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Section 1. General Information 

1.  School Information 

School Name:   The University of Akron 

Team Name:   Akronauts Rocket Design Team 

Location:   Auburn Science and Engineering Center 

   302 E. Buchtel Ave 

   Akron, OH 44304 

Project Name:  Zaphod 

 

2. Adult Educators & Advisors 

Name: Dr. Francis Loth 

Department: Mechanical Engineering 

Phone: 330-972-6820 

Email: loth@uakron.edu 

 

Name: Dr. Scott Sawyer 

Department: Mechanical Engineering 

Phone: 330-972-8543 

Email: ssawyer@uakron.edu 

 

3. Team Officials 

Safety Officer: Matthew D. Wilson 

Phone: 330-696-4938 

Email: mdw104@zips.uakron.edu 

 

Team President: Daniel T. Nicolino, Jr. 

Phone: 330-703-1676 

Email: dtn5@zips.uakron.edu 

 

4. Mentor 

Name: Steve Eves 

TRA Certification: Level 3 

Phone: 330-414-5131 

Email: fireside2001@aol.com 

 

5. Team Members and Organization 

mailto:loth@uakron.edu
mailto:ssawyer@uakron.edu
mailto:mdw104@zips.uakron.edu
mailto:dtn5@zips.uakron.edu
mailto:fireside2001@aol.com
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There will be approximately 20 or more individuals committed to this project. The team 
consists of seven officers dealing with administrative tasks of the team. The positions are as 
follows:  

 

President – Daniel 

Vice President – Anna 

Project Manager – Joe 

Chief Engineer – Emery 

Treasurer – Dylan 

Public Relations Manager – Hannah 

Safety Officer – Matt 

 

The team also consists of system leads for the following systems: 

 

Aerostructure – Cody 

Research and Development – Ben 

Recovery – Victoria 

 

Each system has at least three to five members. Some members have multiple duties on the 
team. The breakdown of the team and each system’s responsibilities is as follows: 
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Section 2. Critical Design Review Summary 

1. Vehicle 

The rocket is 144 inches long with an inner diameter of five inches and outer diameter of 5.125 
inches. It will have a combined weight of 53.7 pounds fully loaded. After fuel burnout, its 
weight will be roughly 48.1 pounds. An Aerotech L2200G-P 75mm high power reloadable motor 
with an impulse of 5104 N-s is the motor of choice. 

 

2. Recovery System 

The launch vehicle will use dual deployment as its recovery system. At apogee, a drogue 
parachute will be deployed via a CO2 ejection system from the mid-section of the rocket to 
slow the descent of the vehicle to approximately 140 ft/s. At 850 ft, the main parachute will be 
deployed via a CO2 ejection from the nose cone, allowing the vehicle to reach a terminal 
velocity of approximately 15 ft/s while satisfying the 75 ft-lbf impact energy requirement for 
each independent section of the vehicle. 

 

3. Rail Size 

The rocket will be utilizing a 12 foot launch rail with 1515 rail guides. 
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4. Milestone Review Flysheet 

 

  

Institution Milestone

630

0.57

401

5574

50

4

Section 1 Section 2 Section 3 Section 4 Section 1 Section 2 Section 3 Section 4

The University of Akron

Milestone Review Flysheet

CDR

Rail Size and Length (in) 144 Distance to Stable Velocity (ft)

Motor Retention

Vehicle Properties

Total Length (in) 144

Diameter (in) 5.125

Gross Lift Off Weigh (lb) 53.7

Airframe Material Carbon Fiber/Fiberglass

Fin Material Fiberglass

Coupler Length 8 inches

Motor Properties

Motor Designation L2200G-P

Max/Average Thrust (lb) 697/504

1147.4Total Impulse (lbf-s)

10.5/4.93Mass Before/After Burn

543Liftoff Thrust (lb)

Thrust plate with center rings

Terminal Velocity (ft/s) 143.44

Recovery Harness Material Flat Webbed Nylon

130 in diameter

Altitude at Deployment (ft) 850

Velocity at Deployment (ft/s)

Altitude at Deployment (ft) Apogee

Velocity at Deployment (ft/s) 0

Stability Analysis Ascent Analysis

Recovery System Properties

Dogue Parachute

Manufacturer/Model Student Designed - Elliptical

Size 17 in diameter

99.499

Center of Gravity (in from nose) 85.797

Static Stability Margin 2.65

Thrust-to-Weight Ratio 9.39

Rail Exit Velocity 88.28 ft/s

Static Stability Margin (off launch rail) 2.78

Maximum Velocity (ft/s)

Maximum Mach Number

Maximum Acceleration (ft/s^2)

Target Apogee (From Simulations)

Stable Velocity (ft/s)

Center of Pressure (in from nose)

Harness Size/Thickness (in)  3/4"

Recovery Harness Length (ft) 18

Harness/Airframe Interfaces
2500 lb swivel hoist ring. Quick link of shock 

cord to hoist ring through carabiner.

Kinetic Energy 

of Each 

Section (Ft-lbs) 6549 5751

Recovery System Properties

Main Parachute

Manufacturer/Model Student Designed - Annular

Size

143.44

Terminal Velocity (ft/s) 11.35

Recovery Harness Material Flat Webbed Nylon

Harness Size/Thickness (in)  3/4"

Recovery Harness Length (ft) 16

Harness/Airframe Interfaces
2500 lb swivel hoist ring. Quick link of shock 

cord to hoist ring through carabiner.

Kinetic Enerfy 

of Each 

Section (Ft-lbs) 74.2 72.2 8

Recovery Electonics

Altimeter(s)/Timer(s) 

(Make/Model)
PerfectFlite StratologgerCF (x2)

Redundancy Plan

Each Altimeter is capable of drogue 

and main parachute deployment. 

Each altimeter will be connected to 

its own CO2 charge

Pad Stay Time (Launch 

Configuration)
1 hour 30 minutes

Recovery Electonics

Rocket Locators (Make/Model) Trimble Copernicus II

Black Powder Mass Main 

Chute (grams)
CO2 45g

Transmitting Frequencies

Black Powder Mass Drogue 

Chute (grams)

Xbee-PRO 900: 900 MHz

CO2 23g
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Institution Milestone

Milestone Review Flysheet

The University of Akron CDR

Payload

Payload 1

Overview

The payload will house a fragile material and protect it from the forces of a rocket launch and landing. It will utilize a spring/damper system, ballistic gel, and 

inflatable bladders. The bladders will be filled with air from the atmosphere using a pump.

Payload 2

Overview

N/A

Test Plans, Status, and Results

Ejection 

Charge Tests

Sub-scale Test 

Flights

Full-scale Test 

Flights

A ground test will be done prior to sub-scale flight tests to ensure the selected CO2 amount is appropriate to fully and reliably eject the main and drogue 

parachutes.

A test flight was performed with a successful ascent, but an unsuccessful recovery. It was concluded that the black powder charge that is used to puncture the 

CO2 canister vented out the wrong end of the ejection system. It is further discussed in section 4.

A full-scale flight is planned to happen before the end of February
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5. Payload 

Fragile Material Protection with Spring/Damper Absorption and Air Cushion Retention 

 

A fragile object will be inserted into a canister with gel inserts covering the bottom. After 
insertion, inflatable bladders will be filled with air at atmospheric pressure using a pump that 
continuously cycles the air and immobilizes the fragile payload throughout operation. During all 
stages of rocket operation, the spring/damper system will absorb the forces experienced, such 
as launch, drogue and main chute deployment, motor burnout, and landing. The springs at the 
lower portion of the canister (furthest away from nose cone) will compress upon force exertion, 
and upon ascension the damper will actuate and slow the retention canister down, reducing 
the drastic g-forces. 
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Section 3. Changes After Preliminary Design Review 

1. Vehicle 

Parachute Sizing 

Initially, the main parachute was to be 160 inches in diameter and the drogue parachute was to 
be 30 inches in diameter. This sizing was selected by adding a 33% margin to the required 
landing kinetic energy of 75 ft-lb. Permission was given to discard the margin and approach the 
75 ft-lb impact energy; also allowing the drift distances to fall within the ½ mile limit. The main 
parachute will now be 130 inches while the drogue will be 18 inches; ultimately satisfying the 
drift distance and impact energy requirements. 

 

2. Payload 

Spring/Damper 

The initial spring/damper design had more of a shock absorber quality, with the dampers being 
on both sides of the canister and both being nested inside large springs. Upon investigation, it 
was determined that the impulse of the rocket engine would cause catastrophic failure in the 
dampers (I.E. rupture the housing). The nested spring option was chosen as the replacement 
design to absorb the launch force below the canister and a one-way compression damper 
above to slow the ascent so as to separate the motor impulse from the damper itself. To assist 
with damper longevity and spring effectiveness, the damper was nested inside another spring. 

 

Canister Orientation 

The initial orientation of the canister was with the electronics bay towards the nose cone. After 
review, the canister was inverted. This was to allow for easier access to the fragile material 
protection area. 

 

Battery Type 

The initial batteries chosen were nickel-cadmium. Because of an ideal pump running 
consistently without a reduction in pumping capability, the batteries were changed to lithium-
ion for their constant amperage. 
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Section 4. Vehicle Technical Design 

1. Mission Statement 

The Akronauts are dedicated to striving to be the best. We always seek out knowledge and try 
to improve every aspect of ourselves, The University of Akron, and the community that we can. 
This year, the team is tackling a real problem that may have some use in the future. The mission 
is to design a launch vehicle that will take one or multiple fragile materials to an altitude of 
5,280 feet and return safely back to the ground. 

 

In order for the Akronauts to be satisfied and consider the competition a success, the following 
criteria must be met: 

 

 The launch vehicle’s apogee is within 50 feet of an apogee of 5280 feet 

 The vehicle had a stable flight 

 The vehicle leaves the launch rail at a speed greater than 52 feet/second 

 The vehicle travels at a speed less than Mach 0.8 

 The payload does not malfunction throughout the flight 

 The electronic/recovery systems do no malfunction throughout the flight 

 The vehicle is fully recovered and able to fly again 

 No person is injured while working on Project Zaphod 

 No person is injured on launch day 

 The fragile material(s) is/are completely intact after being retrieved 

 

Further details on success criteria are in section 8.2. 

 

2. Launch Vehicle 

 

 

 

 

 

 

 

 

 

Figure 1: Model of Rocket 
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Nose Cone 

The launch vehicle will have a Von Karman or Haack Series nose cone. Its design has a length to 
diameter ratio of 5:1. Since our rocket has an outer diameter of 5.125 inches the length of the 
nose cone is 25.625 inches. This alternative was chosen because the profile of the cone 
provides low drag during flight. Below is a drawing of the nose cone itself: 

 

At the maximum velocity of 630 ft/s, the outer profile of the nose cone will have a streamline 
velocity distribution as shown below:  

 

 

  

Figure 2: Von Karman Nose Cone 

Figure 3: Max Velocity Streamlines around Nose Cone 
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The velocity from the tip of the nose cone to slightly past the tip is lower than that of the 
velocity farther down the profile. This can be seen in the above velocity distribution by the 
change in color. The reason behind this lower velocity is because drag is increased in this region 
do to the larger slope in the profile. This slope provides an increase in drag due to a drag force 
component in the x direction. One can recognize this effect if they think of a straight line (180 
degrees) compared to a positive slope line (<180 degrees). If an object traveling in space has a 
profile of <180 degrees, then there is an x component of force providing drag. If the object has 
a 180-degree profile and is traveling through space then the only component of drag is a y 
component or a normal force. 

 

The pressure distribution of the Von Karman nose cone can be seen below: 

Like the explanation of the velocity profile distribution above, there is an increase in pressure 
around the tip of the nose cone do to a larger slope in the profile. The large slope provides an 
increase in drag which in turn, increases the pressure. 

 

Fins 

Launch vehicle will have three trapezoidal fins 120 degrees apart from each other. This design 
provides the best resistance to damage when the vehicle touches down after flight and are 
relatively simple to construct due to its geometry. Below is a drawing of the fins: 

 

Figure 4: Pressure Distribution Streamlines around Nose Cone 
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The fins are 4 inches tall with a root chord of 12 inches and a tip chord of 5 inches. A chamfer 
will be added to the leading of edge of the fin which will provide lower drag compared to a 
blunt edge. These fins will be attached to the body tube using high strength epoxy. 

 

Fin flutter is dynamic instability of the fins due to the forces acting on them throughout flight. 
To assure the fins will not flutter, they need to be sturdy enough to withstand these forces. 
Using a flutter boundary equation from Apogee Components Peak of Flight Newsletter, 

 

 

one can predict whether fins will flutter at the maximum speed of the rocket. Using this 
formula, it can also be decided which material and thickness one should go with for the fins. 
Weight should also be accounted for when considering the material, as steel will be much 
heavier than fiberglass. The table below provides the shear modulus of each material as well as 
its flutter speed: 

 

  

Figure 5: Fin Dimensional Drawing 
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Fiberglass Carbon Fiber Aluminum Steel 

Shear Modulus, G (psi) 1160340 4786254 3625950 11197280 

Flutter speed, Vf (ft/s) (t=1/16in) 605.55 1229.85 1070.45 1881.09 

Flutter speed, Vf (ft/s) (t=1/8in) 1712.47 3478.54 3027.68 5320.54 

Flutter speed, Vf (ft/s) (t=3/16in) 3146.51 6390.49 5562.20 9774.45 

Table 1: Fin Flutter Analysis 

Fiberglass was chosen as the material of choice for the fins because it’s flutter speed for the fin 
size desired (3/16 inch) is 3146.51 ft/s while the max velocity for the launch vehicle is 630 ft/s. 
The remaining materials have an even higher flutter speed which is not necessary for the 
maximum velocity of the launch vehicle. 

 

Avionics/Electronics Bay 1 

This bay, within the launch vehicle, houses the two Peregrine Raptor 23g CO2 ejection systems 
as well as the electrical equipment to deploy both recovery systems and record vital 
atmospheric data. It is 8 inches in length between bulkheads. The location of this system with 
respect to the entire launch vehicle can be seen below as indicated by the blue box: 

 

 

Between the bulkhead with the Peregrine Raptor CO2 ejection system and the bulkhead above 
it, there will be a fiberglass coupler connecting a fiberglass body tube to a carbon fiber body 
tube. This coupler will be permanent (The two body tubes will become one). The purpose of 
having a fiberglass section of body tube and not having the entire launch vehicle carbon fiber is 
do to the fact that electrical signals cannot pass through carbon fiber. It makes sense having the 
fiberglass body tube within the avionics/electronics bay in order to receive electrical signals 
emitted by the on-board system.  

 

The ejection system associated with this bay is for the drogue chute located below it. A D-ring 
on the bulkhead (see below) connects the drogue chute to the bulkhead. 

 

Figure 6: Location of Drogue Chute Bay 
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This design was chosen due to the installation required by the payload bay and because of the 
electronics within this system. Lower half of the coupler connecting the two body tubes will be 
epoxied in while the upper half is bolted on. 

 

Payload Bay 

Above the avionics/electronics bay 1 rests the payload bay which can be seen in the following 
drawing below with respect to the entire launch vehicle: 

 

 

The payload within the payload bay is provided descriptively in the Payload Summary of this 
report but the model of this entire system can be seen below: 

 

Figure 7: Ejection System for Drogue Chute Bay 

Figure 8: Location of Payload Bay 
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Due to choosing the fragile material protection option for the experiment requirements for this 
competition, the payload bay will need much attention in terms of access. The carbon fiber 
tube that the payload rests in will have a removable hatch to access the entire payload 
assembly quickly and efficiently. The length of the payload bay is 25.75 inches. Also, the solid 
aluminum bulkheads above and below the payload bay will be taking the brute force of the 
springs when the launch vehicle lifts off as well as when it touches down. 

 

Avionics/Electronics Bay 2 

Like the avionics/electronics bay 1, this bay will be performing the same function. Its purpose 
will be to house the two Peregrine Raptor 45g CO2 ejection systems. 

 

 

This ejection system is for the main chute and will be deployed using the electrical system 
located in avionics/electronics bay 1. The electrical wiring connecting the two systems will be 

Figure 9: Payload 

Figure 10: Ejection System for Main Chute Bay 
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run through the walls of the body tube. This bay is 6 inches between bulkheads and can be seen 
with respect to the entire launch vehicle below: 

 

 

A coupler will be present within this system joining the carbon fiber body tubes permanently, 
like the coupler in the avionics/electronics bay 1. No other electronics will be present within 
this system as it is primarily for the Peregrine Raptor CO2 ejection system. One may wonder 
why there needs to be a coupler joining two carbon fiber body tubes. This is due to the 
manufacturability of these body tubes. A McClean Anderson Filament Winder will be used to 
wind the carbon fiber, along with resin, into body tubes. There is a limit to the length of body 
tubes the machine can wind which is roughly 40 inches. Since the body tube that houses the 
payload bay is 36.75 inches long, a new body tube is required to house the main chute bay. The 
only way to connect body tubes securely is through having a coupler which is the reason why 
this coupler is positioned within the avionics/electronics bay 2. 

 

Engine Bay 

The following model is the engine bay with respect to the entire launch vehicle indicated by the 
blue box: 

 

 

It is essentially one removable system comprising of a set of center rings attached to each other 
using aluminum dowel rods. As seen below, the system is designed to distribute the load 
caused by the engine’s thrust at takeoff and throughout flight. 

 

Figure 11: Location of Electronics/Avionics Bay 2 

Figure 12: Location of Engine Bay 
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The Aerotech L2200G-P 75mm high power reloadable motor has a “lip” on its end where the 
nozzle is located which is a cap that is used to be removed to install the grains of the motor. 
The “lip” is used to secure the motor within the engine bay by having the two rear bulkheads 
clamp it. The “lip” of the motor can be seen below indicated by the blue box in the drawing 
obtained from the Aerotech’s assembly and operation instructions: 

 

 

Furthermore, the motor is held by the top-most center ring by the use of a “lip” shown in the 
green box above. This center ring, along with all the bolts holding the other center rings for this 
motor, will help with the distribution of the force caused by the thrust of the motor. 

 

Figure 13: Model of Engine Bay Interior 

Figure 14: Model of Motor 
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The drawing below shows the length of each body tube section as well as the length of the nose 
cone. All the body tubes will be made of carbon fiber except the body tube over the drogue 
chute bay. This is due to the electronics system and its ability to transmit radio signals in which 
fiberglass will allow the signals to pass through it while the carbon fiber does not. 

 

 

 

  

Figure 15: Dimensional Drawing of Rocket Body 
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The two following drawings discuss the materials and their associated locations within the 
launch vehicle. All remaining drawings of the components and assemblies within the launch 
vehicle are located within the appendix of this document. 

 

 

 

 

 

 

 

Figure 16: Rocket with Parts List (Assembled) 
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Figure 17: Rocket with Parts List (Sectioned) 
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Weight 

Total weight of the launch vehicle is 53.7 lbs. Below are tables depicting individual weights of 
components within the rocket as well as each subsystem’s entire weight: 

 

 Engine Bay: 

Component Weight (lb) Material of Construction 

Fins 0.82 Fiberglass 

Thrust plate 1 0.461 Aluminum 

Thrust plate 2 0.594 Aluminum 

Center ring 1 0.594 Aluminum 

Center ring 2 0.594 Aluminum 

Center ring 3 0.594 Aluminum 

Dowel Rods (x3) 0.746 Aluminum 

Engine Block 1.174 Aluminum 

D ring 0.55 Steel 

Body Tube 2.2174 Carbon Fiber 

Engine 10.5 Aluminum 

Total 18.844 
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Drogue Chute Bay: 

Component Weight (lb) Material of Construction 

Chute 2 Fabric 

Bulk Head 0.666 Aluminum 

Co2 Holder (x2) 0.46 Aluminum 

Co2 Canister (x2) 0.42 Steel 

D ring 0.55 Steel 

Coupler 0.502 Carbon Fiber 

Body Tube 0.484 Carbon Fiber 

Total 5.082 
 

 

 Avionics/Electronics Bay 1: 

Component Weight (lb) Material of Construction 

Electronics 0.2 Plastic, copper, steel 

Bulk Head 0.738 Aluminum  

Body Tube 0.514 Carbon Fiber 

Total 1.479 
 

 

  

  



27 
 

Payload Bay: 

Component  Weight (lb) Material of Construction 

Payload 7.61 Steel, Aluminum 

Body Tube 1.479 Carbon Fiber 

Total 9.089 
 

 

 Avionics/Electronics Bay 2: 

Component Weight (lb) Material of Construction 

Bulk Head 1 0.738 Aluminum 

Bulk Head 2 0.666 Aluminum 

Co2 Holder (x2) 0.46 Aluminum 

Co2 Canister (x2) 0.8 Steel 

D Ring 0.55 Steel 

Body Tube 0.386 Carbon Fiber 

Total 3.599 
 

 

 Main Chute Bay: 

Component Weight (lbs) Material of Construction 

Chute 9 Fabric 

Coupler 0.617 Carbon Fiber 

Bulk Head 1.6 Aluminum 

D ring  0.55 Steel 

Body Tube 1.865 Carbon Fiber 

Total  13.633 
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Nose Cone: 

Component Weight (lb) Material of Construction 

Nose Cone 2 Carbon Fiber 

Total 2 
 

 

 Total Weight of Rocket:  

Sub-System Weight (lb) 

Engine Bay 18.844 

Drogue Chute Bay 5.082 

Avionics/Electronics Bay 1 1.452 

Payload Bay 9.089 

Avionics/Electronics Bay 2 3.599 

Main Chute Bay 13.632 

Nose Cone 2 

Total 53.7 

 

3. Subscale Flight Results 
The subscale rocket was 57.375 inches long with an outer diameter of 3.1 inches. The motor 
within was an Aerotech I-1364 with an average thrust of 74 pounds-force. The overall rocket 
weight was 7.2 lbs. The rocket was equipped with a Stratologger for deployment event 
initiation, as well as an accelerometer and data acquisition. All of which were armed using a 
toggle switch. The body tube was made from Blue Tube to withstand any high-g forces. The 
nose cone was 3D printed into a Von Karman geometry. The fins were made from fiberglass and 
epoxied to the tube using RocketPoxy. All bulkheads, centering rings, and structural 
components were made of pine wood. The parachute used was a previous year student built 
drogue chute made from ripstop nylon. 

 



29 
 

 
Figure 18: Team Members next to Subscale Rocket before launch 

 

When design the subscale to test for stability we decided to try and keep the location of the 
center of gravity and center of pressure similar to the full-scale rocket as a percentage of the 
total body length. This was to create a similar stability margin. The nose cone was scaled down 
to the new diameter of the rocket. We also used the same geometry with slightly different 
measurements fins. Both of these would help create similar drag characteristics compared to 
the full-scale flight. The body tube length we felt did not need to be calculated to a certain 
length as its aerodynamic effects between the center of gravity and nose cone were negligible.  

 

The conditions for launch day were overcast with a cloud ceiling well above the waiver height of 
5000 feet. The temperature was between 45-50 degrees Fahrenheit with ground winds of up to 
15 miles per hour coming from the south. 
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The simulations were done in OpenRocket. 

 

Simulation Results on next page: 

Figure 19: OpenRocket Model of Subscale Rocket 
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Figure 21: Altitude Simulation of Subscale Rocket 

Figure 20: Simulated Velocity of Subscale Rocket 
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The OpenRocket Simulation predicted an apogee of 2,974 feet and a max velocity of 516 feet 
per second.  

 

Unfortunately, the rocket did not deploy its parachute at apogee, nor after, and was destroyed 
on impact with ground. All the data from the altimeter and accelerometer was destroyed as 
well. After post flight analysis, the cause was found to be the black powder that is used to push 
a pin into a CO2 canister. The black powder had ignited, but instead of blowing through the 
duct tape holding it in, it had escaped out the other end. This was due to what is believed to be 
too small of ignitors causing them to move and allowing the explosion to go the wrong way.  

 

The root cause was that the normal ignitors usually used had been lost. New ones were ordered 
although they were lost by the university. Being short on time we opted to instead borrow 
some from a level 3 certified rocketeer that was coming to watch the launch. Even though it 
was unforeseen that the ignitors would be lost a second time, measures have been put in place 
to make sure this does not happen in the future. 

 

Although no data was retrieved, the team feels confident that the rocket is aerodynamically 
stable as it almost flew straight up with little wind-cocking even in higher winds.  

Figure 22: Simulated Stability of Subscale Rocket 
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Some changes to the full-scale rocket were made during construction of the subscale. These 
changes were primarily that more sections would be removable for ease of access to certain 
areas of the rocket. The subscale was built with only one tube so it was hard to align bulkheads 
in the middle of the rocket as hands weren't able to reach inside. The full scale will now have 
five sections that can detach from each other instead of three. 

 

Also, the fins for the subscale were just epoxied onto the body tube. During pre launch setup, 
epoxy had cracked a bit on one of the fins causing concern. It was fixed, but it has shown that a 
better way of attaching the fins were needed. The fins will be thru-walled epoxied instead of 
just on the outer surface. 

 

4. Recovery System 

The launch vehicle will use dual deployment as its recovery system. In order to slow the vehicle 
down to a safe speed of deployment for the main parachute, there will be a drogue parachute 
deployed from the middle of the rocket via a CO2 ejection at the vehicle’s apogee. The drogue 
parachute will slow the vehicle down to 143 ft/s. Through previous competitions and SMEs in 
the industry, a velocity of 75 ft/s to 150 ft/s is considered a safe speed for main parachute 
deployment such that there is not too high of an instantaneous shock force that the parachute 
is torn from the body or causes any unwanted damage to the vehicle such as zippering. Because 
the drogue parachute will be so close to the motor; a flame retardant nomex blanket will be 
nested between the drogue parachute and the bulkhead. Similar to the drogue parachute, the 
main parachute will be deployed via a CO2 ejection and will be deployed from beneath the nose 
cone at 850 ft. Refer to the table below for the list of these strict sequences. 

 

Sequence Event Altitude 

1 Drogue Chute deployed from mid-section of rocket Apogee 

2 Main Chute deployed from nosecone of rocket 850 ft 

Table 2: Recovery Event Sequence 

 

The recovery system will be a handmade assembly comprising of a main parachute and a 
drogue parachute. The main parachute will be in a toroidal design (commonly known as pull-
down apex or iris) and will feature 16 gores; while the drogue parachute will be an elliptical 
design and feature 12 gores. See the below figure for a model of each parachute. 
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The material of the canopy for the main parachute will be PIA-C-44378 Type IV nylon. This 
material was chosen for its light weight of 1.17 oz/yd2 and 0.5-3.0 cfm air permeability. The 
material is woven in a rip-stop pattern for added strength. This exceptionally high quality of 
material was not initially taken into consideration due to the high cost; however, the material 
will be provided by a sponsor. The color scheme of the main parachute will be black and gray 
for visibility. Black and gray  are the only colors that were offered by the sponsor in time for 
full-scale building. 

 

The canopy of the drogue parachute will be a 1.9 oz/yd2 nylon also woven in a rip-stop pattern 
for added strength. The quality of the drogue parachute is a lower quality nylon, because all of 
the high quality donated material will be used for the main parachute. Also, because only one 
color scheme was available to the team; it can not be used for both parachutes per the NASA 
guidebook. The color scheme of the drogue will be blue and yellow for visibility and allows for 
an easy distant visual differentiation between the drogue and the main parachute deployment 
event. 

 

Specification Drogue Parachute Main Parachute 

Color Scheme Blue/Yellow Black/Gray 

Design Elliptical Toroidal 

Material 1.9 oz/yd2 Rip Stop Nylon 1.17 oz/yd2 Rip Stop Nylon 

Diameter 17 inches 130 inches 

Drag Coefficient 1.3 1.77 

Terminal Velocity 143.44 ft/s 16.07 ft/s 

Table 3: Parachute Specifications 

Figure 23: Drogue Elliptical Parachute (Left) and Toroidal Main Parachute (RIght) 
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Rope Material 

The recovery system will feature four types of rope: shock cords, shroud lines, bridles, and 
connection lines. Each rope will be a different material based on their function. 

 

Shock Cords: 

The shock cords’ functions will be to absorb the instantaneous forces during parachute 
inflation. The shock cords will be made of ⅜ in flat nylon webbing. This material was chosen for 
its high strength of 2375 lb and low price of $0.23/ft. There will be a total of three shock cords 
present within the recovery system. The shortest size shock cord is connected to the drogue 
parachute, which has a length of 8ft, twice the size of the segment it is carrying. The other 
shock cord on the drogue parachute will have a length of 18 ft; allowing 10 ft of clearance 
between the two sections the drogue chute is carrying; preventing any collisions in air during 
their descent. See the below diagram for the shock cord lengths. 

Figure 24: Recovery Shock Cords 
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Shroud Lines: 

The shroud lines’ functions are to assist the canopy in maintaining its shape during the vehicle’s 
descent. Each shroud line will be made of 1/8in flat Type III Paraline rated at 400 lb test. This 
material was chosen due to its high strength, low cost, and flat shape. The flat shape of the 
shroud lines makes for easier manufacturing of the parachutes, allowing the shroud lines to be 
sewn into the seams of the parachute gores.  

When the parachute is being assembled, the shroud lines of the drogue parachute will be split 
into two separate bundles to decrease the likelihood of tangling. The same will be done to the 
outer shroud lines of the main parachute. Refer to the “Hardware and Assembly” section for 
further information. 

The length of each of the shroud lines will be 115% of its respective parachute’s total diameter 
per the industry standard. The drogue parachute will have 12 shroud lines; with each shroud 
line being 1.5 ft long. The main parachute will have a total of 32 shroud lines (16 inner and 16 
outer); each outer shroud line will be 12.5 ft long and each internal shroud line will be 3 ft long 
(¼ the length of the outer shroud lines, per industry standard). See the below diagram for the 
shroud line lengths. 

 

Figure 25: Recovery Shroud Lines 
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Bridles: 

The bridles’ functions are to form a union between the shroud lines of the parachutes and their 
respective shock cords. The intention is that each independent section of the rocket will pull on 
the parachute with different forces. To improve stability of the canopy, the shock cords will be 
joined together by a bridle. The bridles will be made of ½” Kevlar rated for 6000 lb. Each bridle 
will be 3 ft long. Refer to the below diagram to see the length each bridle. 

 

 
Figure 26: Recovery Bridles 

 

Connection Lines: 

The connection lines form as a simple interface between two sections of the vehicle. The first 
connection line is used to keep the nose cone attached to the vehicle and will be 8 ft in length. 
The second is to aid in the shape of the main parachute by pulling on the inner shroud lines. 
The connection lines will be made of ⅜” flat webbed nylon rated for 1400 lb. This rope was 
chosen for its light weight and low price. See the below figure for a diagram of the connection 
lines. 
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Figure 27: Recovery Connection Lines 

 

Hardware and Assembly 

Refer to the below figure and table. The hardware was carefully selected, keeping weight and 
integrity in mind. The main interface link between the parachutes and the vehicle are the Hoist 
Rings which double as a swivel and a 180° pivot (Find Number 1). Another swivel is located 
between the bridle and the shock cord (Fund Number 4). This is intended to prevent any 
twisting of the sections in the air during descent. Large carabiners are located at the beginning 
of the harness assembly and at the end of the harness assembly (Find Number 2) to function as 
quick disconnects. Small carabiners are located at the base of all shroud lines (Find Number 7) 
to function as quick disconnects. The shroud lines are separated into two bundles for each 
chute to prevent tangling. 
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Find Number Part Name Quantity Strength 

1 Hoist Ring Swivel (Bulkhead Connection) 3 2500 lb 

2 Large Carabiner 3 1200 lb 

3 Shock Cord 3 2375 lb 

4 Swivel 3 3000 lb 

5 Bridle 2 6000 lb 

6 Steel Ring 3 1400 lb 

7 Small Carabiner 5 400 lb 

Figure 28: Harness Connections and Interfaces 

NOT TO SCALE - FOR CONNECTION COMPREHENSION ONLY 
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8 Connection Line to Inner Shroud Lines 1 1400lb 

9 Connection Line to Nosecone 1 1400lb 

10 Shroud Lines 48 400 lb 

Table 4: Harness Connections and Interfaces Part List 

 

Electronics 

The PerfectFlite StratoLoggerCF altimeter module will be used to record the apogee of the 
rocket as well as handle the ejection of both the main and drogue parachutes. For redundancy, 
this setup will be duplicated with a second StratoLogger. The StratoLogger takes an input of 9V 
and is capable of discharging 5A of current to the igniters of each parachute ejection system. In 
addition, the StratoLogger will output the apogee of the rocket with a series of audible beeps 
upon recovery. Figure 29shows how the StratoLogger will be wired. The electrical connections 
will be made via screw terminals. 

 

 
Figure 29: StratologgerCF Wiring Schematic 

 

 

 

Figure 30: StratologgerCF 
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To allow for safety, a 2-pole rotary switch from Missileworks will be used to ensure that the 
StratoLogger is not powered until just before launch. The switch has two positions. The first 
position shunts input 2 to input 3. This ensures that there is no voltage differential across the 
StratoLogger. The second position connects input 2 to input 1 and input 3 to input 4. This will 
enable power to the StratoLogger. This circuit will be completely separate from the other 
electronics discussed below.  

 

The Copernicus II GPS module will be used to track the location of the rocket. The Copernicus 
uses the L1 C/A GPS signal, which has an operating frequency of 1575.42 MHz. This module has 
an update rate of 1 Hz, meaning that it acquires a new pair of GPS coordinates every second. 
This module was chosen because of its reliability, availability, and simple integration. To 
communicate with the module at the hardware level, the UART protocol is used. To utilize the 
Copernicus, it will be placed on a custom-designed circuit board along with a transmitter. The 
circuit board will also contain a memory card for storing data, an accelerometer, a gyroscope, a 
pressure sensor, a temperature sensor, and a microprocessor.  

Two Xbee Pro 900 modules will be used to communicate GPS data from the rocket to a ground 
station. The Xbees communicate on the 900 Mhz frequency band and can communicate up to 6 
miles line-of-sight with a high gain antenna. Figure 32 shows the schematics for the Copernicus 
and the XBee. Figure 35 shows the schematic for the Atmega2560 microprocessor, which will 
be used to interface with each sensor. 

 

Figure 31: MissileWorks 2-Pole Rotary Switch Operation 
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Figure 32: XBEE and Copernicus Schematic 

Figure 33: XBee 

Figure 34: Copernicus 
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Figure 35: Atmega2560 Schematic 
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Figure 36: Atmega2560 

Figure 37: Data Acquisition Circuit Board Layout 
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5. Mission Performance Predictions 
Landing Kinetic Energy 

The parachute sizing for the main and drogue parachutes were carefully designed to allow each 
independent section of the launch vehicle to land with less than the maximum allowed 75 ft-lb 
kinetic energy per the NASA guidebook. The following equation was used to calculate the 
landing kinetic energy of each independent tethered section. 

E = 1/2mv2 

Changes since PDR - In the PDR, a margin of 33% was put in place to ensure the 75 ft-lb 
requirement was met; however, the team was given permission to remove the margin of error, 
decrease the parachute size, and approach the 75 ft-lb requirement as closely as possible. 

Using a main parachute diameter of 130” which achieves a terminal velocity of 16.07 ft/s, see 
the below table for the calculated landing kinetic energies (weights are assuming after fuel 
burnout). 

 

Component Weight (lb) Mass (slug) KE (ft-lb) 

Nose Cone 2 0.0621 8.0 

Rocket Body (Upper) 18.5 0.5745 74.2 

Rocket Body (Lower) 18 0.559 72.2 

Table 5: Landing Kinetic Energies of Independent Sections 

 

 

Drift Distances 

The drift for each independent section of the launch vehicle was calculated for five different 
cases: no wind, 5-mph wind, 10-mph wind, 15-mph wind, and 20-mph wind. The drift 
calculations were performed with the assumption that the rocket will be launched straight up 
(zero degree launch angle). The desired total drift is to remain below 2640 ft, due to the 
recovery zone being restricted to a ½ mile radius. Referring to the below table, the drift 
distance in the worst case scenario will still remain within the ½ mile radius requirement. 

 

Wind Speed (mph) Drogue (ft) Main (ft) Total (ft) 

0 0.00 0.00 0.00 

5 226.49 387.87 614.36 

10 452.97 775.75 1228.72 
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15 679.46 1163.62 1843.08 

20 905.95 1551.49 2457.44 

Table 6: Drift Distances 

 

Calculated Snatch Force 

The parachute snatch force for both the drogue and main parachutes was calculated through 
the use of the Opening Shock Calculator (OSCALC) which was developed by the Parks College 
Parachute Research Group. The program required inputs for the atmospheric density at 
deployment altitude, in slugs/ft3; the total mass of the rocket at time of deployment, in slugs; 
the estimated fall rate at line stretch, in ft/s; the steady descent drag coefficient (CD); the 
nominal surface area, in ft2; and the non-dimensional fill time (nfill). The following equation was 
used as the basis for the calculator. 

 
The value for the estimated fall rate at line stretch (Vstretch) was calculated with the use of the 
following equation.  

The value for the non-dimensional fill time was used in conjunction with the mass ratio (Rm) to 
determine the opening force factor (Ck). The following equations were used to calculate the 
mass ratio and non-dimensional fill time, respectively. 

The resulting calculated snatch forces can be found in the table below for both the drogue and 
main chutes. 

 
 

Vstretch 
(ft/s) 

Rm nfill Lower bound 
of force (lbf) 

Upper bound 
of force (lbf) 

Average 
maximum force 
(lbf) 

Drogue 120 0.002427 5.6081 2.958 11.831 7.394 

Main 74.2 1.285850 5.7 103.356 413.426 258.391 

Table 7: Snatch Forces Calcuated Values 
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Below, Figure 38 and Figure 39 depict the OSCALC window with the user input values and 
results for the drogue and main parachutes, respectively. 

 

Launch 

The launch vehicle was simulated using OpenRocket, a popular open source rocket simulator. 
As the system was being designed, it was constantly tested within OpenRocket to ensure the 
system will be functional before it is physically built. Below is the completed design of the 
launch vehicle within the OpenRocket software: 

 

 

 

 

 

Figure 38: OSCALC window depicting the drogue parachute values. 

Figure 39: OSCALC window depicting the main parachute values 

Figure 40: Full Scale OpenRocket Model 
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The following simulation of the launch vehicle uses the longitude and latitude coordinates of 
the Huntsville, Alabama location as well as elevation level (600 feet above ground), average 
wind speed of 8 mph, and a launch rail size of 144 inches. 

 

 

Figure 41: L2200 Thrust Curve 
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Figure 42: Full Scale Simulation 1 
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The stability throughout the launch vehicle’s flight is shown in the plot below. At all times, the 

stability is above 1 which satisfies the stability requirement located within the 2017 NASA 

Student Launch Guidelines. 

 

  

Figure 43: Full Scale Simulation 2 
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The following two tables are results obtained through Simulation 19: 

 

Name Motor Velocity off 

rod (ft/s) 

Apogee 

(ft) 

Velocity at deployment 

(ft/s) 

Simulation 

19 

L2200G-P 88.3 5566 75.8 

 

 

 

 

Figure 44: Full Scale Simulation 3 
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Name Max Velocity 

(ft/s) 

Max Acceleration 

(ft/s^2) 

Time to 

Apogee (s) 

Flight 

Time (s) 

Ground hit 

velocity (ft/s) 

Simulation 

19 

630 401 18.8 133 14.6 

 

Based on the flight data obtained using the OpenRocket software, it is clear the launch vehicle 

will perform successfully assuming the vehicle is assembled correctly. The only issue that may 

cause risk is the velocity at deployment of the main chute. The previous year at another 

competition, the requirements of deployment were between 75-150 ft/s, so using this 

tolerance level, a 142 ft/s deployment is within range but, of course, at the high end of that 

range.  
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Section 5. Safety 
1. Operating Procedures 

All Operating Procedures are in Section 7 

 

2. Personal Hazard Analysis 

 

Personnel-Specific Hazard Analysis 

Hazard Cause Effect 
Pre-
RAC 

Mitigation Verification 
Post-
RAC 

Launchpad Topple 
Over 

Improperly Secured 
Laceration / 
Blunt force 

injury 
2D 

Launchpad will be 
anchored to ground 

Use a 
second 

(trained) 
member to 

verify 

1E 

Launchpad Vehicle 
Explosion 

Motor Failure 

Rocket is 
severely 

damaged and 
risk of injuring 

personnel 

1E 

Range Officer 
(Certified) Supervision, 

Minimum distance 
kept by all members 

Range 
Officer and 
team Safety 

Officer 
Enforced 

1E 

Launch                    Hang 
Fire 

Electronic ignition 
failure, thermite or 
charge improperly 

mounted 

Launch 
delay,  possible 
personal Injury 

2C 

Minimum 
certified       (NAR/TRA) 

level 3 rocketeer or 
Range Officer are to 
approach launchpad  

Range 
Officer and 
team Safety 

Officer 
Enforced 

2E 

Mid-Flight explosion 
Catastrophic system 

failure 

Falling debris, 
shrapnel- 

possible death 
or severe 

injury 

1D 
Team of spotters 

watching entire flight 
sequence 

Range 
Officer,team 

Safety 
Officer, all 

present 
members 

3D 

Uncontrolled Descent Recovery System Failure 

Rocket ballistic 
descent, drift 
to populated 

area 

1C 

See below FMEA Table 
for failure- specific risk 

mitigations  

Test to 
verify prior 
to launch 

1E 

Fabrication Injury 
Member 

inexperienced,untrained, 
unprepared to work  

Personal Injury 2D 

Members will trained 
with all machine, 

tools, or chemicals 
they plan to use. 

Have two or 
more 

(trained) 
members at 

all times 

2D 

Uncontrolled Descent Recovery System Failure 

Rocket ballistic 
descent, drift 
to populated 

area 

1C 

See below FMEA Table 
for failure- specific risk 

mitigations  

Test to 
verify prior 
to launch 

1E 
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Fabrication Injury 
Member inexperienced, 
untrained, unprepared 

to work  
Personal Injury 2D 

Members will trained 
with all machine, 

tools, or chemicals 
they plan to use. 

Have two or 
more 

(trained) 
members at 

all times 

2D 

Assembly Injury 
Member inexperienced, 

untrained, or 
unprepared for work  

Personal Injury 2D 

Members will trained 
with all machine, 

tools, or chemicals 
they plan to use. 

Have two or 
more 

(trained) 
members at 

all times 

2D 

Recovery Systems 
Testing- Premature 

misfire 

Powder Charge Misfire- 
current sent to recovery 

system  

Personal Injury 
2C 

Will design avionics to 
not have parasitic 

voltage 

Test to 
verify prior 
to launch 

1E 

(Burns) 

 

 

3. Failure Modes and Effects Analysis 

FMEA Hazard Analysis 

Hazard Effect 
Pre-
RAC 

Cause Mitigation Verification 
Post-
RAC 

Bladder 
doesn't 
inflate 

Fragile 
object(s) left 

with degree of 
freedom within 

object bay; 
impact or 
vibration 

damage to 
fragile object 

1C 

blockage or 
kink in 
polyurethane 
tubing 

Ensure clear air 
passage in all 
tubing, pumps and 
junctions 

Thoroughly 
inspect fragile 
object bay and 
tubing prior to 
securing fragile 
object in payload 

1D 
Air pump 
failure 

Test prior to 
launch day; both 
individually and 
fully integrated 
into system 

Test to be 
completed by 
team electronics 
specialist and 
reviewed by chief 
engineer 

fragile object 
rests against 
air inlet 

Ensure object(s) 
are resting 
centered on gel 
tile during 
inflation 

Visually inspected 
by payload design 
lead during object 
secure process. 
Verified by chief 
engineer  

Bladder 
doesn't 
deflate 

Bladder 
doesn't 

adapt/cushion 
object during 
high impulse 

launch, drogue 

2C 

blockage or 
kink in 
polyurethane 
tubing 

Ensure clear air 
passage in all 
tubing, pumps and 
junctions 

Thoroughly 
inspect fragile 
object bay and 
tubing prior to 
securing fragile 
object in payload 

2D 
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or main 
parachute 

event. Fragile 
object(s) 

damaged. 

Mechanical 
release valve 
failure 

Verify mechanical 
air release valve 
functionality, 
flowrate  and 
accuracy.  

Fatigue, accuracy, 
and flowrate test 
valve both 
individually and 
fully integrated 
into system 

fragile object 
rests against 
air outlet 

Ensure object(s) 
are resting 
centered on gel 
tile during 
inflation 

Visually inspected 
by payload design 
lead during object 
secure process. 
Verified by chief 
engineer  

Loss of 
airtight seal in 

air bladder 

Fragile 
object(s) left 

with degree of 
freedom within 

object bay; 
impact or 
vibration 

damage to 
fragile object 

1C 

bladder pops 
due to over 
inflation 

Ensure 
mechanical relief 
valve is functional 
and air outlet 
pathway clear 

Function test 
valve both 
individually and 
fully integrated 
into system, 
inspect air 
pathway 

1D 

bladder 
punctured 
due to fragile 
object 
sharp/cutting 
edge 

Object isolated 
from bladders 
with puncture 
resistant Kevlar 
weave 

cut & puncture 
test material, 
both individually 
and fully 
integrated into 
system. 

air tube 
fittings 
ripped from 
bladder upon 
inflation 

Secure bladders to 
interior canister 
wall, use barbed 
fittings 

Visually inspected 
by payload design 
lead both prior 
and during object 
secure process. 
Verified by chief 
engineer  

Hydraulic 
Dampener 

Failure 

Dampener 
either supplies 
too little, to no 
resistive force 

added to linear 
springs; or 

locks up and 
renders 

osculating 
system static. 
Fragile object 

damaged. 

2D 

Applied force 
to dampener 
component 
exceeds 
stated 
maximum of 
800 N (In 
compression) 

Ensure system 
stated maximum 
load is accurate; 
and that acting 
force does not 
exceed it 

Commercially 
Purchased to 
ensure stated 
maximum. See 
appendix X for 
dampener 
calculations. 

2E 

Operating 
temperature 
range falls 
outside of -30 
deg. to 
+80deg. C   (-
22 to +176 F)  

Ensure dampener 
is isolated and 
payload bay 
insulated from 
rocket motor, Li-
Ion batteries 

Design review and 
inspection by 
aerostructure 
lead and chief 
engineer 
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Physical 
damage to 
steel piston 
rod, 
aluminum 
body or 
threaded end 
fasteners 

Dampener/ 
nested spring 
system 
assembled, 
transported  and 
installed in 
payload bay with 
care 

Any handling of 
dampening 
system to be 
done by trained 
member, under 
supervision of 
payload design 
lead 

Jarring 
nestled spring 

activation 

Instantaneous 
axial impact 

force on object 
protection bay. 
Fragile object 

damaged 

3B 

Upper and 
lower spring 
systems 
oscillate at 
different 
frequencies 

Test and calibrate 
spring-dampening 
system. Test to be 
completed by 
payload design 
lead with fully 
integrated 
payload system, 
with 8oz weight in 
place of fragile 
object.  

Test findings and 
oscillation 
calibration to be 
reviewed by chief 
engineer, 
aerostructre 
system lead and 
team president. 

3D 

Fragile Object 
unsupported 

at launch 

Uneven 
distribution of 
forces, fragile 

object 
damaged 

1B 

Uneven 
inflation of 
surrounding 
bladders  

Test and ensure 
each individual 
bladder fully 
functional 
individually and as 
a system with 
variety of objects 

Test to be 
completed by 
team electronics 
specialist and 
payload design 
lead. To be 
reviewed by chief 
engineer 

2D 
Gel layer too 
thin, object 
sinks into gel 
due to launch 
forces or 
freefall 
terminal 
velocity. 

Review supplier's 
gel pad material 
tests prior to 
selection. 

Test functionality 
of varying gel 
thicknesses with 
"egg drop test". 
Tests reviewed 
and thickness 
decided by 
payload design 
lead and R&D 
System director 

Rocket Drifts 
too far from 
launch zone 

Risk of landing 
in municipal 

areas and 
difficulty of 
recovering 

launch vehicle 

3A 
Parachutes 

are too large 

Parachutes are 
sized properly for 

vehicle weight 

Drift Calculations 
were performed 

3E 

Rocket 
recovery 

system fails to 
deploy, rocket 

Death or 
severe 

personal injury 
1C 

Electronics 
armed 

incorrectly 

Create an arming 
sequence 

Use a second 
(trained) member 

to verify 
sequence 

1E 
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comes into 
contact with 

personnel 

Avionics 
improperly 

programmed 

Avionics will not 
be sending signals 

to recovery 
system 

Test to verify 
prior to launch 

Nose cone 
does not 

detach from 
launch 
vehicle 

Correct shear pin 
size will be used 

Ground testing 
will be done 

CO2 charges will 
be large enough 

for 
overcompensation 

Ground testing 
will be done 

C02 does not 
go off 

Redundant system 
is set in place, will 

fire 

Telemetry testing 
to verify 

functionality 

Parachute 
gets stuck in 

body of 
rocket 

CO2 charges will 
be large enough 

for 
overcompensation 

Ground testing 
will be done 

Walls of Rocket 
will be checked 

for anything that 
may cause snags 

Ground testing 
will be done 

Drogue 
Parachute 

catches fire 
after launch 

Environment 
catches fire 

1D 

Combustion 
travels to the 

drogue 
parachute 

Fireproof 
deployment bag 
will be used to 

protect the 
drogue parachute 

Verify the 
deployment bag 

seals the 
parachute from 

combustion 

1E 

Main 
parachute 

deploys at or 
near apogee, 
rocket drifts 

Risk of landing 
in municipal 

areas and 
difficult 

recovery of 
launch vehicle 

4E 
Shear pins 
break on 
launch 

Correct shear pin 
size will be used 

Confirm prior to 
launch 

4E 

Drogue 
Parachute 

catches fire 
after launch 

Environment 
catches fire 

1D 

Combustion 
travels to the 

drogue 
parachute 

Nomex blanket 
will be used 
between the 

motor and drogue 
parachute as a 

flame retardant 

Verify the 
deployment bag 

seals the 
parachute from 

combustion 

1E 

Rocket 
altitude does 

not get 
tracked 

Disqualification 3C 

Soldered 
connections 

are 
inadequate 

Solder 
connections 

properly 

Check current to 
all components 

3E 

Altimeters 
are 

nonfunctional 
Test telemetry 

Results confirmed 
by other (trained) 

member 

Main 
parachute 

deploys but 

Death or 
severepersonal 

injury 
1C 

Cords 
connecting 
parachute 
snap or rip 

Cord strength is 
more than what is 

required 
Design Review 1E 
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disconnects 
from rocket 

through 
bulkhead 

A connection 
ring breaks 

Steel rings are 
closed loop, and 
made of steel. 

They are rated for 
a much higher 
strength than 

required 

Design Review 1E 

A swivel 
breaks 

Swivels are made 
of steel and are 

rated for a much 
higher strength 
than required 

Design Review 1E 

Shock cord 
"Zippers" 

through the 
rocket 

Drogue parachute 
is deployed at 

apogee to ensure 
the main 

parachute is 
deployed at safe 

speeds 

Descent rates 
calculated and 
peer reviewed 

1E 

Shroudlines 
disconnect 

from canopy 

Shroudlines will 
be sewn into 

canopy 
Design Review 1E 

Recovery 
system 
deploys 
during 

assembly or 
prelaunch 

personal injury 2C 

Avionics 
sends a 

current to 
recovery 
system 

Will design 
avionics to not 
have parasitic 

voltage 

Test to verify 
prior to launch 

1E 

Member gets 
hurts while 

manufacturing 
a part of the 
parachute 

Personal Injury 2D 
Not following 

the safety 
plan 

Members will 
trained with all 
machine, and 

tools they plan to 
use. 

Have two or more 
(trained) 

members at all 
times 

2E 

Recovery bulk 
head 

hardware 
failure 

Recovery 
system 

unsupported, 
possible failure 

to deploy 

2C 

 Perigrine co2 
canisters 
could come 
loose 

Secure with 
additional 
hardware, tighten 
to specified 
tension loads 

Fasteners to be 
applied with a 
calibrated torque 
wrench 

2D 
 D bolts not 
secured 
enough to 
bulkhead and 
twist off 

Bolts torqued 
down uniformly to 
specified tension 
loads. 
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With inserts, 
if tightened 
down to 
much bulk 
head could 
crack 

Avionics 
bulkhead 
hardware 

failure 

Vibration & 
impact damage 
to electronics, 

possible 
control system 

failures 

1C 

 D bolts not 
secured 
enough to 
bulkhead and 
twist off 

Bolts torqued 
down uniformly to 
specified tension 
loads. 

Fasteners to be 
applied with a 
calibrated torque 
wrench 

1E 

With inserts, 
if tightened 
down to 
much bulk 
head could 
crack 

 If enough 
force 
provided 
against 
bulkhead 
screws could 
shear 
through 

Select screws 
manufacted and 
treated too 
withstand 
shearing loads. 
Apply additional 
hardware if need 
be. 

Screw selection to 
be done by 
aerostructre 
system lead, to be 
approved by chief 
engineer 

When 
epoxied to 
the nose 
cone; if 
enough axial 
force seen, 
bulkhead 
could come 
out 

Ensure epoxy is 
applied properly, 
and with enough 
to secure nose 
cone 

Epoxy is to be 
applied by a 
trained member. 
Bond to be 
reviewed by 
aerostructure 
system lead and 
chief engineer. 

Payload 
bulkhead 
hardware 

failure 

Payload 
dampening 

system 
unsupported, 

possible 
damage to 

payload 
canister, and 
further fragile 

object 

2C 

Payload could 
provide to 
much force 
and shear 
through 
screws 

Select screws 
manufactured and 
treated too 
withstand 
shearing loads. 
Apply additional 
hardware if need 
be. 

Screw selection to 
be done by 
aerostructre 
system lead, to be 
approved by chief 
engineer 

2D 

With inserts, 
if tightened 
down to 
much bulk 
head could 
crack 

Bolts torqued 
down uniformly to 
specified tension 
loads. 

Fasteners to be 
applied with a 
calibrated torque 
wrench 



60 
 

If not in exact 
position with 
payload, 
could impede 
spring 
performance 
and not 
provide 
enough 
compression 
to dampen 
the system 

Ensure mounting 
surfaces are free 
of defects, and 
mounting 
locations are 
accurate and 
tightly tolerenced. 

Bulkhead 
fabricated under 
tight tolerances, 
quality reviewed 
by aerostructure 
lead and chief 
engineer 

Top engine 
thrust plate 
hardware 

failure 
Unsupported, 
damaged or 
misaligned 

rocket motor 
supports will 
result in flight 

trajectory 
change, 

uneven loading 
through inner 
"skeleton" and 
possible critical 
vehicle damage 

1C 

If not 
properly 
attached to 
dowels, plate 
will see most 
force from 
motor 

Ensure thrust 
plate is properly 
secured to 
dowels, aligned 
square 

Assembly to be 
done by trained 
member,under 
supervison of 
aerostructure 
lead 

2D 

 If not 
attached 
correctly a 
moment 
could be seen 
in the plate if 
crooked 

Threads 
inside could 
strip if 
tightened 
down to hard 
due to soft 
material 

Hardware 
connections are to 
be torqued down 
uniformly to 
specifed tension 
loads. 

Fasteners to be 
applied with a 
calibrated torque 
wrench Mid engine 

centering 
rings 

structural 
failure 

1C 

 If not 
properly 
attached to 
dowels un-
uniform force 
could be seen 
through the 
rings  

2D 

With inserts, 
if tightened 
down to 
much bulk 
head could 
crack 



61 
 

 Since 
epoxied to 
fins, if axial 
movement is 
seen, fin's 
could also 
see it and 
effect flight  

Ensure epoxy is 
applied properly, 
and with enough 
to secure to fins 

Epoxy is to be 
applied by a 
trained member. 
Bond to be 
reviewed by 
aerostructure 
system lead and 
chief engineer. 

Rear axial 
retention ring 

structural 
failure 

 If rocket falls 
hard enough 
on the 
bottom end, 
the plate 
could bend 

Ensure plate 
thickness is large 
enough to 
account for 
impact upon 
vehicle 
touchdown 

FEA force 
calculations to be 
done and verified 
by aerostructure 
lead and chief 
engineer 

2D 

1C 

With inserts, 
if tightened 
down to 
much bulk 
head could 
crack 

Bolts torqued 
down uniformly to 
specified tension 
loads. 

Fasteners to be 
applied with a 
calibrated torque 
wrench 

 If inner hole 
too large, 
motor could 
fall through it 

Ensure inner 
diameter (ID) 
upper tolerance of 
retaining ring falls 
below outer 
diameter (OD) of 
motor casing 

Commercial 
motor casing 
purchanced  with 
tight tolerecnes. 
ID measurement 
to be verified by 
aerostructure 
lead  

Dowel rods 
structural 

failure 

Serves as shaft 
connections for 

above 
structureal 
bulkeads & 
rings; could 

result in 
uneven load 
transfer and 

critical internal 
damage  

2C 

 If not aligned 
straight, rods 
could see 
twisting 
moment 
when being 
placed in 
rocket  

Ensure thrust 
plate is properly 
secured to 
dowels,alighned 
square 

Assembly to be 
done by trained 
member,under 
supervison of 
aerostructure 
lead 

2E 

Could buckle 
during flight 
while load is 
being 
transferred 
through them 
to the other 
bulk heads 

Ensure diameter 
of dowel rods is 
large enough to 
transfer load 
without critical 
strain 

FEA  calculations 
to be done and 
verified by 
aerostructure 
lead and chief 
engineer 

 If not all 
same size 
could see un-
uniform 
loading  

Ensure all dowel 
rods are the same 
size 

Before assembly 
phase, each rod 
to be measured 
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Section 6. Payload 
The payload will be tasked with protecting a fragile object or objects of unknown size and 
shape. All that is known about the object or objects is that they are able to fit within a cylinder 
having a diameter of 3.5” and a height of 6”, and have a total weight of 4 ounces. The system 
will consist of a binary operation process, with part one being the complete immobilization of 
the objects in terms of their relative position to the canister, and part two being a spring 
damper system that absorbs the intense forces experienced during the entire launch and 
recovery process. 

 

 

 

1. Retention Canister 
 

Gel Padding (shock absorption material) 

Gel tiles are going to be used to further isolate the payload from any smaller shocks and forces 
that may travel through the rocket. The gel tiles that have been chosen are made by Taica 
under the name Alpha Gel. This specific type of gel was chosen due to its vibration dampening 
and shock resistant properties. Taica gives an example of a raw egg falling from 18 meters 
(~59’) remains unharmed when landing on a sheet of Alpha Gel 2 cm thick (~0.8’’). As well as 
protecting from shock, it is also chemically resistant and maintains a stable performance over a 
broad temperature range of  -40°C to 200°C. There will be 12 tiles (two per bladder) that are 1” 
x 1” x 0.08” that will be attached to the exterior of the bags facing the payload. On the top and 
bottom of the canister, there will be a 0.5” thick pad with a diameter of 4”. The gel will be 
attached to the bag and canister by a non-reactive self adhesive that comes coated on the gel 
tiles. With this setup, the payload will be completely surrounded by gel on all sides to fully 
protect it. 

 

Kevlar Weave (puncture protection) 

For puncture-proof materials, a puncture-resistant bag around the unknown material was 
investigated as a solution. This was done so the fragile material could not puncture the air 
bladders if it had sharp edges. The cost for a protective bag is $55 from Ursack, which can be 
seen in Figure 46. The bag would be modified to meet our needs. 

Figure 45: Model of Payload 
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 A Kevlar material is an alternative idea. The price for one yard of 50” width Kevlar is also $55. 
The options are still being explored as quotes are being obtained. 

 

 

Bladder Bags (air retention) 

The retention system will consist of 6 air filled bags, or “bladders” which will, as they fill with 
air, mold around the fragile object(s) until 1psi greater than atmospheric. They will be attached 
to the inner wall, and between the thickness of the bladders and the gel tiles, the innermost 
diameter will be the theoretical payload dimensions of 3.5” diameter and 6” height. The 
volume of each bladder, taking into account a material thickness of 0.05”, will be approximately 
7 in3, with the dimensions 1.2” diameter and 6” height. An example is shown in Figure 47. 

    The initial approach was a preformed bladder, but due to budget restrictions, was not 
feasible. Instead, amorphous bladders will be made by the rocket team. As the quote for the 
formed bladders was received just recently, no quotes have been obtained. 

 

Figure 46: URSACK bag, “Bear Proof” 
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Figure 47: Bladder System, Partial Inflation 
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Canister Construction     

The canister body will be constructed of two separate acrylic tubes with a 4.25” OD, one for the 
fragile material protection, one for the electronics bay. They will be joined via an acrylic 
bulkhead, and sealed via acrylic lids bolted down by hex bolts. 

 

Quick Connect/Disconnect System 
The quick connect/disconnect system will employ spring loaded plugs that close upon no 
interacting forces that lock in a T-bracket attached to both payload canister ends, and the lock 
housing attached to the respective spring/damper system. Figure 48 and Figure 49 shows the 
full assembly of the system, with Figure 49 being a closed configuration where the canister will 
be locked into place, and Figure 48 being open. 

 

 

 

 

The plugs will be held in place by McMaster Carr music wire springs with a total length of 
0.375” and a spring constant of 12 lbs/in. When loaded, and closed, the springs will have a 
holding force of 0.9lbs distributed per plug. The plug will have a larger, circular end so as to put 

Figure 49: Full Quick Connect/Disconnect System, closed 
Plugs 

Figure 48: Full Quick Connect/Disconnect System, Open 
Plugs 

Figure 51: Plug Figure 50: Housing 



66 
 

a physical restraint on the outward motion if the opposing plug is compressed. Figure 51 shows 
the plug design, and Figure 50 shows the plug and spring housing.  

 

 

 

The plugs will be moveable by either hand or tool by inserting it into the provided hole of radius 
0.05” which can be seen in the front view in Figure 53. 

 

Figure 52: End plate removed, showing spring location 

Figure 53: Front View 
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2. Electronics Bay 
 

Overall Design 

A custom-designed circuit board will be used to regulate the air pressure in the bladder. To do 
this, the circuit board will contain an Atmega328p microprocessor, a NPA-700B differential 
pressure sensor, and a relay to control a Parker CTS micro diaphragm air pump. The figure 
below shows the hardware functionality of the system. 

 

 

The microprocessor will engage the pump whenever the pressure in the bladder is below a 
threshold value that corresponds to a full bladder. When the pressure in the bladder reaches 
the threshold value, the pump will be disengaged. To account for an over inflated bladder, a 
mechanical relief valve will trigger when the pressure becomes too high. This system will keep 
the bladder at an ideal pressure to secure the fragile material. The figure below shows the 
software operation of the microcontroller. 

 

Figure 54: Payload electronics hardware block diagram 
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Microprocessor 

The Atmega328p is an 8-bit microprocessor manufactured by Atmel. This microprocessor 
contains the necessary I2C pins for communicating with the pressure sensor, has a small form 
factor, draws just 0.2 mA of current, and can operate in temperatures up to 85°C. Figure 56 
shows the schematic for the Atmega328p. The pins being utilized have markers attached to 
their ends. These markers will appear in following schematics. Notice that the I2C bus (SDA and 
SCL) requires pull-up resistors to operate, as explained in the I2C protocol. 

 

Figure 55: Payload electronics software flowchart 

Figure 56: Atmega328p schematic 
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Pressure Sensor 

The pressure sensor chosen for this design is the NPA-700B. The NPA-700B intakes air in two 
separate valves, and outputs a digital signal representing the differential pressure between the 
two. For this application, one valve will be open to the atmosphere while the other will be open 
to the internal air of the bladder. This way, the air bag pressure relative to the atmosphere will 
be measured. A drawing and schematic of the sensor is shown below. 

 

 

 

 

 

 

Figure 57: Atmega328p 

Figure 58: NPA-700B drawing and schematic 
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Air Pump 

The Parker CTS micro diaphragm will be used to inflate the bladder. The pump has a small 
footprint and is capable of outputting air at 2.5 LPM. This is ideal since there is limited space in 
the electronics bay. The pump operates on 9VDC and draws a maximum current of 880 mA. 

 

 

 

Figure 59: NPA-700B 

Figure 60: Parker CTS pump 
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Since the Atmega328p is only capable of outputting 3.3VDC, a relay is needed to drive the 
pump. The relay design that will be used is an nMOS transistor with the pump in series with the 
drain. The relay schematic is shown below Note that PC0 is an output pin from the 
Atmega328p. In this configuration, the transistor acts as a 9V switch that can be operated by 
pulling PC0 high and low. When PC0 is pull low, the transistor becomes an open circuit with the 
negative terminal of the pump floating. No current will flow through the pump and the pump 
will not operate. When PC0 is pulled high, the transistor becomes a short circuit with the 
negative terminal of the pump connected to ground. The 9V will be applied across the pump 
and the pump will turn on. 

 

 

Power 

A 5V power rail is needed to operate the microprocessor and pressure sensor, whereas a 9V 
power rail is needed to operate the pump. Because of this, two voltage regulators are needed 
on the circuit board. The LM7805CT and LM7809CT will be used because of their availability.  

 

Figure 61: Relay Schematic 
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The total system draws 801.7mA of current (see Table 8 below). The internal power source will 
be two 9V lithium-ion batteries. Lithium-ion batteries were chosen because they provide a 
constant voltage output. Each battery is capable of outputting 1000mAh each, so 2000mAh 
total when in parallel. The total amount of time the system can last on internal power is shown: 

 

2000mAh / 826.7mA =2.4192 hours  

 

Therefore, once the payload is place in the rocket, it will be able to operate for 2.4192 hours in 
the worst-case power consumption scenario.  

 

Component Max current draw 

Parker CTS Pump 800 mA 

Atmega328p  0.2 mA 

NPA-700B 1.5 mA 

VLHW4100 LED 25 mA 

 
Total: 826.7 mA 

Table 8: Maximum power consumption of payload electronics 

 

 

 

Figure 62: LM7805CT and LM7809CT schematics 
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Switches and Batteries 

To ensure that the electronics will last for the duration of competition, the payload will support 
an external power source connection that can be used leading up to the launch. A 2-pole rotary 
switch will be used to toggle power on the electronics. Another 2-pole rotary switch will be 
used to configure whether the electronics draw power from the external or internal power 
source. Before the launch, the external power source can be used to test the electronics and 
fully inflate the bladder. Then, before the payload is inserted into the rocket a rotary switch will 
be turned to select the internal power source. The internal power source will be two 9V 
lithium-ion capable of outputting 1000mAh each. See figure below for the operation of the 
rotary switches. 

 

 

The 230V position will be the original position of the both rotary switches. In this position, 
rotary switch 1 will have the positive and negative terminals of the circuit board shunted, 
blocking power to the board. Turning rotary switch 1 to the 115V position will connected the 
positive and negative terminals of the circuit board to rotary switch 2. Rotary switch 2 will then 
configure which power source the circuit board draws from. Rotary switch 2 in the 115V 
position will connect the external power source, while rotary switch 2 in the 230V position will 
connect the internal power source. 

 

 

 

Figure 63: Missileworks 2-pole rotary switch operation 
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Headers and Indicator Light 

The circuit board will contain headers for programming and debugging purposes. In addition, an 
LED will be used to indicate when the circuit board is powered. 

Figure 64: Switch and power source schematic 

Figure 65: Header schematics 
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Printed Circuit Board Layout 

The final layout of the circuit board is shown below. 

 

Figure 66: Indicator schematic 

Figure 67:Payload electronics circuit board layout 
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3. Spring/Damper System 
The spring system was envisioned as a triple nested spring configuration on the bottom portion 
of the system with 1 permanently engaged spring, with a 2nd permanently engaged spring on 
the upwards portion of the system. For simplification, it was linearized, and the nested spring 
configuration was represented as springs in series (depending on the total displacement), which 
was in parallel with the spring on the upper portion. 

 

Model Simplification/System Equation Derivation 

The nested spring equation derivation is as follows: 

 

 

 
Figure 68: Actual model cross section 

 
Figure 69: Simplified model, minimum displacement 
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Figure 70: Simplified model, 1st nested spring activation 

 
Figure 71: Simplified model, 2nd nested spring activation 

 

 

 

Variable Meaning 

m Mass of canister 

mR Mass of rocket 

k1 Main spring, bottom portion 

k2 1st Nested Spring 

k3 2nd Nested Spring 

k0 Upper spring 

X1 Minimum force displacement 

X2 1st nested spring activation displacement 

X3 2nd nested spring activation displacement 

X0 Upper spring displacement 

 

Canister acceleration 
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F1 Miscellaneous forces, drogue chute deployment (state 1) 

F2 Main Chute Deployment Force (state 2) 

F3 Launch Force (state 3) 

FThrust Force of rocket motor 

  

Minimum displacement force derivation:  

 

Equivalent Forces Effective Forces 

                           

 

Equation 1:      

  

  

Figure 72: FBD of state 1 
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1st Nested Spring Force Derivation 

 

 

 

Equivalent Forces Effective Forces 

      

Figure 73: FBD of state 2 

 

To simplify, first the spring constant representation was derived: 

 

 

Acceleration derivation for state 2: 

FChute = mR * -->    = FChute/mR 

Then the force equation was derived: 
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Equation 2:          

 

2nd Nested Spring Force Derivation 

Equivalent Forces Effective Forces 

     

Figure 74: FBD of state 3 

 

To simplify, first the spring constant representation was derived: 

 

           

 

Acceleration Derivation for state 3: 

FThrust = mR *      -->    = FThrust/mR 
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Then the force equation was derived: 

 

Equation 3: 
  

 

Spring Selection 

After discussing the options with the parachute group, the double nested spring combination 

was dropped, as the main chute spring rate would cover the forces experienced from the 

drogue chute deployment. Afterwards, the following numbers were supplied as the main forces 

and known variables acting upon the system: 

 

Force of Launch 325 lbf 

Force of Chute 257.6 lbf 

Mass of Rocket 41 lbm 

Mass of Payload System 7.61 lbm 

 

The bottom space of the payload system had an allocated 4” for the spring, which was the 

initial governing parameter used for determining the necessary springs to accommodate the 

forces that will be experienced through operation. Using these parameters, the max 

conventional diameter found for springs, and Castigliano's Theorem, an excel spreadsheet was 

set up to obtain a zone of the needed spring rate to accommodate the main chute force, whose 

spring would be permanently fixed to the bottom and top of the cannister. The following 

equations were used in the spreadsheet: 

 

Variable Meaning 

Fs Force to close springs 
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Ls Height of closed wire 

L0 Height of open wire 

Na Number of active coils 

Nd Number of dead coils 

OD Outer diameter of spring 

d Diameter of wire 

G Shear Modulus 

 

Fs = k1(L0-Ls)  

 

L0= Na*d + Nd*d 

 

D = OD - d 

 

    Using data obtained from online spring supply stores as well as the requirements of the 

system, a spring with the following specifications from CenturySpring was recommended and 

verified by the excel spreadsheet: 
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Figure 75: Connected compression spring, manufacturer specs 

 

Since the max displacement of the spring specified is 2 inches, a 1 inch useful displacement was 

chosen to cover the initial displacement value. Also, in order to simplify and decrease the cost 

of the system, the same spring was used on the upper portion of the canister. Using this data, 

the following force value was obtained using the previously derived equations, and then 

compared to the force values provided by the recovery division: 

 

F1, given= main chute deployment provided 257.8 lbf 

F1, calculated= main chute deployment, calc 271.813 lbf 

 

Since the force calculated exceeds the force required to cover the main chute deployment, this 

spring will be used as the permanent connections on the upper portion of the canister as well 

as the bottom portion of the canister.  

 

Using the newly obtained max parameters in combination with the CenturySpring spring 

selection assistance program, a spring with the following specifications was recommended: 
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Figure 76: Nested Compression Spring, Manufacturer Specs 

 

Using the parameters obtained and inserting them into the previously derived equations, the 

following force was calculated and compared to the thrust force given by the structural 

division: 

 

F2, given= launch force provided 325 lbf 

F2, calculated= launch absorption, calc 353.36 lbf 

 

The calculated factor of safety of the max forces experienced within the system is 1.087. This is 

an acceptable result, as too high of a FOS would result in the system doing an ineffective job at 

absorbing the energy of the system, and no factor of safety would not take into account 

unforeseen events that alter the forces experienced by the system. 
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Damper Selection 

The damper was selected based off of the max force that it is able to absorb, the way the 

damper functions, and the max ID of the spring it will fit inside as well. To ensure that the 

damper is not damaged for the high forces experienced during launch, one way damping was a 

function chosen. This allowed no damping to be involved for the descent of the canister (with 

respect to an upright orientation), and a damping action implemented as the canister begins its 

ascent into equilibrium.  

 

Because of the diameter constraints, an 800N (or about 180 lbf) was chosen as the linear 

damper to be placed inside the upper spring (nested). Noting that the force absorption is less 

than the launch force, this implies that the spring damper situation will rebound after the first 

initial actuation of the damper system. A cylinder tube will be welded to the spring to elevated 

the spring above the damper, so that the spring that contains the damper absorbs some of the 

rebound force prior to the full stroke of the damper. This allows for a cycle of damping to occur, 

and yet still allow it to be functional for the lower forces experienced during operation. 

 

With that in mind, the following specifications of dampers available from Enertrols were 

chosen: 

 

Stroke Length 70 mm 

Body Diameter 15 mm 

Threaded Ends M5 x 0.8 

Max Compression Force 800N 

Damping Direction Compression Only 
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Figure 77: Manufacturer Damper Specs 

 

The damper is supplied in metric dimensions. Adaptations will be made for its inclusion in an 

English unit design. 
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Section 7. Launch Operations Procedures 
1. Recovery Preparation 
 

Responsibility: Recovery System lead and team members 

Verified by: Chief Engineer 

 

Pre-launch Procedure: 
1. Inspect Main Parachute canopy and lines for any frays, burns, fraying, loose stitching and 

any other visible damage. If there is any damage, have safety inspect the damage. If 

necessary, fix the issue or wave the concern. In the case in which a repair is needed, 

sewing supplies and spare fabric patches will be available at the team base. Failure to do 

so can result in the parachute ripping upon ejection and result in the rocket coming down 

without a parachute which may result in personal injury or death. Examples of damage 

located in recovery-specific section of this CDR document. 

2. Lay Main Parachute canopy out flat. Do not stand or walk on parachute. 

3. Ensure shroud lines are taut and evenly spaced with no tangles. Failure to do this step 

could result with the parachute failing to open properly and the rocket coming down 

without the parachute being open. 

4. Fold the Main Parachute per the folding procedures located at team base (also see fruity 

chutes website). - transcript can be found in appendix 

5. Repeat steps 1-4 for the drogue parachute. 

6. Put on Safety glasses. If safety glasses are not worn, in the case of an incident or 

damaged cartridge, CO2 canisters may fire causing shrapnel or other pieces to burst, 

causing potential damage to eyes. 

7. Visually check all CO2 canisters to ensure their integrity; look for dents, holes, and deep 

scratches. If damage is found, notify safety officer, if they are deemed unusable, 

exchange them for new ones that have passed the visual check. Example of a used CO2 

canister found below. 

8. Visually check all of the Ejection System hardware for damage. This includes all 4 

Peregrine Raptor ejection kits with firing pins, black powder initiator bays, o-rings, and 

charge cups. If damage is found, notify the safety officer, if they are deemed unusable see 

about getting a replacement. 

9. Put on Heat resistant gloves before handling black powder. If heat resistant gloves are not 

worn, blast damage may occur to hands. 

10. Assemble the CO2 ejection system as per the instructions located at team base (may also 

reference tinderrocketry website or the manual). Have electronics team prepare the 

altimeters and other avionics.  

11. After electronics team has prepared the altimeters and other avionics, attach the shock 

cords to the recovery bulkhead via the attached D-ring on the bulkhead Have 

aerostructure team install the bulkhead. 

12. Place all parachutes and cords into the rocket. The cords to the recovery bulkhead should 

go in first and then the parachute followed by any cords going to the bulkhead above the 

recovery bay. The parachute should be oriented such that the cords all come out at the 

bottom, on the motor side of the parachute. 
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2. Motor Preparation 
 

Required PPE: Disposable gloves, safety glasses 

Responsibility: Akronauts Mentor: Steve Eves, 

Verified by: Team Safety Officer 

 

This procedure is to be supplemented by official rocket motor instructions published by the 

supplier, AeroTech. Excerpts from which this procedure was written are from “Assembly and 

Operation Instructions: RMS 75/5120 Mojave Green 

 

DANGER: Read before continuing 

 

DO NOT INGEST PROPELLANT OR BREATHE EXHAUST FUMES! WASH HANDS 

AFTER HANDLING MOJAVE GREEN PROPELLANT AND BEFORE EATING.  

For a minor burn, apply a burn ointment. For a severe burn, immerse the burned area in ice water 

at once and see a physician as quickly as possible. In the unlikely event of oral ingestion of the 

propellant, induce vomiting and see a physician as quickly as possible. Mojave Green composite 

propellant consists primarily of Ammonium Perchlorate, Barium Nitrate and a rubber-like plastic 

elastomer. 

 

Fire Safety Tests show that the pyrotechnic components of RMS™ reload kits will not explode 

in fires and normally will not ignite unless subjected to direct flame and then will burn slowly. 

Use water to fight any fires in which AeroTech/RCS RMS™ reload kit pyrotechnic components 

may become involved: Direct the water at the AeroTech/RCS RMS™ reload kit pyrotechnic 

components to keep them below their 550 deg. F autoignition temperature. 

 

Note: Foam and carbon dioxide fire extinguishers will NOT extinguish burning propellants of 

the type used in RMS™ reload kit pyrotechnic components. Keep reload kit pyrotechnic 

components away from flames, sources of heat and flammable materials. 

 

Forward Enclose Assembly 
1-1         Apply a light coat of Synco™ Super Lube™ or other grease to all threads and all o 

  rings (except the grain spacer o-rings). This will facilitate assembly and prevents 

  the threads from seizing. 

1-2         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. 

1-3         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. 
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Case Assembly 
2-1         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). 

2-2         Insert the larger diameter portion of the nozzle into one end of the liner, with the nozzle 

  liner flange seated against the liner. 

NOTE: Mojave Green RMS- 75/5120 motors use a single large throat nozzle rather than the 

  multiple-throat “Medusa” nozzle shown in the illustrations. 

2-3.        Perform the remaining assembly steps with the liner held in a horizontal position. Install 

  the propellant grains into the liner, placing the three (3) grain spacer orings (1/16” 

  thick x 2-1/2” O.D.) between each propellant grain. The aft grain should be seated 

  against the nozzle grain flange. 

NOTE: The use of disposable rubber gloves when handling Mojave Green propellant grains is 

  strongly recommended. Three propellant grains are shown in all illustrations for 

  simplicity. RMS-75/ 5120 motors use four (4) grains. 

2-4.        Place the greased forward seal disk (3/32" thick X 2-9/16" O.D.) o-ring into the groove 

  in the forward sealdisk. 

2-5.        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. 

2-6.        Push the liner assembly into the motor case until the nozzle protrudes approximately 1 

  3/4” from the end of the case. 

NOTE: A coating of grease on the outside surface of the liner will facilitate installation and 

  casing cleanup after motor firing. 

2-6.        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. 

2-7.        Thread the previously-completed forward closure assembly into the forward end of the 

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

NOTE: There will be considerable resistance to threading in the closure during the last 1/8" to 

  3/16" of travel. 

2-8.        Place the greased aft (1/8" thick X 2-3/4" O.D.) o-ring into the groove in the nozzle. 

2-9.        Thread the aft closure into the aft end of the motor case by hand until it is seated against 

  the case. 

NOTE: There will be considerable resistance to threading in the closure during the last   

  1/8" to 3/16" of travel. 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. 

 

3. Setup on Launch Pad 
 

1. Wearing PPE and following basic workshop safety procedures, install rail guides square 
and parallel onto the outer body of the rocket having one guide above the center of 
gravity and one guide below the center of gravity. 
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2. Come launch day, double check the alignment of the rail guides and fix if necessary, making 
sure they are aligned with each other. Being aligned means drawing an imaginary line down the 
center of each rail guide (using a string is easiest to physically perform the setup) and each 
guide is coincident with one another through that imaginary line.  

 

3. Release the pin on the launch rails to lower the rail the rocket will be going on. 

 

4. Apply a silicone lube to each rail guide using proper PPE. 

 

5. With a minimum of 3 people, carefully lift the launch vehicle from its resting horizontal 
position and carry the rocket to the end of the launch rail. Lining the first rail guide up with the 
extruded channel in the rail (shown below), slide the entire rocket slowly down the rail. 
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6. The rocket in its final resting horizontal position shall look like the following: 

 

 

7. Again, with a minimum of 3 people, slowly and carefully lift the launch rail back in its vertical 
position. Reposition the pin back in its hole and place the clip on the pin to ensure it will not 
slide out.  

 

8. Verify the rail guides are in their proper position and if need be, re-apply the silicone lube to 
the guides. 

 

9. Set up on launch is now complete. 
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4. Ignitor Installation 
 

Responsibility: Akronauts Mentor: Steve Eves 

Verified by: Team safety officer, NASA Range Officer 

 

Safety Requirements: At ignitor installation stage, range clear and minimum safe distance kept 
by all non-essential personnel  

 

3-1         Insert the coated end of a Firestar™ or other igniter through the nozzle throat until it 
  tops against the smoke charge element. 

3-2.        Secure the igniter to the nozzle with a piece of masking tape or the 2-1/4” dia. Red 
  nozzle cap supplied with the reload kit. 

NOTE: Cut a 1/8”-1/4” wide slot in the corner of the cap to allow for igniter venting. 

3-3.        Install the motor into the rocket's motor mount tube. Ensure that the motor is securely 
  retained in the rocket by using positive mechanical means to prevent it from 
  being ejected during recovery system deployment. 

3-4.        Prepare the rocket's recovery system and then launch the rocket in accordance with 
  the Tripoli Rocketry Association (TRA) Safety Code and National Fire Protection 
  Association (NFPA) Code 1127. 

 

5. Launch 
 

Responsibility: Respective system leads  

Verified By: Chief Engineer, Safety Officer 

 

The following are the general sequence of steps to be done at launch rail for full launch 
readiness. Specifics can be found under each system’s respective sections and launch day 
procedures.  

 

1. Verify payload electronics and air pumps are working 

2. Verify rocket is properly attached on launch rail 

3. Raise rocket vertically on launch pad and lock in place  

4. Check for any loose hardware on launch pad or guidewires 

5. Arm all electronics in avionics bay  

6. Ensure connection has been made with ground station electronics 

7. Insert Ignitor attached (taped) to wooden dowel up into motor enclosure 

8. Follow Range Officer arming and ignition instructions 

9. Countdown, then launch 
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6. Troubleshooting 
 

Responsibility: Akronauts Team Mentor: Steve Eeves 

Verified By: NASA Range Officer 

 

Danger: Launch Hangfire is arguably the most dangerous event in a rocket launch; barring a 
failure of the recovery system and ballistic rocket trajectory. All steps are referred to, and 
implemented by NASA Range Officer.  

Due to Mentor requirements, no student will approach rocket after initial ignitor installation. 
The following are general steps to be directed by launch site authority. 

 

If the rocket fails to ignite/launch, then follow these steps: 

1.     Disconnect wires on way to rocket to prevent accidental current going to the ignitor 

2.     Uninstall ignitor 

3.     Deactivate electronics 

4.     Put rocket horizontally on launch pad 

5.     Check for immediate causes for failure 

6.     If needed to access avionics, take rocket off launch pad and return to base camp 

 

7. Post-Flight Inspection 
 

Responsibility: Launch Day Vehicle Recovery Team Members 

Verified By: Team Safety Officer, Recovery System Lead 

 

DANGER: Prior to coming in contact with rocket at launch site, patrol 20ft radius from rocket 
looking for signs of danger or damage.  

 

Post-Launch: 

1. 6.7.1 Wear PPE (Safety goggles and heat resistant gloves) prior to approaching 
rocket. There may still be black powder and other live components on the rocket. 
PPE will serve as safety in the case that any component may fire or combust. 

2. Disarm recovery avionics through termination switch on exterior of rocket 

3. Check to make sure that all black powder has been fully used in the ejection. If not, 
then have safety officer decide whether it is safe to handle. If a parachute did not 
eject, then it is likely that a several CO2 canisters are still ‘live’. If both parachutes 
have fully deployed then shine a flashlight into the body of the rocket to visually 
check to see if all 4 CO2 canisters were deployed, have the electronics team disable 
any igniter charges to ensure no accidental discharges. 
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Once the rocket is disarmed and safe, take photos of touchdown site before breaking down 
vehicle for transport. 

 

Perform motor clean-up as soon as possible after motor firing. Propellant and smoke charge 
residues become difficult to remove after 24 hours and can lead to corrosion of the metal parts. 
Place the spent motor components in the reload kit plastic bags and boxes and dispose of 
properly. 

 

4-1.       After the motor has cooled down, unthread and remove the forward 
  and aft closures. 

4-2.      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. 

4-3.      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. 

 

NOTE: DO NOT DISCARD THE FORWARD SEAL DISK! Discard the nozzle and liner. Using wet
 wipes or damp paper towels, wipe the inside of the casing and the forward  
 seal disk to remove all propellant residue. 

 

4-4.       Apply a light coat of grease to all threads and the inside of the motor 
  case. Reassemble metal parts and store motor in a dry place. 

 

4. Remove the shock cord from the bulkhead. To do this unclip the shock cord from the 
D-ring. 

5. Shake debris from the main and drogue parachutes. 
6. Fold both parachutes per written folding instructions to ensure there is no damage 

to parachutes upon returning to camp. 
7. Secure rocket body and any separate components. Transport back to basecamp for 

further analysis. 

 

 

Section 8. Project Plan 
1. Testing 
 

Payload Testing 

To verify the effectiveness of the system, several objects will be tested, along with running the 
electronics system to determine the timeframe in which it will be able to operate. The object or 
objects tested will weigh no more than 4 ounces total (per test), and will be able to fit in the 
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theoretical payload area. In order to control direction of descent, a guide-rail will be employed. 
The testing procedure will be as follows: 

 

Procedure: 

 

1. Gain permission to run test from any authority in charge of the facility being used, as 
well as the leaders of the organization, before starting. 

2. Acquire test payload, as well as the dampening system and any materials that go into 
the system. 

3. Insert payload into designated area, without the dampening bags being inflated. 

4. Set up battery to run pump that fills bags with air. Leave running for the duration of 
test. 

5. Set up a landing area and determine whether the conditions are safe to drop (i.e. area 
cleared, weather is acceptable, etc. 

6. Once all materials are acquired, reach the highest point of which was determined by the 
facility with the payload and the safety system. 

7. Be sure that an all clear on the ground is had, with anyone cleared out of the area. 

8. Release the payload. 

9. Recover the payload and shut off the pump to determine if the test was sufficient. 

10. Clean and make sure the area is free of any miscellaneous materials. 

 

Equipment Required: 

1. Payload 

2. Dampening system 

3. Battery 

4. Safety Launch apparatus 

 

Acceptance Criteria (Pass/Fail): 

The test is acceptable if the system landed as intended, with all of the material still part of the 
system, and with nothing becoming damaged or otherwise broken. 

 

Warnings: 

The test involves dropping a heavy object from a high reference point. Extreme caution should 
be had when anything involved in this test is approached. 

 

Roles and Responsibilities: 

This test needs to be under proper supervision of both safety officers and representatives of 
the facility being used. This is to ensure all parties know exactly what the test entails and can be 
sure of the safest possible test. 
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Recovery Testing 

 

Ejection Test 

To Test the Ejection system, a complete ground test of firing the CO2 charges and separation of 
the rocket body or nose cone must occur, with the parachute fully ejecting from the body itself. 
To do this, a program called DataCap will be used which allows manual firing of both drogue 
and main chute ignition systems from the StratologgerCF chips. The rocket and recovery system 
must be placed horizontally on the ground with sufficient space to ‘slide’ from separation with 
a stand, with everything in place as if it was an actual launch. This includes packed parachutes, 
shear pins placed, and black powder charges and CO2 canisters loaded. Then, starting with a 
drogue chute manual firing, testers must verify the midsection of the rocket completely 
separated and the drogue chute completely evacuated the section that originally held it. Next, 
the main chute will be manually fired in the same manner and checked to make sure the nose 
cone clearly came off, and the main chute evacuated the body. If both events occurred, then 
the ejection system has been tested successfully. 

 

Parachute Test 

The team has prior experience and knowledge of manufacturing elliptical parachutes; however, 
to remain competitive and innovative, the challenge of designing a new toroidal (commonly 
called pull down apex or iris) parachute was pursued. 

 

A scaled down toroidal parachute was created using leftover material from previous 
competitions. The toroidal parachute was drop tested from a height of 60ft with a dummy-
weight. The descent times were then recorded. The temperature, humidity, and air pressure 
were taken into consideration and were used to find the density of the air the day of the 
testing. The following equation was then used to calculate the drag coefficient. 

 

Cd = 2D/Av2 

Where D = 2.09375 lb 

Ρ = 0.0024429 slug/(cu ft) 

A = 9.828 ft^2 

 

It was a concern that valid data would not be collected, because the equation uses terminal 
velocity to calculate the drag coefficient; however, after collecting five sets of data, the 
terminal velocity was found to be 9.96 ft/s which was achieved fractions of a second after being 
dropped. Therefore, because the time it took to reach terminal velocity was so minute it was 
considered negligible and it was assumed that the entirety of the descent was terminal velocity. 

After collecting five sets of data and using the above equation, the drag coefficient of the 
toroidal parachute was found to be 1.771. The collected data can be found in the below table. 
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Test Height Descent Time Velocity Drag Coefficient 

1 61.167 6.04 10.127 1.700 

2 61.167 6.4 9.557 1.910 

3 61.167 6.28 9.740 1.838 

4 61.167 5.6 10.923 1.462 

5 61.167 6.46 9.469 1.945 

Average 61.167 6.156 9.963 1.771 

 

The average drag coefficient was found to be 1.771. While the team had aimed to achieve 
closer to a 2.0 or 2.2 drag coefficient (the highest theoretical drag coefficient attainable by 
parachutes), the drag coefficient remains exceptionally higher than the team’s original elliptical 
design, which is 1.3. 

 

2. Requirements Compliance 
 

Requirement Verification 
Method 

Plan Status 

1.1. The vehicle shall deliver the 
science or engineering payload to 
an apogee altitude of 5,280 feet 
above ground level (AGL). 

Demonstration Using OpenRocket, a 
simulation of the rocket 
launch will be 
generated to determine 
a flight apogee. This is 
then compared to 
results generated from 
the full scale test flight. 

To be verified after full 
scale test launch 

1.2. The vehicle shall carry one 
commercially available, 
barometric altimeter for recording 
the official altitude used in 
determining the altitude award 
winner. 

Demonstration The vehicle will carry 
two commercially 
available altimeters 
shown earlier in section 
3.3.4 

Verified with submission of 
CDR. 

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

Demonstration The design uses 
commercially available 
batteries. 

Verified with submission of 
CDR. 

1.4. The launch vehicle shall be 
designed to be recoverable and 

Inspection, 
Demonstration 

The vehicle is designed 
to recovery successfully 

To be verified after full 
scale test launch. 
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reusable. Reusable is defined as 
being able to launch again on the 
same day without repairs or 
modifications. 

to allow for multiple 
uses.  

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

Demonstration The vehicle contains 
only 3 independent 
sections. 

Verified with submission of 
CDR. 

1.6. The launch vehicle shall be 
limited to a single stage. 

Demonstration The vehicle only 
contains one motor. 

Verified with submission of 
CDR. 

1.7. 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 
waiver opens. 

Testing During the full scale 
test, assembly time will 
be checked. 

To be verified with full 
scale test launch. 

1.8. The launch vehicle shall 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 component. 

Analysis Batteries have been 
chosen in such a 
manner that allow for 
powering the rocket for 
a minimum of one hour. 

Verified with submission of 
CDR. 

1.9. The launch vehicle shall 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. 

Demonstration The igniters used in the 
motor ignition system 
run off a 12 volt system. 

Verified with submission of 
CDR. 

1.10. The launch vehicle shall 
require no external circuitry or 
special ground support equipment 
to initiate launch (other than what 
is provided by Range Services). 

Demonstration Initiating launch uses a 
12 volt ignition system 
as stated above. 

Verified with submission of 
CDR. 

1.11. The launch vehicle shall use 
a commercially available solid 
motor propulsion system using 
ammonium perchlorate 

Demonstration Vehicle is using a 
Aerotech L2200G-P 
motor as stated above 

Verified with submission of 
CDR. 
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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). 

in the Engine Bay 
section.  

1.12. Pressure vessels on the 
vehicle shall be approved by the 
RSO 

Demonstration No pressure vessels 
appear in the vehicle. 

Verified with submission of 
CDR. 

1.13. The total impulse provided 
by a College and/or University 
launch vehicle shall not exceed 
5,120 Newton-seconds (L-class). 

Demonstration The vehicle is using a L 
class motor. 

Verified with submission of 
CDR. 

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

Demonstration OpenRocket simulations 
and the full scale launch 
will be used to verify 
this. 

To be verified after full 
scale test launch. 

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

Demonstration OpenRocket simulations 
and the full scale launch 
will be used to verify 
this. 

To be verified after full 
scale test launch. 

1.16. All teams shall successfully 
launch and recover a subscale 
model of their rocket prior to CDR. 

Demonstration A subscale rocket will be 
built and launched. 

Verified with submission of 
CDR. Except the rocket was 
unrecoverable due to a 
recovery system failure as 
stated earlier in the 
Subscale launch section. 

1.17. All teams shall successfully 
launch and recover their full-scale 
rocket prior to FRR in its final 
flight configuration. 

Demonstration A full-scale rocket will 
be built and launched. 

To be verified after full 
scale test launch. 

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

Demonstration, 
Analysis 

The fins are located aft 
of the burnout center of 
gravity. 

Verified with submission of 
CDR. 

1.19. Vehicle Prohibitions Demonstraion, 
Inspection 

The vehicle does not 
break any of the given 
prohibitions. 

Verified with submission of 
CDR. 

2.1. The launch vehicle shall stage 
the deployment of its recovery 
devices, where a drogue 
parachute is deployed at apogee 

Demonstration The vehicle uses a 
drogue and main 
parachute setup, as 

Verified with submission of 
CDR. 
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and a main parachute is deployed 
at a much lower altitude. Tumble 
recovery 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 
Range Safety Officer. 

stated in the recovery 
sections. 

2.2. 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. 

Testing Using software with the 
altimeters, manual 
firing tests can be 
performed for recovery 
ground tests. 

Full scale ejection test to 
be completed upon 
construction of the vehicle. 

2.3. At landing, each independent 
sections of the launch vehicle shall 
have a maximum kinetic energy of 
75 ft-lbf. 

Demonstration, 
Analysis 

Calculations for this can 
be seen in the recovery 
section of the CDR. The 
vehicle doesn’t exceed 
given kinetic energy 
upon landing. 

Verified with submission of 
CDR. 

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

Demonstration The circuits used for 
recovery are totally 
independent and 
separated from payload 
circuits and avionics. 

Verified with submission of 
CDR. 

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

Demonstration As shown in the 
recovery section, the 
circuit and CO2 ejection 
systems for recovery 
are redundant. 

Verified with submission of 
CDR. 

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

Demonstration The motor is not used in 
any way to eject any of 
the parachute. 

Verified with submission of 
CDR. 

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

Demonstration, 
Inspection 

2-pole rotary switches 
are used to arm the 
altimeters, which are 
accessed via outside the 
vehicle body and turned 
with a flathead 
screwdriver. 

Verified with submission of 
CDR. 
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2.8. Each altimeter shall have a 
dedicated power supply. 

Demonstration Each recovery circuit is 
separately powered by 
its own battery. 

Verified with submission of 
CDR. 

2.9. Each arming switch shall be 
capable of being locked in the ON 
position for launch. 

Demonstration, 
Testing,  

Inspection 

The two pole rotary 
switches are only 
switchable via a 
flathead screwdriver. 

Verified with submission of 
CDR. 

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

Demonstration, 
Inspection 

Shear pins are used to 
secure both the nose 
cone and body coupler 
to fully connect the 
rocket. 

Verified with submission of 
CDR. 

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

Demonstration The vehicle is equipped 
with a GPS and wireless 
communication for 
transmitting its current 
location to a ground 
system. 

Verified with submission of 
CDR. 

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

Demonstration The recovery system 
electronics and other 
avionics are completely 
isolated from each 
other. 

Verified with submission of 
CDR. 

3.1.1. Each team shall choose one 
design experiment option from 
the following list. 

Inspection Option 3, Fragile 
material protection was 
chosen. 

Verified with submission of 
Proposal. 

3.1.2. Additional experiments 
(limit of 1) are encouraged, and 
may be flown, but they will not 
contribute to scoring. 

Demonstration No other addition 
experiments will be 
onboard the vehicle. 

Verified with submission of 
CDR. 

3.4.1. Teams shall design a 
container capable of protecting an 
object of an unknown material 
and of unknown size and shape. 

Demonstration, 
Analysis, Testing, 
Inspection 

A container has been 
designed and soon to be 
built and tested. 

To be verified upon 
container construction 
complete. 

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

Demonstration, 
Inspection 

The checklist shown in 
the Launch Operation 
Section is to be used at 
all times for all 
launches. 

To verified upon full scale 
launch. 

4.2. Each team must identify a 
student safety officer who shall be 

Inspection A safety officer has 
been assigned. 

Verified upon submission 
of proposal. 
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responsible for all items in section 
4.3. 

4.3.1. Monitor team activities with 
an emphasis on Safety 

Demonstration, 
Inspection 

The safety officer is 
aware of his duties and 
will monitor all aspects 
of rocket construction 
and testing. 

Verified upon submission 
of CDR. 

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

Demonstration, 
Inspection 

Safety Officer will follow 
all guidelines set down 
by himself, NASA SL, 
and Level 3 Mentors. 

Verified upon submission 
of CDR. 

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

Inspection All data will be kept up 
to date. 

Verified upon submission 
of PDR. 

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

Inspection Safety Officer will 
partake in writing all 
hazard and safety 
related materials. 

Verified upon submission 
of PDR. 

4.4. Each team shall 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 shall 
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 
the rocketeer shall have flown and 
successfully recovered (using 
electronic, staged recovery) a 
minimum of 2 flights in this or a 
higher impulse class, prior to PDR. 

Inspection Two mentors have been 
chosen, and can be seen 
in earlier sections. 

Verified upon submission 
of proposal. 

4.5. During test flights, teams shall 
abide by the rules and guidance of 
the local rocketry club’s RSO. The 

Demonstration The subscale launch has 
shown our willingness 

Verified upon submission 
of CDR. 
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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. 

to comply with all 
regulations given to us. 

4.6. Teams shall abide by all rules 
set forth by the FAA. 

Demonstration The safety plan shown 
in the safety section 
shows our intentions of 
abiding by all FAA 
regulations 

Verified upon submission 
of CDR. 

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

Demonstration The Akronauts is a 
completely student run 
design team, and all 
work effort but into the 
launch vehicles is done 
by Akronauts members. 

Verified upon submission 
of CDR. 

5.2. 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, 
educational engagement events, 
and risks and mitigations. 

Demonstration The team Project 
Manager and Treasurer 
keep up to date 
timelines and budgets 
of all aspects of the 
competition. 

Verified upon submission 
of CDR. 

5.3. 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 addition, FN’s may 

Demonstration Any FN team members 
information will be kept 
on record and also 
submitted to NASA SL. 

Verified upon submission 
of CDR. 
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be separated from their team 
during these activities. 

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

Demonstration All active members of 
the Akronauts are 
welcome to join us at 
the competition. 

Verified upon submission 
of CDR. 

5.5. The team shall 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 shall be completed 
and submitted within two weeks 
after completion of an event. 

Demonstration Several events have 
been planned to reach 
out to students at local 
STEM high schools. 

To be verified upon 
event(s) completion. 

5.6. The team shall develop and 
host a Web site for project 
documentation 

Demonstration A website has been 
hosted for the design 
team. 

Verified upon submission 
of PDR. 

5.7. 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. 

Demonstration All deliverables are 
made available on our 
website at the required 
due times. 

Verified upon submission 
of PDR. 

5.8. All deliverables must be in 
PDF format. 

Demonstration All deliverables will be 
submitted to NASA SL 
and made available on 
our website in PDF 
format. 

Verified upon submission 
of PDR. 

5.9. In every report, teams shall 
provide a table of contents 
including major sections and their 
respective subsections. 

Demonstration Unlike past reports, all 
reports including this 
one and forward include 
a table of contents. 

Verified upon submission 
of CDR. 

5.10. In every report, the team 
shall include the page number at 
the bottom of the page. 

Demonstration All pages are numbered. Verified upon submission 
of PDR. 

5.11. The team shall provide any 
computer equipment necessary to 
perform a video teleconference 
with the review board. This 
includes, but not limited to, a 

Demonstration All video equipment for 
video teleconferences 
are supplied via the 
university Co-op 
program, who let us use 

Verified upon submission 
of PDR. 
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computer system, video camera, 
speaker telephone, and a 
broadband Internet connection. If 
possible, the team shall refrain 
from use of cellular phones as a 
means of speakerphone 
capability. 

their interview rooms to 
perform video calls. 

5.12. 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 8 ft. 
1010 rails, and 8 and 12 ft. 1515 
rails available for use. 

Demonstration The vehicle design 
includes plans to use 
NASA SL’s supplied 
launch rails. 

Verified upon submission 
of CDR. 

5.13. Teams must implement the 
Architectural and Transportation 
Barriers Compliance Board 
Electronic and Information 
Technology (EIT) Accessibility 
Standards (36 CFR Part 1194) 

Demonstration, 
Inspection 

Akronauts have read 
and will continue to 
comply with all 
regulations set forth by 
the EIT Accessibility 
Standards. 

Verified upon submission 
of CDR. 
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3. Budget 

 

Avionics     

Description Manufacturer Quantity Unit Cost Total Cost 

DIP Crystal 8MHz-20pF-20ppm-60R Xinhunjing 2 0.24 $0.48 

8 MHz 8-bit AVR Microcontroller with 256KB Flash, 
100-Pin TQFP Pkg, 86 I/Os, 12 PWMs, 4 USARTs, 
16 ADC Channels, Industrial Temp Atmel 2 12.35 24.7 

0.1uF 50V Y5V SURFACE-MOUNT CERAMIC 
MULTILAYER CAPACITOR Yageo 10 0.1 $1.00 

22 pF Capacitor ±5% Kemet 4 0.43 1.72 

CAP CER 100UF 6.3V X5R 1210 Yageo 2 0.72 $1.44 

CAP CER 4.7UF 25V X5R Yageo 2 0.22 0.44 

 Vishay 2 0.1 $0.20 

10uF/16V ceramic capacitor Murata 2 0.62 1.24 

No description Trimble 1 74.95 $74.95 

Ultrafast Switching Si-Planar Diodes Diotec 4 0.1 0.4 

LED GREEN 0603 SMD 
Vishay 
Semiconductor 4 0.43 $1.72 

 HIROSE 2 1.51 3.02 

Copernicus II module Molex 1  $0.00 

3.5mm 4-pin screw terminal block Molex 2 1.63 3.26 

Screw terminal block vertical, 2 pin, 5.00mm pitch Tyco Electronics 2 0.65 $1.30 

10k 1% 0402 0.063W Resistor Vishay 4 0.1 0.4 

 Vishay 2 0.1 $0.20 

MEMS pressure sensor: 260-1260 hPa absolute 
digital output barometer STMicroelectronics 2 4.25 8.5 

iNEMO inertial module: always-on 3D 
accelerometer and 3D gyroscope STMicroelectronics 2 3.97 $7.94 

MEMS motion sensor: low-power high-g 3-axis 
digital accelerometer ST Micro 1 10.21 10.21 

ZigBee® Embedded RF Module Family for OEMs Digi International 2  $0.00 

2x5 Header Generic 1  0 

3.3V Adjustable and fixed low drop positive voltage 
regulator STMicroelectronics 2 0.56 $1.12 

Low Voltage Temperature Sensor Analog Devices 2 1.45 2.9 

Solder paste  1 15.95 $15.95 
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FTDI chip  1 14.95 14.95 

Soldering iron  1 17.99 $17.99 

   Total $196.03 

 

 

Structure     

Description Manufacturer Quantity Unit Cost Total Cost 

Bulkheads-Aluminum McMaster 1 $77.81 $ 77.81  

Parachute Hoist Ring McMaster 4 $59.57 $ 238.28  

Hoist Ring Hardware McMaster 100 $0.03 $ 3.26  

Bulkhead Screws McMaster 100 $0.04 $ 4.31  

Bulkhead Inserts McMaster 25 $0.34 $ 8.60  

Rear Bulkhead Inserts McMaster 25 $0.37 $ 9.30  

Rear Bulkhead Hardware McMaster 25 $0.31 $ 7.76  

Peregrine hardware kit FruityChutes 4 $130.00 $ 520.00  

Fin McMaster 2 $12.59 $ 25.18  

Engine Bay Rods McMaster 4 $16.00 $ 64.00  

Rail Guides Apogee Rockets 2 $5.00 $ 10.00  

Centering Rings McMaster 1 $18.14 $ 18.14  

Shear Pins McMaster 100 $5.44 $ 544.00  

Body/Coupler Tubes Solar Composites 21 $24.00 $ 504.00  

Body Tube Solar Composites 14 $4.00 $ 56.00  

   Total $2,090.64 
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Payload     

Description Manufacturer 
Quanti
ty 

Unit 
Cost 

Total 
Cost 

Hex Drive Rounded Head Screw-Black-
Oxide Alloy Steel, 3-
56 Thread Size, 1/2" Long MCMASTER-CARR 28 0.88 $24.75 

Steel Phillips Rounded Head Screws 
10-24 Thread Size, 3/8" Long MCMASTER-CARR 12 0.33 $3.93 

Optically Clear Cast Acrylic Tube-4-1/4" OD 
x 4" ID MCMASTER-CARR 2 44.63 $89.26 

Multipurpose 6061 Aluminum 
Tight-Tolerance Disc with Certificate, 4" 
Diameter MCMASTER-CARR 2 56.53 $113.06 

Durable Nylon Tight-Seal Barbed Tube Fitting 
90 Degree Elbow for 1/8" Tube ID MCMASTER-CARR 12 1.23 $14.74 

Durable Nylon Tight-Seal Barbed Tube Fitting 
Wye for 1/8" Tube ID MCMASTER-CARR 3 2.67 $8.02 

Durable Nylon Tight-Seal Barbed Tube Fitting 
Cross for 1/8" Tube ID MCMASTER-CARR 1 12.57 $12.57 

Abrasion-Resistant Polyurethane Tube for Air 
1/8" ID, 3/16" OD MCMASTER-CARR 25 0.34 $8.50 

3M VHB Foam Tape - Adhesive on Both 
Sides 
#4905, 1/2" Width x 5 Yards Length, .020" 
Thick MCMASTER-CARR 1 19.51 $19.51 

Optically Clear Cast Acrylic Circle 
1/2" Thick, 5" Diameter MCMASTER-CARR 1 21.05 $21.05 

High-Strength Steel Hex Nut 
Class 10, Zinc Yellow-Chromate Plated, M5 x 
0.8 mm Thread MCMASTER-CARR 1 7.81 $7.81 

Multipurpose 6061 Aluminum 
5" Diameter MCMASTER-CARR 1 18.09 $18.09 

Multipurpose 6061 Aluminum 
2" Diameter MCMASTER-CARR 1 12.6 $12.60 

Multipurpose Aluminum (Alloy 6061) with 
Certificate 
Rectangular Bar, 3/4" x 1-1/2" MCMASTER-CARR 1 29.17 $29.17 

Compression Spring, Nested Century Spring Corp. 1 24.73 $24.73 

Compression Spring, Connected Century Spring Corp. 2 34.87 $69.74 

Lock Spring MCMASTER-CARR 4 2.59 $10.35 

WE NEED A QUOTE FOR DAMPER EHB-
15-75-BB Enertrols 1 0  
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One Way Valve, Intake 
United States Plastic 
Corp. 2 2.33 $4.66 

One way valve, Relief 
United States Plastic 
Corp. 2 4.82 $9.64 

NEED MATERIAL FOR AIR BAGS  0   

Kevlar Sack URSACK 1 55 $55.00 

Surface-Mount Ceramic Capicitor Yageo 6 0.1 $0.60 

Surface-Mount Ceramic Capicitor AVX 4 0.51 $2.04 

3.5mm 4-pin screw terminal block Molex 4 1.63 $6.52 

Resistor Yageo 4 0.1 $0.40 

Resistor Yageo 2 0.1 $0.20 

Resistor Yageo 2 0.1 $0.20 

8-bit AVR Microcontroller Atmel 2 3.38 $6.76 

N-Channel MOSFET Infineon 2 0.93 $1.86 

Voltage Regulator 
Fairchild 
Semiconductor 2 0.62 $1.24 

Differential Pressure Sensor Amphenol 1 31.48 $31.48 

CTS Micro Diaphragm Air Pump Parker 1 45 $45.00 

2-Pole Rotary Switch Missileworks 2 4.5 $9.00 

Power Barrel Connector CUI 1 2.11 $2.11 

Power Barrel Connector CUI 1 2.15 $2.15 

Battery Clip MPD 2 0.67 $1.34 

FTDI module Sparkfun 1 14.95 $14.95 

Voltage Regulator 
Fairchild 
Semiconductor 2 0.56 $1.12 

NEED GEL QUOTE      

   Total $684.15 
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Recovery     

Description Manufacturer Quantity Unit Cost Total Cost 

Swivel Fruity Chutes 4 9.00 $36 

Small Swivel (3pack) Fruity Chutes 1 9.00 $9 

Steel Ring McMaster 4 4.99 $20 

Hoist Ring McMaster 2 66.85 $134 

Large Caribener McMaster 4 18.10 $72 

Small Caribener McMaster 5 4.10 $21 

Nomex Blanket Fruity Chutes 1 24.00 $24 

1.17oz Rip Stop Nylon PerfTex 1 0.00 $0 

1.9oz Rip Stop Nylon Joann Fabrics 1 175.00 $175 

3/4" Shock Cord Strapworks 19.5 0.35 $7 

1/2" Harness Fruity Chutes 2 42.00 $84 

Shroudlines Fruity Chutes 120 0.20 $24 

3/8" Connection Line Strapworks 20 0.23 $5 

45g CO2 TinderRocketry 3 20.00 $60 

23g CO2 TinderRocketry 3 10.75 $32 

Ejection System TinderRocketry 2 140.00 $280 

StratologgerCF PerfectFlite 2 54.95 $110 

Sewing Supplies Joann Fabrics  5.00 5 

   Total $1,097 

Propulsion     

Description Manufacturer Quantity Unit Cost Total Cost 

Rocket Motor Wildman Rocketry 1 $249.99 $ 249.99  

Motor Casing and Hardware Wildman Rocketry 1 $550.00 $ 550.00  

Aerotech RMS-I364FJ (Subscale) Aerotech 1 $83.95 $109.95 

   Total $ 909.94  
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Subscale Rocket     

Description Manufacturer Quantity Unit Cost Total Cost 

75mm Blue Tube Kmac Plastics 1 $29.95 $29.95 

3" Coupler Rocketry Warehouse 1 $46.00 $46.00 

Threaded Inserts McMaster-Carr 2 $8.00 $16.00 

Button Head Screw McMaster-Carr 1 $5.70 $5.70 

Loctite® 1324007™ McMaster-Carr 2 $7.09 $14.18 

Polycarbonate McMaster-Carr 8 $10.77 $86.16 

RipStop Nylon Material Joann Fabrics 60 yd $8/yd $480 

Sewing Kit (Needles, Thread, Etc.) Joann Fabrics 1 $10 $10 

Polyester Tension Lines Dick's Sporting Goods 100 ft $30/100ft $30 

CO2 Ejection Kit Peregrine 1 $370 $175 

1" Nylon Shock-Resistant Cord McMaster-Carr 50 ft $4/ft $200 

StratoLogger Altimeter Module PerfectFlight 2 $60 $120 

   Total $1,212.99 

 

Travel Expenses    

ITEM # NEEDED PRICE EACH TOTAL 

HOTEL (4 NIGHTS) 5 $292.00 $1,460.00 

VAN RENTAL 4 $288.92 $1,155.68 

TRUCK RENTAL 1 $285.34 $285.34 

TRAILER RENTAL 1 $239.00 $239.00 

FOOD FOR 20 PEOPLE $400.00 

FUEL SHIPMENT 1 $150.00 $150.00 

 TOTAL $3,690.02 
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System Price   

Avionics $196.03   

Structure $2,142.64   

Recovery $1,097.14   

Payload $684.15   

Travel $3,690   

Propulsion $909.94   

Subscale Rocket $1,212.99   

Overall $9,932.89   
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4. Funding 

 

Based on the current budget, the funding required is going to be $9,932.89. On October 8th, 

the Akronauts presented the requested funding in front of the engineering board. In 2015, the 

Akronauts received $6,500 from the University of Akron. Half of that was from the College of 

Engineering, and the other half was from The University of Akron. In 2015, multiple companies 

also sponsored the Akronauts. Sponsorships are a necessity for this year as well. Between 

Schaeffler, PCC Airfoils, and Cadsoft, $4,600 was given to the rocket design team. The team 

hopes to get more sponsorships than these for this year as there are multiple competitions 

being attended.  

  

The University of Akron and the College of Engineering base the amount awarded on multiple 

factors when it comes to design teams, and with the rapid expansion and success of the 

Akronauts, the team hopes to increase its awarded funding from the University itself. New 

sponsorships are also going to play a pivotal role in this year’s competitions. The team is looking 

into expanding its current sponsors by reaching out to other local engineering companies. The 

team has created a new sponsorship packet to send out to companies, many of which have co-

op students that are currently on the team, to try to secure sponsorships for the year and 

beyond  
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5. Timeline 
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Due 
Date 

Task Description Deliverable 

9-14-
16 

Decide on a payload, of 
the three available. 

Of the three possible payloads available, 
one must be chosen so the Payload design 
can move ahead. 

Payload chosen 

9-21-
16 

Create different 
conceptual ideas on how 
to tackle the payload 
problem 

Since the Fragile material protection was 
chosen, possible designs must be created 
and the best chosen by the R&D team. 

General payload 
design idea 

9-21-
16 

Create a preliminary 
design for vehicle 
structure 

Create a rough first pass design of the 
intended rocket structure design, and run an 
OpenRocket simulation to determine 
maximum altitude. 

Projected 
dimensions and 
apogee of the 
rocket 

9-26-
16 

Proposal draft review All officers and leads gather to go over the 
current state of the proposal draft and 
comment on anything. 

Proposal rough 
draft 

9-30-
16 

Proposal submission Submit proposal through proper channels to 
NASA. 

Final proposal Draft 

10-
19-16 

CAD models Complete CAD models of the rocket 
structure and complete assembly. 

CAD Model 

10-
19-16 

Prototype payload design Complete CAD models of the fragile 
material protection payload system. 

CAD Model 

10-
19-16 

Recovery system design Complete drawings of the method of vehicle 
recovery, and determine altitudes for 
recovery events. Also determine projected 
parachute sizes and tethering cables. 

Event altitudes, 
parachute sizes, 
CAD models 

10-
26-16 

PDR Draft Review Review the current draft of the PDR with 
officers and leads, and determine any 
changes that must be made. 

PDR rough draft 

11-
04-16 

PDR Submission Submit PDR through proper channels to 
NASA. 

Final PDR Draft 

10-
20-16 

Peer review of rocket 
structure 

Design is presented to Aerostructure team 
and any concerns are presented and 
addressed. 

Design presentation 

10-
20-16 

Peer review of fragile 
material payload design 

Design is presented to R&D team and any 
concerns are presented and addressed. 

Design presentation 

10-
20-16 

Peer review of recovery 
system design 

Design is presented to recovery team and 
any concerns are presented and addressed. 

Design presentation 

11-
16-16 

Structure design finalized Once any concerns are addressed, the 
design must be finalized. 

Finalized Design 
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11-
16-16 

Payload design finalized Once any concerns are addressed, the 
design must be finalized. 

Finalized Design 

11-
16-16 

Recovery design finalized Once any concerns are addressed, the 
design must be finalized. 

Finalized Design 

1-6-
16 

Complete fabrication of 
subscale recovery 
system 

The subscale rocket requires a recovery 
system in order for the subscale launch to 
be performed. 

Subscale recovery 
system 

1-6-
16 

Complete construction of  
subscale rocket 
assembly 

In order to perform the subscale launch, a 
subscale model must be fabricated. 

Subscale rocket 

1-6-
16 

Staged recovery test on 
the ground 

Before launching the subscale model.  Successful 
recovery test 

1-11-
17 

Subscale launch Perform a subscale launch. Subscale rocket 
launched 

1-11-
16 

CDR draft review Review the current draft of the CDR with 
officers and leads, and determine any 
changes that must be made. 

CDR rough draft 

1-13-
17 

CDR submission Submit CDR through proper channels to 
NASA. 

Final CDR draft 

2-14-
17 

Full-scale rocket 
structure assembled 

Complete fabrication of the full-scale rocket 
for the launch test. 

Full-scale rocket 

2-14-
17 

Full-scale recovery 
system assembled 

Complete fabrication of the full-scale 
recovery system to be used in the full-scale 
launch test.  

Full-scale recovery 
system 

2-14-
17 

Payload testing and 
analysis 

Complete any analysis of the payload 
system to determine efficiency and 
effectiveness.  

Payload 
effectiveness report 

2-22-
17 

Full-scale recovery 
ground test 

Perform a full-scale recovery system test to 
verify functionality for the full-scale launch.  

Successful 
recovery test 

2-28-
17 

Full-scale launch Launch the full-scale model of the rocket.  Full-scale rocket 
launched 

3-1-
17 

FRR draft review Review the current draft of the FRR with 
officers and leads, and determine any 
changes that must be made.  

FRR rough draft 

3-6-
17 

FRR submission Submit FRR through proper channels to 
NASA. 

Final FRR draft 

4-4-
17 

Final Launch 
Preparedness 

Use the month between the FRR 
submission and the competition for any last 
minute changes and prepare for the LRR. 
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4-5-
17 

Competition and LRR Arrive at Competition and present LRR.  Final LRR draft 
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Section 9. Appendix 
 

1. Recovery References 
 

Manual for the Peregrine Raptor Manual 
http://fruitychutes.com/docs/Peregrine_Raptor_Manual.pdf  

 

Drogue Folding and Packing 
http://fruitychutes.com/help_for_parachutes/how_to_pack_a_parachute.htm 

 

  

http://fruitychutes.com/help_for_parachutes/how_to_pack_a_parachute.htm
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2. Launch Vehicle Drawings 
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