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1. Summary of PDR 

1.1. Team Summary 

1.1.1. Name and Mailing Address  

North Carolina State University 

Tacho Lycos High-Powered Rocketry Club 
Engineering Building III 
911 Oval Drive 
Raleigh, NC 27606 

1.1.2. Mentors  

Alan Whitmore James Livingston Dr. Charles Hall 

TRA Certification: 05945 TRA Certification: 02204 TRA Certification: 14134 

Certification Level: 3 Certification Level: 3 Certification Level: 3 

1.2. Launch Vehicle Summary  

1.2.1. Size and Mass 
Table 1: Size and Mass Properties 

PDR 

Length 113 in 

Diameter 6.2in 

Loaded Weight 46.2 lbs 

Center of Pressure 84.8 in 

Center of Gravity 71.7 in 

Stability 2.1 Caliber 

Apogee 5455 ft 

Max Velocity 604 ft/s 

Max Acceleration 217 ft/s2 

Recovery System 1 Drogue/1 Main 
Parachute 

Motor L1120W 
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1.2.2. Motor Choice  

The team has selected the Aerotech L1120W motor for the full-scale rocket. It is a 76-100% L-
Class motor, has a total impulse of 4922 N-s and a burn time of 5.01 seconds. It is 26.18 inches 
long and has a diameter of 2.95 inches. This motor provides the best stability and 
performance characteristics for carrying the launch vehicle to the target altitude.  

1.2.3. Recovery System 

The vehicle will descend in three sections attached by shock cord and supported by one 2 ft 
diameter drogue parachute and one 15 ft diameter main parachute. At apogee, the launch 
vehicle will separate between the fin can and payload bay thus ejecting the payload and 
deploying the drogue chute. At 700 ft AGL the launch vehicle will separate between the 
nosecone and upper airframe and the main parachute will deploy.  The launch vehicle will 
touchdown with a kinetic energy of approximately 55 ft-lb and velocity of 8.5 ft/s discussed 
in S3.3.3. 

1.3. Payload Summary  

Piston Battering Ram (PBR) 

After payload deployment, the ULS will automatically deploy from its stowed position. Two 
completely redundant Target Differentiation Systems (TDS) on the payload, one run with a 
Raspberry Pi and the other with a BeagleBone Black, will control all autonomous tasking for the 
(collective) on-board Target Differentiation System. 

Each computer will control a camera used to take images of the targets and will process the 
images to identify and differentiate between the targets. The two systems managed by the 
microcontrollers are completely redundant and as such will perform all tasks simultaneously. The 
payload recovery system will manage the descent velocity of the payload and the Upright Landing 
System (ULS) will absorb the shock from ground contact and ensure a stable and upright landing 
of the payload. 

2. Changes Made Since Proposal 

2.1. Vehicle Criteria  

The overall configuration of the launch vehicle does not significantly differ from the initially 
proposed design.  The launch vehicle is still broken into three sections with the payload being 
deployed from the interface between the payload bay and fin can and utilizes four fins. However, 
some of the dimensions and weights have been altered to more accurately represent the final 
full-scale design. The length of the vehicle has increased by two inches to 113 total inches and the 
total weight has increased by four pounds to 46.2 lbs. An extra body tube piece has been added 
to allow for easier access into the avionics and payload bays in order to activate altimeters and 
other electronics necessary for launch.  
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The most significant contributor to the increased weight gain was an increase to the size of the 
main recovery device. Initial estimates had the main parachute at an 8 ft diameter; however, it 
was found that this figure should be on the order of 15 ft. This increased weight led to a motor 
change in order to maintain a target apogee of 5280 ft. The initial motor choice was an AeroTech 
L1420R with 4616 N·s of total impulse and has been updated to an AeroTech L1120W with 4916 
N·s of total impulse. 

2.2. Payload Crite ria  

In the Proposal, the payload was defined as a cylindrical aluminum body with a parachute 
recovery system in the forward part of the payload, torsional spring ULS mounted between the 
retainer/viewing surface and payload body, and a completely redundant camera system with 
electronics mounted on both faces of a 3D printed ABS plastic plate. 

The payload defined in the PDR is a cylindrical aluminum body with a parachute recovery system 
in the forward part of the payload, strut-truss ULS mounted externally on the payload body wall, 
and a completely redundant camera system with electronics mounted on 3D printed ABS plastic 
sleds in a tiered configuration. 

In the Proposal, the only ULS design was the torsional spring system. Now the current leading 
alternative design for the ULS is the strut-truss system, which will be mounted externally on the 
payload body wall. The strut-truss ULS will be discussed in §5.2.4.5. The changes made to the ULS 
were driven by increased stability offered by a system which include a damping system, 
components to handle side-loading, and increased surface area contact with the ground via the 
foot pads.  

The orientation of the electrical hardware in the proposal was on both faces of a 3D printed ABS 
plastic sled. Tier systems are currently being researched and investigated. The purpose of the tier 
system is to better utilize the volume inside the payload in hopes of reducing the payload's total 
height. The electrical systems and integration will be explained in §5.2.1. and § 5.2.3. 

Many more design options have been vetted between the submission of the Proposal and the 
submission of the PDR. Most of the current leading alternative designs remain the same; however, 
the current design choices are less fixed due to the development of new alternative designs which 
may be tested after further research has been done. 

2.3. Project Plan  

As the team has moved forward with the design, a more robust schedule has been developed. 
Dates have been added for subscale build, full-scale build, parts ordering, construction milestone 
dates, and experimentation. More specific items have been added to the budget and the funding 
plan has been edited to reflect funding awards received from the Engineering Council and 
projected funding rewards from other sources. The updated budget can be found in §6.1, the 
updated funding plan can be found in §6.2, and the updated schedule can be found in §6.3. 
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3. Vehicle Criteria  

3.1. Selection, Design, and Rationale  of Launch Vehicle  

3.1.1. Mission Statement  

The Tacho Lycos team will design a launch vehicle capable of maintaining stable flight and 
delivering a payload to an apogee altitude of 5,280 feet AGL. The payload will be capable of 
autonomous target detection and identification and will land in an upright orientation upon 
completion of its mission.  

3.1.2. Mission Success Criteria 

NASA has provided competing teams with a comprehensive and complete description of 
requirements in the NASA SL 2017 Handbook which is available at: 

 http://www.nasa.gov/audience/forstudents/studentlaunch/home/index.html 

 The compliance matrix can be found in Appendix D of this document; the matrix identifies 
each requirement and how the team plans to comply with the requirements. 

3.1.3. Subsystem Descriptions  

3.1.3.1. Nosecone 

Model rocketry nosecones can be chosen for a wide variety of flight conditions depending 
on speed and purpose. From OpenRocket simulations and per NASA SL Competition 
requirements, it was determined that the rocket would operate well below supersonic 
speeds. For rockets traveling at subsonic speeds it is more important to focus on weight 
and ballast when choosing a nosecone. When traveling subsonic, common nosecone 
shapes such as conical, Ogive, elliptical, and Von Karman are not affected by drag in a 
significantly different way. Based on these factors, a 5:1 Ogive nosecone geometry was 
selected due to its availability and previous success on other rockets launched by the club. 
An example of this nosecone can be seen in Figure 1.  An Ogive nosecone has slightly 
higher drag compared to an elliptical or Von Karman nosecone bringing the apogee closer 
to target altitude of 5280 ft when paired with the L1120W motor.  

http://www.nasa.gov/audience/forstudents/studentlaunch/home/index.html
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Figure 1: 5:1 Ogive Nosecone 

The nosecone will be constructed of wound fiberglass for durability and will implement a 
metal tip to prevent crumpling when landing. The nosecone has a base diameter of 6 
inches with a 5-inch shoulder and a 30-inch exposed length. There will be a 0.5-inch-thick 
aircraft grade birch plywood bulkhead in the nosecone with an appropriately sized U-bolt 
to attach the main parachute to the forward airframe. 

3.1.3.2. Airframe  

The basic purpose of the airframe is to house various components such as parachutes, 
avionics, motors, and any scientific payloads. Additionally, it is designed to provide 
structural support during all phases of the flight. Strength, weight, and durability were 
the main factors when choosing material for the body tube of each section of the launch 
vehicle. Typical materials used in high powered rocket construction include thick wall 
Kraft paper, blue tube, and fiberglass. Due to the high strength to weight ratio and 
increased durability, filament-wound fiberglass was chosen for all segments of the 
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airframe. Fiberglass also adds increased waterproofing compared to Kraft paper or blue 
tube. 

The airframe has a body diameter of 6 inches and is broken into four internal 
compartments. From forward to aft these include the main parachute, avionics bay, 
payload bay, and fin can. The launch vehicle will separate at two break points, one 
between the payload bay and fin can and the other between the nose cone and forward 
airframe.  

3.1.3.3. Forward Airframe  

The forward airframe houses the main chute and the avionics bay and can be seen in 
Figure 2. This section will be constructed from two separate fiberglass body tubes that 
will be fixed by a fiberglass coupler for the duration of the flight. The coupler will be 
epoxied to the upper tube and bolted into the aft tube. Two birch plywood bulkheads of 
0.5-inch thickness will shield the avionics bay from ejection charges and provide structural 
support along the airframe. One bulkhead will be mounted on the forward side of the 
avionics bay and will attach the main chute to the nose cone when deployed. The other 
bulkhead will be mounted on the aft side of the avionics bay and will attach the drogue 
chute to the fin can upon deployment.   

However, containing the avionics between two structural bulkheads presents the issue of 
accessibility. Two solutions were presented in order to accommodate this problem. The 
first involved cutting a section of the body tube out and creating a hatch to allow direct 
access. This method was unfavorable as the structural properties of the body tube are 
compromised by cutting into it. The second method involved having the aft bulkhead 
mounted on two internal threaded rods allowing this bulkhead to be removed from the 
launch vehicle. The second method was chosen in order to maintain the external rigidity 
of the launch vehicle. This method also allows for the avionics to be mounted on a 
removable sled that can slide along the threaded rods for ease of access. For detailed 
discussion on avionics, see §3.1.3.6. 

The forward airframe will attach at the aft end to the payload bay by way of bolting into 
a fiberglass coupler that is epoxied to the body tube of the payload bay. At the forward 
end, it will be shear pinned to the nosecone. At the appropriate time (discussed §3.2) the 
ejection charges for the main parachute will fire and separate the nose cone and the 
forward airframe and deploy the main parachute.  

The U-bolts and connecting rods shown in Figure 2 represent approximate size and will 
be verified as the design matures. Verification will take place through physical testing as 
well as preliminary simulations. 
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Figure 2: Forward Airframe  

3.1.3.4. Payload Bay 

The payload bay is located aft of the forward airframe and forward of the fin can. The 
payload bay can be seen in Figure 3, which shows the payload bay fully assembled with 
the payload loaded inside the section. This section of the launch vehicle houses the 
payload during ascent and assists in payload deployment at apogee. The drogue 
parachute is also contained within this section and sits forward of the payload, thus 
following it out upon deployment at apogee. Along with these items an internal rail 
system will allow the payload to exit the launch vehicle smoothly and along a specified 
path until it is clear of the forward section of the rocket.  
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Figure 3: Payload Bay 
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Figure 4: Payload Bay Dimensional Drawing (Payload not shown) 

There will be two aluminum T-slot rails running the length of the payload bay which will 
be epoxied to the inner walls. An example of the rails can be seen in Figure 5. Alternative 
designs included no rail system and had the legs of the payload contacting the inner wall 
of the launch vehicle. The rails were included to reduce stress on the legs and provide a 
more consistent path for the payload to follow as it exited the vehicle. 
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Figure 5: Payload Bay Rail Cross-Section 

The current design involves the payload to be forced out of the payload bay by the 
ejection charges that deploy the drogue chute and separate the rocket. A plastic, bowl 
shaped canister will house the drogue chute and assist with transferring the load through 
the payload to the fin can to separate the launch vehicle. This canister will be fixed to the 
shock cord of the drogue chute and will only be able to extend to the edge of the opening 
of the payload bay; that is, the canister will never leave the launch vehicle.   

Kevlar shock cord will be used to attach the drogue chute to the fin can and payload bay 
through each sectionΩs respective bulkhead.  All of the shock cord will be stored forward 
of the payload except for the length needed to connect it to the fin can while housed in 
the launch vehicle. This length of shock cord will run parallel to the payload and should 
prevent tangling as the payload is deployed. No excess cord will enter this area as the 
payload slides out of the launch vehicle. 

3.1.3.5. Fin Section 

The fin can or aft-most section of the launch vehicle will house the motor and be the first 
section of the rocket that decouples allowing jettison of the payload.  It will house the 
L1120W motor and be tethered to the payload bay via a U-bolt firmly secured within a 
bulk head. The fin can will connect to the payload bay via an 8-inch coupler.  Figure 6 and 
Figure 7 show the dimensions of the fin can itself and the inner components. 
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                          Figure 6: SolidWorks Fin Section Models 
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                     Figure 7: SolidWorks Fin Can Drawing 

The inner components of the fin can include the L1120W motor and its retainer. Two 
0.375-inch thick centering rings will secure the motor within the launch vehicle and will 
be fabricated from aircraft grade birch plywood, the same as the bulkheads. The motor 
will rest flush against a 1-inch engine block for further security of the motor. Lastly, the 
bulkhead that the payload section will connect to is 0.5-inch thick and has a U-bolt that 
the shock chord will connect to. Figure 7 shows that each of the fins are separated by 90o 
creating a symmetrical fin alignment. 
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Figure 8: Fin Dimensions 

Figure 8 shows the fin and fin tab that will insert into the fin can.  The fins will be attached 
via tabs that extend through the bottom of the individual trapezoids.  The fin can will 
utilize trapezoidal fins that will be positioned 22.75 inches aft of the top of the fin can.  
Each fin will have a root chord of 11 inches and a tip chord of 5 inches.  The fins will have 
a height of 5 inches and a front sweep angle of 40o, thickness of 0.25 inches, and be 
constructed out of aircraft grade plywood. 

The fin tabs have tab lengths of 6.875 inches and have a height of 1.523 inches that will 
fit in slots in the aft section of the fin can.  The fin tabs will be positioned 3.25 inches from 
the root chord leading edge of the fin. 

3.1.3.6. Avionics  

The launch vehicle contains a single avionics bay as discussed in §3.1.3.3. The payload will 
have a self-contained avionics attachment to deploy its own parachute.  The launch 
vehicle avionics bay will contain two altimeters for redundancy within the ejection 
sequence. One Stratologger SL100 and one Entacore AIM 3.0 will be used to fire the black 
powder charges that decouple the rocket sections to release the payload and parachutes.  
The Stratologger will be programmed to fire ejection charges that decouple the fin can 
and payload section of the rocket at apogee, releasing the payload and the drogue.  A 
redundant charge will then be fired 1 second after apogee.  At 700 ft AGL another 
designated altimeter will initiate the main chute deployment from the upper airframe. 
Another redundant charge will be programmed to fire after an additional second.  Each 
altimeter will be independently powered by a 9-volt battery and wired to its own switch.  
The switches will not be armed until the launch vehicle is erected on the launch rail to 
avoid battery drain. Each altimeter shall be armed by a dedicated arming switch that is 
accessible from the exterior of the rocket airframe when the rocket is in the launch 
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configuration on the launch pad. Each arming switch shall be capable of being locked in 
the ON position for launch. Recovery system electronics shall be housed separately in the 
vehicle in order to shield them from other onboard devices which may adversely affect 
their proper operation. To ensure all altimeters and batteries are secure, prefabricated 
mounts or custom fitted 3D printed avionics sleds will be produced.  Figures 9 and 10 
show a rendering of what would be used for the mounting and a drawing highlighting the 
dimensions, respectively. 

 
Figure 9: Avionics Sled Bay 
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Figure 10: Avionics Sled Bay Dimensions 

3.1.3.7. Motor  

Given the projected weight of the rocket, 46.2 lbs, the team is currently considering three 
different Aerotech motors, the L1420R-P, the L2200G-18, and the L1120W-P. The L1420R-
P flight simulation shows a projected altitude of 5,107 ft. This is shy of the competition 
altitude and would require that the launch vehicle shed weight throughout the design and 
build process. The L2200G-flight simulation shows a projected altitude of 5,838 ft. This is 
far beyond the competition altitude and would require us to create a lot of weight as the 
design process moves forward. Finally, the L1120W-P flight simulation shows a projected 
altitude of 5,455 ft. While still beyond the target altitude by nearly 200 ft this is more 
reasonable when it comes to accounting for extra weight due to paint, variations in 
manufacturing; and in the event it is needed, ballast can be added. 

3.1.4. Verification Plan  

A series of experiments will be conducted to ensure the viability of the launch vehicle 
subsystems and verify that they are ready for flight. 
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3.1.4.1. Altimeter Pressure Test  

To ensure that the altimeters used for ejection charges onboard the rocket execute 
correctly; altimeters will be placed in a vacuum chamber and will be hooked up to an LED. 
If the LED illuminates at the correct pressure, then it will be deemed worthy for flight. The 
same test will be run on the altimeters that will be used for the air brake system. 

3.1.4.2. GPS Transmitter Experiment  

To ensure that all transmitting devices function properly, the team will perform a test 
using 2 BigRedBee GPS units. All the units transmit at the same frequency so it will be 
necessary to set the devices to different channels. A range test will also be conducted to 
make sure that signals from over a mile (line of sight) away are received. 

3.1.4.3. Stage Separation 

Black powder ejection charge testing will take place to confirm calculations performed in 
§3.2. These calculations rely on a constant to find the ideal pressure for a certain 
separation force. Testing will start with the calculated amount of black powder loaded 
into a mock-up of each section that is weighted and connected appropriately. Further 
tests will be performed until the sections separate by the appropriate amount. 

3.1.4.4. Payload Deployment System  

When testing stage separation extra considerations will be taken to ensure the payload 
properly deploys from the launch vehicle. The most important considerations in payload 
deployment are rapid clearance from payload bay and fin can, structural integrity of 
payload and fin can, absence of shock cord/payload entanglement, and drogue chute 
deployment. Some of these tests will be completed on the ground and some will need to 
take part on a subscale launch. 

Ground tests include initial clearance testing, structural integrity of the payload and fin 
can, and preventing shock chord and payload entanglement. Similar to stage separation 
testing, the amount of black powder will be varied until an appropriate clearance is 
attained. Following this test the payload body and fin can mating surface will be examined 
for buckling and bending. If there is structural damage to either the payload or fin can, 
compromises will be made to reduce the ejection force and thus distance of separation. 
Along with this inspection, the shock cord will be examined for signs of excess wear. If the 
payload is entangled in the shock cord it may not deploy properly and mission success will 
be compromised. If the payload does not properly deploy the drogue chute may not fully 
deploy and extra stress will be placed on the main chute when it is released. 

Subscale launch testing will be needed to further verify complete payload deployment 
and increase confidence in the design. 

3.1.5. Understanding of Project Components  

All risks defined in Appendix B (the FMECA diagrams) must be considered when designing the 
vehicle and payload. Accounting for these risks will ensure the safety of the team. Any of the 
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safety risks coming to fruition would severely impact progress on the design, or halt the work 
completely. As with any project, there is also the risk of going over budget. This risk should be 
avoided, and can be if proper care is taken to keep up with team's capital. If the team goes 
over budget, at the very least points will be lost or the team may be disqualified overall. Lastly, 
ample time must be allotted to each section of the design, documentation included. Any 
delays would quickly compound and push back progress on other aspects of the design, 
potentially preventing the project to be finished. Therefore, it is imperative that the team 
remain on schedule. 

3.1.6. Assembly Drawing  

  
Figure 11: Full Scale Rocket Assemblies 
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3.1.7. Mass Statement 

The rocket is currently estimated to weigh 46.2 lbs. This weight comes from OpenRocket and 
SolidWorks models, and thus is an accurate preliminary approximation. A large portion of the 
launch vehicle weight comes from the motor and casing along with a significant portion 
coming from the payload. Currently the empty rocket weight (weight to be supported by 
launch vehicle recovery systems) is 33.1 lbs. This weight approximation does not include the 
epoxy or paint needed to build the rocket, so the team is expecting an 8% increase in the total 
weight. The extra weight should not interfere with the launch vehicle performance because 
calculations were made to accommodate greater mass assumptions. Table 2 shows the 
weight of each section of the launch vehicle, including all internal components of that section. 

 
Table 2: Mass Statement 

Component Weight (lbs) 

Nosecone 3.56 

Forward Airframe 11.0 
Payload Bay  

(Not counting Payload) 
4.98 

Payload  

(Maximum weight estimate) 
7.00 

Fin Section 9.39 

Motor and Casing 10.3 

Total 46.2 

 

3.2. Recovery Subsystem 

The recovery system for the launch vehicle will consist of two parachutes, two altimeters, 
electronic matches, and black powder charges. At apogee, the 2 ft drogue parachute will deploy 
between the middle and aft rocket sections. The avionics bay housed forward of the payload bay 
will control the ejection charges for the drogue, with the Stratologger SL100 programmed to fire 
the primary charge at apogee and the Entacore programmed to fire the redundant charge 1 
second later. 

At apogee, the fin can will separate from the middle airframe, with the drogue attached to the aft 
airframe. At 700 ft , the 15 ft main parachute will deploy between the nosecone and upper 
airframe. Both events will be controlled by the forward avionics bay with the primary charges 
controlled by the Stratologger and the secondary charges controlled by the Entacore. Secondary 
charges are to be detonated 1 second after primary charges 

Black powder charge sizes were calculated with the following formula: 

ά ὒz Ὀ πzȢππφ Eq. 1 
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Where L is the length of the section in inches, D is the diameter in inches, and 0.006 is a constant 
used to convert cubic inches to grams of black powder. From the preliminary design, the forward 
main parachute cavity requires 2.3 grams of black powder and will therefore have a 2.5-gram 
redundant charge. The drogue parachute cavity will require 1.8 grams of black powder and will 
have a 2.0-gram redundant charge. These charge sizes may be subject to change if the volumes 
of the parachute cavities change or the ground ejection testing proves a more energetic ejection 
is necessary to fully deploy the parachutes. There will be four 4-40 nylon shear pins at each 
separation point to hold the rocket together until decoupling 

3.2.1. Electrical Schematic for Recovery System  

Below is Figure 12, a block diagram of the recovery system that will be responsible for the 
deployment of the drogue and main parachutes. 

 

 

 
Figure 12: Rocket Parachute Deployments 

3.3. Mission Performance Predictions  

3.3.1. Flight Profile Simulations  

Figure 13, below, shows a flight profile simulation from OpenRocket using the AeroTech 
L1120W motor. The drogue parachute is deployed on a one second delay after apogee and 
the main parachute deploys at 700 feet AGL. This simulation does not account for the fact 
that the payload mass is ejected at apogee. Therefore, the descent rates are an over estimate 
as the reduced mass will decrease the descent velocity of the launch vehicle. These 
simulations could be considered a worst-case scenario if the payload does not detach from 
the launch vehicle at apogee. The simulation shown in Figure 13 was performed using a launch 
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altitude of 600 feet above sea level (approximate altitude in Huntsville, AL), 10 mph wind, 5° 
from vertical launch angle, and standard atmosphere conditions.  

 
Figure 13: OpenRocket Flight Simulation 

Altitude predictions were also taken from the OpenRocket flight simulation, with the current 
design and no wind the apogee can be expected to be 5438 ft. This estimate overshoots the 
target apogee of 5280 ft but a zero-wind prediction is not realistic. The altitude predictions 
for 5, 10, 15, and 20 mile per hour winds are shown in Table 3 and come from OpenRocket 
simulations of the same parameters as listed above. 

 
Table 3: Altitude Predictions at Various Constant Wind Speeds 

Wind Speed (mph) Predicted Altitude (feet) 

0 5438 

5 5385 

10 5315 

15 5250 

20 5180 
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From the altitude simulations, it is seen that at wind velocities around 10 mph the apogee of 
the rocket is within 1% of the target altitude. This is ideal because average wind speeds in the 
area can be estimated to be in this range. Even if wind speeds increase to near unsafe levels 
(20 mph), the performance of the launch vehicle will not be severely compromised. 

3.3.2. Motor Thrust Curve  

Figure 14 shows the simulated thrust curve as reported by the manufacture and reproduced 
ƛƴ hǇŜƴwƻŎƪŜǘΩǎ ƭƛōǊŀǊȅ ƻŦ ƳƻǘƻǊǎΦ 

 
Figure 14:L1120W Simulated Thrust Curve 

3.3.3. Stability Margin, Center of Pressure, Center of Gravity  

hǇŜƴwƻŎƪŜǘ ŀƴŘ .ŀǊǊƻǿƳŀƴΩǎ Ŝǉǳŀǘƛƻƴǎ ǿŜǊŜ ōƻǘƘ ǳǎŜŘ ǘƻ ŦƛƴŘ ǘƘŜ ǎǘŀōƛƭƛǘȅ ƳŀǊƎƛƴΣ ŎŜƴǘŜǊ 
of gravity, and center of pressure of the vehicle. OpenRocket gives a static margin of 2.12 cal. 
with the CG located 71.7 inches aft of the datum and the CP located 84.8 inches aft of datum. 
Lƴ ŎƻƳǇŀǊƛǎƻƴΣ .ŀǊǊƻǿƳŀƴΩǎ Ŝǉǳŀǘƛƻƴǎ ƎŀǾŜ ŀ ǎǘŀōƛƭƛǘȅ ƳŀǊƎƛƴ ƻŦ нΦмл ŎŀƭΦ ǿƛǘƘ ǘƘŜ /D ŀǘ тмΦт 
inches aft of datum and CP at 84.7 inches aft of datum. The center of pressure for an ogive 
nosecone is 46.6 percent of the length, measured from the tip of the nose. Center of gravity 
will be physically determined by weight and balance and from SolidWorks models once all 
components are brought together. 

5ǳŜ ǘƻ ǘƘŜ ǿŜƭƭ ŀŎŎŜǇǘŜŘ ǳǎŜ ƻŦ .ŀǊǊƻǿƳŀƴΩǎ Ŝǉǳŀǘƛƻƴǎ ƛƴ ǊƻŎƪŜǘ ǎǘŀōƛƭƛǘȅ ŎŀƭŎǳƭŀǘƛƻƴǎ ŀƴŘ 
the correlation to OpenRocket values, it is safe to use OpenRocket calculations for preliminary 
stability analysis. Figure 15 shows the location of CG (blue and white cross) and CP (red circle 
with red dot). 



 

 

29 | P a g e 

   

 
Figure 15: Center of Gravity and Center of Pressure Locations Along Launch Vehicle 

[ŀǳƴŎƘ Ǌŀƛƭ ŜȄƛǘ ǾŜƭƻŎƛǘȅ ƛǎ ŎǊǳŎƛŀƭ ǘƻ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ǎǘŀōƛƭƛǘȅΦ tŜǊ ±ŜƘƛŎƭŜ wŜǉǳƛǊements Section 
мΦмр ƻŦ b!{! {[L {ǘǳŘŜƴǘ IŀƴŘōƻƻƪ ά¢ƘŜ ƭŀǳƴŎƘ ǾŜƘƛŎƭŜ ǎƘŀƭƭ ŀŎŎŜƭŜǊŀǘŜ ǘƻ ŀ ƳƛƴƛƳǳƳ 
ǾŜƭƻŎƛǘȅ ƻŦ рн ŦǇǎ ŀǘ Ǌŀƛƭ ŜȄƛǘΦέ  !ǎǎǳƳƛƴƎ ǘƘŀǘ ǘƘŜ ǘƻǇ Ǌŀƛƭ ōǳǘǘƻƴ ƛǎ нсΦо ƛƴŎƘŜǎ ŦǊƻƳ ǘƘŜ ōƻǘǘƻƳ 
of the rocket, the rail button will travel 69.7 inches for an 8-foot rail or 118 inches for a 12-
foot rail before leaving the rail. For the L1120W motor and a 96-inch launch rail, it was found 
ǘƘŀǘ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ǘƻǇ Ǌŀƛƭ ōǳǘǘƻƴ ǿƻǳƭŘ ƭŜŀǾŜ ǘƘŜ Ǌŀƛƭ ŀǘ ƻƴƭȅ прΦр ŦŜŜǘ ǇŜǊ ǎŜŎƻƴŘΦ IƻǿŜǾŜǊΣ 
using a 144-inch launch rŀƛƭ ǿƛǘƘ ǘƘŜ ǎŀƳŜ ƳƻǘƻǊΣ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ǘƻǇ Ǌŀƛƭ ōǳǘǘƻƴ ǿƻǳƭŘ ƭŜŀǾŜ 
the rail at 59.2 feet per second. Therefore, a 12-foot rail will be required to safely launch the 
vehicle from the pad.  

Equation 2 shown below was used to calculate this velocity. This equation is derived using the 
assumption that the forces acting on the vehicle as well as its mass are constant over the short 
time on the rail. In addition, rail friction was neglected as well as drag due to the low velocities 
being considered. 

ὠ
ςὒὝ ὡίὭὲ—

ά
 Eq.2 

L is the distance the top rail button travels before it leaves the rail. This distance is equal to 
the rail length minus the distance from the top rail button to the aft most point on the rocket. 
Thrust was asǎǳƳŜŘ ǘƻ ōŜ оллƭō ŀƴŘ ƛǎ ǘƘŜ [ммнл² ƳƻǘƻǊΩǎ ŀǾŜǊŀƎŜ ǘƘǊǳǎǘ ƻǾŜǊ ǘƘŜ ŦƛǊǎǘ 
ƛƴǎǘŀƴǘ ƻŦ ŦƭƛƎƘǘΣ ² ŀƴŘ Ƴ ŀǊŜ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ǿŜƛƎƘǘ ŀƴŘ Ƴŀǎǎ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ŀƴŘ ʻ ƛǎ ǘƘŜ ƭŀǳƴŎƘ 
ǊŀƛƭΩǎ ŀƴƎƭŜ ŦǊƻƳ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ όǎǇŜŎƛŦƛŜŘ ŦǊƻƳ ǘƘŜ ƭŀǳƴŎƘ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƻ ōŜ ур ŘŜƎǊŜes).  

While this rail exit velocity is above the minimum value, drag, rail friction, non-constant thrust, 
and the propellant burn-ƻŦŦ ǿŜǊŜ ƴƻǘ ǘŀƪŜƴ ƛƴǘƻ ŀŎŎƻǳƴǘΦ !ƭǎƻΣ ǘƘŜ ǾŜƘƛŎƭŜΩǎ ǿŜƛƎƘǘ ƛǎ ƭƛƪŜƭȅ ǘƻ 
increase between the preliminary design and the final construction. This rail exit velocity will 
ōŜ ǾŜǊƛŦƛŜŘ ǳǎƛƴƎ ŘǊŀƎ ŜǎǘƛƳŀǘŜǎ ŦǊƻƳ !b{¸{Ωǎ CƭǳŜƴǘ /C5 ǇǊƻƎǊŀƳΣ ǇǊƻǇŜƭƭŀƴǘ ōǳǊƴ-off 
estimates, a final vehicle weight, and varying thrust values. The launch rail length will be 
adjusted if this more accurate method of estimating launch velocity does not meet the 
minimum value. 

3.3.4. Kinetic Energy at Landing  

The requirement for the impact force was stated at no more than 75 ft-lb. Using MATLAB, a 
program was compiled to determine approximate parachute sizes required to keep the 
velocity and kinetic energy within acceptable levels.  Using Equation 3 below, the velocity can 
be calculated to determine the speed at which the payload and rocket body can fall. 
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Eq. 3 

Knowing the mass of the body, m, and the maximum kinetic energy, KE, the maximum descent 

velocity, V, can be determined.  The current weight estimation of the rocket after burn and 

payload are 39.86 lbs and 7 lbs respectively.  Solving this equation yields a maximum impact 

velocity of 10.637 ft/s for the rocket and 26.27 ft/s for the payload.  The impact velocity for 

each parachute area A can be determined using another formula found below in Equation 4. 

 

ὠ
ςὈ

ὅ”ὃ
 

Eq. 4 

D in this equation is drag force but is equated to the weight of the body falling straight down.  

CD is the drag coefficient, ́ ƛǎ ǘƘŜ ŀƛǊ ŘŜƴǎƛǘȅΣ ŀƴŘ !ǊŜŀ ƛǎ !Φ  ¢ƘŜ Ŏƻƴǎǘŀƴǘǎ ǳǎŜŘ ŦƻǊ /D ŀƴŘ ˊ 
were 2.2 and 0.002377slugs/ft3 respectively.   The results are plotted below using variable 
diameter parachutes. 

Figure 16 below shows the speed in which the rocket body will fall under different sized 
drogue parachutes. 

 
Figure 16: Vehicle under Drogue Velocity 

 

For the drogue sizing, 100 ft/s was chosen as the maximum velocity at which the vehicle will 
fall.   Based on figure 16, a 2 ft drogue parachute was chosen to deploy at apogee slowing the 
rocket body to 90 ft/s. 
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At 700 ft, the main parachute will deploy between the nose cone and body tube connection.  
The entire main rocket will be tethered together with shock chords meaning the entire weight 
of the rocket will rely upon the main parachute slowing the velocity of the rocket enough to 
get the kinetic energy under the 75 ft-lb threshold.  As calculated above the rocket needs to 
be slowed to a velocity of less than 10.64 ft/s.  Figure 17 below shows the impact speed 
compared to different diameter parachutes. 

 
            Figure 17: Main Parachute Calculations 

From Figure 17, it was determined that a parachute of greater than 13 ft is necessary to bring 
the impact force under the allowable threshold.  To account for projected weight gains 
involved with fabrication of the rocket a 15 ft parachute will be used as the main parachute 
for the rocket so that fabrication will have some factor of safety with regard to the recovery 
system.  The 15 ft parachute will slow that rocket body down to an impact velocity of 8.5 ft/s. 
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The payload will have a streamer that instant deploys upon ejection from the main rocket 
body for proper vertical orientation.  It will also require a parachute deployment to complete 
the data collection and still fall under the impact force limits.  Figure 18 shows the maximum 
velocity at which the payload can fall.  It was also determined that a speed of 15 ft/s descent 
would allow for proper target location and differentiation. 
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Figure 18: Payload Parachute Controlled Descent Calculations 

From Figure 18, it was determined that a parachute with a 4 ft diameter would provide 
enough drag to complete the mission and fall well under the maximum velocity from the 
requirements. The calculated impact velocity will be 14.9 ft/s. Since the payload is much 
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lighter than the rocket body it is allowed a much higher impact velocity and can remain under 
the impact force allowable. 

3.3.5. Wind Drift  

Drift is an important consideration because the rocket and payload must be retrieved walking 
on foot. Calculations were made to determine the maximum drift distances at different wind 
speeds. The distances were calculated for the rocket airframe that will fall in three separate 
pieces yet still be tethered together on impact and the payload section with its own separate 
avionics controlled recovery system. For the calculations, the rocket was assumed to have 
shot straight up at a 90o angle with the ground. Assuming perpendicular launch is a safe 
assumption and simplifies the calculations involved with wind drift. Table 4 below shows the 
predicted wind drift for five different wind cases. Figure 19 shows a top view visual for the 
potential drift distances. 

 
Table 4: Wind Drift Predictions 

Wind (mph) Rocket Airframe (ft) Payload (ft) 

0 (blue) 0 0 

5 (green) 603.9 344.5 

10 (brown) 1207.8 689 

15 (yellow) 1811.8 1033.6 

20 (red) 2415.7 1378.1 

 

 
Figure 19: Wind Drift Diagram 



 

 

35 | P a g e 

   

These values were calculated from determining how quickly the payload and launch vehicle 
will be descending when the parachutes deploy and finding how long they will be in the air 
from the altitude at which the parachutes open.  The launch vehicle has a greater surface area 
than the payload meaning that the launch vehicle will experience perpendicular wind forces 
for a longer time thus increasing the total potential drift distance. 

3.4. Interfaces and Integration  

3.4.1. Payload 

The independent payload will be seated inside the rocket, toward the aft section of the 
avionics bay during flight. It rests atop the fin can and, at apogee, will be jettisoned using the 
payload deployment rail system described in §3.1.3.4.  The payload will carry a fully redundant 
target detection system, each with a microprocessor, camera, GPS unit, altimeter, orientation 
sensor, LED functionality indicator and battery. After the payload is jettisoned and falling 
independently, the ULS will deploy automatically by the absence of the foot pad housing 
allowing for upright landing upon contact with the ground. 

3.4.2. Launch Vehicle and Ground Station  

The launch vehicle will contain GPS units for each of the sections that will decouple per 
regulation. There are four total sections so four BigRedBee (BRB) 900 MHz GPS transmitters.  
The GPS units have provided the team with reliable location information in the past and has 
allowed for recovery of the launch vehicle. These GPS units will be responsible for relaying 
telemetry data to the ground station which will consist of a handheld GPS receiver that will 
allow the team to locate and find the payload and rocket body. The team will conduct 
experiments to ensure that the system reliably transmits and receives data. The transmitters 
are on the same frequency; the team will make sure that all transmitting devices are on 
separate channels.  

4. Safety 

4.1.1. Launch Operation Procedures  

To ensure all hazards and accidents are avoided; the NC State HPRC will follow the published 
Tripoli Pre-Flight Review Checklist: 

a. General 
i. Is this member known to the TAP reviewer? 
ii. Does this member have the appropriate Certification Level or will this be a 

Certification Flight? 
iii. Does the proposed launch site and date have the appropriate recovery area 

and launch set-up for this flight? 
iv. Does the Prefect require TAP Review? 

b. Rocket Review 
i. General 

1. Are there attachments to the Pre-Flight Data Capture? 
2. Drawings: airframe; structures; payloads, etc. 
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3. Schematics: avionics, ignition systems, payloads, etc. 
4. Performance calculations: Center of Pressure; Center of Gravity, 

motor type, altitude, velocity, etc. 
ii. Airframe 

1. Is the design generally suitable for the application? 
2. Is the airframe material suitable for this rocket? 
3. Is the fin material/attachment sound? 
4. Is the motor mount sound? 
5. Is the nosecone suitable? 
6. What are the most probable airframe faults and corrective actions? 
7. What are the safety implications of an airframe failure? 
8. Are there any design change recommendations? 

iii. Recovery System 
1. Is the recovery system attachment secure/suitable? 
2. Does the recovery system have sufficient capacity for a safe 

descent? 
3. What is the deployment system? 
4. What are the most probable deployment system faults and 

corrective actions? 
5. What are the safety implications of a recovery system failure? 
6. Are there any design change recommendations? 

iv. Avionics Description 
1. Commercial or unique design? 
2. What are the functions of the avionics components? 
3. Are the avionics appropriate to the application? 
4. Do the avionics have flight safety implications? 
5. Can the avionics and inhibits be accessible from outside the vehicle? 
6. Are there safeing/arming indicators? 
7. Are any of the systems redundant? 
8. What are the most probable avionics system faults and corrective 

actions? 
9. What are the safety implications of an avionics system failure? 
10. Are there any design change recommendations? 

v. Motor 
1. Is the motor suitable for the rocket? 
2. Is the motor Tripoli Certified? 
3. Is the motor ignition suitable? 
4. What are the most probable motor faults and corrective actions? 
5. What are the safety implications of a motor failure? 
6. Are there any design change recommendations? 

vi. Launcher 
1. Is the launcher suitable for the rocket? 
2. Is the launch lug, or rail guide suitable for the rocket? 
3. What will the launch angle be? 
4. Are there any special launch control requirements? 
5. What are the most probable faults with the launcher? 
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6. What are the safety implications of a launcher failure? 
7. Are there any design change recommendations? 

vii. Performance 
1. How were the performance calculations done? 
2. Were the calculations done manually? 
3. Are the algorithms used correct? 
4. Were the calculations accomplished correctly? 
5. Was a computer used? 
6. What is the source of the software? 
7. Is the software suitable for this rocket? 
8. Are there printouts? 
9. Should the calculations be independently run? 
10. What are the safety implications of poor performance data? 
11. Are there any changes or recommendations? 

viii. Operations 

4.1.2. Personnel Hazards  

While competing in the NASA Student Launch project, there are many hazards that team 
members must consider in order to keep safety at the forefront. From the laboratory to the 
launch pad, there are possibly harmful tools, materials, and chemicals. Before using any of 
the power tools in the laboratory, the safety officer gives a demonstration on the correct 
procedure for use of each tool. The team members are then supervised until they are 
proficient on the lab tools. The correct personnel protective equipment (PPE) must also be 
worn by team members depending on the tools, materials, or chemicals they are working on. 
Team members must also follow the Material Safety and Data Sheets (MSDS, Appendix C) 
when handling any hazardous materials and chemicals. Tables 5 and 6 contain a personnel 
safety matrix for construction and launch pad. Table 7 contains a safety matrix for 
environmental safety concerns. 
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Table 5: Construction Personnel Hazards 

Safety 

Concern 
Risks Likelihood 

/ Severity 

1-not 

likely/severe 

5-very 

likely/severe 

Mitigation  Confidence   

Drill Press Physical harm 

to extremities. 

 

 Damage to 

lungs, eyes, and 

ears of the user 

and of others. 

 

Electric shock 

hazard.  

2 / 4 

 

 

 

2/ 3 

 

 

 

1 / 3 

All personnel in the lab 

space are notified 

before powering on the 

drill press. Safety 

glasses and earplugs are 

to be worn by persons 

operating the press. 

Precise set up of the 

drill press and retention 

of the material being 

drilled will ensure the 

press is operated safely, 

smoothly, and within 

operating limits. 

The drill press is a 

safe piece of 

machinery. Team 

members are 

trained on how to 

use the press 

safety and are 

supervised until 

proficient. Proper 

PPE will be worn 

at all times during 

operation. 

  

Band Saw Cutting of 

extremities. 

 

 Damage to 

lungs, eyes, and 

ears of the user 

and of others. 

 

Damage from 

ejected debris. 

 

Electric shock 

hazard 

2 / 4 

 

 

2/ 3 

 

 

 

 

1/ 3 

 

 

1 / 3 

All personnel in the lab 

space are notified 

before powering on the 

band saw. Safety 

glasses and earplugs are 

to be worn by persons 

operating the band saw. 

Saw calibration and 

setup are checked prior 

to use. Only select 

materials and thickness 

will be used on the 

band saw. 

Proper setup 

(tightness and 

alignment of 

band) is the most 

important part of 

safe operation of 

the band saw. 

Team members 

are trained on the 

band saw and 

supervised until 

proficient. Proper 

PPE will be worn 

at all times during 

operation.  
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Belt Sander Abrasion of 

extremities 

 

 Damage to 

lungs, eyes, and 

ears of the user 

and of others. 

 

Damage from 

ejected debris. 

 

Electric shock 

hazard. 

2 / 1 

 

 

3/ 3 

 

 

 

 

2/ 3 

 

 

1 / 3 

All personnel in the lab 

space are notified 

shortly before powering 

on the belt sander. 

Safety glasses and 

earplugs are to be worn 

by persons operating 

the belt sander.  

The belt sander 

will be checked 

for proper 

tightness before 

use. Proper PPE 

will be worn at all 

times during 

operation. Only 

individuals who 

are trained in the 

proper use of the 

belt sander will be 

permitted to use it. 

  

Manual 

Mill  
N/A N/A For any items that need 

the manual mill, the 

team goes to the 

director of the 

Mechanical 

Engineering Shop. The 

director of the shop is a 

professional machinist 

hired by NC State. 

The shop director 

ensures the safety 

of his lab and 

helps teach those 

concerns to team 

members. All 

shop procedures 

are followed when 

the manual mill is 

used. 

  

Chop Saw N/A N/A For any items that need 

the chop saw, the team 

goes to the director of 

the Mechanical 

Engineering Shop. The 

director of the shop is a 

professional machinist 

hired by NC State. 

The shop director 

ensures the safety 

of his lab and 

helps teach those 

concerns to team 

members. All 

shop procedures 

are followed when 

the chop saw is 

used. 
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Black 

Powder 
Burns from 

accidental 

ignition. 

 

Inhalation. 

 

Eye irritation. 

1 / 4 

 

 

 

1 / 2 

 

1 / 1 

Black powder is 

handled in an isolated 

location, premeasured, 

and placed into vials 

before taking it out to 

the launch site. The 

black powder is stored 

separately in a safe 

environment away from 

potential ignition 

sources.  

Black powder is 

one of the more 

dangerous 

substances 

handled by the 

club, so extreme 

caution is taken 

when handling. 

There is minimal 

chance for 

problems with 

black powder. 

  

Epoxy Adhesion 

between body 

parts/between 

body parts and 

objects. 

 

Inhalation of 

fumes. 

2 / 1 

 

 

 

 

 

3 / 2 

Epoxy is applied in 

ventilated areas. 

Persons using epoxy 

wear gloves and eye 

protection.  

Safety procedures 

and observers 

ensure epoxy is a 

minimal safety 

concern in the lab.  

  

Power 

Supply 
Electric shock 

hazard. 

2 / 4 Power supplies are left 

unplugged when not in 

use. They are not used 

near water and cords 

are inspected for bare 

wires before use. 

Circuitry is checked 

prior to use to ensure 

they can handle the 

applied loads. 

Relatively low 

power uses with 

stringent safety 

requirements 

ensure proper use 

and safety when 

using electrical 

equipment. 

 

Soldering 

Iron  
Burns. 

 

Electric shock 

hazard. 

3 / 3 

 

1 / 3 

Soldering irons are left 

unplugged when not in 

use. They are not used 

near water and cords 

are inspected for bare 

wires before use.  User 

ensures proper spacing 

during operation. 

Primary concerns 

with soldering 

irons focus around 

electrical safety 

and minimizes the 

misplacement of 

the heat source. 

Keeping these two 
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risks in check 

ensures the safety 

of the equipment 

operation. 

3D Printer Burns. 

 

Electric shock 

hazard. 

3 / 2 

 

1 / 3 

3D printer is turned off 

when not in use. The 

area near the printer is 

clear of foreign debris 

and bare wires. 

Individuals will 

take an 

instructional 

training course 

with the safety 

officer to ensure 

safe and proper 

use of the 3D 

printer to avoid 

the possibility of 

burns and damage 

to the equipment. 
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Table 6: Launch Personnel Hazards 

Safety Concern Mitigation  Confidence 

Assembly of Rocket 

Motor  

The rocket motor is 

carefully carried from the 

car to the rocket assembly 

point. During assembly, all 

points specified by the 

manufacturer's instructions 

are followed step by step 

while the teamôs mentor, 

Alan, supervises. 

Assembling the rocket 

motor is a critical procedure 

to ensure the safety and 

success of the launch. 

Special attention to 

manufacturer as well as 

advisorôs instructions 

ensures the motor ignites 

and burns properly. 

Handling of Vehicle Two hands are used to 

transport each component 

when taking the rocket from 

the car to the assembling 

area. Electronics and blast 

caps are armed and filled 

shortly before launch. 

Cautious handling protects 

the rocket from falls that 

could damage components 

and harm the launch.  

Launch Vicinity  Monitoring the location of 

everyone that is in 

attendance on the launch 

site and preventing them 

from getting too close will 

be a simple task by giving 

warnings prior to launch. 

Having set distances 

specified by launch officials 

mitigates this concern. 

Location Launches are only done at 

locations specified by the 

North Carolina Rocketry 

Association or NASA 

Student Launch. 

The team is confident in 

these organizations to 

choose proper locations for 

launches. 
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Table 7: Launch Environmental Hazards 

Safety Concern Hazard Mitigation  

Cloud Cover NAR Safety Codes prevent 

launch into cloudy 

conditions. 

Make sure to check the 

weather forecast before 

launching and have a 

backup launch day in case 

of inclement weather 

Rain, Snow or Hail NAR Safety Codes prevent 

launch into cloudy 

conditions. Wet conditions 

can damage electrical 

components on the rocket. 

Make sure to check the 

weather forecast before 

launching and have a 

backup launch day in case 

of inclement weather. In 

case of precipitation bring a 

tarp to put over the rocket. 

In case of hail stow the 

rocket under a protective 

shelter like a picnic shelter 

or inside the trunk of a car. 

High Winds NAR Safety Codes prevent 

launch into winds greater 

than 20 miles per hour. For 

winds less than 20 miles per 

hour the rocket may drift 

into an inaccessible area 

Make sure to check the 

weather forecast before 

launching and have a 

backup launch day in case 

of inclement weather. If 

possible launch at a time 

during the day where there 

is the least amount of wind 

Bodies of Water The rocket can fall into the 

water and the electronics 

could be damaged. The 

rocket may fall into a deep 

body of water and cannot be 

recovered. 

Make sure to launch in an 

area free from rivers, ponds, 

large puddles and the ocean. 

If the rocket falls into a 

body of water remove it as 

quickly as possible and 

disconnect the batteries 

from the electronics. Make 

sure to test electronic 

components before using 

them again 

Cold Temperatures Cold temperatures cause the 

batteries to discharge more 

quickly and cause the 

fiberglass body tube and 

fiberglass nose cone to 

shrink 

Check to make sure the 

flight batteries and AGSE 

batteries are functional 

before launch. Check that 

the fiberglass body tube can 

still be separated by the 

black powder charge 
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High Humidity  Black powder charges 

become moist and donôt 

ignite. Altimeters become 

uncalibrated in a high 

temperature high humidity 

atmosphere. 

Store black powder in a 

cool, dry environment, 

check the calibration of the 

altimeters before launch 

UV Exposure Adhesives on the rocket can 

weaken. The body tube may 

warp or electrical 

components may become 

damaged 

Limit the exposure of the 

rocket to direct sunlight. 

Visually inspect the rocket 

before launch 

Road, Concrete of Hard 

Surfaces 

Rocket is damaged because 

of an impact with a hard 

surface 

Make sure to launch in an 

area that has soft surfaces 

for the rocket to land on 

Trees or other Vegetation The parachute may become 

tangled in a tree or can be 

ripped while being retrieved 

from a tree. The rocket can 

get stuck in a tree or other 

piece of vegetation, or may 

become damaged from an 

impact with a tree. 

Make sure to launch in an 

area that is clear of trees or 

other objects that the rocket 

or parachute could impact 

Ground Support Crew Members of the ground 

crew may become injured 

by falling rocket parts or by 

being too close to the rocket 

at takeoff. 

Make sure that all crew 

members remain alert and 

vigilant during the duration 

of the rocket launch and 

recovery. All crew should 

maintain a safe distance 

from the rocket at launch. 

4.1.3. Failure Mode Effects and Criticality Analysis  
 

The FMECA Diagram Spreadsheet is located in Appendix A and B. 
 
NAR Environmental Regulations 

 
The NAR High Power Rocket Safety Code document addresses the following environmental 
regulations: 

 
Flight Safety. I will not launch my rocket at targets, into clouds, near airplanes, nor on 
trajectories that take it directly over the heads of spectators or beyond the boundaries of the 
launch site, and will not put any flammable or explosive payload in my rocket. I will not launch 
my rockets if wind speeds exceed 20 miles per hour. I will comply with Federal Aviation 
Administration airspace regulations when flying, and will ensure that my rocket will not 
exceed any applicable altitude limit in effect at that launch site.  
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The team will fulfill this regulation by only launching at approved launch sites and with 
approved payloads. The team will comply with all FAA regulations and will not launch into 
winds greater than 20 miles per hour. 

 
Launch Site. I will launch my rocket outdoors, in an open area where trees, power lines, 
buildings, and persons not involved in the launch do not present a hazard, and that is at least 
as large on its smallest dimension as one-half of the maximum altitude to which rockets are 
allowed to be flown at that site or 1500 feet, whichever is greater. 

 
The team will fulfill this regulation by only launching at approved launch sites. 

 
Launcher Location. My launcher will be 1500 feet from any inhabited building or from any 
public highway on which traffic flow exceeds 10 vehicles per hour, not including traffic flow 
related to the launch. It will also be no closer than the appropriate Minimum Personnel 
Distance from the accompanying table from any boundary of the launch site. 
 
The team will fulfill this regulation by only launching at approved launch sites and by placing 
the accompanying table at least the Minimum Personnel Distance from the boundary of the 
launch site. 
 
Recovery System. I will use a recovery system such as a parachute in my rocket so that all 
parts of my rocket return safely and undamaged and can be flown again, and I will use only 
flame-resistant or fireproof recovery system wadding in my rocket. 
 
The team will fulfill this regulation by including two commercial parachutes in the rocket and 
by testing the rocket airframe to the expected impact loads. Only flame resistant wadding will 
be used in the rocket. 
 
Recovery Safety. I will not attempt to recover my rocket from power lines, tall trees, or other 
dangerous places, fly it under conditions where it is likely to recover in spectator areas or 
outside the launch site, nor attempt to catch it as it approaches the ground. 
 
The team will fulfill this regulation by only flying at approved launch sites where there are no 
power lines, tall trees or dangerous places to have to retrieve the rocket from. No one will 
attempt to catch the rocket as it approaches the ground. 
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Table 8: Project Risk Analysis 

Risk Likelihood Impact Mitigation Mitigation Cost 

Overspending Low Medium Proper budgeting 
May have to find 

other income 

Delays Medium High 
Proper planning 
and diligence 

May lose time 
delegated to 
other areas 

Lack of Resources Low High 
Thorough bill of 

materials 
Sacrifice items 

from other areas 

Improper Design Medium High 
Proper analysis of 
each subsystem 

May attempt to 
spend too much 
time on a single 

system 

Rocket Motor 
Failure 

Low High 
Use well-

established 
motors 

May need to 
purchase a more 
expensive rocket 

Payload 
Deployment 

Failure 
Low High 

Proper testing of 
payload ejection 

May need to 
spend more on 
different design 

components 

Target 
Identification 

Failure 
Low High 

Ensure electronics 
and code are 
compatible 

May have to 
purchase different 

camera system 

Insufficient Power 
Supply 

Medium High 
Use larger power 

supply 
Increase in weight 

of payload 

5. Payload  Criteria  

5.1. Selection, Design, and Rationale  of Payload 

5.1.1. System Level Requirements  
The following was taken from the NASA SL 2016 Handbook for its comprehensive and 
complete descriptions:  

1. Target Detection and Upright Landing  
1. Teams shall design an onboard camera system capable of identifying and 
differentiating between 3 randomly placed targets.  

a. Each target shall be represented by a different colored ground 
tarp located on the field.  
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b. Target samples shall be provided to teams upon acceptance and 
prior to PDR.  
c. All targets shall be approximately 40'X40' in size.  
d. The three targets will be adjacent to each other, and that group 
shall be within 300 ft of the launch pads.  

2. After identifying and differentiating between the three targets, the 
launch vehicle section housing the cameras shall land upright, and provide 
proof of a successful controlled landing.  
3. Data from the camera system shall be analyzed in real time by a custom 
designed on-board software package that shall identify and differentiate 
between the three targets.  

5.1.2. Subsystem Requirements and Performance Charact eristics  

5.1.2.1. Payload Deployment  

The payload will be separated from the launch vehicle upon the initiation of the payload 
deployment sequence at apogee. During a successful payload deployment sequence, no 
payload components will separate from the. Upon jettison from the launch vehicle the 
streamer will provide drag and orient the payload; at which time the TDS will have the 
ability to begin recording and processing images of the ground for target identification 
and differentiation. Furthermore, the ULS will successfully deploy from its stowed 
position during the payload deployment sequence. 

5.1.2.2. Target Differentiation System  (TDS) 

The TDS will begin collecting data at a specified time or altitude. During the time the 
system is recording and processing data it will capture images of the ground which will 
include the three targets. Upon capture of the image, the system will attempt to identify 
that there are three targets and differentiate between them. A successful TDS will identify 
the three targets and differentiate between the targets at some point during the time it 
collects data. 

5.1.2.3. Upright Landing System  (ULS) 

The payload will descend from its deployment at apogee and land on the ground in the 
same orientation as it was on the launch pad. A successful ULS will deploy from its stowed 
position after being deployed from the launch vehicle and absorb the impact from ground 
contact while keeping the payload oriented upright (as defined by the orientation of the 
payload on the launch pad). Telemetry data from the payload will provide proof of a 
successful landing. 
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5.2. Payload Concept Features and Design 

5.2.1. Integration Plan  

 
Figure 20: System Hierarchy 
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5.2.2. Assembly Drawing  

 

 

 
Figure 21: PBR SolidWorks Model 


























































































