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) SUMMARY OF FRR

This report presents the Tarleton Aeronautical Teamflight readiness review for the NASA SL
2018 competition. In addition to the vehicle design specifics, the report includes information on
safety, timeline and project plan, and updates since the critical design review.

TEAM SUMMARY

Tarleton Aeronautical Team Mentor

Tarleton State University Grant Gregory

Box T-0470 7235 FM 2071

Stephenville, Texas 76402 Gainesville, TX 76240

Advisors TRA 15463 Level 2

Mr. Steve Merwin, Rocket Team Advisor Team Lead

Tarleton State University Johnathan Kelley, Undergraduate Student
Mathematics Department Email: Johnathan.kelley@go.tarleton.edu
Phone: (817) 7579034 _

Email: merwin@tarleton.edu Safety Officer

Zachary Hayden Undergraduate Student

_ . Email: zachary.hayden@go.tarleton.edu
Dr. Cynthia McPherson, Assistant Professor

Tarleton State University

English and Languages Department
Phone: (254) 9689036

Email: mcpherson@tarleton.edu

TRA SECTION

The TRA section associated with launches will be West Texas Rocketry Prefeice number 121, as
well as Cloud Busters Prefecture number 34.

PARTICIPANTS

Tarleton Aeronautical team currently has 10 participants. The following table (table 1) lists ead
participant and their duties.

Table 1 Team Roles and Pdicipation

Mechanical Design | Software/ Hardware Technical Writers | Web Design | Recovery | Safety

Johnathan Michael Cierra Michael Grayson | Cierra
Christoffer Lizmarie Kris Zachary | Zachary
Grant Carl

LAUNCH VEHICLE IJMMARY

Table 2 providesa brief summary of the launch vehicle design.
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Table 2 Final launch vehicle summary

Vehicle Summary

Size Length: 120 inches

Diameter: approximately 6 inches

Mass 826.8323 ounces (including motor)
Motor Selection Aerotech L2200G
Recovery System Main: SkyAngle CERT3 XXLarge

Drogue: SkyAngle Cert3 Drogue

PerfectFlite StratoLoggerCF Altimeters

Rail Size 1515 Aluminum Railing,120 inches in length

PAYLOAD SUMMARY

The rover will be deployed from a section directly behind the nose cone referred to as the

payload section. The rover will be secured in the payload section via a locking arm attached to a

servo inside of the rover body. The first and second stages of the control program lock and

unlock the payload. The rover is secured in a way that its top plate and the bottom of its wheels

are being pressed on; this configuration allows the rover to be able to drive out of the payload
section regardless of the vehicleds or,whiclmgetat i on.
it to drive for ten se conds. Ten secondsgives the rover enough time to drive out of the launch

vehicle. Once the rover has finished running it will enter the fourth stage of its program . This

stage determines how the rover is oriented. Once decided which side is the top and which way it

needs to turn the wheels to move forward , the rover will enter the fifth stage. Here the rover will

run for 5 minutes before stopping. Once stopped, the rover will enter its sixth and final stage,

deploying its solar array. There are four solarpanels that will rotate out of and around the body

of the rover; each panel has two PowerFilm MP337 Flexible Thin Films, one attached to the top

and one attached to the bottom of the panels. This configuration allows the rover to have

working solar panels regardless of its orientation. An Arduino Mega and a gyroscope sensor
determine the rover 0s isdaplbyedby theteam sendingandFradioe r over
signal.

1) CHANGES MADE SINCE C DR

CHANGES MADE TO VEHIQE (RITERIA
Payload Bay Section Ch anges since CDR

Testing for CDR brought up some concerns with the Payload bay/docking system. The payload
section of the launch vehicle has undergone many changes since the start of this project, many
of which were to simplify the design or to cut weight. The design the team had at the CDR
looked to be the last of the changes needed going forward and worked perfectly when rough -
fitted together. However, once practical testing started there were many issues with the design.

11
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Once everything was glued or plagtic wielded together, tolerances started to disappear quickly.

The design team had not accounted for the thickness added to the parts once they were joined

together. Other problems came from the design of the bay itself; the top of the bay featured

four X-shaped top supports that would apply pressure from the bottom legs of the X to the top

of the rover, forcing it to always remain in contact with the track on the bottom part of the bay.

The third X had a flat plate on the bottom of the X witha slotcutout f or t he rover ds |
to secure itself. Although the X-shaped pieces did hold the rover in place, the first X-shaped

piece sat in front of the rover while it was docked, allowing the small but growing chance that

the rover would rise slightly and catch the back side of the X. This would keep the rover from

exiting the | aunch vehicle and burn up the roverd

To prevent that from happening , the team redesigned most of the bay section. The bay now

only has two top pieces, the originalthir d X wi th the plate for the rove
rectangular piece that replaced the first two X pieces. The new design also does away with the

fourth X piece because it was deemed unnecessary.

The bay section is now completed and will not see any more changes to it. The team is confident
in the |l ocking system in place and the roveros ab
of orientation or the vertical angle of the launch vehicle opening after it has landed.

CHANGES MADE TO PAYLQAD CRITERIA
Payload Changes since CDR

Beforethe CDRt he roverds design was nearing completion
being minor. These changes include moving the location of a screw hole for the top plate and

flipping a retention wall for the f ront drive system. The team®& programmer found that the drive
systembs servos work better when they both are or
moved back to its original design location; it had been moved before to create room for the

circuit board. With a fresh look after the CDR the design team was able to place a cube above

the circuit boardt hat attaches to the bodyds sidewall that

The only other changes to the rover were the redesign of the battery bank. This changeoccurred
because the team got new contact pads for the batteries that were bigger than the last ones.
However, a new feature was addedto the battery back. The design team added an L-shaped
housing for the batteries. These pieces insurethat no matter the orientation of the rover the
batteries would not fall out or move. The top pieces are easily removable by hand, which allows
for easy access to the batteries if they needed to be replaced. No other changes were made to
the payload, and designs for it are complete.

CHANGES MADE TO PROJET PLAN

The team decided to forgo the second subscale launch in order to save time and build the full -
scale launch vehicle.

lIl) LAUNCH VEHICLE C RITERIA
DESIGN AND CONSTRUCTON OF VEHICLE

12
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Launch Vehicle Mission Statement

The mission is to design, assemble, and effectively dispatch a reusable vehicle that is fit to
convey a payload to an apogee of 5,280 feet above ground level (AGL). The dispatch vehicle will
secure a rover. The rover will convey solar panels as required ithe NASA 20172018 Student
Launch Projects (SLP) handbook. The design of our vehicle will guarantee that our rocket will
stay in subsonic flight, will be recoverable, and be reusable on the official NASA student launch
day. The dispatch vehicle meets prerejuisites stated in the Statement of Work (SOW) of the
NASA 20172018 (SLP) handbook.

Mission Success Criteria

A successful mission is definedas a flight with a payload where the dispatch vehicle and the
payload are recuperated and can be reusedon the day of the official NASA student launch day.
The vehicle will achieve an apogee of 5,280 £et. The rover will have the capacity to drive the
required five feet and convey the solar panels. The recuperation framework organizes a sending
of a drogue parachute at apogee, trailed by the fundamental parachute for the vehicle that will
convey at 500 feet AGL.

Design Vehicle

The launch vehicle has a lifoff weight of approximately 826.83 o0z, is 120 inches long, and has a
6-inch diameter. The launch day motor is an Aerotech

L2200-G. A thrust curve and detailed motor Aerotech L2200G

specifications are provided in figure 1.

750

There are five segments of the vehicle as shown in 700

figures 2 and 3 in RockSim and in CAD. The three pt

independent sections are the nose cone/payload i

housing section, middle/avionics bay section, and the 23,

booster section. Launch vehicle measurements are 5§30

listed in table 3. A

The recovely system consists of two independent ;Eg

Perfect Flight StratoLogger CF altimeters, a SkyAngle T R e T A T TR T
CERT3 XXLarge main parachute, and a SkyAnkp ST T T
CERT-3 Drouge parachute. A 4-gram FFFg [Newtons] (Pounds}

Blackpowder charge will be used to deploy the
drogue parachute at apogee and a 5-gram FFFg
Blackpowder charge will be used to deploy the main

[Download Motor Data as a RASP Eng File]

« Class: 76-100% L « Designation: L2200G

parachute at 500 feet AGL. « Diameter: 75.0000 mm + Delays: 0,6,10,14,18 seconds
« Length: 665.0000 mm « Propellant Weight: 2516.0000
o Letter: L 9
« Manufacturer. « Total Weight: 4751.0000 g
Aerotech « Average Thrust: 473.2195 Ibs
« Name: L2200 « Peak Thrust: 697.3056 Ibs
« Type: « Total Impulse: 5051.9644 Ns

« Class: 97% L
« Thrust Duration: 2.4000 s

The L2200G (L2200) is a 97% L motor
from Aerotech.
Figure 1 Aerotech L2200G Motor Specifications
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Figure 2 Launch Vehicle Segments and Simulation Data

The launch railthat the team has used for testing is a 1515 aluminum rail that is 10 feet in
length.

NASA USLI FRR

Length: 120.0000 In. , Diameter: 6.1700 In. , Span diameter: 18.1700 In.
Mass 826.8408 Oz. , Selected stage mass 826.8408 Oz.

CG: 78.4500 In., CP: 92.6292 In., Margin: 2.30

Engines: [L2200G-None, ]

Figure 3 RockSim LauncHnformation

Table 3 Component Material and Dimensions

Nose Cone Section 34 inches G12 Fiberglass with Aluminum Tip
Rover Housing 18 inches G12 Fiberglass
Middle Section 24 inches G12 Fiberglass
Avionics Bay 2 inches G12 Fiberglass
Booster Section 42 inches G12 Fiberglass
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A detailed table of weights for the launch vehicle is provided in table 4.

Table 4 Component Weights of Launch Vehicle

Component Weight (ounces)
Nose cone 88.4200
Payload Housing (Body) 35.5600
Payload (Rover) 41.274
Coupler 28.9250
Rover Bay (Plastic) 6.4350
Middle Section (Body) 47.8000
Avionics Bay 87.1300
Shock Cord (2) 28.8000
Main Parachute 53.1000
Dog Tracker Assembly 10.8500
Quick Link (3) 7.6500
Avionics Switch band 4.0000
Booster Section (Body) 84.0698
Fins 56.7251
Centering Ring (2) 6.1300
Motor Tube (Fiberglass) 14.6780
Epoxy 16.0000
Retainer 6.4200
Drogue Parachute 5.8000
Ballast (Optional but Recommended) 28.3500
Dry Weight of Launch Vehicle 658.1169
Loaded Motor 168.7154
Launch Vehicle Liftoff Weight 826.8323

Images of the completed launch vehicle are provided in figure 4 and figure 5 provides a CAD
image of the launch vehicle.

Figure 4 Unpainted Launch Vehicle
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Figure5 CAD Image of Launch Vehicle

Nose Cone
Shown in figure 6, the nose cone of the launch vehicle is approximately 36.25 inches in total
length, including the shoulder. The shoulder itself is 2.25 inches long and 5.882 inches wide.

This section is composed of G 12 fiberglass with an aluminum tip. The nose cone chosen for the
launch vehicle is approximately 34 inches in length and 6 inches in diameer. The shoulder is a
tube coupler cut to a length of 4 inches and is mounted on the inside of the nose cone and
sealed in place with ProLine epoxy. The shoulder is also composed of Gl12 fiberglass. Four
inches of the tip is composed of aluminum . This waschosen because it is a durable material that
is capable of withstanding high heat temperatures expected during a launch. The high thermal
conductivity that aluminum possesses allows it to absorb heat without compromising the
integrity of the nose cone or the rest of the launch vehicle. Additionally, aluminum is cheaper to
utilize, is more lightweight than other durable materials such as steel, and is noncorrosive. The
ogive nose cone shape was chosen because it drastically improves the aerodynamics of the
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launch vehicle, reduces drag, and allows the vehicle to reach onemile AGL with ease.
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Figure 6 CAD Image of the Nose ConéDesign

Payload Housing

Immediately after the nose cone, there is an 18-inch tube composed of G-12 fiberglass. This
component houses the rover along with a bulkhead with a diameter of 6 inches, the shock cord,
and a locking mechanism that will hold the rover in place. Figures 7 - 10 show images of the
payload bay with and without the rover.
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Figure 7 Payload Bay
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Figure 8 Payload Bay with Rover Locked into Place
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Figure 10 Payload Housing with Rover

Figure 9 Inside View of Payload Housing with Palpad
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Middle Section

The middle section is a G12 fiberglass section that is 24 inches in length and 6 inches in
diameter (figure 11). The shock cord and the main parachute for the launch vehicle are housed
on the inside of this section. On one end of the segment, there are four 8 by % -inch Phillips pan
head drill screws. These screws mount the avionics bayensuring that the bay is secured
throughout the f light of the launch vehicle. The avionics bay, including both endcaps, is 14.158
inches long with an inner diameter of 5.843 inches and outer diameter of 5.921 inches (igure
12). Each G12 fiberglass endcap has an airframe bulkhead with a diameter of 5.92 inches and a
coupler bulkhead with an outer diameter of 5.843 inches. The switch band, fitted over and
located at the center of the avionics bay, is 2 inches long with a 6-inch diameter. Copper
shielding lines the inner diameter of the avionics bay to pr otect the altimeters from onboard
transmitting devices to avoid inadvertent excitation of the recovery system electronics and to
satisfy requirement 3.11 (3.11.13.11.4)of the statement of work . Connecting the avionics sled
are two 3/8 -inch diameter threaded rods. The threaded rods are secured to the endcaps by two
nuts and two washers at each connection point. One nut and one washerwere placed on either
side of the end caps at the connection points. One ¥-inch U-bolt are attached to each side of
the avionics bay while eight ¥4-inch port holes are evenly spaced by 90 degrees. Four of the
holes were drilled into the shielded section and the other four holes were drilled into the
unshielded section of the avionics bay so that the altimeters can detect the altitude. Two more
0.281-inch holes were drilled for indicator lights. These lights are wired to the altimeters for
visual confirmation of their activity. Another 1/2 -inch hole wasdrilled for the rotary arming

8 | 7 | & g n 4 3 | 2 | 1
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Figure 11 CAD Image of Middle Section
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switch. The sled of the avionics(AV) bay is also made of G-12 fiberglass. Its dimensions are 5.9 x
5.0 x 0.079 inches.

8 \ 7 | 6 5 ” 4 3 2 1
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Figure 12 CAD Image of the Avionics Bay

Figure 13 shows the middle section mounted onto the avionics bay. The total length of this
section, including the avionics (AV) bay lid, is 32.143 inches. The forward Ubolt, which is not
visible in this sketch, is attached to the U-bolt in the payload housing container. The aft U-bolt is
tethered to an eye bolt that is mounted to the top of the motor casing booster section.
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Figure 13 CAD Image of Middle Section Mounted onto the Avionics Bay

Booster Section

Shown in figure 14, the booster section has a total length of 42 inches, with 16-inch fin slots cut
towards the back of the fiberglass tube. The airframe is composed of G 12 fiberglass that is
approximately 0.079 inch thick.

The external airframeis composed of G-12 fiberglass with four G-12 fiberglass fins that are %/ s-
inch thick. The dimensions of the fins are shown infigures 15-16 and table 5. The inside of the
booster airframe section houses multiple components. Three centering rings are placed in the
lower end of the section. All of the internal components are mounted with P roLine epoxy. At the
very bottom of the centering ring, there is a motor retainer that is secured via screws ands
epoxied in with ProLine epoxy to ensure that the retainer will not fail. One rail button is placed
at the center of pressure and the other is placed at the center of gravity. Externally, 1515 rail
buttons are mounted with ¥ -20 X 1-inch Philips head screws.

The assembled booster sectionincludes the motor tube, three centering rings, and the motor
retainer. The most aft centering ring has beenrecessed so that the motor retainer can sit flush
with the airframe.
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Figure 14 CAD Image of Assembled Booster Section
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Root Cord 19 inches G-12 Fiberglass
Tip Cord 5inches G-12 Fiberglass
Fin Tab Length 16.3 inches G-12 Fiberglass

Sweep Length

11.125 inches

G-12 Fiberglass

>

Sweep Angle 61.879 degrees G-12 Fiberglass
Height 6 inches G-12 Fiberglass
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Figure 15 CAD Image d the Dimensions of the Fins

Table 5 Fin Component Materials and Dimensions
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Figure 16 CAD Image of Fin Dimensions

Motor Selection

The RockSim simulation use Barrowman stability equations to calculate not only the stability
margin, but also the altitude. Since the team has designed the launch vehicle with a ballast
system which allows for the change of the ballast weight based on the launch conditions, the
predicted altitude is approximately 5,280 feet AGL for every launch. The team realizes that, since
motor manufacturers are allowed a five percent tolerance in their motors, it is realistic to reach
an altitude of 5,280 feet plus or minus 50 feet. The dry weight of the launch vehicle is 658.1169
ounces while the loaded weight is 826.83 ounces with a CG of 7845 inches from the nose cone
and a CP of 92.292 inches from the nose cone. The stability margin is 2.3calibers. The motor
selected for the launch vehicle is an Aerotech L2200G. This motor has a total impulse 065104
Ns, maximum thrust of 3100 N, an average thrustof 2127 N, and a total burn time of 2.4
seconds. This motor was chosen because it put the launch vehicle at the ideal apogee. With a
short burn time, the vehicle will more quickly reach an appropriate rail exit velocity, making the
launch safer.

Construction Methods of the Launch Vehicle

Building began with properly measuring out every section of the launch vehicle. A standard tape

measure was usel to measure out the preferred length of the sections. Once each section was

measured, multiple team members remeasured each segment to ensure that a precise length

was obtained. Once this phasewas finished, the cutting phase began. First, the main body tubes
26
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and couplers were cut using a Chicago tile saw equipped with a 5-inch glass tile diamond blade
that is 5/8-inch thick. The fins weredesigned in AutoDesk Inventor Professional 2016 and
exported as a .dxf file. Tte file wasused in a laser engraving machine to cut each fin out of a 12-
inch by 24-inch by /g-inch G-12 fiberglass sheet. Each section of every firwas triple checked
with a micrometer to ensure that a precise length was obtained.

Once the team was satisfied with each part, the epoxying process began. The epoxy of choiceis
ProLine epoxy as this epoxy has been used on almost every launch vehicle the team has built
and has proven to be the most reliable epoxy in terms of strength and stability and is rather
easy to work with because it takes 24 hours to set. This large time period allows team members
to work with the seams and ensure that each one is perfect. To make sure that the fins are
mounted straight and proper, a fin jig (a 3D printed cylinder with four slits cut in it) is used in
conjunction with a grinder to cut the fin slots. The fins and centering rings are then set in their
proper positions. Once in place, the fin jig is then attached over the body and fins to make sure
that the fins do not move. The epoxy resin and hardenerwerethen mi xed and wasi nt er &
placed to allow straight, even seams on every piece. All seamavere run using craft sticks,
allowing a smooth, even seam every time. Epoxywas placed in between each centering ring
along the fin tabs of the inside.

While the booster section dried, the team moved on to mounting the couplers. Each coupler
was placed where they needed to be, marked, and then removed. Epoxywas then placed
everywhere the couplers were marked to be placed on the launch vehicle airframe. The couples
were then placed back in each section (nose cone and payload). While the epay on all the
sections dried, the team took the bulkhead that is in the back end of the payload section and
drilled two 15/16-inch holes 3 inches apart so that the 3-inch U-bolts could be mounted to it.
Once the holes were drilled using a Black Bull five-speed drill press, the 3-inch U-bolts were then
mounted to the bulkhead. Once the epoxy dried, it wastime to mount the bulkhead into the
payload section. The bulkhead with the U-bolt mounted on it was placed firmly against the
coupler mounted at the back of the payload housing tube and covered in ProLine epoxy. After
this was done, epoxy seamswere run along the inside, allowed to set for 30 minutes so that the
epoxy would not drip off the seams, and then the last main airframe centering ring was epoxied
in place. Once the drying process is complete, the ProLine motor retainer was then screwed and
epoxied into place.

Suitability of Fin Shape and Style

The trapezoidal fin design was chosen for its ease of construction. The trapezoidal fin design is
also more reliable during flight and landing sequences versus other fin shapes because the
design shape does not allow for pieces to easily break off in the event of a hard or crash
landing. This conclusion was reached in the RockSim application demos, which were performed
using different fin sizes and shapes. The majority of the launch vehicleis composed of G-12
fiberglass that has proven to be reliable and durable. The distributors of the G-12 fiberglass
have determined that the fiberglass can withstand a maximum of 65,000 PSI with flexural
flatwise compression tests. The reliability of the G 12 fiberglass has made it an ideal launch
vehicle material. G 12 fiberglass is also reliably stong in a wide variety of weather patterns and
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Sufficient Motor Mounting and Retention

The 75 mm motor tube is fitted into three centering rings that are 5.921 inches in diameter.
These centering rings are epoxial to the inside of the airframe and the motor tube, and the two
centering rings in the middle have been modified. The fin tab sits about half an inch into each
centering ring so that the rings will be epoxied to the tabs. The fin tabs are epoxied entirely to
the motor tube and body providing adequate adhesion surface area to properly support the
forces of a thrusting motor. Attached via screws and epoxied to the most aft centering ring at
the end is be a ProLine 75mm flanged centering ring. At the top of t he motor, an eye bolt is
tied into the recovery system, further keeping the motor safely retained.

Airframe/Motor Tube/Nose  Cone

The upper airframe, booster section, motor tube, and nose cone re made of fiberglass. The

durability of fiberglass improves th e chances of the rocket being reusable (as made necessary by
Requirement 2.6). Fiberglass is also readily available. This material was chosen for structural

components due to strength and ease of manufacturing.

Epoxy

The consistency in component materialsallows for use of a single type of epoxy manufactured

especially for fiberglass. The epoxy used for attaching structural components is Proline 4500

epoxy. Thisepoxy providesa st rong and uniform bond throughout
components.

Bulkh eads/Centering R ings

The bul kheads and centering rings are made of fib
to mass ratio as well as adhesive qualities between components. A 0.125nch thickness was

chosen to provide a larger surface area to epoxy to the airframe and provide adequate strength

of mounting hardware during parachute deployment.

Fins

The fin material is G-12 fiberglass. This choice is justified for similar reasons to that of the
bulkheads and centering rings. The fins can be propety secured with the adhesive. The strength
of fiberglass also allows for a greater durability upon possible high impact with the ground.

Couplers

The couplers are composed of G 12 fiberglass for ease of integration and strength. The couplers
are all 1/8 inch thick. The assemblywas carried out in a multistep process which allow for each
piece to be epoxied and cured. This allows sufficient time to focus on proper construction for
each individual component before moving to the next step.

Flight Reliabilit y Confidence
The trapezoidal blade configuration was chosenfor its simplicity of development. Also, the
trapezoidal blade configuration is more dependabl e during flight and landing . This conclusion
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was derived from the RockSim application demos which were performed utilizing distinctive
balance sizes and shapes. Each bladesas hand cut by members from the team. Most of the
launch vehicle is made of G-12 fiberglass and has turned out to be dependable and solid. The
manufacturers flexural flatwise pressure tests show that the G-12 fiberglass can withstand 65,000
PSI| making fin-flutter a nonissue. The unwavering quality of the G-12 fiberglass has made it a
perfect launch vehicle material. G- 12 fiberglass is likewise dependably solid in a wide assortment
of climate designs and holds its quality when both wet and dry.

RECOVERY SUBSYSTEM

Structural Elements

In the midsection, between the payload and avionics bay, 30 feet of zfolded %2 -inch tubular
Kevlar shock cord is attached to the main parachute. A Nomex clothis used to protect the
parachute from the black powder ejection charges. The main parachute is located two-thirds of
the way down the shock cord toward the avionics bay bulkhead. Similarly, in the booster section
below the avionics bay, 30 feet of z-folded ¥2-inch tubular Kevlar shock cord is attached to the
drogue parachute and a Nomex cloth is used for protection. The drogue parachute is located
two-thirds of the way down the shock cord, toward t he booster section.

Prior to each launch, the shock cord wil be inspected for any fraying or kinks. All kinks will be
removed before the parachute is folded and packed. Likewise, both Nomex cloths will be
inspected for holes or tears. For launch day in Huntsville, the shock cord and Nomex cloths will
be replaced with new, undamaged materials.

The manufacturer rating for the % -inch tubular Kevlar shock cord from Rocketry Warehouse to

be used in all test flights is 7,200 plus pound-force. The highest acceleration estimated for the

vehicle is approximately seventimes Eart hds gravity, or 225.4 feet p
launch vehicle weighs 47.5 pounds. Thus, the highest load on the shock cord will be7 x 47.5=

332.5 pound-force, giving the shock cord a safety factor of 7,200/332.5 = 21.65. This calculation

proves that the chosen shock cord is resilient enough to withstand the forces acting on the

vehicle. The team chose the % inch tubular Kevlar shock cord due to availability andbecauseit

meets the requirements. The team has used this shock cord in the past withgreat success.

All knots are San Diego Jam knots. The knots on the main parachute shock cord are at the quick
link under the payload section and the quick link at the avionics bay. Both quick links for the
main parachute are fastened to 3% by 2-inch U-bolts. The knots on the drogue shock cord are
at the quick links attached to the motor casing and below the avionics bay. The quick link at the
avionics bay is fastened to a 3% by 2-inch U-bolt, and the quick link at the motor casing is
fastened to a 3/8 by 5-inch eye bolt. The quick links are ¥zinch Campbell Quick Links, which
have a working load limit of 880 pounds.

The avionics bay, including both endcaps, is 14.158 inches long with an inner diameter of 5.843

inches and an outer diameter of 5.921 inches.Each G12 fiberglass endcap has an airframe

bulkhead with a diameter of 5.291 inches and a coupler bulkhead with an outer diameter of

5.843 inches. The Wbolts on each G-12 fiberglass endcap are secured with a nut and washer on
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either side of the endcaps. Two Y4-inch all threads, cut to 17 inches long, are threaded through
the avionics bay and secured using two nuts and washers on the outside of the endcap.

The switch band, fitted over and located at the center of the avionics bay, is2 inches long and 6
inches in diameter. Eight ¥z-inch portholes are drilled into the switch band. The first four
portholes are drilled into the shielded section at intervals of 90 degrees to prevent improper
airflow to the altimeters. The other four portholes are drilled at an of fset of 45 degrees into the
unshielded section. Another 9/32-inch hole is drilled for an indicator light, which is wired to the
noncompetition scoring altimeter for visual confirmation of activity. Another ¥2 -inch hole is
drilled for the rotary arming switc h.

The interior of the avionics bay has been separated into two compartments that house separate
components. The lower compartment, which is inserted into the booster section, is lined with
copper shielding to protect the altimeters from onboard transmitti ng devices which may prevent
the recovery system electronics from functioning properly. The upper compartment, which is
inserted into the midsection, is not lined with copper shielding. A fiberglass plate with a 5.684 -
inch diameter and 0.079-inch thickness separates the two compartments.

The dimensions of the avionics bay are given infigures 19-20. These dimensions allow adequate
room for the StratoLoggerCF (figure 26) sled.
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The dimensions of the StratoLoggerCF sled
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are shown in figure 18. The dimensbns
Figure 19 CAD Image Dimensions of the Avionics Bay .
chosen allow for the sled to easily mount to
the all thread that runs through the
avionics bay and to give plenty of
room for the wires to sit without
excess bending.
Figure 18 CAD Drawing of Sled Figure 17 StratoLoggerCF
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