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Chapter 1.  Summary of FRR Report 

1.1 Team Summary 

1.1.1 Team Name and Mailing Address 

The Stony Brook University (SBU) Seawolves team has been working in conjunction with 

SBU’s chapter for the American Institute of Aeronautics and Astronautics (AIAA-SBU). 

Therefore, the Seawolves’ mailing address is as follows: 

 

AIAA-SBU 

231 Engineering 

Stony Brook, NY 11794-2200 

1.1.2 Mentor Information  

The Seawolves have been guided by Dr. Brian S. Meyer (drbriansmeyer@gmail.com) of 

the Long Island Advanced Rocketry Society (LIARS). LIARS is Section #142 of the National 

Association of Rocketry North Shore Section and Prefecture #29 of Tripoli Long Island. Dr. Meyer 

maintains a Level 2 Certification as TRA Member #2210 and NAR Member #9814. 

The team’s second mentor is George Smythe of LIARS and is TRA Member #4592. 

1.2 Launch Vehicle Summary 

The finalized launch vehicle is 114.42 inches long with a 6.16-inch outer diameter and has 

a gross lift off weight of 52.92 pounds. Its target altitude is 4700 feet, which will be reached on 

Launch Day with an AeroTech L2200G motor. A 12-foot, 1515 rail will be used.  

The recovery system consists of two electronically independent altimeters connected to 

black powder charges that control the dual deployment events of the launch event. PerfectFlite 

StratoLoggerCF altimeters will be used to trigger deployment of the 24” elliptical and 96” toroidal 

Rocketman main and drogue chutes, respectively. The drogue parachute will deploy at apogee, 

with a backup charge delay of 1 second, and the main parachute will deploy at 550’ AGL, with a 

backup deployment at 500’ AGL (competition minimum). Additionally, the rocket will be located 

with an Eggtimer Rocketry Eggfinder TX/RX GPS transmitter receiver pair operating at 915 MHz. 

The transmitter will be mounted in the nose cone, and the avionics will be shielded from the 

transmitter by use of conductive aluminum foil tape to line the avionics bay. 

1.3 Payload Summary 

The payload name was chosen to be “The Wolf Pack.” 

 

The payload objective is to successfully deploy a drone from a safely landed rocket. After 

the rocket lands and the signal is given to initiate the drone, the Drone Reorientation and Exit 

System (DRES) will safely eject the drone capsule, at which point the capsule will orient the 

drone for take-off. The drone lock will then unlock and its switch will be turned on. After 

unlocking and powering on, the drone will fly to the excursion area and drop a 1 in 2 

navigational beacon with Stony Brook’s logo. 

mailto:drbriansmeyer@gmail.com
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Chapter 2.  Changes Made Since CDR 

2.1 Structural Design Changes 

2.1.1 Parachute bay connections 

As per the NASA panel during the CDR presentation, the parachute bay connections were 

adjusted in order to prevent ejection charges from pushing the parachutes into the rocket sections. 

This configuration required the shock cords to “yank” the parachutes out of the vehicle rather than 

be pushed out by the pistons. To solve the issue, the parachute bays are now attached to the avionics 

bay inside the rocket with six (6) #10-32 steel screws per bay, and ejection charges will push the 

parachutes and pistons out of the bays, as desired. This was referred to as “Action Item 2” in the 

CDR Delta presentation, and an image of the corrected configuration is shown below for reference. 

 

 

Figure 2.1: Corrected Parachute Bay Connections 

2.1.2 Airframe and ASACU modifications 

A few key changes were made to the airframe in order to decrease the overall weight of 

the rocket. The first and most prominent is that the airframe was changed to be carbon fiber instead 

of fiberglass, which ended up saving close to nine pounds without any changes to the various bay 

lengths. Before this change, the rocket was simulated to be far under its desired apogee altitude.  

Additionally, the booster and payload bays were shortened to save even more weight; this 

also served to act as a preventative measure in case the payload system needed to add more weight 

to improve their system’s functionality. Another justification for this design change was that, if 

the payload team chose to not add any more weight, this would simply increase the launch 

vehicle’s predicted apogee and allow for further utilization of the ASACU. 

Further changes were made to the booster bay and ASACU as well. As far as structural 

changes, there are no longer three “windows” or “hatch doors” to provide maintenance to the 

stability unit. There will instead be one window on the forward section of the booster bay to access 

the system’s electronics. The driving mechanism of the stability unit was also changed from a lead 

screw to a rack and pinion design to allow the system to change the angle of the canard fins faster.  

Drogue 

Parachute Bay 

(AFT) 

Avionics Sled + 

Screw Holes 
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Additional changes were made to the ASACU and various airframe sections, all of which 

can be found in the table below. 

 

Change Justification 

Airframe was changed from fiberglass to carbon 

fiber. 

With the launch vehicle already utilizing the most 

powerful allowable motor, a large amount of 

weight had to be cut in order to reach the 

declared apogee (4700 ft). 

The length of the booster bay was decreased from 

48” to 25.” 

There was a lot of unnecessary length taken up 

by the booster bay. Modifications were made to 

the coupler that connects this bay to the drogue 

parachute bay; by keeping the booster-side of the 

coupler open (removing the bulk plate), the 

coupler was shifted further aft such that part of 

the motor mount tube now resides within the 

coupler. This decrease in length was done 

primarily to save weight. 

The length of the payload bay was decreased 

from 37.18” to 30.” 

After careful revision to the payload subsystem, 

while optimizing weight and structure, it was 

found that there existed empty space that could 

be removed. The bay was shortened to save 

weight and increase stability under this new 

design revision. 

There is no longer an exposed, 1” section of 

airframe dedicated to the avionics bay. 

It was determined that this was simply 

unnecessary and could be eliminated to shorten 

the length of airframe used, and again decrease 

the overall weight of the launch vehicle. 

The stability unit’s servo will determine the 

canard fins’ angles by a rack and pinion design 

rather than a lead screw. 

Using a lead screw as the driving mechanism was 

determined to be too slow to accomplish the 

goals of the stability unit. Instead, the SAP team 

is using a plastic rack and pinion attached to the 

mechanism’s floating disc, which will allow the 

servo to correct the canard fins’ angles much 

faster. 

Steel rods for the canard fins were changed to 

Aluminum. 

Allows the mechanism to be lighter without 

jeopardizing its structural integrity. 

The connection between the aluminum rod and 

the canard fins was changed from one #10-32 

screw to two #10-32 screws. 

Prevent the canard fins from strong vibrations as 

a result of being secured by only one screw. Also 

eliminates the possibility of a moment caused by 

the aerodynamic forces, making the fins rotate 

about the one screw. 
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The upper portion of the fin root was extended 

such that this section touches the motor mount 

tube for a strong epoxy bond. 

Prevents the fins from excessive vibrations 

during flight and increases the overall structural 

integrity of the booster bay. 

A stacked fiberglass centering ring was added 

around the forward portion of the motor mount 

tube, placed against the coupler that connects the 

booster bay and drogue parachute bay. 

Two fiberglass centering rings were used together 

instead of one in order to increase the structural 

integrity of the motor mount tube and the booster 

bay airframe. Helps to damp the vibrations that 

the motor mount tube will experience during the 

power phase of the flight. 

There will be only one removable window (a 

removable section of the carbon fiber airframe) 

on the booster bay, instead of three. This will 

serve to access and service the stability unit’s 

electronics housing, rather than for the purpose of 

servicing the canard fins in case of failure. 

Three windows complicated the design more than 

necessary. The SAP team was confident that the 

stability unit was strong enough to avoid failure, 

thus eliminating any need to cut a window for 

each canard fin. However, one window near the 

servo is still necessary to access the electronics 

(to update code, replace a battery, etc.).  

The window mentioned in the above cell will be 

secured to the airframe by screwing it into a 

small section of blue tube. The attachment will 

method will be via two T-nuts that will be 

epoxied to the inner surface of the blue tube. 

The window must be easily attached/detached to 

the airframe, and the SAP team figured that the 

best/easiest way to do this was by securing the 

window cutout to a section of blue tube. 

Table 2.1:  Structural Design Changes 

2.2 Payload Criteria Changes 

Change Justification 

Drone capsule orientation mechanism design 

change.   

A design flaw was discovered in the previous 

design that would render the orientation 

system unpredictable.   

Shock absorption measures will only be taken 

on the drone. 

Only the drone in the payload bay is sensitive 

to excessive shock. The other components 

such as lead screws are robust under shock. 

Drone switch uses a transistor instead of 

mechanical 

Using a transistor switch to turn the drone on 

will be more reliable. 

The payload is within 8lbs This criterion was mentioned in the CDR.  

The airframe is 30 in The DRES system can extend into the 

coupler, however, the airframe is now 

determined to be 30in long.  

Drone will carry a beacon and deliver to the 

FEA 

Part of competition’s criteria 
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A mechanism to absorb shock from deploying 

parachute and landing is necessary to prevent 

damage to the drone 

An energy dissipation system is included on 

the DRES to ensure the safety of the drone 

All batteries will be wrapped with fire 

retardant fabric 

Ensure safety of the rocket and payload 

The transmitter’s maximum power output is 

250mW 

Part of competition’s criteria 

Drone will fold and fit within the rocket 

during launch 

Necessary to have the drone inside the rocket 

DRES will have a remote access transmission 

system that will turn on all electronics after 

landing 

Part of competition’s criteria 

DRES will push out and reorient the drone for 

its flight 

Allow the drone to be upright and ready to fly 

Table 2.2:  Payload Criteria Changes 

 

2.3 Project Plan Changes 

The project plan has been severely impacted by a slew of circumstances. While the 

manufacturing timeline was not quite ready for a pre-FRR Vehicle Design Flight (VDF) to begin 

with, one of the more prevalent issues that the team faced was that the vendor of the Seawolves’ 

desired motor mixed up the shipping label with another customer’s package. Therefore, even on a 

severely rushed timeline, the possibility of an ill-prepared launch vehicle to satisfy the VDF 

requirement was simply not possible (given that a 5:1 thrust-to-weight ratio was a requirement of 

the VDF). The team will continue to finalize every detail of the manufacturing process such that a 

VDF may be completed before the FRR Addendum deadline (03/25/2019). 
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Chapter 3.  Vehicle Criteria 

3.1 Design and Construction of Vehicle 

3.1.1 Nose Cone 

The nose cone is largely hollow and was 3D printed into three sections, all of which were 

epoxied together. The reason for three separate sections was due to the limitations of the 3D printer 

that the team had access to. This revised design varies slightly from the original CAD model due 

to this limitation, however the hardship was mitigated by sectioning the nose cone into three 

sections that fit together like a puzzle, making for an easier time epoxying together. The separate 

prints and the final nose cone can be seen in the figures below: 

 

 

Figure 3.1: Nose Cone Pieces 
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Figure 3.2: Nose Cone: Outside 

 

 The following figure shows that the nose cone features a hollow inside. One should notice 

the four holes in the inner ring of the nose cone, as the hollow space will be occupied by the 

tracking bay and will be mounted to the nose cone via those holes. The inner ring is made from 

wood and is epoxied to the nose cone to secure it. Also, the holes have nuts epoxied to them to 

provide threads for the screws that will interface with this ring and the tracking bay. This was one 

consideration when designing to ensure that the tracking bay will be able to be removed once 

permanently joined. 
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Figure 3.3: Nose Cone: Inside 

 

3.1.2 Payload Bay Airframe 

The Payload Bay was designed and constructed with the intention of allowing access to the 

Payload DRES system, while providing a secure connection to the launch vehicle. The payload 

bay is joined to the rest of the airframe in a similar fashion to all other bays, a fiberglass coupler 

is used to join the payload and main bays. However, neither section is epoxied, but the connection 

to the payload bay is joined by four (4) #10-32 machine screws, interfaced with t-nuts epoxied to 

the airframe to provide threads and reinforce the strength. The side connecting the payload and 

main parachute bay is connected with shear pins to allow separation at this point, during descent, 

when the altimeters trigger the black powder explosions. This is illustrated in the following figure. 
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Figure 3.4: Payload Bay 

 

To keep the payload bay tethered to the launch vehicle, a fiberglass bulk plate, with a 

wooden shoulder, was epoxied to the coupler. Once joined, a U-bolt was secured to the bulk plate 

#10-24 

machine 

screw 

Payload Bay 

Fiberglass 

Coupler facing 

Main 

Parachute Bay 
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with a steel plate and JB Weld to further strengthen this joint. This assembly is depicted in the 

following figure. 

 
 

Figure 3.5: Payload Bay Bulkhead 

 

3.1.3 Fins  

Main Fins 

The design of the main fins was modified such that they would yield a stronger epoxy bond. 

The upper root of these fins was extended and now appear to rest on top of the middle centering 

ring; the purpose of this was so that they would be able to touch the motor mount tube, where they 

previously would not. This extra available surface area allows a much more effective bond between 

the main fins and the motor mount tube, thereby increasing its overall strength. A picture of the 

fin profile can be seen in the figure below: 

 

Fiberglass 

Bulkplate 

U-bolt 
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Figure 3.6: Fin Profile 

Canard Fins 

 An additional change that is noticeable from Figure 3.1 is the profile of the canard fins. 

Instead of being a scaled-down version of the main fins, they now maintain a simple, rectangular 

profile. This was done to avoid complications in the ASACU’s code, since such an irregular fin 

profile would be a lot harder to manage than the above design. 

 

3.1.4 Booster Bay Assembly  

Upper Centering Ring 

The upper centering ring consists of a pair of regular fiberglass centering that is placed 

against the bottom of the coupler, which connects the drogue parachute bay and booster bay. It 

should be noted that the top surface of the motor mount tube was located 8 inches above the top 

surface of the upper centering ring, and this was done in order to allow the upper portion of motor 

mount tube to be inserted into the coupler. The purpose of this is to save the overall weight of the 

vehicle. In other words, the upper centering ring will serve as one of the bulkheads that close the 

coupler. 
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Figure 3.7: Forward Centering Ring and Booster/Drogue Bay Coupler 
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Figure 3.8: Assembled view of double forward centering rings  

Motor Mount Tube 

The LOC Tube that was made of Kraft phenolic paper has been selected as the motor mount 

tube, which was rated heavy duty and has larger thickness than the regular fiberglass motor mount 

tube. One of the main reasons of selecting LOC tube is that it has a longer length than fiberglass 

motor mount tube, and it will accommodate the motor and motor casing better. 

 

Electronics Housing/Window 

 In addition to the motor mount assembly, there exists a need to access the electronics of 

the ASACU to change batteries and/or service any electronic devices. To provide access to the 

electronics, it was decided to cut a window in the booster bay, in between two primary fins. This 

is to allow access to the ASACU electronics at any time since the motor mount assembly will not 

have the ability to slide in and out of the airframe due to the epoxy bonds. An example of the 

window configuration is illustrated in the following two images: 
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Figure 3.9: Window Assembly 

Blue Tube 
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Figure 3.10: Window Fixture 

 

A square window will be cut out of the booster bay section, slightly larger than the electronics 

housing, to provide easy access to the ASACU electronics. The configuration is illustrated above 

and was determined to be the best solution given the available material and time. After the motor 

mount assembly is epoxied to the airframe, the window will be constructed. Blue tube will serve 

as a mount for the t-nuts and machine screws to secure the carbon fiber plate back to the airframe 

once removed. The blue tube will be epoxied to the airframe and then the t-nuts will be epoxied to 

the blue tube to provide thread for the screws, as in similar situations. Four #10-32 screws will be 

used to secure the carbon fiber plate by placing the screws in each corner. The electronics housing 

will be epoxied to this piece of carbon fiber to be removed entirely from the launch vehicle body 

for uploading code and changing the battery easily. 

 

T-nut 
#10-32 

Machine 

Screw 
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Figure 3.11: Electronics Housing Assembled 

 

The electronics housing was 3D printed with ABS plastic and secures the necessary electonics in 

a concise space to minimize the volume occupied and provide a lightweight alternative to metal 

fabrication. As illustrated in Figure 3.11, all pieces fit comfortably and can be accessed easily. To 

effectively mount the housing to the airframe, mounts were developed that match the contour of 

the airframe. This provides a nice fit, while minimizing the space occupied by this housing. The 

mounts were epoxied to the electronics housing and will be epoxied to the airframe once 

construction of the window assembly is finalized. The following figures illustrate the contour of 

the electronics housing and how it will interface with the airframe.  

 

  

Figure 3.12: Bottom of Electronics Housing (Mounts) 

 

9V Battery 

w/ 

Connector 

Half 

Breadboard 

MPU6050 

BMP280 

Arduino 

Uno 
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Figure 3.13: Front View of Electronics Housing and Interface 

 

 

 

 

Final Assembly 

 After successful assembly of the above booster bay sections, they are brought together by 

sliding the motor mount assembly into the booster bay by aligning the fin slots. This process was 

expedited by numbering corresponding fins and fin slots. The centering rings will have epoxy 

applied to their outer diameters, to join the assembly to the airframe when inserted. Following this, 

the primary fins will receive epoxy fillets joining them to both the inside and outside of the booster 

bay. The following figures illustrate the final configuration of the booster bay. 
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Figure 3.14: Perspective View of Booster Bay & 

Figure 3.15: Bottom View of Booster Bay 

 

The motor mount tube was configured to allow sufficient overhang for the screw cap retainer to 

effectively integrate into the system. This is a crucial piece of the booster bay as it will secure the 

motor. Also, the aft centering ring was made not to touch the airframe to limit the load carried 

during the thrust phase of the launch. This was done since the primary fin slots and canard fin oval 

slots weaken the surrounding structure due to stress concentrations. To alleviate this concern, the 

forward centering ring’s thickness was doubled and epoxied to the coupler (Figure 3.7 and 3.8) to 

carry most of the load experienced. 

 

3.1.5 ASACU 
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Figure 3.16: Perspective View of ASACU 
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Figure 3.17: Perspective view of as-built ASACU 

ASACU Overview 

The ASACU mechanism has been slightly modified since CDR period. The driving system 

has been changed from lead-screw based mechanism to rack-and-pinion based mechanism. The 

main reason associated with this change is that the lead-screw based design will not enable the fast 

response of the canard fins during the pitch since each revolution of the lead screw can only give 

up to around 1.2 centimeters under the size constraint, while the rack and pinion design 

intrinsically can convey a faster linear motion. In order to overcome the drag force exerted on the 

canard fins and the moment induced from the drag, the torque of the servo selected is rated 

25kg·cm. 

In addition to the change of the driving system, the size of the moving disc has been slightly 

decreased radially to avoid any impacts or frictional contacts between the rail button and the 

moving disc during the process of assembly. Some major parts were illustrated in the above 

figures, and each building block of the ASACU was detailed in the following sections. 
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Linkage set 

            The Linkage set consists of two ABS printed parts, which uses the #10 shoulder screws as 

the hinge between them to allow a free relative rotatory motion. The combination of hex nuts, 

external teeth lock nuts and the Loctite thread locker were used to secure the linkage joint and 

prevent the nuts from rotating along with the motion of the linkages.  

 

 

Figure 3.18: Assembled view of linkage set 

Aluminum rod 

            The material for the rods that clamp the canard fins has been changed from steel to 

aluminum due to the weight issue. The number of the screw holes on the canard fins and the 

aluminum rods has also been changed from one to two so as to increase the structural stability of 

the ASACU mechanism and prevent the flow-induced vibration imposed on the canard fins. The 

screw used to connect the rods and the canard fins were #10-32 screw, which has more threads 

and it will lead up to a sturdier structure. 

 

 

 

Figure 3.19: Close view of the aluminum rods 
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Setscrew bearing 

            The K001 setscrew bearing has been selected to allow the aluminum rod to rotate freely 

and fixed in the place. The shaft size of the K001 setscrew is 12mm and correspondingly the 

diameter of the aluminum rod is also 12mm. The screws used to fix the bearing in the upper surface 

of aft centering ring were #10-32 socket head screws and each bearing will have two screws. The 

washers and lock washers were respectively used underneath the socket head and above the hex 

nuts. The Loctite thread lock glue was also sprayed among the threads that the nuts went through. 

 

Figure 3.20: AMI K001 setscrew bearing 

 

 

Figure 3.21: Assembled view of bearing and linkage sets 
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Figure 3.22: Bottom view of the aft centering ring with the bearings mounted 

Servo and rack-and-pinion design 

The servo used in the driving mechanism is Fan Model FS-25w, as shown in the following 

figures, and the servo was mounted to the 3D printed ABS servo holder that enables itself to be 

attached on top of the middle centering ring. The rack-and-pinion are purchased from vendors. By 

designing and 3D printing a rack holder, the rack can be mounted on the rack holder and the holder 

allows the threaded rod going through it, which was illustrated in the following CAD figures. 

 

Figure 3.23: FS-25w servo with 25kg capacity 
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Figure 3.24: Servo and rack-and-pinion design 
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Figure 3.25: Assembled view of the servo with the servo holder 

 

Figure 3.26: Assembled view of rack-and-pinion 

Moving disc 

The moving disc is the core of the ASACU mechanism because it is connected to the all 

three linkage sets so that the force during the course will be concentrated on the moving disc itself. 
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The thickness of the moving disc is designed to be 0.5 inches and it provides enough strength to 

withstand the force expected in the flight. The details were illustrated in the following figure. 

 

 

Figure 3.27: Assembled view of the moving disc 

3.1.6 ASACU Dynamics 

 

 

Figure 3.28: ASACU dynamics principles 
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Error! Reference source not found. illustrate the dynamics of the ASACU and it presents 

the first order of equation of motion associated with the pitch angle β. By using ode45 function in 

MATLAB, the trajectories of the pitch angle between the angle travelled and the time elapsed were 

computed under a certain initial condition of α and β, which was corresponding to the angle values 

when the canard fins are along the long axis of the vehicle.  

3.2 Recovery Subsystem 

3.2.1 Structural Elements 

Bulkheads 

The bulkheads were fabricated to replicate the design presented in CDR with two 

exceptions. Firstly, the terminal blocks were eliminated from the system, as the they are an extra 

failure mode to the design. The altimeters will receive the e-match connections directly to their 

terminal blocks. Secondly, the bulkhead eyebolts were replaced with U-bolts of a greater thickness 

(5/16” instead of 1/4") for enhanced factor of safety and design resilience. The final change to the 

bulkheads revolves around the selection of the ejection canisters. It was determined that in order 

to accommodate a larger size ejection charge, a larger diameter canister was necessary. The new 

ejection canister is fabricated from 1” diameter PVC and can fit the desired charges. Note that 

bulkheads each have two canisters mounted for the redundant backup charges that will go off for 

either parachute ejection. 

Ejection testing was performed in order to determine the overall charge required to separate 

the rocket segments. The bulkhead was effective in withstanding the high temperature ignition of 

the black powder charges and justifies the design choices. The image below shows the complete 

bulkhead after the ejection tests.  
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Figure 3.29: Assembled Bulkhead 

Tracking Bay 

The tracking bay proposed in CDR incorporated two main elements: the shoulder mount 

within the nose cone and the tracking sled, which held the electronics and battery. The design was 

produced through 3D printing, but failures in printing compromised the structural integrity of the 

sled. As a result, a new design was crafted in order to prevent structural failure and reduce overall 

size and weight. An internal bore tool was used on a lathe to machine a large diameter hole to 

produce the plywood shoulder. This wooden shoulder is currently epoxied on the inside of the nose 

cone with holes drilled along the edges for the tracking sled. In addition, #10-24 nuts are epoxied 

on the other side for easy setup.  

E-match 

U-bolt 

PVC Ejection 

Canister 

Terminal Block 
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Figure 3.30: Nose cone plywood shoulder for tracking bay 

 

The primary difference comes in the form of the tracking sled. In order to prevent further 

failures from occurring, a simpler design was printed. A bulk plate with a smaller diameter than 

the internal diameter of the shoulder was printed and will be epoxied onto another wooden plate 

with patterned holes to match the wooden shoulder. The tracking sled will also be epoxied onto 

the bulk plate, thus creating a single object. The tracking sled consists of a battery box to store the 

battery to power the electronics, which will be mounted through the extruded holes via screws. 

The overall integration is demonstrated in the figure below.  
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Figure 3.31: Tracking Sled Insert 

Harnesses & Attachment Hardware 

Due to changes in the overall vehicle mass, various alterations were made to the design of 

the recovery and navigation system hardware from the design presented during CDR. Currently, 

the system utilizes three 900 lbf quick links to attach the drogue system, and a 900 lbf quick link, 

a 1700 lbf quick link, and a 2400 lbf quick link to attach the main parachute system. The system 

uses a 30 ft 7/16" tubular Kevlar harness with 3 Sewn Loops for the drogue, and a 20 ft and a 10 

ft tubular nylon harness ½” wide for the main parachute. The 20 ft cord is protected by two 30” 

Nomex shock cord protectors in series. All load ratings exceed the estimated 500 lbf maximum 

opening force. 
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Figure 3.32: Updated Parachute Bay Connections 

3.2.2 Electrical Elements 

The circuitry built is as proposed in CDR (see image below). The altimeters on the sled are 

each attached with four #4-40 hex standoffs, and the sled is kept in place between two hex nuts. 

Batteries are each secured with two plastic tie-wraps. Electrical key switches are surface-mounted 

to the airframe to be externally accessible before launch. Connections from the altimeter to the 

switches are made with Quick-Disconnect links for easy pre-launch preparation/assembly. 

Connections to batteries from the altimeter are made with 9V battery holders that snap onto the 

batteries easily.  
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Figure 3.33:  Avionics Sled 

3.2.3 Parachute Sizes and Descent Rates 

Main Diameter: Shape: Material: Cd Descent Rate: 

8 [ft] Toroidal Ripstop Nylon 2.2 18.4 [ft/s] 

 

Drogue Diameter: Shape: Material: Cd Descent Rate: 

2 [ft] Elliptical Ripstop Nylon 1.8 86.3 [ft/s] 

 

3.2.4 Transmitter and EM Interference 

The onboard rocket locator is a GPS transmitter, specifically the Eggfinder TX by Eggtimer 

Rocketry. The range of the 915 MHz, 100 mW transmitter is about 10,000’. As for the interference 

to onboard avionics, the transmitter is not only as far as possible from e-matches (transmitter is 

placed in nose cone sled mount), but the avionics are within a shell of conductive aluminum foil 

tape. The metal “frame” around the avionics provides a means for preventing radio waves from 

reaching the avionics circuitry, similar to a faraday cage. 
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Figure 3.34: Aluminum Foil Tape Lining of Avionics Bay 

3.3 Mission Performance Predictions 

Flight profile simulations, altitude predictions with simulated vehicle data, component 

weights, and simulated motor thrust curve. Verify that the vehicle is robust enough to withstand 

the expected loads. 

Show stability margin and as-built Center of Pressure (CP)/Center of Gravity (CG) relationship 

and locations. 

 

3.3.1 Altitude Predictions & Time Variant Characteristics 

Wind 

Speed(mph) 
0 5 10 15 20 

Apogee(ft) 5141 5080 5022 4948 4839 
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Figure 3.35: Altitude, Velocity, and Acceleration vs. Time (As-built) 

3.3.2 Simulated Thrust Curve 

  

Figure 3.36: L2200G Thrust Curve 
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3.3.3 As-built Stability Margin and CP/CG Locations 

  

Figure 3.37: OpenRocket CG vs. CP 

 

 

Figure 3.38: Stability Tracking As-Built 

3.3.4 Kinetic energy at landing  

Section: Joined Booster and Avionics Bay Forward (Payload)i 

Kinetic Energy [lb-ft]: 2466 1755 

 

Section: Booster Avionics Bay Forward (Payload) 

Kinetic Energy [lb-ft]: 74.5 45.7 57.7 

3.3.5 Descent time 

The Launch Vehicle has a calculated descent time of 81.8 seconds. 

3.3.6 Drift Calculations 

Open Rocket Predictions 

Wind Speed [mph]: 0 5 10 15 20 

Drift [ft]:  6.5648 543.5 1086.4 1605.3 2116.9 
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Analytical Predictions 

Wind Speed [mph]: 0 5 10 15 20 

Drift [ft]: 0 596 1192 1787 2383 

 

3.4 Vehicle Demonstration Flight 

As discussed with the NASA Student Launch Project Coordinator/Education Specialist, 

Fred Kepner, via email, the Seawolves did not accomplish a Vehicle Demonstration Flight in time 

for the FRR deadline. The Seawolves will instead be pursuing the option of opting out of Launch 

Week scores in order to participate along with all other competing teams. An FRR Addendum will 

be submitted by March 25 at 8:00 am CST, consisting of successful flight data (using the same 

motor that would be used in Huntsville, Alabama during Launch Week), along with an evaluation 

of the payload system’s performance to satisfy the Payload Demonstration Flight criteria and 

determine if the drone may fly in the rocket during Launch Week. 
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Chapter 4.  Safety and Procedures 

4.1 Safety and Environment (Vehicle and Payload) 

4.1.1 Definitions 

Potential risk and hazard throughout the course of this project are mitigated by utilizing the 

Risk Assessment Code (RAC), developed by Industrial Safety Bastion Technologies. The RAC 

table definitions are shown below, and will be used throughout the safety analysis that follows this 

section: 

 

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 4.1: Risk Assessment Codes 

 

Risk Level 

High Risk 

Moderate Risk 

Low Risk 

Minimal Risk 

Table 4.2: Risk Levels 

 

Description 
Personal Safety and 

Health 
Facility/Equipment Environmental 

1-Catastrophic 

Loss of life or a 

permanent disabling 

injury. 

Loss of facility, 

systems of associated 

hardware. 

Irreversible severe 

environmental 

damage that violates 

law and regulation. 
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2-Critical 

Severe injury of 

occupational related 

illness. 

Major damage to 

facilities, systems, or 

equipment. 

Reversible 

environmental 

damage casing 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 

facilities, systems, or 

equipment. 

Minimal 

environmental 

damage not violating 

law or regulation 

Table 4.3:  Definitions of Severity 

 

 

Description Qualitative Definition Quantitative Definition 

A-Frequent 

High likelihood to occur 

immediately or expected to 

be continuously experienced. 

Probability > 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 4.4: Definitions of Probability 

4.1.2 Personal Protective Equipment (PPE) 

The PPE requirements for each type of work has been identified to prevent personal 

injury. All team members must follow the PPE requirement according to the instruction listed 

below. Prior to begin any type of work, the safety officer will identify the potential hazard by 
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consolidating the MSDS sheet for the material needed for each job. All jobs must be done only in 

the designated working station. Team members must comply with the dress code policy for the 

working station in order to be allowed to work in the working station.   

 

 

Team: SAP, R&N 
Task: Working with hazardous 

chemicals or materials. 
 

Potential Hazard PPE required for the task Mitigation recommended 

Eye Irritation Goggles 

Read and understand the MSDS. Wear 

goggles to prevent contact between 

chemical particulate and eyes. Wear 

disposable gloves to lessen the chances 

of one attempting to touch their eyes 

while working, as one may otherwise 

be required to use an eye wash station. 

Respiratory Infection Facemask/respirator 

Read and understand the MSDS. Wear 

some sort of face apparatus that will 

lessen the risk of fibers or particulate 

from entering bodily airways, as 

inhalation of such can cause infections 

and/or permanent damage to the 

respiratory system. Use of epoxy or 

sanding/cutting of fiberglass, for 

example, should only be done in a 

well-ventilated area, in addition to 

already utilizing the required PPE. 

Skin Irritation Gloves 

Read and understand the MSDS. 

Prevent prolonged contact with 

chemicals such as epoxy. Use soap and 

hot water to immediately wash the 

areas that have been in contact with 

such chemicals. Gloves must be used 

whenever there is a threat of skin 

irritation from a chemical or material, 

as would be noted on the MSDS. 
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Table 4.5:  PPE Assessment for Hazardous Chemicals or Materials 

 

 

Team: SAP, R&N 

Task: Using power tools or 

heavy machinery in the 

machine shop. 

 

 

Potential Hazard PPE required for the task Mitigation recommended 

Eye damage Safety glasses/goggles 

Use goggles to prevent 

machining chips from making 

contact with the eyes. Do not 

work alone when handling 

heavy machinery or power 

tools. Only qualified 

personnel may operate certain 

heavy machinery in the 

machine shop. 

Other body part injury Facemask/respirator 

For general safety practice 

when using power tools, wear 

a respirator to avoid 

inhalation (and possible 

subsequent respiratory 

damage) of dangerous 

materials. Wear short sleeve 

shirts with no loose jewelry 

or hair to prevent the tool 

from catching on loose 

clothes/items. For the same 

reason of catching, do not 

wear gloves. Do not work 

alone when handling either 

the power tools or heavy 

machinery. 

Table 4.6:  PPE Assessment for Using Power Tools or Heavy Machinery 

 

 

Team: ALL (Mentors) 
Task: Handling black 

powder, specifically. 

 

 

Potential Hazard PPE required for the task Mitigation recommended 

Eye irritation Goggles 

Wear PPE properly prior to 

work. Only NAR/ TRA 

certified mentor will handle 

the black powder. 
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Respiratory irritation Facemask/respirator 

Wear PPE properly prior to 

work. Only NAR/ TRA 

certified mentor will handle 

the black powder. 

Burn injuries 
Gloves, goggles, inflammable 

cloth 

Wear PPE properly prior to 

work. Only NAR/ TRA 

certified mentor will be in 

charge of handling and 

storing the black powder. 

Ensure that the black powder 

is isolated from any source of 

ignition. 

Table 4.7: PPE Assessment for Handling Black Powder 

 

 

4.1.3 Personnel Hazard Analysis 

Personnel 

Hazard 

Causes Effects Pre 

RAC 

Mitigation Verification 

Plan 

Post 

RAC 

Main 

parachute 

fails to 

deploy. 

Improper 

installation of 

the parachute, 

discrepancies 

such as 

tangled or cut 

lines, or burns 

in the 

parachute 

shroud lines or 

canopy.   

The rocket will 

fall at relatively 

high speeds 

with only the 

drogue 

deployment, 

causing great 

damage to the 

itself and the 

internal 

payload upon 

landing. 

Mission 

success will be 

jeopardized.  

1B Ensure the 

proper folding 

and installation 

of the 

parachutes for 

the main 

drogue 

parachutes. 

Properly verify 

that the 

parachutes are 

free from 

discrepancies.  

Safety 

Officers and 

the R&N team 

will verify the 

status of the 

main 

parachute 

prior to the 

launch and 

before leaving 

for the launch 

site. The 

verification 

process will 

strictly follow 

the recovery 

preparation 

checklist. 

1E 

Drogue 

parachute 

fails to 

deploy. 

Improper 

installation of 

the main 

parachute, 

discrepancies 

such as 

The rocket will 

free fall until 

the main 

parachute is set 

to deploy, at 

which point the 

1B Ensure the 

proper folding 

and installation 

of the 

parachutes for 

both the 

Safety 

Officers and 

the R&N team 

will verify the 

status of the 

drogue 

1E 
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tangled or cut 

lines, or burns 

in the 

parachute 

shroud lines or 

canopy.   

shock chord 

may break 

upon due to the 

high stress 

experienced by 

the desired 

deceleration. 

At this point, 

the rocket is in 

complete free 

fall and will 

experience 

severe, 

irrecoverable 

damage. 

drogue 

parachutes. 

Properly verify 

that the 

parachutes are 

free from 

discrepancies.  

parachute 

prior to the 

launch and 

before leaving 

for the launch 

site. The 

verification 

process will 

strictly follow 

the recovery 

preparation 

checklist. 

Unignited 

ejection 

charges  

after 

recovery. 

Ejection 

charges at do 

not fully ignite 

at their 

programmed 

altitudes, 

leaving 

partially 

unignited 

black powder.  

Charges might 

ignite 

unexpectedly 

during the 

recovery 

process of the 

vehicle, 

causing serious 

injury or death 

to team 

members. 

1A The 

NAR/TRA 

certified 

mentor will 

inspect the 

launched 

vehicle prior to 

the recovery 

process by the 

R&N team 

members. If 

unignited 

black powder 

are found, the 

launched 

vehicle will be 

removed from 

the field and 

transported, 

with caution, 

to designated 

area off the 

field where the 

leftover 

charges will be 

properly 

removed and 

disposed from 

the vehicle. To 

ensure the 

safety of the 

Launch 

Operations 

procedure 

provides 

detailed 

instruction on 

how to recover 

the launch 

vehicle, 

including how 

to inspect 

unignited 

ejection 

charges. 

1E 
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all personnel, 

the switches 

will be turned 

off during the 

inspection. 

Unignited 

ejection 

charges 

ignites pre-

assembly. 

Improper 

handling of 

black powder, 

such as storing 

in a container 

easily 

vulnerable to 

static, storing 

in heated 

conditions, too 

much 

vibration 

during travel, 

etc. 

Potential 

explosion/fires 

may seriously 

injure team 

members and 

spectators, 

resulting in 

trauma or 

death. 

1A Black powder 

will be stored 

in non-static 

containers 

away from 

heated sources. 

It will be 

stored in non-

flammable 

cabinets and 

will only be 

accessible to 

NAR certified 

mentors. 

Only NAR 

certified 

members will 

be allowed to 

handle black 

powder. 

Nevertheless, 

all team 

members are 

required per 

the safety 

agreement to 

read the 

MSDS of 4F 

black powder 

and never 

handle it by 

themselves. 

Any violations 

will result in 

immediate 

termination 

from project. 

1E 

Battery 

explosion at 

high 

temperature 

causes 

injury to 

team 

members 

and nearby 

spectators. 

Not inspecting 

alkaline 

batteries for 

damage, leak, 

or proper 

voltage output 

before 

installation. 

The battery 

explosion will 

destroy the 

altimeter bay 

and the vehicle 

airframe. 

Broken pieces 

of ABS and 

blue tube will 

become 

projectiles with 

the potential to 

cause serious 

injuries to 

nearby 

members and 

spectators. 

2A Batteries will 

be tested for 

damage, leaks, 

and voltage 

output upon 

every 

installation 

during ground 

testing and test 

flights. 

Safety officer 

will check 

batteries 

properly with 

approved 

voltmeters and 

purchase new 

batteries if the 

battery output 

is under 9V. 

2D 
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Alkaline 

batteries also 

contain 

potassium 

hydroxide that 

may cause 

burns. 

Machining 

in Stony 

Brook 

machine 

shops 

injures team 

members 

Team 

members do 

not follow 

machine shop 

safety rules, 

like not having 

an teammate 

on standby 

while using 

high power 

tools like 

lathes, mills, 

drills, CNC 

machines, etc. 

Failure to 

wear 

protective gear 

like safety 

glasses, 

gloves, masks 

and proper 

clothing. 

Team members 

become 

physically 

injured by 

mills, lathes, 

drills, CNC, 

etc. These are 

high powered 

machines that 

can break 

bones, drill 

body parts, 

catch loose 

hair, etc. 

1B All team 

members will 

sign the safety 

agreements 

which includes 

the Stony-

Brook machine 

shop safety 

rules. Also all 

team members 

working in 

shop must 

have taken and 

passed MEC 

225, a 

semester long 

machine shop 

class. 

All team 

members will 

sign the safety 

agreements 

and must have 

passed MEC 

225, a 

semester long 

machine shop 

class, before 

they are 

allowed to 

fabricate. Any 

violations of 

machine shop 

rules will 

immediately 

result in 

ejection of the 

person from 

this project.  

1E 
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Team 

members 

inhale dust 

particles 

while 

cutting or 

sanding 

wood, ABS, 

blue tube 

and 

fiberglass.  

Failure to 

wear proper 

PPE, like face 

masks, gloves 

and safety 

glasses.  

Dust 

particulates can 

cause itching, 

discomfort, or 

enhance asthma 

and allergies if 

they enter the 

lungs, eyes, 

skins, etc. 

2B Team 

members will 

be required to 

sign the safety 

agreement 

which 

mandates that 

proper PPE 

(gloves, 

goggles, and 

face masks) is 

worn at all 

times during 

fabrication.  

Any violations 

of PPE usage 

with regards to 

dust 

particulates 

will result in 

one warning. 

A repeated 

violation will 

result in 

termination 

from project. 

2D 

Team 

members 

inhale 

epoxy 

fumes while 

gluing 

together 

parts. 

Failure to 

wear properly 

use PPE or 

chemicals per 

their per 

MSDS.  

Epoxy fumes 

can cause skin 

irritation, oral 

toxicity, 

allergic 

reaction, 

nausea, 

headaches, etc. 

1B Team 

members will 

be required to 

sign the safety 

agreement 

which 

mandates that 

proper PPE 

(gloves, 

goggles, and 

face masks) is 

worn at all 

times during 

working with 

epoxy. 

Any violations 

of PPE usage 

with regards to 

epoxy will 

result in one 

warning. A 

repeated 

violation will 

result in 

termination 

from project. 

Team 

members will 

also work in a 

well ventilated 

environment 

with such 

chemicals. 

1D 

Team 

members 

get shocked 

while 

working 

with 

electronics 

components. 

Working with 

electrical 

components 

while being 

wet, short 

circuiting, etc. 

can lead to 

team members 

getting 

shocked even 

while working 

with low 

voltages.  

With low 

voltages, death 

may be 

unlikely, but if 

handled 

inappropriately, 

even low 

voltages could 

result in serious 

electric burns 

and trauma. 

1A All members 

must take a 

semester long 

practical 

electronics 

course, MEC 

220 before 

they are 

allowed to 

work with 

electronics. In 

addition, the 

safety 

agreement 

Any violation 

of basic safety 

practices from 

MEC 220, a 

mandatory 

introduction to 

electronics 

course, or 

safety 

agreement 

rules will 

result in 

warning. A 

repeated 

1E 
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which details 

proper 

handling of 

electronic 

equipment 

must be signed 

by all team 

members. In 

addition, all 

power must be 

switched off 

before 

modification 

of any 

circuitry. 

offence will 

result in 

immediate 

termination 

from project. 

Team 

members 

get hurt 

while using 

hand held 

power tools 

outside of 

Stony 

Brook 

machine 

shop like 

drills, 

electric 

hacksaws, 

etc. 

Team 

members do 

not follow 

safety 

agreement 

rules, like not 

having a 

teammate on 

standby while 

using hand 

held power 

tool. Not 

wearing 

protective gear 

like safety 

glasses, 

gloves, masks, 

and proper 

clothing 

Team members 

become 

physically 

injured by 

power tools. 

Such tools have 

the potential to 

pierce through 

bones, drill 

body parts, and 

tangle hair if 

one is not 

careful. 

1A All team 

members will 

sign the safety 

agreement 

which includes 

information on 

hand held 

power tool 

safety.  

All team 

members will 

sign the safety 

agreements 

and pass MEC 

225, a 

semester long 

machine shop 

class, before 

they are 

allowed to 

fabricate. Any 

violations of 

safety 

agreement will 

result in 

warning and 

repeated 

offence will 

result in 

termination 

from team. 

1E 

Table 4.8: Personnel Hazard Analysis 

 

4.1.4 Failure Modes and Effects Analysis (FMEA)  

Failure 

Mode (Team 

Responsible) 

Causes Effects Pre 

RAC 

Mitigation Verification 

Plan 

Post 
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Catastrophic 

failure of 

motor. (SAP) 

Poor 

handling/integration 

of motor into the 

launch vehicle. 

No chance of 

mission 

success; great 

damage to 

rocket is 

possible. 

1A Motor will be 

handled only 

by 

professionals 

(LIARS 

mentors). 

Safety 

Officers will 

have safety 

checklists to 

ensure that 

all 

precautions 

are taken to 

ensure safe 

and secure 

motor 

integration. 

1E 

Nose cone 

breaks. 

(SAP) 

Excessive 

vibrations during 

flight cause 

cracking or 

separation of the 

three printed 

sections. 

Severely 

impacts in-

flight 

performance; 

potential 

damage to 

tracking bay. 

1C Ensure secure 

connection 

between 3D 

printed 

sections, via 

epoxy or 

another form 

of bonding. 

Spray paint 

the nose cone 

to mitigate 

the chances 

that incoming 

air flow 

amplifies 

vibrations by 

entering the 

cavities of the 

printed 

material. 

Post-flight 

assessments 

will 

determine 

the 

effectiveness 

of this 

mitigation. 

3E 

Premature 

parachute 

deployment 

due to 

unwanted 

altimeter 

triggering. 

(R&N) 

RF signals from 

tracking electronics 

triggers altimeters. 

Vehicle 

deploys 

parachutes 

before 

reaching 

apogee, 

causing the 

Kevlar shock 

cords to 

damage the 

airframe. 

1C Aluminum 

foil will be 

wrapped 

inside of the 

altimeter bay 

with musk 

tape to 

prevent RF 

signals from 

reaching the 

altimeters. 

Ground 

testing will 

be conducted 

to ensure that 

aluminum 

foil will 

prevent RF 

signals from 

penetrating 

and 

prematurely 

triggering 

the 

altimeters 

1E 
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Premature 

separation 

due to drag 

forces. 

(R&N) 

Incorrectly- sized 

main and drogue 

shear pins are 

sheared due to 

larger drag forces 

generated by lower 

section of the 

vehicle relative to 

the upper section, 

causing separation 

after motor burn 

out. 

Vehicle 

deploys 

parachutes 

before 

reaching 

apogee, 

causing the 

Kevlar shock 

cords to 

damage the 

airframe. 

1B Nylon shear 

pins will be 

properly sized 

to avoid 

shearing from 

drag forces. 

Theoretical 

analysis and 

CFD of fins 

and ASACU 

is conducted 

to obtain 

drag forces. 

FEA of shear 

pins is done 

to parallel 

the 

theoretical 

pin sizing 

analysis. 

Ground tests, 

sub-scale 

flight and 

full-scale 

flight tests 

will further 

verify this. 

1E 

Premature 

separation 

due pressure 

differential. 

(R&N) 

Incorrectly sized 

and distributed 

altimeter pressure 

portholes cause 

uneven pressure in 

the altimeter and 

trigger it 

prematurely. 

Vehicle 

deploys 

parachutes 

before 

reaching 

apogee, 

causing the 

Kevlar shock 

cords to 

damage the 

airframe. 

1B Port holes 

will be 

correctly and 

distributed 

evenly on the 

altimeter bay 

to minimize 

pressure 

differential. 

No 

protrusions 

will be placed 

in front of the 

parachutes to 

create 

artificial 

pressure 

differences. 

Vent holes 

sizing 

calculations 

is done to 

accurately 

size pressure 

port holes. 

Sub-scale 

flight and 

full-scale 

flight tests 

will further 

verify this. 

1D 
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Vehicle is 

not tracked 

after certain 

altitude is 

reached. 

(R&N) 

The tracking 

electronics wiring 

comes loose due to 

launch vibrations, 

or RF signals are 

too weak for the 

ground receiver due 

to heavy cloud 

obstructions. 

The vehicle is 

lost if the 

drift is too 

large. It will 

take a long 

time to find 

the vehicle if 

GPS based 

tracking 

system fails. 

2B Both main 

and redundant 

tracking 

circuitry will 

be tested in 

using shakers 

to ensure 

wiring is rigid 

during launch 

vibrations. 

They will also 

be tested for 

RF range/ 

obstruction 

Ground 

testing of the 

main and 

redundant 

tracking 

systems will 

further verify 

this. 

2D 

PVC charge 

canisters are 

damaged due 

to explosion. 

(R&N) 

Thickness of 

canisters are too 

thin, causing hoop 

stress and radial 

stress from ejection 

forces to produce 

cracks. 

This will 

prevent the 

team from 

reusing 

canisters for 

future flights. 

The entire 

bulkhead will 

need to be 

manufactured 

again. 

2C The thickness 

of the 

canisters is 

sized to 

absorb the 

hoop and 

radial stress. 

FEA of these 

forces is done 

to verify hand 

calculations. 

Subscale 

ground 

testing 

subscale 

flight and 

full-scale 

flight tests 

will verify. 

3D 

Main 

parachute 

deploys at 

apogee 

altitude 

(R&N) 

Improper setup of 

black powder 

charges results in 

the wrong 

parachute being 

deployed. 

Significant 

increase in 

drift time and 

drift distance, 

likely more 

than what is 

allowable by 

NASA. 

2D R&N must 

work 

carefully with 

mentors to 

ensure that 

charges are 

connected to 

the 

appropriate 

parachutes. 

Practicing 

these 

methods in 

both the 

subscale and 

full-scale test 

flights will 

allow for the 

team to gain 

more 

experience 

and have less 

chance of a 

mix-up. 

3E 
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ASACU 

function is 

inaccurate. 

(SAP) 

ASACU could be 

inaccurately 

adjusting roll, or 

fins may not be 

turning 

synchronously. 

Jeopardize 

the vehicle 

trajectory and 

preventing 

vehicle from 

reaching 

apogee. 

2A Relationships 

between 

canard fin 

pitch angle 

and induced 

roll must be 

developed to 

fully 

understand 

how to code 

the 

mechanism as 

accurately as 

possible. 

Full scale 

flight tests 

will further 

verify this. 

2D 

ASACU 

movement is 

obstructed. 

(SAP) 

Floating disc that 

controls the attitude 

of the canard fins 

may experience too 

much friction along 

the threaded rods 

on which it is 

supposed to slide. 

Roll will not 

be controlled; 

if the disc 

gets 

obstructed at 

any non-zero 

angle, the 

rocket will 

accelerate 

angularly 

with no 

ability to 

correct itself. 

2A Lubrication 

and other 

methods will 

be 

investigated 

to prevent the 

floating disc 

from catching 

on the 

threaded rods. 

Pre-assembly 

tests will be 

conducted to 

ensure that 

the disc 

moves in a 

near-

unobstructed 

manner 

under the 

expected 

loads. 

1E 

ASACU 

fin(s) break 

in-flight. 

(SAP) 

Fin system is not 

strong enough to 

withstand in-flight 

stress conditions. 

Asymmetrical 

mass flow 

leads to 

potentially 

catastrophic 

trajectory 

changes, 

while also 

resulting in a 

rogue 

projectile 

(broken fin). 

1B Fin system 

must have 

heavy focus 

on FEA 

simulation to 

ensure 

protection 

against in-

flight 

environment. 

As many test 

flights as 

possible to 

ensure that 

the fins are 

strong 

enough to 

perform 

during 

competition. 

2D 
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ASACU 

electronics 

come loose 

during flight. 

(SAP) 

Wires or 

components in the 

electronics housing 

may come loose 

from the 

breadboard from in-

flight vibrations, 

since the housing is 

directly attached to 

the airframe. 

Jeopardize 

the entire 

functionality 

of the 

ASACU, 

rendering it 

useless until 

the problem is 

fixed. 

2D Electrical tape 

or zip ties will 

be used to 

secure wires 

and 

components 

to the 

breadboard. 

Evaluate 

performance 

during post-

flight 

analyses; 

consider 

stronger 

options in 

case of 

failure or 

unacceptable 

performance. 

3E 

ASACU 

continues to 

change 

canard angles 

after 

parachute 

deployment. 

(SAP) 

The program does 

not have a built in 

"off" switch upon 

reaching apogee or 

parachute 

deployment. 

Effects the 

rocket's drift 

timing by 

changing how 

much drag the 

vehicle 

experiences, 

potentially 

putting the 

drift time 

over the 90 

second limit.  

3D The SAP 

team must 

either set the 

canard fins to 

stay at zero 

degrees from 

the rocket's 

long axis or 

ensure that 

roll correction 

post-

parachute 

deployment 

won't have 

adverse 

effects on 

drift times. 

Full-scale 

flight tests 

will verify 

whether or 

not the 

canards 

ceased 

working or 

remained 

active, and 

ultimately 

whether the 

drift times 

were longer 

than 

expected. 

4E 

Motor mount 

fails to keep 

motor in 

place. (SAP) 

The motor could 

push upwards into 

the booster/drogue 

bay coupler and 

damage the 

bulkhead.  

With enough 

force, the 

bulkhead may 

separate from 

the coupler 

and cause the 

entire booster 

bay to detach 

from the 

drogue 

parachute. 

1D The motor 

mount should 

be tested to 

verify that it 

can support 

the amount of 

pressure it 

will encounter 

in flight, plus 

some safety 

factor. 

Full scale 

flight tests 

will further 

verify this. 

1E 

Main fins 

break/shear 

off of the 

airframe. 

(SAP) 

Aerodynamic 

forces are too much 

for the main fins to 

withstand. 

Jeopardizes 

the rocket's 

stability due 

to a shift in 

the center of 

pressure (CP 

1C Ensure strong 

epoxy 

connection 

between the 

main fins, 

Evaluate the 

visible 

epoxied 

sections to 

observe any 

cracks or 

2E 
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will move 

forward with 

less fin area); 

causes a 

moment on 

the rocket in 

the pitch or 

yaw 

directions due 

to an uneven 

distribution of 

force. 

coupler, and 

airframe. 

damage to 

the bonded 

sections. 

Consider 

adding 

another coat 

of bond if 

appreciable 

damage was 

caused. 

Middle 

centering 

ring breaks. 

(SAP) 

Excessive 

downward forces 

from the extended 

upper root of the 

main fins puts too 

much pressure on 

the centering ring 

that they rest on. 

Decreases the 

overall 

strength of 

the booster 

bay; debris 

from the ring 

will be 

unrecoverable 

inside the aft 

portion of the 

booster bay. 

2C Ensure that 

the 

connection 

between the 

main fins and 

airframe is 

secure, as this 

should be the 

primary 

method of 

preventing 

excessive 

forces on the 

adjacent 

centering 

ring. 

Unless parts 

of the 

centering 

ring broke 

and are loose 

within the 

booster bay, 

there is no 

way to tell 

the damage 

done to this 

centering 

ring. 

3C 

UAV fails to 

unload from 

deployment 

compartment. 

(PAY) 

The UAV may get 

stuck inside its 

compartment and 

fail to exit the 

payload bay, 

rendering the 

beacon mission 

unsuccessful. 

The UAV 

itself may 

work, but this 

would not 

matter if it’s 

stuck in the 

payload bay. 

3B From testing, 

tolerances 

within the 

compartment 

and UAV will 

be adjusted 

for smooth 

deployment 

Full scale 

deployment 

tests will 

further verify 

this. 

4C 
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During flight, 

wires may 

disconnect 

from the 

drone's 

Arduino 

controller. 

(PAY) 

With current 

tolerances, the 

UAV may rattle for 

and some 

components may 

come loose. 

With wires 

disconnected, 

the UAV will 

not move. 

2B Walls in 

compartment 

should be 

padded with 

foam-like 

material to 

reduce 

vibrations. 

Full scale 

deployment 

tests will 

further verify 

this. 

4E 

UAV and 

DRES 

transmitters 

fail to 

respond to 

command. 

(PAY) 

Low batteries in the 

UAV and the 

DRES. 

Electrical circuit 

not connect 

correctly.  

Unable to 

remotely 

control the 

UAV as well 

as the DRES. 

The UAV 

will not be 

able to be 

deployed. 

2B Verify the 

batteries for 

UAV and 

DRES are in 

good 

condition 

before 

installing. 

Ensure that 

the 

transmitter 

responds to 

command 

before 

moving the 

lunched 

vehicle to the  

launch pad. 

Payload 

team will 

verify the 

status of 

transmitter. 

4E  

Table 4.9: FMEA 

 

4.1.5 Environmental Hazard Analysis 

Hazards to 

Environment 

(Team 

Responsible) 

Causes Effects Pre 

RAC 

Mitigation Verification 

Plan 

Post 

RAC 
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Team 

members 

leave 

shop/launch 

fields 

unorganized, 

don’t clean 

up/take out 

trash/chips 

from 

mill/lathes, 

waste 

material, etc. 

(PAY, R&N, 

SAP) 

Team members 

don’t follow 

instructions to 

clean up after 

launch/ 

fabrication. 

Leaving trash 

behind in 

fabrication 

shop/launch 

field pollutes 

the local 

environment 

and 

jeopardizes 

Seawolves’ 

commitment 

to 

sustainability 

and a 

pollution- free 

work 

environment. 

2B Team 

members are 

required to 

follow the 

cleanup 

instructions 

that address 

these 

hazards. 

Team 

members are 

required to 

sign the 

safety 

agreement. 

Any 

violations 

will result in 

a warning, 

and repeated 

offence will 

result in 

termination 

from the 

project. 

2D 

Unignited 

ejection 

charges ignite 

pre-assembly. 

(R&N) 

Improper handling 

of black powder, 

such as storing in a 

container, allowing 

it to be vulnerable 

to static, storing in 

heated conditions, 

too much vibration 

during travel, etc. 

Potential 

explosion/ 

fires may 

damage 

surroundings 

like launch 

fields, other 

team’s 

vehicles, cars 

during 

traveling to 

launch field, 

etc. 

1A Black 

powder will 

be stored in 

non-static 

containers 

away from 

heated 

sources. It 

will be stored 

in non-

flammable 

cabinets and 

will be kept 

with NAR 

certified 

mentors at all 

times. 

Only NAR 

certified 

members 

will be 

allowed to 

handle black 

powder. 

Nevertheless, 

all team 

members are 

required per 

the safety 

agreement to 

read the 

MSDS of the 

chosen black 

powder and 

never handle 

it by 

themselves. 

Any 

violations 

will result in 

immediate 

termination 

from the 

project. 

1E 
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Unintended 

ejection of 

pollutants 

from vehicle. 

(PAY, R&N, 

SAP) 

Not assembling the 

launch vehicle 

appropriately; 

leaving 

components loose 

within the rocket 

body may cause 

them to be ejected 

into the 

environment 

during flight. 

Components 

like brackets, 

fasteners, and 

other parts of 

mechanical 

packaging 

that come off 

during flight 

would 

become 

ground 

rubble, 

polluting the 

environment. 

3A All team 

members are 

responsible 

for taking 

precaution in 

ensuring that 

no loose 

components 

are left 

within the 

rocket body. 

Root cause 

analysis is in 

place to 

avoid such 

disasters. If 

root cause 

points to 

certain team 

members 

violating 

procedures, 

they will be 

immediately 

terminated 

from the 

project. 

3D 

Drone fails 

during flight 

and lands 

upon free fall. 

(PAY) 

Inaccurate 

electronics; 

possible loose 

connections post-

flight; controller 

has trouble 

communicating 

with the drone. 

Drone ceases 

to take the 

desired 

direction and 

free falls until 

it hits the 

ground; 

damage to the 

drone is 

likely. Parts 

may become 

dislodged into 

the ground 

and/or lost. 

2C The PAY 

team must 

ensure that 

connections 

will hold 

during flight 

via electrical 

tape or 

similar 

methods. 

Controller 

must be able 

to provide 

the drone 

with proper 

directions. 

Multiple test 

flights of the 

drone are to 

be conducted 

to verify its 

functionality. 

Post-flight 

evaluations 

will be done 

to see 

whether the 

electronics 

need better 

methods of 

connection to 

withstand 

flight 

conditions. 

3E 

Table 4.10: Hazards to Environment 

 

 

Hazards from 

Environment 

(Team 

Responsible) 

Causes Effects Pre 

RA

C 

Mitigatio

n 

Verificati

on Plan 

Pos

t 

RA

C 



64 

Temperature 

sensitive altimeter is 

damaged because it 

is kept in very 

hot/cold 

temperature for 

extended period of 

time. (R&N) 

RRC3 

missile 

works 

and 

Stratolog

ger is 

temperat

ure 

sensitive 

compone

nts and 

may be 

damaged 

if kept in 

very 

cold/war

m 

temperat

ures for 

extended 

periods 

of time. 

A malfunction- 

ing altimeter may 

jeopardize the entire 

recovery of the 

vehicle, 

permanently 

damaging the 

payload and the 

vehicle. Altimeters 

are expensive, and 

replacing damaged 

ones would strain 

the budget. 

2A All 

altimeters 

will be 

kept in 

temperatur

e-

controlled 

environme

nts, not 

deviating 

too much 

from 23 

degrees C. 

All 

altimeters 

will be 

periodicall

y tested in 

pressure 

temperatur

e to ensure 

they are 

working. 

Members 

who are 

responsibl

e for 

handling 

altimeters 

will be 

responsibl

e to 

replace it 

if 

damaged. 

2D 

Premature 

separation due 

pressure differential 

due to high winds/ 

gusts of wind. 

(R&N) 

Incorrectl

y sized 

and 

distribute

d 

altimeter 

pressure 

portholes 

cause 

uneven 

pressure 

in the 

altimeter 

and 

trigger it 

prematur

ely. 

Vehicle deploys 

parachutes before 

reaching apogee. 

Kevlar shock cords 

damage the airframe 

by slicing through 

it. 

1A Port holes 

will be 

correctly 

and 

distributed 

evenly on 

the 

altimeter 

bay to 

minimize 

pressure 

differentia

l. No 

protrusion 

will be 

placed in 

front of 

the 

parachutes 

to create 

artificial 

pressure 

differentia

ls 

Vent holes 

sizing 

calculation

s is done 

to 

accurately 

size 

pressure 

port holes 

according 

to RRC3 

Missile 

works and 

Stratologg

er 

altimeter 

manuals. 

Subscale 

flight and 

full scale 

flight tests 

will 

further 

verify this. 

1D 
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Launch vehicle/ 

electronics become 

damaged due to 

rain/wet ground 

landings. (R&N) 

Water 

sensitive 

part of 

the 

vehicle 

like the 

airframe, 

motor 

and the 

electroni

cs come 

in contact 

with 

water. 

Blue tube which a 

epoxied cardboard 

material may lose 

structural strength if 

it is contact with 

water for too long. 

Altimeter, CDS, 

tracking and 

payload electronics 

may be damaged if 

in contact with 

water. 

2B All 

electronics 

will be 

sealed in a 

waterproo

f 

mechanica

l 

packaging

. Blue 

tube will 

not be 

damaged 

by small 

amount of 

water/rain. 

NASA 

will not 

launch in 

highly wet 

conditions

. 

All 

electronics 

mechanica

l 

packaging 

will be 

designed 

for 

waterproof

ing. If 

launched 

in minor 

rainy 

conditions, 

airframe, 

and all 

electronics 

will be 

inspected 

for any 

damage 

and 

replaced if 

it is 

beyond 

repairable 

before 

next 

launch. 

2E 

Launch 

vehicle/parachutes/p

ayload become 

damaged due to 

drifting too far from 

2500 ft requirement. 

(R&N) 

Parachut

es are not 

size 

properly 

leading 

to 

excessive 

drift 

beyond 

2500 ft. 

Vehicle 

is 

launched 

in wind 

speed 

over 20 

mph. 

Launch 

vehicle/parachutes/p

ayload become 

damaged as it 

comes in contact 

with trees, 

unapproved terrains 

outside of launch 

field. 

2B Parachutes 

are sized 

and 

simulated 

using 

multiple 

methods 

for 

different 

wind 

speeds up 

to and 

including 

20 mph. 

Full scale 

flight tests 

will 

further 

verify this. 

2E 
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High wind speeds 

cause inaccurate 

readings from 

altimeter(s). (R&N) 

High 

winds 

inhibit 

airflow 

into the 

avionics 

bay. 

Altimeter cannot 

accurately 

determine pressure 

differences, 

potentially causes 

premature 

deployment. 

3B Appropria

te number 

and size of 

pressure 

relief 

holes will 

be drilled 

into the 

airframe. 

Subscale 

and full-

scale flight 

test data 

will verify 

whether 

the winds 

have a 

great 

effect on 

altimeter 

readings. 

3D 

Table 4.11: Hazards from Environment 

4.1.6 Remaining Concerns 

The rest of the team’s safety concerns lie in the fact that a VDF has yet to be performed. 

The team feels an overall sense of preparedness, but the fact that no full or subscale launches have 

been conducted makes the team worried that danger is imminent due to a lack of experience. The 

fact that the Seawolves are only a second-year team, with no participants or guidance from the 

first-year team, means that everyone is a novice and cannot be fully prepared to launch without 

the guidance and assurance of the LIARS mentors. Clearly, more experienced teams will have 

greater insight on various failure modes and the preventative measures associated with them. 

 

4.2 Launch Operations Procedures 

4.2.1 Structural Preparation 

Below is a list of pre-launch procedures that the SAP team must follow to ensure a safe 

assembly of the launch vehicle, as well as measures that should be taken to ensure the proper 

functionality of the ASACU and its electronics: 
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4.2.2 Recovery Preparation 

The preparation of the recovery system begins with an item checklist and is followed by a 

checklist with instructions that must be completed by one member and verified by another. Below 

are the item checklist and the pre-launch procedures list: 

 

✓ Items Quantity 

 Terminal Blocks 4 

 Bulkhead Eyebolts 2 

 Ejection Canisters 4 

 Ejection Canister Screws & Nuts 4 

 Shear pins 8 

 Key switches 2 

 1/4" - Threaded Rods 2 
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 Avionics Sled 1 

 9V Battery 3 

 1/2" - 13 Screw 4 

 1/2" - 13 Hex Nut 4 

 Drogue Parachute 1 

 Main Parachute 1 

 Oval Connecting Link 950 4 

 Oval Connecting Link 2300 1 

 Oval Connecting Link 880 1 

 Main Parachute Shock Cords 1 

 Drogue Parachute Shock Cords 1 

 Shock Cord Protector 2 

 Ejection Pistons 2 

 Wooden Bulkhead Plate for Avionics Bay (0.5 in) 2 

 Fiberglass Bulkhead Plate for Avionics Bay (0.125 in) 2 

 Tracking Bay Sled (3D printed) 1 

 Tracking Sled Mount (wood) 1 

Table 4.12: Recovery System – Item Checklist 

 

# ✓ Step 
Comple
ted by 

Verified 
by 

RN1  

Before beginning to prepare the R&N system, ensure that all 
nearby devices capable of producing an electromagnetic field 
are not powered. No interference should be present for the 
safety of those present at the launch site. 

  

RN2  Mount electronics to avionics sled (batteries, cables for external 
connections, transmitters, etc.). 

  

RN3  Slide the avionics bay into the coupler and fasten it with 
washers and nuts from CBS.   

RN4 
Use ONLY Quick-Disconnect links that have been tested to connect the 

altimeters to the switches.  
  

RN4.1  Switch 1 - Positive   

RN4.2  Switch 1 - Negative   

RN4.3  Switch 2 - Positive   

RN4.4  Switch 2 - Negative   

RN4.5  
Main Chute - Charge 1, E-Match   

RN4.6  
Main Chute - Charge 2, E-Match   

RN4.7  
Drogue Chute - Charge 1, E-Match   

RN4.8  
Drogue Chute - Charge 2, E-Match   
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RN4.9  
Main Altimeter - Battery   

RN4.10  
Backup Altimeter - Battery   

RN5  

Make sure the altimeter can be turned on using the switch in the 
installed position. Ensure that the altimeters are programmed 
correctly (e.g. one with apogee delay, both at the same main 
deploy altitude, etc.) 

  

RN6  Fasten the bulkheads to the coupler to close the avionics bay.   

RN7  
Add black powder charges and e-match tips to canisters. ONLY 
THE TEAM MENTOR MAY PROVIDE THE PACKED 
EJECTION CHARGES 

(BM)  

RN7.1 
Main 

Charge 1 
Mass: _______________________________ grams   

RN7.2 
Main 

Charge 2 
Mass: _______________________________ grams   

RN7.3 
Drogue 

Charge 1 
Mass: _______________________________ grams   

RN7.4 
Drogue 

Charge 2 
Mass: _______________________________ grams   

RN8  Attach the shock cords to the parachutes and eyebolts.   

RN9  Fold the parachutes and insert them into their respective bays 
with the pistons, as necessary. 

  

RN10  Install shear pins into the vehicle   

RN11  Turn on the tracking electronics (connect to power, ensure a 
connection with ground station) 

  

RN12  Secure tracking sled to nosecone.   

Table 4.13: Recovery System – Launch Preparation 

The following checklist with instructions must be completed by one member and verified by 

another. 

4.2.3 Motor Preparation 

• To comply with the NASA 2019 safety requirement, the NAR/TAR certified mentor and the safety 
officer will oversee the motor handling.  

• Essential personals required for the procedure: 
o TRA certified mentor 

• Required equipment and PPE for the procedure: 
o Epoxy putty, safety goggles, screwdrivers, safety gloves 

 
____1. (Signed by: Mentor) Safety officer verifies that the proper PPE is worn by all team  

members.  
Verified by _____ 
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⚠ Warning: Failure to wear safety glasses can result in damage to eyesight during the 

following steps. 
 

⚠ Danger: Motor preparation must be handled by NAR/TRA certified members to 

comply with the safety regulation. Failure to comply with the safety requirement might 
result in catastrophic vehicle and or personal damage. 

 
____2. (Signed by: Mentor) Use the epoxy putty to seal all surfaces and O-rings. 

Verified by _____ 
 

 
____3. (Signed by: Mentor) Epoxy the two grains. Align the cores. Slide liner over  

epoxied grains. Verified by _____ 
 

 
____4. (Signed by: Mentor) Install nozzle into the real end of the liner and stand assembly on  

nozzle. Ensure nozzle rear is seated on the liner. Verified by _____ 
 

 
____5. (Signed by: Mentor) Place seal disk O-ring into the groove in the forward seal disk.  

Install the seal disk into the open end of the motor liner until seated and flush.  
Verified by _____ 

 

 
____6. (Signed by: Mentor) Slide the motor casing over the motor lining. 

 Verified by _____ 
 

 
____7. (Signed by: Mentor) Seal the O-ring against the forward case end until it mates with the  

forward seal disk. Verified by _____ 
 

 
____8. (Signed by: Mentor) Thread the forward closure assembly into the forward end of the  

motor case by hand until it is seated against the case. Verified by _____ 
 

 
____9. (Signed by: Mentor) Place the aft O-ring into the groove around the nozzle. 

 Verified by _____ 

 
____10. (Signed by: Mentor) Thread the aft closure assembly into the aft end of the motor 

case by hand until it is seated against the case.  Verified by _____ 
 

 
____11. (Signed by: Mentor) Slide the motor casing with the assembled motor into the motor  

mount tube. Screw the machined tail cone retainer into place. Verified by _____ 
 

 
____12. (Signed by: Mentor) Mount electronics to avionics sled (batteries, cables for external  

connections, transmitters, etc.). Verified by _____ 
 
 
____13. (Signed by: Mentor) Check that the ejection charge is installed in the motor, if the motor  
is already secured, remove the motor and make sure that everything looks good.  
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 Verified by _____ 
 
 
____14. (Signed by: Mentor) Choose the correct size igniter for the engine and examine for  

resistance, continuity and pyrogen for cracks or any potential issues. Verified by _____ 
 

 
____15. (Signed by: Mentor) Make sure the rocket is secured on the pad first before installing the 
igniter and the motor. Verified by _____ 
 

 

4.2.4 Setup on Launch Pad Preparation 

The following checklist with instructions must be completed by one member and verified by 

another. 

 
• Essential personals required for the procedure: 

o TRA certified mentor, Safety Officer  

• Required equipment and PPE for the procedure: 
o Safety goggles, screwdrivers, safety gloves 

 

_____1. (Signed by: Safety officer) The safety officer ensures that the permission is granted 
from the NASA range safety officer as well as the TRA/NAR mentors prior to igniter installation. 

 Verified by _____ 
 
_____2. (Signed by: Safety Officer) Safety officer verifies that the proper PPE is worn by all 
team members. Verified by _____ 
 
 
_____3. (Signed by: Mentor) Insert the igniter (make sure that the igniter is completely forward 
and is touching the fuel grain.) Verified by _____ 
 
 
_____4. (Signed by: Mentor) Make sure that the igniter is secured in position. 

 Verified by _____ 
 
 
_____5. (Signed by: Mentor) Remove the battery from the relay box and make sure that the key 
is not in the remote device and that the arming switch is turned off. Verified by _____ 
 
 
_____6. (Signed by: Mentor) Put the leads to the ignition device. Verified by _____ 
 
 
_____7. (Signed by: Mentor) Assure that all the connectors are clean. Verified by _____ 
 
 
_____8. (Signed by: Mentor) Make sure that the connectors are not touching each other or that 
the circuit is not grounded by touching any metal parts. Verified by _____ 
 
 
_____9. (Signed by: Mentor) Look at the tower’s position and assure that the tower is fastened 
and ready for launch. Verified by _____ 
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_____10. (Signed by: Mentor) Look at the tower’s position and assure that the tower is fastened 
and ready for launch. Verified by _____ 
 
 
_____11. (Signed by: Mentor) Check again to see that the key is not in the remote device and 
that the switch is off. Verified by _____ 
 
 
_____12. (Signed by: Mentor) Connect the battery to the relay box. Verified by _____ 
 

 

 

4.2.5 Setup on Launch Pad Preparation & launch procedure 

• Essential personals required for the procedure: 
o TRA certified mentor, Safety Officer, SAP Team Leader 

• Required equipment and PPE for the procedure: 
o Safety goggles, screwdrivers, safety gloves.  

 

____1. (Signed by: SAP Team Leader) SAP team measure the center of gravity of vehicle. And 
compute the static stability margin. The SAP team will verify that the static stability is within a safe 
range of 0.1 caliber of simulated stability.    Verified by _____ 
 

 
⚠ Risk: The flight can be unstable, if the computed static stability exceeds the 0.1  

caliber of simulated stability safety threshold. 
 
____2. (Signed by: Safety Officer) The safety officer ensures that the permission is granted  
from the NASA range safety officer as well as the TRA/NAR mentors prior to mounting 
the vehicle onto the launch pad. Verified by _____ 
 

 
____3. (Signed by: Safety Officer) Mount the launch vehicle by sliding the buttons on the  
airframe on the 12ft 1515 rails. Raise the attached vehicle vertically. And ensure the 
position of vehicle is completely vertical.   Verified by _____ 
 

 
⚠ Danger: Prior to proceed to the next step, verify that the mounted launch vehicle is  
properly positioned (completely vertical). 

 
____4.  (Signed by: Safety Officer) Initiate the primary altimeter. Make sure that the main  
deployment is set at our targeted altitude. Wait for altimeter to run through its cycle to make  
sure that the unit is in “ready to launch mode.”  Verified by _____ 
 

 
____5.  (Signed by: Safety Officer) Initiate the redundant altimeter. Make sure that the main  
deployment is set at our targeted altitude. Wait for altimeter to run through its cycle to make 
sure that the unit is in “ready to launch mode.” Verified by _____ 

 

 
____6. (Signed by: Safety Officer) Safety officer verifies that the proper PPE is worn by all  

team members.  Verified by _____ 
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⚠ Warning: Failure to wear safety glasses can result in damage to eyesight during the  
following steps. 

 
⚠ Danger: Un-tape ignitor from side of the rocket and push it in the motor  
until resistance is met. Tape the ignitor with masking tape. Attach the alligator clips from  
the firing system to the leads of the ignitors. Wrap the wires around the leads to ensure 
the leads are not touching.  

 
____7. (Signed by: Safety Officer) Permission will be granted by the RSO for launching the 
vehicle. The safety officer will ensure that the launch pad is cleared and all team 
members are at least 500 ft from the launch pad. This is to comply to the NAR launch 
pad Minimum Personnel Distance requirement for L type motor vehicle. 

 Verified by _____ 
 

 
____8. (Signed by: Safety Officer) The team captain will conduct the launch countdown to  

zero and press button for launch.  
Verified by _____ 
 

4.2.6 Troubleshooting 

 

 

Possible Problems During Assembly Potential Solutions 

Folded parachute appears to have discrepancy 
due to improperly folding. And main or drogue 
parachute unable to be properly fitted in the bay.  
Risk 

Unfold the parachute by repeating the recovery 
preparation step 2. Verify the newly folded 
parachute can be ejective freely.  

Unable to have positive control of the electronic 
remote switches. 
Risk 

Return launch vehicle to preparation area. Off 
load each section and ensure all the circuit is 
connected correctly. Verify that the battery is in 
good working condition. Remount the launch 
vehicle and try again. 

Static stability margin of vehicle is determined to 
be more than 0.1 caliber from simulated stability 
and/or less than 2.0 at rail exit.  
Risk 

Verify that the vehicle is assembled properly. If 
the problem still persists. Return the vehicle back 
to the preparation area. Disassemble the vehicle 
and verify that the mass for each section matches 
with the recorded values. 

L type motor installed in correctly.  

Risk ⚠Danger 

Reassemble the motor again using instructions 
from kit.  

Transmitters in Payload in fails to respond. 

Return to the preparation area and off load the 
payload bay section. Ensure the shear pins, UAV 
and the existing system is in good working 
condition. Verify that the Payload electronics 
circuits connection is in good condition. Verify that 
the Payload batteries are in good working 
condition and change the battery if necessary. 
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Launch Vehicle lands more than 2500 ft radius 
from launch pad in personal property. 

Inform NASA RSO and wait for instructions on 
how to retrieve vehicle. 

 

4.2.7 Post-Flight Inspection 

• Essential personals required for the procedure: 
o Team Captain, Safety Officer, TRA certified mentor, sub-team members 

• Required PPE and tools for the procedure: 
o Safety goggles, screwdrivers, safety gloves.   

 
____1. (Signed by: Team Captain) Tack down the launched vehicle. Verified by _____ 
 
____2. (Signed by: Team Captain) Upon locating the launch vehicle, the safety officer and the 
mentor will check for unignited ejection charges on the vehicle. if unignited ejection charges are 
found, follow the NAR guidelines and instructions of the NAR mentor, and collaborate with the 
NASA Range Safety Officer to transport the vehicle to the predetermined location in the launch 
field with extreme caution. Verified by _____ 

 

 
⚠Danger:  Failure to observe caution in this step or failure to comply with the NAR instruction 

may lead to catastrophic personal injury.  
 

⚠Warning: If unignited ejection charges are NOT found, proceed to the next step. 

 
____3. (Signed by: Team Captain) Transport the launch vehicle to the NASA Range Safety 
officer for official altimeter reading. Verified by _____ 
 
____4.  (Signed by: Team Captain) Perform inspection on the launched vehicle for post-
recovery any damages. If any damage exist, report the damage to the corresponding team.  

Verified by _____ 
 
____5. (Signed by: Team Captain)  Terminate all audible electronics. Verified by _____ 

 
____6. (Signed by: Team Captain)  Follow the NAR guidelines to properly dispose the motor. 

Verified by _____ 
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Chapter 5.  Payload Criteria - Drone 

5.1 Detailed Payload Design Changes 

5.1.1 Changes to DRES 

The Drone Re-orientation and Exit System (DRES) underwent design changes to enhance 

reliability. To redefine some terms, the capsule of the DRES system is the section where the drone 

will be intact. The DRES will move out of the airframe and reorient the drone.  

The reason for this change is because utilizing the arm rotation system that we have 

presented in the previous report, relies heavily on the condition of the external environment. The 

dirt that the rocket lands could be very soft, and the arms may not be able to push the rocket to 

rotate. For this reason, we have chosen to come up with a different design. 

Due to this fact, we have come up with a design that does not let the capsule of the rocket 

touch the ground. This entails that the capsule will not fully separate from the airframe. Instead, 

the back of the capsule will still stay with the airframe and will still be able to reorient the capsule.  

The re-orientation system has been redesigned to rotate about the center axis of the airframe 

instead of using arms that rotate. After the rotating part of the capsule exits the airframe, the gear 

motor will rotate the shaft connected to the aluminum angle, which is connected to the two 

aluminum square tubes. The rotating part of the capsule is connected to a shaft on the bottom end 

and connected to the nose cone by a Lazy Susan rotational bearing. Key components of the new 

orientation system are shown in Error! Reference source not found.5.1. 

Lastly, a different linear rail that guides the capsule out was chosen to save cost. The new 

rail model is listed on the bill of materials. 

 

 

Figure 5.1: Orientation System and Drone Lock Mechanism Overview 
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Figure 5.2: Orientation System and Drone Lock Mechanism 

5.1.2 Changes to Drone 

In the latest and final version of the drone, the main change in the CAD is the size 

difference of the drone. With the fact that the new DRES system needed to be changed, the size of 

the drone was also optimized to be smaller. Now the arm radius is ___ and is considerably smaller 

than the previous design. The only downside to this decision is the area needed to strap on the 

battery was reduced. Otherwise, the size reduction will reduce weight, saving us a leeway for the 

DRES system weight.  

Next, the servo on the back of the drone that controls the arm movement had an issue. If 

the rotation required to open the drone arm was more than 360, a continuous rotation servo would 

be needed. However, this means that the rotation angle will not be kept in track. Thus, a proposed 

solution to this is the use a servo or a smaller dc motor and have a limit switch set so that when the 

drone’s arm fully opens, a signal could be sent to stop the rotation of the drone’s arms.  

Other than these small updates, there were no other changes needed. 

5.2 Unique Payload Features 

5.2.1 Payload Structure 

The key structural elements for the payload bay are shown in Error! Reference source not 

found. along with feature descriptions on Payload Bay Structural Features Error! Reference 

source not found.. Error! Reference source not found. shows the exit configuration of the 

payload capsule. 
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Figure 5.3: Capsule Exit State 

 

 

Figure 5.4: Payload Bay Structural Features 
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Feature # Description 

1 
Two aluminum plates connected using L brackets contain the motor and the 

rotational shaft.  

2 
Rotating shaft rotates with the drone base after the capsule is in exit state (Error! 

Reference source not found.). Angle bracket connects gear to the capsule. 

3 Aluminum tubes provide strong rigid support to the capsule. 

4 
Aluminum rods for the drone locking mechanism ensures that the drone will be 

locked in place until it is safe for flight. 

5 
Angle brackets positions the drone such that the base of the drone is parallel to the 

aluminum tubes. This prevents the drone from wobbling during rocket flight. 

6 First wooden plate is attached to the payload coupler using epoxy. 

7 Second wooden is attached to the stepper motor 

8 
3D printed rail screw connects to the airframe using flathead screws and is bolted 

to the rails. 

9 
Durable aluminum linear rails ensures smooth exit of the drone capsule. Four linear 

rail carriages are used two on the bottom and two on top of the capsule. 

10 
The two aluminum tubes are connected to the nose cone via a rotational lazy susan 

bearing (Error! Reference source not found.) 

Table 5.1: Payload Bay Structural Features 

 

Figure 5.5: Lazy Susan Bearing 
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 To satisfy requirement 4.3.2, we designed an effective drone locking mechanism. The 

features of this mechanism is shown in Error! Reference source not found. and Error! 

Reference source not found. with descriptions on Error! Reference source not found.. 

 

Figure 5.6: Drone Lock Mechanism 

 

 

Figure 5.7: Drone Lock Mechanism L Brackets 
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Feature # Description 

1 
Servo: Pulls on the rod attachment piece (Feature #6) disengaging the aluminum 

rods from the drone locking feet (Feature #4) 

2 Servo Arm: Links the servo to the rod attachment piece (Feature #6) 

3 
Locking Rod: Locks the drone locking feet (Feature #4) to keep drone in place 

during flight. 

4 Drone Locking Feet: This part is attached to the drone. 

5 
Locking Rod: This rod engages with the drone locking feet (Feature #4) when it’s 

locked. It’s also attached to the rod holder (Feature #6). 

6 Rod Holder: Holds the rod and is attached to the servo arm (Feature #2). 

7 
Angle Brackets: These brackets ensure that the drone does not wobble during flight. 

It keeps the drone in place. The left bracket also mounts the servo (Feature #1). 

Table 5.2: Drone Locking Mechanism Features 

5.2.2 Drone Structure 

The drone’s structural features are shown in Error! Reference source not found. along with 

descriptions on Error! Reference source not found.. 

 

 

Figure 5.8:  Drone Features 
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Feature # Description 

1 
Drone Chassis: Two 3D printed ABS plates make up the main structure and houses 

the drone unfolding mechanism. 

2 
Drone Arm: Four 3D printed ABS arms. The arms are controlled using the worm 

to rotate from the open position to the close position. 

3 
Beacon Carrying Mechanism: This holds the 1x1x1” beacon and will be dropped 

on the command of the servo 

4 Battery: This will be zip tied and wrapped in fire retardant fabric 

5 
Electronics: The flight controller, and other necessary devices will be zip tied to the 

top base plate. 

6 Motors + Propellers 

7 Drone Locking Feet: This part will connect to the drone locking mechanism ( 

8 Shaft + worm: These components help drive the arms to prepare the drone to fly 

Table 5.3: Drone Features 

5.2.3 Drone Electronics 

One of the requirements for the drone is to have it powered off until it is safe for flight. To 

satisfy this requirement a transistor switch will be used. The receiver will be connected to the 

transistor and the drone power. Once the receiver is sent the on command, the transistor will close 

the circuit. This system is safe since only the receiver will be connected to power during the flight. 

The motor, flight controller, and all other components will be disconnected from power. 

The drone will be remote controlled using a 2.4 GHz AT9S RC transmitter. The video 

transmitter will transmit video to a Eachine RT01 5.8 GHz video receiver connected to a laptop. 

The Eachine RT01 will be connected to a 14 dBi high gain FPV panel antenna to ensure consistent 

footage.  

To deploy the payload upon safe landing, an HC-12 wireless module controlled by the Arduino 

will send a passcode to the HC-12 modules in the payload bay. Since the airframe is made of 

carbon fiber, three antennas around the airframe will ensure a reliable signal. Each antenna will be 

connected to its own HC-12 module. When the Arduino detects the passcode from any of the three 

HC-12’s, the drone exit and orientation process will begin. The ground station will utilize a high 

gain 10 dB antenna to transmit the signal. The DRES deployment will use 433 MHz frequency.  

The circuit diagrams for the DRES,  drone, and payload ground station setup are shown in 

Error! Reference source not found., Error! Reference source not found., and Error! 

Reference source not found., respectively. 
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Figure 5.9: DRES Electrical Schematic 
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Figure 5.10: Drone Electronics Diagram 
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Figure 5.11: Payload Ground Station Setup 

5.3 Payload Construction (How CAD is Different from Build) 

The payload construction is still under progress and is scheduled for completion by March 12. 

Some of the structural components such as the aluminum tubes and angle brackets have been 

machined already. The aluminum plates containing the shaft are scheduled for CNC machining 

within two weeks. The linear rails are expected to arrive by March 8. The components already 

machined went according to the CAD model with a few minor deviations. However, the 3D printed 

parts have come out smaller than expected. Due to this shrinkage, we plan on making minor 

dimensional changes where necessary.  

Other differences include the mounting of the electronics. Components such as the battery will 

be zip tied to the chassis (not shown in CAD). Additionally, a replica of the propellers could not 

be found in CAD nor could it be constructed easily. Also, the propellers on the drone will use a 

bullnose shape to allow greater thrust in case of windy weather, which is not shown on CAD. The 

disadvantage of this is that the motors will require more power, but adequate power supply and 

battery size has been selected.  

Pictures of the two parts that have been machined along with their as schematics are shown in 

Error! Reference source not found. and Error! Reference source not found.. 

The parts that have been machined are itemized in the parts that have been machined or made 

are itemized in Error! Reference source not found.. The CAD models of the parts that have been 

3D printed are shown on Error! Reference source not found.. 
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Square Tubes: Machined using the band saw and milling machine. 

 

 

Figure 5.12: Machined Square Tubes 
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Servo Bracket: Machined using the band saw and drill press. The servo will be attached 

using epoxy. 

 

 

Table 5.4: Machined Servo Bracket 
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Part Name Model 

Arms 

 

Bottom and Top Plates 

 

Bottom and Top Worm Gears 

 

Plate Attachment Piece 

 

Table 5.5: 3D Printed Drone Parts 
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The incomplete assembly of the drone is shown in Error! Reference source not found.. The 

drone assembly is planned to finish by March 8.  

 

 

Figure 5.13: Incomplete Drone Assembly 

5.4 Payload Demonstration Flight Plan 

The planned payload launch date is to be confirmed. However, the team will select a launch 

date that will ensure enough time to finish building the payload system. 

In our payload flight plan, we have separated our schedules for the DRES and Drone.  

For the drone, the completed tasks are as follows. We have printed all the components of the drone 

including the chassis, arms, worms, electronics cover, and the beacon dropping system. The worm 

has been tested and proven that it meshes with the arm properly and does not require high torque 

to unfold the arms.  
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Next, the flight controller has been bought and the motors have been soldered and wired. 

Since the drone motor’s electronic speed controllers are built into the flight controller, the electrical 

complexity is reduced. 

The drone programming and PID tuning is planned to be finished by March 9. Backup 

electrical components along with extra 3D printed parts will be prepared in the event the drone 

crashes during testing. 

The programming of the flight controller will be worked on this week. A back up pixhawk 

flight controller is at hand in case the purchased flight controller is too complex to work with. 

During this time, our team will have access to a separate drone to start piloting practice. This is 

done now to ensure a clean and smooth flight on our launch date. Additionally, our drone was 

registered on Feb 26 with the FAA. 

In parallel with the flight controller programming, the camera will be tested for a good 

quality feedback. Utilizing a phone camera, we will check to see if the connection of the transmitter 

is feasible for our purpose.   

For the DRES, the 2 aluminum plates that houses the motor to rotate the gears have been 

sent in for CNC. They will be ready in approximately less than a week. Otherwise, the wooden 

plates that holds the motor for the lead screw has already been made and put inside the payload 

coupler of the rocket.  

The 2 square tubes that are used in the capsule have been made and is going to be put 

together with the angle irons in the upcoming week.  

Since all other parts are easy to manufacture, the assembly of the DRES will be done by 

12. 

5.5 Payload Success Criteria 

For the payload system to be successful, the following criteria in this order must be met: 

• The drone capsule and locking mechanism must successfully keep the drone secured in 

the rocket during flight. 

• Upon landing and safety verification, the deployment signal must be successfully sent to 

initiate the deployment process. 

• The deployment process must exit the payload capsule and orient the drone platform such 

that the drone is upright for flight. Then the drone locking mechanism must disengage 

from the drone.  

• The transmitter must transmit the signal to power on the drone’s flight controller and 

motors. 

• The drone must lift off and successfully deliver the beacon to the designated location. 
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Chapter 6.  Project Plan 

6.1 Testing 

6.1.1 Ground Ejection Test 

The ground ejection test is meant to verify the amount of black powder in ejection canisters 

for parachute deployment. The launch vehicle is set up in its launch-ready configuration, and an 

e-match ignition causes charges to ignite and separate the rocket sections. This test ensures a 

successful recovery during launch, and it serves the team as a practice round for preparation of a 

launch-ready vehicle. Lastly, the test confirms the selection and quantity of shear pins to be used 

on separating sections before ejection. 

 

Setup/Equipment 

 The equipment required other than a launch-ready rocket includes: 

• Stand for rocket 

• Pen to record successful charge masses 

• This document for instructions on conducting the test 

• 12 V launcher for igniting e-matches 

Test 

1. Make sure ground area is clear before testing 

a. No public walkways 

b. No close vicinity to bystanders 

2. Pack ejection charges and document their values below 

 

Charge Mass [g] 

Main Bay – Main Altimeter 2.83 

Main Bay – Backup Altimeter 3.11 

Drogue Bay – Main Altimeter 1.25 

Drogue Bay – Backup Altimeter 1.38 

Table 6.1: Black Powder Charge Masses 

 

Table 6.2: Ejection Charge Masses 

3. Ensure avionics are ready for flight 

a. See “Pre-launch procedures” document 

4. Connect launcher wires to exposed e-matches 

5. Turn ON current to circuit 

a. Wait for both e-match ignition events (this includes the TWO backup 

events!) 

b. Turn OFF current to circuit 

6. Note whether the charges were sufficient, insufficient, or overpacked (Bold ONE): 
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SUFFICIENT   INSUFFICIENT  OVERPACKED 

 

Subsequent Iterations 

 

Charge Mass [g] 

Main Bay – Main Altimeter N/A 

Main Bay – Backup Altimeter N/A 

Drogue Bay – Main Altimeter N/A 

Drogue Bay – Backup Altimeter N/A 

Results 

 

The ejection test was successful on the first iteration for both charge estimates. No changes were 

made to the initial masses proposed, and all structural elements remained intact. The test ran for 

2 hours and 40 minutes.  

 

Images 
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Figure 6.1: Mounted Launch Vehicle 

 

Figure 6.2: Successful Ejection 
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Figure 6.3: Post Ejection View of Bulkhead 

 

6.2 Requirements Compliance 

Section Requirement Description Identify Verification Plan 

1. General 
Requirements 

1.1 

Students on the team will do 
100% of the project, including 
design, construction, written 
reports, presentations, and 
flight preparation with the 
exception of assembling the 
motors and handling black 
powder or any variant of 
ejection charges, or preparing 
and installing electric matches 
(to be done by the team’s 
mentor). 

Demonstration 

The team 
members will be 
exclusively 
responsible for 
everything that 
does not involve 
the physical 
handling of 
motors, black 
powder, or electric 
matches. The 
team mentors are 
to handle these 
tasks and will not 
provide any direct 
assistance in 
design, 
construction, 
report writing, 
presentations, or 
other forms of 
flight preparation 
what were not 
mentioned. 

1.2 

The team will provide and 
maintain a project plan to 
include, but not limited to the 
following items: project 
milestones, budget and 
community support, 
checklists, personnel 
assignments, STEM 
engagement events, and risks 
and mitigations. 

Demonstration 

All forms of project 
goals will be kept 
track of to improve 
the team's 
organization, and 
to continuously 
update progress 
on requirements 
like STEM 
engagement. 

1.3 

Foreign National (FN) team 
members must be identified 
by the Preliminary Design 
Review (PDR) and may or 
may not have access to 
certain activities during launch 
week due to security 
restrictions. In addition, FN’s 
may be separated from their 
team during certain activities. 

Inspection 

FN team members 
were identified, 
and their 
information was 
given to the NASA 
project team. 

1.4 
The team must identify all 
team members attending 
launch week activities by the 

  

Members 
attending launch 
week were 
identified and their 
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Critical Design Review (CDR). 
Team members will include: 

information was 
given to the NASA 
project team. 

1.4.1 
Students actively engaged in 
the project throughout the 
year. 

Demonstration 

The team will work 
towards the 
competition goals 
for the entirity of 
the student launch 
timeline. 

1.4.2 
One mentor (see requirement 
1.13). 

  

At least one 
mentor will be 
present with the 
team for launch 
week. 

1.4.3 
No more than two adult 
educators. 

  

A maximum of two 
adult educators 
will be present with 
the team for 
launch week. 

1.5 

The team will engage a 
minimum of 200 participants 
in educational, hands-on 
science, technology, 
engineering, and mathematics 
(STEM) activities, as defined 
in the STEM Engagement 
Activity Report, by FRR. To 
satisfy this requirement, all 
events must occur between 
project acceptance and the 
FRR due date and the STEM 
Engagement Activity Report 
must be submitted via email 
within two weeks of the 
completion of the event. A 
sample of the STEM 
Engagement Activity Report 
can be found on page 33 of 
the handbook. 

  

The team has 
been working to 
engage a 
minimum of 200 
participants in 
STEM activities. 
Reports have 
been submitted to 
the NASA project 
team on an as-
completed basis. 

1.6 

The team will establish a 
social media presence to 
inform the public about team 
activities. 

Demonstration 
Visit Team 
Website URL  

1.7 

Teams will email all 
deliverables to the NASA 
project management team by 
the deadline specified in the 
handbook for each milestone. 
In the event that a deliverable 
is too large to attach to an 
email, inclusion of a link to 
download the file will be 
sufficient. 

  

All reports, 
presentations, 
flysheets, and 
other required 
materials have 
been and will 
continued to be 
submitted to the 
NASA project 
team via email. 

https://aiaasbu.wixsite.com/studentlaunch
https://aiaasbu.wixsite.com/studentlaunch
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1.8 
All deliverables must be in 
PDF format. 

Inspection 

The members 
assigned to the 
report review team 
will always review 
reports by using a 
corresponding 
checklist. The 
checklist lists all 
required items for 
proper review and 
submission of 
documents, 
including a check 
for the file format 
to be submitted 
(should be PDF). 

1.9 

In every report, teams will 
provide a table of contents 
including major sections and 
their respective sub-sections. 

Inspection 

The members 
assigned to the 
report review team 
will always review 
reports by using a 
corresponding 
checklist. The 
checklist lists all 
required items for 
proper review and 
submission of 
documents, 
including a check 
for a complete 
Table of Contents 

1.10 
In every report, the team will 
include the page number at 
the bottom of the page 

  

The members 
assigned to the 
report review team 
will always review 
reports by using a 
corresponding 
checklist. The 
checklist lists all 
required items for 
proper review and 
submission of 
documents, 
including a check 
for page 
numbering. 

1.11 

The team will provide any 
computer equipment 
necessary to perform a video 
teleconference with the 
review panel. This includes, 
but is not limited to, a 
computer system, video 
camera, speaker telephone, 
and a sufficient Internet 
connection. Cellular phones 

  

The team has and 
will continue to 
communicate with 
the NASA project 
team via Skype or 
some similar form 
of video 
teleconference in 
which video and 
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should be used for 
speakerphone capability only 
as a last resort. 

microphone quality 
are satisfactory. 

1.12 

All teams will be required to 
use the launch pads provided 
by Student Launch’s launch 
services provider. No custom 
pads will be permitted on the 
launch field. Eight foot 1010 
rails and 12 foot 1515 rails will 
be provided. The launch rails 
will be canted 5 to 10 degrees 
away from the crowd on 
launch day. The exact cant 
will depend on launch day 
wind conditions. 

  

The team will use 
the standard pads 
provided by NASA 
and will not design 
for the use of any 
custom rails. The 
team will utilize a 
12 foot 1515 rail 
on launch day. 

1.13 

Each team must identify a 
“mentor.” A mentor is defined 
as an adult who is included as 
a team member, who will be 
supporting the team (or 
multiple teams) throughout 
the project year, and may or 
may not be affiliated with the 
school, institution, or 
organization. The mentor 
must maintain a current 
certification, and be in good 
standing, through the National 
Association of Rocketry 
(NAR) or Tripoli Rocketry 
Association (TRA) for the 
motor impulse of the launch 
vehicle and must have flown 
and successfully recovered 
(using electronic, staged 
recovery) a minimum of 2 
flights in this or a higher 
impulse class, prior to PDR. 
The mentor is designated as 
the individual owner of the 
rocket for liability purposes 
and must travel with the team 
to launch week. One travel 
stipend will be provided per 
mentor regardless of the 
number of teams he or she 
supports. The stipend will only 
be provided if the team 
passes FRR and the team 

  

The team has two 
mentors that are 
recognized by 
both the NAR and 
TRA. Their 
information is 
specified in the 
Team Summary 
section of the FRR 
report. 
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and mentor attend launch 
week in April.  

2. Vehicle 
Requirements 

2.1 

The vehicle will deliver the 
payload to an apogee altitude 
between 4,000 and 5,500 feet 
above ground level (AGL). 
Teams flying below 3,500 feet 
or above 6,000 feet on 
Launch Day will be 
disqualified and receive zero 
altitude points towards their 
overall project score. 

Demonstration 

The team will 
successfully 
perform a Vehicle 
Demonstration 
Flight (VDF) of the 
full-scale launch 
vehicle, with the 
same motor to be 
used in Huntsville, 
Al, within the 
specified range. 

2.2 

Teams shall identify their 
target altitude goal at the PDR 
milestone. The declared 
target altitude will be used to 
determine the team’s altitude 
score during Launch Week. 

Analysis 

The SAP team will 
utilize various 
software and 
equations to 
determine 
predicted apogee 
and make a 
decision based on 
said results. 

2.3 

The vehicle will carry one 
commercially available, 
barometric altimeter for 
recording the official altitude 
used in determining the 
Altitude Award winner. The 
Altitude Award will be given to 
the team with the smallest 
difference between their 
measured apogee and their 
official target altitude on 
launch day. 

Inspection 

Two altimeters 
capable of 
recording altitude 
have been ordered 
for the rocket. Both 
are part of the 
recovery system 
design, and they 
will be checked for 
prior to launch. 
Their presence on 
the rocket is 
critical to the 
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success of the 
flight. 

2.4 

Each altimeter will be armed 
by a dedicated mechanical 
arming switch that is 
accessible from the exterior of 
the rocket airframe when the 
rocket is in the launch 
configuration on the launch 
pad. 

Inspection 

Two keylock 
switches, one for 
each altimeter, will 
be placed on the 
exposed section of 
the rocket coupler. 
The switches can 
only be armed by 
using a specific 
key, so accidental 
arming is easily 
preventable. 

2.5 
Each altimeter will have a 
dedicated power supply. 

Inspection 

By design, the 
recovery system 
will contain two 9V 
batteries. Each 
battery will be an 
independent 
power source for 
one of the two 
altimeters present 
during flight. 

2.6 

Each arming switch will be 
capable of being locked in the 
ON position for launch (i.e. 
cannot be disarmed due to 
flight forces). 

Test 

Although the key 
locks are expected 
to remain in their 
position, since 
they are not meant 
to be opened 
without a key, a 
test will be devised 
to test the forces 
of flight on the 
locking 
mechanism, 
probably with a 
mechanical force 
element that can 
rotate the keylock. 
This test will 
manually ensure 
that this 
requirement is 
verified. 
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2.7 

The launch vehicle will be 
designed to be recoverable 
and reusable. Reusable is 
defined as being able to 
launch again on the same day 
without repairs or 
modifications. 

Analysis 

Finite element 
analysis will be 
conducted in order 
to ensure that the 
forces produced 
during flight and 
impact will not 
damage the rocket 
components. The 
rocket design 
considers this 
failure mode for all 
components of the 
rocket, including 
internal devices 
and payload. 

2.8 

The launch vehicle will have a 
maximum of four (4) 
independent sections. An 
independent section is 
defined as a section that is 
either tethered to the main 
vehicle or is recovered 
separately from the main 
vehicle using its own 
parachute 

Demonstration 

The team will 
perform Ground 
Ejection Tests 
(GET) and a VDF 
to demonstrate 
that there exists, at 
most, four 
independent 
sections. 

2.8.1 

Coupler/airframe shoulders 
which are located at in-flight 
separation points will be at 
least 1 body diameter in 
length 

Inspection 

During fabrication, 
a checklist for the 
coupler production 
will require that 
measurements be 
manually recorded 
and that this 
criterion is 
accounted for. 

2.8.2 

Nosecone shoulders which 
are located at in-flight 
separation points will be at 
least ½ body diameter in 
length. 

Inspection 

In the design 
process, this 
requirement will be 
adhered to by 
including at least 
1/2 a body 
diameter as the 
shoulder. 

2.9 
The launch vehicle will be 
limited to a single stage. 

Demonstration 

The launch vehicle 
will perform a VDF 
to show that there 
exists only a single 
stage to the 
booster. 
Additionally, the 
team will only 
utilize a single 
stage rocket motor 
within the specified 
impulse class. 
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2.10 

The launch vehicle will be 
capable of being prepared for 
flight at the launch site within 
2 hours of the time the 
Federal Aviation 
Administration flight waiver 
opens. 

Test 

The team will 
practice 
assembling the 
launch vehicle and 
prepare several 
checklists to 
ensure that all 
procedures are 
being adhered to 
and prevent a 
component from 
going missing. 

2.11 

The launch vehicle will be 
capable of remaining in 
launch-ready configuration on 
the pad for a minimum of 2 
hours without losing the 
functionality of any critical on-
board components. 

Test 

The 9V batteries to 
be used during 
flight will be tested 
by being 
connected to 
armed, 
unconnected 
altimeters for two 
hours, after which 
the battery charge 
remaining may be 
measured with a 
multimeter. 
Subsequent 
"Christmas Light 
Test" will be 
performed to verify 
satisfaction of this 
requirement. 

2.12 

The launch vehicle will be 
capable of being launched by 
a standard 12-volt direct 
current firing system. The 
firing system will be provided 
by the NASA-designated 
launch services provider 

Demonstration 

The launch vehicle 
will perform a VDF 
in which the team 
mentor will handle 
this requirement. 

2.13 

The launch vehicle will require 
no external circuitry or special 
ground support equipment to 
initiate launch (other than 
what is provided by the 
launch services provider). 

Demonstration 

The launch vehicle 
will perform a VDF 
in which the team 
mentor will handle 
this requirement. 

2.14 

The launch vehicle will use a 
commercially available solid 
motor propulsion system 
using ammonium perchlorate 
composite propellant (APCP) 
which is approved and 
certified by the National 
Association of Rocketry 
(NAR), Tripoli Rocketry 
Association (TRA), and/or the 
Canadian Association of 
Rocketry (CAR) 

Inspection 

Under the 
guidance of the 
team mentor, the 
motor will be 
evaluated to 
ensure that it 
satisfies this 
requirement prior 
to purchase. 
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2.14.1 

Final motor choices will be 
declared by the Critical 
Design Review (CDR) 
milestone 

Analysis 

Using various 
software and 
running several 
trials, the team will 
converge on a 
target apogee and 
size the motor 
around that. 

2.14.2 

Any motor change after CDR 
must be approved by the 
NASA Range Safety Officer 
(RSO) and will only be 
approved if the change is for 
the sole purpose of increasing 
the safety margin. A penalty 
against the team’s overall 
score will be incurred when a 
motor change is made after 
the CDR milestone, 
regardless of the reason. 

Analysis 

The motor will not 
be changed 
between the CDR 
and FRR 
milestones, as 
there is no need 
for such a change. 
It will remain an 
L2200G, which 
was stated in the 
CDR milestone 
materials. 

2.15 

Pressure vessels on the 
vehicle will be approved by 
the RSO and will meet the 
following criteria: 

Analysis 

The team will 
clearly outline the 
pressure vessels 
that the RSO 
should be aware 
of and will have 
this information 
readily available 
come time for the 
launch vehicle's 
inspection. 

2.15.1 

The minimum factor of safety 
(Burst or Ultimate pressure 
versus Max Expected 
Operating Pressure) will be 
4:1 with supporting design 
documentation included in all 
milestone reviews 

Analysis 

The team will 
review all 
supporting 
documents for 
each sensor that 
requires sampling 
holes in the 
airframe and 
ensure that they 
will satisfy these 
requirements. 

2.15.2 

Each pressure vessel will 
include a pressure relief valve 
that sees the full pressure of 
the tank and is capable of 
withstanding the maximum 
pressure and flow rate of the 
tank. 

Analysis 

The teams that 
require pressure 
relief valves will 
determine the 
number and size 
of holes that need 
to be made on the 
airframe in order to 
meet this 
requirement. 
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2.15.3 

Full pedigree of the tank will 
be described, including the 
application for which the tank 
was designed, and the history 
of the tank, including the 
number of pressure cycles put 
on the tank, by whom, and 
when 

Analysis 

The team will keep 
track of the tank's 
history, recording 
this information 
whenever it 
experiences a 
pressure cycle.  

2.16 

The total impulse provided by 
a College or University launch 
vehicle will not exceed 5,120 
Newton-seconds (L-class). 
The total impulse provided by 
a High School or Middle 
School launch vehicle will not 
exceed 2,560 Newton-
seconds (K-class). 

Inspection 

The team, along 
with the mentor, 
will not purchase a 
motor that 
exceeds L-class. If 
there is a need for 
a higher-class 
motor, the team 
will reevaluate 
design choices 
and optimize 
weight. 

2.17 

The launch vehicle will have a 
minimum static stability 
margin of 2.0 at the point of 
rail exit. Rail exit is defined at 
the point where the forward 
rail button loses contact with 
the rail. 

Analysis 

The team will 
verify this 
requirement by 
tracking the 
stability of the 
rocket throughout 
flight and run 
several 
simulations to 
ensure that this 
requirement is 
satisfied. 

2.18 
The launch vehicle will 
accelerate to a minimum 
velocity of 52 fps at rail exit. 

Analysis 

The team will 
verify this 
requirement by 
using software to 
provide the 
velocity at rail exit 
and ensure that it 
satisfies this 
requirement. 

2.19 

All teams will successfully 
launch and recover a 
subscale model of their rocket 
prior to CDR. Subscales are 
not required to be high power 
rockets. 

Demonstration 

The team will 
construct a 
subscale version 
of the full-scale 
launch vehicle and 
successfully 
launch and 
recover it to 
evaluate its 
performance. 

2.19.1 

The subscale model should 
resemble and perform as 
similarly as possible to the 
full-scale model, however, the 

Inspection 

The team will 
select a scaling 
factor to resemble 
the full-scale 
launch vehicle and 
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full-scale will not be used as 
the subscale model. 

work to achieve a 
similar relationship 
between the CG 
and CP. 

2.19.2 

The subscale model will carry 
an altimeter capable of 
recording the model’s apogee 
altitude. 

Inspection 

The altimeters 
used on all rocket 
models will be the 
StratoLogger CF, 
capable of 
recording the 
necessary flight 
data for this 
requirement. A 
visual inspection 
before flight will 
verify the presence 
of the altimeters 
before flight. 

2.19.3 

The subscale rocket must be 
a newly constructed rocket, 
designed and built specifically 
for this year’s project  

Demonstration 

The team will 
detail the 
construction 
process and 
present a novel 
design to the 
NASA review 
committee. 

2.19.4 

Proof of a successful flight 
shall be supplied in the CDR 
report. Altimeter data output 
may be used to meet this 
requirement. 

Demonstration 

Upon a successful 
launch and 
recovery of the 
subscale launch 
vehicle, the team 
will document the 
altimeter data in 
the CDR report 
and reflect on it. 

2.20 
All teams will complete 
demonstration flights as 
outlined below. 

Test 

The team will 
successfully 
launch and 
recover the full-
scale rocket as a 
VDF prior to the 
FRR Addendum 
deadline 
(03/25/2019). 
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2.20.1 

Vehicle Demonstration Flight - 
All teams will successfully 
launch and recover their full-
scale rocket prior to FRR in its 
final flight configuration. The 
rocket flown must be the 
same rocket to be flown on 
launch day. The purpose of 
the Vehicle Demonstration 
Flight is to validate the launch 
vehicle’s stability, structural 
integrity, recovery systems, 
and the team’s ability to 
prepare the launch vehicle for 
flight. A successful flight is 
defined as a launch in which 
all hardware is functioning 
properly (i.e. drogue chute at 
apogee, main chute at the 
intended lower altitude, 
functioning tracking devices, 
etc.). The following criteria 
must be met during the full-
scale demonstration flight: 

Test 

The team will 
successfully 
launch and 
recover the full-
scale rocket as a 
VDF prior to the 
FRR Addendum 
deadline. 

2.20.1.1 
The vehicle and recovery 
system will have functioned 
as designed. 

Test 

The team will 
successfully 
launch and 
recover the full-
scale rocket as a 
VDF prior to the 
FRR Addendum 
deadline. 

2.20.1.2 

The full-scale rocket must be 
a newly constructed rocket, 
designed and built specifically 
for this year’s project. 

Demonstration 

The team will 
detail the 
construction 
process and 
present a novel 
design to the 
NASA review 
committee. 

2.20.1.3 

The payload does not have to 
be flown during the full-scale 
Vehicle Demonstration Flight. 
The following requirements 
still apply: 

Demonstration 

The team will fly 
the launch vehicle 
along with the 
payload during the 
VDF before the 
due date of the 
FRR Addendum. 

2.20.1.3.1 
If the payload is not flown, 
mass simulators will be used 
to simulate the payload mass. 

Demonstration 

Appropriate 
apparatus and 
simulated weight 
will be selected in 
the event that the 
VDF and PDF 
cannot occur on 
the same day. The 
vehicle will still 
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launch with a 
mass to accurately 
resemble the 
relationship 
between CG and 
CP. 

2.20.1.3.2 

The mass simulators will be 
located in the same 
approximate location on the 
rocket as the missing payload 
mass. 

Demonstration 

Appropriate 
apparatus and 
simulated weight 
will be selected in 
the event that the 
VDF and PDF 
cannot occur on 
the same day. The 
vehicle will still 
launch with a 
mass to accurately 
resemble the 
relationship 
between CG and 
CP. 

2.20.1.4 

If the payload changes the 
external surfaces of the rocket 
(such as with camera 
housings or external probes) 
or manages the total energy 
of the vehicle, those systems 
will be active during the full-
scale Vehicle Demonstration 
Flight. 

Demonstration 

If there exists any 
external 
modifications, they 
will be present for 
the VDF. 

2.20.1.5 

Teams shall fly the launch 
day motor for the Vehicle 
Demonstration Flight. The 
RSO may approve use of an 
alternative motor if the home 
launch field cannot support 
the full impulse of the launch 
day motor or in other 
extenuating circumstances. 

Demonstration 

If the team cannot 
locate another 
field in which a 
launch can occur, 
the team will 
inquire about 
using a substitute 
motor from the 
RSO. Only if 
approved will the 
team perform the 
VDF. 

2.20.1.6 

The vehicle must be flown in 
its fully ballasted configuration 
during the full-scale test flight. 
Fully ballasted refers to the 
same amount of ballast that 
will be flown during the launch 
day flight. Additional ballast 
may not be added without a 
re-flight of the full scale 
launch vehicle. 

Demonstration 

The team will add 
weight to the 
launch vehicle in 
absence of a 
payload in order 
for it to remain fully 
ballasted, as well 
as to simulate the 
stability of the 
vehicle as if the 
payload was 
present. 
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2.20.1.7 

After successfully completing 
the full-scale demonstration 
flight, the launch vehicle or 
any of its components will not 
be modified without the 
concurrence of the NASA 
Range Safety Officer (RSO). 

Demonstration 

The team will 
either cease to 
modify the launch 
vehicle after the 
VDF, or it will be 
vigilant in keeping 
track of every 
change made. 

2.20.1.8 

Proof of a successful flight 
shall be supplied in the FRR 
report. Altimeter data output is 
required to meet this 
requirement. 

Demonstration 

The team will 
ensure that 
onboard altimeters 
are active and 
operating correctly 
and then export 
the data to be 
included in the 
FRR report. 

2.20.1.9 

Vehicle Demonstration flights 
must be completed by the 
FRR submission deadline. If 
the Student Launch office 
determines that a Vehicle 
Demonstration Re-flight is 
necessary, then an extension 
may be granted. This 
extension is only valid for re-
flights, not first-time flights. 
Teams completing a required 
re-flight must submit an FRR 
Addendum by the FRR 
Addendum deadline. 

Demonstration 

The team failed to 
satisfy this 
requirement and 
will be presenting 
VDF data in time 
for the FRR 
Addendum. 
Pending the 
manufacturing 
status of the 
payload, said 
report will also 
include an 
evaluation of the 
PDF. 

2.20.2 

Payload Demonstration Flight 
- All teams will successfully 
launch and recover their full-
scale rocket containing the 
completed payload prior to 
the Payload Demonstration 
Flight deadline. The rocket 
flown must be the same 
rocket to be flown on launch 
day. The purpose of the 
Payload Demonstration Flight 
is to prove the launch 
vehicle’s ability to safely 
retain the constructed payload 
during flight and to show that 
all aspects of the payload 
perform as designed. A 
successful flight is defined as 
a launch in which the rocket 
experiences stable ascent, 
the payload is fully retained 
during ascent and descent, 
and the payload is safely 
deployed on the ground. The 

Demonstration 

The team will 
finish 
manufacturing 
during the week of 
the FRR milestone 
due date 
(03/04/2019), and 
will be prepared to 
launch before the 
PDF deadline. An 
evaluation of the 
payload's 
performance will 
be conducted to 
determine its 
successes/failures, 
as outlined in this 
requirement. 
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following criteria must be met 
during the Payload 
Demonstration Flight: 

2.20.2.1 

The payload must be fully 
retained throughout the 
entirety of the flight, all 
retention mechanisms must 
function as designed, and the 
retention mechanism must not 
sustain damage requiring 
repair. 

Analysis 

The team will do a 
post-flight analysis 
to ensure that the 
retention 
mechanisms 
remained 
functional during 
flight and did not 
suffer appreciable 
damage. 

2.20.2.2 
The payload flown must be 
the final, active version. 

Demonstration 

The team will only 
fly the final, active 
version of the 
payload, and will 
not present PDF 
data with a false 
payload or 
"dummy" weight. 

2.20.2.3 

If the above criteria is met 
during the original Vehicle 
Demonstration Flight, 
occurring prior to the FRR 
deadline and the information 
is included in the FRR 
package, the additional flight 
and FRR Addendum are not 
required. 

Demonstration 

The team did not 
meet the above 
criteria before the 
FRR deadline, and 
thus requires PDF 
data to be 
submitted prior to 
the FRR 
Addendum 
deadline. 

2.20.2.4 

Payload Demonstration 
Flights must be completed by 
the FRR Addendum deadline. 
No extensions will be granted. 

Test 

The team will 
perform a PDF in 
the weeks 
following the FRR 
milestone in order 
to meet the FRR 
Addendum 
deadline. 
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2.21 

An FRR Addendum will be 
required for any team 
completing a Payload 
Demonstration Flight or NASA 
required Vehicle 
Demonstration Re-flight after 
the submission of the FRR 
Report. 

Test 

The team will 
perform a PDF in 
the weeks 
following the FRR 
milestone in order 
to meet the FRR 
Addendum 
deadline. 

2.21.1 

Teams required to complete a 
Vehicle Demonstration Re-
Flight and failing to submit the 
FRR Addendum by the 
deadline will not be permitted 
to fly the vehicle at launch 
week. 

Test 

The team will 
complete and 
report the VDF 
prior to the FRR 
Addendum 
deadline in order 
to ensure flight at 
launch week. 

2.21.2 

Teams who successfully 
complete a Vehicle 
Demonstration Flight but fail 
to qualify the payload by 
satisfactorily completing the 
Payload Demonstration Flight 
requirement will not be 
permitted to fly the payload at 
launch week. 

Test 

The team will be 
cautious to 
analyze the 
payload's 
performance in a 
post-flight analysis 
and will report 
whether it met the 
above criteria, thus 
allowing the team 
to determine 
whether the 
payload may be 
flown at launch 
week. 

2.21.3 

Teams who complete a 
Payload Demonstration Flight 
which is not fully successful 
may petition the NASA RSO 
for permission to fly the 
payload at launch week. 
Permission will not be granted 
if the RSO or the Review 
Panel have any safety 
concerns 

Test/Demonstration 

The team will 
mitigate errors 
within the payload 
system if any are 
discovered in the 
post-flight analysis 
and will then 
submit a formal 
petition to the RSO 
explaining the 
problems that 
were encountered 
and how they were 
mitigated. 

2.22 

Any structural protuberance 
on the rocket will be located 
aft of the burnout center of 
gravity. 

Inspection 

The team verified 
during the design 
and manufacturing 
processes that all 
rail buttons and 
fins (both main 
and canard) are 
located aft of the 
burnout center of 
gravity. 



110 

2.23 

The team’s name and launch 
day contact information shall 
be in or on the rocket airframe 
as well as in or on any section 
of the vehicle that separates 
during flight and is not 
tethered to the main airframe. 
This information shall be 
included in a manner that 
allows the information to be 
retrieved without the need to 
open or separate the vehicle. 

Inspection 

The team name 
and contact 
information will be 
written on the 
outside of all 
separable sections 
of the rocket such 
that any portion of 
the launch vehicle 
may be easily 
identified and 
returned to the 
team. 

2.24 Vehicle Prohibitions Inspection 

The team will 
ensure that the 
launch vehicle's 
design does not 
conflict with any of 
the below 
prohibitions. 

2.24.1 

The launch vehicle will not 
utilize forward canards. 
Camera housings will be 
exempted, provided the team 
can show that the housing(s) 
causes minimal aerodynamic 
effect on the rocket’s stability 

Inspection 

All canard fins are 
at the aft end of 
the launch vehicle. 
No cameras or 
other external 
housing are to be 
utilized. 

2.24.2 
The launch vehicle will not 
utilize forward firing motors. 

Inspection 

During the VDF, 
the team will have 
active all 
subsystems to 
illustrate the full 
functionality of the 
launch vehicle. 

2.24.3 

The launch vehicle will not 
utilize motors that expel 
titanium sponges (Sparky, 
Skidmark, MetalStorm, etc.) 

Inspection 

Under the 
guidance of the 
team mentor, the 
motor will be 
evaluated to 
ensure that it 
satisfies this 
requirement prior 
to purchase. 

2.24.4 
The launch vehicle will not 
utilize hybrid motors. 

Inspection 

Under the 
guidance of the 
team mentor, the 
motor will be 
evaluated to 
ensure that it 
satisfies this 
requirement prior 
to purchase. 

2.24.5 
The launch vehicle will not 
utilize a cluster of motors. 

Inspection 

The launch vehicle 
will utilize a single 
L2200G motor, 
and nothing more. 
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2.24.6 
The launch vehicle will not 
utilize friction fitting for 
motors. 

Inspection 

The launch vehicle 
will utilize a motor 
mount tube and 
cap for the 
L2200G motor. 

2.24.7 
The launch vehicle will not 
exceed Mach 1 at any point 
during flight. 

Analysis/Demonstration 

VDF results will 
prove that the 
launch vehicle 
does not exceed 
Mach 1, provided 
the same motor 
was used and the 
vehicle was flown 
fully ballasted for 
the acquired data. 

2.24.8 

Vehicle ballast will not exceed 
10% of the total unballasted 
weight of the rocket as it 
would sit on the pad (i.e. a 
rocket with and unballasted 
weight of 40 lbs. on the pad 
may contain a maximum of 4 
lbs. of ballast). 

Inspection 

The team will 
refrain from 
including a ballast 
that exceeds 10% 
of the launch 
vehicle weight. All 
ballast will be 
accounted for in 
the VDF data to 
prove that such is 
not required. 

2.24.9 
Transmissions from onboard 
transmitters will not exceed 
250 mW of power. 

Inspection 

The team will 
ensure prior to the 
VDF and all 
successive 
launches that all 
onboard 
transmitters do not 
exceed 250 mW of 
power in their 
transmissions. 

2.24.10 

Excessive and/or dense metal 
will not be utilized in the 
construction of the vehicle. 
Use of lightweight metal will 
be permitted but limited to the 
amount necessary to ensure 
structural integrity of the 
airframe under the expected 
operating stresses. 

Inspection 

Heavy utilization of 
metal will not be 
required for the 
launch vehicle. 
Lightweight metal 
is used throughout 
various systems, 
and measures 
have been taken 
to avoid heavier 
options in all 
cases. 
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3. Recovery 
System 

Requirements 

3.1 

The launch vehicle will stage 
the deployment of its recovery 
devices, where a drogue 
parachute is deployed at 
apogee and a main parachute 
is deployed at a lower 
altitude. Tumble or streamer 
recovery from apogee to main 
parachute deployment is also 
permissible, provided that 
kinetic energy during drogue-
stage descent is reasonable, 
as deemed by the RSO. 

Inspection 

The rocket will 
house both a main 
and a drogue 
parachute, which 
will be deployed 
using a 
programmable 
altimeter equipped 
with barometric 
pressure sensing 
of an acceptable 
accuracy, usually 
within a few feet at 
peak altitude. 

3.1.1 
The main parachute shall be 
deployed no lower than 500 
feet. 

Test 

Although the 
altimeters will be 
programmed to a 
height higher than 
500 feet to satisfy 
this requirement, 
subscale testing 
will further verify 
the accurate 
deployment of the 
parachutes using 
the selected 
altimeters. 

3.1.2 
The apogee event may 
contain a delay of no more 
than 2 seconds. 

Test 

According to the 
manufacturer of 
the selected 
altimeters, the 
accuracy of 
apogee detection 
is +/- 0.2 seconds. 
This will be 
confirmed during 
the subscale 
launch, allowing 
time for 
corrections (if 
necessary). 

3.2 

Each team must perform a 
successful ground ejection 
test for both the drogue and 
main parachutes. This must 
be done prior to the initial 
subscale and full-scale 
launches. 

Test 

Procedure 
documents for 
ground ejection 
tests will be written 
by the R&N team 
and subsequently 
reviewed by the 
Safety Officer. 
Once verified, the 
document will be 
used to test the 
ejection system in 
its final flight 
configuration. We 
will only fly rockets 
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we have tested in 
every and any 
case. 

3.3 

At landing, each independent 
section of the launch vehicle 
will have a maximum kinetic 
energy of 75 ft lbf. 

Analysis 

The selection of 
parachutes and 
time delay of chute 
deployment will be 
selected and 
verified with 
physics and 
verified with flight 
data from subscale 
launches. A good 
example of the 
analysis to be 
performed is 
shown in the 
NASA High-
Powered Rocketry 
Video Series 
Counterpart 
Documents 

3.4 

The recovery system 
electrical circuits will be 
completely independent of 
any payload electrical circuits. 

Inspection 

The avionics will 
be isolated in the 
avionics bay, 
where no payload 
circuitry enters. 
This is by design 
and is verifiable by 
visual inspection at 
any time on the 
assembled rocket. 

3.5 
All recovery electronics will be 
powered by commercially 
available batteries. 

Inspection 

The 9V batteries 
used for the 
recovery system 
altimeters will be 
purchased online 
through McMaster-
Carr (Part number 
71455k56). This 
may be checked 
for at any time by 
visual inspection of 
the avionics bay. 

3.6 

The recovery system will 
contain redundant, 
commercially available 
altimeters. The term 
“altimeters” includes both 
simple altimeters and more 
sophisticated flight 
computers. 

Inspection 

The altimeters 
used on both 
scales of rocket 
will be purchased 
online from 
PerfectFlite. Two 
will be placed in 
the avionics bay 
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for redundancy, 
verifiable visually 
in the launch-
ready 
configurations of 
the vehicle. 

3.7 
Motor ejection is not a 
permissible form of primary or 
secondary deployment. 

Inspection 

Motor ejection will 
not be employed 
on any scale of 
rocket constructed 
by the team. This 
will be verifiable 
visually prior to 
any flight the team 
conducts. 

3.8 

Removable shear pins will be 
used for both the main 
parachute compartment and 
the drogue parachute 
compartment. 

Inspection 

The R&N team 
has designed the 
coupler to attach 
to the rest of the 
rocket with shear 
pins, providing a 
known separation 
force for 
controllable 
ejection. These 
shear pins are part 
of the flight 
preparation 
procedure for 
R&N, and the 
satisfaction of this 
requirement will be 
checked for before 
each flight 
(checklist). 

3.9 
Recovery area will be limited 
to a 2,500 ft. radius from the 
launch pads. 

Test 

Although the 
parachute 
selection analysis 
is expected to 
provide proof of 
this requirement, 
the launch 
vehicles tested will 
be checked 
against the 
requirement in 
case adjustments 
are necessary. 

3.10 
Descent time will be limited to 
90 seconds (apogee to touch 
down). 

Test 

Although the 
parachute 
selection analysis 
is expected to 
provide proof of 
this requirement, 
the launch 
vehicles tested will 
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be checked 
against the 
requirement in 
case adjustments 
are necessary. 

3.11 

An electronic tracking device 
will be installed in the launch 
vehicle and will transmit the 
position of the tethered 
vehicle or any independent 
section to a ground receiver. 

Demonstration 

Before launching, 
the tracking 
system will be 
tested on the 
ground, both for 
range and 
accuracy. During 
test launches, the 
tracking device(s) 
on the vehicle will 
be verified as 
either sufficiently 
or insufficiently 
meeting this 
requirement. If 
insufficient, the 
tracking system 
will be modified 
and tested again. 

3.11.1 

Any rocket section or payload 
component, which lands 
untethered to the launch 
vehicle, will contain an active 
electronic tracking device. 

Inspection 

The rocket will fall 
as a single 
section, and there 
will be a single 
tracking device on 
board. This is 
verifiable by the 
launch-ready 
configuration of 
the rockets. This 
requirement has 
been considered 
in the 
development of 
the rocket tracking 
system. 

3.11.2 

The electronic tracking 
device(s) will be fully 
functional during the official 
flight on launch day 

Inspection 

On launch day, a 
pre-flight checklist 
will call for the 
testing of all 
tracking 
electronics to be 
used on the 
rocket. This test 
will be done before 
the tracking 
elements are 
assembled with 
the rocket. 
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3.12 

The recovery system 
electronics will not be 
adversely affected by any 
other on-board electronic 
devices during flight (from 
launch until landing). 

Test 

Potential adverse 
effects on recovery 
system electronics 
will be mitigated 
with an aluminum 
foil tape shield in 
the coupler 
assembly interior. 
This will be tested 
for by engaging all 
electronics in the 
assembled rocket 
and testing 
(without 
pyrotechnics) the 
recovery system 
functionality. The 
Vehicle 
Demonstration 
Flight, required by 
NASA, will also 
further verify 
satisfaction of this 
requirement. 

3.12.1 

The recovery system 
altimeters will be physically 
located in a separate 
compartment within the 
vehicle from any other radio 
frequency transmitting device 
and/or magnetic wave 
producing device 

Inspection 

By design, the 
altimeters used for 
the recovery 
system are 
isolated in the 
vehicle coupler. 
This will be 
inspected for 
before flight, as it 
is crucial to 
mission success. 

3.12.2 

The recovery system 
electronics will be shielded 
from all onboard transmitting 
devices to avoid inadvertent 
excitation of the recovery 
system electronics. 

Test 

The launch-ready 
coupler will be 
tested with 
controlled 
exposure to radio 
frequencies, and 
it's behavior will be 
analyzed to 
ensure correct 
operation of the 
devices before any 
actual flight. 

3.12.3 

The recovery system 
electronics will be shielded 
from all onboard devices 
which may generate magnetic 
waves (such as generators, 
solenoid valves, and Tesla 
coils) to avoid inadvertent 
excitation of the recovery 
system. 

Test 

Although a shield 
may be visible, its 
functionality 
should always be 
verified. The 
launch-ready 
coupler will be 
tested with 
controlled 
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exposure to radio 
frequencies, and 
it's behavior will be 
analyzed to 
ensure correct 
operation of the 
devices before any 
actual flight. 

3.12.4 

The recovery system 
electronics will be shielded 
from any other onboard 
devices which may adversely 
affect the proper operation of 
the recovery system 
electronics. 

Inspection 

The launch-ready 
coupler will be 
lined with 
aluminum foil tape 
to ensure the 
proper shielding of 
recovery 
electronics. This 
requirement will be 
checked for before 
flights, as deemed 
necessary by the 
Safety Officer. 

4. Payload 
Experiment 

Requirements 

4.1 

High School/Middle School 
Division – Teams may design 
their own science or 
engineering experiment or 
may choose to complete one 
of the College/University 
Division experiment options.  

N/A N/A 

4.2 

College/University Division – 
Each team will choose one 
experiment option from the 
following list.  

N/A Option 2 

4.2.1 

An additional experiment (limit 
of 1) is allowed, and may be 
flown, but will not contribute to 
scoring. 

N/A 
There will be no 
additional 
experiment 

4.2.2 

If the team chooses to fly an 
additional experiment, they 
will provide the appropriate 
documentation 
in all design reports so the 
experiment may be reviewed 
for flight safety. 

N/A N/A 

4.3 
Deployable Rover / Soil 
Sample Recovery 
Requirements 

N/A N/A 

4.3.1 

Teams will design a custom 
rover that will deploy from the 
internal structure of the 
launch vehicle. 

N/A N/A 

4.3.2 

The rover will be retained 
within the vehicle utilizing a 
fail-safe active retention 
system. The retention system 
will be robust enough to retain 

N/A N/A 

file:///D:/Users/CJ/Documents/SBY%20Y4/MEC%20440-441/Requirements%20Verification%20Checklist.xlsx%23RANGE!H106:I107
file:///D:/Users/CJ/Documents/SBY%20Y4/MEC%20440-441/Requirements%20Verification%20Checklist.xlsx%23RANGE!H106:I107
file:///D:/Users/CJ/Documents/SBY%20Y4/MEC%20440-441/Requirements%20Verification%20Checklist.xlsx%23RANGE!H106:I107
file:///D:/Users/CJ/Documents/SBY%20Y4/MEC%20440-441/Requirements%20Verification%20Checklist.xlsx%23RANGE!H106:I107
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the rover if atypical flight 
forces are experienced. 

4.3.3 

At landing, and under the 
supervision of the Remote 
Deployment Officer, the team 
will remotely activate a trigger 
to deploy the rover from the 
rocket. 

N/A N/A 

4.3.4 

After deployment, the rover 
will autonomously move at 
least 10 ft. (in any direction) 
from the launch vehicle. Once 
the rover has reached its final 
destination, it will recover a 
soil sample. 

N/A N/A 

4.3.5 
The soil sample will be a 
minimum of 10 milliliters (mL). 

N/A N/A 

4.3.6 

The soil sample will be 
contained in an onboard 
container or compartment. 
The container or compartment 
will be closed or sealed to 
protect the sample after 
collection. 

N/A N/A 

4.3.7 

Teams will ensure the rover’s 
batteries are sufficiently 
protected from impact with the 
ground. 

N/A N/A 

4.3.8 

The batteries powering the 
rover will be brightly colored, 
clearly marked as a fire 
hazard, and easily 
distinguishable from other 
rover parts 

N/A N/A 

4.4 
Deployable Unmanned Aerial 
Vehicle (UAV) / Beacon 
Delivery Requirements 

N/A N/A 

4.4.1 

Teams will design a custom 
UAV that will deploy from the 
internal structure of the 
launch vehicle. 

Analysis 

The UAV will be 
designed to deploy 
from the launch 
vehicle after safe 
landing. 

4.4.2 

The UAV will be powered off 
until the rocket has safely 
landed on the ground and is 
capable of being powered on 
remotely after landing. 

Test 

The UAV will 
contain a safety 
switch that will be 
triggered by a 
servo that is 
hooked up to a 
receiver 
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4.4.3 

The UAV will be retained 
within the vehicle utilizing a 
fail-safe active retention 
system. The retention system 
will be robust enough to retain 
the UAV if atypical flight 
forces are experienced. 

Analysis 

The UAV capsule 
will have a 
mechanical lock 
that prevents that 
keeps the drone in 
the capsule even 
when there is no 
power. 

4.4.4 

At landing, and under the 
supervision of the Remote 
Deployment Officer, the team 
will remotely activate a trigger 
to deploy the UAV from the 
rocket. 

Test 

The remote trigger 
feature will be 
carefully tested on 
the full-scale test 
to ensure it will 
work on launch 
day. 

4.4.5 

After deployment and from a 
position on the ground, the 
UAV will take off and fly to a 
NASA specified location, 
called the Future Excursion 
Area (FEA). Both autonomous 
and piloted flight are 
permissible but all 
reorientation or unpacking 
maneuvers must be 
autonomous 

Test 

The UAV will be 
tested to fly for at 
least 5 minutes 
upon landing, 
ejection, and 
orientation at full 
scale test.  

4.4.6 

The FEA will be 
approximately 10 ft. x 10 ft. 
and constructed of a color 
which stands out against the 
ground 

N/A N/A 

4.4.7 

One or more FEA’s will be 
located in the recovery area 
of the launch field. FEA 
samples will be provided to 
teams upon acceptance and 
prior to PDR. 

N/A N/A 

4.4.8 

Once the UAV has reached 
the FEA, it will place or drop a 
simulated navigational 
beacon on the target area 

Test 

On the full-scale 
test, the UAV 
beacon release 
mechanism will be 
tested. 

4.4.9 

The simulated navigational 
beacon will be designed and 
built by each team and will be 
a minimum of 1 in W x 1 in H 
x 1 in D. The school name 
must be located on the 
external surface of the 
beacon. 

Analysis 

This navigational 
beacon will be a 
square of 1 in 
sides. It will be 
made of a light 
material and have 
Stony Brook's logo 
affixed on the 
external surface. 

4.4.10 

Teams will ensure the UAV’s 
batteries are sufficiently 
protected from impact with the 
ground. 

Analysis 

The UAV batteries 
will be wrapped in 
fire retardant cloth, 
which will also 
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help with shock 
absorption. 

4.4.11 

The batteries powering the 
UAV will be brightly colored, 
clearly marked as a fire 
hazard, and easily 
distinguishable from other 
UAV parts. 

Demonstration 

The batteries 
chosen will be 
wrapped in fire 
retardant fabric of 
bright color and 
labeled as a fire 
hazard. 

4.4.12 

The team will abide by all 
applicable FAA regulations, 
including the FAA’s Special 
Rule for Model Aircraft (Public 
Law 112-95 Section 336; see 
https://www.faa.gov/uas/faqs).  

Demonstration 

FAA regulations 
regarding UAVs 
will be carefully 
scrutinized and 
followed. 

4.4.13 

Any UAV weighing more than 
.55 lbs. will be registered with 
the FAA and the registration 
number marked on the 
vehicle 

Demonstration 

The drone, which 
will weigh more 
than 0.55 lbs will 
be registered with 
the FAA and have 
the registration 
number marked on 
the vehicle. 

4.5 

Team-Designed Payload 
Requirements (High 
School/Middle School 
Division) 

N/A N/A 

4.5.1 

Team-designed payloads 
must be approved by NASA. 
NASA reserves the authority 
to require a team to modify or 
change a payload, as deemed 
necessary by the Review 
Panel, even after a proposal 
has been awarded. 

N/A N/A 

4.5.2 

Data from the science or 
engineering experiment will 
be collected, analyzed, and 
reported by the team following 
the scientific method 

N/A N/A 

4.5.3 

The experiment must be 
designed to be recoverable 
and reusable. Reusable is 
defined as being able to be 
launched again on the same 
day without repairs or 
modifications. 

N/A N/A 

4.5.4 

Any experiment element that 
is jettisoned during the 
recovery phase will receive 
real-time RSO permission 
prior to initiating the jettison 
event. 

N/A N/A 

https://www.faa.gov/uas/faqs
https://www.faa.gov/uas/faqs
https://www.faa.gov/uas/faqs
https://www.faa.gov/uas/faqs
https://www.faa.gov/uas/faqs
https://www.faa.gov/uas/faqs
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4.5.5 

Unmanned aerial vehicle 
(UAV) payloads, if designed 
to be deployed during 
descent, will be tethered to 
the vehicle with a remotely 
controlled release mechanism 
until the RSO has given 
permission to release the 
UAV. 

N/A N/A 

4.5.6 

Teams flying UAVs will abide 
by all applicable FAA 
regulations, including the 
FAA’s Special Rule for Model 
Aircraft (Public Law 112-95 
Section 336; see 
https://www.faa.gov/uas/faqs).  

N/A N/A 

4.5.7 

Any UAV weighing more than 
.55 lbs. will be registered with 
the FAA and the registration 
number marked on the 
vehicle. 

N/A N/A 

5. Safety 
Requirements 

5.1 

Each team will use a launch 
and safety checklist. The final 
checklists will be included in 
the FRR report and used 
during the Launch Readiness 
Review (LRR) and any launch 
day operations. 

Inspection 

The safety officers 
will produce a 
flight safety 
checklist to ensure 
that safety is the 
top priority among 
all tasks. The 
safety officer will 
also ensure that 
the launch 
operation is strictly 
governed by the 
procedures 
instructed on the 
flight safety 
checklist. 

5.2 

Each team must identify a 
student safety officer who will 
be responsible for all items in 
section 5.3. 

Inspection 
The safety officers 
have been 
identified. 

5.3 
The role and responsibilities 
of each safety officer will 
include, but are not limited to: 

N/A 

5.3.1 
Monitor team activities with an 
emphasis on Safety during: 

N/A 

5.3.1.1 Design of vehicle and payload Inspection 

The safety officers 
will verify that the 
design of both the 
payload and of the 
launch vehicle 
complies with the 
NRA safety 
regulations and 
only approve the 

https://www.faa.gov/uas/faqs
https://www.faa.gov/uas/faqs
https://www.faa.gov/uas/faqs
https://www.faa.gov/uas/faqs
https://www.faa.gov/uas/faqs
https://www.faa.gov/uas/faqs
https://www.faa.gov/uas/faqs
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design if it meets 
the safety 
requirements. 

5.3.1.2 
Construction of vehicle and 
payload 

Inspection 

The safety officers 
will be presented 
during the 
manufacturing and 
process for the 
launch vehicle and 
payload. The 
safety officers we 
ensure that the 
working team 
member wears 
proper PPE and 
that safety 
regulation for that 
working facility is 
strictly followed. 
Additionally, upon 
the completion of 
each work, the 
safety will also 
ensure that the 
waste produced 
during the 
manufacturing 
process is properly 
disposed of. 

5.3.1.3 
Assembly of vehicle and 
payload 

Inspection 

The safety officers 
will identify each 
person's 
responsibility and 
duty during the 
assembly of the 
vehicle and the 
payload and follow 
the steps stated 
on the procedure 
checklist. The 
safety officer will 
ensure proper 
PPE is worn for all 
members 
participating in the 
assembly of the 
vehicle and the 
payload.  
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5.3.1.4 
Ground testing of vehicle and 
payload 

Inspection 

The safety officers 
will identify each 
person's 
responsibility and 
duty during the 
ground testing of 
the vehicle and the 
payload and follow 
the steps stated 
on the procedure 
checklist. The 
safety officer will 
ensure proper 
PPE is worn for all 
members 
participating in the 
assembly of the 
vehicle and the 
payload.  

5.3.1.5 Subscale launch test(s) Inspection 

The safety officers 
will identify each 
person's 
responsibility and 
duty during the 
subscale launch of 
the vehicle and 
follow the steps 
stated on the 
procedure 
checklist. The 
safety officer will 
ensure proper 
PPE is worn for all 
members 
participating in the 
event. 

5.3.1.6 Full-scale launch test(s) Inspection 

The safety officers 
will identify each 
person's 
responsibility and 
duty during the 
full-scale launch 
test of the vehicle 
and follow the 
steps stated on 
the procedure 
checklist. The 
safety officer will 
ensure proper 
PPE is worn for all 
members 
participating in the 
event. 
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5.3.1.7 Launch day Inspection 

The safety officers 
will identify each 
person's 
responsibility and 
duty during the 
full-scale launch of 
the vehicle and 
follow the steps 
stated on the 
procedure 
checklist. The 
safety officer will 
ensure proper 
PPE is worn for all 
members 
participating in the 
event. The safety 
officer will ensure 
that all members 
follow all orders 
from the NASA 
Range Safety 
Officer at all time 
during the event. 

5.3.1.8 Recovery activities Inspection 

The safety officers 
will identify each 
person's 
responsibility and 
duty during the 
event and follow 
the steps stated 
on the procedure 
checklist. The 
safety officer will 
ensure proper 
PPE is worn for all 
members 
participating in the 
event. The safety 
officer will ensure 
that all members 
follow all orders 
from the NASA 
Range Safety 
Officer at all time 
during the event. 

5.3.1.9 STEM Engagement Activities Inspection 

The safety officers 
will ensure that the 
STEM 
engagement 
instructions for 
participant count is 
followed for each 
event.  
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5.3.2 

Implement procedures 
developed by the team for 
construction, assembly, 
launch, and recovery activities 

Inspection 

The safety officers 
will facilitate each 
team in developing 
the procedures for 
construction, 
assembly, launch, 
and recovery. 
Moreover, the 
safety officers will 
ensure that the 
produced 
procedures for 
each activity are 
strictly followed. 

5.3.3 

Manage and maintain current 
revisions of the team’s hazard 
analyses, failure modes 
analyses, procedures, and 
MSDS/chemical inventory 
data. 

Inspection 

The safety officers 
will identify 
potential danger 
and hazard prior to 
work by 
consolidating the 
MSDS and make 
the appropriate 
update to the 
Hazard analyses 
procedures. The 
safety officers will 
review each 
activity as the 
NASA SL2019 
event progresses 
to revise the 
procedures. 

5.3.4 

Assist in the writing and 
development of the team’s 
hazard analyses, failure 
modes analyses, and 
procedures. 

Inspection 

The safety officers 
will identify 
potential danger 
and hazard prior to 
work by 
consolidating the 
MSDS and make 
the appropriate 
update to the 
Hazard analyses 
procedures. The 
safety officers will 
review each 
activity as the 
NASA SL2019 
event progresses 
to revise the 
procedures. 



126 

5.4 

During test flights, teams will 
abide by the rules and 
guidance of the local rocketry 
club’s RSO. The allowance of 
certain vehicle configurations 
and/or payloads at the NASA 
Student Launch does not give 
explicit or implicit authority for 
teams to fly those vehicle 
configurations and/or 
payloads at other club 
launches. Teams should 
communicate their intentions 
to the local club’s President or 
Prefect and RSO before 
attending any NAR or TRA 
launch. 

Inspection 

The team will only 
perform a test 
flight at designated 
location allowed by 
the regulation of 
the local rocketry 
club. The 
NAR/TRA certified 
mentor will 
facilitate in finding 
such location. 

5.5 
Teams will abide by all rules 
set forth by the FAA. 

Inspection 

Rules set forth by 
the Federal 
Aviation 
Administration 
including the 
FAA's Special 
Rule for Model 
Aircraft will be 
strictly followed. 
The safety officer 
will ensure the 
Rules are 
understood and 
read by all 
members. 
Members fail to 
comply with the 
FAA rules will be 
ejected from the 
team.  

Table 6.3: Requirements Verification Checklist 
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6.3 Budgeting and Timeline 

6.3.1 Recovery System – Line Item Budget 

Recovery & Navigation Budget  

Manufacturer Part Number  
Quantity 
per 
package 

Item Name 
# of 
packages 

Price 
(US$) 

Item 
Total 
(US$) 

Always Ready 
Rocketry 

BT20-15216C 1 
6" x .074 wall x 16" Blue 

Tube Coupler 
1 $27.95 $42.90 

McMaster-Carr 8947T25  1 
Oval Shaped Threaded 

Connecting Link 
4 $2.56 $10.24 

McMaster-Carr 98837A054 1 Threaded Rod 1 $2.19 $2.19 

McMaster-Carr 7243K114 25 Double Crimp Female 1 $12.13 $12.13 

McMaster-Carr 7243K119 25 Double Crimp Male 1 $13.14 $13.14 

McMaster-Carr 91860A029 10 Washer 2 $9.60 $19.20 

McMaster-Carr 99904A101 100 Hex Nut 1 $4.38 $4.38 

McMaster-Carr 8054T13 1 
Wire (300V AC, 22 

Gauge) 
2 $3.25 $6.50 

RocketMan N/A 1 
10ft. Tubular Nylon 

Shock Cord 
1 $10.00 $10.00 

RocketMan N/A 1 
20ft. Tubular Nylon 

Shock Cord 
1 $16.40 $16.40 

PerfectFlite StrattoLoggerCF  1 Altimeter 1 $54.21 $54.21 

PerfectFlite StrattoLoggerCF  1 Altimeter 1 $0.00 $0.00 

PerfectFlite DT4U 1 
USB DATA TRANSFER 

KIT FOR 
STRATOLOGGER 

1 $34.05 $34.05 

McMaster-Carr 3014T45  1 
Steel Eyebolt with 

Shoulder - for Lifting 
2 $3.01 $6.02 

McMaster-Carr 7188K22  1 
3/4" Panel-Mount Key 

Switch 
1 $19.43 $19.43 

Apogee 
Components 

29615 20 Nylon Shear Pins 2 $3.22 $6.44 

Apogee 
Components 

02091 1 
Tap/Die Set 2-56 Nylon 

Shear Pins 
1 $9.11 $13.24 

EggTimer 
Rocketry 

TX 1 
EggTimer TX GPS 

Module 
1 $0.00 $0.00 

EggTimer 
Rocketry 

RX  1 
EggTimer RX GPS 
Module and BT06 

1 $62.00 $62.00 

RocketMan Pro 2ft CHUTE  1 
2Ft. Standard 

Parachute 
1 $28.50 $28.50 

McMaster-Carr 3014T45  1 
Steel Eyebolt with 

Shoulder - for Lifting 
1 $3.01 $3.01 

https://www.mcmaster.com/8947t25
http://www.perfectflite.com/SLCF.html
http://www.perfectflite.com/SLCF.html
http://www.perfectflite.com/SLCF.html
http://www.perfectflite.com/SLCF.html
https://www.mcmaster.com/3014t45
https://www.mcmaster.com/7188k22
http://eggtimerrocketry.com/eggfinder-tx-support/
http://eggtimerrocketry.com/eggfinder-rx-receiver-support/
http://www.the-rocketman.com/chutes.html
https://www.mcmaster.com/3014t45
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McMaster-Carr 7188K22  1 
3/4" Panel-Mount Key 

Switch 
1 $19.43 $19.43 

McMaster-Carr 8947T17 1 
Oval Shaped Threaded 

Connecting Link 
1 $5.81 $5.81 

Apogee 
Components 

29300 1 
30IN SHOCK CORD 

PROTECTOR 
2 $13.47 $27.79 

Apogee 
Components 

29615 20 Nylon Shear Pins 2 $3.22 $6.44 

Apogee 
Components 

03068 1 
Ejection Canister Caps - 

2 PK 
2 $3.28 $6.56 

McMaster-Carr 7712K612 1 Battery Holder 2 $0.91 $1.82 

Amazon B00MH4QM1S  1 
9V Alkaline Disposable 

Battery 
8 $1.19 $9.52 

Reynold's Wrap N/A 1 Aluminum Foil 1 $0.00 $0.00 

RocketMan Std 8ft CHUTE  1 
96in. Rocketman Iris 

Chute 
1 $260.00 $260.00 

RocketMan 
Eliptical 2ft 

CHUTE  

1 
2 ft. Rocketman Eliptical 

Chute 
1 $50.00 $50.00 

Lowes N/A 1 Sanded Pine Ply 1 $4.54 $4.54 

Lowes N/A 1 
1/16 Aluminum Angle 

Bracket 
1 $13.09 $13.09 

Home Depot N/A 1 
Dremel 200 Two-Speed 

Rotary Wheel 
1 $49.97 $49.97 

Home Depot N/A 1 
Fiberglass Reinforced 

Dremel Cutting Wheels 
1 $8.20 $8.20 

Onebadhawk N/A 1 
7/16" Tubular Kevlar 
Harness W/ 3 Sewn 

Loops 
1 $45.00 $52.00 

PerfectFlite MH44 1 Mounting Hardware 2 $3.94 $7.88 

McMaster-Carr 71455K56  1 
9V Alkaline Disposable 

Battery 
3 $4.85 $14.55 

McMaster-Carr 76925A5 1 Aluminum Foil Tape 1 $16.80 $16.80 

McMaster-Carr 7712K612 1 Battery Holder 2 $0.91 $1.82 

Always Ready 
Rocketry 

BT20-758C 1 
3" (75 mm) x .062 wall 
8" Blue Tube Coupler 

1 $9.95 $9.95 

RocketMan N/A 1 
30ft. 1200lbs Braided 
Kevlar Shock Cord 

1 $26.80 $26.80 

Public Missiles N/A 1 3.0 Ejection Piston Kit 2 $14.00 $28.00 

 $942.05 

Table 6.4: R&N Budget 

  

https://www.mcmaster.com/7188k22
https://www.amazon.com/gp/slredirect/picassoRedirect.html/ref=pa_sp_atf_hpc_sr_pg1_1?ie=UTF8&adId=A0094480ZKC210BKDPII&url=https%3A%2F%2Fwww.amazon.com%2FAmazonBasics-Everyday-Alkaline-Batteries-8-Pack%2Fdp%2FB00MH4QM1S%2Fref%3Dsr_1_1_s_it%3Fs%3Dhpc%26ie%3DUTF8%26qid%3D1549050947%26sr%3D1-1-spons%26keywords%3D9v%2Bbattery%26psc%3D1&qualifier=1549050946&id=4369991720772511&widgetName=sp_atf
http://www.the-rocketman.com/chutes.html
http://www.the-rocketman.com/chutes.html
http://www.the-rocketman.com/chutes.html
https://www.mcmaster.com/71455k56
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6.3.2 Structures, Aerodynamics, and Propulsion – Line Item Budget 

 

Structures, Aerodynamics, and Propulsion (SAP) Budget  

Manufacturer / 
Vendor 

Part Number 
Quantity 
per 
package 

Item Name 
# of 
packages 

Price 
(US$) 

Item Total 
(US$) 

 

McMaster-Carr 8667K273 1 
24"x24" Fiberglass 

Plates 
1 $46.68 $46.68 

Dragon Plate 
FDPBT-

DIA*6x48 
1 

Braided Carbon Fiber 
Round Tubing ~ 6" ID x 

48" 
3 $302.25 $906.75 

Apogeerockets 30511 1 
G5000 ROCKETPOXY 

- 2-PINT PACKAGE 
1 $43.75 $59.20 

Madcow 
Rocketry 

RB-PACK-
1515 

1 1515 Rail Button Pack 1 $7.95 $24.35 

Aerotech 1067 1 L2200G 3 $279.99 $839.97 

Aerotech 00990cee93e2 1 75/5120 Motor Set 1 $590.00 $590.00 

AeroPack 24054 1 75MM RETAINER - L 1 $48.89 $48.89 

LOC Precision 
MMTHD-
300x34 

1 
75mm Motor Mount 

Tube 
1 $15.75 $15.75 

McMaster-Carr N/A 1 Spraypaint Primer 2 $4.27 $8.54 

McMaster-Carr N/A 1 Spraypaint 2 $5.47 $10.94 

McMaster-Carr N/A 1 Sand Paper 1 $27.00 $27.00 

McMaster-Carr 98837A054 1 Threaded Rod 2 $2.19 $4.38 

McMaster-Carr 3014T45  1 
Steel Eyebolt with 

Shoulder - for Lifting 
1 $3.01 $3.01 

McMaster-Carr 8667K273 1 
24"x24" Fiberglass 

Plates 
1 $46.68 $46.68 

Wildman 
Rocketry 

G12CT-6 1 6" G12 Coupler 24 $4.89 $117.36 

Madcow 
Rocketry 

FC60-140 1 
6" G12 Coupler - 14" 

Length 
1 $70.00 $70.00 

McMaster-Carr 71455K56  1 
9V Alkaline Disposable 

Battery 
4 $4.85 $19.40 

McMaster-Carr 7712K612 1 Battery Holder 2 $0.91 $1.82 

Adafruit 64 1 Half-Size Breadboard 1 $5.00 $5.00 

Adafruit 4059 1 

BMP280 I2C or SPI 
Barometric Pressure & 

Altitude Sensor - 
Assembled 

1 $9.95 $9.95 

  1 Raspberry Pi 1 $0.00 $0.00 

https://www.mcmaster.com/3014t45
https://www.mcmaster.com/71455k56
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  1 IMU 1 $0.00 $0.00 

  1 Servo 1 $0.00 $0.00 

Home Depot 156974 4 
#10-32 x 5/16 in. Zinc-
Plated Tee Nut (4 per 

Pack) 
2 $1.18 $2.36 

Home Depot 612709 1 
0.20 fl. oz. Threadlocker 

Red 271 
1 $6.47 $6.47 

Home Depot 391513 18 
1/4 in. Zinc-Plated 

External Tooth Lock 
Washer (18-Pieces) 

2 $1.18 $2.36 

Home Depot  1 Dremel 1 $49.97 $49.97 

Home Depot  1 Super Glue 1 $3.97 $3.97 

 $3,121.30 

Table 6.5: SAP Budget 

6.3.3 Payload System– Line Item Budget 

 

Payload Budget 

Item Name Quantity per package # of packages Price (US$) Item Total (US$) 

PLA 3D printing filament 1 1 $29.99 $29.99 

Lithium Polymer Battery 1 1 $20.00 $20.00 

Lithium Polymer Battery 1 1 $34.99 $34.99 

Brushless Motors 1 1 $28.99 $28.99 

Propellers 1 1 $5.24 $5.24 

Propellers 1 2 $4.07 $8.14 

Camera Transmitter 1 1 $8.99 $8.99 

Camera 1 1 $24.85 $24.85 

Medium Servo 1 2 $17.89 $35.78 

Micro Servo 1 3 $11.95 $35.85 

Flight Controller+4in1 ESC 1 1 $69.99 $69.99 

Worm gear 1 2 $10.00 $20.00 

PLA 3D printing fillment 1 1 $29.99 $29.99 

Arduino Nano board 1 1 $11.01 $11.01 

Aluminum 1 1 $20.00 $20.00 

Aluminum Square Tube 1 1 $21.32 $21.32 
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DC Motor 1 1 $51.00 $51.00 

Leadscrew Coupler 1 1 $29.11 $29.11 

lead screw 1 1 $45.74 $45.74 

 $500.99 

Table 6.6: Payload Budget 
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6.3.4 Miscellaneous Items – Line Item Budget 

MISC. Budget 

Manufacturer 
Part 
Number  

Quantity 
per 
package 

Item Name 
# of 
packages 

Price 
(US$) 

Item 
Total 
(US$) 

 

Grainger 1VT68 1 
Anti-Fog, Scratch-Resistant 
Direct Impact Resistant 
Goggles, Clear Lens 

2 $3.85 $7.70 

Grainger 2RA13 1 
Canvas Gloves, Cotton 
Material, Knit Wrist Cuff, High 
Visibility Green, Glove Size: L 

8 $0.67 $5.36 

Grainger 423P38 100 
9-1/2" Powder Free Unlined 
Nitrile Disposable Gloves, Teal, 
Size L, 100PK 

$2.00 $9.75 $19.50 

Grainger 4MH61 1 
3M Half Mask Respirator, 
Respirator Connection Type: 
Fixed, Mask Size: M 

2 $30.00 $60.00 

Grainger 1VT70 1 

Anti-Fog, Scratch-Resistant 
Indirect Chemical 
Splash/Impact Resistant 
Goggles, Clear Lens 

3 $7.10 $21.30 

Grainger 22EL78 20 
N95 Disposable Respirator, 
Molded, White, Mask Size: 
Universal, 20PK 

1 $16.30 $16.30 

 $130.16 

Table 6.7: Miscellaneous Budget 

6.3.5 Funding 

From projected estimates given the budget, this project requires a total of $7,300 to 

effectively execute. It is estimated that the total cost of designing and fabricating the rocket will 

be approximately $5,400. This can be broken down further with the three sub-teams comprising 

the competition team: SAP, PAY, and R&N with the total cost of the SAP projected to be 

$3,250, the total cost of the PAY projected to be $1,000, and R&N at $1,150. In addition, the 

total costs of travel to and from the launch sites and the completion is projected to cost $800, and 

lodging is projected to cost $1100. It is projected that another $300 will be spent on other 

miscellaneous and unforeseen costs. 

 

Projected Total Expenses 

Item Name Item Total (US$) 

SAP $3,250.00 

PAY $1,000.00 

R&N $1,150.00 
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Travel $800.00 

Lodging $1,100.00 

Other $300.00 

Total Projected Cost: $7,300.00 

Table 6.8: Breakdown of Projected Expenses 

 

 The primary source of monetary resources is money allocated to the three main sub teams 

through money allocated by the mechanical engineering department for senior design teams to 

work on their capstone senior design projects. Each student on a team is given $280 in senior 

design funds once their project is approved. In total there are 9 students who are working on this 

project as part of their senior design class meaning that $2,520 will be allocated to this project 

through those teams. 

One university organization that the team reached out to request funds from was the 

College of Engineering and Applied Sciences (CEAS). Student clubs and organizations on campus 

registered with CEAS can request funds through CEAS. AIAA-SBU applied for funding for the 

2019-2019 year. AIAA-SBU has already received funding for projects through CEAS. In total, 

$500 was awarded to pay for some structural supplies as well and $800 awarded towards travel 

during the fall semester. 

CEAS also offers outreach programs for all the clubs that they support. This includes a 

team that will help obtain third party sponsorship for any competition club. Since AIAA-SBU is 

registered as both a professional organization and a competition club they can use this outreach 

program to try to obtain third-party funding from local and national companies. 

 Currently, the club has created a sponsorship packet. Companies can benefit from this in 

many ways. Sponsorships are tax deductible through CEAS and provides opportunities for 

networking with students within the Stony Brook community for potential employment. In total 

the team estimates to obtain $1,035.00 from outside sponsorship to use on the project. It is expected 

that the traveling students will pay the costs of lodging and for other costs out of pocket. 

In addition, the CEAS machine shop has access to raw material stock, fasteners, tools, 

safety equipment, electronics, services, spare parts, and more which have all been generously 

provided to the team free of charge. It is estimated that access to these materials will save the team 

approximately $300.  

 

Awards Estimation 

Item Name Item Total (US$) 

SAP SDM $840.00 

PAY SDM $840.00 

R&N SDM $840.00 

CEAS Travel Grant $800.00 

CEAS Event Grant $500.00 

Material Donations $300.00 
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Monetary Donations $1,035.00 

Self Paid Lodging $1,100.00 

Total Projected Cost: $6,255.00 

Table 6.9: Awards Estimation 

 
In total the proposed outreach will result in $6,255 distributed to the Stony Brook team, which is 

less than required. The deficit will be paid for out of pocket by the senior design team. 

 

 

 

                                                 


