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 This paper describes the design, fabrication, and testing of a reconnaissance unmanned 
aerial vehicle (UAV) to be launched from a NAR Level III high-power rocket. The UAV is 
designed to collect visual and thermal data on ground targets using a high resolution camera 
coupled with a pyrometer. Avionics onboard the UAV will transmit critical flight 
information to the pilot at a ground station, allowing it to be flown without visual contact. A 
single board computer will serve as the interface between the ground station and the UAV, 
coordinating the transmission of data from an array of sensors including a GPS, altimeter, 
3-axis accelerometer, roll rate sensors, and a forward facing camera. Redundant systems on 
board the UAV ensure that the failure of a single system will not jeopardize the mission, the 
UAV, or bystanders. A rotary wing design, folding propeller, and a low profile V-tail will 
allow the UAV to be packaged within a 10” diameter rocket. A combination of 
computational fluid dynamics studies, finite element analysis, and ground tests will verify 
the UAV design.    
 
 

Nomenclature 
�  = angle of attack 
a  =  slope for the plot of CL vs. � , corrected for the aspect ratio of the wing 
a0  = slope for the plot of CL vs. �  under the infinite wing assumption  
AR  =  aspect ratio 
b =  wing span 
CD = coefficient of drag 
CD,0 = parasitic drag coefficient 
CL = coefficient of lift 
D = drag 
e  =  span effectiveness factor. e = 1 for elliptical wings 
K  =  drag-due-to-lift 
L = lift 
q = dynamic pressure 
Sref  =  wing reference area 
Swet  =  wetted area of the aircraft 
V =  velocity 
W = weight of aircraft 
 

I.  Introduction 
YPICAL reconnaissance unmanned aerial vehicles (UAVs) currently take off from the ground and expend a 
significant amount of energy reaching an appropriate cruising altitude. This reduces the range of the 

reconnaissance mission, reduces the time available to collect reconnaissance data, or requires the UAV to carry an 
excessive amount of fuel.  In addition, time sensitive situations may require the UAV to reach altitude more quickly 
than a standard ground takeoff would allow.   
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 Research in this field is ongoing. DARPA (Defense Advanced Research Projects Agency) is currently 
developing a reconnaissance UAV called the Rapid Eye. The Rapid Eye project consists of an intercontinental 
ballistic missile (ICBM) that is launched to an area of interest and deploys a reconnaissance UAV. This not only 
allows for extended fuel economy and surveillance flight time, but also allows for the rapid deployment and 
operation of an unmanned reconnaissance vehicle in situations that require an extremely fast response time. The 
notion of this type of reconnaissance is the stimulus for the team.  
 This paper describes the development of a reconnaissance UAV to be packaged inside of a rocket. The rocket 
expedites the UAV’s arrival at an altitude appropriate for visual and thermal reconnaissance. The UAV is then 
deployed from the rocket and landed separately after having collected visual and thermal data from one or more 
target areas. Because a rocket is used to deliver the UAV to altitude, the useful flight time of the UAV is 
dramatically increased, and there is no time wasted while the UAV reaches reconnaissance altitude. Within as little 
as a minute after launch, the UAV can be circling an area of interest, collecting high-resolution images and thermal 
data.  
 Visual reconnaissance is made possible by the means of a mid-range resolution, forward facing camera for the 
purpose of determining the UAV’s orientation to the horizon while flying. The majority of the reconnaissance is 
carried out through the use of a high resolution, downward facing, digital video camera on a pan-tilt mount. This 
camera records digital video at a rate of 25 frames per second which is relayed from the UAV to a ground station 
along with the video feed from the forward facing camera. A pyrometer coupled with the visual camera provides 
thermal information about the target.  A three-axis accelerometer and angle roll rate sensor on board the UAV 
collects data on the orientation of the aircraft in three dimensions, a stagnation pressure probe and static pressure 
probe determines airspeed and altitude, and a GPS indicator determines the location of the aircraft. Processing of the 
flight and reconnaissance instruments required the design of an advanced onboard computer. This device converts 
analog signals into a digital format, bundles them together, and relays them to a ground station via a high bandwidth 
802.11g Wi-Fi signal. Further processing at the ground station provides the pilot with a graphic user interface that 
displays critical flight information and data from reconnaissance instruments, allowing the UAV to be flown 
remotely without line of sight.  A payload specialist is provided with imagery from the reconnaissance camera as 
well as a temperature reading of the target object. 
  

II.  UAV 
The UAV combines a sleek aerodynamic design, packaging versatility, and an electronics payload that transmits 

and receives reconnaissance and flight data. A ground station interfaces wirelessly with the UAV to monitor and 
control flight conditions and surveillance data.    

 
A. UAV Design 
 The wing is perhaps the most significant and 
defining aspect of any airplane design. The desired flight 
regime for a given aircraft dictates the design 
characteristics of that wing, such as the dihedral, the 
sweep, and the aspect ratio. These parameters influence 
the maneuverability, stability, and flight characteristics 
more than any other single factor.  
 The chord length of the wing was the first parameter 
to be selected for several reasons. It was anticipated that 
the span of the wing would be between about 4 feet and 
5 ½ feet, because this was the largest span wing that 
would fit inside the payload body tube for the rocket. It 
was also known that the fuselage of the airplane must be 
at least 4 inches in diameter, in order to accommodate 
the flight computer, the major component of which 
(Technologic: TS-7800 single board computer) is 4 
inches long on the shortest side. The airplane is also a 
high-wing design in order to accommodate the wing 
rotation mechanism.  

Figure 1. Dimensional drawing of UAV. Side and plan view 
of UAV. All dimensions are in inches. 
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 Five of the airfoils which would most feasibly suit the airplane and which would also be relatively easy to 
construct were analyzed in depth in order to find the airfoil most suitable to this airplane design. These were the 
SA7038, NACA 2412, NACA 4412, NACA 4418, and NACA 4415. These wing cross-sections were compared for 
an infinite span in the software Profili, a graphical equivalent to the MS-DOS software XFOIL. For a given 
Reynolds Number, Profili was used to compute the defining coefficients of the airfoil at varying angles of attack [1]. 
 Using this Reynolds number and a database of the coordinate points which make up the various airfoils of 
interest, Profili output charts of wing lift and drag coefficients which were very useful for comparing various airfoils 
and can be seen in Fig. 2. The left portion of this graph shows the increasing coefficient of lift corresponding to 
increasing angles of attack; for any given wing, as the angle of the wing with respect to the flow increases, the 
amount of lift increases, to a point. 
 The graph of CL vs. �  shows NACA 4415 to have the most lift compared to the other four airfoils at various 
typical angles of attack. The graph of CD vs. �  shows that, for � =0o, NACA 4415 had the second lowest drag 
coefficient, CD, and at other angles of attack it was 
still not considerably worse than the other airfoils 
studied here. 
 At the stall speed, there are several 
considerations which are important, aside from 
producing maximum lift and minimum drag. First, it 
is desirable to have a linear lift curve and a linear 
drag curve. Such a trend makes flying the aircraft 
much easier and makes the handling more 
predictable. Secondly, it is desirable to have good 
performance at angles of attack near ten degrees, 
because the aircraft’s approach to landing will be 
conducted at speeds approaching the stall speed, 
with a high angle of attack. Finally, it is desirable, 
even at low Reynolds numbers, for the wing to have 
gentle stall characteristics, again to ease the job of 
piloting the aircraft.  
 For all of these criteria, the NACA 4415 wing 
excels. It has a very linear lift curve, even at speeds 
approaching the desired stall speed, whereas several 
of these wings have very rough and unpredictable 
lift curves which would complicate the task of 
flying and landing the UAV. It has a very gentle 
stall, meaning that the transition of CL from having a 
positive slope to having a negative slope is gradual. 
This makes the stall predictable and increases the 
possibility of the pilot noticing the onset of a stall 
before that stall actually occurs. And, perhaps most 
importantly, at both cruise and stall speeds, the 
NACA 4415 produces a large amount of lift per the 
amount of drag which it creates, which makes it 
ideal for an application where the flight regime may 
be relatively slow, but the aircraft will need a large 
amount of lift in order to accommodate the high 
payload weight.  For these reasons, the NACA 4415 
was the chosen wing for the aircraft.   
 Once the wing profile and the chord length were 
known, other wing parameters were calculated. 
Typically in an airplane design, the desired aspect ratio (AR) is the first parameter chosen by the designer, because 
this plays a large hand in the maneuverability and overall performance of the aircraft. The aspect ratio depends on 
the length of the wing, b, and the plan area of the wing, Sref, and was calculated using Eq. 1.   

    
refS

b
AR

2

=               (1) 

Figure 2. Coefficient of lift and coefficient of drag as a function 
of angle of attack. CL and CD at stall speed (top) and cruise speed 
(bottom). NACA4415 outperformed the other airfoils in both 
scenarios. 
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 Gliders have very large aspect ratios; the wing span is large compared to the chord length, which results in high 
lift with minimum drag, but reduces maneuverability. Aerobatic airplanes have aspect ratios of 5 or 6, and typical 
sport or personal aircraft have aspect ratios in the range of 6 to 8. An aspect ratio of 6 was chosen to accommodate a 
tube that is 10 inches in diameter and 5 feet long. Thus, the wing span was calculated to be 4 feet. 
 Equation 2 was then used to calculate the lift to drag ratio (L/D).  This value was dependent on several variables 
including dynamic pressure, q, the weight of the aircraft, W, the parasitic drag coefficient, CD,0, the drag due to lift, 
K, and the exterior surface area of the UAV, Swet.     
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 Lift-to-drag ratio is a measure of the efficiency of an aircraft. A very efficient airplane produces a large amount 
of lift for a very small amount of drag. A modern sailplane has a lift-to-drag ratio, also called a glide ratio, of about 
60. A Boeing 747 has a lift-to-drag ratio of 17 at cruise speed. A Cessna 172 has a lift-to-drag ratio of about 7 at 
cruise. A Sparrow has a lift-to-drag ratio of about 4[4].  For our UAV, the L/D was calculated using Eq. 2 to be 
approximately 8.   
 It is important to note that the lift coefficient established by Profili, which can also be found in the back of many 
textbooks for common airfoils such as NACA 4415, is based on the standard assumption of a wing which is infinite 
in length. For an infinite wing, the aspect ratio is infinity, and there is no loss of lift associated with pressure loss and 
the finite aspect ratio. For a finite wing, on the other hand, there is somewhat less lift for any given angle of attack, 
depending on the extent to which the wing is finite, and as a result the plot of CL vs. �  has a different slope. Once 
this new slope is found, the coefficient of lift for the actual wing can be determined. 
 To confront this problem, Anderson [1] provides Eq. 3, based on the assumption of subsonic, incompressible, 
unswept, non-tapered wings of finite length.  This 
equation provided us with a, the slope of the lift 
curve corrected for losses associated with a finite 
wing.  The slope of the lift curve for an infinite 
wing, a0, and the span effectiveness factor, e, also 
play a role in determining a.  
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This new slope for the lift curve was then 

used to compute the actual lift of the wing at any 
given angle of attack. This corrected the lift 
calculations, taking into effect the fact that the 
wing is not infinite in length which allowed for 
very accurate calculations of the lift of the aircraft.  

A computational fluid dynamics study 
was undertaken to confirm these calculations. A 
3D, full scale model of the UAV wing was 
imported into Fluent, where lift, drag, and other 
performance characteristics were studied. This not 
only permitted useful visualization of the flow 
around the wing, but also corroborated analytical 
calculations performed earlier. Two visualizations 
of the wing can be seen in Fig. 3. The team hopes 
to conduct a similar study over the entire UAV so 
that high drag areas may be identified. 

Figure 3. Flow visualization around the UAV wing. The pressure 
distribution across the wing (top) and velocity contours at the wing 
tip and wing center (bottom).  
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 Finally, the wing was designed to have a 2° dihedral and a 4° angle of incidence, in order to maximize the 
stability of the aircraft and the lift per drag, respectively. A 2° dihedral was chosen because it is the largest desirable 
dihedral for a high-wing configuration [3].  The effect of the dihedral is to increase roll stability [3]. The 4° angle of 
incidence was chosen because it substantially increased the amount of lift produced with only a minimal increase in 
resulting drag.  
 The wing is attached to the fuselage of the UAV by a rotating wing mechanism. This device allows the wing to 
fold parallel to the fuselage of the UAV during launch and deployment. After the UAV separates completely from 
the rocket, a spring driven mechanism rotates and locks the wing into place for stable flight.  This allows convenient 
packaging without sacrificing wing rigidity.  
 The UAV is driven by an off-the-shelf folding propeller that permits packaging inside the rocket. 
 The fuselage of the competition plane is primarily square in cross-section. It is constructed of one layer of 5.8 oz 
carbon fiber. The square cross-section was chosen because it permits more room for the electronics than a circular 
cross-section fuselage of the same width, and because, as was evidenced with the installation of the internals to a 
prototype UAV, it is much easier to install bulkheads, electronics sleds, and other devices into a box shape than a 
cylindrical shape. 
 The final UAV has a folding v-tail design. The v-tail design was chosen for several reasons. First, it is much 
more conceivable that two tails can be retracted/folded than if there were 3 (e.g. two halves of the horizontal tail, 
and a vertical tail). Furthermore, this configuration has about 2/3 as much interference drag as the conventional tail 
design [2]. Finally, it permits ample control area and stabilizer area without interfering with the wing when 
packaged inside the rocket. The v-tails are attached to the empennage of the UAV via a rotating mechanism that 
allows them to fit within the rocket and automatically snap into a stable, cruising position after deployment.   

 
B. Electronics Payload 
  The flight electronics suite has two basic purposes. First, it must provide the pilot with sufficient information, 
by way of the ground station software, to pilot and navigate the aircraft safely without direct visual reference to the 
UAV. Secondly, it must collect visual and thermal data on targets of interest. This varied and complicated task is 
tackled by a wide ranging variety of sensors, cameras, transmitters, receivers, and a single board computer, which is 
in essence analogous to an airborne laptop. Figure 4 shows the flow of information within the flight electronics 
system.  
 The onboard computer is mounted internally to the UAV. It acts as an interface between the onboard systems 
and the ground computer. As a basic single board computer, it is compact, requires relatively little power, and has 
sufficient computational power to handle the numerous sensory signals that will be sent instantaneously to the 
ground station computer. The forward facing camera is mounted at the nose of the UAV inside a protective clear 
dome.  The camera relays forward imagery to the ground station providing navigation aid and obstacle avoidance for 
the pilot.   
 A Fluke 568 infrared thermometer collects thermal information for the team. It has been stripped of its protective 
plastic casing to reduce weight and size. The infrared thermometer has been aligned with the reconnaissance camera 
such that, when the gimbal and servos are used to point the camera at an area of interest, the infrared thermometer 
points at that object as well, so that it reads out the temperature of the object.  
 Two operational issues were considered.  The first caveat is that the infrared thermometer’s useful range is 
defined in terms of distance to spot (D:S). The device measures the average temperature across a small area. This IR 
thermometer is intended for relatively long ranges; many pyrometers have D:S ratio’s of 6:1 or so. This means that, 
if the thermometer is pointed at an object six feet away, then when the thermometer reads out a temperature, it is the 
average temperature over an area which consists of a circle that is one foot in diameter. The Fluke 568 has a D:S of 
50:1, which means that if the UAV is flying at an altitude of 300 ft in altitude, then the temperature read out is over 
an area that is 6 ft in diameter. This concept detailed in Fig. 5.  
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 In a hypothetical reconnaissance scenario where a camouflaged vehicle is being pursued, if the operators of the 
UAV see what appears to be a camouflaged truck using the camera, they can then pilot the UAV from cruising 
altitude to 300’ AGL and measure 
the temperature of the object that 
looks like a truck. The hood of a 
running truck will be much warmer 
than the surroundings, and this could 
be a mechanism for identifying or 
gaining further insight into an object 
of interest, as observed originally 
with the visual reconnaissance 
camera. 
 The second caveat is the 
alignment of the IR thermometer 
with the reconnaissance camera is 
very much range-critical. Inside or 
outside a certain range and they are 
not accurately aligned. In order for 
the infrared thermometer to read out 
the temperature of the target at the center of the reconnaissance camera’s viewfinder, the UAV must be very near to 
a certain height above the object. Closer or further away, the temperature reading may not be useful. It is important 

Figure 4. Block diagram of electronics configuration. This diagram displays the signal path of various sensors and 
controllers to and from the ground station. Note that five different frequencies are used to transmit data between the UAV 
and ground station. 

Figure 5. Diagram of reconnaissance camera and pyrometer mount. In flight, the 
camera and pyrometer both focus on the object of interest, providing high resolution 
imagery and accurate thermal data about the object.   
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that the UAV be at the correct altitude (300’ AGL to measure the temperature across a 6’ circle, e.g. a truck hood) to 
get an accurate reading. 
 The forward facing camera is mounted at the nose of the UAV inside a protective, acrylic dome.  This camera 
relays forward facing imagery to the ground station providing navigation aid and obstacle avoidance for the pilot. 
Three angle rate sensors will be mounted internally aligned in the X-, Y-, and Z-axes respectively. The data provides 
primary readings for yaw, pitch, and roll rates. A three-axis accelerometer is mounted to the UAV internally and 
aligned along the major axes of the UAV.  These sensors provide flight motion data for the pilot with yaw, pitch, 
and roll readings and complement angle rate sensor readings. The altimeter provides the pilot with a very precise 
readout of the barometric altitude of the airplane in flight. This is useful not only for vertical positioning, but also for 
vertical-speed trend information. This information is sent to the flight computer and displayed numerically for the 
pilot. The airspeed indicator provides the pilot with a digital readout of the speed of the UAV relative to the air 
around it. The airspeed indicator is a critical flight instrument for defining the instantaneous flight performance of 
the aircraft. A three dimensional location reading is relayed along with ground speed, altitude, and acceleration 
information to the ground station computer. The GPS antenna is mounted external to the UAV to maximize 
reception. The wireless module is mounted external to the UAV and transfers data from the UAV’s computer to the 
ground station and vice versa. The carbon fiber fuselage shields the single board computer and other internal devices 
from radio frequency noise generated by the communication antennas.  
 
C. Ground Station 
 The “ground station” is the term used to refer to 
the computer terminals and hardware on the ground 
which will be used for communication with the 
UAV and piloting the aircraft. This consists of two 
laptops networked by an Ethernet connection, with a 
Wi-Fi uplink to the UAV, a pilot’s controller for 
flying the UAV, and a payload specialist’s 
controller for operating the high-resolution camera 
and the infrared thermometer in the belly of the 
aircraft. Custom software has been written that 
creates a graphical interface for the pilot which 
conveys all of the information from the various 
flight sensors: airspeed, altitude, artificial altitude 
(based on linear accelerometers and angle roll rate 
sensors), and GPS moving map display. A 
schematic of the ground station can be seen in Fig. 
6.  
 Because of the weight constraint of being 
onboard a small airplane, the Wi-Fi transmitter 
onboard the UAV is relatively small and low-power. 
However, Wi-Fi connectivity is still required, even 
up to long ranges. To permit this connectivity to 
occur up to such long ranges, a large Wi-Fi 
transmitter is used on the ground, where weight is 
not a constraint. It is worth noting that this is a 
directional antenna. In order to receive optimal 
connectivity, this antenna will have to be aimed in 
the direction of the UAV during flight.  
 The pilot has at his hands two different 
mechanisms for controlling the UAV. The first is a 
Wi-Fi uplink. When the Wi-Fi uplink is operational, 
which under normal conditions is to be the case at all 
times, the pilot’s controller is plugged into the pilot’s 
computer via a USB cable. The signals from the controller are sent via the Wi-Fi uplink and the single board 
computer, through the pulse width modulation output controller, actuates the servos to allow the pilot to fly the 
airplane. 

Figure 6. Ground Station. Two laptops, two controllers, and an 
antenna array will provide the pilot and payload specialist to 
monitor and control all functions of the UAV.  
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 The payload specialist’s controller will be a USB joystick controller. This USB controller is connected to the 
payload specialist’s laptop computer and will be used to manipulate and orient the reconnaissance camera to inspect 
areas of interest. 
   
D. Failure Modes and 
System Redundancy 
 The electronics suite 
consists of four 
independent systems, all 
of which communicate 
with the ground station 
along different 
frequencies.  This design 
reduces system 
interdependency and 
offers a degree of 
redundancy that will 
decrease the likelihood of 
a single system failure 
resulting in the loss of the 
UAV.  
 The majority of the 
flight instruments are 
transmitted to the ground 
station via a long range 2.4 
GHz Wi-Fi signal using 
the 802.11g protocol. This 
connection carries the 
flight control systems, 
including control surfaces, 
throttle, landing gear, and 
gimbal control for both the 
navigational and 
reconnaissance camera; 
the sensory systems, 
including accelerometers, 
roll rate sensors, airspeed 
indicator, altimeter, and 
GPS; thermal data from 
the pyrometer; and the 
trigger for a ballistic 
recovery system (BRS) 
parachute. This is the 
team’s main transmission 
line and because the 
ground station has little 
limitation on size, the team 
has been able to use high 
gain receivers and 
antennas that are effective 
for up to 20 miles, under 
the assumption of line of 
sight. 
 The navigation and reconnaissance cameras are transmitted on separate frequencies, 900MHz and 1.2GHz 
respectively. These analog signals will have a range of no less than 7 miles, again assuming line of sight. In the 
event of loss of Wi-Fi signal, both video feeds will still function. The navigational camera is considered the most 

Figure 7. Failure Modes Diagram. This figure displays anticipated failure modes with 
solutions and outcomes. 
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important flight instrument and could be used to navigate the UAV back to the ground station without the other 
peripheral instruments. Additionally, a standalone GPS, transmitting on 441MHz, serves as a backup to the GPS 
integrated in the main flight systems, providing 3D location data in the event of Wi-Fi failure.  
 A Wi-Fi signal failure would mean loss of all flight controls. This problem is handled by a multiplexer, which is 
included in the custom circuitry onboard the UAV. This device is a switch that will defer flight controls to the 
2.4GHz frequency when the Wi-Fi signal is sufficiently strong. However, when a loss of signal is detected or the 
ground station override is triggered, the multiplexer will defer flight controls to a standby 72MHz transmitter (~1 
mile range with line of sight). This operates independently of the onboard computer, offering a reliable way to back 
up the Wi-Fi signal. The combination of forward facing imagery, GPS, and flight controls, while minimal, will be 
sufficient to recover the UAV and avoid a catastrophic failure in the event the Wi-Fi connection is lost.   
 In the case of a complete loss of signal, a BRS parachute has been installed on the UAV as a final failsafe to 
prevent the loss of the aircraft. The parachute is sized to land the UAV at a speed that will preserve the electronics 
payload and structural integrity of the UAV components. In the event of control surface failure within the range of 
either the Wi-Fi uplink or 72MHz, the pilot may deploy the BRS parachute by simply flipping a switch. If the 
ground station loses contact with the UAV from both signals, the onboard computer will autonomously trigger the 
parachute based either on loss of signal or altimeter readings that indicate an imminent crash. 
 All conceivable electronic failure modes have been considered and are displayed in Fig. 7.  

III.  Rocket 
 The launch vehicle to be used is based on the 10”-diameter “Thumper” kit from Polecat Aerospace. In its stock 
configuration, this kit is single-stage deployment and stands 6’8” tall with plywood fins. The Vanderbilt team has 
made several significant modifications to this rocket. Firstly, the rocket has been extended by adding two new 
sections. The midsection is a 16”-tall body tube cut from stock 10”-diameter tubing from Polecat Aerospace. This 
section contains most of the flight instrumentation onboard the rocket, including two redundant barometric 
altimeters, a GPS tracking unit, and a low-power RF locator beacon. A drawing of the rocket can be seen in Fig. 8.   
 The other body section added to the rocket is the 6’-tall payload tube, which is constructed from stock 10”-
diameter tubing from Polecat Aerospace. This section contains the UAV packaged inside a protective foam sabot as 
well as two redundant barometric altimeters used to deploy the UAV from its section, a task which must be 
performed separately from the two altimeters housed in the midsection of the rocket.   
 The foam sabot is composed of low density marine foam that is poured inside a sample rocket tube, ensuring that 
the outside diameter of the sabot is smaller than the inside diameter of the rocket tube. The team split the sabot in 
half, for a simple deploying action. The sabot was then hollowed out to fit the compact body of the UAV.  
 The UAV forms a precise fit within the sabot, since any excess room could result in damage of the aircraft 
during the rocket takeoff and during the separation of the rocket and the deployment of the UAV. Once the apogee 
altitude is reached, a black powder charge will break the rocket apart. A second charge will deploy the sabot from 
the body of the rocket. The two halves will never be connected, and during the ejection process they will break 
apart, releasing the UAV in the air, then allowing it to stabilize and begin reconnaissance.       

Figure 8. Internal configuration of rocket components. The location of the UAV, descent parachutes, and electronics are 
clearly visible in this schematic. 
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 RockSim, a rocket simulation software, 
confirmed that the AeroTek M2400T motor will 
carry the competition rocket to approximately 
5,280ft AGL.  A test launch to 3,000ft AGL using 
the M1939W motor will confirm the relative 
accuracy of the RockSim simulation. 
 Due to the need to ensure that the UAV is 
deployed clear of any parachutes or other 
sections, a complex deployment process is 
necessary for the rocket. The team has adopted a 
dual deployment method that will optimize 
mission flexibility and reduce the drift of rocket 
components during recovery.   
 At apogee (5,280 feet), the rocket is separated 
into 1) the nosecone and payload tube which falls 
under a drogue parachute and 2) the tail section 
which also falls under a drogue parachute. At 
2,000 feet, the UAV and the payload tube main 
parachute deploy simultaneously. The UAV is 
then released from the sabot, achieves stable 
flight, and begins the reconnaissance mission. At 
500 feet, the main parachute for the tail section is 
deployed.  A schematic of the process can be seen in Fig. 9.   
   

IV.  Test Results and Timeline 
 At the writing of this paper, the team has ground tested many of the rocket and UAV components. Rocket 
deployment testing confirmed proper sizing of the black powder charges used to separate the rocket sections in 
flight. The assembled components have been ground tested for strength and the rocket electronics have been tested 
for reliability. A test launch of the rocket is to take place in mid-March. The team plans to launch to an apogee of 
3,000 feet and carry a fully functional UAV that contains most of the reconnaissance electronics. 
 The team has constructed and flown a prototype UAV. The purpose of this UAV was to confirm design 
principles and perfect fabrication techniques to be used on the final UAV. The electronics suite has been partially 
assembled and will be test flown on an off-the-shelf testbed, an 8 foot wingspan Telemaster, in mid-March.  
 The final launch will take place on April 18 in Huntsville, AL as part of the NASA University Student Launch 
Initiative competition.  

 

V. Conclusion 
The rocket based deployment of a reconnaissance UAV offers advantages in fuel conservation and time taken to 

reach cruise altitude. The Vanderbilt team’s UAV utilizes a rotating wing, folding propeller, and folding v-tail that 
allow it to be safely packaged within a 10 inch payload tube. The rocket uses a dual deployment method that takes 
the UAV to a desired altitude, deploys the UAV, and returns to the ground as reusable components.  

 The UAV will carry an electronics suite that will communicate data from flight sensors, control the UAV, 
and collect visual imagery and thermal data from ground targets. Redundancy has been built into the UAV’s flight 
systems to minimize the likelihood of a catastrophic failure.  

 Extensive ground testing has taken place which will be followed by full scale flight testing in mid-March. 
The final launch will take place in late April.  
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