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     1.2 Launch Vehicle Summary 
 
          1.2.1 Size 
The competition rocket stands 16 feet tall. It has a nominal diameter of 10 inches. 
The large size is necessary to facilitate the UAV. Dedicated to the UAV is an 8-
foot-tall payload tube which contains the sabot and the UAV. The sabot is 74 
inches long and has a 9.75 inch diameter when assembled around the UAV. The 
UAV itself has a 58” wingspan. 
 
          1.2.2 Final Motor Choice 
The final motor choice is the M1939W. This motor has a total impulse of 10,339.8 
N-S. For the most updated version of the RockSim model of the launch vehicle, 
RockSim predicts an apogee of 5,469 feet AGL. 
 
          1.2.3 Recovery Subsystem 
In order to safely deploy the UAV and all the necessary parachutes, 3 separate 
deployments and a total of 4 altimeters are necessary. At apogee, the rocket 
separates into two completely separate parts. The payload tube and nose cone 
fall under a 4 foot drogue parachute. The tail section and mid-section fall under a 
3 foot drogue parachute. 
 
          1.2.4 Rail Size 
The launch rail is a 16-foot-tall 4020 rail. 

 
 
     1.3 Payload Summary 
 
          1.3.1 Payload Overview 
The payload is a reconnaissance UAV, the basic objective of which is to be 
safely deployed from the rocket to conduct reconnaissance in the visual and 
thermal spectra. 
 
          1.3.2 UAV Summary 
The Vanderbilt USLI team has designed, fabricated, and test flown the 
Competition UAV. The UAV has a 58” wingspan, a square-cross-section fuselage 
measuring 4” on each side, and it is capable of carrying a payload of up to 2.5 
lbs.  
 
The UAV is equipped with ailerons, a V-tail with ruddervators, and one camera 
gimbal for the reconnaissance camera and infrared thermometer (R-Cam).  
 
In order to facilitate packaging inside the rocket, the UAV’s wing is on a spring-
loaded rotating mechanism which locks into place via a spring-loaded pushpin. 
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The V-Tails fold back parallel to the axis of the fuselage, on a similar spring-
loaded mechanism. The propeller is 13” in diameter when fully extended. When 
not in use, it folds against the nose cowl. The UAV is powered by a brushless DC 
motor. 
 
          1.3.3 Airborne Electronics Summary 
The UAV carries a sophisticated electronics suite whose purpose is twofold. 
First, the aircraft must be capable of a useful reconnaissance mission resulting in 
high-resolution imagery as well as thermal data. Secondly, in order to effectively 
accomplish the first objective, the UAV must be capable of safe flight without 
visual contact.  
 
The reconnaissance package onboard the UAV is made up primarily of a high 
resolution camera mated to an infrared “spot” thermometer. The reconnaissance 
camera has a 10.1 megapixel CCD sensor and 4x optical zoom. The infrared 
thermometer features a 50:1 distance-to-spot ratio. Both devices have been 
stripped of their casing to save weight. They are mounted together on a tilt-pan 
gimbal, and have been modified so that they can be controlled via a RS-232 
connection to the single board computer. 
 
The rest of the electronics payload onboard the UAV is designed around 
accommodating these two devices, and also around the constraint of providing 
critical flight data to its operators on the ground. The UAV carries a 500 MHz 
single board computer (SBC). The computer communicates with the ground via a 
long-range 802.11g Wi-Fi connection, facilitated by a 500 mW USB Wi-Fi 
transmitter/receiver. Both camera systems onboard the computer transmit analog 
video, on 900 MHz and 1.2 GHz respectively. A 5 Hz USB GPS device provides 
an NMEA data stream for determining instantaneous geolocation of the UAV in 3 
dimensions. Analog sensors onboard the UAV include a pitot-static system, a 
barometric altimeter, angle roll rate sensors about 3 axes, and linear 
accelerometers about 3 axes. These devices, working in conjunction with one 
another, provide sufficient data to the UAV operators on the ground for the UAV 
to be safely flown without visual contact. 
 
Mechanical control of the UAV is achieved via a total of 11 analog servo motors, 
which are used to manipulate control surfaces, camera gimbals, the retractable 
landing gear, and the steerable tail wheel. These devices are linked to a 
multiplexing device which permits the servo motors to be operated via the Wi-Fi 
uplink to the SBC, or in the case of an emergency, via the 72 MHz standby 
receiver. 
 
          1.3.4 Ground Station Summary 
In order to facilitate control of the UAV from the ground, the Vanderbilt USLI team 
has assembled a sophisticated ground station. The ground station essentially 
consists of two laptop computers, an array of 5 antennas, a Wi-Fi router, and five 
human operators.  
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The pilot pilots and navigates the UAV and NAVCAM through a USB controller, 
referencing a heads-up display which provides data from the flight instruments 
onboard the UAV.  
 
The payload specialist operates the reconnaissance camera and the infrared 
thermometer through a USB controller and is in charge of collecting data for the 
reconnaissance mission.  
 
The copilot provides a visual lookout for the UAV, and can override the pilot in 
the event that the UAV is observed to be in distress and is sufficiently close to be 
flown visually. The copilot serves primarily as a safety pilot, maintaining visual 
contact with the UAV to the extent possible, especially during low-altitude 
maneuvers and the landing phase of flight, and assuming control as necessary to 
ensure safety of flight. 
 
The antenna operator operates the array of antennas. Because the antennas for 
the Wi-Fi and the two video feeds are somewhat directional, they most be aimed 
roughly at the UAV at all time. The antenna operator observes the geolocation 
data for the UAV and points the antennas in the general direction of the UAV. 
 
The team liaison monitors the flight proceedings and communicates with the 
USLI competition officials. It is the job of the team liaison to ensure that the UAV 
is operated in a fashion that is consistent with the needs of the USLI Competition 
officials, and to ensure that the UAV operation does not interfere with the USLI 
Competition activities and visa versa. The liaison shields the other operators from 
unnecessary communication and distraction, and parses and briefs the other 
operators on any course of action necessary to ensure flight safety and 
compliance with the needs of competition officials.  
 
The ground station hardware consists of two Dell Latitude D600 laptops, 
communicating with each other and with the UAV by way of a NetGear router. 
The NetGear router trades data with the UAV via a 24 dBi grid antenna operating 
on 2.4 GHz. Video feeds from the forward-facing camera and the reconnaissance 
camera are received by two patch antennas, operating on 900 MHz and 1.2 GHz 
respectively. These three antennas – the Wi-Fi grid antenna and the two video 
receiver antennas – are mounted on a video tripod for stabilization and aiming at 
the UAV in flight.  
 
The ground station hardware is powered by a small gasoline generator in parallel 
with a 12V car battery. 
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2. Changes Made Since CDR 
 
     2.1 Changes Made to Vehicle Criteria 
 
          2.1.1. Parachute Sizing 
One concern at the time of the writing of the CDR was the usage of a 10 foot 
parachute as the ‘main’ parachute for the payload section. This parachute is 
deployed when the UAV is deployed at 1,200 ft, which creates the potential for 
significant drift. 
 
          2.2.2 Switch Design 
In previous years, there has been some concern over switches to be used on 
rockets. Toggle switches are readily available, easy to install, and easy to 
understand and use. However, it is possible for rocket forces during flight or 
landing to “flip” the switch, which can be hazardous to the safety of flight. In 
particular, the forces resulting from the drogue separation charge at apogee 
could ostensibly switch the altimeters off if a toggle switch was improperly used, 
and this could possibly result in main deployment charges not being activated, 
and thus an unsafe recovery speed at impact with the ground. 
 
To confront this problem, for all switches on board the rocket,  a rocket-specific 
switch is used. In particular, the screw-type switch from Newton’s 3rd Rocketry is 
used. For safety during rocket preparation, the screws are removed completely, 
which turns the switch “off.” Once the rocket is on the pad and ready to be 
launched, the launch operations manager installs the switches one at a time, 
listening for the chirp of the altimeters to ensure that all altimeters are 
programmed as desired and demonstrate proper continuity on deployment 
terminals.  
 

 
Figure 2.1.1 Screw-Type Switch 

 
This type of switch is designed specifically for use in high-power rocketry. It is 
considered to be extremely safe, impossible to be switched off by forces 
encountered in the rocket flight, and easy to use. 
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          2.2.3 Payload Section Length; Overall Len gth 
At the time of the writing of the CDR, it was believed that the overall length of the 
payload tube would not need to exceed 6 feet. However, due to the fact that the 
rocket body tubes come in 4-foot lengths, the payload body tube was assembled 
as an 8-foot tube. During the fabrication and flight testing of the UAV, it was 
determined that the aircraft, once built, was heavier than intended, due in part to 
extra weight picked up in unplanned mounting and assembly hardware. As such, 
the wingspan has been extended to the extent possible, to a new wingspan of 
58”. With this change and the change to having the tails folding straight back, the 
full length of the 8-foot payload tube was needed. For this reason, the payload 
tube length has been changed from 6-feet to 8-feet. 
 
          2.2.4 Smaller tail-section drogue 
In the full-scale test launch on 3-15-09, the main parachute on the tail section 
deployed prematurely, near to the 1,871’ apogee. It is believed that this 
premature deployment was the direct result of the relatively large drogue 
parachute on the tail section. When the drogue parachute deployed and the 
tether between the parachute and the midsection became taunt, it is believed 
that the shear pins attaching the tail section to the midsection failed, permitting 
these two sections to come apart prematurely and directly resulting in the 
premature deployment of the tail section main parachute.  
 
In order to ensure that this same condition does not arise during the competition 
launch, the drogue parachute on the tail section has been downsized to a 3-foot 
diameter parachute. There is considerable drag on the tail section itself and its 
fins which is not accounted for by the equation used to size parachutes [20]. 
Downsizing this drogue parachute will help ensure that the tail section main 
parachute is deployed at the prescribed altitude of 300 feet AGL. 
 
          2.2.5 Smaller Payload section main parach ute 
One consideration which was brought up during the CDR 
Teleconference/Presentation was the size of the main parachute on the payload 
section. Due to the nature of the deployment scheme, this parachute is deployed 
at the altitude used for UAV deployment. If wind conditions and the cloud ceiling 
are favorable, the team would like to deploy the UAV possibly as high as 1,200’ 
AGL. At such a high altitude – considerably higher than would normally be 
considered for deploying the main parachute of a high power rocket – there is the 
possibility that, on a windy day, the payload tube would drift considerably before 
landing. The payload tube itself is simply a fiberglass-cardboard tube, reinforced 
at the junction with 15.6 oz carbon fiber. It is not particularly fragile. Whereas 
normally, 18 ft/s is an ideal descent rate, the payload tube can handle a higher 
descent rate without suffering damage. Furthermore, as the tube descends, there 
is considerable drag on the payload tube and the nosecone, in addition to the 
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drag created by the parachute. Due to the difficulty of calculating a continuous 
drag value for this configuration, the drag on the payload tube and nose cone is 
neglected in the parachute-mass calculations (See table 3.2.1), with the 
understanding that any descent rate calculated using the calculator 
recommended by Canepa [6], [9] will err very much on the side of too fast. In 
reality, the tube can be reasonably expected to fall considerably slower than the 
value calculated using Canepa’s recommendation [9]. 
 
With this in mind, the main parachute on the payload section has been 
downsized from a 10-foot diameter parachute to a 7-foot diameter parachute. 
According to the calculator [9], this will result in a descent rate of 32 ft/s, 
completely neglecting all of the drag on the large, lightweight payload tube and 
nose cone. 
 
          2.2.6 UAV Deployment Altitude Change 
The team has decided, for a number of different reasons, to decrease the UAV 
deployment altitude to 1,200’ AGL. By deploying the UAV lower, the team can 
help ensure that the safety pilot  is able to maintain visual contact with the UAV 
at all times. Furthermore, by remaining under 1,200’ AGL, the team will be able 
to easily ensure that the aircraft remains in Class G unregulated airspace.  
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    2.2 Changes Made to Payload Criteria 
 
          2.2.1 Changes to UAV Design 
 
               A. Addition: BRS System 
At the time of the writing of the CDR, the team was considering the 
implementation of a ballistic recovery system (BRS) parachute. Such a device 
could be used to recover the aircraft in a number of undesirable scenarios. For 
example, in the event of a control surface failure, or if the wing fails to rotate after 
deployment from the rocket, or communication to the UAV is lost, the BRS 
parachute could be deployed, either remotely or autonomously.  
 
It is necessary by nature of the usage of this system to make it as simple and 
robust as possible. To this end, standard hobbyist equipment is used throughout. 
The ‘trigger’ is a pulse-width modulation R/C switch called the “Battle Switch.” 
This device is commonly used onboard R/C airplanes to trigger various electronic 
events, such as switching on accessory lights or accessory power systems. In 
this case, the “Battle Switch” completes a circuit between a 9v battery and an 
electric match of the same variety as is used onboard the rocket for deploying 
parachutes. 
 

 
Figure 2.2.1 Battleswitch 

 
The Battleswitch goes into the multiplexing (MUX) device, which permits 2 
different modes of input. In the standby mode, the MUX permits the BRS trigger 
to be activated via 72 MHz, using an accessory channel on the pilot’s standby 
controller. In the operational mode, the MUX permits the SBC to be used to 
trigger the BRS, e.g. by the pilot over the Wi-Fi uplink. Furthermore, the SBC is 
equipped with various autonomous means of activating the BRS. The single 
board computer can autonomously determine, such as a radical vertical speed 
below a certain “safety” altitude, that the UAV is out of control and dangerously 
low, and at this time the SBC is permitted to autonomously override the operator 
on 72MHz and/or Wi-Fi to deploy the ballistic recovery system/parachute. 
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     B. Wingspan 
The 2nd Proof of Concept UAV was originally intended to be the Competition 
UAV. This aircraft was well designed and properly fabricated, but there is still 
room for improvement and the team feels it worthwhile to rebuilt the aircraft with 
the same basic design, but a number of key improvements. One of these 
improvements is increasing the wing span to 58”, from 4 feet. This will provide 
the aircraft with more lift, resulting in a slower possible cruise speed (without 
significantly inhibiting max cruise speed), a slower, safer approach and landing 
speed, and a lower wing loading for gentler handling and easier flying. 
 
               C. V-Tail Hinge Design 
A single narrow cabinet-style hinge is used for the V-Tails. This type of hinge 
provides rigidity about the longitudinal axis of the aircraft, and provides secure 
mounting to each of the V-Tails as well as to the aft end of the fuselage. 

 
Figure 2.2.2 Butt Hinge for V-Tails 

 
 

 
Figure 2.2.3 V-Tails Mounted on POC#2 

 
               D. V-Tail lock Design 
At the time of the writing of the CDR, it was believed that the best solution for 
locking the V-tails into position would be the usage of cabinet snaps, used for 
securing cabinet doors. On the recommendation of a Vanderbilt engineering 
professor, the team decided to use a pair of magnets, one mounted in each half 
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of the V-Tail, and one mounted in the inside of the fuselage, to secure each of 
the tails. This proved to be lighter, more secure, and easier to install. 
 
               E. Propeller Selection 
Based on the motor and battery selection, the Axi Motor Selection Tool [10] 
recommended an 13x8 propeller. There exists an additional constraint – the 
propeller must fold up against the nose cowl of the aircraft in order to fit into the 
rocket. A 13”-diameter propeller can never fit inside a 10”-diameter rocket body 
tube if the motor axis is parallel to the rocket axis, which is the case here. 
However, the motor selected will accommodate a folding propeller which allows 
the propeller blades to fold backwards against the nose cowl, and thus allowing 
packaging within the rocket. 
 
               F.  Wing Rotation Mechanism 
The wing rotates simply about a pin placed at the center of the chord and the 
center of the span. On the 2nd Proof of Concept UAV, this was a threaded 5/16th 
inch steel bolt with a steel nut. For the competition UAV, a 3/8th inch fiberglass 
bolt with an aluminum nut, weighing less than 10% as much as the original pin 
will be used. The wing is loaded by a pair of springs in parallel, which cause it to 
rotate into the locked position.  
 
               G. Wing Lock Mechanism 
For the wing locking mechanism, a spring-loaded pin is used. The pin is mounted 
inside the fuselage. When the main hatch on the bottom of the plane is removed, 
the pin can be pulled downward, which allows the wing to be rotated. Once the 
wing is rotated parallel to the fuselage, the pin pushes on the bottom of the wing. 
When the springs pull the wing into the flight position, the spring-loaded pin 
extends into a special steel shaft inside the wing, locking the wing into position 
until the hatch is removed and the pin is pulled downward. This arrangement was 
tested and demonstrated to be sufficiently secure to hold the wing in place during 
standalone flight testing of the UAV. Furthermore, the functionality of the entire 
wing rotation and locking mechanism was successfully demonstrated by the full-
scale test launch on May 15, 2009.  
 
               H. Landing Gear Design 
At the time of the writing of the CDR, it was believed that retractable landing gear 
would be the ideal solution for the Competition UAV. Landing gear are necessary 
for flight testing because the UAV must takeoff and land from the ground. 
However, in competition, the UAV will be deployed at a high altitude and will 
likely be landing in an area not conducive to conventional gear. Additional weight 
considerations have led the team to remove landing gear from the Competition 
UAV design. Test flight takeoffs will be accomplished through the use of a rolling 
sled on which the UAV will rest while gaining speed. After the UAV has reached 
takeoff speed, the UAV will simply lift out of the sled, leaving the sled on the 
ground. The UAV will then be forced to perform a belly landing, a technique 
common to many R/C airplanes that exist today.  
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               I. Switch Design 
There are a number of unique constraints imposed on the UAV due to the fact 
that it must be deployed from the rocket. In addition to the physical constraints, 
which require the UAV to have a wing which rotates as well as a folding propeller 
and folding V-Tails, the UAV must make use of switches which are not affected 
by the forces involved in rocket flight. Conventional toggle or slider switches can 
not be used because rocket forces, e.g. liftoff and deployment charges can 
sometimes trigger these switches. However, it is necessary to use switches on 
the UAV because it is desirable to be able to package the UAV and ready it for 
flight, then set it aside while the rocket is prepared and the Safety Officer 
inspects the parachute rigging and motor installation.  
 
For most of the internals, including the single board computer, the receiver, and 
the servos, the current draw is relatively low. In this application, screw-type 
switches from Newton’s 3rd Rocketry – the same type of switches used on the 
rocket – are employed. However, the motor’s current draw at full power 
approaches 50 Amps, and a normal switch can not stand up to this high level of 
current. A special type of connector, called a Deans Connector, is used between 
the motor and the battery. This type of connector is designed specifically to stand 
up to the high current draw of a powerful brushless D/C motor. So, to make the 
motor switch, a Dean’s connector ‘Key’ is attached in series, with the terminals 
connected. When the key is not in place, the motor is switched off, and when the 
key is put into place, the motor is switched ‘on’ and the UAV is ready for flight. 
 

 
Figure 2.2.4 Deans Key Installation 

 
               J. Control Surface Hinge Design 
Previously, nylon pin-type hinges were used for control surfaces. The foam core 
of the wing was slotted, the hinges were simply epoxied into the slot in the wing 
and the slot in the control surface (e.g. the aileron). However, under the 
recommendation of several experienced R/C scratch-builders, the team decided 
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to employ a more sophisticated method for attaching hinges to foam-core wings 
and tails. The aileron (or ruddervator or other control surface) is capped with light 
balsa, which is epoxied into place. The wing where the aileron is to be installed is 
similarly capped with balsa, and this balsa is slotted prior to the hinge being 
epoxied into place. This method of assembly has proven to be much stronger 
with little or no weight consequence. 
 

 
Figure 2.2.5 Balsa-Cap Hinge Installation 

 
          2.2.2 Changes made to Electronics Payload  
 
               A. Forward Facing Camera (NAVCAM) an d Transmitter 
Prior to the writing of the CDR, it was considered desirable to use a digital (e.g. 
USB) camera for the forward facing camera. It was determined, however, that it 
would be extremely advantageous to use an analog camera with it’s own 
transmitter for the forward-facing camera. This arrangement provides an extra 
degree of safety over the USB camera; if the Wi-Fi uplink were to fail or if the 
single board computer was damaged during deployment, then the view from the 
forward-facing camera would be lost. Instead, by using a separate hobbyist 
analog video camera and transmitter, there is a lessened dependency on the Wi-
Fi uplink, which hinges on the functionality of a number of different systems. 
Thus, the forward-facing camera is an entirely standalone system, with it’s own 
battery and transmitter, and no separate system needs to function in order to 
receive a feed from the forward-facing camera. 
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Figure 2.2.6 NAVCAM Subsystem 

 
The camera is a Sony KX-191h camera, with a 4mm lens. It measures 35 x 35 
mm, outputs 550 tv lines (TVL) of analog video, and features a sensitive CCD 
imaging sensor with back light compensation, auto white balance, and only 210 
mA current draw.  
 
The transmitter is a 500 mW, 900 MHz analog video transmitter. In combination 
with the 8 dBi antenna to be used on the ground, this setup should offer 
approximately 9 mile range under ideal conditions, provided line of sight, using 
the small 0 dBi antenna provided with the transmitter. It transmits NTSC video on 
one of four channels. The onboard system weight is just 6.5 oz, including the 900 
mAh lithium-polymer battery, which should provide over an hour of continuous 
operation. 
 
               B. Reconnaissance Camera (R-CAM) and  Transmitter 
Immediately prior to the writing of the CDR, it was found that the single board 
computer was borderline overloaded by the task of converting the analog video 
output from the high-resolution camera into digital. As a solution, it was 
determined that the camera can output low resolution to be transmitted to the 
ground as analog. Then, after the flight, the camera can be recovered and the 
full-resolution video can be viewed. The transmitter to be used has been 
selected, procured, and tested at full range onboard the Telemaster aircraft. 
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               C.  WI-FI Transmitter 
At the time of the writing of the CDR, a relatively low-power Wi-Fi 
transmitter/receiver was nominally selected for usage onboard the UAV. It was 
believed that, due to the high gain and relatively high power of the transmitter on 
the ground, that the transmitter onboard the airplane could be of relatively low 
power. Further investigation, including free space path loss calculations, 
indicated that, while a low power Wi-Fi receiver onboard the airplane might 
suffice, a higher power Wi-Fi transmitter was needed. To this end, the team has 
acquired a high-power transmitting, high-gain receiving USB Wi-Fi device that 
plugs directly into the single board computer.  
 

 
Figure 2.2.7 Wi-Fi Transmitter, with 2 dBi antenna installed, casing removed 
 
Based on the free path loss calculations detailed in [CITE], the range of the Wi-Fi 
connection is approximately 10 miles from the UAV to the ground. This range is 
based on using the supplied 2 dBi antenna on the UAV, the 500 mW transmitter 
power of the USB Wi-Fi device on the UAV, the 24 dBi antenna on the ground, 
and the 64 mW transmitter power of the Wi-Fi router on the ground. 
 
               D. NAVCAM Gimbal Removal 
At the time of the writing of the CDR, it was considered to be desirable to have 
the forward-facing camera, NAVCAM, on a tilt-pan gimbal. However, weight has 
been a problem for the competition UAV. Furthermore, a gimbal-mounting 
system is not as secure as a fixed-mount. Finally, it is preferable to have the 
camera mounted outside of the propeller arc so as to improve the quality of the 
video feed. For these reasons, the team has decided not to mount the NAVCAM 
on a tilt-pan gimbal. Instead, the camera will be on a fixed mounting in the wing. 
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This eliminates 2 channels of control and 2 moving parts, simplifying the UAV, 
reducing weight, and increasing the robustness of the system as a whole. 
Sacrificed is the ability of the pilot to maneuver the camera without maneuvering 
the aircraft, but for the benefits gained this sacrifice is acceptable. Another 
advantage of this arrangement is that it ensures that the 72 MHz hobbyist 
transmitter used in UAV flight testing has sufficient channels for controlling the 
UAV and the critical auxiliary systems. If 2 of the 7 channels on the Hitec Eclipse 
7 had to be used for pan and tilt of the forward-facing camera, and if retractable 
landing gear had to be used, then there would not be sufficient channels left over 
for the BRS.  
 
               E. R-CAM Gimbal Selection 
At the time of the writing of the CDR, it was known that it would be desirable to 
mount the reconnaissance camera and the infrared thermometer – the primary 
reconnaissance payload – on a tilt-pan gimbal so that a payload specialist could 
orient and operate the devices with a greater degree of control. However, the 
actual gimbal to be used had not been selected. 
 
Two gimbals were taken into consideration. The Servo City SPT200 and the 
Servo City SPT100. On the SPT200, the recommended high-torque servos for tilt 
and pan is the Hitec HS-985MG. On the SPT100, the recommended high-torque 
servos for tilt and pan are the Hitec HS-645MG. The following data table was 
created to compare and contrast.  
 
Gimbal  Max Payload Weight  Weight incl. s ervos  Cost w/ servos  
SPT200 w/ 
HS-985MG 2 lbs 0.616 lb $192  
SPT100 w/ 
HS-645MG 0.8 lb 0.336 lb  $100  

Table 2.2.1 Payload Gimbal Comparison 
 
At a combined weight of just 0.636, the Exilim Z-300 camera and the Fluke 568 
infrared thermometer are well within the threshold for the SPT100 tilt-pan gimbal, 
so this is the obvious choice, to save both weight and money. 
 
               F. Backup Receiver: 72 MHz 
As detailed in section 2.2.3 G, at the time of the writing of the CDR, it was 
believed to be desirable to use a 2.4 GHz hobbyist R/C system as the standby 
controller for the UAV. However, upon further investigation, it has been 
determined that, due to the inevitable proximity of the high-power Wi-Fi 
transmitter (operating on 2.4 GHz) to any R/C receiver onboard the UAV, a 2.4 
GHz RC receiver would be susceptible to major interference from a Wi-Fi device 
operating in the same wave band, even if distinct channels were used. 
Furthermore, a 72 MHz system of the same transmitter power and receiver 
antenna gain can be anticipated to have slightly greater range than a 2.4 GHz 
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system with the same transmitter power and receiver antenna gain, due to the 
higher atmospheric absorption of high-frequency radio signals. 
 
          2.2.3 Changes Made to Ground Station 
 
               A. Addition of Co-Pilot/Safety Pilot  
During the course of flight testing the electronics payload onboard the 
Telemaster, it was determined that, especially when the aircraft is being piloted 
by reference to a computer screen, it is desirable and indeed necessary to have 
a safety pilot on site. The safety pilot maintains visual contact with the aircraft at 
all times during flight testing, and to the extent possible during the competition 
launch. The safety pilot holds a 72 MHz transmitter identical to the one used by 
the pilot – a Hitec Eclipse 7 QPCM – linked up using a ‘trainer’ cable, with the 
“master” end on the safety pilot, and the “student” end on the primary pilot. This 
way, if the pilot, flying by reference to the computer terminal endangers the 
aircraft, the safety pilot may immediately assume control to take evasive action. 
 

 
Figure 2.2.8: Safety Pilot Setup 

 
               B. Addition of Antenna Operator 
During the design of the ground station and the ground station antenna array, it 
was known that an operator would be required for orienting the antenna array. All 
of the antennas used are, to some extent, directional. This is especially true of 
the Wi-Fi dish, a 24 dBi grid antenna, as well as the 8 dBi patch antennas used 
for receiving video feeds on 1.2 GHz and 900 MHz.  
 
Thus, the antennas are mounted on a swiveling, tilting heavy duty tripod. The 
antenna operator is tasked with observing the UAV in flight and tracking its flight 
pattern with the antenna array. When the UAV is outside of visual range, the 
antenna operator looks over the shoulder of the pilot at the pilot’s display GUI to 
observe the relative location of the UAV and aim the array accordingly.  
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    C. Addition of Competition Liaison 
During the course of flight testing various UAV iterations as well as flight testing 
the electronics payload, it was observed that a minor distraction to the pilot can 
serve as a major hazard to flight operations and even flight safety. The pilot 
needs to be buffered from curious bystanders and other non-flight-team 
personnel. It is the job of the competition liaison to communicate with the USLI 
officials, the team’s faculty advisor, and other non-flight-team personnel and to 
serve as a buffer between these people and the flight crew, parsing any critical 
information and helping to minimize pilot communication workload.  
 
               D. 900 MHz Receiver  
A Future Hobbies FHV 9 500 900MHz receiver will be used for the signal 
transmitted for the forward facing camera.  The receiver is designed specifically 
to avoid interference with 2.4GHz R/C controllers, as well as the 1.2GHz receiver 
used for the reconnaissance camera.  The four selectable frequency channels 
provide flexibility for the signal to further reduce interference.  The receiver is 
optimized for the Sony chipset KX-191 aerial camera that has been selected for 
the forward facing camera.  As the set is sold in a package, it ensures cross 
functionality between the components. 
  
               E. 1.2 GHz Receiver  
A LawMate 120500C 500mW 1.2MHz receiver will be used for the 
reconnaissance camera signal transmission.  The receiver will provide ample 
signal quality while avoiding interference with both the 900MHz receiver for the 
forward facing camera as well as the R/C controller.  The selected downward 
facing reconnaissance camera outputs an analog video signal which will be 
easily integrated with the receiver. 
  

 
Figure 2.2.9 R-Cam Transmitter and Receiver 
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               F. Antenna Mount Design  
Due to the 50% carbon fiber construction of the fuselage, antennae will require 
outboard mounting.  The carbon fiber mesh interferes with reception, and would 
not allow proper communication between the ground station and the UAV.  
Additionally, for proper reception, the antennae are required to face downward 
for the full flight.  A lightweight spring-loaded design similar to that used for the V-
tails is employed. 
 
               G. Backup Transmitter: 72 MHz 
At the time of the writing of the CDR, it was believed preferable to have a 2.4 
GHz radio for the standby controller of the aircraft. There are two transmitter 
frequencies commonly used for R/C airplanes in the US: 72 MHz and 2.4 GHz. 
For several reasons, the 72 MHz system is preferable in this case.  
 
First of all, the team already owns a high-end 72 MHz transmitter, which was 
used in flight testing the UAV – a Hitec Eclipse 7. Using this transmitter as the 
standby prevents the team from needing to buy another high-end transmitter to 
use as the standby transmitter on launch day. 
 
Secondly, due to the higher atmospheric absorption of higher-frequency radio 
waves [2], as well as other factors, it is believed that the 72 MHz system will have 
slightly superior range to the 2.4 GHz system. 
 
Finally, and perhaps most importantly, the Wi-Fi data carrier signal also operates 
on 2.4 GHz. Due to the relatively small size of the UAV and the communication 
needs of the team, the Wi-Fi transmitter/receiver will be in close proximity – 
within a foot or so at most – to the Standby receiver. Even if separate channels 
were specified for the Wi-Fi and for the 2.4 GHz standby controller, due to the 
proximity of the hobby receiver to the Wi-Fi transmitter, it is believed that the 
transmitter would saturate the receiver with extraneous data, interfering with the 
operation of the standby receiver 
 
For these reasons, the team has decided to use a 72 MHz transmitter/receiver 
for the standby control system. In particular, a Hitec Eclipse 7 QPCM transmitter 
with a Hitec Supreme IIs receiver. 
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     2.3 Changes Made to Activity Plan 
 
The assembly of the competition UAV was postponed from January 23 until 
March 16. The plane that was built during that time was deemed to be the 
second proof of concept UAV. This decision was made due to the second Proof 
of Concept UAV being slightly over weight. Measures will be taken to make the 
competition UAV lighter in order to decrease the stall speed, as well as to 
improve various other flight characteristics. It is important to note that in the event 
that the actual competition UAV is damaged during flight testing, the second 
proof of concept UAV would be an acceptable vehicle for the reconnaissance 
payload. 
 
The flight testing of the competition aircraft was moved from February 5 until April 
1.  During this time the second proof of concept UAV will be tested and perfected 
in place of the competition UAV. This decision was made to ensure that the 
proper design and fabrication methods are used to assemble the competition 
UAV. 
 
The flight testing of the competition rocket was postponed from February 15 until 
March 15. This decision was made so that a flight worthy UAV could be deployed 
from the rocket, in turn allowing the team to test more of the systems to be used 
in competition. 
 
The flight testing of the competition UAV electronics package was postponed 
from February 15th until March 30th.  Portions of the electronics have already 
been tested, but small changes in the system design has postponed final testing 
to a later date.    
 
The final flight testing of the competition UAV was postponed from March 1st to 
March 28th. This delay is a result of the creation of a third, Competition UAV that 
will succeed the second Proof of Concept UAV. The Competition UAV is 
currently being fabricated, and many improvements are being made to the 
fabrication process. 
 
The instillation of the competition electronics on the UAV was postponed from  
March 1st to April 1st. This change was made because the competition UAV is 
scheduled to be completed on this date. 
 
The determination of minimum deliverables for the UAV, UAV electronics, and 
the rocket were originally scheduled for March 15th. This date has been changed 
to April 1 due to the fabrication of the third UAV, which is intended to be the 
Competition UAV.   
 
The final flight testing of the competition UAV with the full electronics payload will 
take place on April 4th rather than March 15th due to the reasons listed above. 
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3. Vehicle Criteria 
 
     3.1 Rocket Testing and Design 
 
          3.1.1 Material Usage and Load Paths 
Carbon fiber was used to construct the fins in order to increase strength, 
increase resistance to deformation due to heat, and reduce weight aft of the 
center of gravity. This was an improvement over the fins that were provided with 
the kit, which were made of wood.  The rocket body is a combination of 
cardboard tubes wrapped in fiberglass. 
 
While the cardboard tubes are already structurally sound, the outer fiberglass 
layer increases the body stiffness in order to ensure that the rocket will be able to 
support the payload under the G-forces experienced during launch. The stiffness 
is also needed during the rockets return to the ground, where an awkward 
landing can damage rocket components. The fiberglass also provides durability 
and weatherproofing so as to increase component life. 
 
Wood was used for all internal bulkheads because of its low weight, high 
strength, and ease of workability. Metal pieces were only used where necessary, 
which included screws, nuts, all thread, and washers used to joint bulkheads and 
anchor shock chords. An aluminum disk was used in the construction of the 
motor retention system to provide the high strength and temperature resistance 
needed in areas close to the motor. 
 
The rocket was constructed using the procedures described in the Polecat 
Aerospace Thumper Assembly Manual [1], with additional attention to the advice 
of Stine and Mandell [18,12]. 
 
 
          3.1.2 Motor Mounting 
The rocket motor will be held in place by an AeroPak Motor Retainer sized to 
accommodate the M1939W. This retainer is anchored to a 1.5mm thick 
aluminum disk using 12 4mm aluminum screws. The aluminum is attached 
directly to a wooden bulkhead by epoxy and by threaded insets positioned to 
receive the same 12 4mm aluminum screws used to connect the motor retainer 
and aluminum disk. The disk will serve to distribute the load of the firing motor 
more evenly across the bulkhead. The bulkhead is rigidly attached to the lower 
body tube using generous amounts of epoxy. The motor is held in place by the 
motor tube. This tube is fixed to each of the 4 fins by a single layer of 7oz/sq. 
yard fiberglass, which will in turn be fixed to a large portion of the lower body 
tube by the same weight fiberglass. This design, in addition to being 
recommended by the manufacturer of the rocket, proved sufficient for our recent 
test launch.   



 31

 

 
Figure 3.1.1: Motor Retention System (units in Inch es) 

 
          3.1.3 Fin Design 
The fins on the Vanderbilt USLI rocket will be tapered and extend beyond the 
base of the body tube section. RockSim confirmed that the size and shape of the 
fins to be placed on the rocket create sufficient drag to position the center of 
pressure in a stable location. 

 
Figure 3.1.2 Fin Design (Units in Inches) 
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     3.2 Recovery Subsystem 
 
          3.2.1 Parachute Selection 
Mark Canepa’s Modern High-Power Rocketry 2 [6] recommends a website [9] for 
sizing parachute based on the mass of the rocket. Based on this website’s 
recommendations and the known mass of each portion of the rocket, the 
following table is produced. 
 

Part Name  Weight  Parachute Size  Descent Rate  
Tail Section, Drogue  26.6 lb 3-foot 63 ft/s* 
Payload Section, Drogue  45 lb 4-foot 62 ft/s* 
Tail Section, Main 26.6 lb 8-foot  23 ft/s* 
Payload Section, Main 36.0lb 7-foot 32 ft/s* 

Table 3.2.1 Parachute Sizing 
*These descent rates do not take into account the drag on the falling 

components. 
 
In the full-system test launch conducted on March 15, 2009, a 10 foot parachute 
was used as the main parachute on each of the two sections, and the drogues 
for the tail section and payload section were a 5-foot drogue and a 4-foot drogue 
respectively. This arrangement was satisfactory, but it was decided that a 
slightly-higher descent rate was desirable. In particular, one minor hitch which 
occurred during the 2,000’-AGL test launch was the premature deployment of the 
main parachute. Due to the large drogue used on the tail section, the snap of the 
tether broke the shear pins, permitting the motor section to fall away from the 
mid-section, thus deploying the tail section main parachute only a shot altitude 
below apogee. It is anticipated that the usage of a smaller drogue will prevent 
this problem from occurring again. 
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Figure 3.2.1 Test Launch Recovery 

 
 
 

Figure 3.2.2 Test Launch UAV Deployment 
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          3.2.2 Attachment Scheme 
Heavy duty, flame resistant Kevlar tethers are used to attach the parachutes to 
their respective sections. Tethers are secured through two U-bolts in a plywood 
bulkhead. The Kevlar tethers are 1” wide. Tethers are tied using a bowline knot. 
The knot is epoxied to keep the lines from moving. The knot is then wrapped in 
duct tape for extra security and to ensure that no foreign material damages or 
loosens the knot. A photograph of this attachment scheme is attached below.  
 

 
Figure 3.2.3 Attachment Scheme 

 
          3.2.3 Deployment Process 
Due to the need to ensure that the UAV is deployed clear of any parachutes or 
other sections, a rather complicated deployment process is necessary for the 
Vanderbilt USLI team’s rocket.  
 
Four MAWD PerfectFlite Altimeters are used to ignite the black powder ejection 
charges.  Two are located in the payload body tube and have the sole purpose of 
igniting the charge to deploy the main parachute and UAV at 2000 ft.  The 
remaining altimeters are housed in the lower body tube, and are responsible for 
deployment of both the drogue parachutes and the second main parachute at 
500 ft.   
 
Deployment Scheme Summary -  

- At apogee, 5,280’, the rocket separates into two major sections;  
o The nosecone and payload tube (containing the UAV), which will 

fall under a 4-foot drogue parachute, on a 25-foot tether. 
o The Tailsection, which will fall under a streamer or a 3-foot drogue, 

on a 25-foot tether. 
- At 2,000’ AGL, UAV is deployed from the payload section. At this 

separation, the main parachute for the payload tube and nosecone is 
deployed; a 7-foot parachute on a 40-foot tether. 

- At 500’ AGL, the main parachute for the tail section is deployed. This is a 
8-foot parachute, on a 40-foot tether. 
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This deployment process is detailed in the graphic below.  

 
Figure 3.2.4 Deployment Process 

 
Static ground testing has shown that the amount of black powder required to 
separate the different body tubes, as stated in the PDR, is accurate.  For the 
drogue parachutes, one 4 gram charge is required, for the upper main parachute, 
12 grams is required, and for the lower main parachute, 5 grams is required. 
 
The deployment process was successfully proven in the test launch on March 15. 
This is graphically detailed in Figure 3.2.1 and 3.2.2.   
 
          3.2.4 Test Results 
 
               A. Static Test Results 
Ejection charge sizing is a critical component of rocket design.  These charges 
separate the body sections, deploy the parachutes, and eject the payload.  A 
generally accepted equation for ejection charge sizing can be seen below [13]: 
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TR
VdP

Wp *
*

=         (1) 

Where: 
dP is the ejection charge pressure (psi) 
R is the combustion gas constant for FFFF black powder (265.9 in-lbf/lbm-R) 
T is the combustion gas temperature for FFFF black powder (3307 R) 
V is the free volume in in3 

Wp is the charge weight (lbs)  
 
Four # 2 nylon screws (2-56) will be used between each section to prevent 
premature drag separation.  According to Canepa [6], each screw will provide a 
shear force resistance of 35lbs for a total of 140lbs of resistance per joint.  Thus 
250 lbs of force will be more than adequate to separate sections of the rocket.  
However, to ensure mission success, 300lbs will be applied to the payload tube.   
 
For the payload tube, the diameter is 4 in, the length is 72 in, and approximately 
300lbs of force will be necessary to deploy the sabot.  Using the definition of 
pressure, the pressure necessary can be calculated. 
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Using equation (1), the necessary amount of black powder can be calculated. 
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 *454g/lb �  11.2g black powder  

 
This calculation was repeated for each section to produce the table below.   
 

Compartment  Length  Diameter  
Shear 
Pins 

Calculated 
Black Powder 

Actual 
Black 
Powder 
Mass 

Drogues  19 in. 10 in. 4 2.45 g 4 g 
Main (2000 ft)  72 in. 10 in. 4 11.4 g 12 g 
Main (500 ft)  26.5 in. 10 in.  4 3.41 g 5 g 

Table 3.2.2 Deployment Charge Sizing 
 

The black powder charges estimated to be necessary were tested in a series of 
static deployment charge demonstrations. It was demonstrated that the values 
given above – 4g, 5g, and 12g for Main #2, the drogues, and Main #1 
respectively. These black powder charges have been successfully demonstrated 
on the ground, in static deployment charge testing, as well as in the test launch. 
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Figure 3.2.5 Static Deployment Charge Testing 

 
It is worth noting that, as the team is flying redundant altimeters for all 
separations, complete with redundant black powder charges and redundant 
electric matches, there will actually be twice this many grams of black powder in 
the section, although it is anticipated that inaccuracy and imperfections in the 
altimeters will cause the redundant charges not to fire at the same exact time. In 
addition to testing the calculated amount of black powder for each separation, the 
team has tested the actual altimeters which are to be flown in each launch, to 
ensure that the altimeters are functioning properly and have not been damaged 
by previous launches or rendered inaccurate by manufacturing defects.  
 
To this end, a vacuum chamber has been built which allows the team to 
decrease the ambient pressure around the altimeters very precisely, to 
demonstrate that all altimeters are functioning properly.  
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  Figure 3.2.6: Vacuum Chamber Drawing 
 
 

 
Figure 3.2.7: Vacuum Chamber for testing Altimeters  
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The altimeter test chamber is constructed of ¼” acrylic. Acrylic is used because it 
is desirable to be able to see the altimeters and the system during the simulated 
pressure conditions of the flight. This is because, in testing altimeters, in lieu of 
electric matches and black powder charges, LED lights are attached to the 
terminals which deliver the voltage to detonate the charge. Thus the team will 
know when the altimeter has sensed apogee based on a LED illuminating briefly 
when the altimeter supplies voltage otherwise intended to detonate the black 
powder charge.  
 
               B. Flight Test Results 
The deployment subsystem was tested during the flight test on March 15th 2009. 
On the whole, the flight test of the deployment system was considered a 
success, however, there are several areas for improvement that have been taken 
into account for the full-scale launch. In particular, the main parachute on the tail 
section deployed prematurely, shortly after the rocket’s apogee. It is believed that 
an excessively large drogue parachute on the tail section – sized to give a 45 ft/s 
descent rate – caused excessive shock, damaging the shear pins and permitting 
the tail section main parachute to deploy before 500 ft.  
 
The premature deployment of the tail section main parachute is a major issue 
and has been addressed accordingly. In order to prevent this problem from re-
occurring in the full-altitude competition launch, the drogue parachutes for both 
the tail section and the payload section have been downsized to 3-foot and 4-foot 
diameter parachutes respectively. Using a pre-programmed calculator [10], under 
these drogue parachutes, the tail section and payload sections will fall at 63 ft/s 
and 62 ft/s respectively. It is important to note that these calculations do not take 
into account the drag on the tubes or the fins, a force which is not at all 
negligible, considering the size of the rocket. In the test launch, it was observed 
that the calculated 45 ft/s was excessively slow and permitted more drift than 
would be permissible for a 1-mile launch. 
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Figure 3.2.8 Tail Section Recovery 
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     3.3 Mission Performance Predictions 
 
          3.3.1 Mission Performance Criteria 
In order for the mission to be deemed a success the rocket must travel safely to 
an altitude of approximately 5,280 feet. At apogee, the UAV payload body tube 
must separate from the altimeter bay body tube, and the drogue parachutes must 
successfully deploy. At 2000 feet during descent, the sabot containing the UAV 
must be completely ejected from the UAV body tube, letting the UAV begin its 
flight. At this time, the main parachute attached to the UAV body tube must 
deploy and carry the tube and nosecone at a safe speed to the ground. At 500 
feet, the second main parachute (attached to the lower body tube) must deploy 
and safely carry that section to the ground.  
 
          3.3.2 Flight Profile Simulations 
 
               A. Altitude Predictions 
Based on the current RockSim model, and the newly selected competition motor 
– M1939W, RockSim predicts an apogee of 5,469 ft. Considering some losses 
due to extra drag on the rocket body resulting from the external bonding of the 2 
tubes used to make the body tube, as well as any altitude loss due to cross-
winds, it is reasonable to expect that this will result in a true apogee very close to 
one mile AGL. 

 
Figure 3.3.1 RockSim Altitude Profile 
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               B. Component Weights 
Component Weight (oz) 
Nose Cone 42.5602 
Upper Body Tube 174.6185 
UpperBodyTubeAltimeterHouse(all inclusive) 39.4984 
UpperMainParachute (with casing and shock cord) 48.0001 
UAV + Sabot + Tether 165.28 
Upper Body Tube Construction Compensation 113.563 
Middle Body Tube 38.3999 
Upper Coupler 20.4589 
Lower Coupler 20.4589 
Middle Body Tube Bulkhead (all inclusive) 23.6336 
Middle Body Tube Altimeter Board (all inclusive) 11.1466 
Upper Drogue Parachute + Casing + Shock Cord 18.3072 
Middle Body Tube Construction Compensation 25.1949 
Lower Body Tube 97.2799 
Lower Drogue Parachute + Casing + Shock Cord 18.3072 
Motor Mount + Retention 17.9809 
Upper Centering Ring  9.12 
Lower Centering Ring  9.12 
Fins 76.0507 
Lower Body Tube Construction Compensation 39.5013 
Total = 1008.48 oz or 63.03 lb   

Table  3.3.1 Rocket Component Weights 
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               C. Motor Thrust Curve 
 

 
Figure 3.3.2 Rocket Motor Thurst Curve 

 
 
          3.3.3 Stability Margin, CP/CG 
 

 
Figure 3.3.3 Rocket Stability Margin Diagram  

 
          3.3.4 Safety and Failure Analysis  
Rocket failure modes are detailed in Section 3.4.2 of this report. 
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     3.4 Safety and Environment 
 
 3.4.1 Safety Officer and Technical Advisors 
Robin Midgett, a technician in the Vanderbilt Department of Mechanical 
Engineering and NAR Level I certified, is the safety officer for the team. He has 
decades of experience in a machine shop, as well as working with electronics, 
home and automobile maintenance, etc. His knowledge continues to be a major 
aid.  Russ Bruner, NAR Level III certified, and Rodney McMillan, NAR Level II 
certified, have also been consulted concerning rocket construction and launch 
preparation procedures. 
 
 3.4.2 Failure Modes and Mitigation 
 Vehicle Failure Modes  
    
Risk Consequence  Mitigation  

CG is too far aft 
Insufficient stability 
for reliable flight 

Add ballast to nose cone of rocket, which has ample 
room for dead weight. A flight test on March 15th 
demonstrated safe and reliable rocket flight. 

CP is too far 
forward 

Insufficient stability 
for reliable flight 

Increase fin size to move CP further back. A flight test 
on March 15th demonstrated safe and reliable rocket 
flight. 

Homemade 
Carbon Fiber fins 
are not sufficiently 
strong 

Fin damage on 
landing or in flight 

Fins have been tested in a load frame to determine 
tensile strength. Since the rocket will land on the fins 
after the flight, the fins must be extremely strong. The 
fins are made out of 3 layers of 15.6 oz per square yard 
triaxial carbon fiber. The fins on the rocket held up to 
takeoff and landing forces during the March 15 test 
launch.  

Heat from engine 
weakens carbon 
fiber fins and 
causes weakening 
or structural 
failure.  

Fin damage during 
flight, potential loss of 
stability of rocket, 
loss of rocket. 

Fins were laid in a special, high-temperature epoxy. A 
rocket flight test on March 15th confirmed that this setup 
is secure and safe. 

Insufficient Motor 
retention 

Motor escapes it's 
motor retention 
system, damages the 
rocket. Rocket does 
not fly as desired. 

The highly robust Polecat Aerospace Aeropak 98mm 
retention system is used to retain the motor. 
Additionally, a 1/16" aluminum load distribution 
bulkhead is added behind the motor retention bulkhead, 
to better distribute the load of the motor thrust. A rocket 
test flight on March 15th confirmed that this setup is 
secure and safe. 

Rail Lugs are not 
securely mounted 

Rocket breaks free 
during initial phase of 
launch; potential 
damage to rocket, 
bystanders, and 
property. Potential 
loss of rocket and 
payload. 

Urethane rail lugs have been installed based on the 
recommendation of the rail lug manufacturer (Polecat 
Aerospace). In particular, rail guides have been installed 
with #8 flathead screws 3/4" long, secured into 
bulkheads where possible and further fixed with 
washers, nuts, and epoxy. 
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Insufficient black 
powder charge 

Separation for 
parachute 
deployment or UAV 
deployment does not 
occur. Rocket returns 
to earth ballistic at 
high speed. Loss of 
rocket and payload or 
damage to rocket and 
payload. 

Black powder charges were sized using conventional 
high power rocket estimation calculation. In particular, 
each charge was sized based on the recommendation 
of Harry Stine's Rocketry, as well as on the advice 
offered by Vernk.com and info-central. com. 
Furthermore, each separation phase has been 
repeatedly ground-tested on campus at Vanderbilt, with 
shear pins in place, to ensure that the prescribed 
amount of black powder is sufficient. Finally, rocket 
joints will be sanded and lubricated with talcum powder 
to ensure smooth separation. A test flight on March 15th 
confirmed that the charges were sufficient. 

Excessive black 
powder charge 

Damage to rocket. 
Improper separation. 
Possibility of 
parachutes being 
damaged or lost. 
Rocket could 
potentially return to 
earth without a 
parachute, resulting 
in damage to rocket, 
potential hazard to 
property and 
personnel, and 
potential loss of 
payload. 

Black powder charges were sized using conventional 
high power rocket estimation calculation. In particular, 
each charge was sized based on the recommendation 
of Harry Stine's Rocketry, as well as on the advice 
offered by Vernk.com and info-central. com. 
Furthermore, each separation phase has been 
repeatedly ground-tested on campus at Vanderbilt, with 
shear pins in place, to ensure that the prescribed 
amount of black powder is sufficient. Finally, rocket 
joints will be sanded and lubricated with talcum powder 
to ensure smooth separation. A test flight on March 15th 
confirmed that the charges were sufficient. 

Insufficient shock 
chord length 

Excessive force when 
parachutes deploy; 
potential loss of 
rocket and payload, 
hazard to property 
and personnel.  

Shock chords were sized based on the advice of Harry 
Stine's Rocketry, as well as based on the expert advice 
of technical advisors Rodney McMillan and Russ 
Bruner. As there are no immediate consequences for 
excessive shock chord length, within reason, all shock 
chords were permitted the maximum possible length. 
Furthermore, shock chords have been mounted through 
two U-bolts, rather than one, with large washers to 
ensure good force distribution. Finally, a flight test on 
March 15th of the rocket demonstrated that the recovery 
system is robust and functional. 

Mounting point of 
shock chord to 
bulkhead is not 
sufficiently strong 

Shock chord breaks 
free of bulkheads on 
the rocket; rocket 
returns to earth 
without a parachute. 
Damage to rocket, 
potential hazard to 
property and 
personnel, potential 
loss of payload. 

Shock chords have been mounted through two U-bolts 
attached to each bulkhead, rather than the usual single 
U-Bolt. Each U-bolt is held in place with nuts and 
washers, secured with Loctite. Bulkheads are securely 
epoxied into place. A rocket flight test on March 15th 
confirmed that this setup is secure and safe. 

Bulkhead to which 
parachute is 
attached is not 
sufficiently-well 
mounted in the 
body of the rocket 

Bulkhead could break 
free of the rocket, 
causing the rocket to 
return to earth 
without a parachute. 
Damage to rocket, 
potential hazard to 
property and 

Bulkheads have been securely epoxied into place 
based on the build recommendations of the rocket kit 
manufacturer (Polecat Aerospace), and following the 
usage recommendations of the epoxy manufacturer 
(West Systems). A rocket flight test on March 15th 
confirmed the fidelity and reliability of this setup and the 
rocket build. 
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personnel, and 
potential loss of 
payload. 

Insufficient 
parachute size 

Rocket returns to 
earth with excessive 
speed. Potential 
damage to rocket, 
personnel and 
property. Potential 
loss of payload. 

Parachutes were sized according to the 
recommendation of the rocket kit manufacturer (Polecat 
Aerospace) as well as the manufacturer of the 
parachutes (Spectra 'Chutes). Safe recovery of an 
appropriately-ballasted test rocket was demonstrated by 
a test launch on March 15th. 

Excessive 
parachute size 

In a strong 
crosswind, rocket 
could drift away. 
Potential loss of 
rocket and payload. 

Parachutes were sized according to the 
recommendation of the rocket kit manufacturer (Polecat 
Aerospace) as well as the manufacturer of the 
parachutes (Spectra 'Chutes). Safe recovery of an 
appropriately-ballasted test rocket was demonstrated by 
a test launch on March 15th. 

Parachute Tangle/ 
Heat Deformation 

Rocket returns to 
earth with excessive 
speed. Potential 
damage to rocket, 
personnel and 
property.  

Parachutes will be folded using techniques described by 
Canepa.  Parachutes will be loosely wrapped in a 
Kevlar heat shield that will fall off of the parachute after 
section separation.   

Altimeter Power 
Loss 

Separation for 
parachute 
deployment or UAV 
deployment does not 
occur. Rocket returns 
to earth ballistic at 
high speed. Loss of 
rocket and payload or 
damage to rocket, 
payload, and 
personnel.  

Fresh batteries will be installed on all onboard altimeters 
prior to each flight.  Additionally, the Perfect Flite MAWD 
Altimeter makes an audible beep after they are switched 
on confirming that the system is operating properly 

Altimeter Static 
Ports Clogged 

Separation for 
parachute 
deployment or UAV 
deployment does not 
occur. Rocket returns 
to earth ballistic at 
high speed. Loss of 
rocket and payload or 
damage to rocket, 
payload, and 
personnel. 

A visual and probing inspection of the ports immediately 
prior to launch will confirm that they are clear.  Multiple 
ports will also be used for redundancy. 

Altimeter Static 
Ports Not Properly 
Sized 
 

Rocket sections will 
separate prematurely 
or too late due to 
inaccurate altitude 
readings.  

Static ports were sized according to Canepa and 
recommendations made by technical advisor Russ 
Bruner. 

Section Joint(s) 
Too Loose 

Rocket sections may 
separate 
prematurely.   

Shear pins have been used to secure the sections 
together rigidly.  Ground tests confirmed sufficient 
holding strength. 
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Section Joint(s) 
Too Tight 

Separation for 
parachute 
deployment or UAV 
deployment does not 
occur. Rocket returns 
to earth ballistic at 
high speed. Loss of 
rocket and payload or 
damage to rocket and 
payload. 

Rocket section separation has been extensively ground 
tested to ensure reliability.  Talcum powder will be used 
to lubricate the joints.  Sufficient black powder charge 
sizing was demonstrated during a rocket test launch. 

Table 3.4.1 Rocket Failure Modes 
.  

 
3.4.3 Personnel Hazards and Pertinent Regulations 

Robin Midgett acts as safety officer for the Vanderbilt University 2008-2009 USLI 
team.  His office is located across the hall from the USLI laboratory and he is 
commissioned for multiple consultations daily.  A thorough evaluation of the 
possible hazards associated with the vehicle has been made with respect to the 
user as well as the environment. The hazards associated with the vehicle involve 
the storage of flammable substances such as motors and black powder, as well 
as the igniters and adhesives. The material safety data sheets pertaining to any 
aspect of the vehicle and its operation have been obtained and thoroughly 
studied in preparation for the fabrication and future use of the materials 
necessary. The data sheets pertaining to the rockets operation can be seen in 
appendices IX through XIII, while the material safety data sheets associated with 
fabrication materials can be found in appendices I through VI. The list of NAR 
regulations have also been studied in preparation for the use of the vehicle and 
can be found in appendix XV. Precautionary measures are being taken to ensure 
that no harmful or explosive substances can be misplaced or misused.  The 
explosive materials such as the black powder, motors, and motor replacements 
are kept locked in a fireproof box, the key to which is solely held by the safety 
officer Robin Midgett.  The adhesives are kept on low, sturdy shelves to prevent 
spilling, and aprons, latex gloves, and particle masks are mandatory during any 
fabrication process.  The composite materials such as fiberglass and carbon fiber 
are also kept on designated shelves, and wrapped in a layer of plastic followed 
by a subsequent layer of thick brown paper in order to minimize the amount of 
fibers released throughout the lab. The same precautionary measures apply to 
the use of the composites as previously described for the adhesives. Finally, 
ample personal safety provided in the works of Canepa, Stine, and Sutton [6, 18, 
19] will be of use in avoiding any unwarranted danger. 
 
 3.4.4 Environmental Concerns 
With respect to the environment, no toxic substances are poured down the drain, 
but rather sealed in plastic containers and thrown away in the proper fashion 
delegated by the safety officer Robin Midgett.  Also as far as environmental 
impact is concerned, many measures have been taken to ensure that upon 
launch minimal changes to the local environment will be made.  For instance the 
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launch pad consists of a blast shield preventing the ground beneath the rocket 
from being scorched.  Pertinent MSDS data has been acquired, distributed 
internally to the team, and appended to this document for future reference. See 
appendices I through VI.  
 

     3.5 Payload Integration  
 
          3.5.1 Integration Plan 
The scientific payload for our project consists of a reconnaissance UAV with 
extensive data gathering tools onboard.  The UAV will be packaged inside a high 
density marine foam sabot which will be reinforced with plywood and fiber glass.  
The Sabot will be cut in half and hollowed out to the form of our UAV.  The sabot 
packaged UAV will be ejected from the main payload section of the rocket, and 
the sabot will be tethered to the main payload section.  Upon ejection, the sabot 
will separate into four sections.  The sabot will have a bulkhead mounted 
between the end and the charge compartment to promote better pressure 
response from the black powder charge.  The bulkhead will be constructed in two 
overlapping half circle sections mounted on each half of the sabot. 
 
The UAV will require modified subsystems to allow a fit in the rocket.  The wing 
of the UAV will rotate about a bolted joint.  The joint will consist of aluminum 
plates mounted to the top of the fuselage and the contact point of the wing to 
allow for smooth rotation.  The wing will load a spring upon displacement from 
flight position, and a spring loaded locking pin will be engaged upon return to 
flight position.  The force of the spring will be enough to rotate the wing fully into 
place as well as to aid in the separation of the sabot.  The propeller for the UAV 
will be a folding model designed to fold back onto the nose cowl reducing the 
radial span.  The V-tail design will incorporate a spring and magnet system.  The 
tail will fold back for loading in the sabot and will lock into place upon ejection 
with magnets mounted at the joint between the empennage and the V-tail 
surface. 
 
          3.5.2 Payload Interface Dimensions 
 
The payload interface requires that the UAV fit inside the sabot.  The allotted 
space for the sabot is a 9.75 inch diameter cylinder section of the rocket 
measuring 74 inches in length.  This will accommodate a UAV with an 8 inch 
chord length wing, 4 square inch fuselage, and an overall length of 74 inches 
with the wing rotated and the v-tail folded back.  The orientation can be seen in 
the diagram below. 
 



 49

 
Figure 3.5.1 UAV Packaged inside the Sabot 

 
The fitment of the electronics and sensory payload onboard the UAV is a 
somewhat more complicated problem. There are two cameras, the single board 
computer, the custom PCB, several batteries, a number of sensory systems, and 
a small array of antennas. 
 
The forward-facing camera is mounted in the wing of the UAV, and sealed in 
Monocote to preserve the aerodynamic qualities of the wing. The antennas are 
mounted external to the fuselage – due to the carbon fiber makeup of the 
fuselage. Due to the team’s previous experience dealing with tail-heavy aircraft, 
the batteries are all located directly behind the firewall, at the foremost area of 
the UAV possible. The reconnaissance camera and infrared thermometer are 
mounted just behind the center of gravity, directly under the wing. Various other 
components are placed as convenient. The pitot-static system is mounted in the 
wing outside the propeller arc to prevent the propeller blast from inhibiting the 
proper function of the airspeed indicator. 
 
The fitment of the internal components into the UAV is detailed in the below 
graphic. This arrangement is better detailed in section 4.3.XXXX of this report. 
 



 50

 
Figure 3.5.2 Layout of internal components inside t he UAV 

 
          3.5.3 Payload Housing Integrity 
The integrity of the payload housing has presented a small issue for the team.  
Upon initial deployment testing, the sabot faired well, but in the launch 
deployment test, the sabot broke into four pieces with two of those pieces falling 
freely to the ground.  While the pieces were marine foam falling at less than 25 
ft/s, a reusable sabot is required for repeated launching of the rocket.  The sabot 
will be reinforced with plywood and fiber glass much like the wing of the plane in 
order to ensure integrity. 
 
          3.5.4 Demonstration of Integration 
A test launch was performed on March 15th with the second iteration of the UAV 
containing no electronics.  The test succeeded in deployment of the payload with 
a sustained flight and recovery of nearly every part intact.  Failure occurred in the 
sabot integrity as well as in the ballasting of the UAV.  The sabot broke into 4 
parts that were all recovered.  The ballast of the UAV mounted internally broke 
away from the mount in mid flight and caused serious control issues with the 
UAV.  The plane was safely crash landed but sustained significant damage to 
several systems. 
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Figure 3.5.3 View of UAV After Separation. 
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4. Payload Criteria 
 
     4.1 Experiment Concept 
The experiment will be to determine the ability to build and deploy an unmanned 
air vehicle for reconnaissance from a rocket.  The UAV will be deployed and will 
gather reconnaissance data as inspired in part by the DARPA RapidEye project. 

 
     4.2 Payload Science Value 
 
          4.2.1 Mission Success Criteria 
The following success criteria have been established for the UAV. 
 
- The UAV must be successfully deployed from the rocket at or near the 
prescribed height, currently chosen to be 1,200’. 
- The wing of the UAV must rotate from its packaged position parallel to the 
fuselage to a locked position perpendicular to the fuselage for flight. 
- The pilot must gain positive control of the UAV in a timely fashion. 
- The UAV must achieve a GPS lock for positioning within 90 seconds of 
deployment. 
- Flight sensors including the airspeed indicator, the barometric indicator, linear 
accelerometers, and angle rate sensors must capture critical flight orientation 
and performance data and transmit it to the ground station. 
- A high-bandwidth, high-fidelity Wi-Fi uplink to the UAV from the ground station 
must be achieved and maintained. 
- The UAV must be navigated and piloted to at least 3 different areas of interest. 
- Infrared and visual reconnaissance imagery must be collected at each area of 
interest. 
- The UAV must be navigated and piloted to a suitable landing area near to the 
ground station from which it is operated. 
- The UAV must be landed visually by the pilot, with no structural damage 
sustained. 
 
          4.2.2 Method of Investigation, Scientific  Approach  
The approach to the experiment employs three primary subcatagories. 
 
               A. Investigatory Devices 

An Exilim Z-300 high resolution camera is mounted on a tilt-pan gimbal mated 
to a Fluke 568 infrared thermometer with data transmitted instantaneously to 
the ground station 

 
               B. Enabling Onboard Systems 

Several onboard systems enable safe flight of the UAV out of sight from the 
ground.  These include the following: 
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1. Eagle Tree Systems Airspeed V3 airspeed indicator 
2. Eagle Tree Systems Altimeter V3 barometric altimeter 
3. 3 Analog Devices ADIS16250ACCZ angle rate sensors 
4. Delorme GM-205810-000CT-ND GPS Module 
5. Leadtek Model 9400 GPS antenna 
6. Technologic Systems TS-7800 single board flight computer 
7. Logitech Quick Cam Pro 9000 forward facing camera 
 

               C. Enabling Aircraft 
The UAV will be equipped with systems for reconnaissance and for safe flight.  It 
will be the function of the aircraft to safely transport the reconnaissance 
subsystems to areas of interest and to safely recover these systems. 
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     4.3 UAV Design and Analysis  
In order to ensure the performance of the UAV on competition day, a rigorous 
and ambitious regimen of design and analysis studies has been undertaken by 
the Vanderbilt USLI team. Three different forms of analytical and computational 
studies were undertaken. Profili was used very early on in the design stage to 
coarsely compare several different wing cross sections – assuming infinite span - 
which were taken into consideration, in order to decide what wing should be used 
onboard the UAVs. Fluent was used to conduct a thorough computational fluid 
dynamics investigation of the actual wing to be used, complete with the true 
chord length and span. ProEngineer was used to quantify the loading on the wing 
and on other critical UAV components, so as to aid in the structural design and 
fabrication. 
 
A series of wind tunnel of the 2nd Proof of Concept UAV – which is very similar in 
design to the Competition UAV – has been undertaken, using a rapid-prototyped 
1/6th scale model of the UAV. These model studies are used to indicate the effect 
of the fuselage and the nose and empennage design on the overall lift and drag 
coefficients for the aircraft design. 
 
Early on, a “First Proof of Concept” UAV was designed and built, in order to test 
and hone the design, fabrication, and testing skills of the team. This aircraft was 
a simple R/C airplane built and designed using the same basic procedures used 
on future aircraft. It was not designed to fit inside the rocket, but rather intended 
to be as simple as possible. This aircraft has been designed, fabricated, and 
successfully flight tested. 
 
More recently, a 2nd Proof of Concept UAV was designed and built, making use 
of all of the design and analytical resources available to the team. This UAV will 
serve as the “backup” UAV, in case the Competition UAV is damaged in flight 
testing. This UAV has been successfully flight tested, and, more importantly, 
successfully deployed and flown from the rocket during the full-scale test launch. 
 
The final stage is the development of the Competition UAV. The Competition 
UAV features a number of improvements over the 2nd Proof of Concept UAV. It 
has a longer wingspan to accommodate the heavy electronics payload and in 
order to permit a slower landing speed. It has an elongated fuselage to ease the 
installation, maintenance, and removal of payload components. The V-tails are 
appropriately scaled for the new wing dimensions and several heavy and 
decidedly unnecessary components from the 2nd Proof of Concept UAV are 
eliminated, including the retractable landing gear. 
 
The electronics systems to be flown onboard the UAV consist in essence of a 1.0 
GHz computer, two camera systems, a total of 5 antennas, and a broad sensory 
array. The purpose of this system, in addition to facilitating the collection of 
reconnaissance data, is to permit the UAV to be safely flow outside of visual 
range. 
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In order to facilitate the transmission of critical flight data and reconnaissance 
data between the UAV and the human operators on the ground, a sophisticated 
ground station has been developed. It consists of an antenna array, two laptops, 
and several human operators.  
 
 
          4.3.1 Analytical and Computational Studie s 
 
               A. Profili Wing Studies 
Profili, a graphical counterpart to X-Foil, was used to superficially compare 
several airfoils, early on in the design process. Profili is a useful utility because it 
can quickly and easily provide graphs of various pertinent characteristics for a 
number of different airfoils – useful for quick comparison of wing cross-sections 
that are being considered. It is important to note that Profili compares the airfoils 
as being finite in span – no aspect ratio considerations are taken into play. As 
detailed in the Critical Design Review, it is known that the UAV wing must have a 
chord approximately equal to 8 inches. Furthermore, it is known that a cruising 
speed of approximately 55 mph is desired. Based on these considerations, a 
cruise Reynolds number of 353,136 is calculated, using the Reynolds number 
equation.  
 

 
m

r VD
RE =                        (3) 

  �  = density of the fluid, which is air in this case 
  V = the velocity of the body of interest 
  D = the characteristic length of the body = chord length for a wing 
  �  = bulk viscosity coefficient 
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Figure 4.3.1 Profili Wing Comparison, Cruise Condit ion 
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Figure 4.3.2 Profili Wing Comparison, Approach Conf iguration 

 
Based on a number of factors observed using Profili, the airfoil is selected to be 
NACA 4415. Per the Critical Design Review, the NACA 4415 is preferable for it’s 
linear lift curve and drag curve at both the desired cruise speed and the desired 
approach speed, with a gentle stall and geometry conducive to relatively easy 
fabrication. 
 
At this point, the aspect ratio is decided upon, based on a number of constraints, 
including the space available inside the rocket and the sabot, as well as the 
desirable aspect ratio of 6, which is indicative of the handling characteristics to 
be expected. 

refS
b

AR
2

=      (4) 

 b = Wing Span, in feet 
 Sref = Wing reference area; the area of the wing in a plan view. For a 
rectangular wing, as will be used here, Sref= b*c, where c is the chord length. 
 
 AR = 6. 
 
Next the Lift-to-Drag ratio is calculated, 
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 W = Weight of the aircraft = ~ 7 lbs  
 S = Wing area = b*c = 48”*8” = 384 in2 = 2.67 ft2. 

CDO =
ref

wet
fe S

S
C = Parasitic Drag Coefficient    (7) 

Cfe = 0.0090 for single engine, fixed gear, average smoothness [9] 
 
Swet = wetted area of the aircraft; all surfaces of the wing,  
fuselage, and empennage which are exposed to the flow of air. 
 
Sref = reference wing area = b*c. 

 
According to Raymer [15], Swet/Sref = 3.8 for a conventional design, single-engine 
airplane. This value will be used for now, until the airplane is completely drawn in 
ProE, which can then calculate the exact wetted area of the aircraft. 
    
  CDO = (0.009)(3.8) = 0.0342  
 
  K = 0.424/A = Drag-due-to-Lift factor = 0.424/6 = 0.070667 
 

 01.8=
D
L

 

 
Lift-to-Drag ratio is a measure of the efficiency of an aircraft – how much drag is 
produced per unit lift. 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. [15] 
 
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 
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slope. Once this new slope is found, the coefficient of lift for the actual wing can 
be determined. 
 
To confront this problem, Anderson [4] provides the following equation, based on 
the assumption of subsonic, incompressible, unswept non-tapered wings of finite 
length: 

 

ARe
a

a
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+
=         (8) 

 
a0 = the original curve for the plot of CL vs. �  
a = curve for the plot of CL vs. � , corrected for the aspect ratio of 

the wing 
AR = the aspect ratio of the wing, 8.01 in this case 
e = span effectiveness factor. e = 1 for elliptical wings 

 
According to Raymer, [13], for straight-wing aircraft, e can be calculated as 
follows: 
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               B. Fluent Wing Studies 
In order to verify the hand calculations performed above, and in order to better 
characterize the flow around the wing at various positions, the finite wing is 
modeled on Fluent, a powerful Computational Fluid Dynamics software. The wing 
studied is a NACA 4415 airfoil, with an 8-inch chord length and 48”-span. This is 
the exact wing flown on the 1st Proof of Concept UAV and the 2nd Proof of 
Concept UAV, and it is very similar to the wing design for the Competition UAV. 
A computational domain in the vicinity of the wing is discretized into a mesh of 
points where the software will solve the Navier-Stokes equations for the given 
flight conditions. The flow conditions are calculated all around the wing, and then 
specific conditions in particular areas are examined. Finally, the overall flow 
conditions are resolved, to produce the coefficient of lift and coefficient of drag for 
the wing. 
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Figure 4.3.3 Velocity at the Tip and Center, Cruise  Configuration 

 

 
Figure 4.3.4 Vorticity at Tip and Center, Cruise Co nfiguration 
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Figure 4.3.5 Surface Pressure Contours, Approach Co nfiguration 
 
 
 

Figure 4.3.6 Velocity at Wing Tip and Center, Appro ach Configuration 
 
The wing studies were conducted and are better detailed in the CDR. By 
conducting these studies, the team learned a great deal about the nature of lift, 
and the effect of tip pressure losses and vortices, in addition to experimentally 
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verifying the analytical solutions to the finite wing problem, confirming the lift and 
drag coefficients for the wing and indeed the total net lift and drag on the wing.   
 
 
               C. Load Quantification 
Next, load-quantification studies was undertaken. The purpose of load 
quantification is to identify and quantify areas of high stress or high loading. In an 
airplane design, it is critical that every part be sufficiently strong, but at the same 
time, there is no weight to spare on excessively strong parts where a lighter, 
slightly weaker part might suffice. It is important to have an understanding for 
where stress concentrations develop in any given structure, so that this area may 
be built especially strong. And, it is important, in the event of a structural failure, 
to be able to understand why a failure has occurred. 
 
To this end, the team has undertaken a thorough series of studies entitled Load 
Quantification, using the ProMechanical tool associated with the ProEngineer 
Computer Aided Design software suite. 
 
The wing is drawn in ProEngineer, simplified to some extent, to ease the process 
of meshing the wing for analysis. A load is imposed on the wing to simulate the 
lift forces during flight. In this case, the load was applied upon the Center of Lift 
of the wing where the bulk of the lift is acting. This is a line 2 inches back from 
the leading edge. The Load is applied, and ProMechanica determines the stress 
distribution throughout the part (The wing) based on the input geometry and the 
imposed loading. 
 

 
Figure 4.3.7 Setting up the Wing Loading model in P roMechanica 

 
A set of 5 loading scenarios are imposed on the ProEngineer model of the wing. 
These correspond to the lift forces in various phases of flight, for the extremes of 
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the flight regime. The scenarios are +1 G, +3 G, +5 G, -1 G, and -3 G. Loading of 
+1 G is experienced during level flight. Loading of +3 G might be experienced 
during a hard pull-out from a dive. Loading of +5 G is an extreme case, which the 
UAV will hopefully never encounter. Loading of -1 G might correspond to flight 
transition from a steep climb to a steep dive. Loading of -3 G is an extreme 
loading case, which the UAV will hopefully never encounter. 
 

 
Figure 4.3.8 +1G Loading case, Stress Distribution on Bottom of Wing 

 

 
Figure 4.3.9 +5G Loading Case, Stress Distribution on the Bottom of Wing 

 
The results of the wing loading investigation are presented in tabular form below. 

Loading Case  Max Stress Observed  
+1 G 3.758E3 lbm/ins2 

+3 G 1.884E4 lbm/ins2 

+5 G 1.13E4 lbm/ins2 

-1 G 3.768E3 lbm/ins2 

-3 G 1.13E4 lbm/ins2 
Table 4.3.1 Wing Loading Studies 
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          4.3.4 Wind Tunnel Testing 
In addition to the computational fluid dynamics and CAD studies undertaken by 
the team is a series of wind tunnel tests. Analytical calculations and CFD studies 
are an important way to begin any theoretical investigation, but ultimately model 
testing is inevitably needed to see what is actually happening in the flow and how 
the wing is actually behaving when attached to the fuselage, what the total drag 
is, etc. 
 
To this end, an exact 1/6 scale replica of the 2nd Proof of Concept UAV was 
simplified in ProEngineer, and then built using a Rapid Prototyping machine on 
Vanderbilt’s campus.  
 

 
Figure 4.3.10 UAV Wind Tunnel Model, Unfinished 
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Figure 4.3.11 UAV Wind Tunnel Model, Finished 

 

 
Figure 4.3.12 UAV Wind Tunnel Model, Assembled 
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Figure 4.3.13 UAV Wind Tunnel Model, with Scale 

 
The wind tunnel model is complete and ready for wind tunnel testing. Wind tunnel 
testing is scheduled to begin the week of March 23rd. This series of experiments 
will be useful in determining the true performance of the wing, when limited by its 
finite aspect ratio, being attached to the fuselage, and then interference drag 
resulting from the geometry of the UAV. 
 
          4.3.5 Proof of Concept UAV #1 
Once deciding what is undeniably a very ambitious design project – the 
development, testing, and launch of a Rocket Launched Reconnaissance UAV – 
one of the first objectives established by the team was to design and build a 
“Proof of Concept” UAV to demonstrate the design and fabrication methodologies 
to be employed by the team on future UAV projects. Due to the nature of hand 
fabrication, it is inevitable that, to some extent, on the job training is necessary 
before more important tasks can be undertaken. Similarly, it was considered 
desirable to demonstrate that the team was capable of actually designing a 
flyable airplane.  
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Figure 4.3.14 Proof of Concept UAV 

To this end, very early on in the project, the team designed, fabricated, and 
successfully flight tested a “Proof of Concept UAV.” This aircraft, though not 
capable of fitting inside the rocket, employs all of the same basic design and 
fabrication skills utilized on the other two airplanes built by the group. The 
experience of going through the whole process of design, building, and testing 
developed critical skills which remain in use by the team. 
 
This First Proof of Concept UAV featured the same wing used on the Second 
Proof of Concept UAV (NACA 4415, b=48”, c=8”), and a wing very similar to that 
on the Competition UAV (NACA 4415, b=58”, c=8”).  
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Figure 4.3.15 POC#1 Dimensional Drawing (Units in i nches) 

 
The aircraft features a carbon fiber fuselage, a fiberglassed foam-core wing, a 
fiberglass aft fuselage, and a single wireless analog video camera. The aircraft 
has been completely designed, fabricated, and successfully test flown. 
 

 
Figure 4.3.16 Shaping a foam-core wing for POC#1 
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Figure 4.3.17 Fiberglassed foam-core wing 

 

 
Figure 4.3.18 Installing the Tail Surfaces on POC#1  
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Figure 4.3.19 POC#1 Ready to Fly 

 

 
Figure 4.3.20 First Flight of POC#1 
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Figure 4.3.21 Landing POC#1 

 
A great deal of valuable experience was weaned from the process of designing, 
building, and testing the Proof of Concept UAV. For example, even with the 
minimal payload carried by the Proof of Concept UAV (A single camera and its 
battery and transmitter), it was observed that a fuselage which is circular in 
cross-section is very inconvenient for mounting internal components. A great 
deal was also learned about hinge-mounting; on this aircraft, the pin-hinges used 
for control surfaces were surface-mounted on the bottom of the wing, which 
resulted on a large gap at the top of the wing, inhibiting lift and increasing drag. 
Future aircraft have pin-hinges center-mounted to minimize the ‘gap’ in the 
vicinity of the control surfaces. Finally, the team learned a lot about the usage of 
R/C components – handling Lithium-Polymer batteries, operating, modifying, and 
installing the servo motors used to drive the control surfaces, etc.  
 
The critical experience gained through this process has come in handy time and 
time again in the building of the subsequent aircraft systems. 
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Design High wing, conventional tail, prop-driven 
Motor AXI 2820/12 
Electronic Speed Controller Phoenix 80A 
Propeller 10x7 Carbon Fiber 
Battery 3850 3-cell LiPo 
Main Landing Gear Fixed 
Tail Landing Gear Non-steering Skid 
Wing b=48", c=8", NACA 4415 
Payload Belly-mounted Wireless Camera w/Tx 
Overall Weight 4.97 lb 
Cruising Speed ~70 mph 

Table 4.3.X2 Basic Features of POC#1 
 
The component weight and cost summary of POC#1 is d etailed in the table 
below. 
 

POC#1 Weight and Budget 

Component/Group Name 
Weight 
(lbs) Cost 

Body       
Nose Extension In House 0.2 $6  
Motor Cowl In House 0.3 $8  
Wing In House 1.2 $15  
Fuselage In House 0.4 $18  
Horizontal Stabilizer In House 0.31 $8  
Vertical Stabilizer In House 0.23 $4  
Empennage In House 0.3 $10  
Body Totals   2.94 $69  
        

Landing Gear       
Wheels LYT 2-3/8" 0.015 $5  

Strut 
4mm steel wire x 1.5 
ft 0.2 $2  

Landing Gear Totals   0.22  $7.00 
        

Propulsion       
Brushless DC motor AXI 2820/12 0.4 $100  
Electronic Speed Controller Phoenix 80A 0.2 $136  
Propeller 10x7 CF 0.06 $14  
Prop Adapter & Spinner For 5mm shaft 0.05 $20  
Lipo Battery 3850 mAH 3-cell 0.7 $140  
Motor Mount   0.24 $24  
Propulsion Totals   1.65 $434  
        

Servos and RF Control        
RF Receiver Hitec Supreme IIS 0.06 $60  
Left Aileron Servo Hitec HS-55 0.02 $17  
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Right Aileron Servo Hitec HS-55 0.02 $17  
Rudder Servo Hitec HS-65HB 0.03 $26  
Elevator Servo Hitec Hitec HS-65HB 0.03 $26  
Electronics Totals   0.16 $145  
        
    Weight (lbs) Cost 
UAV Totals   4.97 $655.00 

Table 4.3.3 POC#1 Component Weight and Cost 
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          4.3.6 Proof of Concept UAV #2 
After designing, building, and successfully flight testing the 1st Proof of Concept 
UAV (POC#1), the team declared itself ready to build the Competition UAV. This 
aircraft would use the same wing area, but have to carry a substantial payload. 
And, it would have to fit inside the rocket.  
 
The team resolved a number of design issues encountered in the design and 
fabrication process for POC#1. A square-cross-section fuselage was used on the 
2nd Proof of Concept UAV. The fuselage, rather than being made out of relatively 
heavy and over-strong carbon fiber, was made out of a special weave of half 
carbon fiber, half fiberglass. Rather than using home-cast Marine foam for foam-
core parts, a commercial Dowco blue foam was used, providing greater 
consistency and a lower density for the foam cores used in the wings and 
empennage. The wing was designed to rotate parallel to the fuselage. A folding 
propeller and retractable landing gear were employed. The aircraft was given a 
V-Tail empennage, and these V-Tails were hinged to fold straight back for 
packaging inside the rocket. 
 
The Second Proof of Concept UAV has been designed, fabricated, successfully 
flight tested, and, significantly, successfully flown from the rocket in a test launch. 
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Figure 4.3.22 POC#2 Dimensional Drawing (Units in I nches) 

 

 
Figure 4.3.23 Shaping the Fuselage mold for POC#2 
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Figure 4.3.24 Fuselage Mold for POC#2 

 
Figure 4.3.25 Laying up the Fuselage for POC#2 



 77

 

 
Figure 4.3.26 Assembling the wing for POC#2 

 
 

 
Figure 4.3.27 Wing and Fuselage for POC#2 
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Figure 4.3.28 Shaping the V-Tail mold for POC#2 

 

 
Figure 4.3.29 Finished V-Tail 
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Figure 4.3.30 POC#2 Ready to Fly, in the Landing Co nfiguration 

 

 
Figure 4.3.31 POC#2 Ready to Fly, in the Cruise Con figuration 
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Figure 4.3.32 POC#2 Ready to Fly, in the Packaged C onfiguration 

 
 

 
Figure 4.3.33 POC#2 with the Competition Rocket 
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Figure 4.3.34 POC#2 Ready for the Maiden Flight 

 

 
Figure 4.3.35 First Flight of POC#2 
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Figure 4.3.36 First Landing of POC#2 

 

 
Figure 4.3.37 POC#2 Safely deployed from the Rocket  Payload Section 

during the Test Launch 
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Design High wing, V-tail to fit in rocket, prop-driven 
Motor AXI 2826/10 
Electronic Speed Controller  70 Amp Opto 
Propeller 11x8 folding propeller 
Battery 4-cell, 5000 mAh Lipo 
Main Landing Gear Retractable 
Tail Landing Gear Steerable Tailwheel 
Wing b=48", c=8", NACA 4415 
Payload Minimum RC Electronics 
Overall Weight 6.49 
Cruise Speed ~75 mph 

Table 4.3.4 Basic Features of POC#2 
 
Originally, when the team set out to build the Second Proof of Concept UAV, it 
was intended that this aircraft would serve as the Competition UAV. However, for 
a number of reasons, the team has decided to do itself one better – to improve 
the design, reduce weight, and improve the flying characteristics of the 
Competition UAV. The second Proof of Concept UAV only weighs about 15% 
more than the First Proof of Concept UAV, despite the fact that it has hinges, 
springs, retractable landing gear, and other hardware associated with fitting 
inside the rocket. However, the addition of this hardware – the wing rotation 
mechanism, the wing locking pin, the magnets for locking the V-Tails into place, 
etc – added up to almost 2 pounds of weight. The team has decided that, if the 
aircraft is rebuilt with a very similar design – and a number of key innovations 
and weight reducing measures – that it can be built lighter, better-flying, and 
stronger. The Competition UAV is being built now to replace the 2nd Proof of 
Concept UAV. It took only about 2 weeks of hard work to fabricate and assemble 
the 2nd Proof of Concept UAV, and it is anticipated that the Competition UAV can 
be built in about the same amount of time. In the unlikely event that the 
Competition UAV cannot be finished in time, or that it is crashed in flight testing, 
then the 2nd Proof of Concept UAV will be flown in flight testing. However, 
assuming the fabrication of the Competition UAV proceeds as planned, the team 
will have an even better UAV to deploy from the rocket at the USLI Competition. 
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The Component Weight and Cost table for the Second Proof of Concept 
UAV (POC#2) is presented below. 
 

Component/Group Name 
Weight 
(lbs) Cost 

Body       
Wing In House 1.1 $15  
Fuselage In House 0.7 $35  
Left V-Tail In House 0.23 $8  
Right V-Tail In House 0.23 $4  
Nose Cowl In House 0.2 $10  
Body Totals   2.46 $72  
        

Landing Gear       
Wheels LYT 2-3/8" 0.055 $5  
Retract Kit Robart Retracts, 10 lb model 0.365 $44  
Retract Servos  Hitec HS-75 X 2  0.154 $60  
Tail Wheel 1.5" Delux Kavan Tailwheel 0.1 $25  
Tail Wheel Servo Hitec HS-65 0.04 $20  
Landing Gear Totals   0.714 $154  
        

Propulsion       
Brushless DC motor AXI 2826/08 0.4 $112  

Electronic Speed Controller 
Jeti Advance Plus 70 (70 
Amp) 0.2 $130  

Propeller 11x8 folding 0.08 $14  
52mm yolk for Folding Prop for 5mm shaft 0.01 $14  
Spinner 50mm spinner for 5mm shaft 0.05 $6  
Prop Adapter for 5mm shaft For 5mm shaft 0.01 $8  
Lipo Battery 5000 mAH 4-cell 1.08 $240  
Motor Mount Radial Mount System 0.04 $17  
Propulsion Totals   1.87 $541  
        

Servos and RF Control       
RF Receiver Hitec Supreme IIS 0.066 $60  
Left Aileron Servo Hitec HS-65HB 0.022 $26  
Right Aileron Servo Hitec HS-65HB 0.022 $26  
Left Rudervator Servo Hitec HS-85MG 0.054 $31  
Right Rudervator Servo Hitec HS-85MG 0.054 $31  
Electronics Totals   0.218 $174  
        
Springs, Hinges, Misc. Hardware   2.2 $40  
Ballast to correct aft CG   0.4 0 
        
    Weight (lbs) Cost 
UAV Totals   7.86 $981 

Figure 4.3.5 POC #2 Component Weight and Cost 
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          4.3.7 Competition UAV 
From an aerodynamic standpoint, the Competition UAV is fairly similar to the 2nd 
Proof of Concept UAV. It has a square fuselage measuring 4 inches on a side. It 
has a NACA 4415 wing with an 8 inch chord. It features V-Tails which are 
designed to fold back. It has a similar style of folding propeller, and the same 
brand of brushless DC motor. 
 
However, the Competition UAV is designed with a number of significant weight-
reducing measures which will hopefully reduce the power needs for cruising 
flight, reduce the approach speed for safer and gentler landings, and better equip 
the airplane for handling the ~2.2 lb payload (Reconnaissance camera & gimbal, 
single board computer, and assorted batteries and sensors). 
 
The 2nd Proof of Concept UAV had retractable landing gear and a steerable 
tailwheel, weighing in at a total of over 0.71 lbs. These items are important for 
flight testing, but completely unnecessary for competition launch. The 
Competition UAV, during flight tested, will be launched using a carriage system. 
The plane is seated on a 4-wheel carriage on the runway, powers up, rolls down 
the runway, and takes off, leaving the carriage on the ground. The Competition 
UAV will be designed to land on its belly, in the grass. This mechanism for 
takeoff and landing is commonly used in other R/C airplanes where the weight or 
drag of landing gear is undesirable. 
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Figure 4.3.38 Competition UAV Parts Drawing (1) 

 

 
Figure 4.3.39 Competition UAV Parts Drawing (2) 

 
 
Additionally, in the 2nd Proof of Concept UAV, the wing was a solid foam core, 
coated in 3.2 oz fiberglass. For the Competition UAV, as much as 1/2 of the 
weight of the foam core of the wing (~0.5 lb) will be cut away prior to 
fiberglassing. This is accomplished using a technique described by Rolly Singson 
[17]. 
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Figure 4.3.40 Lightening foam-core wings. 

 
As demonstrated by the ProMechanica wing loading studies (See section 4.3.1 
C), the bulk of the stress in the wing resulting from lift acts at the center of lift. 
Other areas of the wing experience considerably less loading. Leaving the foam 
core of the wing solid throughout, especially once the wing is sheeted with 
fiberglass, provides it with a great deal of excessive strength – and weight. On 
the Competition UAV, the wing halves will be lightened using the method detailed 
above. The wings will then be sheeted in 1/32nd balsa to provide a smooth 
surface for laminating, and then the balsa will be fiberglass-laminated. Even with 
the wingspan of the Competition UAV being larger than that on the Proof of 
Concept aircraft, it is anticipated that this will save about 30% of the weight of the 
wing - as much as 0.35 lb.  
 
Additionally, as noted in 4.3.6, the 2nd Proof of Concept UAV picked up over a 
pound of weight just from fasteners, springs, and hinges used to make the UAV 
fit inside the rocket. This was acceptable for a plane that does not necessarily 
have to carry the full electronics payload, but for the Competition UAV, every 
faster, washer, nut, and bolt is being examined, and replaced with a smaller, 
lighter equivalent. 
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For example, the wing bolt used on the Proof of Concept #2 aircraft is a steel 
5/16th inch bolt with a steel washer and steel nut. This item is being replaced by a 
fiberglass 3/8th inch bolt with an aluminum nut. The original wing bolt weighted 
1.41 oz. The new wing bolt weighs 0.12 oz – less than 1/10th as much. In the 
picture below, the new fiberglass wing bolt with its aluminum nut is on the left. 
The steel POC#2 wing bolt is on the right. 
 

 
Figure 4.3.41 Wing Bolts, old and new.  

 
This type of strength-weight optimization is being taken to an extreme onboard 
the Competition UAV. Every single screw nut, washer, hinge, and spring is being 
weighed and sternly evaluated for possible replacements to reduce weight. 
Furthermore, the nose is elongated, which will permit batteries and other heavy 
components to be moved forward. On the 2nd Proof of Concept UAV, because of 
the somewhat stubby nose, it was not possible using the onboard weight (e.g. 
flight-critical batteries) to locate the CG in a desirable position. As a result, the 2nd 
Proof of Concept UAV had to fly with close to 0.3 lbs of ballast to correct the aft 
center of gravity problem created by the hinges, springs, and locking system for 
the V-tails. 
 
The weight of the fuselage, wing, and other body components is relatively small 
compared to the weight of the internal components. In order to ensure that the 
center of gravity can be precisely placed prior to assembly, a parts diagram for 
the Competition UAV has been drawn in ProE, complete with actual weights of 
individual components, wiring runs, and projected weights of in-house parts. 
ProE is then used to calculate the center of gravity, and parts are moved as 
necessary to create the idea arrangement of internal parts so as to facilitate good 
placement of the center of gravity. The actual assembly and internal component 
placement will resemble the representation below. Note that the body of the 
aircraft is drawn in a simplified form for the purpose of this graphic; the emphasis 
here is on internal component placement. 
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Figure 4.3.42 Competition UAV Internal Assemblies 

 
Design High wing, V-Tail to fit in rocket, folding prop driven 
Motor AXI 4120/14 
Electronic Speed Controller 70 Amp Opto 
Propeller 13x8 folding Graupner propeller 
Battery 5000 mAH 4-cell Lipo 
Landing Mechanism Belly landing 
Wing NACA 4415, b=60", c=8" 
Payload Up to 2.5 lbs of electronics and cameras 
Overall Weight 6.97 lb projected 
Cruise Speed 75 mph max 

Table 4.3.6 Basic Features of the Competition UAV 
 
Communications Systems Range 
The Competition UAV is equipped with an array of sensors for communicating 
with the ground. This communications array is better detailed in Section 4.3.8 of 
this report. In short, there are a total of 5 communications frequencies between 
the UAV and the ground. These are, in order of priority,  

1. The video feed from the forward facing camera, on 900 MHz 
2. The Wi-Fi uplink on 2.4 GHz 
3. The video feed from the downward-facing camera, on 1.2 GHZ 
4. The standby controller uplink to the UAV, on 72 MHz 
5. The downlink from the standby GPS transmitter, on 441 MHz. 
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All airborne antennas are bipole, e.g. “rubber duck” antennas, oriented vertically 
on the plane. These are assumed to be essentially omnidirectional. On the 
ground, the three high-bandwidth data links – the Wi-Fi, 1.2 GHz video downlink, 
and 900 MHz video downlink – are more or less directional. The two standby 
antennas on the ground – the standby RC transmitter/controller, and the standby 
GPS receiver – are omnidirectional. 
 
The effective range for these devices is calculated using a Free Space Path Loss 
Calculation, based on the assumption of a -80 dBi ambient ground noise floor. 
Any power transmission over -80 dBi is assumed to be sufficient for meaningful 
signal interpretation. The range of these systems will be ground tested and flight 
tested, to the extent possible. The results of the range calculations are provided 
below. These calculations may be replicated based on the stated assumptions 
and given power output and antenna gain using any free path loss calculator. 

Table 4.3.7 UAV Communications Hardware and Range 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Comm. 
Frequency Airborne Hardware 

Groundstation 
Hardware 

Approx . 
Range 

900 MHz video 500 mW, 0 dBi video tx 
8 dBi patch  
rx antenna 9.3 mi 

1.2 GHz video 500 mW, 0 dBi video tx 
8 dBi patch 
rx antenna 7 mi 

2.4 GHz Wi-Fi  
(UAV -> Grnd) 500 mW, 2 dBi transmitter 

24 dBi grid 
antenna rx 20 mi 

2.4 GHz Wi-Fi  
(Grnd->UAV) 500 mW, 2 dBi tx 

24 dBi, 64 mW 
grid antenna tx 10 mi 

441 MHz 10 mW, 0 dBi tx Amateur Radio  20 mi per mfg 

72 MHz 72 MHz RC rx 
72 MHz, 400 mW 
RC tx 1 mi per mfg 
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          4.3.8 Electronics Systems Designs 
 
               4.3.8 Electronics Systems Designs 

 
Figure 4.3.43 Electronics System overview block dia gram  
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A. Forward-Facing Camera (NAVCAM) System 
 
For the forward facing camera the team has chosen o use the Sony KX 191h 
camera. The camera will be mounted at the nose of the UAV, possibly inside a 
protective clear dome. The team has opted to not mount this camera on a 
gimbal, as it has been proven unnecessary weight. The weight of this plane is 
extremely critical as the wing profile chosen, in order to fit into the rocket, can 
only support a certain amount of payload weight. The camera will relay forward 
imagery to the ground station providing navigation aid and obstacle avoidance for 
the pilot. It will also interface with the UAV Onboard Computer and Wifi 
connection. This particular camera employs a high-resolution Sony Super HAD 
CCD chipset.  The video is transmitted to the ground in analog format via a 
900MHz transmitter. 

 
Figure 4.3.44 Forward Facing Camera 
 
Model  KX-191h 
Manufacturer  SONY 
Cost  $111 
Resolution  550 TV Lines 

horizontal 
Modes  Night/day  
Weight  46 g 
Power  12 V + 10% DC 
Amperage  210 mA draw  
Dimensions  35x35 mm  
White balance  Auto  
Imaging Sensor  Sony Super HAD 

CCD 
Lens  f 2.97 mm wide angle  
Table 4.3.8 Forward Facing Camera Specs 
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B. Reconnaissance Camera System (R-Cam) System 
 
The forward facing camera will be mounted at the nose of the UAV inside a 
protective clear dome.  The camera will relay forward imagery to the ground 
station providing navigation aid and obstacle avoidance for the pilot.  The camera 
is mounted on a tilt pan gimbal that can be controlled by the payload specialist 
via the wireless connection and the onboard computer systems. This unit is 
selected because it has an analog video output, high resolution, optical zoom, 
and low weight. It is be modified to reduce weight and allow camera control to be 
interfaced to the computer systems and controlled on the ground. The analog 
video output signal will be transmitted to the ground via a 1.2GHz analog 
transmitter. 

 
Figure 4.3.45: Reconnaissance Camera 
 

Manufacturer  Casio  
Model  Exilim -Z300 

Dimensions 
3.8"(W) x 2.3"(H) x 
0.9"(D) 

Weight  0.290 lbs  
Significant 
Features 

10.1 MegaPixel 
resolution 

  4x optical zoom  
  4x digital zoom  
  16x total zoom  
Cost:  $270  
  

   Table 4.3.9 Reconnaissance Camera Specifications  
   
 
 
 
 
 
 
 



 94

               C. Standby GPS (S-GPS) 
The standby GPS is completely separated from the rest of the electronics system 
and even has its own integrated battery. The purpose of having the device on the 
UAV is primarily to be able to track and locate the UAV in the event of a major 
loss of communications. The device chosen is the BeeLine GPS unit produced 
by bigredbee.com. The unit has a simple GPS receiver and broadcasts GPS 
coordinates over a selectable frequency in the range used by amateur radio 
transceivers/receivers. As such the device can be used as a radio beacon to 
locate the UAV and if combined with an APRS packet decoder the GPS 
coordinates of the UAV location can be extracted from the radio transmission. 
 

Manufacturer  Bigredbee.com  
Model  BeeLine GPS  
Weight  2 ounces  
Significant Features  1.25” X 3”  

  
20 mile line of sight 
range 

  
Lithium -Poly battery 8+ 
hours 

   
Cost  $259  

Table 4.3.10 BeeLine GPS specifications 
 

  
 Figure 4.3.46 BeeLine GPS tracker and radio beacon  
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               D. Single Board Computer and Related  Subsystems 

 
Figure 4.3.47 Computer Systems 
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i. Wifi Transmitter/Receiver 
The AWUS036H made by Alfa Network is high power 802.11g wireless USB 
adapter. This device provides the UAV with a connection to the WiFi network 
hosted by the ground station. Over this link avionics, diagnostic, and scientific 
payload (IR thermometer) data will be transmitted to the ground.  Input from the 
pilot and the payload specialist travels the WiFi link in the other direction to 
control the UAV. 
 The AWUS036H provides the capability of achieving very long distance 
WiFi transmission. The device is able to transmit at up to 500mW of power and it 
also includes a SMA connector to allow external antennas to be easily added and 
changed to fit transmission range needs. An IOGear GWU523 had been used in 
earlier testing but it is being replaced by the AWUS036H to achieve better WiFi 
range. 
 

ii. Infrared Thermometer 
 
The Fluke 568 Infrared Thermometer will collect thermal information for the team. 
It is to be stripped of it’s protective plastic casing, to reduce weight and size, and 
minimized down to the smallest possible size. A cheaper IR thermometer has 
already been similarly dismantled by the team with good results – most of the 
size and weight was packaging to protect the thermometer in the workplace. The 
team will align the Infrared Thermometer 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 will be pointed at that object as well, so that it 
will read out the temperature of the object.  
 

 
Figure 4.3.48 Fluke 568 IR Thermometer 
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There are two important caveats here. 
 
The first caveat is that the Infrared Thermometer’s useful range is defined in 
terms of Distance to Spot. 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 the graphic below. 
 

 
Figure 4.3.49 Distance to Spot Ratio 
 
The hypothetical application is that, for example in a reconnaissance scenario 
where a camouflaged vehicle is being pursued, if, using the visual camera the 
operators of the UAV see what appears to be a camouflaged truck, from as high 
as 2,000’ AGL, then they can pilot the UAV to 300’ off the ground and measure 
the temperature on the hood of the object that looks like a truck, and, if the truck 
is running then its hood will be much hotter than the surrounding terrain, and this 
could be a mechanism for identifying or gaining further insight into an object on 
the ground that is 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 will not be aligned at all. So to actually have the Infrared 
Thermometer 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 and the temperature reading may 
well be useful. So it is important that the UAV be at the correct altitude (300’ AGL 
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to measure the temperature across a 6’ circle, e.g. a truck hood) to get a decent 
reading. 
 

 
Figure 4.3.50 Camera and IR Thermometer Alignment 
 
 
 

Manufacturer  Fluke  

Model 
Fluke 568 IR 
Thermometer 

Weight 
390g before 
modification 

Significant Features 
50:1 Distance -to-Spot 
ratio 

  USB Output  

  
K-Type Thermocouple 
input 

  Laser Pointer  
Cost  $420  

Table 4.3.11 4 Fluke Infrared Thermometer 
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                    iii. GPS receiver 
The GPS module will be mounted internally in the UAV.  The data will provide 
several readings for the ground station.  The GM-205810 GPS module is able to 
provide a location within 2 meters. Altitude and ground speed can also be 
determined from the GPS data. The GM-205810 by DeLorme is the GPS module 
currently selected for the UAV however we have been doing testing with a USB 
GPS module and may transition to a 5hz USB GPS module for increased sample 
rate and the convenience of USB connectivity. 
 

 
Figure 4.3.51 Delorme GPS Receiver 
 

Manufacturer:   Delorme 
Model: GM-205810-000CT-ND 
Data Rate:  57.6 kbps max  
Current 
receiving: 50 mA 
Voltage Supply:  3.0-3.6V 
Frequency:  1.575 GHz 
Acquisition 
Time: 

Cold Start: 39 sec TTFF  
Hot Start: 2.5 sec TTFF 

Cost:  $41.95  
Table 4.3.12 Delorme GPS Receiver Specifications 
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                    iv. Barometric Altimeter 
The altimeter will provide the pilot with a very precise readout of the barometric 
altitude of the airplane in flight. This will be useful not only for vertical positioning, 
but also for vertical-speed movement information. This information will be sent 
via the flight computer and its wireless adapter to the ground station and 
displayed numerically for the pilot.  
 The use of an Eagle Tree Systems Altimeter is being tested one altimeter 
option. The use of this off the shelf sensor was preferred in order to avoid using 
precious development time reinventing the wheel and because the device has 
already been tested in terms of reliability and accuracy by the RC Plane hobbyist 
community. However a lack of documentation and cooperation from the 
manufacturer has made it difficult to interface the device with the other 
electronics systems onboard the UAV. As a result our team is also putting 
pressure transducers on our custom circuit board for use in calculating altitude 
and airspeed. 
 A MPXA4250AC6U pressure transducer from Freescale Semiconductor is 
used on the custom circuit board. This transducer has a range of 20kPa to 
250kPa. According to the International Standard Atmosphere model air pressure 
is 22.6kPa at 11,000 meters. 
[http://en.wikipedia.org/wiki/International_Standard_Atmosphere ] So this 
transducer should be useful for determining altitude from Sea Level (101.35kPa 
under standard conditions) to a little over 11Km, well within the operational 
conditions of the UAV. A micro-controller on the custom circuit board will be used 
to calculate altitude from static pressure. 

 
Figure 4.3.52 Barometric Altimeter 
 

Manufacturer: 
Eagle Tree 
Systems 

Model: 
Altimeter 
Microsensor V3 

Resolution:  + 4 ft  
Weight:  0.01 lb 
Cost:  $37.99  

Table 4.3.13 Barometric Altimeter Specifications 
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v. Airspeed Indicator 
The airspeed indicator will measure the speed of the UAV relative to the air 
surrounding it. The pilot will receive this information on the ground station at a 
digital readout on the pilot display. The GPS unit is also capable of providing 
speed data, but it is relative to the earth and potentially less responsive. Earth 
relative speed information can be disorienting in the context of high winds; the 
pilot may be flying level at full power and only going a few miles per hour relative 
to the ground according to the GPS. The Airspeed Indicator is a critical flight 
instrument for defining the instantaneous flight performance of the aircraft. 
 As with the altimeter our team has an off the shelf Airspeed indicator from 
Eagle Tree Systems, however because of difficulty interfacing this device with 
our electronics system using an airspeed indicator on the UAV’s custom circuit 
board is also being pursued.  
 The airspeed indicator on the custom circuit board will share a 
MPXA4250AC6U pressure transducer with the altimeter system for static 
pressure. In addition it has a second MPXA4250AC6U connected to a Pitot tube 
for measuring Pitot pressure (static pressure + dynamic pressure). Conceptually 
air speed can be calculated from the difference in the static pressure and Pitot 
pressure sensors as shown by the following relationship. Without considering air 
density changes due to temperature changes at altitude, it is possible to estimate 
that the airspeed measurement range of the pressure transducer is sufficient. 
Using the IUPAC standard temperature and pressure (0 °C and 100 kPa) air 
density (1.2754 kg/m3), 100m/s (223.7mph) equates to a dynamic pressure of 
63.77kPa. This in turn equates to 165.12kPa absolute pressure at sea level 
(63.77kPa + 101.35kPa) and falls within the 20-250kPa pressure range that the 
MPXA4250AC6U is capable of measuring. 

 
where : 
q = dynamic pressure in pascals 
�  = fluid density in kg/m3 (density of air) 
v = fluid velocity in m/s 

 
Figure 4.3.53 Airspeed Indicator 
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Manufacturer: 
Eagle Tree 
Systems 

Model: 
Airspeed 
Microsensor V3 

Range:  2MPH - 350 MPH 
Resolution:  + 1 mph  
Weight:  0.01 lbs  
Cost:  $42.99  

Table 4.3.14 Airspeed Indicator Specifications 
 
                   vi. 3-Axis Accelerometers 
The accelerometer will be mounted in the UAV internally aligned tri-axially.  The 
data will provide flight motion data for the pilot communicating the acceleration 
and velocity of the plane along the X, Y, and Z axis. The vector for acceleration 
due to gravity can be obtained from this sensor. Assuming gravity is of significant 
magnitude compared to other accelerations this gravity vector can provide 
reasonable yaw/pitch/roll readings. This provides redundancy and assists the 
angle rate sensors in determining yaw, pitch, and roll. 
 

Manufacturer:  STMicroElectronics  
Model: LIS344ALH 
Specifications:    
Range: 
Selectable -  ±2g or ±6g (±2g provides high resolut ion) 
Voltage Rating: 2.7 ~ 3.3VDC 
Interface  Analog  
Significant 
Features: High Shock Survivability 
   
Weight:  0.01 lbs  
Cost:  $8.50  

  Table 4.3.15 3-axis Accelerometer Specifications 
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                    vii. 3-axis Angle Roll Rate Sen sors 
Three angle rate sensors will be mounted internally aligned in the X-, Y-, and Z-
axes respectively.  The data will provide primary readings for yaw/pitch/roll rates. 
This roll rate data is then integrated by a micro-controller to relative roll angle. 
The gravity vector obtained from the linear accelerometers can then be used to 
periodically recalibrate absolute rotational positions and avoid drift in the angular 
position calculated. 
 

Manufacturer:  STMicroElectronics 
Model: LISY300AL 
Voltage: 3.3  VDC 
Sensitivity: +  300deg/s 
Interface: Analog 
Weight: 0.01 lb 
Cost: $8.74  

Table 4.3.16 Angle Rate Sensor Specifications 
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                    viii. Multiplexing Device 
 
The custom circuit board contains four, quad 2 input multiplexers with 3-state 
output. This setup allows for two sets of 16 inputs of which 14 inputs in each set 
are connected to PWM inputs. Set PWM_A[0-13] is connected to the 
microcontroller PWM output and Set PWM_B[0-13] is connected to the backup 
72MHz receiver. The multiplexers can be selected to output either the PWM 
signals from the microcontroller or the signals from the 72MHz receiver. Using 
the multiplexer control of the UAV can be switched back and forth between the 
computer systems and the backup 72MHz radio link. 
 

 
                    Figure 4.3.54  A portion of the  multiplexing circuitry 
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           4.3.9 Ground Station Design 
In order to interface the human operators on the ground to the flight systems 
onboard the aircraft, a sophisticated ground station is required. Two computers 
equipped with custom software, one Wi-Fi router, two video receivers, and a total 
of 5 antennas are employed. The ground station is assembled and the custom 
graphical user interface for the pilot is in the final stages of development. The 
central systems of the ground station revolve around the 3 primary data links 
between the UAV and the ground.  
 
First and foremost is the Wi-Fi uplink, which carries data both to the UAV from 
the ground, and to the ground from the UAV. This operates on 2.4 GHz. On the 
UAV is a 2.4 GHz, 500 mW transmitter, with a 2 dBi rubber duck antenna. On the 
ground is a 2.4 GHz, 64 mW Wi-Fi router with a 24 dBi grid antenna.  
 
Next, by order of importance is the one-way video feed from the forward facing 
camera (NAVCAM). The UAV carries a 900 MHz, 500 mW video transmitter. On 
the ground is an 8 dBi patch antenna going to an analog video receiver with 
feeds into the pilot’s computer. 
 
The feed from the reconnaissance camera (R-Cam) utilizes a 1.2 GHz video 
connection, using a 500 mW transmitter on the plane and a 8 dBi patch antenna 
on the ground, feeding through a video receiver into the Payload Specialist’s 
computer. 
 
Standby systems include the Standby Pilot’s controller and the Standby GPS 
Receiver. During normal operation, the UAV will be controlled using signals over 
the Wi-Fi uplink, using USB controllers. In standby mode, the Hitec Eclipse 7 
QPCM controller is used to control the UAV, and a ham radio receiver is used to 
receive GPS location data from the Standby GPS (S-GPS) transmitter onboard 
the UAV, which operates on 441 MHz at a transmitting power of 10 mW, which, 
according to the manufacturer, is sufficient for a 20 mile range, provided line of 
sight, on a standard amateur radio receiver. 
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Figure 4.3.55 Ground Station Conceptual Diagram 
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A. Main Antenna Array 
The main antenna array is a heavy duty swivel-tilt tripod intended for large 
cameras and modified into the role of carrying the antennas. The two standby 
antennas – the standby RC transmitter and the Ham Radio for Standby GPS are 
bipole antennas, meaning that they are not terribly directional. However, the 
higher-power antennas used for Wi-Fi and video feeds are more directional, and 
so they must be pointed roughly towards the aircraft during flight. For this reason 
they are mounted on a tripod to be oriented by a human operator dubbed the 
Antenna Operator. 
 
 

 
Figure 4.3.56 Ground Station: Main Antenna Array 
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Figure 4.3.57 Ground Station Antenna Directionality  

 
               B. Pilot’s Station 
The pilot is seated at a workstation called the “Pilot’s Station.” The Pilot is 
equipped with a Laptop which displays a custom Graphical User Interface, 
providing critical flight information to the pilot. The Pilot is provided with GPS 
location, Airspeed, Altitude, artificial horizon/artificial attitude, and the view from 
the forward facing camera. The pilot’s computer is hooked up directly to the 900 
MHz video receiver for the feed from the forward-facing camera (NAVCAM), as 
well as the Wi-Fi router. The pilot is equipped with a USB hobbyist-style 
controller, for flying the UAV over the Wi-Fi uplink. The pilot interacts with the 
Payload Specialist and the Competition Liaison, who brief the pilot on the status 
of the reconnaissance mission and the status and needs of USLI officials and 
non-flight-crew members respectively. 
 
               C. Payload Specialist’s Station 
The Payload Specialist sits at a workstation next to the pilot’s workstation. The 
payload specialist’s computer is hooked up to the video receiver from the 
reconnaissance camera, in addition to the Wi-Fi router. The payload specialist is 
provided with a joystick-style USB controller for manipulating the reconnaissance 
camera. The joystick controls tilt, pan, zoom, and shutter for still pictures. These 
inputs travel over the Wi-Fi uplink, to the SBC, trough the PWM microcontroller, 
to the gimbal servos. Displayed on the Payload Specialist’s computer terminal is 
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the video feed from the reconnaissance camera. The Payload Specialist is also 
provided with the temperature readout of whatever the camera is pointed 
towards, thanks to the gimbal-mounted infrared thermometer. It is the task of the 
Payload Specialist to brief the pilot on whether sufficient reconnaissance data 
has been collected or whether more loiter time is needed to collect more data. 
 
               D. Standby Systems 
                    i. Amateur Radio Receiver 
In the event that the Wi-Fi uplink fails, there will be no location data accessible to 
the pilot or safety pilot. For this reason, a very small, self-contained GPS locator 
beacon from BigRedBee is carried onboard the UAV. This device operates in the 
Ham Radio band, at 441 MHz. To receive the GPS coordinates, a amateur ratio 
receiver is available to the Payload Specialist. This device will read out the raw 
GPS coordinates of the UAV, to be interpreted using a handheld GPS device. 
This method is crude but very reliable. The team has accrued a wealth of 
experience working with the BigRedBee GPS locator beacon, as the team carries 
a such beacon onboard every high power rocket that is launched by the team. 
 
                    ii. Standby Pilot’s Transmitter  
In the event that the Wi-Fi uplink fails, a standby controller is on hand, to be 
operated by the Safety Pilot. This transmitter is a Hitec Eclipse 7 QPCM. This 
device functions on 72 MHz, and can transmit critical control data, such as 
throttle and control surface manipulations, to the Standby receiver onboard the 
UAV. 
 

    4.4 UAV Fabrication 
 
The major components of the Competition UAV were constructed using a variety 
of composite materials which were laid up using West Systems 105 epoxy resin 
in combination with West Systems 207 hardener. This combination of resin and 
hardener were used to allow for at least 30 minutes of working time, which was 
needed for the size and complexity of the UAV components being constructed.  
The major components of the UAV, including the fuselage and nose cowl, wing, 
tail surfaces, wing rotation lock mechanism, tail surface hinge and lock 
mechanism, and the engine mount, were all constructed separately and then 
assembled to create the finished competition UAV. 
 
               A. Fuselage and Nose Cowl: 
The fuselage is constructed using a single layer carbon fiber and fiberglass 
composite, 4 inch diameter cylindrical weave. A two piece mold for the fuselage 
is shaped of low density, Dowco blue foam. The first half of the mold has 
constant 4 X4 in. square cross section, in order to create enough space for the 
large payload of the UAV. The second half of the mold has a conical shap with a 
decreasing diameter circular cross section, in order to taper the fuselage into the 
empennage. These two molds are shaped using a sureform and a sanding block, 
and were then joined together using five minute epoxy and covered in a layer of 
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clear packaging tape. The fiberglass and carbon fiber composite is then slid over 
the mold, and laid up using west systems epoxy and hardener.   
 

�

 
Figure 4.4.1 Kyser Miree holding the completed fuse lage mold 

 
After the fuselage cures for a full 24 hours the foam mold is dissolved using paint 
thinner as a solvent, and the part was sanded and trimmed to desired 
dimensions. This methodology is referred to as the “lost foam” method amongst 
composite-modeling hobbyists. Two square 1/8th in. thick plywood bulkheads are 
inserted on either side of the payload bay – located directly below the wing -to 
increase the rigidity of the fuselage, and a 1/4 in. plywood motor mounting 
bulkhead is inserted flush with the front of the fuselage. The tail wheel and 
controlling servo are mounted in the rear of the fuselage using a small strip of 
1/8th in. thick plywood and wood screws. Last, a hatch is cut from the bottom of 
the fuselage the size of the payload bay to allow for easy access to the payload, 
batteries, receiver, and motor speed controller.   
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�

 
Figure 4.4.2 Kyser Miree laying up the fuselage 

 
The nose cowl is created in the same fashion as the fuselage, using a single 
Dowco blue foam mold and the same carbon fiber and fiberglass composite 
weave.  Again the foam mold is removed from the cowl using paint thinner as a 
solvent. 
 

�

 
Figure 4.4.3 Ben Havrilesko laying up the nose cowl  
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               B. Wing 
The wing of the UAV is comprised of a single layer of 3.2 oz. aerospace grade 
fiberglass weave with a Dowco blue foam core, and is created in a similar fashion 
to fuselage. The mold is again made of Dowco blue foam, however this time the 
mold was constructed in the three pieces - the center piece, and the two outer 
halves of the wing - which are then joined together with five minute epoxy. The 
center section of the wing is made to have a two inch wide flat bottom, which 
would lie in contact with the fuselage at a two degree angle of incidence, and a 
top surface that is in line with the shape of the NACA 4415 airfoil that was used 
for the wing cross section. The sides of the wing center piece are cut to allow for 
a two degree dihedral angle in the wing.  The two remaining wing half sections of 
the mold are formed by making a plywood NACA 4415 wing template cutout for 
each side of the wing half. These templates are screwed into each side of a 24 X 
2 X 9 in. piece of blue foam, and a sureform and sanding block are used to form 
the molding foam into the desired shape of the airfoil.   

�

 
Figure 4.4.4 Tyler Lamb shaping the part of the win g mold 

 
The three sections of the wing mold were then joined together using five minute 
epoxy, while remaining conscious of the intended angle of incidence and dihedral 
angle of the wing. A 24 X ½ X ¼ in. balsawood wing spar, with a two degree 
dihedral angle, was also added to the wing at the center of lift to ensure that the 
wing held its dihedral angle and for extra strength. After the foam mold was 
completed the wing was fiberglassed using a single piece of 3.2 oz aerospace 
grade fiberglass. The fiberglass was wrapped around the leading edge of the 
wing and joined to itself on the overhang at the trailing edge of the wing using the 
same West Systems epoxy and hardener that was used in the making of the 
fuselage. After the wing was allowed to cure for 24 hours the fiber glass was 
trimmed, and the wing was cut to its desired length.  
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�

 
Figure 4.4.5 Thomas Carroll installing the balsawoo d wing spar 

 
The foam was left in the wing to ensure that it was structurally sound, and to 
provide a solid material for which to mount servos and landing gear. Ailerons 
were cut out of the trailing edge of the wing using a razor blade, and balsawood 
inserts were placed in the ailerons and the back of the wing to create firm 
mounting surfaces for the aileron hinges. Off the shelf servos and retractable 
landing gear were also mounted in the wing, and servo horns, servo arms, and 
servo linkages were attached. 
 
               C. Tail Surfaces 
The tail surface were made in a very similar fashion to the wing, however each 
tail surface was made from a single blue foam mold, and the tail surface molds 
were covered with 3.74 oz carbon fiber rather than the fiberglass weave that was 
used for the wing surfaces.  The tail surface molds were formed in the same 
manner was the wing molds, using plywood templates of the airfoil and a 
sureform and sanding block to form the tail surfaces to the desired shape.  The 
tail surfaces were then coated in the carbon fiber weave in the same fashion as 
the wing using the same epoxy and hardener, and were allowed to cure for 24 
hours.  Once again the blue foam mold was left inside the tail surfaces for 
structural purposes The tail surfaces were then trimmed to the desired length, 
and the ruddervators were constructed in the same manner of the ailerons in the 
wings.  Of the shelf servos and servo horns were then installed in the tail 
surfaces. 
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�

 
Figure 4.4.6 Thomas Bowden making a tail surface mo ld 

 
               D. Motor Mount 
The motor mount was constructed out of two 1/8th in. plywood bulkheads that 
were spaced one inch apart and sized to fit inside the nose cowl. The two bulk 
heads were attached to one another using four ¼ in. threaded steel rods, one 
placed at each corner of the bulkhead, and secured using ¼ steel nuts. This 
allowed the thrust angle of the motor to be easily adjusted as needed, and 
provided a space for ballast to be added to the front of the UAV if need be. The 
motor was mounted to the front of the smaller bulk head, and the larger bulkhead 
of the motor mount was fastened to the motor mounting bulkhead in the front of 
the fuselage using four ¼ in. bolts and four ¼ in. blind nuts. 
 
               E. Wing Rotation and Locking Mechanism 
The wing was secured to the fuselage using a rotating wing lock mechanism.  
This allowed the wing to rotate 90 degrees until it was in line with the fuselage of 
the UAV so that it would fit inside the rocket. The wing rotated about a 5/16 in. 
bolt and ,washer, and nut that was screwed into the top surface of the fuselage 
through a 5/16 in. think plywood mounting bracket on the inside top surface of 
the fuselage. This mounting bracket ensured that the wing would not cause the 
body of the fuselage to flex during flight. A spring loaded pin locking mechanism 
was placed two inches forward of the wing rotation bolt, which locked into a hole 
in the bottom of the wing after it was fully rotated. Thin aluminum sheeting was 
attached to the bottom surface of wing that made contact with the wing locking 
pin, the top surface of the fuselage that was in contact with the wing, and the top 
surface of the wing that was in contact wing rotation bolt.  This prevented wear, 
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and ensured that the wing rotated easily with minimum friction. Two springs were 
also attached to the trailing edge of the wing and the side of the fuselage to force 
the wing to rotate and lock into place upon the UAV’s ejection from the sabot. 
 
               F. Tail Surface Hinge and Lock Mechanism:  
 
The completed tail surfaces were attached to the UAV by mounting magnets just 
behind the leading edge of each tail surface and corresponding magnets on the 
inside of the fuselage where the tail surface was to make contact. A hinge was 
attached to the back of each tail surface using and the back of the fuselage of the 
UAV. A spring was also attached to the leading edge of each tail surface nearest 
to the fuselage and then to the fuselage itself two inches in front of the leading 
edge of each tail surface.  In conjunction these mechanisms allowed the tail 
surfaces of the UAV to be rotated back until they were in line with the fuselage, in 
order to allow them to easily fit into the rocket.  Upon ejection from the sabot the 
spring loaded tail surfaces rotate to the fuselage of the UAV and the magnets 
lock them into place. 
 

 
Figure 4.4.7 The competition UAV in the Packaged co nfiguration 

 
           4.5 UAV Ground Testing 
Prior to it’s first flight test, the competition UAV was thoroughly tested on the 
ground. Ground testing for these aircraft takes 4 forms. The Wing Static Loading 
Test demonstrates that the wing is sufficiently strong to stand up to the loading 
resulting from aerodynamic lift. The Drop Test demonstrates that the landing 
gear will stand up to a hard landing. The Control Surface Clearance and Throw 
test demonstrates that the control surfaces have uninhibited travel and sufficient 
throw to assure positive controllability. And the Range Test is a demonstration 
that the transmitter and receiver have sufficient range for the intended flight. Per 
the AMA handbook (See appendix XVI), the range test is performed prior to each 
flight.   
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           4.5.1 Static Wing Loading Test 
In the Wing Static Loading Test, bags of concrete or sand of precise weight are 
placed on the wing to test its strength under static loading [13,14]. The weight 
distributed across the wing corresponds to forces on the wing during cruise flight, 
mild maneuvering, and extremes of the flight envelope. To test that the wing is 
strong enough for cruise flight, weights totaling the weight of the airplane (not 
counting the wing) are distributed across the wing on the Mean Aerodynamic 
Chord, which for this wing is about 2” from the leading edge of the wing. The 
wing is supported, and gravity acting on the sand bags represents the wing 
holding up the weight of the airplane during level cruise flight. This is referred to 
as the 1g wing loading test. In all, 5 wing loading tests are performed: +1g, +3g, 
+5g, -1g, and -3g. This airplane minus the wing weighs about 3.5 lbs, so 1g 
loading corresponds to 3.5 lbs distributed across the wing, 3g corresponds to 
10.5 lbs distributed across the wing, and so on. The successful completion of 
these tests ensures that the wing, the major loaded member in the aircraft, is 
sufficiently strong to stand up to the stresses associated with the entire flight 
regime. 

�

 
Figure 4.5.1 Kyser Miree performing a static wing l oading test on the 

POC#1 UAV 
 
 
           4.5.2 Drop Test 
The Drop Test is a test of landing gear strength and integrity. Typically, small 
UAVs and R/C airplanes are designed to withstand a drop speed of about 7 ft/s 
as a minimum [11]. This test replicates a ‘hard landing,’ and demonstrates that 
the landing gear will stand up in the event that a sudden tail gust or pilot error 
causes the landing ‘flare’ to occur too high, resulting in a hard landing. For this 
test the aircraft is suspended at a height from which, in freefall, it will reach the 
desired drop speed.   
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Figure 4.5.2 Kyser Miree performing a drop test on the POC#1 UAV 

 
The competition UAV was dropped from a height of 9.5” onto the landing gear. 
The landing gear performed as desired and there was no damage to the aircraft.  
 
           4.5.3 Control Surface Clearance and Throw 
Control Surface Clearance and Throw is simply a demonstration that there is no 
interference preventing the control surfaces from moving as desired. This test is 
performed to demonstrate to the test pilot that the aircraft has sufficient control 
surface throw to be able to be trimmed to account for imperfections in the 
construction, and to be able to execute all necessary flight maneuvers. For this 
test, the receiver and battery the servos are hooked up, and the transmitter is 
used to manipulate the control surfaces to the satisfaction of the test pilot. Again, 
competition UAV performed as desired.   
 
           4.5.4 Range Test    
All transmitters and receivers will be range tested prior to flight to demonstrate 
that the team will have full use of the systems designed range of operation. The 
2.4 GHz Wi-Fi, 1.2GHz, 900MHz, 441MHZ, 72MHz systems may be tested 
individually or in groups, if convenient. The four high frequency systems will be 
tested by placing the receiver on some arbitrary high point in or around Nashville. 
While maintaining line of sight, the transmitter will be transported away from the 
receiver, either to approximately two miles (the maximum planned distance 
between the UAV and ground station) or the threshold distance at which the 
signal is too weak.  The 72MHz controller can be tested is a large field, much like 
the one on competition day.   
 

4.6 UAV Flight Testing 
 
           4.6.1 Flight Testing POC#1  
The First Proof of Concept UAV (POC#1) was developed and built as a 
demonstration of the design and fabrication skills of the team. It was the team’s 
first venture into practical UAV design and fabrication. The First Proof of Concept 
UAV has been designed, fabricated, and successfully tested on the ground 
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(static) and in the air (flight testing). This process served as a major source of 
experience and confidence in the process of design and fabrication. 
 

 
Figure 4.6.1 POC#1 Takes to the Sky 
 
           4.6.2 Flight Testing POC#2 
POC# 2 was originally built as the competition UAV. It has logged over 25 
minutes of flying time and proven the major design characteristics present on the 
Competition UAV. Small stability issues were present related to the placement of 
the center of gravity and the wingspan, both of which have been corrected on the 
Competition UAV design. 
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Figure 4.6.2 POC#1 Lands  
 
           4.6.3 Flight Testing the Electronics 
Flight testing of the full electronics suite will conclude on March 30th. Several 
systems have already been tested on the Telemaster including the SBC, GPS, 
and NAVCAM. These tests were successful. 
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Figure 4.6.3 Telemaster in Flight  
 
           4.6.5 Flight Testing the Competition UAV  as an Aircraft 
The Competition UAV will be completed and test flown no later than March 28. 
 
           4.6.6 Flight Testing the Competition UAV  with Payload 
The Competition UAV with payload will be test flown no later than April 1. 

 
4.7 Safety and Environment (Payload) 
 

4.7.1 Safety Officer and Technical Advisors 
The Safety Officer for the Vanderbilt USLI team is Robin Midgett, a Technician 
for the Department of Mechanical Engineering at Vanderbilt and a NAR Level I 
rocket builder.  Randy Moore, a member of the Music City Aviators and 
experienced R/C pilot, has served as a technical advisor for UAV design and 
fabrication techniques in addition to being the official test pilot for the UAV.    
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 4.7.2 Failure Modes  
Project Failure Modes  
  

Risk Consequence Mitigation 

Rocket is 
damaged during 
static (ground) 
deployment 
testing. 

Rocket must be hurriedly 
repaired in time for flight 
testing and/or competition 
launch. High potential for 
timeline setback.  

Ground testing was conducted under the supervision of Robin Midgett 
(NAR I, team Safety Officer), Russ Bruner (NAR III) and Rodney 
McMillan (NAR II, Low Explosives User/Dealer). Black powder charges 
were sized according to conventional hobbyist approximations, making 
reference to Rocketry, as well as several different web resources, and 
with the recommendation of Mr. Bruner and Mr. McMillan. The team 
keeps fiberglass, carbon fiber, and a number of different adhesives on 
hand for quick repairs if that becomes necessary, and all static testing 
will be conducted early enough to leave ample time for ordering new 
rocket components, in the event that a component is damaged during 
static testing. 

Rocket is 
damaged during 
the January flight 
test launch. 

Rocket must be repaired or 
rebuilt completely. Major 
timeline setback. 

Flight testing of the rocket was conducted under the supervision of Robin 
Midgett (NAR I, team Safety Officer), and with the technical advice of 
Russ Bruner (Nar III), and Rodney McMillan (NAR II, Low Explosives 
User/Dealer). The single flight test of the rocket prior to competition took 
place on March 15th. NAR safety recommendations and reference to 
FAR 101 aided in ensuring a safe and successful test and competition 
launch. 

UAV is damaged 
during 
standalone flight 
testing. 

UAV must be rapidly repaired 
in order to be rendered flight-
ready, or possibly re-
designed or re-built in part or 
in whole. 

The UAV has been designed and built in 3 iterations. The vehicle has 
been designed to structurally withstand all expected loadings and CFD 
analysis, model testing, and a strict flight testing regimen will ensure that 
the UAV does not fly until it is truly airworthy. Furthermore, UAV flights 
will be conducted by an experienced R/C pilot to be supplied by the 
Music City Aviators, a local R/C club. The 2nd iteration of the UAV will 
also be available to fly in place of the 3rd iteration in the event that the 3rd 
iteration is destroyed during testing.  

Electronics 
payload is 
damaged during 
flight testing. 

The electronics payload will 
have to be repaired or re-built 
in part or in whole. Potential 
for a large timeline setback. 

The electronics payload for the UAV is made almost exclusively from off-
the-shelf computer components and sensors. The microprocessor 
portion of the electronics payload, which is being made in-house, will be 
produced in duplicates so that a spare will be on hand in the event that 
the original is damaged. The off-the-shelf components of the flight 
computer and sensor array can be replaced readily, and a spare of each 
critical component which is hard to obtain will be kept on hand in the lab. 

Electronics 
payload is 
damaged during 
flight testing 
onboard the 
UAV. 

Electronics payload has to be 
repaired or re-built 
completely. Potentially major 
timeline setback. 

An exhaustive regimen of design, static, model, and flight testing of the 
competition UAV have ensured that the aircraft is a very high-fidelity and 
high-reliability package, before the electronics payload is ever loaded 
onto the aircraft. This verification plan is detailed in the UAV Verification 
section of this report. Furthermore, most of the components for the 
electronics payload are obtained off-the-shelf and are readily available 
even on short notice. Finally, the in-house portion of the payload will be 
produced in duplicates in case the original model is damaged during 
flight testing. 

Necessary parts 
are backordered, 
unavailable, or 
do not arrive on 
time. 

Necessary parts are unable to 
be included on the rocket or 
UAV, or implemented into the 
ground station. The ambitious 
payload mission might have 
to be scaled back. In a worst-
case scenario, the rocket or 
payload may not be ready for 
launch in time for competition 
or critical testing. 

At this point, the team has constructed a UAV capable of carrying a 
reconnaissance package.  Additionally, the team has accumulated any 
and all spare parts that may be necessary for the repair of a UAV in the 
event of a crash. While the electronics package is not yet fully complete, 
all necessary parts are in the lab.   
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Insufficient 
personnel are 
available for 
project 
completion. 

The ambitious project must 
be scaled back in complexity, 
or, in a worst-case scenario, 
the project may not be 
completed. 

Project planning is a critical aspect of taking on such an ambitious 
research project such as this one. Team management, group planning, 
and organizational skills are every bit as important as design and 
fabrication skills. The team is eager and readily available. With a 11-
person group of hard-working engineers, and adequate and appropriate 
delegation of tasks to capable individuals on the team, project 
completion is certain. 

Team  expends 
all of its budget 
before the 
project is 
completed. 

The project would have to be 
cancelled or cut short.  

Financial planning has been thorough and the team has an ample 
budget. See section 5.1 for more details on the budget and current 
expenditures. 

 
  

UAV Failure Modes   

The sabot 
containing the 
UAV does not 
open after it is 
deployed 

The UAV will never exit the 
sabot and begin 
reconnaissance, preventing 
the reconnaissance aspect of 
the mission from being 
completed 

The sabot is designed to be deployed by an explosive charge, and his 
held around the UAV only be the inner surface of the body of the rocket.  
Once the sabot is falling and is exposed to high air speeds outside the 
rocket, the sabot will divide into two parts and break away from the UAV.  
The wing rotating mechanism will also greatly aid in the detachment of 
the sabot from the UAV, and will allow the UAV to smoothly exit the 
sabot upon deployment. 

The conditions 
on launch day 
are excessively 
windy and 
turbulent 

The UAV will experience high 
turbulence flying conditions 
making reconnaissance and 
piloting difficult.  
Reconnaissance images and 
video, and flight patterns may 
be sub par, and in the worst 
case the UAV may completely 
unable to control causing stall 

Excessively windy conditions on launch day have been considered, and 
have been factored in to the design of every iteration of the UAV.  The 
UAV is designed to be able to fly at speeds of at least 50 mph.  This will 
greatly increase its stability in turbulent flight conditions, and will allow it 
to easily overcome strong headwinds.  In addition the flight path of the 
UAV can be changed on-the-fly to in order to find less turbulent flying 
condition, and ground reconnaissance can be conducted at a lower 
altitude. 

The wing or tail 
surfaces on the  
UAV break in a 
high G 
maneuver 

The UAV will greatly lose 
maneuverability, and may be 
impossible to control, causing 
stall 

All iterations of the UAV will be constructed of foam, and covered in a 
high strength fiberglass or carbon fiber skin.  Hinges will be anchored 
into balsa wood caps on all control surfaces. The wing and empennage 
will be strongly secured to the UAV also using fiberglass and carbon 
fiber.  This will greatly decrease the likeliness of damaging the wing or 
tail surfaces of the UAV.  In addition to this, stress test of the wing and 
tail surfaces will be conducted in Pro Mechanica to ensure that the 
stresses these surfaces can withstand are far greater than the stress 
they will experience in flight.  Lastly, it is highly unlikely that the UAV will 
undergo any high G maneuvers in flight.  This will only occur in the case 
of an emergency. 

The control 
servos on the 
UAV do not 
provide sufficient 
torque for the 
speeds at which 
the UAV is flying 

The UAV would be much less 
maneuverable than intended 
and the flight path would have 
to be modified to 
accommodate 

The torque that the control servos provide was analyzed with data 
provided by the manufacturer.  Calculations were done to insure that the 
torque provided by the control servos are sufficient to move the control 
surfaces as needed during flight conditions. Furthermore flight testing 
prior to competition has demonstrated that the servos produce sufficient 
torque to manipulate all control surfaces during all phases of flight. 

The electric 
motor in the UAV 
fails 

The UAV would be 
powerless, and would have to 
assume a much steeper 
descent angle.  This would 
greatly decrease the amount 
of time available for 
reconnaissance, will increase 
the impact of the landing, and 
may cause the UAV to stall 

The electric motor was tested multiple times prior to launch to ensure it is 
in top working condition.  A replacement motor will be on hand on launch 
day to be used, if the launch team makes the decision that the motor is 
not up to specifications.  The leads from the motor to the battery and 
receiver in the UAV are soldered and shrink wrapped to ensure that they 
do not become disconnected. Furthermore, the relatively high Lift-to-
Drag ratio of this airplane (8/1) will still permit the plane to be piloted as a 
glider to an area for a safe landing. 

The landing gear 
on the UAV fails 

The UAV would have to land 
without the use of landing 
gear, and may incur minor 
damage to the propeller and 
bottom of the fuselage 

The landing gear was tested multiple times prior to launch to ensure it is 
in top working condition.  The leads from the landing gear receiver in the 
UAV will be soldered and shrink wrapped to ensure that they do not 
become disconnected.  The servos for the landing gear will also be 
tested to ensure the that landing gear will deploy. Furthermore, flight 
testing of the UAV prior to competition will expose any potential problems 
with the landing gear. 
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The battery in 
the UAV 
becomes 
dislodged and 
shifts changing 
the UAV's center 
of gravity, and 
causing the UAV 
to become tail 
heavy 

The ability to control the UAV 
would be greatly disrupted in 
that it would now have an 
inherent moment that causes 
the nose to pitch upward.  
This would most likely cause 
stall, and prevent the 
reconnaissance mission from 
being completed 

The battery is securely fastened inside its own compartment in the UAV.  
This ensures that the center of gravity of the UAV does not change in 
flight. The functionality of this system was demonstrated with 
considerable flight testing prior to competition. 

The electric 
motor powering 
the UAV cannot 
be started upon 
deployment from 
the sabot 

The UAV would be 
powerless, and would have to 
assume a much steeper 
descent angle.  This would 
greatly decrease the amount 
of time available for 
reconnaissance, will increase 
the impact of the landing, and 
may cause the UAV to stall 

The electric motor has been tested multiple times prior to launch to 
ensure it is in top working condition.  A replacement motor will be on 
hand on launch day to be used, if the launch team makes the decision 
that the motor is not up to specifications.  The leads from the motor to 
the battery and receiver in the UAV is soldered and shrink wrapped to 
ensure that they do not become disconnected. 

the UAV runs out 
of battery life 
before the flight 
is over 

The UAV would be powerless 
from this point on in the flight, 
and would have to assume a 
much steeper descent angle.  
This would greatly decrease 
the amount of time available 
for reconnaissance from this 
point on, will increase the 
impact of the landing, and 
may cause the UAV to stall 

The battery will be fully charged on launch day, and a back up battery 
and charger will be available to use if the first battery fails.  Calculations 
has been done in the design of the UAV to determine the estimated 
battery life considering the drag of the UAV, and amount of power 
required to run the battery.  This estimated flight time will not be 
exceeded on launch day. 

There is no line 
of sight between 
the UAV and the 
pilot upon its 
deployment 

The UAV will be difficult to 
control and may stall due to 
the disorientation of the pilot.  
This would prevent the 
reconnaissance aspect of the 
mission from being completed 

The pilot interface of the UAV is designed for the pilot to be able to fly the 
UAV without a line of sight.  The GPS system on the UAV will provide the 
pilot with information on where the UAV located on a map of the flight 
zone.  The forward facing camera will allow the pilot to see the 
orientation of the UAV with respect to the horizon.  The UAV attitude 
output will present a 3D model the UAV and it's orientation with respect 
to the pilot.  Barometric and pitot-static altitude sensors will provide the 
pilot with information on the altitude of the UAV.  All of these systems in 
combination will allow the pilot to fly, conduct reconnaissance gathering, 
and land without a visual line of sight. 

The UAV cannot 
right itself upon 
deployment, and 
stalls going into 
a downward 
spiral 

The pilot may be able to 
maneuver the UAV out of the 
stall, but in the worst case the 
UAV would crash preventing 
the reconnaissance aspect of 
the mission from being 
completed 

The has a 2 degree dihedral angle in its wing.  This will allow the UAV to 
be more likely to right itself upon deployment with out any user input.  In 
addition to this the pilot will have control over the UAV and will be able to 
right it using the control surfaces. Furthermore, the planned deployment 
altitude of 2,000 feet AGL will provide more than sufficient time to make 
a safe recovery. 

The wing on the 
UAV does not 
rotate and lock 
into position 
upon 
deployment from 
the sabot 

The UAV would have no lift, 
and would crash preventing 
the reconnaissance aspect of 
the mission from being 
completed 

The wing lock mechanism has been constructed of a high strength 
material and tested repeatedly to ensure that it performs as expected on 
launch day.  The mechanism is simple and located between the wing 
and the fuselage to prevent it from being damaged upon deployment 
from the sabot. 

The horns or 
servo arms 
attaching the 
servo linkage to 
the control 
surfaces of the 
UAV breaks 
upon 
deployment from 
the sabot 

Depending on the number 
servo failures that occur the 
UAV could either be difficult 
to control, which would 
hamper the gathering of 
reconnaissance data, or the 
UAV would be completely 
uncontrollable preventing the 
reconnaissance aspect of the 
mission from being competed 

The sabot is constructed of low density foam, and molded around the 
outer surface of the packaged UAV.  This greatly decreases the 
likelihood that the control horns are damaged during deployment from 
the sabot.  In addition, the servo horns are attached to the control 
surfaces of the UAV using a combination of high strength epoxy and 
screws imbedded into the control surfaces of the UAV.  This greatly 
decreases the likelihood that they will become dislodged during launch 
and deployment. Finally, the test launch on March 15th demonstrated that 
the sabot will safely protect the UAV. 
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The GPS 
tracking system 
on the UAV fails 

The UAV would be unable to 
pinpoint on the pilot's display 
map 

Two independent GPS indicators will be on the UAV. This redundancy 
will ensure that failure of one will not jeopardize the task of locating the 
UAV. 

The control 
servos of the 
UAV become 
dislodged upon 
deployment from 
the sabot 

Depending on the number 
servo failures that occur the 
UAV could either be difficult 
to control, which would 
hamper the gathering of 
reconnaissance data, or the 
UAV would be completely 
uncontrollable preventing the 
reconnaissance aspect of the 
mission from being competed 

The sabot is constructed of low density foam, and molded around the 
outer surface of the packaged UAV.  This greatly decreases the 
likelihood that the control servos are damaged during deployment from 
the sabot.  In addition, the control servos are attached to the control 
surfaces of the UAV using a combination of high strength epoxy and 
screws imbedded into the control surfaces of the UAV.  This greatly 
decreases the likelihood that they will become dislodged during launch 
and deployment. Finally, the test launch on March 15th demonstrated that 
the sabot will safely protect the UAV. 

The servo 
linkages on the 
UAV become 
dislodged upon 
deployment from 
the sabot 

Depending on the number 
servo failures that occur the 
UAV could either be difficult 
to control, which would 
hamper the gathering of 
reconnaissance data, or the 
UAV would be completely 
uncontrollable preventing the 
reconnaissance aspect of the 
mission from being competed 

The sabot is constructed of low density foam, and molded around the 
outer surface of the packaged UAV.  This greatly decreases the 
likelihood that the servo linkages are damaged during deployment from 
the sabot.  This greatly decreases the likelihood that they will become 
dislodged during launch and deployment. Finally, the test launch on 
March 15th demonstrated that the sabot will safely protect the UAV. 

The hinges on 
the control 
surfaces become 
dislodged upon 
deployment from 
the sabot 

Depending on the number 
hinge failures that occur the 
UAV could either be difficult 
to control, which would 
hamper the gathering of 
reconnaissance data, or the 
UAV would be completely 
uncontrollable preventing the 
reconnaissance aspect of the 
mission from being competed 

The sabot is constructed of low density foam, and molded around the 
outer surface of the packaged UAV.  This greatly decreases the 
likelihood that the hinges are damaged during deployment from the 
sabot.  In addition, control hinges are fastened to the control surfaces 
using a combination of high strength epoxy embedded into balsa wood.  
This decreases the likelihood that they will become dislodged during 
launch and deployment. The functionality of this system has been 
demonstrated by the test launch on March 15. 

The propeller on 
the UAV 
becomes 
damaged upon 
deployment from 
the sabot 

The UAV would be 
powerless, and would have to 
assume a much steeper 
descent angle.  This would 
greatly decrease the amount 
of time available for 
reconnaissance, would 
increase the impact of the 
landing, and may cause the 
UAV to stall 

The sabot is constructed of low density foam, and molded around the 
outer surface of the packaged UAV.  This greatly decreases the 
likelihood that the propeller is damaged during deployment from the 
sabot.  In addition, the propeller is made of high strength carbon and will 
be completely retractable. This decreases the likelihood that they will 
break during launch and deployment. The functionality of this system has 
been demonstrated by the test launch on March 15th. 

The wing or 
empennage 
surfaces are 
severely 
damaged upon 
deployment from 
the sabot 

The UAV will greatly lose 
maneuverability and lift, and 
may be impossible to control, 
causing stall 

The sabot is constructed of low density foam, and molded around the 
outer surface of the packaged UAV.  This greatly decreases the 
likelihood that the empennage surface is damaged during deployment 
from the sabot.  The functionality of this system has been demonstrated 
by the test launch on March 15th. 

The V-tail is 
severely 
damaged upon 
deployment from 
the sabot 

The UAV will greatly lose 
maneuverability, and may be 
impossible to control, causing 
stall 

The sabot will be constructed of low density foam, and molded around 
the outer surface of the packaged UAV.  The will greatly decrease the 
likelihood that the V-tails are damaged during deployment from the 
sabot.  The V-tails are also spring loaded, allowing them a degree of 
flexibility when exiting the sabot.  The functionality of this system has 
been demonstrated by the test launch on March 15th. 
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The landing gear 
on the UAV is 
severely 
damaged upon 
deployment from 
the sabot 

The UAV would have to land 
without the use of landing 
gear, and may incur minor 
damage to the propeller, 
bottom of the fuselage, and 
the downward facing camera. 

The sabot will be constructed of low density foam, and molded around 
the outer surface of the packaged UAV.  The will greatly decrease the 
likelihood that the landing gear is damaged during deployment from the 
sabot. The landing gear also retracts into the bottom surface of the wing 
and is extended using a servo, reducing its profile during storage and 
flight. The functionality of this system has been demonstrated by the test 
launch on March 15th. 

Table 4.7.1 UAV and Project Failure Modes 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 126

Avionics failure modes 

 Description Consequence Mitigation options 

Failure of 
rotation 
sensors 

Manifestation: Outright failure of 
the rotation sensors physically or 
electronically, data drift and 
significant loss of calibration, or 
failure of algorithm interpreting the 
raw data 

Minor, there are multiple 
satisfactory mitigation options 
and the loss of information 
does not impair the pilot 
greatly. 

Redundancy in the form of: a) 
visual data from forward camera, 
horizon provides roll and pitch info 
as well as some help with yaw 
movement 
b) crude pitch and roll data can be 
obtained from the linear 
accelerometer through calculation 
assuming gravity is the most 
significant acceleration 

Failure of 
linear 
acceleration 
sensors 

Manifestation: Outright failure of 
the rotation sensors physically or 
electronically, problem with ADC 
or micro-controller reading the 
data 

Minor, this data is not needed 
for flying the vehicle or 
performing surveillance 
duties. Data is only of interest 
for redundancy and 
diagnostic info (g-forces, etc) 

Not necessary, however other 
sensors can give some estimate of 
this data; example change in 
airspeed shows acceleration 

Failure of GPS 
Failure of GPS module, failure to 
lock onto GPS satellite signals 

Significant, makes navigation 
more difficult for the pilot. 
Also affects the ability to map 
surveillance imagery to 
locations. Loss of airspeed 
redundancy. 

Prevention: thorough testing of 
GPS antennas and performance, 
starting satellite locking before 
separation from rocket 

Airspeed 
indicator 
failure 

Problem with pitot-static system, 
sensor, or input capture loss of airspeed data 

GPS can provide approximate 
ground speed to compensate 

Altimeter 
failure 

Problem with static pressure 
port/tubing, pressure sensor, or 
input capture loss of altitude data 

low precision altitude data 
available from GPS with enough 
satellite locks, visual estimation 
from ground or cameras 

    

Ground station and communication failures: 

Failure of the 
pilot's 
computer 

Pilot's ground station is no longer 
operational, computer system 
crash, application crash, laptop 
batter dies, etc 

Loss of navigational 
(digital) camera 
display, loss of pilot 
control via pilot 
computer, must use 
alternate control 
method 

Severity Reduction:  duplicate pilot 
ground station functionality on the payload 
specialist computer (make it co-pilot), 
backup radio control is available 

Failure of the 
payload 
specialist's 
computer 

Payload ground station is no 
longer operational, computer 
system crash, application crash, 
laptop batter dies, etc 

Loss of surveillance 
video display and of 
camera pan, tilt, zoom 
control 

Analog video cable could be split to a 
secondary display, duplication of camera 
control on pilot station 

Loss of analog 
video signal 

Mostly would take the form of 
temporary loss of video signal 

Loss of some 
surveillance camera 
video footage 

Problem is very minor, Likelihood 
reduction:  testing and improving antenna 
performance  

Loss of Wi-Fi 
link 

Unable to communicate via Wi-Fi, 
temporarily or permanently 

Loss of digital video 
and of ground 
communication to 
downstream 
components 

Program ground station to cope with 
temporary communication loss. Dealing 
with the problem :  fly from backup radio 
both visually and using the analog camera 
panned forward 
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Failure of 
navigation 
camera 

Unable to get video from 
navigation camera 

Loss of pilot's video 
feed 

Can fly the plan with the avionics, 
surveillance camera, and human sight 

Failure of 
surveillance 
camera 

Unable to get video from 
surveillance camera 

Loss of payload 
specialist video feed, 
no surveillance 
imagery captured Ground testing 

Backup radio 
failure 

Failure of Backup radio transmitter 
or receiver, inability to pick up 
signal 

Loss of backup 
system, if combined 
with others failures 
the situation can have 
very severe 
consequence 

Train pilot to land when backup signal is 
lost 

Loss of Wi-Fi 
and backup 
radio 

Failure of both important 
communication links 

No control over the 
plane and no 
information is 
transmitted to the 
ground except analog 
video 

Have vehicle recognize the situation and 
respond with an autonomous mode or 
possibly deploy parachute and activate 
beacon to abort to preserve equipment 

    

Payload Systems failures: 

Loss of battery 
power 
(control) 

Full discharge of control system 
battery from extended flight length 
or abnormal power consumption 

Loss of control 
system power would 
disable all systems 
except the motor, the 
backup radio, and the 
servos that have 
redundant input from 
the backup radio 
receiver 

Prevention:  battery level monitoring, 
separate motor and control system 
batteries, pilot training Dealing with the 
problem :  fail-over option between the two 
batteries, power backup radio from motor 
battery 

Loss of motor 
battery power 

Full discharge of motor battery 
from extended flight length or 
abnormal power consumption Motor stops, no thrust 

Prevention:  battery level monitoring, pilot 
training Dealing with the problem :  fail-
over option between the two batteries, fly 
vehicle as a glider 

Failure Single 
Board 
Computer 

Hardware failure, program crash 
on single board computer 

Loss of digital video 
and of ground 
communication to 
downstream 
components; with 
hardware failure: loss 
of Wi-Fi 
communication 

Fixing:  allow software and hardware reset 
from the ground over the backup radio 
Dealing with the problem :  fly from 
backup radio both visually and using the 
analog camera panned forward 

Major Failure 
of micro-
controller main 
board 

Hardware failure, program crash 
on a micro-controller, problems 
with communication link with single 
board computer 

Functionality of most 
avionics sensors is 
lost 

Design Decision s: use multiple micro-
controllers with specific tasks to maintain 
partial functionality with program crash, 
connect GPS to single board computer 
Fixing : allow software and hardware reset 
from the ground over the Wi-Fi radio 
Dealing with the problem :  can still fly 
the plane using both cameras, and GPS; 
use either main radio or backup 
depending on severity 

Table 4.7.2 UAV Electronics Risk Mitigation 
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 4.7.3 Personnel Hazards and Mitigation 
The main personnel concern of the UAV occurs in the circumstance that the UAV 
loses power or stability and falls to the earth at ballistic speeds.  In this situation 
any people near the crash site could be seriously injured when the UAV impacts 
that ground or there could be damage to personal or government property.  To 
mitigate this scenario, a ballistic recovery parachute will be ejected from the UAV 
in the event of a loss of control. The ballistic parachute will prevent the UAV from 
hitting the ground at dangerous speeds, and will act as a visual cue for 
bystanders to avoid until it has reached the ground. 
 
High maneuverability, an experienced pilot, and a very wide landing area that 
has been cleared of people will all be elements used to mitigate the personnel 
hazard of the UAV impacting a person while in flight or upon landing.  Lastly, to 
prevent the UAV from impacting a full size aircraft during flight, in all instances 
that the UAV is flown above 400 ft. an official FAA NOTAM will be in effect for the 
flight zone to warn pilots that high altitude UAV testing will be in progress. 
 
 4.7.4 Legality of Flight Testing and Competition L aunch 
Flight testing is conducted in compliance with both AC 91-57 and AMA rules 
whenever possible. Both of these documents offer guidelines for operating model 
aircraft; however, compliance is voluntary. The competition flight will occur at an 
altitude no greater than 1,200ft AGL, within class G airspace as defined by the 
FAA. This airspace is completely unregulated and thus suitable for the team’s 
UAV reconnaissance mission.   
 
 4.7.5 Environmental Concerns/Flight Testing Hazard s 
There are several environmental concerns associated with the flight of the UAV.  
The fact that the UAV is powered by a front mounted, high speed propeller 
causes a threat to and wildlife that may come in contact with the UAV.  Any birds 
or small wildlife that the propeller of the UAV comes in contact with during it’s 
flight will be severely injured, and will likely be fatally injured.  As a mitigation 
strategy for this scenario the forward facing camera will be used to detect the 
presence of any birds, and the flight path will be changed to avoid it.  
Furthermore, the fact that the propeller is a folding design (in order to fit inside 
the rocket) may lessen the damage to anything that the propeller might come into 
contact with. 
 
In the instance the UAV loses power or becomes unstable in flight it is likely that 
the UAV will crash.  In this situation any wildlife in the vicinity of the crash site 
made may be injured or killed when the UAV impacts the ground.  In this case 
the ballistic parachute described above would also be used for mitigation, in 
order to prevent the UAV from impacting the ground at high speeds.  In addition, 
in the case of a UAV crash in which the UAV cannot be located, materials that 
the UAV is constructed of will pose a threat to any wildlife in the vicinity of the 
crash site.  Chemicals in the battery of the UAV are known to be hazardous, and 
the materials that the UAV is constructed of are not biodegradable and would 
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pose a threat to any wildlife that were to ingest them.  To mitigate this 
environmental threat the UAV’s GPS tracking system can be used to locate it in 
the event of a crash.  In addition, the contrasting colors of the UAV and the fact 
that it is not biodegradable will make debris easy to locate and collect in the 
event of a crash. 
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5. Launch Operations Procedures 
 
     5.1 Checklists 
 
          5.1.1 Pre-Preparation Checklist  
This checklist is performed the night before departure for the launch site. All 
batteries are charged over night to ensure that they are fully charged prior to 
departure for the launch site. 
 

�  Charge UAV Batteries 
o Charge UAV motor battery and spare 
o Charge SBC battery and spare 
o Charge receiver/servo battery and spare 
o Charge NAVCAM battery and spare 

�  Charge Standby System Batteries 
o Charge standby transmitter battery and spare 
o Charge ham radio battery and spare 
o Charge handheld GPS 

�  Ground Camera Batteries 
o Charge DVR video camera battery  
o Charge still camera battery  

�  Charge Ground Station Equipment 
o Charge pilot’s laptop battery 
o Charge payload specialist’s laptop battery 
o Charge 12V deep cycle car battery 

�  Tool Batteries 
o Charge drill battery 
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          5.1.2 Launch Readiness Checklist 
The Launch Readiness Checklist is performed in the lab on campus at Vanderbilt 
prior to the team’s departure for the Huntsville launch site. This checklist is 
intended to ensure that all parts, tools, components and information which could 
conceivably be needed by the team will be on hand at the launch site as needed. 
 

1. Rocket Parts 
a. Deployment disposables 

i. Electric Matches 
ii. Baggies for black powder charges 
iii. Black powder   
iv. Wadding 
v. New 9v batteries (4 per launch) 
vi. Nylon shear pins (2-56), need 12 per launch 

b. Motor retention 
i. Motor extension cap 
ii. AeroTech Motor Retention Cap 
iii. AeroTech Motor Retention Rings 
iv. Motor igniter and leads 

c. Rocket Body Components 
i. Fin section  
ii. Payload section 
iii. Nose cone w/ballast  
iv. Mid section 
v. Foam Sabot 
vi. Motor and Casing 

d. Parachutes 
i. Drogue 
ii. Main 
iii. Payload Section 
iv.  heat shields (3) 

e. Avionics 
i. Mid-section avionics sled 

1. Two MAWD altimeters 
2. Radio Beacon 
3. GPS beacon 
4. Two 9v battery clips w/ zip ties 

ii. Payload section avionics sled 
1. Two MAWD altimeters 
2. Two 9v battery clips w/ zip ties 

2. Prep Table Parts and Tools 
a. Furniture 

i. Folding Tables (2) 
ii. Chairs (8) 
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iii. Worktable stands for UAV and Rocket (2 each) 
b. Protection/Safety 

i. Work Gloves 
ii. Latex Gloves 
iii. Face Shields 
iv. Eye Protection 
v. Fire extinguisher 

c. Static-Electric Protection 
i. Spray static discharger (aerosol can) 
ii. Clip-in static discharge wristbands 
iii. Static charge dissipater  pads for work table (table cover) 
iv. Grounding rod for dissipater pads 
v. Wires and alligator clips for attaching grounding rod to 

dissipater pads 
d. Emergency Adhesives 

i. 5-minute epoxy 
ii. Cyano-Acrylate (aka CA, an adhesive) 
iii. Rubber Cement 
iv. Duct Tape 
v. Gorilla Glue 
vi. Blue Painters Tape 
vii. Electrical Tape 

e. Lubricants 
i. Talcum powder 
ii. Vaseline 

f. Miscellaneous Tools 
i. Portable Soldering Iron and power source 
ii. Adjustable crescent wrench 
iii. Ramrod for loading parachutes 
iv. Wireless Drill 

1. Spare Battery for Wireless Drill 
2. Drill Bits 

v. Sand Paper 
vi. Metal Files 
vii. Flashlight 
viii. Trash bags 
ix. Spare Wiring 
x. Small flathead screwdriver for MAWD 
xi. Pliers 
xii. Wire cutters/strippers 
xiii. Xacto knives 
xiv. Allen wrenches 
xv. Spare 4-40 nylon screws 
xvi. Spare 2-56 nylon screws  
xvii. Windex for cleaning camera domes and windows 

3. UAV Parts 



 133

a. UAV 
b. USB Controller (primary controller) 
c. Radio Controller (secondary/backup controller) 

i. Spare batteries for radio controller 
d. Ground station computer 

4. Launch Pad and Related 
a. Launch Rail 

i. Two 8020 rod sections 
ii. Couplers (3) for joining rod sections 

b. Ignition system and power source 
c. Nuts and bolts for holding launch rail upright 
d. Rod for adjusting pad feet 
e. Wing nuts and carriage bolts for fastening rail 
f. Leveling tool 

5. Miscellaneous 
a. Video camera with battery and extra disks 
b. Binoculars 

6. Ground Station Equipment 
a. Pilot’s Station 

i. Pilot’s laptop 
1. Hood for shielding laptop screen from sunlight 
2. Charger for pilot’s laptop 

ii. USB Pilot’s Controller (Primary aircraft controller) 
iii. Radio Controller (Secondary/Backup aircraft controller) 

1. Spare batteries for radio controller 
iv. Wi-Fi Antenna 

1. Wi-Fi Antenna 
2. Wi-Fi Antenna tripod 
3. Power adapter 
4. Connector 

v. Antenna for backup UAV video feed 
1. Yagi antenna 
2. Yagi antenna tripod 
3. PCMIA card 
4. Video cables 

vi. Crossover cable to Copilot’s station 
b. Copilot’s station 

i. Copilot’s laptop 
1. Hood for shielding laptop screen from sunlight 
2. Charger for copilot’s laptop 

ii. USB Copilot’s controller (controls downward-facing imaging 
systems) 

c. Power Generator 
i. Extra gasoline 
ii. Adapter to A/C 
iii. Power Strip (2) 
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7. Weather Briefing for Launch Conditions 
 

          5.1.3 Initial Pre-Flight Checklist (At th e Work Bench)       
The Initial Pre-Flight Checklist is intended to guide the team through the 
assembly process of readying the rocket and it’s payload for launch. Included in 
this checklist is the demonstration of flight readiness of the UAV, the Rocket, and 
the Ground Station, and then the actual packaging of the UAV into the rocket for 
launch.  
 

�  Ground Station Flight Readiness 
o Power Generator 

�  Check gasoline fuel level; add as necessary 
�  Check availability of extra fuel 
�  Connect two power strips to generator 

o Antennas 
�  Connect the Wi-Fi receiver to the power strip 
�  Power up the Wi-Fi receiver 
�  Connect the large RF receiver to the power strip 
�  Power up the large RF receiver 

o Pilot’s computer 
�  Connect pilot’s computer to generator via charger 
�  Power up the pilot’s computer 
�  Connect USB flight controller to pilot’s computer 
�  Position RF receiver nearby in case the Wi-Fi link fails 
�  Initialize the pilot’s base station software 

o Copilot’s computer 
�  Connect copilot’s computer to generator via charger 
�  Initialize the copilot’s base station software 
�  Power up the copilot’s computer 

�  UAV Launch Readiness 
o Propulsion system 

�  Engine securely mounted to fuselage 
�  Inlet duct securely mounted to fuselage and to engine 
�  Exit duct securely mounted to fuselage and engine 

o Wing 
�  Ailerons 

·  Ailerons free and clear to rotate 
·  Aileron hinges (2 each) secure  
·  Aileron control linkage secure in horn and servo 
·  Aileron servos secure in wing 
·  Aileron servo connected to flight computer at correct 

channel 
�  Flaps 

·  Flaps free and clear to rotate 
·  Flap hinges (2 each) secure  
·  Flap control linkages secure in horn and servo 
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·  Flap servos secure in wing 
·  Aileron servo connected to flight computer at correct 

channel 
o Wing Rotation mechanism 

�  Fixed to wing 
�  Fixed to fuselage 
�  Check spring tension 
�  Rotate and release to check action 
�  Lubricate as necessary 

o Fuselage 
�  All internal structures (bulkheads) secured 
�  Payload components 

·  Receiver intact and connected 
·  Check battery charge 
·  Battery intact and securely mounted 

o Empennage 
�  Elevator 

·  Elevator free and clear to rotate 
·  Elevator hinges (2) secure 
·  Elevator control linkage secure in horn and servo 
·  Elevator servo secure in empennage 
·  Elevator servo connected to flight computer at correct 

channel 
�  Rudder 

·  Rudder free and clear to rotate 
·  Rudder hinges (2) secure 
·  Rudder control linkage secure in horn and servo 
·  Rudder servo secure in empennage at correct 

channel 
o Forward-facing camera 

�  Tilt 
·  Tilt servo free and clear to rotate 
·  Tilt servo connected to flight computer at the correct 

channel 
�  Pan 

·  Pan servo free and clear to rotate 
·  Pan servo connected to flight computer at the correct 

channel 
�  Camera dome 

·  Clean the camera dome (Windex, chamois) 
·  Install the camera dome 

o Downward-facing cameras 
�  Tilt 

·  Tilt servo free and clear to rotate 
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·  Tilt servo connected to flight computer at the correct 
channel 

�  Pan 
·  Pan servo free and clear to rotate 
·  Pan servo connected to flight computer at the correct 

channel 
�  Camera window 

·  Clean the camera window (Windex, chamois) 
·  Install the camera window  

o Powering Up 
·  Switch on flight computer 
·  Switch on Wi-Fi transmitter 
·  Switch on RF receiver (Backup control system) 
·  Switch on motor 

o Test avionics and servos 
�  Control Surfaces 

·  Ailerons 
o Trim the ailerons 
o Aileron left roll 
o Aileron right roll 

·  Elevator 
o Trim the elevator 
o Elevator up 
o Elevator down 

·  Rudder 
o Trim the rudder 
o Rudder Left 
o Rudder Right 

�  Motor 
·  Throttle Up 
·  Down 
·  Check rate of spooling up 

�  Flight Computer 
·  Check feed from altimeter 
·  Check feed from airspeed indicator 
·  Check feed from 3-axis accelerometer system 

o Roll aircraft left; check feed 
o Roll aircraft right; check feed 
o Pitch aircraft up; check feed 
o Pitch aircraft down; check feed 
o Yaw aircraft left; check feed 
o Yaw aircraft right; check feed 

o Test camera systems 
�  Forward-facing camera 

·  Check video feed on pilot’s computer 



 137

·  Check video feed on copilot’s computer 
·  Tilt up 
·  Tilt down 
·  Pan left 
·  Pan right 

�  Downward facing cameras 
·  Check video feed on pilot’s computer 
·  Check video feed on copilot’s computer 
·  Tilt up 
·  Tilt down 
·  Pan left 
·  Pan right 
·  Zoom in 
·  Zoom Out 

�  Rocket Launch Readiness 
o Drogue chute launch readiness 

�  drogue chute shock cords securely fastened 
�  drogue chute + streamer properly folded �  No rubber 

bands! 
�  drogue deployment charge packed and wired 

o Main chute launch readiness 
�  main chute shock cords securely fastened 
�  main chute properly folded �  No rubber bands! 
�  main deployment charge packed and wired 

o MAWD launch readiness 
�  Fresh 9V battery for every single launch 
�  MAWD switches set for desired altitude 
�  Check 9V battery voltage �  9V 
�  MAWD and 9V source securely positioned 
�  Check for continuity 

·  3 beep sequence after 15 seconds of silence 
�  Check that barometer holes are appropriately positioned and 

sized 
o Rocket Chassis Fittings 

�  Nose cone secure (4 shear pins) and lubricated 
�  Midsection-Payload junction secure (4 shear pins) 
�  Midsection-Tail Section junction secure (4 shear pins) 
�  Baby powder lubrication to all loose fittings (one per charge) 
�  Motor retention system (HAMR) in place and securely 

fastened 
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          5.1.4 Ground Station Readiness Checklist 

�  Powering Up  
o Turn on gasoline generator 
o Plug in Pilot’s Laptop  

�  Hook up Pilot’s USB Controller 
�  900 MHz video receiver 

·  Plug in to power source 
·  Plug in to 8 dBi 900 MHz patch antenna 
·  Plug into Pilot’s Computer 

o Plug in Payload Specialist’s Laptop 
�  Hook up Payload Specialist’s USB Controller 
�  1.2 GHz video receiver 

·  Plug in to power source 
·  Plug in to 8 dBi 1.2 GHz patch antenna 
·  Plug into Payload Specialist’s Computer 

o Plug in Wi-Fi Router 
o Plug Wi-Fi router into Pilot’s Computer 
o Plug Wi-Fi router into Payload Specialist’s Computer 

�  Pilot’s Checklist 
o Check Wi-Fi connection 
o Check NAVCAM video feed 
o Check sensory data feeds 

�  Payload Specialist’s Checklist 
o Check Wi-Fi connection 
o Check R-CAM video feed 
o Check thermo-data feed 

�  Personnel 
o Pilot: Ready? 
o Payload Specialist: Ready? 
o Antenna Operator: Ready? 
o Flight Team Liaison: Ready? 
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          5.1.5 Launch Checklist (At the Launch Pad ) 
The Launch Checklist is to be performed at the Launch Pad. It guides the team 
through arming the altimeters on the rocket, hooking up the ignition system for 
the rocket motor, and seeing to it that the rocket and it’s payload are 100% ready 
to be launched.  
 

�  MAWD on 
o 3 beep sequence = OK 

�  Check loose fittings 
o At Main chute 
o At Drogue chute 
o At Nose Cone (UAV deployment) 

�  Cameraman ready 
�  Motor igniter wired and plugged 
�  Motor igniter connected to ignition system leads 
�  Ignition system wired to power source 
�  Key in �  high moan = ignition system continuity 
�  Flight profile briefing 

o Motor being used 
o Rocket configuration 
o Estimated altitude 
o Avionics on board 

�  Check skies clear of aircraft and birds 
�  Depress button on ignition system to launch 
�  Immediately after launch: remove key from ignition system 
�  Disconnect ignition system leads from power source 
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          5.1.6 UAV Operational Procedures 
UAV Operational procedures are still being developed by the team. In particular a 
command, authority, and responsibility structure is being developed. Once 
airborne, the pilot will be in command of the aircraft. The current plan calls for the 
payload specialist to be responsible for navigation and mission planning, leaving 
the Pilot mostly responsible for actually flying the airplane and setting up the 
position of the aircraft to ensure good positioning for reconnaissance.  
 

�  Deployment 
o Establish control of UAV (pilot) 
o Level flight, set proper airspeed (pilot) 
o Establish heading in direction of target area (pilot) 

�  Reconnaissance Mission 
o Approach target area (pilot) 
o Identify target of interest (TOI) (payload specialist) 
o Loiter around TOI in steady, level, circular flight path (pilot) 
o Capture reconnaissance imagery (payload specialist) 
o Determine whether or not TOI merits thermal inspection (payload 

specialist) 
�  If TOI DOES merit thermal inspection 

o Decrease altitude to 300’ AGL in a steady, circular flight path (pilot) 
o Establish steady, level, circular flight path above TOI (pilot) 
o Capture reconnaissance imagery and thermal data (payload 

specialist) 
�  If TOI DOES NOT merit thermal inspection 

o Establish heading to next target area or to landing site (pilot) 
�  Landing 

o Establish visual contact with UAV (pilot, payload specialist, 
antennae operator) 

o Abandon pilot interface, use visual reference to pilot UAV (pilot) 
o Determine wind direction via windsock (pilot) 
o Circle landing site so as to approach target landing strip traveling 

into the wind (pilot) 
o Approach landing strip, decrease altitude as necessary (pilot) 
o Land UAV (pilot) 

�  Post-landing 
o Approach UAV (pilot) 
o Disconnect motor battery and receiver battery 
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          5.1.7 Post Flight Inspection 

A. Recovery Group A: Nose Cone and Payload Tube 
�  Restrain Main #1 Parachute (Ziptie) 
�  Restrain Drogue #1 Parachute (Ziptie) 
�  Check to ensure that all Black Powder charges are detonated; open and 

disperse the 4F powder if any remains undetonated 
�  Note the number of beeps from the payload tube altimeters (2). 
�  Record the altitude observation. 
�  Disarm the two altimeters in the payload tube via the externally-mounted 

switches (2). Requires Phillips #2 screwdriver. 
�  Return the Nose Cone and Payload Tube to the work table 
�  Inspect Nose Cone for damage 

o If the nose cone is damaged, repair it with duct tape for travel 
o If damage resulted in any sharp edges, cover them with duct tape 

to prevent the possibility of injury. 
o Note any pertinent observations 

�  Inspect Payload Tube for damage 
o If the payload tube is damaged, repair it with duct tape for travel 
o Note any pertinent observations 

�  Inspect Sabot for Damage 
o Note any pertinent observations 

�  Repack Nose Cone and Sabot into Payload Tube for Travel 
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 B. Recovery Group B: Tail Section and Midsection 
�  Restrain Main #2 Parachute (Ziptie) 
�  Restrain Drogue #2 Parachute (Ziptie) 
�  Check to ensure that all Black Powder charges are detonated; open and 

disperse the 4F powder if any remains undetonated 
�  Note the number of beeps from the tail section altimeters (2).  
�  Record the altitude observation.  
�  Disarm the two altimeters in the midsection via the externally-mounted 

switches (2). Requires Phillips #2 screwdriver. 
�  Return the Tail Section and Midsection to the work table 
�  Inspect the tail section tube for damage;  

o If the tube is damaged, repair it with duct tape for travel 
o Note any pertinent observations 

�  Inspect fins for damage 
o If the fins are damaged, repair them with duct tape for travel 
o If damage resulted in any sharp edges, cover them with duct tape 

to prevent the possibility of injury 
o Note any pertinent observations 

�  Inspect the midsection for damage 
o If the tube is damaged, repair it with duct tape for travel 
o Remove the midsection altimeter bay hatch 
o Disconnect the 9V batteries from the altimeters (2) 
o Tag the 9V batteries as used 
o Disconnect the battery on the Beeline RF transmitter 
o Disconnect the battery on the Beeline GPS Transmitter 
o Note any pertinent observations 

�  Once it is cool, remove the motor tube to be stripped and cleaned 
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5.1.8 UAV Post-Flight Inspection 

�  Remove the main hatch (requires #2 flathead) 
�  Disconnect the UAV motor battery, staying clear of the propeller 
�  Switch off the UAV electronics 
�  Disconnect the UAV electronics battery 
�  Return the UAV to the work table 
�  Inspect the nose/cowl for damage 

o Note any pertinent observations 
o If the cowl is damaged, repair it with duct tape to secure it for travel 

�  Inspect the wing for damage 
o Inspect each aileron servo and servo linkage for damage 
o Inspect aileron hinges for damage 
o Inspect each retract servo and servo retract kit for damage 
o Inspect the wing rotation mechanism 
o Note any pertinent observations 
o If the wing is damaged, repair it with duct tape to secure it for travel 

�  Inspect each half of the V-Tail for damage 
o Inspect each ruddervator servo and servo linkage for damage 
o Inspect each ruddervator rotating mechanism 
o Inspect ruddervator hinges for damage 
o Note any pertinent observations 
o If either ruddervator is damaged, repair it as appropriate with duct 

tape to secure it for travel 
�  Inspect the fuselage for damage; note any pertinent observations 
�  Inspect the main landing gear for damage; note any pertinent observations 

o If the main landing gear are undamaged 
�  Reconnect the UAV receiver battery 
�  Retract the landing gear into the wing for travel 

o If the main landing gear are damaged, leave the landing gear 
deployed until they can be repaired and safely retracted 

�  Inspect the tailwheel assembly for damage; note any pertinent 
observations 
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     5.2 Flight Team Hierarchy 
 
          5.2.1 Summary 
Based on thorough research of the communication management and 
communication hierarchy of similar groups, as well as extensive flight test 
experience, a distinct communication hierarchy has been decided upon. The 
purpose of this communication/control hierarchy is to establish a distinct flow of 
information between team members.  
 
It is critical to safety of flight that the Flight Team not be distracted by 
unnecessary communication with spectators and other non-flight-critical 
personnel. As such, the team has decided to use a Team Liaison to interface 
with the non-flight-critical personnel. The job of this person is to communicate as 
necessary with the safety officer and other individuals and to buffer the rest of the 
flight team from distracting interaction with individuals who are not essential to 
the safe operation of the UAV. 
 

 
Figure 5.2.1 Communication Hierarchy 
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          5.2.2 Pilot 
It is the job of the pilot to ensure safe operation of the UAV at all times. The pilot 
is ultimately responsible for the job of actually flying the UAV, as well as 
navigating to areas of interest, and making critical flight decisions, such as the 
decision to abort the reconnaissance mission, or to deploy the BRS parachute in 
the event of an emergency. 
 
          5.2.3 Copilot 
The Copilot AKA safety pilot is responsible for maintaining visual contact with the 
UAV to the extent possible. While the pilot flies the aircraft remotely via reference 
to the ground station computer terminals, the Copilot observes the UAV visually, 
and is tasked in particular with safety of flight. The forward facing camera 
(NAVCAM), the most critical flight instrument, has a relatively narrow field of 
view, and additionally it is possible that a high workload for the pilot may make 
the task of flying the airplane overwhelming. The Copilot aka Safety Pilot has the 
ability to take control of the critical flight systems at any time, should the pilot 
endanger the UAV or any passerby or property. This is accomplished by using a 
trainer link between two controllers. The Pilot holds one controller, linked up as 
“student,” and the Copilot holds another controller, linked up as “master.” The 
“student” controls the aircraft during the flight, and the “master” is standby by 
ready to assume control in the event that the pilot unknowingly or inadvertently 
endangers the flight. Whereas the Pilot is a Vanderbilt student well-versed in the 
operation on the Ground Station systems and the UAV itself, the Copilot is an 
experienced R/C pilot who has flown the UAV previously. 
 
          5.2.4 Payload Specialist 
The Payload Specialist is responsible for managing the reconnaissance systems 
onboard the UAV. This includes the Reconnaissance Camera (R-Cam), as well 
as the Infrared Thermometer which is coupled to R-Cam. The Payload Specialist 
is tasked with advising the Pilot as to the status of the reconnaissance mission, 
e.g. whether sufficient data has been collected or if additional loiter time is 
needed to collect more images. 
 
          5.2.5 Antenna Operator 
The Antenna Operator is responsible for maintaining, operating, and orienting the 
directional antenna component of the Ground Station.  
 
          5.2.6 Flight Team Liaison 
The Flight Team Liaison is responsible for handling communications between the 
flight team and USLI officials and bystanders. In flight testing it was observed that 
nonessential conversation with the UAV Pilot could be detrimental to flight 
operations or even flight safety, and that pilot distraction and workload 
management is a major consideration. It is the job of the Flight Team Liaison in 
part to act as a buffer between outsiders and the flight team, to ensure that the 
team is able to safely conduct the UAV Flight Operations.  
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5.3 Safety and Quality Assurance  
 
          5.3.1 Risk Assessment Summary  
The competition launch will be carefully organized by the launch operations 
manager, Tyler Lamb, and the UAV flight operations manager, Thomas Carroll.   
 
A dry run of the competition launch will take place on Tuesday, April 14. This will 
include full assembly of the rocket and launch pad with all necessary 
components excluding a live motor and black powder charges.  The flight ready 
competition UAV will also be packaged inside the rocket. The dry run will ensure 
that each member is capable of performing their respective duties on launch day 
and that the team’s launch preparation procedure is sound. The check lists to be 
used during the competition will be modified, as necessary, to improve the 
efficiency and thoroughness of launch preparation.  All necessary tools and parts 
will be accounted for and packed up for the competition after the dry run. 
 
The team’s four technical advisors; Randy Moore, an experienced R/C pilot; 
Russ Bruner, NAR Level III certified; Robin Midgett, NAR Level I certified; and 
Rodney McMillan, NAR Level II certified, will all be present on launch day. 
Rodney McMillan and Russ Bruner will supervise the loading of the rocket motor 
and of the parachutes, in addition to general assembly supervision. Randy Moore 
will assist in the preparation and control surface testing of the UAV prior to its 
storage inside the sabot. Robin Midgett will help supervise all aspects of rocket 
and UAV assembly. When possible, team members will be working in pairs 
during rocket and UAV preparation to help reduce the likelihood that a procedure 
is improperly executed. 
 
A static dissipation pad will be used on the rocker preparation table to eliminate 
the chance of static electricity detonating the black powder charges.  This system 
consists of a conductive pad that covers the surface of the table, wrist bands that 
are grounded to the conductive pad and worn by team members, and a copper 
grounding rod that is connected to the dissipation pad. Altogether, this system 
will almost guarantee that charges do not detonate prematurely on the 
preparation table. However, face shields and latex gloves will be worn by team 
members who are responsible for filling and loading the charges. 
 
Additionally, altimeters will not be armed until the rocket is upright on the launch 
pad. External, screw type switches on the rocket will be turned on by screwing a 
bolt into the switch just prior to launch. Without power, the altimeters will not be 
able to prematurely detonate.  
 
The launch pad is stabilized by four legs that have adjustable feet, allowing the 
pad to be precisely leveled prior to loading the rocket. The launch rail is securely 
fastened to the launch pad by a series of carriage bolts. Launch pad construction 
is extremely rigid and has been used in three previous launches without stability 
problems. Lastly, the rocket motor will be ignited by leads 500ft in length. The 
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team will be able to stand sufficiently far away to avoid any dangers presented by 
a rocket launch.      
 
          5.3.2 Environmental Concerns 
The primary environmental concern is the proper disposal of all trash produced 
during the preparation. Trash cans will be scattered around the preparation site 
to make cleanup easy and effective. The trash will then be either taken back to 
campus for disposal or disposed of in facilities provided by the USLI. Care will be 
taken to ensure that the generator will be transported and used properly as to 
ensure that gas and oil are not spilled near the prep site. Lastly, all rocket 
components are fully recoverable and will have no environmental impact.  
 
          5.3.3 Launch Operations Manager 
As stated earlier, Tyler Lamb is launch operations manager. Tyler will be 
supervised by Russ Bruner, NAR Level III certified, and Rodney McMillan, NAR 
Level II certified. Thomas Carroll is the UAV flight operations manager and will be 
responsible for managing the preparation of the UAV. 
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6. Activity Plan 
 
     6.1 Budget Plan 
The Vanderbilt USLI team draws funding from the Tennessee Space Grant 
Consortium, NASA, the Tennessee Chapter of the AIAA and the Vanderbilt 
Department of Mechanical Engineering, totaling roughly $15,500. At this time, the 
team is well within the overall budget. Budget summaries for all major projects 
are detailed below. 
 
Allowance 
 

Source  Funding  
Tennessee Space Grant Consortium $12,500  
Vanderbilt Mechanical Engineering 
Department $2,500  
Tennessee Section of the AIAA $500  
Total  $15,500  

Table 6.1.1 Funding 
 
Expenditures 
 
 

Group  Cost  
POC#1 $655  
POC#2 $981  
Competition UAV $2,319  
Senior Telemaster $1,088  
Rocket $2,095  
Ground Station $684  
Misc $884  
Total  $8,706  
    
Total Allowance  $15,500  
    
Remaining Balance  $6,794  

Table 6.1.2 Budget Summary 
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     6.2 Timeline 

  NASA-designated Dates 
  Team-designated dates pertaining to UAV 

  Team-designated dates pertaining to UAV electronics and software 
  Team-designated dates pertaining to rocket 
    

8/15/2008 Request for Proposal (RFP) goes out to all teams. 
8/22/2008 Video Teleconference for all new teams. 
9/12/2008 Workshop confirmation 
10/8/2008 Proposal Due 

10/10/2008-
10/11/2008 Workshop for new teams 
10/24/2008 Schools notified of selection 
10/29/2008 USLI Teams Teleconference 
10/31/2008 NASA Media announces new 2008-2009 Teams 
11/1/2008 Begin designing and building a 'Proof-of-Concept' UAV to test fabrication and design techniques. 
11/8/2008 Select and order the Rocket to be used in competition. 

11/9/2008 Order sufficient composites and hardware components necessary for several UAVs. 
11/12/2008 Web presence established for each team. 
11/14/2008 Order the off-the-shelf electronics components to be flown in the rocket. 
11/25/2008 Finalize design objectives for UAV electronics payload to be built in-house. 
11/26/2008 Initialize stability analysis of Rocket, using ballast to simulate UAV inside the rocket. 
11/27/2008 Lay carbon fiber fins and any other custom chassis parts for rocket 
11/28/2008 Preliminary Design Review (PDR) report due to Julie Clift and posted on team website. 
11/30/2008 Complete the body fabrication of the 'Proof-of-Concept' UAV.  
12/2/2008 Install motor, control horns, hinges, hatches, and internal assemblies for the 'Proof-of-Concept UAV.' 
12/4/2008 Complete flight testing of the 'Proof-of-Concept' UAV. 
12/5/2008 Complete chassis assembly of the rocket to be used in competition. 
12/8/2008 Install off-the-shelf rocket flight electronics into the competition rocket. 
12/10/2008 Order the hardware required for the electronics package for the UAV. 
12/10/2008 Complete conceptual design of the electronics package on the UAV.** 
12/15/2008 Finalize conceptual design of the UAV to be flown in competition. 
12/15/2008 Begin writing the software for the UAV and it's ground station. 
1/5/2009 Finalize stability analysis of rocket, including ballast to simulate UAV. 

1/10/2009 Make any design changes or improvements to the competition rocket as necessary. 
1/20/2009 Conduct Deployment Testing of the competition rocket. 

1/22/2009 Critical Design Review (CDR) presentation slides and CDR report due to Julie Clift and posted on 
team website. 

1/28/2009-2/6/2009 Critical Design Review presentations (tentative). 

1/23/2009 Begin assembly of the second proof of concept UAV 
1/25/2009 Assemble the UAV electronics package 
2/5/2009 Initialize ground testing of the UAV electronics and software. 
3/1/2009 Initialize flight testing of the second proof of concept Aircraft 
3/1/2009 Cast the foam sabot encasing for the UAV in the rocket from liquid EPE foam. 

3/14/2009 Finalize flight testing of the second proof of concept Aircraft. 
3/15/2009 Flight test the Competition rocket with second Proof of Concept UAV Onboard 
3/16/2009 Begin fabrication of competition UAV 

3/18/2009 Flight Readiness Review (FRR) presentation slides and FRR report due to Julie Clift and posted on 
team website. 

3/20/2009 Begin flight-testing the UAV electronics and software on an off-the-shelf R/C airplane. 
3/30/2009 Complete standalone testing of the UAV flight electronics in an off-the-shelf test aircraft 

3/25/2009-4/3/2009 FRR presentations (tentative). 
4/1/2009 Complete fabrication of the competition UAV 
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4/1/2009 Install the flight electronics into the UAV and flight test the two in conjunction with one another. 
4/1/2009 Last day for rocket deliverables 
4/1/2009 Last day for UAV electronics deliverables 
4/1/2009 Last day for UAV deliverables 

4/2/2009-4/3/2009 Travel to AIAA Student Conference (UTSI, Tullhoma TN) 
4/4/2009 Complete the flight testing of the competition UAV with it's electronics payload 

4/15/2009 Travel to Huntsville. 
4/17/2009 Hardware and Safety Check. 
4/18/2009 USLI Launch Day and Banquet. 
5/8/2009 Post-Launch Assessment Review (PLAR) Due. 

5/25/2009 Announcement of winning USLI team. 

Table 6.2.1 Timeline Summary 
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     6.3 Outreach  
One of the most important facets of this year’s USLI project is Community 
Service. The team has made a commitment to holding multiple outreach events 
over the months preceding the launch competition. External support for the 
project will be obtained through several local and national companies and 
organizations. One of the groups that will help with design and construction of the 
rocket and UAV is the Music City Missile Club. The team will also be in 
consistent contact with the faculty of Vanderbilt’s Engineering department.  
 
Several professionals in the Nashville area that have expertise in rocket and UAV 
design. One of these is Rodney McMillan, a local rocket enthusiast and designer 
that works as an EMT in our testing area of Manchester. One other contributor to 
the knowledge of our team is Dr. Patrick Taylor of the US Army. He has some 
highly beneficial UAV design experience and will also assist the team in our 
design and problem solving. The Vanderbilt Hustler, an official University 
publication, and other local newspapers will be contacted about the events for 
assistance regarding events of the team and Aerospace Club.   
 
As for an outreach project that engages students at ages younger than high 
school in rocketry, we are considering several options. First of all, our USLI 
project is being conducted in close conjunction with the Tennessee Space Grant 
Consortium (TSGC). The team may possibly pursue a joint event with Bolivar 
Elementary School, a NASA Explorer School. Also, the team may collaborate 
with both the Adventure Science Center and possibly in the future Vanderbilt’s 
Dyer Observatory, both of which present us with many opportunities to interface 
with young students. Another idea is to collaborate with local Boy Scout and Girl 
Scout troops, especially those that are based in areas with many boys from 
underrepresented minority groups. 
 
The following table displays the groups our team has already contacted and 
plans to facilitate an event with. Each event will be organized so that students will 
be able to visualize what our team has designed and built as well as ask any 
questions they have about rocketry or engineering in general. 
 
 

Group  Tentative Date  

Adventure Science Center February 21, 2009 

Girl Scouts of America – Nashville Troops 
Boy Scouts of America – Nashville Troops 

March 21, 2009 

Hillsboro High Science Class April 8, 2009 

Table 6.3.1 Outreach Summary 
 
 
 



 152

6.3.1 Outreach: Adventure Science Center 
 
 The Adventure Science Center was extremely interested in our team and 
offered to allow us to participate in their engineering day. This event took place 
on February 21, 2009, and was a great success.  The team to displayed several 
designs, including our work involving both the rocket and our scientific payload, a 
UAV (unmanned aerial vehicle) built from scratch in our Aerospace Club Lab at 
Vanderbilt. There were hundreds of children and adults involved in this event and 
each was enthralled by the rocket and planes on display. The questions and 
discussion held at the event were of great value, and both the team and the 
community were positively affected at the end of the day. Students and their 
families were able to see what real, hands-on engineering is all about. By the end 
of the event, our team was able to present our work to over 350 different 
students who visited the Adventure Center. Our hope and goal was to motivate 
and spark interest amongst these individuals in the realm of engineering and 
problem-solving.  
 
 

 
Figure 6.3.1 Learning to fly R/C in a Simulator 

 
Here you can see a student enjoying the flight simulator. It was really neat to see the 

students fly the model planes and the team members enjoyed giving pointers and 
explaining the science behind what each student was doing. 
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Figure 6.3.2 Will Runge teaches a young how girl to  fly 

 
Here is a picture of team member Will Runge with a young girl; 

explaining how to use the controller to fly R/C airplanes. 
 

 
Figure 6.3.3 The Outreach Presenters. 

The Presenters. From Left to Right: 
 Tyler Lamb, Will Runge, Thomas Bowden, and Matt Heller. 
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Figure 6.3.4 The display table at the Adventure Sci ence Center 
And lastly, a picture of our display table at The Adventure Science Center  

with our rocket in the foreground. 
 

 6.3.2 Outreach: Boy Scouts and Girl Scouts 
The Girl and Boy Scouts have been contacted and are interested in participating 
in an outreach event that will take the form of an informational seminar with a 
motor burn demonstration. As mentioned above, the date is set for March 21. 
The team is planning an informational seminar and display of our work that will 
take place on Vanderbilt’s campus in the Featheringill Engineering Building. They 
will gain valuable knowledge about a possible future in aerospace, rocketry, and 
engineering. As noted below, the girl and boy scouts events will be planned as a 
single event, hosting both and allowing for a great community building exercise 
as well as an academically stimulating environment. These young men and 
women will also gain information on a neat and beneficial hobby, as well as a 
possible career to pursue in their near futures. * Both the Boy and Girl scouts 
have an aerospace badge that can be earned within their respective programs 
and our Aerospace Club and USLI team are hoping to help the scouts to get 
closer to this accomplishment with the information and experience we share with 
them this coming weekend. The value brought to these students as a result of 
such experiences at an early age is immeasurable. We are expecting to have at 
least 50-60 boy and girl scouts from the local Nashville troops involved. 
 

·  Aerospace team will present a small presentation and there will be a 
static model rocket motor burn demonstration for the students and 
scouts. This will allow for a great interaction between team members 
and the scouts and hopefully spark some great questions for the team 
to answer. 

 
 
 6.3.3 Outreach: Hillsboro High School 
Hillsboro High School, a local high school, has also been contacted for an 
outreach event. The team plans to talk to several science classes within the 
school in order to reveal the benefits of study and research in rocketry and 
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aerospace engineering. The tentative date set for this outreach function is April 8, 
2009. The team will carry one of our assembled rockets as well as one of our 
fabricated UAV designs. We will also have a small PowerPoint presentation and 
take questions of all kinds from the students. The team is also hoping and 
planning to launch one of our recently built smaller scale rockets, the Stealth. 
This rocket was built as a practice demo for our Practice launch in early March. It 
will also be used as a demo rocket for our future outreach events. Depending on 
the classes that participate in this event, we are expecting to share our 
experience and love for engineering with around 60 students. 
 
 
 6.3.4 Outreach Summary 
The outreach events planned for the next few months are extremely important to 
our team. As we have all become extremely passionate about engineering, we 
want to share our love with these younger students. These events will allow us to 
share valuable knowledge we have gained in this field as well as allow students 
to get a hands-on look at what engineering is all about! We are planning on using 
several methods to accomplish this. For one, we will be displaying some of our 
rocket materials as well as a complete model of our UAV. The students will be 
able to see how they work as well as play with the models. Depending on the 
venue in which we are presenting, the Aerospace team would like to perform a 
test flight for the students so they can see the plane in flight. If this does not work 
out at certain events, we will be bringing several computers along with our flight 
simulator software. This will allow the students to play with multiple plane designs 
and see what it is really like to control and R/C airplane. This will be implemented 
at the Adventure Science Center for example, since this event will be held 
indoors. We hope to convey to all of those exposed to our project why each of us 
love engineering and why it is such a beneficial career, hobby, and lifestyle to 
pursue. The problem solving and critical design involved cannot be matched.  
 
Contact information in the form of phone numbers/teacher can be found in the 
table below. 
 
 
 
Adventure Science Center   -      (615) 862-5160 

Girl Scouts of America – Nashville Troupes         (615) 383-0490 

Boy Scouts of America – Nashville Troupes       (615) 383-9724 

Hillsboro High School (local High School)  -  615  298 8400    

Table 6.3.2 Outreach Contact Information 
 
 
Outreach has been and will continue to be one of the most important facets of 
our work throughout the USLI competition. In addition to these individual events 
with students and younger members of the Nashville community the team has 
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enjoyed consistently sharing our work with our peers and those within the 
Vanderbilt community. More recently we have had quite a bit of communication 
with the local R/C hobbyists; the Music City Aviators. They have allowed us 
access to the club’s landing strip and flying space in Madison, TN. The team has 
already had the opportunity to test our scientific payload on several occasions 
and this has proved to be a very beneficial and safe location for testing. We have 
been able to share our goals, ambition, and passion for the combination of 
rocketry and R/C aircraft with many people and in addition to sharing our 
knowledge we have gained a great deal as well. 
 
 
 

7. Conclusion 
 
Over the past month and a half, the Vanderbilt USLI team has brought together 
the many pieces to the puzzle of successfully launching and flying a Rocket 
Launched Reconnaissance Unmanned Aerial Vehicle. A competition-worthy UAV 
has been built, ground tested, and successfully flight tested. The electronics 
payload is completely designed and largely assembled. Final flight testing of the 
custom circuitry and software is underway and progressing well. The competition 
rocket has been successfully flight tested, including the deployment of the 2nd 
Proof of Concept UAV. This aircraft was deployed from the rocket as intended, 
protected inside the protective foam sabot. The wing rotated, the V-tails folded 
forward, and the propeller was deployed. All moving parts locked into place as 
designed, and the aircraft was successfully flown for several minutes. 
 
Over the next few weeks, the team will be tweaking the design of the UAV – 
optimizing the various internal components to reduce weight, building a new, 
lighter wing, and enhancing every minute details until the aircraft is perfected. 
When the team arrives in Huntsville for the April 18th launch, it will arrive with a 
sophisticated Rocket Launched Reconnaissance UAV, but more importantly, a 
huge wealth of knowledge and experience working with aerospace-grade 
materials, advanced electronics and imaging systems, and all the design and 
usage thereof. In the wake of the successful full-scale test launch, the team 
returns one last time to the workbench to perfect a fully functional design, 
optimizing, refining, and enhancing every aspect of this multi-faceted system of 
systems. 
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