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1 Team Summary

1.1 Team Name & Mailing Address

Society of Aeronautics and Rocketry (SOAR) at University of South Florida (USF)
4202 East Fowler Avenue , MSC Box#197
Tampa, Florida 33620

1.2 Team Personnel

1.2.1 Team Mentor
Team mentor: Jim West, Tripoli 0706 (Tripoli advisory panel member), Certification
Level 3, 863-712-9379, jkwest@tampabay.rr.com

1.2.2 Team Academic Advisor
Team academic advisor:  Dr. Manoug Manougian, Professor & Director of STEM
Education Center, 813 -974-2349, manoug@usf.edu

1.2.3 Safety Officer
Team Safety Officer:  Kevin Kirkolis, Sophomore Undergraduate, Mechanical
Engineering, 708 -217-3737, kirkolis@mail.usf.edu

1.2.4 Student Team Leader
Student Team Leader: Stephanie Bauman, Junior Underg raduate, Physics, 334 -549-
9144, sbhaumanl@mail.usf.edu
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1.2.5 Team Structure and Members

1.2.5.1 Team Leadership and Organization Chart

Flight Readiness Review Report

MENTOR
Jirny
STUDENT TEAM LEADER PROJECT MANAGER SAFETY OFFICER
Stephanie Jackson Kewvin
r r
OPERATIONS MANAGER SYSTEMS ENGINEER
Aszhlzizgh Andrew
r v
MECHAMICAL LEAD CSCE LEAD ROVER SPECIALIST
lay Tom James

Figure 1: Team organization chart.

1.2.5.2 Team Members

SOARAS

2 CAlSRudeht A 8unch Initiative Team consists of approximately 25

members, including the leaders listed above in the organizational chart. Additionally,
team members are also organized under the functional teams detailed below.

Table 1: Functional teams and descriptions.

Functional Team

Team Lead

Description

Rocketry Team

Kevin Kirkolis

Rocketry Team is responsible to design,
build, test, and modify launch vehicle and all

recovery systems.

THE SKY IS NOT THE LIMIT.
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Functional Team Team Lead Description

Rover Team is responsib le to develop,
design, test, and prepare the rover payload
system. The team will implement all
mechanical, electrical, and computer
engineering designs and systems necessary
for a rover that meets all design criteria.

Rover Team James Waits

Deployment System Team is responsible to
design, fabricate and test a rover
deployment system capable of safely

Deployment System Javian Hernand ez ejecting the paylogd from within the _rocket
Team body. The team will communicate with the
CSCE and Rover Teams to ensure complete
integration and feasibility, all while meeting
project guidelines.

CSCE Team is responsible to design all
computer hardware and software needs for
the design of the rover and rocket. They will
work closely with the electrical engineer lead

to ensure sy stem will have continuity. The

team lead will remain in close contact with

the systems engineer to make sure that all
systems function properly.

CSCE Team Tom Hall

1.2.5.3 Additional Duties
Additional duties are positions that are functionally designated to better assist the team
in accomplishing its goals and requirements.

1.2.5.3.1Rover Design Specialists: James Waits and Chris Purdie. Primary design
stakeholders for rover design.

1.2.5.3.2CSCE Contributors: Thomas Hall, Simon Wilson, Lott Lalime. Coders and
Programmers for various onboard electr onics and devices.

1.2.5.3.30utreach Coordinator : Ashleigh Stevenson. Develops and organizes
outreach events.
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1.3 NAR/TRA Affiliates

Flight Readiness Review Report

The Society of Aeronautics and Rocketry at the University of South Florida will seek guidance and

collaboration with the Tampa Prefectur

design and

constructi on

e (#17) of the Tripoli Rocket Association (TRA) for the

of

sub-scale and full -scale launches under experienced supervision.

2 Launch Vehicle Summary

SOARAscdlue Il aunch

veh

icl e

purchased

mount tube from Wildman Rocketry, a reliable vendor. The bulkheads, fins and centering rings are

custom cut by SOAR members using &” structural FRP fiberglass from McMaster-Carr. For the recovery

equipment, SkyAngle Classic 1l 60” and 20”, and Fruity Chutes Iris Ultra 6 O }

sections of i

and

Yai

tubul ar

range from standard 30 -minute epoxy, epoxy mixed with fine

2.1 Vehicle Size and Mass

-cut carbon fiber fabric and Aeropoxy.

Table 2: Launch vehicle size and mass.

Diameter (in) 5.148

Length (in) 111

Unloaded Weight 36.9
Loaded No Ballast Weight  (Ib) 44.4
Minimum Ballasted = Weight (Ib) 46.4
Fully Ballasted Weight  (Ib) 48.7

Launch Motor

Aerotech 4G L1420

Airframe Material

G12 Fiberglass
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Figure 2: Overviewdrawing of launch vehicle assembly.

o AR
&

Figure 3: Overview 3D render of launch vehicle assembly.

2.2 Motor Choice

The final motor decision for use in the full  -scale launch vehicle is the Aerotech L1420 75mm motor.
This motor was chosen because the thrust available guaranteed the launch vehicle to easily
exceed the goal apogee of 5,280 feet. To reach the target apogee of 5,280 feet, fine adjustment of
projected apogee through alteration of fin design, and the design of a removable ballast system

is feasible and possible. Also, these motors, under most configurations, exceed the target apogee
altitude and, in addition to the adjustable balance system, in our previous experience, the
constructed rocket is most often somewhat heavier than the simulat ed weight due to epoxy and
parts not accounted for in the simulation software.

Table 3: Functional teams and descriptions.

Motor Aerotech L1420
Average Thrust (N) 1420
Maximum Thrust  (N) 1814
Total Impulse (N-s) 460
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Burn Time (s) 3.2

Case CTI Pro75-4G

2.3 Recovery System

A dual deployment system, activated at apogee, 950 feet, and 800 feet AGL upon descent, will be
used to follow NSL guidelines and to accommodate the rocket design. The first parachute
deployment will be a drogue at apogee via separation initiated by a black powder charge. There
are two main parachute deployments; one at 950 feet to separate the main altimeter bay and
booster section from the rocket, and the other at 800 feet to separate the nosecone from the
rover compartment airframe. There will be two separate altimeter bays; the main altimeter bay
responsible for deploying the drogue and one main, and the payload altimeter bay for the main
parachute responsible for recovering the payload and its consequent launc h vehicle sections. The
rocket will use a total of four altimeters, and all will be the Altus Metrum EasyMini due to their
size, ease of use and their capability to record multiple points of data.

2.4 Rall Size

The launch vehicle will use a 96 -inch 15x15 laun ch rail.

2.5 Milestone Review Flysheet
Please see Appendix 15.2.

3 Payload Summary
3.1 Payload Title

The Deployable rover payload has been chosen and will be referred to as the Sidewinder, or as
Rover throughout this document.

3.2 Rover Design Summary

The concept of the Sidewinder came from the need to maximize the space within the payload

section of the launch vehicle making more efficient use of it. We referred to an entry into Journal
of Terramechanics} Exper i mental study and analysis on driving
exploration rovers moving in  deformable s oi | } and concluded that both a |

larger surface area contacted with the ground f or our rover wheel is needed to effectively
maneuver over rough terrain. Additionally, to maximize the space we had within the rocket body
we used a converged to a 3sidewaysj approach design/t
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4 Changes Made Since CDR
4.1 Changes Made to Vehicle Criteria

To strengthen the section of fiberglass airframe further, a coupler has been added and epoxied
to the inside of the Booster Section for added support and reinforcement. Details about this

change are explained in Section 5. Further, the parachute se lection has been changed due to
increased weight of the launch vehicle.

4.2 Changes Made to Payload Criteria

4.2.1 Expanding Wheel
As a result of rover tests we make a wheel extending mechanism that stretches the diameter

of the rover wheel marféwirou gl yhafsr emi tejd ttdhhe( rocket
with a series of 30 lever arms

Figure 4: Prior 5-inch diameter wheel design.
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Figure5: New 5inch to 8.5-inch expanding wheel design.

4.2.2 Newtonian L eg

From the result of prototype construction the new Newtonian leg allows for a more solid
contact with the ground surface. It is also less flexible and secured better to the Rover than
the previous design.

Figure 6: Prior rover leg design, featuring two smaller legs.

Figure7: New rover leg design, featuring a single larger leg.
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4.2.3 Rover Deployment

The rover deployment method has stay relatively the same. The major changes include
removing the sled from t he previous design and replacing it with a conical wheel and to
remove the guiding railings. Reasons for change will be discussed , however, with our tests , we
have determine d that railing s were unnecessary. We are using beefier solenoids to hold the
rover in place and changed the way the rocket will communicate with the ground team.

Figure 8: Prior rover deployment system, with a gear and track mechanism.

Figure 9: Newrover deployment system, with simpler winch and sled system.
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Figure 10: Detail view of new rover deployment system.

4.3 Changes Made to Project Plan

Changes to the project plan include an update to the timeline, requirements verification, and test

plan. The timeline w as updated to include time allocated to the design and construction of the
changes made to payload design. Through completion of testing the requirements verification

and testing plans have been updated. Educational Engagement has also been updated to incl ude
information regarding the events completed since submission of CDR. The Booster Section
received potential abrasion on January 27th in Bunnell, providing another concern for the
structural integrity and thus a reason for installing a coupler for support and reinforcement.

5 Design and Construction of Vehicle
5.1 Changes Made Since CDR

Before the maiden flight for Apis Il on January 27th, the launch vehicle sections and components
were weighed to provide a more accurate flight simulation. It was found that the Booster Section
weighed 9 pounds instead of 6.5 pounds as predicted. Thus, concern for the structural integrity

of the airframe was considered, given the thickness is 0.074 inches. There are approximately 10.5
inches of the airframe that are not reinforced (5 inches reinforced by the main altimeter bay
coupler and the other 20.5 by three centering rings). The 20.5 inch portion is estimated to be 7.5
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pounds of the 9 pound total Booster Section weight. To strengthen the section of fiberglass
airframe further, a coupler has been added and epoxied to the inside of the Booster Section for
added support and reinforcement.

Figure11: Close up view of frame abrasion.

5.2 Launch and Recovery Features

5.2.1 Structural Elements

5.2.1.1Fins

The final di mensions of the fin design aghte as f ol
under the notion that ideal conditions are rare therefore adding safety despite our

calculations checking out;

Height (From Exterior Airframe Surface) - 5.75;
Root Chord -1 4 }
Tip Chord - 8.25}

4. Sweep Length - 4.19}
With these specific dimensions after the final cuts, the projected fin flutter velocity
ranges from 806 to 809 feet per second. The max velocity of the rocket under this fin
design given the dimensions above is 748 feet per second. The disparity between max
fin flutter and vehicle velocity is desirable and preferable to accommodate safet vy
standards, and allow for the safe ascent of the launch vehicle.

w N e
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5.2.1.2 Adjustable Ballast System

In order to maximize the potential for reaching exactly 5280 feet for the competition
launch under any conditions, an adjustable ballast system has been designed that it can
be loaded in the nose cone shoulder. If maximum ballast is needed, it is designed in
such a way that it can be added in a balanced manner so that the stability margin
remains between three and six cal ipers, preferably in the lower portion of that range.

The ballast system is designed as several layered circular modular elements that stack
on top of each other. The system is made of 3D printed layers and removable 1 ~ -ounce
weights. The system is also bro ken up into three different sections for the nosecone

shoulder . The first section accounts f o4+olttlthse
comprised of 2 | ayers each 0. 35} tall, and
composed of 11 lalylerancda4h3j0.id4p di ameter.
capping | ayer. gt is a slightly smaller di
designed to secure the first two sections and the entire nose cone ballast system to the
respective bulkhead wi t h %%} t hreaded rods with | ock
the other.

The design of the nosecone ballast system layers a re pictured below. The first section

can hold a total weight of 8 -ounces (0.25 pounds), 4 -ounces in each layer and the second
section can hold in total weight 66 -ounces, with 6 -ounces (0.375 Ibs) in each layer. The
third section is designed to not hold any weight. The entire nosecone ballast system
stands 5.35§j tall

To keep the static stability margin below 4 calibers, the removab le ballast is split
between the nosecone shoulder and the Main Altimeter Bay. The layers in the Main
Altimeter Bay are circular and hold 9 ounces each. Four layers have been printed and
total to 40 ounces (2.5 pounds). To keep the static stability margin b elow four, the Main
Altimeter Bay will be filled first, with the remaining amount of ballast then added to the
nosecone section.

Under the worst environmental conditions permitted (20 mph winds), the main
altimeter bay ballast system will be loaded with 2 Ibs of ballast, given that the payload
rover and deployments ystem weighs 7 Ibs. Default loaded weight will be adjusted based
on the final verified weight of the rover and further full scale testing. Further adjustable
ballast will be added in accordance w ith Table 8.
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Figure 12: Render of ballast system (section one, ¥ and 2™ layers).

Figure 13: Render of ballast system (section two, 8 through 11™ layers).

Figure 14: Render of ballast system (section three, 12 layer).
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Figure 15: Render ofassembled noseconeballast system.

} Ballast stacks

Figure 16: Drawing of installed noseconeballast system
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Figure 17: Single main altimeter bay ballast layer.

5.2.1.3 Booster Section
The final specifications of the fins after fin flutter analysis will leave the root chord at

144, but the new height (from externaldb5ija.i rfhreame)
booster section is 36j |l ong, with the motor mount
to the main altimeter bay with a 30A |l ength of ¥

a28f drogue parachute at apogee vi lawenhalboftkec k powde
main altimeter bay. A coupler is epoxied to the inside of the Booster Section airframe

above the uppermost centering ring, and below the Main Altimeter Bay to provide added

support and reinforcement since this section is over a third heav  ier than predicted to

be. The coupler is 8 inches long, and although it adds roughly a pound to the overall

weight, it increases the thickness of the airfra
added support will not adversely affect the launch vehi  cles flight performance, since the

Aerotech L1420 motor provides more than enough thrust necessary to reach the target

apogee of 5,280 feet.

5.2.1.4 Main Altimeter Bay

The main altimeter bay houses 2 of 4 on -board altimeters to control deployment and

separation, a nd acts as a critical coupling component to the entire launch vehicle. The

main altimeter bay is a 4.753f x 4.9874 fibergla
with bul kheads composed of two | ayers (one with
dameter) of gj fiberglass. There wildl be two ver
the deployment system to the end of the airframe The main altimeter bay will use the

Atlus Metrum EasyMini altimeters, and will detonate black powder charges at apoge e

and at 950 feet upon descent. The first charge at apogee will disconnect the 2 -56 size

shear pins securing the booster section to the lower half of the altimeter bay, deploying
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the drogue parachute. At 950 feet upon descent, the second wave of charges wi |l
detonate and separate from the Rover Compartment airframe and deploy the Fruity
Chutes Uris Ultra Light 66j main parachute and

NS

used for the booster section and main altimeter bay.

5.2.1.5 Rover Compartment

The rover compa rtment is the section of airframe that houses the rover, payload

altimeter bay and electronics, payload deployment system, and the recovery hardware

used for both this subsystem and the nosecone.
secured to the rocket wi th shear pins to the upper half of the Main Altimeter Bay. The

payl oad altimeter within the rover compartment i
184 from the top of this airfr armescrewssithatgmean arr a
accessible from the exte rior of the rocket. Below this is the payload deployment system,

a winch and sled combination will use a small high torque stepper motor to wind a set

of small cords attached to the exit end of the payload compartment, which will propel

the motor, faceplat e, and rover out of the tube. This deployment system, will be held

motionless inside the payload compartment during launch by a set of 8mm diameter

push/pull solenoids that will act as pins holding the deployment system and rover inside

the body compartmen t until the ejection sequence is triggered after descent and

touchdown. The nose cone, Rover Compartment airframe, Payload Altimeter Bay, the

payload, and the recovery equipment stored in between the nose cone and Payload

Altimeter Bay, will separate from the Main Altimeter Bay and Booster Section at 800 feet

AGL upon descent.

5.2.1.6 Payload Altimeter Bay

The Payload Altimeter Bay is a unique and important subsystem for the Deployable

Rover payload. This altimeter bay is the same type of coupler as the Main Altim  eter Bay

(4UD: 4.753f( x OD: 4.98734) and house the other t
These altimeters control black powder charges (2g & 1.75g) programmed to detonate

at an altitude of 800 feet AGL, lower than the main parachute deployment in the Main

Altimeter Bay at 950 AGL, to avoid issues with shock cord entanglement and to separat e

the tethered sections. The bay is capped with bulkheads composed of two layers (one

with 4.987j diameter, the other with 4.753}j diam
wi || be secured in pl ace -@0st-noty anc screws.mkhisnat i on
arrangement will allow the Payload Altimeter Bay to be easily accessible and fixed during

flight. The top bulkhead will have the ejection canisters responsible for deploying the

SkyAngle Classic U0 60j parachute andd.the 20 fee

5.2.1.7 Bulkheads

Like the custom fins, g structur al FRGQar,fi ber gl
were chosen to construct the bulkheads for the altimeters bays. Two sheets were used

to create a single bulkhead to cap and secure altimeters, electronics and any other
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components stored within the altimeter bay. The inside fiberglass sheet has a diameter

of 4. 7534, matching the inner di ameter of t he
altimeter bay. The outer sheet has a diameter of
fits inside the 5j di ameter of the main airframe.

construction of our vehicles several times and has shown reliability during flight and
recovery.

5.2.1.8 Attachment Hardware

As quick links, D -rings, and U -bolts are readily avai lable, very inexpensive, and contribute

very little to the overall weight of the launch vehicle, it is preferred to select components

that are dependabl e and have proven platgd&dbi | i ti es
bolts and locking D -rings have been chosen as the recovery device interface apparatus

for this design. The team has previously used these components with success over

several launches, and, as stated above, have been used under more aggressive

circumstances than the present project encompas  ses.

5.2.1.9 Materials used for fins, bulkheads, and structural elements

The material used for the fins, bulkheads and centering rings is Structural FRP Fiberglass

(9t thickness) . This materi al is comparatively
good option to use in critical structural components while minimizing excess weight. The

tensile strength and compressive strength are at 24,000 psi, and the flexural strength

rests at 35,000 psi. This fiberglass type offered by McMaster -Carr, is non -conductive and

can withstand temperatures up to 140 degrees Fahrenheit. The components that utilize

this specific type of fiberglass are the fins, altimeter bay bulkheads, and the nosecone

bulkhead. Due to the long length of shock cord (at least 20 feet for every recovery
section), the high | oad capacity of both the ¥j
selection delivering the launch vehicle to less than 75 ft -lb force upon landing, this

material proves useful and appropriate for the mission at hand.

5.2.1.10 Sufficient motor mounting and retention

A 75mm Gl12 fiberglass tube and three gij center
attached together using a carbon fiber -epoxy composite. The centering rings are
positioned (from the aft forward) 0.1254%, 14. 75
mount. A 75 mm flanged motor retainer is fixed to the base centering ring using an array

of 4-40 stainles s steel screws, and a layer of A eropoxy. The motor mount is secured to

the Booster Section airframe using A eropoxy fillets on the surfaces adjacent to the

14. 7i5n sfl ots and the fins themselves. There is a
base of the airframe, to limit the protrusion of the motor retainer. Carbon fiber epoxy

fillets are applied to the root chord of the fins and added as a extra fillet for the motor

retaining centering rings.
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5.2.2 Electrical Elements

5.2.2.1 Wiring

Electronic matches used to detonate the black powder are common pyro igniters, and

are purchased through various vendors with the same quality and results. They are

incredibly reliable, and thus are the primary choice. They work by completing a current

through the wiring, passing the chemical -infused tip. They have a resistance of 1.2 ohms,

and work off of a 500 mA current which is easily triggered by the 9V batteries used within

the launch vehic le. The electronic match designated for a drogue parachute deployment

is connected to the 3Apogeej space, and to the 3
at 950 and 800 feet respectively.

Figure 18: Picture of Ematch used for pyro-ignited black powder charges.

5.2.2.2 Switches

The 3Switchj space wil/l be occupied by a common
by all owing and canceling current in a circuit.
on by 3220j . Thlktheprengs oa theaswitclewas téstedih both positions

and was found to be roughly 1 ohm when on and J3c
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Figure 19: Picture of rotary key switches used to activate altimeters before flight.

5.2.2.3 Battery Retention

All four Altus Metrum EasyMini altimeters will be powered using standard 9V alkaline
batteries. These batteries are attached to special battery harnesses that come installed
with a short wire for both the positive and negative terminal to make extending the wi res
manually easier. The battery compartment ensures there are no unsecured
components in the altimeter bays.

Figure 20: Picture of battery harness used for all 9V batteries onboard the launch vehicle.

5.2.2.4 Transmitter

The rocket lo cators are the SB1 from Adept Rocketry; a 90 db, 4000 Hz sounding beacon

powered by a single 12V lighter battery (commonly in an Energizer A23). The SB1 is not
connected to the altimeters or payload electroni
upon parachute deployment (physical circuit blocker that is detached under stress). Two

locators are used in the launch vehicle to locate each major tethered section and are

stored in the Payload and Main Altimeter Bay.
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5.2.2.5 Altimeters

The EasyMini altimeters from Atlus Metrum, have a terminal block that contains space

for a 3IMaini, JApogeeij, JSwitchij and J3Batteryi;i
voltage from 3.7 to 12 wusing the 3Batteryij spac
protected in the case of improper setup. The EasyMini altimeter will identify the moment

of apogee, and a signal will be sent to a charge which will shear the pins and separate

the booster section from the main altimeter bay, releasing the drogue parachute. The

same EasyMini alti meter will then identify the moment when the launch vehicle is 950

feet above ground, and a signal will be sent to the second charge to separate the rover

compartment from the main altimeter bay, fully separating the booster section and

main altimeter bay from the rest of the rocket. This separation releases the main

parachute for these two sections allowing the launch vehicle to be safely recovered. The

altimaters are housed in specially designed sleds that ensure they are secured during

flight.

Figure 21: Picture of Atlus Metrum EasyMini altimeter, equipped with a terminal block, barometric sensor and micro
USB port for flight data extraction .
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5.2.3 Drawings and Schematics

Figure 22: Rendering of exterior of main altimeter bay assembly.

Figure 23: Cutaway rendering of main altimeter bay assembly.
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Figure 24: Rendering of exterior of payload altimeter bay.

Figure 25: Cutaway rendering of payload altimeter bay.

5.3 Flight Reliability

The launch vehicle, Apis Il, constructed appropriately and effectively for the mission of the NASA
Student Launch Initiative. Early in the project timeline, multiple elements and materials of the
eventual ro cket and its deployable rover payload were evaluated carefully. The materials selected
for construction ex empli fy proficiency in strength and durability, while performing with a relatively

low weight. The fiberglass materials were G10, G12 and Structural F RP; all with high tensile and
compressive strengths exceeding into tens of thousands in terms of psi. Adhesives and hardware
were of the highest quality and industrial grade, from Aeropoxy to cast -steel bolts. Designs,
calculations, analysis and guidance f rom our Level 3 mentor ensured that all components within
the launch vehicle would withstand multiple tests and flights. This is evident with two flights and

two ground tests using a total of over two dozen grams of black powder charges, and the
unfortunat e but important events of recovery failures. The launch vehicle, Apis I, is robust and
can ascend and descend even in the most undesirable scenarios and able to fly again.
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5.4 Vehicle Construction

5.4.1 Nosecone
The nosecone was purchased from Wildman Rocketry, an d only one fiberglass style was

available for a 5} diameter airframe; 5:1 Karman. T
G10 fiberglass coupler (4.987} OD & 4. 753} 4D) to
from the base of the nosecone. Onthe i nsi de of t he s-20o uriutd were four !

positioned equally on the inner diameter and matching holes were made on the outside

surface on the nosecone. The t -nuts and screws used to attach the shoulder and nosecone

together are zinc -plated steel piec es. This allows the shoulder to be taken off and removable

ballast to be easily accessible and adjustable. A fiberglass bulkhead was installed 2 inches

from the base of the shoulder (28 inches from the nosecone tip) using the carbon fiber - epoxy

composite on both sides. A -plated U tbplteahd washer @gs attadhed ¢o this

bul khead, along@Owirtoldst hraee 6%j | engt h, for securing t
the recovery phase, the majority of the forces and stress will be focused on t he the carbon

fiber - epoxy ring and the screws fixated to thet -nuts.

Figure 26: Carbon fiber-epoxy composite being applied to bulkhead within shoulder.

5.4.2 Rover Compartment

The Rover Compartment was c¢ udiaméter piene o G12 fibargldse 6 0 I o
tubing. A table saw, equipped witha200 -t eet h bl ade was used to cut the
12.25fj sections. The 12.5fj section was set aside, a
The 47. 75} s e cdesignated Rever Campartmdnteairframe. Four, equally -spaced

Yaj holes cut around the diameter (perpendicular to
(parall el to the 45. 75} |l engt h, separated from eac
drill, with a pilot hole and the appropriate drill bit sizes. The line of reference for placing and
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drilling these holes was 1634 from the nosecone end
was cut from the saw is sanded with 110 grit and 220 grit sandpaper to en  sure smooth and
even end that becomes flush with the nosecone base.

5.4.3 Payload Altimeter Bay
The Payload Altimeter Bay was constructed using the same tubing as the Main Altimeter Bay

and Nosecone shoul der; G10 fibergl askngtbbwaspguter (UD:
from an original l ength of 12j ustéethplade Tansatch e saw e
the four Yj holes in the Rovspaced Gotesnaraundtthe euter | four {
circular surface of the coupler in order to line up properly. A gain, a pilot and % d

with a power drill were used to cut the holes. Zinc -p | at e2D t-Aijs were aligned on the

inside with the Yj hol es an d-epexg composte thatvsoltdiiedt he car b
after 10 minutes, and finally hardene d af t er 30 mi-20 thiteadad rodslare mstaigd

through the bulkheads, Bulkheads are then used to cap the ends of the coupler to complete

the altimeter bay construction.

5.4.4 Booster Section

The booster section i s ¢ omp cesfiastanddhie 75mm eanebnotorxk 5. 14 8§

mount. The motor mount will be secured to the insid
center rings (approximately UD: 2.95j x OD: 5§) wi-
fins are gj fi methey measusements are respectiveato the outer airframe

di ameter (5.1484% , or 2.5744 from center) in terms

height. The fins have a recessed area equivalent to the root chord, and approximately 26 mm

(about 1tha) willde sequred to the motor mount with carbon fiber epoxy fillets and

the centering rings described above. A common DeWalt jigsaw was sufficient and successful

in cutting the g} fiberglass. Proper eye athil skin p
materi al . The rail buttons were 1515 size and pl a
airframe, respectively.
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Figure 28: Aeropoxy is applied to bond the motor retaining ring to the aft centering ring, using clamps to prevent
leakage.
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Figure 29: Aeropoxy applied as a fillet for fin securement and reinforcement. Tapeis used to set boundaries.

5.4.4.1 Camera Mount

The camera mount design was modeled in SolidWorks using the dimensions acquired
from the Spy Tec Mobius Action Camera. There are two main parts; the housing and

closure. The housing is attached to the external surfac e of the Booster Section, thus
before the Center of Gravity, using two steel 2

attach the closure to the housing.

-56 screws and a shared 2 -56 screw to

Figure 30: Render of 3D printed camera mount.
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