)𝐶𝐿𝛼  

𝑆𝑀 =
ℎ𝑛−ℎ

𝑀𝐴𝐶
  

 
 

 
 
 

Figure 20: Swept Wing Planform CFD Analysis at Full Fuel 
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Figure 21: Swept Wing Planform Aerodynamic Polars at Full Fuel 
 

 After aerodynamic analysis of the swept wing configuration, the swept wing was found 
to have a higher static margin than the conventional aircraft.  Furthermore, the swept wing was 
tested with full and empty full, the static margin ranged from 20.4% at when the fuel tank was 
full and 13.6% when the fuel tank was empty.  The reason why this occurs is because the fuel 
tank was selected to have a center of mass at about 22 inches from the nose of the fuselage.  
Spars running through the fuselage at about 27 inches from the nose prohibit the fuel tank from 
being moved further aft. Furthermore, the weight of the fuel needs to be approximately 12.6 
pounds for DART to have the designed flight endurance and the center of gravity of the swept 
wing configuration oscillates between 26.583 inches 28.035 inches.  The center of gravity being 
too far from the fuel center of mass is what causes the static margin to have range of about 
7.8%.  Originally the static margin of the swept wing platform at full and empty fuel was higher, 
but weights were placed in the model between the spars running through the fuselage and the 
trailing edge of the fuselage to bring the static margin below 20% for most of the flight time.   
 Overall, the swept wing planform’s polars are favorable.  The moment coefficient 
derivative versus angle of attack graph contains a negative slope, which is needed for 
longitudinal stability, and the lift coefficient is about zero at no angle of attack.  It would have 
been nice for there to be a positive lift coefficient at no angle of attack so that the aircraft could 
use a smaller runway to takeoff, but the size of runway is not a concern in this project.  The 
vertical lift versus angle of attack polar shows that the swept wing configuration of DART will 
have to cruise at an angle of attack of approximately 3 degrees in order to maintain the weight 
of the aircraft (65lbs) airborne.  Next, figures 22 and 23 show a test of the swept wing 
configuration of DART in XFLR5 at full fuel. 
 



 31 

 
 

Figure 22: Straight Wing Planform Analysis 
 

 
Figure 23: Straight Wing Planform Aerodynamic Polars 

 
 After aerodynamic analysis of the straight wing planform was completed, the static 
margin range from full to empty fuel was found to only be about 1.7%, which is a lot less than 
the static margin range of the swept wing configuration.  The reason why this occurs is because 
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the center of gravity belonging to the straight wing planform of DART is a lot closer to the center 
of mass of the fuel.  Since the neutral point of the straight wing configuration is less aft than the 
swept wing configuration, weights had to be added at the nose of the fuselage for the center of 
gravity to be move forward.  This is unlike the swept wing configuration where weights needed 
to be added to near the rear of the fuselage.  This is all due to the difference in neutral point 
between the two configurations, which is due to a variation in sweep of both wings and the lack 
of tail in the swept wing configuration.  
 In general, the polars belonging to the straight wing configuration are favorable similar 
to the swept wing configuration’s polars.  The moment coefficient versus angle of attack graph 
has a negative slope and the lift coefficient is not zero at zero angle of attack, similar to the 
swept wing planform.  Also, the lift drag coefficient ratio is shown to be highest at zero angle of 
attack.  Table 18 shown below contains all of the stability parameters found and calculated 
through XFLR5 modeling. 

 

  Swept-Wing Configuration Straight-Wing Planform  

  Full Fuel Empty Fuel Full Fuel Empty Fuel 

CLα (1/rad) 0.0796 0.0796 0.0848 0.0848 

Cmα (1/rad) -0.0162 -0.0108 -0.009 -0.0076 

CP (in) 31.463 31.l463 26.09 26.09 

MAC (in) 20.082 20.082 19.964 19.964 

CG (in) 26.583 28.035 23.15 23.499 

NP (in) 30.66 30.77 25.27 25.3 

SM (%) 20.3 13.6 10.6 9 

 
Table 18: Stability Parameters 
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Design – Internals 
Harry Powell and Brianna Grembowski 
 

We initially planned to mount the wing spars and all of the internals to a carbon fiber 
plate located near the bottom of the fuselage. However, after receiving images of the full-sized 
plane’s internal structure (left), we envisioned a stress lattice (right) composed of 1/2 inch balsa 
wood capped in carbon fiber strips and wrapped in 3.6 oz fiberglass to be ultra-resilient. As with 
the spars, the balsa wood merely acts as a spacer and the composites take up a majority of the 
loading. This structure was designed around the fuel tank and specifically to be able to support 
the mounting of the landing gear, engines, and modular tail.   

 

 
Figure 24: MUTT internal configuration 

 

 
Figure 25: DART internal support structure 

 
The lattice or grid concept allows for easy installation and interchangeability of 

internals, which further contributes to the modularity of the aircraft. Additionally, the grid is 
connected to a 1/8 inch aluminum plate on either side of the fuselage. Each plate is aligned with 
a matching counterpart connected to the root end of the wings. The spars are guided through 
each plate by a collar in order to extend the distance along which the moment experienced by 
the wing is transferred to the plates. This allows the stresses and moments experienced by the 
wings to be transferred from the plates to the stronger stress grid. Thus, there won’t be a major 
stress concentration on one point of the spars. Once the wings are in place and the twin plates 
aligned, the plates will be bolted together. Whenever a new wing form needs to be tested, the 
old one can be dethatched and the new one attached easily. The figure at the top of the next 
page provides a detailed image of the spars connected to the stress grid by means of the 
aluminum plates.  
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Figure 26: DART Wing spars 
 
The DART will have a custom built fuel tank that varies in design from that of the MUTT. 

Instead of having two tanks towards the rear of the fuselage, one tank will be placed over the 
center of gravity of the plane, so that as the tank empties during flight, the center of gravity will 
remain unchanged. Because of the size limitations of the plane, the only standard fuel tanks that 
would fit would not hold the necessary volume of fuel. For this reason, the tank will be custom 
built. The stress grid has been designed to accommodate the largest possible tank. 

 
 

 

 
Figure 27: DART structural internals 

Fuel Tank 

Engine Mount 

Connecting Plates 
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Tail Mount 
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 Like the MUTT, the DART will have a tricycle landing gear configuration. By summing the 
moments about center of gravity and the forces in the z-direction, we can determine the 
percentage of the weight of the aircraft that the nose gear must support to be about 10%, which 
is about 9lbs or an impact force of about 45 – 50lbs maximum. Thus, we selected the following 
strut for the nose gear from Robart, which is rated to support loading up to 55lbs. 
 

 
Figure 28: Robart Nose Gear Strut 

 
The main wheels and nose wheel of the MUTT are 200mm, or just under 8 inches, in diameter. 
Thus, we have scaled the wheels down and selected 4 ½ inch wheels Robart wheels with 
aluminum axels to be able to support a significant landing.  
 

   
Figure 29: Nose Wheel        Figure 30: Main Wheel 

 
With the tricycle configuration, the main gear will generally bear the entire weight of the plane 
at least momentarily on landing. With the severe elastic forces that the aircraft will endure once 
it is outfitted with flexible wings, it could likely face a very rough landing. For that purpose, the 
main landing gear is design so that each strut can support five times the weight of the aircraft at 
impact just as the wing spars are designed to support that in flight. Thus, our main landing gear 
strut will be custom made from carbon fiber with a Rohacell core and aluminum reinforcements 
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where it will be mounted to the plane as well as at the ends where the wheel axels will be 
mounted.  

Additionally, the distance of the main gear from the center of gravity must be variable 
for several reasons. First, the X-56A MUTT has experienced trouble landing. Allowing the 
position of the main gear to be adjustable allows us to iterative locate the optimum position of 
the landing gear by testing. Next, we have designed two planforms for the aircraft that will have 
slightly different centers of gravity. We must be able to adjust the landing gear for each 
planform. To do this we designed a sliding mechanism of two aluminum tubes that will attach 
the landing gear to the stress grid. A bolt that will go through the aluminum reinforced landing 
gear strut will be secured with nuts on each side. The head of the bolt will be inserted into the 
square aluminum tube and another bolt will act as a pin going through slots on each side of the 
slider to hold the bolt connected to the gear in place. This will give us roughly 6 inches of space 
for which to vary the position of the landing gear.  
  

 
Figure 31: Landing Gear Mounted on Stress Grid 

 

 
Figure 32: Adjustable Main Gear Fixture 
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Figure 33: Robart Airbrake Kit  

 
Finally, the wheels of the main gear will each have pneumatic brakes. We purchased 

appropriately sized brake hubs as well as the kit above from Robart that includes compressed air 
canister and a servo for operating the brakes.  
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Design – Wing Spars 
Harry Powell 
 

To keep consistent with the X-56A MUTT, the DART is a hollow composite airframe. 
Because of this, the internals, namely the spars and ribs, have to absorb the loads experienced 
during flight. This has to be done while also not contributing substantially to the weight of the 
plane. The main force experienced within the spar is a bending load rather than a shear force. 
This bending load is due to the distributed lift force acting on the wings. From this, a spar design 
of unidirectional carbon fiber strips in a sandwich orientation around balsa wood was chosen. 
This will then be wrapped in bidirectional fiberglass for additional strength. Wrapping accounts 
for any stresses out of the plane.  
 

 
Figure 34: Wing Spar Structure  

 
The balsa wood is oriented with its grains facing up and down. This allows the balsa 

wood to bend without breaking so the stresses are concentrated on its top and bottom surfaces 
where the stronger unidirectional carbon fiber is located. Carbon fiber is strongest in tension in 
the same direction of the stress so the strips are laid directionally down the length of the spar. 
For this reason, an additional strip of carbon fiber will be placed on the bottom of the spar in 
order to absorb as much of the tensile stress as possible.  

In a two-spar cantilever system, the spars act in unison. This is because of the ribs and 
other systems in the wing that allow the spars to interact. “The principles of interaction are 
briefly explained, showing that the mutual relief action occurring depends on the ‘pure 
torsional’ stiffness of the wing cross section.” (NASA) Therefore, analysis of the torsion in the 
wing is possible by looking at a cross section of the airframe, spars, and ribs. After design of the 
wings is finalized, it will be possible to predict the torsional stress our wing will be able to 
handle.  
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Figure 35: Spar Placement 

 
Design of the spars was done based off the assumption that the DART would need to 

withstand forces up to five times the weight of the aircraft on the wings without failing 
structurally. To do this it is important to note that our straight wing design is full cantilever with 
the spars being the main sources of support.  For the design, the best option is two spars in each 
wing one at the maximum thickness and one at two thirds of the chord. These extend straight 
from the fuselage out to the end of the wing.  

For the swept wing, the spars come out straight from the fuselage then turn where the 
blending piece meets the constant chord section. From here, the spar runs again at the 
maximum thickness of the wing and two thirds of the chord. Where the spar turns, it will be 
reinforced with wrappings of bidirectional carbon fiber as well as a bracket. These measures are 
taken because stress will be concentrated at this turn.  
 
ANSYS Evaluation  
 
 A simulation of the spars was performed in ANSYS to determine if the spars would 
withstand the theoretical loading of five times the weight of the plane, roughly 450lbf. The 
results of the stress and deflection analysis can be seen in the figures and table below.  
 

 
Figure 36: Mesh at End of Wing Spar 
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Figure 37: Deflection ANALSYS of Straight-Wing Spars 

 
 

 
Figure 38: Stress ANALSYS of Straight-Wing Spars 

 
 
 

Maximum Load (lbf) 450 
Maximum Stress (MPa) 687.2  
Maximum Deflection (m) 0.32025 

Table 19: Maximum Values Obtained with ANSYS 
 

The maximum stress is slightly over that of failure of the spars so at the point where 
that failure would occur, the spars will be reinforced with more carbon fiber.  
  



 41 

Design – Molds 
Rosie Bether 
 
 Like the MUTT, the exterior of the DART will utilize composite construction. The skins of 
the plane will be made primarily out of fiberglass, with a core material added for increased 
strength. In order to construct the exterior, molds needed to be made for the composite layup. 
Because the exterior of the aircraft is the part that we wish to be smooth, female molds need to 
be used. This means that the layup is done on the inside of the mold against a negative profile of 
the desired surface. An example of this type of mold can be seen below. 
 

 
Figure 39: Fuselage mold 

 
 In order to construct the molds, they first need to be modeled using the SolidWorks 
mold tool. The resulting mold looks like the above picture. Once the mold has been modeled in 
SolidWorks, it can be machined using computer controlled routers. The molds themselves are 
composed of many layers of medium density fiberboard (MDF) layers that are glued together 
with wood glue. Once these are glued, the negative profile of the plane’s exterior surface can be 
machined into the mold. An example of what this process looks like can be seen in the picture 
below. 
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Figure 40: Mold Machining 

 
 The combined amount of molds required to construct both the straight- and swept-wing 
planforms is 14. This includes 10 molds for the straight-wing plane and an additional 4 molds for 
the swept wings, which can be mounted to the same fuselage as the straight-wing plane. Each 
part of the plane requires both a top and a bottom mold. The different parts of the straight wing 
plane are the fuselage, two wings, and the horizontal and vertical tail. These molds can be seen 
in the pictures below. 
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Figure 41: Wing molds 

 

 
Figure 42: Horizontal mold 

 



 44 

 
Figure 43: Vertical tail mold 

 
 Molds were chosen as the method of construction for the plane because of their ability 
to maintain high geometric fidelity between the SolidWorks model of the exterior of the plane 
and the resulting product after construction. This is important especially for our plane because 
of the very slightly reflexed airfoil that allows the swept wing plane to be stable without a tail. 
Related to this, molds also allow for a high degree of consistency between subsequent layups of 
the same part. This is important because in the future, wings of varying flexibility will be tested 
using the same aircraft, and it is important that these more flexible wings be of the same exact 
shape as the more rigid wings so that the effect of varying flexibility can be studied without 
inconsistencies due to varying wing shape. 
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Manufacturing – Stress Lattice and Wing Spars 
Harry Powell 
 

The spars and stress grid are made similarly. The balsa is cut to the appropriate sizes 
using a band saw then glued together with wood glue. Once the glue sets, the carbon fiber caps 
are applied with epoxy and the structure is vacuum bagged. From here, the fiberglass is 
wrapped and applied using epoxy and the structure is vacuum bagged again. After vacuum 
bagging for 24 hours, the epoxy will be hardened and the structure complete.  

 

 
Figure 44: Composite Spar and Stress Grid Structure 

 
 The connecting plates are what the spars insert into and transfer the load from the 
spars to the stress grid. Additionally, they align the wings and contribute to modularity. These 
plates have collars that expand out of each plate. These plates will be made using 1/8” 
aluminum as well as the collars. The collars will then be welded to the plates after each part is 
manufactured. For manufacturing, the plates will be cut using a precise CNC router. Holes will 
then be made for bolting the plates together as well as for the wiring to connect the batteries to 
the servos.  
 

 
Figure 45: Stress Grid Support Plate  
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Manufacturing – Fuselage and Wings 
Harry Powell and Rosie Bether 
 
 In order to manufacture the composite skin of the aircraft, female molds were chosen to 
be reusable and also provide a high fidelity between the model and the finished product. The 
same mold making process was used for every mold that was manufactured. Layers of MDF 
particle board were glued together using wood glue then allowed to harden. The rectangular 
blank was then loaded into the CNC router and clamped in place. The SolidWorks models of the 
molds were converted into a tool path and imported into the router computer. The routing 
process was then performed first with an end mill for the roughing pass then a ball mill for the 
finishing pass. 
 

 
Figure 46: Mold machining 

 
 The end mill removed most of the excess material and the ball mill does the 
finishing pass. From here, the mold prep process was started. The molds were first 
sanded to remove irregularities. Then a process of spraying the finishing agent, DuraTec, 
then sanding the hardened DuraTec was repeated three times to achieve the smoothest 
result. The molds were then polished with wax. 
 After the mold prep process was completed, it was time to complete the layup. 
This involved a many layer process with the materials of the skin being fiberglass, a core 
material, and more fiberglass. The core material for the fuselage was Aeromat whereas 
the core material for the wings and horizontal is Rohacell. This sandwich process 
involved laying a layer down, applying epoxy, and trimming the excess. This was 
repeated until all layers were complete. A diagram of the layers is seen below: 
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Figure 47: Composite layup layers 

 
 Finally, a vacuum bag was applied and vacuumed for 24 hours to allow the epoxy to set 
and the skin to achieve its desired shape. Once hardened, the skins were again trimmed more 
precisely to the exact desired shape. 
 Control surfaces of the plane will also be made using the molds. The trailing edge of the 
wings, horizontal, and vertical will be trimmed to leave a gap. The remade control surfaces from 
the molds will be inserted into the gap, pinned, and connected to the servos. Insertion into the 
gap allows for the least amount of flow disruption.  
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Manufacturing – Landing Gear 
Brianna Grembowski 
 
 As mentioned above, the main landing gear strut will need to withstand 450lbf of 
ground force. To accomplish this, the gear will be custom made from composites. To do this we 
will create a male mold for the strut out of foam and cover it with Teflon tape.  
 

 
Figure 48: Teflon Tape 

 
Then a layer of bidirectional carbon fiber will be laid up on the mold followed by two layers of 
unidirectional carbon fiber. Then, to remove excess epoxy, the layup is vacuum bagged and the 
epoxy cured. Next, ¼ inch-Rohacell is measured and cut to the size of the landing gear and glued 
to the carbon layup, except for the top and ends where the adjustable mounts and axels will be 
inserted. Here, ¼ inch-aluminum will be glued to the layup. Clamps must be used to hold the 
foam and aluminum in place while the adhesive dries. After it is dry, the corners of the landing 
gear must be filled in with flox, and two more layers of unidirectional carbon fiber will be laid up 
on top of it, followed by the final layer of bidirectional carbon fiber. The layup will then be 
vacuum bagged again, and once cured, the edges will be trimmed. Finally, the finished product 
will then be wrapped in another layer of carbon fiber for reinforcement.  
  

 
Figure 49: Carbon Fiber with Aluminum Core  
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Next Steps 
Brianna Grembowski 
 

We have encountered many challenges in the design of this aircraft and even more 
since we have begun manufacturing. For example, the sheer size of the aircraft with the limited 
machining resources we have access to has led to significant setbacks in manufacturing. In 
addition, the acquisition of new information regarding the internal design of the full-size plane 
late in the year put a halt on manufacturing our internals as we had to make time to redesign.  
Due to these and other delays, the construction of our first generation DART and the next 
generation with swept wings will need to be completed by future researchers. Thanks to our 
designs however, this job will be relatively straightforward. Before fully assembling the fuselage, 
the electronic and engine integration must be tested. After assembly, each configuration will 
undergo moment of inertia tests to ensure the validity of scaled calculations and prove dynamic 
similarity to full-size plane. Finally, after a successful taxi-test, the conventional planform will be 
flight-tested.  

Once the pilot has become accustomed to the plane and the avionics have been 
successfully tested, the rigid swept wing configuration will be taxi tested and flight-tested, and 
after the proving the aerodynamic stability of the flying wing and successful integration of the 
avionics, our testing vehicle will be ready for the outfitting of flexible swept wings. Our advisor 
has employed another team to outfit last year’s 33.33% model with flexible wings. Future 
researchers will be able to employ the technology they’ve developed to our plane on a larger 
scale. Additionally, the modularity of the fuselage allows for a variety of wing planforms and 
stiffness variations to be tested. The X-56A DART has the potential to improve flight stability and 
control for many aircraft to come. In fact, this project paves the way for a better general 
understanding of what happens with an aircraft experiences vibration and how to mitigate 
problems that it causes.  
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