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1 Summary of FRR Report

1.1 Team Summary

111

1.1.2

Team Name and Mailing Address
Tacho Lycos

911 Oval Drive

Raleigh, NC 27695

Name of Mentasand TRA Number

Alan Whitmore James Livingston
acwhit@nc.rr.com livingston@ec.rr.com
TRA Certification: 05945 TRA Certification: 02204
Certification level: 3 Certification level: 3

1.2 Launch Vehicle Summary

1.2.1

1.2.2

123

1.2.4

1.2.5

Size and Mass

The launch vehicle has a total length of 78 inches a5 inch maximum diameter.
Launch ready, the vehicle has a total weigh1®f pounds.This weight will increase
slightlyoncepaint has been applied to the vehicle

Final Motor Choice
The final motor chosen was the AeroTech K805G. With a weidl®t®@pounds the
vehicle is projected to reach an altitude of 3200 feet.

Recovery System

The recovery system will consist of an 18 inch drogue parachute, a 36 inch main
parachute for the nose section, and a 48 inch parachute for the fin section. The
parachues will be deployed by a combination of two Stratologger SL100 altimeters and
two Entacore AIM 3.0 altimeters. A Rattworks ARRD will be used to separate the nose
section from the fin sectioduring descent

Rail Size
The launch rail will have a 1.89)6 irchcrosssection and a length of 96 inches, which
gives a velocity of2feet per second as the vehicle leaves the launch rail.

Milestone Review Flysheet
The Milestone Review Flysheet can be foun8.iinof this document. It can also be
obtained from the Tacho Lycos websiteratw.ncsurocketry.com

1.3 AGSE/Payload Summary

13.1

AGSE/Payload Title
AutonomousTerrestrial Launch Ascension Syst&mLAS)

NORTH CAROLIMA STATE UNIVERSITY
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1.3.2 AGSE Summary
The systenwill begin by identifying the location of the sample. The image processing
system will use the USB camera to pick the sample from the background and relate the
&l Y LI S €z intintagefto the location othe sampleBoth the image processing
and the arm movement calculations are done on the BeagleBone Black-tmreal’ he
robotic arm will use this information tmove into apositionabove the targebefore
moving tograspthe center of the sampleWith the samplesecurein the gripper, the
arm will move to the payload compartment on the launch vehie®re placinghe
sample in a moldbcatedwithin the vehicle After securing the sample, the arm will
move itself tocloseandlock the compartment door. The arm will then move to a safe
position away from the rocket before the larger stepper mataisesthe launch vehicle
to an orientation5° from vertical. Once the launch position is achieved, the igniter
AYaSNIA2Yy aeadsSyQa adSLIISNI viznat@ NJ gAf f NI A& S

1.3.3 ExperimenSummary
The purpose of the experiment is tiemonstratea proof of concepfor a Mars sample
return mission. The vehicle needs to be loaded with a payload that was taken from the
Martian surfaceo be sent back to Earth. Thentire system will need to be sent to Mars
in a compact package without the chance of the motor iggibefore it is required. Td
initial orientation of thevehiclewill be horizontalwhich will allow for a moreompact
packagewvhen sentto Mars For this experimenthe Martian sample is represented by
aclosedPVC container filled with san@iherobotic arm will pick up the sampland
secure it withinthe vehiclewnhile still in the horizontal configuration. The launch rail and
vehicle will then be raised ta nearlyverticallaunch positiorbeforethe igniter
insertion systenpreparesthe motor for launch.

2 Changes Made Since CDR

2.1 ChangesMade to Vehicle Criteria
¢tKS RAYSyairzya 2F (GKS @S kha®beSrchangedfcRBRd 36 | Yy R dzLJL
inchesrespectively This change veamade to increase theompartment size for the 4 foot
main parachute as recommended pbe CDReview.Consequentially, one bulkhead in the
middle airframe was removed as the lower avionics compartméthihow actas the point of
attachment for themain parachuteshock cord.

Materialusedfor the avionicssleds haschanged from a sheet of fiberglass to a 3D printed
custom sled for eachompartment. This design change wilbvide better organization and
more securdit for the altimeters, batteries, and wires as well as a more aesthetic appeal.

The lower avioniceompartment will now make use of one Stratologger SL 100 and one
Stratologger CF. This is due to an error from the distributer, howewekvill not affect the
BSKAOf SQ& LISNF2NXI yOSo
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Rather than attaching a bulkhead to the bottom of the nosecone shouidis nowinserted
and attached 5.5 inches inside. This allows for more size for in the upper parachute bay and
enables the team to have access to a GPS unit.

The upper airframe will now have a 3 x 5 inch cut extrusion with 0.5 inch radius corners. Thi
gAft fft2g | O00Saa (2 GKS LIef2FrR O2YLI NILYSyYydG |
two hinges.

2.2 ChangeMade to AGSE/Payload Criteria
Rather than outputting @oordinatelocation of the sample, the imaging system wiiteadfind
the straightline distance to the sampl&Vith both the straightline and verticatisancefrom
the armto the sample known, theoordinatelocationcan be determined using geometijjhe
code to calculate the arm movements is now retaining its status as-file instead of
converting it to C/C++. Leaving the code in the MATLAB language allows the team to work with a
more familiarlanguage The imaging scripts are being written in C++ to impnaeessing
efficiency andspeed.

The latching mechanism on the sample camment doorhas beerchanged tautilize three
Neodymium magnets. This new method is simpler to implement and decreases the chance of
the door opening unexpectedbjuring flight whichmayallow the sample to falfrom the vehicle

and pose a risk tgroundpersonnel.

2.3 ChangeMade to Project Plan
There have not been any major changes to the project plan since the CDR. Although some minor
alterations have been made to the timeliimost notably delaying the armcamera
experiment), the critical path angeneral plan is still in place. The budget did not experience
any significant changes and has been updated to reflect the recent purchases by the club. The
funding plan is still as projected, and the team has received $14,100.

3 Vehicle Criteria

3.1 Design and @hstruction of Vehicle

3.1.1 Vehicle Construction
The vehicle airframe was constructed from 5.5 inaker diameterBlueTube 2.0. Before
cuts to the tubing were made, a complete layout of the vel@clbree main airframe
sectionsandinternal components wereutlined on the outside in penciDnce the
measurements were confirmed, cuts were made along the lines that separated each
section.

DXF files were created using SolidWorks models of the fins, bulkheads, and centering
ringsto be used ini KS b/ { ! QearchDfoAEK (f FwWakhdldhéetzdfd/S NG
birch aircraft grade plywood, the components were precisely cut to be used for layups
as shown irFigurel.
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Figurel Laser Cutting of Fins and Bulkheads

Each fin and the motor block were constructed from 4 sheets of plywoaghieve a

1/2 inch thickness while the bulkheads used 3 sheets for a thickness of 3/8 inches. For
laminations, a large, clean surface that was free of debris was covered with a plastic
lininglarge enougtio accommodate the amount of components needed. The size of the
fAYAY3 41 a &adzOK GKIG GKS RSAANBR FY2dzyld 27
sizeso that it couldbe folded in half over itself. Prior to placing the lining, thin strips of
plumber's putty were placed along the entire outer perimeter of timinly. Epoxy was

applied on the bulkheads and fins using a sponge to ensure it was spread evenly across

the surface of each component layer.

The bulkheads and fins were then carefully placed on the lining and sheets gflpeel
were cut to covethe items with approximately hches of overhangraundthe entire
edge. Breather was then cut to the same sipel placed over the peglly. Strips of
breather were bridgedrom each componendll the way to the location of the vacuum
tubing. Thissetupensuredno air pocketsvould remaintrapped and an even pressure
could be applied at every point.

Plumber's putty was then placed adjacent to and along the entire previous putty lining
on the inside edge, except for a one inch gap at the open end of the plasig fold.

The vacuum tubing was then insertedthis gapand additional putty was applied

around the tubing to keep an airtight seal. The vacuum was then applied at a pressure
of -20 inHg forapproximately 10 hoursThe setup for the lamination proceiss

illustrated inFigure2Figure2
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Figure2 Fin and Bulkhead Layup

The slotdn whichthe finswould be placed in the fin section body tube were numbered
1-4 and matching numbers were written on tli@s. Each rectangular slot was cut out
using a circular saw tooth blade on the Dremel té@ch slot was sanded until each
corresponding fin had a tight fiT.his process can be seerFigure3.

Figure3 Fin Fitting

Centering rings were placed by inserting all four fins into the tubing and sitting the top
centering flush against the fin tablSpoxy that wa thickened bylacingcotton flock on
the top surface of the upper centering rimghich alsgorevenied excessive dripping that

NORTH CAROLIMA STATE UNIVERSITY




13| Page

could have prematurely attached the fins. Using a heat gun, the epoxy was cured at a
temperature of 300F

Once the first layeof epoxy had cured, the fins were removed and the motor housing
was inserted with the motor retention hardware attached. The vehicle was set véytical
to allow the retention hardware to sit flush with the bottom edge of the body tubing
and had epoxy ap@d to the top andower centering ringmotor housing jointsTo

keep the motor housing concentric with the body tubing, tbeer centering ring was
inserted during the curing process.

The lower centering ring and motor retention were then removed ansl £ and 3 were
inserted into ther proper slotsThe fins were alignednd held in placevithin their
respective slotdy wrapping tape from the body tube over the fin and back to the body
tube on the other side. Amallamount of epoxy was then applied the motor housing
fin, upper centering ringin, and body tubdfin interior jointswhile the lower centering
ringwasheldin place. This same process was repeated for fins 2 and 4. Once all fins
were attached, the lower centering ring was set flush agfdine fin tabs and epoxied in
place.Final work to the fins was completed by applying a fillet of epoxy to the body
tube-fin joints which was sanded after curingaunch lugs were then screwed into the
lower centering ring and the motor blockhe fin section constructioprocessdescribed
aboveis shownin Figure4.

Figure4 Fin Section Construction
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A 2.75inch Ubolt was insertedhroughthe motor blockand epoxywasplaced on the
upper and lower side nuts to act as thread lock since this component would be
inaccessible once set in place. The motor block was then placed in the fin section and
set flush agmst the motor housing. A coat of epoxy was placed afjdig between the
body tubeandmotor blockand was allowedo run slightlyto coat the maximum surface
areaalongthe jointand motor blockAnother coat of epoxy with cotton flock wdater
applied in the samelocationto ensure maximum strengthlongthe joint.

Construction ontie payload compartmerandupper avionics bay began by cutting a 2
x 5 inch extrusion with 0.5 inch radius corners into the center of the tubing. The sled
was then inserted with the foam payload molding on the back side and adjusted until
the mold was centered in the cutout. Thisgament was marked on the bulkhead and
Bluetube to ensure proper assembly. To fit #th@vanced Retention Release Device
(ARRDon the lower bulkheadioam and avionics sled had to be positiorsigihtly off
center. This setup can be seerFigure5.

Figure5 Upper Avionics and Payload Compartment Fitting

Once the bay was inserted into the body tube, measurements were taken to confirm its
positionwithin the vehicle. When confirmed, a 3 x 5 inch cut extrusion with 0.5 inch

radius corners was then cut from the upper airframe. Its position was slightly gféto

NAIKG aARS FNRY G(GKS @GSNIAOIET 2F GKS f I dzy OK
switches.To have an operating door on hinges, two rectangalas measurind. x 0.5

AYOKS& 6SNB Odzi FNRY GKS STl aAiARBas2F (UKS ¢
then rotated such that the smaller extrusion was off center from the larger one to

prevent a large opening between the body tube and bay coupler. This also allowed for
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space to insert the door locking mechanism to be described later. Screwsisenito
attach the door to the avionics bay as showrrigure6.

Figure6 Payload Compartment Door

Tolock the door, a series tifiree Neodymium magnets were placed along the side
opposite of the hinges. Three 0.5 inlsbles were drilled in the space to fit the cups that
house the magnets. A strip of sheet metal was then cut and shaped to form a bracket
along the span of the holes on the inside of the avionics bay and epoxied in place. The
cups for the magnets have a hole for screws which allowed for them to be screwed to
the bracket to retain their position. These cups were placed far enough beneath the
surface of the coupler that the door would sit flush when closed. The magnets were
placed in the cups and metal disks were epoxied to the door. This mechanism is
illustrated inFigure?.
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Figure7 Payload Compartment Locking Mechanism

To secure the avionics compartments and nosecone, a seriéesooéws per bulkhead
were inserted from the outer body tubing into the bulkheads. Screws weretatanto
both bulkheads on the lower avionics compartment, the top bulkhead on the upper
avionics compartment, and the bulkhead in thesecone.To attachthe three main
airframe sections, shear pins were inserted in the fin section, the upper portidreof t
middle airframe, and the upper portion of the upper airframe. 3dlecations are
illustrated inFigure8.

Screws Shear Pins )
Shear Pins

Shear Pins

Screws
Screws Screws

Figure8 Screw and Shear Pin Locations on Launch Vehicle

3.1.2 Electrical Elements
Both the upper and lower avionics compartments were constructed from 5.36 inch O.D.
coupler and sealed by bulkheads secured with two threaded rdbs.rear avionics bay
housingthe Stratologger altimeters used twih5 inch longhreaded rods. The forward
avionics bayousingthe Entacore altimeters used 9.375 inch threaded rdasprovide
the best organization and retention of avionics components inside, two sleds were
custom made to fit the Entacore and Stratologger altimetdog with a battery for
each Tosecurethe altimeters, screwsverethreaded into tapped holes placed the
sleds. Similarly, the batteries are retained by placingetal clip over each and screwed
to the sled through tapped holes. Two switches, one for each altimeter, were epoxied
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into a cylindrical hole that was drilled in the centertloé sleds. Bdt switches and
altimeters were wired using 20 gage Radioshack brand speaker wire. An example of the
upper avionics sled that houses the Stratologger altimeters is showigime9.

[} 2 g - - = = - 2 o S o]

Figure9 Avionics Sled for Stratologger Altimeters

3.2 Flight Reliability Confidence
3.2.1 TestData

Altimeters were tested using a vacuum chamber and LEDs. Each altimeter was
connected to a computer for programming and data analysis. Each altimeter was set to
deliver a main charge &000feet and a drogue charge @00feet. A resister was wired

to a snall LED in series for each main and drogue terminal block. Altimeters were placed
in a six inch tall mason jar with tubing connected to a vacuum pull and sealed. Initial
tests were performed by pulling the vacuum-&inHg and releasing the vacuum after 5
seconds. Resultsdm the first three tests showed indicated altitudes reaching over
30,000 feet with inconsistent altitudes for charge detonation with mther tests not
delivering a chrge at all. Two more tests were performed with adjustments made to

the application and release of the vacuum to more accurately model a flight pibfile.
took a time of 4 seconds tachieve aszacuum pressure 66 inHgandwas held for

roughly 4more secondsefore releasinghe vacuum pressurever the course o8

secords. During these tests, both LED lights illuminated. Altimeters were connected to
their respective data transfer programs to verify the altitudes for charge detonation.
The dtitude flight profilesfrom these testednatchedcloselywith previous launches
whereboth main and drogue detonatiorngere within 300 feet of their designated

altitude.
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3.2.2 Mission Success through Workmanship
Proper workmanship of the flight vehicle componeistsrucial toensuremission
successTo ensure concentricity between the motor casing and the body tubing, the
centering rings wer@recisionlaser cut as previously discussed. Using a piece of
unaltered coupler, the centering rings were set flush against their ends. The precise
shape and fibf the fins was also made possiblefrgcisionlaser cutting.

Pipets were used to keep excessive epoxy from being applied at joints. This reduced the
spreading of the epoxy which could go to waste ationatelyadd unnecessary weight.

Toensure thatavionics bays, coupler pieces, and body tubirege cut perfectly, a drop
saw in the NCSU machine shop was used.dllbiwed for quickclean and accurate
cuts

3.2.3 Safety and Failure Analysis
The FMECA tables are locate®ig.

3.2.4 FullScale Test Flight Results
The launch vehicle was modeled@pen®cket to match the CAD model from
Solid NJ & LINA2NJ G2 f I dzyOK® CNRY siwad1®8l2 RSt =
with a length of 78 inches and a diameter of 5.5 inches. The CG was located at 46.5
inches aft of datum and the CP was located 56 inches aft of datum. This provided a static
margin of 1.7 calibefThis model is shown fRigurelO.

Figure10 OpenRocket Model of Launch Vehicle Layout

Flight conditions were modeled based on predicted weather for launch day. The
pressure was set to 30.17 inHg, temperature sed&d-ahrenheit and winds set td4
miles per hourFrom these parameters, the following flight characteristics are
presented m Tablel with the flight profile plotted inFigurell.

Tablel OpenRocket Flight Characteristics

Exit Rail Velocity (ft/s) 71.1
Apogee (ft) 3189

Max Velocity (ft/s) 542
Max Acceleration (ft/$) 318
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Time to Apogee (s) 13.3

Flight Time (s) 87.5
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Figurell Openkcket FlightSimulation for FuliScale

The fultscale test launch occurred in Bayboro, NC on Saturday, Februaty 28
approximately 12 pm. Temperatures were betweenr 40d45° Fahrenheitwith winds
gusting to 15miles per hourVisual observation showed a perféatinch and sequence
of recovery events.

Initial flight path deviated slightly from vertical due to the relatively strong winds as
expected. Using later analysis from video recordings, it was observed that the vehicle
SELISNASYOSR y2 NRff RdNAy3a | 40Syidsd ! G | LI23E
deployed and the vehicle was observed on its decent to 1100 feet. At this point, the
ARRD activated and released the middle airframe and fin section from the upper
airframe and nosecone. Moments after, the 36 inch main parachute for the upper
airframe arm nosecone was deployed at its target altitude of 1000 feet and the 48 inch
main parachute for the fin section and middle airframe was deployed at its target
altitude of 700 feet. Once the range was cleared, the vehicle was retrieved and post
launch checls$ts were initiatedImages fronthis flight as shown ikigure12 andFigure

13.
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Figurel12 FullScaleTest Flight Launch
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Figure13 FullScale Launch Vehicle Retrieval

Altimeters were connected to datagnsfer programs for detailed flight analysis.
Stratologgers were first el@ated using PerfectFlite DataCap. From the primary CF, it
was determined that apogee occurred at 3345 fael4.55 secondwith a flight time of
85.3 seconds and a maximum velocity of roughly fe@® per secondThe secondary
SL100 altimeter showekarly identical resultsThe plot for only the CF is shown
Figurel4d due to the strong similaritiedbetween the twoplots.

E) ® E) ]

Figurel4 Stratologger CFAltitude and Velocity vs. Time

The curve for the CF indicates a large pressure spike at the drogue event. The

orientation of the altimeters on the sled places the CF closest to the black powder
charges that detonate at apogee. Because of, tiiis believed this altimeter received
the largest effects from the blast. Although it did not affect the performance of the
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altimeters, this pressure spike should be eliminated or at least reduced by sealing the
compartment during charge detonatiomith a weather stripping at the top of the
avionics sledif this is not sufficient to reduce the spike, the Stratologger altimeters are
programmed with a spike recognition. If the pressure spi@es na last longer than a
pre-determined amount of time, theldmeter recognizes that is not at that indicated
altitude and proceeds to activate the main charge at the set altitude.

Comparing actual to predicted results, the data validatesdesign and performance
for a successful missidrased on the selected miospheric and environmental
conditions expectedRecorded apogee overshot expected by 156 feet. An overshoot
was preferred as weight was added after the test flight from painting. This also
compensates for any future ballast that may be necessary to aelsiev7 caliber static
margin at the Huntsville launch sit&laximum velocity was approximated from
PerfectFlite which makes the 5&8et per secondralue well within the predicted range.
Total flight time was remarkably close to predicted values, onfgritig by 2.2 seconds.

Using AIMUSB3.00 KS 9y il O2NB It GAYSGSNARQ Rforil aK2g
the primarywas determined to be 2798.88 feet achieved in 15.5 seconds with a

maximum velocity of 462.9féet per secondThese results closely matched the

NERdzy RI yi 9y énd @@sNdvRidriguress. ¢ St f

Smoothed altitude (1555 8531 m/2798.88 fl)

<Velocity= over 1 second

Data set 1

008 kmh / 462,97 ft's)

T T Y
Figurel5 Entacore AIM 3.0 Data
Thesereadingss | NBESf & RAFFSNI FNRBY (GKS {GNY G2f233SNJ
and hardware for the pressure sensors from each braithough the total altitude was
much lower, the overall trend of readings is accurate. Also, the altitudes read for the

ARRDand 36 inch main parachute eveatS Ij dzZSy OSR LISNF SOt e gAdK
the decent making for a successful recovery system.

NORTH CAROLIMA STATE UNIVERSITY




23| Page

3.2.5

Mass Report
Table2 Mass Report

Component Pounds | Ounces
Nosecone 1 11/8
Upper and MidSection(Empty) 3 13
Fin Section 4 8 5/8
Motor 3 6 2/5
Parachutes 1 31/8
Shock Cord and Recovery Hardwa| 1 7
Avionics Hardware 4 4 3/4
General Hardware 0 13 3/8
Total 19 14 2/5

3.3 Recovery System

3.3.1

3.3.2

Robustness of Structural Components

Bulkhead constructiotechniques were previously described in section 3.1.1. As

O2y FANNVSR o0& (KS OfdzoQa (62 YSYG2NHEI oky Ay
the mission criteria and vehicle madsring all regimes of flight

All three parachutes are constructed fratril ounce Ripstop nylon. The 18 inch
parachute uses braided nylon shroud limated for 330 poundsttached to a swivel

rated for1000 pound. The 36 and 48 inch main parachutes use braided nylon shroud
linesrated for 400 poundsThe 36 inch parachute &s al/2 inch nylon bridle attached

to a 1000Gpoundrated swivel while the 48 inch parachute uses a 5/8 inch nylon bundle
attached to a 150@oundrated swivel.

Electrical Elements

Each avionics compartment contains one primary andredundant altimeter The
upper avionics compartment contains tviimtacore AIM 3.@ltimeters. Each altimeter

is wired such that the main charge portisnnectedto the terminal blocks on the top
bulkhead. These terminals are then connected to the black powder chargeseand ar
responsible for the&6 inch parachute event at 1008et. The secondary charge ports
are wired to the terminal blocks on the bottom bulkhead of the avionics bay. From
these terminals, enatches connect to the ARRD and are programmed to detonate at
1100feet.
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3.3.1

3.3.2

The lower avionics compartment hises one Stratologg&L10&nd one Stratologger

CF. Each is wired such that the main charge port is wired to the terminal blocks on the
top bulkhead. These terminals are then connected to the black powder charges and are
responsible for the 1.5 foot drogue parachute event at apogee. Thgudr charge ports

are wired to pass through the bottom bulkhead of the lower avionics baycandectto

the terminal blocks on the bulkhead and the aft section of the middle airframe. These
terminals are then connected to the black powder charges resptnfir the48 inch

main parachute event at 700 feet.

Switchplacement is described in secti@nl.2 To activate the switches, a flathead
screwdriver is inserted through two small holes drilled through the body tube and
avionics bay that simultaneously act as pressure ports. The screwfitsvieito the slots
of the switches ands rotated clockwise from the 110 setting to the 220 setting.

Redundancy Featwse

The upper avionics bay has the Entacore with serial nurd®®designated for primary
charges and the other with serial numb&21asthe redundant.Entacore585has the
main charggA) setto separate the nosecone from the upper airframe at a primary
altitude of 1000feet and thesecondary chargéB) for the detonation of the first e
match in the ARRD atl00feet. TheEntacore721 hasthe main chargdA) set to
separate the nosecone from the upper airframe at a redundant altitud@6ffeet and
the secondary charg) for the detonation of the seconBmatch in the ARRD 4000
feet.

The lower avionics bay houses the Stratologgedé3ignated for primary charges and
the Stratologger SL100 for redundant charges. The CF has an apogee charge set to
activate with a 1 second delay and the main charge at 700 feet. The SL100 has a
redundant apogee delay of 2 seconds and a redundant pritzayge set to activate at
600 feet.

Parachute Sizes

The vehicle will incorporate three parachutes. The drogue is 18 iradress the upper
airframe-nosecone main parachute is 36 inclaEsossand the fin sectiormiddle
airframe main parachute is 48chesacross
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3.3.3 Eleqtrical Schematicsr
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Powder Charge

9V
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Figurel6 Electrical Schematics for Fin Section and Middle Airframe
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Figurel7 Electrical Schematics for Upper Airframe and Nosecone

3.3.4 Rocketflocating transmitters

In order to track the separate sections of the launch vehicle, we will be using 2
BigRedBee 900 M50 mwGPS Units. These units are completely independent of all
systems in the rocket, and are spliwered. They will transmit well beyond the needed
radio rangeData from both the GPS units will be read by one receiver, which we can
hook up to a computer and monitor thg S K A rablefhéndin real time(Figure18).
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Figure18 Forward and Rear Section GPS Transmitters and Receivers

3.3.5 Sersitivity to Electromagnetiadids
To preventinterference betweerthe closely mountedltimeters and GP@nit in the
lower avionics bayboth sides othe lower avionicsd | é@tém bulkheadwere
covered with a layer of adhesive aluminum fdihis shieldingnethod has been used by
GSFrYa Ay LINB@GA2dza &SI NE ¢A0K-scaldigidoSaval. I yR g
Theshielding can be seen belowhkigurel9. The GPS unit mounts to the three wood
screws shown, just outside tHewer avionics baykor the uppemirframe the GPS unit
was placed above the nosecone bulkhead. This is a considerable distance from the
upperavionics bay so no shielding was usglllaltimeters and GPS units functioned as
planned thus validatingoth methods.
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Figurel9 Shielded Bottom Bulkhead of Lower Avionics Bay

3.3.6 Parachute Sizing

Theparachutes are deployed in a specific chain of events dependent on vehicle altitude
during flight.Onceat apogee, the lower avionitgmywill be responsible for the 18 inch
drogue parachute event. The vehicle will descend with the middle airframe and fin
section attached to the upper airframe and nosecdyeshock cordintil 1100 feet. At

this point, the upper avionics bay will activate the ARRD which will separate the fin
secton and middle airframe from the upper airframe and nosecdktel000 feet, the

upper avionics bay will detonate a charge responsible for deploying the 36 inch main
parachute that will be connected to the upper airframe and nosecone. The fin section
and midlle airframe will continue to descend until 700 feet where the lower avionics
bay will detonate a charge to deploy the 48 inch main parachute that connects the two.
Prior to the fullscale test flight, ejection tests were performed for all three planned
events.Usingthe equation

60 W& & 6CE Ty

where BP is amount of black powder in grams and volume igdluene of the
parachute bay irtubic inchesthe proper amount of black powdeecessary for
ejection at each evenwvas determinedThe drogue parachute was found to need 1.2
grams of black powder, the nosecone parachute neededjaths, and the fin section
neededl.2 grams.
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Figure20 Example of Ejection Test
The FMECA tables are locateddjppendix ##.

3.4 Mission Performance Predictions
3.4.1 Flight profile simulations, altitude predictions, and motor thrust curve
Figure21showsthe predicted flight profile for Huntsville, AL. Using the data received
from the full scale test flight and transferring that to the warmer climate of Huntsville,
AL, the predicted altiide is 3,068 feet. The maximum velocity will be 520 feet per
second, with a maximum acceleration of 302 feet per second squared. This flight profile
also uses our total vehicle weigand correct stability margin.

Recovery device deployme
Recavery device deployme

Recovery device deplgymel

Altitude
=
uoielajaade [ealuan, Aaojen [BIUSA

] 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80
Time (s)

|7 Altitude (ft) — Vertical velocity (ft/s) Vertical acceleration (ft/s:)l

Figure21 Flight Profile Simulation for Huntsville, AL

The thrust curve fothe AeroTech K805G is giverFigure22. This gives a maximum
thrust of 180 pounds and an average thro$ 163 pounds.
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AeroTech KBOS, Rocksim format © ThrustCurve.org 2014
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Figure22 AeroTech K805G Thrust Curve

3.4.2 Drag Assessmen
The full scale rocket model was analyzed using computational fluid dynamics in the
ANSYS Fluent software package. The rocket was run at two different ahgtesck,
zero degrees and three degrees. The rocket was cut out of an inner domain, and the
rocket and inner domain were both placed within an outer domain as can be seen in
Figure23.

Figure23Inner and Outer Domain Model in Solidworks

The rocket was modeled as an open section and the two domains were modeled as
fluids. The two domains were used so that the model could be meshed finer close to the
rocket and coarser farther away. This was necessary to reduce computational time
required and to keep the model under the 1.5 million element limit given by the Student
License of ANSYS. The model was run with 1.3 million elements with the element size
for the outer domain, inlet, and outlet set at 3 inches. The inner domain was set at 1.5
inches and the element size for the rocket was given to be 0.25 inches.

The model was then run using the Spalalimaras equation. The velocity magnitude at
the inlet was set to 700 feet per second. The reference values used were one foot
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squared for the ara, and one foot for the length. The model could be farther refined by
using better reference values, but was not needed because of the closeness of the
results to expected actual values. While running 1000 iterations the residuals, drag
coefficient, lift @efficient, and the moment coefficient were monitored to make sure
they had an absolute convergence of 0.0001. The hybrid initialization was used and
1000 iterations were set as the limit for convergence. All of the cases that were run
converged by 1000étations which gave confidence in the results.

The results were then visualized in the ANSYS Fluent post processing sdfigare24
shows the results of a pres®icontour across the body of the rocket betwed®4

pounds per square foot and 104 pounds per square foot. This shows the stagnation
pressure at the nose and high pressure zones at the base of the fins along the leading
edge. The symmetry of the pressurentours along the rocket gave us confidence in the
aerodynamic design of the rocket.

| -6.644e+001
-7.909e+001
-9.175e+001
-1.044e+002

sl &
‘« ~

v
0 1.148 2297 (ft) .)\
I T ] u X

0.574 1.722

Figure24 Fluent Model of the Pressure Contour at 700 feet per second at 0 Degree Angle of Attack

The model was then analyzed with a volureadering of the velocity along hatié

rocket. As it can be seenigure25, the velocity stayed fairly consistent at 700 feet per
second except at the nose of thecket, and directly behind the rocket which was
expected for our model. IRigure26, a volume rendering was analyzed using pressure
contours along half of the roek The results are the same as the pressure contours
along the body as seen above. This visualization was used as a redundant check to the
first analysis of the pressure.
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Figure25 Half Rocket Fluent Model of the Velocity Contour at 700 feet per second 0 Degree Angle of Attack
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Figure26 Half Rocket Fluent Model of the Pressure Contour at 700 feet per second at O Degree Angle of Attack

The same three casegere then run for an angle of attack of three degrees. These

results can be seen Figure27, Figure28, andFigure29.Thesemodels were run to

have multiple moment coefficients and lift coefficients. These coefficients were used to
findthest GAO YI NBAY (2 OSNAFe (KS NBadzZ Ga FNRY
OpenRocket.
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Figure27 Fluent Model of the Pressure Contour at 700 feet per second at 3 Degrees Angle of Attack
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Figure28 Half Rocket Fluent Model of the Pressure Contour at 700 feet per second at 3 Degrees Angle of Attack
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Figure29 Half Rocket Fluent Model of the Velocity Contour at 700 feet per second at 3 Degrees Angle of Attack

The results fromANSYS were then exported as an excel document in order to be
imported into a MATLAB code, written by Lars Soltmann, who is an Aerospace
Engineering Doctoral student, for finding the resulting coefficients. The MATLAB code
returned the lift, drag, lift cofficient, drag coefficient, and moment coefficient of the
vehicle. The drag on the vehicle was found to be 82 pounds at zero angle of attack and
84 pounds at a three degree angle of attack. The coefficients can be s€ahl@3

below.
Table3 Coefficients from Fluent
0 Degree AOA 3 Degree AOA
CD 0.0705 0.0726
CL -0.000612 -0.000426
CM 0.00165 0.000101

Using the coefficients found from the MATLAB code, the static margin was verified to be
M®po® . FNNRBgYlIyQa SldzZ G§A2ya +FyR hLISyw2071Si
slight difference in the static margin can be attributed to the refinement offheent

model. This model needs to be further refined in order to be more accurate, but the

results give confidence in the design and model.

3.4.3 Stability Margin, CG location, and CP location
The stability margin for our full scale vehicle was 1.7 calibers found by subtracting the
difference in the C@&6.5 inches from the nose) and the CP (56 inches from the nose),
and then dividing by the main body diameter of the vehicle (5.5 inches). Tihel@®/n
on Figure30and is denoted by dowel pin and the CP is denoted by the red circle.
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Figure30CG and CP Location

3.4.4 Kinetic Energgnd Descent Rates
The kinetic energgf eachpart of the rocket during different stagein the recovery
operation wadound by squarig the velocity of the componerand then multiplying it

by half of the mass. This yielded the result$able4.

Table4 Kinetic Energy and Descent Rates

Stage # Lower Upper
Airframe Airframe Decent Rate®f | Decent Rates
KineticEner Kinetic Ener Lower Airframe | of Upper
(1‘00'[-|00undgy (foot—poundgg Y| (Feetisecond) | Airframe
(feet/second)
Stage 1 1342.4 1342 4
(Apogeell00 71.8 71.8
feet)
Stage 2 (1100 -- 5245
¢ 1000 feet) - 56.8
Stage 3 (100Q 48.8 524.5
700 feet) 22.3 56.8
Stage 4 (70@ 48.8 66.8
feet) 22.3 18.7

*Note, because the upper and lower airframes are connected during stage 1 of the
recovery sequence, the kinetic energiyd decent rate®f the two connectedpiecesis
shown in both columns.

3.4.5 Wind Effects

The maximum altitude for all components (upper airframe, middle airframe, and fin
section) will be at the projected apogee of 3000 feet.

A MATLAB code was written determine the lateral drift of the two parts of the rocket

that come down separatelyThis drift would be caused by wind, or by both wind and
launch angle of 5° upstream or downstream of the wind. Wind spee@s55f10,15,

and 20 miles per hour. Using theZ ¥
T2NJ GKS
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slugsfeet®, andassuming that drag equals weight, tteminal descent velocity was
obtained by utilizinghe equation
W g Equationl
The terminal velocities of the different parachute sgts were as follows:
-71.8 feet per second for the drogue slowing the rate of the entire rocket at apogee
-56.76 feet per second for the drogue slowing the rate of onlylteer airframe
HH®Po FSSG LISNI aSO2yR FT2NJ GKS océ YIFLAYy &f 26,
My @1 TSSO LISNI aSO2yR F2NJ 0KS nyé¢ FyR RNER3Adz

Using these descent velocities of the various configurations that the rocket undergoes
after apogeethe amount of time that the deent would take was derivedhis time was
multiplied by the hypothetical wind speed to get an approximate drift radius for the two
parts of the rocket that come down separately eBk distances are shownTmable5.

Table5 Lateral Drift Due to Wind, @egreeLaunch Angle

Wind Speed (Miles per Hour) Lateral Drift(?éelgoper Airframe | Lateral Drift(?;le_gweﬁirframe
0 ~0 ~0
5 522 521
10 1045 1041
15 1567 1562
20 2089 2083

Once the 0° Launch Angle drift radii were found, it was necessary to determine the drift
distances with the Launch angé&5°. A simulation was run in OpenRocket, as shown in
Figure31, where the wind conditions were set to zero, and the launch angle was set to
5°. The lateral distance showroughly640 feet from launch rail) was thexdded toor
subtracted from (depending on launch directiaghg wind drift values found above to

get a total drift radius once wind and launch angiere taken into accountThese

values are shown ifable6 and Table7.
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Figure31 OpenRocket Simulation showing Zero Wi@dnditions with 5 Degreed_aunchAngle

Table6 Lateral Drift Due to Wind, ®egreeLaunch Anglento the Wind

Wind Speed (Miles per Hour) Downstream LateraDrift of DownstreamLateral Drift of
Upper Airframe (feet) Lower Airframe (feet)
0 641 640
5 79 78
10 698 695
15 1317 1313
20 1936 1930

Table7 Lateral Drift Due to Wind, ®egreeLaunch Anglevith the Wind

Wind Speed (Miles per Hour) DownstreamLateral Drift of DownstreamLateral Drift of
Upper Airframe (feet) Lower Airframe (fee}
0 641 640
5 1159 1158
10 1778 1775
15 2397 2393
20 3016 3010

Due to the 2500 foot drift limitation, it has been decided that if the rocket has to

necessarily be launched in the same direction as 20 mile per hour wind, the ARRD will
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separate at 80@eet instead of 1100 feet, the 36 inch parachute will deploy at 700 feet,
and the 48 inch parachute would deploy at 500 feet. This would result in maximum drift
radii of 2457 and 2479 feet for the upper and lower airframespectively

Variations in wind also affect the apogee of the rocket. Using simulations in
OpenRocket, we were able to predict how wind speed effects the apogee of the rocket
launching with a launch angle Bf. The results of thes#imulations are shown below in

Table8.
Table8 Apogee Differences due to Variations in Wind Speed
Wind Speed (Miles per Hour) Apogee (feet)
0 3227
5 3196
10 3151
15 3102
20 3057

3.5 Verification (Vehicle)
3.5.1 Vehicle Verification
The verification matrices for the vehicle can be foun@é.mb

3.6 Safety and Environment (Vehicle)
3.6.1 Safety and Mission Assurance Analysis

The FMECA diagrams can be founfl.ihIn terms of structures, the nosecone
separating prematurely from the vehicle may result in the parachutes being deployed
too early. If the vehicle is still in the thrusting phase, then the parachutes or other
structuralcomponents may be damaged if the parachutes deploy prematurely as well.
Because this error will most likely occur as a result of poor handling or maintenance, this
error is unlikely if the team properly handles the nosecone. As for the recovery system,
a malfunction in the avionics due to a dead battery has some of the worst
consequences. If the altimeters do not function, then the black powder charges will not
go off, resulting in a failure of the parachutes being deployed. As a result, the vehicle
may bedestroyed or it may damage other objects as it falls back to the ground.
Unfortunately, dead batteries are likely if the team is not careful. However, replacing
the batteries is in the checklist, making this error unlikely.

A third significant failure maalis the separation of the vehicle from a parachute due to
a failure in the bulkhead and/or-bolt. Similar to the failure in the altimeters, the
vehicle separating from a parachute may result in significant damage to the vehicle or
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3.6.2

other objects (includig personnel). Because the team thoroughly tests all epoxied joints
and Ubolts for this failure, this is unlikely to occur during the competition. Furthermore,
the motor breaking through the bulkhead would cause catastrophic failure of the
vehicle. If thepropellant escapes the motor housing, then the vehicle will most likely be
destroyed. The team realizes this risk and will ensure that the motor block is structurally
sound. Finally, a miscalculation of the static margin may result in the vehicle flyng in
unexpected path. A drastic miscalculation of this value may even cause the vehicle to
tumble. An unsuccessful flight would result in a failure of the overall mission and would
thus have severe consequences. However, this failure mode is unlikelytrseneam

has already flown a successful demonstration flight of itssitdlle vehicle.

Personnel Safety Hazards

As more construction occurs, the team will be exposed to potentildhygerous

machines. An outline of these construction hazards is locat&d7i In building the

vehicle, the team will also be exposed to hazardous materials such as black powder and
epoxy. The MSDS sheets for such matsareincluded in9.5. In order to mitigate the

risks associated with these materials, the team will follow the procedoudied

within the dacumentation. Furthermore, the personnel hazards on the launch site are
describedbelow inTable9.

Table9 Launch Site Personnel Hazards

Safety Concern Mitigation Confidence
Assembly of Rocket Motor The rocket motor is carefully ~ Assembling the rocket motor is
carried from the car to the a critical procedure to ensure

rocketassembly point under the safety and succesd the
close supervision by other tean launch. Special attention to
members and Alan. During YI ydzF I OG dzZNB ND &
assembly, all points specifiedb  RZA a2 NRa Ayal
the manufacturer's instructions the motor ignites and burns

are followed step by step. properly.

Handling of Vehicle Two hands are used to Cautious handling protects the
transport each component rocket from falls that could
when taking the rocket from the damage components and harrr
car to the assembling aa. the launch.

Electronics and blast caps are
armed and filled shortly before
launch.

Launch Vicinity Monitoring the location of This concern is mitigated by

Weather

everyone that is in attendance having set distances specified
on thelaunch site and by launch officials.

preventing them from getting tc

close will be a simple task by

giving warnings prior to launch.

For every launch we make sure Proper weather forecast

that the conditions sut as wind monitoring and monitoring the
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speed, precipitation, and weather at the launch site will
temperature are within safe eliminate the risk of weather.
limits of operation.

Location Launches are only done at We are confident in these
locations specifié by the North = organizations to choose proper
Carolina Rocketry Association locations for launches.
NASA Student Launch.

3.6.3 Environmental Concerns
A thorough discussion of the environmental concerns of the project are described in
section5.2.3

3.7 AGSE Integration
3.7.1 Integrationof the AGSE intti¢ Launch Vehicle

In terms of static integration, thiEaunch vehicle will integrate with the AGSE through
two launch rail buttons and a reéin sectionsupport. Thelarge airfoiledrail buttons
purchased from Apogee Rocketry, match the profile of88£0 t-slot aluminum launch
rail. The rear fin section support will serve two functioRgst, it will prevent the vehicle
from sliding down the launch rail during the raising process. Second, the rear support
will reduce side to side movement of thehiele on the launch rail duringample
insertion and closing of the payload door.

Moving on to dynamic integration, th&kGStbegins by identifying theample location

Using a USB camer&gtimage processing system idéntify the sample and relate #h
sample size in the image to the location of the sample. The robotic arm will move to this
position and grasp the sample at its center. Both the image processing and the arm
movement calculations are done on the BeagleBone Black in real time. With tipbesam

in the arm's gripper, the sample will be placed in a mold inside the opened door of the
vehicle. The arm will then close the daghichlocks into placaising three neodymium
magnets.This progression can be seenTiable10 below.

Tablel0 AGSE Progression

BeagleBoné&ontrol
Power on a System
Power off a System

StartBeagleBone subroutines and verify all devices are
working
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Grab the
sample

Power on arm and camera

Arm and imaging startup program
Find sample

Move arm closer to sample

Find sample, move, repeat until close
Grab sample with gripper

Insert sample in
rocket

Move sample to mold in rocket with arm
Place sample into the mold inside the rocket
Release hand
Close rocket door with arm
 Trigger switch to verify door is closed
Move arm to preset location out of rockeath.
Power off arm and camera

Raise the rocke

Power on steper motor
Run stepper motor

Power off step motor

Insert the
igniter

Power on igniter motor
Operate igniter motor until ignites in position
Power off igniter motor

System ready tg
launch

Once the sample is secured, the vehicle will be raised using the gearing system on the
AGSE. The stepper motor used to raise the vehicle willskem the vehicle has

reached 3 from vertical. Ratcheting stops on the base of the AGSE will prevent the
launch raiffrom falling dowrnwhich could potentialllamagethe vehicle othe AGSE

and cause harm to any groumpersonnel. The AGSE will then indée igniterinto the

motor autonomouslyusinga 1/8 inch wooden dowel and linear actuator system.
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3.7.2 Compatibility of Elements
Dimensionally correct CAD modeif the RobotShops robotic arm and LynxMotion
gripper were used to ensure that the raabotic arm will interface properly with the
payload corpartment and launch vehicle. Figure32 below, the gripper is show
placingthe sample into the payload compartmeni this configuration, the robotic arm
has sufficient space to clear the open payload compartment and door.

Figure32 Robotic Arm Gripper Placing Sample into Payload Compartment

In Figure33, included below, the robotic arm is showtosing the payload compartment
door. Testing will be done to find the robotic arm locations necessary to produce the
desired pushing motion to close the doorsiblg magnets as the locking mechanism, the
robotic armwill needonly needto rotate the door just past verticaAfter this point,
gravity and magnetic forces will take over, securing door shut.
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Figure33 Closing the Payload Compartmet Door

3.7.3 PayloadHousing Integrity

A thorough description of thpayload compartmentonstructionprocesscan be found
above in section 3.1.Due to the fact that this section of the vehicle underwent
thorough design review ahhad a small team involved in its accurate and meticulous
construction, we can ensure that it is of sound integritg.ensure that the
compartment door remaied attached during the entire flighand recovery processhe
hinges were secured usisgrewsand epoxy. Strong Neodymium magnets are used to
hold the compartment door shut during the entire flight and bothtit and flight tests
haveconfirmedthat the magnets are strong enough to hold the door shitliese tests
have also confirmed that these m@agts do not cause any interfereneéth the onboard
electronics. The mold for the payload was custorade to fit the sample exactlyithin
the payload compartmentBecause there is less than a 4#8h gap between the
sample and the door, the samphgll be unable tomove around and damage any
surroundingequipment.The fultscaleflight test hasproven the integrityof the payload
housing andhe team is confidenin the integrity of the design

\TE UNIVERSITY




43| Page

4 AGSE/Payload Criteria

4.1 Experiment Concept

41.1

4.1.2

Creativity and aginality

Althougheachsubsystenis not revolutionarythey are all put together in a way that
makes the team's design unique. For example, the rocket will be raised using a large
gear systemand the igniter will be inserted with a threaded rod system. Theyséems
provide effective mechanical means of preparing the vehicle for launch without
increasing the modes of failure due to a complex electrical system of motors and
actuators.The teamhas also expressed its creativity in making the entire AGSE out of
aluminum railing, allowing the platform to be efficiently assembled. The originality of
the ratcheting stops is a creative solution to the problem of\kaicle falling back

down onto theAGSEFurthermore, the arm will be able to adapt to different
orientations of the sample through the use of the imaging system. Rather than hard
coding in the location of the PVC and only having the arm move to that specific location,
the arm will move ta unique location each time.

Uniqueness or significance

The image processing system adds significant difficulty to the sySeams have the
option to place the sample in a measured location Aaddcode this position into their
system However, pedefined locations could struggle witmanticipated terrain or
weather, wind or ground slope could move the sample from the-pe¢ location and
cause the entire AGSE to fail because the sample could not be obtaimednaging
system developed by the teawill accommodateheseissues byocatingthe sample in
real time during the autonomous procedures. While this addigyaificantievel of
chdlenge and system complexity, the tednalievesthis task is worthwhile because it
adds to the reliability of the sgem while expanding the technical knowledge of the
teamto areas outside higipowered rocketry.

4.2 Science Value

42.1

4.2.2

Describe AGSE/payload objectives in a concise and distinct manner.
Thegoalsof the AGSEreto: 1)retrieve a sampl@)insertand securghe sampleinto

the vehicle's payload compartmetutonomously 3) erect the vehicle to 85 degrees

from horizontal 4) insert the motor ignitefor launch On Mars, or any other distant

body, a similar process will need to be done so thsbil sample can be processed on
Earth.After obtaining a soil sample, the sample will need to be placed into orbit so that
it can rendezvous with another vehicle to bring it backEstoth.This is the ultimate
application of the AGSEherefore, the procsses investigated in the AGSE portion of
the experiment have a direct correlation to actual systems that can be used.

State the mission success criteria.

The AGSE will be successful if it can prepare the vehicle for launch and identify, capture,
and retain the sampldn addition, all AGSE procedures must be completed in less than
10 minutes. To achieve success witasecriteria, the team has placed itsam
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restrictions on the AGSE subsysteriifie AGSE must identify, capture, and place the
sample into the vehicle within 5 minuteBhe vehicle must be raised and the igniter
inserted within90 seconds4b second$or eachprocess)Success for the AGSE willy
be obtained if these tasks are completed within the time allotf€de 3.5 minutes
remaining will be used as a buffer to handle unforeseen issuesl&osth success
criteria include: sample retention through the entirety of the flight includingugich
impact, deployment of the drogue parachute, separation of the forward section from
the drogue via the ARRD, deployment of forward and rear section main parachutes, and
low speed ground impact allowing for reusability of the launch vehidission sucess
will prove the viability of the system as a whole to be implemented in other projects,
such as actual sample return missions.

4.2.3 Experimentalogic, scientific approach, and method of investigation.
In order for the mission to be a success, each of thesgstems must be thoroughly
tested. Creating experiments that verify these subsystems in controlled settings is the
best way to test the AGSE. By measuring out predetermined locations for the robotic
arm, the accuracy and repeatability of the arms movetsaran be confirmed.
Furthermore, testing the stepper motors under load ensures that they will be able to
handle lifting the rocket and inserting the igniter during the competition. These tests
were performed under controlled conditions to preserve theekgince and accuracy of
the data. However, for the data to be accurate, the results must be repeatable.
Therefore, each test will be performed several times in order to collect sufficient data
and prove the repeatability of the processes. Each experimesiblean and will
continue to be approached as if the test were for the actual competition. Improper
testing would lead to inaccurate data and failure of the mission, detracting from the
scientific value of the project.

4.2.4 Test and Measurements Significance
The AGSE is designed to test the integration of each of the subsystems into a whole
process. For example, the AGSE will test how the imaging and robotic systems work
together. The success of the mission will be a measurement of the viability of these
subswtems.When performing experiments, care was taken to isolate variables to
preserve the legitimacy of the test. For instance, when performing the experiment to
test raising the vehicle, the pulley was fixed so that it did not provide undesired torque
on the stepper motor. Asaresuli, KS (S+Y O2dzZ R az2ftSte (Sad GK
to function under loading. In this case, the weight on the motor was the control, and the
time it took the motor to raise the load 12 inches was the variable being tested.

The datawascollected using accurate measurements, such as with digital calipers and a
gram scale. As described abow#er variables to be tested are the amounts of black
powder needed, and the accuracy of the robotic arm and imaging systmessucess

of the AGSE will be a measurement of the viability of all of the subsystems.
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4.2.5

4.2.6

Relevance of Expected Data

The data collected during the experiments will show if the current plan will work. The
data is critical to the success of the project, and is tlelsvant to the tasks at hand. By
using the mosprecise instruments available tbhe team (such as a gram scale and

digital calipers), the team can achieve high lewé accuracyThe gram scale used is
capable of measuring to the nearest 0.01 gramgj #ime calipers can measure to 0.001
inches. Furthermore, by taking measurements of the same items several times, the
accuracyof measurements can be increased, while decreasing error. Although there will
always be some error in measurements, the teamtengbting to minimize that error to
preserve the scientific value of the system and relevance of expected data.

Detailed Experiment Processdedures

Careful experimentation preserves the scientific value of the experiments and keeps the
results indicatre of the project. Each experiment followed the general guidelines of any
scientific study: A problem was identified. Next, an experiment was formed to test
possible solutions to the problem. The experiments were designed to account for any
issues that migt arise and to test the capabilities of the design. The experiments were
then carefully conducted so as to not taint the results. The results were then analyzed to
make sure that the initial requirements were met and that the data received was
accurate. Tis process of experimentation is valid for any scientific study, and thus the
experimental process procedures have scientific value.

Arm Experiment

In order for the system to be a success, the robotic arm must be able to repeatedly and
accurately reach apecified location. In Alabama, this location will be determined by the
imaging system. Therefore, in order to test the robotic system, desired locations for the
sample could be measured out and having the arm move to those locations would test
its accuray. Furthermore, moving the arm to the desired location several times would
test the repeatability of the motion of the arm. The verification of the repeatability and
accuracy of the arm was the driving force behind the robotic experiments.

For the robotics experiment, four desired locations were measured, taking the origin to
be the pivot point of the shoulder. These locations were (1173), (15, 0;7.7), (22, 0,
-7.7), and (22, 5,7.7) inches from the origin. At each location, a regpbf the sample

was placed to test if the arm could both move to the location and be capable of picking
up the sample. The points used test the range of motion of the arm and are comparable
to the values that will be used during the competition. Eacthefservos on the arm

was hooked up to a Lynxmotion S&Zservo controller, which in turn was connected to

a computer running the SS2 Servo Sequencer Utility. The servo controller was
powered by a GW Instek GB303 DC power supply set to 10.4 Voltshdugh the

servos themselves only require 6 Volts individually, running all of the necessary servos
at once requires additional voltag€able11 below shows the exgrimentally
RSGSNX¥AYSR NBI|dZANBR @2t GF3Sa G2 NdXzy GKS | NX
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TablellVoltages Required to Run th&rm's Servos

Number of Servos Required Voltage (V)
1 6.4
2 7.0
3 8.6
4 10.4
6 114

The angles of the servos required to reach the four specified locations were founded
using a MATLAB program developed by the team. Aftecifyinghe desired location

and the fraction of that distance the user wants the arm to move, the code calculates
the servo angles required to reach the position as well as the pulse widths
corresponding to those servo displacements. By commanding each joint in the arm to
move 90 degrees and measuring the change in pulse widths required for that
displacement, calibratin factors were found for each servo. These values are 1.488,
1.475, 1.475, and 1.607 for the base, shoulder, elbow, and wrist respectively. The pulse
widths that the code outputted were then manually entered into the utility to control
the arm. The arm weacommanded to go to each location twice. Furthermore, the arm
was commanded to go only halfway to the (22;7) inch location to test whether it
would move to the correct position while keeping the camera pointed aiséple As
above, this test wasuccessful in that it was able to move to the desired location and
move the wrist the desired angle to point the camera at the sample.

The results from the experimentation with the arm showed that the current design will
work. The arm was able to reach each of the desired locations within the desired
tolerance of 0.3 inches. In fact, the arm was able to encompass the gripper at each of
the destinationsFigure34 and Figure35 show the arm with the gripper at (2B, -7.7)

and (11, 0,7.7) inches during the experiment. Therefore, the accuracy and repeatability
of the arm was verified from the experimentation. Furthermore, because the code was
used to find the required servo angles, the accuracy of the code usashtool the arm

was verified as well. Separate tests showed that the arm is capable of grabbing the
sample and lifting it off of the ground along with the other components that will be
mounted to the arm itself (i.e. the camerd)was found that a pulsevidth of 1820 is
required to grasp the sample, and a pulse of 1600 releases the sampleTlegel.

strength of the gripper was verified by pinching the sample and then removing the
gripper from the rest of the robotic arm. With the sample still in its graélse gripper

was then manually flung around in different directions and speeds with sudden changes.
At the end of the test, the sample was still within the gripper's grasp and experienced
movement less than 0.25 inches. Finally, the strength of the armalso tested to

ensure that it could be able to close the door to the sample compartment. By pushing
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down on a gram scale, it was found that the arm could exert about 3.5 pounds of force.
As a result, the testing of the robotic arm verified the design simaved that the arm is
capable of reaching all of its functional requirements.

Figure35Arm Experiment at (11, 07.7)inches

Once the arm was mounted to the AGSE, additional tests were done with the arm.
Before these tests could be performed, however, extension wires had to be made for
the majority of the servos. The wires were made with 22 gage Hitec servo wire and
Molex threepin lockable connector§.herefore, these additional tests verified that the
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wiring was done correctly. Once the wiring was completed, the arm was controlled with

a separate code that interacts with the servo controller through the Beagle Hdmee.

arm wascommanded to move to different locations and grasp the sample. No locations
were measured out for this experiment as it was designed to test the wiring and the
code. The arm was able to move exactly as the team commanded, verifying the accuracy
of the codeand the completion of the wiring. Ultimately, the imaging system code and

the code used to calculate the arm angles will be incorporated into this main program.
picture of this test is shown below Figure36.

Figure36 Arm Mounted on AGSE

GPS Experiment

We are using two BigRedBee 900 MHz GPS units to track both pieces of the launch
vehicle. In order to test the transmission of data from both units simultaneously, we
sent twoteam membergo run around campugat least travel .5 km away) so that we
could estthe GPSracking on both unitsFigure37 shows the paths traveled. This data
was collected live and plotted on Google Earth to show what places on campus were
traveled to.Each color represents the different paths traveled by the team

members.
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Figure37 Big Red Bee 900 Test

Serial Radio Experiment

The goal of this experiment is to test how well serial data can be transmitted to the
ground station. We will be using several protocols to identify what type of eata

data packet contains. The radios were able to communicate simple text data, however
we wanted to see if it was possible to send images from the camera to the ground
station.In order to do this, the BBB must convert the image into a text file. That text file
must then be streamed through the radiyte by byte. The text will then be relbui

back into the imageFigure38is the result of converting thenageto text, sending the

text across serial radi@nd then rebuilding the imagen the ground stabn.

Original Image Built Image

Sample Ciphertext
Figure38 Conversion of Image across Radio Transmission

Launch Rail Raising Experiment

The goal of the launch rail raising experiment was to determine if the launch rail stepper
motor would be able to meet the required torque and speed values. Using a vehicle
weight of20 pounds, &@6inch launch rail, and launch rail sector gear and driaer g

radii of 10 inches and 1 inch respectively, the required stepper motor holding torque
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was10 foot-pounds. In addition, a launch rail rise time of 45 seconds or less was desired

to allow sufficient time for other AGSE processes. Lacking a completeddx@&E

experiment,a 125%orque load was simulated with three weights totaling 12.5 pounds

hanging vertically from a rope attached to the perimeter of a 24 inch diameter plywood

pulley. The resulting torque of 12.5 fopbunds is slightly higher thandhrequired

K2f RAy3a (2NJjdzS odzi ¢St foot-poBrid@aximumknh8iding G S LILIS NJ
torque. The 23HS22804PG47 planetary gear stepper motor, attached pulley, and

weights can be seen below Figure39.

Figure39 Launch Rail Stepper Motor and Pulley Apparatus

The system used to power and control the stepper motor can be seen beleiglire

40. At the bottom center of the picture is the Leadshine M542 stepper motor driver.
Attached to this is a Mastech HY5003D DC power supply (in the upper center) set at 38
Volts and 3.0 amps to approximate the 37 Volts 5000 millidwoyr ThunderPower

battery. The power supply powered both the driver and stepper motor. Below the

power supply is a Textronix AFG 3022B function generator. This acted as the stepper
motor controller, generating a 4.5 volt amplitude square wave. In the future, this square
wave will begenerated using the Beaglebone Black. For each square wave cycle, the
stepper motor was set to rotate by one step. The rotation rate of the stepper motor was
adjusted by varying the square wave frequency. In the bottom left of the picture is a 6
voltbatteN® YR ONBI ROo2FNR dzaSR G2 O2yiGNRf GKS 3
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Completing the battery circuit yielded counterclockwise stepper rotation and
disconnecting it yielded clockwise rotation when viewed from the front of the pulley.

/4 >
A >
/4

L9 = X g
Figure40 Stepper Motor Power and Control System

To conduct the test, the time required for the pulley to rotate 90 degrees under the 12.5
foot-pound load was recorded for different square wave frequencies. A 90 degree
rotational angle wa chosen to keep the hanging weights from touching the ground
during the test. The 90 degree rotation time could then be easily converted to the total
launch rail rise time knowing the required rotations of the stepper motor output shaft
(2.36 rotations fo an 85 degree launch rail angle). The results are showabiel2

below. This table illustrates that launch rail rise times as low as 22.5 seconds were
achieved, wll below the desired value of 45 second$eease and speed at which the
stepper motor rotated under the 12.5 fogiound load at all tested frequencies clearly
demonstrated its ability to accomplish the required ta8kditional testing showed that

a torque load as high as 17.5 fepdunds (175% operating load) can be supported at
any frequency shown ifablel12.

Table12 Square Wave Frequencies and Resulting Launch Rail Rise Ti2&sfootpounds)

Function Generator Square 90 Degree Calculated Launch Ra
Wave Frequency (Hz) Rotation Time (s) Rise Time (s)
940 5.0 47.2
1000 4.35 41.0
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1250 3.73 35.2
1500 3.11 29.4
1750 2.56 24.2
2000 2.38 22.5

4.3 AGSE/Payload Design
4.3.1 Design and Construction of the AG&ibtad

Prior to assembly the entire AGSE structure was modeled in SolidWorks from aluminum
t-slot railing. The 1.5 inchdlot railing was delivered in 12 foot increments. From these,
the proper lengths based on the CAD model were marked and the cut with thesdvop

in the EB3 machine shofpsssembly of the AGSE can be sedFignire41 and Figure42
below. Diagrams of the AGSE and attached launch vehicle CAD model can be seen in
Figure44 - Figure46in sectiond.3.3that follows. The AGSE design has remained
largely unchanged since the Critical Designd®eVvA robotic arm and attached camera,
located in the front left corner of the AGSE, will be used in conjunction with the
BeagleBone to locate, retrieve, and secure the sample in the launch vehicle
autonomously The launch rail sector gear, drive gearl éme geared stepper motor will
be used to raise the launch rail to 85 degremsf vertical prior to launch. Thgniter
insertion systemoperating using a linearly actuating stepper motor, will insert the
motor igniter.

Figure41 AGSE Construction
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Figure42 AGSE Construction

4.3.2 Electrical elements

T

Beaglebone Black (BBBjhis is a credit card sized Linux computer that will do all the
processing for the mission. It has a 1GHz Texas Instruments AbsBoocs12 MB of RAM,
and 4 GBf internal (expandable) storage.

M542 Stepper ControllerConnected to the BBB using a Digital conneciiois. usedor the
large stepper motor which is used to erect taeinch vehicle.

ST6128 Stepper ControllerConneted to the BBB using a Digital connection. It is used for
the small stepper motor which is used to insert the igniter into the launch vehicle.

SSE32 Servo ControllerThis servo controller provides an interface to the BBB to move the
6 servos that makep the arm. We will be using a USB te233 serial connection.

Sentech STRIC36USRB This low resolution camera is connected to the BBB using a USB
connection. The camera will be mounted at the end of the robotic amnch used to take
pictures in order tdind the payload.

Digi Xtend 1W 900Mhz Serial RadWe will use a pair of these radios¢ommunicate the
status of the AGSE to the ground station.

Amazon Basics Powered USB H8mce the BBB only has one USB port, we will need a
powered USB hub textend the number of connections possible.
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9 LED Indicators and switche¥he AGSE will have an onboard control panel that consists of 4
LED's and 2 switche®ne switch is a full system on/off control. The other switch will be
used to pause and resume tR&SE operations.

0 RedLED 1: Power is flowingBBB and other important electronics.
0 Red LED 2: Power is flowing to Radio.
o Amber/Orange LED: Flashes based on whether the system is paused or in progress.
o0 Green LED: The AGSE has finished &fl tfsks, ad the rocket is ready to be
launched.

1 Voltage Regulator BeSince the AGSE has so many electrical components, we will need
voltage regulators to control the power flow to these electronics. The configuration should
allow for the voltage to be changexhsly, and should allow for additional electronics to be
added if more need to be added.

1 Ground Statior The ground station will consist of at least one computer, a GPS Receiver,
and a Digi Xtend Radio. The ground station is purely for communicating AG&Erea
vehicle data back to the team while the mission is in progress. We have also developed our
own software for interpreting data coming from the AGSE including (but not limited to)
battery life, current mission phase, connection strengthd cameraimages (if possible).

Legend forFigure43:

Blue zig zag connectarsesistors (resistance based on the device being supplied)
Black connectorsGround/Negative (doaot include connections to motors)

Red connectorsPositive

Green connectorsUSB connection

Magenta connectorsDigital data connection

The voltage regulator box will control voltage input to any device that requires direct power
(note: some USB devices do not need a direct power source). There will be two separate
power supplies. One 37 volt, three cell, LiPo battery will be for the stepytor used to

raise the rocket and the stepper motor used to raise the igniter. The second battery system
will be an 11.1volt, three cell, LiPo battery used to power the BeagleBone Black, robotic arm
servos, robotic arm controller, and stepper conémsll A BeagleBone Black (BBB) Linux
Computer will be used to do all of the primary processing onboard the AGSE. The team feels
the BBB has the necessary specifications to process images, control motors, process sensor
data, and communicate with the grourstition. The BBB will utilize primarily USB

connections to the devices we need. A USB hub (marked as hub) is needed since the BBB has
only one USB output. A servo controller board will be used to control the six servos on the
robotic arm. A stepper contiel will be used to control a high torque stepper motor to raise

the rocket into launch position. A second stepper controller will be used to control a much
lower torque stepper motor that will insert the igniter. There will also be a camera onboard

the AGSE robotic arm to identify where the payload sample is locatedvdyDigi Xtend

radio will be used to radio stats and a video feed back to the ground station. To comply with
NASA's safety requirements, a master power is switch connected between #eesadind

the regulator box. A physical pause switch implemented on the BeagleBone can hold the
system while other teams compete. The Prelaunch Verification System (PVS) used the BBB to
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make sure that the sample is safely contained within the rocket, lzaidite rocket is lifted

to the correct position.

Q)

r - Servo Controller

| !

Stepper Driver

o (R

Stepper Driver =

Radio (2 Way)

Beaglebone Black

AT

Prelaunch Verification System
(On Rocket)

/4

A4+

— Light Indicators

Batteries
I

ml

Figure43 AGSE Electrical Schematic

4.3.3 AGSE/payloabDrawings and schematics
Figure44 belowshows theAGSE with the launch vehicle in the horizontal position. The
robotic arm is also shown in position above the payload compartment.
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Figure44 AGSE with Launch Vehicle in Horizontal Position

Figure45below shows the AGSEm the rear. The electronics bay in the rear left
corner of the AGSE base will house ldnench rail geared stepp@notor, both stepper
motor drivers,the BeagleBne Black, and both Thunder Power batteries.

Figure45 AGSE from the Rear

In Figure46 below, the AGSE is shown with the launch vehicle in the vertical position.
The robotic arm is shown in its launch position, stowed parallel to the AGSE side ralils.
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Figure46 AGSE with Launch Vehicle in Vertical Position

4.3.4 Precision of Instrumentation and Repeatability eadirement

The team strives to use the most accurate tools available for measurements. For
example, the gram scale used by the team is accurate to 0.01 grams, and the digital
calipers are accurate to 0.00ches. As described above in Secdol 6 the arm and

imaging systems were calibrated using experiments. The arm is accurate to 0.125 inches
basd on the experiments conducted by the team. The repeatability of the stepper
motors were also tested in the experiments described above. Conducting these
experiments several times proves the repeatability of measurement with the arm,
camera, and stepper ators. As a result, the data obtained in the experiments was
verified.

4.3.5 Approachto Workmanship

The AGSE is constructed of 80/28dt aluminum framing and hardware. These
components are used in industry forany types oflurable fixtures. Employing 800%
framing components in the AGSE design ensures thagyteem will be easy to
assemble/disassemble and remain rigid duratigprocedures.
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4.3.6 Discuss the test and verification program.

To support the imaging system, a relation between sample image properties and
distance was needed. The primary metrics for determining the sample distance was the
pixel count of the sample blob in the image and the dimensions of the blob in the image.
An experiment was conducted where pictures were taken of the sample at varying
heights above the ground and these images were run through the script to yield the
blob size, width, and height. Plotting the height versus the determined metrics yields a
second dgree curve. This curve can be used in real time by inputting an image,
measuring the blob properties, and interpolating these properties into curves to yield
the sample location.

The first round of testing used the rig usedrigure55. Pictures were taken of the

sample at heights above the ground between 5 inches and 28 inches and processed with
the imaging script. The testing area attempted to control the lightmlimit the

number of shadows on the sample, and the camera had a constant focal length. The
sample was close to the center of each image but there were some slight
inconsistencies. The script picked out the brightest areas of the image and grouped
theminto blobs. It then picked out the blob representing the sample by its height to

width ratio and its pixel count. One of these pictures can be se€igimre47. After

many pictures, three curves were generated relating the pixel count, height, and width

to the distance. These can be seeffrigure49 and Figure50. The pixel count curve

shows a general second degree trend with a few outliers. These outliers can be
attributed to a number of problems in the experimental setup including: variation in
lighting, the sample not being in the exact center of every imageanable angle of

the lens relative to the sample. This curve shows that this imaging concept can work and
will be successful, but the outliers show that the system is not finalized and requires
more testing to be completely reliable. For the best calilora, pictures will be taken

when the camera is mounted on the arm. The arm will be commanded to move to a
location and a picture will be taken. Because mounting the camera on the arm most
accurately reflects the final situation, the curve generated friwase tests will be the

curve used during the week in Alabama.

One problem with the imaging scripts is they currently do not account for rotation of

the sample in the image by measuring the left, right, top, and bottom most pixels in the
blob. This is shen in the height and width curves Fgure50. The length of the sample
was placed almost perpendicularly to the image plane, but in a few images, it was
slightly rdated. To account for large rotations, logic that processes the geometry of the
blob can be implemented. For the problem of very slight rotation, like what is seen in
the test pictures, a Gaussian blur can be implemented to reduce the sharpness of edges.
This blur can be seen Figure52. Interestingly, this adds discontinuities to the pixel

count curve seen ifrigure53, but it smoothed some discontinuities in the height and
width plot inFigure54. It also adds some definition to the curvesdéstances greater

than 15 inches. The height and width curves might be the best method when calibrating
the arm to the imaging system.
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This experiment shows the imaging system, while requiring additional work, will add
consistency and challenge to tBgstem. The scripts created by the team so far are
successful in picking out the sample from backgrounds and giving basic information
about its properties in the image. Going forward, logic needs to be added that accounts
for rotation of the sample relate to the camera. This will add robustness to the system
that can account for a spinning sample caused by wind, terrain, or poor setup. The final
calibration curve will be done by mounting the camera to the arm and controlling the
arm motion and taking ptares and using these images in a similar manner as was used
to produce the curves shown above.

The scripts and logic were developed in MATLABtlaateamplanned to use the

MATLAB auta@oder to generate C code that could be run on the BeagleBone.
Unfortunately, the autecoder plan did not work, sthe teamneeded to find another

option for implementing the scripts on the BeagleBone. Our next plan involved using
Octave, an opeisource MATLAB compiler. This process was successful for the script
calculating the servo pulses needed to move the arm, but thege®evas too slow for

the imaging scripts. Imaging scripts that took .2s in MATLAB and on a PC took upwards
of five minutes through Octave on the BeagleBone. The team has decided to implement
the imaging scripts in C++ themselves. Without much backgrourgircode

development, this is taking longer than expected. This code will run on the BeagleBone
and will be used to generate the final calibration curve.

Figure47 Unfiltered Imaging Experiment Picture
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4.4 Verification
4.4.1 AGSE/Payload Verification
The verification matrices for the AGSE caridumd in9.4.

4.5 Safety and Environment (AGSE/Paylqatl)s will describe all concerns, research,

and solutions to safety issues related to the ABSHdad

4.5.1 Safetyand mission assurance analysis.
The FMECA diagrams can be foundl.ih Of all of the failure modes listed, the gearing
slipping out of plane has one of the worst consequences. Not only will the vehicle not be in
the proper position for launch, but the vehicleapnfall and damage other components. If
the processes are not stopped early enough, then the gears may damage themselves or
other components, preventing the AGSE from operating again. However, this failure is
unlikely because the team is bolting the geathe launch rail and has the ratcheting stops
that will prevent the vehicle from falling back down onto the AG3IE.driving gear (3/8
inch) is also slightly smaller than the sector gear (1/4 inch) to prevent the gears from
slipping out of planeSimilaty, structural failure of the gearing system would render the
AGSE functionless. As a result, it would not be able to accomplish its mission. Because the
team is making the gears themselves oustafel, this failure is unlikely. A third significant
error is ashort circuit in the wiring for the imaging system may also have catastrophic
effects. In addition to the camera not working and preventing the AGSE from accomplishing
its mission, a short circuit may cause an electrical fire. Because the teamgditidginm
polymer batteries, an electrical fire may cause catastrophic results. Care will be taken
during construction so that this failure mode is unlikely.

Dead batteries would prevent the AGSE from performing any of its tasks. Every system,

including he BeagleBone, relies on the batteries being operational. Dead batteries would

result in complete mission failure. If the team is not careful, this failure mode could be

likely to occurlLastly the BeagleBone resetting upon a power outdge one of the wrst

conseqguences as welf the BeagleBone resets, then the pause function of the AGSE would

be rendered useless as the system would not be able to resume processes from where it

left off. The team will develop a system so that this failure will not nc8ufficient testing

will make this error unlikely.

4.5.2 Personnel Hazards

As the competition gets closer, more construction will need to be done. Consequently,
the team will need to use more power tools and machines, such as the drill press and
band saw. Th&e machines pose significant risks to the team if they are misused. As
indicated in the timely, construction of the AGSE will continue into the end of March.
Therefore, these safety hazards will exist after the HRRB.table irB.7 outlines the
hazards the team is exposed to and the mitigations they will use in constructing the
AGSE.
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4.5.3 Remaining Environmentabi@erns
In addition to the environmeratl concerns expressed in section 5.2.3, the proximity of
personnel and other objects to the AGSE during operation is an important concern as
well. If personnel are too close to the AGSE, then they may be injured during processes.
Furthermore, the AGSE mhbg prevented from fully performing its tasks. In theory,
there is the potential that the AGSE will tip over due to high winds. However, hand
calculations have shown that the AGSE will only tip over if the winds are in excess of 38
miles per hour. Thereforehe AGSE tipping over is not a concern as the competition
would be canceled in such weather.

5 Launch Operations Procedures

5.1 Checklist

5.1.1 Recovery preparation

1) Retrieve nosecone

2) Retrieve nosecone bulkhead with GPS attached

3) Connect battery on GPS

4) Insert bullhead and install 4 screws

5) Ensure that screws that attach bulkhead to nosecone are tightened

6) Retrieve upper migection

7) Retrieve upper migsection avionics bay

8) Remove nuts from forward avionics rear bulkhead (the one with ARRD)

9) Remove rear bulkhead

10) Removedorward avionics bay coupler

11) Insert a fresh battery into each of the two battery trays

12) Connect battery snaps on each battery

13) Screw down battery clips

14) Make sure switches are set to 220 Volts

15) Install payload foam on top of altimeter sled

16) Insert avionics sleback into coupler

17) Thread wires through hole in bulkhead

18) Reattach forward avionics rear bulkhead

19) Tighten nuts on both ends of avionics bay with 7/16 inch socket

20) Attach wire leads into closest blocks on forward avionics rear bulkhead

21) Install ematches in pimary and redundant blocks on forward avionics forward
bulkhead

22) Insert 2 grams of black powder in primary cap on forward avionics forward bulkhead

23) Insert 2.2 grams of black powder in secondary cap on forward avionics forward
bulkhead

24) Install ematch into Back powder, add wadding, and cover both black powder charges
with tape

25) Remove ARRD red section

26) Install 2 ematches into ARRD (thread wire side first)

NORTH CAROLIMA STATE UNIVERSITY




66| Page

27) Install primary and redundant-eatch wires on forward avionics read bulkhead
terminal blocks (2 for uppamid-section, 2 for ARRD)

28) Install 0.2 grams of black powder in ARRD

29) Install red section onto ARRD

30) Tighten red section by hand

31) Install forward avionics bay into upper airframe

32) Install 4 bukhead screws into forward avionics bay

33) Install door with 4 small sews using the middle sized Phillips driver

34) Attach compartment door, tighten halfway

35) Put upper airframe aside

36) Retrieve lower miesection

37) Retrieve lower avionics bay

38) Remove forward bulkhead

39) Install batteries

40) Screw down battery clips

41) Make sure altimeters areff (set to 220 Volts)

42) Insert rear avionics sled into rear avionics bay coupler

43) Thread wires through forward bulkhead on rear avionics bay

44) Install 2 nuts on forward bulkhead of rear avionics bay with 7/16 inch socket

45) Attach wire leads into closest bloc&a rear avionics forward bulkhead

46) Install ematches in primary and redundant blocks on rear avionics forward bulkhead

47) Plug GPS battery into GPS unit on rear avionics rear bulkhead

48) Install rear avionics bay into lower rmsgction

49) Install 8 screws into loweavionics bay

50) Insert 1.2 grams of black powder in primary cap on rear avionics forward bulkhead

51) Insert 1.4 grams of black powder in secondary cap on rear avionics forward bulkhead

52) Install ematches on rear avionics rear bulkhead through permanent bulkiveaxver
mid-section(shorten ematch copper wire does not touch aluminum shielding)

53) Install primary and redundant-match wires on rear avionics rear bulkhead terminal
blocks

54) Retrieve green/black parachute, shock cord, Kevlar protector, alivtk

55) Attachshort end of shock cord to nosecone bulkhead

56) Attach long section of shock cord to forward avionics bay bulkhead

57) Remove rubber band from parachute

58) Double check connection oflilks on both bulkheads

59) Insert parachute, sheet protector, and shock cord inpper midsection

60) Insert nosecone and line up numbers

61) Install 4 shear pins in nosecone/upper RsiEction connections

62) Retrieve drogue parachute, shock cord, Kevlar sheet, alinkb

63) Attach short end of shock cord to ARRD in upperseiction

64) Attach long enaf shock cord to forward bulkhead of lower avionics bay

65) Attach long end of shock cord to forward bulkhead of lower avionics bay

66) Remove rubber band from drogue

67) Double check two fink connections
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68) Install drogue, Kevlar sheet, and shock cord into lomweksection

69) Connect the two miesections

70) Add 4 shear pins in between the two middle sections (technically in lowesetition)
71) Retrieve red/white main parachute, shock cord, Kevlar sheet, almkb

72) Attach short end of shock cord to fin section

73) Attach lng end of shock cord to permanent bulkhead in lower-ggdtion

74) Connect lower migsection and fin section

75) Install 4 shear pins into lower m&kction/fin section connection

5.1.2 Motor preparation

Forward Closure Assembly

1) Apply a light coat of Synco Super Lab@ther grease to all threads and attings

2) Chamfer both inner edges of the delay insulator with fingernail

3) Assemble the RMBIus delay element, delay instdg, aft delay spacer, and delayring

4) Insert the forward delay spacé¢t-1/8 inch outerdiameter)into the delay cavity until it
is seated against the forward end of the cavity

5) Apply the light film of grease to the inner circumference of the delay cavity (but not the
forward end of the cavity)

6) Insert the delay charge assembly into the delayity, oring end first, until it is seated
against the forward delay spacer

Case Assembly

1) Insertthe nozzleinto one end of thdiner tube until the nozzle flange $eated against
the liner

2) Push the liner assembly, open end first, into the motor aasd the nozzle protrudes
from the case about 1.25 inches

3) Place greased aft (1/8 inch thick, 2 inch outer diametetipg into the groove in the
nozzle insert

4) Thread the aft closure into the motor case by hand until 1/16 inch gap remains between
the caseand the closure

5) Install the propellant grains into the liner

6) Place greased forward seal disk ( 1/16 inch thieki8linch outer diameter

7) Insert the smaller (@ing) end of the seal disk into the open end of the liner tube until
the seal disk flange is ad against the end of the liner

8) Place the greased forward (1/8 inch thick, 2 inch outer diametem@into the case,
seated against the forward seal disk

9) With the motor case held in a horizontal position, thread the completed forward closure
assemblyinto the open end of the motor case by hand until it is seated against the case

10) Finish tightening the aft closure by hand until it is seated against the case

5.1.3 Setup on launcher
1) Insert motor into launch vehicle
2) Verify CG location (CP is at 56 inches)
3) Carryassembled rocket to AGSE
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4)

5.1.4
1

5.1.5
1)
2)
3)

5.1.6
1
2)
3)

4)

5.1.7
1)
2)
3)
4)
5)
6)

Slide rocket launch lugs onto -5 launch raibn AGSE

Igniter installation
Ensure that igniter lead is connected to correct control terminal

Launch procedure

Arm the 4 altimeters using a small screwdriver inserted througinkedpressure ports
Clear personnel from launch area

Check that there are no environmental hazards or vehicle remnants nearby

Troubleshooting
Check for continuity between control booth and launch pad
Check igniter is fully installed
Check connectionsmigniter
a. Check connections are not in contact with each other
b. Ensure igniter leads are securely wrapped around alligator clips
Check for correct beeps from altimeters

Postflight inspection

Ensure all black powder charges have fired

Inspect vehicle fovisible external damage

Turn offall altimetersand electronic components except marked competition altimeter
Inspect parachutes for tears

Collect all parts of vehicle

Remove and clean motor casing

5.2 Safety and Quality Assurance

521

5.2.2
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Acceptable Risk Levels

Asdescribed above, the team was able to successfully fly its¢ale vehicle. Because

no one was injured as a result of the flight, this launch shows how the current risks to
LISNE2YY St & F NBadzZ G 2F GKS G4SFYQa RSaA3dy
Risk Asessment

When working with explosives, attention to safety and mitigating risks is essential. It is
important that all personnel all wellersed with working with vehicle and other
hazardous materials. However, the team will default to the LSO to makeadltélls on

the safety of the launch operations. Furthermore, the LSO will be the one to initiate the
launch procedurednserting the igniter autonomously also poses additional risks to the
team and other personnel. There will inevitably be a longeayléb respond to issues
since the igniter is not being insert manually. As a result, the team will thoroughly
practice inserting the igniter with its system to ensure that there is minimal risk and
error. Having a dowel in the motor also creates the risklmking the flow, causing a
motor failure. However, the team will mitigate this risk by using a Gih2B dowel, the

size recommended by the manufacturer of the motor.
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5.2.3

5.24

Environmental @cerns

The environment can play a significant impact in preventiagfa and successful

vehicle launch. Precipitation is one of the key environmental risks when launching a
rocket as it has the potential to short any electronics contained within the rocket or on
the AGSE. Water could also weaken the structural propesfigsrious rocket
components (e.g. the body tube) creating potential safety hazdvidseover,cloud

cover has the potential to obscurbée rocket at higher altitudes, resulting ansafety
concern. When the vehicle or the payload stages float down imgbevery stage, the
parachutes can potentially become entangled in the power lines or trees, preventing a
safe and total recoveryl.o account for these potential hazards, the team will check to
make sure that there are no power lines or other hazards ngarhis check will be

done before the vehicle is launched.

However, thevehiclehas the potential to impact the environmeas well The most
unavoidable impact would be the pollution caused by the combustion products of the
motor. This impact cannot beitigated without entirely scrubbing the launch. Another
environmental impact would occur if there was any debris caused by a failed or
damaged rocket. If not all collected/recovered after the completion of the launch, any
material would become litterTheefore, the team will check to make sure that there is

no debris nearby, and that it collects all pieces of its own vehicle for the safety of others.
Fire is a possible environmental impact that could occur if either the motor casing (being
hot after full urn of the motor) comes in contact with something flammable or if the
rocket impacts something while still under powgéithough this risk cannot be

mitigated with an item in the checklistdyis risk is being mitigated by choosing a long
enough descent athby ensuring that the rocket leaves the launch pad at a velocity high
enough to prevent it from going off course. The final possible environmental impact
would be any damage caused by collision with the rocket. This risk is being mitigated by
using redundnt charges for each parachute as well as redundant altimeters to lower

the risk of the parachutes not deployin.K S G Sl YQa OKSO1fAaida AyOf
these redundancies are implemented.

Safety Officer

WEYAS wS3aAazy Aa (A% resul bhe i@ despansibfeSoi dakidgBuFeh O S NJp
the team follows all safety regulations. She is also the primary lead in following the

checklists. To provide redundancy, two other members of the team will be chosen to

check itthe checklistis filowed® | | Ay 3 GKNBS LIS2LX S Y2y Ad2NA
ensure that the team remains safe and follows quality and procedure protocols.
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6 Project Plan
6.1 Budget plan

Total
ltem Amount | Price
AGSE BeagleBone Black 1 $40
Leadshine M542 Stepper Mot@river (for
launch rail) 1 $45
StepperOnline Microstep Driver (for ingiter) 1 $20
Nema 17 Bipolar Stepper 1 $10
Nema 23 Geared Stepper Motor 1 $60
5mm-5mm Couplers 1 $5
USB Extension Cable 1 $2
USB hub 1 $10
Thunder Power 37 V Battery 1 $340
12V Step Down to 5V Power Module 1 $10
2.1 mm Coax Power Plug 1 $5
48 V Step Down to 24V Power Module 1 $40
12V Step Down to 6V Power Module 1 $10
Thunder Power 12 V Battery 1 $100
Xtend Radio Units 2 $600
Camera (for video feed) 1 $30
Camera (for image processing) 1 $100
1/16" x 3' x 2' Sheet metall 1 $20
Steel Plate for gears (1'x2'x1/4") 1 $35
3/16" Steel Plate (for ratcheting stops) 4 ft $45
3/4" Dia. X 2'long 1045 Cold Drawn Metal
Round 1 $20
1"x1" Aluminum Railing 8 ft $15
Aluminum Railing 1.5"x1.5" 48 ft $200
10 S 2 Hole Inside Corner Bracket 6 $13
10 Sto 15 S 2 Hole Corner Bracket 14 $38
15 S 2 Hole Inside Corner Bracket 29 $68
15 S 4 Hole InsidBusseiCorner Bracket 2 $10
15 S 6 Hole Joining Plate 4 $19
15 S 2 Hole Inside Gusset Corner Bracket 18 $62
15 S 3 Hole Joining Strip 6 $21
15 S 3 Hole Pivot Plate 2 $17
15 S 4.5" Pivot Arm 2 $9
1/4-20 Fnut 60 $22
5/16-18 Fnut 200 $96
Lynxmotion Servo Controller (for arm) 1 $40
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22 gage servoonnector wire 100 ft $32
Molex lockable connectors and pins 50 $40
Miscellaneous hardware (nuts/bolts/washer -- $100
Gripper for Robotic Arm 1 $40
RobotShop M100 RAK Robotic Arm 1 $600
1/8" Balsa wood dowel 1 $1
Crystal Oscillator 2 $25
12"x12"x1/4" Delrin Sheet 1 $25
3/8"-8 Acme nut 2 $10
Threaded Rods 5 ft $35
3/4" x 2' PVC Pipe 1 $2
PVC Caps 2 $5
Super Lube 2 $8
Vehicle LOC 4" Kraft Paper Body Tube 2 $25
tww {{F YR Ng“? /[ 2dzL3 S 1 $20
ARR Airframe ®p ¢ E onTtT1 6|
Airframe/MMT 1 $60
lww ! ANFNIYS popé E 1 $90
LOC 3.814" Coupler 3 $15
Fiberglast 3k, 2 x 2 Twill Weave Carbon Fib
Fabric (1 yard), 50" wide, .012" Thick 1 $60
Aircraft Spruce Domestic Birtht € g 2 2 R
x4 1 $120
I ANDNI Fd { LINHzOS 52 Y4
x4 1 $140
Epoxy and hardener 1 $50
Paint -- $30
Rail buttons 4 $10
AIM USB Rocket Altimeter 2 $200
StratoLogger Altimeter 2 $160
GPS Bee 3 $95
K805G motor (full scale) 2 $230
I285R0 motor (subscale) 2 $125
Wires -- $30
Nose cone (full scale) 1 $60
Nose cone (subscale) 1 $35
Motor casing (full scale) 1 $100
Motor casing (subscale) 1 $65
Kevlar shock cord 60 ft $125
18" Fruity Chute Classic Ellipti€arachute 1 $55
48" Fruity Chute Classic Elliptical Parachutg 1 $115
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36" Fruity Chute Classic Elliptical Parachutg 1 $85
Black powder 11lb $20
RATTworks ARRD 1 $95
Igniters 5 $10
Door latch 1 $20
2"x4'x8' Blue Foam 1 $40
Lockable Rotar$electing Switches 4 $25
Motor Retainer (for K805G) 1 $31
Neodymium magnets 6 $20

Subtotal - -- $5,461

12

Other Travel expenses (hotel, rental car, gas) people | $3,000
Incidentals (replacement tools, hardware,
safety equipment) -- $1,000
Shipping costs $750

The current budget plan reflects the purchases and updates made since the CDR. The majority of
the changes were made to the budget for the AGSE. For examplierabkets, railing, and bolts

that the team purclased for the AGSE weaelded The wires and connectors necessary to

rewire the robotic arm have been included as waB.for the vehicle, the magnets to seal the
sample compartment were also added to the vehicle portion of the budget. Although the 5mm
couplers for the AGSE and the door latch are no longer being used in the project design, they are
still included in the prject budget since they have already been purchased by the team. At a

total of $5,461, the team is currently well undbudget. Because some items for the AGSE need

to be purchased (most notably the steel plate and sheet metal), this total may fluctigtiéysl

as the expected and some unforeseen items are purchased. However, the buffer between the
current projected budget and the total allowable budget is large enough that these small

changes will not make a significant difference. Because the teamlisng®rbudget, any

overages in the budget during flight week will not severely impact the team. These overages

may result from undeestimating the price of the hotel or rental cérloreover, if something

breaks or is lost, then the team will need to fiagdeplacement in Huntsville. By thorough

planning and careful work, the team hopes to limit any overages during flight week.

6.2 Funding plan
Theteamreceived $2,60 from the Engineering Technology Fee Fund from the Mechanical and
Aerospace Department dorth Carolina State Universigfter a proposal was submittedfter
a proposal, interview, and appeahd Engineering Council at NCSU has also granted the club
$1,500 for the fall semestemd $2,000 for the spring semestdihe Student Government
Apprapriations committee has given $1,000 through a proposal and interview for the spring
semester. Two proposalsne for competition andonefor senior design, were submitted to the
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NC Space Grant. NC Space Grant has granted the club $5,000 for the compatitt2,000 for
senior designTablel3below contains a summary of the funding sources described above.

Table13Funding Sources

NORTH CAROLIMA STATE UNIVERSITY

Source Amount
NCSU MAE Department EHding $2,600
NCSU Engineering Council $3,500
Student Government Appropriatior $1,000
North Carolina Space Grant $7,000
Total $14,100
6.3 Timeline
Tablel4 Timeline of Major and Minor Events
Event/Task StartDate Finish Date
Completed PDR Submission 11/5/2014 11/5/2014
PDR Team Teleconference 11/18/2014 11/18/2014
Critical Design Review (CDR) Writing 11/6/2014 12/15/2014
Build Subscale 11/5/2014 11/20/2014
Ejection Testing on Subscale 11/20/2014 11/20/2014
Prepare Subscale for Launch 11/21/2014 11/21/2014
Initial Subscale Launch 11/22/2014 11/22/2014
Camera Experiment 11/24/014 12/1/2014
NCSU Winter Break (no building access) 12/16/2014 1/6/2015
Successful Subscdlaunch 12/20/2014 12/20/2014
CDR Writing 1/7/2015 1/15/2015
Initial Calibration of Arm (Experiment) 1/8/2015 1/13/2015
Completed CDR Submission 1/16/2015 1/16/2015
Astronomy Days Outreach Event 1/24/2015 1/25/2015
CDRTeam Teleconference 1/26/2015 1/26/2015
NC Science Olympiad Outreach Event 2/7/2015 2/7/2015
Construction of FulBcale Vehicle 2/10/2015 2/27/2015
Raleigh Charter Outreach Event 2/20/2015 2/20/2015
FullScale Ejection Tests 2/26/2015 2/26/2015
Runthrough of Checklist fafFullScale 2/27/2015 2/27/2015
Successful FuBcale Flight 2/28/2015 2/28/2015
Construction of AGSE 3/3/2015 3/31/2015
Construction of Electronics Bay for AGSE 3/9/2015 3/9/2015
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Construction of Mount for Arm 3/10/2015 3/10/2015
Construction otaunch Rail/Vertical Supports 3/11/2015 3/11/2015
Writing of FRR 3/7/2015 3/15/2015
Completed FRR Submission 3/16/2015 3/16/2015
Finish Translating Imaging Code 3/16/2015 3/20/2015
FRR Team Teleconference (Tentative) 3/18/2015 3/27/2015
Camera +Arm Experimenand Painting Fulbcale [3/23/2015 3/27/2015
Integrate Gearing System/Igniter Inserter 3/25/2015 3/31/2015
Prepare for Competitioand Test AGSE Integrat 3/31/2015 4/6/2015

Team Travel to Huntsville, Alabama 4/7/2015 4/7/2015

Launch Readiness Review (LRR) 4/7/2015 4/7/2015

NASA Safety Briefing 4/8/2015 4/8/2015

Rocket Fair and Tours of MSFC 4/9/2015 4/9/2015

Launch Day 4/10/2015 4/10/2015
Sigma Gamma Tau Boy Scout Merit Badge Evi/4/11/2015 4/11/2015
BackupLaunch Day 4/12/2015 4/12/2015
Senior Picnic (full scale launch) 4/27/2015 4/27/2015
PostLaunch Assessment Review 4/29/2015 4/29/2015
Winning Team Announced by NASA 5/11/2015 5/11/2015

The team is confident that it will havefally-working AGSE by competition in April. With a
successful fulscale flight on February 28, the team almost finished with the vehicle. The only
major task left to be done is painting the vehicle for the competition. Meanwhile, construction

of the AGSHas already begun. The base is fully assembled, and the launch rail, ratcheting stops,
arm base, and electronics bays are nearly complete. After the completion of the FRR, the team
will continue to finalize these components. It is critical that the arm eardera experiments be
finished by March 27 to allow time to debug the processes. By finishing the construction of the
AGSE by March 31, the team will allow for several days to test the overall system and eliminate
any remaining flaws. By doing tests aldhg way, the team is confident it will have enough

time and deliver a completed, successful project.

6.4 Educational Engagement plan and status
Tripoli Summer LowMid Power Launches
During the summer, NCSU High Powered Rocketry Club attended-fagi@d lowmid power
rocket launches on May 24th, June 28th, July 26th, and August 16th. During these launches the
club members Chris Celestino, Emily Gipson, Jamie Region, Josh Ridigsl klartz assisted
the Tripoli organization with setting up and taking down the launch site in Butner, NC, setting up
an information table for kids and adults to learn about High Powered Rocketry, launching our
subscale demonstrators from previous ygaand helping to recover rockets. There werel50
people that attended each of these launch&be team participated in this event again on
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January 31, 2015. This time, however, Chris Celestino, Emily Gipson, Joshua Pickles, Will Martz,
Andrew McKeonand Mitchell Plyler participated in the event.

Location:Perkins Field, Butner, NC 27509

Dates:May 24,2014;June28, 2014, July 26, 2014; August 16, 2014; January 31, 2015

GE Aviatiorg Manufacturing Day

Chris Celestino and Collin Bolton attended!GBA | G A2y Qa al ydzFl OGdzZNARy 3 RI
plant in Durham, NC. This event was open to a number of students from the surrounding area

and had approximately 80 high school students from 4 different high schools (including the

early-college STEM schaatl NC State) and another 25 students from the NC State Career

Development Center. These students made up a majority of the audience, but adults

participated as well. Roughly 150 people were in attendance.

b/ {GFrGdSQa | A3K t 2¢ S Nayvwmaleddr iinkbBmatiorf fairdo pfovdda G SR | R
a2YS aySEG adGSL¥ ARSIa FT2N aiGdzRSy & 6K2 | NB Ay
members engaged participants about NC State Aerospace Engineering, Rocketry, and the High

Power Rocketry Club with a tableptalisplay, handsn and interactive elements, and haiodit
AYF2NXYIEGA2Y Fo2dzi GKS Ofdzo FyR b/ {GFGSQa ! SN
Location:GE Aviation 3701 S. Miami Boulevard, Durham, NC 27703

Date: Friday, October's, 2014,10:00¢ 1:00PM

Astronomy Days

Astronomy Days is a yearly event that celebrates aviation and rocketry, and was held over two
days at the Museum of Natural Sciences in Raleigh. The team was able toS@et3@e to
volunteer at the event on both days. Tacho Lycos was invited to host aattile event and
educate children and adults about the basics of rocketry. The team used the opportunity to
AK2¢ (0KS LlJzofAO NRO1SGa&a FNRBY (GKS OfdzoQa LI &l |
people attended Astronomy Days this year, and ¢héd was able to outreach to almost 6000

kids (grades#2) and adults. The event was also used to promote theMahPowered Tripoli
event to be held on January 31.

Location:North Carolina Museum of Natural Sciences, 11 W Jones St, Raleigh, NC 27601
Daes: January 245, 2015

North Carolina Science Olympiad

Chris Celestino, Joshua Pickles, Will Martz, and Emily Gipson assisted in the NC Science Olympiad
in February 2015. Each team member was assigned different tasks by the even coordinator.
Chriswask S S@Sy i f SORI &2N) OXBLIB®HEBA2Y HKSNBE YARRE S
students had to safely launch and recover an egg with a water bottle rocket. Chris was in charge

of judging the event and coordinating with other volunteers. Emily and Will welgegiand

S§OSyi tSIRa F2NJ GKS a! ANJ N} 28SO0G2NBEE -®BEGSYy (i Ay
ball. Joshua acted as a judge for the simple and compound machine events. In this event, the

middle and high school students had to determine theaaif three unknown masses within a

time limit. The team was able to reach out to over 400 middle and high school aged kids and

their families.

Location:Campbell University, 143 Main St, Buies Creek, NC 27506
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Date:February 7, 2015

Raleigh CharteOutreach Event

The team was invited to give a presentation to the Astronomy Club at Raleigh Charter high
school. This club is interested in all aspects of space as was connected to the club after the NC
State Engineering Open House (at which the team libat&ble to represent the club). Chris
Celestino, Emily Gipson, Mitchell Plyler, Zach Giankos, Braedon Earp, and Daniel Mahinthakumar
gave a presentation that covered the basics of flight, rocketry, stability, and the NASA 2014

2015 student launch compdibn. All 20 students at the event were fascinated in what the team

had to say, and spent the majority of an hour asking questions.

Location:Raleigh Charter High School, 1307 Glenwood Ave, Raleigh, NC 27605

Date:February 20, 2015

Sigma Gamma Tau Boy Scout Merit Badge Event

The club is also planning on partnering with NCSU's chapter of Sigma Gamma Tau to host their
annual Boy Scout Merit Badge Event in the spring of 2015. On the morning of this event, the
club launches a model roekfor the enjoyment of the Boy Scouts and their families. Sigma
Gamma Tau then gives a presentation for those attending before the Space Exploration badges
are awarded. This even takes place at NCSU's campus and involves argiihnB@0Scouts and
their families. The details of this event will be finalized in spring 2015.

Location:North Carolina State University's campus, Raleigh, NC 27695

Date: April 11, 2015

7 Conclusion

The team is satisfied with the design that we have created and presented fdlAB& Student
Launch Competition. The analysis and experiments preformed lead the team to believe that we will
be successful in Huntsville, AL and look forward to the next challenge.

8 AlternateChecklists

8.1 Subscale
1) Retrieve nose cone/upper airfrangection
2) Check that the two screws to hold the nose cone are tigdimg Philips head screwdriver
3) Check that the four coupler screws to hold coupler are tighihg Philips head screwdriver
4) Retrieve middle airframwvith avionics bay
5) Carefuly pull avionics bay from middle airframe making sure not to pull out wiring
6) Unscrew lower section nuts and pull bulkhead off threaded rods
7) Pull avionics sled out of avionics bay with upper nuts still through the threaded rods
8) Insert the two bateries into each of the battery trays
9) Connect battery snaps on each battery
10)Insert avionics sled back into avionics bay making sure no wires are crossed and the sled is oriented
with the sleds nuts facing the correctly marked position
11)Runavionics bay threaded rods through the lower bulkhead and attach nuts on each finger tight
12)¢ AIKGSYy ydzia 2y 020K SyRa 27F | oy yNIO&B&EE oA 0K
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13) Attach ematch wiring to terminal block 1 and ensure tivges are secured

14)Insert primary main black powder charge into cap 1 on top of avionics bay

15) Insert ematch into cap 1

16) Insert wadding into cap 1 and cover cap 1 with blue painters tape

17) Repeat steps 1316 with redundant main black pa¥er charge into cap @n top of avionics bain
terminal block 2

18) Slide avionics bay into middle airframe making sure that the arrows are aligned

19) Remove four screws from pill bottle and screw into the four screw holes with a Philips head
screwdriver

20) Repeat steps 1316 with primary drogue black powder charge into cap 1 on bottom of avionics
baywith terminal block 1

21) Repeat steps 1316 with redundant drogue black powder charge into cap 2 on bottom of avionics
baywith terminal block 2

22) Retrievggreen and blacknain parachute and shock cord for upper airframe

23) Remove rubber band from parachute

24) Attach quickink with no blue tapen shock cordo the top of the avionics bay (should be the long
section of shock cord thatttaches to the avionics bay)

25) Verify quick link is connected by another individual

26) Insert Kevlar sheet protector and parachute into middle airframe

27)Attach the quick link with blue tape on shock cord to the nose cobelt

28) Verify quiclink is connected by another individual

29) Insert nose cone section into middle airframe making sure the shear pin holes are aligng@ &ith
30) Install two shear pins into middle airframe to connect nose cone to middle airframe

31) Retrieve red andhite drogue parachute and shock cord for lower airframe

32) Remove rubber band from parachute

33) Attach quick link with no blue tape on shock cord to the avionics bay

34)Verify quick link is connected by another individual

35) Attach quick link witblue tape on shock cord to the fin sectiorodIt

36) Verify quick link is connected by another individual

37)Insert Kevlar sheet protector and parachute into fin section

38) Insert middle airframe into fin section aligning the arrow for shear pins

39) Insert two shear pins into fin section using a small flathead screwdriver to connect the fin section to
the middle airframe

nno ! GGrOK 1 dzyOK fdzZ3a FyR SyadaNBE GKS& IINB (GA3IK(GS
41) Retrieve motor and assemble in RMS 38/600 motora Ay 3 | OO2NRAYy3I G2 YI ydzF | (
42) Instill motor casing into motor housing

43) Rotate motor retention clips to lock onto motor over the electrical tape

44)HaveConori A AKGSY Y20G2NI NBGSydAz2y Of ALXensionh G K o0& NI GOK
45) Check CG location and verify static margin

46)Carry assembled rocket to launch pad

47) Slide rockeiaunch lugs onto 120 launch rail

48) Erect rocket to vertical position and verfyiafigied into the wind

49) Flip red switch and véyicontinuity

50) Flip black switch and verify continuity
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51) Have certified individual insert igniter into motor
52) Attach leads to igniter from control station

53) Verify which lead number is being used

54) Firethe missile/rocket

9 Appendix

9.1 Milestone Review Flysheet

Milestone Review Flysheet

Institution North Carolina State University Milestone

Vehicle Properties Motor Properties

Total Length (in) 78 Motor Manufacturer(s) AeroTech
Diameter (in) 55 Motor Designation(s) K805G
Gross Lift Off Weight (Ib) 19.9 Max/Average Thrust (Ib) 180/163
Airframe Material BlueTube 2.0 Total Impulse (Ibfsec) 390
Fin Material Plywood Mass (before, after burnjlb) 3.40/1.48
Drag Liftoff Thrust (Ib) 100

Stability Analysis AscentAnalysis

Center of Pressure (in from nose) Maximum Velocity (ft/s) 547

Center of Gravity (in from nose) 46.5 Maximum Mach Number A7
Static Stability Margin 1.7 Maximum Acceleration (ft/s"2) 266
Thrustto-Weight Ratio 9:1 Target Apogee (1s$tage if Multiple Stages 31001t

Rail Size (in)/ Length (in) 1.5/96 Stable Velocity (ft/s) 44
Rail Exit Velocity (ft/s) 72 Distance to Stable Velocity (ft) 3.85

Recovery System Properties Recovery System Properties

Drogue Parachute Main Parachute

Manufacturer/Model Fruity Chutes Drogue Chute Manufacturer/Model Fruity Chutes Classic Elliptical
Size 18in Size 36in/48in
Altitude at Deployment (ft) 3000 Altitude at Deployment (ft) 1000/ 700
Velocity at Deployment (ft/s) 0 Velocity at Deployment (ft/s) 72
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Terminal Velocity (ft/s)

72

Terminal Velocity (ft/s)

21/24

Recovery Harness Material

2000 Ibtest Flat Kevlar

Recovery Harness Material

2000 Ibtest Flat Kevla

Harness Size/Thickness (in)

Harness Size/Thicknegs)

11

Recovery Harness Length (ft)

25

Recovery Harness Length (ft)

25/25

Harness/Airframe

Forward: AARD on Sample/Nosecose sec

Harness/Airframe

Forward: Ubolt on middle airframe

Interfaces
Interfaces
Aft: U-bolt on middle airframe Aft: U-bolt on fin section bulkhead
Kinetic Section 1| Section 2 Section 3 Section 4 Kinetic Section 1 Section 2 | Section 3| Section 4
Energy of
Energy of Each
Ea;: Ez)d'o” 1400 N/A N/A N/A Section 62 61 N/A N/A
(ft-Ibs)
Recovery Electronics Recovery Electronics
Altimeter(s)/Timer(s) Perfectflite Stratologger SL1MRerfectflite Rocket Locators .
(Make/Model) Stratologger CF/Entacore AIM 3 (2) (Make/Model) Digi XBedro XSC
Redundant apogee chargell have a2 Transmitting Frequencies 900 MHz
Redundancy Plan bseconddelay. l\(;liur;(r)%dungsgé:h?rzgvill t
€ programTe _O an e_e a Black Powder Mass Drogue 12
125% primary charge size. Chute (grams) .
Pad Stay TiméLaunch 1 hour Black Powder Mass Main o112

Configuration)

Institution North Carolina State University

Chute (grams)

Milestone Review Flysheet

Milestone

Autonomous Ground Support Equipment (AGSE)

Overview
Capture
Mechanism | A purchasedobotic arm will use an image recognition system based on color identification to locate and direct itself to the san|
be grappled.

Overview

Container

Mechanism A 3D printed mold will be placed inside the door and be attached to the avisleitsThe mold will be able to fit the sample and th

door closing will lock the sample into place.
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Overview
Launch Rail
Mechanism | The launch rail will be raised by a geared stepper motor. While being raised, the rail will be supportadchgting brace in case of
loss of power. Once fully raised, a pin will engage into a hole in the side of the launch rail sector gear to locleit in plac
Overview
Igniter
Installation
Mechanism Stepper motor powered linear actuator will raie igniter into the rocket on a wooden dowel.
CG Location of Launch Pad (in inches) When Rail is Horizontal (Use Base of Rail as the Reference 25.1 inches
. Thetipping side windspeedwith the launch vehicle in the verticpbsition is 38 mph.
Moment Analysis L . . L . o
Thetipping headwindspeedwith the launch vehicle in the vertical position is 51 mph.
Both values are above the Tripoli Rocketry Assoc. 20 mph maximum launch wind speed.

Overview

Payload 1

Test Plans, Status, and Results

The payload will be made of 0.75 x 4.75 inch PVC tubing filled with sand and weigh approximategsiThe payload will be a
cylindrical shape approximately with a 0.75 inch diameter and a 4.75 inch length. Ends of the tubing will be securededfP\don
caps.

Ejection charges will be sized specific to the compartment to be separated. Charges will be constructed with black pd€rdap

Test Flights

Ejecti . . . . . :
ch ;?celc;lsts with an ematch secured in th®V by waddingand painters tapeEach altimeter will be connected through a USB port to a laptd
9 with the Perfectflite DataCap programhe drogue and main charges deployed as expected and successfully.
Subscale The subscale flighests occurred ofNovember 229, 2014 andDecember 20, 2014. The December 2@aunch was a complete
Test Flights success and a proof of concept fbe full scaldaunch vehicle.
Fulkscale The full scale flight test took place on February 28, 2015 and was a complete success with 7 black powder chargesdirbdies p

deployed, and the ARRD separating the two sections.
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Milestone Review Flysheet

Institution North CarolinaState University Milestone

9.2 FMECA Failure Modes
Structures

Failure Effects

Function /

Component

Failure Mode

Causal Factors

Manufacturing
defect

Loads beyond

Subsystem

Individual

Hazard
System

Visual inspection

Recommendations

prior to use

Maintain vehicle
within design
specifications

Adhere to proper
handling procedure

Damaged during
handling

Improper
maintenance

design ) Unintended 1
. specification sections launch
Blue Tube Airframe Cracks or breaks structural vehicle
Damaged during| M€y at | o000 ation 1
handling risk
Improper 1
maintenance
Poor design
Manufacturing
defect
Separation of Loads beyond Unable to Iozilrc]j(;ri?lsgtie
Bulkheads bulkhead from other design transfer loadsl  structural
structural members|  SPecification
members

Pre/post launch
inspections

FEA of bulkhead
fixed support

QC of manufacturing
process

Maintain vehicle
within design
specifications

Ensure analysis
includes handling
loads/adhere to
proper handling
procedure

STATE UNIV

Pre/post launch
inspections
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Poor design

Manufacturing

FEA of bulkhead
stress

QC of manufacturing
process

Maintain operations
within design
specifications

Damaged during
handling

Improper
maintenance

Damage/separation defect Unable to Loss of sgfe
support loads| and effective
from parachute Loads b d of chute recover
deployment 0ads beyon y
design deployment system
specification
Improper
Maintenance
Poor Design
Manufacturing
Defect
Nor-Compromisin Potential for No system
P 9 Loads beyond future level safety
cracks .
design damage effect
specification

Pre/post launch
inspections

FEA of bulkhead
stress

QC of manufacturing
process

Maintain operations
within design
specifications

Adhere to proper
handling procedure

Fins

Poor design

Manufacturing
defect

Damage from impaci

Damaged during
handling

Loads beyond
design
specification

Improper
maintenance

Loss of future
fin use

Possible
damage to
other
components

NORTH CAROLIMA STATE UNIVE

Pre/post launch
inspections

FEA

QC of manufacturing
process

Adhere to proper
handling procedure

Maintain operations
within design
specifications

Pre/post launch
inspections
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Manufacturing
defect

QC of parts received

. Loads beyond Loose Separation of Maintain vehicle
. Breaking before . : - .
Shear Pins : design assembly of vehicle within design
charge detonation o o
specification compartment| compartmentg specifications
Improper Use ofnew pins after
maintenance each launch
Design to ensure
Poor design secure sled with
redundancy
Manufacturing
defect QC ofmanufacturing
process
e | oseo
Avionics Sleds Detaches from | Damaged during wiring of recovery
secured position handling ‘N9 system Adhere to proper
avionics initiation handling procedure
components
Loads beyond Maintain operations
design within design
specification specifications
Improper Pre/post launch
maintenance inspections
Manufacturing .
defect QC of part received
Nor-compromisin Potential for No system
Nosecone craréks g Damaged during future level safety Adhere to proper
handling damage effect handling procedure

Loads beyond
design

Maintain vehicle
within design

NORTH CAROLIMA STATE UNIVE
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specification

Improper
maintenance

specifications

Pre/post launch
inspections

Manufacturing
defect

Damage from impac|

Damaged during
handling

Loads beyond
design
specification

Improper
maintenance

Loss of future
nosecone usH

No system
level safety
effect

QC of part received

Adhere to proper
handling procedure

Maintain vehicle
within design
specifications

Pre/post launch
inspections
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Premature

Damaged during
handling

separation from othe
structural members

Improper
maintenance

Potential for
structural
damage

Loss of
controlled
and stabilized

flight

Adhere to proper
handling procedure

Pre/post launch
inspections

Recovery

Function /
Component

Failure Mode

Causal Factors

Failure Effects

Subsystem

System

Recommendations

Deployment failure

Charge is too
small

Complete

Unsuccessful| Rocket is not . .
Black Powder experimental testing
parachute safely
Charges to ensure proper
deployment recovered charae sizin
Violent ejection 9 9
causes accidental | Charge is too big
separation
. Rocket is n .
No power to avionics N ocket Is not Use new batteries fo
- Dead battery No ejections safely
S or igniters each launch
Avionics recovered
Interference from RF MProper design| s gjections | Damage from- Complete testing of
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transmitter or mistimed | high velocity electronic devices
ejections ejection
Bug in altimeter Manufacturer .
: Large drift .
coding defect Test two altimeters
from early
L for redundancy
ejection
. Improper
U-bolt failure attachment Separation of _ Make sure
rocket section Rocket is not components are
Bulkhead and tbolt safely P
from adequately
recovered
parachute constructed
Bulkhead failure Improper
attachment
Ensure that
Parachute parachutes and shod
tangling cord arefolded

Remote sensor 0
rocket section
from parachutes

Parachutes d(

Rocket is not

correctly

Construct the rocket
so the wires are out
of the way

Parachute Parachutes (3) fail td
deployment deploy correctl not correctly safely
ploy ploy y deploy recovered
Fold bags correctly
Parachute bags d and make sure

not fully open nothing can snag the

parachutes

Shock cord
connections com Check all shock corc
loose
Exploding Eyebolt Eyebolt fails to Improper Upper and | Rocket is not Make sure
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(ARRD)

detonate

wiring/attachment

middle
airframes do
not separate

safely
recovered

components are
adequately
constructed

Manufacturer Test two eyebolts fo
defect redundancy
Premature Make sure
Improper separation of s components are
wiring/attachment| connections LZFS;:EZ“S}? adequately
Premature detonatio] between ! constructed
lower
lower and airframe
RF interference middle Complete testing of
airframe electronic devices

Aerodynamics

Function /
Component

Failure Mode

Causal Factors

Failure Effects

Subsystem

System

Recommendations

Fins are not
attached at the
correct angle

Fins layout cause

Aerodynamic
forces from

Trajectory is

Use fin jigto ensure
angles are correct

Fins : fins are not | different than
unexpected trajector
the same expected
from each fin '
. Shape fins to
Fins are not e
: specifications beforg
symmetric . .
installation
Aerodynamic
Nosecone forces are | Trajectoryis
. : Manufacture . Inspectnoseconand
Nosecone imperfections lead tc greater on ond different than
: defect : sand to correct shap
altered trajectory side of the expected
nosecone
Rocket Sections Rocket sections | Deceleration of |  Sections | High velocity Make sure shear pin
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separate before
charges ignite

the rocket

separate early

separation

Premature
parachute
deployment af
high altitudes

and screws can hold

Propulsion

Failure Effects

cl;: unction / t Failure Mode Causal Factors Hazard = Recommendations
omponen Subsystem System
. Motor
Motor breaks Material or Motor_ system damages Inspect bulkhead
Bulkhead construction is 1 :
through bulkhead . rocket frame prior to launch
flaws compromised
or contents
Superficial 4
damage .
Motor is not | Rocket is not Check motor casing
: . before launch,
. Damageto motor . safe if major | safe to launc .
Motor Casing : Motor inoperable . . remove foreign
casing damage if damage is .
. objects from motor
occurs major area
Motor casing
fracture
Rocket fails to
launch o
Reduced Rocket does ri?[:i zjne(: n:z;unéz;\lm
Contamination of Over-oxidized performance | not launch or . P _p y
Fuel : and in isolation /
fuel reaction of rocket perform as
order from reputable
motor expected source
Reduced fuel 3
efficiency
Construction or
measurement | tprst is not Unpredicted 1 Check motor
Construction Motor misalignment error in expected P alignment during
S trajectory .
direction construction
Rocket frame
1
fracture
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Unpredictable 3 L hi

) rocket trajectory aunchin an open

Launch interference area, wait for clear

Launch . . Launch when clear .
from foreign object airspace before
Rocket frame launch
fracture
Stability

Failure Effects

Function / . .
Failure Mode Causal Factors Recommendations
Component

Subsystem System

Physicallymeasure
Cg the location of the
center of gravity
- Use Barrowman's
. Stability
Expected numbers Error in - method/OpenRocke
Cp . . characteristics . .
are different from calculations and are different 1 to determine locatior|
actual measurements than projected  Flight path of center of pressure
and :
characteristicg Calculate by using
Static Margin in jeopardy the locations _of the
center of gravity and
pressure
Largg Static margin Ensure all rocket
Weight shiftcauses acceleration or change due tg components are
Weight Shift N ; . deceleration ang 1 P .
center of gravity shift : shift in center secure during
forces an object : ;
1o shift of gravity construction process

Sample Compartment

Function / Failure Effects

c i Failure Mode Causal Factors Hazard Recommendations
omponen Subsystem System

Springloaded locks Bracket Door doesn't| Rocketis not Careful inspection ag
Door . o dv t 1 part of preflight
don't lock misalignment | shut securely ready 1o hecklist
Launch. Door checklist.

NORTH CAROLIMA STATE UNIVE
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Excessive spring
force required to
lock

Debris in lock

Excessive arm

could open

duringflight
and cause
instability.

Calculation based of
energy required to
compress spring.
Tests during build
process.

Inspection apart of
pre-flight checklist.

Tests during build
process to ensure th

pressure arm behaves
) ] correctly.
Hinges Fail
Manufacturing Inspection and tests
defect during build.
Breaks Excessive loading Bild to withstand
N max force of arm.
Sample free Mission
to move and .
Sample Mold . requirements
at risk of
not met
damage
Misalignment of Inspection during
mold preflight checklist.
Doesn't hold sample]
securely Verified during build
Sample cut out .
improperly sized and preflight
checklist.
Visualization design
Excessive loading needs to register
Breaks ;
by arm proper location of
clamp.
Clamps

Insufficient/excessive
gripping force

Poor selection in
designprocess

Testing during build
and preflight
checklist.

NORTH

CAROLIMA STATE UMIVEI
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AGSE

Function /
Component

Failure Mode Causal Factors

Failure Effects

Subsystem

Debris

Pivot points seize

Binding of gears

System

Recommendations

Inspection during
pre-flight checklist.

Inspection during
preflight checklist.

Inspection during
pre-flight checklist.

Power backup as pa
of design.

EMF Shielding for
servo controller.

Testing during build
and preflight
checkilist.

Inaccuracies in
setup

Moves beyond 5
degresfrom vertical

NORTH CAROLIMA STATE UNIVE

Rust
Arm will not move Arm cannot Failure of
Robotic Arm i move to mission
obotc Power failure retrieve SSI0
requirements
sample
ignal
Unwanted movemen . Signa
interference
Cannotgrab with Gearing slips
claw
Structural failure
Gearing slips out

Gearing of plane
Rocket not in System
proper requires
ErectingSystem Debris in gearing| ~ vertical human

position for intervention
launch. to launch.
Motor Over/under
torqued

Inspection during
preflight checkilist.

Inspection during
preflight checklist.
Monitor during
competition.

Inspection during
pre-flight checklist.

Testing during build.
Monitor during
competition.

Testing duringouild.
Monitor during
competition.
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Igniter falls off

Testing during build.
Monitor during
competition.

Testing during build.
Monitor during
competition.

Inspection during
preflight checklist.

Inspection during
pre-flight checklist.

rail
Does noinsert all
the way
Rollers stop Svstemn
Failure to yst
N . : requires
Igniter insertion activate
system propulsion . .
Falls out completely system Intervention
inserted to |aunCh.
Bad igniter
No ignition
Short in wiring
Debris on lens
PVC not recognized| Focus of camera
in image
Brightness
. Autonomous
Failure to .
requirement
. capture
Imaging system of
sample e
competition is
autonomously
Camera not not met.
No image detected in
system
PVCin
unexpected
orientation

Incorrect distance

calculations

PVC at a distance
not in distance
curve

Powersupply failure

Distribution
failure

System
cannot begin
or stops

System does
not begin or
ceases

Inspectionduring
pre-flight checklist.

Inspection during
pre-flight checklist.

Camerashould be
selected to be
focused for small
distances in
competition.

Positioning of
camera during
competition should
not be facing the sun

Camera detection a
part of preflight
checklist.

Proper' PVC
placement as part o
pre-flight checklist.

Proper' PVC
placement as part 0
preflight checklist.

Testing during build
process and as a pa
of preflight
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operation. operation.

Dead batteries

Shortcircuits

Insufficient
voltage supply

Insufficient
current supply

BeagleBone Reset upon a
malfunction power outage

Corroded
connections

Loose
connections pre

Electrical launch
connections

Loose
connections from
launch/movemen

Sticks in
close/open

Switches position

Registering >1
press

checklist.

Testing during pre
flight checklist.

Testing during pre
flight checklist.

Testing during build
process and as a pa
of preflight
checklist.

Testing during build
process and as a pa
of preflight
checklist.

Testing during build
process and as a pa
of preflight
checklist.

Inspection as part of
pre-flight checklist.

Inspection as part of
pre-flight checklist.

Inspection as part of
preflight checklist.

Inspection as part of
preflight checklist.

9.3 Vehicle Verification Matrix
Number Requirement Satisfied by:

1.1 The vehicle shall
deliver the payload

Inspection as part of
preflight checklist.

Verification Status
Motor choice. Verified.

to, but not exceeding, The AeroTech K805G i The fultscale was
an apogee altitude of projected to send the  flown to an altitude of

3,000 feet above

NORTH CAROLIMA STATE UNIVERSITY

vehicle to3068feet. 3345feet according to
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121

1221

1.2.2.2

ground level (AGL).

The vehicle will leave
the launch rail at 55
feet per second.

The vehicle shall carry
one commercially
available, barometric
altimeter forrecording
the official altitude
used in the
competition scoring.
The altimeter will
report the official
competition altitude
via a series of beeps tc
be checked after the
flight completion.

Official Altimeter must
be marked by NASA
official.

The altimeter beeps
must be audible to the
NASA official.

NORTH CAROLIMA STATE UNIVERSITY

The addition of
weight/ballastduring
manufacturing will
allow the vehicle to
reach the desired
altitude of 3000 feet.
Motor choice and
vehicle design.

Vehicle design.

Out of the 4 altimeters
on the vehicle, one of
the Stratologger SL10C
altimeters will be used
for scoring.

Altimeter choice.

The beeps from the
Stratologger altimeter
will be usedo verify
the altitude of the
vehicle.

NASAaction.

The team will esure
that the chosen
altimeter is identified
to the officials on the
day of the competition.
Altimeter choice.

Each of the altimeters
will have loud, audible
beeps.

the Strattologer
altimeters, and 2800
feet according to the
Entacore altimetersn
the KBO5G motor.

Verified.

Calculations have
shown that the vehicle
will be able to reacf72
ft/s off of the rail. The
full-scale was able to
safely leave the launch
rail, verifying the
calculations.

Verified.

The fultscale was
successfully flown on
all 4 altimeteswhich
reported altitudes of
3345feet and 2800
Verified.

The altitudes from the
full-scale flight could be
read from the beeps.
The readings were
verified on the
computer.

Not Verified.

Completed at
competition.

Verified.

Each altimeter can be
heard from outside the
vehicle and can be
easily removed from
the avionics sleds.
Beeping is loud and
audible
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1.2.2.3

1231

1.2.3.2

1.2.3.3

1.2.3.4

1.3

All electronics, except
for the official altituce-
determining altimeter
shall be capable of
being turned off.

The altitude must be
reported via beeps: the
altimeter must not be
damaged or lose
power.

The team must report
to NASA official with
marked altimeter.

The reported altitude
must not be over 5000
feet AGL.

The rocket must be
flown at the
competition launch
site.

Launch vehicle shall be
designed to be
recoverable and

Vehicle design.

The altimetersare
armed via switches
accessible from the
outside of the vehicle.
Each altimetehasits
own switch.

Vehicle design.

The altimeters will be
set securely and safely
on the sled within the
vehicle. The batteries
used to power the
altimeters will be new
for the competition
and secured so that
they do notdisconnect
Team action.

The team will ensure
that the chosen
altimeter is identified
to the officials on the
dayof the competition.
Motor choice and
vehicle design.

The projected ideal
altitude of the chosen
motor is3068feet.
Since more weight will
be added, he vehicle
will not go over 5000
feet AGL.

Team action.

The rocket will be
safely transported to
the competition and
flown at the launch
site.

Vehicle design.

The vehiclasreusable.

Verified.

Each altimeter is armel
individually The GPS
units and radios can be
turned off by removing
their power supplies.

Verified.

The altitudes from the
full-scale flight could be
read from beepsThe
altimeters did not lose
power, as indicated by
the power graphs they
reported.

Not verified.

Completed at
competition.

Verified.
The fultscale reached
reported altitudes of

3345 and 280@eet
during testing.

Not verified.

Completed at
competition.

Verified.

Calculations show that

reusable. Reusable is Appropriate parachute the vehicle will land

NORTH CAROLIMA STATE UNIVERSITY
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NORTH CAROLIN

defined as being able
to launch again on the
same day without
repairs or
modifications.

The vehicle will land
will little to no damage.

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

The vehicle's
independent sections
will not damage other
portions of the rocket
in anyway upon
separation.

The launch vehicle sha
be limited toa single
stage.

STATE UNIVERSITY

sizeswere chosen so
that the vehicle safely
returns to the ground.

Vehicle design.

Proper parachute sizes
have been chosen so
that the vehicle
sectionsreturn safely

Vehicle design.

The vehicle will come
down in 2 independent
sections: the nosecone
and payload
compartment, and the
lower airframe and fin
section.

Shock cordengths.

The shocks cords will
be measured to be-3
times the overall lengtt
of the rocket so that
sections will not hit
each other upon
ejection.

Vehicle design.

The design uses a
single stage. The
vehicle only separates
to release the
parachutes after
apogee.

with little kinetic
energy (see section
Error! Reference
ource not found). The
full-scale safely
returned to the ground
after flight It remained
fully intact and
reusable.

Verified.

SectionError!
eference source not
found.reports the
kinetic energy
calculations. The full
scale was recovered
with no damage.
Verified.

The vehicle was built
with these two
independent sections
The fullscale
successfully separated
during flight as
planned.

Verified.

No sections impacted
each other the full
scale test

Verified.

The vehicle was
constructed to only use
a single stage
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1.6

1.7

1.8

1.9

The launch vehicle sha
be capable of being
prepared for flight at
the launch site within 2
hours, from the time
the Federal Aviation
Administration flight
waiver opens.

The launch vehicle sha
be capable of
remaining in launch
ready configuration at
the pad for a minimum
of 1 hour without
losing the functionality
of any critical orboard
components.

The launch vehie shall
be capable of being
launched by a standarc
12 volt direct current
firing system provided
by the NASA
designated Range
Services Provider.
The launch vehicle sha
use a commercially
available solid motor
propulsion system
using ammonium
perchlorate composite
propellant (APCP)
which is approved and
certified by the
National Assoaition of
Rocketry (NAR), Tripol
Rocketry Association
(TRA), and/or the
Canadian Association

NORTH CAROLIMA STATE UNIVERSITY

Team action.

The design is simple
enough that it will be
able to be fully
prepared for flight
within 2 hours.
Practicing the launch
procedures will also
make sure the team is
efficient at assembling
and preparing the
vehicle.

Vehicle design and
component choice.

The components on
the vehicle are capable
of remaining in the
launchready position
for more than 1 hour.
The batteries provide
more than enough
power to last for the
minimum 1 hour
requirement

Igniter choice.

The igniter used is able
to be set off with a 12
V power supply.

Motor choice.

The motor chosen is
the AerotechK 805G
and is a certified
motor.

Verified.

The team as able to
assemble the vehicle
for launch in 1.5 hours.
This time will improve
with more practice.

Verified.

The batteries can hold
their charge for~15
hours, and the GPS
units can remain
powered for3 hours.

Verified.

The till-scale was
launched with a2 Vv
power supply
successfully

Verified.

The fulkscale was
flown on the K805G
motor. An addional
motor was purchased
for the competition.
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1.9.1

1.9.2

1.10

1.11

1.12.1

of Rocketry (CAR).
Final motor choices
must be made by the
Critical Design Review
(CDR).

Any motorchanges
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 total impulse
provided by a launch
vehicle shall not excee
1150 poundseconds
(L-class).

Any team participating
in MaxiMAV will be
required to provide an
inert or replicated
version of their motor
matching In both size
and weight to their
launch day motor. This
motor will be used
during the LRR to
ensure the igniter
installer will work with
the competition motor
on launch day.

The wooden dowel will
not choke the flow in
the motor.

For pressure vessels,
The minimum factor of
safety (Burst or
Ultimate pressure
versus Max Expected
Operating Pressure)
shall be 4:1 with

NORTH CAROLIMA STATE UNIVERSITY

Motor choice.

The motor chosen was
the AeroTech K805G.
Team action.

The RSO will be
notified of any changes
to the motor choice for
approwal.

Motor choice.

The chosen motor has
a total impulse of 340
pound-seconds.

Team action.

The team will provide &
model of the motor to
be used to show that
the igniter system will
work.

Dowel selection.

Vehicle design.

Verified.

The motor chosen was
the AeroTech K805G.
Verified.

The motor choice has
not changed

Verified.

The K805G has a total
reported impulse of
350 poundseconds
Not verified.

Completed at
competition The
model has not yet éen
constructed.

Verified.

The motor
manufacturer assured
the team that a 0.125
inch wooden dowel will
not choke the flow.
Verified.

The vehicle was
construced without a
pressure vessel.
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1.12.2

1.12.3

1.12.4

1.13

1.14

supporting design
documentation
included in all
milestone reviews.
The lowcycle fatigue
life shall be a minimum
of 4:1.

Each Pressure vessel
shall include a solenoic
pressure relief valve
that sees the full
pressure of the tank.
Full pedigree of the
tank shall be described
including the
application for which it
was designed, and the
history of the tank,
including the number
of pressure cycles put
on the tank, by whom,
and when.

All teams shall
successfully launch ani
recover a subscale
model of their fullscale
rocket prior to CDR.
The subscale model
should resemble and
perform as similarly as
possible to the full
scale model, however,
the full-scale shall not
be used as the subscal
model.

All teams shall
successfully launch ani
recover their fulscale
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

NORTH CAROLIMA STATE UNIVERSITY

Vehicle design.

Vehicle design

Vehicle design.

Team action.

Team action.

Verified.

The vehicle was
constructed without a
pressure vessel.
Verified.

The vehicle was
constructed without a
pressure vessel.
Verified.

The vehicle was
constructed without a
pressure vessel.

Verified.

The team successfully
flew its subscale mode
on Decenber 20, 2014

Verified.

The team successfully
flew its fullscale
vehicle on February 28
2015. All components
and hardware
functioned as planned,
and the vehicle
reflected its launckday
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1.14.1

1.14.2

1.14.2.1

purpose of the full
scale demonstradn
flight is to demonstrate
0§KS f I dzy OK
stability, structural
integrity, recovery
systems, and the
GSIFryQa oA
prepare the launch
vehicle for flight. A
successful flight is
defined as a launch in
which all hardware is
functioning properly
(i.e. drogue chute at
apogee, main chute at
a lower altitude,
functioning tracking
devices, etc.).

The vehicle and
recovery system shall
have functioned as
designed.

The payload does not
have to be flown
during the fultscale
test flight. The
following requirements
still apply:

The payload will not
move more thar0.125
incheswithin the mold.

If the payload is not
flown, mass simulators
shall be used to

NORTH CAROLIMA STATE UNIVERSITY

Vehicle design.

The team will do
everything it can to
ensure that the
recovery system work
as designed.

Team action.

Vehicle design.

The mold will be made
to fit the sample
exactly so that there
will be minimal
movement.

N/A

configuration.

Verified.

The fullscale was
recovered as the team
planned.The drogue
opened at apogee, the
ARRD set off at 1100
feet, and main
parachutes deployed a
1000 and 700 feet.
Verified.

The fultscale was
flown with the payload
intact.

Verified.

The gap in the sample
compartment is less
that the desired space.
There were no signs
that the sample moved
during flight when the
full-scale was
recovered

N/A
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1.14.2.2

1.14.2.3

1.14.3

1.14.4

NORTH CAROLIN

simulate the payload
mass.

The mass simulators
shall be located in the
same approximate
location on the rocket
as themissing payload
mass.

If the payload changes
the external surfaces o
the rocket (such as
with camera housings
or external probes) or
manages the total
energy of the vehicle,
those systems shall be
active during the full
scale demonstratin
flight.

The door will sit flush
on the outside of the
vehicle.

The fullscale motor
does not have to be
flown during the fuH
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
simulate, as closely as
possible, the predicted
maximum velocity and
maximum acceleration
of the competition
flight.

The vehicle shall be

TATE UNIVERSITY

N/A

Vehicle design.

The payload will not
change the external
surface of the rocket.
The door will have a
slight effect on the
rocket's profile, and
will be implemented
during the fullscale
launch.

Vehicle design.

The hatch has been
designed so that it will
have as low a profile as
possible.

Team action and
motor choice.

Team action.

N/A

Verified.

The payload
compartment door was
utilized on the
demonstration flight
The door sits flush to
minimize its effect on
flight/drag.

Verified.

The door sits flush on
the external surface of
the vehicle.

Verified.

The competition
motor, the K805G, was
used during the full
scale demonstration
flight.

Verified.
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1.14.5

1.15

1.16.1

1.16.2

1.16.3

flown in its fully
ballasted configuration
during the fullscale
test flight. Fully
ballasted refers to the
same amounbf ballast
that will be flown
during the competition
flight.

After successfully
completing the ful
scale demonstration
flight, the launch
vehicle or any of its
components shall not
be modified without
the concurrence of the
NASA Range Safety
Officer (RO).

Each team will have a
maximum budget they
may spend on the
rocket and the
Autonomous Ground
Support Equipment
(AGSE). Teams who al
participating in the
MaxiMAV competition
are limited to a
$10,000 budget while
teams patrticipating in
Mini-MAYV are limited
to $5,000.

The launch vehicle sha
not utilize forward
canards.

The launch vehicle sha
not utilize forward
firing motors.

The launch vehicle sha
not utilize motors that
expel titanium sponges
(Sparky, Skidmark,

NORTH CAROLIMA STATE UNIVERSITY

The team will fly the
full-scale in its fully
ballasted configuration

Team action.

The team will not
modify its fultscale
rocket after the
demonstration flight
without the approval of
the RSO.

Team action.

Vehicle design.

Vehicle design.

Vehicle design and
motor choice.

The team flew its full
scale vehicle in its
competition
configuration The only
change was that it had
not yet been painted.

Verified.

With the exception of
painting, he team
does not plan to
change the
configuration of the
full-scale vehicle.

Verified.

The team's budget is
currently set to
$10,000 in accordance
with the requirements
for the MaxiMAV
challenge.

Verified.

The completedull-
scale does not utilize
forward canards.
Verified.

The completed fudl
scale does not utilize
forward firing motors.
Verified.

The completed full
scale does not utilize
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MetalStorm, etc.). motors that expel
titanium sponges.
1.16.4 The launch vehie shall Motor choice. Verified.
not utilize hybrid
motors. The K805G is not a
hybrid motor.
1.16.5 The launch vehicle sha Motor choice. Verified.
not utilize a cluster of
motors. The K805G is not a
cluster motor.
2.1 The launch vehicle sha Vehicle design. Verified.

stagethe deployment
of its recovery devices, The design deploys a The fullscale
where a drogue drogue at apogee. A demonstration fight
parachute is deployed main parachute is also deployed a drogue at
at apogee and a main deployed at 1000 and apogee, and full scale
parachute is deployed 700 feet AGL. parachutes at 1000 ant
at a much lower 700 feet.
altitude. Tumble
recovery or streamer
recovery from apogee
to main parachute
deployment is also
permissible, provided
the kinetic energy
during droguestage
descent is reasonable,
as deemed by the
Range Safety Officer.
2.2 Teams must perform a Team action. Verified.
successful ground
ejection test for both  The team performed  The team performed
the drogue and main  an ejection test before successful ejection
parachutes. This must the first subscale tests before the
be done prior to the launch, and will do the subscale and fuicale
initial subscale and full same for the first full  launches. The results ¢

scale launches. scale launch. the full-scale tests are
described in section
3.3.6

2.3 At landing, each Parachute selection.  Verified.

independent section of

the launch vehicle shal According to

have a maximum calculations, the

kineticenergy of 75 nosecone section

foot-pounds. landed with a kinetic
energy of 21 foot

pounds, and the fin

NORTH CAROLIMA STATE UNIVERSITY
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section will had a
kinetic energy of 24
foot-pounds.

24 The recovery system  Vehicle design. Verified.
electricalcircuits shall
be completely The constructed ful
independent of any scale does not utilize
payload electrical payload electrical
circuits. circuits.

2.5 The recovery system  Vehicle design. Verified.
shall contain
redundant, The fultscale uses all 4
commercially available altimeters. One of eact
altimeters. The term of the Stratologger
arfaGAYSGSN SL100 and Entacore
both simple altimeters AIM 3.0 altimeters are
and more sophisticatec primaries. One of the
flight computers. One Stratologgers will be
of these altimeters may used as the
be chosen as the competition altimeter.
competition altimeter.

2.6 A dedicated arming Vehicle design. Verified.
switch shall arm each
altimeter, which is There will be 4 Testing has shown tha
accessible fromthe  switches accessible to 4 of the fulta O f S ¢
exterior of the rocket  the exterior of the pressure port holes car
airframe whenthe rocket. Each switch wil be used as access
rocket is in the launch be dedicated to a singl: points to the altimeter
configuration on the altimeter. switches. Each
launch pad. altimeter has its own

switch
2.7 Each altimeter shall Vehicle design. Verified.

have a dedicated
power supply. Each altimeter will The fultscale was
have its own new, flown with each
Duracell 9 volt battery. altimeter having its
own 9 volt battery.
2.8 Each arming switch Vehicle design. Verified.
shall be capable of
being locked in the ON Each altimeter will use The fultscale
position for launch. a lockable 1@/220 volt successfully utilized
rotary selecting switch. these 4 lockable rotary
switches. Each
altimeter remain on
during flight.
29 Removable shear pins Vehicle design Verified.
shall be used for both

NORTH CAROLIMA STATE UNIVERSITY
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2.10

2.10.1

2.10.2

211

2111

the main parachute
compartment and the
drogue parachute
compartment.

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

Any rocket section, or
payloadcomponent,
which lands untetherec
to the launch vehicle
shall also carry an
active electronic
tracking device.

The electronic tracking
device shall be fully
functional during the
official flight at the
competition launch
site.

The recovery system
electronics shall not be
adversely affected by
any other onboard
electronicdevices
during flight (from
launch until landing).

The recovery system

NORTH CAROLIMA STATE UNIVERSITY

2-56 Nylon shear pins
will be used for both
the main and drogue
parachute
compartments.

Vehicle design.

Each section will use a
BigRedBe&PS to
transmitits location

Vehicle design.

Both of he sections of
the vehiclewill have
their own electronic
tracking devices.
Team action.

Testing before the
competition will make
sure that the electronic
tracking devices will be
functional for the
competition.

Vehicle design.

The recovery system
electronics will be
shielded from any on
board electronic
devices using
bulkheads and
aluminum duct tape
where applicablésuch
as to block the GPS
transmissions fromte
altimeters)

Vehicle design.

During ejection tests
and the fuliscale flight,
each section was able
to break the shear pins
and deploy its
parachute

Verified.

The fullscale
demonstration flight
successfully used thes:
GPSunitsto transmit
the location each
section. It was found
that the noseconexnd
fin sectiors drifted
about ¥4 mile

Verified.

Both sections of the
vehicle recorded data
with their GPS units, as
noted above.

Verified.

The GPS units were
fully functional before
and after the fulscale
test. They will be
tested again
immediately before the
competition.

Verified.

The fultscale flight did
not result in any
noticeable interaction
between electronic
devices. Each
electronic system was
shielded from any
others.

Verified.
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2.11.2

2.11.3

211.4

9.4
Number
3.21

altimeters shall be
physically located in a
separatecompartment
within the vehicle from
any other radio
frequency transmitting
device and/or magnetic
wave producing device
The recovery system
electronics shall be
shielded from all
onboard transmitting
devices, to avoid
inadvertent excitation
of the recovery system
electronics.

The recovery system
electronics shall be
shielded from all
onboard devices which
may generate magneti
waves (such as
generators, solenoid
valves, and Tesla coils
to avoid inadvertent
excitation of the
recovery system.

The recovery system
electronics shall be
shielded from any
other onboard devices
which may adversely
affect the proper
operation of the
recovery system
electronics.

AGSE Verification Matrix
Requirement
The MaxdiMAV will
provide each team witt
the opportunity to
develop a unique
method to capture,
contain, launch, and
eject a payload with
limited human

NORTH CAROLIMA STATE UNIVERSITY

The altimeters will not
be placed inside the
same compartment as
the GPS for both
sections of the rocket.

Vehicle design.

As mentioned above,
the altimeters will be
shielded from any
transmitting devices by
being put in separate
compartments.
Vehicle design.

Vehicle design.

Proper care will be
taken to ensue that
the altimeters will not
malfunction because o
other components on
the vehicle.

Satisfied by:
AGSE design.

The combination of the
robotic arm and
imaging system allow
for the sample to be
captured and placed
into the vehicle. The

The fulkscale was
constructed so that the
altimeters and GPS
units are in separate
compartments

Verified.

There was no
noticeable interaction
between electronic
devices.

Verified.

There are no magnetic
wavegenerators on
board the vehicle.

Verified.

The fullscale
demonstration flight
revealed that the team
successfully shielded
the altimeters from
other devices.

Verification Status
Partially Verified.

The imaging system is
still being finalized.
Testing has shown that
the robotic arm can
move to the sample
with 0.125 inch
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3.2.11

3.21.2

3.2.1.3

NORTH CAROLIN

intervention. In
addition, teams will
develop a lanch
system that erects a
rocket from a
horizontal to vertical
position, and has its
igniter autonomously
installed. On launch
day, each launch will
follow this general
procedure.

Teams wilposition
their launch vehicle
horizontally on the
AGSE.

While the rocket is
raising, there must be ¢
safety factor of 2.5 for
the load on the stepper
motor.

The rocket must be
raised in 45 seconds.

A master switch will be
activated to power on
all autonomous
procedures and
subroutines.

After the master switch
is turned on, a pause

STATE UNIVERSITY

mold within the vehicle
will contain the sample
and the robotic arm
will seal the container.
The stepper motors wil
raise the rocket via a
gearing system and
insert the igniter with a
threaded ral.

AGSE design.

The AGSE starts with
the vehicle in the
horizontal position.
This position can be
seen inFigure44.

Stepper motor
selection.

Stepper motor
selection.

AGSE design.

The master switch will
be hardwired into the
system. A diagram for
this subsystem can be
seen inFigure43.
AGSE design.

accuracy. The stepper
motors can raise the
rocket and insert the
igniter in70 seconds.

Verified.

Initial construction of
the AGSE places the
rocket in the horizontal
position when it is at
rest.

Verified.

The max torque
exerted by the rocket
can be 12 foopounds
for the highest weight
estimates. The stepper
motor is rated for 30
foot-pounds holding
torque. This results in ¢
factor of safety of 5.
Verified.

The stepper motor
used for raising the
rocket can complete its
task in 23 seconds.
Not verified.

Implemented in dsign
but not built.

Not verified.
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3.214

3.2.15

3.2.1.6

switch will be
activated, temporarily
halting all AGSE
procedure and
subroutines. This will
allow the other teams
at the pads to set up,
and do the same.
After setup, one judge,
one launch services
official, and one
member of the team
will remain at the pad.
The rest of the team
mug evacuate the
area. The one team
member is only there
to answer questions
the launch services
official may have, and
iS not permitted to
interact with the AGSE
in any way.

After all nonessential
personnel have
evacuated, the pause
switch will be
deactivated.

Once the pause switch
is deactivated, the
AGSE will progress
through all subroutines
starting with the
capture and
containment of the
payload, then erection
of the launch platform,
and lastly the insertion
of the motor igniter.
The Aunch platform
must be erected to an
angle of 5 degrees off
vertical pointed away
from the spectators.
The launch services
official may reenable
the pause switch at an
time at his/her

NORTH CAROLIMA STATE UNIVERSITY

The separate pause
switch will halt the
progression of the
AGSE and can be
implemented at any
time. A diagram can be
seen inFigure43.

AGSE design and tean
action.

The system requires
only one person to
operate the mater and
pause switches so only
one team member will
be present at the pad.

Team action.

AGSE design.

The subsystems will be
set up to run in the
correct order on the
BegleBone. The 5
degrees will be ensure:
with the ratcheting
stops and support bar.
System checks ahe
BeagleBone will make
sure that the system
processes will resume
from where they left
off.

Implemented in design
but not built.

Not verified.

Completed at
competition.

Not Verified.

Completed at
competition.

Not verified.

The subsystems have
not yet been combined
into the final AGSE
construction.
Therefore, the pause
switch has not been
tested yet.
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3.21.7

3.2.1.8

3.2.19

3.2.1.10

discretion. If the pause
switch is reenabled all
systems and actions
shall cease
immediately. The
launch services official
will only do this if there
is an obvious safety
hazard. The judge,
launch services official
and team leader will
meet to discuss and
decide if the team will
be allowed to do a
reset and rerun of their
attempt. No
modifications to the
hardware will be
allowed prior to a
rerun.

One teammember will
arm all recovery
electronics.

Once the launch
services official has
inspected the launch
vehicle and declares
that the system is
eligible for launch,
he/she will activate a
master arming switch
to enable ignition
procedures.

All personnel at the
launch pad will
evacuate the area.

The Launch Control
Officer (LCO) will
activate a hard switch,

NORTH CAROLIN

TATE UMIVERSITY

Team action.

The team lead has
been chosen to arm
the electronics. The
rest of the team will
evacuate the launch
pad.

Team action.

Ignition procedures will
be leftto the LSO as
specified. A master
switch will be provided
and used as described
above.

Team action.

When the vehicle is
ready for launch, all
persomel at the safe
distance determined by
the officials.

Team action.

The activation of the

Verified.

The team lead was abl
to arm all altimeters
during the fullscale
demonstration fight.

Not verified.

Completed at
competition.

Not verified.

Completed at
competition.

Not verified.

Completed at
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3.2.1.11

3.2.1.12

3.221

3.22.2

and then provide a5
second countdown.
At the end of the
countdown, the LCO
will push the final
launch button to
initiate launch.

The rocket will launch
as designed and
jettison the payload at
1,000 feet AGL during
descent.

For the purpose of this
challenge, ASGE is
defined as all
mechanical and
electrical components
not part of the launch
vehicle, and is provide
by the teams. This
includes, but is not
limited to, the payload
containment and
igniter installation
devices, computers,
electric motors,
batteries, etc.

The igniter must be
inserted in 45 seconds

All AGSE systems shal
be fully autonomous.
The only human
interaction will be
when the launch
services official pauses
or arms any
equipment, when the

NORTH CAROLIMA STATE UNIVERSITY

hard switchwill be left
to the LCO.
Team action.

Furthermore, the
initiation of the launch
will be done by the
LCO.

Vehicle design.

At 1100 feet, the ARRL
will separate the
nosecone and payload
section from the lower
body frame. A1000
feet, a 2.75 foot
parachute will deploy.
AGSE design.

The team has ensured
that all necessary
components for the
AGSE are implemente

Stepper motor
selection.

AGSE design.

With the exception of
the processes listed, al
procedures will be
controlled and initiated
by the BeagleBone
Black.

competition.
Not verified.

Completed at
competition.

Verified.

The fultscale
successfully deployed
the ARRD and main
parachute at the
desired altitudes.

Not verified.

Although each system
has be thoroughly
tested, the final AGSE
has not been built.

Verified.

Tests conducted with
the stepper notor and
raising rig showed the
igniter can be inserted
in 33seconds.

Not verified.

The final AGSE has no
been built. Testing of
each subsystemhews
that the BeagleBone
will be able to control
each subsystem.
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3.2.2.3

3.23.1

3.23.1.1

3.2.3.1.2

3.2.3.1.3

3.23.14

3.23.15

team arms the
recoveryelectronics,
and when the LCO
initiates launch.

Any pressure vessel  AGSE design.

used in the AGSE will
follow all regulations
set by requirement
1.12 in the Vehicle
Requirements section.

As one of the goals of AGSE design.

this competition is to
develop equipment,
processes, and
technologies that could
be implemented in a
Martian environment,
the AGSE and any
related technology
cannot employ
processes that would
not work in such
environments.
Therefore, prohibited
technologies include:

Sensors thatrely on ~ AGSE design.

9F NI KQa YI .

Ultrasonic or other
soundbased sensors.

Earthbased or Earth ~ AGSHlesign.
orbit-based radio aids

(e.g. GPS, VOR, cell

phone).

Open circuit
pneumatics.

Air breathing systems. AGSE design.

NORTH CAROLIMA STATE UNIVERSITY

AGSE design.

AGSE design.

Verified.

The AGSE does not
utilize a pressure
vessel.

Verified.

The AGSE does not
utilize any of the
prohibited systems
listed in items
3.2.3.1.13.2.3.1.5.

Verified.

The AGSE does not
utilize these sensors.
Verified.

The AGSE does not
utilize these sensors.
Verified.

The AGSE does not
utilize and of these
systems.

Verified.

The AGSE does not
utilize open circuit
pneumatics.
Verified.

The AGSE does not
utilize airbreathing
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3.24.1

Each launch vehicle
must have the space tc
contain a cylindrical
payload approximately
3/4 inch in diameter
and 4.75 inches in
length. The payload wil
be made of % x 3 inch
PVC tubing filled with
sand and weighing
approximately 4 oz.,
and capped with
domed PVC end caps.
Each launch vehicle
must be able to seal
the payload
containment area
autonomously prior to
launch.

The arm must move to
the sample in 5
minutes (to allow for
image processing).

The arm must be
accurate to 0.3 inches
in its movement.

The arm must be
capable of closing the
door on the rocket.

The imaging system
must be capable of
processing 5 images in

NORTH CAROLIMA STATE UNIVERSITY

Vehicle and AGSE
design.

The mold used will be
made to fit the sample
so that itis secure. The
robotic arm will
autonomously insert
the sample and close
the door to the sample
compartment, sealing
the sample inside the
rocket.

Servo motor selection.

Servo motor selection
FYR GSIFYQa

Servo motor selection
YR GSIFYQa

systems.
Verified.

The fullscale
demonstration flight
used the mold to
secure a model of the
payload. The robotic
arm has been placed
on the AGSE so it can
reach the
compartment on the
vehicle.

Verified.

Testing has shown that
the arm can of moving
to a specified loation
within 5 seconds. The
image processing
system is still being
developed.

Verified.

Testing showed that
the arm is able to react
the desired location
within 0.125 inches.
Verified.

Because the arm is
accurate in its
movements, it is
capable of closing the
sample compartment
door, which is secured
by 3strong magnets.

. Not verified.

Time trials are still




113| Page

3.2.4.2

3.24.3

3.244

3.24.5

5 minutes.

The imaging system
must reliably pick out
the sample fronthe
background.

Teams may construct
their own payload
according to the above
specifications,
howeve, each team
will be required to use
a regulation payload
provided to them on
launch day.

The payload will not
contain any hooks or
other means to grab it.
A diagram of the
payload and a sample
payload will be
provided to each team
at time of acceptance
into the competition.
The payload may be
placed anywhere in the
launch area for
insertion, as long as it
is outside the mold line
of the launch vehicle
when placed inthe
horizontal position on
the AGSE.

The payload container
must utilize a
parachute for recovery
and contain a GPS or
radio locator.

NORTH CAROLIMA STATE UNIVERSITY
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Team action.

Team action.

AGSE design and tean
action.

The sample will be
placed between 11 anc
22 inches to the side o
the AGSE for insertion.
This location is not
within the mold line of
the vehicle.

Vehicle design.
The payload container

will use a GPS
transmitter and a 2.75

being performed as the
code is translated into
C++

. Verified.

In 72 different tests,
the imaging system
correctly identified the
sample even when
other blobs were
present in the image.
Verified.

A replica of the sample
was used during the
full-scale
demonstration flight.
However, only the
sample provided from
the officials will be
usedduring the
competition.

Verified.

The finalvehicle design
and robotic arm can
accommodate an
unmodified sample.
Both were verified
during tests.

Verified.

The arm has been
placed at adcation
where it can reach the
sample outside of the
mold line of the
vehicle. Testing has
shown that the arm
can reach the sample
11-22 inches away.
Verified.

The fultscale was
successfully flown with
the nosecone and
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3.2.4.6

3.25.1

3.2511

3.25.1.2

3.25.1.3

Each team will be givel
10 minutes to
autonomously capture,
place, and seal the
payload within their
rocket, and erect the
rocket to a vertical
launch position five
degrees off vertical.
Insertion of igniter and
activation for launch
are also included in thit
time. Going over time
gAft NBadz |
disqualification from
the MaxiMAV
competition.

Each team must
provide the following
switches and indicators
for their AGSE to be
used by the LC®&'SO.

A master switch to
power all parts of the
AGSE. Thewitch must
be easily accessible ar
hardwired to the AGSE
A pause switch to
temporarily terminate
all actions performed
by AGSE. The switch
must be easily
accessible and
hardwired to the AGSE
A safety light that
indicates that the AGSI
power is turned on.

NORTH CAROLIMA STATE UNIVERSITY

foot parachute.

AGSE design.

The team plans to raise
the rocket and insert
the ignitor within 1
minute. A castraint of
5 minutes has been
placed on the imaging
system. The sample wi
be inserted and the
vehicle will be
activated for launch
within the remaining 4
minutes.

AGSE design.

The team has planned
for each of the
required switches and
safety indicators
described in items
3.2.5.1.13.2.5.1.4.
AGSE design.

AGSE design.

AGSE design.

sample compartment
as an independent
section. A GPS was
placed in the nosecone
and theparachute was
attached in between
the two compnents.
Partially verified.

Testing has shown that
the vehicle can be
raised in37 seconds,
the igniter inserted in
33 seconds, and the
arm can move to a
desired location in 5
seconds. Time trials ar
still being performed
on the imaging system.

Not verified.

Implemented in design
but not built.

Not verified.

Implemented in design
but not built.

Not verified.

Implemented in design
but not built.

Not verified.

Implemented in design
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The light must be but not built.
amber/orange in color.

It will flash at a

frequency of 1 Hz whel

the AGSE is powedle

on, and will be solid in

color when the AGSE i

paused while power is

still supplied.
3.25.14 An all systems go light AGSE design. Not verified.
to verify all systems
have passed safety Implemented in design
verifications and the but not built.
rocket system is ready
to launch.
3.26.1 Any team who fails to AGSE design. Not verified.
complete any of the
procedures in The above verification The team has

requirement 3.2 will be matrix shows that the accounted for all
ineligible of obtaining team has accounted fo requirements, but has
Centennial Challenges all items in Section 3.2, not yet verified every
prizes. system.

9.5 MSDS for Hazardous Materials
GOEX Black Powder

STORAGE CONDITIONS

Store in a cool, dry place in accordance with the requirements of Subpart K, ATF. Explosives
Law and Regulations (27 CFR 55.201-55.219).

Rustoleum

NORTH CAROLIN TATE UMIVERSITY
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*** Emergency Overview ***: Harmful if inhaled. May affect the brain or nervous system causing dizziness,
headache or nausea. Contents Under Pressure. Vapors may cause flash fire or explosion. Extremely flammable
liquid and vapor. Harmful if swallowed.

Effects Of Overexposure - Eye Contact: Causes eye imitation.

T7733830. 7740830, 7794830, 7721830, 7722830. 7723830, 7724830, 7727830, 7729830, ... Page2of 7

Effects Of Overexposure - Skin Contact: May be harmful if absorbed through skin. Prolonged or repeated
contact may cause skin irritation. Substance may cause slight skin irritation.

Effects Of Overexposure - Inhalation: High vapor concentrations are irritating to the eyes, nose, throat and lungs.
Avoid breathing vapors or mists. High gas, vapor, mist or dust concentrations may be harmful if inhaled. Harmful if
inhaled.

Effects Of Overexposure - Ingestion: Aspiration hazard if swallowed, can enter lungs and cause damage.
Substance may be harmful if swallowed.

Effects Of Overexposure - Chronic Hazards: |ARC lists Ethylbenzene as a possible human carcinogen (group
2B). May cause central nervous system disorder (e,g.,narcosis involving a loss of coordination, weakness,

fatigue, mental confusion, and blurred vision) and/or damage. Reports have associated repeated and prolonged
occupational overexposure to solvents with permanent brain and nervous system damage. Overexposure to
xylene in laboratory animals has been associated with liver abnormalities, kidney, lung, spleen, eye and blood
damage as well as reproductive disorders. Effects in humans, due to chronic averexposure, have included liver,
cardiac abnormalities and nervous system damage. Overexposure to toluene in laboratory animals has been
associated with liver abnormalities, kidney, lung and spleen damage. Effects in humans have included liver and
cardiac abnormalities

Contains carbon black. Chronic inflammation, lung fibrosis, and lung tumors have been observed in some rats
experimentally exposed for long periods of time to excessive concentrations of carbon black and several insoluble
fine dust particles. Tumors have not been observed in other animal species (i.e., mouse and hampster) under
similar circumstances and study conditions. Epidemiological studies of North American workers show no evidence
of clinically significant adverse health effects due to occupational exposure to carbon black.

Carbon black is listed as a Group 2B-"Possibly carcinogenic to humans” by IARC and is proposed to be listed as
Ad- "not classified as a human carcinogen” by the American Conference of Govermental Industrial Hygienists.
Significant exposure is not anticipated during brush application or drying. Risk of averexposure depends on
duration and level of exposure to dust from repeated sanding of surfaces or spray mist and the actual
concentration of carbon black in the formula

Primary Route(s) Of Entry: Skin Contact, Skin Absorption, Inhalation, Eye Contact

ATE UMIVERSIT
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”Secticn 4 - First Aid Measures ||

First Aid - Eye Contact: Hold eyelids apart and flush with plenty of water for at least 15 minutes. Get medical
attention

First Aid - Skin Contact: Wash with soap and water. Get medical attention if irmtation develops or persists.

First Aid - Inhalation: If you experience difficulty in breathing, leave the area to obtain fresh air. If continued
difficulty is experienced, get medical assistance immediately.

First Aid - Ingestion: Aspiration hazard: Do not induce vomiting or give anything by mouth because this matenial
can enter the lungs and cause severe lung damage. Get inmediate medical attention.

|Section 5 - Fire Fighting Measures |

Flash Paint: -156 F LOWER EXPLOSIVE LIMIT: 1.0 %
(Setaflash) UPPER EXPLOSIVE LIMIT : 9.5 %

Extinguishing Media: Dry Chemical, Foam, Water Fog

Unusual Fire And Explosion Hazards: Vapors can travel to a source of ignition and flash back. Vapors may form
explosive mixtures with air. Closed containers may explode when exposed to extreme heat. Water spray may be

7733830, 7740830, 7794830, 7721830, 7722830, 7723830, 7724830, 7727830, 7729830, ... Page3 of 7

ineffective. FLASH POINT IS LESS THAN 20 °. F. - EXTREMELY FLAMMABLE LIQUID AND VAPOR!
Perforation of the pressurized container may cause bursting of the can. Isolate from heat, electrical equipment,
sparks and open flame. Keep containers tightly closed.

Special Firefighting Procedures: Evacuate area and fight fire from a safe distance

HSection 6 - Accidental Release Measures ||

Steps To Be Taken If Matenial Is Released Or Spilled: Contain spilled liquid with sand or earth. DO NOT use
combustible materials such as sawdust. Remove all sources of ignition, ventilate area and remove with inert
absorbent and non-sparking tools. Dispose of according to local, state (provincial) and federal regulations. Do not
incinerate closed containers.

ATE UMIVERSIT
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||Section 7 - Handling And Storage H

Handling: Wash thoroughly after handling. Wash hands before eating. Use only in a well -ventilated area. Follow
all MSDS/label precautions even after container is emptied because it may retain product residues. Avoid
breathing vapor or mist.

Storage: Keep containers tightly closed. Isolate from heat, electrical equipment, sparks and open flame. Do not
store above 120 ° F. Store large quantities in buildings designed and protected for storage of NFPA Class |
flammable liquids. Contents under pressure. Do not expose to heat or store above 120 ° F.

||Section 8 - Exposure Controls / Personal Protection H

Engineering Controls: Use explosion-proof ventilation equipment. Prevent build -up of vapors by opening all doors
and windows to achieve cross-ventilation. Use process enclosures, local exhaust ventilation, or other engineering
controls to control airborne levels below recommended exposure limits.

Respiratory Protection: A respiratory protection program that meets OSHA 1910.134 and ANSI Z88.2
requirements must be followed whenever workplace conditions warrant a respirator's use. A NIOSH/MSHA
approved air purifying respirator with an organic vapor cartridge or canister may be permissible under certain
circumstances where airborne concentrations are expected to exceed exposure limits.

Protection provided by air purifying respirators is limited. Use a positive pressure air supplied respirator if there is
any potential for an uncontrolled release, exposure levels are not known, or any other circumstances where air
purifying respirators may not provide adequate protection.

Skin Protection: Use impervious gloves to prevent skin contact and absorption of this material through the skin.
Nitrile or Neoprene gloves may afford adequate skin protection.

Eye Protection: Use safety eyewear designed to protect against splash of liquids.

Other protective equipment: Refer to safety supervisor or industrial hygienist for further information regarding
personal protective equipment and its application.

Hygienic Practices: Wash thoroughly with soap and water before eating, drinking or smoking.

Klean Strip Denatured Alcohol




119| Page

3. Hazards Identification

Emergency Overview
Danger! Flammable! Keep away from heat, sparks, flame, and all other sources of ignition. Do not smoke.
Extinguish all flames and pilot lights, and turn off stoves, heaters, electric motors and all other sources of ignition
during use and unfil all vapors are gone. Beware of static electricity that mat be generated by synthetic clothing
and other sources.

OSHA Regulatory Status: This material is classified as hazardous under OSHA regulations.

Health Hazards (Acute and Chronic)
Inhalation Acute Exposure Effects:
Vapor harmful. May cause dizziness, headache, watering of eyes, irritation of respiratory tract, irritation to the
eyes, drowsiness, nausea, other central nervous system effects, spotted vision, dilation of pupils, and convulsions.

Skin Contact Acute Exposure Effects:
May cavse urritation, drying of skin, redness, and dermatifis. May cause symptoms listed under mhalation. May
be absorbed through damaged skin.

Eye Contact Acute Exposure Effects
May cause uritation.

Ingestion Acute Exposure Effects:

Poison. Cannot be made non-poisonous. May be fatal or cause blindness. May produce fluid in the lungs and
pulmonary edema. May cause dizziness, headache, nausea, drowsiness, loss of coordination, stupor, reddening of
face and or neck, liver, kidney and heart damage, coma, and death. May produce symptoms listed under

Licensed to W.M. Barr and Company ANSI Z400.1 Format

MATERIAL SAFETY DATA SHEET Page: 2
- . . Printed: 12/14/2005
Klean-Strip Denatured Alcohol Roviin. DB/13/2008

inhalation.

Chronic Exposure Effects:
May cause symptoms listed under mhalation, dizziness, fatigue, tremors, permanent central nervous system
changes, blindness, pancreatic damage, and death.
Signs and Symptoms Of Exposure
No data available.
Medical Conditions Generally Aggravated By Exposure
Diseases of the liver.
OSHA Hazard Classes:
HEALTH HAZARDS : N/E
PHYSICAL HAZARDS : N/E
TARGET ORGANS & EFFECTS: N/E

ATE UMIVERSIT
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4. First Aid Measures

Emergency and First Aid Procedures
Inhalation:
If user experiences breathing difficulty, move to air free of vapors. Administer oxygen or artificial respiration
until medical assistance can be rendered.

Skin Contact:
Wash with soap and water.

Eye Contact:
Flush with large quantities of water for at least 15 minutes. If wrritation from contact persists, get medical
attention.

Ingestion:
Call your poison control center, hospital emergency room or physician immediately for instructions to induce
vomuting.

Mote to Physician
Poison. This product contains methanol. Methanol i1s metabolized to formaldehyde and formic acid. These
metabolites may cause metabolic acidosis, visual disturbances and blindness. Since metabolism is required for
these toxic symptoms, their onset may be delayed from 6 to 30 hours following mgestion. Ethanol competes for
the same metabolic pathway and has been used as an antidote. Methanol is effectively removed by hemodialysis.
Call your local poison control center for further instructions.

5. Fire Fighting Measures

Flammability Classification: OSHA Class 1B

Flash Pt: 45.00 F Method Used: SCC
Explosive Limits: LEL: 1.00 UEL: No data
Autoignition Pt: No data.

Special Fire Fighting Procedures
Self-contained respiratory protection should be provided for fire fighters fighting fires in buildings or confined
area. Storage containers exposed to fire should be kept cool with water spray to prevent pressure build-up. Stay
away from heads of contamners that have been exposed to intense heat or flame.

Unusual Fire and Explosion Hazards
No data available.

NORTH CAROLIM ATE UMIVERS
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Extinguishing Media

Use carbon dioxide, dry powder, or foam
Unsuitable Extinguishing Media

No data available.

6. Accidental Release Measures

Steps To Be Taken In Case Material Is Released Or Spilled
Clean-up:
Keep unnecessary pecple away: isclate hazard area and deny entry. Stay upwind, out of low areas, and ventilate
closed spaces before entering. Shut off ignition sources, keep flares, smoking or flames out of hazard area.

Small spills:
Take up licuid with sand, earth or other bustible absorbent material and place in a plastic confainer where
applicable.

Large spills:
Dike far ahead of spill for later disposal.

7. Handling and Storage

Precautions To Be Taken in Handling
Read carefully all cautions and directions on product label before use. Since empty container retains residue,
follow all label warnings even after container is empty. Dispose of empty container according to all regulations.
Do not rense this container.

Precautions To Be Taken in Storing
Keep container tightly closed when not inuse. Store in a cool, dry place. Do not store near flames or at elevated
temperatires.

8. Exposure Controls/Personal Protection

Respiratory Equipment (Specify Type)
For OSHA controlled work place and other regular users. Use only with adequate ventilation under engi d
air control systems designed to prevent exceeding appropriate TLV. For occasional use, where engineered air
control is not feasible, use property maintained and properly fitted NIOSH approved respirator for organic solvent
vapars. A dust mask does not provide protection against vapors.

Eye Protection
Safety glasses, chemical goggles or face shields are recommended to safeguard against potential eye contact,
irritation, or injury. Contact lenses should not be wom while working with chemicals.

Protective Gloves
Wear impermeable gloves. Gloves contaminated with product should be discarded. Promptly remove clothing
that becomes sciled with product.

Other Protective Clothing
Various application methods can dictate the use of additional protective safety equip , such as imp
aprons. efc., to minimize exposure. A source of clean water should be available in the work area for flushing eyes
and skin. Do not eat, drink or smoke in the work area. Wash hands thoroughly after use. Before reuse,
thoroughly clean any clothing or protective equipment that has been contaminated by prior use. Discard any
clothing or other protective equipment that cannot be decontaminated. such as gloves or shoes.

Ventilation
Use only with adequate ventilation to prevent build-up of vapors. Open all windows and doors. Use only with a
c1oss ventilation of moving fresh air across the work area. If strong odor is noticed or you experience slight
dizziness, headache, nausea, or eye-watering — Stop — ventilation is inadeq Leave area & diately.

Klean Strip Acetone
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3. Hazards Identification

Emergency Overview
Danger! Extremely Flammable. Keep away from heat, sparks, flame and all other sources of ignition. Vapors
may cause flash fire or ignite explosively. Vapors may travel long distances to other areas and rooms away from
the work site. Do not smoke. Extinguish all flames and pilot ights, and turn off stoves, heaters, electric motors
and all other sources of ignition anywhere in the structure, dwelling, or building during use and until all vapors
are gone from the work site. Keep away from electrical outlets and switches. Beware of static electricity that
may be generated by synthetic clothing and other sources.

OSHA Regulatory Status:
Thus material 1s classified as hazardous under OSHA regulations.

Potential Health Effects (Acute and Chronic)
Inhalation Acute Exposure Effects:
Vapor harmful. May cause dizzimess, headache, watering of eyes, umitation of respiratory tract, drowsimess,
nausea, and numbness in fingers, arms and legs

Skin Contact Acute Exposure Effects:
May cause drying of skin, and numbness in fingers and arms. Liquid is absorbed readily.

Eye Contact Acute Exposure Effects:
This material 1s an eye irritant.

Ingestion Acute Exposure Effects:
Harmful if swallowed. May cause dizziness, headache, nausea, and irritation of the mouth, throat, and stomach.

Chronic Exposure Effects:
Reports have associated repeated and prolonged overexposure to solvents with neurological and other

Licensed to W.M. Barr and Company ANSI Z400.1 Format
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physiological damage. May cause weakness, fatigue, skin irritation, and numbness i hands and feet
Signs and Symptoms Of Exposure
Primary Routes of Exposure:
Inhalation, ingestion, and dermal.
Medical Conditions Generally Aggravated By Exposure
Skin, eye, lung (asthma-like conditions)

4. First Aid Measures
Emergency and First Aid Procedures
Inhalation:
If user experiences breathing difficulty, move to air free of vapors. Administer oxygen or artificial respiration
until medical assistance can be reached.

Skin Contact:
‘Wash with soap and water.

Eye Contact:
Flush with large quantities of water for at least 15 minutes and seek immediate medical attention.

Ingestion:

Call your poison control center, hospital emergency room, or physician immediately for mstructions.
Note to Physician

Call your local poison control center for further mstructions.
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6. Accidental Release Measures

Steps To Be Taken In Case Material Is Released Or Spilled
Clean Up:
Keep unnecessary people away; 1solate hazard area and deny entry. Stay upwimnd, out of low areas, and ventilate
closed spaces before entering. Shut off 1gmition sources; keep flares, smoking or flames out of hazard area. For
small spills, take up liquud with sand, earth, or other noncombustible absorbent material and place 1n a container
for disposal. For large spills, dike far ahead of spill and use sand, earth, or other noncombustible absorbent
material and then place material in a container for disposal.

_ Heensedto WM Barrand Company _ oo _____ ANSIZ400.1 Format | _
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‘Waste Disposal:

Dispose m accordance with applicable local, state, and federal regulations.
7. Handling and Storage

Precautions To Be Taken in Handling
Read carefully all cautions and directions on product label before use. Since empty container retains residue,
follow all label warnings even after container is empty. Dispose of empty container according to all regulations.
Do not reuse the container.

Precautions To Be Taken in Storing
Keep contamer tightly closed when not mn use. Store mn a cool, dry place. Do not store near flames or at elevated
temperatures.

8. Exposure Controls/Personal Protection
Respiratory Equipment (Specify Type)
For OSHA controlled work place and other regular users. Use only with adequate ventilation under engineered
air control systems designed to prevent exceeding appropriate TLV. For occasional use, where engineered air
control is not feasible, use properly maintained and properly fitted NIOSH approved respirator for organic solvent
vapors. A dust mask does not provide protection against vapors.
Eye Protection
Safety glasses, chemical goggles or face shields are recommended to safeguard against potential eye contact,
urtation, or mjury. Contact lenses should not be worn while working with chemmeals.
Protective Gloves
‘Wear chemical resistant gloves surted for use with acetone. Gloves contanunated with product should be
discarded. Promptly remove clothing that becomes soiled with product.
Other Protective Clothing
Varnous application methods can dictate use of additional protective safety equipment, such as impermeable
aprons, ete., to mininnze exposure.
Engineering Controls (Ventilation etc.)
Use only with adequate ventilation to prevent build-up of vapors. Open all windows and doors. Use only with a
cross ventilation of moving fresh air across the work area. If strong odor 1s noticed or your experience shight
dizziness, headache, nausea, or eye-watering - STOP - ventilation 1s inadequate. Leave area immediately.
Work/Hygienic/Maintenance Practices
A source of clean water should be available in the work area for flushing eyes and skin.
Do not eat, dnnk, or smoke n the work area.
Wash hands thoroughly after use.
Before reuse, thoroughly clean any clothing or protective equipment that has been contaminated by prior use.
Discard any clothing or other protective equipment that cannot be decontanunated, such as gloves or shoes.

West System 105 Epoxy Resin

NORTH CAROLIM ATE UMIVERS
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[ 2. HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW

HMIS Hazard Rating: Health - 2 Flammability - 1 Physical Hazards - 0
WARNING! May cause allergic skin response in certain individuals. May cause moderate imitation to the skin. Clear to light yellow liquid with
mild odor.
PRIMARY ROUTE(S) OF ENTRY: Skin contact.
POTENTIAL HEALTH EFFECTS:
ACUTE INHALATION: Not likely to cause acute effects unless heated to high temperatures. If
product is heated, vapors generated can cause headache, nausea, dizziness and possible respiratory irritation if inhaled in high concentrations.
CHRONIC INHALATION: Not likely to cause chronic effects. Repeated exposure to high vapor
concentrations may cause iritation of pre-existing lung allergies and increase the chance of developing allergy symptoms to this product.
ACUTE SKIN CONTACT: May cause allergic skin response in certain individuals. May cause
moderate immitation to the skin such as redness and itching.
CHRONIC SKIN CONTACT: May cause sensitization in susceptible individuals. May cause moderate
iritation to the skin.
EYE CONTACT: May cause imitation.
INGESTION: Low acute oral toxicity.
SYMPTOMS OF OVEREXPOSURE: Possible sensitization and subsequent allergic reactions usually seen as

redness and rashes. Repeated exposure is not likely to cause other adverse health effects.

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE:................ Pre-existing skin and respiratory disorders may be aggravated by exposure
to this product. Pre-existing lung and skin allergies may increase the chance of developing allergic symptoms to this product.

[ 4. FIRST AID MEASURES

FIRST AID FOREYES Flush immedi with water for at least 15 minutes. Consult a physician.
FIRST AID FOR SKIN Remove contaminated clothing. Wipe excess from skin. Remove with
waterless skin cleaner and then wash with soap and water. Consult a physician if effects occur.
FIRST AID FOR INHALATION. Remove to fresh air if effects occur.
MSDS #105-11b Last Revised: 22JUN11
West System Inc. Page 2 of 4 WEST SYSTEM® 105 Resin
FIRST AID FOR INGESTION No adverse health effects expected from amounts ingested under normal

conditions of use. Seek medical attention if a significant amount is ingested.

[ 6. ACCIDENTAL RELEASE MEASURES |

SPILL OR LEAK PROCEDURES: Stop leak without additional risk. Dike and absorb with inert material (e.g.,
sand) and collect in a suitable, closed container. Warm, soapy water or non-flammabie, safe solvent may be used to clean residual.

[ 7. HANDLING AND STORAGE |

STORAGE TEMPERATURE (Min/max.): ... 40°F (4°C)/ 120°F (49°C)

STORAGE: Store in cool, dry place. Store in tightly sealed containers to prevent
moisture absorption and loss of volatiles. Excessive heat over long periods of time will degrade the resin.

HANDLING PRECAUTIONS: Avoid prolonged or repeated skin contact. Wash thoroughly after handling.
Launder contaminated clothing before reuse. Avoid inhalation of vapors from heated product. Precautionary steps should be taken when curing
product in large quantities. When mixed with epoxy curing agents this product causes an exothemnic, which in large masses, can produce enough
heat to damage or ignite surrounding matenials and emit fumes and vapors that vary widely in composition and toxicity.

| 8. EXPOSURE CONTROLS/PERSONAL PROTECTION |

EYE PROTECTION GUIDELINES: Safety glasses with side shields or chemical splash goggles.

SKIN PROTECTION GUIDELINES: Wear liquid-proof, chemical resistant gloves (nitrile-butyl rubber, neoprene,
butyl rubber or natural rubber) and full body-covering clothing.

RESPIRATORY/VENTILATION GUIDELINES:.. - Good room ventilation is usually adequate for most operations. Wear a
NIOSH/MSHA approved respirator with an organlc vapor cartndge ‘whenever exposure to vapor in concentrations above applicable limits is likely.

Note: West System, Inc. has conducted an air sampling study using this product or similarly formulated products. The results indicate that the
components sampled for (epichlorohydrin, benzyl alcohol) were either so low that they were not detected at all or they were significantly below
OSHA's pemissible exposure levels.

ADDITIONAL PROTECTIVE MEASURES: . . Practice good caution and personal cleaniiness to avoid skin and eye
contact. Avoid skin contact when removing gloves and other protectrve equipment. Wash thoroughly after handiing. Generally speaking, working
cleanly and following basic precautionary measures will greatly minimize the potential for hamful exposure to this product under normal use
conditions.

OCCUPATIONAL EXPOSURE LIMITS: Not ished for product as whole. Refer to OSHA’s Permissible

Exposure Level (PEL) or the ACGIH Guidelines for information on specific ingredients.
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West System 206 Hardener

2. HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW

DANGER Causes burns to eyes and skin. Harmful if swallowed. Harmful if absorbed through the skin. May be harmful if inhaled. Can cause
allergic reaction. Aspiration hazard. Clear liquid with ammeonia odor.

PRIMARY ROUTE(S) OF ENTRY: ... Skinand eye contact, inhalation.

POTENTIAL HEALTH EFFECTS:

ACUTE INHALATION Excessive exposure to vapor or mist is irritating to the upper respiratory
tract, causing nasal discharge, coughing, and discomfort in eyes, nose, throat and chest. Severe cases may cause difficult breathing and lung
damage.

CHRONIC INHALATION: . S - .. May cause lung damage. May cause respiratory sensitization in
susceptible individuals. Repealed Exposures may cause mlemal organ damage.

ACUTE SKIN CONTACT:. - Corrosive. Prolonged contact may cause skin damage with burns and
blistering. Wide spread conlact may result in malena\ bemg absorhed in harmful amounts.

CHRONIC SKIN CONTACT: May cause persistent imitation or dermatitis. Repeated contact may cause
allergic reaction/sensitization and posswb\e t\ssue destrucuon Can be absorbed through the skin in amounts that can cause internal organ
damage.

EYE CONTACT: ........
injury resulting in permar

.. Corrosive. May cause blurred vision. May cause irritation with corneal

vision \mp;urmem ar even blindness.

INGESTION: . e Moderately toxic. May cause gastrointestinal irritation or ulceration. May
cause bums of the mouth and throat. Aspimt\om hazard.

SYMPTOMS OF OVEREXPOSURE: ... eiiieeeeeeeeee.... Skin irritation, burns and blistering. Irritation of the nose and throat,
possible headache. Eye irmitation and blurred vision.

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE:
skin conditions

.. Existing respiratory conditions, such as asthma and bronchitis. Existing

4. FIRST AID MEASURES

MSDS £206-13a Last Revised: 26APRI3

West System Inc. Page 2 of 4 WEST SYSTEM® 206™ Hardener
FIRSTAIDFOREYES: ... . . Immediately flush with water for at least 15 minutes. Get prompt medical
attention.
FIRST AID FOR SKIN: I - .. Remove contaminated clothing. Immediately wash skin with scap and
water. Do not apply greases or omtm ts Get med\cal anentwon \f severe exposure.
FIRST AID FOR INHALATION: ... Movetofresh air and consult physician if effects occur.
FIRST AID FOR INGESTION: . - .. Give conscious person at least 2 glasses of water. Do not induce

vomiting. Aspiration hazard. If vommng should occur sponlaneously keep airway clear. Get medical attention.

NORTH
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6. ACCIDENTAL RELEASE MEASURES

SPILL OR LEAK PROCEDURES: . _.. Stop leak without additional risk. Wear proper personal protective
equipment. Dike and contain spill Ventilate area arge spi 1 - dike and pump into appropriate container for recavery. Small spill - recover or
use inert, non-combustible absorbent material (e.g., sand, clay) and shovel inte suitable container. Do not use sawdust, wood chips or other
cE\IuIn:sic materials to absorb the spill, as the possibility fnr spontaneous combustion exists. Wash spill residue with warm, soapy water if
necessary.

7. HANDLING AND STORAGE

STORAGE TEMPERATURE (minJmax.): ... 40°F (4°C)/90°F (32°C).
STORAGE: ... e STOTE I COO, dry place with adequate ventilation.
HANDLING PRECAUTIONS: . _.. Use anly with adequate ventilation. Do not breath vapors or mists from

heated material. Avoid contacl wﬂh skm and eyes Wash thoruughly after handling. When mixed with epoxy resin this product causes an
exothermic reaction, which in large masses, can produce enough heat to damage or ignite surrounding materials and emit fumes and vapors
that vary widely in composition and toxicity.

8. EXPOSURE CONTROLS/PERSONAL PROTECTION

EYE PROTECTION GUIDELINES: ...........cccooooeiveeieeiceeceecneeen... Chemical splash goggles, full-face shield or full-face respirator.

SKIN PROTECTION GUIDELINES:
butyl rubber or natural rubber) and full body coverlng clot

... Wear liquid-proof, chemical resistant gloves (nitrile-butyl rubber, neoprene,

RESPIRATORY/VENTILATION GUIDELINES: General mechanical or local exhaust ventilation. With inadequate
ventilation, use a NIOSH/MSHA approved air punfymg resp\ratorwnh an arganic vapor cartridge.

Note: West System, Inc. has conducted an air sampling study using this product or similarly formulated products. The results indicate that the
components sampled for (amines) were either so low that they were not detected at all or they were well below OSHA's permissible exposure
levels.

ADDITIONAL PROTECTIVE MEASURES:. - ... Use where there is immediate access to safety shower and emergency eye
wash. Provide proper wash/cleanup facllmes for proper hyglene Contact lens should not be worn when working with this material. Generally
speaking, working cleanly and following basic precautionary measures will greatly minimize the potential for harmful exposure to this product
under normal use conditions.

OCCUPATIONAL EXPOSURE LIMITS: . ... Not established for product as whole. Refer to OSHA’s Permissible
Exposure Level (PEL) or the ACGIH Guidelines for information on specific ingredients.

JTek Electric Matches

NORTH
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Material Safety Data Sheet

NOTICE

ALL INFORMATION APPEARING HEREIN IS BASED UPON DATA OBTAINED FROM THE MANUFACTURER
AND/OR RECOGNIZED TECHNICAL SOURCES. THIS INFORMATION IS BELIEVED TO BE CORRECT, BUT
DOES NOT PURPORT TO BE ALL INCLUSIVE AND SHALL BE USED ONLY AS A GUIDE. MJG TECHNOLOGIES
INC. MAKES NO WARRANTY, EXPRESS OR IMPLIED, AS TO THE ACCURACY OR COMPLETENESS OF THIS
INFORMATION. IT IS THE USER'S RESPONSIBILITY TO DETERMINE THE SUITABILITY OF THIS
INFORMATION FOR THE ADOPTION OF NECESSARY SAFETY PRECAUTIONS AND/OR COMPLIANCE WITH
LOCAL, STATE, AND FEDERAL LAWS AND REGULATIONS.

| section I. - General information |
Identity: (As used on label and list) Trade Name: J-Tek
UNO454 Igniters 148 Emergency Telephone: 1-800-535-5053 Contract # 100588
Manufacturer’'s Name & Address: Telephone Number: 856-228-6118
MJG Technologies, Inc. Date Prepared: February 21, 2011
832 Camden Avenue Prepared By: J. Genzel
Blenheim, NJ 08012

| section Il. - Hazardous Ingredients / Identity Information |
Per OSHA 29 CFR 1910.1200 Exposure Limits

OSHA ACGIH

Chemical Name: CAS# (PEL) (ML) Other Limits %
Bismuth Trioxide 1304-76-3 15mg/m3 10mg/ m3
Boron 7440-42-8 15mg/m3 10mg /m3 orl rat LDLo; 32g/ka/30 days
Potassium Perchlorate 7778-74-7 Not Established Not Established  orl rat LDLo: 2,100 ma/kg
Titanium 7440-32-6 Not Established Not Established _ims-rat LDLo:114 ma/kg/77W-
T

I ion lll. - Physical / Chemical Characteristics |
Boiling Point (deg. F.) N/A Specific Gravity (H20 = 1) NA
Vapor Pressure (mmHg.)  N/A Melting Point NA
Vapor Density (Air = 1) N/A Evaporation Rate (Butyl Acetate = 1) N/A

Solubility in Water:  Insoluble with lacquer coating intact.

Appearance and Odor: Medium brown colored bead of pyrotechnic composition on a copper-clad chip with two PVC
insulated connecting wires of various lengths. Red or blue lacquer coating on igniter head.

| section Iv. - Fire and Explosion Hazard Data |

Flash Point: NA Flammable Limits LEL UEL
NA NA NA
Extinguishing Media: N/A

Special Fire Fighting Procedures: Do not use suffocating methods - devices contain their own oxygen.
If conditions permit, separate buming from unburned igniters.

Unusual Fire and Explosion Hazards: Buming igniters will project sparks several feet and can cause secondary
fires. Igniters may rupture a container if ignited under confinement. Igniters may be ignited by extreme impact,
friction or electrostatic discharge.

Page 1
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9.6 Code
Arm Code

function [pulses, camx, camy, camz] = arm_angle_calc_function(x, y, z, xzscdde)
% #codegen

%UNTITLED2 Summary of this function goes here

% Detailed explanation goes here

%xscale = 1; % 1 for no scaling; range: (0,1]
%zscale = 1; % 1 for no scaling; range: (0,1]

% Lengths of arm pieces in inches

L1 = 9.25; % lengtlof shoulder to elbow

L2 = 14.125; % length of elbow to wrist

L3 =5.1835; %5.125; % length of wrist to center of gripper
camera_x = 4; % length of wrist to camera idirection
camera_z = 2; % length of wrist to camera-irzction

% X,Y,z locatbn in space of wrist

NORTH CAROLIMA STATE UNIVERSITY





























































