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1.0 Summary of FRR Report 
1.1 Team Summary 
Team Name:              California State Polytechnic University, Pomona 
Mailing Address:      California State Polytechnic University, Pomona 
                                    Department of Aerospace Engineering 
                                    3801 W. Temple Ave, Pomona, CA 91768 
Mentor Name:           Rick Maschek 
TRA Number:           11388 
Certification Level:  2 
Contact:                     rickmasheck@rocketmail.com 
                                    (760) 953-0011 
 
1.2 Launch Vehicle Summary 
The total length of the launch vehicle is 10 ft (120 in.) with a diameter of 6 in. The final motor 
choice is the Aerotech L1420R with a predicted simulation average apogee of 5,263 ft. Flight data 
from launch testing revealed an altitude apogee of 5,454 ft, which was attained using a 4 lb ballast 
within 10% of the vehicle’s total weight. The launch vehicle details are listed in Table 1.2-1. 
 

Table 1.2-1: Launch vehicle size, mass, motor and recovery summary. 
Size Total length: 120 in. 

Body diameter: 6 in. 
Mass 46.2 lb 

Final Motor Selection Aerotech L1420R 
 

Recovery System 
Drogue: Top Flight Recovery X-Type 30 in. 
Main: Top Flight Recovery Crossfire 120 in. 

https://topflightrecoveryllc.homestead.com/page1.html 
Rail Size 1515 12ft 

 
1.3 Milestone Review Flysheet 
A direct link to the Flight Readiness Review Flysheet may be found at: 
https://www.cpprocketry.net/uploads/8/9/2/3/89238722/california_state_polytechnic_university_
pomona_-_2018_-_frr_-_flysheet.pdf 
 
1.4 Payload Experiment Summary 
The payload experiment selected is the deployable rover. It will consist of a pendulum for self- 
correction and is titled as the System Protection Orientation Correction (SPOC). The team will 
switch on its power from outside the launch vehicle prior to its launch and will then remotely 
trigger the rover after the launch vehicle has landed using a transceiver and receiver. Regardless 
of the launch vehicle’s landing orientation and position relative to the launch field, the rover will 
be able to travel a straight-line trajectory away from the vehicle with its track and wheel system to 
a minimum distance of 5 ft. The foldable solar panels will then be given a signal to deploy 
mechanically using a simple spring system. 
 

https://topflightrecoveryllc.homestead.com/page1.html
https://www.cpprocketry.net/uploads/8/9/2/3/89238722/california_state_polytechnic_university_pomona_-_2018_-_frr_-_flysheet.pdf
https://www.cpprocketry.net/uploads/8/9/2/3/89238722/california_state_polytechnic_university_pomona_-_2018_-_frr_-_flysheet.pdf
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2.0 Changes made since CDR 
 
2.1 Vehicle Criteria Changes 
The changes made to the full-scale launch vehicle are summarized below in Table 2.1-1: 
 

Table 2.1-1: Launch vehicle changes and justifications. 

Criteria Changes Made Reason for Change 
Vehicle Size Overall length increased from 

8.42 ft (101 in.) to 10 ft (120 in.) 
Extra length needed to 
compensate for nose cone 
changes. 

Vehicle Mass Overall mass increased from 43.7 
lb to 46.2 lb (includes 4 lb 
ballast). Vehicle weight without 
ballast is 42.6 lb. 

Materials and dimensions were 
adjusted to improve design 
integrity during manufacturing 
and test flights; ballast used to 
decrease apogee altitude. 

Nose Cone Material changed from a PLA 
printed Von Karman to a 
fiberglass 5:1 Ogive 

Excessive manufacturing time 
needed for PLA printing; nose 
cone replacement was readily 
available and did not affect 
performance. 

Fin Material changed from PLA to ½ 
in. plywood. 

Excessive manufacturing time 
needed for PLA printing; 
plywood was readily available 
and did not affect performance. 

Recovery Avionics Terminal block added on each 
recovery bay bulkhead and placed 
adjacent to ejection charge 
canisters. 

Allows for much faster and 
organized e-match swap. 

Drogue Parachute No longer being manufactured in-
house; changed to Top Flight 
Recovery Ultra X-Type 30 in. 

Allowed for less manufacturing 
time and x-type is very 
inexpensive at $17.95 

Main Parachute Fruity Chutes 120 in. Toroidal 
changed to Top Flight Recovery 
Crossfire 120 in. 

Fruity Chutes shroud lines were 
easily prone to tangling and had 
inconsistent results. Top Flight 
Recovery Crossfire simplified the 
recovery system and improved 
reliability.  

Payload Bay Hollowed-bulkhead wood 
material changed to cast iron; 
hollowed-bulkhead plug material 
changed from PLA to maple 
wood. 

Improved structural integrity; 
wood material failed load testing. 
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2.2 Payload Criteria Changes 
 
The changes to the payload were mostly done to the rover’s power system. An additional battery, 
a power switch, and additional transceiver were added. These changes are outlined in Table 2.2-1: 
 

Table 2.2-1: Payload experiment changes and justifications 
Criteria Changes Made Reason for Change 
Battery/power A 9-volt battery has been added to 

the rover to only power the 
Raspberry Pi CPU by use of a 5-
volt regulator. The 5-volt, 2-amp 
(5000 mAh) cell will only be used 
to power the servos, motor and 
GPS unit through the control 
circuit board. 

Separate power was needed 
for the Raspberry Pi CPU; 
ensures servos and motor 
receive enough power and 
eliminates possibility of a 
back EMF damaging the RPi 
without use of a more 
complex circuit board. 

Payload Bay Switches A power button has been added; 
small hole added to the body tube 
of the payload bay. 

Allows access to initiating 
power to the rover prior to 
launch by switching on from 
the outside of the launch 
vehicle. 

Payload Electronics A third Xbee transceiver added to 
the mesh network. 

Increased the range of 
communication between the 
ground station and the rover. 

 
2.3 Project Plan Changes 
The test launch dates on 2/3/18 and 2/10/18 were cancelled due to launch site weather conditions. 
The full-scale test launches were conducted on the 2/17/18 and 2/24/18 backup dates. An 
additional test launch was added to the project plan for 3/3/18 but was also cancelled due to poor 
weather conditions at the Mojave Desert site. An additional funding source, the California Space 
Grant Consortium Student-Led Hands-On Rocket Project grant, has been added as a potential 
source of funding to alleviate travel costs to Huntsville, AL for the competition week. Test plan 
dates have been updated and are listed in detail in Section 7.1. 

 
 
 
 
 
 
 



California State Polytechnic University, Pomona | 2017-2018 NSL 
 

 

10 
 

3.0 Launch Vehicle Design 
 

3.1 Design and Construction of Vehicle 

3.1.1 Launch Vehicle Design Changes  

Vehicle Length: 
Following the CDR, the overall length of the launch vehicle has been increased from 101 in. to 
120 in. The reason for this increase was due to change in length of the nose cone from 12 in. to 30 
in. The nose cone changes are discussed below in this section. 
 
Fin Material:  
During the manufacturing of the fins, it was discovered that a more than usual amount of PLA 
filament would be required to print all fins and extra sets in case of launch testing failures. As a 
result, the anticipated price in PLA increased as the printing required more than usual print 
iterations to perfect the fin shape. Due to this fact, 3D printing the fins in-house was taking an 
excessively long time to manufacture. The 3D printers were also experiencing issues during the 
manufacturing phase of the project timeline. Some of the parts were printed inconsistently and to 
avoid any potential structural integrity degradations, the material was simply changed to ½ thick 
plywood. This significantly reduced the manufacturing time and was much more cost-effective. 
 
Hollowed Bulkhead:  
Due to the small surface area of attachment between the U-bolt threads and the ½ in. maple wood 
material for the hollowed-bulkhead, special attention was given to the test plan and procedures for 
bulkhead testing (Section 7.1.1.3). It was found that the maple wood material failed at its most 
critical point, the U-bolt attachment. To mitigate this failure during vehicle test flights, the 
hollowed bulkhead material was changed to solid, gray cast iron, which has a maximum strength 
allowable of 21.6 ksi. The material’s structural integrity was proven during the second full-scale 
flight test. 
 
Hollowed Bulkhead Plug:  
Much like the issue with the fins, the 3D printers were unreliable at the time, therefore the plug 
was manufactured in-house out of Maple wood. Maple wood was selected due to its greater 
strength compared to regular birch plywood. Similar to what was expected of the 3D printed plug, 
the wood plug will be friction fitted to the opening of the bulkhead creating a pressure seal and 
protecting the payload from any debris from the deployment charge. 
 
Recovery Bay:  
Since the CDR, a small terminal box was implemented at each end of the recovery bay to allow 
for a much quicker and easier way to replace E-matches without the hassle of having to inside the 
recovery bay.   
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Main Parachute: 

The main parachute was changed to a Top-Flight Recovery Crossfire parachute (10 ft. diameter). 
This was changed to improve the reliability of the recovery system. The previous architecture, 
Fruity Chutes toroidal, was unsuccessful. It experienced a partial deployment during subscale 
flight and deployment issues during full scale testing. The new Crossfire parachute was simpler in 
geometry and had fewer shroud lines. In addition, the Crossfire does not require a deployment bag. 
The new architecture underwent ejection tests and drop tests to assess its performance. During the 
two full scale launches, the architecture deployed properly ensuring a successful recovery.  

Drogue Parachute: 

The drogue parachute was changed to a commercially available Top-Flight Recovery X Type 
parachute (30in. diameter). The previous parachute was manufactured in house by the students of 
Cal Poly Pomona. Making a parachute from scratch was found to be inconvenient. Machinery, 
skill, and patience is required to produce a durable parachute. Even with the help of professional 
seamstresses, the prototype took more than a week to make. When performing ejection tests, the 
prototype burned and was deemed too delicate to meet mission requirements. To address all these 
issues, the X Type was purchased. This parachute has the same general shape and dimensions as 
the original CPP design. The zig zag stitching and heavy nylon fabric of the X Type is more than 
adequate to meet the mission requirements. The parachute was successful in all deployment tests, 
drop tests, and full-scale flights. 

Nose Cone: 

The nose cone was changed to a Mad Cow Rocketry 30 in. Ogive fiberglass nose cone. The 
previous nose cone was a 12 inch Von Karman manufactured in house at CPP using 3D printers. 
3D printing on campus was found to be problematic for many reasons including: lack of 
professional 3D printers (most were kit printers made by students), extremely long manufacturing 
times, and inconsistent prints. These issues did not become apparent until the manufacturing of the 
full-scale launch vehicle began. To mitigate these problems, a commercially available nose cone 
was purchased. The professionally made nose cone survived two full scale flights. 

Shock Cord: 

A concern that arose during the subscale launch was zippering. To mitigate the problem in the full-
scale flights, a tennis ball was added to the shock cord connecting the main parachute. The main 
parachute was able to deploy successfully without zippering the body tube in either of the two full 
scale flights performed.  

Ejection Charge: 

The backup charge for the recovery system has been increased. This is to ensure the parachutes 
deploy in case the primary charge is not adequate. This will increase the reliability of the recovery 
system 
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3.1.2 Safety Features 
 
This section will cover the important elements that will result in the success of launching and 
recovering the launch vehicle at the competition.  
 
3.1.2.1 Structural Elements 
 
Several structural elements will lead to the success of launching and recovering the launch vehicle 
at competition, these components are as followed: Hollowed bulkhead, bulkheads, and motor bay 
retention.  
 
One of the critical components throughout the PDR, CDR, and FRR has been the hollowed 
bulkhead located at the end of the payload bay. Until recently, the hollowed bulkhead was to be 
manufactured out of maple wood, but after a failed loading test (see section 7.1.1.3 for hollowed 
bulkhead test results) it was necessary to change the material to cast iron, which can be seen in 
Figure 3.1.2.1-1. With a shear allowable of about 21.6 ksi and a thickness of 0.5 in with a minimum 
gap between the inner diameter and bolt hole of 0.125 in., the cast iron hollowed bulkhead is 
capable of withstanding loads of up 1350 lbs. This load capability far exceeds the expected max 
load of 190 lb. during main parachute deployment and proved to be successful during full scale 
flight.  

 

 
Figure 3.1.2.1-1: Cast iron hollowed bulkhead  

 
Another vital component necessary for a successful recovery are the birch plywood bulkheads 
attached to the recovery system. Like the hollowed bulkhead, these wood bulkheads experience a 
max load of 190 lb. To guarantee integrity of the bulkheads, ½ in thick plywood was used to 
manufacture the bulkheads and after tests were conducted (see section 7.1.1.3 for bulkhead test 
results), the bulkheads proved to be successful giving a factor of safety of 5.3. 
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Providing a max thrust of 407 lb., motor retention from the bottom most centering ring must can 
withstand these loads. Having proved that the centering rings can withstand up to 1000 lb. of 
loading (Section 7.1.1.3), six stainless steel screws will connect the centering ring to the airframe. 
For added support, the fins attached to the motor bay will provide additional support on the 
airframe preventing any shear tear from occurring. 
 

3.1.2.2 Electrical Elements 

The deployment system electrical schematic is shown in Figure 3.1.2.2-1. The dual PerfectFlite 
StratoLogger CF’s are the heart of the system. Both are connected to an external arming switch 
(shown in Figure 3.1.2.2-2). To ensure the altimeters have a 1+ hour battery life, they will be 
connected to their own 9-volt battery. To decrease the reload time for the E-matches, a terminal 
block was added.  

 

Figure 3.1.2.2-1: Electrical Schematics for StratoLogger CF System 
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Figure 3.1.2.2-2: Rotary Switches on outside of Recovery Avionics Bay 

The terminal block is located on the other side of the bulkhead. One side of the T block is connected 
to the E-match port of the altimeters and the other side is connected to the E-matches. A hole was 
drilled through each of the bulkheads to accommodate wiring. Without the T block, disassembly 
of the entire bay was necessary for replacing a single E match. In addition, the T block helped 
organize the wiring of the system. Instead of having long, orange E match wires running the entire 
length of the recovery avionics bay, each altimeter was given its own color of wire for 
differentiation. The primary altimeter was wired to the T block with a white wire, and the 
redundant altimeter was wired with a black wire. This is shown in Figure 3.1.2.2-3.   

 

 

Figure 3.1.2.2-3: Wiring of Terminal Block and hole placement 
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The GPS units will be mounted underneath the altimeters in the avionics sled. A picture of the 
layout can be seen in Figure 3.1.2.2-4.  

  

Figure 3.1.2.2-4: Electronics Sled Layout (Eggfinder not pictured) 

All the electronics will be held securely to the sled with a combination of zip ties and mounting 
hardware. Zip ties were found to be most convenient because they come in a variety of sizes, are 
sold in bulk, and can be added/removed very quickly.   

 
3.1.3 Drawings and Configuration 
 
This section will discuss the final configuration assembly and dimensions of the launch vehicle. 
Figure 3.1.3-1illustrates the overall length and weight of the rocket in which it will launch at 
competition. The final design will consist of three independent sections known as modules where 
they will be further discussed in the following paragraphs.  
 

 
 

Figure 3.1.3-1: Final launch vehicle design length and weight. 
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Module 1 consists of the nose cone and payload bay. The nose cone’s 4.5 in. sleeve will connect 
to the payload bay using three brass 10-24 screws. Figure 3.1.3-2 shows the final assembly of the 
components. 

 
 

Figure 3.1.3-2: Module 1 lengths and configuration 
 
Following Module 1 is Module 2, where it consists of the recovery system shown in figure 3.1.3-
3. The connection between Module 1 and Module 2 takes place between the payload coupler and 
main parachute bay using three nylon shear pins. Below the main parachute bay is the recovery 
avionics bay followed by the drogue parachute bay. Both the main and drogue compartments will 
each attach to the recovery bay using six brass 10-24 screws. 

 
 

Figure 3.1.3-3: Module 2 lengths and configuration 
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Lastly, Module 3 will be comprised of the motor bay which includes the observation bay above 
the motor tube assembly. Connection between Module 2 and Module 3 takes place between the 
drogue parachute bay and the observation bay using three nylon shear pins. Final configuration of 
Module 3 can be seen in figure 3.1.3-4. Although not seen, the motor tube’s lower most coupler 
connects to the airframe using six stainless steel 10-24 screws. Further detail on the assembly of 
the launch vehicle will discussed in section 3.2.  

 
Figure 3.1.3-4: Module 3 lengths and configuration 

 

3.1.4 Flight Reliability and Confidence  

To minimize the difference between the goal altitude and the actual altitude, a minimum 10% 
ballast (Req. VR.2.21.8) was added to reach a desirable apogee. During flight, the rocket will fly 
true and straight by maintaining a stability margin of about 3 caliber. To ensure that both the main 
and drogue parachute deploy within an acceptable timeframe, a main charge and a redundant 
charge will be placed on each side of the recovery bay, a set for the main parachute and the other 
set for the drogue, to ensure full parachute deployment during flight. During descent, the rocket 
and all components will not withstand a kinetic energy greater than 75 ft-lb. This reduced kinetic 
energy is met by reducing the descent velocity by utilizing proper sized parachutes. The horizontal 
drift distance is the distance between the launch pad and the horizontal distance to which the rocket 
lands must not exceed 2500 ft. To ensure this, various calculations and simulations were conducted 
at various wind speeds to ensure the landing of rocket be with the said drift distance. Overall, the 
construction of the launch vehicle proved to be reusable and recoverable and was successful having 
flown and recovered the vehicle twice without any detrimental damage sustained to any 
components of the launch vehicle.  
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3.2 Launch Vehicle Construction 
 

3.2.1 Interior Construction 
 

3.2.1.1 Bulkheads 
 
Almost all bulkheads and centering rings used in the construction of the rocket were manufactured 
by the team using ¾ inch. (0.695 in. actual) thick birch plywood. The exception to the 
aforementioned is the hollow bulkhead implemented in the payload bay, which will be discussed 
below.  The wood used to manufacture the bulkheads was predominately scrap and leftover sheets 
from previous year’s teams.  Manufacturing the bulkheads from this wood not only reduced the 
overall cost of the launch vehicle but also added strength to the load bearing components as the 
original design called for ½ inch birch plywood.   
 
For manufacturing, two separate outer diameters were required to fit the airframe and couplers.  
The airframe sections required an outer diameter of 5.960 in. and the couplers required an outer 
diameter of 5.800 in. The reason for two different diameters is to allow a clearance such that the 
bulkheads can slide into position.  To achieve exact and repeatable cuts for both sizes of bulkheads, 
a jig was made to be used on a table saw.  The jig has a guide rail and centering pin which can be 
seen in Figure 3.2.1.1-1(a) which is inserted into a pre-drilled hole cut in the bulkheads.  The 
assembled setup is shown on the table saw in Figure 3.2.1.1-1(b) with a bulkhead that was cut 
using the jig sitting on the pin.   

.  

 
(a)                                                     (b) 

Figure 3.2.1.1-1: (a) Bulkhead cutting jig with (b) assembled view. 
 
 

By moving the location of the centering pin toward or away from the saw blade, the diameter of 
the final disk can be changed.  Rotating the wood about this pin creates a perfect circle at the 
diameter the pin is set at.  The full procedure for making the bulkheads is:  
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1. Marking a center point for the centering pin 
2. Drilling the hole with a ¼ inch drill bit using a drill press to ensure a vertical hole 
3. Cutting out an area of the wood slightly larger than the desired diameter of the disc 
4. Cutting the wood using the jig on the table saw to a close to circular shape 
5. Rotating the wood about the centering pin, still on the jig, to obtain a perfectly 

circular shape 
6. Finishing the disc by sanding sharp edges and flushing the faces. 

 
Using this method, the resulting bulkheads used in the rocket have measured outer diameters of 
5.950 inches and 5.780 inches for the airframe and coupler bulkheads, respectively.  
 
The hollow bulkhead was selected to be manufactured from cast iron.  This was to increase the 
strength from the previous design, which had originally planned the bulkhead to be manufactured 
from wood sandwiched between two thin aluminum sheets.  Ideally this design was determined to 
be strong enough, but with defects present in the wood and lack of accuracy in manufacturing the 
inner diameter, there was a chance that unexpected failure would occur in flight.  The cast iron 
used was scrap metal donated by one of the team members. This metal was then turned on a manual 
lathe to achieve the desired dimensions shown below in Figure 3.2.1.1-2. After processing, the part 
had a final outer diameter of 5.75 inches and an inner diameter of 4.78 inches. 
 

 
Figure 3.2.1.1-2: Hollow bulkhead desired dimensions 

 
To create the holes for the U-bolt which attaches to the parachute, the bolt centers were measured 
and marked out on the hollow bulkhead to be centered between the two edges of the ring.  The 
holes were drilled using a ¼ inch drill bit and cut on the drill press.  The final product with the U-
bolt attached is shown in Figure 3.2.1.1-3(a).  Seen in Figure 3.2.1.1-3(b), the nuts for the U-bolt 
were designed to fit within the edges of the ring such that they could be easily installed in the 
rocket without interference. 
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      (a)                                                    (b) 

Figure 3.2.1.1-3: (a) Hole drilling for hollow bulkhead using drill press. (b) Hollow 
bulkhead installed in rocket. 

 
In securing the hollow bulkhead to the airframe it was done in a fashion to prevent debris from 
penetrating in to the payload bay as well as ensure it will not tear out under load. To address the 
first concern, the hollow bulkhead was first epoxied in to place which located and sealed it in the 
tube.  To ensure that the bulkhead was level while the epoxy was curing, a ring of blue tube coupler 
was glued in to place which the bulkhead could sit on. This ring was removed after curing and is 
shown in Figure 3.2.1.1-4.  
 

 
Figure 3.2.1.1-4: Hollow bulkhead epoxy curing guide 

 
To address the second concern, after the bulkhead epoxy had cured, countersunk screws were 
added that run through the coupler and screw in to the bulkhead.  This was done by first drilling 
the hole with a 9/64-inch bit, countersinking using a size 10 countersink, then tapping the holes 
with a 10-24 tap.  The result from this can be seen in Figure 3.2.1.1-5.  Also note the rubber seal 
along the front face of the ring to prevent gasses and debris from entering the payload bay.  The 
last part of this bulkhead was a lid, made from oak that inserts in to the inner diameter of the ring 
and rests on the front face of the ring, covering and sealing the payload bay.  This was cut in a 
similar manner as the other bulkheads using the cutting jig and table. saw. 
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Figure 3.2.1.1-5: Countersunk screws securing hollow bulkhead to coupler 

                                         
 
3.2.1.2 Recovery Bay 
 

3.2.1.2.1 Recovery Bay Overview 
 
The Recovery Bay is constructed of a Blue Tube 2.0 coupler with a 12-in. length and a 
corresponding inner and outer diameter of 5.835 in. and 5.976 in. A ¾ in. plywood bulkhead covers 
each end of the recovery bay. A #516-5/16” x 2” x 3” U-bolt is attached to each bulkhead using 
1/8”-10 threaded hex nuts. To keep the recovery bay enclosed and to provide structural stability as 
well, two 5/16’’ threaded rods run through the inside of the recovery bay and each bulkhead being 
secured with hex nuts and steel washers at each end. Each bulkhead supports two charge canisters 
made of PVC pipe. Figure 3.2.1.2.1-1 illustrates the recovery bay schematics with appropriate 
dimensions. 

 
Figure 3.2.1.2.1-1: Recovery bay side dimensions 



California State Polytechnic University, Pomona | 2017-2018 NSL 
 

 

22 
 

 
Figure 3.2.1.2.1-2 shows a top view of the recovery bay and its components.   This section of the 
rocket serves as a coupler connecting both, the main parachute bay and the drogue parachute bay, 
using 10-32 x ¾ in cap screws. It is relevant to mention that the bulkhead connecting the recovery 
bay to the main parachute bay will be experiencing the greatest amount of impulse force during 
deployment.  

 
Figure 3.2.1.2.1-2: Recovery bay top view 

 

To secure the Recovery Bay to the frame of the rocket, six evenly spaced holes are on each of the 
bulkhead through which screws are pushed in to secure the recovery bay in place. It is of utmost 
importance to provide as much protection to this section of the rocket as possible and avoid any 
malfunctions during flight. Figure 3.2.1.2.1-3 shows the area around the bulkhead, where the 
recovery bay will be attached to the rest of the rocket. As an essential subdivision of Module 2, 
the recovery bay will house the electronics necessary to ensure the safe descent and tracking of the 
launch vehicle. Two altimeters are attached to a thin piece of wood. The plate is mounted on the 
two rods running through the recovery bay.  
 

 
Figure 3.2.1.2.1-3: Recovery bay side view 
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If one of the altimeters was to fail, the other would continue to perform its specific task during 
flight. Each of the altimeters will have its own power supply that will keep them running 
throughout the flight satisfying Vehicle Requirement 2.4.   
 
A Blue Tube 2.0 collar of 1.5 in. length is attached to the center of the recovery bay and lays flush 
with the rest of the airframe. Two 1/4 in. diameter holes are drilled vertically through the collar 
and the coupler to control the flight electronics from the outside. The ability of externally 
controlling the flight electronics satisfies Vehicle Requirement 2.3  
 
3.2.1.2.2 Main Parachute Bay 
 
The main parachute bay is constructed out of Blue Tube 2.0 and will weigh around 0.8 lbs. It has 
a length of 21.5 in. with an inner and outer diameter of 6.00 in. and 6.16 in., respectively. The top 
end of the main parachute bay will connect to the bottom end of the coupler attached to the 
observation bay using nylon shear pins, satisfying Requirement 3.8. When the black powder 
charge detonates, the pressure produced inside the bay will be strong enough to shear the pins and 
deploy the main parachute without any negative impacts to the tube’s structural integrity. Lastly, 
the bottom portion of the main parachute bay has been designed to connect to the top half of the 
recovery bay using 10-32 x ¾’’ cap screws to ensure they stay attached through the duration of the 
flight. 
 
3.2.1.2.3 Drogue Parachute Bay 
 
The drogue parachute bay is constructed of the same material as the main parachute bay, Blue 
Tube 2.0, and will weigh around 0.3 lbs. without the parachute. It will have a length of 16 ¼ in. 
with an inner and outer diameter of 6.00 in. and 6.16 in., respectively. The front section of the 
drogue parachute bay connects to the bottom portion of the recovery bay using 10-32 ½’’ cap 
screws. The lower section of the drogue attaches to the payload bay of Module 3 with nylon shear 
pins, satisfying the use of shear pins for the drogue parachute compartment (Req. 3.8). This 
subsection will separate from the payload bay at apogee, where it will deploy the drogue parachute 
reducing its descent velocity for when the main parachute deploys. 
 
 
3.2.1.3 Motor Bay 
 
The motor bay was constructed using Blue Tube as the motor tube and airframe bulkheads cut for 
each of the specified purpose.  The fully assembled motor bay is shown in Figure 3.2.1.3-1.  In 
this figure the fins are not attached, and the upper retention ring, which can freely move in this 
configuration, is sitting on the upper center fin ring.  The motor tube is Blue Tube with a 75-mm 
diameter, sized for our motor casing.  The motor tube is cut to 15 inches in length which, spans 
over half of the length of the motor casing.   
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Figure 3.2.1.3-1: Fully assembled motor bay without fins. 

 
As stated previously, the centering rings were manufactured from the airframe bulkheads cut using 
the method stated above in the bulkhead section.  To manufacture the upper and lower retaining 
rings, 1:1 scale drawings were printed from the SolidWorks design.  These drawings included 
crosshairs for the desired hole locations that the screws would run through to screw in to the fins. 
This printout can be seen next to the centering ring in Figure 3.2.1.3-2(a).  The printout was then 
glued to the face of the centering ring and allowed to dry and was then used to center the locations 
of the holes which were drilled using the drill press and a 7/32-inch bit which can clear the threads 
on the 10-24 screws used to secure the fins to the motor mount. The screws in the centering ring 
can be seen in Figure 3.2.1.3-2(b) passing though the holes at the desired locations.  To have 
enough engagement length in the fins, the holes were widened to half the depth of the centering 
ring to allow the heads to sink in to the ring.  This was accomplished using a 3/8-inch bit on the 
drill press by setting a depth stop at the half thickness point, shown in Figure 3.2.1.3-2(c).  

 

Upper retaining ring 
Fin centering 

 

Lower retaining rings 

Upper centering ring 
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(a)                                                 (b)                                                      (c) 

Figure 3.2.1.3-2: (a) 1:1 scale design printout side by side with centering ring to be cut. (b) 
Screws clearing drilled holes. (c) Depth stop for head clearing countersink. 

 
To manufacture the center fin rings, a similar process was used to maufacture the retaining rings.  
A 1:1 printout was glued to the rings with the cutout lines, however, the slots were cut out of the 
centering rings using an electric jig saw.  This simply required clamping the centering rings to a 
table and taking time to carefully follow the lines. This can be seen in mid-process in Figure 
3.2.1.3-3.   
 

 
Figure 3.2.1.3-3: Process for cutting fin slots in center fin rings. 

 
The next step was to attach the centering rings to the motor tube. To ensure proper alignment, the 
fins were temporarily screwed in to the rings in the proper order and the rings were temporarily 
fixed in the desired location using hot glue.  Once in the proper location, epoxy was applied to the 
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interacting edge between the rings and the motor tube, and the whole assembly was inserted in to 
the airframe to align them concentrically.  The middle centering rings were located 1/3rd and 2/3rds 
of the length of the fins.  After the epoxy set, additional epoxy was added to the underside of the 
lower retaining ring, as it is the only one that transfers the load from the motor to the airframe.  
Lastly, the motor retainer was drilled and screwed into the lower retaining ring and holes were 
drilled and tapped through the airframe to secure the motor bay to the body.   
 
 
3.2.2 Exterior Construction 
 

3.2.2.1 Fins 
 
The fins were constructed using ½ inch sanded plywood.  This wood is strong enough to withstand 
the small aerodynamic forces from our flight, as well as cheap enough such that multiple fins could 
be made to switch out during the competition.  The construction was simple, only requiring tracing 
a master fin shape, shown in Figure 3.2.2.1-1, on to the plywood, carefully cutting the shape out, 
and sanding to achieve a curved edge. 

 
Figure 3.2.2.1-1: Fin master sizing layout 

 
To drill the holes for the attachment screws, the fins were placed in the motor mount and drilled 
in place using the drill press and a 5/32 inch bit.  This size bit leave enough wood for the screw to 
self tap and for the threads to grab and hold.  The fins in their final state, assembled and installed 
in the motor bay can be seen in Figure 3.2.2.1-2. 
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Figure 3.2.2.1-2: Finalized fins assembled and screwed in to the motor bay 

 
3.2.2.2 Nosecone 
 
After purchasing the nosecone, a fit test was made between the sleeve and the airframe of the 
payload bay where the coupling is to be made. Having determined that the sleeve was slightly 
thicker than anticipated, the sleeve was sanded down to where it would fit within the airframe. 
Figure 3.2.2.2-1 shows before and after the sanding. 

 

 
     (a)                                                                          (b) 

Figure 3.2.2.2-1: Before (a) and after (b) sanding the sleeve 
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Due to sanding, the sleeve became too thin and therefore had to be reinforced by inserting a 
bulkhead within the sleeve. Once ready, the nosecone was then inserted into the payload airframe 
where three bolt holes were drilled around sleeve and around the airframe to complete the 
assembly. Figure 3.2.2.2-2 shows the how the nose cone was attached to the payload bay. 
 

 
Figure 3.2.2.2-2: Nosecone (painted gold) attached to payload bay (painted green). 

 
 
3.2.2.3 Airframe 
 
The airframes and couplers were constructed from the 6-inch Blue Tube 2.0 set.  The tube was 
ordered in long lengths and cut to specific sizes as need.  The tubes were cut to length using two 
methods. The first tube, shown in Figure 3.2.2.3-1, was cutting the tube using a Dremel.  This 
method involved marking out the required length around the circumference of the tube, taping it 
off, and carefully following the line of the tape to cut-off the section.  This method was very time 
consuming but was quite accurate and provided a smoother edge.  The second method involved 
positioning the tube on the guide rail of a table saw and rotating the tube through the blade until 
the full circumference was cut.  This method was much quicker than the first but was only 
applicable to lengths shorter than 12 inches and tended to provide rougher finishes at the cut line.  
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Figure 3.2.2.3-1: Dremel cutting method 

 
The only other modifications made to the airframe and couplers were drilling clearance holes for 
bolts and the slots for the “through airframe” fins.  The holes were simply marked based on the 
location of the bulkhead to be screwed in to and then drilled out using a hand drill.  The more 
complicated process was cutting the fin slots in the motor bay airframe.  This was performed by 
creating a jig to be used with the table saw that would hold the tube in place while the jig could be 
plunged in to the blade.  This jig is shown in Figure 3.2.2.3-2 with the airframe sitting in position.  
This method resulted in straight, consistent cuts and was used to cut the three slots for the fins. 
 

 
Figure 3.2.2.3-2: Airframe slot cutting jig 
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3.3 Recovery System Design 
 

3.3.1 Structural Elements 
 

The Recovery Bay was made of Blue Tube 2.0 and has a length of 12 in and a respective inner and 
outer diameter of 6.00 in and 6.16in. As an essential subdivision of the rocket, the Recovery Bay 
serves as a coupler between the Main Parachute Bay and the Drogue Parachute Bay. To be able to 
withstand two ejection loads midflight, the recovery bay bulkheads are each ¾’ plywood. In the 
middle of each bulkhead, a #516-5/16’’ x 1-3/8’’ x 3-3/4’’ U-bolt was attached. Each U-bolt is 
connected to both the drogue and main parachutes, which are housed in their respective bays.  Both 
bulkheads, as well, were secured to the recover bay body using ¼-in. golden screws. Such screws 
were evenly spaced around both ends of the recovery bay to provide structural stability and avoid 
buckling of the inner plate. The recovery bay not only will serve as a coupler, but houses 
electronics, including two altimeters, each with their respective battery source, and two GPS 
systems. The electronics were attached to an inner wooden plate shown in Figure 3.2.1.2-2. During 
the design phase of the recovery bay, two 3D printed centering rings were used to keep the plate 
stable during flight. Due to manufacturing constraints, however, the plate in the leading design 
was attached to both threaded rods running through the inside of the bay. As previously mentioned, 
two 5/16’ threaded rods were installed on the inside of the recovery bay and secured on both ends 
of the bulkheads using washers and hex nuts. Each rod was places 1.5 in from the center of the 
bulkhead. This allowed enough clearance for the rest of the components placed on each bulkhead.  
 
On the end of each bulkhead, two PVC canisters were placed. The PVC canisters will have a 
charge of black powder which will explode during flight allowing the drogue parachute to release 
at apogee and the main parachute at a safe distance from the ground. Figure 3.2.1.2-1 and Figure 
3.2.1.2-3 shows the main components of the bulkheads as well as their appropriate schematics with 
dimensions.  
 
3.3.2 Electrical Elements 
 
The flight altimeter electrical schematic, shown below in Figure 3.3.2.1-1, displays the 
arrangement of the dual altimeter set up. Each StratoLoggerCF Altimeter has its own power 
source, switch, and electronic matches routed to drogue and main parachute charges. The power 
is supplied by one 9-volt battery per altimeter. Each rotary switch was externally mounted to the 
wall of the flight vehicle as to allow for ease of power-up and power-down of the altimeters when 
the vehicle is fully assembled. Both altimeters control the main and drogue parachute deployment 
charges. A terminal mounted to each of the electronics bay bulkheads provided for simple 
electronic match replacement.  
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Figure 3.3.2-1: Flight altimeter electrical schematic 

 
The GPS tracking schematic, shown below in Figure 3.3.2.1-2, shows the orientation of this 
systems wiring. The first of the two flight GPS’s, the Trackimo, is independent of any external 
wiring as it is supplied power by an internal battery which will be charged pre-flight via micro 
USB. The secondary flight GPS, the Eggfinder, requires a 9-volt battery for power. Additionally, 
an antenna was mounted directly to the circuit board.  
 

 
Figure 3.3.2-2: Flight GPS electrical schematic 
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3.3.2-1 Drawings and Schematics of Electrical Assembly 
 
 

 
Figure 3.3.2.-1-1: StratoLoggerCF technical drawing 

 
 

 
Figure 3.3.2.2-1: Trackimo technical drawing 

 

 
Figure 3.3.2.1-3: Eggfinder technical drawing 
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3.3.3 Redundancy Features 
 
The flight altimeter system contains full redundancy. There exist two complete wiring setups 
which may operate entirely independent of one another. Each StratoLogger was connected to its 
own 9-volt battery, switch, drogue parachute electric match, and main parachute electric match. 
Furthermore, there are two drogue parachute deployment charges and two main parachute charges. 
Each electric match was placed in its own charge. As a result, the event of parachute failure due 
to a primary charge malfunctioning could be mitigated by the secondary charge and altimeter. A 
failure in the main system does not correlate to a failure in the redundant system.  
 
Additionally, the GPS system contains redundancy. In this case, the redundancy was created by 
having two unique tracking systems. The Trackimo system utilizes Quadband GSM 
(850/900/1800/1900 MHz) to transmit GPS Data to the ground station or mobile phone via the 
internet. The Eggfinder system transmits at 900 MHz directly to the ground station. If internet 
access or cellular data is inaccessible, the Eggfinder system will be able to track the launch vehicle. 
Further, by having two GPS systems in place, each serves as a backup in the case of unforeseen 
failure modes unrelated to signal strength or availability 
 
3.3.4 Parachute Sizes and Descent Rates 
 

3.3.4.1 Main Parachute 
 
The main parachute has been designed such that Requirement 3.3, which states that each 
independent section of the launch vehicle will have a maximum kinetic energy of 75 ft-lbf upon 
landing, will be satisfied.  To satisfy this requirement, the main parachute will be deployed at a 
500-ft. altitude to ensure a safe and slow descent velocity.  Additionally, a backup charge will be 
employed for the main parachute, set to discharge at 400 ft. in case of the main charge’s failure. 
Since the last report, the parachute manufacturer and design has changed from a 10-ft. diameter 
toroidal parachute manufactured by Fruity Chutes, to a 10-ft. hem 
spherical parachute from Top Flight Recovery. The reason for the change in parachute shapes is 
because of the higher probability of entanglement of the extra shroud lines on the toroidal shaped 
parachute. This new Crossfire hemispherical parachute has a coefficient of drag of 1.4.  A diagram 
of the Top-Flight Recovery parachute can be seen below in Figure 3.3.4.1-1. 
 
A drop test was conducted to determine whether this parachute would be appropriate for use within 
our launch vehicle. For this drop test, the parachute was dropped from a height of 35.1 ft. Attached 
to the parachute was a mass of 8 oz. Using the height and the added weight, the descent velocity 
of the parachute could be evaluated and was found to be 13. 94 feet per second. During this test, 
the parachute managed to fully inflate before landing.  
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Figure 3.3.4.1-1: Main Parachute with dimensions 
 

3.3.4.2 Drogue Parachute 
 
Since the CDR the drogue parachute has not changed in design but has changed manufacturing 
process. The team will no longer fabricated it, rather, a 30-in. Ultra X Type parachute from Top 
Flight Recovery will be purchased. This parachute matched with our original parachute size. This 
parachute is made from 1.7 oz. ripstop nylon fabric with flat braided nylon lines used for 
reinforcement. From the parachute drop test to verify Requirement 3.1 and 3.3 the team measured 
the descent velocity to be 10.85 ft/s for a mass of 8 oz. and that the parachute did, in fact, inflate. 
With the same calculations done in the CDR, assuming a descent rate of 120 ft/s during the drogue 
deployment, the parachute must have an area of about 4 feet squared to meet the drift requirement. 
The newly purchased drogue has an effective area of 4.38 square feet. The dimensions of the 
drogue parachute are shown below in Figure 3.3.4.2-1. 

 
Figure 3.3.4.2-1: Drogue parachute dimensions 

 
This design not only offers a high stability it also has the least amount of drift during descent which 
adheres to the allowable drift distance set forth by NAR HPR Safety Code 10. At apogee, the 
recovery bay altimeters trigger the fore ejection charges and drogue parachute is released, which 

10 ft. 
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is then followed by the main parachute at 500 ft altitude. The landing velocity of the parachute 
was noted to be 14 feet per second, this landing velocity satisfies the kinetic energy requirement.  
 
3.3.4.3 As-Built Descent Rates 
 
To determine the projected kinetic energies upon landing for each of the vehicle’s modules, the 
rocket’s weight and the effective area of the parachute were used. Equation 3.3.4.1-1 and Equation 
3.3.4.1-2 below were used to find the kinetic energy and descent velocity of each of the rocket’s 
modules, respectively.  For these calculations, m denotes the mass of each module, KE is the kinetic 
energy, Cd is the drag coefficient of the main parachute, and g is gravity. In these equations, ρ is 
the density of air at 500 ft., which is the altitude the main parachute will deploy. Additionally, Aeff 
is the effective area of the parachute, which is calculated using Equation 3.3.4.1-3, and was found 
to be 78.54 ft.2.  
Using the flight test data from the full-scale launch conducted on 17 Feb. 2018, the actual drag 
coefficient of both the main and drogue parachutes was able to be found. The manufacture 
warranted a drag coefficient of 0.98 and 1.4, for the drogue and main parachute, respectively. 
Using the flight data, the coefficient of drag was able to be verified and it was found that the 
coefficients differed.  For the drogue, the coefficient was found to be 0.89, and for the main 
parachute, the drag coefficient was found to be much higher than the manufacturers claimed and 
was calculated to be 2.39.  From the actual drag coefficient values, predicted descent velocities 
were found and compared to the actual velocities found from the full-scale velocity.  The predicted 
and verified drag coefficients and descent velocities can be seen below in Table 3.3.4.3-1. 
 

     𝑉𝑉 =  �2𝐾𝐾𝐾𝐾
𝑚𝑚

      Equation 3.3.4.1-1 

     𝑉𝑉 =  �
2𝑚𝑚𝑚𝑚

𝜌𝜌𝐶𝐶𝑑𝑑𝐴𝐴𝑒𝑒𝑒𝑒𝑒𝑒
     Equation 3.3.4.1-2 

        𝐴𝐴 = 𝜋𝜋𝑟𝑟 𝐷𝐷
2

2
        Equation 3.3.4.1-2 

 
The calculated specifications of each launch vehicle module are shown below in Table 3.3.4.3-2.  
As illustrated below, the final kinetic energies of each of the three modules is below the kinetic 
energy requirement of 75 lbf-ft.  
 

Table 3 3.3.2.3-1: Predicted vs. Verified Drag Coefficients and Descent Velocities 

 Predicted 
Cd 

Verified 
Cd 

Predicted Descent 
Velocity 

(ft/s) 

Verified Descent 
Velocity 

(ft/s) 

Main Parachute 1.4 2.39 13.94 13.51 

Drogue Parachute 0.98 0.89 97.71 73.12 
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Table 3.3.4.3-2: Modules and respective terminal velocities and kinetic energies 

Launch Vehicle 
Module 

Module 
Description 

Mass 
(slugs) 

Aeff 

(ft2) 

Terminal Kinetic 
Energy 
(lbf -ft) 

Module 1 Nose Cone and 
Payload Bay 0.332 78.54 14.06 

Module 2 Recovery Bay 0.357 78.54 16.24 

Module 3 Observation Bay 
and Motor Bay 0.752 78.54 72.04 

 
 
3.3.5 Transmitters 
 
The transmitters chosen to be utilized the rocket’s location are Eggfinder GPS and Trackimo. The 
Eggfinder GPS system uses a 900 MHz band to send and receive data and will be used as the 
primary GPS unit.  The Trackimo GPS will be used as the redundant unit and utilizes both GSM 
and GPS networks to share positioning coordinates.  
 
The Eggfinder GPS unit transmits position updates with latitude and longitude coordinates with 
an update rate of once per second.  It operates on a 900 MHz ISM band, with a maximum 
transmission output of100 mW. Eggfinder has an 8,000-ft. range, with a clear line of sight, the 
range can extend to nearly 16,000-ft. The Eggfinder has an operating power draw of 70-100 mA. 
The Trackimo utilizes the US 850 CLR and 1900 PCS A-F MHz bands. Within those bands the 
system uses 871.4 - 891.6 MHz in an increment of 0.2 MHz and 1932.4 - 1987.6 in an increment 
of 0.2 MHz. The maximum transmission power for the Trackimo is 500 mW, which is the typical 
max output for a class 2 cell phone.  
 
 
3.3.6 Recovery System Sensitivity 
 
The recovery systems electronics, comprised of main and redundant altimeters and GPS units are 
not exceptionally sensitive to electromagnetic interference, or EMI. The system utilizes a 
barometer and not an electromagnetic sensor. E-matches are not incredibly sensitive to low levels 
of EMI, but rather require substantial voltage to cause a disturbance. To drastically reduce any 
interference to the recovery system from onboard electronic devices, the GPS unit found in the 
recovery system has been grounded to the body of the launch vehicle. The Blue Tube body of the 
rocket presents very low levels of conductivity, signifying that the electromagnetic fields created 
by the recovery bay electronics will not carry enough current to bypass the recovery bay body 
tube. The received data from the recovery bay electronics will not experience any interference 
from the electronics power output. 
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3.4 Mission Performance Predictions 
 
 
Mission Performance Criteria: 
 
The mission performance was defined by the as-built launch vehicle’s ability to perform beyond 
mission requirements and is based on the allowable range of values defined by the team. A high 
performance and effective launch vehicle will be characterized by a minimal difference between 
target and actual peak altitudes, optimal stability margin, minimal ground impact velocity, drift 
distance, safe landing, and delivery and protection of the payload experiment. The performance 
criteria for this project is outlined in Table 3.4-1. 
 

Table 3.4-1: Performance criteria descriptions and success range. 

Performance 
Criteria 

Description Goal/Allowable Range for Success 

Peak altitude Reach a target peak altitude of 
5,280 feet 

Minimize altitude difference 
from target peak altitude. 
Allowable range: ±75 feet 

Stability Margin The center of gravity must be 
located forward of the center of 
pressure to provide a stable 
flight. 

The CG and CP will be optimized 
so that static margin is in range: 
2 caliber < SM < 3 calibers 

Kinetic Energy 
upon ground 
impact 

Each independent section of the 
launch vehicle must withstand 
maximum impact kinetic energy of 
75 ft-lbf so that there will be no 
damage to the structure or any 
internal components. 

Minimize the ground approach 
velocity: 0 ft/s < Velocity < 20 ft/s 

Horizontal Drift 
Distance 

The distance between the 
launch pad and each individual 
section must not exceed a drift 
distance of 2,500 feet. 

Minimize the distance: 

0 ft. < Drift distance < 2,500 ft. 

Launch Vehicle 
Ease of Assembly 

The launch vehicle shall be 
capable of being prepared for 
flight at the launch site within 4 
hours, from the time the Federal 
Aviation Administration flight 
wavers opens. 

Modular design of the launch vehicle 
sections, where assembly only requires 
fastening of each module with shear 
pins. 
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Recovery System 
Fire Safety 

Both parachutes must be able to 
with stand fire hazard generated by 
activation of the ejection 
charges. 

Both parachutes will be wrapped in fire 
retardant Nomex blankets. 

Launch Vehicle 
Structural 
Robustness 

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

The launch vehicle will be designed to be 
structurally robust with reasonable 
factors of safety. 

Recovery System 
Redundancy 

The recovery system must have 
redundant altimeters and 
ejection charges. 

The recovery system will be built with 
duplicate systems to prevent recovery 
system failure. 

 

3.4.1 Flight Profile Simulations 

OpenRocket was used to simulate and analyze the flight profiles to verify that all requirements 
were met by the current design. Trajectories were analyzed at wind speeds of 0, 5, 10, 15, and 20 
mph. Tables 3.4.1-1 to 3.4.1-5 display the results of the varying simulations, in ascending order of 
velocity. 

Table 3.4.1-1: Flight Trajectory Results at 0 mph 

Velocity 
Off Rod 

(ft/s) 

Apogee 
(ft) 

Optimu
m Delay 

(s) 

Max 
Velocity 

(ft/s) 

Max 
Acceleratio

n (ft/s2) 

Time to 
Apogee 

(s) 

Total Flight 
Time (s) 

71.7 5330 15.5 630 236 18.6 144 

 
Table 3.4.1-2: Flight Trajectory Results at 5 mph 

Velocity 
Off Rod 

(ft/s) 

Apogee 
(ft) 

Optimu
m Delay 

(s) 

Max 
Velocity 

(ft/s) 

Max 
Acceleratio

n (ft/s2) 

Time to 
Apogee 

(s) 

Total Flight 
Time (s) 

71.7 5315 15.5 630 236 18.6 144 

 
Table 3.4.1-3: Flight Trajectory Results at 10 mph 

Velocity 
Off Rod 

(ft/s) 

Apogee 
(ft) 

Optimu
m Delay 

(s) 

Max 
Velocity 

(ft/s) 

Max 
Acceleratio

n (ft/s2) 

Time to 
Apogee 

(s) 

Total Flight 
Time (s) 

71.7 5285 15.4 629 236 18.6 143 
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Table 3.4.1-4: Flight Trajectory Results at 15 mph 

 
Velocity 
Off Rod 

(ft/s) 

Apogee 
(ft) 

Optimu
m Delay 

(s) 

Max 
Velocity 

(ft/s) 

Max 
Acceleratio

n (ft/s2) 

Time to 
Apogee 

(s) 

Total Flight 
Time (s) 

71.7 5226 15.3 628 237 18.5 142 

 
 

Table 3.4.1-5: Flight Trajectory Results at 20 mph 

Velocity 
Off Rod 

(ft/s) 

Apogee 
(ft) 

Optimu
m Delay 

(s) 

Max 
Velocity 

(ft/s) 

Max 
Acceleratio

n (ft/s2) 

Time to 
Apogee 

(s) 

Total Flight 
Time (s) 

71.7 5159 15.1 627 238 18.4 141 

 
 

Using the above data, it was determined that the maximum altitude for each case was slightly 
above Requirement 2.1’s altitude of 5280 ft with the exemption of the 15 and 20 mph wind cases. 
At 15 and 20 mph, they fell slightly below the 5280 ft requirement. Since these results fall within 
a reasonable range of Requirement 2.1, they can still be considered valid since OpenRocket 
simulations assume ideal flights. It is unlikely that an actual launch will have perfect conditions. 
Since the launch rail was simulated at the 12-foot length, the exit rail velocity was calculated at 
71.7 ft/s, exceeding the requirement of obtaining a launch vehicle exit rail velocity greater than 52 
ft/s. Additionally, it can be noted that wind velocity did not have a great impact on the flight profile 
due to the launch vehicle’s high stability margin of 3.02 cal. One of the only concerns of simulation 
at this moment is a high vertical acceleration on flight, seen at launch. 

 

3.4.2 Altitude Predictions  

To verify the rocket design values and to meet the needed apogee of Requirement 2.1, an 
OpenRocket model was made for the simulation as shown in Table 3.4.2-1. According to the full 
scale OpenRocket model, the drag coefficient value of the launch vehicle is 0.43. This value makes 
sense due to values obtained by previous teams. Using the current estimates of the vehicle’s 
dimensions and weight, the OpenRocket model calculates a maximum apogee of 5330 ft.  This 
altitude exceeds that of Requirement 2.1 to allow for conditions not present in OpenRocket’s ideal 
flight profile.  
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Table 3.4.2-1: OpenRocket Predicted Altitudes 

Model Altitude (ft) 

OpenRocket 5330 

Actual Altimeter Reading  5454 

Difference (%) 2.27% 
 

The OpenRocket Model predicts at ideal conditions, a max altitude of 5330 ft. However, the 
OpenRocket program has historically been known to underestimate such altitude predictions in the 
team’s heritage of using the program. Therefore, it is reasonable to assume that the OpenRocket 
model proves that the target apogee will be met. Compared to the value of the actual full-scale 
rocket apogee versus the OpenRocket model, the relative difference to the actual readings is 
approximately 2.3%. During actual testing, a ballast weight of 4 lbs. was added to the rocket to 
increase the rocket’s probability of achieving the Requirement 2.1’s altitude requirement as closely 
as possible. 

 

3.4.3 Component Weights 

The final mass of the rocket was measured on a digital scale. Additionally, the components were 
measured individually. The overall mass of the rocket can be seen in Table 3.4.3-1 where each 
module was weighed on its own.  
 

Table 3.4.3-1: Overall Mass of the Launch Vehicle 

Components Brief Description Mass (lbs.) 
Module 1 Nose Cone and Payload Bay 10.7 
Module 2 Main/Drogue Parachute Bays and 

Recovery Bay 11.5 

Module 3 Observation Bay and Motor Bay 24.2 
Total Mass: 46.4 

 

A detailed list of each component is shown in Table 3.4.3-2 to Table 3.4.3-4. Each of these lists 
were continuously updated throughout the entire build to keep track of the total mass of the rocket. 
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Table 3.4.3-2: Mass of the Components in Module 1 

Item Mass per item 
(lbs.) Quantity Mass (lbs.) 

Nose Cone 3.688 1 3.688 
Blue Tube 2.0 Airframe 2 1 2.000 
Blue Tube 2.0 Coupler 0.5 1 0.500 
Zinc-Plated Steel U-bolt 0.16 1 0.160 
Alloy Steel Hex Flat Head Screw 0.025 3 0.075 
Cast Iron Hollowed Bulkhead 2 1 2.000 
Routing Eye bolt 0.01 1 0.010 
Acrylic Sheet 0.02 1 0.020 
Nylon Shear Pins 0 20 0.000 
Hex Nut 0.09 4 0.360 
Stainless Steel Washers 0 8 0.000 
Pi Zero 0.0198 1 0.020 
SD Card 0.0044 1 0.004 
XBee Shield  0.01122 1 0.011 
GPS Module 0.01782 1 0.018 
Circular Polarized Antenna 0.0198 2 0.040 
Solar Panel (PLA) 0.0198 4 0.079 
Micro Servo 0.0198 2 0.040 
Motor/Gear Drive 0.44 1 0.440 
Track and Wheel Set 0.22 1 0.220 
Torsion Spring 0 2 0.000 
Battery Pack 0.2 2 0.400 
GPIO Pin Header 0 1 0.000 
Frame 0.088 1 0.088 
Steel Balls (100pk) 0.066 1 0.066 
Lithium Grease 0 1 0.000 
Bolts/Nuts 0.022 1 0.022 
Printed PLA Parts 0.44 1 0.440 
Nose Cone 3.688 1 3.688 
Blue Tube 2.0 Airframe 2 1 2.000 
Blue Tube 2.0 Coupler 0.5 1 0.500 

Total Mass 10.701 
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Table 3.4.3-3: Mass of the Components in Module 2 

Item Mass per item 
(lbs.) Quantity Mass (lbs.) 

StratoLogger CF 0.02 2 0.040 
9 Volt Batteries 0.1 2 0.200 
Eggfinder mini TX 0.04 1 0.040 
Trackimo GPS 0.05 1 0.050 
Drogue Parachute 0.125 1 0.125 
Main Parachute 2 1 2.000 
Shock Cords 3.19 1 3.190 
Quick Links 0.08 4 0.320 
Birch Plywood 0.5 2 1.000 
Alloy Steel Hex Flat Head Screw 0.025 12 0.300 
Blue Tube 2.0 Airframe 3.5 1 3.500 
Threaded Rods 0.37 2 0.740 

Total Mass 11.505 
 

Table 3.4.3-4: Mass of the Components in Module 3 

Item Mass per item 
(lbs.) Quantity Mass (lbs.) 

Pi V2 Camera 0.00748 1 0.007 
Motor Tube 0.63 1 0.630 
Motor Retainer 0.26 1 0.260 
Motor Casing 3.313 1 3.313 
L1420R Motor 8.71875 1 8.719 
Fins 1.09 3 3.270 
Birch Plywood 0.5 6 3.000 
Alloy Steel Hex Flat Head Screw 0.025 9 0.225 
Rail buttons 0.02 1 0.020 
Zinc-Plated Steel U-bolt 0.16 1 0.160 
10% Ballast 4 1 4.000 
Avionics Housing 0.6147 1 0.615 

Total Mass 24.219 
 

 

3.4.4 Motor Selection and Actual Motor Thrust Curve 

The Aerotech L1420 has a motor thrust curve that can accelerate the launch vehicle to the target 
altitude of 5280 ft. As shown below in Figure 3.4.4-1, there is an initial acceleration to a peak 
thrust Newtons. Afterwards, the motor experiences a gradual increase after 0.5 seconds. It reaches 
a maximum thrust of approximately 1625 Newtons. For the remaining two seconds, the motor 
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gradually decreases to 1200 Newtons and tapers to 0 Newtons in the last quarter of a second to 
MECO. Table 3.4.4-1 further describes the Aerotech L1420 performance parameters.  

 

 

Figure 3.4.4-1: Aerotech L1420 Thrust Curve 

 

Table 3.4.4-1: Aerotech L1420 Performance Parameters 

Propellant Weight 5.644 lb 

Motor Weight 10.057 lb 

Peak Thrust 407.803 lb 

Average Thrust 319.229 lb 

Total Impulse 1034.796 lb-s 

Burn Time 3.20 s 
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3.4.5 Stability Margin 

Stability Margin (SM) is defined as the distance between the Center of Gravity (CG) and Center 
of Pressure (CP), measured in calibers, which is equivalent to the maximum body diameter of the 
launch vehicle. As such, the stability margin is pivotal as it ensures that the launch vehicle will 
stay in flight without tumbling, tilting, or spinning in an undesired flight path. Although an 
approximate 10-inch length-to-diameter ratio would assume a stability margin of 1 to 2 calibers, 
the team’s rocket will likely assume a larger caliber (closer to 2.0 calibers) as it exceeds the 
approximate 10-inch length-to-diameter ratio. Since the launch vehicle is considerably long 
compared to its radius, a large moment arm between the CP and CG locations is necessary to 
stabilize the launch vehicle, and prevent body lift forces from weather-cocking, which is also why 
the stability range is higher for our launch vehicle.  

Based off the team’s OpenRocket stimulation, the derived Center of Gravity and Center of Pressure 
locations are 77.17 inches from the nose tip and 96.06 inches also from the nose tip, respectively, 
with a resultant distance of 18.89 inches between the two locations. By dividing the distance 
between the center of gravity and center of pressure (18.89 inches) by the launch vehicle’s outer 
diameter (6.16 inches), produces the quotient of 3.07, which is gives the team the stability margin 
of 3.07 calibers, as denoted by the red dot in Figure 3.4.5-1 shown below. 

 

 

Figure 3.4.5-1: Indication of the Stability Margin, the distance between Center of Gravity 
and Center of Pressure locations. 

     

All weight changes to the launch vehicle proceeding the Conceptual Design Review (CDR) will 
be properly accounted for and updated to OpenRocket to ensure the stability margin does not 
exceed 3 calibers or fall below one diameter of the launch vehicle.  Upon reviewing the videos 
taken from the full-scale launch, the team concluded that our leading rocket had no issues with 
stability or weather-cocking, even with wind conditions of 10 mph.  
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Table 3.4.5-1: Representation of the OpenRocket values versus Hand Calculated values. 

Stability Margin  

(OpenRocket) 

3.04 Calibers 

Stability Margin  

(Hand Calculations) 

3.07 Calibers 

Percent Difference .03 % 

 

Center of Gravity: 

To minimize the discrepancies or errors, two methods were used to obtain center of gravity. The 
first method calculates the center of gravity using OpenRocket, which accounts for the real-time 
center of gravity analysis.  The second method will be carried out by hand calculations. The 
emphasis on the distribution of weight, proper location, and total length is important to ensure the 
center of gravity is ahead of the center of pressure. Adjustments made the rocket that will have a 
miniscule effect on center of gravity will be when the motor burns out and if that weight 
disintegrate, center of gravity will rise, causing a rise in stability margin. As previously mentioned, 
this presented a slight change in Center of Gravity than what OpenRocket had simulated for 
subscale model, but the change will not be significant to roll out OpenRocket values and are still 
acceptable.     

Derived from the team’s OpenRocket model the center of gravity taken from the tip of the nose 
cone was reported to be 77. 17 inches, as denoted by Figure 3.4.5-1 shown below. To verify this 
method, the center of gravity proposed to us by OpenRocket were measured from the launch 
vehicle.  

 

 

Figure 4.4.6-1: Visual diagram of the team’s leading model’s center of gravity 
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For every section of the launch vehicle, there is a given detailed estimated weight, denoted as wi, 
which was calculated by weighing out each sub-component and summing them to find an overall 
weight. The centroid, denoted as xi, was then estimated using the longitudinal axis of the leading 
launch vehicle. By multiplying the centroid of each component's axis by its respective weight, a 
moment is produced. The summation of each component's moment is then divided by the total 
weight of the launch vehicle. This equation provides for us equation 3.4.5-1, as shown below. 

 

 

The team will assume that all masses are centered for simplicity until further notice and 
confirmation upon building the full-scale model. By inputting the values produced from the team’s 
leading model and measuring the CG it can be deduced that the center of gravity is 67.0 inches 
with 10.17 % difference. These values verify the methods utilized to produce these values.  

Table 4.4.6-2: OpenRocket-calculated and hand-calculated values 

Center of Gravity (OpenRocket) 77.17 Inches 

Center of Gravity (Measured) 67.0 Inches 

Percent Difference 10.17 %  

 

At burnout, the CG will be around 75 inches. 

 

Center of Pressure: 

The center of pressure of the team’s launch vehicle is the point at which air pressure forces are 
concentrated. In reference to the team’s launch vehicle, careful consideration of the fin design and 
dimensions, along with the geometry of the aerodynamic sections were considered to ensure that 
the center of pressure fails under the desired stability. The figure below depicts the center of 
pressure denoted by the red dot shown as such: 
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Figure 3.4.5-3: Visual diagram of the Center of Pressure for the team’s leading design. 

 

The James Barrowman equations were used to calculate center of pressure. To execute 
Barrowman’s equation, sectionalized analysis of individual components (the nose cone, separate 
body sections, and fins) were utilized, along with the theory of moments to derive the total normal 
force of the launch vehicle. The overall center of pressure for the launch vehicle is calculated by 
multiplying the coefficient of pressure by the respective components center of pressure.  

In application of the Barrowman’s equations to our launch vehicle, the team must fly with small 
angles of attack in the subsonic regions to coincide with the equation used to calculate center of 
pressure. First, denoting the tip of the nose cone as the origin where x equal zero, begin to increase 
the values of x as they move from the nose tip towards the tail end of the launch vehicle. The initial 
calculation for the tam’s center of pressure is for the elliptical nose cone. This is determined by 
computing the volume enclosed by its surface and divide the volume by the cross-sectional area 
of the elliptical nose cone diameter; this resultant value will give the length equal to the distance 
from the origin of the component’s relative center of pressure. Because the team’s leading design 
has an elliptical geometry, the location for center of pressure can be approximated to a third of the 
overall nose cone length. From this information, the center of pressure location was calculated to 
be 96.06 inches from the tip of the nose cone.  

To calculate the center of pressure for each fin, the following procedure is used: find the coefficient 
of normal force at a single fin, expressed below by equation 2 of 3.4.5: 
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The center of pressure was located to be 96.06 inches from the origin. In comparison to the 
OpenRocket which gives the center of pressure to be 96.06 inches, the percent difference between 
the two points is 1.83 %. The table below indicates these confirmed values. 
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Table 3.4.5-3: Summary for Center of Pressure results 

Center of Pressure (OpenRocket) 96.06 Inches 

Center of Pressure (Hand Calculation) 97.89 Inches 

Percent Difference 1.83 % 

 

3.4.6 Kinetic Energy 

To meet requirement 3.3, All independent sections of the launch vehicle must have less than 75 
ft-lbf of kinetic energy at landing. The kinetic energy of each section can be calculated using the 
following formula: 

𝐾𝐾𝐾𝐾 = �1
2
�𝑚𝑚𝑣𝑣2                                                                (Eqn 1) 

The kinetic energy of the sections is shown in Table 3.4.6-1 

Table 3.4.6-1 Kinetic Energy during Key Phases 

Section and Weight Kinetic Energy (ft lbf) 
KE during Drogue Deployment (V=97.72 ft/s) 

Nose Cone and Payload Bay (10.7 lbs) 1587 
Main/Drogue Parachute and Recovery Bay 

(11.5 lbs) 
1705 

Observation and Motor Bay (24.22 lbs) 3591 
 

KE during Main Deployment (V= 13.94 ft/s) 
Nose Cone and Payload Bay (10.7 lbs) 32.1 

Main/Drogue Parachute and Recovery Bay 
(11.5 lbs) 

34.7 

Observation and Motor Bay (24.22 lbs) 73.1 
As shown in the table above, the launch vehicle meets requirement 3.3.  

 

3.4.7 Drift Calculations 

Requirement 3.9 states that the recovery radius must not exceed 2500 ft. Vector analysis will be 
used to verify that the design will meet the requirement. Assumptions made with this model 
include: drogue deploys at 5280 ft, the launch vehicle descent velocity vector is purely vertical, 
and the wind velocity vector is purely horizontal. This can be seen in Figure 3.4.7-1. 
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Figure 3.4.7-1 Vector Addition of Descent Velocity and Wind Velocity 

The drift radius is dependent on how long the rocket stays in the air. There are two periods of 
interest when analyzing: the period from apogee to main deployment and the period from main 
deployment to touch down. The time from apogee to main deployment can be calculated with the 
following equation:  

Tapogee to main = Hapogee - Hmain deploymentVdrogue                           (Eqn. 3.4.7-1) 
Where,  
Hapogee is the apogee altitude,  
Hmain deployment is the main deployment altitude,  
Vdrogue is the descent rate with the drogue chute deployed.  
 
The time from main deployment from touchdown can be calculated with the following equation:  

Tmain to touchdown = Hmain deploymentVmain                                 (Eqn. 3.4.7-2)  
Where,  
Vmain is the descent velocity with the main parachute deployed.  
 
The drift distance can then be easily calculated by multiplying the horizontal wind velocity with 
the total time spent in air:  

Drift radius = Vwind(Tapogee to main +Tmain to touchdown )              (Eqn. 3.4.7-3) 

 

Table 3.4.7-1 Drift Distance vs Wind Velocity  

Wind Velocity (mph) Drift Distance (ft) 
0 0 
5 621.7 
10 1243 
15 1865 
20 2487 

 
Where: 
Hapogee = 5280 ft  
Hmain deployment = 500 ft  
Vdrogue= 97.71 ft/s  
Vmain = 13.94 ft/s   
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3.4.8 Data Verification  

To ensure that the rocket design values that were calculated in the OpenRocket model are valid 
and meet the Requirement 2.1, an additional MATLAB script was formulated for the simulation 
as shown in Table 3.4.8 – 1. The MATLAB model assumes that there is no wind, the trajectory of 
the launch vehicle flies at a perfect 90-degree trajectory and uses the same CD as calculated in the 
OpenRocket model.  

Table 3.4.8-1: MATLAB Predicted Altitudes 

Model Altitude (ft) 

MATLAB Script 5748 

Actual Altimeter Reading  5454 

Closest Difference (%) 5.4 % 
 

As shown, the MATLAB simulation reached a maximum altitude of 5874 ft. Compared to the 
value of the actual full-scale rocket apogee versus the MATLAB model, the relative difference to 
the actual readings is a 5.4% percent difference. Since this model was used to solely verify that 
the OpenRocket is within the same magnitude for the apogee, the MATLAB model is valid.  

  
3.5 Full Scale Flight Test Results 
 

3.5.1 Launch Day Conditions 

 
The launch vehicle was launched on February 17th, 2018 at the Mojave Desert using the Friends 
of Amateur Rocketry site. The temperature was 65 degrees Fahrenheit with minimal wind at 6 
mph and clear skies. The second launch was on February 24th at Mojave Desert Advanced 
Rocket Society (MDARS). The conditions of the launch site at the time of launch were cloudy, 
winds averaging to about 12 mph, and temperatures of 57 degrees Fahrenheit.  

 

3.5.2 Simulation 

The values of the launch flight conditions for the second flight were input into OpenRocket and 
the rocket’s flight was simulated. A windspeed of 12 mph was used along with a temperature value 
of 57 degrees Fahrenheit and a pressure of 30 inHg. The OpenRocket simulation estimated the 
rocket to have an apogee of 5137 feet.  
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3.5.3 Full Scale Flight Test Analysis 
 

3.5.3.1 Predicted Flight Model vs. Actual 
 
To predict the apogee of the full-scale launch vehicle, a MATLAB program was created, which 
calculates the altitude of the launch vehicle using its mass, cross-sectional area, and drag 
coefficient. The burn time of the motor and the force produced by the motor, which is the average 
of the motor’s maximum thrust and average thrust, are also used. This program can be seen below 
in Figure 3.5.3.1-1. 
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Figure 3.5.3.1-1 MATLAB Program to Calculate Altitude 

 

Using flight data from the altimeters on the subscale launch vehicle and OpenRocket simulations, 
a drag coefficient of 0.59 was predicted for the full-scale launch vehicle. This value was used to 
create the predicted flight model using the MATLAB program used to calculate altitude. Figure 
3.5.3.1-2 shown below is a plot of the predicted and actual altitudes at various time values until 
the launch vehicle reaches its maximum altitude. 

 

Figure 3.5.3.1-2 Predicted and Actual Altitude vs. Time 
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From the plot, the flight model simulates the altitude of the launch vehicle accurately with the 
predicted drag coefficient. The actual maximum altitude obtained from the altimeters on the full-
scale launch vehicle is 5460 feet. This value is slightly higher than the predicted maximum altitude, 
which was 5017.5 feet. The percent error between the predicted and actual maximum altitudes was 
8.82%. 

 

3.5.3.2 Drag Coefficient Estimate 

Using the data obtained from the altimeters on the full-scale launch vehicle, the actual drag 
coefficient was calculated. This was accomplished by producing a MATLAB program which uses 
the launch vehicle’s mass, lateral surface area, and the altitude data from the altimeters to calculate 
a drag coefficient. Figure 3.5.3.2-1 shows the code used to produce this program. 

 

 

Figure 3.5.3.2-1 MATLAB Program to Calculate Drag Coefficient 
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Since two altimeters were used to collect flight data, two drag coefficients were calculated for the 
launch vehicle. The values of these drag coefficients were 0.3856 and 0.4032. These values were 
then used in the MATLAB program used to calculate altitude. The drag coefficient that allowed 
the program to simulate the actual flight of the launch vehicle with the least amount of error was 
selected as the actual drag coefficient. Therefore, the drag coefficient with a value of 0.4032 was 
estimated to be drag coefficient of the launch vehicle. The drag coefficient predicted from flight 
data of the subscale launch vehicle test and OpenRocket simulations was 0.59. As a result, the 
percent error between the predicted and actual drag coefficient is 31.66%. 

 

3.5.3.3 Post-Flight Simulation 

Using flight data from the full-scale launch vehicle test, a drag coefficient 0.4032 was calculated 
using a MATLAB program. This drag coefficient was then used in the MATLAB program used 
to calculate altitude. Figure 3.5.3.2-2 below is a plot of the flight model altitude with a drag 
coefficient of 0.4032 and the actual altitude at various time values until the launch vehicle reaches 
its maximum altitude. 

 

 

Figure 3.5.3.2-2 Model Altitude and Actual Altitude vs. Time 
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The maximum altitude of the flight model was 5622 feet. Therefore, the percent error between the 
flight model altitude and the actual altitude is 2.88%. This demonstrates that the flight model can 
accurately simulate the launch vehicle, and that the drag coefficient can be calculated accurately 
with flight data from the altimeters on the launch vehicle. 

 

3.5.3.4 Full-Scale Flight Results vs. Subscale Flight Results 

The flight results of the subscale launch test were useful in creating the MATLAB programs used 
to predict the flight results of the full-scale launch test and the drag coefficient of the full-scale 
launch vehicle. Figure 3.5.3.4-1 below is a plot with the altitudes of the subscale and full-scale 
launch vehicles at various time values until both vehicles reach their maximum altitudes. 

 

 

Figure 3.5.3.4-1 Subscale and Full-Scale Altitude vs. Time 

 

Important results of both launch vehicle tests are presented in the Table 3.5.3.4-1. The table 
contains the maximum altitudes of each launch vehicle and their calculated drag coefficients, 
obtained from altimeter data. 
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Table 3.5.3.4-1 Subscale and Full-Scale Launch Vehicle Results 
 

Subscale Launch Vehicle 

 

Full-Scale Launch Vehicle 

Maximum Altitude 4313 ft. 

 

5460 ft. 

Drag Coefficient 0.64 

 

0.4302 

 

The maximum altitudes of the launch vehicles are significantly different, and so are their drag 
coefficients. From the table, the subscale launch vehicle has a larger drag coefficient, which is why 
its maximum altitude is less than that of the full-scale launch vehicle. The launch day conditions 
for both launch vehicles were also different. During the subscale launch test, there were partly 
cloudy skies, the wind speed was 16 miles per hour, and the temperature was 59 degrees 
Fahrenheit. There were sunny skies, the wind speed was 12 miles per hour, and the temperature 
was 47 degrees Fahrenheit during the full-scale launch test. A similarity between both launch 
vehicles is that calculations predicted that both were stable, and this was confirmed during their 
corresponding launch tests.  

 

4.0 Payload Design 
 
4.1 Payload Design Changes 

The changes to the payload include the addition of a 9-volt battery to power the Raspberry Pi CPU. 
Using a dedicated power source for the RPi, and another for the servos, motor and GPS module 
ensures all items obtain the required power to function properly. The GPIO pins on the RPi can 
only provide 50 mA, which is too low to function the servos and motor. This also eliminates the 
possibility of harming the RPi from back EMF without the use of a more complicated circuit board. 
The 9-volt source is stepped down to 5-volts using a voltage regulator. 

A push button has been added to function as a power switch to the RPi. This allows the rover to 
be turned on from the outside of the launch vehicle after it has been secured for flight. A small 
hole will be drilled into the payload bay body tube to allow access to the power button. The 
addition of this button prevents power drainage during the launch vehicle assembly and prep, and 
when pending lunch.  

Due to the results of the distance tests not resulting in a successful signal transfer at 3000 ft., a 
third Xbee transceiver has been added to the mesh network. The third module will act as a router 
to relay the signal from the ground station to the rover. It will be housed inside the payload bay 
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and be powered by its own power source. This module will also make use of a high gain antenna 
(matching the one used on the ground station). This addition allows for the distance of high gain 
antennas, while still removing the large antenna on the rover itself, which is a volume constraint. 
This also ensures requirement 4.5.2 is meet.  

 

4.2 Payload design features 

The payload is made up of three subsystems to ensure a successful mission. These subsystems are 
known as the Pendulum system (SPOC), Solar panel deployment system, and rover referred to as 
DARIC. Each subsystem mentioned provides a specific function so that when integrated together 
properly will make up the entire Payload. The Pendulum system secures DARIC during flight and 
ensures it is deployed in the correct orientation once the rocket lands. The Solar Deployment 
System, which will be referred to as SPD from this point on, deploys the solar panels at the end of 
the mission for charging DARIC. DARIC runs autonomously throughout the mission and 
consistently communicates with the ground station. Each subsystem key design features will be 
discussed in more detail throughout this section.  

 

Deployment System (SPOC): 

The rover (DARIC) will be deployed from the System Protection and Orientation Correction 
(SPOC) system. The SPOC system provides a carriage to secure DARIC in place during flight and 
prevents it from rotating as to provide stability to the launch vehicle. Once the main parachute is 
deployed, a locking pin that is tethered to the parachute will be pulled out allowing the system to 
freely rotate. The carriage system is designed to hug DARIC to secure it into place. It is locked 
onto the carriage via a servo on DARIC itself, which is disengaged upon landing. When the launch 
vehicle lands, the weight of DARIC will drive the SPOC system to rotate so that DARIC’s tracks 
are facing downward. DARIC will then be able to drive off the platform and out of the launch 
vehicle bay, where the main parachute was deployed from.  

The SPOC system provides an easy solution to ensure the rover will be able to land in the correct 
orientation and be able to exit the launch vehicle. It only uses mechanical devices providing a less 
complex and less expensive system.  

 

Solar Panel Deployment (SPD): 

The Solar Panel Deployment System is designed to deploy the solar panels using only the control 
surface provided by the rotor servo. The torsion springs are what provide the force to open the 
deployable panels and are mounted between the deployable panel and SPD pin. The rotor servo is 
the only component holding the panels down. Once the linkage is rotated out of contact with the 
solar panels, they are automatically deployed. The two main components needed to successfully 
deploy the panels are the torsion springs and the rotor servo. The main advantage of this design is 
that it provides a simple assembly that can be easily integrated to the top of the rover. 
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Rover (DARIC): 

The rover (DARIC) uses a track system, like that of a tank, to provide increased traction allowing 
it to operate on tough terrain. Its compact design allows for easy accessibility to the integrated 
components. DARIC’s unique design provides a lightweight yet sturdy product. It’s key design 
feature is its ability to accommodate and efficiently integrate each electrical component into the 
rover while minimizing the overall size.  

 

4.2.1 Structural Elements 

4.2.1.1 Rover Design 

This section will discuss the key components that are necessary to be integrated into each 
subsystem discussed in section 4.2 and the manufacturing process that goes with it.  

 

Deployment System (SPOC): 

The SPOC system will be 3D printed from PLA material. It consists of two outer rings, one inner 
ring, a carriage, and a lock pin. The carriage is secured to the inner ring by screws and is also made 
of PLA material. The only connection between the inner and outer rings are 0.25-inch steel balls. 
The steel balls are what allows the SPOC system to rotate, ensuring a successful rover deployment. 
The lock pin is also made of PLA material and is tethered to the parachute.  

 

Solar Panel Deployment (SPD): 

The SPD system will be 3D printed from PLA material. It consists of two deployable panels, a 
panel bed, four solar panels, two torsion springs, and a rotor servo. The deployable panels hold 
four AMX3d Micro Solar Cells. These are ideal solar panels because they are very inexpensive, 
small, and light-weight as the dimensions and weight are 2.09x1.181x0.1181in. and less than 0.02 
lbs. respectively. The panels operate at 5V and can produce up to 3.7V of power for recharging 
DARIC.  

 

Rover (DARIC): 

DARIC will be 3D printed from PLA material. Its design consists of two body frames and various 
electrical components discussed in section 4.2.2. The Body frames are held together by screws and 
glue. The SPD subsystem is screwed on to the top of the rover which increases its stiffness and 
weight for better traction. 
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4.2.1.2 Payload Integration to Launch Vehicle 

The payload integrates into the launch vehicle via the SPOC system. The SPOC system is bolted 
to the upper vehicle tube (module 3) with 12 3-48 standard bolts, as seen in Figure 4.2.1.2-1. The 
locking pin, Figure 4.2.1.2-2, preventing rotation during flight will be tethered to the main 
parachute by a ⅛ in. steel braided cable. Only mechanical integration will be used.  

 

Figure 4.2.1.2-1 Bolt holding SPOC system to Launch Vehicle 

 

 

Figure 4.2.1.2-2 Locking pin-side view 
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4.2.2 Rover Design: Electrical Components 

The existing electrical components to the rover system will be: two servos, one of which will be 
holding the SPD (Solar Panel Deployment system) and the other will be used to hold the rover in 
place during the duration of the flight, a single geared DC 5V motor used to propel the rover 
forward as a mission requirement, a set of XBEE shield communicators to send and receive signals 
in order to start the rover sequence, and an Eggfinder GPS module to know the location of the 
rover before, during and after its sequence.  

 

4.2.2.1 Electrical Elements 

Due to size problems with the original cylindrical battery, a 9 Volt battery has been added in place 
and will be powering the circuit board for some mechanical components. In addition, a circuit 
board will now be used to power both the Eggfinder GPS and the DC 5V motor in addition to the 
raspberry pi itself.  

 

4.2.2.2 Safety Switches and Indicators 

The electronic systems for the mission will be turned on and inserted into the payload bay of the 
team’s rocket on the day of the competition, preferably one to two hours before launch. There will 
be no safety switches connected to the Raspberry Pi or the rover in general. In terms of switches 
however, there will be one connected to the ground station to fulfill the mission requirement of 
letting the code sequence run autonomously.  

 

4.2.2.3 Drawings and Schematics 

Below in Figure 4.2.2.1-1 is an image of how the different physical components of the Rover 
system will fit together. Figure 4.2.2.1-2 is a figure portraying an electrical schematic of the rover 
system on the day of launch.  
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Figure 4.2.2.1- Drawing of mechanical and electrical components in the Rover System 

 

 

Figure 4.2.2.1-2: Mechanical and Electrical schematic 
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4.2.2.4 Block Diagrams 

The Block Diagrams shown in Figures 4.2.2-3 through 4.2.2-6 here are made to illustrate how 
certain electrical components will  

 

 

Figure 4.2.2-3 A description of how the motor will be spinning 

 

 

Figure 4.2.2-4 A description of how the servos will rotate 
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Figure 4.2.2-5 A description of how the GPS will record its data 

 

 

 

Figure 4.2.2-6 A description of how the Xbee shield will be operated 

 

4.2.2.5 Batteries and Power 

There will be two power sources used on the rover. The main power supply will be a 3.7-volt, 
5000 mAh lipo cell, which will be stepped up to a 5-volt supply. The secondary power supply will 
be a standard 9-volt battery, which will be stepped down to 5 volts by a linear voltage regulator. 
A third power source, another 3.7-volt lipo battery, will be used to power the additional Xbee 
transceiver placed within the payload bay.  
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4.2.3 Drawings and Schematics (Overall Design) 

Through many iterations of the payload throughout the design process, the final architecture for 
the payload was the DARIC rover model, as seen bellow in Figure 4.2.3-1.  

 

 

Figure 4.2.3-1: Fully Assembled Rover in English Units 

 

This design is compact while allowing for easy accessibility to the components. The entire frame 
of the rover, seen in Figures 4.2.3-2 and 3, is constructed of 3D printed PLA, allowing for a 
lightweight yet sturdy design. Mounted on top of the rover is the Solar Panel Deployment System 
(SPD) as seen in Figures 4.2.3-4 and 5. The system is held shut by a rotary servo located in the 
back of the rover and when released opens two panels on either side of the main panel attached to 
the rover. 
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Figure 4.2.3-2: DARIC frame – Port side in English units 

 

 

Figure 4.2.3-3: DARIC frame – Starboard side in English units 
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Figure 4.2.3-4: SPD Main Base Plate in English Units 

 

 

Figure 4.2.3-5: SPD Side Panels in English Units 
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Below the servo controlling the SPD is another servo as seen in Figure 4.2.3-6 which screws on to 
the frame and will hold the rover inside the SPOC system throughout the flight of the launch 
vehicle. Once the servo receives a signal from the ground station, it will release the rover from the 
SPOC system and will allow the rover to move. 

 

Figure 4.2.3-6: Rotary Servo in English Units 

Diving the entire rover is driving axel located at the front of the rover controlled by the gear motor 
seen in Figure 4.2.3-7. The driving axel will turn the main driving wheel which is intermeshed 
with tracks, which serve as the rover’s method of movement. 

 

 

Figure 4.2.3-7: Gear Motor and Driving Axel in English Units 
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The SPOC system consists of two outer rings and an inner ring, all of which are 3-D printed from 
PLA; these items can be seen in Figures 4.2.3-8 and 9. Steel balls act as the internal interface 
between the outside and inside rings, allowing the system to freely rotate under the weight of the 
rover. A platform which the rover sits on, and is locked to, is bolted to the inner ring and can be 
seen in Figure 4.2.3-10. This platform fulfills the needs of ER 4.5.1. To ensure the system can 
freely rotate under the weight force of the rover, and to meet ER 4.5.1, a mass may be bolted to 
the bottom of the platform if needed. This mass would bring the relevant CG, with respect to the 
SPOC system, within the needed range.   

 

 

Figure 4.2.3-8: Outer ring of SPOC system in English units 
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Figure 4.2.3-9: Inner ring of SPOC system in English units 

 

 

Figure 4.2.3-10: Platform of SPOC system shown in English units 
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4.3 Payload Mission Requirements Compliance 

 

REQ# Description T A D I V IP NV

DR2.0

Fastening system of rover
to the pendulum system

is required to retain
stability throughout

flight and ground impact
(resist 10 G's)

4.2.3 x
Pendulum system will have to 

endure many drop tests that may 
damage the model. 

1 2

Solar deployment system
requires a maximum of 2%

System Requirements (Derived Requirements) Verification Method

Pendulum system will undergo
series of drop tests to ensure
bolt inside the launch vehicle 

will hold, and ensure hook will
hold rover mass; test from

40 ft.

DR1.0

Battery drained and re-
charged to no more than 2%

solar pannels will then be 
commanded to deploy.

4.5 x

Design Requirements & Risk Mitigation Section Verification Details

1

Status

Conduct verifications by testing 
the exact battery intended for the 

mission.

Risk 
Level

1
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DR3.0

The CG of the rover is 
offset within the SPOC 
system by at least 40% 
of the length to achieve 
the  pendulum system

function

4.2.3 x
Conduct verifications by 

collaborating with structures team 
for an accurate analysis.

1

DR4.0

Rover must be able to 
perform all mission 

functions and remain
in standby for 3 hours 

using less than 
5000 mWh of power

4.5 x
Conduct a test to check if the 
rover in fact is able to perform 

these tasks.
1

DR5.0
Rover must be able to be
remotely activated with-

in a range of 3000 ft.
4.1 x

Conduct a test to check if the 
rover in fact is able to perform the 
commanded tasks and responses.

1

Rover will be placed 3000 ft
from the computer and 

commands will be sent to
begin movement and deploy-

ment.

Placement of the rover in 
launch vehicle will be varied 
and calculated until found to
be 40% offset from launch

vehicle CG.

1

Rover will be given maximum 
of 5000 mWh of power and
will be left in standby for 3 
hours. It will then recieve
commands to execute all 
functions. After moving at 

least 5 ft, solar panels will be
deployed. Rover must perform 

tracking through GPS and
camera.
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DR6.0
Battery must be within

dimension 1.1 inch
diameter, 2.6 inch length

4.4 x

Visual inspection and checklists. 
Before a performance test can be 

conducted, it is necessary to 
inspect the battery for visual 

defects and adjustments.

1 1

DR7.0

GPS must begin sending
data to ground station
before rover deploys
from launch vehicle.

TBA

x

Visual inspection and checklists. 
Before a performance test can be 

conducted, it is necessary to 
ensure that the GPS is working 

regardless if the payload is 
integrated or not. 

1 1

DR8.0

Create 
integrated electrical sys.
powered through single
battery so rover dim-

ensions aren't increased
past pendulum system

dimensions by 
addition of power 

source.

4.5 x
Visual inspection and checklists to  
assess the value and quality of the 

vehicle. 
1 1

DR9.0

Rasp Pi program must
run as soon as system is 
turned on without open-

ing terminal

TBA x
Visual inspection and checklists to  
assess the value and quality of the 

vehicle. 
1 1

Notes Totals 9 0 0

Battery measured and placed 
in rover frame with other

electronics to ensure fitting.

Start up time and time to 
reach nearby satellites tested

at various ranges from
ground station.

Add 9V with a voltage 
to power the pi. Large battery
will be used to power servos,

motor, and GPS. Integrate
systems and try to run.

Turn on system and iterate
code until power-on is

autonomous
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4.4 Payload Construction 

The rover mainly consists of a frame, motor, tracks, electronics, and a power source. The 
manufacturing and construction process are discussed in this section. The construction procedure 
is documented below in Figures 4.4-1 to 4.4-9 and is explained by a step by step process. The 
frame was manufactured by 3D printing PLA material. The electronics were purchased online and 
integrated into the rover by designing compartments that secure each key component. The rover 
accommodates wire connections by having spacing that allows each component access to each 
other. Design changes have been made to the rover’s frame for these main connections; like the 
motor, solar panels, and servo that are secured to the rover frame by screws. Shown in this section 
is the assembly of the rover with all designed parts already 3D printed using a Monoprice Maker 
Select. 
 

1. First begin with attaching the push button to left body frame, with respect to the rovers 
intended driving direction. Both of the rover’s body frames have small holes positioned 
throughout the frames for the axels to go through that attach the two tracks together. These 
holes are on the same face as the push button’s mounting compartment, as shown below.  

 

 
Figure 4.4-1 Isometric View: Rover frame (3D printed) 

 
2. The Raspberry Pi is then mounted onto its brackets and fastened on by screws. The 

Raspberry Pi must be oriented with the 40-pin connector pointed down for easy access 
when wiring all the electrical components and circuit board, as shown in Figure 4.4-2.   
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Figure 4.4-2 Cross-sectional Side View: Frame with Raspberry Pi fastened onto mounts 

 
3. The Xbee shield is then mounted onto the top of the Raspberry Pi by a 40-pin connection, 

as shown in Figure 4.4-3. 
 

 
Figure 4.4-3 Cross-sectional View of Rover: Raspberry Pi with Xbee shield 

 
4. The next step is to mount the rotor servo onto its compartment by passing the wire 

connection through the open hole and fasten it by screws, so it is secure onto the rover body 
frame. Mount the motor onto the body frame and secure it by nuts and bolts. After placing 
the batteries onto their intended compartments, the rover body frame should be as shown 
in Figure 4.4-4. 
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Figure 4.4-4 Cross-sectional View of Rover: all electrical components are secured 

 
5. Now that all the electrical components are secured to the left body frame, the next step is 

to secure the right body frame onto the left frame forming the rover. The right body frame 
is secured and stiffened by the screws needed to integrate the electrical components, as 
shown in the Figure 4.4-5. The 9V battery compartment is designed for easy access to 
replace dead batteries.   
 

 
Figure 4.4-5 Top View: Assembled Rover body frame 

 
6. The SPD system has a servo screwed near the bottom as shown in Figure 4.4-6(a) and 

Figure 4.4-6(b) shows how the solar panels are later configured into the system. The servo 
controls the locking pin (also screwed on), the movement of the pin allows the frame to 
open exposing the solar panels. This servo also connects to the Raspberry Pi for controlled 
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output. Once the SPD system is screwed to the top of the rover, begin assembling tracks 
by running the axels through the frame as shown in Figure 4.4-7.  

 
 

 
Figure 4.4-6 (a) Top view of closed solar panel frame (3D printed).  (b) Solar panels 

attached in open frame. 
 
 

 
Figure 4.4-7 Isometric View: integrated SPD system  

 
7. Now that all the electrical components and subsystems are integrated onto the rover, finish 

installing the track system so that the final assembled product is as shown in Figure 4.4-9. 
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Verify that no wire connections are interfering with the track system for smooth dynamical 
movement, as shown in Figure 4.4-8.  
 

 
Figure 4.4-8 Adjusting wire connections to avoid any track interference 

 

 
Figure 4.4-9 Assembled DARIC Rover 
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This is the 9V servo, its function is to keep rover in SPOC system throughout flight and release 
rover upon landing. 

4.5 Payload Design Selection 
Due to manufacturing and construction constraints, minor changes were made on the rover. Some 
of the mounts on the rover frame were moved around and lowered on the frame for more room to 
store electronics, which had to be done so to add another holder for the 9V. The additional power 
source avoids power loss issues, meeting derived requirement ER 4.5.2. Additional power source 
also makes the SPD required powered less of a threat to the rest of the system, making ER 4.5.4 
less of a risk than it was in the CDR. The 9V with voltage regulator will power the pi so the large 
battery can be used to power the servos, motor, and GPS. Along with that, a power button was 
added to the rover to allow the rover to be powered-on outside of the launch vehicle to reduce 
wasted time with the battery in operation unnecessarily. The additional battery was needed as 5 
electrical elements needed power and the old configuration only supplied for 4. This new 
integrated electrical system allows for validation of ER 4.5.2. In accordance with the 
rearrangement of the mounts, more mounts were also added for the GPS and power button for 
better internal stability. The SPOC system underwent a small change in width to better fit tracks 
of the rover as well.  
 

5.0 Safety 
 

5.1 Analysis of Failure Modes 
 
 5.1.1 Failure Modes and Effects Analysis 
 
Failure Modes and Effects Analysis (FMEA) charts corresponding to the launch vehicle and 
recovery system are outlined below in Table 5.1.1-2 and Table 5.1.1-3, respectively.  Table 5.1.1-
1 illustrates the scale used to categorize the FMEA analysis. Mitigations included in these charts 
contain load tests and other verification methods that the test plans in Section 7.1 go into further 
detail. FMEA are written and developed by both the Safety Officer and the team. 

 

Table 5.1.1-1: Scale for FMEA  

  Likelihood Detectability Severity 

1 Unlikely Easily Detectable Loss of system 

2 Moderately 
Likely Moderately Detectable Mission Failure 

3 Extremely 
Likely Undetectable Loss of Vehicle 

Table 5.1.1-2: FMEA for launch vehicle 
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Failure Modes 
Effect 

Analysis 
Item 

Failure 
Failure 
Mode 

Likelihoo
d 

Detectabilit
y 

Severit
y 

Tota
l 

Mitigation 

Launch 
System 

Malfunctio
n 

Launch 
aborted. 1 3 1 5  Wait to 

relaunch. 

Igniter Loose 
connection 

Launch 
aborted. 1 1 1 3 

Keep 
motor cap 
designated 
for motor 
only. 

Motor Faulty 

Critical 
failure of 
mission 

and launch 
vehicle 

structure. 

1 3 3 7 

 Buy from 
Aerotech 

Motor 
Bay 

Centerin
g Rings 

Epoxy not 
applied 
properly 

Motor bay 
is loose. 1 2 2 5 

Motor bay 
epoxied. 

Blue 
Tube 

Airframe 

Shearing at 
screw holes 

Launch 
vehicle 

separated 
at critical 

stress 
areas 

during 
flight. 

2 1 2 5 

At least 6 
screws 
bolted in. 

Zipping 
from main 
parachute 

Launch 
vehicle 

goes 
ballistic 

and 
recovery 
system 

does not 
deploy. 

2 2 3 7 

Tennis 
ball 
applied to 
shock 
cord. 

Moisture 
absorption 

Severe 
structural 

defect. 
2 1 1 4 

Water 
proof 
sealants. 
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Nosecon
e Fracture 

Drogue 
parachute 
exposed. 

1 2 1 4 

Testing, 
appropriat
e safety 
factor. 

Fins Fracture 

Launch 
vehicle 

becomes 
unstable 
during 
flight. 

1 2 2 5 

Testing, 
avoiding 
geometries 
that 
concentrat
e stress. 

U-Bolts Sheared 
bulkhead 

Launch 
vehicle 

separates 
from 

recovery 
system. 

1 2 3 6 

Bulkhead 
test and U-
bolt test. 

Motor 
Retainer 

Loosens 
and falls 

Motor 
casing and 
motor falls 
out. Motor 

goes in 
unpredicte

d 
trajectory. 

1 2 3 6 

Motor 
screws 
locked in. 

 

Table 5.1.1-3: FMEA for recovery system 

Failure Modes 
Effect 

Analysis 

Item 
Failure 

Failure 
Mode 

Likelihoo
d 

Detectabilit
y 

Severit
y 

Tota
l 

Mitigation 

Ejection 
Charge 

Charge not 
igniting. 

Parachut
e does 

not eject, 
severe 

damage 
to launch 
vehicle 
upon 

landing. 

3 2 5 10 

Placing 
multiple e-
matches 
and using 
a dual 
ejection 
system. 

Not enough 
pressure. 2 2 5 9 

Dual 
ejection 
charges 
for each 
parachute 
with a 
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stronger 
charge. 

GPS 
Electronic 
malfunctio

n 

Launch 
vehicle 
cannot 

be found. 

1 4 2 7 

Redundant
, 2 
altimeters. 

Altimeter
s 

Electronic 
malfunctio

n 

Ejection 
charges 
do not 

discharge 
at 

specified 
altitudes. 

1 4 4 9 

Redundant
, 2 GPS 
systems. 

Shock 
Cord 

Torn 
Kevlar 

Loss of 
launch 
vehicle, 
severe 

damage 
to launch 
vehicle 

and 
payload 

upon 
landing. 

1 1 5 7 

Avoid 
knotting 
Kevlar, 
sow 
Kevlar 
cords for 
optimal 
strength. 

 

 

5.1.2 Verification Methods 

Using the FMEA hazards discussed in the previous section, a chart detailing the verification 
methods for the mitigated failure modes can be seen below. 

Table 5.1.2-1: Verification Methods for Hazards 

Hazard Verification 
Method Description 

Payload Locking Pin 
Mechanism Failure Load Test 

Testing for maximum strength of pin housing and 
readjusting PLA material to ensure proper fit during 
dynamic loads.  

Payload Orientation 
Not Corrected at 

Landing 
Drop Test Ensure the SPOC system provides orientation 

correction during dynamic movements. 
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Defective Altimeter Pressure Test 
Vacuum Bagging and simulating pressure changes 
to verify corresponding changes in detected 
altitude. 

Thrust Retainer 
Screws Detach from 

Bulkhead 
Load Test Testing for maximum strength of bulkhead and 

selecting thickness with appropriate safety factor. 

Partial Parachute 
Deployment 

Pressure and 
Fitting Test 

Testing parachute packing methods and black 
powder ejection charges.  

 

5.2 Personnel Hazard Analysis 

It is imperative for a set of safety procedure to be in place for the duration of this project to reduce 
and maintain the hazards the team is actively involved with.  Many of these hazardous materials 
have the potential to pose immediate and long-term dangers to the team.  These protocols are 
organized into a holistic table that categorizes specific hazards and their respective mitigation. 
Team members must oblige with the most fundamental safety protocols, which include the use of 
safety glasses, the keeping of safe distances from explosives, and especially with being familiar 
with personal hazard analysis charts presented below.  If a situation in which a team member is 
uncertain of the proper resolution, the member must communicate and comply with the Safety 
Officer. 

It is vital for the Safety Officer to be knowledgeable of all the materials being utilized within the 
project, as well as be familiar with the official Material Safety Data Sheet (MSDS). Armed with 
this knowledge, the Safety Officer must be able to identify the equipment and their respective 
locations in the team’s work areas, as well as be able to understand their proper applications to 
properly implement and manage mitigations.  The Safety Officer must oversee all team activities 
that ensure these activities adhere to the safety protocols and regulations previously established. If 
at any point the Safety Officer deems an activity or environment hazardous or dangerous, the 
Safety Officer has the authority to halt the activity or evacuate the premise at any time and instruct 
the team to safety to prevent the possibility of additional hazards arising. After evacuation or 
termination of the activity, the Safety Officer must review the exercised procedures and determine 
whether the concern is justified.  The activity is unable to be resumed until approval is given by 
the Safety Officer.  If, after careful review, the Safety Officer deems the activity or environment 
hazardous, the Safety Officer must collaborate with the team to formulate a safe set of procedures 
to continue the activity in the future. 

Safety Compliance Procedures: 

1. Receive permission from the Safety Officer for usage of hazardous materials. 
1.1. Each team member must receive written approval from Safety Officer. 

2. Verify proper attire in lab environment. 
2.1. Closed-toed shoes must be worn at all times. 
2.2. Long hair must be tied back. 
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2.3. Clothing must not be too loose or too constricting. 
2.4. Protective gear must be worn when handling hazardous materials as instructed by the 

Safety Officer and corresponding MSDS. 
3. Ensure all participating team members are alert 
4. Prepare the work area and keep free of obstruction. 
5. Confirm that all members are aware of surroundings. 

5.1. Keep all pathways clear. 
6. Obtain and handle the hazardous materials. 

6.1. Contain all activities within the specified area. 
6.2. Be cautious of all people in surrounding area. 

7. If procedure is deemed hazardous, coordinate with Safety Officer to safely terminate the 
activity. 
7.1. Quarantine areas. 
7.2. Review and revise procedures to comply with safety protocols. 

8. Properly dispose of excess hazardous materials. 
8.1. Clean and organize lab space. 

 

This project can only be made possible with a significant amount of student building and 
manufacturing in-house.  The university has machine labs available to assist the team in 
manufacturing the required components for the launch vehicle safely and precisely. Machine lab 
access requires additional training that can only be completed through a safety training course and 
test that covers proper machining techniques and safety procedures.  This must be completed prior 
to using any university machinery.  Additional university and official safety protocols and 
procedures are listed in Table 5.2-1 and Table 5.2-2. Risk Assessment Codes (RAC) and Risk 
Levels Assessments, seen in Table 5.2-3 and Table 5.2-4, respectively, were created using the 
university and official safety protocols to describe possible risks in the project.  

 

Table 5.2-1: Likelihood definitions 

Description Qualitative Definition Quantitative Definition 

A - Frequent High likelihood to occur immediately or 
continuously Probability > 0.9 

B - Probable Likely to frequently occur 0.9 ≥ Probability > 0.5 

C - Occasional Expected to occur occasionally 0.5 ≥ Probability > 0.1 

D - Remote Unlikely to occur but reasonable to expect 
occurrence at some point in time 0.1≥ Probability >0.01 

E - Improbable Very unlikely to occur with no expect occurrence 
over time 0.01≥ Probability 
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Table 5.2-2: Severity definitions 

Description 
Personnel 
Safety and 

Health 

Facility and 
Equipment Environmental 

1 – 
Catastrophic 

Loss of Life 
or 
permanent 
injury 

Loss of facility, launch 
systems, and associated 
hardware 

Irreversible severe environmental 
damage that violates laws and 
regulations 

2 – Critical 
Severe 
injury 

Major damage to 
facility, launch systems, 
and associated hardware 

Reversible environmental 
damage causing a violation of 
law or regulation 

3 – Marginal 

Minor 
injury 

Minor damage to 
facility, launch systems, 
and associated hardware 

Minor environmental damage 
without violation of law or 
regulation where restoration is 
possible 

4 – Negligible 
Minimal 
first aid 
required 

Minimal damage to 
facility, launch systems, 
and associated hardware 

Minimal environmental damage 
without violating laws or 
regulations 

 

Table 5.2-3: Risk assessment codes 

Severity → Likelihood 
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 
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Table 5.2-4: Risk levels assessments 

Risk Levels Risk Assessments 

High Risk Highly undesirable, will lead to failure to complete the 
project. 

Moderate Risk Undesirable, could lead to failure of project and loss of 
a severe amount of competition points. 

Low Risk Acceptable, won’t lead to failure of project but will 
result in a reduction of competition points. 

Minimal Risk 
Acceptable, won’t lead to failure of project and will 
result in only the loss of a negligible amount of 
competition points. 

 

Table 5.2-5: Manufacturing procedure risk assessment 

Hazard Cause Effect 
Pre –

Mitigation 
RAC 

Mitigation Post – 
Risk 

Personnel 
injury when 
working with 
chemicals 

• Chemical 
spill/splash 

• Exposure 
to 
chemical 
fumes 

• Skin, eye, 
and lung 
irritation 

• Mild to 
severe skin 
burns 

• Lung 
damage or 
asthma 

3C – 
Medium 

• MSDS will be 
readily available in 
all labs at all 
times.  They will be 
reviewed prior to 
working with any 
chemicals 

• Gloves and safety 
glasses will be worn 
when handling 
hazardous 
chemicals 

• All personnel will 
be familiar with 
locations of safety 
equipment, 
including chemical 
showers and 
eyewash stations 

4C – 
Minimal 

Personnel 
injury when 
using power 
tools and 

• Improper 
training in 
tool and 

• Mild to 
severe cuts 
or bruises  

2C – 
Medium 

• All personnel must 
be properly trained 
in tool use 

2E – 
Low 
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hand tools, 
such as 
hammers, 
saws, and 
drills  

lab 
equipment 

• Damage to 
tools and 
equipment 

• Damage to 
launch 
vehicle and 
AGSE 
components  

 

• All personnel must 
wear safety glasses, 
gloves, and other 
PPE when using 
tools 

• Tools should be 
properly stored and 
taken care of 

• Appropriate apparel 
must be worn when 
working in lab    

Personnel 
injury and 
improperly 
manufactured 
components 
when using 
lab machines, 
such as mills, 
sanders, or 
table saws  

• Lack of 
training in 
lab 
machine 
use 

• Mild to 
severe cuts 
and bruises 

• Poorly 
fabricated 
parts 

 

2C – 
Medium 

• All personnel 
working in lab must 
receive Yellow Tag 
certification before 
using any lab 
machines 

• Personnel using 
more advanced 
machines must have 
Red Tag 
certification 

• Testing and 
validation of all 
manufactured parts 
must be done 

2E – 
Low 

 

Many materials pose hazards, including light and sever risks, such as wood and epoxy resins.  
The following chart describes the materials utilized in the project and their known hazards and 
mitigations.  Team members must be familiar with this chart to implement these preventative and 
protective measures across a wide range of situations. 

 

Table 5.2-6: Material hazards and protective measures 

# Product Chemical 
Family 

Manufacturer Hazards Protective 
Measures 

1 West 
System 
105 Epoxy 
Resin 

Epoxy Resin West System 
Inc.  

May cause skin 
irritation, eye 
irritation, and 
allergic reaction. 

Gloves, loose 
clothing, 
goggles, no 
exposed areas. 

2 West 
System 
205 Fast 
Hardener 

Amine West System 
Inc.  

Burns to eyes and 
skin; harmful if 
swallowed or 
ingested.  

Gloves, loose 
clothing, 
goggles, no 
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exposed areas, 
face gear. 

3 Alum-
inosilicate 
Fiber 
Blankets 
(TaoFibre 
Blanket) 

Ceramic Fiber 
(RCF) 

InterSource 
USA Inc.  

Prolonged exposure 
to dust may cause 
skin, eye, and 
respiratory tract 
irritation. 

Gloves, loose 
clothing, 
goggles, no 
exposed areas, 
protective 
breathing 
masks. 

4 Dan Tack 
2028 
Contact 
Spray 
Super 
Adhesive 

Aerosol 
Adhesive 

Adhesive 
Solutions Inc.  

May cause 
headaches, 
dizziness, 
unconsciousness, 
injury, and toxicity, 
skin and eye 
irritation. 

Proper 
respiratory 
equipment and 
other facial 
gear including 
goggles. 

5 West 
System 
105 Epoxy 
Resin 

Epoxy Resin West System 
Inc.  

May cause skin 
irritation, eye 
irritation, and 
allergic reaction. 

Gloves, loose 
clothing, 
goggles, no 
exposed areas. 

6 Generic 
Oriented  

Strand 
Board 
Material 

N/A N/A (MSDS 
provided by 
Structural 
Board 
Association) 

Inhalation and 
exposure to dust 
can cause dizziness, 
skin and eye 
irritation, serious 
injury, or even 
death. 

Ventilation, 
Protective 
Gloves, 
Respiratory 
Protection 

7 MTM49L 
Epoxy 
Resin 

Epoxy Resin Advanced 
Composites 
Group Inc. 

Inhalation and 
exposure can cause 
respiratory defects 
and skin/eye 
irritation, or allergic 
reaction. 

Gloves, loose 
clothing, 
goggles, no 
exposed areas. 

8 R-Matte 
Plus-3 
(Sheathing 
Insulation 
Board) 

Poly-isocyanate 
Foam 

Rmax 
Operating, 
LLC. 

May cause skin 
irritation, eye 
irritation, and 
allergic reaction; 
known carcinogenic 

Gloves, loose 
clothing, 
goggles, no 
exposed areas, 
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material (harmful in 
overexposure). 

proper 
ventilation. 

9 West 
System 
105 Epoxy 
Resin 

Epoxy Resin West System 
Inc. 

May cause skin 
irritation, eye 
irritation, and 
allergic reaction 

Gloves, loose 
clothing, 
goggles, no 
exposed areas. 

10 
Aeropoxy 
PH3630 

Modified Amine 
Mixture Aeropoxy 

May cause skin 
irritation, eye 
irritation, and 
allergic reaction. 

Gloves, loose 
clothing, 
goggles, no 
exposed areas. 

11 
Aeropoxy 
PH6228A 

Epoxy Resin 
Based Mixture Aeropoxy 

May cause skin 
irritation, eye 
irritation, and 
allergic reaction. 

Gloves, loose 
clothing, 
goggles, no 
exposed areas. 

12 
Aeropoxy 
PH6228B 

Modified Amine 
Mixture Aeropoxy 

May cause skin 
irritation, eye 
irritation, and 
allergic reaction. 

Gloves, loose 
clothing, 
goggles, no 
exposed areas. 

13 

Aeropoxy 
PH3660 

Epoxy Resin 
Based Mixture, 
Diphenylpropane 

Aeropoxy 

May cause skin 
irritation, eye 
irritation, and 
allergic reaction; 
liver, kidney 
irritation with 
overexposure. 

Gloves, loose 
clothing, 
goggles, no 
exposed areas, 
proper 
ventilation. 

14 

Aeropoxy 
PH3665 

Modified Amine 
Mixture Aeropoxy 

Skin, Eye, and 
Lung irritation with 
overexposure; 
toxicity. 

Gloves, loose 
clothing, 
goggles, no 
exposed areas, 
proper 
ventilation. 

15 

Aeropoxy 
PR2032 

Multifunctional 
acrylate Aeropoxy 

Skin, Eye, and 
Lung irritation with 
overexposure; 
toxicity. 

Gloves, loose 
clothing, 
goggles, no 
exposed areas, 
proper 
ventilation. 
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5.3 Environmental Concerns 

It is crucial to contain the scope of the project within acceptable standards to protect and preserve the environment’s sustainability.  The 
most notable threats originate from the APCP propellant, epoxy, and batteries.  Proper mitigation of the aforementioned threats is 
addressed in Table 5.3-1 below. In Table 5.3-2, environmental effects on the launch vehicle are analyzed and mitigated. A list of 
environmental safety verifications for the aforementioned launch vehicle hazards is seen below in Table 5.3-3. 

 

Table 5.3-1: Environmental hazard analysis: effects of launch vehicle to environment 

Hazard Cause Effect 
Pre –

Mitigation 
RAC 

Mitigation Post – 
Mitigation 

Ammonium 
Perchlorate  

● Storage 
Malpractice 

● Contamination 
● Wildlife 

development 
retardation 

 

2B – High 

● Store in designated box 
● Avoid unnecessary 

transportation and 
contact 

2E – Low 

 

 

 

Hydrochloric 
Acid 

● Motor 
byproduct 

● Corrosion 
● Toxicities in wildlife 2B – High 

● Test in desolate areas  
2E – Low 

APCP Contact ● Unattended 
exposed 
propellant 

● Contact with 
water sources 

● Water contamination 
● Unintended wildlife 

consumption 2D - Moderate 

● Contain in secure 
location and only break 
package seal when 
loading moto 

● Keep work area away 
from water sources 

3E – Low 

Epoxy Resin ● Improper 
disposal  

● Emission of volatile 
organic compounds 

● Air pollution 
2B- High 

● Secure mixing area 
from potential 
disturbances 

3D- Low 
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● Mixing 
container is 
blown away 

● Dermatitis 
development 

● Respiratory 
irritations 

● Wildlife birth 
defects 

● Measure exact amounts 
to minimize waste 

● Dispose in secure 
containers 

Motor Ignition ● Commencing 
launch  

● Fire hazard 
● Unintended wildlife 

burns or death 
1D- Moderate 

● Test in secured and 
isolated areas 1E- Low 

Mid-flight 
Catastrophe 

● Structural 
failures 

● Fire hazard 
● Unintended wildlife 

burns or death 
● Chemical leak 

1C- High 
● Pre-flight tests 
● Incorporate appropriate 

safety factor 
1E- Low 

 

Table 5.3-1: Environmental hazard analysis: effects of environment to launch vehicle 

Hazard Cause Effect 
Pre –

Mitigation 
RAC 

Mitigation Post – 
Mitigation 

Blue Tube 
Warping 

● Moisture 
Absorption 

● Heat 

● Catastrophic 
decrease in strength 

1C- High 

 

● Avoid rainy weather 
● Avoid transonic 

velocities 
1E- Low 

PLA Warping ● Heat ● Part Deformation 
2D - Medium 

● Avoid surrounding heat 
source 

● Avoid transonic 
velocities 

4E - Minimal 

Wood 
Warping  

● Moisture 
Absorption 

● Swelling 
3D - Low 

● Avoid rainy weather 
4E - Minimal 
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Avionic 
Damage 

● Rain ● Electrical short 
2D- Moderate 

● Avoid rainy weather 
● Seal interior 2E- Low 

 

Table 5.3-3: List of environmental safety verifications 

Hazard Type Hazards Safety Mitigation 

Chemical Exposure 

• West System 105/205 Epoxy Resin  
• MTM49L  
• Aeropoxy PH3630/PH6228A/PH6228B/ 

PH3660/PH3665/PR2032  
• R-Matte  
• 5 Minute Epoxy  
• Propellant, Epoxy Packages  
• Plastic Bags  

• Assembly in Quonset Hut  
• Galvanized steel waste safety can for 

disposal  
• Insulated cases for avionic and propellant 

storage  
• Digital platform scale for proper 

measurement  

Explosive Hazard 

• Propellant  
• Launch Vehicle Ignition  
• Mid-flight Catastrophe  
• Avionic Damage 

• Propellant package sealed until motor 
preparation  

• FAR Launch Site: isolated and fenced area  
• Lucerne Dry Lake Launch Site: isolated 

area surrounded by mountains  
• Tensile, compression, and bending tests  
• Ejection tests  
• Tight couplers  
• Coated exterior 

Structural Damage 

• Blue Tube Damage  
• Wood Warpage  

 

• Primed and painted several layers of 
waterproof sealants and color  

• Tight couplers  
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5.4 Recovery System Sensitivity 

The recovery systems electronics are not exceptionally sensitive to electromagnetic interference 
(EMI). The system utilizes a barometer and not an electromagnetic sensor, it also has shielded circuit 
traces except at surface mount locations. The electronic matches are not very sensitive to low levels 
of EMI since a substantial voltage and amperage would need to be generated. The systems were 
tested, unshielded, on the ground to determine if undesired operation would occur. Based on our tests 
the transition systems power output should not lead to any undesirable operation of the recovery 
system. Even though test show the altimeters should function properly without shielding they are 
shielded by copper tape as well as the electronic match head.  

 

6.0 Launch Operation Procedures 
 
The checklists in this section contain step-by-step procedures that will ensure the safe handling and 
recovery of the launch vehicle. It includes pre-flight and post-flight checks and contains  
label for specific steps that involve hazards. These hazards are referenced by the appropriate section 
number. The checklists will be printed before any procedure is conducted and will include designated 
personnel assigned to complete the steps, a witness to confirm, and a verification sign-off for 
signatures: 
 
 
I, ______________________, have ensured that all appropriate equipment have been used, the 
procedure steps have been checked off, and that all PPE have been worn appropriately.  
Cal Poly Pomona Designated Personnel Signature: 
 
Cal Poly Pomona Witness Signature: 
 
 
 
 
 
6.1 Recovery Preparation 
 
Required PPE: 
All safety recovery preparation shall contain the following: 

1. Protective hearing devices – earplugs (during ejection testing for pre-launch procedures) 
2. Eye protection – goggles tight-fitted that completely cover the eyes, sockets and immediate 

facial area. 
3. Hand and arm protection – leather gloves or butyl gloves to protect against sparks and 

moderate heat. Garments should cover entire length of arm to protect against burns. 
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Pre-Launch Procedure 
 

� Measure the amount of black powder charge needed (determined from recovery ejection 
tests in Section 7.1.2.2). Label each capsule with the appropriate size to avoid using the 
incorrect charge size.  

 Black powder is a chemical and explosive hazard. See Table 5.1.1-3 for 
ejection charges. 

� Test altimeters to ensure baseline functionality by simple connection to battery and e-
match.  

 Igniting e-matches may cause fire, sparks or personal harm. PPE must be worn 
to avoid bodily or environmental harm. 

� Inspect the main and drogue parachutes, shroud lines, and shock cords for any damages.  
 

 
Black Powder Charge Preparation 
 

� Ensure that all flight electronics are powered off. 
� Fill the PVC cap with the pre-measured black powder  

 If black powder is not the correct pre-measured size, there is potential loss in 
recovery due to inefficient ejection charges. 

� Unwrap an e-match and remove the plastic shroud protecting the match head. 
� Insert the pyrogen end into the black powder cap, ensuring there is full contact of the pyrogen 

to the black powder. 
� Pack the remaining space with cellulose insulation to ensure that the entire amount of black 

powder is burned. 
� Wrap duct tape over the end of the cap to secure the cellulose insulation, black powder, and 

the e-match in place. 
� Connect the lead wires to the correct location on the terminal block. 

 If lead wires are connected to the incorrect terminal port, insufficient ejection 
charge will occur. 

� Secure lead wires away from caps to provide clearance for the U-bolt and bulkhead 
attachment point. 

� Repeat steps 2-6 for a total of 4 ejection charges (2 for the drogue and 2 for the main). 
 E-matches are an electric ignition system; lead wires must be kept clear from any 

flames or batteries to avoid premature firing. 
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Parachute Preparation 
 

� Ensure recovery avionics system is set up properly and that all electronics are powered off. 
� Untangle shroud lines of drogue and main. 
� Lay drogue out on the ground (clear of debris or dirt). Drogue is much smaller and does not 

require extensive folding. Carefully fold using 4 folds and then slowly wrap from the tip so 
that shroud lines will also fold over.  

 If any tangling of shroud lines occur, potential loss of recovery system may occur 
due to a drogue deployment failure.  

� Once completed, carefully insert drogue into the drogue recovery bay. 
� Connect both quick-links to bulkheads. Shock cord should be securely knotted to the quick-

link. 
� Ensure that Kevlar protection surrounds the drogue parachute and its shroud lines. 

 If drogue is not completely protected by Kevlar blanket, may result in burning or 
heat damage that will reduce surface area, resulting in higher than required descent rates. 

� Final drogue placement should appear as in the Figure 6.1-1. 
 

 
Figure 6.1-1: Drogue in its flight configuration. 

 
� The shock cord for the rogue should be wrapped as shown in the Figure 6.1-7 below with 

masking tape to prevent tangling of the shock cords and easy placement into the recovery 
bay. 
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� Attach the drogue recovery bay to the avionics bay to the side labeled as Drogue with the 
appropriate screws. 

 If drogue recovery bay is connected to the main parachute bulkhead, improper 
ejection charges will occur and may result in loss of recovery system. 

� Attach the drogue recovery bay to the motor bay with shear pins. 
 

The Main parachute shall use a Z-fold procedure. Its step-by-step configuration is demonstrated by 
the Figure 6.1-2 – Figure 6.1-6 and in Steps 1-5: 
 

� Step 1: Lay main canopy flat on the ground and clear from any debris that may cause 
obstruction. Carefully align the shroud lines in the placement shown by Figure 6.1-2. 
 

 
Figure 6.1-2: Main laid flat showing untangled placement of shroud lines. 

 
� Step 2: Fold tip portion of the main in half to cover the shroud line arrangement while being 

careful not to move the placement of the shroud lines, as demonstrated by Figure 6.1-3. 
 

 
Figure 6.1-3: Pre-fold covering the shroud lines. 
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� Step 3: The main should be folded in half as shown by Figure 6.1-4. 
 

 
Figure 6.1-4: Post-fold of the main (shroud lines covered). 

 
� Step 4: The preparer should place their hand down the middle of the fold and then pull the 

side (away from the shock card attachment) over in half as shown in Figure 6.1-5. 
 

 
Figure 6.1-5: Main parachute second half fold. 

 
� Step 5: The main should then be rolled started from a free end of the second half fold. The 

rolling should occur in a tight manner to provide easy packing into the main parachute 
recovery bay, as shown in Figure 6.1-6. 

 



California State Polytechnic University, Pomona | 2017-2018 NSL 
 

 

98 
 

 
Figure 6.1-6: Main parachute roll beginning from free end. 

   
� Once completed, carefully insert the main into the main parachute recovery bay. 
� Connect both quick-links to the bulkheads. The shock cord should be securely knotted to the 

quick-links. 
� Ensure that Kevlar protection completely surrounds the main parachute and its shroud lines. 

 If main parachute is not completely protected by Kevlar blanket, it may result in 
burning or heat damage that will reduce surface area, resulting in higher than required descent 
rates. 

� The shock cord for the main should be wrapped as shown in Figure 6.1-7 with masking tape 
to prevent tangling of the shock cords and easy placement into the recovery bay.  

 

 
Figure 6.1-7: Shock cord management showing wrap with tape. 

 



California State Polytechnic University, Pomona | 2017-2018 NSL 
 

 

99 
 

� Attach the main recovery bay to the avionics bay to the side labeled as Main with the 
appropriate screws. 

 If the main recovery bay is connected to the drogue parachute bulkhead, improper 
ejection charges will occur and may result in loss of recovery system. 

� Connect the hollowed bulkhead plug to the main parachute shock cord attachment using their 
quick-link attachments. 

� Attach the main recovery bay to the payload bay with shear pins. 
 

 
6.2 Motor Preparation 
 
Required PPE: 
 
Motor preparation shall contain the following and should only be handled by the L2 certified team 
mentor: 

1. Eye protection – goggles tight-fitted that completely cover the eyes, sockets and immediate 
facial area. 

2. Hand protection – gloves to protect against grease and potential propellant exposure to skin. 
See Table 5.1.1-2 for motor/propellant hazards. 
 

*The motor must be setup according to the Aerotech L1420R provided instructions. 
 
Motor Preparation: 
 

� Apply a light coat of Super Lube to grease all threads and all o-rings (except the grain spacer 
o-rings). 

 If o-rings are not properly greased, potential motor CATO may occur and will 
result in loss of mission. 

 If threads are not properly greased, they may seize and will prevent removal of 
motor hardware. 

� Hold the forward (black) closure in a vertical position, smoke charge cavity facing up. Insert 
the smoke charge insulator into the smoke charge cavity until it is seated against the forward 
end of the cavity. 

� Apply a liberal amount of grease to one end of the smoke charge element. 
� Insert the greased end of the smoke charge element into the smoke charge cavity until it is 

seated against the end of the cavity. Set the completed forward closure assembly aside. 
� Using a hobby knife or similar tool, carefully deburr (chamfer) both inside edges of the liner 

tube (2- 3/4” O.D. black plastic tube). 
� Insert the larger diameter portion of the nozzle into one end of the liner, with the nozzle liner 

flange seated against the liner.  
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� Perform the remaining assembly steps with the liner held in a horizontal position. Install the 
propellant grains into the liner, placing the three-grain spacer o-rings (1/16” thick x 2-1/2” 
O.D.) between each propellant grain. The aft grain should be seated against the nozzle grain 
flange.  A total of four grains must be used for the Aerotech L1420R. 

� Place the greased forward seal disk (3/32" thick X 2-9/16" O.D.) o-ring into the groove in the 
forward seal disk. 

� Insert the smaller (o-ring) end of the seal disk into the open end of the liner tube until the seal 
disk flange is seated against the end of the liner. 

� Push the liner assembly into the motor case until the nozzle protrudes approximately 1-3/4” 
from the end of the case.  

� Place the greased forward (1/8" thick X 2-3/4" O.D.) o-ring into the forward (bulkhead) end 
of the case until it is seated against the forward seal disk. 

� Thread the previously-completed forward closure assembly into the forward end of the motor 
case by hand until it is seated against the case.  

  Considerable resistance to threading in the closure during the last 1/8" to 3/16" 
will occur. If threads are not completely turned to attach the forward assembly, motor failure 
may occur and will result in loss of mission. 

� Place the greased aft (1/8" thick X 2-3/4" O.D.) o-ring into the groove in the nozzle. 
� Thread the aft closure into the aft end of the motor case by hand until it is seated against the 

case. It is normal if a slight (1/32” to 1/16”) gap remains between the closure and the case, 
and the grains rattle slightly in the liner after tightening. 

� Install the prepared motor in its hardware into the motor mount of the launch vehicle’s motor 
bay. 

� Place the plastic cap over the nozzle (to be used late for igniter installation). 
� Screw on all retention screws to securely attach the motor retention hardware. 

 If screws are not securely attached, motor may be kicked-out from propulsive 
forces and will result in loss of mission. 

 
6.3 Setup on Launcher 
 
Required PPE: 
 
Launch setup shall contain the following and should be directly supervised by the L2 certified team 
mentor: 

1. Eye protection – goggles tight-fitted that completely cover the eyes, sockets and immediate 
facial area. 

2. Hand and arm protection – leather gloves or butyl gloves to protect against sparks and 
moderate heat in case of accidental firing of recovery system. Garments should cover entire 
length of arm to protect against burns. 
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Pre-Setup Checks: 
 

� All modules have been connected (by either the appropriate screws or shear pins). 
� The fully loaded launch vehicle has been weighed and documented. 
� The CG has been measured and documented. 
� The rail guides are attached to the motor bay. 

 
Setup on Launcher Procedure: 
 

� All personnel must be wearing the PPE. 
� Lower launcher into a horizontal position. 
� Test an extra, unattached rail guide on the launch rail to check for any obstructions or 

resistance. The rail guide should slide the full length of the rail without resistance. 
 If rail is obstructed, rail guide may break off and will result in an unstable vehicle 

launch. 
� Clean the full length of the rail with paper towels and apply WD-40 to provide lubrication to 

the launch rail. 
 Gloves must be worn to prevent chemical absorption into skin. 

� Carefully slide the launch vehicle onto the rail without twisting the vehicle to provide damage 
to the rail guide attachments. 

 Altimeters must not be armed before placing onto the launcher; accidental firing 
of recovery system may occur and may result in bodily harm and loss of recovery system. 

� Carefully move the launcher into its vertical position. 
� Arm the altimeters by using the provided switch from the avionics bay. The altimeters should 

beep accordingly to notify that they are flight-ready. 
�  If altimeters do not emit the correct beeping sound or beep in error, recovery 

system will result in loss of failure if altimeters are not troubleshooted. 
 
 
6.4 Igniter Installation 
 
Required PPE: 
 
Igniter installation setup shall contain the following and should be directly supervised by the L2 
certified team mentor: 

1. Eye protection – goggles tight-fitted that completely cover the eyes, sockets and immediate 
facial area. 

2. Hand and arm protection – leather gloves or butyl gloves to protect against sparks and 
moderate heat in case of accidental firing of recovery system. Garments should cover entire 
length of arm to protect against burns. 
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Igniter Installation Procedure: 
 

� Remove the plastic cap covering the nozzle. 
� Insert the coated, pyrotechnic end of the igniter through the nozzle throat until it stops against 

the smoke charge element. 
 If igniter is not placed completely to the top of the smoke charge, motor will not 

be appropriately ignited. 
� Secure the igniter by placing the nozzle cap back onto the nozzle. 
� Tap the alligator clips to once another before attaching to igniter leads and check for sparks. 
� The RSO must inspect the launch vehicle setup before flight and will assist with the 

connection of the igniter to the firing system. 
 
6.5 Launch Procedure 
 
Required PPE: 
 
The launch procedure does not require any PPE but does require a safe distance away from the launch 
vehicle pad location as deemed by the RSO and site location. 
 
Launch Procedure: 
 

� All team members and launch site personnel are safely away from the launcher (distance will 
be confirmed by RSO). 

� The LCO has enabled the master arming switch. Position should be set to “arm.” 
� Confirm continuity (light should be green). 
� Once  ready, the LCO will commence the countdown of 5 seconds. 
� Once the countdown is completed, LCO announces “fire” and ignition is triggered. 
� All team members must visually track the launch vehicle and make a mark on the ground to 

use as a point of reference if GPS fails and vehicle is unable to be located. 
 

6.6 Troubleshooting 
 
Required PPE: 
 

1. Eye protection – goggles tight-fitted that completely cover the eyes, sockets and immediate 
facial area. 

2. Hand and arm protection – leather gloves or butyl gloves to protect against sparks and 
moderate heat. Garments should cover entire length of arm to protect against burns. 

These steps must be completed in the event troubleshooting is needed and is listed according to the 
specific category of possible failures. 

 PPE must be worn at all times when handling any of the troubleshooting steps. 
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Continuity or Igniter Failure: 
 

� Immediately stop all procedures. 
� Ensure arming switch has been removed. 
� LCO and RSO will notify when the range is clear to approach vehicle. 
� Unarm the electronics by switching off outside the avionics bay. 
� Inspect the igniter and battery connection. 
� Retreat from launch pad and proceed with ignition. 
� If ignition fails again, motor must be inspected by the L2 team certified mentor. 

 
Recovery Electronics: 
 
If improper beeping occurs from the altimeters, check the StratoLogger CF manufacture guide to 
determine the specific code and its error. 

� Unarm the electronics by switching off outside the avionics bay. 
� Remove the launch vehicle from the launcher and return to setup hangar. 
� Disconnect the vehicle modules and carefully remove parachute material without disrupting 

packing (to avoid repeating recovery preparation). 
� Check all electrical connections and fix according to the troubleshooting procedures 

outlined in the StratoLogger CF manual. 
� Run altimeter check to ensure beeps are corrected.  
� Repeat the Setup on Launcher Procedure. 

 
Coupler/Airframe not Connecting: 
 

� Do not attempt to apply shear pins if too much resistance is felt. 
� Remove the recovery bays and inspect the shock cords, parachute packing, and Kevlar 

blanket placements. 
� Repack the parachutes and hardware according to the Recovery Preparation procedure. 
� Test fit the coupler/airframe connection to the avionics bay. 
� Connect the shear pins and repeat Setup on Launcher procedure. 

 
Payload Experiment Connection Failure: 

� Check all electrical connections.  
� Test run software to ensure signal transmission and autonomous deployment of solar 

panels. 
� Check all mechanical components are secure and functioning correctly.  
� Secure into SPOC system.  
� Connect the shear pins and repeat Setup on Launcher procedure. 
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6.7 Post-Flight Inspection 
 
Required PPE: 
 
Igniter installation setup shall contain the following and should be directly supervised by the L2 
certified team mentor: 

1. Eye protection – goggles tight-fitted that completely cover the eyes, sockets and immediate 
facial area. 

2. Hand and arm protection – leather gloves or butyl gloves to protect against sparks and 
moderate heat in case of accidental firing of recovery system. Garments should cover entire 
length of arm to protect against burns. 
 

Post-Flight Inspection Procedure: 
 

� Assemble small teams to recover the launch vehicle. 
� Once cleared by the RSO, team members and the team mentor shall recover the launch 

vehicle. 
� If launch test was unsuccessful, the mentor will inspect the launch vehicle and document 

appropriately. The team mentor shall discuss with the team how to mitigate any issues for re-
flight. 

� The launch vehicle must be left untouched and photographed accordingly. 
� Once documented, inspect the exterior of launch vehicle for any damages. 
� Recover launch vehicle and bring back to the staging area. 

 Avoid direct contact with the motor hardware; casing will very hot from launch 
firing. 
� Disassemble launch vehicle while checking all component of the recovery system, payload 

experiment, and the motor bay. Document accordingly. 
� Download flight data from altimeter, GPS, and camera. 
� Power off all electronics. 
� After the motor has cooled down, unthread and remove the forward and aft closures. 
� Remove the smoke charge insulator from the forward closure and discard. Using wet wipes 

or damp paper towels, remove all smoke charge and propellant residues from the closures. 
� Remove and discard the forward and aft o-rings from the motor case.  
� Remove the liner, forward seal disk and nozzle from the casing by pushing on the nozzle end.  
� Remove the forward seal disk from the liner and remove and discard the forward seal disk o-

ring. 
 Do not discard the forward seal disk. Potential re-flight without the deal disk will 

result in motor failure. 
� Reassemble metal parts and store motor in a dry place. 
� Review altimeter data. 
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7.0 Project Plan 
 
 
7.1 Testing  

The following test plans have been formulated to validate the integrity of the launch vehicle and its 
payload. These test plans have ensured that the launch vehicle shall be competition ready. 

 

7.1.1 Launch Vehicle Test Plans 

7.1.1.1 Subscale Launch Test 

 

Objective: 

Requirement Verification 

Success Criteria Test Variable: 
Measured/Controlled 

Status 

Verify Req 2.16 by 
demonstrating the launch 
vehicle will have a 
minimum static stability 
margin of 2.0 

 

Verify Req. 2.18.1 to 
demonstrate that that the 
launch vehicle shall be 
designed to be recoverable 
and reusable. 

 

Verify Req. 2.18.2 by 
carrying an altimeter to 
report the model’s apogee. 

 

The launch vehicle will 
be recoverable and 
reusable with an on-
board altimeter capable 
of reading the apogee. 
The launch vehicle’s 
flight will demonstrate 
accurate stability. 

Controlled:  

-Subscale launch 
vehicle design 

-Stability margin 

 

Measured: 

-Flight data from 
altimeters 

 

Completed: 

1/6/18 

 

 

Methodology 
The launch of the subscale model incorporated all the procedures outlined in section 5.1. Scaling 
factors were used to design a vehicle half the size of the full-scale launch vehicle while ensuring the 
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stability margin was acceptable. The launch of the subscale is intended to demonstrate the integrity 
of the full-scale design and its stability.  

Subscale launch procedure: 

1. Confirm the pre-flight checklist has been completed. 
2. Carefully slide the launch vehicle onto the provided rails at the launch site. Align the launch 

rail to the appropriate position. Ensure that the igniter is properly placed. 
3. When the launch vehicle is in its launch configuration, arm the switches for the electronics 

from the exterior of the vehicle’s airframe. 
4. The LCO will enable the master arming switch and will then activate the hard switch upon 

confirmation and safety checks have been completed. 
5. The LCO will commence the countdown and will say “fire” for the ignition switch to be 

triggered. 
6. All team members will visually track the launch vehicle from ignition to its landing. 
7.  Once the launch vehicle has landed and the area is safe from any potential launch vehicle 

flight hazards, the team members shall accompany the team mentor to inspect the launch 
vehicle. 

8. Team members shall not touch the vehicle until the mentor has inspected it. Once cleared, 
team members shall complete the post-flight checklist. 

9. Document the launch vehicle with photographs for the later assessment, then recover the 
launch vehicle. 

10. Review the flight data and photographs. 
 

Equipment 

● Structural components necessary for the subscale manufacturing (listed in the subscale 
budget) 

● 12-volt direct firing system 
● Motor and igniter (to be handled by the team L2 certified mentor) 
● Assembly and manufacturing tools 
● Safety PPE necessary as outlined in section 5.0. 

 

Results 

The subscale launch vehicle was successfully recovered and in reusable condition. The subscale 
demonstrated a straight flight during ascent with a successful flight profile. The electronics function 
as necessary with an altimeter reading of 4,313 ft. Data and results were further discussed in section 
4.2.5 of the CDR report. The results were significant in demonstrating that the structural design of 
the full-scale launch vehicle will produce an appropriate static stability margin. It also revealed what 
minor adjustments should be made to improve the integrity of the full-scale launch vehicle recovery 
system.  
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7.1.1.2 Full-scale Launch Test 

 

Objective: 

Requirement Verification 

Success Criteria Test Variable: 
Measured/Controlled 

Status 

Verify Req. 2.1 to ensure 
that the launch vehicle will 
deliver the payload to an 
apogee of 5,280 ft. 

Verify Req. 2.6 by designing 
the vehicle to be recoverable 
and reusable. 

Verify Req. 2.19 to 
demonstrate that the vehicle 
will be successfully 
launched in its final flight 
configuration and recovered 
prior to FRR. 

The full-scale launch 
vehicle reaches an 
apogee altitude of 
5,280 ft. ±175 ft. The 
launch vehicle is 
determined recoverable 
and usable for another 
launch. A successful 
flight is completed 
before 3/5/18 (FRR).  

Controlled:  

-Full-scale launch 
vehicle design 

-Stability margin 

 

Measured: 

-Flight data from 
altimeters 

 

 

Completed: 

2/17/18 

2/24/18 

 

 

 

Methodology 

The launch of the full-scale vehicle incorporated all procedures outlined in Section 6. The full-scale 
launch test includes a minimum of two flights deemed successful in recovery and reusability of the 
launch vehicle post-flight. It is designed to ensure that any necessary changes shall be made to the 
launch vehicle pending launch test results and that the final, as-built configuration to be used in 
competition flight will be tested prior to the FRR milestone. The first launch test will be used to test 
the changes made to the recovery system referenced in Section 3.1.1. It will also be used to test some 
of the payload experiment components necessary for its integration into the launch vehicle (discussed 
in the results section). The second full-scale flight test will be used to test the integrity and safety of 
its design and its stability using a simulated payload mass and ballast within 10% of the vehicle’s 
total weight. The full-scale flight tests will also be used to ensure that the procedures in Section 6 
will accurately reflect the steps required for preparation, launching, and post-flight; that they are true 
and valid for use during competition. 

Equipment 

● Structural components necessary for the full-scale manufacturing (listed in the full-scale 
budget) 

● 12-volt direct firing system 
● Motor and igniter (to be handled by the team L2 certified mentor) 
● Assembly and manufacturing tools 
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● WD-40 lubricant for rail guide 
● Safety PPE necessary as outlined in section 5.0. 

 

Full-scale launch procedure: 

The full-scale launch procedures are outlined in Section 6. All procedures must be checked and have 
signed verification by the appropriate personnel. 

 

Results and Impact  

Full-Scale Launch Test #1 (completed 2/17/18): 

The test was considered a success as the vehicle was recovered and in reusable condition. On-board 
camera footage revealed the successful, full deployment of the drogue parachute, which was 
deployed at apogee and demonstrated in mid-flight by Figure 7.1.1.2-1. The main parachute deployed 
at 700 ft using its primary ejection charge with no observable tangling of the shroud lines as 
demonstrated in Figure 7.1.1.2-2. This test also proved that the recovery system could allow for the 
successful recovery of the payload, satisfying requirement 2.1. 

 

 

Figure 7.1.1.2-1: Drogue deployment in mid-flight. 
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Figure 7.1.1.2-2: Post-flight landing configuration of main parachute. 

The SPOC system for the payload was also tested in this flight and was secured in its launch vehicle 
configuration inside the payload bay. Figure 7.1.1.2-3 demonstrates that there were no damages 
found on the payload bay. The recovery system allowed for the successful retrieval of the bay without 
any damages to the SPOC system, as shown post-flight in Figure 7.1.1.2-4. 

This test revealed that the recovery system, its ejection charge sizing, and packing method did not 
require changes made for the next full-scale flight test. It also proved the integrity of the SPOC 
system’s integration into the payload bay. 

 

 

Figure 7.1.1.2-3: Module 1 post-flight recovered successfully. 
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Figure 7.1.1.2-4: SPOC system post-flight without damage. 

The altimeter data revealed that the altitude apogee acquired was 6,826 ft., which was expected 
considering that structural enhancements would be considered for later testing. The primary focus of 
this launch was directed towards the changes made to the recovery system and SPOC housing of the 
payload bay. The main parachute deployment altitude was 700 ft and not at 500 ft to avoid potential 
recovery issues if tangling occurred. Due to the success of the new parachutes, the team has changed 
the deployment altitude to 500 ft to meet recovery requirements. 

Full-Scale Launch Test #2 (completed 2/24/18): 

The second full-scale launch was conducted to specifically test the hollowed bulkhead component of 
the payload bay and its simulated rover mass. It was also conducted to validate altitude predictions 
and confirm the robustness of the components that were structurally enhanced after the initial test. 
The maximum altitude of the launch vehicle was reported at 5,454 ft. by both the primary and 
secondary altimeters, thus satisfying the altitude success criteria. The recovery bay was recovered in 
perfect condition without any damages to the hollowed bulkhead, which was a main concern during 
bulkhead testing in Section 7.1.1.3. The recovery bay is shown post-flight in its landing configuration 
in Figure 7.1.1.2-5.  
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Figure 7.1.1.2-5: Hollowed bulkhead in payload bay after launch vehicle landing. 

After a closer inspection post-flight, there were no complications found with the U-bolt attachment 
points and epoxy adjoined surfaces. A closer view of this component is shown in Figure 7.1.1.2-6. 
An inside view of the payload bay in Figure 7.1.1.2-7 demonstrates that the structural integrity of the 
½ in. thick cast iron bulkhead remained fully intact. 

 

Figure 7.1.1.2-6: Close view of the U-bolt hollowed bulkhead attachment. 
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Figure 7.1.1.2-6: Inside view of the hollowed bulkhead 

Overall, the full-scale flight tests were considered successful. The first flight test impacted the vehicle 
construction by promoting the need for structural enhancements to reduce the altitude apogee and 
further improved the overall structural integrity. The recovery system did not need any significant 
changes required for future testing. As a result, the same packing method described in Section 6.1 
shall not be modified. 

The second test provided the confirmation that the 4 lb ballast, its placement on-board the vehicle 
(in module 3), and the simulated payload mass significantly helped to reduce the altitude. The only 
concern from this flight was the wrapping of the hollowed bulkhead plug cord around the main 
parachute shock cord, as shown in Figure 7.1.1.2-7. Although there was wrapping around the shock 
cord, it did not prevent the main parachute from successfully deploying. Post-flight inspection did 
find that the cord was too long and has been adjusted to prevent further issues.  
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Figure 7.1.1.2-8: Hollowed bulkhead plug cord wrapped around shock cord. 

Additional testing was scheduled to occur on 3/3/18 to test the launch vehicle for main parachute 
deployment at 500 ft and with the payload experiment to replace the simulated but was cancelled due 
to launch site weather conditions. 

With two previous test flights proving to be successful and all testing parameters met, the launch 
vehicle and its payload integration components are considered competition ready.  

 

7.1.1.3 Bulkhead Test 

 

Objective: 

Requirement Verification 

Success Criteria Test Variable: 
Measured/Controlled 

Status 

Verify Req. DR2.0 and 3.0 
to show that all bulkheads 
must be able to withstand 
launch vehicle loads, 

The bulkhead shall 
maintain its integrity 
without signs of 

Controlled: Bulkhead 
material, body tube, and 
attachment hardware. 

Scheduled: 

1/17/18 
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specifically the hollowed 
bulkhead designed for 
Payload integration. 

structural 
degradation. 

There shall be no 
shear tear out from 
any fasteners. 
Attachment points 
will sustain bearing 
stress. 

Measured: Damage 
sustained from critical 
components; fastener 
attachment points. 

 

 

 

Methodology 

The bulkhead test will consist of a static load test. It will be conducted to prove the integrity of all 
bulkheads, centering rings, and the hollowed bulkhead. The load test will determine if all bulkhead 
components and attachments will withstand the launch vehicle’s flight. The test is important in 
ensuring that the launch vehicle will be recoverable and reusable.  

Bulkhead test procedure: 

1. The Safety Officer shall provide clearance for the test to be conducted after ensuring team 
members are aware of all safety hazards.  

2. Ensure bulkhead is appropriately fixed to body tube and that all hardware has been 
attached. Bulkhead component should resemble closely as possible to its launch 
configuration state in the launch vehicle. 

3. Attach loading to U-bolt location and beginning at 50 lb, then increase weight gradually. 
4. Continue previous step until bulkhead begins to yield. Collect data and results. 

 

Equipment 

● Safety glasses and heavy-duty gloves 

● Bulkhead 

● U-bolt (for hollowed bulkhead) 

● Body tube (Blue Tube) 

● Test weights 

Results and Impact  

Solid Bulkhead: 

The bulkhead test proved to be successful and capable of withstanding loads of up to 1000 lb in 
compression before beginning to show signs of yielding, as can be seen in Figure 7.1.1.3-1. During 
flight, two critical loads will take place: one at take-off, which will be experiencing 407 lb of thrust 
on the bottom-most centering ring, and the second at parachute deployment, experiencing 190 lb of 
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impulse forces on all other bulkheads. The results concluded from this test ensure that all bulkheads 
and centering rings are more than sufficient to withstand the applied loads and do not require any 
additional reinforcements. 

 

 

Figure 7.1.1.3-1: Load test configuration for bulkhead 

 

Hollowed Bulkhead: 

The testing of the hollowed bulkhead was considered a failure. Bearing a maximum load of 150 lb, 
the U-bolt sheared from the hollowed bulkhead, as can be seen in Figure 7.1.1.3-2. As a result of this 
failed testing, a material with a higher strength capability was selected to safeguard the success of 
the launch vehicle and its payload. 
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Figure 7.1.1.3-2: Failed hollowed bulkhead test. 

 

7.1.1.4 PLA Materials Test 

 

Objective: 

Requirement Verification 

Success Criteria Test Variable: 
Measured/Controlled 

Status 

Verify Req. DR8.0 to show 
that all PLA materials shall 
withstand launch vehicle 
loads. 

PLA material shall 
not experience 
shearing, bearing 
stress, or any other 
significant loads that 
would cause 
degradation to the 
material. 

Controlled:  

-Fasteners 

-Bulkhead 

-Blue Tube 

Measured:  

-Deformation of PLA 

-Displaced area where 
fasteners are attached 

Completed: 

1/24/18 

 

 

 

 

Methodology 

This test is vital in proving the integrity of all components containing PLA, which include the 
components for the payload. There will be two tests designed to analyze the impulse produced by an 
impact force transferred to the screws. The test will pull on the PLA plastic, which will generate a 
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normal force in the opposite direction. The second part of the test consists of a static load test that 
will be applied to a bulkhead attached to the PLA.  

PLA materials test procedure: 

1. The Safety Officer shall provide clearance for the test to be conducted after ensuring team 
members are aware of all safety hazards.  

2. Ensure bulkhead is appropriately fixed to body tube and that all hardware has been 
attached. Bulkhead component should resemble closely as possible to its launch 
configuration state in the launch vehicle. 

3. Secure the bulkhead component and attach a tethered shock cord to the U-bolt. Suspend 
component via and overhead crane. 

4. The SO will ensure all obstacles within reach of the testing area are removed, and that all 
individuals involved are wearing the appropriate PPE.  

5. Lift the test component to the predetermined height. The tester will alert the viewer that the 
test will commence. One alerted, proceed with a countdown. 

6. After test component has been released and the area is safe to approach, make note after a 
visual inspection is completed. 

7. Document the test with photos for later assessment. 
8. Repeat steps 3 - 7 by increasing the height until failure is experienced or until drop velocity 

is much greater than what the component will experience during launch vehicle loads 
during flight. 

9. Perform the static test by hanging various weights to determine shear. 
10. Document the test results by written description and photos. 

 

Equipment 

● Safety glasses and heavy-duty gloves 

● Body tube (Blue Tube) 

● Fasteners  

● Test weights 

● Cylindrical PLA tube 

● Anchor chain 

● Measuring tape 

● Ladder 
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Results and Impact 

The PLA material was found to withstand loads up to 400 lb. This was important when considering 
the rover design, which is the only component on the vehicle that now uses PLA material. The test 
did not have a significant impact and simply verified that the PLA material would be safe to use in 
vehicle flight.  

 

7.1.1.5 Observation System Test 

 

Objective: 

Requirement Verification 

Success Criteria Test Variable: 
Measured/Controlled 

Status 

Raspberry Pi Zero with 
camera will provide flight 
profile verification 

Camera must be 
capable to record for 
a minimum of 1 hour 

● Battery capability 
● Raspberry Pi Zero 

computer and 
camera must be 
functionable 

 

Completed: 

2/17/18 

2/24/18 

 

Methodology 

The observation system will simply be connected and programed to verify that the camera records, 
saves, and plays back the on-board flight footage. 

Observation system test procedure: 

1. Connect camera with Raspberry Pi Zero computer 
2. Connect observation system to computer and download any required software 
3. Program Raspberry Pi Zero to begin recording 
4. Save and playback test recordings 

 

Equipment 

● Raspberry Pi Zero and camera 

● Battery pack 

● Micro SD 

● Provided USB cables 

● Any computer with USB connection  
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Results and Impact 

On February 17, 2018 the observation system was a successful test. The observation bay’s camera 
recorded a video documentation of the launch vehicle flight path for an hour and forty minutes, 
exceeding the requirement of a minimum of one hour. This gives the team confirmation that the 
camera, with exceptional quality, can record up to 2 hours of footage that satisfies the one-hour 
requirement. On February 24, 2018 the observation bay’s camera unplugged halfway through 
recording time which potentially may not have recorded the footage from the most recent launch. 
However, both these tests gave footage of the launch vehicle performance.  

 

7.1.2 Recovery System Test Plans 

7.1.2.1 Parachute Drop Test 

 

Objective: 

Requirement Verification 

Success Criteria Test Variable: 
Measured/Controlled 

Status 

Verify Req. 3.1 and 3.3  to 
ensure that the provided 
kinetic energy during 
drogue-stage descent is 
reasonable.  

Verify Req. 3.3 to ensure 
the kinetic energy does not 
exceed 75 ft-lb by 
determining the 
parachutes’ velocity. 

Predicted parameters 
are verified. The 
drogue and main 
parachutes 
completely inflate. 

Controlled: 

-5 lb. weight 

-Parachute size 

-Drop distance height 

Measured: 

-Descent time 

-Parachute inflation 

Completed: 

2/9/18 

 

 

 

Methodology 

A drop test will be used to prove the integrity of the launch vehicle’s recovery system. This test will 
be conducted for both the drogue and main parachutes. Video will be recorded for analysis after each 
test has been completed. The video will be used to monitor parachute inflation and shroud line 
tendency for tangling. 

Parachute drop test procedure: 

1. Determine appropriate drop test area and measure the height of the drop distance. 
2. Secure the video camera at an angle capable of recording the parachute’s descent. 
3. Attach a 7.5 oz weight to the parachute. 
4. Ensure that shroud lines are untangled and that parachute is correctly packed. 
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5. Begin video recording. 
6. Drop the weight and packed parachute. 
7. Record results, document with photos, and then collect video data to analyze the parachute 

during its descent. 
 

Equipment 

● Drogue parachute 

● Main parachute 

● 7.5 oz. weight 

● Video camera 

Results and Impact 

The parachute drop test proved the inflation of both the drogue and main parachute. The 7.5-ounce 
weight used for this test was not damaged in the aftermath of the testing. The parachute with the 
added weight came down with a vertical flight path. The parachute test success provided the launch 
vehicle’s main parachute mission ready and completely able to inflate. 

 

7.1.2.2 Ejection Charge Test 

 

Objective: 

Requirement Verification 

Success Criteria Test Variable: 
Measured/Controlled 

Status 

Verify Req. 3.2 by 
performing a ground 
ejection test for both the 
drogue and the main 
parachutes; to determine 
the amount of charge 
necessary for the recovery 
system. 

Both the drogue and main 
parachute sections eject 
with enough clearance to 
pull the shock cord out 
completely and break all 
shear pins. No heat 
damage is sustained to 
recovery materials. Body 
tube does not sustain 
damage where attached to 
recovery harness. 

Controlled: Size of 
the ejection charge 

Measured: Lateral 
distance of each 
section from its 
ejected position 

Subscale 
completed: 

12/30/17 

1/3/18 

Completed: 

2/16/18 

2/23/18 
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Methodology 

The ejection charge test will be conducted for both the subscale and full-scale launch vehicles. The 
recovery system will be set up accordingly to replicate the launch vehicle in its launch pad 
configuration state. The charge will be sized according to calculations based on vehicle dimensions 
and then ignited to deploy each parachute. A visual inspection will be conducted to ensure that 
enough lateral distance was attained. The charge will then be re-sized accordingly to ensure proper 
deployment. 

Ejection charge procedure: 

1. Administer all precautions to comply with safety regulations set forth by the Safety Officer. 

2. Carefully pack each parachute and their shock cords into the body tubes while taking care to 
protect the recovery material with Nomex blankets. Make note of the parachute packing to simulate 
its setup during launch testing. 

3. Place on the appropriate PPE as deemed by the SO. Measure the amount of ejection charge and 
prepare. 

4. Setup the charge and then secure the bulkhead. Once the charge has been configured, the SO will 
ensure that the path ahead the nose cone is completely clear. 

5. Secure the launch vehicle so that it is angled up into the air and not lying flat on the ground. The 
SO will ensure that the space around the launch vehicle is now clear. 

6. Ignite the ejection charges and wait at least one minute before approaching the vehicle. 

7. Assess the deployment distance achieved by inspecting the shock cord length and the parachute 
configuration. Document the inspection. 

8. Re-size the charge appropriately to ensure sufficient deployment. 

9. Repeat steps 1-8 until sufficient deployment is reached. 

 

Equipment 

● Cellulose insulation “dog barf” 
● Nomex blankets for each parachute 
● Duct tape 
● Black powder 
● E-matches 
● Recovery system components and harness 
● Launch vehicle components with shear pin attachments 
● Sandbags (to angle the vehicle upwards) 
● Necessary PPE as deemed by the SO 
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Results and Impact 

Full-scale launch vehicle: 

The initial charges were not adequate and did not deploy the parachutes. The initial charges were 
based on the ejection charge calculations performed in the PDR. In the first test, a total of 3 grams 
of black powder was used for the drogue parachute and 4.5 grams was used for the main parachute. 
The shear pins did not break, and the parachute bays did not separate. The charges were upgraded to 
5 grams for the drogue and 6 grams for the main for the second test. The new black powder charges 
were successful in deploying the parachutes. The bays separated the entire length of the shock cord. 
The main parachute ejected 20 feet and the drogue ejected 15 feet. This test was documented by the 
Figure 7.1.2.2-1. 

 

Figure 7.1.2.2-1: Recovery ejection demonstrating full separation of main and drogue. 
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7.1.2.3 Recovery Avionics Shielding Test 

 

Objective: 

Requirement Verification 

Success Criteria Test Variable: 
Measured/Controlled 

Status 

Verify Req. 3.11 to ensure 
that recovery system 
electronics will not be 
adversely affected by any 
other on-board electronics. 

Radio frequency 
signals do not cause 
adverse effects and 
signals are greatly 
reduced within the 
recovery bay. 

Controlled: 

-RF shielding lining in the 
avionics bay 

Measured: 

-Strength of the RF signal 
received 

Completed: 

1/16/18 

 

Methodology/Procedure 

This test will confirm that the launch vehicle recovery avionics will function as needed. This will 
ensure that the vehicle will be properly recovered in a reusable condition. The signal strength will be 
tested using the selected recovery avionics components. The test simply involves the avionics bay 
component with the electronics sealed inside the bay, which will be lined with RF shielding. As the 
test is conducted, the signal strength will be observed. The test will be successful if signal 
disconnections do not occur. 

Equipment 

● Avionics bay component 

● RF shield lining 

● Recovery avionics 

Results and Impact 

The StratoLogger CF’s successfully ignited the primary and redundant E-match and the GPS unit 
functioned as planned. There were no significant impacts to the design of the launch vehicle 
recovery avionics based on this test. 
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7.1.3 Payload Test Plans 

7.1.3.1.1 Payload Integration Test – Mount to Launch Vehicle 

 

Objective: 

Requirement Verification 

Success Criteria Test Variable: 
Measured/Controlled 

Status 

Verify Req. DR 12.0 to 
determine mounting of 
SPOC system into launch 
vehicle.  

The SPOC system 
remains attached to 
the launch vehicle 
tube.  

Controlled: 

-Altitude 

-Mass 

Measured: 

-Mounting locations  

Completed: 

1/20/2018 

Verified: 

2/17/18 

 

Methodology 

A drop test will occur to test the launch vehicle tube with the SPOC system mounted inside. The 
SPOC system will contain a weight attached to simulate the rover. The tube will have a snap cord of 
40 ft length attached. When the tube is stopped, the impulse of a launch will be simulated. The bolts 
and mounting locations of the SPOC system will be examined. The SPOC system  will also be tested 
in a full-scale flight test to ensure that the rover will be delivered at landing in the proper orientation 
to travel to its destination. The flight test will also verify the structural integrity of the SPOC system 
once the loads analysis has been completed pre-flight. 

Equipment 

● Blue Tube 

● SPOC System 

● Simulated mass 

● Snap cord 

Results and Impact 

The payload integration test from the mount to the launch vehicle was a success. The pendulum 
system was mounted to the rocket using screws and served the purpose of orienting the system to the 
proper position during landing. The launch vehicle’s diameter produced a chain effect in that it drove 
the pendulum system’s dimensions. The success of the payload integration test from the mount to 
the launch vehicle ensured that no changes needed to be made to the pendulum system. It was also 
verified in the first full-scale test flight (see Section 7.1.1.2) and was delivered safely at landing in 
the correct orientation upon post-flight retrieval. A lesson learned was that there does need to be a   
sufficient amount of weight on the SPOC platform to provide the proper movement, but this was not 
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an issue during any of the testing and will be checked when rover is flown with the launch vehicle 
instead of its simulated mass. 

 

7.1.3.1.2 Payload Integration Test – Rover Mount to SPOC Platform 

 

Objective: 

Requirement Verification 

Success Criteria Test Variable: 
Measured/Controlled 

Status 

Verify Req. DR12.0 to 
determine mounting of 
rover to SPOC system 
platform. 

The simulated weight 
remains attached to 
the SPOC platform 
by the locking servo.   

Controlled: 

-Altitude 

-Mass 

Measured: 

-Locking servo position 
change (if moved by 
loads) 

Completed: 

1/20/2018 

 

 

Methodology 

The launch vehicle tube will have the SPOC system mounted inside with a simulated weight 
representing the rover locked on the platform by the locking servo. The tube will have a snap chord 
of 40 ft length attached. When the tube is stopped, the impulse of launch will be simulated. The servo 
and locking mechanism will be examined.  

Equipment 

● Blue Tube 

● SPOC System 

● Simulated Mass with locking servo 

● Snap Chord 

Results  and Impact 

The SPOC system will hold the rover in place for the duration of the flight so that it does not interrupt 
the flight trajectory of the rocket and ensure the safe delivery of the rover at landing. The set lock 
pins will pull off when the payload bay detaches from the launch vehicle, allowing self-orientation 
performed by the SPOC system. The payload integration test from the rover mount to the SPOC 
system ensures that the SPOC system will remain stagnant during flight and allow the rover’s platter 
to self-correct itself to the right orientation with respect to the ground. Vibration and impact tests 



California State Polytechnic University, Pomona | 2017-2018 NSL 
 

 

126 
 

showed the locking pin needed to be lengthened to remain in place during flight, preventing rotation 
of the SPOC system before the main shoot deployment. Although the original lock for the rover on 
the platform held for a drop test, it was upgraded to ensure it could withstand test launching. The 
bolting location of the servo on the rover was also altered to make stronger. The screw locations for 
the servo were lengthened, and longer screws were purchased as to provide more contact area to 
reduce the stress level the PLA experiences. This was in response to the test screws starting to pull 
from the simulated weight.  

 

7.1.3.2 Raspberry Pi Test – Rover Operation  

 

Objective: 

Requirement Verification 

Success Criteria Test Variable: 
Measured/Controlled 

Status 

Verify Req. DR14.0 to 
make sure rover CPU 
performs all parts of the 
mission and can idle for 3 
hours. 

The servos and motor 
rotate when needed, 
and the Xbee and 
GPS transmit 
correctly and remain 
transmitting for 3 
hours. 

Controlled: 
-Run code for the mission 

-Total test time 

Measured: 
-All the functions of the 
rover 

-Battery consumption 

Completed: 

2/2/2018 

 

 

 

Methodology 

The RPi will have the two servos, motor, Xbee and GPS connected. The run signal will be sent to 
the Xbee. The functions of the two servos and motor will be watched and compared to their run 
schedule. The GPS will also be watched to make sure it operates as intended. Then, the system will 
remain in standby for 3 hours to ensure that the battery will last.  

Equipment 

● Payload electronics 

● 5000 mAh battery 

● Laptop with ground station 

Results and Impact 

The Raspberry Pi Test that will operate the rover was a success. The Raspberry Pi can perform all 
parts of the mission, including power mechanisms and electronic components, and can idle for more 
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than the required three hours. An important lesson to be learned was the need for an additional nine-
volt battery specifically for the CPU. 

7.1.3.3 Xbee Test - Range 

 

Objective: 

Requirement Verification 

Success Criteria Test Variable: 
Measured/Controlled 

Status 

Verify Req.DR 15.0 to 
make sure that the Xbee 
can receive a signal from 
3000 ft distance. 

The rover Xbee 
receives a message 
from the ground 
station Xbee.  

Controlled: 

-Distance between the two 
Xbee transceivers 

Completed: 

2/19/2018 

Fail 

Scheduled: 

3/4/18 

 

Methodology 

The Xbee dedicated to the rover will be connected to a laptop and placed inside a section of the 
launch vehicle tube; this will simulate how the signal could be impacted. Another laptop with the 
ground station Xbee will be placed 3000 ft. away. A message will be sent from the ground station to 
the rover Xbee. A received message will be a successful test.  

Equipment 

● 2 laptops 

● Rover Xbee on Xbee/RPi shield 

● Ground station 

● Blue Tube 

Results and Impact 

The Xbee Test for range was not considered successful. The requirement of 3000 ft was not met as 
the only retrievable signal was made at 1500 ft and will be retested on 3/4/18. The failure of the Xbee 
Test shows that the antennas used will need to be replaced by larger antennas to get a better 
communication range. A third Xbee with a gain antenna will ensure another added distance of 1500 
feet, which will meet the requirement of 3000 feet total distance. An analysis made after the failed 
Xbee test, there was multiple interfaces in the path of the Xbee as it was conducted in a public area 
and had no direct path. Due to the no pass criteria, the rover was not tested in flight and had a 
simulated ballast during the 2/24/18 flight test. The test has been rescheduled until the new antennas 
are received. 
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7.2 Requirements Verification 
7.2.1 Launch Vehicle Compliance Matrix 

 

REQ# Description T A D I V IP NV

VR2.2

The vehicle will carry one commercially 
available, barometric altimeter for recording 
the official altitude used in determining the 

altitude award winner. Teams will receive the 
maximum number of altitude points (5,280) if 
the official scoring altimeter reads a value of 
exactly 5280 feet AGL. The team will lose 

one point for every foot above or below the 
required altitude.

3.5.3 x

The team shall review the launch 
vehicle system, subsystems and 
components design verifying at 

least one commercially available 
altimeter. 

1

Verification Details

1

Status

OpenRocket simulations of final 
design provide projected altitude, 

launch tests shall showcase 
altitude reached.

The vehicle will deliver the payload to an 
apogee altitude of 5,280 feet above ground 

level (AGL). 

4.1.2 & 
4.3.2 x x

Vehicle Requirements Verification Method

An altimeter will be 
used to record flight 
data such as altitude 

and temperature and to 
initiate parachute 
deployment at 

predetermined altitudes.

The vehicle was found 
to deliver the payload 

to approximately 5,280 
feet and meet the 
minimum rail exit 
velocity of 52 ft/s.

VR2.1

Design Requirements Section
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VR2.3 

Each altimeter will be armed by a dedicated 
arming switch that is accessible from the 
exterior of the rocket airframe when the 

rocket is in the launch configuration on the 
launch pad.

3.3.2 x
Verify the dimensions are the 

appropriate size for the selected 
switches.

1

VR2.4 Each altimeter will have a dedicated power 
supply. 

3.3.2 x x Inspection of altimeter schematic 
design

1

VR2.5
Each arming switch will be capable of being 
locked in the ON position for launch (i.e. 
cannot be disarmed due to flight forces). 

3.3.2 x Inspection of altimeter schematic 
design

1

The avionics bay 
includes two sets of the 
altimeters each with its 

own independent 
power supplies. 

Two 1/2 in. holes will 
be made on the 

recovery avionics bay 
to allow room for 

arming switches that 
may be accessed from 

the exterior.

Each altimeter will be 
armed using a rotary 

switch that is accessible 
from the outside of the 
body tube. The rotary 
switch will be toggled 
using a flat head screw 
driver and cannot be 
disarmed due to flight 

forces.
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VR2.6

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.

3.1.2 x

Conducting launch tests shall be 
able to result in a usable vehicle 
afterwards. The Structures team 
shall design the structure to be 

robust and withstand impact loads 
through testing. 

1

VR2.7

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.

3.1.2.1 x Final build will verifiy three 
independent sections.

1

VR2.8 The launch vehicle will be limited to a single 
stage. 

3.1.2.1 x x Final build will verify the rocket is 
single-stage.

1

VR2.9

The launch vehicle will be capable of being 
prepared for flight at the launch site within 3 

hours of the time the Federal Aviation 
Administration flight waiver opens.

7.5 x
Before test launches, the team 

shall time the preparation of the 
launch vehicle.

1

The rocket will be 
designed to be reusable 
and recoverable before 

flight day.

The launch vehicle will 
have three independent 

sections known as 
modules. 

Launch vehicle will be 
limited to a single stage.
Modular design of the 

launch vehicle sections, 
where assembly only 
requires fastening of 

each module with shear 
pins.
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VR2.10

The launch vehicle will be capable of 
remaining in launch-ready configuration at 
the pad for a minimum of 1 hour without 
losing the functionality of any critical on-

board components.

4.4 x

Before test launches, the team 
shall demonstrate if the vehicle 
can be read on the stand for 1 

hour.

1

VR2.11

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 Range Services Provider.

4.4 x
Launch tests shall be done with a 
12 Volt firing system proving its 

ability to function.
1

VR2.12

The launch vehicle will require no external 
circuitry or special ground support 

equipment to initiate launch (other than what 
is provided by Range Services). 

4.4 x Inspection of the electrical 
circuitry design

1

VR2.13 1
Cesaroni L1115 motors are still 

commercially available.

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).

Launch vehicle wil 
utilize a commercially 

bought Cesaroni L1115 
solid propellant motor.

4.1.2 x

Launch vehicle shall be 
launched with a 12 Volt 

direct current firing 
system.

Launch vehicle shall 
have no external 

circuitry.

Launch vehicle must be 
in ready configuration at 

a minimum of 1 hour.
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VR2.15
The total impulse provided by a College 
and/or University launch vehicle will not 

exceed 5,120 Newton-seconds (L-class).
4.1.2 x x Company provided specifications 

verify the impulse.
1

VR2.16

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.

4.4.6 x

OpenRocket simulations have 
verified current static stability 

margins. Further calculations will 
be made when the full-scale 

rocket is built.

1

VR2.17
The launch vehicle will accelerate to a 

minimum velocity of 52 tips at rail exist. 4.1.2 x
Simulations shall be conducted to 

analyze the minimum velocity. 1

VR2.18

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.

7.4.1 & 
7.4.2

x x Launch day will verify the success 
of launch and recovery.

1

Total impulse of 
Cesaroni L1115 will be 

5,015 Newton-
secounds.

The launch vehicle will 
be a stability margin of 

3.04.

The motors of the 
launch vehicle were 
found to meet the 
minimum rail exit 

velocity of 52 ft/s.
A subscale model wil 

be launched and 
recovered prior to the 

CDR.
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VR2.18.1

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

scale model, however, the full-scale will not 
be used as the subscale model.

7.1.1 & 
7.1.1.1

x x
Launch day will verify that the 
subscale will perform similar to 

the full-scale model.
1

VR2.18.2
The subscale model will carry an altimeter 
capable of reporting the model's apogee 

altitude. 

7.1.1 & 
7.1.1.1 x x

Visual inspection will be made on 
launch day to verify the use of an 

altimeter.
1

VR2.19

All teams will successfully launch and 
recover their full-scale rocket prior to FRR 

in its final flight configuration. The rocket 
flown at FRR must be the same rocket to be 
flown on launch day. The purpose of the full-
scale demonstration flight is to demonstrate 

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 a 
lower altitude, functioning tracking devices, 

etc.). The following criteria must be met 
during the full-scale demonstration flight:

7.4.1 & 
7.4.2 x

Launch vehicle must be 
recoverable and reusable after the 

launch tests are conducted.
1

The subscale model will 
perform similar to the 

full-scale model.

The subscale model will 
carry an altimeter 

capable of reporting the 
model's apogee altitude. 

Gantt Chart shows a 
schedule of sub-scale 
and full-scale testing 

dates.



 

134 
 

 

VR2.19.1 The vehicle and recovery system will have 
functioned as designed.

N/A x

During flight day, the launch 
vehicle needs to demonstrate the 

objectives and operations 
planned.

1

VR2.19.2
The payload does not have to be flown 

during the full-scale test flight. The following 
requirements still apply:

4.4 x Inspection that a mass simulation 
is present during the launch test. 

1

VR2.19.2
.1

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

4.4 x Inspection that a mass simulation 
is present during the launch test. 

1

VR2.19.2
.1.1

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

the missing payload mass.
4.4 x

Inspection that a mass simulation 
is present during the launch test. 1

VR2.19.3

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 demonstration 

flight.

4.4 x Demonstration during the test 
flight

1

During the launch test, 
put a mass 

representation of the 
payload in the payload 

fairings.

TBD on Flight Day

During the launch test, 
put a mass 

representation of the 
payload in the payload 

fairings.

During the launch test, 
put a mass 

representation of the 
payload in the payload 

fairings.

There will be no 
changes to the external 
surfaces of the rocket. 
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VR2.19.4

The full-scale motor does not have to be 
flown during the full-scale test flight. 

However, it is recommended that the full-
scale motor be used to demonstrate full flight 
readiness and altitude verification. If the full-
scale motor is not flown during the full-scale 
flight, it is desired that the motor simulates, 

as closely as possible, the predicted 
maximum velocity and maximum acceleration 

of the launch day flight.

1.2 x Inspection of the purchased full 
scale motor

1

VR2.19.5

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.

4.4 x
This will be determined during 

flight day by demonstrating that 
the vehicle is fully ballasted.

1

VR.2.19.6

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).

3.5.3 x
Inspection of the rocket after full 
scale demonstration shall have the 
same results as before flight day. 

1

The launch vehicle is 
designed to be in fully 
ballasted configuration 
during the test flight.

No design modification 
after last full-scale flight. 

Full scale motor does 
not have to be flown 
during full scale test. 
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VR2.21 Vehicle Prohibitions

VR2.21.1 The launch vehicle will not utilize forward 
canards.

N/A x N/A 1

VR2.21.2 The launch vehicle will not utilize forward 
firing motors.

N/A x x N/A 1

VR2.21.3
The launch vehicle will not utilize motors that 
expel titanium sponges (Sparky, Skidmark, 

MetalStorm, etc.)
1.2 x The commercially-bought motor 

will not expel titanium sponges.
1

VR2.21.4 The launch vehicle will not utilize hybrid 
motors. 

1.2 x
The commercially-bought motor 

will be solid propellant. 1

VR2.21.5 The launch vehicle will not utilize a cluster of 
motors. 

1.2 x x A single motor will be used for 
the launch vehicle.

1

Launch vehicle will 
utilize a Cesaroni 

L1115 solid propellant 
motor.

Launch vehicle will 
utilize a Cesaroni 

L1115 solid propellant 
motor.

The launch vehicle will 
utilize a single motor. 

There are no forward 
canards.

There are no forward 
firing motors.
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VR2.21.6
The launch vehicle will not utilize friction 

fitting for motors. 1.2 x
Retainer will secure motor casing 

without the need to friction fit. 1

VR2.21.7
The launch vehicle will not exceed March 1 

at any point during flight. 1.2 x x
OpenRocket simulations verify 

the max speeds are below March 
1. 

1

VR.2.21.8
Vehicle ballast will not exceed 10% of the 

total weight of the rocket. N/A x N/A 1

Notes Totals 33 4 1

The motor mount will 
be secured via epoxy 
and the motor will be 
retained using a motor 

retention ring.
The launch vehicle will 
reach speeds of 626 

ft/s.

A ballast will not be 
added to the launch 

vehicle. 
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7.2.2 Recovery System Compliance Matrix 

 

REQ# Description T A D I V IP NV

Recovery testing will be done to 
determine the proper deployment 

of both parachutes.

StatusVerification Method

1x

Verification DetailsDesign RequirementsRecovery System Requirements Section

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.

RS3.1 4.4.8

The drogue parachute will deploy 
immediately after reaching apogee and 

maintain a steady velocity of 120 ft/s until 
the main parachute is deployed. In order 
to minimize wind drift, the main parachute 
will be deployed at an altitude of 600 ft.
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RS3.2

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.

4.2.5.1 x
Results of the ground ejection test 

shall verify successful 
performance. 

1

RS3.3
At landing, each independent sections of the 
launch vehicle will have a maximum kinetic 

energy of 75 ft-lbf.
4.4.7 x

Hand calculations and respective 
simulations are utilized to analyze 

kinetic energy.
1

RS3.4
The recovery system electrical circuits will 
be completely independent of any payload 

electrical circuits.
4.3.5.3 x

The launch vehicle shall 
demonstrate that the recovery 

system electrical circuits is 
separate from the payload 

electrical circuits during the launch 
test.  

1

RS3.5
All recovery electronics will be powered by 

commercially available batteries. 4.3.5 x
Inspection of the altimeters and 

avionics schematic 1

A recovery system test on November 18, 
2017 will cover a ground ejection test for 

both the drogue and main parachutes 
prior to the subscale and full-scale 

launches. 
Each independent section of the launch 
vehicle must withstand miximum impact 
kinetic energy of 75 ft-lbf so that there 

will be no damage to the structure or any 
internal components.

The recovery bay will show the recovery 
system electrical circuits in between the 

main and drogue bays. Payload electrical 
ciruits will be separate from the recovery 

system electrical circuits.

The avionics bay will include two Perfect 
Lite StratoLoggerCF altimeters, 1 

Eggfinder GPS systems, and 1 Trackimo 
GPS, which run on 9V batteries.
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RS3.6

The recovery system will contain redundant, 
commerially available altimeters. The term 
"altimeters" includes both simple altimeters 
and more sophisticated flight computers.

4.3.5.3 x Inspection of the altimeters and 
avionics schematic

1

RS3.7
Motor ejection is not a permissible form of 

primary or secondary deployment. 4.3.5.3 x
Recovery Testing will be 

performed to ensure altimeter 
deployment system.

1

RS3.8
Removable shear pins will be used for both 

the main parachute compartment and the 
drogue parachute compartment. 

4.1.3.4 x
Inspection of the parachute bay 

design and construction 1

RS3.9
Recovery area will be limited to a 2500 ft. 

radius from the launch pads. 4.4.8 x
Inspection of the launch vehicle 

safety requirements 1

RS3.10

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.

4.3.5 x Inspection of the avionics 
schematic

1

GPS Systems are responsible for 
recording the coordinates of the rocket 

and assist in finding its location after 
touchdown.

The avionics bay includes two sets of the 
altimeters each with its own independent 

power supplies.

The primary and secondary altimeters will 
initiate the ejection charges.

Modular design of the launch vehicle 
sections, where assembly only requires 

fastening of each module (main and 
drogue parachute compartments) with 

shear pins.
Due to safety regulations, it is required 

that the vehicle lands within a 2,500 feet 
recovery radius with winds velocities up 

to 20 mph during launch.
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RS3.10.1

Any rocket section, or payload component, 
which lands untethered to the launch vehicle, 
will also carry an active electronic tracking 

device.

4.3.3 x Inspection of the launch vehicle 
safety requirements

1

RS3.10.2
The electronic tracking device will by fully 
functional during the official flight on launch 

day.
4.3.5 x

Pre flight checklist will be 
implemented. Recovery avionics 
will be tested for function directly 

or with a multimeter.

1

RS3.11

The recovery system electronics will not be 
adversely affected by any other on-board 

electronic devices during flight (from launch 
until landing).

4.1.3.4 x Inspection of the recovery bay 1

RS3.11.1

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.

4.1.3.4 x
Inspection of the recovery bay 

design 1

All rocket sections and payload 
components will land tethered to the 

launch vehicle.

Batteries for the GPS system and 
altimeters will be replaced/inspected 

before each flight. Back up units will be 
purchased and installed in the case of an 

emergency.

Electronic systems that may adversely 
affect the performance of the altimeters 

will be not be placed in the recovery bay

For further minimizing the margin of 
failure, the inside walls of the recovery 
bay will be layered with a thin aluminum 
coating. The aluminum will isolate both 
altimeters inside the recovery bay from 

outside radio waves and transmission that 
could potentially interfere with their 

specific task.
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RS3.11.2

The recovery system electronics will be 
shielded from all onboard transmitting 

devices, to avoid inadvertent excitation of 
the recovery system electronics.

4.1.3.4 x
Inspection of the recovery bay 

design 1

RS3.11.3

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.

4.1.3.4 x
Inspection of the recovery bay 

design 1

RS3.11.4

The recovery system electronics will be 
shielded from any other onboard devices 

which may adversely affect the proper 
operation of the recovery system electronics.

4.1.3.4 x
Inspection of the recovery bay 

design 1

Notes Totals 10 7 0

The recovery system electronics will be 
isolated from outside factors.

The recovery system electronics will be 
isolated from outside factors.

The recovery system electronics will be 
isolated from outside factors.
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7.2.3 Payload Experiment Compliance Matrix 
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ER4.5.3
After deployment, the rover will 

autonomously move at least 5 ft. (in any 
direction) from the launch vehicle. 

4.2.1 & 
4.3 x x

After moving at least 5 ft, 
deployment of solar panels will 
take place. The rover must also 

be tracking movement through the 
GPS system and the camera 

system.

1

ER4.5.4
Once the rover has reached its final 

destination, it will deploy a set of foldable 
solar cell panels. 

4.4.2 & 
4.5 x x x

The deployable rover will be 
successfully able to navigate 5 

feet away from the launch vehicle 
at landing and will be able to 
deploy solar panels.  These 

panels will
also have a very smooth and 

simple deployment as they will be 
held in a closed, face down 

position
on top of the rover, by a servo. 

1

Notes Totals 1 3 0

The payload obective is to successfully 
deploy a rover from a safely landed 
rocket that will travel 5 feet from its 

landing site.

The rover will deploy a set of foldable 
solar cell panels after reaching its final 

destination.
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7.2.4 Safety Compliance Matrix 

 

 
 

REQ# Description T A D I V IP NV

SR5.2
Each team must identify a student safety 

officer who will be responsible for all items in 
Section 5.3.

5 x
Demonstrated in team description 

of PDR 1

SR5.3 The role and responsibilities of each safety 
officer will include, but not limited to:

SR5.3.1 Monitor team activities with an emphasis on 
Safety during:

SR5.3.1.1 Design of vehicle and payload 5.1.5 & 
5.2

x Demonstrate safety during design 1

SR5.3.1.2 Construction of vehicle and payload 5.1.5 & 
5.2

x Demonstrate safety during 
construction

1

Design Requirements Section Verification Details

1

Status

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.

Safety Requirements Verification Method

Natalie Aparicio

Outlined for Safety Officer 
responsibilities

Outlined for Safety Officer 
responsibilities

SR5.1 Safety Managers and Officers will create 
a checklist prior to FRR and LRR.

At LRR, demonstration of the use 
of the checklist

5 x
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SR5.3.1.3 Assembly of vehicle and payload 5.1.5 & 
5.2

x Demonstrate safety during 
assembly

1

SR.5.3.1.4 Ground testing of vehicle and payload 5.1.5 & 
5.2

x Demonstrate safety during ground 
testing

1

SR5.3.1.5 Sub-scale launch test(s) 5.1 & 5.2 x Demonstrate safety during sub-
scale launch test

1

SR5.3.1.6 Full-scale launch test(s) 5.1 & 5.2 x Demonstrate safety during full-
scale launch test

1

SR5.3.1.7 Launch day 5.1 & 5.2 x Demonstrate safety during launch 
day

1

SR5.3.1.8 Recovery activities 5.1.1 x Demonstrate safety during 
recovery test

1

SR5.3.2 1

1

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

recovery activities.

Safety Officer and Team Lead will lead 
the team to follow all procedures made.

Safety task to demonstrate these 
procedures

Demonstrate safety during 
educational engagement activities

Educational Engagement Activities Outlined for Safety Officer 
responsibilities

5.1 x

5.1 x

Outlined for Safety Officer 
responsibilities

Outlined for Safety Officer 
responsibilities

Outlined for Safety Officer 
responsibilities

Outlined for Safety Officer 
responsibilities

Outlined for Safety Officer 
responsibilities

Outlined for Safety Officer 
responsibilities

SR5.3.1.9
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 Totals 16 0 0

1

1

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

Manage and maintain current revisions of the 
team’s hazard analyses, failure modes 

analyses, procedures, and MSDS/chemical 
inventory data.

Safety task force are in charge of writing 
proposal Section 3.0, safety plans, 
procedures, and other documents.

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

analyses, and procedures.
5.2.2

5.2.3SR5.3.3

SR5.3.4

SR5.4

SR5.5

x

1

x

Team members demonstrate that 
they signed the rules and guidance 
of the local rocketry club's RSO 

and have available by CDR.

Team members demonstrate that 
they signed the rules for FAA and 

have available by CDR. 

Team members will sign a documents 
stating that they will abide to these rules. 5.1 & 5.2 x

x5.1 & 5.2

Review (preliminary, critical, etc) 
documents will demonstrate these 

hazard analyses, failure modes, 
and procedures.

Review (preliminary, critical, etc) 
documents will demonstrate these 

hazard analyses, failure modes, 
and procedures.

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 Initiative does not 

give explicit or implicit authority for teams to 
fly those certain 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.

Team members will sign a documents 
stating that they will abide to these rules.

1

Notes

Safety Officer will update the hazard, 
failure, procedure, and MSDS sheets for 

all reviews in accordance to new 
materials and regulations.
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7.2.5 General Compliance Matrix 

 

REQ# Description T A D I V IP NV

GR1.2

The team shall provide and maintain a 
project plan to include, but not limited to the 
following items: project milestones, budget 

and community support, checklists, 
personnel assigned, education engagement 

events, and risks and mitigations.

7 x

Demonstration of the project plan 
will be provided with the view of 
Gantt charts and team-derived 
timelines made by the Deputy.

1

GR1.3

Foreign National (FN) team members shall 
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 additino, 
FN's may be separated from their team 

during these activities. 

1.4 x

Inspection of all team members. 
All team members are Cal Poly 

Pomona students. Non-U.S. 
citizens on the team may not 
participate in certain activities 

during launch week for security 
reasons. 

1

Team members shall demonstrate 
100% of the project. The team 

leads will make sure that all team 
members comply with these 

requirements and demonstrate a 
strong work ethic to the project. 

GR1.1
Team Lead, Casey, will distribute an 

equal amount of work to each student, 
both for writing and manufacturing.

Students on the team shall do 100% of the 
project, including design, construction, 
written reports, presentations, and flight 

prepartion 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).

1.4 x

CPP NSL does not have any FNs on the 
current team.

Design Requirements Section Verification Details StatusGeneral Requirements Verification Method

1

Project plan will be discussed in greater 
detail in CDR and LRR. 
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GR1.4

The team shall identify all team members 
attending launch week activities by the 
Critical Design Review (CDR). Team 

members shall include:

GR1.4.1 Students actively engaged in the project 
throughout the entire year.

1.4 x

Members shall demonstrate their 
engagement in the project through 

hour log sheets located in the 
shared Google Drive folder "2017-
2018 NASA Student Launch" for 

Cal Poly Pomona.

1

GR1.4.2 One mentor. 1.1 x Demonstration of the active 
advisor.

1

GR1.4.3 No more than two adult educators. 1.1 x Demonstration of the active 
mentors.

1

Casey (Team Lead), Megan (Team 
Deputy & Systems Engineer), Edgar 

(Structures Lead), Daniel R. 
(Aerodynamics Lead), Richard (Payload 
Lead), Natalie (Safety Officer), Ricardo 

(Payload Engineer), Juan (Payload 
Engineer), Kevin (Structural Engineer), 

Cory (Structural Engineer), Sujala 
(Structural Engineer), Isaac (Structural 

Engineer), Ryan (Aerodynamics 
Engineer), Verenice (Aerodynamics 

Engineer), Leara (Support Engineer),  
Vanessa (Support Engineer), Dr. Donald 

Edberg (Faculty Advisor) & Rick 
Maschek (TRA Level 2 Ceritified 

Mentor)

All team members have their subteams 
and designated responsibilities delegated 

by their subteam leads. 

Dr. Donald Edberg

Dr. Todd Coburn and Rick Maschek
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GR1.6
The team will develop and host a Web site 

for project documentation. 1.4 x

Deputy, Megan, will consistently 
update the website on a weekly 

basis to post documents, photos, 
videos, outreach events, and 
other NSL-related activities.

1

GR1.7

Five schools have been selected 
to learn about the team's project: 

Valley Oaks High School, 
Suzanne Middle School, 

Beckman High School, Pioneer 
Middle School, and iPoly High 

School. Each school was given a 
presentation and/or activity in 

order to engage the students in 
educational/direct interactions. 
Approximately 800 students 
received educational/direct 

interactions. 

Teams shall post, and make available for 
download, the required deliverables to the 

team Web site by the due dates specified in 
the project timeline. 

8 x
Outreach Manager, Megan, will be in 
charge of planning activities with over 

200 students.

Web Managers, Casey and Megan, will 
upload all the required documents on the 

website by the due date.
1.4 x 1

GR1.5

http://www.cpprocketry.net

1

The team will engage a minimum of 200 
participants in educational, hands-on 
science, technology, engineering, and 

mathematics (STEM) activities, as defined in 
the Educational Engagement Activity Report, 
by FRR. An educational engagement activity 

report will be completed and submitted 
within two weeks after completion of an 

event. A sample of the educational 
engagement activity report can be found on 

page 31 of the handbook. To satisfy this 
requirement, all events must occur between 
project acceptance and the FRR due date. 

Inspection of deliverables on 
website after each deadline by 

Casey and Megan.
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GR1.8 All deliverables must be in PDF format. 1.4 x Inspection of all deliverables. 1

1

All teams will be required to use the launch 
pads provided by Student Launch's launch 
service provider. No custom pads will be 

permitted on the launch field. Launch 
services will have 8ft. 1010 rails, and 8 and 

12 ft. 1515 rails available for use. 

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

respective sub-sections.
Page numbers will be visible on the 

bottom rand hand side of each review.
In every report, the team will include the 
page number at the bottom of the page. ALL

pg 1GR1.9

GR1.11

GR1.12

The team shall provide any computer 
equipment necessary to perform a video 

teleconference with the review board. This 
includes, but not limited to, a computer 

system, video camera, speaker telephone, 
and a broadband Internet 

connection.Cellular phones can be used for 
speakerphone capability only as a last resort.

CPP NSL shall be on campus during 
video teleconferences with access to a 

computer system, video camaera, 
speaker telephone, and a broadband 

Internet connection.

Demonstation of use of computer 
equipment during teleconferences. 

The Team Lead will book a 
conference room a week before 

the presentations in order to 
secure that the team can directly 
contact NASA officials during 

their design reviews.

Demonstration during flight day to 
use launch pads provided.

Final vehicle design shall allow the use of 
the provided launch pads. 7.1.1 x

xN/A

Demonstration of Table of 
Contents.

1x

1

x
Demonstration of all page 

numbers.GR1.10

Table of Contents will follow the cover 
page.

1

Final documents will be saved in PDF 
format.
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GR1.13

Teams must implement the Architectural 
Transportation Barriers Compliance Board 

Electronic and Information Technology (EIT) 
Accessibility Standards (36 CFR Part 1194) 

Subpart B-Technical Standards 
(http://www.section508.gov): § 1194.21 

Software applications and operating 
systems. § 1194.22 Web-based intranet and 

Internet information and applications.

7.1.1 x Demonstration to include EIT 
Standards in all systems.

1

GR1.14

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 and mentor attends launch week in 

April.

1.1 x

Demonstration of the active 
mentor. Rick Mascheck requires 
that he inspects the rocket one 
week before any launch test 

planned by the Cal Poly Pomona 
NSL team. He will also ensure 

that he comes to the launch tests 
and verifies that the rocket is 

ready for flight before it is 
launched. 

1

Total 15 0 1

The team will implement the EIT 
Accessibility Standards.

Rick Maschek will be our mentor for 
CPP NSL. 

Notes
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7.2.6 Team Derived Requirements and Verification  

7.2.6.1 Launch Vehicle Derived Requirements Matrix 

 
 

Derivation REQ# Description Verification Method Section T A D I V IP NV

2.6 2.6.1
U Bolts must stay attached 

to bulkheads
The U Bolts will have enough 

tensile, shear, and bearing 
strength.

3.1.2 x x x

2.6 2.6.2

Observation Bay’s camera 
can withstand forces during 

flight, parachute 
deployment, and landing

The camera will be securely 
mounted with little to no space 

to move and isolated from 
contaminants.

3.1.2 x x x

2.19 2.19.1

The plate inside of the 
recovery bay should not 
move so the e-match will 
not disconnect or go off 

early

The plate will securely attached 
in the bulkhead so it will not 
move or have anything that 

could potentially disrupt the e-
match

7.4.1 & 
7.4.2 x x

2.19 2.19.2
Plug will come out after 

main parachute 
deployment

Plug will be able to disconnect 
from bulkhead once parachute 

deploys.

7.4.1 & 
7.4.2 x x x

2.19 2.19.3

The epoxy is strong 
enough to withstand 

impulse forces experienced 
during parachute 

deployment

Epoxy must be fully cured and 
then tested.

7.4.1 & 
7.4.2 x x x x x

Derived Requirements - Launch Vehicle Design Requirements Verification Method Status
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7.2.6.2 Recovery System Derived Requirements Matrix 

 

Derivation REQ# Description Design Description Section T A D I V IP NV

2.11 2.11.1
The launch vehicle will be capable of being 

launched by a standard 12-volt direct 
current firing system given at the launch site.

Demonstrate through test 
launches that motor ignites. 
Related to ground system.

3.3 x 1

2.4 2.4.1 The altimeters installed with have their own 
independent power supply. 

Test by activating switches on 
body tube and manually 

activating altimeters to ignite E-
matches. Related to recovery 

electronics.

3.3.2 x 1

3.6 3.6.1
Redundant and commercially available 

altimeters are to be used in the recovery 
system.

Powerup of each altimeter will 
occur via the activaiton of two 
independent switches. Audio 

inspection for voltage and 
preflight settings messages. 
Related to GPS to ground 

system.

3.3.3 x 1

3.10 3.10.1
An electronic tracking device must be 

equipped to the launch vehicle and must 
transmit position to a ground reciever.

Tracker position will be verified 
with the ground control station 

and compared to visual 
positioning of flight vehicle. 
Related to GPS to ground 

system.

3.3.5 x 1

Verification MethodDesign RequirementsDerived Requirements - Recovery System Status
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3.9 3.9.1
Recovery area will be limited to a 2500 ft. 

radius from the launch pads.

Simulations with varying wind 
speeds conducted with cruciform 
drogue. Related to the recovery 

system.

3.4.7 x 1

3.3 3.3.1
At landing, each independent sections of the 
launch vehicle will have a maximum kinetic 

energy of 75 ft-lbf.

Analysis using simulations and 
hand calculations has been 

completed at various altitudes 
and rocket weights to ensure the 
kinetic energy requirement will 
not be exceeded. Related to 

landing and recovery.

3.3.4.3 x 1

3.1 3.1.1

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. 

Altimeters will be tested prior 
launch to ensure proper output. 

Analysis completed prior to 
altimeter coding to find best main 
parachute deployment altitude. 
Related to recovery electronics.

3.3.4 x 1

3.8 3.8.1
Removable shear pins will be used for both 
the main parachute compartment and the 

drogue parachute compartment.

Both the subscale and fullscale 
launch have successfully utilized 
shear pins to deploy parachutes. 

Related to structures and 
recovery.

3.2.1.2 x x 1
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7.2.6.3 Payload Experiment Derived Requirements Matrix 

 

Derivation REQ# Description Verification Method Section T A D I V IP NV

4.5.4 4.5.4.1
Solar deployment system

requires a maximum of 2% 
battery life

Battery drained and re-
charged to no more than 2%

solar pannels will then be 
commanded to deploy.

4.5 x x

4.5.1 4.5.1.1

Fastening system of rover
to the pendulum system

is required to retain
stability throughout

flight and ground impact
(resist 10 G's)

Pendulum system will undergo
series of drop tests to ensure
bolt inside the launch vehicle 

will hold, and ensure hook will
hold rover mass; test from

40 ft.

TBA x x

4.5.1 4.5.1.2

The CG of the rover is 
offset from the rockets
by at least 40% of the 
length to achieve the 

pendulum system
function

Placement of the rover in 
launch vehicle will be varied 
and calculated until found to
be 40% offset from launch

vehicle CG.

TBA x x

4.5.2 4.5.2.1

Rover must be able to 
perform all mission 

functions and remain
in standby for 3 hours 

using less than 
5000 mWh of power

Rover will be given maximum 
of 5000 mWh of power and
will be left in standby for 3 
hours. It will then recieve
commands to execute all 
functions. After moving at 

least 5 ft, solar panels will be
deployed. Rover must perform 

tracking through GPS and
camera.

4.5 x x

Derived Requirements - Payload Design Requirements Verification Method Status
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4.5.2 4.5.2.2
Rover must be able to be
remotely activated with-

in a range of 3000 ft.

Rover will be placed 3000 ft
from the computer and 

commands will be sent to
begin movement and deploy-

ment.

TBA x x

4.5.2 4.5.2.3
Battery must be within

dimension 1.1 inch
diameter, 2.6 inch length

Battery measured and placed 
in rover frame with other

electronics to ensure fitting.
4.4 x x

4.5.3 4.5.3.1

GPS must begin sending
data to ground station
before rover deploys
from launch vehicle.

Start up time and time to 
reach nearby satellites tested

at various ranges from
ground station.

TBA x x

4.5.2 4.5.2.4

Create 
integrated electrical sys.
powered through single
battery so rover dim-

ensions aren't increased
past pendulum system

dimesnions by 
addition of power 

source.

Add 9V with a voltage 
to power the pi. Large battery
will be used to power servos,

motor, and GPS. Integrate
system and try to run.

4.5 x x

4.5.2 4.5.2.5

Rasp Pi program must
run as soon as system is 
turned on without open-

ing terminal

Turn on system and iterate
code until power-on is

autonomous
TBA x x
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7.2.6.4 Safety Derived Requirements Matrix 

Derived Requirements - Safety Design Requirements Verification 
Method Status 

Derivation REQ# Description Design Description Section T A D I V IP NV 

5.1 5.1.1 
Cal Poly Pomona NSL will use a 

launch and safety checklist included 
in the FRR report.  

Section 6.5 Launch Procedure includes 8 
safety equipment tools and a 14-step 

Launch Procedure Checklist 
implemented before all launch tests. 

6.5  x  x 1   

5.3.4 5.3.4.1 
The safety officer will assist in the 

writing and development of the 
team's hazard analyses. 

Section 5.2 includes a procedure for 
coming in contact with hazardous 
materials and how to notify Safety 

Officer in the event of an emergency. 

5.2  x  x 1   

5.3.4 5.3.4.2 
The safety officer will assist in the 

writing and development of the 
team's failure modes and analyses. 

Section 5.2 includes a list of FMEA 
conducted by the Safety officer and the 

team. 
5.1.1  x  x 1   

5.3.4 5.3.4.3 
The safety officer will assist in the 

writing and development of the 
team's procedures. 

Section 5.2 outlines the procedure for 
development of new or modified 

procedures with the overseeing of the 
Safety Officer. 

5.2  x  x 1   
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5.4 5.4.1 

Team will abide by the rules and 
guidance of the local rocketry club's 

RSO with certain vehicle 
configurations and/or payloads.  

The team lead shall  
always notify the appropriate  
personnel and shall provide 
the necessary details of the  

launch vehicle specifications. 

5  x  x 1   

5.4 5.4.2 
Team will communicate intentions to 

the local club's President before 
attending a launch.  

The team lead shall  
always notify the appropriate  
personnel and shall provide 
the necessary details of the  

launch vehicle specifications. 

5.1 & 
5.2  

 x  x 1   
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7.2.6.5 General Derived Requirements Matrix 

 

Derivation REQ# Description Design Description Section T A D I V IP NV

1.1 1.1.1
Students on the team shall do 
100% of the project including 

design and construction.

The sub-leads will ensure that 
everyone on the team is assigned 
parts for rocket simulations and 

calculations by using various 
mathematic softwares like 

OpenRocket or MATLAB.

1.4 x x x x 1

1.1 1.1.2

Students on the team shall do 
100% of the project including 

written reports and 
presentations.

The team lead will create design 
review progress and 

presentation trackers in order to 
ensure that written reports and 
presentations are met within the 

NASA deadlines. 

1.4 x x x x 1

1.1 1.1.3
Students on the team shall do 
100% of the project including 

flight preparation. 

Team leads and engineers from 
each subteam participating in 

launch vehicle activities will sign 
safety waivers and follow all on-

site rules from the lauch sites. 

1.4 x x x x 1

StatusVerification MethodDesign RequirementsDerived Requirements - General
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1.5 1.5.1

An educational engagement 
activity report will be 

completed and submitted 
within two weeks after 

completion of an event for 
Valley Oaks High School. 

Valley Oaks High School 
students were given the 

opportunity to tour the Cal Poly 
Pomona campus. Subsequently, 
the team provided a presentation 
of the NASA Student Launch. 
We demonstrated the different 
leftover parts of our sub-scale 

rocket from our sub-scale launch 
and gave them insights into what 
it takes to be part of a project of 

this magnitude. Finally, we 
presented them a video of our 

subscale rocket launch and 
answered their questions post-

presentation.  

8 x 1

1.5 1.5.2

An educational engagement 
activity report will be 

completed and submitted 
within two weeks after 

completion of an event for 
Suzanne Middle School.

The Cal Poly Pomona NASA 
Student Launch team went to 

Suzanne Middle School to give a 
presentation about programming 
and other rocketry sub-topics. 

The presentation entailed details 
on coding and the rover that our 
team has built. Following the end 
of the presentation, the students 
were given an activity to do in 
order to engage them in our 

project and the importance of 
coding. The activity was to code 

their name and age on the 
backside of a page after reading 

a page about how to code in 
C++.

8 x 1
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1.5 1.5.3

An educational engagement 
activity report will be 

completed and submitted 
within two weeks after 

completion of an event for 
Beckman High School.

The presentation’s main focus 
was on our NSL team’s 

structural components and 
launch vehicle building. The most 

notable thing to mention about 
this event is that the high school 

students were working on a 
payload for a separate project. 

Some of the students take part in 
a NASA-officiated CubeSat 
team connected with every 

IUSD school. They were able to 
see the connection between their 
project and the NASA Student 
Launch team project. The topics 
described at the event also gave 
the students some insight on how 
projects in college function and 
how they can join these kinds of 
technical projects in the future.

8 x 1
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1.5 1.5.4

An educational engagement 
activity report will be 

completed and submitted 
within two weeks after 

completion of an event for 
Pioneer Middle School.

The outreach event at Pioneer 
Middle School gave members of 

Cal Poly Pomona’s NASA 
Student Launch Team the 

opportunity to describe the 
team’s project to middle school 

students. The purpose of 
explaining the various aspects of 
the project to the students was 

to increase their interest in 
STEM related fields and help 
them understand the impact of 
these fields. A programming 
activity was also given to the 
students to help them better 

understand its purpose and why 
it is necessary for the project. 

The event concluded with 
footage of the construction and 

launch of the sub-scale model of 
the team’s launch vehicle. 

8 x 1
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7.3 Budget and Timeline 
 
7.3.1 Project Budget 
 
7.3.1.1 Full-Scale Launch Vehicle Expenses 
 

Table 7.3.1.1-1: Expenses for the full-scale vehicle. 
 

Full-Scale Launch Vehicle Budget 

Item Description Supplier Unit 
Price Qty Total Price 

 
 
 
 

Vehicle 
Structure 

Blue Tube 2.0 Airframe ARR $66.95 2 $133.90 

Blue Tube 2.0 Coupler ARR $66.95 1 $66.95 

Zinc-Plated Steel U- 
Bolts McMaster-Carr $1.03 4 $4.12 

Alloy Steel Hex Flat 
Head Screw McMaster-Carr $10.65 1 $10.65 

Birch Plywood Home Depot $49.98 1 $49.98 

Routing Eye bolt McMaster-Carr $5.14 1 $5.14 

 Acrylic Sheet Lowe's $3.19 1 $3.19 

Nylon Shear Pins Apogee Components $3.10 2 $6.20 

Threaded Rod McMaster-Carr $16.38 2 $32.76 

Silicone Adhesive Lowe's $7.98 1 $7.98 

Hex Nut McMaster-Carr $2.60 8 $20.80 

Stainless steel washer McMaster-Carr $8.82 1 $8.82 

Epoxy Resin West Marine $102.99 1 $102.99 

Hardener West Marine $94.99 1 $94.99 

Rail buttons Apogee Rockets $3.22 1 $3.22 

Fiberglass 5:1 Ogive 
Fiberglass Nose Cone Inhouse Vendor  

104.44 2 $208.88 

 Motor-mount Tube ARR $29.95 1 $29.95 
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Propulsion 

System 

Motor Retainer Apogee Rockets $47.08 1 $47.08 

Aerotech 54/1280 Motor 
Case Off We Go Rocketry $309.95 1 $309.95 

Aerotech L1420 Motor Bay Area Rocketry $246.95 3 $740.85 

 
 
 
 
 

Recovery 
Avionics 

PerfectFlite StratoLogger 
CF PerfectFlite $57.50 2 $115.00 

Mounting Hardware - 
StratoLogger CF PerfectFlite $1.99 2 $3.98 

USB data transfer kit PerfectFlite $24.95 1 $24.95 

Eggfinder GPS Eggtimer Rocketry $70.00 1 $70.00 

Duracell 9 V Battery (2 
pack) Staples $9.79 1 $9.79 

2S 7.4 2200mAh LiPo Amazon $17.99 1 $17.99 

Electronics Rotary Switch Apogee Rockets $9.93 2 $19.86 

Parachute 
System 

Top Flight Recovery 
Crossfire Parachute 120 
in. 

Top Flight Recovery 
LLC 

 
$179.95 

 
1 

 
$179.95 

 Top Flight Recovery X 
Type parachute 30 in. 

Top Flight Recovery 
LLC $17.95 1 $17.95 

Koch Quick Link 1/4in. Walmart $1.27 2 $2.54 

Tubular Nylon ParaGear $2.00 2 $4.00 

SW-1000 Swivel Top Flight Recovery 
LLC $4.50 2 $9.00 

Nomex Blanket Amazon $10.49 2 $20.98 

Total Full-Scale Launch Vehicle Expenses $2,384.39 

 
 

 

 

 



 

166 
 
 

 

7.3.1.2 Sub-Scale Launch Vehicle Expenses 

Table 7.3.1.2-1: Launch vehicle expenses for the sub-scale model. 

Sub-Scale Launch Vehicle Budget 
 
Item 

 
Description 

 
Supplier 

Unit 
Price 

 
Qty 

Total 
Price 

 
 
 

Vehicle 
Structure 

Blue Tube 2.0 Airframe ARR $29.95 1 $29.95 
Blue Tube 2.0 Coupler ARR $31.95 1 $31.95 
Eye-bolt Lowes $0.95 4 $3.80 
10-32 Alloy Steel Hex 
Flat Head Screw (100pk) McMaster carr $10.65 1 $10.65 

10-32 zinc plated nuts McMaster carr $7.78 1 $7.78 
3/4'' Birch Plywood Home Depot $49.98 1 $49.98 

 
Propulsion 

System 

Motor Hardware siriusrocketry $416.00 1 $416.00 

Retainer Sirius Rocketry $47.08 1 $47.08 
Aerotech J460T Apogee Rockets $128 2 $256.00 

 
 
 
 

Recovery 
Avionics 

PerfectFlite StratoLogger 
CF 

PerfectFlite $57.50 2 $115.00 

Mounting Hardware - 
StratoLogger CF PerfectFlite $1.99 2 $3.98 

USB data transfer kit PerfectFlite $24.95 1 $24.95 
Eggfinder GPS Eggtimer Rocketry $70.00 1 $70.00 
Duracell 9 V Battery (2 
pack) Staples $9.79 1 $9.79 

2S 7.4 2200mAh Lipo Amazon $17.99 1 $17.99 

Electronics Rotary Switch Apogee Rockets $9.93 2 $19.86 

Parachute 
System 

Pyrodex Powder Cabela's $19.99 1 $19.99 
1.1 oz. Ripstop Nylon RipstopByTheRoll $4.40 2 $8.80 

 Med Shock Cord Rocketarium $19.00 2 $38.00 
Koch Quick Link 1/4in. Walmart $1.27 2 $2.54 
550 Type III MIL-C-5040 
Paracord West Coast Paracord $11.95 1 $11.95 

Tubular Nylon ParaGear $2.00 2 $4.00 
SW-1000 Swivel Top Flight Recovery $4.50 2 $9.00 
Nomex Blanket Amazon $10.49 2 $20.98 

Total Sub-Scale Launch Vehicle Expenses $1,230.02 
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7.3.1.3 Payload Expense 

Table 7.3.1.3-1: Expenses for the payload experiment. 
 

Payload Experiment Budget 
 
Item 

 
Description 

 
Supplier 

Unit 
Price 

 
Qty 

Total 
Price 

 
 
 
 
 
 
 
 
 
 
 

Experimental 
Payload 

(autonomous 
rover with 
deployable 

solar panels) 

Pi Zero Amazon $10.00 1 $10.00 
SD Card Amazon $6.99 1 $6.99 

Transceiver Adafruit $19.95 1 $19.95 
GPS Module Adafruit $39.95 1 $39.95 

Video Transmitter Gearbest $14.99 1 $14.99 
Pi V2 Camera Amazon $29.95 1 $29.95 

Circular Polarized Antenna Amazon $8.99 2 $17.98 
Solar Panel Amazon $16.49 4 $65.96 
Micro Servo Adafruit $5.95 2 $11.90 

Motor/Gear Drive Robotshop $6.95 1 $6.95 
Track and Wheel Set Robotshop $6.39 1 $6.39 

Torsion Spring Grainger $9.10 2 $18.20 
Battery Pack Amazon $18.99 2 $37.98 

GPIO Pin Header Adafruit $0.95 1 $0.95 

Steel balls (100pk) VXB $4.95 1 $4.95 
Lithium Grease Grainger $4.95 1 $4.95 

Bolts/nuts (100pk) Bolt Depot $10.00 1 $10.00 
PLA Monoprice $19.99 1 $19.99 
Pi A Amazon $35.17 1 $35.17 

Transceiver Adafruit $19.95 1 $19.95 
Video Receiver Gearbest $14.99 1 $14.99 
LCD Screen Amazon $34.95 1 $34.95 

Keyboard Walmart $14.95 1 $14.95 
Circular Polarized Antenna Amazon $8.99 2 $17.98 

Total Payload Experiment Expenses $466.02 
 

 

 

 



 

168 
 
 

 

7.3.1.4 Educational Engagement Expenses 

Table 7.3.1.4-1: Expenses for Educational Outreach 
 

 

 

7.3.1.5 Travel Expenses 

 

Table 7.3.1.5-1: Travel expenses needed for team participation at the competition site. 

Travel Expenses 

Purpose Description Supplier Unit 
price 

Qty Total 
price 

Travel to 
Competitio

n Site 

Hotel for 4/3/18 - 4/9/18 
(unit is per week, per 
room) 

Priceline $551 3 $1,653 

Roundtrip Flight from 
Los Angeles, CA to 
Huntsville, AL 

Priceline $533 6 $3,198 

Roundtrip 
transportation from 
CPP to Huntsville, AL 

N/A $470 2 cars 
traveling 

$940 

Total Travel Expenses $5,791 
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7.3.1.6 Other Expenses 

 
Table 7.3.1.6-1: Other expenses for website maintenance. 

 

Other Expenses 
 
Item 

 
Supplier 

 
Unit Price 

 
Qty 

Total 
Price 

 
Website 

Starter Site 1 year 
subscription 

 
Weebly 

 
$96.00 

 
1 

 
$96.00 

Domain name for 
CPP Rocketry 
website 

 
Weebly 

 
$29.95 

 
1 

 
$29.95 

Total Expenses $125.95 
 

 

7.3.1.7 Overall Project Expenses 

Table 7.3.1.7-1: Overall budget including launch vehicles and other expenses. 

Comprehensive Budget 
Purpose Description Costs 
Full-Scale 
Launch Vehicle Final, complete design to be used in competition. $2,384.39 

Sub-Scale 
Launch Vehicle 

Vehicle used to test the design concept of the full-scale 
vehicle. $1,230.02 

Payload 
Experiment 

The rover designed for integration into the full-scale 
vehicle. $466.02 

Educational 
Engagement 

All materials required to conduct educational 
engagement activity events. $361.36 

Travel Travel necessary for 15 team members to participate at 
the competition location in Huntsville, AL. $5,791 

Other Includes expenses needed to maintain the CPP NSL 
Rocketry website. $125.95 

Total Project Budget $10, 358.74 
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7.3.2 Funding Plan 

Plans to acquire funds for the project include: fostering community support, contacting local 
companies for sponsorship, and attaining University specific grants. The team also partners 
directly with the high-powered rocketry club, UMBRA, and plans on using its partnership to 
secure further funding through the team’s University. Potential funding sources are listed in Table 
7.3.2-1. The outside sources include industry sponsors willing to provide discounted or donated 
equipment for some items listed in the budget tables.  

 
Table 7.3.2-1: Funding sources and potential support. 

 
Funding Source Potential Support 
Cal Poly Pomona Associated Students Incorporated (ASI) Grant $1,500.00 
Cal Poly Pomona Engineering Council Special Projects Funding $800.00 
California Space Grant Consortium Student-Led Hands-On Rocket Projects $1,500.00 
Outside Sources (industry sponsorship, donations, team fundraising) $2,890.00 
Total $6,690.00 

 

 

 

 

 

 

 

 

 

 

 

 



 

171 
 
 

 

7.3.3 Project Timeline 
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8.0 Educational Engagement Summary 
 
8.1 Educational Outreach Timeline  
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8.2 Educational Outreach Events 

The educational outreach events conducted by the Cal Poly Pomona NSL team is summarized in Table 8.2-1. 

 

Table 8.2-1: Educational engagement activity dates and events summary. 

 

 

140

Educational Outreach

Total
Education/Direct

825
790

Required 200

Student Attendance

15

400

20

250

Date School Education/Direct?Topic

Valley Oaks High School 
Wednesday, 

January 31, 2018 
General Presentation - NASA Student 

Launch 

Friday, February 2, 
2018 Suzanne Middle School 

Programming's Role with Rocketry 
Presentation & C++ Coding Activity with 

Billy the Bronco 

Friday, February 9, 
2018 Beckman High School

Launch Vehicle Design and Build 
Presentation

Friday, February 
16, 2018

Friday, February 
23, 2018

Pioneer Middle School 

iPoly High School

Programming's Role with Rocketry 
Presentation & C++ Coding Activity with 

Billy the Bronco 

Propulsion and Drag's Role with 
Rocketry & Paper Airplane Activity 

N

Y

N

Y

Y
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As a part of the NASA Student Launch Initiative (SLI) competition, the team is encouraged to 
conduct educational outreach events with K-12 schools. The Cal Poly Pomona team reached out 
the schools around the local community and beyond to educate and inspire fellow students about 
rocketry subjects and STEM education. This year, outreach presentations and activities ranged 
from various topics such as programming, propulsion/drag, and the structural integrity of the 
launch vehicles.  

The students of Valley Oaks High School were given the opportunity to tour the Cal Poly Pomona 
campus. They were able to see the 3-D printers the team used to print parts for our rocket, Wind 
Tunnel Lab, and a general overview of the project. Then, Suzanne and Pioneer Middle Schools 
were given a presentation on programming. Following the end of those presentations, the students 
were given an activity to do to engage them in the importance of coding. The activity was to code 
their name and age on the backside of a page after reading a page about how to code in C++. Team 
members walked around from table to table trying to aid the children to create their own C++ 
program on the back of a sheet of paper. Subsequently, Beckman High School’s main focus was 
on our NSL team’s structural components and launch vehicle building. Some of the students at the 
event were involved in projects at their school that were also associated with NASA. The high 
schoolers were able to see the connection between their project and the NASA Student Launch 
team project. In addition, the students of iPoly High School learned about propulsion and drag. 
They were curious to find out how math was utilized and integrated in the project. An activity 
aimed at helping students understand drag was also given to high school teachers participating in 
the event for their students to complete it in their classrooms. 

In each presentation, team members included their individual experiences with the NASA SLI and 
how those experiences helped them grow as engineers and students. The topics described at all the 
events also gave the students some insight on how projects in college function and how they can 
join these kinds of technical projects in the future. Schools that partook in these outreach events 
have expressed positive feedback to the team for sharing their knowledge to younger generations 
of students. In addition, students have expressed great interest and gratitude for the project. 
Overall, the educational outreach events are vital for the promotion of STEM-related subjects in 
our education system as a whole. 
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Figure 8.2-1: Valley Oaks High School – Wednesday, January 31, 2018 

 

 

Figure 8.2-2: Suzanne Middle School – Friday, February 2, 2018 
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Figure 8.2-3: Beckman High School – Friday, February 9, 2018 

 

 

Figure 8.2-4: Pioneer Middle School – Friday, February 16, 2018 

 

Figure 8.2-5: iPoly High School – Friday, February 23, 2018 


