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Common Abbreviations & Nomenclature 

AGL = above ground level 
APCP = ammonium perchlorate composite propellant 
ARRD = advanced retention and release device 
AV = avionics 
BP = black powder 
CDR = Critical Design Review 
CG = center of gravity 
CP = center of pressure 
EIT = electronics and information technology 
FAA = Federal Aviation Administration 
FMECA = failure mode, effects, and criticality analysis 
FN = foreign national 
FRR = Flight Readiness Review 
HEO = Human Exploration and Operations 
HPR = High Power Rocketry 
HPRC = High-Powered Rocketry Club 
L3CC = Level 3 Certification Committee (NAR) 
LARD = low-altitude recovery device 
LCO = Launch Control Officer 
LRR = Launch Readiness Review 
LSB = Lazy Susan bearing 
MAE = Mechanical & Aerospace Engineering Department 
MSDS = Material Safety Data Sheet 
MSFC = Marshall Space Flight Center 
MSL = mean sea level 
NAR = National Association of Rocketry 
NCSU = North Carolina State University 
NFPA = National Fire Protection Association 
PDR = Preliminary Design Review 
PLAR = Post-Launch Assessment Review 
PPE = personal protective equipment 
RFP = Request for Proposal 
RSO = Range Safety Officer 
SL = Student Launch 
SLS = Space Launch System 
SME = subject matter expert 
SOW = statement of work 
STEM = Science, Technology, Engineering, and Mathematics 
TAP = Technical Advisory Panel (TRA) 
TRA = Tripoli Rocketry Association 
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1. Critical Design Review Report Summary 

1.1 Team Summary 
1.1.1 Name and Contact Information 

Team Name: Tacho Lycos (High-Powered Rocketry Club at NC State University) 

Mailing Address: 911 Oval Drive, Raleigh, NC 27695 

Primary Contact: Raven Lauer (Email: relauer@ncsu.edu; Phone: 919-414-4950) 

1.1.2 Mentor Information 
Name: Dr. Charles (Chuck) Hall 

Email: chall@ncsu.edu 

TRA Certification Number/Level: 14134, Level 3 

Name: Alan Whitmore 

Email: acwhit@nc.rr.com 

TRA Certification/Level: 05945, Level 3 

Name: James (Jim) Livingston 

Email: livingston@ec.rr.com 

TRA Certification/Level: 02204, Level 3 

1.2 Launch Vehicle Summary 
1.2.1 Size and Mass 

The full-scale launch vehicle will be 128.0 in. long with a diameter of 7.5 in. The rocket 

will have a mass of 47.1 lb on the pad, which includes 3.0 lb of nose ballast. 

1.2.2 Final Motor Choice 
The full-scale launch vehicle will use an AeroTech L2200G motor. 

1.2.3 Recovery System 
The full-scale launch vehicle will deploy a 2.0 ft drogue at apogee, a 5.0 ft parachute at 

1,000 ft AGL, and a 10.0 ft main parachute at 700 ft AGL. 

1.2.4 Launch Rail Size 
The full-scale launch vehicle will require an 8 ft, 1515 launch rail. 

1.2.5 Milestone Review Flysheet 
This document was submitted separately. 

1.3 Deployable Rover Payload Summary 
The team has chosen to include a deployable rover as the payload for the full-scale launch 

vehicle. The rover will be stowed in an internal tube that will rotate freely using roller bearings 

(Lazy Susan bearings) attached at each end of the payload tube. The upper bearing will be 

attached to a centering ring aft of the main parachute compartment. The lower bearing will 

be attached to a bulkhead forward of the avionics bay. The payload bay will be sealed during 

flight by a tapered plug in the payload centering ring which will be removed with the main 

parachute deployment. After landing, the rover will autonomously drive at least 5.0 ft and 

deploy a set of solar panels to complete the payload mission.  
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2. Changes Made Since Preliminary Design Review 

2.1 PDR Action Items 
The team was not given any PDR action items to complete. 

2.2 Changes Made to Vehicle Criteria 
Table 2-1 lists all changes made to the full-scale launch vehicle since PDR submission. Note 

ǘƘŀǘ ǘƘƛǎ ǊŜǇƻǊǘ ǳǎŜǎ ǘƘŜ ǘŜǊƳǎ άƭŀǳƴŎƘ ǾŜƘƛŎƭŜέ ŀƴŘ άǊƻŎƪŜǘέ ƛƴǘŜǊŎƘŀƴƎŜŀōƭȅΦ 

Table 2-1: List of Changes Made to Full-Scale Launch Vehicle 

Description of Change Reason for Change 

The rocket midsection was split into two 

body tube sections at the payload centering 

ring. The thickness of the payload centering 

ring was increased to 1.5 in. to ensure 

enough surface area for attachment of both 

midsections. 

The team determined that access to black 

powder charges fixed to the forward face of 

the payload centering ring would be difficult 

without separating the midsection body 

tube components. The centering ring will be 

epoxied to the aft midsection section and 

the upper midsection will be attached using 

six wood screws. 

The avionics bay was extended by 3.0 in., for 

a total length of 6.25 in. This also extended 

the lower midsection and overall rocket 

length by 3.0 in. to 30.0 in. and 128.0 in., 

respectively. The payload mass was 

predicted to be 2.0 lb after final assembly. 

The team determined that an extension to 

the avionics bay was necessary to ensure 

enough volume for additional wires, 

switches, and tool access. An extension of 

the lower midsection also allowed for a 

slight increase in stability. 

The rocket nosecone material was changed 

to plastic without a metal nosecone tip. 

The team was only able to identify a single 

nosecone manufacturer capable of creating 

7.5 in. diameter components. The nosecone 

will still include a 6.0 in. shoulder, but will 

not have a metal nosecone tip. 

The rocket fin trailing edge was transitioned 

aft by 0.5 in. to shift the CP location aftward. 

The team determined that the CP location 

needed to be shifted aftward due to the 

decrease in nosecone weight after the 

material transition to plastic. 

Low-altitude recovery device (LARD) added 

to drogue shock cord line. A 60 in. parachute 

will be folded and bound using a Jolly Logic 

controller to be deployed at apogee with 

the drogue parachute. The LARD will remain 

folded until 1,000 ft AGL, when the Jolly 

Logic will release the parachute to open. The 

rocket will deploy a total of three 

parachutes during the descent. 

The team reduced wind drift by reducing the 

drogue diameter, but the rocket will 

descend faster which would cause the main 

parachute to deploy at potentially unsafe 

speeds. To ensure the integrity of structural 

components and the delicate rover payload, 

the LARD will be deployed at 1,000 ft AGL to 

slow the rocket descent in two stages.  
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Description of Change Reason for Change 

Drogue parachute diameter reduced from 

36 in. to 24 in. 

A smaller drogue parachute will increase 

descent velocity to reduce wind drift. 

Main parachute deployment altitude 

decreased to 700 ft AGL. 

After the LARD is deployed at 1,000 ft AGL, 

the rocket will continue descending for 

approximately 300 ft before deploying the 

main parachute. The rocket will impact the 

ground under three parachutes to reduce 

descent velocity, and increase the chance 

that the rocket will land horizontally for 

easier rover deployment on the ground. 

The nose ballast was increased to 3.0 lb. 

After making all design changes listed 

above, additional nosecone ballast will be 

necessary to ensure a static margin greater 

than 2.0. The predicted static margin of the 

rocket will be 2.05 cal after final assembly. 

 

2.3 Changes Made to Payload Criteria 
Table 2-2 lists all changes made to the deployable rover payload system since PDR submission. 

Table 2-2: List of Changes Made to Deployable Rover Payload System 

Description of Change Reason for Change 

Total servos for rover increased to three. 

To simplify mechanical design, an additional 

servo will be used for motion. Instead of 

making a gearing system controlled by one 

servo, each of the front wheels will be 

controlled by a servo.  

Bluetooth communication used for rover 

activation. 

Bluetooth communication requires only one 

component on the rover. It will easily be 

ŀōƭŜ ǘƻ ŎƻƳƳǳƴƛŎŀǘŜ ǿƛǘƘ ŀ ǘŜŀƳ ƳŜƳōŜǊΩǎ 

ƭŀǇǘƻǇ ƛƴ ƻǊŘŜǊ ǘƻ ŀŎǘƛǾŀǘŜ ǘƘŜ ǊƻǾŜǊΩǎ 

mission. 

Payload entry seal design change 

Changed the entry seal for the payload after 

discovering the door would not function as 

ŘŜǎƛǊŜŘΦ {ƛƴŎŜ ǘƘŜ ŘƻƻǊΩǎ ǎƘŀǇŜ ƳŀǘŎƘŜŘ ǘƘŜ 

ŎŜƴǘŜǊƛƴƎ ǊƛƴƎΩǎ ǎƘŀǇŜΣ ǘƘŜ ŘƻƻǊ ǿƻǳƭŘ ƴƻǘ 

open enough for the rover to deploy. The 

current design is now a plug constructed of 

birch plywood and rubber wrapped around 

the edge. The main parachute shock chord 

will be tied to a U-bolt secured in the 

plywood. Upon the main parachute 

ejection, the plug will be pulled out. 
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Description of Change Reason for Change 

MSP430 microcontroller instead of Arduino. 

On the recommendation of local electronics 

experts, this microcontroller was chosen 

instead of Arduino because of simplicity, 

cost, and reliability. 

Forward Lazy Susan Bearing design change 

The previous design involved eight 

individual ball bearings in a cup that rolled 

in a track in the opposing piece. During 

subscale testing, this design was 

unfavorable. The current design now 

consists of a 3D printed cap with a track 

filled with ball bearings mounted to the 

centering ring. A PVC piece will be attached 

to the payload tube and will be in contact 

with the ball bearings. A similar design was 

used during the subscale launch and was 

more favorable. 

Rover platform design change 

Instead of printing housing for the latch 

electrical components of the payload, the 

components will be attached via screws. 

This is because the previously designed 

housing will not hold the updated 

components. Also, attaching the 

components without a designated housing 

will allow them to be attached without wire 

interference. 

 

2.4 Changes Made to Project Plan 
As shown in Section 8.6, the project timeline remains unchanged from PDR submission. All 

changes to the project verification plan are listed in Table 3-1. 
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3. Vehicle Criteria 

3.1 Compliance to Handbook Requirements 
Table 3-1, below, contains the launch vehicle requirements listed in the 2018 NASA SL handbook as well as the respective compliance 

actions, verification methods, and status. 

Table 3-1: Full-Scale and Subscale Launch Vehicle Handbook Item Compliance 

Handbook 

Item 

Description of 

Requirement 
Compliance Verification Method Status 

2.1 

The vehicle will deliver the 

payload to an apogee 

altitude of 5,280 feet above 

ground level (AGL). 

Based on the current 

design, an AeroTech 

L2200G will power the 

launch vehicle to an ideal 

apogee altitude of 5,280 ft 

AGL. 

Analysis. The final weight 

will be calculated, and a 

motor will be selected 

based on these 

calculations. Analysis is 

detailed in Section 1.2.2. 

Complete. 

See Section 1.2.2. 

2.2 

The vehicle will carry one 

commercially available, 

barometric altimeter for 

recording the official 

altitude used in 

determining the altitude 

award winner. Teams will 

receive the maximum 

number of altitude points 

(5,280) if the official scoring 

altimeter reads a value of 

exactly 5,280 feet AGL. The 

team will lose one point for 

every foot above or below 

the required altitude. 

A StratoLoggerCF altimeter 

will be used to record the 

official altitude. 

Test. The StratoLoggerCF 

will be tested in a vacuum 

chamber prior to assembly 

and launch to ensure 

correct functionality. 

Incomplete. 

Altimeter tests will occur in 

the week prior to launch 

scheduled for February 24, 

2018. 
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Handbook 

Item 

Description of 

Requirement 
Compliance Verification Method Status 

2.3 

Each altimeter will be 

armed by a dedicated 

arming switch that is 

accessible from the exterior 

of the rocket airframe 

when the rocket is in the 

launch configuration on the 

launch pad. 

Both altimeters will be 

armed by their own key 

switch which will be 

accessible from the exterior 

of the airframe. 

Demonstration. The team 

will arm the altimeters after 

assembly on the pad, which 

will be confirmed by the 

subsequent beeps. The 

checklist for this item is 

detailed in Section 6.2. 

Incomplete. 

Demonstration will occur 

prior to launch scheduled 

for February 24, 2018. 

2.4 
Each altimeter will have a 

dedicated power supply. 

Each altimeter will be 

powered by its own 9 V 

battery tested for 

conformity. 

Demonstration. The team 

will demonstrate that the 

two altimeter circuits are 

entirely independent. 

Complete. 

See Section 4.4.3. 

2.5 

Each arming switch will be 

capable of being locked in 

the ON position for launch 

(i.e. cannot be disarmed 

due to flight forces). 

The altimeters will be 

armed by key switches and 

will be oriented such that 

ǘƘŜȅ ǿƻƴΩǘ ōŜ ŘƛǎŀǊƳŜŘ ōȅ 

flight forces. 

Demonstration. The team 

will demonstrate that the 

switches are secure when 

in the on position.  

Incomplete. 

Demonstration will occur 

prior to launch scheduled 

for February 24, 2018. 

2.6 

The launch vehicle will be 

designed to be recoverable 

and reusable. Reusable is 

defined as being able to 

launch again on the same 

day without repairs or 

modifications. 

The rocket body will be 

constructed of Blue Tube to 

increase durability of the 

rocket. The main parachute 

will slow the rate of descent 

of the rocket to avoid 

damage upon landing. 

Analysis. Body tube 

material will be chosen to 

increase durability, and 

parachute size will be 

determined by calculations 

to reduce impact speed and 

wind drift. 

Complete. 

See Section 4. 
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Compliance Verification Method Status 

2.7 

The launch vehicle will have 

a maximum of four (4) 

independent Sections. An 

independent Section is 

defined as a Section that is 

either tethered to the main 

vehicle or is recovered 

separately from the main 

vehicle using its own 

parachute. 

The rocket will only have 

three (3) tethered Sections: 

nosecone, midsection (with 

payload), and fin can. 

Analysis. The rocket design 

only requires three 

tethered sections to fly 

which will be manufactured 

to the specifications listed 

in this report. 

Complete. 

See Section 3.4.1. 

2.8 
The launch vehicle will be 

limited to a single stage. 

The launch vehicle has a 

single stage. 

Analysis. The rocket design 

will include a single motor. 

Complete. 

See Section 3.4.1. 

2.9 

The launch vehicle will be 

capable of being prepared 

for flight at the launch site 

within 3 hours of the time 

the Federal Aviation 

Administration flight 

waiver opens. 

The team will practice 

assembly using detailed 

checklists prior to launch to 

ensure that assembly time 

does not exceed three (3) 

hours. 

 

Demonstration. The team 

will demonstrate the 

capability to prepare the 

rocket within 3 hours by 

practicing assembly using 

detailed checklists prior to 

launch. 

Incomplete. 

Demonstration will occur 

prior to launch scheduled 

for February 24, 2018. 

2.10 

The launch vehicle will be 

capable of remaining in 

launch-ready configuration 

at the pad for a minimum of 

1 hour without losing the 

functionality of any critical 

on-board components. 

Recovery system devices 

will be activated only once 

the rocket is on the launch 

pad to avoid unnecessary 

battery drain. 

Demonstration. The team 

will incorporate only 

necessary electronics that 

do not exceed the available 

power drawn from 

batteries. 

Complete. 

See Section 4.4. 
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Requirement 
Compliance Verification Method Status 

2.11 

The launch vehicle will be 

capable of being launched 

by a standard 12-volt direct 

current firing system. The 

firing system will be 

provided by the NASA-

designated Range Services 

Provider. 

The rocket can be launched 

using only a standard motor 

igniter. 

Analysis. The team will 

confirm with the 

manufacturer that the 

chosen motor is capable of 

being launched by a 

standard firing system. 

Complete. 

See Section 5.2.1. 

2.12 

The launch vehicle will 

require no external 

circuitry or special ground 

support equipment to 

initiate launch (other than 

what is provided by Range 

Services). 

The rocket can be launched 

using only a standard motor 

igniter. 

Demonstration. The team 

will demonstrate that the 

vehicle is capable of 

launching using only a 

standard motor igniter. 

Incomplete. 

Demonstration will occur at 

the launch scheduled for 

February 24, 2018. 

2.13 

The launch vehicle will use 

a commercially available 

solid motor propulsion 

system using ammonium 

perchlorate composite 

propellant (APCP) which is 

approved and certified by 

the National Association of 

Rocketry (NAR), Tripoli 

Rocketry Association (TRA), 

and/or the Canadian 

Association of Rocketry 

(CAR). 

The rocket uses a 

commercially-produced 

AeroTech motor. 

Inspection. The team will 

confirm that the chosen 

motor is certified by NAR 

and/or TRA before 

purchase.  

Complete. 

See Section 1.2.2. 
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Item 

Description of 

Requirement 
Compliance Verification Method Status 

2.13.1 

Final motor choices must 

be made by the Critical 

Design Review (CDR). 

The team will use an 

AeroTech L2200G motor. 

Demonstration. The final 

motor choice is listed in 

Section 1.2.2 of this report. 

Complete. 

See Section 1.2.2. 

2.13.2 

Any motor changes after 

CDR must be approved by 

the NASA Range Safety 

Officer (RSO), and will only 

be approved if the change 

is for the sole purpose of 

increasing the safety 

margin. 

The team does not 

anticipate any need for 

change to motor selection. 

Analysis. The team will 

determine the impact of 

any possible high-level 

design changes on motor 

performance, and make a 

request for motor change 

only when safety can be 

increased. 

Complete. 

See Section 1.2.2. 

2.14 

Pressure vessels on the 

vehicle will be approved by 

the RSO. 

The launch vehicle will not 

utilize any pressure vessels. 

Analysis. The team will not 

utilize any pressure vessels 

when designing the rocket. 

Complete. 

See Section 3.3. 

2.14.1 

The minimum factor of 

safety (Burst or Ultimate 

pressure versus Max 

Expected Operating 

Pressure) will be 4:1 with 

supporting design 

documentation included in 

all milestone reviews. 

The launch vehicle will not 

utilize any pressure vessels. 

Analysis. The team will not 

utilize any pressure vessels 

when designing the rocket. 

Complete. 

See Section 3.3. 

2.14.2 

Each pressure vessel will 

include a pressure relief 

valve that sees the full 

pressure of the 

valve that is capable of 

withstanding the maximum 

pressure and flow rate of 

the tank. 

The launch vehicle will not 

utilize any pressure vessels. 

Analysis. The team will not 

utilize any pressure vessels 

when designing the rocket. 

Complete. 

See Section 3.3. 
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Description of 
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Compliance Verification Method Status 

2.14.3 

Full pedigree of the tank 

will be described, including 

the application for which 

the tank was designed, and 

the history of the tank, 

including the number of 

pressure cycles put on the 

tank, by whom, and when. 

The launch vehicle will not 

utilize any pressure vessels. 

Analysis. The team will not 

utilize any pressure vessels 

when designing the rocket. 

Complete. 

See Section 3.3. 

2.15 

The total impulse provided 

by a College and/or 

University launch vehicle 

will not exceed 5,120 

Newton-seconds (L-class). 

The selected motor 

provides 5,104 N-s of total 

impulse. 

Demonstration. The team 

will demonstrate that they 

did not purchase or install a 

motor exceeding L-class. 

Complete. 

See Section 1.2.2. 

2.16 

The launch vehicle will have 

a minimum static stability 

margin of 2.0 at the point of 

rail exit. Rail exit is defined 

at the point where the 

forward rail button loses 

contact with the rail. 

Current static stability 

margin at point of rail exit is 

calculated to be 2.05 cal. 

No changes that would 

appreciably affect this are 

currently planned. 

Analysis. The team will use 

multiple methods to 

calculate the static stability 

margin of the rocket at the 

time of rail exit to ensure 

that a minimum value of 

2.0 is achieved. 

Complete. 

See Section 5.1.2. 

2.17 

The launch vehicle will 

accelerate to a minimum 

velocity of 52 fps at rail exit. 

The has a predicted rail exit 

velocity of 77.3 ft/s. 

Analysis. The team will use 

multiple methods to 

calculate the rail exit 

velocity of the rocket at the 

to ensure that a minimum 

value of 52 ft/s is achieved. 

Complete. 

See Section 5.2.3. 
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2.18 

All teams will successfully 

launch and recover a 

subscale model of their 

rocket prior to CDR. 

Subscales are not required 

to be high power rockets. 

The subscale rocket was 

successfully launched and 

recovered on November 

18, 2018. 

Demonstration. The team 

will demonstrate a 

successful launch and 

recovery of a subscale 

rocket prior to CDR. 

Complete. 

See Section 3.4.3. 

2.18.1 

The subscale model should 

resemble and perform as 

similarly as possible to the 

full-scale model, however, 

the full-scale will not be 

used as the subscale model. 

The subscale was designed 

to function as closely to the 

full-scale as possible at 52% 

of the size. 

Demonstration. The team 

will design and fabricate a 

subscale rocket to confirm 

the design of the full-scale. 

Complete. 

See Section 3.4. 

2.18.2 

The subscale model will 

carry an altimeter capable 

ƻŦ ǊŜǇƻǊǘƛƴƎ ǘƘŜ ƳƻŘŜƭΩǎ 

apogee altitude. 

The subscale rocket had a 

StrattoLoggerCF installed at 

launch to record the 

apogee altitude. 

Demonstration. The team 

will include an altimeter 

capable of recording the 

apogee altitude on the 

subscale. 

Complete. 

See Section 3.4.3.3. 
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Requirement 
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2.19 

All teams will successfully 

launch and recover their 

full-scale rocket prior to 

FRR in its final flight 

configuration. The rocket 

flown at FRR must be the 

same rocket to be flown on 

launch day. The purpose of 

the full-scale 

demonstration flight is to 

demonstrate the launch 

ǾŜƘƛŎƭŜΩǎ ǎǘŀōƛƭƛǘȅΣ 

structural integrity, 

recovery systems, and the 

ǘŜŀƳΩǎ ŀōƛƭƛǘȅ ǘƻ ǇǊŜǇŀǊŜ 

the launch vehicle for flight. 

A successful flight is defined 

as a launch in which all 

hardware is functioning 

properly (i.e. drogue chute 

at apogee, main chute at a 

lower altitude, functioning 

tracking devices, etc.). 

The same rocket will be 

flown during the full-scale 

demonstration flight as the 

full-scale test flight. 

Demonstration. The team 

will fly the same rocket in 

the full-scale 

demonstration flight as in 

the full-scale test flight. 

Incomplete. 

Demonstration will occur at 

the launch scheduled for 

February 24, 2018. 

2.19.1 

The vehicle and recovery 

system will have functioned 

as designed. 

The flight and recovery 

system results will be 

analyzed thoroughly to 

determine whether the 

rocket functioned as 

designed. 

Analysis. Flight simulations, 

hand calculations, and 

material modelling will be 

compared to the flight 

results. 

Incomplete. 

Analysis will occur after the 

launch scheduled for 

February 24, 2018. 
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2.19.2 

The payload does not have 

to be flown during the full-

scale test flight. 

The payload is an integral 

part of the rocket 

midsection, and will be 

flown on the full-scale test 

flight. 

Demonstration. The team 

intends to fly the full rover 

payload on the full-scale 

test flight. 

Incomplete. 

Demonstration will occur at 

the launch scheduled for 

February 24, 2018. 

2.19.2.1 

If the payload is not flown, 

mass simulators will be 

used to simulate the 

payload mass. 

The payload will be 

included in the rocket. 

Mass simulators will be 

used for payload 

electronics, including the 

rover, if necessary. 

Demonstration. Mass 

simulators will be used if 

the rover is not available for 

flight. 

Incomplete. 

Demonstration will occur at 

the launch scheduled for 

February 24, 2018. 

2.19.2.1.1 

The mass simulators will be 

located in the same 

approximate location on 

the rocket as the missing 

payload mass. 

If mass simulators are used, 

they will be modelled to 

determine the most 

appropriate location to 

offset the payload CG to 

match the full-scale design. 

Demonstration. If mass 

simulators are used, they 

will be secured in the 

payload section to 

accurately simulate the 

final payload CG location. 

Incomplete. 

Demonstration will occur at 

the launch scheduled for 

February 24, 2018. 

2.19.3 

If the payload changes the 

external surfaces of the 

rocket (such as with camera 

housings or external 

probes) or manages the 

total energy of the vehicle, 

those systems will be active 

during the full-scale 

demonstration flight. 

The payload does not 

change the external surface 

of the rocket. 

Demonstration. The 

payload will not change the 

external surface of the 

rocket. 

Complete. 

See Section 3.3.4. 
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2.19.4 

The full-scale motor does 

not have to be flown during 

the full-scale test flight. 

However, it is 

recommended that the full-

scale motor be used to 

demonstrate full flight 

readiness and altitude 

verification. If the full-scale 

motor is not flown during 

the full-scale flight, it is 

desired that the motor 

simulates, as closely as 

possible, the predicted 

maximum velocity and 

maximum acceleration of 

the launch day flight. 

The full-scale motor will be 

flown during the full-scale 

test flight to demonstrate 

full flight readiness and 

altitude verification. 

Demonstration. The team 

will use of the full-scale 

motor during the full-scale 

test launch. 

Incomplete. 

Demonstration will occur at 

the launch scheduled for 

February 24, 2018. 

2.19.5 

The vehicle must be flown 

in its fully ballasted 

configuration during the 

full-scale test flight. Fully 

ballasted refers to the same 

amount of ballast that will 

be flown during the launch 

day flight. Additional ballast 

may not be added without 

a re-flight of the full-scale 

launch vehicle. 

The full-scale rocket will 

contain 3.0 lb of ballast in 

the nosecone which will be 

included for all ground tests 

and the full-scale test 

launch. 

Demonstration. The rocket 

will be fully ballasted for all 

ground tests and the full-

scale test launch. 

Incomplete. 

Demonstration will occur 

prior to the launch 

scheduled for February 24, 

2018. 
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2.19.6 

After successfully 

completing the full-scale 

demonstration flight, the 

launch vehicle or any of its 

components will not be 

modified without the 

concurrence of the NASA 

Range Safety Officer (RSO). 

The team will not modify 

any components on the 

full-scale rocket without 

concurrence of the NASA 

Range Safety Officer. 

Inspection. The team will 

inspect all components 

after the full-scale test 

launch to determine if any 

modifications will be 

necessary. 

Incomplete. 

Component inspections will 

occur after the launch 

scheduled for February 24, 

2018. Exterior paint will be 

added to the airframe after 

the full-scale test launch. 

2.19.7 

Full scale flights must be 

completed by the start of 

FRRs (March 6th, 2018). If 

the Student Launch office 

determines that a re-flight 

is necessary, then an 

extension to March 28th, 

2018 will be granted. This 

extension is only valid for 

re-flights; not first-time 

flights. 

The primary full-scale test 

launch date is February 24, 

2018 with a backup launch 

opportunity on February 

25. 

Demonstration. The team 

will complete the full-scale 

test launch prior to FRR 

submission on March 6, 

2018. 

Incomplete. 

The primary full-scale test 

launch date is February 24, 

2018 with a backup launch 

opportunity on February 

25. 

2.20 

Any structural 

protuberance on the rocket 

will be located aft of the 

burnout center of gravity. 

The burnout CG is located 

74.8 in. from the nose. The 

forward-most structural 

protuberance on the rocket 

is the forward rail button at 

107 in. from the nose.  

Analysis. The rocket design 

will not include any 

protuberances located 

forward of the burnout CG. 

Complete. 

See Section 3.3.5.6. 

2.21.1 
The launch vehicle will not 

utilize forward canards. 

The launch vehicle has no 

forward canards. 

Analysis. The team will not 

include forward canards in 

the rocket design. 

Complete. 

See Section 3.3. 
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2.21.2 

The launch vehicle will not 

utilize forward firing 

motors. 

The launch vehicle has no 

forward firing motors. 

Analysis. The team will not 

include forward firing 

motors in the rocket 

design. 

Complete. 

See Section 5.2.1. 

2.21.3 

The launch vehicle will not 

utilize motors that expel 

titanium sponges. 

The AeroTech L2200G 

motor does not utilize 

titanium sponges. 

Analysis. The team will not 

use a motor with titanium 

sponges. 

Complete. 

See Section 5.2.1. 

2.21.4 
The launch vehicle will not 

utilize hybrid motors. 

The launch vehicle does not 

utilize hybrid motors. 

Analysis. The team will not 

include a hybrid motor in 

the rocket design. 

Complete. 

See Section 5.2.1. 

2.21.5 
The launch vehicle will not 

utilize a cluster of motors. 

The launch vehicle uses a 

single AeroTech L2200G 

motor. 

Analysis. The team will not 

include a cluster of motors 

in the rocket design. 

Complete. 

See Section 5.2.1. 

2.21.6 

The launch vehicle will not 

utilize friction fitting for 

motors. 

The launch vehicle motor 

mount is epoxied to the 

rocket body tube. 

Analysis. The team will not 

use a friction fit for the 

motor in the rocket design. 

Complete. 

See Section 3.3.5.2. 

2.21.7 

The launch vehicle will not 

exceed Mach 1 at any point 

during flight. 

The launch vehicle has a 

predicted maximum speed 

of Mach 0.64. 

Analysis. The team will 

utilize simulations to 

ensure that the rocket 

speed does not exceed 

Mach 1.0 during flight. 

Complete. 

See Section 5.2. 

2.21.8 

Vehicle ballast will not 

exceed 10% of the total 

weight of the rocket. 

The launch vehicle will 

contain a total of 3.0 lb of 

ballast at the nose, which 

accounts for 6.4% of the 

total weight of the rocket. 

Analysis. The team will not 

include a total amount of 

ballast that exceeds 10% 

the total weight in the 

rocket design. 

Complete. 

See Section 3.3.1. 
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3.2 Mission Statement 
The team is proud to present the full-scale launch vehicle design for the 2018 NASA SL 

competition in the pages below. This rocket is an original design that includes efforts from 

team members with backgrounds in, but certainly not limited to, high-powered rocket design, 

structural analysis, electrical design, and slender-body aerodynamics. It is the goal of the team 

to always choose the rocket and payload options that require the greatest technical demand 

to provide a challenge to even the most veteran team members. The rocket will satisfy all the 

requirements listed in Section 3.1 and Section 4.1, based on the success criteria defined in 

Section 3.2.1, to ensure that all vehicle operations will maximize safety to crew, spectators, 

and the environment. 

3.2.1 Mission Success Criteria 
The success of the full-scale launch vehicle is based on the challenge criteria listed in 

Section 3.1, as well as the team-derived requirements presented in Section 8.2. The team 

has defined a successful rocket launch as one where the vehicle apogee is within 100 ft 

of 5,280 ft AGL (1 mi), the drogue parachute deploys at apogee, the LARD opens at 1,000 

ft AGL, the main parachute deploys at 700 ft AGL, and the entire rocket is reusable 

immediately after landing. To accomplish these goals, every component of the rocket 

must work as designed and redundancies should be in place for each component critical 

to the flight. The team will rely on simulations, physical experiments, and test flights to 

confirm that the vehicle will be successful with regards to the above criteria for every 

flight. Additionally, the success of the deployable rover is dependent on the success of 

the launch vehicle since the rover mission starts once the rocket mission ends. 

3.3 Selection, Design, and Rationale of Full-Scale Launch Vehicle 
This section includes the digital models, technical specifications, and design justifications for 

the full-scale launch vehicle, which is shown in Figure 3-1, below. 

 

Figure 3-1: Isometric View of Full-Scale Launch Vehicle 
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3.3.1 Dimensions and Technical Details 
The full-scale launch vehicle was designed using OpenRocket, a free software that is 

utilized by NAR and TRA rocketeers at all certification levels. The rocket will be 128.0 in. 

long with a constant body diameter of 7.5 in. after the nosecone base. A large body tube 

diameter was chosen to maximize the volume available within the rocket for the payload 

with deployable rover. The rocket will have three body Sections: nosecone, midsection, 

and fin can. Figure 3-2, below, shows the OpenRocket 3D schematic with body Sections 

labelled respectively. 

 

Figure 3-2: OpenRocket Model with Section Labels 

The current rocket configuration in OpenRocket has a predicted weight of 47.1 lb when 

fully assembled, which acts as the maximum allowable weight for the full-scale design. 

Maximum allowable weights for the payload and avionics bay are described in Sections 

4.4 and 7.4, respectively. For comparison, the detailed SolidWorks model of the current 

rocket design has a predicted weight of 41.3 lb when fully assembled which includes 

accurate weights for the payload and avionics bay. Though these values do include weight 

approximations for the payload, avionics, and motor, they do not include weight values 

for body paint, epoxy, black powder charges, or fasteners. Both models will be updated 

continuously throughout the project timeline to reflect the latest design changes and 

provide up-to-date values for total mass. The team will also work on applying additional 

modelling techniques to include as many physical components in the OpenRocket and 

SolidWorks models as possible. Figure 3-3, below, shows the detailed SolidWorks model 

which will be compared to the OpenRocket model in Figure 3-2 for component mass 

confirmation. 

 

Figure 3-3: Detailed SolidWorks Model 

In its current configuration, the predicted CG location of the rocket is at a point 79.4 in. 

from the nosecone tip as determined using the mass approximations described above in 

OpenRocket. The CG location was confirmed using the detailed SolidWorks model to be 

79.6 in. from the nosecone tip. Though the predicted total weights of each model differ 

by nearly 6.0 lb, the CG locations only differ by 0.1 in., which ensures that the stability 

margin is nearly identical between both models. A minimal difference in CG location 



 

2018 NASA Student Launch | Tacho Lycos 19 

 

between the models is highly favorable and is the result of conscious efforts to balance 

weights in the payload and avionics bay. The predicted CG location in each model will 

become more accurate as additional weights, such as body paint, epoxy, and fasteners, 

are added to the models throughout the design and fabrication process. 

3.3.2 Body Tube Material Selection 
The projected weights of the body tubes and coupler were calculated for the full-scale 

rocket in order to justify the use of Blue Tube on the rocket. The combined weight of the 

fiberglass forward airframe body tube, fin can body tube, and coupler was calculated to 

be approximately 7.83 lb. The combined weight of the Blue Tube forward airframe body 

tube, fin can body tube, and coupler was calculated to be approximately 4.23 lb. Using 

Blue Tube body tube components results in a weight savings of approximately 3.5 lb, 

nearly 10% of the weight of the rocket. Through reducing weight of the rocket, there is 

also a reduction of loading during flight which provides a higher margin of error for hitting 

the target altitude of 5,280 ft AGL. 

To verify that Blue Tube would be capable of withstanding forces during flight, the 

compressive strength was analyzed. The principle compressive loads on the airframe are 

caused by inertia and drag. The peak drag force Ὂ was calculated using Equation 7 below: 

Ὂ
ρ

ς
”ὠὅὃ (1) 

where ” is the air density at sea level, 1.225 ; ὠ is the peak velocity of the rocket, 

219.56 ; ὅ  is the drag coefficient, 0.451; and ὃ is the frontal area of the rocket, 

0.028578 ά . This yields 380.20 ὔ. The peak inertial load Ὂ was calculated using 

Equation 8 below: 

Ὂ άὥ (2) 

where ά is the mass of the rocket, 19.090 ὯὫ, and ὥ is the peak acceleration of the rocket, 

142.95 . The resulting peak inertial load on the rocket is 2729.1 ὔ. The total compressive 

force Ὂ on the rocket is given by Equation 9 below: 

Ὂ Ὂ Ὂ σρπωȢσ ὔ φωψȢωω ὰὦὪ (3) 
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The supplier of Blue Tube, Always Ready Rocketry, has provided axial crush test data for 

Blue Tube which is shown in Figure 3-4, below. 

 

Figure 3-4: Blue Tube Axial Crush Test Data 

Over three trials, the buckling load for Blue Tube was approximately 3,000 lbf. The factor 

of safety for the Blue Tube airframe on this rocket was calculated to be approximately 

4.3, confirming that Blue Tube is suitably strong for this application. This is also a 

conservative estimate, as the rocket features several bulkheads and centering rings that 

provide additional support. The team will conduct additional compression testing on 

cylindrical Blue Tube samples in order to verify the strength of the material. As one of the 

tests, the samples will be loaded in a hydraulic press until buckling occurs. This 

experiment will also grant the opportunity to quantify the strengthening effect of 

bulkheads, as well as the weakening effect of drilled holes and hatches in the body tube. 

The rocket will have a constant body tube diameter of 7.5 in. and is reinforced with several 

bulkheads and centering rings throughout the vehicle. All components will be fixed to the 

airframe using West Systems 2-part epoxy. This epoxy was chosen for its high strength, 

durability, and working time. The bulkheads will be constructed using sheets of 0.25 in. 

aircraft-grade birch plywood. Varying numbers of sheets will be used for each bulkhead 

or centering ring depending on the expected loads at that location in the rocket. The 

launch vehicle will separate at two points: between the nosecone and midsection, and 

between the midsection and fin can. 

3.3.3 Nosecone Design 
As discussed in the PDR, the design requirements for the nosecone on the full-scale launch 

vehicle specified that the nosecone base had to be 7.5 in. in diameter, and that the tip 

could be accessible from the base to allow for the addition of nosecone ballast in the form 

of epoxied lead balls. Analysis on nosecone shapes led the team to choose a 5:1 ogive 



 

2018 NASA Student Launch | Tacho Lycos 21 

 

nosecone for use on the full-scale rocket due to its greater performance in subsonic 

conditions when compared to a conical nosecone with similar dimensions. Since the team 

does not have the precise manufacturing capabilities required to produce an original 

nosecone, only commercially-available nosecones were considered. After searching 

through catalogs of many different online rocketry retailers, the team was only able to 

find one nosecone that fit the required specifications. Always Ready Rocketry will supply 

the team with a plastic 5:1 ogive nosecone with a 7.5 in. base diameter. Assuming that 

the nosecone will be manufactured to a perfect 5:1 length-to-base ratio, the nosecone 

will be 37.5 in. long from base to tip. Figure 3-5, below, shows the plastic nosecone 

installed on a Blue Tube body tube taken from the website of the manufacturer. 

 

Figure 3-5: Always Ready Rocketry Plastic 5:1 Ogive Nosecone with 7.5 in. Base Diameter 

3.3.3.1 Nosecone Material Selection 
The nosecone will be constructed out of plastic using a single mold to create the 

nosecone exterior shape and 6.0 in. shoulder. The team chose the plastic nosecone 

after learning that the fiberglass nosecone with metal tip described in the PDR was 

no longer available for purchase. A plastic nosecone also offers a significant cost and 

weight reduction to the launch vehicle, while remaining durable enough for multiple 

launches and recoveries. Since the plastic nosecone does not contain a metal tip, 

additional nose ballast will be necessary in the form of lead balls epoxied in the 

nosecone tip cavity. As shown in Figure 3-5, above, the plastic nosecone will be 

secured to the midsection during final assembly using multiple shear pins, described 

in Section 4.3.5. 

3.3.3.2 Nosecone Bulkhead Design 
The nosecone will feature a single bulkhead fixed into the nosecone cavity to be used 

as a tethering point for the main parachute. The bulkhead will consist of three 

circular sheets of 0.25 in. aircraft-grade birch plywood sandwiched together using 

epoxy for a total thickness of 0.75 in. The aft face of the bulkhead will be fixed 3.0 

in. from the base of the nosecone to allow additional volume for stowing the main 

parachute shock cord. Since the bulkhead will be placed inside the nosecone, 

OpenRocket was used to determine the outer diameter of the bulkhead to ensure 

that it will correspond to the inner diameter of the nosecone at its current position. 

Based on an assumed nosecone wall thickness of 0.08 in., the bulkhead must have a 

diameter 7.26 in. to fit inside the nosecone cavity. After using digital calipers to 

accurately measure and confirm the nosecone cavity dimensions, the plywood 

sheets will be cut out using a laser cutter. West Systems 2 part epoxy will be used to 
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combine the sheets, which will then be allowed to cure for at least 24 hours under a 

vacuum seal. 

A U-bolt will be installed through the center of the bulkhead as an attachment point 

for the main parachute shock cord. This will allow the nosecone section to remain 

tethered to the rest of the rocket during recovery rather than falling as a separate, 

self-contained independent section. The U-bolt shown in Figure 3-6, below, will be 

permanently fixed to the bulkhead during fabrication using Loctite to secure the 

fastening nuts on the opposite side of the bulkhead. 

 

Figure 3-6: Nosecone Bulkhead 

Note that once the bulkhead is installed, it will be impossible to access the interior 

cavity of the nosecone, therefore bulkhead installation will be one of the final steps 

in the rocket fabrication process. 

To attach the nosecone assembly to the rocket midsection, a 6.0 in. shoulder will be 

included at the base of the nosecone. The nosecone and shoulder will both be made 



 

2018 NASA Student Launch | Tacho Lycos 23 

 

of plastic and will be formed in a single mold by the manufacturer. Shear pins will be 

used to secure the nosecone shoulder to the midsection body tube for launch. 

3.3.4 Midsection Design 
The rocket midsection, which is identified in Figure 3-2, will contain the payload bay, 

avionics bay, and part of each parachute compartment. The assembled midsection will be 

48.0 in. long with a constant body diameter of 7.5 in. to match the base diameter of the 

nosecone described in Section 3.3.3. During fabrication and assembly, the midsection will 

be split into two lengths to allow for easier access to components in each section. The 

upper midsection will contain the main parachute compartment and will be 18.0 in. long. 

The lower midsection will contain the payload bay, avionics bay, and drogue parachute 

compartment, and will be 30.0 in. long. To fasten the two sections together, half of the 

payload centering ring will be epoxied to the lower midsection as a permanent fixture, 

and the upper midsection will be secured to the remaining exposed half of the payload 

centering ring by six wood screws. This design is described in more detail in Section 

3.3.4.2. Figure 3-7, below, shows an exploded view of the midsection body tube with 

labels for the upper and lower midsection lengths. 

 

Figure 3-7: Exploded View of Midsection Body Tube Sections 
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Figure 3-8, below, shows the assembled midsection with labels for each internal 

component and subassembly. 

 

Figure 3-8: Assembled Midsection with Component and Subassembly Labels 

Note that the 19.25 in. long coupler to be installed in the drogue parachute compartment 

is not shown in Figure 3-8, above. The coupler length will encompass the entire drogue 

parachute bay, and will be epoxied to the fin can leaving a 6.0 in. shoulder for attachment 

to the midsection. The forward end of the coupler will sit flush against the aft face of the 

avionics bulkhead which will be installed exactly 6.0 in. from the base of the midsection. 

This will allow the coupler to act as a straight edge for both the fin can and midsection to 

ensure that the internal components are all installed at the correct orientation during 

fabrication and assembly. 

The main parachute will be housed in the forward parachute compartment, and the 

drogue parachute will be housed in the aft parachute compartment. The recovery system 

for the full-scale launch vehicle is described in Section 4. The avionics bay will contain the 

electronics sled with attached altimeters and batteries, which is discussed in Section 4.4. 

3.3.4.1 Payload Bay Design 
Since the payload is expected to account for a significant portion of the total rocket 

weight, it was determined that placing the payload bay as far forward in the 

midsection as possible would be most ideal. This would cause the CG position to shift 

forward in the rocket and would reduce the amount of nose ballast necessary to 

maintain a stability margin greater than 2.0. The team conducted a study to 

determine the maximum allowable payload weight by increasing the payload weight 

in steps of 0.5 lb and comparing the flight simulation results. Table 3-2, below, shows 

the OpenRocket flight simulation results for various realistic payload weights using 

an AeroTech L2200G motor and launching 5° from vertical on an 8 ft launch rail with 

no windspeed. 
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Table 3-2: OpenRocket Flight Simulation Results for Varying Payload Weight 

Payload Weight 

(lb) 

Rocket Weight 

(lb) 

Nose Ballast 

(lb) 

Apogee 

(ft AGL) 

6.0 46.1 3.00 5,562 

6.5 46.5 2.88 5,526 

7.0 46.9 2.75 5,489 

7.5 47.3 2.69 5,446 

8.0 47.7 2.56 5,408 

The results in Table 3-2 confirm that the amount of nose ballast necessary to 

maintain a stability margin of at least 2.0 will decrease as the payload weight 

increases. Since the OpenRocket model does not include the weight of body paint, 

epoxy, and fasteners, the team decided that a simulated apogee of approximately 

5,500 ft AGL was reasonable for this stage in the design. The rocket model with a 7.0 

lb payload weight reached 5,489 ft AGL using the simulation settings, which is why 

it was designated as the maximum allowable weight. As discussed in Section 7.4.1, 

the current payload model has a predicted weight less than 7.0 lb, but the team 

expects this value to increase as more components are added to the design. The 

OpenRocket and SolidWorks models will be updated continuously throughout the 

project to ensure greater accuracy in the flight simulation results. 

3.3.4.2 Payload Centering Ring Design 
Since the payload will remain fixed within the midsection for the entire flight, it was 

necessary to add a bulkhead to either end of the payload bay shown in Figure 3-8. 

The forward end of the payload will be fixed to the rocket body by a 1.5 in. thick 

centering ring that also acts as the point of separation between the upper and lower 

midsection body tubes identified in Figure 3-7. 

Since the centering ring will have to hold the payload in place while also acting as an 

attachment point for the upper midsection and access hatch, it was necessary to 

design the ring to be thick enough to secure these components and still maintain 

structural strength to survive launch and recovery. The payload centering ring will 

consist of six rings of 0.25 in. aircraft-grade birch plywood sandwiched together 

using epoxy for a total thickness of 1.5 in. The outer diameter will match the inner 

diameter of the body tube, approximately 7.3 in., and the inner diameter will be 5.0 

in. to allow clearance for the rover to deploy after landing. After using digital calipers 

to accurately measure and confirm the body tube dimensions, the plywood rings will 

be cut out using a laser cutter. West Systems 2 part epoxy will be used to combine 

the rings, which will then be allowed to cure for at least 24 hours under a vacuum 

seal. 

The forward face of the payload centering ring will act as the lower end of the main 

parachute bay. A pair of PVC blast caps will be installed on this face using West 

Systems 2 part epoxy at the base. Since the difference between the inner and outer 

diameters of the ring will be approximately 2.5 in., only blast caps with base 
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diameters of 0.75 in. or less will be used to store the main parachute black powder 

charges. A wire terminal with two ports will be fixed adjacent to each of the blast 

caps to act as the connection point for the e-match wire being fed into the respective 

blast cap. The ōƭŀǎǘ ŎŀǇ ŀƴŘ ǘŜǊƳƛƴŀƭ ǇŀƛǊǎ ǿƛƭƭ ōŜ ƭŀōŜƭƭŜŘ άtέ ŦƻǊ ǇǊƛƳŀǊȅ ŀƴŘ ά{έ 

for secondary. A small hole will be drilled at a point between the two blast cap and 

terminal pairs to allow altimeter wires to be fed around the payload bay and into the 

main parachute compartment. These wires will be color-coded and labelled primary 

and secondary to ensure proper connection to their respective wire terminal. When 

ŀǎǎŜƳōƭƛƴƎ ǘƘŜ ǊƻŎƪŜǘ ŦƻǊ ǘƘŜ ƭŀǳƴŎƘΣ ǘƘƛǎ ƘƻƭŜ ǿƛƭƭ ōŜ ǎŜŀƭŜŘ ǳǎƛƴƎ ǇƭǳƳōŜǊΩǎ Ǉǳǘǘȅ 

to ensure that no ejection gases can escape into the payload bay. 

Since the payload centering ring will be supporting the payload bay, upper 

midsection, and access hatch, the team determined that it would not be suitable to 

also add an attachment point for the main parachute to the forward face. Instead, 

the main parachute shock cord will be fed through a small, rectangular cutout on the 

outer edge of the payload ring which will be open and accessible by the removable 

access hatch described in Section 3.3.4.6. The cutout will be 0.75 in. wide and 0.25 

in. deep which will allow ample room for the 0.50 in. shock cord described in Section 

4.3.2. When closing the access hatch, the shock cord will be held taut in the cutout 

ŀƴŘ ǘƘŜƴ ǎŜŀƭŜŘ ǿƛǘƘ ǇƭǳƳōŜǊΩǎ Ǉǳǘǘȅ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ƴƻ ŜƧŜŎǘƛƻƴ ƎŀǎŜǎ Ŏŀƴ ŜǎŎŀǇŜ 

into the payload bay. Figure 3-9, below, shows the payload centering ring with blast 

caps and terminals, as it would be installed in the rocket body tube.  

 

Figure 3-9: Payload Centering Ring Assembly 



 

2018 NASA Student Launch | Tacho Lycos 27 

 

As shown in Figure 3-9, above, the rover bay will be sealed off during flight by a 

removable plug. The PDR design called for a hinged door at the rover bay entrance, 

but it was determined through simulation that the door would be unable to open 

past 30° from vertical before making contact with the inner diameter of the payload 

centering ring. The plug will consist of two circular sheets of 0.25 in. aircraft-grade 

birch plywood sandwiched together using epoxy for a total thickness of 0.5 in. After 

creating the plug body, a weather-resistant rubber seal will be glued to the outer 

edges to ensure an airtight seal. The outer diameter of the plug body with seal will 

be equal to the inner diameter of the payload centering ring. After using digital 

calipers to accurately measure and confirm the body tube dimensions, the plywood 

rings will be cut out using a laser cutter. West Systems 2 part epoxy will be used to 

combine the rings, which will then be allowed to cure for at least 24 hours under a 

vacuum seal. Figure 3-10, below, shows the SolidWorks model of the plug with a 

rubber seal along the outer edge. 

 

Figure 3-10: Rover Bay Plug 

During assembly, the plug will be placed over the rover bay opening to the main 

parachute compartment and pushed into the hole until it is flush against the upper 

payload bearing. When the main parachute black powder charges fire, the gas 

expansion will push against the upper face of the plug to make it even tighter against 

the payload bearing. The plug will protect the rover from any negative effects due 

to the rapid gas expansion in the main parachute compartment during each black 

powder charge explosion. Additionally, the plug will act as the divide between the 

payload bay and main parachute compartment to ensure that no gases are able to 
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escape into the payload bay volume which may cause the charges to be ineffective 

in separating the nosecone and deploying the main parachute. 

A U-bolt will be installed through the center of the plug body to allow its removal 

following nosecone separation. A small loop will be made in the main parachute 

shock cord approximately 5.0 ft from the end of the main parachute aft shock cord. 

A metal, approved carabiner will be used to connect the shock cord loop to the plug 

U-bolt. As the shock cord is pulled out of the compartment, it will also pull the plug 

out of the payload centering ring to open the rover bay. The plug is designed to be 

lightweight to reduce any complications with the shock cord, and will remain 

tethered to the shock cord during descent. 

The team intends to build a model plug prior to full-scale fabrication to practice its 

installation and removal to ensure that the design is practical. The team also intends 

to build a model of the midsection with a mock parachute compartment and mock 

payload bay. A centering ring will be placed between the sections and each 

compartment will be closed using removable bulkheads at each end. An active 

altimeter will be placed in the rover bay and sealed using a plug identical to the one 

described above. A black powder charge will be ignited in the mock parachute 

compartment to simulate a recovery event. Following each test, the force required 

to remove the plug will be measured using a handheld fish scale, and the altimeter 

data will be analyzed to determine if any pressure changes were present during each 

black powder detonation. The team will use these results to finalize the design of 

the plug before fabricating the full-scale launch vehicle. 

3.3.4.3 Payload Bulkhead Design 
The payload bulkhead will act as the aft attachment point for the payload tube, and 

will separate the payload and avionics bays. The payload bulkhead will consist of 

three circular sheets of 0.25 in. aircraft-grade birch plywood sandwiched together 

using epoxy for a total thickness of 0.75 in. After using digital calipers to accurately 

measure and confirm the body tube dimensions, the plywood sheets will be cut out 

using a laser cutter. West Systems 2 part epoxy will be used to combine the sheets, 

which will then be allowed to cure for at least 24 hours under a vacuum seal. 

As described in Section 3.3.4.2, the payload bulkhead will act as an attachment point 

for the main parachute shock cord to ensure that the nosecone and midsection 

remain tethered during recovery. A U-bolt will be installed through the bulkhead on 

the side of the tube that is accessible by the access hatch. The U-bolt shown in Figure 

3-11, below, will be permanently fixed to the bulkhead during fabrication Loctite to 

secure the fastening nuts on the opposite side of the bulkhead. 
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Figure 3-11: Payload Bulkhead 

During rocket assembly, team members will be able to easily locate and attach the 

shock cord to the payload bulkhead U-bolt when the access hatch, described in 

Section 3.3.4.6, is removed. To further secure the hatch during flight, two screws will 

be used to fix the hatch to the payload bulkhead outer edge. This will ensure that 

the hatch remains flush with the rocket body to minimize any negative effects on 

surface drag during flight. 

3.3.4.4 Avionics Bay Design 
The avionics bay will contain all the electronics necessary to operate the recovery 

systems on board the full-scale launch vehicle which are described in Section 4.4. 

The team utilized the relatively large diameter of the rocket body to design an 

ŀǾƛƻƴƛŎǎ ǇŀŎƪŀƎŜ όάǎƭŜŘέύ ǘƘŀǘ ŎƻǳƭŘ Ŧƛǘ ƘƻǊƛȊƻƴǘŀƭƭȅ ƛƴ ǘƘŜ ŀǾƛƻƴƛŎǎ ōŀȅΣ ǊŀǘƘŜǊ ǘƘŀƴ 

the more conventional vertical installation. The avionics bay will be 6.25 in. long, 

measured between the bulkhead faces on either end of the bay, which corresponds 

to an internal volume of 143. 6 in3. The avionics sled design shown in Section 4.4.1 
















































































































































































































































