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1. Summary of PDR Report 

1.1 Team Summary 

Charger Rocket Works Propulsion Research Center,  

301 Sparkman Dr. NW, Huntsville Al, 35899 

 

 

Local NAR section: Huntsville Area 

Rocketry Association, NAR # 403 

NAR Mentor 

Mr. Jason Winningham, Comp. Sys. Engineer 

(Level 3 NAR: 89526/TRA : 13669) 

Engineering Dept., UAH 

Jason.Winningham@uah.edu 

256.824.6132 

1.2 Launch Vehicle Summary 

The designed launch vehicle consists of a 6 inch diameter body tube that is 119 inches in 

length. Total system mass will be approximately 46.66 lbs. wet. Due to this weight, the motor 

selected for use is an Aerotech 75mm L1420R solid motor with RMS75/1520 motor casing. The 

recovery system will consist of a dual deployment system with drogue deployment at apogee and 

main parachute deployment at approximately 600 feet. A heritage GPS tracking system will be 

used to ensure recovery post flight. Current Flysheet information can be seen in Appendix H: 

Milestone Review Flysheet. 

1.3 Payload Summary 

The payload selected is the “Roll Induction and Counter Roll” experiment. The Payloads 

Team will be responsible for integrating the variable control surface to the airframe and developing 

the payload-to-airframe interfaces. There are three primary subdivisions of the payload. The first 

is the data acquisition system consisting of a myRIO and an inertia measurement unit (IMU). 

Secondly, payload will utilize control surfaces to induce roll and counter roll. Finally, the payload 

housing will contain all components. 

2. Changes Made Since Proposal 

As the design matures various minor changes will be made to the overall vehicle design, 

payload design and project plan. The changes that have been made since the proposal are mostly 

relatively minor with no major redesign consideration, although a current trade study is in work to 

reduce diameter and mass and potentially revisit motor selection. This decision will be made before 

CDR and is discussed in greater detail in the Payload Bulkhead section 3.1.7.6. 

2.1 Changes Made to Vehicle Criteria 

Since the proposal, the vehicle has lengthened in the lower airframe section. In order to 

accommodate for the full size motor casing (RMS 75/5120), main parachute and payload the body 

tube was increased 3.75 inches to 53.0 inches. For the fins, more detailed trade studies were 

mailto:Jason.Winningham@uah.edu
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conducted on dimensions and profiles. For the three-fin system used to align with the payload fins, 

the team selected base fin dimensions of 8 inches by 8 inches with a clipped delta profile. 

Preliminary fin flutter calculations indicated the initial thickness of 0.125 inches would not provide 

an adequate safety factor for maximum Mach number. After testing various dimension changes, 

the team decided the best adjustment was to double the fin thickness to 0.25 inches. 

The proposal design selected the Perfectflite Stratologger CF altimeter due to its small size 

and weight footprints compared to other equivalent barometric altimeters.   However, the Charger 

Rocket Works (CRW) workshop has numerous older Stratologger SL 100 altimeters on 

hand.  While these older altimeters are larger than the CF model, the trade study found that these 

older, larger altimeters are already on hand and can be tested in house to ensure functionality.  The 

use of these on-hand altimeters will save the team $120.  The weight and size savings from the 

altimeter selected in the proposal were deemed to be minimal considering the available space and 

weight of a 6-inch diameter vehicle.  

Due to the maturation of the design, a recovery retention system was not previously in the 

proposal documentation.  CRW Team selected an all thread assembly to attach the recovery system 

to the body of the airframe. The all thread will be secured to the forward closure of the motor 

casing, thread through a clearance hole in the payload section and fastened to an eye bolt for swivel 

clip attachment. Considerations are currently underway to eliminate this design with a bulkhead 

design discussed in length in the Payload Bulkhead section 3.1.7.6. 

2.2 Changes Made to Payload Criteria 

Since the Proposal, there have been several changes to the Payload. The shape of the wings 

has been changed from a flat plate to a symmetric airfoil with the basic design of a NACA 0006. 

The wings are also now connected to the servo by a separate connecting piece that use to be an 

extension of the 3D printed wing. There have been two end plates added to the Payload section to 

contain all the components used. To attach the parachute to the Lower Airframe there is an all 

thread utilized. To adapt the payload to handle this requirement, there has been a sleeve added to 

keep the components off the thread. With the added weight of the vehicle, the payload is now aft 

of CG. With the weight of the rocket considered, the diameter of the rocket may be reduced in 

size. For all the components to fit into the Payload, the all thread must be removed and the upper 

bulkhead increased in size and attached to the rocket body. The parachute will attach to the all 

thread, keeping the payload out of the load path of the parachute. 

 

2.3 Changes Made to Project Plan 

Changes made to the project plan at the PDR-level include a more concrete cost analysis for 

the sub scale rocket budget, updates to all forms of CRW social media. Current plans call for two 

full-scale and two sub-scale rockets to be constructed. The overall cost for sub scale rocket has 

decreased from the $800 predicted value in the proposal to $565.80. Additionally, all training costs 

have been cut from the budget since the necessary courses were offered by the Propulsion Research 
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Center. These changes to the budget result in an overall cost decrease of $1,144.20. Scheduling 

adjustments have also been made to better fit the needs of the design and fabrication process of 

CRW. The amended project plan in Figure 53 and Figure 54 better indicates the total budget 

allocated per design and the total time allotted to ensure all components are completed. 

3. Vehicle Criteria 

A rocket is a vehicle that delivers a package to its intended destination. The package is referred 

to as a payload and can range from highly sensitive experimental equipment to living organisms.  

A myriad of systems, ranging from complex to simple, must be engineered to safely, effectively, 

and efficiently deliver the payload to its required destination – all within a prescribed budget.  The 

same criteria are in effect for the rocket designed by the University of Alabama in Huntsville’s 

(UAH) CRW team. 

3.1 Selection, Design and Verification of Launch Vehicle 

The following subsections discuss the entire vehicle, its subsections, and their subsystems. 

Competition requirements are outlined along with the solutions the CRW has developed to meet 

those requirements. Discussion of pros and cons of alternative designs are presented and followed 

by the team’s selection and plan forward for vehicle development. Elements of the design still 

require further analysis before a decision can be made. Those elements are discussed along with 

the path forward either through testing or further research. 

3.1.1 Mission Statement 

The 2016/2017 UAH CRW Senior Design team selected the roll/counter roll payload option 

from this year’s competition options, and will deliver this payload and its vehicle from the Earth, 

to one mile above the Earth, and back down to Earth intact and reusable. The payload must be able 

to induce a controlled, two-revolution roll of the entire vehicle. Upon completion of the second 

revolution, the vehicle must be able to induce a counter roll to stop rotation, and it must then 

prevent any further rotation for the rest of the vehicle’s ascent to apogee in accordance with 

competition requirements. Safety is paramount in every aspect of the CRW’s reusable vehicle 

design. The vehicle recovery system is dual deploy. The parachute deployment system is entirely 

redundant and independent in accordance with USLI guidelines. The vehicle system will be 

designed with set up efficiency in mind, the goal prep time is less than two hours on launch day. 

Furthermore, vehicle electronics will be switched to allow for extended launch-ready configuration 

durations. 

3.1.2 Vehicle Requirements 

If all of the following USLI and CRW imposed requirements are achieved, the vehicle will 

meet or exceed the competition’s success criteria. Since the entire vehicle must be engineered to 

collectively meet these requirements, how they are met is addressed throughout the body of this 

section. Finally, they are summarized in Table 2 of section 3.1.8. 
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USLI Requirements: 

1. The vehicle shall deliver a payload to an apogee altitude of 5,280 feet above ground level 

(AGL), but will not exceed 5,600 feet. 

2. The vehicle will carry a commercially available, barometric altimeter to be used for 

official scoring. 

3. All recovery electronics shall be powered by commercially available batteries. 

4. Vehicle must be recoverable and same day reusable without repairs or modifications. 

5. The vehicle will have no more than four sections during descent. 

6. Must be propelled by a single stage, commercially available solid motor. 

7. Vehicle must be capable of being prepared at launch site in no more than 2 hours, and for 

a minimum of 2 hours (more stringent than the 4 hour competition requirement). 

8. The rocket will be launched by a standard, NASA provided 12 volt DC firing system. 

9. The vehicle will require only the equipment provided by Range Services to be launch 

capable. 

10. The motor may not exceed an impulse 5,120 Newton-seconds (L class). 

11. The vehicle shall have a minimum static stability margin of 2.0 at the point of rail exit. 

12. The launch vehicle shall accelerate to a minimum velocity of 52 fps at rail exit.  

13. The team will demonstrate a successful full-scale launch before FRR. 

14. A subscale rocket launch will be performed that demonstrates the success of a rocket with 

similar geometric and kinematic properties prior to CDR. 

15. Any structural protuberance on the rocket shall be located aft of the burnout center of 

gravity. 

16. The launch vehicle will deploy two parachutes; one at apogee and one at 600 feet (main 

chute deployment altitude is specific to the CRWs requirements). 

17. Each independent rocket section will land with a Kinetic Energy of less than 75 ft-lbf. 

18. The recovery system electronics will be redundant, independent of payload electronics, 

and independently powered. 

19. Each altimeter will have an arming switch that can be locked in the ON position that is 

accessible in launch configuration. 
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20. The rocket body separation joints are to be held by removable shear pins 

21. The position of all untethered vehicle sections is to be transmitted to a ground receiver 

22. The rocket will carry one payload that meets the team’s payload selection criteria. 

CRW Requirements: 

1. The rocket shall reach an apogee of 5,280 feet within +100 or -200 feet. 

2. The avionics coupler will provide a safing mechanism that prevents altimeter activation 

during vehicle assembly and rail mounting. 

3. There shall be redundant, increasing black powder charges in the event of initial recovery 

system deployment failure. 

4. The team shall purchase all motors from the same manufacturer to ensure similar thrust 

curves. 

5. Bolt holes will have a minimum edge to diameter ratio of 2.0 or analysis justifying 

deviation below this minimum. 

6. Safety Factor for fin flutter shall be a minimum of 1.50 to prevent excess vibrations or 

potential instability for the fins. 

7. GPS Tracker signal will not impose a charge on the ematches or interfere with avionics 

8. Airframe interfacing surfaces will be at least the length of the diameter. 

 

 

3.1.3 Success Criteria 

Success will be measured by the design’s ability to safely obtain the above requirements to 

include full payload functionality. These requirements have been set forth by both the USLI 

program and CRW team members. The ability of this launch vehicle to meet these requirements 

prior to launch will be predicted by using rocket simulation software, force analysis, component 

testing, further research, and the data acquired via two subscale rocket launches. 

3.1.4 Overall Vehicle Design and Subsystems 

The overall vehicle will be designed so that all program and technical requirements will be 

met. It must support and protect the sensitive electronics in the Tracker, Coupler, and Payload 

subsystems.  It also must sufficiently anchor the motor subassembly.    

The primary limiting factor in vehicle size is payload electronics.  The processor selected for 

controlling the payload, a National Instruments myRIO, in its current configuration requires a 5-

inch wide envelope. The selection of the processor is rooted from scheduling demands and the 
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ease of operation. The location of payload is in the aft body tube and the current recovery retention 

system requires a piece of all thread to run through this diameter, forcing the myRIO to be offset 

from the center of the vehicle. This offset is forcing the 6 inch diameter and creates installation 

problems attaching the myRIO and any wires that will run between it, the IMU, and the servos. A 

trade is being considered to potentially remove the all thread retention system, placing the myRIO 

in the center of the vehicle, reducing the overall diameter of the vehicle to 5.5 inches and as a result 

decreasing mass. This is discussed in further detail in section 5.1.1. 

Many airframe material options were considered from phenolic to Blue Tube to carbon fiber 

and fiberglass. Phenolic construction was quickly ruled out as this material does not provide 

enough strength buffer to support the large size and crosswind moments this rocket must survive.  

Blue Tube, while stronger than most phenolics, was still not quite strong enough for this year’s 

application. Carbon fiber and fiberglass quickly became the primary subjects for evaluation.  

Carbon fiber presents a more lightweight option than filament-wound fiberglass. It does have 

greater heat sensitivity, but the rocket motors being assessed for the CRWs application will not 

generate sufficient heat to cause damage to a carbon structure. The high cost drove the decision to 

select a fiberglass structural body. Fiberglass is much less expensive and readily available while 

having a greater heat tolerance and the material does not block radio transmissions. 

Very specific parts requirements in the coupler, payload and tail cone make machining 

complex or expensive. The lightweight yet durable composition of 3-D printing became a viable 

option for some components. The CRWs parent university, UAH, has a 3-D print capable shop 

which makes this method low cost and high accessibility. Further discussion among the design 

considerations for selecting 3D printed parts can be found in the component description below. 

Consideration was required in determining the best locations for the separation planes for the 

vehicle for recovery operations. One option is breaking at the joints fore and aft of the center 

coupler. Another option is to break aft of the coupler and at the nose cone joint. The first option 

allows for easy access to assess the electronics upon landing for survivability, and quicker refill of 

the black powder. The second option allows for powder charge forces to push the main parachute 

out rather than pull it.  This typically results in less binding upon exit. Also occasionally, the drogue 

chute charge can accidentally break both joints if they are placed close together as in the first 

option’s arrangement around the coupler. The second option virtually eliminates this possibility. 

3.1.5 Overall Vehicle Design Path Forward 

The most mature overall rocket assembly and dimensions can be seen in Figure 1 and Figure 

2 below. The total length is 119 inches with a 6 inch inner diameter (6.17 outer) body weighing 

46 lbs. including the motor.  The structural material is fiberglass. The most current simulations 

place the Center of Gravity (CG) at 77.27 inches from the nose cone tip and the Center of Pressure 

(CP) at 90.28 inches. The nose cone will contain the tracking device and one of the two mounting 

locations for the main parachute shock cord. The forward body compartment will contain the main 

parachute. The coupler contains the necessary recovery altimeters and their power sources. The 

coupler housing will also provide attachment for the second main parachute shock cord on the 
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forward end, and attachment for one of the drogue shock cords on the aft end. Aft of the coupler 

section is a cavity to store the drogue parachute. The second shock cord attachment is connected 

at the bottom of this cavity. Aft of the cavity is the payload bay which will store necessary 

electronics and mechanics. Three control fins are attached to the exterior of the payload bay. The 

final segment contains the motor assembly with three exterior mounted stabilizing fins, and is 

capped with a tail cone. The body will be designed to break for recovery at the joint aft of the 

coupler subsection and at the nose cone joint as illustrated in Figure 3. 

 

Figure 1 Vehicle Rendering 

 

Figure 2: Overall Vehicle Drawing 

 

 

Figure 3: Vehicle Exploded View 

The payload is designed to function with the use of opposable, external fins separate from the 

standard rocket stability fins. These fins will be manufactured using UAH’s 3-D print capability. 

More details about payload design options and path forward can be found in Section 5. 

Budget responsibility is a primary factor in the CRWs decision making tree. For on board 

electronics, the team will be re-using existing components to include the required GPS tracking 

capability and altimeters.  The combined cost savings of using on hand electronics adds to $400 



  

12 
 

including shipping costs for non-local parts. The CRW has an altimeter testing container which 

will be used to verify functionality of existing altimeters.  The GPS tracker will be tested for basic 

functionality prior to the team’s subscale launch, but the subscale will be its ultimate test prior to 

full scale implementation. In the initial Design Proposal, the PerfectFlite Stratologger CF was the 

altimeter of choice because of its smaller size and improved processing capability. However, the 

CF series was not on hand at the CRW facility, and the team decided the additional cost of 

acquiring the smaller altimeters was more detrimental to the vehicle development and budget than 

advantageous. The most mature vehicle system locations can be seen in Figure 4. 

 

Figure 4: Overall Vehicle Subsection View 

3.1.6 Upper Airframe Design 

The upper airframe includes three primary subsections: the nose cone, the upper body tube, 

and the coupler.  The upper section contains the CRW GPS Tracker (in the nose), the main 

parachute and shock cords (in the cavity aft of the nose), and the recovery system electronics (in 

the coupler). The individual subsections with their respective subsystems are explained in more 

detail below. A render of the upper airframe and general dimensions can be seen Figure 5 and 

Figure 6 

 

Figure 5: Upper Airframe Render 
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Figure 6: Upper Airframe Drawing 

3.1.6.1 Nose Cone Design 

The nose cone will need to fulfill several requirements. It must survive the landing phase 

structurally intact to meet reusability requirements.  It must provide an anchor point for one of the 

main parachute shock cords. It must safely house the GPS Tracker. It must serve as a designed 

break point when the recovery system is activated at altitude. Finally, the ideal nose cone will 

provide sufficient aerodynamic quality.   

In reading aerodynamic studies for high power rocket designs that operate below sonic speeds, 

the upper airframe team discovered that an elliptical or slightly blunted (ogive) shape provides the 

best balance of aerodynamic performance among all common shapes. The blunt shape creates a 

pressure wave that begins to move the air aside ahead of the rocket. This effect cuts drag at 

subsonic speeds by retarding the development of small vortices along the rocket tip. Also keeping 

weight savings in mind, a fineness ratio of 4:1 gives a nose cone of low weight, but still provides 

ideal aerodynamics. With a 6-inch diameter vehicle, this fineness ratio results in a length of 24 

inches.  Larger fineness ratios can still meet the requirements, but would add unnecessary weight 

to the vehicle with little added benefit. Smaller fineness ratios that would form basically a tear 

drop shape would perform even better for subsonic flight, but these shapes become much more 

difficult to acquire which translates to specialized vendors and a typically higher price. Given the 

data studied, a 4:1 fineness ratio offers the best balance of performance with availability and cost. 

The ideal nose cone will support main parachute shock cord attachment. A few options for 

this have been considered. A machined bulkhead could be screwed through the body tube and into 

the shoulder of the nose cone.  This would provide a sturdy mount option. Another option is to 

select a nose cone with a metal tip and thread a piece of all thread into it. The all thread then passes 

through a simple two layer bulkhead to provide cord attachment. This method is depicted below 

in Figure 7. Since no significant forces will be exerted on this bulkhead (save the black powder 

charge), the machined bulkhead may be excessively robust with detrimental weight.  It also 

distributes forces into the nose cone shoulder, while the all thread option distributes it through the 

shell of the entire cone. 
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Figure 7: Nose Cone 

The upper airframe team has found some commercially available, metal tipped nose cones 

that would enhance the likelihood of reusability and provide an easy all thread anchor. Filament 

wound fiberglass nose cones are also stronger than standard fiberglass cones. The trade off to both 

of these strength options is weight: around 10 ounces heavier.   

Finally, the nose must be able to house the CRW GPS Tracker.  This location was selected for 

protection of the transmitter and distance from recovery and payload avionics for interference 

prevention. Virtually any selected nose cone can provide sufficient space to store the small tracker 

assembly. This requirement is not difficult to achieve thanks to component selection. 

3.1.6.2 GPS Tracker 

Several tracking options are available for high powered rocketry. Some transmit extremely 

loud sirens for a very low price, and others transmit GPS coordinates via radio to a ground station 

for significantly more. Given the large distances the vehicle is allowed to drift, a siren seemed like 

a risky option and is likely the reason why its method isn’t allowed for the competition.  GPS 

coordinate transmit distance could be limited due to the landing environment. However, this same 

shortfall could be true in dense foliage for a siren output design.  Radio waves travel much further, 

but again this system is much more expensive. A third, ultimately best option is a free GPS Tracker.  

Previous CRW teams have developed and refined a custom GPS tracking device using XBee 

Radios with great success. Since the entire vehicle will land in one connected piece, only one 

tracker is required for this year’s vehicle. Additionally, the tracker will operate 100% 

independently of any other systems, and is powered by a single, commercially available CR123 

battery. One important element that still requires further development is battery preservation.  

Currently, the CRW Upper Team is determining how best to integrate a switching system that 

activates the tracker with just a pull pin, button press, or screw connector. The tracker could be 

held securely via an “L” bracket that is bolted upright to the nose cone bulkhead and strapped 

across the battery to the all thread, passing through the center of the chamber. This method prevents 

excessive movement in all three principle directions.  Figure 8 below depicts the tracker mounted 

using the all thread method. 
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Figure 8: Tracking Mounting System 

3.1.6.3 Current Nose Section Path Forward 

The forward-moving design plan for this rocket subsection is to purchase a commercially 

available, metal tipped, nose cone made of filament wound fiberglass with a fineness ratio of 4:1.  

This nose cone will support the use of all thread to anchor the main parachute shock cord with a 

doubled, fiberglass bulkhead. The plan for tracking moving forward is to utilize the CRWs in-

house GPS Tracker mounted to the all thread via a machined “L” bracket. The nose cone assembly 

will be attached to the upper body tube using three, evenly distributed #4-40 Nylon Screws. Three 

screws will provide sufficient strength to hold the body together without requiring an excessive 

amount of pressure to detach during the recovery phase.   

This plan best meets the requirements set forth by the competition. Better assured reusability 

is met with the filament wound, metal tipped option. The parachute mount will be effective and 

weight efficient. The CRW GPS Tracker will meet the requirements of the competition, and makes 

a great savings impact (approximately $200) on this year’s budget.  Figure 9 and Figure 10 below 

demonstrate the most mature design. 

 

Figure 9: Nose Section 
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Figure 10: Nose Section Dimensions 

3.1.6.4 Forward Body Tube 

The requirements for the upper body tube subsection are simple. It must be of sufficient 

volume to contain the chute and shock cords, and it must interface with the nose cone (temporarily) 

and coupler subsections (semi-permanently). A solid fiberglass body tube will be purchased, then 

cut to size using the CRW workshop band saw. The edges will be sanded and deburred to ensure 

smooth sleeve contact with the adjoining body pieces.  The body tube will be connected to the 

coupler via three, quarter inch removable rivets. Removable rivets allow for much quicker access 

and minimal tools. The details of the main parachute system will be explained in the recovery 

section.   

3.1.6.5 Coupler  

The coupler subsection must be able to safely store the recovery system avionics that deploy 

charges at altitude to break free the vehicle section containing the parachutes. It must be an anchor 

point for the main and drogue parachutes. It must be constructed with a center ring to transfer 

thrust and drag forces along the skin of the vehicle rather than through the avionics bay, and 

provide locations for the altimeter pressure ports. Finally, it must support a safing mechanism that 

prevents altimeter activation during vehicle assembly and launch readying procedures.   

3.1.6.6 Coupler Body 

The coupler body will be made from the same material as the body tube and purchased from 

the same manufacturer to ensure consistent material and interfaces. It will be 14 inches long based 

on the rocket diameter (currently based on a 6-inch diameter vehicle).  With a 2-inch center ring, 
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this provides 6 inches of surface area to interface with both the fore and aft body tube sections.  It 

can be cut via the CRW workshop’s band saw with the necessary personal protective equipment 

required for fiberglass cutting. The center ring will be fashioned from a body tube segment, and 

epoxied to the coupler. The center ring will also be the location for the required pressure reading 

ports for the altimeters. The coupler must be sealed with bulkheads to protect the altimeters from 

the black powder charge blasts. The coupler section will be connected to the two body tube sections 

via shear pins on the lower tube and removable rivets on the upper tube in accordance with the 

breaking plan described previously. 

Fiberglass bulkhead couplers can be commercially purchased, or they can be machined from 

aluminum locally.  Like with the nose cone bulkhead, these pieces will not physically see any 

forces except the black powder blast. The bulkheads serve as a bridge between the altimeters and 

E-Matches that ignite the black powder charges.  The wires can pass through holes in the bulkhead 

and be sealed, or circuit terminals can be installed that pass the wire through the bulkhead to the 

matches. Sealing holes is cheaper and faster for initial construction. However, terminal 

connections provide a more easily repairable, professional alternative. The bulkheads must also 

store the black powder charges.  Plastic capsules can be commercially purchased that provide an 

economic solution to powder storage. The CRWs system design requires the storing of two 

charges, one properly sized charge and one, slightly larger charge per parachute. There is distinct 

possibility that the initial charge could blow open the secondary in this condition. Another 

alternative is to use a more permanent, shielded container. A method the CRW has used in the past 

with success is PVC pipe cups.  Small sections of PVC are cut and epoxied to the bulkhead surface.  

Inside these sections, the individual charges would be shielded from the first charge.  Finally, these 

bulkheads must also serve as an anchor for the altimeter platform. 

3.1.6.7 Avionics Subsystem 

A stable platform or “sled” to mount the recovery electronics is an absolute necessity. Several 

options were considered here to include carbon fiber wrapped around two sticks of all thread that 

anchor to the coupler bulkheads, fiberglass sheets with brackets to attach to all thread, and 3-D 

printing a platform with built in sleeves for all thread. The cost of carbon fiber is slightly 

prohibitive, and lack of familiarity with fabrication presented a time based obstacle.  Fiberglass 

sheets attached via brackets would be inexpensive, but less professional given better alternatives 

available to the CRW. The final option considered was 3-D printing the part.  The CRW has access 

to 3-D print capabilities through their parent university UAH which greatly reduces their cost to 

produce.  This also allows for the construction of a part that perfectly meets the CRWs exact needs. 

The recovery electronics must consist of two, redundant, independently powered altimeters.  

Each altimeter must be capable of reading the maximum altitude, reporting that altitude via a series 

of audible beeps, and it must be able to send a signal to two separate E-Matches (for the charge 

redundancy requirement).  Initially, the CRWs plan was to purchase two PerfectFlite Stratologger 

CF altimeters. Upper airframe team research found these altimeters are a favorite among rocket 

builders due to ease of wiring, ease of programming, and extremely small size.  The CF altimeter 

replaced the older, larger SL100 model.  However, the CRW workshop already has several SL 100 
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altimeters on hand. The only difference between the CF and SL 100 models for the CRWs selection 

criteria is the 100 is approximately twice the size of the CF and a few grams heavier.  Still, at only 

2.75 inches long, the size is not of great importance when working with a 14 inch long coupler 

section.  Availability of the SL 100 altimeter saves the CRW team $120 dollars.  Each altimeter 

system must have its own, independently activated power switch. With regards to the switching 

system, there also needed to be a way to safe the switches during assembly and launch preparation.  

The CRW team developed a 3-D printable bracket that could house and safe a switch with a 

removable pull pin. This method facilitates battery conservation, and prevents the arming of the 

parachute deployment charges during vehicle assembly. Additionally, the switch bracket holds the 

switch perpendicular to the thrust and drag forces to prevent in flight safing (and subsequent 

deactivation) of the recovery system. The bracket can be seen in Figure 11 below.  

 

Figure 11: Bracket Design and Dimensions 

The switches that work for this bracket are small, commonly used in high power rocket 

applications, and readily available at many electronics supply stores.  Finally, 9 volt battery 

retention brackets must be used to prevent the battery dislodging during flight and impact.  The 

CRW workshop already has brackets available and team experience with their successful use.  A 

bracket, in conjunction with a security strap can restrain the battery in all principal directions. 

3.1.6.8 Current Coupler Subsection Plan Moving Forward 

Shown in Figure 12 and Figure 13 below, the coupler body tube will be made of the same 

material as the body tube.  It will be 14 inches long.  The double bulkhead design will house an 

eye bolt for parachute attachment, two PVC cups for black powder and E-Match storage, and two 

terminals for wire connections. Finally, the bulkheads will also serve to anchor the all thread 

running through the altimeter tray. The center ring will be 2 inches wide. Per the Stratologger 

specifications, it will have four, 0.4 inch holes drilled for pressure readings.  
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Figure 12: Coupler Body Tube 

 

Figure 13: Coupler Dimensions 

The altimeter tray will be 3-D printed and is shown in Figure 14 and Figure 15 below. The 

sled will be 8 inches long to have sufficient length to mount one altimeter/battery holder/switch 

bracket set per side. The battery and SL 100 altimeter will be mounted on opposite sides of the 

tray, on top and bottom as shown in Figure 16 below for balance. A switch bracket will be placed 

on each side for each switch. A single pull pin will pass through one of the four pressure sensor 

holes, through both switch brackets, and safe both altimeter power switches. Quarter inch all thread 

will pass through the sides of the avionics sled and through the bulkheads where it will be secured 

with a nut/washer combination. This sled assembly is directly portable to the team’s subscale 

vehicle saving development time and money. 
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Figure 14: Altimeter Tray 

 

Figure 15: Altimeter Tray Dimensions 

 

Figure 16: Tray Sub-Assembly 
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This upper airframe system design meets the previous outlined requirements for the launch 

vehicle.  The design presents a fully redundant (independent of payload) set of recovery electronics 

with barometric pressure sensing altimeters. All electronics are powered by commercially 

available batteries.  The body design presents a reusable vehicle.  It can be prepped in less than 

two hours, and with the switching design can become launch ready with just the pull of a pin and 

switch: one for the altimeters and one for the GPS tracker.  The pull pin prevents the altimeters 

from arming the separation charges during assembly. The design carries redundant, increasing 

black powder charges for the drogue and main parachute. Primary drogue chute charge will 

activate at apogee, and the secondary will activate one second post apogee. The primary main 

parachute charge will activate at 600 feet above ground level (AGL), and the secondary will 

activate at 550 feet AGL. The altimeter switches are ON locking.  No structural protuberances will 

be forward of the vehicle’s center of gravity.  The rocket separation points will be held together 

with shear pins.  One GPS tracker fulfills tracking requirements since the whole assembly will fall 

together, and it transmits to a ground station.   

3.1.7 Lower Airframe Design 

Lower Airframe consists of a body tube, centering rings, aft bulkhead, payload assembly, 

fixed fin assembly, motor retaining tail cone, motor casing and motor, drogue, and recovery 

retention assembly. The payload section will be assembled to a bulkhead and mounted to the aft 

body tube, further details on payload design can be found in Payload Criteria section 5. The fin 

brackets will be mounted to the body tube and fins directly mounted to the bracket. The recovery 

retention system contains all thread secured to the aft closure of the motor casing and threaded 

through a clearance hole in the payload section and fastened to a coupler and eye bolt to secure 

drogue. The lower airframe and its general dimensions can be seen below in Figure 17 and Figure 

18. 

 

Figure 17: Lower Airframe Overview 
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Figure 18: Lower Airframe General Dimensions 

 

3.1.7.1 Body Tube 

The aft body tube will house the motor assembly, recovery retention assembly, centering 

rings, payload section, aft bulkhead, rail buttons, fin assembly and drogue parachute recovery 

system. Primary dimensions can be seen below in Figure 19.  

 

Figure 19: Body Tube Dimensions 

The aft body tube selected for lower airframe will be similar to the forward body tube varying 

only in length. Keeping the vendor and material selection uniform is intended to lend to 

homogenous inner and outer diameter along the length of the vehicle. A large variety of materials 

such as, phenolic fiberglass, G12 Fiberglass and Carbon Fiber were considered thus far in the 

design process. Fiberglass was ultimately selected due to strength properties and cost of material.  

Budgetary restrictions eliminated the carbon fiber material selection although the overall strength 

and weight would improve. However, if weight becomes a major concern, the CRW team will 

reevaluate as an opportunity to reduce mass.  

The body tube fabrication consists of drilling holes to mount and accommodate for 

subsystems. The payload section requires three through holes to thread the mechanism through to 
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attach the mechanism fins. The aft bulkhead requires four mounting holes. The fin assembly 

consists of three fin bracket mount holes and the tail cone will require four mounting holes. 

3.1.7.2 Fixed Fin Assembly 

The fixed fin assembly consists of commercially produced G10 Fiberglass sheets cut to three 

“delta clipped” shapes with a rounded forward edge in house. The aft end of the fin will be 

assembled flush to the aft end of the body tube and attached to an aluminum fin mount. Three fin 

mounts will be mounted directly to the body tube. This configuration allows for easy access and 

removal of fins. 

Fin assembly will be a relatively straightforward procedure. The fins will be mounted on the 

fin brackets via 4 screws, and then attached to the body tube with 8 evenly spaced bolts. The 

spacing on the bolts and screws is designed to avoid generation of any excessive stress 

concentrations, and additional analysis or calculations will be done to adjust location of the screws 

as needed. The fins will be connected to the brackets and then the subassemblies will be mounted 

at the base of the body tube evenly. Mounting the subassembly after the fins are attached to the 

brackets allows the team to adjust and install the fin into the bracket without applying any forces 

to the body tube itself, helping to avoid any potential difficulties. This design allows for easy 

access to the fins, allowing for multiple configurations to be tested for subscale launches and for 

ease of installation when assembling the rocket. A picture of the fin subassembly can be seen 

below in Figure 20. 

 

Figure 20: Fin Subassembly 
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3.1.7.3 Fin Design 

Three fixed fins will be used for the UAH USLI’s 2016-2017 rocket, and will be evenly placed 

around the base of the lower airframe. The fixed fins will clock the orientation of the payload fins 

to ensure maximum aerodynamic stability. The fin profile can be seen below in Figure 21. The fin 

dimensions (in inches) seen in Figure 22 were selected for vehicle stability and for ease of 

manufacturing and finishing. While the fins’ height initially presented some concerns regarding 

fin flutter and excess increase in weight, with the three fin design it was determined to be necessary 

to select large fin dimensions. The values for fin height and length provide far greater stability to 

the rocket at a low cost in terms of weight. Fin thickness was decided to be 0.25 inches and the 

fin’s front profile will be rounded to improve the aerodynamic profile and increase the rocket’s 

apogee. 

 

Figure 21: Fin Profile 

 

Figure 22: Fin Dimensions 
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The fins will be fabricated from 0.25 inches thick sheets of G10 fiberglass. G10 fiberglass 

will allow the fins to remain lightweight despite the relatively large fin volume and will also be 

easily cut and ground into shape. Additionally, due to the low cost per sheet, the fin design will 

allow the team the ability to design backups should a fin develop any issues during design or 

testing. G12 was briefly considered, but was discarded since its primary strength was more for 

pressure vessel design than for the expected loads for the fins.  Fin thickness was set at 0.25 inches 

to ensure no significant flutter occurred. Initially, the planned thickness for the fins was set to half 

this value, or 0.125, however this was discarded as the reduced fin profile drastically increased fin 

flutter to unstable values. Preliminary fin flutter calculations can be seen below.  

Utilizing fin dimensions height (h) and root chord length (b) of 8 inches, tip chord length (tc) 

of 3 inches, and thickness (t) of 0.25 inches, and assuming actual Mach number of 0.64, air pressure 

of 14.7 psi, and shear modulus of 425 ksi, the maximum Mach number for the fins was calculated 

to be 1.038 

Fin surface area was calculated in order to find the aspect ratio (AR), which was needed for 

the maximum Mach number calculation.  
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Comparing the obtained maximum Mach number of 1.038 to the estimated maximum actual 

Mach number of 0.64 gives a safety factor of 1.62. Testing smaller dimensions such as 0.125 

inches provided unsatisfactory values for the safety factor. 

 While using the 0.25-inch width decreases the stability of the rocket, it remains above the 

requirement of 2.0 and will aid with landing as the increased profile width will distribute impact 

better and reduce fin damage after landing. The clipped delta profile allows the groups to order 

pre-cut sheets and ensure high standards of precision on the cuts on three of the sides of the G10 

sheets. Further tests will be done to confirm that fin flutter will not be a significant issue, and based 

on needed changes to rocket stability or apogee further design changes may occur.  

3.1.7.4 Fin Bracket Design 

Fin mounts (brackets) are being used to allow the fins to easily be attached and detached 

from the body tube. The mount rendering can be seen in Figure 23.  
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  Figure 23: Fin Mount Rendering 

A dimensional drawing of the fin mount can be found in Figure 24 where all dimensions are 

in inches. At this point in the design process it is determined that the fin brackets will be 

constructed of aluminum 2024-T4 material. An additional option considered is the use of ABS 

printed plastics. This is considered due to the simplified fabrication process of the printed bracket, 

as opposed to the machining that must be done on aluminum bar stock to construct a metallic 

bracket. Also, ABS plastic is a lighter material than aluminum, therefore, reducing total weight of 

the lower airframe; however, due to the lower strength properties of the printed plastic, a larger 

design of the bracket must be done to ensure the material will withstand the forces that are 

subjected on it.  

Due to these considerations, aluminum will initially be selected as the design material because 

although it weighs more than the ABS plastic, its strength properties are adequate for the design 

and allow for a smaller bracket design. An additional consideration for the selection of aluminum 

2024-T4 is that it is heritage material; therefore, its past performance proves that the material will 

withstand the forces subjected on the rocket and will ensure the fins remain attached to the body 

tube with minimal flutter. The design was done to allow adequate spacing on the surface for the 

bolts to properly secure the mount and enough depth into the plates for the threads to properly 

screw in. The mounts will be attached externally to the body through use of 8 bolts evenly spaced 

along the base and the fins will be attached using four screws. This design allows for the ability to 

change fins throughout the design process, as long as size remains constant. The mounts will be 

fabricated through the use of the UAH Mechanical and Aerospace Engineering Machine Shop. 

The mounts will be machined from bar stock purchased from an online retailer and will be cut to 

a specified length and a CNC machine will be used to ensure the design is met.  
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Figure 24: Fin Mount Dimensions  

3.1.7.5 Recovery Retention 

The recovery retention system will be composed of a 3/8-inch aluminum all thread rod of 

approximately one foot in length attached to the top end of the motor casing and a steel eyebolt. 

The drogue parachute will be placed above the eyebolt within the rocket and the drogue parachutes 

cord will be attached to the eyebolt. The eyebolt will attach to the rod with an appropriate 3/8 inch 

coupling nut, and the other end of the rod will thread into the motor. The recovery system can be 

seen in Figure 25 and Figure 26 below. 

 

Figure 25: Recovery Retention System 
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The aluminum rod will be purchased in a length longer than will be required for the final 

design, and fabrication will be required to shorten the rod to the necessary length. The rod may be 

shortened using a handheld hacksaw or a powered angle grinder within the UAH machine shop. 

All of the components except for the eye bolt and motor casing will be made out of aluminum in 

order to conserve overall weight for the rocket while allowing the retention system to maintain the 

necessary strength for the drogue parachute to be safely attached to the rocket. 

 

Figure 26: Recovery Retention System General Dimensions 

The overall estimated mass of the system without the forward motor closure is 0.274 pounds 

as opposed to 0.5 pounds for steel components. The steel eyebolt will possess a vertical load 

capacity of 1,300 pounds which is well within the expected range of possible loads for the 

drogue parachute. Additional stress and strength analysis will be done on the system in order to 

insure it will meet all requirements and provide a satisfactory factor of safety. The recovery 

retention system was designed with the payload section in mind. The singular all thread rod will 

be able to pass through the center of the payload while allowing for an appropriate system for 

attaching the drogue parachute. The system can be seen in Figure 27. 

 

Figure 27: Recovery Retention System Interfaces 
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3.1.7.6 Payload Bulkhead 

The bulkhead must support the payload aft section and mount directly to the body tube with 

four mounting holes. The material selection was driven primarily by weight and strength. An 

aluminum bulkhead was considered, however the strength necessary to successfully perform the 

task does not justify the mass increase. A polycarbonate material will perform the same function 

while reducing mass and cost. Raw material will be purchased off the shelf from McMaster-Carr 

and machined to the appropriate dimensions. The bulkhead and its dimensions can be seen in 

FiguresFigure 28 and Figure 29 respectively. 

 

Figure 28: Payload Bulkhead Render 

 

Figure 29: Payload Bulkhead Drawing 
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Internal interfaces are shown in Figure 30. The Payload Bulkhead will first secure to the 

payload using four screws. Lowered into the body and mounted to the body tube directly with 4 

externally fastened screws. The current configuration also requires rail buttons to be installed post 

payload install. This leads to some inopportune assembly operations.  

 

Figure 30 Payload Bulkhead Interfaces 

One major design consideration and probable change to the rocket will be the location of the 

Payload Bulkhead. The second concept allows payload to be mounted directly to the airframe 

forward. By mounting the payload on the forward end, and securing the bulkhead directly to the 

body, the recovery retention eye bolt can be fastened to the forward side of the bulkhead. This 

eliminates the need for the all thread recovery retention system. Due to the clearance hole, 

payload’s myRio is mounted off center which is undesired for the roll and counter roll requirement, 

as well as increases the overall diameter of the vehicle. The bulkhead will also be close to the 

vehicles center of gravity, thus allowing one of the four radial bolt holes securing the bulkhead to 

the airframe to be utilized as the rail button location. Further analysis will be conducted to 

determine material and size of the forward Payload Bulkhead, but the concept is being considered 

heavily. This design consideration will be further matured and the final decision will be made 

before CDR. 

3.1.7.7 Motor Selection 

Lower airframe used open-source Open Rocket to select the motor as the design matured. The 

motor was selected to meet altitude, stability, rail exit velocity and total impulse requirements set 

by NASA SLI. Preliminary masses were determined of each main section, i.e. Upper Airframe, 

Recovery and Payload as well as mentor guidance in miscellaneous likely mass gain. A 6% ballast 

was added to the baseline mass to accommodate for mass growth as an additional factor of 

flexibility throughout the design process to achieve optimal altitude. For an added measure of 

simulation fidelity, launch day conditions were accounted for during flight projection simulations. 
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Weather data was observed for an average wind speed of 5.64 mph as shown in section 3.3.2 Flight 

Profile Simulations, as well as simulating the appropriate longitude and latitude coordinates for 

the launch site. 

The motor selected is an Aerotech 75mm L1420R solid motor. The thrust at rail exit is 346.40 

lbf and the total mass of the vehicle is 46 pounds, resulting in a 7.53 thrust to weight ratio off the 

rail which is well above the requirement. The motor case selected is an RMS 75/1520 which will 

ensure a safe and convenient way to unload a reload the motor in the rocket. The availability and 

reliability of the motor was also a consideration during motor selection. Past experience shows 

Aerotech to be a safe and reputable company. 

The motors selected in Table 1 below meet altitude, stability, rail exit velocity and total 

impulse requirements, in real world wind conditions, while requiring the least perturbation of 

ballast. The acceptable altitude for motor selection was derived by the CRW requirement of 5080-

5380 feet. Body tube material, length and fin designs are not required to change in order to meet 

requirements. All motors selected are manufactured by Aerotech and require the same RMS 

75/5120 casing as the current baseline.  

Table 1: Mass Change and Motor Selection 

 

The current motor can account for 110% of the baseline mass. These motor selections were 

determined based on the initial mass of the vehicle with no motor and no ballast. By manipulating 

the additional ballast factor, the optimal altitude was achieved with each Aerotech motor. An 

increase of 5 pounds (115%) will drive the motor selection to the highest L class motor available 

from Aerotech. This is to be avoided at all costs due to the added environmental impact and 

additional risk to increasing the motor size. This risk can be mitigated by the diameter reduction 

concept of mounting the Payload Bulkhead forward and eliminating the Recovery Retention 

Assembly. 

3.1.7.8 Tail Cone/Motor Retention 

The tail cone will serve multiple purposes, such as securing the motor in place and serves as 

a thrust plate to transfer the load received from the motor to the body. An aluminum thrust plate 
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was under consideration early in the design, however this was observed to be too heavy and adds 

to fabrication difficulty. A 3D printed tail cone was selected to ensure ease of fabrication and 

weight. The UAHuntsville Machine Shop has the capability to print ABS, this material selection 

and fabrication method will save manufacturing cost and overall vehicle mass. Rendering and 

dimensions can be seen below in Figures Figure 31 and Figure 32. 

 

 

Figure 31: Tail Cone Render 

 

Figure 32: Tail Cone Drawing 

The motor will be secured through burnout by the shoulder and through post burnout by the 

snap ring. The tail cone will be secured to the body tube by 4 screws with threaded inserts. The 

load path of the thrust during boost will be transmitted from the motor, to the shoulder of the tail 
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cone and through the four bolt holes to the airframe. Shear analysis on the bolts will be conducted 

to ensure the appropriate sizing of the fastener selection. The largest failure concern for the tail 

cone is the shear force felt from the boost phase to the lip, and this hand calculation drives the 

length of the shoulder. 

 

3.1.8 Verification Plan 

In an effort to ensure that all requirements were met, the team created the verification plan 

outlined in Table 2. The table is broken down into Verification Number, Verification Requirement, 

Success Criteria, and Verification Method. This will be used to verify the success of the vehicle 

throughout the design, construction, and flight phases. The verification plan is expected to grow 

by CDR. 

 

Table 2 Requirement Verification 

Number Requirement Statement Verification Method 

V1 
The vehicle shall deliver a 

payload to an apogee altitude 

of 5,280 feet above ground 

level (AGL), but will not 

exceed 5,600 feet 

Open Rocket simulations 

have verified the most mature 

design will obtain the desired 

altitude 

V2 
The vehicle will carry a 

commercially available, 

barometric altimeter to be 

used for official scoring 

Selection of Stratologger SL 

100 Altimeters  

V3 
All recovery electronics shall 

be powered by commercially 

available batteries 

 

Selection of commercially 

available battery powered 

electronics 

V4 
Vehicle must be recoverable 

and same day reusable 

without repairs or 

modifications. 

Selection of durable materials 

in PDR, and adequate 

recovery system 

V5 
The vehicle will have no 

more than four sections 

during descent. 

 

The most mature vehicle 

design has three sections 

during descent 

V6 
Must be propelled by a single 

stage, commercially available 

solid motor. 

 

The most mature vehicle 

design is single stage utilizing 

an Aerotech L1420R motor. 
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V7 
Vehicle must be capable of 

being prepared at launch site 

in no more than 2 hours, and 

for a minimum of 2 hours 

(more stringent than the 4 

hour competition 

requirement). 

 

The most mature vehicle 

design has been engineered 

for quick assembly, and will 

be verified with extensive 

assembly practice and 

efficient procedures 

V8 
The rocket will be launched 

by a standard, NASA 

provided 12 volt DC firing 

system. 

 

The most mature vehicle 

design utilizes a standard 

motor that will ignite using 

the 12 volt DC firing system 

V9 
The vehicle will require only 

the equipment provided by 

Range Services to be launch 

capable. 

 

The most mature vehicle 

design only requires the 

standard, provided launch 

stand 

V10 
The motor may not exceed an 

impulse 5,120 Newton-

seconds (L class). 

 

The most mature vehicle 

design currently utilizes a L 

class motor 

V11 
The vehicle shall have a 

minimum static stability 

margin of 2.0 at the point of 

rail exit (need to prove this). 

Open Rocket simulations 

have verified the most mature 

design will obtain 2.18 

stability margin at the point 

of rail exit 

V12 
The launch vehicle shall 

accelerate to a minimum 

velocity of 52 fps at rail exit. 

(need to prove this) 

 

Open Rocket simulations 

have verified the most mature 

design will accelerate to 59 

ft/s. 

V13 
The team will demonstrate a 

successful full-scale launch 

before FRR. 

 

The CRW has identified dates 

to launch before FRR.  

Primary date is currently 

February 4, 2017 and 

secondary date of March 4, 

2017. 

V14 
A subscale rocket launch will 

be performed that 

demonstrates the success of a 

rocket with similar geometric 

A subscale rocket design has 

been developed, and the 
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and kinematic properties 

prior to CDR. 

 

CRW identified launch dates 

of 11/12/16 and 11/19/2016 

V15 
Any structural protuberance 

on the rocket shall be located 

aft of the burnout center of 

gravity. Needs verification of 

adherence in payload section. 

 

The most mature vehicle 

design utilizes two sets of 

fins, both of which are 

located aft of the currently 

simulated center of gravity 

after burnout. 

V16 
The launch vehicle will 

utilize a dual deploy recovery 

system. 

The most mature vehicle 

design will deploy two 

parachutes; one at apogee and 

one at 600 feet 

V17 
Each independent rocket 

section will land with a 

Kinetic Energy of less than 

75 ft-lbf. 

 

The most mature vehicle 

design simulations have 

predicted a landing Kinetic 

Energy of 55.9 ft-lbf 

V18 
The recovery system 

electronics will be redundant, 

independent of payload 

electronics, and 

independently powered. 

 

The most mature vehicle 

design currently utilizes two 

independent altimeters, 

power sources, switches, 

ematches, and black powder 

charges. 

V19 
Each altimeter will have an 

arming switch that can be 

locked in the ON position 

that is accessible in launch 

configuration. 

 

The most mature vehicle 

design currently utilizes one 

ON locking switch per 

altimeter 

V20 
The rocket body separation 

joints are to be held by 

removable shear pins 

 

The most mature vehicle 

design utilizes #4-40 Nylon 

shear pins for separation 

point assembly 

V21 
The position of all untethered 

vehicle sections is to be 

transmitted to a ground 

receiver 

 

The most mature vehicle 

design will land connected as 

one piece, and utilizes a 

single tracker that transmits 
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GPS coordinates to a ground 

station 

V22 
The rocket will carry one 

payload that meets the team’s 

payload selection criteria. 

 

The most mature vehicle 

design currently carries a 

roll/counter roll inducing 

payload 

Number 
CRW Imposed 

Requirement Statement 
Verification Method 

VC1 
The rocket must reach an 

apogee of 5,200 feet within 

+100 or -200 feet. 

 

The most mature vehicle 

design currently obtains an 

altitude of 5286 

VC2 
The avionics coupler will 

provide a safing mechanism 

that prevents altimeter 

activation during vehicle 

assembly and rail mounting. 

 

The most mature vehicle 

design utilizes a pull pin that 

keeps both power switches 

safed until the pre-launch 

procedure requires pin 

removal 

VC3 
There must be redundant, 

increasing black powder 

charges in the event of initial 

recovery system deployment 

failure. 

 

The most mature vehicle 

design will implement dual 

charges for both main and 

drogue chute deployment. 

(Drogue 1 second after 

apogee and Main 550 feet. 

VC4 
Must purchase all motors 

from the same manufacturer 

to ensure similar thrust 

curves. 

 

Aerotech motor selections for 

increasing and decreasing 

mass have been identified and 

availability accounted for. 

VC5 
Bolt holes shall have a 

minimum edge to diameter 

ratio of 2.0 or analysis 

justifying deviation below 

this minimum by fabrication. 

Edge to diameter ratio 

requirement in progress. 

FEM and hand calculation to 

verify deviation from 

baseline. 

VC6 
Safety Factor for fin flutter 

shall be a minimum of 1.50 to 

prevent excess vibrations or 

Hand calculations and FEM 
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potential instability for the 

fins. 

VC7 
GPS Tracker signal will not 

impose a charge on the 

ematches or interfere with 

avionics 

In the most mature vehicle 

design, no other electronic 

system on the rocket will be 

transmitting a signal. 

Radiography testing will be 

done to determine the 

necessity of shielding around 

recovery avionics. If tracker 

signals present a potential 

concern, shielding options 

will be analyzed from there. 

VC8 
Airframe interfacing surfaces 

will be at least the length of 

the diameter. 

All interfacing airframe 

surfaces have at least 6” 

length. 

3.1.9 Mass Statement  

The vehicle’s predicted weight is 46 pounds and has all currently identified and selected 

components considered. Some small hardware is not accounted for yet, like rail buttons, recovery 

hardware and fasteners, so mass is expected to increase throughout maturity. A detailed list of each 

component’s mass and total vehicle mass is listed in Table 3. 
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Table 3 PDR Baseline Mass 

 

 

3.2 Recovery Subsystem 

The competition rocket has been designed to utilize a dual-deploy recovery system in order to 

have more control when the rocket body is descending. In order for the recovery system to function 

properly, an altimeter is being utilized which allows black powder charges to be set off in the 

rocket at specified heights. The altimeter and the black powder charges will be located in the 
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avionics bay where the rocket will be held together with the use of shear pins. These black powder 

charges will shear the pins that connect the upper and lower to the avionics bay allowing the 

parachutes to be opened for descent. The first charge will be ignited at apogee and will be utilized 

to disconnect the lower airframe from the avionics bay. At this point in flight the drogue will be 

deployed which will allow the rocket to gain some stability and slow it down before the main 

parachute is deployed. The rocket components will fall under drogue until a height of 

approximately 600 feet is reached. Once the altimeter reads the desired height to deploy the main 

parachute, the black powder charge between the upper airframe and the avionics bay will be ignited 

and the main parachute will be blown out of the body. At this point in the descent, the main 

parachute will begin to steadily slow the descending rocket components down to a rate that will 

be within the allotted landing requirements. 

3.2.1 Components 

There are many components utilized in the recovery system for the dual deploy configuration 

that has been chosen. As was stated previously, there will be two parachutes utilized in the descent. 

The first parachute that is deployed is the drogue parachute and the second and much more 

important parachute is the main. Both the drogue and the main parachutes will be further discussed 

in the following sections. 

3.2.1.1 Drogue Parachute Recovery Harnessing  

The drogue parachute will be connected between the aft section of the rocket and the avionics 

bay after the black powder charge disconnects the two components. The connection point to the 

lower airframe will be to the all thread so that the load will be transferred back to the motor casing 

where the support is more substantial. As for the connection to the avionics bay, there will be an 

eye-bolt protruding out of the avionics bay housing which will allow the drogue to be secured to 

the avionics bay housing after deployment. The drogue parachute is connected to the lower 

airframe and the avionics bay housing with the use of 1-inch nylon shock cord. The total length of 

the shock cord for the drogue is 50 feet which means that when the rocket components are under 

drogue, they will be staggered so that they do not make contact below the parachute. Figure 33 

shows the layout of the rocket components as they descend under drogue. 

 

 

 



  

40 
 

 

Figure 33: Drogue Parachute 

3.2.1.2 Drogue Parachute 

The drogue parachute that has been selected for the rocket is the Fruity Chutes CFC-18 drogue 

parachute with a surface area of 1.77 ft2. The drogue parachute will be deployed at apogee in order 

to slow the descent velocity down before the main parachute is deployed. The drogue is also 

utilized to help stabilize the rocket components while falling and to keep the components from 

tumbling. Due to the fact that the drogue is slowing the descent velocity down as the components 

descend, the loads on the components where the main parachute are connected will be decreased 

as the main is deployed. The descending components will be under drogue until a height of 

approximately 600 feet is reached. The terminal velocity under drogue was determined to be 83.6 

ft/s with the use of Equation (14). In the selection process for the drogue parachute, there were 

many things considered. One of the main concerns was the descent velocity of the rocket under 

drogue when the main parachute was deployed. To account for this concern, a Fruity Chute CFC-

24 was selected which had a similar coefficient of drag as the current selection which was given 

as 1.6. One problematic area that was determined with the CFC-24 drogue was the drift under 

drogue. With the decrease in descent velocity due to the added surface area of the larger drogue 

the total drift was slightly outside of the regulation radius for recovery. Once this was determined, 

the CFC-18 was analyzed and was found to be within the recovery radius while allowing for a 

reasonable descent velocity under drogue. 

3.2.1.3 Main Parachute Recovery Harnessing  

The main parachute is located in the upper airframe and is connected between the nose cone 

and the upper side of the avionics bay housing as shown in Figure 34. When the black powder 

charge is ignited in the avionics bay, the shear pins that are located between the nosecone and the 
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upper body tube will shear off and the main parachute will be forced out of the upper airframe. 

The main parachute is connected to the upper section of the avionics bay housing with the use of 

an eye-bolt that is protruding out of the avionics bay housing. In order to connect the main 

parachute to the nosecone, there will be a bulkhead located at the section of the nosecone where 

the diameter is equivalent to the diameter of the body tube. This bulkhead that is located in the 

nosecone will also incorporate an eye-bolt that is protruding out of the surface which allows the 

shock cord for the main parachute to be connected to it. As for the shock cords utilized with the 

main parachute, 1-inch tubular nylon cord was selected over Kevlar due to the fact that the nylon 

cord will allow for a small amount of ductility in the cord which in turn will allow for lower loads 

on the connection points to the body of the rocket. The drawback of using nylon over Kevlar is the 

fact that nylon will not pack as tight as Kevlar, but for the purpose of this rocket there should be 

enough volume where this is not an issue. The shock cord will be inspected after each flight to 

determine whether or not it is acceptable for another flight. 

 

Figure 34: Main Parachute 

3.2.1.4 Main Parachute  

The main parachute that has been selected for this rocket is the SkyAngle CERT-3 X-Large 

parachute. The surface area of this particular model is given as 89 ft2 with a coefficient of drag of 

2.59. With the given parameters for the main parachute, the terminal velocity under main was 

found to be 12.47 ft/s with the use of Equation (14). This parachute has to be determined while 

considering the kinetic energy requirements that were given for the project. The kinetic energy 

requirements will be discussed in detail in the section 3.3.1. There were various parachutes 

analyzed with various coefficients of drag and it was determined that the SkyAngle which was 

selected, has a high manufacturer-given coefficient of drag while keeping the packing volume to 

a minimum.  Keeping the kinetic energy requirements in mind and understanding that the mass of 

the heaviest object may increase, this main parachute was selected in order to incorporate a slightly 
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heavier component to increase the kinetic energy margins. The calculations that were used to 

determine which parachute was most proficient are shown in Equations 4 and 5. In these two 

equations, S is the surface area that is calculated and D is the diameter of the parachute 

incorporating the surface area from the previous step. In Equation 1, there was a given mass and a 

given velocity due to the kinetic energy requirement incorporating that same mass. With this 

knowledge and the other given parameters for density, gravity, and an estimated coefficient of 

drag, a main parachute terminal velocity was calculated in order to maintain the kinetic energy 

requirement at landing. There were several main parachutes analyzed before coming to a 

conclusion on the SkyAngle CERT-3 X-Large. The primary alternative selection which was a 

SkyAngle CERT-3 XX-Large, is a parachute from the same line of parachutes only one size larger 

than the selected model. After further analyzing this alternate model, it was determined that the 

packing volume was greater than was allowed with the configuration of the body tube that the 

team chose. This alternative would have fit inside of the body tube but it did not allow enough 

volume to pack the nylon shock cord in with it. Once this dilemma was determined the team 

decided that it would be better to analyze the smaller main parachute which allowed enough 

packing volume for the nylon shock cord rather than switching to Kevlar shock cord. After further 

analysis, it was determined that the SkyAngle CERT-3 X-Large would allow for the rocket to meet 

all the requirements while keeping the shock cord that was desired.   

 
𝑆 = [

2 ∗ 𝑔 ∗ 𝑚

𝜌 ∗ 𝐶𝑑 ∗ 𝑉2
] 

 

(4) 

   

 

𝐷 = √
4 ∗ 𝑆

𝜋
 

 

(5) 

 

3.3 Mission Performance Predictions 

The CRW team has selected an Aerotech L1420R to propel the vehicle to the desired altitude 

of 5,280 feet safely. The vehicle must meet all impulse, velocity, stability and thrust to weight ratio 

requirements to ensure a safe and successful flight. The motor selection and vehicle performance 

was all conducted using Open Rocket, a free open source model rocket simulator. 

3.3.1 Motor Overview 

Motor specifications are shown in Table 4 Motor Specifications.  The Aerotech L1420R motor 

provides average thrust of 322.8 lbf for 3.33 seconds. Total impulse is observed to be within the L 

class requirement. The reloadable feature ensures an easy transition for multiple launches in one 

day.  Thrust curve simulation was performed in Open Rocket and can be observed in Table 4.  
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Table 4 Motor Specifications 

  

 Thrust curve simulation was performed in Open Rocket and can be observed in Figure 35.  

 

Figure 35: Thrust Curve 

3.3.2 Flight Profile Simulations 

Flight simulations and predictions were conducted using open source Open Rocket. An initial 

model was built using general approximations and has matured as the design matured. Mass is 

updated as the design develops. An error ballast was inserted at the CG to allow for mass growth 

as fastener selection and assembly designs are produced. A list of weather data was gathered over 

the last ten years in order to add to the flight profile simulation accuracy and can be observed in 

Table 5. 
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Table 5: Weather Data 

 

Mass estimates have been received from Recovery, Upper and Lower Airframe and Payload. 

Because the payload has a considerable amount of unknowns before electronic parts are received, 

a mass envelope of 5 pounds is assumed for preliminary estimation.  

The flight projection can be seen in Figure 36: Flight Projections with key flight operations 

identified. The L1420R motor burns for 3.3 seconds and the vehicle will coast for 15.3 seconds. 

During this phase the payload mechanism will activate and induce two full rolls and one counter 

roll before apogee at 5278 feet. At apogee the first ejection charge will fire, releasing the drogue 

parachute from the forward body tube. The second ejection charge will fire at 600 feet and release 

the main parachute from the aft body tube. After approximately two minutes the vehicle is expected 

to land safely with all three pieces of the vehicle tethered together. 
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Figure 36: Flight Projections 

An algorithm incorporating Newton’s laws, the motor thrust curve and drag forces was 

developed to calculate vehicle apogee in order to validate the Open Rocket simulation results. The 

thrust curve data was observed from RockSim. The inconsistent time step from the given data was 

interpolated for the most accurate representation of the thrust curve, this could lead to the slight 

deviation between the Open Rocket calculations versus hand calculations. 

 𝑚𝑑𝑟𝑦 = 𝑑𝑟𝑦 𝑚𝑎𝑠𝑠 

 𝑚𝑝𝑟𝑜𝑝 = 𝑚𝑎𝑠𝑠 𝑜𝑓 𝑡ℎ𝑒 𝑝𝑟𝑜𝑝𝑒𝑙𝑙𝑎𝑛𝑡 

 �̇� = 𝑏𝑢𝑟𝑛 𝑟𝑎𝑡𝑒 

 𝑎 = 𝑎𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

 𝐷 = 𝑅𝑜𝑐𝑘𝑒𝑡 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 

 𝐶𝑑 = 𝑐𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡 𝑜𝑓 𝑑𝑟𝑎𝑔 

 𝜌 = 𝑎𝑖𝑟 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 

 𝐴𝑙𝑡 = 𝐴𝑙𝑡𝑖𝑡𝑢𝑑𝑒 

 𝑉 = 𝑣𝑒𝑙𝑜𝑐𝑖𝑡𝑦 

 𝐹 = 𝐹𝑜𝑟𝑐𝑒 

 𝑇 = 𝑇ℎ𝑟𝑢𝑠𝑡 

 Δ𝑡 = 𝑡𝑖 − 𝑡𝑖−1 

 

Altitude was then calculated using time steps of 0.02 sec. Each time step altitude was calculated 

from the previous time step as follows: 
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𝐴𝑙𝑡𝑖 = 𝐴𝑙𝑡𝑖−1 + 𝑉𝑖−1Δ𝑡 + (

1

2
𝑎𝑖−1 ∗ Δ𝑡2) 

 

 

(6) 

 
𝑎𝑖 =

𝐹𝑡𝑜𝑡

𝑚𝑖−1 − �̇�iΔ𝑡
 

 

 

(7) 

 

 𝐹𝑡𝑜𝑡 = 𝑇 − 𝐹𝑑𝑟𝑎𝑔 − 𝐹𝑤𝑒𝑖𝑔ℎ𝑡 

 

(8) 

 
𝐹𝑑𝑟𝑎𝑔 =

1

2
𝜌𝑉2𝐶𝑑𝐴 

 

(9) 

The calculated vehicle apogee was found at t = 18.64 seconds and 5,382 ft. Open Rocket 

simulated vehicle apogee at t = 18.731 seconds and 5,396 ft. Figure 37 is a comparison plot of the 

trajectory calculations (Trajectory Code) and Open Rocket simulation. 

 

Figure 37: Apogee Comparison 

3.3.3 Stability Margin 

Vehicle stability is critical for a safe and successful flight. The stability margin is determined 

by the distance between the center of pressure (CP) and center of gravity (CG) divided by the 

diameter of the vehicle. The requirement set by NASA SLI is such that the vehicle shall have a 

static stability off the rail of 2.0. The center of gravity is simply a function of the mass of the entire 
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vehicle. The center of gravity moves forward through the boost phase and remains constant as the 

mass is constant. Much like the CG the CP is the average location of all aerodynamic forces that 

act on the vehicle. As the velocity of the vehicle increases the CP translates aft along the vehicle. 

In summation through ascent, the stability will only increase due to the mass loss of the motor and 

increasing velocity. The static stability off the rail was calculated in Open Rocket with zero wind 

conditions and determined as the first data point observed after the vehicle has left the launch rail. 

This assumption is made due to the constraints of the Barrowman’s Equation which Open Rocket 

calculates the stability margin. This margin is a function of the angle of attack; when wind 

conditions are included this can lead to inaccurate or unrepeatable results. The center of pressure 

at the point of rail exit is 90.37 inches measured from the tip of the nose and the center of gravity 

is 76.88 inches which results in a static stability off the rail of 2.18. This is visually represented as 

shown in Figure 38. 

 

Figure 38: CP and CG Locations (at rail exit) 

The center of pressure, the center of gravity, and the margin of stability as functions of time 

can be found in Figure 39 below. This verifies that the vehicle remains stable throughout the 

duration of the flight. The CP location is calculated in Open Rocket (Barrowman’s Equation) for 

further accuracy. 

 

Figure 39: Stability Simulation 
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3.3.4 Full Scale Simulation Summary 

The information in Table 6 was observed in the Open Rocket simulation and described in 

previous section. These values verify thrust to weight and velocity off the rail requirements set 

forth by NASA. Mass and design updates will keep the model continuously evolving and stability, 

impulse, rail speed and apogee requirements will be considered heavily as new developments arise. 

Testing and analysis will be conducted to prove components can withstand forces acting upon 

them.  

Table 6 Full Scale Flight Summary 

 

3.3.5 Subscale Simulation  

The CRW team plans to build two 2:1 scale rockets. The key design drivers of the subscale 

are to match the half scale CP and CG location to create the same stability margin and match the 

maximum acceleration 1:1. An active payload will not be included in the subscale launch. There 

will be three fixed fins in the appropriate half scale location on the body tube to observe the 

stability though motor burnout as well as the amount of natural spin on the rocket during the 

coasting phase. This insight can provide the payload team with more accurate data to adjust their 

design accordingly or verify accurate preliminary calculations. The subscale launch will also 

provide the team with experience in handling launch procedures and applying safety protocol and 

precautions. The same altimeters and tracking devices will be used in both full scale and subscale 

so this will provide the CRW the verification of equipment functionality. The kinetic and 

geometric similarities will also verify the simulation calculations to verify previously determined 

calculations for the full scale launch. 
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Table 7: Subscale Flight Summary 

 

The structure of the subscale vehicle will be assembled from off the shelf commercially 

available body tubes and nose cone, purchased from one common manufacturer to ensure 

consistent material properties and interfacing dimensions. The body tubes will be 3 inches inner 

diameter G12 Fiberglass. The fixed fins will be 1/8th inch thick G10 Fiberglass and will require 

the same fabrication process as full-scale, cutting to shape and rounding the edges. The fin brackets 

will be 3D printed, the results of which will help determine the outcome of the current full-scale 

trade to reduce the aluminum brackets to 3D printed ABS plastic. The tail cone will also be 3D 

printed to act as the aft centering ring and provide motor retention and verify full scale fabrication 

methods. One centering ring purchased from the same manufacturer as the body structure listed 

above will also be required. Because the loads felt from drogue deployment will be substantially 

lower than that of full scale, and the motor selection aft closure does not come equipped with a 

threaded aft closure, an alternative recovery retention system is required. An eyebolt fixed to the 

centering ring directly fastened to the centering ring and then epoxied to the body tube is the 

current baseline. Because the mission’s objective for subscale is different from that of full-scale, 

the motor selection process was slightly different. Reaching a certain altitude is no longer a 

consideration in the Open Rocket simulations and maximum acceleration was key.  

Table 8 Subscale Motor Specifications 
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3.3.6 Kinetic Energy Predictions 

To ensure that none of the components land with a kinetic energy greater than 75 ft-lb, 

extensive calculations were performed. These calculations take into consideration the mass of the 

heaviest section on landing. For the purpose of this rocket, the heaviest section is the lower 

airframe. The burnout mass of the lower airframe was found to be 23.14 lbf or 0.719 slugs. While 

the burnout mass of all the components that are descending was given as 36.21 lbf or 1.125 slugs. 

The conversion that was used to transform the lbf units to a unit that can be used in the calculations 

is shown in Equation (10). As was stated previously, the kinetic energy requirements were placed 

on the landing impact of the heaviest object. With the use of Equation (12) which was derived 

from Equation (11) and the given mass of the heaviest component, the maximum kinetic energy at 

impact was determined. After determining this maximum velocity that is permitted to meet these 

requirements, the descent velocity was calculated incorporating the burnout mass of all the rocket 

components as a whole. The maximum descent velocity for the whole assembly falling under the 

main parachute was determined with the use of Equation (13) where the m is given as total burnout 

mass, g is gravity, ρ is the density of air, Cd is the coefficient of air, and D is the diameter of the 

parachute. It was determined that as long as the maximum descent velocity of the whole rocket is 

below the maximum velocity of the heaviest object at impact, the requirements have been verified. 

In order to verify the maximum velocity for the kinetic energy requirement a sample calculation 

is shown in Equation (12) and utilizes Equation (11). In the same manner, sample calculations 

were done in Equation (15) to determine the maximum descent velocity incorporating the total 

mass of the rocket components. With the configuration of the recovery system that has been 

chosen, the kinetic energy at impact was calculated with the use of Equation (11) and yielded a 

value of 55 ft-lbf. This determined value for the kinetic energy at impact is well below the 

maximum landing kinetic energy of 75 ft-lbf.  

 

                                                        1 𝑙𝑏𝑓 = 1
𝑠𝑙𝑢𝑔∗𝑓𝑡

𝑠2                                                           (10)               

 

                                                               𝐾𝐸 =
1

2
𝑚𝑉2                                                         (11)                            

 

                                                                 𝑉 = √
2∗𝐾𝐸

𝑚
                                                           (12)            

 

                                                   𝑉 = √ 2∗75 
𝑠𝑙𝑢𝑔𝑠∗𝑓𝑡2

𝑠2

0.718634 𝑠𝑙𝑢𝑔𝑠
= 14.45 𝑓𝑡/𝑠                                    (13)        



  

51 
 

 

                                                           𝑉 = √
8∗𝑚∗𝑔

𝜋∗𝜌∗𝐶𝑑∗𝐷2                                                        (14)                   

 

                                      𝑉 = √
8∗1.124534 𝑠𝑙𝑢𝑔𝑠∗32.2

 𝑓𝑡

𝑠2

𝜋∗0.00238
𝑠𝑙𝑢𝑔

𝑓𝑡3 ∗2.59∗10.65 𝑓𝑡2
= 12.47 𝑓𝑡/𝑠                             (15) 

 

As shown in the sample calculations in Equation (13), the maximum descent velocity to stay 

within the kinetic energy requirements yields a value of 14.45 ft/s for the velocity. This velocity 

is the maximum but the team decided to try to design the recovery system in a way to where these 

requirements would not be pushed. The sample calculations for the actual descent velocity for the 

rocket components with the parachute configuration that was selected yields a maximum descent 

velocity of 12.47 ft/s as shown in Equation (15).  

Calculations were also performed to determine the drift of the rocket while descending back 

to the ground after reaching apogee. While considering drift, the time spent descending under main 

and drogue must be considered. The way the drift of the rocket is determined is by taking the 

height that the drogue is deployed and dividing that height by the descent velocity which will yield 

a value for the time of descent under each parachute. This same concept is applied to the main with 

a starting altitude of 600 ft and the time is determined between the point of deployment and impact 

with the ground. Open Rocket was utilized to graph the descent path of the rocket and to visualize 

the flight path. Drift calculations were done for various wind speeds that ranged from 5 mph to 20 

mph. The drift distance for 5 mph, 10 mph, 15 mph, and 20 mph were found to be 787.99 ft, 330 

ft, 169 ft, and 734 ft respectively. The maximum lateral distance from the pad was determined 

while analyzing the 5 mph wind speed but it can be seen from Figure 40 that the rocket pitches 

into the wind during the ascent phase of flight and then drifts the opposite way while descending.  

With this being considered, the rocket will drift more with higher wind speeds but the requirement 

to land within a 2500 ft radius is not exceeded due to the pitch while ascending.  
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Figure 40: Drift Calculations                        

3.3.7 Additional Information (Black Powder Charge Calculation) 

In order for the parachutes to deploy properly, two independently powered altimeters will be 

used. The calculations to find the gram weight of black powder were based off the procedure 

discussed in the Advanced Rocketry Workbook, which is shown below. 

The competition rocket will use shear pins at each separation point. A force range must be 

determined so as to ensure the shear pins will break by a substantial amount. Using this force and 

the inner diameter, a desirable pressure range is then determined.  The procedure is given by 

Equation 16, where P is the desired pressure in psi, F is the force in pounds, and A is the area based 

off of the diameter in square inches. As an example, the force will be 200 lb and the area of a 4 

inch diameter rocket will be equal to 12.6 square inches.  

 

                                                              𝑃 = 𝐹/𝐴                                                                (16)          

 

The amount of pressure determined is 16 pounds per square inch. This pressure can be used 

to determine the amount of black powder charge by substituting it into the ideal gas law.  

 

                                                            𝑃𝑉 = 𝑁𝑅𝑇                                                               (17)         

 

In Equation 17, P is the pressure, V is the volume of the chamber the gas occupies, N is grams 

of black powder charge, R is the universal gas constant, and T is temperature at which the black 

powder combusts. The universal gas constant is 266 in lbf/lbm and the temperature is 3307 degrees 

Rankine. The equation is manipulated to solve for N, the grams of black powder. This result is 
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then multiplied by 454 g/lbm in order to get the correct number of grams. To complete the example, 

based off of the 16 psi and a length of 20 inches, the amount of black powder needed is 0.2 grams.  

Calculations using the formulas above will determine the amount of black powder needed. 

The upper airframe team will conduct tests to ensure these calculations are correct. The tests will 

be held at the Propulsion Research Center on UAH’s campus. All procedures, checklists, and 

safety policies will be addressed with the team prior to testing. The rocket will be assembled with 

all components to be tested for separation. The rocket will then be placed on designated test stand. 

In a clear area, the charge will be fired to ensure deployment of the drogue parachute. A second 

test following the same procedures will be conducted for the main parachute.     

3.3.8 Load Path Analysis 

When determining the load path there are various configurations that must be considered. The 

load path will change while under thrust and descent. There are four separate configurations for 

the load path that must be considered and each will be evaluated in greater detail at a later date to 

determine individual loads on the various components. The load path analysis can be broken down 

into two sections, ascent and descent. In the ascent phase of flight, there is a configuration where 

the components are under thrust which will cause all of the components that transfer load to be in 

compression. The other configuration for ascent is in the coast phase of ascent, where the motor 

has burned out but the rocket is still at a high velocity. In this phase of flight the upper and lower 

airframe will try to separate due to the lower airframe having more drag than the upper. When this 

happens, it will cause all the components to shift to a tensile load rather than a compressive load. 

The load path for the two ascent phases of flight can be seen in the below figure. 
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                                                                                         Figure 41: Ascent Loads 

As for the two descent phases of flight, there will be two configurations as seen in Figure 42. 

The first configuration will be while descending under drogue. In this phase of flight the lower 

airframe will be separated from the upper airframe at the bottom side of the avionics bay coupler. 

The load when the drogue opens will be distributed through each end of the shock cord to the 

attachment points at the avionics bay coupler and the all thread that is connected to the motor 

casing. When analyzing the two sections in this configuration it can be determined that the entire 

upper airframe under drogue will be in tension due to the weight being in the opposite direction of 

the drag. As for the lower airframe section under drogue, the load is transferred through the all 

thread and directly to the motor casing. The motor casing is going to transfer the load to the body 

tube and back up to the separation point on the lower airframe. The load path for the lower airframe 

will be the same under thrust as it will under the parachutes. The second configuration in the 

descent phase is under the main parachute. The main is deployed at the separation point between 

the nosecone and the upper airframe. Once the main is fully opened and the drag is acting upward, 

the nosecone will be in tension as will the body tube and coupler for the upper airframe. The lower 

airframe will be hanging below the upper airframe in this configuration and the load will travel the 

same path as it did under drogue only with higher loads due to greater drag from the main 

parachute.  
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                                                                                              Figure 42: Descent Loads 

3.4 Vehicle Interfaces 

The upper airframe contains four primary interface locations. Two of these interface locations 

have a primary and secondary configuration: one for the fully assembled vehicle condition and 

one for the broken, recovery condition. A good, early understanding of the vehicle’s interfaces 

during design phase is vital to understanding how it will perform on launch day 

The furthest forward vehicle interface is in the very tip of the nose cone. The aluminum tip 

which caps the fiberglass nose cone will serve as the anchor for a main parachute shock chord.  A 

stick of quarter inch aluminum all thread will screw directly into the tip of the nose cone, pass 

through the body of the cone, and connect to the fiberglass bulkhead at the cone’s base. The main 

parachute shock chord is connected to this assembly via a solid ring eye bolt. Figure 43 below 

illustrates this tip interface. 
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Figure 43: Tip Interface 

Moving aft in the vehicle, the next interface is at the nose cone and upper main body tube.  

Both constructions are of fiberglass. Since this location is a recovery break point, it has two 

interface conditions. The nose cone has a six inch shoulder mating surface with the upper body 

tube for the fully assembled condition. While assembled, this connection is maintained with three, 

evenly, and radially distributed #4-40 50 pound rated Nylon shear pins. This provides enough 

strength to prevent separation due to wet vehicle weight, but not so much strength that an 

unnecessary amount of black powder is required to break the interface during the recovery phase 

of flight. The second interface condition at this joint is during recovery operations.  Since the entire 

vehicle is landing as a single unit, the interface here is maintained via an eye bolt/main parachute 

shock chord attachment. This interface condition will be the new primary until the vehicle is 

reassembled, and can be seen in Figure 44 below. 

 

Figure 44: Upper Body Tube and Nose Cone Interface 

Continuing further aft, the next interface location is between the upper body tube and the 

coupler: both of fiberglass construction. The interface surface at this joint is a six inch portion of 

the coupler tube and the edge of the two inch coupler center ring. Since this location is designed 

to be semi-permanent, it will be secured via three, evenly distributed, quarter inch removable 

rivets. This connection method allows for a sturdy, yet easily disassembled joint in case of coupler 

avionics troubleshooting. The rivet design will prevent accidental disconnection during the 

recovery phase of flight. This interface can be observed in Figure 45 below. 
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Figure 45: Upper Body Tube and Center Ring Interface 

The final upper airframe interface is from the coupler to the lower main body tube. This 

connection is also a two condition interface. This primary, fully assembled interface is maintained 

via a six inch coupler section that slides into the lower body tube. The aft edge of the coupler 

center ring is also an interface location. This configuration is secured via the same, three #4-40 50 

pound rated Nylon shear pin configuration as the previous break section.  The second interface 

condition consists of the drogue parachute shock chord connection to a continuous eye bolt on the 

coupler’s aft bulkhead.  This interface configuration is maintained until the vehicle is reassembled, 

and the illustration of this joint can be found in Figure 46 below. 

 

Figure 46: Lower Body Tube and Center Ring Interface 

Fin assembly will be a relatively straightforward procedure. The fins will be mounted on the 

fin brackets via 4 quarter-inch screws, and then attached to the body tube via 8 evenly spaced bolts. 

The spacing on the bolts and screws is designed to avoid generation of any excessive stress 

concentrations, and calculations will be done to adjust location of the screws as needed. The Fins 

will be connected to the brackets and then the subassemblies will be mounted at the base of the 

body tube evenly. Mounting the subassembly after the fins are attached to the brackets allows the 

team to adjust and install the fin into the bracket without applying any forces to the body tube 

itself, helping to avoid any potential difficulties. A picture of the fin subassembly can be seen 

below in Figure 47. This design allows for easy access to the fins, allowing for multiple 
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configurations to be tested for subscale launches and for ease of installation when assembling the 

rocket.   

 

Figure 47: Fin Interfaces 

The tail cone will be bolted to the aft end of the body tube to ensure a secure fit and prevent 

rotation. The load path will be through the lip on the forward end of the tail cone during ascent. 

During the coasting and decent phase after motor burnout, the load path will be through the snap 

ring securing the motor to the vehicle. The main failure analysis needs to be performed on the 0.5” 

shoulder to ensure the lip does not shear during launch. This will be tested under compression 

before the first launch. The tail cone interfaces can be seen below in Figure 48. 

 

Figure 48: Tail Cone Interfaces 
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3.5 Launch System Interfaces 

The Launch Vehicle will be loaded onto the launch rail.  The Launch Rail will be a piece of 

15-15 extruded aluminum. The Launch Vehicle interface with the aluminum rail will be 

commercial off the shelf large rail buttons directly to the body tube with locking nuts.  

An electronic match will be connected to the ground launch system. It will be inserted into 

the motor until the top of the electronic match hits the top of the motor. The ground launch system 

will be provided and operated by the rocketry club at the launch site. 

4. Safety 

The CRW safety plan includes a variety of measures to ensure all team members are 

conducting tests and experiments safely. If any type of mishap occurs, all CRW team members 

will follow the proper procedures to ensure the well-being of all affected members and ensure that 

proper measures are taken to reduce any future risks. 

4.1 Safety Officer 

For the 2016-2017 USLI competition, Vivian will be the Charger Rocket Works’ (CRW) 

Safety Officer. It will be Vivian’s responsibility to will work in conjunction with the Project 

Manager, Senior Engineers, Course Instructor, Team Mentor, and other appropriate UAH and PRC 

faculty members to ensure that the Safety Plan is comprehensive and fully implemented. The 

Safety Officer is the primary person responsible for risk assessment, hazard analysis, and for the 

definition and documentation of all hazard mitigation procedures. She is also responsible for 

overseeing the implementation of all aspects of the CRW safety plan. Other CRW leadership will 

actively support the Safety Officer by verifying proper hazard mitigation by the team and will aid 

in the hazard mitigation verification process.  

As Safety Officer, Vivian assumes the following responsibilities: 

1.1. Facilitate training for team members on safe procedures for all design, testing, 

manufacturing, and launching activities. 

1.2.  Remain knowledgeable regarding all FAA, NAR, TRA, local, federal and state laws and 

will ensure that all team members are made aware of said laws. 

1.3. Conduct an initial training session with the team to present the Safety Manual and ensure 

that all team members understand all safety procedures and mitigation techniques. Each 

team member will sign a “Safety Pledge” upon completion of the training session. 

1.4. Complete a class in Red Cross First Aid CPR/AED 

1.5. Oversee all testing procedures and practices to aid in any hazard mitigation 

1.6. Work with each of the team leads to create a comprehensive Hazard Analysis and 

mitigation process. All team members will be made aware and have easy access to this 

information and will be knowledgeable of mitigation and verification procedures. 

1.7. Work with the team to create launch and safety checklists 
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1.8. Work with the Outreach Coordinator to ensure that the safety of the team and the safety 

of the public are considered at all outreach events.  

1.9. Evaluate environmental risks/hazards and establish mitigation and verification 

procedures.   

The CRW team will at all times adhere to the safety regulations enforced by NASA.  The signed 

CRW safety pledge includes the following regulations: 

 Range safety inspections of each rocket before it is flown. Each team shall comply with 

the determination of the safety inspection or may be removed from the program.  

 The Range Safety Officer has the final say on all rocket safety issues. Therefore, the 

Range Safety Officer has the right to deny the launch of any rocket for safety reasons.  

 Any team that does not comply with the safety requirements will not be allowed to 

launch their rocket. 

4.2 Training 

The Safety Officer ensures that personnel are briefed on potential hazards during the 

production and testing phases of development. This will be accomplished in weekly briefings, 

prepared by the Safety Officer, that focus on hazards that relate to the corresponding period of the 

project life cycle. A sample of previous and upcoming training curriculum can be found in Table 

9: Team Training. The Safety Officer also coordinates and tracks completion for training 

accomplished external to the PRC such as first aid and CPR/AED. It is the intent of the CRW team 

to never have any students working without being accompanied by someone that has received first 

aid training. Currently 9 of the 16 team members, including the Safety Officer, have been certified 

through the Red Cross in first aid and CPR/AED. 

Table 9: Team Training 

Training Activity/Topic Date 

Red Cross First Aid CPR/AED 10/14/2016 

Basic Emergency Procedures 10/18/2016 

Hazard Analysis 10/18/2016 

Safe Testing Procedures 10/25/2016 

Root-Cause Analysis 10/25/2016 

Outreach Safety Procedures 11/01/2016 

Hazardous Material Handling/Disposal  11/01/2016 

Sub-Scale Launch Safety Procedures 11/08/2016 

 

4.3 Operating Procedures 

While identifying hazards in the workplace is everyone's responsibility, the Safety Officer is 

the primary person responsible for risk assessment, hazard analysis, and for the definition and 

documentation of all hazard mitigation procedures. She is also responsible for overseeing the 
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implementation of all aspects of the CRW safety plan. Other CRW leadership will actively support 

the Safety Officer by verifying proper hazard mitigation by the team. 

4.4 NAR Compliance 

In an effort to ensure compliance with all NAR requirements was considered at all times. 

The verification of these considerations are outlined in the same numeric format as the NAR 

High Power Rocket Safety Code in Appendix G: Applicable Laws and Regulations 

1.  Certification. I will only fly high power rockets or possess high power rocket motors that are 

within the scope of my user certification and required licensing.    

The high power rocket motor will be handled by Jason, the team mentor and a level 3 with the 

National Association of Rocketry. Any other team members allowed to handle the motor 

require the appropriate certifications. 

2. Materials. I will use only lightweight materials such as paper, wood, rubber, plastic, fiberglass, 

or when necessary ductile metal, for the construction of my rocket.    

The airframe design team is taking great care to select materials that fall within the specified 

parameters.  

3.  Motors. I will use only certified, commercially made rocket motors, and will not tamper with 

these motors or use them for any purposes except those recommended by the manufacturer. I will 

not allow smoking, open flames, nor heat sources within 25 feet of these motors.    

The motors will be sourced from reputable companies and will only be handled and/or stored 

in accordance with the specifications outlined in the MSDS. Only Jason, the team mentor, 

and/or certified team members will be allowed to handle the motors. 

4.  Ignition System. I will launch my rockets with an electrical launch system, and with electrical 

motor igniters that are installed in the motor only after my rocket is at the launch pad or in a 

designated prepping area. My launch system will have a safety interlock that is in series with the 

launch switch that is not installed until my rocket is ready for launch, and will use a launch switch 

that returns to the "off" position when released. The function of onboard energetics and firing 

circuits will be inhibited except when my rocket is in the launching position.  

All launches will be conducted within the FAA, State, and Federal guidelines, as well as, the 

guidelines of the Range Safety Officer. 

5.  Misfires. If my rocket does not launch when I press the button of my electrical launch system, 

I will remove the launcher's safety interlock or disconnect its battery, and will wait 60 seconds 

after the last launch attempt before allowing anyone to approach the rocket.   
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 All launches will be conducted within the FAA, State, and Federal guidelines, as well as, the 

guidelines of the Range Safety Officer. 

6.  Launch Safety. I will use a 5‐second countdown before launch.  I will ensure that a means is 

available to warn participants and spectators in the event of a problem.  I will ensure that no person 

is closer to the launch pad than allowed by the accompanying Minimum Distance Table.  When 

arming onboard energetics and firing circuits I will ensure that no person is at the pad except safety 

personnel and those required for arming and disarming operations.  I will check the stability of my 

rocket before flight and will not fly it if it cannot be determined to be stable.  When conducting a 

simultaneous launch of more than one high power rocket I will observe the additional requirements 

of NFPA 1127.    

All launches will be conducted within the FAA, State, and Federal guidelines, as well as, the 

guidelines of the Range Safety Officer. 

7.  Launcher. I will launch my rocket from a stable device that provides rigid guidance until the 

rocket has attained a speed that ensures a stable flight, and that is pointed to within 20 degrees of 

vertical. If the wind speed exceeds 5 miles per hour I will use a launcher length that permits the 

rocket to attain a safe velocity before separation from the launcher. I will use a blast deflector to 

prevent the motor's exhaust from hitting the ground. I will ensure that dry grass is cleared around 

each launch pad in accordance with the accompanying Minimum Distance table, and will increase 

this distance by a factor of 1.5 and clear that area of all combustible material if the rocket motor 

being launched uses titanium sponge in the propellant.    

The only launch equipment used will be done so in accordance with the Range Safety Officer 

and the launch site requirements. 

8.  Size. My rocket will not contain any combination of motors that total more than 40,960 N‐sec 

(9208 pound‐seconds) of total impulse. My rocket will not weigh more at liftoff than one‐third of 

the certified average thrust of the high power rocket motor(s) intended to be ignited at launch.    

 All selected motors, thus far, fulfill this requirement. 

9. 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.    

All launches will be conducted within the FAA, State, and Federal guidelines, as well as, the 

guidelines of the Range Safety Officer. 
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10. Launch Site. I will launch my rocket outdoors, in an open area where trees, power lines, 

occupied 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, or 1000 feet for rockets with a 

combined total impulse of less than 160 N‐sec, a total liftoff weight of less than 1500 grams, and 

a maximum expected altitude of less than 610 meters (2000 feet).  

All launches will be conducted within the FAA, State, and Federal guidelines, as well as, the 

guidelines of the Range Safety Officer. 

11. Launcher Location. My launcher will be 1500 feet from any occupied 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.    

All launch sites will be in rural areas away from houses and traffic. All launch sites will be 

evaluated by the CRW team to ensure the launch location is a safe distance from trees and 

bodies of water.  

12. 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 CRW Recovery Team is designing a safe recovery system. The Recovery Team and the 

Safety Officer will create a checklist to ensure consistent and safe installation. 

13. 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. 

All launches will be conducted within the FAA, State, and Federal guidelines, as well as, the 

guidelines of the Range Safety Officer. 

4.5 Workplace Analysis and Inspection 

The Safety Officer ensures that all workplace environments are deemed safe and that all 

necessary personal protective equipment is accessible.  This will be done by performing initial 

site inspections at all worksites, including the launch site. Checklists will be compiled before all 

tests and proper safety procedures will be followed. Any local governing documentation, such as 

the UAH Propulsion Research Center Facility Usage Policy, will be reviewed by the Safety 

Officer and disseminated to pertinent team members. 
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4.6 Final Assembly and Launch Procedures 

The Safety Officer will work in accordance with appointed range Safety Officers to coordinate 

safe launch operations. She develops the launch and final assembly checklists/procedures and will 

be responsible for any updates to the procedures as requirements change throughout the project.  

There will be a mandatory meeting with all team leads and the program manager at least one week 

before any launch to verify that all launch/assembly procedures are up to date.  The 

launch/assembly procedures developed at the time of this document can be found in Appendix F: 

Launch and Assembly Procedures. It is likely that the CRW team will be utilizing a hydraulically-

actuated launch trailer developed by the PRC.  Procedures for operating the trailer can be found in 

Appendix E:  Launch Trailer Operations Manual 

4.7 Hazard Analysis 

Hazard analysis and risk mitigation are a serious focus for the CRW team. As potential hazards 

are identified, the team uses an established process for weighing the severity and likelihood of the 

hazard. This is accomplished by identifying risks, evaluating the likelihood of the risk occurring, 

and establishing a means of mitigation and verification. This will be done by using a risk matrix 

formatted as shown in Appendix A: Risk Analysis and Hazard Controls. 

The Safety Officer along with the project manager and senior engineers establish processes to 

mitigate the risk incurred to an acceptable level. The mitigation techniques are coordinated with 

the verification and test plans. The goal is to have traceability of hazards identified and outlined in 

the risk assessment, through the verification plan, and finally into the test plan where the proposed 

mitigation techniques can be measured for success. A detailed risk analysis can be found in 

Appendix A: Risk Analysis and Hazard Controls.  

It is always the priority of every safety plan to be proactive and identify risks before they 

occur, it is equally important to develop a process for handling mishaps when they occur. If at any 

time a situation is identified that could be deemed dangerous or result in damaged equipment, all 

operations will be stopped until a qualitative assessment can be made. Before operations can be 

resumed an exhaustive root-cause analysis shall be conducted. The process for this analysis is a 

technique known as "The Five Why's." In this process, the circumstance identified is put forth and 

a series of interrogative questions are asked until either training, equipment, or environmental 

condition is found that, if resolved, would mitigate the hazard and prevent a reoccurrence.  

In an effort to mitigate potential for injuries in any workplace, a buddy system will be enforced 

stipulating that no assembly, fabrication, or test activity will be accomplished alone. Along with 

this, any test activity will be performed under the direct supervision of PRC or UAH staff and 

mentors and witnessed by the Safety Officer. If a case should arise wherein first aid is required, 

this will be administered by properly trained staff. Once this has been accomplished it will be 

necessary to inform UAH administration of the incident. Again, work activities will be stopped 

and the same root-cause analysis procedures will be executed before allowing the continuation of 

project activities and/or facility operations. 
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4.8 Risk Assessment 

The Safety Officer along with the project manager and senior engineers establishes processes 

to mitigate the risk incurred to an acceptable level.  The mitigation techniques are coordinated with 

the verification and test plans. The goal is to have traceability of hazards identified and outlined in 

the risk assessment, through the verification plan, and finally into the test plan where the proposed 

mitigation techniques can be measured for success. A detailed risk analysis can be found in 

Appendix D: MSDS 

4.9 Failure Modes and Effects Analysis 

The Sub-Teams have created Component Description Sheets that outline the component’s 

material, function and potential failure modes. The failure modes were analyzed using the matrix 

outlined in Figure 49. For each identified failure mode, mitigation procedures are established. As 

the design matures, the failure analysis will be updated and made available to all team members 

through the team website and the team shared drive. This information can be found in Appendix 

B: Component Description Sheets. 

 
Figure 49: Failure Mode Criteria 

4.10 Mishap Reporting and Investigation 

It is always the priority of every safety plan to be proactive and identify risks before they 

occur, it is equally important to develop a process for handling mishaps when they occur.  Any 

time a circumstance is identified that is deemed dangerous or could result in damaged equipment, 

all operations will be stopped until a qualitative assessment can be made.  Before operations can 

be restarted an exhaustive root-cause analysis shall be conducted.  The process for this analysis 

proposed by the safety officer is a technique known as "The Five Why's." In this process, the 

circumstance identified is put forth and a series of interrogative questions is asked until either 

training, equipment, or environmental condition is found that, if resolved, would alleviate the 

hazard and prevent it from occurring in the future. 
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Because there is the potential for injury in any workplace, a buddy system will be enforced 

stipulating that no assembly, fabrication, or test activity will be accomplished alone.  Along with 

this, any test activity will be performed under the direct supervision of PRC or UAH staff and 

mentors.  If a case should arise wherein first aid is required, this will be administered by properly 

trained staff.  Once this has been accomplished it will be necessary to inform UAH administration 

of the incident. As outlined above, work activities will be stopped and the same root-cause analysis 

procedures will be executed before allowing the continuation of project activities and/or facility 

operations. 

4.11 Environmental Concerns 

Environmental concerns for this project will include issues that will impose on the rocket, as 

well as, issues that the rocket will impose on the environment. Therefore, the environmental 

impacts identified to date include: proper disposal and handling of hazardous materials, exhaust 

gas emission, impact to local ecology and wildlife at launch sites, and localized noise pollution, 

rain, high winds, and surrounding geography. All concerns were analyzed and subjected to risk 

assessment protocols to find suitable means of mitigation if the concern was not deemed negligible.  

4.11.1 Hazardous Materials 

The disposal of all chemicals will be governed by the MSDS and coordinated through UAH 

Office of Health and Environmental Services. All team members will be briefed by the Safety 

Officer of proper handling and disposal procedures at the time of application.  

4.11.2 Exhaust Gas Emissions 

Exhaust gas emissions in high-powered rocketry are considered localized and negligible.  

Nonetheless, in order to decrease the team's footprint, the smallest possible rocket that can be used 

to safely and successfully fulfill all requirements will be selected.   

4.11.3 Local Ecology and Wildlife 

Impacts to local ecology and wildlife should also be negligible due to the remote site locations.  

Fire is always a concern and proper safeguards such as fire extinguishers and personnel trained to 

use them should be in place. All launch team personnel will at a minimum have received some 

form of fire extinguisher familiarization training from the Safety Officer.  During the rocket's 

recovery phase special care will be taken to not disturb local wildlife habitats.   

4.11.4 Noise Pollution 

Noise levels in the rocket chosen by the CRW team will produce noise levels of less than 120 

decibels and the exposure time will be less than one minute. Due to the short term nature and 

relative low intensity of the noise, noise pollution concerns have been deemed negligible. 
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4.11.5 Rain 

The occurrence of rain could jeopardize the sub-scale and full-scale launches. Due to the 

potential for electronic malfunction, the team will monitor the weather prior and during any launch 

opportunities. In the event of unexpected precipitation, there will be a plan in place to quickly 

move the rocket to a water safe location.  

4.11.6 High Winds 

The team will monitor the weather and always consider wind speeds when planning for launch 

opportunities. In the event that the Safety Officer, Team Mentor, or the Range Safety Officer 

deems the wind speeds to be at unacceptable speeds, the CRW team will immediately abort the 

launch. 

4.11.7 Surrounding Geography 

Considerations will be made regarding the geography surrounding the launch site. The CRW 

team will not launch if ponds, trees, or other objects that prevent rocket retrieval are within the 

estimated drift. Any launch site used will be evaluated by the Safety Officer and Program Manager. 

5. Payload Criteria 

The overall goal of this project is to design a payload system that will mechanically induce 

and control the angular velocity about the roll axis of a rocket. The payload criteria section will 

detail the process of determining a method to complete the stated objective. It will also provide a 

technical design overview of the selected solution, define requirements within the selection, and 

design criteria to ensure a safe and functional system.  

5.1 Selection, Design and Verification 

As with any design process, the payload has gone through several changes in order to achieve 

the most efficient design. To this point several concepts have been thought of and discussed to 

determine the likelihood of success. Even the name of the payload was difficult to settle upon. 

However, as the research matured a direction began to become clear. The current design is called 

the roll inducing contraption (RIC) that utilizes a second set of fins which are controllable and 

located aft of CG.  

5.1.1 Requirements and Process of Selection 

The payload option selected within the competition lays out several requirements that must 

be completed within the fight. A requirement verification list was built off these primary 

requirements with subsequent requirements developed as RIC’s development has progressed. A 

list of these requirements can be found in the Payload Verification Plan: Table 10.  

Initial concepts of the payload ranged from reaction wheels to ailerons on the primary fins. 

However, studies showed that the reaction wheels would not provide the sufficient angular torque 
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without the possibility of decoupling. Rear fin ailerons provided too many complications with 

designing actuator rods around the motor case, and calibrating control systems. After much 

consideration, the best option was to use a second set of fins that can be mechanically controlled 

via servos.  The payload system was developed with three subsystems in mind; data acquisition 

controller, angular momentum controls, and the housing.  

Designs for the data acquisition system were initially constrained by the team’s familiarity 

with active control system software. It was decided that the National Instruments myRIO would 

be a good candidate to run the system. This was due to it being able to meet several of our criteria. 

The first was that there was one already available for use without having to wait for delivery. Also 

it is programed using LabVIEW, which is a seemingly simple language to learn and the propulsion 

research center was in possession of several licenses of the software. This allowed the team to be 

able to get a jump on getting familiar with how operate and work with the system at a very early 

point in the competition. In addition to the control board the system also contains the 9 DOF IMU. 

For ease of acquisition two different models were found on SparkFun. One option contains a three 

axis accelerometer, a three axis magnetometer and a gyro with a built in processor. In contrast the 

other contains the same hardware only without the onboard processor. Since the LabVIEW code 

will be able to process raw data from the sensors and output the appropriate commands to the 

servos it may not be necessary to use the module with the onboard processor. The sampling rate 

would also be faster if the calculations were done completely on the myRIO as it contains a much 

stronger processor. However, if the signal output by the sensors is too weak or over too small of a 

range for the myRIO detect accurately it may be a better idea to use the onboard processor. This 

may allow the data to be processed more accurately, resulting in better control of the fins.  

The second subsystem is the angular velocity control system; this is made up of the actual 

control surfaces, connecting rods and interfaces, as well as the servos that will control the angle of 

attack of the fins. The servos take in a voltage range that is correlated to a specific degree turn 

which causes a change in the angle of attack of the controllable fins. Reasearch has been done to 

determine the most optimum design. Differently shaped fins cause different force responses due 

to the, sometimes drastic, changes in aerodynamics of the fins. One of the primary concerns with 

the RIC system is causing too much drag when the fins are canted. The aerodynamic analysis done 

was generally applied to a flat plate with open source software but can be adapted for a thin airfoil. 

There are plans to test the airfoils in a wind tunnel to get more data.  

The third is the housing; this encompasses the main housing for the payload where the 

individual components will mount, along with how it will interface with the rest of the rocket 

including the bulkhead aft of the housing. The design utilizes a 3-D printed housing where 

individual payload components will attach. A piece of all thread will run from the motor case to 

the drogue shoot to allow for a better load path. Keeping the payload out of the direct load path 

helps avoid possible failures during descent. This however makes spacing within the payload tight 

causing possible assembly issues for the myRIO. An additional design is being considered that 

will eliminate the all thread and instead use a bulkhead on the forward end of the payload where 

an eyebolt will attach for the drogue chute. The bulkhead would attach to the body tube and the 
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housing would also interface with it to keep it secure. This gives several advantages including the 

ability to possibly downsize to a 5.5 inch rocket instead of a 6 inch. 

Controlling the roll of the rocket is the main objective of this payload. The layout of this 

system has changed several times throughout the design process. Initially the control surfaces were 

placed on the main aft fins. This was a logical first choice as the fins would act as ailerons on an 

aircraft, however this placement brought several problems with it. Since the motor case takes up 

nearly all of the room at the aft end of the rocket, there is little room to position servos or any of 

the other components. This forced all of the components, other than the fins, to be placed forward 

of the motor case with control rods running down between the case and the wall of the body tube. 

Placing the components in this manner allows for control of the fins by the servos, but it causes 

installation problems. A second design utilizes three independent fins placed forward of the main 

fins and aft of the center of gravity. This design is easier to install and saves weight by avoiding 

using long rods to control the angle of the fins. By attaching the fins as depicted in Figure 52, 

power failures will result in the fins returning to a zero angle of attack due to aerodynamic forces. 

In an effort to ensure that all requirements were met, the team created the verification plan 

outlined in Table 10. This table is broken down into Verification Number, Verification 

Requirement, and Verification Method. This will be used to verify the success of the vehicle 

throughout the design, construction, and flight phases. The verification plan is expected to grow 

by CDR. 

Table 10: Payload Verification Plan 

Number Requirement Statement Verification Method 

P1 

 

 

System shall induce at least two rotations around 

the roll axis of the launch vehicle 

Open rocket sim to verify 

algorithm and flight test 

P2 

 

After the two induced rotations, must induce a 

counter rolling moment to halt the rolling motion 

Open rocket sim to verify 

algorithm and flight test 

P3 

 

Roll shall be induced after motor burnout System test for timing 

mechanics 

P4 Provide proof of controlled roll and successful 

counter roll 

Ground tests and flight test 

P5 Only mechanical devices are allowed for rolling 

procedures (not fixed geometry) 

Flight test 

P6 Subscale launch with similar geometric and 

kinematic rocket 

Subscale flight 

P7 

 

Ensure excessive drag is not produced by 

controlled fins 

Open Rocket simulation and 

ground test 

P8 Ensure fail safe mode causes fins to return to pre-

flight orientation 

Ground test 

P9 
Fin support connection must be able to withstand 

induced torque on fin surfaces 

Finite element analysis 
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P10 
Holding Torque must sufficient for fin induced 

forces 

Check servo data sheet and 

flight test 

P11 
IMU must be properly calibrated Ground test 

5.1.2 Technical Design 

The basic design of the payload is to use controllable fins that will canter against the flow 

around the rocket to induce aerodynamic forces that will cause the rocket to rotate about roll axis. 

A myRIO will be used to calculate a value for the angle of attacked of the controllable fins to 

create a constant angular velocity. These calculations will be based on acceleration and gyroscopic 

readings from a 9 DPF IMU. Calculating exact values for angle of attack is unlikely due to the 

number of variables in the equation, so a proportional-integral-derivative (PID) controller will be 

used. A PID controller, shown in Figure 50 is a control feedback loop that uses an input’s 

proportional, integral, and derivative term to correct error between an input and its output. A 

control process such as this will allow for the myRIO to accurately control the spin of the rocket. 

 

Figure 50: PID Control Loop 

The PID control will input a specific angular velocity and the fin angle of attack will be the 

output. To understand how this will work some derivation needs to be done. First the equation for 

lift show is given in equation 18. 

 
𝐿 = 𝐶𝐿

1

2
𝜌𝑉∞

2𝐴 
(18) 

 

In equation 18 𝐶𝐿 is the coefficient, of lift 𝜌 is the density, 𝑉∞ is the free stream velocity, and 

A is the area of the fin. The density will be calculated based on temperature and pressure readings. 

Velocity will be calculated from acceleration readings integrated over time. There will be some 

error associated with this but the PID should be able to correct for this error. This is the lift per fin, 

used to obtain the following equation: 

 𝐿𝑡𝑜𝑡 = 𝑁 ∗ 𝐿       (19) 
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In this equation N is the number of fins. This gives the total force generated by the fins for the 

rolling moment. The equation for the moment is given through equation 20. 

 𝑇 = 𝐿𝑡𝑜𝑡𝑟 (20) 

 

r is the distance from the center of mass to the point where the force is applied. This torque 

will be the total torque generated by the fins for producing the rolling moment. Any moments 

generated from other directions will not have a large impact on the roll axis and will be ignored 

for this analysis. The point at which the aerodynamic forces are applied to is at the center of 

pressure of the wing. The moment arm r is calculated through equation 21 below. 

 
𝑟 =

𝑑

2
+ 𝑦𝑚𝑎𝑐 

(21) 

 

In the above equation d is the diameter of the rocket and ymac is the mean aerodynamic chord. 

ymac is the location of the fin’s aerodynamic center, and in most cases also the center of pressure 

of the fin. The aerodynamic center is the point where the net lift force is applied to the wing. The 

ymac is added to the radius of the rocket to give the moment arm for the torque generated by the 

lift force. Since torque is also the product of the moment of inertia and the angular acceleration, 

the lift force can be coupled to angular acceleration. Torque as a function of angular acceleration 

is given below in equation 22. 

 𝑇 = 𝐼�̇� (22) 
 

In equation 22 I is the moment of inertia about the rolling axis and �̇� is angular acceleration. 

The last part of the equation still undefined is the coefficient of lift, and is found from equation 23 

below. 

 𝐶𝐿 = 𝑎𝑤𝛼 (23) 
 

In this equation 𝑎𝑤 is the lift curve slope of the fin and 𝛼 is the angle attack of the fin. The lift 

curve slope is linear for low angles of attack, which is the range that the fins will canter. Combining 

the equations gives a method to solve for 𝛼 in equation 24. 

 
𝛼 =

2𝐼�̇�

𝑎𝑤𝜌𝑉∞
2𝐴𝑁(

𝑑
2

+ 𝑦𝑚𝑎𝑐)
 

(24) 

 

Finally, equation 24 gives a way for the PID controller to estimate the angle of attack for a 

given angular acceleration needed. Angular velocity can be related to angular acceleration, but will 

be ignored for the purposes of this paper. Several methods are available for calculating the lift 

curve slope, however no method outside of computational fluid dynamics will give a slope with 
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great accuracy. Once sample fins are made a wind tunnel test will be conducted for an accurate lift 

curve slope. The exact design of the fins is still being worked on, so for preliminary analysis a 

value of 2𝜋 will be used. This comes from a lift curve slope of a 2-D airfoil. The actual airfoil will 

be 3-D so the lift curve slope of the fin will change due to three dimensional aerodynamic effects.  

With equation 24 a proof of concept type of analysis can be done using numerical methods to 

determine the forces the fins are expected to receive. Using OpenRocket some flight data variables, 

density and velocity, are outputs for each time step in its calculation. These data points can be used 

in equation 24 to find what the expected lift force on each fin will be. Shown in Figure 51 is a plot 

of expected lift force of a fin canted at 0.1 degrees. The amount of force exerted on the fin changes 

as the velocity of the rocket decreases over time. From this plot the need for PID control becomes 

apparent, because if the angular velocity is to be kept constant the fin will need to be changing its 

canter as the free stream velocity around the fin decreases. This same technique is used to find a 

rough estimate of the roll time, however without an accurate lift curve slope the roll times vary. 

Currently the roll times area is estimated to be between 1-8 seconds. 

 

Figure 51: Lift vs Time Plot 

The myRIO will have values for density by using the ideal gas law on temperature and 

pressure measurements. Velocity readings will be calculated from integrating acceleration data 

over time. The angular velocity and position will come from the IMU’s gyro and magnetometer. 

The rest of the values in the equation are constants of the rocket that will be inputted into the 

myRIO before the flight. With the aid of a PID controller that will be programmed into the myRIO, 

it is believed by the team that the payload will be able to achieve the goal of inducing a roll/counter-

roll. 
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5.1.3 Payload System Test 

To ensure flight readiness, the payload components will require extensive testing. Given the 

nature of the payload, it is imperative that it is safe to fly. All components, mechanical and 

electrical, will need to be tested. Testing procedures and results will be documented throughout 

the process. Tests will be done multiple times, if possible, for repeatability. Only after the system 

is proven to be safe and function as desired, will the system be flight tested. 

Mechanical testing will take place in the materials testing lab in OKT Technology Hall. Shear 

strength tests will be done with the connecting rods to ensure shear failure will not take place 

during flight. Compression tests and load path analysis will be conducted with the printed payload 

housing to ensure compression failure will not take place in the undesired case that the load 

transfers through the payload. Aerodynamic analysis will be done with the printed control surfaces 

to ensure that the fins will not fail under the anticipated aerodynamic forces. These tests will 

mitigate the risks of falling debris or an unstable flight path associated with a mechanical failure. 

Electrical system and software testing will be done to verify the functionality of the payload. 

To validate the algorithm used with the controller, it will be tested on a software platform such as 

MATLAB. A software platform would also be used to send simulated data to the controller to 

ensure proper response and data recording. After these things have been validated, testing with the 

IMU included in the system will be done to ensure changes in acceleration are registered. 

5.1.4 Integration 

In order for this system to induce a roll it will first have to be able to detect the angular velocity 

of the rocket. This data will be picked up by the 9 DOF IMU mounted in the housing and 

transmitted to the myRIO via SPI serial communication. An in house LabVIEW code will be 

loaded onto the myRIO that will process the incoming data and determine the necessary angle the 

servos will need to rotate the fins in order to create the desired effect. The fins will be connected 

via control rods that will run through the body tube and the payload housing to their respective 

servo. These rods will have a rectangular interface with their individual servo to transmit moment 

forces needed to change the angle of attack. In order to counteract any axial forces along the rods, 

small screws will be inserted through the connection between each rod and servo. This will keep 

the fins from backing out during flight. The servos and batteries will mount to a flat shelf in the 

housing. The myRIO and IMU will attach to a plate that is extruded down from the shelf to the aft 

end of the housing via small bolts. These mounts should ensure the parts remain secure during 

flight.  

For the payload to be secured within the rocket body the housing must be fixed within the 

body tube via strong connections. The current design utilizes bosses printed on the housing to 

allow for connections to forward end plate and an aft bulkhead with screws. The aft bulkhead will 

connect to the motor case and have holes along the outer edge to allow for attachment with the 

body tube via screws. These radial attachments will help transmit moment forces induced by the 

fins to the rest of the rocket. While the bulkhead will assist in transmitting momentum forces, most 

of the force will be transmitted to the body tube where the fins attach. For each fin attachment 
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there will be a hole in the body tube and the payload housing to allow for a control rod. As the fins 

induce a moment the force will be transmitted from the control rods to the body tube, causing a 

roll. To deal with load coming from the drogue; the housing has a tube running through its center 

to allow for a piece of all thread which will be attached to the aft bulkhead. This all thread will run 

from the bulkhead, through the payload, to the drogue shoot where it will attach to an eye bolt. 

This keeps the load path during descent away from the payload housing itself, as 3-D printed ABS 

would not be strong enough to hold the force directly. An assembled payload can be seen in Figure 

52, demonstrating how it would look inside the body tube. 

 

Figure 52: Payload Interface 

5.1.5 Precision and Reliability 

The experiment will use a PID controller to reduce the error associated with the difference 

between onboard calculations of the myRIO and actual readings from the IMU. The precision of 

the experiment will mainly be reliant on the accuracy of the IMU. The gyro readings will give 

values for the angular velocity. Rotation position data will come from the magnetometer on the 

IMU. Acceleration will come from the accelerometer and velocity will be found by taking the 

acceleration readings and integrating them over time. The integration technique will have an 

accuracy that is limited only by the accuracy of the IMU and its sample rate. The IMU will should 

behave in a similar manner between flights, however launch conditions will most likely differ 

between flights. 

The atmosphere is constantly changing so atmospheric properties such as density, pressure, 

and wind speed will vary. Wind will be the largest contributor to differences in roll time because 

of the way that wind affects the rockets angle of attack. Changes in the rockets angle of attack will 

cause the force provided by each fin to differ, and will result in the rolling moment to change with 

respect to the calculated one provided by the myRIO. The PID controller with help mitigate this 

effect as it will check and correct for error in observed readings versus calculated ones. Exact 

results are unlikely though due to changes in flight conditions between flights. This leads to the 

conclusion that the time to complete the roll will change between flights. Differences in the roll 

time are dependent on atmospheric properties, along with wind direction relative to the position of 
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the rocket, so the change of the total roll time between flights is difficult to estimate. Preliminary 

analysis on the time to induce a roll and stop is between 1-8 seconds. The payload should operate 

in a manner between two flights similar enough to complete the objective requirements bearing 

extreme flight conditions. 

5.1.6 Preliminary Integration Plan 

Prior to installing the payload a set of steps must be completed and verified to ensure a safe 

and successful flight. First, all electrical components will be inspected for flaws and irregularities. 

Second, new batteries will be installed to reduce the risk of a systems dying while sitting on the 

launch pad or in flight. Third, the LABVIEW code on the myRIO will be checked for any issues. 

Fourth, the bulkhead on the aft end of the housing will be attached with screws to the housing. 

Fifth, the housing, containing all components with the exception of the fins, will be inserted into 

the lower airframe over the all thread. Sixth, the holes in the aft bulkhead will be aligned with the 

holes in the lower airframe and screws will be inserted to ensure a secure interface. Seventh, the 

control rods for the fins will be inserted through the holes in lower airframe and payload housing 

and attached to mating inside. Lastly the connection between the fins and control rods will be 

inspected to make sure the connecting bolts are tight and the fins are free of cracks or flaws.  

5.2 Scientific Value 

While there is not much research being done for this system, the real scientific value comes 

more from a proof of concept. Being able to verify that a simple roll control system can be 

developed and applied to a small rocket is the main goal of this expirement. Such a system could 

be used for a variety of applications from cube-sat deployment to spin stabilization in the upper 

atmosphere. Once the idea is proved possible more specialized components and software could be 

produced to optimize the system. 

5.2.1 Overall Experiment Value 

There are several real-world applications that would be able to utilize the type of roll control 

system being developed for this competition. Roll stabilization is a property that is lacking on 

many small rockets as systems are often expensive and complex to create. This creates an 

opportunity to prove that such a system could be created and manufactured at a relatively simply 

and at a low cost. 

One application for such a system could involve cube-sat deployment. Many rockets have a 

natural roll during flight due to manufacturing inconsistencies. This may cause problems when 

deploying payloads. For instance, if the rocket is experiencing a high roll rate any payload 

deployed will retain the same rate unless otherwise corrected. Being able to sense and control the 

roll rate however, this system would be able to maintain a steady flight during the ascent to apogee.  

While some launch applications may strive for no roll during flight, others may want to induce 

it. Aerodynamic stabilization using control surfaces is only effective up to a certain altitude, due 

to the lack of air. This forces designers to seek other means of stabilization in the upper 
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atmosphere. Rotational momentum is an option that many look toward in order to help maintain 

stability. If a rocket needed to maintain course stability above the altitude where fins would be 

effective, a roll could be induced causing rotational momentum, helping stabilize the flight path. 

The system could be useful by causing a predetermined rotational velocity during the ascent of the 

vehicle while it was still within an effective altitude. Once a roll is established it could be continued 

up to higher altitudes where the rotational momentum would stabilize the rocket, keeping it on a 

stable path.  

Having the system induce rotation and stop it after a predetermined point proves that it is 

capable of accomplishing the two tasks outlined above. This relatively crude design could 

eventually be refined into a smaller package, possibly allowing it to be installed on different sized 

rockets. Such a system could be utilized by colleges or small businesses who cannot afford large 

complex designs that require a vast amount of knowledge to use and maintain. 

5.2.2 Success Criteria 

The success criteria of the payload are largely determined by the requirements listed in the 

NASA Handbook. This describes the success criteria as having the system induce a roll around the 

roll axis of the vehicle that will rotate the vehicle two times. It must then return to the natural roll 

rate for the rocket. However, it is desired for the rocket to slow to a controlled, zero roll rate. This 

will be done utilizing mechanical devices without the assistance of a passive roll. With the time 

from motor burnout to apogee being such a wide area, we decided to constrain the timing of when 

the rotations will be complete. The rotations will be started approximately 0.5 seconds after motor 

burnout is detected and they shall be concluded 7 seconds later. The timing of when the rotations 

will be halted is still yet to be determined. This will be decided by largely how much velocity is 

left in the vehicle. The data will be measured by a 9 DOF IMU and recorded by the National 

Instruments myRIO. 

5.2.3 Experiment Setup and Relevance of Data 

After rigorous system testing RIC will be installed in the rocket and flown. There are many 

factors with the full scale fly that cannot be predicted and the performace may very with weather 

conditions. However, this experiment will show the feasibility of a roll controlled rocket with 

aerodynamic forces. The rocket experiment is modeled after a classic one dimensional trajectory. 

Performance may very due to adverse weather conditions, weight imbalances, and a whole host of 

other factors that may never be fully understood. After the motor burns out the payload experiment 

begins and will affect the flight until apogee is reach and the drogue is popped. Once the rocket is 

retrieved, the data can be downloaded and analyzed. What is of primary interest is the relationship 

between the size of the controlled fins, the angle of attack, and the resulting torque produced on 

the roll axis. 

5.2.4 Uncertainty Analysis 

The main source of uncertainty in the experiment comes from the measurements from the 

SparkFun IMU Breakout-MPU-9250. Precision versus sample rate is often a trade off when using 
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serial communication for taking measurements. For the purpose of this experiment, sample rate is 

of larger importance then the precision of the instrument.  Angular position is probably the most 

important measurement, as it is the parameter that will show if the payload is able to complete two 

revolutions before stopping. The current IMU under consideration can read acceleration up to plus 

or minus sixteen times gravity (16g), and a gyro that can read plus or minus 2000 deg/s. The max 

estimated acceleration is around six times gravity (6g) and the rotation should take several seconds, 

so this IMU is more than capable of handling the maximum forces it will experience during flight.  

Similar IMU’s are under consideration, but the price of the SparkFun IMU is appealing. A 

disadvantage with using this IMU is that there is no onboard processing. While this should decrease 

communication time, the processing will need to be done on the myRIO. Another IMU under 

consideration is the Razor IMU. The Razor IMU is more expensive, but it has onboard processing. 

The Razor IMU under consideration can read accelerations of plus or minus sixteen g, and a gyro 

that can read plus or minus 300 deg/s. The gyro with this IMU may not have to ability to give the 

resolution necessary to complete the objective of the payload. Going forward the payload will be 

designed using the SparkFun IMU Breakout.  

6. Project Plan 

The CRW team has developed a preliminary schedule and budget for this year’s rocketry 

project.  A high level schedule was developed to meet the major milestones outlined in the NASA 

SL SOW.  Actual project costs from previous CRW SL teams were used to estimate a budget for 

this year’s team.  Both the preliminary schedule and the preliminary budget are discussed as 

follows. 

6.1 Budget and Cost Breakdown 

The project budget summary is shown in Table 11. Table 12 itemizes the required components 

for launch day activities. Components needed to create a payload that will control vehicle rotation 

are outlined are shown in Table 13.  Table 14 lists training taken by team members. Note that there 

is no travel budget to launch week since the team is local to Huntsville. 

Table 11: Budget Summary 

Budget Summary 

LaunchPad Budget $4,426.64 

Payload Budget $1,509.90 

Subscale Budget $565.80 

Misc. Shipping, Tax $750.00 

Total $7,252.34 
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Table 12: Competition Rocket Fabrication and Flight Budget 

LaunchPad Budget 

Part Description Vendor Quantity 
Price 

Per 
Total Per Section 

DP 420 High Strength Epoxy McMaster-Carr 4 $23.58 $94.32 General 

Epoxy Mixing Nozzle McMaster-Carr 12 $2.93 $35.16 General 

9V Batteries Wal-mart 3 $2.00 $6.00 General 

Body Tube 60" Madcow 1 $204.00 $204.00 Lower 

Centering Ring 6" 75 mm Madcow 2 $10.00 $20.00 Lower 

RMS-75/5120 Motor (Includes 

Forward Seal Disc) 
csrocketry 1 $467.50 $467.50 Propulsion 

Reload L1420R csrocketry 1 $259.99 $259.99 Propulsion 

Cert-3 XXL Parachute (main) SkyAngle 1 $239.00 $239.00 Recovery 

Fruity Chutes Drogue Parachute Apogee Comp 1 $64.00 $64.00 Recovery 

Ematches  csrocketry 4 $1.00 $4.00 Recovery 

Shock Cords (150 ft) csrocketry 1 $187.50 $187.50 Recovery 

CRW GPS Tracker   1 $100.00 $100.00 Tracking 

6" Filament Wound Nose Cone 4:1 

Ogive 
Madcow 1 $124.95 $124.95 Upper 

Body Tube 36" Madcow 1 $122.00 $122.00 Upper 

Bulkhead 6" G10 Coupler Madcow 6 $9.00 $54.00 Upper 

Coupler 36" Madcow 1 $117.00 $117.00 Avionics 

StratoLoggerCF Altimeter PerfectFlight 2 $54.95 $109.90 Avionics 

Battery Holder PerfectFlight 2 $2.00 $4.00 Avionics 

    Total Per Rocket $2,213.32   

    
Total of Two 

Rockets 
$4,426.64   

 

Table 13: Control Surface Payload Budget 

Payload Budget 

Part 

Description 
Vendor Quantity Price Per Total Per 

myRIO National Instruments 1 $500.00 $500.00 

Servos   3 $50.00 $150.00 

Razor IMU Sparkfun 1 $74.95 $74.95 

3D printer 

filament 
Orb Polymer 1 $30.00 $30.00 

9V Batteries Wal-Mart 4 $2.00 $8.00 

    Total Per Rocket $754.95 

    Total of Two Rockets $1,509.90 
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Table 14: Training Budget 

Training 

Part 

Description 
Vendor Quantity Price Per Total Per 

L1 Kits Madcow 5 $100.00 $500.00 

L2 Kits Madcow 1 $200.00 $200.00 

Certification 

Motors 

Chris' Rocket 

Supplies 
5 $30.00 $150.00 

Certification 

Motors 

Chris' Rocket 

Supplies 
1 $60.00 $60.00 

    Total $910.00 

 

6.2 Funding 

The Alabama Space Grant Consortium (ASGC) will provide part of the project budget.  The 

PRC will cost match with ASGC.  UAH will also provide cost share support through facilities and 

overhead use. 

6.3 Timeline 

Figure 53 and Figure 54 outline the project’s critical path timeline for the Fall 2016 and Spring 

2017 semesters.  The project lifecycle consists of six main phases: Proposal, Preliminary Design, 

Critical Design, Fabrication, Flight Testing, and Post-Launch.  The Preliminary Design Review 

(PDR) and Critical Design Review (CDR) completion dates are moved forward slightly from the 

competition guidelines to allow the team more time for flight testing contingencies before Flight 

Readiness Review (FRR), such as a rained out launch day or a re-flight due to system failures.  

Major program milestones are the PDR, CDR, FRR, and LRR (Launch Readiness Review).  

Additional major testing milestones are the sub-scale test flight, the recovery deployment ground 

test, and the primary test flights are included. 
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Figure 53: Project Timeline (Fall 2016) with Critical Path 
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Figure 54: Project Timeline (Spring 2017) with Critical Path 

6.4 Educational Engagement 

Charger Rocket Works is participating in numerous STEM engagement activities for the 

2016-2017 season. Included in these events are: Girls’ Science & Engineering Day 2016, Science 

Olympiad, Society of Women Engineers First Lego League Qualifier, as well as presenting various 

presentations to encourage young minds to pursue an interest in rocketry. Additionally, through 

local connections, CRW plans to pursue a hands-on collaboration with a local high school and 

company to 3D print small components of their design.  

6.4.1 Purpose of Outreach 

Engaging the community and the next generation of STEM leaders is a goal of the Charger 

Rocket Works team. It is important to inspire the next generation by sharing the knowledge and 

experiences gained by the students at all ages. CRW’s outreach plan contains a variety of outreach 

types including hands-on learning activities, presentations to high school students, volunteering at 

UAH outreach events, social media, professional engagement, and community engagement. As a 

criterion for the student launch competition and the senior design class, each team member will 

participate in one or more of the events described below.  

Charger Rocket Works plans to start the semester by engaging in direct educational interaction 

outreach through the UAH Girl’s Science and Engineering Day on November 5th. This is an event 

for girls in 3rd through 5th grade in the Huntsville area. The CRW participants will help the girls 

build model rockets while explaining the basic principles of rocketry. The rockets will then be 
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launched in the courtyard of the Shelby Center for Science and Technology on UAH’s campus. 

During launch, the girls will watch and actively participate in rocket safety procedures, as well as 

assist in a launch countdown. Pictures and information can be found on the CRW’s website post-

event.  

An important engagement to note is a high-school sponsored additive manufacturing course. 

This engagement is a technical program where CRW will inform students of the process of design 

of their rocket components. In return, the students participating in this additive manufacturing 

course will have the opportunity to observe their instructor in 3D printing small components of 

CRW’s design for flight.  This allows for fabrication of CRW’s rocket components while allowing 

the students to see a part from an initial design through the additive manufacturing fabrication 

process.  

In addition to technical outreach and direct engagement, CRW also wants the community to 

be able to observe the progress of the competition. A website has been created to display the mile 

marks of the CRW team. It displays the CRW’s structure and leaders of each group. The website 

contains blogs of outreach events with pictures and descriptions of each event. It also features link 

to all of CRW’s social media including Facebook, twitter, and Instagram. CRW’s website is the 

ideal platform for distributing information about the competition including the team’s design 

reviews. A drop down menu provides direct links to PDF’s of all CRW competition documents. 

The link to the website is: https://chargerrocketworks.wordpress.com/.  

6.4.2 Schedule 

Table 15 below shows the current Outreach Schedule for the Charger Rocket Works team. 

For the first semester of the competition there are three scheduled outreach events including UAH 

Discovery Days, where CRW will discuss their design and fabrication process as well as promote 

rocketry to prospective UAH engineering students. The second semester of the competition will 

be much more involved as CRW plans to present the finished rocket and discuss design and 

fabrication processes to local high schools, boys and girls clubs, and UAH engineering 

organizations. The overall predicted number of those impacted by CRW outreach is approximately 

3,750 individuals.  
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Table 15: Projected Outreach Schedule 

 

7. Conclusion 

The preliminary design phase should demonstrate that the UAH CRW rocket is on track to 

meet or exceed the established success criteria. The overall rocket and the individual components 

are advancing towards finalized designs and towards fabrication. Currently, the project is within 

budget requirements and the team is preparing for a sub-scale launch in the immediate future as 

well as continuing to participate in outreach opportunities within the community. CRW is on track 

towards successful design, fabrication, and flight of the rocket.  

Event Date Type of Engagemnt 
Anticipated Number of 

Individuals Impacted 

UAH Discovery Days October 29th Outreach: Direct Interaction 200

Girl's Science & Engineering Day November 5th Education: Direct Interaction 400

UAH Discovery Days November 19th Outreach: Direct Interaction 200

Society of Women Engineers: First 

LEGO League Qualifier
Jan-17 Education: Direct Interaction 250

Science Olympiad Feb-17 Education: Direct Interaction 50

Boys & Girls Club Mar-17 Education: Direct Interaction 25

James Clemens High School Feb-17 Education: Direct Interaction 1250

Bob Jones High School Feb-17 Education: Direct Interaction 1250

UAH Engineering Organization 

Presentations
Varies Education: Direct Interaction 100

Additive Manufacturing Program Varies Education: Direct Interaction 25

Total Impacted 3750
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Appendix A: Risk Analysis and Hazard Controls  

Table 1 lists Risk Assessment Criteria (RAC). Table 2:  and Table 3:   define the parameters 

used in Table 1. below contains the Risk Analysis and Hazard Controls. below contains Hazard 

Mitigation. below contains Environmental Hazards. 

Table 1: RAC 

Probability 

Severity 

1 

Catastrophic 

2 

Critical 

3 

Marginal 

4 

Negligible 

A - Frequent 1A 2A 3A 4A 

B – Probable 1B 2B 3B 4B 

C – Occasional 1C 2C 3C 4C 

D - Remote 1D 2D 3D 4D 

E - Improbable 1E 2E 3E 4E 

Table 2 Level of Risk and Level of Management Approval 

Level of Risk Level of Management Approval/Approving Authority 

High Risk Highly Undesirable. Documented approval from the MSFC EMC or an 

equivalent level independent management committee.  

Moderate Risk Undesirable. Documented approval from the facility/operation owner’s 

Department/Laboratory/Office Manager or designee(s) or an equivalent 

level management committee.  

Low Risk Acceptable. Documented approval from the supervisor directly 

responsible for operating the facility or performing the operation. 

Minimal Risk Acceptable. Documented approval not required, but an informal review 

by the supervisor directly responsible for operating the facility or 

performing the operation is highly recommended. Use of a generic JHA 

posted on the SHE Webpage is recommended. 

 

Table 2:  Severity Definitions – A condition that can cause: 

Description Personnel Safety and 

Health 

Facility/Equipment Environmental 

1 – Catastrophic Loss of life or a 

permanent-disabling 

injury. 

Loss of facility, systems 

or associated hardware. 

Irreversible severe 

environmental damage 

that violates law and 

regulation. 

2 – Critical Severe injury or 

occupational-related 

illness. 

Major damage to 

facilities, systems, or 

equipment. 

Reversible environmental 

damage causing a 

violation of law or 

regulation. 

3 – Marginal Minor injury or 

occupational-related 

illness. 

Minor damage to 

facilities, systems, or 

equipment. 

Mitigatable environmental 

damage without violation 

of law or regulation where 

restoration activities can 

be accomplished. 

4 - Negligible First aid injury or 

occupational-related 

illness. 

Minimal damage to 

facility, systems, or 

equipment. 

Minimal environmental 

damage not violating law 

or regulation. 
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Table 3:  Probability Definitions 

Description Qualitative Definition Quantitative Definition 

A – Frequent High likelihood to occur 

immediately or expected to be 

continuously experienced. 

Probability is > 0.1 

B – Probable Likely to occur to expected to 

occur frequently within time. 

0.1≥ Probability > 0.01 

C – Occasional Expected to occur several times 

or occasionally within time. 

0.01 ≥ Probability > 0.001 

D – Remote Unlikely to occur, but can be 

reasonably expected to occur at 

some point within time.  

0.001≥ Probability > 0.000001 

E – Improbable Very unlikely to occur and an 

occurrence is not expected to be 

experienced within time.  

0.000001≥ Probability 

 

Table 4:  Risk Mitigation 
Overall Project 

Hazard 
Cause Effect Pre-

RAC 
Mitigation 

Verification Post-

RAC 

Project 

falls behind 

schedule 

Missed 

deadlines 

1. Insufficient 

time to 

perform 

quality level 

work 

  

2. Incomplete 

project 

2C 1. Assign 

weekly 

workload 

requirements 

for sub-teams   

 

2. Monitor 

progress with 

a schedule   

1. Weekly 

briefings from 

sub-team leads 

on progress and 

schedule 

conflicts 

 

2. Track 

milestones with 

a Gantt chart. 

2E 

Project 

goes over 

budget 

Improper 

allocation of 

funds 

1. Inability to 

order parts on 

time and 

progress falls 

behind 

schedule   

 

2. Unable to 

fly subscale, 

full-scale, or 

competition 

2D 1. Implement  

a spending 

plan that 

governs parts 

procurement 

in intervals 

 

2. Budget 

accordingly 

to allow for 

additional 

back-up 

1. Project 

Manager shall 

monitor 

purchasing 

versus spending 

plan and 

authorize out of 

cycle purchases. 

 

2. Budget shall 

allow for two or 

more 

replacement 

parts in high 

failure areas or 

single-use items. 

2E 
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Parts 

become 

unavailable 

Improper 

procurement 

planning 

1. Inability to 

follow 

schedule due to 

manufacturing 

delays 

2D 1. For every 

critical part 

ordered, 

determine 

and keep on 

record a 

backup 

supplier or 

buy multiples 

of parts 

whenever  

possible 

1. Project 

Manager shall 

ensure that all 

vendor supplied 

items have 

multiple 

vendors or 

adjust spending 

plan accordingly 

2E 

Payload 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-

RAC 

Control 

surface 

loss 

Rod shear 

failure 

 

1. Falling 

debris 

 

2. Unstable 

flight path 

1C 1. Determine 

maximum shear 

force 

 

2. Select 

appropriate 

diameter rods 

1. Shear load 

testing 

 

  

2E 

Servo 

failure 

Over-

torqueing of 

the servos 

1. Unstable 

flight path 

1C 1. Determine 

maximum torque 

loads 

 

2. Select 

appropriate servos 

1. Torque 

testing 

 

  

2E 

Electrical 

component 

failure 

Components 

not tested to 

high 

acceleration 

loading 

1. Payload 

functionality 

loss 

 

2. Unstable 

flight path 

2D 1. Determine 

maximum 

acceleration 

loading 

1. Test at 

anticipated 

loading 

2E 

Control 

algorithm 

failure 

Control 

programming 

does not 

properly 

compensate 

for roll 

changes 

1. Payload 

functionality 

loss 

 

1. Unstable 

flight path 

1C 1. Optimize error 

checking 

1. Flight 

testing 

2E 

Data 

collection 

failure 

Software or 

component  

failure under 

flight loads 

1. Loss of 

ability to 

record data 

during flight 

 

2. Inaccurate 

data 

2C 1. Completion of 

successful testing 

prior to launch 

 

2. Ensure ground 

and flight test 

results match 

calculated results 

1. Ground 

testing 

 

2. Flight 

testing 

2E 
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Power loss 

to one or 

more 

systems 

Battery 

failure 

1. Incomplete 

or total loss of 

data collected 

 

2. Possible 

destruction of 

rocket due to 

improper 

altimeter 

function 

2D 1. Design robust 

battery retention 

systems where 

required 

 

2. Ensure fully 

charged batteries 

for each launch 

1. Flight 

testing 

 

2. Installation 

of new 

batteries will 

be a part of 

pre-launch 

checkouts. 

2E 

GPS lock 

failure  

Loss of 

Signal  

Possible 

unrecoverable 

rocket 

2C 1. Test GPS and 

RF capabilities 

before use 

1. Ground 

and flight 

testing 

2E 

Flight 

Hazard Cause Effect Pre-

RAC 

Mitigation Verification Post-

RAC 

Exceeds 

Altitude 

Improper 

thrust to 

weight ratio 

1. Fails to meet 

technical 

requirements of 

success  

 

2.  

Disqualification 

of overall 

competition 

award 

2C 1. Use analytics 

and computer 

software in 

conjunction with 

ground testing to 

ensure proper 

motor choice  

  

2. Ensure that the 

rocket is of  

the proper mass 

1. Review 

altimeter data 

from test 

flights   

  

2. Evaluate 

the simulation 

data 

 

 

2E 

Insufficient 

Altitude 

Improper 

thrust to 

weight ratio  

1. Fails to meet 

minimum 

competition  

requirement  

  

2.Improper 

payload 

deployment  

2C 1. Use analytics 

and computer 

software in 

conjunction with 

ground testing to 

ensure proper 

motor choice  

  

2. Ensure that the 

rocket is of the 

proper mass  

1. Review 

altimeter data 

from test 

flights   

  

2. Evaluate 

the simulation 

data  

2E 

Propulsion 

Hazard Cause Effect Pre-

RAC 

Mitigation Verification Post-

RAC 

Propellant 

does not 

ignite or 

chuffs  

Poor vendor 

supplied  

component 

selection  

1. Rocket 

does not 

take off or 

does not 

reach  

sufficient 

altitude  

2C 

 

 

1. Use 

appropriate 

and tested 

ignition 

systems  

1. Verify 

selected 

hardware is 

appropriate in 

accordance 

with vendor 

specifications  

 

 

 

2E 
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Propellant 

over 

pressurizes 

or burns 

through the 

casing  

Poor vendor 

supplied 

component 

selection  

1. 

Destruction 

of booster 

airframe 

structure  

  

2. 

Destruction 

of transition 

piece  

2C 1. Use certified 

motor  

  

2.Have backup 

rocket  

1. Verify the 

chosen motor is 

certified.  

 

2. Design plan 

will included two 

rocket production 

efforts  

 

 

 

2E 

 

Table 5: Hazard Mitigation 
Chemical Handling: 3M Scotch-Weld Structural Plastic Adhesive, DP-8005, Black 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-

RAC 

Eye 

contamination 

Direct 

contact 

with eyes 

Corrosive 

burns 

2D 1.   Safety 

glasses with 

side shields 

or indirect 

vented 

goggles. 

1.  MSDS 

Section 8 

2E 

Eye Irritant Exposure to 

vapor 

during 

curing, or 

to dust 

created by 

cutting, 

grinding, 

sanding, 

machining 

Moderate Eye 

Irritation 

2C 1.   Safety 

glasses with 

side shields 

or indirect 

vented 

goggles.  

2.   Local 

exhaust 

ventilation 

for cutting, 

grinding, 

sanding, or 

machining.  

1.  MSDS 

Section 8 

2.   SOP 

2E 

Skin and 

Respiratory 

Irritant 

1.  Direct 

contact 

with skin. 

2.   

Exposure to 

vapor 

during 

curing, or 

dust created 

by cutting, 

grinding, 

sanding, 

machining 

Severe Skin 

and 

Respiratory 

Irritation 

2C 1.   Gloves/ 

protective 

clothing to 

prevent skin 

contact and 

Respiratory 

Protection 

2.  

Exposure 

time 

limitations 

 

1.   MSDS 

Section 8 

2.   SOP 

2E 
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Gastrointestinal 

irritant 

Ingestion Gastrointestinal 

irritation 

2D 1.   Safe 

work 

practices 

1.   SOP 2E 

Combustible 

liquid and 

vapor 

1.   Vapor 

may ignite.  

2.   

Reaction to 

strong 

Oxidizing 

Agent 

Fire/Explosion 1D 1. 

Ventilation/ 

Avoid 

Proximity 

with Flame  

2.   Safe 

work 

practices.  

1. SOP 

2. MSDS 

Section 5 

1E 

Chemical Handling:  Alcohol, Isopropyl 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC 

Eye Irritant Direct 

contact with 

eyes or eye 

contact with 

vapor. 

Mild Irritation 3D 1.   Safety 

glasses with 

side shields 

or indirect 

vented 

goggles.  

2.   Local 

eyewash 

station 

1. MSDS 

Section 8 

2. MSDS 

Section 4 

3E 

Skin Irritant, 

Sensitizer,  

Permeator 

Direct 

contact with 

skin 

Mild Irritation 3C 1.    Gloves 

and 

protective 

clothing 

1. MSDS 

Section 8 

 

3E 

Respiratory 

Hazard 

Inhale large 

quantities  

Irritation 3C 1.   

Respiratory 

Protection. 

2.   

exposure 

time 

limitations 

1. MSDS 

Section 8 

2.   SOP 

3E 

Highly 

flammable 

and 

explosive  

1.   Presence 

of heat, open 

flames, 

oxidizing 

materials 

and sparks 

Near Invisible 

Flame/Fire or 

Explosion  

1B 1. 

Ventilation 

Avoid 

Proximity 

with Flame.  

2.   Safe 

work 

practices 

1. SOP 

2. MSDS 

Section 5 

1E 

Chemical Handling:  Motor 

Hazard Cause Effect Pre-

RAC 

Mitigation Verification Post-

RAC 

Skin irritant Direct 

contact 

1.   Irritation. 

2.   prolonged 

exposure can 

cause 

ulcerations 

and burns 

3C 1.    Gloves 

and protective 

clothing 

 

2.  Exposure 

time 

limitations 

1.   MSDS 

Section 8 

 

2.   SOP 

3E 
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Eye Irritant Direct 

contact with 

eyes 

Mild Irritation 2D 1.   Safety 

glasses with 

side shields or 

indirect 

vented 

goggles.  

 

2.   Local 

eyewash 

station 

1.   MSDS 

Section 8 

 

2.   MSDS 

Section 4 

2E 

1.    

Respiratory 

  

2.   

Gastrointestinal 

Hazard 

1.  Inhaled 

2.  Ingested 

1.   Irritation 

2.   Damage to 

organs 

2D 1.   

Respiratory 

Protection 

 

2.   Safe work 

practices 

1.   MSDS 

Section 8 

 

2.   SOP 

2E 

Flammable and 

Explosive  

Presence of 

open 

flames, 

sparks, 

shocks, 

heat, 

reducing 

agents, 

combustible 

materials, 

organic 

materials 

1.   

Fire/Explosion 

 

2.   Personnel 

injury by 

burns or 

impacts 

1C 1.   Safe work 

practices  

 

2.   Training/   

Personnel 

certification; 

performed by 

or under 

supervision of 

Level 3 

certified NAR 

Mentor 

1.   MSDS  

 

2.   NAR High 

Power Safety 

Code 

1D 

Chemical Handling:  Black Powder, Loose  

Hazard Cause Effect Pre-

RAC 

Mitigation Verification Post-

RAC 

Accidental 

Detonation  

Sources of 

friction, 

impact, 

heat,  low 

level 

electrical 

current, and 

electrostatic 

or RF 

energy 

Detonation may 

cause severe 

physical injury, 

even death; 

Facility/equipment 

damage (unlikely 

due to small 

quantities in use) 

1B 1. Safe work 

practices  

 

2.   

Impervious 

rubber gloves; 

clothing must 

be metal‐free 

AND non‐
static 

producing 

1.   SOP 

 

2.   MSDS 

1D 

Breathing 

and/or 

touching 

black 

powder 

Chronic 

exposure 

without PPE 

Damage to the 

exposed skin 

and/or damage to 

the respiratory 

system 

2C 1. Safe work 

practices 

 

1. Work in 

well 

ventilated 

spaces, always 

wear nitrile 

gloves 

1. SOP 

 

2. MSDS 

2E 
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Ejection Charge Handling 

Hazard Cause Effect Pre-

RAC 

Mitigation Verification Post-

RAC 

Accidental 

ignition 

Sources of 

heat or  

low level 

electrical 

current 

1. Bystander 

injury 

 

2. Facility or 

equipment 

damage 

2C 1. Isolate 

ejection 

charge from 

strong electric 

fields and 

heat sources 

  

2. Safe work 

practices and 

personnel 

certification 

1. HOP 

 

2. Certificates 

of completion 

for training 

 

3. 

Supervision 

by Level 3 

certified 

NAR Mentor; 

2E 

Accidental 

release of 

projectile 

Failure of 

ejection 

charge 

retention 

system 

1.Injury to 

personnel  

 

2. Facility or 

equipment 

damage 

2C 1. Large 

safety factor 

designed into 

retention 

system 

 

2. Written test 

procedures; 

safe work 

practices 

Conduct test 

in blast‐proof 

test cell;  

 

2. 

Supervision 

by Level 3 

certified 

NAR Mentor; 

2E 

Fiberglass Handling 

Hazard Cause Effect Pre-RAC Mitigation Verification Post-

RAC 

Skin 

irritation 

Excessive 

contact 

with dust 

Possible allergic 

reactions 

3C 1. Nitrile 

gloves 

  

2. Suitable 

protective 

clothing 

1. MSDS 

Section 8 

 

2. MSDS 

Section 8 

 

3D 

Serious eye 

irritation 

Excessive 

contact 

with dust 

Eye irritation or 

injury  

2C 1. Safety 

Glasses  

1. MSDS 

Section 8  

 

3D 

Respiratory 

irritation 

Excessive 

contact 

with dust 

Aspiration hazard 2D 1. Use 

respiratory 

protection 

when dust is 

produced 

1. MSDS 

Section 8  

3D 

Harmful to 

aquatic life  

Improper 

disposal of 

material 

Contamination 

can have long 

lasting effects 

2D 1. Use safe 

work 

practices 

and do not 

allow dust 

to enter  

ground-

water, 

surface 

water or 

drains 

1. MSDS 

Section 6  

3D 
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Machine / Tool Use 

Hazard Cause Effect Pre-

RAC 

Mitigation Verification Post-

RAC 

Blades on a 

Lathe or 

Milling 

Machine 

Improper 

use  

1. Injury to or loss 

of hand, limb 

 

2. Damage to 

equipment or 

facilities 

2C 1. Safe work 

practices 

 

2.Training 

and 

qualification 

1. SOP 

 

2. 

Supervision 

by 

experienced 

personnel 

2E 

Shrapnel 

from Lathe 

or Milling 

Machine 

Metal 

shavings 

ejected 

from 

machinery  

1. Laceration or 

eye injury 

 

2. Facility or 

equipment 

damage 

2C 1. Safe work 

practices and 

Protective 

Equipment 

2.Training 

and 

qualification 

1. SOP 

 

2. 

Supervision 

by 

experienced 

personnel 

2E 

Injury from 

Sanding 

and 

Grinding 

Improper 

use of tool 

or 

equipment 

failure 

1.Skin Abrasion  

 

2. Facility or 

equipment 

damage 

3C 1. Safe work 

practices and 

PPE 

 

2.Training 

and 

qualification 

1. SOP 

 

2. 

Supervision 

by 

experienced 

personnel 

3E 

Soldering/ 

Electrical 

Tool Injury 

Improper 

use of tool 

or in use in 

unsafe 

conditions 

1. Skin Burns 

 

2. Damage to 

Components 

 

3. Fire 

4B 1. Safe work 

practices and 

PPE 

 

2.Training 

and 

qualification 

 

3. Assigned 

solder station 

in workspace 

1. SOP 

 

2. 

Supervision 

by 

experienced 

personnel 

 

3. HOP 

4E 

 

Table 6:  Environmental Hazards 

Hazard Cause Effect 
Pre-

RAC 
Mitigation Verification 

Post-

RAC 

Disposal 

of 

Hazardous 

Materials 

Improper 

disposal of 

any 

materials 

used for 

this project 

1. 

Contamination 

of local 

ground water 

and/or soil 

  

   

2D 1. Disposal of any 

potentially hazardous 

materials will be done in 

accordance with the 

Safety Data Sheet 

1. CRW Team 

will be 

educated on 

safe disposal 

of hazardous 

materials and 

have easy 

access to 

MSDS sheets  

2E 
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Exhaust 

Emissions 

Motor gas 

emissions 

1. Toxic 

chemicals are 

emitted into 

the 

atmosphere 

 

 

3B 1.  Select smallest 

possible rocket to safely 

meet all requirements 

 

 

1. CRW Team 

will attempt to 

minimize the 

motor 

required to 

meet the 

contest 

requirements 

 

2. Despite the 

high 

probability of 

emissions, the 

quantity will 

be low and 

have 

negligible 

environmental 

effects 

4B 

Impact to 

local 

ecology 

and 

wildlife 

Risk of fire 

or falling 

debris 

1. Danger to 

property 

and/or wildlife 

2D 1. Remote locations of 

launch sites will limit 

likelihood 

 

2. Have fire 

extinguishers and 

trained users available 

 

1. Remote 

locations of 

launch sites 

will limit 

likelihood of  

ecological 

and/or 

wildlife 

impacts 

 

2. Safety 

Officer will 

ensure that 

team members 

are trained 

and have 

quick access 

to fire 

extinguishers  

2E 



  

94 
 

Rain 

 

 

 

 

The water 

cycle 

1. Danger to 

equipment 

 

2. Launch 

cancelation 

3C 1. Water safe containers  

for electronics 

 

2. Monitor weather 

conditions the week of 

launch 

1. Include 

water safe 

containers on 

the Launch 

Day Checklist 

 

2. Safety 

Officer will 

monitor 

weather 

conditions and 

the team will 

abort any 

launch in 

unsafe 

conditions 

3D 

High 

Winds 

 

 

 

 

Unexpected 

weather 

conditions 

1. Payload 

failure 

 

2. Further drift  

3C 1. Determine the 

dynamic forces that 

would cause 

mechanical/aerodynamic 

payload issues 

 

2. Avoid launching in 

high winds and add 

trackers to each section 

of the rocket  

1. Extensive 

testing and 

simulation 

will be used to 

verify safe 

operating 

conditions for 

the payload 

 

2. Safety 

Officer will 

monitor 

weather 

conditions and 

the team will 

abort any 

launch in 

unsafe 

conditions 

3D 
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Appendix B: Component Description Sheets 

Upper Body Tube 
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Upper Body Tube 
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Coupler Avionics Tray 
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Coupler Avionics Tray 
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Coupler Tube 

 

Sub-Group:

Upper Airframe

Component:

Coupler Tube

Mechanical Designer:

Robert J.

General Dimensions:

OD:

ID: 5.70" or 5.20"

L: 14"

Material:

Fiberglass/Carbon Fiber

Manufacturing Process:

Filament Spun or Carbon Sheet Overlay

Component Weight:

5.2 lb

Component Description:

Prospective Vendor:

Apogee Rockets, MadCow Rocketry, Public Missiles

Cost / Unit:

ea Will vary with material selection, size, and vendor availability

5.85" or 5.35"

$68

Material selection has yet to be determined.  Fiberglass presents a sufficiently strong, readily 

available option.  However, carbon fiber is significantly lighter, and can be cheaper based on wall 

thickness.  The trade off is if the thinner carbon fiber wall will still resist buckling.  Carbon Fiber also 

attenuates radio transmission which could interfere with GPS Tracker reception.  An additional 

variation is body tube diameter.  Currently, the design requires a 6" body tube due to payload 

electronics requirements.  If an alternative space solution can be achieved, the CRW will seek to 

reduce body diameter to 5.5".  The team will make a material and diameter selection prior to CDR.  

The coupler tube houses the recovery altimeters, and will be connected to the fore and aft body 

tubes via shear pins.
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Coupler Tube 

 

Failure Modes Analysis:

Likelihood / 

Consequence
Failure Mode Criticality

Separation during 

flight

Damage to altmeters. Stress test, FEA

Potential Effects Mitigation

TestingBolt Shear

Fiberglass failure 1/4 Low

Medium3/4
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E-Match 

 

Sub-Group:

Upper Airframe

Component:

E Match

Mechanical Designer:

Harpreet S.

General Dimensions:

Weight: 0.1 lb.

Material:

Manufacturing Process:

Mass Produced

Component Weight:

0.1 lb.

Component Description:

Prospective Vendor:

None

Cost / Unit:

ea saved$0

Firewire Electronic matches will ignite the black powder charges once at apogee and again at 

600 feet above ground level. The altimeter will send a signal at each electronic match to set off the 

charges.  
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E-Match 

 

  

Failure Modes Analysis:

Failure to Ignite 2/4 Medium
Damage to recovery 

system/rocket
Ground testing

Likelihood / 

Consequence
Criticality Potential Effects MitigationFailure Mode
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Eye Bolt 

 

Sub-Group:

Upper Airframe

Component:

Eye Bolt

Mechanical Designer:

Robert J.

General Dimensions:

Thread: 1/4"

Shank: 2"

Material:

Zinc Coated Steel

Manufacturing Process:

Forged

Component Weight:

0.125 Pounds

Component Description:

Prospective Vendor:

Apogee Rockets, Madcow Rocketry

Cost / Unit:

ea$6

Commercially available, forged, steel construction.  The eye bolts serve as anchor points 

for the parachute shock cords.  The CRW team specifically searched for rings of 

continuous construction.  Eye bolts with non continuous rings have been known to warp and 

separate resulting in a parachute release.  Parachute release would result in flight failure, 

loss of payload data, and loss of the vehicle.
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Eye Bolt 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Failure Modes Analysis:

Stress test, proper 

assembly during 

construction

Likelihood / 

Consequence
MitigationFailure Mode Criticality Potential Effects

Eyebolt Failure 1/4 Low

Flight failure, loss 

of payload and 

vehicle 
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Fiberglass Bulkhead

 

Sub-Group:

Upper Airframe

Component:

Fiberglass Bulkhead

Mechanical Designer:

Robert J.

General Dimensions:

OD:

Material:

G10 Fiberglass

Manufacturing Process:

Commercially Produced

Component Weight:

5.11 oz

Component Description:

Prospective Vendor:

Apogee Rockets, MadCow Rocketry

Cost / Unit:

ea

6"

$10

Commercially available, G10 Fiberglass Bulkhead.  This piece will be used in conjunction with a 

coupler bulkhead.  Epoxied together, these double bulkheads will protect the CRW GPS tracker 

and recovery altimeters from black powder charge forces.  The advantage of this design is light 

weight and easier vehicle attachment when compared to the alternative machined aluminum 

bulkhead option.
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Fiberglass Bulkhead 

 

  

Failure Modes Analysis:

Criticality Potential Effects
Likelihood / 

Consequence
MitigationFailure Mode

Epoxy Failure Low

Separation from 

coupler bulk head 

could cause damage 

Proper application 

during assembly 
1/3
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Fiberglass Coupler Bulkhead    

 

 

 

 

 

 

Sub-Group:

Upper Airframe

Component:

Fiberglass Coupler Bulkhead

Mechanical Designer:

Robert J.

General Dimensions:

OD:

Material:

G10 Fiberglass

Manufacturing Process:

Commercially Produced

Component Weight:

4.73 oz

Component Description:

Prospective Vendor:

Apogee Rockets, MadCow Rocketry

Cost / Unit:

ea

5.5"

$9

Commercially available, G10 Fiberglass Coupler Bulkhead.  This piece will be used in conjunction 

with a 6" outside diameter bulkhead.  Epoxied together, these two components will protect the 

CRW GPS tracker and recovery altimeters from black powder charge forces.  Three will be used 

for all three locations.  The advantage of this design is light weight and easily attached when 

compared to the alternative machined aluminum bulkhead option.



  

108 
 

Fiberglass Coupler Bulkhead    

 

 

Failure Modes Analysis:

Medium
Rocket could 

separate during flight
TestingBolt shear

Criticality Potential Effects
Likelihood / 

Consequence

Epoxy failure 2/3

Failure Mode

Medium
Rocket could come 

apart during flight

3/4

Mitigation

Proper application 

during assembly
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GPS Tracker 

 

Sub-Group:

Upper Airframe

Component:

CRW GPS Tracker

Mechanical Designer:

Robert J.

General Dimensions:

Board Length:

Board Width: .75"

Antenna Length:

Material:

Electronics board, plastic, trace metal

Manufacturing Process:

Mass Produced

Component Weight:

8 oz (with battery)

Component Description:

Prospective Vendor:

None

Cost / Unit:

ea saved

3"

5"

Proprietary design of the Univeristy of Alabama in Huntsville's Charger Rocket Works Team.  This 

tracker transmits GPS coordinates via X Bee radio to a ground station laptop.  This part was 

selected because it is already available at the CRW workshop, and has proven to be successful on 

previous flights.  Testing on this unit will be conducted to ensure it has not sustained any damage 

and to learn its range and limitations prior to full scale vehicle lauch.  The small size of this unit 

allows it to be used for the subscale launch as well.  The GPS Tracker is powered via a 

commercially available CR123 battery.  A locally machined "L" Bracket and a pair of zip ties will 

secure the tracker and battery to all thread running through the center of the nose cone.

$210
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GPS Tracker 

 

 

  

Failure Modes Analysis:

2/3Loose fit 

Failure Mode

Prior Damage Testing

Properly attached 

during assembly 

Mitigation

Medium No data recorded 

Medium Not tracking properly

Criticality Potential Effects
Likelihood / 

Consequence

3/3
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L-Bracket 

 

 

Sub-Group:

Upper Airframe

Component:

"L" Bracket

Mechanical Designer:

Robert J.

General Dimensions:

Base:

Leg: 1"x2"

Material:

Aluminum

Manufacturing Process:

Machined at UAH Machine Shop

Component Weight:

2 oz

Component Description:

Prospective Vendor:

None

Cost / Unit:

ea saved

1"x1"

$0

Custom machined "L" Bracket made of aluminum at the University of Alabama in Huntsville's 

Machine and Fabrication Shop.  The "L" Bracket will securely mount the CRW GPS Tracker to a 

piece of all thread running through the center of the vehicle's nose cone.  A zip tie will help to secure 

the CR123 battery to the tracker/"L" Bracket assembly. 
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L-Bracket 

 

Failure Modes Analysis:

Properly fastened 

during assembly 

Not secure to all 

thread 
1/3 Low

Tracker will not 

properly work 

Likelihood / 

Consequence
Failure Mode Criticality

Ground tracker loses 

connection.
Pre lauch testing

Pre launch testingGPS loses power

Potential Effects Mitigation

GPS tracker not 

secure

CR123 Battery 

improperly secured 

with zip tie

2/2 Low

Medium 2/3
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Nose Cone  

 

Sub-Group:

Upper Airframe

Component:

Nose Cone

Mechanical Designer:

Robert J.

General Dimensions:

OD:6.02"

ID: 5.85"

Material:

G12 Fiberglass

Manufacturing Process:

Filament Wound

Component Weight:

2.5 Pounds

Component Description:

Prospective Vendor:

Madcow Rocketry

Cost / Unit:

L: 24"

Shoulder: 5.5"

$125

A commercially available, metal tipped, nose cone made of filament wound fiberglass with a 

fineness ratio of 4:1.  The nose cone can be modified to support the use of all thread to anchor 

the main parachute shock cord with a doubled, fiberglass bulkhead or a machined bulkhead.  

The nose cone will provide an aerodynamic foil that creates a pressure front at the nose of the 

vehicle.  This front will move air to the side, away from the rocket body and reduce vortex 

creation along the skin.  The metal tip will provide added survivability during the recovery phase, 

and a mount point for an all thread rod that connects a main parachute shock cord to the vehicle.  

This nose cone will also provide sufficient space and mounting capability for the CRW GPS 

Tracker.
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Nose Cone 

 

 

 

 

 

 

 

 

 

 

 

 

 

Failure Modes Analysis:

Criticality Potential Effects
Likelihood / 

Consequence
Mitigation

Shear pins are secure 

during assembly

Testing

2/4

3/4
Structural integrity 

upon impact
Medium

Damage could 

prevent repeated use. 

Failure Mode

Loose fit Medium

Nose cone could 

disconnect during 

flight
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Switch Bracket

 

Sub-Group:

Upper Airframe

Component:

Switch Bracket

Mechanical Designer:

Robert J.

General Dimensions:

L:

H: 1.5"

W: 0.75"

Material:

ABS Plastic

Manufacturing Process:

3-D Printing

Component Weight:

1.5 oz

Component Description:

Prospective Vendor:

None

Cost / Unit:

ea

2"

$0

3-D printed, plastic switch bracket built to securely mount power switches for the altimeters.  This 

design prevents arming of the altimeters (and the recovery charges) during assembly and pre-launch 

procedures.  It also hold the switches perpendicular to forces from launch and recovery to prevent 

deactivation of the altimeters.  .One bracket will be mounted on either side of the sled and a single 

pull pin will pass through both brackets to simultaneously activate or deactivate the dual, yet 

independent, system.  3-D printing allowed for the realization of exactly the part required for a single 

pull pin design, and using the UAH machine shop came at no cost.
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Switch Bracket 

 

 

 

  

Failure Modes Analysis:

Properly secured 

during assembly

 Switches held 

together loosely

Low

Loose swtiches will 

cause the alimeter to 

not shut off during pre 

Potential EffectsCriticality

1/4 Low 
Altimeter not shut off 

during pre launch 

Properly secured 

during assembly. 

Failure Mode

1/4

Likelihood / 

Consequence

Not secure to sled

Mitigation
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Switch

  

Sub-Group:

Upper Airframe

Component:

Switch

Mechanical Designer:

Robert J.

General Dimensions:

L:

H: 0.20"

W: 0.10"

Material:

Plastic/Metal

Manufacturing Process:

Mass Produced

Component Weight:

0.28 oz

Component Description:

Prospective Vendor:

Digikey

Cost / Unit:

ea

0.25"

$2

Mass produced switch commonly used in high power rocketry.  Two independent switches will be 

used, one per altimeter.  These switches will be held inside the 3-D printed switch bracket.  

Switches will be activated via removal of a single pull pin.  This design prevents the handling of 

the avionics bay with activated altimeters which could set off the black podwer charges.
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Switch 

 

 

  

Failure Modes Analysis:

1/4 Low

Altimeter is not 

powered off during 

pre lauch 

Properly secured 

during assembly 

Switches do not 

activate after pin 

removal 

Not properly 

connected to 

bracket

1/4 Low 
Altimeter does not 

power on
Ground testing

Likelihood / 

Consequence
Criticality Potential Effects MitigationFailure Mode



  

119 
 

Safe Touch Terminals  

 

Sub-Group:

Upper Airframe

Component:

Safe Touch Terminals

Mechanical Designer:

Robert J.

General Dimensions:

W:

L: 3/4"

Material:

Plastic/Metal

Manufacturing Process:

Mass Produced

Component Weight:

.3 oz

Component Description:

Prospective Vendor:

McMaster-Carr, Digikey

Cost / Unit:

ea

3/4"

$1

Mass produced touch safe electrical terminal.  These terminals accept the altimeter signal wire, 

through the bulkhead, and into the E-Matches that ignite the black podwer charges.  Using these 

terminals presents a more professional image, and makes broken wire more readily repairable 

than passing a wire through the bulkhead and heaping sealant over it.
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Safe Touch Terminals  

 

 

 

 

 

 

 

 

 

 

 

 

 

Failure Modes Analysis:

Wires are securly 

connected during 

ground testing.

Low

Loose connection 

causing signal loss in 

wires

Connected properly 

during ground testing.
Terminal not secure

Potential Effects Mitigation

Signal wire gets loose 2/4 Medium

Wire loses 

connection with 

charges. Parachutes 

Likelihood / 

Consequence
Failure Mode

1/4

Criticality



  

121 
 

Black Powder   

 

  

Sub-Group:

Upper Airframe

Component:

GOEX Black Powder 

Mechanical Designer:

Harpreet S.

General Dimensions:

Grain Type: 4F

Material:

Black Powder

Manufacturing Process:

Mass Produced

Component Weight:

1 lb. (sold in 1lb. canisters)

Component Description:

Prospective Vendor:

None

Cost / Unit:

ea saved$0

Mass produced. Mostly sold for use with firearms. 4F black powder is the finest black powder 

available. This yields a much quicker burn time. The amount of black powder to be tested will be 

derived from the Ideal Gas Law. The black powder will then be stored in ejection charges. One 

ejection charge will detonate and deploy the drogue parachute. The other charge will detonate at 

600 feet above ground level and deploy the main parachute. 
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Black Powder   

 

Failure Modes Analysis:

2 / 4 Medium
Burns to body. Property 

damage

Ground test with 

proper supervision. 

Safety course 

Improper Handling

Potential Effects MitigationFailure Mode
Likelihood / 

Consequence
Criticality

1/4 Low 
Damage to recovery 

system/rocket.
Ground testing. Failure to Ignite
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Altimeters 

 

 

Sub-Group:

Upper Airframe

Component:

Altimeter

Mechanical Designer:

Robert J.

General Dimensions:

W:

L: 2.75"

H: 0.5"

Material:

Electrical circuit board

Manufacturing Process:

Mass Produced

Component Weight:

0.45 oz

Component Description:

Prospective Vendor:

None

Cost / Unit:

ea saved

0.9"

$54

Initially, the University of Alabama in Huntsville's Charger Rocket Works planned to use the 

PerfectFlight Stratologger CF altimeter because it is half the size of the pictured SL 100 model.  

However, the CRW workshop already had numerous SL 100's on hand.  The total cost savings of $110 

outweighed the larger component drawback.  The complete recovery electronics system will consist of 

two, independently powered and switched altimeters for redundancy.  The SL 100 complies with NASA 

requirements to transmit via a series of beeps the highest recorded altitude.  They will be mounted to a 

3-D printed tray that will fit inside the coupler assembly. 4, 0.4" holes will be drilled into the coupler 

center ring to provide pressure reading ports for the altimeters.  
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Altimeters 

 

    

Failure Modes Analysis:

Testing

Criticality Potential Effects Mitigation
Likelihood / 

Consequence

Altimeter failure 1/4 Low 
Loss of payload 

and vehicle

Failure Mode
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All Thread 

 

  

Sub-Group:

Upper Airframe

Component:

All Thread

Mechanical Designer:

Robert J.

General Dimensions:

Thread Size:

Length:

Material:

Aluminum

Manufacturing Process:

Machined: mass produced

Component Weight:

1.2 Pounds

Component Description:

Prospective Vendor:

McMasterCarr

Cost / Unit:

Total Length$9

Commercially available, aluminum all thread stick.  This all thread will support 

anchoring of the main parachute through the nose cone bulkhead and into the nose 

cone body tip.  A 26" section will be required for this purpose.  32" more inches of all 

thread will be required to provide stability for the avionics tray in the coupler.  These 

threads will also provide anchor points through the coupler bulkheads for both the 

main and drogue parachutes.  With a minimum tensile strength of 42,000 PSI, these 

rods will provide more than enough strength to withstand recovery shocks especially 

when used as a pair.  These rods are 1/3rd the weight of steel and more corrosion 

resistant.

56"

1/4" - 20
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All Thread 

 

  

Failure Modes Analysis:

Mitigation
Likelihood / 

Consequence

Tensile failure 1/4

Failure Mode Criticality Potential Effects

Low Testing
Complete loss of 

payload and vehicle
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Aft Bulkhead

 

Sub-Group:

Lower Airframe

Component:

Aft Bulkhead

Mechanical Designer:

Holly S.

General Dimensions:

OD: 6"

ID: 0.5"

Thickness: 0.5"

Material:

Polycarbonate

Manufacturing Process:

CNC lathe

Component Weight:

0.598 lb

Component Description:

Prospective Vendor:

McMaster Carr, UAH Machine Shop

Cost / Unit:

The aft bulkhead provides support to the payload from the body tube of the vehicle. Although aluminum was considered, 

material selection was driven mostly by weight because the load is not a major concern in this area. Raw polycarbonate 

1/2" thick sheet may be purchased from McMaster-Carr. The raw sheet will be machined to it's circular shape seen 

above. The bulkhead is attached to the aft end of the payload section using four 5/8" screws and assembled into the 

vehicle. Once aligned the bulkhead is secured to the body tube using four 1/4" screws.

$33
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Aft Bulkhead 

Failure Modes Analysis:

Parts List:

Failure Mode
Likelihood / 

Consequence
Criticality Potential Effects Mitigation

Bolt Shear 2 / 3 Medium

Shear could cause the 

bolts holding body to body 

to fail

FEM analysis, verified 

through hand calculations 

and factor of safety

FEM analysis, verified 

through hand calculations 

and factor of safety

4

-
Fracture of Bulkhead due to 

pressure
1/3 Low -

1/4" Screw Fastener selection TBD (McMaster-Carr)

#4 (0.209) x 1 1/2" long

1

Bolt Tear out 2 / 3 Medium

Bearing could cause the 

bolts holding body to body 

to fail

Fastener selection TBD (McMaster-Carr) 4

Part Description Quantity

Polycarbonate Sheet Raw Material Purchased from McMaster-Carr and Machined
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Lower Airframe Body Tube 

 

Sub-Group:

Lower Airframe

Component:

Body Tube

Mechanical Designer:

Holly S.

General Dimensions:

OD: 6.17"

ID: 6"

Length53"

Material:

G12 Fiberglass

Manufacturing Process:

Purchased from Madcow

Component Weight:

6.31 pounds

Component Description:

Prospective Vendor:

McMasterCarr, Huff Performance, UAHuntsvilleMAE Machine Shop

Cost / Unit:

The body tube will house the payload section, drogue recovery system, fin assembly, centering rings and motor 

assembly. The current baseline is fiberglass purchased off the shelf from Madcow. Several materials were 

considered and the carbon fiber option was ruled out due to cost alone. If mass becomes an issue the design 

may be reevaluated and a trade will compare mass savings to budgetary restrictions. 

$224
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Lower Airframe Body Tube 

 

  

Failure Modes Analysis:

Parts List:

Body Tube G12 Fiberglass Tube 1

Rail Button 1515 Rail Buttons (supplier) 2

Dimensional inspection 

and test fit pre launch

FEM analysis, verified 

through hand calculations 

and factor of safety. 

Purchased from a 

reputable vendor 

Part Description Quantity

Buckling 1/4 Low

Loss of payload, stablity 

and potential mission 

failure

Tight fit 2/4 Medium Binding during seperation

Rail Button Bolt Shear 2/4 Medium

Shear could cause the 

vehicle to lose stability off 

the rail or bind during 

launch

FEM analysis, verified 

through hand calculations 

and factor of safety

Failure Mode
Likelihood / 

Consequence
Criticality Potential Effects Mitigation
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Centering Ring 

 

Sub-Group:

Lower Airframe

Component:

Centering Ring

Mechanical Designer:

Holly S.

General Dimensions:

OD: 6"

ID: 2.95"

Thickness:0.25"

Material:

G10 Fiberglass

Manufacturing Process:

Purchased off the shelf, epoxy assembly

Component Weight:

0.5 pounds

Component Description:

Prospective Vendor:

McMasterCarr, UAHuntsvilleMAE Machine Shop

Cost / Unit:

$10

The centering ring will give the motor tube stability near the top end, and hold it in place to prevent any undesired 

movement.  The centering ring will G10 Fiberglass and purchased off the shelf from a reputable vendor.  

Purchashing off the shelf ensures a reliable component and does not require any additional fabrication methods to 

be performed by the CRW team. Between wood and Fiberglass centering rings, the fiberglass was selected due 

to the high power of the motor and ensured stability, while still saving weight from a in house machined part. The 

centering ring will have an outside diameter of 6" and an inside diameter of 2.95”,      Some failures that could be 

expected include epoxy failure, or unaligned installment, resulting in loss of motor tube stability.
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Centering Ring 

 

  

Failure Modes Analysis:

Parts List:

Failure Mode
Likelihood / 

Consequence
Criticality Potential Effects Mitigation

Ring buckling 2/5 Medium

Loss of motor alignment 

results in loss of stability 

and control

FEM analysis, verified 

through hand calculations 

and factor of safety

Epoxy Bond Failure 2/5 Medium

Loss of motor alignment 

results in loss of stability 

and control

Epoxy application process 

controls

Quantity

Loose Fit 1/2 Low

Epoxy McMaster-Carr AR

Motor shakes inside body
Ensure tight fit when part 

received 

Center Ring Madcow 6" 75mm Centering Ring 1

Failure Mode Description
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Fixed Fin

 

Sub-Group:

Lower Airframe

Component:

Fin

Mechanical Designer:

Jacob E.

General Dimensions:

Hole D: .125in

Sheet size: 8x8 in

Material:

G-10 Fiberglass

Manufacturing Process:

Horizontal Band Saw, Grinder

Component Weight:

.710 lb per (SolidEdge)

Component Description:

Prospective Vendor:

McMasterCarr, Professional Plastics

Cost / Unit:

$40

The Fins will provide the rocket with greater stability during flight, helping maintain a stable trajectory and 

regulating spin. The fins will be designed using SolidEdge and then cut to size and rounded to achieve the 

required profile. Minimum required sheet size is 8in by 8in. The end parts will each weight approximately 0.71lb.  

Primary Challenges during construction will include accurately cutting and rounding the fin profile to ensure 

appropriate aerodynamics. Potential failures could be related to inaccurately rounded surfaces generating spin or 

affecting aerodynamics, stress concentrations at the connnections to the bracket, or fin flutter.
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Fixed Fin 

 

Failure Modes Analysis:

Parts List:

Failure Mode
Likelihood / 

Consequence
Criticality Potential Effects Mitigation

Bolt Shear 2 / 3 Medium

Shear could cause the 

bolts holding to body to 

fail

Testing during fabrication

Poor Aerodynamics 3 / 2 Low
Potential rotation 

induction, lower apogee

Accurate generation of 

rounded profile

Fin G-10 Fiberglass Sheet (8x8 or greater) 3

Failure Mode Description Quantity
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Fin Bracket

  

Sub-Group:

Lower Airframe

Component:

Fin Bracket 

Mechanical Designer:

Summer R.

General Dimensions:

L: 7.5" 0.252"

W: 2.004" 0.504"

Material:

Aluminum 2024-T4

Manufacturing Process:

Horizontal Band Saw,CNC Lathe, and CNC Mill

Component Weight:

0.3 lbs

Component Description:

Prospective Vendor:

McMasterCarr, UAHuntsvilleMAE Machine Shop

Cost / Unit:

Hole D:

Fin Slot W:

$46

The fin bracket will be used to attach the tail fins to the rocket body. The fin bracket was designed using 

SolidEdge and will then be manufactured by a CNC machine out of Aluminum 2024-T4 bar stock. This stock will 

be purchased from McMaster-Carr and will be machined in house. The bracket will be approximatly 7.5 inches 

long and 2.0 inches wide. The bracket will have eight 0.25 inch holes machined into the base to secure placement 

on the body tube of the rocket and will have four 0.25 inch evenly spaced holes machined through the bracket 

slots. These are to ensure fin attachment into the bracket slot. The end  part will be manufactured from aluminum 

and will weigh roughly 0.3 lbs. There will be possibles challenges during design of the bracket one of which is the 

selection of material and analysis. An initial model will be made from aluminum to ensure strenght properties are 

met for flight; however, the use of ABS printed plastic is a consideration due to weight reduction. A more 

throrough analysis of ABS printed plastics is necessary to ensure stabulity and strength of an ABS printed 

bracket. Failures that could result from malfunction of the aluminum bracket during flight include includes bolt 

shearing, material fracture, ultimatly fin loss. To reduce the risk of this occuring finite elment modeling will be done 

on the CAD model of the bracket at calculated load values to determine failure loads and locations and ensure the 
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Fin Bracket 

Failure Modes Analysis:

Parts List:

Fin flutter increased Testing during fabrication

Bracket Attach to body and fin 3

Failure Mode Description Quantity

Bracket Detaches 

from Rocket
2 / 4 Medium

Bracket falls from variable 

altitude during flight 

causing fin loss

Testing and FEM Analysis 

Fin Detaches from 

Bracket
2/4 Medium

Fin falls from variable 

altitude causing rocket 

path to vary and loss in 

Testing and FEM Analysis  

to Ensure Max Loads are 

Not Met

Loose Fit 2 / 3 Medium

Bolt Shear 2 / 3 Medium

Shear could cause the 

bolts holding to body to 

fail

Testing during fabrication

Failure Mode
Likelihood / 

Consequence
Criticality Potential Effects Mitigation
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Tail Cone

 

Sub-Group:

Lower Airframe

Component:

Tail cone

Mechanical Designer:

Holly S.

General Dimensions:

OD: 6"

ID: 3.95"

Material:

ABS Plastic

Manufacturing Process:

3D Printed at UAHuntsivlle Machine Shop

Component Weight:

0.40 pounds

Component Description:

Prospective Vendor:

McMasterCarr, Huff Performance, UAHuntsvilleMAE Machine Shop

Cost / Unit:

Among design considerations were an aluminum thrust plate and the 3D printed configuration as shown above. 

The 3D tail cone reduces weight, cost and drag while still providing a thrust load path and motor retention. The tail 

cone will be modeled in Solid Edge with all 3D printing tolerances accounted for and printed in house atthe 

UAHuntsivlle Machine shop. The tail cone will slide into the aft end of the body tube and assembled to body tube 

using four screws. A groove for a snapring sized to match motor will be provided to ensure that load path is 

transmitted properly and ensure motor retention. Because the largest force will be a compressive force following 

the thrust load path.

$40
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Tail Cone 

Failure Modes Analysis:

Parts List:

Four screws to body McMaster Carr (NOT SELECTED) 3

Snap ring McMaster Carr 1

Failure Mode Description Quantity

Tail Cone Motor retention. Provides thrust load path 1

Bolt Shear 1/4 Low

Shear could cause the 

bolts securing tail cone to 

body to fail

FEM analysis, verified 

through hand calculations 

and factor of safety

Motor shakes inside body TestThrust Lip Feature 1/5 Medium

Snap Ring Failure 2/4 Medium

After thrust the motor 

would not be secured to 

vehicle and could result in 

Ensure secure fit before 

flight

Failure Mode
Likelihood / 

Consequence
Criticality Potential Effects Mitigation



  

139 
 

Drogue Parachute 

 

Sub-Group:

Lower Airframe

Component:

Drogue Parachute

Mechanical Designer:

Jordan Tuten

General Dimensions:

Diameter:

Surface Area: 1.78 ft^2

Material:

1.1 oz. rip-stop

Manufacturing Process:

N/A

Component Weight:

1.74 oz

Component Description:

Prospective Vendor:

Fruity Chutes

Cost / Unit:

ea

1.5 ft

$53

The drogue parachute is deployed at apogee and is utilized to stabilize the descent of the rocket to a point where the 

rocket components do not tumble. The drogue is also used to slow the descent rate down to a point where the main 

parachute does not have such drastic loads when it is deployed at approximatly 600 ft. The drogue parachute is 

housed in the lower airframe until the time of deployment.
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Drogue Parachute 

  

Failure Modes Analysis:

Burn Hole in Parachute 

Fabric
3/ 3 Medium

The parachute would 

loose drag and descend 

faster

Create a procedure for 

packing the parchute to 

eliminate this issue

Suspension Line Failure 1 / 4 Low

Rocket components will 

approach 600 ft at high 

velocity

Tensile test the 

suspension lines

Failure Mode
Likelihood / 

Consequence
Criticality Potential Effects Mitigation
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Main Parachute 

 

  

Sub-Group:

Upper Airframe

Component:

Main Parachute

Mechanical Designer:

Jordan Tuten

General Dimensions:

Diameter:

Surface Area: 89 ft^2

Material:

zero-porosity 1.9 oz. balloon cloth

Manufacturing Process:

N/A

Component Weight:

45 oz

Component Description:

Prospective Vendor:

SkyAngle

Cost / Unit:

ea

10.65 ft

$189

The main parachute will be deployed at approximatly 600 ft and will be utilized to slow the descent velocity down to a 

point where the rocket body impacts the ground within the alloted kinetic energy requirments. The coefficient of drag 

for the selected SkyAngle CERT-3 X-Large parachute is given by the manufacturer as 2.59. The suspension lines 

that are designed into the parachute are 100 inches long to the point where they contact the shock cord.
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Main Parachute 

  

Failure Modes Analysis:

Burn Hole in Parachute 

Fabric
3/ 3 Medium

The parachute would 

loose drag and descend 

faster

Create a procedure for 

packing the parchute to 

eliminate this issue

Suspension Line Failure 1 / 5 Medium

Parachute would not fall 

straight and no drag would 

be produces

Tensile test the 

suspension lines

Failure Mode
Likelihood / 

Consequence
Criticality Potential Effects Mitigation
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Nomex Blanket 

 

  

Sub-Group:

Upper and Lower Airframe

Component:

Nomex Blanket

Mechanical Designer:

Jordan Tuten

General Dimensions:

Diameter:

Material:

Nomex

Manufacturing Process:

N/A

Component Weight:

40 oz

Component Description:

Prospective Vendor:

Fruity Chutes

Cost / Unit:

ea

9 in

$13

The shock cord that is being utilized is 1/2 inch tubular nylon cord. It will allow for the loads to be decrease due to the 

added ductility of the cord. There will be 50 feet used for the drogue and the main parachute. This size and model of 

shock cord is shown to have a load capacity of 1200 lb from the manufacturer.
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Nomex Blanket 

 

Failure Modes Analysis:

Failure Mode
Likelihood / 

Consequence
Criticality Potential Effects Mitigation

Heat Resistance 1 / 3 Low

The parachute will be 

burned and burn holes 

could form

Ensure that the Nomex is 

large enough to cover the 

parachute
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Shock Cord

 

Sub-Group:

Upper and Lower Airframe

Component:

Shock Cord

Mechanical Designer:

Jordan Tuten

General Dimensions:

Diameter:

Length: 50 ft

Material:

Tubular Nylon

Manufacturing Process:

N/A

Component Weight:

40 oz

Component Description:

Prospective Vendor:

Fruity Chutes

Cost / Unit:

ea

0.5 in

$50

The shock cord that is being utilized is 1/2 inch tubular nylon cord. It will allow for the loads to be decrease due to the 

added ductility of the cord. There will be 50 feet used for the drogue and the main parachute. This size and model of 

shock cord is shown to have a load capacity of 1200 lb from the manufacturer.
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Shock Cord 

  

Failure Modes Analysis:

Burn Spot on Shock Cord 3/ 3 Medium
Shock Cord will not allow 

for the same elasticity 

Create a procedure for 

packing the shock cord to 

eliminate this issue

Shock Cord Failure 2 / 5 Medium
Rocket components will 

free fall with no constraint

Tensile test the shock 

cords

Failure Mode
Likelihood / 

Consequence
Criticality Potential Effects Mitigation
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Payload Instrumentation 

  

Sub-Group:

Payload

Component:

SparkFun IMU Breakout - MPU-9250

Mechanical Designer:

Spencer E.

General Dimensions:

L 1.0 in

H 0.1 in

W 0.1 in

Material:

Manufacturing Process:

Component Weight:

Negligible

Component Description:

Prospective Vendor:

Sparkfun

Cost / Unit:

The SparkFun IMU Breakout - MPU-9250 sensor will measure the rocket's movement. This 

will be done using 2 chips that are present on the board. The MPU-6500 contains a 3-axis 

gryoscope and a 3-axis accelerometer, and the AK8963 contains a 3-axis magnometer. 

The main purpose of this device is to measure the rocket's acceleration to determine when 

the motor is no longer burning to start rotation. It will also measure the roll of the rocket to 

control the control surfaces. The roll will be measured around the vertical axis, as well as the 

other axis to know if the rocket begins to pitch.

$15
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myRIO 

 

 

Sub-Group:

Payload

Component:

myRio

Mechanical Designer:

Spencer E.

General Dimensions:

L 1.0 in

H 3.5 in

W 5.4 in

Material:

Manufacturing Process:

Component Weight:

0.5 lbs

Component Description:

Prospective Vendor:

National Instruments

Cost / Unit:

The myRio will control and monitor the function of the payload. It will read 

the data from the SparkFun IMU Breakout - MPU-9250 for inputs and run it 

through computations to control the movement of the servos to control the 

roll induced by the control serfaces.

$500
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Sled 

 

  

Sub-Group:

Payload

Component:

Payload Sled

Mechanical Designer:

Spencer E.

General Dimensions:

Main All Thread

ID 5.5 in OD 1.0 in

OD 5.8 in ID 0.875 in

H 9.75 in

Material:

ABS plastic

Manufacturing Process:

3D printing

Component Weight:

1.3 lbs

Component Description:

Prospective Vendor: Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC

UAH Machine Shop

Cost / Unit:

The Payload Sled will be used to house the components. Due to the 

complexity of the part, and to save on weight, it will be 3D printed. 

The screw holes will not be printed, but will be cut out post 

production.

2E

Compressive 

Mechanical 

Failure

Compressive 

loads beyond 

material 

limits

1. Possible 

payload 

loss 2. 

Possible 

vehicle loss

2C

Print with 

maximum fill, 

ensure minimum 

load transferred 

through payload

Compression 

test
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Hitec HS-5645MG Digital Ultra-Torque Metal Gear 2BB 

Sub-Group:

Payload

Component:

Hitec HS-5645MG Digital Ultra-Torque Metal Gear 2BB

Mechanical Designer:

Spencer E.

General Dimensions:

L 0.8 in

H 1.7 in

W 2.1 in

Material:

Manufacturing Process:

Component Weight:

0.1 lbs

Component Description:

Prospective Vendor: Hazard Cause Effect Pre-RAC Mitigation

Verificatio

n Post-RAC

Tower Hobbies

Cost / Unit:

Select 

servo with 

sufficient 

strength

Testing, 

select 

stronger 

servo if 

needed

2E

The servo will be used to rotate the control surfaces to induce a 

moment that will roll the rocket. They will be powered by a 9V battery 

and will be controlled by the myRio.

$40

Torsional 

Mechanical 

Failure

Torque 

loading 

beyond servo 

limits

Loss of 

payload 

fuctionality

2C
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Control Surface 

 

 

 

 

  

Sub-Group:

Payload

Component:

Control Surface

Mechanical Designer:

Spencer E.

General Dimensions:

NACA 0006 Root Chord 4 in

Height 3 in Tip Chord 0.57 in

Material:

ABS plastic

Manufacturing Process:

3D printing

Component Weight:

0.03 lbs

Component Description:

Prospective Vendor: Hazard Cause Effect Pre-RAC Mitigation Verification Post-RAC

UAH Machine Shop

Cost / Unit:

Mechanical 

shearing test
2E

The control surface will be controlled by the servo to create an angle of attack with 

reference to the rocket body. This will cause a lift force to occur on the control surface to 

cause a moment on the rocket body that will induce a roll. The fins will turn at the same 

angle to stop any moments that will cause the rocket to pitch. They are designed based on 

the root chord of 4 in and a thickness of 0.25 in. This shape causes it to be modeled 

similar to a NACA 0006 airfoil. The holes present on the part are present to allow for the 

attatchment of the part that will connect the control surface into the rocket body and to the 

servo.

Mechanical 

Shear 

Failure

Compressive 

loads beyond 

material 

limits

1. Falling 

debris         

2. 

Unstable 

flight

2C

Print with 

sufficient 

fill



  

152 
 

Payload Connectors  

 

  

Sub-Group:

Payload

Component:

Connectors

Mechanical Designer:

Spencer E.

General Dimensions:

Insert Clamp Holes

D 0.2 in Inner width 0.23 in D 0.15 in

L 0.5 in Outer width 0.43 in

L 0.7 in

Material: H 0.25 in

Manufacturing Process:

Component Weight:

Component Description:

Prospective Vendor: Hazard Cause Effect Pre-RAC Mitigation

Verificatio

n Post-RAC

Cost / Unit:

Mechanical 

shearing 

test

2E

This part will be attached to the control surface using two screws and nuts. The 

attachment points will be sunk into the wings to try to maintain a laminar flow of the 

surface. The end of the part will be inserted into the rocket body tube at a point that will 

match a hole in the payload sled. Once inserted into the sled it will match up to the servo 

so the rotation can be controlled. The attachment method is still being determined.

Mechanic

al Shear 

Failure

Compressiv

e loads 

beyond 

material 

limits

1. Falling 

debris         

2. 

Unstable 

flight

2C

Select or 

manufactur

e part with 

sufficient 

strength
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Appendix C: Test Plan 
 

Test Number Requirement Test Plan 

T1 
 

Determine GPS 
Tracker range and 

transmission capability 

Test tracker inside a nose cone or 
suitable fiberglass structure, and 
determine maximum range 
without obstacles.   
 
Repeat with trees and buildings 
as obstacles.  
 
Culmination of Tracker capability 
testing will be the sub scale 
launch. 

T2 
 

Ensure GPS Tracker 
does not induce a 

charge on ematches 

Spectrum analysis will be 
conducted to determine if 
transmission waves will enter into 
the avionics coupler and affect 
the electronic components.  The 
tracker can be placed inside the 
coupler to determine how much 
transmission power exits. The 
idea is if excessive power exits 
the coupler, an excessive amount 
can enter.  Shielding can then be 
implemented based on the 
results. 
 
 

T3 Ensure used altimeters 
are fully functional 

The Charger Rocket Works has an 
altimeter testing container that 
will determine functionality of 
the devices. 

T4 Recovery Deployment 
Test 

Ground testing of the charge size 
required to successfully shear the 
Nylon pins and eject the 
parachutes. 

T5 Roll shall be induced 
after motor burnout 

System Test for timing mechanics 

T6 Provide proof of 
controlled roll and 

successful counter roll 

Rotate payload about roll axis and 
look for fin actuation. 

 

T7 Ensure excessive drag 
is not produced by 

controlled fins 

Wind tunnel testing on fins. 
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T8 Ensure fail safe mode 
causes fins to return to 
pre-flight orientation 

Remove power source to one of 
the servos, observe results. 

T9 IMU must be properly 
calibrated 

Place IMU on a flat table and 
calibrate each axis of the 
accelerometer. 
 
Place the IMU on a spinning table 
that is rotating at a fixed rate to 
calibrate the gyros. 
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Appendix D: MSDS 
 

AeroTech Division, RCS Rocket Motor Components, Inc. 

 

Material Safety Data Sheet & Emergency Response Information 

 

Prepared in accordance with 29 CFR § 1910.1200 (g) 

 

Section 1. Product Identification 

 

Model rocket motor, high power rocket motor, hobby rocket motor, composite rocket motor, 

rocket motor kit, rocket motor reloading kit, containing varying amounts of solid propellant with 

the trade names White Lightning™, Blue Thunder™, Black Jack™, Black Max™, Redline™, 

Warp-9™, Mojave Green™, Metalstorm™, Metalstorm DM™ or Propellant X™. These 

products contain varying percentages of Ammonium Perchlorate, Strontium and/or Barium 

Nitrate dispersed in synthetic rubber with lesser amounts of proprietary ingredients such as burn 

rate modifiers and metal fuels. Rocket motor ejection charges contain black powder. 

 

Section 2. Physical Characteristics 

 

Black plastic cylinders or bags with various colored parts, little or no Odor 

 

Section 3. Physical Hazards 

 

Rocket motors and reload kits are flammable; rocket motors may become propulsive in a fire. All 

propellants give off varying amounts of Hydrogen Chloride and Carbon Monoxide gas when 

burned, Mojave Green propellant also produces Barium Chloride. 

 

Section 4. Health Hazards 

 

Propellant is an irritant in the case of skin and eye contact, may be extremely hazardous in the 

case of ingestion, and may be toxic to kidneys, lungs and the nervous system. Symptoms include 

respiratory irritation, skin irritation, muscle tightness, vomiting, diarrhea, abdominal pain, 

muscular tremors, weakness, labored breathing, irregular heartbeat, and convulsions. Inhalation 

of large amounts of combustion products may produce similar but lesser symptoms as ingestion. 

 

Section 5. Primary Routes of Entry 

 

Skin contact, ingestion, and inhalation. 

 

Section 6. Permitted Exposure Limits 

 

None established for manufactured product. 

 

Section 7. Carcinogenic Potential 

 

None known. 
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Section 8. Precautions for Safe Handling 

 

Disposable rubber gloves are recommended for handling Mojave Green propellant. Keep away 

from flames and other sources of heat. Do not smoke within 25 feet of product. Do not ingest. 

Do not breathe exhaust fumes. Keep in original packaging until ready for use. 

 

Section 9. Control Measures 

 

See section 8. 

 

Section 10. Emergency & First Aid Procedures 

 

If ingested, induce vomiting and call a physician. If combustion products are inhaled, move to 

fresh air and call a physician if ill effects are noted. In the case of skin contact, wash area 

immediately and contact a physician if severe skin rash or irritation develops. For mild burns use 

a first aid burn ointment. For severe burns immerse the burned area in cold water at once and see 

a physician immediately. 

 

Section 11. Date of Preparation or Revision 

 

March 22, 2012 

 

Section 12. Contact Information 

 

AeroTech Division, RCS Rocket Motor Components, Inc. 

2113 W. 850 N. St. 

Cedar City, UT 84721 

(435) 865-7100 (Ph) 

(435) 865-7120 (Fax) 

Email: customerservice@aerotech-rocketry.com 

Web: http://www.aerotech-rocketry.com 

Emergency Response: Infotrac (352) 323-3500 
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Appendix E:  Launch Trailer Operations Manual 

Pre-Trip Checklist 

 Hydraulics/Trailer Safety Checklist: 

o Go through the checklist shown in Appendix D.   

1.1.1 If anything falls into the “Deficient” category, the trailer may not be used until a 

corrective action is done and the hydraulics are re-inspected.  

1.2 If anything falls into the “Satisfactory” category, that part of the trailer is deemed safe 

enough for operation.  

o Tires: [1] 

 Check tire pressure: 

1.2.1.1 The optimal tire pressure for this trailer 50 psi.   

o Check for un-even or deteriorated wear on the tires.   

o Ensure lug nuts are tight. 

 Load 

o Ensure that I-beams and other materials are secured snugly onto the trailer deck.  

o Ensure that the control box is locked down and secure.  

o Ensure that all safety pins are in their respective locations: 

1.2.2 1 pin in each outrigger. 

1.3 1 pin in the rail manual backup (on the deck). 

o Light Check 

 Turn on the towing vehicle and have someone stand behind the trailer.  

 Check the operation of both left and right indicator lights.  

 Check the operation of the brake lights.  

 Check the operation of the basic driving/tow lights.  

o Ensure that all components needed for rail extensions have been compiled: 

 Battery powered impact driver  

1.3.1.1 1/2” and 9/16” sockets 

o 2-9/16 wrenches or ratchets with sockets 

o 2-1/2” wrenches or ratchets with sockets 

o 8-3/8” bolts, locknuts and washers per extension 

o 2-1/2” bolts, locknuts, and washers per extension 

NOTE: Keep track of how long the hydraulic pump is operating. After each 5 minutes of 

operation, turn the pump off to cool for 10 minutes. 

Hydraulics Operation 

 Remove pins from safety chains on the outriggers. 

 Remove pin from manual backup on the launch rail as shown in below. 
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 Place the magnetic towing lights under the trailer. 

 

 

Figure 1: Mechanical Back-up Pin Location 

 

 Insert the keys (attached to pins from the outrigger safety chains) to the key switches in 

the control panel (below). 

o The keys are not specific to a particular key switch. 

 Open the red cover on the power switch and switch to the on position. 

o Red LED will illuminate on the switch when powered on (Figure 2). 

 Ensure that the operations switch is in the “MANUAL” positions (Figure 2). 

 Turn the pump on using the switch labeled “PUMP” on the control panel (Figure 2). 

 Using the switches labeled 1-4, place the outrigger feet on the ground. 

o It is best not to move outriggers that are diagonal:  

1.3.2 E.g.:  If “1” was moved then “2” or 4” should be moved next, NOT “3”. 

o “Down” will lower the feet. 

o “UP” raises the feet. 

 SHUT OFF THE HYDRAULIC PUMP. 

NOTE: Keep track of how long the hydraulic pump is operating. After each 5 minutes of 

operation, turn the pump off to cool for 10 minutes. 
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Figure 2: Control Panel 

Manual Leveling 

 Ensure that all of the steps covered in “Hydraulics Operation” have been completed. 

o If not, complete those steps before proceeding with the leveling procedure. 

 Ensure that the operations switch is in the “MANUAL” position (Figure 2) 

 Turn on the hydraulic pump using the switch labelled “PUMP”. 

 Use switches 1-4 to move each of the corresponding outriggers. 

o The left LCD screen will display the angle of the trailer about both axes (Figure 

2&Figure 3). 

o If the LCD is not functioning, the bubble level in the control panel can be used as 

a reference. 

 Continue to adjust the outriggers until the trailer is at the desired angle. 

 SHUT OFF THE HYDRAULIC PUMP. 

 

NOTE: Keep track of how long the hydraulic pump is operating. After each 5 minutes of 

operation, turn the pump off to cool for 10 minutes 

 

AUTO Leveling 

 Ensure that all of the steps covered in “Hydraulics Operation” have been completed. 

o If not, complete those steps before proceeding with the leveling procedure. 

 Place the operations switch in the “AUTO” position. 

 Turn on the hydraulic pump using the switch labelled “PUMP”. 

 Press the red momentary push button labelled “AUTO LEVEL”. 

o Hold the button until the green led located above the button illuminates. 
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o IF AT ANY POINT THE HYDRAULICS BECOME SPASTIC--- RELEASE 

THE RED BUTTON. 

 Place the operations switch in the neutral (centered) or “MANUAL” position. 

 SHUT OFF THE HYDRAULIC PUMP. 

 

NOTE: Keep track of how long the hydraulic pump is operating. After each 5 minutes of 

operation, turn the pump off to cool for 10 minutes 

 
Figure 3: Trailer Angle 

Launch Rail Extension(s) – if necessary 

 Have one person hold the I-beam extension in place.  

 Attach two I-Beam Extension Side Plates to the I-beam web, one on each side, with the 

1/2” bolts, washers, and locking nuts as shown in below.  

 Attach the I-Beam Extension Top and Bottom Plate to the I-beam flange on the top and 

bottom flanges of the I-Beams 3/8” bolts, washers, and locking nuts as shown in Figure 4.  

o Replicate Figure 4 on both sides of the I-beam. 

 

 

Figure 4: I-beam Extension Side Plates 

 The 1515 rail extensions should be pre-attached to the I-beam. 

o If not, they should be attached using the provided 90° brackets. 
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 Attach the 1515 flat support brackets to both sides of the 1515. 

o Half of the bracket should bolt to the existing 1515 while the other half bolts to 

the 1515 extension.  

Loading Rocket 

 Load the rocket on to the 1515 rail by sliding it motor-first onto the rail, aligned by the 

rail buttons. 

OR 

 Remove the pin from the blast shield and allow the blast shield to rotate downward. 

o The rocket can be loaded nose first with the blast shield rotated out of the way. 

 Rotate the blast shield back into position, and re-insert the pin. 

 Ensure that the base of the rocket rests against the check-piece at the base of the rail.  

Launch Rail Elevation 

 Turn the key in the “RAIL” switch clockwise. 

 Ensure that no one is standing in the vicinity of the hydraulics before they operate.  

 Open the red cover on the power switch and turn it on to supply power to the control 

panel. 

o A red LED will illuminate if power is supplied as shown in Figure 2. 

 Ensure that “HYDRAULICS OPERATION” and “MANUAL LEVELING” or “AUTO 

LEVELING” operations have been completed. 

 Turn the operations switch to the “MANUAL” position. 

 Turn the pump on using the switch labelled “PUMP”. 

 Using the toggle switch labelled “RAIL”, the rail can be raised to the desired angle. 

o “UP” means that the rail will raise. 

o “DOWN” means that the rail will lower. 

o The right LCD shown in Figure 2 displays the angle of the rail in degrees. 

 SHUT OFF THE HYDRAULIC PUMP. 

NOTE: Keep track of how long the hydraulic pump is operating. After each 5 minutes of 

operation, turn the pump off to cool for 10 minutes 

 Shut off power to the control panel and close the red cover on the power switch. 

 Turn the keys in the control panel counter-clockwise and remove them. 

 Adjust the manual backup to align the holes.  

o This is done by turning the red cylinder with your hand. 

 Insert the ½” bolt into the aligned holes. 

o Place nut and lock washer on bolt. 

 Tighten the backup by rotating the red cylinder with your hand. 

Remote Launch System Setup 

Make sure that the two launch boxes never get within 75ft of each other when either of them 

is powered on. 

 Leave firing box at the location from which you will be firing the rocket. 

 Place the pad box on the trailer. 

o Ensure that the battery leads can reach the battery (on the trailer). 
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o Ensure that the igniter leads can reach the end of the I-beam. 

 Make sure that the two launch boxes never get within 75 ft. of each other when either of 

them is powered on.  

Remote Launch  

 Connect the igniter to the rocket motor. 

 Connect the pad box to the trailer battery. 

 Use the black push button on the pad box to check for continuity on the igniter: 

o A buzzer will sound and a light will illuminate if there is continuity. 

o If continuity is achieved then proceed to the firing box. 

o If continuity is not achieved: 

1.3.3 Break the circuit to the igniter. 

1.4 Carefully remove the igniter plug and igniter from the engine. 

1.5 Check the igniter for damage: 

1.6 If the pyrotechnic coating on the wire is burned and/or the bridge wire is burned into 

separate pieces, the igniter functioned properly but was not touching the motor 

propellant. 

1.7 If the igniter looks undamaged, check the wiring connections on the launch system for 

any loose joints. 

2 Carefully insert a new igniter and igniter plug and repeat the continuity check. 

 Connect the firing box to a 12V battery. 

 Insert the key into the firing box key switch and turn (THE LAUNCH BOX IS LIVE). 

o If there is continuity a buzzer will sound on the launch box. 

 Warn others of a pending launch and commence a countdown. 

 Press the red push button to initialize a launch. 

 If the rocket fails to launch, remove the safety key from the launch box and wait one 

minute to ensure that there will not be a delayed ignition. 

o Attempt to fire again by turning the key on and pressing the red launch button. 

Remote Launch System Shutdown 

 Remove the key from the firing box. 

 Disconnect the battery from the firing box. 

 Proceed to the pad box. 

 Disconnect the pad box from the trailer battery. 

Launch Rail Descent  

 Remove the bolt from the manual backup system.  

 Insert the key connected to the bolt into the key switch labeled “RAIL” on the control 

panel. 

 Open the red cover on the power switch and turn it on to supply power to the control 

panel. 

o A red LED will illuminate if power is supplied. 

 Ensure that the operations switch is in the “MANUAL” position. 

 Use the switch labelled “RAIL” to lower the rail back to the vertical position. 

o There is a limit switch on the trailer which prevents the rail from going past 

horizontal. 

 SHUT OFF THE HYDRAULIC PUMP. 
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 Close the red cover on the power switch to disconnect power from the control panel. 

 Turn the keys in the control panel counter-clockwise. 

NOTE: Keep track of how long the hydraulic pump is operating. After each 5 minutes of 

operation, turn the pump off to cool for 10 minutes 

 

Rail Extension(s) Removal – if necessary 

 Ensure that someone is holding the I-beam extension during its removal process. 

 Remove the I-Beam Extension Top and Bottom Plates from the I-beam flanges by 

removing the 9/16” bolts washers, and locking nuts. 

 Remove the I-Beam Extension Side Plates from the I-beam webs by removing the 1/2" 

bolts, washers, and locking nuts. 

 Secure the I-beam extensions to the deck using the provided D-rings and ratchet straps. 

Outrigger Raising 

 Ensure that the keys are in the control panel that corresponds to each outrigger. 

 Open the red cover on the power switch and turn it on to supply power to the control 

panel. 

o A red LED will illuminate if power is supplied. 

 Turn the operations switch to the “MANUAL” position. 

 Turn on the pump using the switch labeled “PUMP”. 

 Raise the outrigger feet incrementally and one at a time until the trailer’s weight is fully 

on the tires by operating. 

o Use switches 1-4 on the control panel. 

o “UP” means that the outriggers will be raising, therefore lowering the trailer. 

 Raise the outriggers one by one until they are in the fully upright position. 

 SHUT OFF THE HYDRAULIC PUMP. 

 Close the red power switch safety cover to shut off power to the control panel. 

 Remove safety pins from the control panel. 

 Place safety chains back onto the outriggers using the safety pins that were just removed 

from the control panel. 

NOTE: Keep track of how long the hydraulic pump is operating. After each 5 minutes of 

operation, turn the pump off to cool for 10 minutes 

 

Pre-Return Trip Checklist 

 Attach magnetic trailer lights back to the deck of the trailer. 

o Make sure that the red side of the light is facing the rear of the trailer. 

 Reconnect the trailer to the towing vehicle. 

o Connect the trailer lights. 

 Test the lights:  

o Running lights 

o Turning lights 
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o Brake lights 

Post-Launch Trip Cleanup 

 Fix any noted problems with the trailer, hydraulics, wiring noted during travel and 

operation. Store trailer with all hydraulic cylinders retracted (launch rail down, outriggers 

in a raised position). 
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Appendix F: Launch and Assembly Procedures 

 



  

190 
 

 

  



  

191 
 

 

 

 

 

 



  

192 
 

 

 

 

 

 



  

193 
 

 

  



  

194 
 

 

 

 



  

195 
 

 

 

 



  

196 
 

 

  



  

197 
 

Appendix G: Applicable Laws and Regulations 

6.1.6a FAA Regulations, CFR, Title 14, Part 101, Subpart C, Amateur Rockets 

 101.21   Applicability.  

(a) This subpart applies to operating unmanned rockets. However, a person operating an 

unmanned rocket within a restricted area must comply with §101.25(b) (7) (ii) and with any 

additional limitations imposed by the using or controlling agency.  

(b) A person operating an unmanned rocket other than an amateur rocket as defined in §1.1 of this 

chapter must comply with 14 CFR Chapter III. 

101.22   Definitions.  

The following definitions apply to this subpart:  

(a)  Class 1—Model Rocket means an amateur rocket that:  

(1) Uses no more than 125 grams (4.4 ounces) of propellant;  

(2) Uses a slow‐burning propellant;  

(3) Is made of paper, wood, or breakable plastic;  

(4) Contains no substantial metal parts; and  

(5) Weighs no more than 1,500 grams (53 ounces), including the propellant.  

(b) Class 2—High‐Power Rocket means an amateur rocket other than a model rocket that is 

propelled by a motor or motors having a combined total impulse of 40,960 Newton‐seconds (9,208 

pound‐seconds) or less.  

(c) Class 3—Advanced High‐Power Rocket means an amateur rocket other than a model rocket or 

high‐ power rocket.  

101.23   General operating limitations.  

(a)  You must operate an amateur rocket in such a manner that it:  

(1)  Is launched on a suborbital trajectory;  
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(2) When launched, must not cross into the territory of a foreign country unless an agreement is in 

place between the United States and the country of concern;  

(3)  Is unmanned; and  

(4)  Does not create a hazard to persons, property, or other aircraft.  

(b)  The FAA may specify additional operating limitations necessary to ensure that air traffic is not 

adversely affected, and public safety is not jeopardized.  

101.25    Operating limitations for Class 2‐High Power Rockets and Class 3‐Advanced High 

Power Rockets.  

When operating Class 2‐High Power Rockets or Class 3‐Advanced High Power Rockets, you must 

comply with the General Operating Limitations of §101.23.  In addition, you must not operate 

Class 2‐High Power Rockets or Class 3‐Advanced High Power Rockets—  

(a)  At any altitude where clouds or obscuring phenomena of more than five‐tenths coverage 

prevails;  

(b)  At any altitude where the horizontal visibility is less than five miles;  

(c)  Into any cloud;  

(d)  Between sunset and sunrise without prior authorization from the FAA;  

(e)  Within 9.26 kilometers (5 nautical miles) of any airport boundary without prior authorization 

from the FAA;  

(f)  In controlled airspace without prior authorization from the FAA;  

(g)  Unless you observe the greater of the following separation distances from any person or 

property that is not associated with the operations:  

(1)  Not less than one‐quarter the maximum expected altitude;  

(2)  457 meters (1,500 ft.);  

(h) Unless a person at least eighteen years old is present, is charged with ensuring the safety of the 

operation, and has final approval authority for initiating high‐power rocket flight; and  

(i) Unless reasonable precautions are provided to report and control a fire caused by rocket 

activities.  
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101.27   ATC notification for all launches.  

No person may operate an unmanned rocket other than a Class 1—Model Rocket unless that person 

gives the following information to the FAA ATC facility nearest to the place of intended operation 

no less than 24 hours before and no more than three days before beginning the operation:  

(a) The name and address of the operator; except when there are multiple participants at a single 

event, the name and address of the person so designated as the event launch coordinator, whose 

duties include coordination of the required launch data estimates and coordinating the launch 

event;  

(b)  Date and time the activity will begin;  

(c)  Radius of the affected area on the ground in nautical miles;  

(d)  Location of the center of the affected area in latitude and longitude coordinates;  

(e)  Highest affected altitude;  

(f)  Duration of the activity;  

(g)  Any other pertinent information requested by the ATC facility.  

6.1.6b NAR High Power Rocket Safety Code  

1.  Certification. I will only fly high power rockets or possess high power rocket motors that are 

within the scope of my user certification and required licensing.    

2. Materials. I will use only lightweight materials such as paper, wood, rubber, plastic, fiberglass, 

or when necessary ductile metal, for the construction of my rocket.    

3.  Motors. I will use only certified, commercially made rocket motors, and will not tamper with 

these motors or use them for any purposes except those recommended by the manufacturer. I will 

not allow smoking, open flames, nor heat sources within 25 feet of these motors.    

4.  Ignition System. I will launch my rockets with an electrical launch system, and with electrical 

motor igniters that are installed in the motor only after my rocket is at the launch pad or in a 

designated prepping area. My launch system will have a safety interlock that is in series with the 

launch switch that is not installed until my rocket is ready for launch, and will use a launch switch 

that returns to the "off" position when released. The function of onboard energetics and firing 

circuits will be inhibited except when my rocket is in the launching position.  
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5.  Misfires. If my rocket does not launch when I press the button of my electrical launch system, 

I will remove the launcher's safety interlock or disconnect its battery, and will wait 60 seconds 

after the last launch attempt before allowing anyone to approach the rocket.    

6.  Launch Safety. I will use a 5‐second countdown before launch.  I will ensure that a means is 

available to warn participants and spectators in the event of a problem.  I will ensure that no person 

is closer to the launch pad than allowed by the accompanying Minimum Distance Table.  When 

arming onboard energetics and firing circuits I will ensure that no person is at the pad except safety 

personnel and those required for arming and disarming operations.  I will check the stability of my 

rocket before flight and will not fly it if it cannot be determined to be stable.  When conducting a 

simultaneous launch of more than one high power rocket I will observe the additional requirements 

of NFPA 1127.    

7.  Launcher. I will launch my rocket from a stable device that provides rigid guidance until the 

rocket has attained a speed that ensures a stable flight, and that is pointed to within 20 degrees of 

vertical. If the wind speed exceeds 5 miles per hour I will use a launcher length that permits the 

rocket to attain a safe velocity before separation from the launcher. I will use a blast deflector to 

prevent the motor's exhaust from hitting the ground. I will ensure that dry grass is cleared around 

each launch pad in accordance with the accompanying Minimum Distance table, and will increase 

this distance by a factor of 1.5 and clear that area of all combustible material if the rocket motor 

being launched uses titanium sponge in the propellant.    

8.  Size. My rocket will not contain any combination of motors that total more than 40,960 N‐sec 

(9208 pound‐seconds) of total impulse. My rocket will not weigh more at liftoff than one‐third of 

the certified average thrust of the high power rocket motor(s) intended to be ignited at launch.    

9. 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.    

10. Launch Site. I will launch my rocket outdoors, in an open area where trees, power lines, 

occupied 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, or 1000 feet for rockets with a 

combined total impulse of less than 160 N‐sec, a total liftoff weight of less than 1500 grams, and 

a maximum expected altitude of less than 610 meters (2000 feet).  

11. Launcher Location. My launcher will be 1500 feet from any occupied building or from any 

public highway on which traffic flow exceeds 10 vehicles per hour, not including traffic flow 
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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.    

12. 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.    

13. 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.  

6.1.6c National Fire Protection Association Regulations  

NFPA 1122: Code for Model Rocketry   

'Model rockets' are rockets that conform to the guidelines and restrictions defined in the NFPA 

1122 document. These rockets weigh less than 1500 grams, contain less than 125 grams of total 

fuel, have no motor with more than 62.5 grams of fuel or more than 160 NS of total impulse, use 

only pre‐ manufactured, solid propellant motors, and do not use metal body tubes, nose cones or 

fins.  One inconsistency with this is the CPSC definition of a model rocket motor, which by their 

definition must contain no more than 80NS total impulse. NFPA 1122 contains the most complete 

definition of a model rocket and the model rocket safety code.  This is the same safety code as 

adopted by NAR. 'Large Model Rockets' is a term used in the FAA FAR 101 regulations. It refers 

to NAR/NFPA model rockets that are between 454 and 1500 grams (1 to 3.3 pounds) total liftoff 

weight and contain more than 113 grams but less than 125 grams of total fuel.    

NFPA 1127: Code for High Powered Rocketry   

 'High power rockets' are rockets that exceed the total weight, total propellant or single motor total 

impulse restrictions of model rockets, but otherwise conform to the same guidelines for 

construction materials and pre‐manufactured, commercially made rocket motors. High power 

rockets also allow the use of metal structural components where such a material is necessary to 

insure structural integrity of the rocket. High power rockets have no total weight limits, but do 

have a single motor limit of no more than O power (40,960NS maximum total impulse) and have 

a total power limitation of 81,920NS total impulse. NFPA document 1127‐1985 contains the most 

complete definition of a high power rocket and also the high power rocketry safety code. This 

safety code has been adopted by both the NAR and TRA.  Metal bodied rockets are allowed by 

NFPA 1127 where metal is required to insure structural integrity of the rocket over all of its 

anticipated flight.  

6.1.6d State of Alabama Regulations  

11‐47‐12. Gunpowder and explosives storage.    
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It is the duty of the corporate authorities of every city or town to provide a suitable fireproof 

building without the limits of the town or city for the storage of gunpowder or other explosive 

material on such terms as the corporate authorities my prescribe.   

13A‐11‐224. Keeping gunpowder or explosives in city or town    

Any person who keeps on hand, at any one time, within the limits of any incorporated city or town, 

for sale or for use, more than 50 pounds of gunpowder or other explosives shall, on conviction, be 

fined not less than $100.00. The explosive material on such terms as the corporate authorities may 

prescribe.  

6.1.6e Tripoli Rocketry Association Requirements for High Power Rocket Operation    

1. Operating Clearances. A person shall fly a high power rocket only in compliance with:   

a.  This code;    

b.  Federal Aviation Administration Regulations, Part 101 (Section 307,72 Statute 749, Title 49 

United States Code, Section 1348, “Airspace Control and Facilities,” Federal Aviation Act of 

1958); and    

c.  Other applicable federal, state, and local laws, rules, regulations, statutes, and ordinances.    

d.  Landowner permission.    

2. Participation, Participation and Access at Tripoli Launches shall be limited to the following:    

2‐1 HPR Fliers may access and conduct flights from the High Power Launch Area and/or Model 

Rocket Launch Area.   

2‐2 Non‐Tripoli Members age 18 and over that are students of an accredited educational institution 

may participate in joint projects with Tripoli members. These individuals are allowed in the High 

Power Launch Area and/or Model Rocket Launch Area if escorted by a Tripoli member. The 

maximum number of non‐member participants shall not exceed five (5) per Tripoli Member.    

2‐3 Non‐Tripoli Members that are members of a Named Insured Group may participate in joint 

projects with Tripoli members. These individuals are allowed in the High Power Launch Area 

and/or Model Rocket Launch Area if escorted by a Tripoli member. The maximum number of non‐

member participants shall not exceed five (5) per Tripoli Member.    

2‐4 Tripoli Junior Members that have successfully completed the Tripoli Mentoring Program 

Training may access and conduct flights from the High Power Launch Area while under the direct 

supervision of a Tripoli Senior member in accordance with the rules of the Tripoli Mentored Flying 
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program. The Tripoli Senior member may provide supervision for up to five (5) individuals that 

have successfully completed the Tripoli Mentoring Program Training at a time in the High Power 

Launch Area.    

2‐5 Children younger than 18 years of age may conduct flights from the Model Rocket Launch 

Area under the direction of a HPR Flier.    

2‐6 Attendance by Invited Guests and Spectators    

2‐6.1 An invited guest may be permitted in the Model Rocket Launch Area and preparation areas 

upon approval of the RSO.    

2‐6.2 An Invited Guest may be allowed in the High Power Launch Area if escorted by a HPR Flier. 

A HPR Flier may escort and be accompanied by not more than five (5) non‐HPR fliers in the High 

Power Launch Area. The HPR flier escort is required to monitor the actions of the escorted non‐

HPR fliers, and the escort is fully responsible for those actions and for the safety of those escorted.    

2‐6.3 Spectators, who are not invited guests, shall confine themselves to the spectator areas as 

designated by the RSO and shall not be present in the High Power Launch Area or Model Rocket 

Launch Area.    

3. Referenced Publications    

The following documents or portions thereof are referenced within this code. The edition indicated 

for each reference is the current edition as of the date of the NFPA issuance of this document.   

3‐1 NFPA Publications. National Fire Protection Association, I Batterymarch Park, P.O. Box 

9101, Quincy, MA 02269‐9101    

NFPA 1122, Code for Model Rocketry.    

NFPA 1125, Code for the Manufacture of Model Rocket Motors.   

 NFPA 1127, Code for High Power Rocketry    

3‐2 Government Publications. Superintendent of Documents, U.S. Government Printing Office, 

Washington DC 20402.    

Federal Aviation Administration Regulations, from the Code of Federal Regulations. 

Federal 7/31/2012    

Hazardous Substances Act, from the United States Code (re. Airspace Control)    

3‐3 TRA Publications. Tripoli Rocketry Association, Inc., P. O. Box 87, Bellevue NE 68005.    
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Articles of Incorporation and Bylaws    

High Power Rocketry Safety Code    

Tripoli Motor Testing Committee (TMT), Testing Policies    

4. Additional Tripoli Rulings    

A‐1 NFPA 1127 was adopted by the Tripoli Board of Directors as the Tripoli Safety Code. (Tripoli 

Report, April 1994, Tripoli Board Minutes, New Orleans, 21 January 1994, Motion 13.) Since this 

adoption, the code has gone through some revisions. Such is the way with codes – they are 

constantly undergoing change to improve and update them when safety prompts, or when the 

federal regulations change or are reinterpreted    

A‐2 All Tripoli members who participate in Association activities shall follow the Tripoli 

Certification Standards.    

A‐3 Any Board action(s), with regard to safety, made previous to or after publication of this 

document shall be a part of the Tripoli Safety Code.    

A‐4 Increased descent rates for rocket activities conducted at the Black Rock Desert venue are 

acceptable if needed to insure a controlled descent to remain inside the FAA approved Dispersion 

Area.    

A‐5 A rocket motor shall not be ignited by using:    

a.  A switch that uses mercury.   

b.  “Pressure roller” switches 
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Appendix H: Milestone Review Flysheet 

 

Institution Milestone

628.72 ft/s

0.57

1494.7 ft/s^2

5283.2 ft

59.42 ft/s

96 in

Upper 

Airframe

Lower 

Airframe
N/A N/A Nose Cone

Upper 

Airframe

Lower 

Airframe
N/A

Coupler Length 14"

Fin Material G10 Fiberglass

Static Stability Margin (Burnout)

Thrust-to-Weight Ratio 6.87

Rail Size and Length (in) 1515, 96 in.

59.42

Manufacturer/Model

Size (ft^2)

600Altitude at Deployment (ft)

Recovery System Properties

Main Parachute

Manufacturer/Model SkyAngle/CERT-3 XLarge

Size (ft^2) 89

Maximum Veloxity (ft/s)

Ascent Analysis

2.48
Black Powder Mass Main 

Chute (grams)

Harness/Airframe Interfaces

The shock cord that is utilized for the 

main chute has two connection points, 

one to the lower section of the avionics 

bay and one to the all thread which is 

connected to the motor casing.

XBee transmitter with 

Antenova GPS chip

Rocket Locators 

(Make/Model)

Transmitting Frequencies ***Required by CDR***

21.07 55.92

1.45

Kinetic 

Enerfy of 

Each 

Section (Ft-

lbs)

10.5

Black Powder Mass Drogue 

Chute (grams)

Recovery Electonics

Recovery System Properties

Dogue Parachute

Stable Velocity (ft/s)

Distance to Stable Velocity (ft)

Target Apogee (From Simulations)

Max/Average Thrust (lb)

Maximum Mach Number

346.4

Tail Cone/Snap Ring

Maximum Acceleration (ft/s^2)

Liftoff Thrust (lb)

Motor Retention

Altitude at Deployment (ft) 5280

0

2499.471173.45

Kinetic Enerfy 

of Each Section 

(Ft-lbs)

Harness/Airframe Interfaces

The shock cord that is utilized for the 

drogue chute has two connection points, 

one to the bulkhead under the nose cone 

and one to the upper end of the avionics 

bay.

Indefinite with pull pin installed, 

unknown with pin removed (hours)

University of Alabama, Huntsville PDR

6.17 373.23/323.80

119Total Length (in)

Airframe Material

46

G12 Fiberglass

Harness Size/Thickness (in)1

50Recovery Harness Length (ft)

Center of Pressure (in from nose)

Gross Lift Off Weigh (lb)

Diameter (in)

Mass Before/After Burn 10.1/5.64

1038.17Total Impulse (lbf-s)

Static Stability Margin (off launch rail)

90.374

76.883

Stability Analysis

3.04

2.18

Center of Gravity (in from nose)

83.4Velocity at Deployment (ft/s)

Fruity Chutes/CFC-18

1.7

Rail Exit Velocity

Milestone Review Flysheet

Motor Designation

Motor PropertiesVehicle Properties

Aerotech L1420R-P

Terminal Velocity (ft/s) 12.47

Nylon

1

Terminal Velocity (ft/s) 107.2

Recovery Harness MaterialRecovery Harness Material

Harness Size/Thickness (in)

Recovery Harness Length (ft) 50

Velocity at Deployment (ft/s)

Nylon

PerfectFlite Stratologger 

SL100

Recovery Electonics

Redundancy Plan

Pad Stay Time (Launch 

Configuration)

Dual, independent system

Altimeter(s)/Timer(s) 

(Make/Model)
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Institution Milestone

N/A

Overview

The overall goal of this project is to design a payload system that will mechanically induce and control the angular 

velocity about the roll axis of a rocket. This is to be done without causing excessive drag or instability due to secondary 

control surfaces positioned aft of the center of gravity.

Overview

N/A

Test Plans: Testing critical recovery systems, payload function, and flight simulations

Status: To be conducted post-sub scale launch

Results: N\A

Overview

Payload 1

Test Plans: Sub scale vehicle will be flown to verify overall vehicle design, fin design, fin mounting design, and motor 

size.

Status: To be conducted in November/December

Results: N\A

Test Plans: Ground Tests to confirm proper ejection and appropriate charge sizing

Status: To be conducted post-assembly

Results: N\A

Test Plans, Status, and Results

University of Alabama, Huntsville PDR

***Include Description of rail locking mechanism***

Autonomous Ground Support Equipment (MAV Teams Only)

Overview

Milestone Review Flysheet

Launch Rail 

Mechanism

Ejection 

Charge Tests

Full-scale Test 

Flights

Sub-scale Test 

Flights

Capture 

Mechanism

Container 

Mechanism

Overview

Igniter 

Installation 

Mechanism N/A

Payload
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Institution Milestone

Additional Comments

University of Alabama, Huntsville PDR

Milestone Review Flysheet


