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1. Summary of PDR

1.1. Team Summary
1.1.1. Name and Mailing Address

Tacho Lycos
Engineering Building IlI
911 Oval Drive
Raleigh, NC 27606

1.1.2. Mentors

Alan Whitmore James Livingston Dr. Charles Hall
acwhit@nc.rr.com livingston@ec.rr.com chall@ncsu.edu

TRA Certification: 05945 TRA Certification: 02204 TRA Certificatiort4134
Certification Level: 3 Certification Level: 3 Certification Level: 3
1.2. Launch Vehicle Summary

1.2.1. Size and Mass
Tablel Size and Mass Properties

PDR
Length 100 in
Diameter 5.5in
Loaded Weight 29.04lbs
Center of Pressure 74.5in
Center of Gravity 63.0in
Stability 2.09Caliber
Apogee 5626 ft
Max Velocity 754 ft/s
Max Acceleration 304 ft/s’
Recovensystem 1 Drogue/2 Main
Parachutes
Motor L115(R

4 STATE UNIVERSITY
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1.2.2. Motor Choice

Theteam has selected the Aerotech L1150R motor for the full soad&et It has a specific impulse of
790.6 seondsand a burn time of 3.1 seads It is 20.87 inheslong and has a diameter of 2.9%hes

1.2.3. Recovery System

The vehicle will come down in two sepée sections. A 1.5bt drogue parachute will deploy at apogee.
This will separate the nosecone afatward airframe from the fin section andft airframe. The drogue
will be attached to an Advanced Retention Release Device (ARRD) fiordlzed airframe and to a
bulkhead in theaft airframe. At 1100 ket AGL,. the ARRD will separate the nosecone dodvard
airframe from theaft airframe and fin section. Shortly after, a000 et AGL. the sample sectioand
nosecone will separate, releasingddoot main parachute A 6 foot main parachute will deploy at 700
foot between theaft airframe and fin section.

1.2.4. Milestone Review Flys heet

The Milestone Review Higeet can be found in Appendiof this document. It can also be obtained
from the Tacho Lgos website at www.ncsurocketry.com.

1.3. AGSE Summary
1.3.1. AGSE/Payload Title

System To Orient Rocket on Mars (STORM)
1.3.2. Procedural Summary

A BeagleBone Blackeg Figurel) on the AGSE will control all autonomaasking for the rocket and
AGSE systenihe BeagleBone will control aeries of servoggbotic arm) andsteppermotors (erection
and igniter insertionjo accomplishthe mission requirements.

W

Black

Basic task sequencing will begin wampleretrieval Therobotic arm will retrieve the sampldift the
sampleand place it throughhe payloaddoorA y (i 2 G KS LJ2 f & dzNB fodrd. Th€armawilk O | Y
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then retract from the payload section ambsition itselfunder the payload bay door. The arm will then
push the payload bay doalosed Magnetson the backside ofhe doorwill connectmagnets on the
inside of the rocket to sedhe door. The BeagleBonwill then power on and operate thlaunch angle
control (LAC)stepper motor to raise the rocket to éhdesired launch position. At 5 degrefsm
vertical, a switch will allow the system to power on tmetor igniter insertion(MIl) stepper motorand
insett the igniter. The MIl motor turns a threaded rod such that a platform with the igniter attached to a
wooden dowel is raisetbward the bottom of the rocketThe MIl motor will operate untilthe ignitor
fully inserted (IFI3witch verifiest is in positim. With the igniter inserted, the rocket can be verified for
flight readiness by an official.

2. Changes Made Since Proposal
2.1. Vehicle Criteria

The sizes of the main parachutes have beedifiedto accommodate the current weighgstimate of
the rocketcomponents. The parachutes have been reduced fromebdnd 7 et to 4 feet and 6 feet,
respectively. This reduction will decreatiee drift radius while keeping the kinetic energy @&ach
section of the vehiclebelow the specified limit(projected 69 dot-poundsfor the forward section,
attached to the4 foot parachute and 64 fogpoundsfor the aft section, attached to the6 foot
parachute).

There were multiple changes to the internal configuration of the launch veHible airbrake system has
been moved from theaft airframe to the fin sectionspecificallywithin an 8 inch long section
immediately forward of themotor tube. This section will also contain the telemetry equipment as well
as power for both systems. Becaube airbrake/telemetry bay was moved aft, ttedt main chute 6
feet) and associated shock cohdivebeen moved to be contained within the coupler connecting dfie
airframe and fin section. Thaft avionics bay is not being contained with the airbraietem and is not
contained between two bulkheads in tredt airframe. This system will continue to be responsible for
deploying the drogu@arachute andaft mainparachute.

Since propoal, the Aerotech L1150R has been selected as the motorapgd the flight vehicle tothe
desiredaltitude. This motor was selected due to @smpact21 inch lengthand because iis predicted
to launchthe rocket toan apogee of pproximately5,700 feet. This overshoot allows roororfthe
airbrake system tmperate as wel ascompensatingor inevitable increases in vehicle weight during
construction. The overshoot caused by this motor was the smallest comparetthécother motors
researchedThe compactness dfie motor will allow the airbrake system to be close to thd &ection,
preventing disruption of stabilitduring airbrake operation

Theairbrake system will be driven by a Firgelli 5D&22-12-P linear actuator. This actuatwiill provide
sufficient response speed and loading capabilities to control the airbrake system. The actuator also
allows simpleconnection and control to Arduino via PWM ab@BO2 Yy SOG A 2y (1 KNP dz3 K
Actuator Control board (LAC). The entire systentompact lightweight, and will fit well within the
section that will house it.

NORTH CAROLINA STATE UNIVERSITY
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2.2. AGSE/Payload Criteria

Since the proposal the launch rail raising system has lbsagtified from a design built around a linear
actuator to a geared stepper motor system. This decision wasenbaged on theéhigh cost and large
weight of the linear actuator needed to lift the rocket and launch rod. The gear based system was also
OK2aSy 0SSOl dzaS revious &pevency Wit itk ystems. A planetary geared
stepper motor with a 7.8 gear ratio will be used. Thisovides afactor of safetyof 1.50n the holding
torque.

2.3. Project Plan

Since the proposal the project plan has been expanded. Dates have been added for subscale, full scale
and AGSE final design, parts ordering, and construenilestone dates. More specific items have been
added to the budget and the funding plan has been edited to reflect the funds received from the
Engineering Council.

3. Vehicle Criteria
3.1. Selection, Design, and Verification of Launch Vehicle
3.1.1. Mission Statement

The Tacho Lycos team will design a launch vehicle and AGSE that will autonomously collect and stow a
Martian soil sample, represented by a PVC pipe, in the rocket before erecting the rocket, inserting an
igniter in the motor, and launching the rocketam apogee altitude of 5,280 feet AGL.

3.1.2. System Requirements

The following requirements were gathered from the NASA SL 2016 Handbook due to the comprehensive
and complete description of requirements:

1.1. The vehicle shall deliver the payload to an apoghkiude of 5,280 feet above ground level
(AGL).

1.2.  The vehicle shall carry one commercially available, barometric altimeter for recording the official

Ff GAGdZRS dzaSR Ay (GKS O2YLISGAGAZ2Y &a02NRAYy3Id ¢KS | £
competition score. Teams will receive the maximum number of altitude points (5,280) if the official

scoring altimeter reads a value of exactly 5,280 feet AGL. The team will lose two points for every foot
above the required altitude, and one point for eydpot below the required altitude. The altitude score

will be equivalent to the percentage of altitude points remaining after any deductions.

1.2.1. The official scoring altimeter shall report the official competition altitude via a series of beeps to
be checked after the competition flight.

1.2.2. Teams may have additional altimeters to control vehicle electronics and payload experiment(s).

1.2.2.1 At the Launch Readiness Review, a NASA official will mark the altimeter that will be used for the
official scoring.

NORTH CAROLINA STATE UNIVERSITY
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1.2.2.2. At the launch field, a NASA official will obtain the altitude by listening to the audible beeps
reported by the officiatompetition, marked altimeter.

12231 G GKS €l dzyOK FASERXE G2 AR Ay dblelSaddvigsy | GA2Y
except for the official altitudeletermining altimeter shalbe capable of being turned off.

1.2.3. The following circumstances will warrant a score of zero for the altitude portion of the
competition:

1.2.3.1. The official, marked altater is damaged and/or does not report an altitude via a series of
0SSLJA FFGSNI GKS GSIFYQa O2YLISGAGAZ2Y FtAIKGD

1.2.3.2. The team does not report to the NASA official designated to record the altitude with their
official, marked altimeter on the day of thaunch.

1.2.3.3. The altimeter reports an apogealtitude over 5,600 feet AGL.
1.2.3.4. The rocket is not flown at the competition launch site.

1.3. The launch vehicle shall be designed to be recoverable and reusable. Reusable is defined as
being able tdaunch again on the same day without repairs or modifications.

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

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

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

1.7.  The launch vehicle shall be capable of remaining in laweatly configuration at the pad for a
minimum of 1 hour without losing the functionality of any criticatlmmard component.

1.8. The launch vehicle shall bagable of being launched by a standard 12 volt direct current firing
system. The firing system will be provided by the Nd8gignated Range Services Provider.

1.9. The launch vehicle shall use a commercially available solid motor propulsion system using
ammonium perchlorate composite propellant (APCP) which is approved and certified by the National
Association of Rocketry (NAR), Tripoli Rocketry Association (TRA), and/or the Canadian Association of
Rocketry (CAR).

1.9.1. Final motor choices must be madg the Critical Design Review (CDR).

1.9.2. Any motor changes after CDR must be approved by the NASA Range Safety Officer (RSO), and
will only be approved if the change is for the sole purpose of increasing the safety margin.

1.10. The total impulse providiby a launch vehicle shall not exceed 5,120 Nevseronds (Iclass).

NORTH CAROLINA STATE UNIVERSITY
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1.11. Pressure vessels on the vehicle shall be approved by the RSO and shall meet the following
criteria:

1.11.1. The minimum factor of safety (Burst or Ultimate pressure versus Maecte’ Operating
Pressure) shall be 4:1 with supporting design documentation included in all milestone reviews.

1.11.2. Each pressure vessel shall include a pressure relief valve that sees the full pressure of the tank.

1.11.3. Full pedigree of the tankhall be described, including the application for which the tank was
designed, and the history of the tank, including the number of pressure cycles put on the tank, by
whom, and when.

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

1.13. All teams shall successfully launch and recaveir full-scale rocket prior to FRR in its final

flight configuration. The rocket flown at FRR must be the same rocket to be flown on launch day. The
purpose of the fult OF £ S RSY2yaGNYI A2y FEAIKG Aa (G2 wbY2ya
AYyGiSaNrRGes NBO2OSNE aeadSvyaz FyR GKS GSIFYQa oA
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, funating tracking devices, etc.). The following criteria must be met
during the full scale demonstration flight:

1.13.1. The vehicle and recovery system shall have functioned as designed.

1.13.2. The payload does not have to be flown during the -$gtle test flight. The following
requirements still apply:

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

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

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

1.13.3. The fultscale motor does not have to be flown during the -Bdhle test flight. However, it is
recommended that the fulscale motor be used to demonstrate full flight readiness and altitude
verification. If the fullscale motor is not flown dumg the fultscale flight, it is desired that the motor
simulate, as closely as possible, the predicted maximum velocity and maximum acceleration of the
competition flight.

1.13.4. The vehicle shall be flown in its fully ballasted configuration durindutescale test flight. Fully
ballasted refers to the same amount of ballast that will be flown during the competition flight.

1.13.5. After successfully completing the fdtale demonstration flight, the launch vehicle or any of its
components shall ndbe modified without the concurrence of the NASA Range Safety Officer (RSO).

NORTH CAROLINA STATE UNIVERSITY
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1.14. Each team will have a maximum budget of $7,500 they may spend on the rocket and its
payload(s). (Exception: Centennial Challenge payload task. See supplemental requireahents
http://www.nasa.gov/mavprize for more information). The cost is for the competition rocket and
payload as it sits on the pad, including all purchased components. The fair market value of all donated
items or materials shall be included in the cost gsi. The following items may be omitted from the
total cost of the vehicle: Shipping costs and Team labor costs

1.15. Vehicle Prohibitions
1.15.1. The launch vehicle shall not utilize forward canards.
1.15.2. The launch vehicle shall not utilize forwandng motors.

1.15.3. The launch vehicle shall not utilize motors that expel titanium sponges (Sparky, Skidmark,
MetalStorm, etc.).

1.15.4. The launch vehicle shall not utilize hybrid motors.
1.15.5. The launch vehicle shall not utilize a cluster of mators
3.1.3. Mission Success Criteria

The team will design a launch vehicle that will leave the launch pad at over 44 feet per second, fly to an
apogeealtitude of 5,280 feetAGLwithout incident, activate all recovery events pteprogrammed
altitudes, and descendith an acceptable level of kinetic energy.

3.1.4. Subsystem Descriptions
3.1.4.1. Nosecone

Model rocketry nosecones can be chosen for a wide variety of flight conditions depending on speed and
purpose. From preliminary design simulations, it was determined that the toskeld operate well
below supersonic speedés the simulations showed K mota would be insufficient to achievthe
desired altitude and an motor would owershoot the target altitude of onenile AGL Therefore, the
team determined thathe vehicle wilfeature a 3:1 ogive noseconwhichcan be seen ifrigure2 with
dimensions irFigure3. The ogive noseconas slightly higher drag compared to an elliptic nosecone at
subsonic speedswhich will bring the apogee altitude closer to the target altitudéhe nosecone
constructedof wound fiberglas$or durability, will be purchased fronRocketry Warehouse to save time
and money.The nosecone has aabe diameter of 5.5 inches with a 5 inshoulder anda 16.5 inch
exposed lengthThere will be a 0.37%nch thick birch plywood bulkead in the nosecone witlan
appropriately sizedJ-bolt to attach the recovergystemharneses
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Figure2 3:1 Ogive Nosecone
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Figure3 Dimensions of Ogive Nosecone
3.1.4.2. Airframe

The vehicle body will beonstructedof 5.5 inch diameterspiral woundfiberglass tubing. Fiberglass
offers high stragth and durability and is also waterproof in caskea water landing The forward
airframe can be seen modeled in Figure 4 and dimensioned in Figure 5, whit tieframe can be
seen modeled in Figure 6 and dimensioned in FigufEh@. aiframe will have three break points along
its length and will separate between the nosecone forevard airframe,forward and aft airframes, and
aft airframe and fin section.

Internally, the body tube will be separated in&wix sections divided by 0.75 inch birch plywood
bulkheads. The first sectipriocated between the nosecone bulkhead atlte foremost forward
airframe bulkheadwill have the 4 foot main parachuteh@& sectim between the two bulkheads in the
forward airframe will house thdorward avionics bay and payload retention bay. This avionics bay will
control the forward main parachute and the ARRD. The section betweerfdheard and aft airframes

will house the 18 inch drogue parachute and ARRD, which will be mounted on the bulkhead in the
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forward airframe. The section between the bulkheads in #fieairframe will contain theft avionics bay

which will control the ejection charges fdhe drogue andaft 6 foot main parachute.The section
between theaft airframe and fin section will contain thé foot main parachute. Below that, in the
enclosed section beneath the fin section bulkhead, will be an electronics bay which cdetamstry

and airbrake control. Each of the altimeter bays and the electronics bay will have an access hatch to
allow for batteries and other components to be switched out as necessary. The payload bay will also
have a door to allow the payload to be inserted aedled.The bulkheads will all be flush with a section

of coupler epoxied in place in the directiohparachuteoadingfor increased strength.

Figure4 ForwardAirframe Models
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Figure5 ForwardAirframe Dimensions

Figure6 Aft Airframe Models




24.000

Figure7 Aft Airframe Dimensions
3.1.4.3.  Avionics

The rocket will contain two avionics bays, each centrally located in their respective airframes. Each
avionics bay will contairtwo altimeters. The forward avionicsbay will contain two Entacore AIM 3.0
altimeters andcontrol the 4 foot main parachute and the ARRD. fiits¢ Entacorewill be programmed

to fire the primary charges to separate the ARRD, 0@ fed and the main parachute at,Q00 feet. The
secondEntacore will be programmed to fire redundaritargesl00 feet below each of those respective
altitudes Theaft @A 2y A O& 0 | €l bel pibdtanmimad t@ file3He Kjgction charges for the
drogue at apogee and th@foot main parachute at 700 feet. Tigtratologger SL10@r the aft avionics

bay will also be programmed to fire the redundant char@iegcond afterapogee for the droguand at

600 feet for the mainEach altimeter will be independently powered by adk battery and wired to its

own switch. The switches will not be armed until the rocket is erected on the launch rail to avoid
unnecessary battery drainfo ensure that albltimeters and batteries are secure, custom fitted 3D
printed avionics sleds will be produced, such as the orkégure8.
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Figure8 Entacae Avionics Sled
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Figure9 Avionics Sled Bdyimensions
3.1.4.4. Stability

For the purposes of stability analysis, the datum reference point was established at the tip of the
nosecone. From preliminary calculations in OpenRocket, the center of gravity was located 63.0 inches

aft of datum and the center of pressure was located57hchesaft of datum. This makes thstatic
margin 2.09 calibpel. ¥ G KS RS&A3Iy 2F G(KS NRBO1SG OKFy3aSaz . I NN
the center of pressure. Once the rocket is constructed, the center of gravity will be verified by balance

and ballast will be added as needed in order to assure a satisfactory static margin.

[ F dzy OK NI A f SEAG oSt20A0@& A& ONHzOAI € G2 GKS @SKA
Livingston suggested a minimum velocitiy4d feet persecond as the fommost rail button leaves the

launch rali. For the L1150R motor andd8A y OK f | dzy OK NI} Af X A G g atonF2dzy R
would leave the rail at 54.1 feet per seconssuming that the top rail button is 24 inches from the

bottom of the rocket the rail button will travel 72 inches before leaving the.r@ilhe equation used to

calculate this velocity is shown below. This equation is derived using the assumption that the forces

acting on the vehicle as well as its mass ayastant over the short time on the rail. In addition, rail

friction was neglected as well as drag due to the low velocities being considered.
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L is the distance the top rail button travels before it leaves the raik dlistance is related to the rail

f Sy3dkK o6& FRRAYy3I GKS RAaAGlIYyOS 0SisSSy GKS G2LJ NI A
GKS [ mMmpnaw Y2(0i2NRa I @Ml HS OPKNRuza 2 F2 d3 MIKKS ®A NWR
and masNB a LISOGA @St es FyR * Aa (KS flFdzyOK NI AfQa I|y3
requirements to be 85 degrees). While this rail exit velocity is above the minimum value, drag, rail
friction, nonconstant thrust, and the propellant buroff were not taken into account. Also, the
GSKAOEt SQa ¢SAIAKG A& tA1Ste G2 AyONBIrasS o0Si¢eSSy (K
SEAGL oSt20AGe oAttt 0SS OSNAFASR dz&aAy3 RNI F-ofSaGAYL
estimaes, a final vehicle weight, and varying thrust values. The launch rail length will be adjusted if this

more accurate rail exit velocity estimate does not meet the minimum value.

3.1.4.5. Fin Section

The fin section of the airframe will be34.5 inch section db.5 inch outer diameter fiberglass. Four slots
will be cut at 90 degree intervals thate 0.25 inches wide, 4 inches long, and located 2 inches forward
of the tail end of the vehicle. There will be a 0.75 inch thick, 5.36 inch diameter bulkhead located 3.
inches aft of the forward end of the nosecone. The bulkhead will securb@tWhich will connect the

fin section to theaft airframe at main separation event. A 0.75 inch engine block will be mounted 12.7
inches from the forward end of the fin sectioBetween the bulkhead and the engine block will be the
electronics bay housing the telemetry and airbrake contidl the aft end of the fin section, a 21 inch
long, 3.11 inch diameter fiberglass tube will be epoxied inside to act as the motor mount).3@®

inch centering rings fabricated from birch aircraft plywood will be epoxied to the inner surface of the
airframe to align the motoas concentric tahe body tube as possibleThe centering rings will sit flush
agairst the tabs extending from each dtie four fins to provide a more secure attachment of the fins
and can be seen iRigure10. Two flaps for the airbrakes will be located flush with the surface of the
airframe betweerand slightly abovéhe fins. Eacliiberglasdslap will be located 90 degrees from the rail
buttons and will be cut out of the slots that they will sit ifhe exact size and placement of the airbrake
flaps can be seen iRigurell. Each fin will be constructed frobirch aircraft plywood with a 0.25 inch
thickness as seen Figurel2.
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FigurellFin Section Dimensions
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Figurel2 Fin Dimensions

3.1.4.6. Motor

The AeroTech L1150R motor was chosased on the motorequirements, the expected weight of the
rocket and the altitude requirement. It was also chosen so that the rocket would have a stable rail exit
velocity. The motor has a diameter 08295 inchand is20.87 inchesn length. The total weight of the
motor is 8.10 pounds The weight of the propellant 19 poundsThe burn time is 3.1 seconds and the
average thrust i258.5 poundsAfter the motor hadinished burning the stability margin will increase to
3.21 calibers Based on theDperRocket simulationthe motor will propel the rocket to an apogee of
5,720ft. This is more than the altitude requirement®280ft but when the airbrakeystem engages the

drag on the rocket will increase and the apogee altitude will decrease. Additionally, there will diet wei
added throughout the build process in unaccounted for hardware and excess resin. Extra sensors, larger
parachutes and other design changamuld also add weight to the rocket. Basea the final design of

the aibrake system and final rocket weight trerbrakes will be configured such that the apogee is at or
under 5280ft.
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3.1.4.7. Payload Compartment

The payload compartment will be locatdd the forward airframe of the rocket, behind the first
bulkhead. The payload door Wide hinged to the body tube in a way that allows the door to rotate in
the axial direction of the rockeThe payload door will bB inches in length and 3 inches in widiine

two hinges will be mounted on the inside wall of the fiberglass body tuber Roi autonomous
activation, the door will be placed in an open orientation. The payload door will be located on the side
of the rocket with the door opening toward the ground. ThiErmanentmagnets will be placed on the
outer edge of the door, one on eh end and one in the middle. Three magnets will also be fixed inside
the body tube such that when the door is closed the magnet pair connect and the door seals shut. The
door will be sealed by the robotic arm pushing it from the open position until ther é@® flush with the
rocket body and the magnets lock the door into plateside the payload compartment there will be a
5.25inchby 2incho f 2 O Pick &kl P d@zMdlyrethane foanthat will be fitted to the payload size
specifications of a cylinder. 5 inches in length with a diameter of approximately % inch. There will also
be foam on the inside of the door that will fit over the payload and prevent it from shifting during
erection and liftoff.
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Figurel3Payload Compartment Model
3.1.4.8. Airbrake System

3.1.4.8.1. Electrical Subsystem
The airbrake system will be controlled by an Arduino MEGA that will be asigdafruit barometric
pressure sensor (BMP180) to measure the current pressure adtitdde. The system will usene
Arduino to plot a curve using the BMP180 to determine when to apply the airbrakesArduino will
control the actuator through E St £ A Qa [ Ay SI NJ ! Ok boartNacdesyatad@d@ o621 N
3.3 volt,4-20 milliamps, digital €& volt pulsewidth modulation (PWM), 2 millisecondstandard RC, or
USB to control thectuator. It has been determined that using PWM will be the simplest way for the
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Arduino to communicate with the LAThe system will deploy the airbrakes and constantly update the
estimated apogee. The airbrake gleyment will be updated every 300 milliseconsis that estimated
apogee is maintained atZ80 feet. In addition, the system will also include a GPS (to relay the location
of the rocket) and a radio (to transmit live @ato the ground). The team will be using Ardui@do
program the airbrake system onboard the rocket. The schematic below shows the relationship between
the electronics used for the airbrake system.

Linear

Actuator
Controller

Radio (1 Way)

Arduino Mega 2560

Figurel4 Airbrake Circuit Rigram

3.1.4.8.2. Mechanical Subsection

The airbrake system will be driven by a FirgeliOR22-12-P linearactuator. This actuator was chosen
due to its loading capabilities {Q1.24 poundsynd actuating speed (up to 1.8 inches per secasl

well as its strokeof 1.97 inchesThis results in a minimum deployment time thie airbrakesof 0.8
seconds at zero loaahd a deployment time of about 1.2 seconds with expected aerodynamic [bhés.
actuator will be mounted atop the engine block in a specially designedihg, and will activate the
brakes with a pulling motion as opposed to a pushing one. The single push/pull rod of the actuator will
interact with flapsthrough a system of rods and hinges asrs@eFigurel5 below. There will be one

15.5 inchstainless steetod for each of the flaps that is guided by holeghe engine blockas well as
Delrin guides further down closer to the flaps.
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Figurel5Airbrake System

Theactuator will act on theods with a machined aminum rodconnector. These rods will travel down
to a system of hinges and pivot poirds shown irFigurel5 that allow for a large change in airbrake
angle (~45 degrees), in such a confined locafidris mechanism will also put less load on the rods and
actuator with higher deployment angles. Asetangles of the flaps deployment get higher the majority
of the load will be placed on thgelrin guides.

The flaps will be precision cut from the fiberglass fin section, and therefore naturally fit within their
respective slots. The hinges that attachetllaps will be commercially bought hinges and will be
attached to the body and flaps using both screws and epoxy to ensure that they do not fail.
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Figurel6 CloseUp of Airbrake Pivot

Using a preliminary iterativMATLAR 0de, the team has predicted that the airbrakes will need to begin

to deploy at altitudes between ,800 and 3400 feet. This code is still being improved to be more
accurate in predicting at what altitude and/or at what speeds the airbrakes will havepioyl Because

total flight time to apogee is about 18 seconds and the airbrakes only require about 1.2 seconds to
deploy, the system will have plenty of time and altitude to deploy and ensure that the rocket hits its 1
mile target apogee.

3.1.5. Performance Characteristics for System and Subsystems

The systems and subsystems will be deemed successful if they carry out their respective tasks. Ideally,
the tasks will only take one attempt to accomplish. The system will still be successful though if it can
fully canvey its potential, even if it takes more than one attempt. The level of accuracy will be measured
by how close the systems come to the expected results, such as when the parachutes deploy to release
the sample section. Many of the tasks are crucial toghecess of the entire missiosiichas picking up

the sample and retaining it within the rocket. Systems such as these will be evaluated on a pass/fail
basis
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3.1.6. Verification Plan

A series of experiments will be conducted to ensure the viability ofldbach vehicle subsystenasd
verify that they are ready for flight.

Airbrake Altimeter Testin order to ensure the viability of the airbrake systethe teamfirst wanted to
test the altimeter that will be used fohe airbrakes. Thd wS R a S| y &t wilich Was uss®irCthe
200910 Student Launch Comipiion was repurposed for the launclon board the rocketan altimeter
whose data was processed by an Arduino MEGA 2&80included The results of the data collected are
below inFigurel?7. The recordedapogeewas comparedgainst the recorded apogee of the altimeters
that were used for the ejection charges. The Arduino recorded an apoge# 28 8 while the SL100
recorded 3713 ket and the Entacore AIM recorde2B92feet but it was determined that the Entacore
encountered an error. The altitude that it used as grodenkl was significantly different (458 feet) than
what it should have been aoaling to the standard modeThis test was conducted October 24, 2015.
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Figurel7 Arduino Altimeter Test Results

Wind Tunnel TesfThe teamwill be using the NC State ssdnic wind tunnel taletermine aerodynamic
characteristicof the airbrake system at various levels of deployment. This will ensurettibadctual

ratio of coefficient of drag versus angle of deployment is similar to expected values. This test will be run

at various speeds to ensure that error can be minimizedi data accuracy can be achieved. The test will

mount the fin section, or a simulated fin sectiontlwvairbrake system on the NC Statab-sonic wind
GdzyyStQa aildAyaoe [/ 2STFAOASYG 2F RNI I gAff 0S ljdz y
stream velocity, and against deployment angle. This will allow a plot of drag coefficient versus
deployment angle to be generated andnapared to computation models.
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Altimeter Pressure Tedltn order to ensure that the altimeters used for ejection charges onboard the
rocket execute correctly, altimetewsill be placedn a vacuum chamber anill be hooked up to an
LED. If the LED illunaites at the correct pressure, thetwill be deemedworthy for flight. Thesame
testwill be runon the altimeters that will be used for the air brake system.

GPS Transmitter Experimeiht order to ensure that all transmitting devices function propetsg, team
will perform a test using 2 BigRedBee GPS Units, anarttrake telemetry system to transmit data to a
ground station at the same time. All the units transmit at the same frequendy st be necessarjo

set the devices to different chanreArange testwill also be conductetb make sure that signals from
over a mile (line of sight) awaye received

3.1.7. Project Risks

Table2 Project Risk Analysis

Risk Likelihood Impact Mitigation Mitigation Cost
Overspending Low Medium Proper budgeting| May have to find

other income

Delays Medium High Proper planning May lose time

and diligence | delegated to other
areas

Lack of Resourceg Low High Thorough bill of Sacrifice items
materials from other areas

Improper Design Medium High Proper analysis of May attempt to

each subsystem | spend too much
time on a single

system
Rocket Motor Low High Use wel May need to
Failure established purchase a more
motors expensive rocket
Inadequate Medium Low Increase grip Over
Sample Retention strength of compensation

payload retention | may limit ability to
insert sample

StepperMotors Medium High Use more robust| Increase in weight
Fall motors of AGSE and pricg
Insufficient Power Medium High Use larger power| Increase in weight

Supply supply of AGSE and price
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3.1.8. Understanding of Project Components

All of the risks defined iAppendixB (the FMECA diagrams) must be taken into account when designing
the vehicle and AGSE. Accounting for these risks will ensure the safety of the team. Any of the safety
risks coming to fruition would severely impact progress on the design, or halt the work completely. As
with any project, there is also the risk of going over budget. This risk should be avoided, and can be if
proper care is taken to keep up with team'spital. If the team goes over budget, then at the very least
points will be lost or the team may be disqualified overall. Lastly, ample time must be allotted to each
section of the design, documentation included. Any delays would quickly compound and acish b
progress on other aspects of the design, potentially preventing the project to be finished. Therefore, it is
imperative that the team remain on schedule whenever possible.

3.1.9. Planning of Manufacturing, Verification, Integration, and Operations

The NC StatHighPowered Rocketry Club is located in the MAE Student Fabrication Lab, Room 2003
Engineering Building Ill. Club members also have access to the Aircraft and Space Senior Design Labs,
Rooms 1224 and 1225.

Additionally, the club has access to two maehahops located on the first floor of Engineering Building

3. Gary Lofton is the supervisor for the Mechanical Engineering Senior Design Machine Shop located in
Room 1205 and helps with design and parts requests. Steve Cameron is the supervisor for the MAE
Department Machine Shop located in Room 1228 and can do more precision machining. The Structures
Teaching Lab located in Room 2208 will provide additional testing equipment for materials testing.

Room 2003 has the following equipment available:

Craftsmarnl.6 inch Variable Speed Scroll Skigurel8)
Craftsman 12 inch Bench Drill PréSigurel9)

¢Fal C2NDS né¢ . SAigire2D)y R cé¢ 542380 { I yYRSNJ
120 Volt 60 HZ Band Saw

16 Gallon 6.5 HP Shop Vac

Dremel 400 XPR Rotary Tools

Ryobi HG600 He&un

SENAfEf . A0 kdy&8S TFTNRBY okcné
Task Force Ratchet/Socket Kit

Digital Micrometer

SoftWorks 5lb Food Scale

Wilton Bench Vice

Vacuum hoses for wet layups

Dewalt 18V Dirill

= =4 =8 -4 8 -8 A -8 a8 _9_9_9_°
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Figurel9DDrill Press
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Figure21Band Saw




Figure23 Dewalt 18V Dirill
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Bulkheads will be constructed by bonditigee f I & SNJ Odzi wmkyé . ANDOK LI &g22|

epoxy. The bulkheads will be held in place using a vacuum seal. A large piece ofgtastic badining

will be placed on a clean surface free from debfibe plastic will be sized to fit the number of
bulkheads being made. The plastic will be lagg@ugh for the bulkheads to lay side by side without
touching on one half of the lining. Folding the plastic over will reduce the amount of material that needs
to be cut and usedPeel ply will be laid over the vacuum bag to aid in the removal of the bag after the
epoxy dries. The peel ply will be cut so that it is two incstesrter than the plastic on each edge and
have one inch of overhang past the bulkheafse gap along the edge will allow A y & G NA LJa 2 F
putty will be placed along #outer perimeter of the lining, forming a se&xtra putty will be placed
around the place where the vacuum tube will be inserted into layup.

The bulkheads will thebe placed on the peel ply and vacuum bagging and epoxy will be applied. The
second half of the peel ply will be folded over and then cotton breatherrge las the folded over peel

ply. Strips of breather will be cut and placed to connect the end oivdeaum tube to the rest of the
breather. Correct breather coverage will ensure that the vacuum removes the air uniformly and the air
pressure is applied uniformly. Tlsecond half of the vacuum bagging will then be folded over and the
edges pressed into thputty to secure the seal. Special attention will be pséduringthe putty seal
around the vacuum tubeThe vacuum 0f20 inches of mercurwill then be applied for &2 hours to

allow theWest Systems epoxy and hardenedry.

The fins will also be 04 0 NHzZOG SR FNRBY Gg2 {1 aSNJ Odzi LIASOSa
togetherwith epoxy. The fins will be created using the same process as the bulkheads. If the bulkheads
and the fins can be laid up at the same time, both will be fabricated ataheedime. The fins will pass
through the outer body tube and attach to the motor mount tube with epoxy. Epoxy will also be added
on the outside of the body tube around the edges of each fin to further secure the fins to the rocket.
Any excess epoxy on tloeitside of the body tube will be removed afterl2 hours to reduce the weight

of the rocket.

3.1.10. Confidence and Maturity of Design

The teamis confidentthat the vehicle design will work based on previous experience with rocket design,
fabrication and assemly. Designing and building the airbrakeubsystem will be one of the more
challenging parts of the rocket, but the team is confident that it can properly integrate the system and
that the rocket will not exceed the titlude ceiling. The team is alsmnfident that the current AGSE
design is feasible based on prior experience in construction, electy@mdsobotics.

The design has matured from the original proposal with the relocation of the airbrake control system to
the fin sectionso that the cotrol is closer to the flaps located near the firgvery bulkhead is now
reinforced by being seatefirmly against a section of coupler. The bulkheads have been increased in size
from 0.375 inches to 0.75 inches in order to facilitate the addition of actedches to the various
altimeter and electronics bays.
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3.1.11. Assembly Drawing

Figure24 Full scale Rocket Assemblies
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3.1.12. Electrical Schematic for Recovery System
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3.1.13. Mass Statement

The rocket is currently estimated to weigh 29.04 Ibs. This weight comes from OpenRocket and
SolidWorksmodels therefore, it is an accurate approximation. Much of the weight of the rocket come
from the motor and casing of which the casing itself is about half. This weight approximation does not
include the epoxy or paint needed to build the rocket, so the team is expecting a 15% increase in the
total weight. The extra weight should not interéewith the rocket because calculations were made with
greater mass assumptions.

Table3 Mass Statement

Component Weight (Ibs)
Nosecone 2.26
ForwardAirframe 6.45
Aft Airframe 5.21
Fin Section 7.02
Motor and Casing 8.10
Total 29.04

3.2.  Recovery Subsystem

The recovery system will consist of three parachutes, four altimeters, an Advanced Retention Release
Device (ARRD), electronic matches, and black powder charges. At apogee, the 1.5 foot drogue parachute
will deploy between thdorward andaft airframes. Theft avionics bay will control the ejection charges

for the drogue, with the Stratologge€Fprogrammed tofire the primary charge at apogee and the
Stratologger SL1Q&rogrammed to fire the redundant chardesecondater.

At 1,100 feet, the ARRD will separate tf@ward airframe from theaft airframe, leaving the drogue
attached to theaft airframe. At 1000 feet, the 4 foot main will deploy between the nosecone and
forward airframe. Both of these events will be controlled by foeward avionics bay, with the primary
charges controlled by thérst Entacoreand the secondary charges controlled by secondEntacore.
Secondary charges are to be detonafiedecondhfter primary charges

The 6 foot main parachute will deploat 700 feet between theaft airframe and the fin section. The
ejection charges will be controlled by tladt avionics bay. The Stratologg€Fwill control the primary
ejection charge and thé&tratologger BE100will control the redundant charge, which will detonate
second after the primary.

Black powder charge sizes were calculated with the following formula:
a 0zO0zm8timo Eqg. 2

Where L is the length of the section in inches, D is the diameter in inahds0.006 is a constant used

to convert cubic inches to grams of black powder. From the preliminary desigrfotivard main
parachute cavity requires 2.3 grams of black powder and will therefore have a 2.5 gram redundant
charge. The drogue parachute @swill require 1.8 grams of black powder and will have a 2.0 gram
redundant charge. Thaft main parachute will have a 2.1 gram primary charge with a 2.3 gram
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redundant charge. These charge sizes may be subject to change if the volumes of the paradgtiate c
change or the ground ejection testing proves a more energetic ejection is necessary to fully deploy the
parachutes. There will be four4D nylon shear pins at each separation point to hold the rocket together
until deployment.

3.3. Mission Performance Predictions
3.3.1. Mission Performance Criteria

The firstobjectiveto accomplish is the altitude requirement 0f280 feet AGLBased on the simulations

and calculations, the L1150R motor is sufficiently powerful to carry the vehicle past the goal at the
current projected weight. The additional drag provided by the airbrakeslaiiier the apogee to the
target.

One of the altimeters has to be designated as the officially scored competition altimeter. All of the
altimeters will be calibrated carefullp ensure acuracy and programmed to read the correct altitude
for the elevation at the launch site.

The launch vehicle must be recoverable and reusable. The vehicle will be constructedtfirain
materials which will easily withstand the gentle landing. The staged recovery system will ensure that the
landing is low force. The two, independent sections will each contain a GPS tracking unit to aid in the
recovery of the vehicle after landing.

The vehicle shall have a maximum of four independent sections. These sections at landing will be the
noseconeforward airframe,aft airframe, and fin section.

The launch vehicle will be limited to a single stage. The vehicle will be flying on a shggld $150R
motor.

The launch vehicle shall be capable of being prepared for flight at the launch site within 2 hours.
Through proper use of a launch checklist and rehearsed assembly of the vehidegriheiill be able to
preparethe vehicle for flight wthin this time constraint.

The launch vehicle shall be capable of remaining in laweaty configuration at the pad for a minimum

of 1 hour without losing the functionality of any critical-bnard component. Each electrical component
will be independentt by either a fresh 9 volt battery or a fully charged LiPo battery to minimize the
drain on each battery thereby increasing its life. Furthermore, the altimeters will have switches which
will not be activated until the vehicle is in launch configurationttoem pad, which will further decrease

the drain on the batteries.

The launch vehicle shall be capable of being launched by a standard 12 volt direct current firing system.
The standard igniter used to ignite the motor being used to launch the vehicle ecariggered by a
standard 12 volt direct current firing system.

The launch vehicle shall use a commercially available solid motor propulsion system using ammonium
perchlorate composite propellant (APCP). This motor shall not exceed 5,120 Nesdonds oftotal
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impulse (kclass). The vehicle will be flown on an AeroTech L1150R motor, which is approved and
certified by the National Association of Rocketry (NAR) and has a total impulse of 2517 Newatods.

3.3.2. Flight Profile Simulations

Figure27 below shows a flight profile simulaticinom OpenRocket using the AeroTech L1150R motor
with the drogue parachute deploying at apogee, tfreward airframe main peachute deploying at

1,000 feet, and theft airframe main parachute deploying at 700 feet.
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Figure27 OpenRocket Flight Simulation

Vertical acceleration (ﬂ/s’)l

3.3.3. Stability Margin, Center of Pressure, Center of Gravity

hLlSyw201SG FYR . FNNRBgYlFyYyQa Sljdzt GA2y &P, anf RGofthe G K dza
vehicle. OpeRocket gave a static margin of 2.09 with the center of gravity located 63.0 inches aft of the

datum and the center of pressure located 74.Bches aft of datum. In comparison, Bawg | y Qa
equations gave values of 1.87 with the C@4t2 inches aft of datum and CP at 74.52 inches aft of

datum. The center of igssure for an ogivalosecone is 46.6 percent of the length, measured from the

tip of the nose.

3.3.4. Kinetic Energy at Landing

A MATLAB program was written to determine the parachute sizes required to keep the velocity and
kinetic energy to acceptable levels. The MATLAB program assumed the drag coefficient of the
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parachutes to be 1.75. The densitvas assumed to be standard sea level and was set at 0.002377
slugs/ft. The velocity was calculated using the equation:

0 — Eq. 3

Where D equals the weight of the vehiclg,£lj dz £ & (1 KS R Mpréentd th&desity QrdSy G
givesthe area of the parachute. The kinetic energy KE was found using:

VO -dw Eq. 4

Where m is the mass of the rocket, and V is the velocity found above. These results were then plotted
against different parachute sizes to determine the ideal size requiv keep the vehicle reusable.

Drogue Velocity
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Figure28Vehicle Under Drogue Velocity
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will fall under drogue. Using that requirement, a 1.5 foot drogue parachute was chosen to deploy at
apogee.Figure28 above shows the parachute diameters required to slow the parachute down to 82
feet per second. The rocket weight, after propellant burn, was used to calculate these values.
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Main Nosecone Kinetic Energy
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Figure29 Main ForwardAirframe Kinetic Energy Calator

At 1,000 feet, the main parachute will deploy between the noseconefamvdard airframe. This section
must impact the ground with less than 75 fgebunds of energy. In order to accomplish this, a 4 foot
main was chosen, as shownHkigure29 above. This will slow the rocket down to 21.1 feet per second.

The weight used to determine this value was the projected weight based on the OpenRocketptusdel
15 percent for unaccounted for hardware and epoxy weight.
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Main Fin Can Kinetic Energy
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Figure30Main Fin Section Kinetic Energy Calculator

At 700 feet, the main parachute will deploy between thi airframe and fin section. This section also
has therequirement of landing with less than 75 fepbunds of kinetic energy. Usikigure30 above, a

6 foot parachute was chosen to allow the fin sectioratso land safely. The parachute will slow the fin
section down to 16.6 feet per second. The rocket weight after propellant bathallowing for a 15
percent increase was used to calculate these values.

3.3.5. Wind Drift

A MATLAB code was written in order determine the maximum drift distances at different wind
speeds. The distances were calculated separately for the nosecone and fin sections of the rocket. The
maximum drift was calculated for varying atmospheric conditions in order to determine adjustments
necessary to control the descent of the different sections of the rocket.

The total time spent airborne for each section was calculated by dividing the terminal velocities by the
distances in each stage of the descent. The first stage of the descent laodk Ipefore the sections
separated and was described by a constant velocity of 82 feet per second from an altitude of 5,595 feet
to 1,000 feet. Despite the fact that airbrakes will be deployed in order to achieve the target of 5,280
feet, the higher altitae projected by OpenRocket was used in order to calculate the worst case scenario
drift. The second stage for the fin section was to continue falling at 82 feet per second to 700 feet and
then fall at 16.6 feet per second to the ground. The second stagiédorward airframe and nosecone
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was to fall from 1,000 feet to the ground at 21.1 feet per second. The total time spent in the air was
118.4 and 116.2 seconds for tieward airframe and fin section respectively.

Once the total times were calculatedrfeach section, the drift for wind speeds of 5, 10, 15, and 20 mile
per hour winds were calculate@he wind speeds were converted to feet per second by multiplying each
wind speed by 280/3,600, resulting in speeds of 7.3, 14.7, 22.0, and 29.3 feet per second. The
maximum drift distances can be seenTiable4 below with a corresponding swal of the distances in
Figure31.

Table4 Wind Drift Predictions

wind (mph) | ForwardAirframe (ft) | Fin Section (ft)
0 (blue) 0 0

5 (green) 404 396

10 (brown) | 807 792

15 (yellow) | 1211 1188

20 (red) 1614 1584

Figure31 Wind Drift Diagram
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3.4. Interfaces and Integration
3.4.1. Payload

The payload will be placed at a set distance in front of the robot arm. The arm walogeammed to

move the servos such that the gripper is in position to pick up the sar@piee the gripper has a hold of

the sample, the arm will then move to a preset location to insert the sample into its container. The

cradle of the payload sectionwillS LI} RRSR gAGK LIR2fe&dNBIKFIyS at A0 |
sample and to keep it protected during the launch. The foam will be shaped for the given design of the
sample withenough restriction to hold the sample into place after being releasethéyarm. The arm

will then be used to close the magnetized hatch door and secure the sample inside of the rocket.

3.4.2. Internal Compartments and Subsystems

The forward payload houses the forward avionics section. This section has two altimeters and a GPS unit
attached to the back of the sled that holds the payload. This section is encompassed by two bulkheads.
The rear avionics bay also houses two altimeters and a GPS unit to track the fin section after separation.
There are 75 inch aircraft plywood bulkheadseparating all the section that hold either avionics or a
parachute. The motor section has it reinforced bulkhead that acts as a motor block to protect the
vehicle from any failures that may occur during the propellant burn time.

3.4.3. Launch Vehicle and Ground Station

The launch vehicle will contain three transmitting devices that will be communicating with receivers on

the ground. Two of those devices will be BigRedBee (BRB) 900 MHz GPS transmitters. These GPS units
have providedhe teamreliable location inbrmation in the @st and has allowed for quick recovery of

the launch vehicle. The third device will be an Adafruit GPS that is connected to the Arduino MEGA that
will be used to control the air brake system. A Digi XTend 900 MHz radio will relay telelatztity the

ground station. The XTend unit and GPS are untested and will be fairly experimental thighgetam

will conduct experiments to ensure that this system reliably transmits data. Since the transmitters are

on the same frequency the team willake sure that all transmitting devices are on separate channels
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Figure32 BigRedBe Trnsmtter |
3.4.4. Launch Vehicle and AGSE

All electrical subsystems aboard the AGSE are controlled by the same computer (Beaglebone Black or
BBB) inorder to maintain easy integration and a standard code base. The BBB can benpnagra
through any lab computer and subsystems are pragred using standard C libraries. All of the code

used and developed will be backed up on Github. With the additionoatact switches on various
components of the rocket to determine when processes have reached their finishing point, the contact
switches would be depressed, and the process would stop. These systems would be useful with both the
rocket raising mechanismsavell as the igniter insertion. For the robotic arm, a more intensive system
must be created to determine when it has picked up the payload and when it has placed it in the rocket
an closes the door.

3.5. Safety
3.5.1. Launch Operation Procedures

To ensure alhazarag andaccidents are avoided, the NC StadlBRC will follow the published Tripoli Pre
Flight Review Checklist

a. General
i. Isthis member known to the TAP reviewer?
ii. Does this member have the appropriate Certification Level or will this be a
CertificationFlight?
iii. Does the proposed launch site and date have the appropriate recovery area and
launch setup for this flight?
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iv. Does the Prefect require TAP Review?
b. Rocket Review
i. General
1. Are there attachments to the P+Elight Data Capture?
2. Drawings: airframestructures; payloads, etc.
3. Schematics: avionics, ignition systems, payloads, etc.
4. Performance calculations: Center of Pressure; Center of Gravity, motor
type, altitude, velocity, etc
ii. Airframe
Is the design generally suitable for the application?
Is the aiframe material suitable for this rocket?
Is the fin material/attachment sound?
Is the motor mount sound?
Is the nosecone suitable?
What are the most probable airframe faults and corrective actions?
What are the safety implications of an airframe failure?
Are there any design change recommendations?
iii. Recovery System
1. Isthe recovery system attachment secure/suitable?
2. Does the recovery system have sufficient capacity for a safe descent?
3. Whatis the deployment system?
4. What are the most probable deployment systdaults and corrective
actions?
5. What are the safety implications of a recovery system failure?
6. Are there any design change recommendations?
iv. Avionics Description
Commercial or unique design?
What are the functions of the avionics components?
Are the avioris appropriate to the application?
Do the avionics have flight safety implications?
Can the avionics and inhibits be accessible from outside the vehicle?
Are there safeing/arming indicators?
Are any of the systems redundant?
What are the most probablavionics system faults and corrective
actions?
9. What are the safety implications of an avionics system failure?
10. Are there any design change recommendations?
v. Motor

©ONOTORWDNE
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Is the motor suitable for the rocket?
Is the motor Tripoli Certified?
Is the motor ignitiorsuitable?
What are the most probable motor faults and corrective actions?
What are the safety implications of a motor failure?
Are there any design change recommendations?
vi. Launcher
1. Isthe launcher suitable for the rocket?

ok wNE
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Is the launch lug, or rail guideitable for the rocket?
What will the launch angle be?
Are there any special launch control requirements?
What are the most probable faults with the launcher?
What are the safety implications of a launcher failure?
Are there any design change recommendas®
vii. Performance
How were the performance calculations done?
Were the calculations done manually?
Are the algorithms used correct?
Were the calculations accomplished correctly?
Was a computer used?
What is the source of the software?
Is the software suitalel for this rocket?
Are there printouts?
Should the calculations be independently run?
10 What are the safety implications of poor performance data?
11. Are there any changes or recommendations?
viii. Operations
Is there a prédlight checklist?
Which operations does ttover?
Are each the operations sufficiently documented?
Are hazardous operations flagged?
What are the safety implications of poor checklists?
Are there any changes or recommendations?

Nookwd
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c. AGSE Review
i. General

1. Are there attachments to the P+#Elight Data Capta?

2. Drawings: structures; payloads, etc.

3. Schematics: electronics, payloads, etc.

4. Performance calculations: Center of Gravity, motor type, etc.

ii. AGSE Structure

Is the design generally suitable for the application?
Is the material suitable for this rocket?
Isthe leg material/attachment sound?
Are the Servo mounts sound?
What are the most probable frame faults and corrective actions?
What are the safety implications of a frame failure?
Are there any design change recommendations?
iii. Electronlc Description
Commercial or unique design?
What are the functions of the electronics components?
Are the electronics appropriate to the application?
Can the electronics and inhibits be accessible from outside the vehicle?
Are theresafetyarming indicators?
Are any of he systems redundant?

NogakwdhpE
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7. What are the most probable electronics system faults and corrective
actions?
8. What are the safety implications of an electronics system failure?
9. Are there any design change recommendations?
iv. Servo
Is the Servo suitable for the AGSE?
Isthe Servo Tripoli Certified?
Is the Servo ignition suitable?
What are the most probable Servo faults and corrective actions?
What are the safety implications of a Servo failure?
Are there any design change recommendations?
v. Performance
How were the performace calculations done?
Were the calculations done manually?
Are the algorithms used correct?
Were the calculations accomplished correctly?
Was a computer used?
What is the source of the software?
Is the software suitable for this rocket?
Are there printous?
Should the calculations be independently run?
10 What are the safety implications of poor performance data?
11. Are there any changes or recommendations?
vi. Operations
Is there a prélight checklist?
Which operations does it cover?
Are each the operationsufficiently documented?
Are hazardous operations flagged?
What are the safety implications of poor checklists?
Are there any changes or recommendations?

ogkrwdE
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3.5.2. Safety Officer
Adam Tokonitz

Adam Tokonitz will act as the safeofficer for the NCState 20152016 NASA Student Launch team.
Adam has been an active Hifloweed Rocketry Club member since 2014, and has sufficient
experience in all aspects of rocketry safety, as well as general tool use safety. When present, he will
oversee all activities conducted ime student fabrication lab as well as at the launch site. When
unavailable, the responsibilities will be fulfilled by the highest ranking club officer present. Adam will
also ensure new members undergo safety training before being allowed to use cexisn to

The active safety officer will provide the proper safety measures td@lStateHigh-Poweed Rocketry

Club members and accompanying guests, the working environment, any construction, testing, and
vehicle launchesThese safety measures include, tare not limited to: providing a written safety
manual that includes hazards, safety procedures, MSDS, and operator manuals; ensuring that all team
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members read and comply with the manual; identifying and rectifying any violations of the manual,
briefing the team on safety plans for different situations; creating a risk matrix for different possible
hazards; overseeing testing to ensure that all testing is done in a safe manner; remaining active in the
design and construction of the rocket to ensure adhemrio safety plan; enforcing use of safety
equipment during construction and testing (safety goggles, hearing protection, rubber gloves, etc.);
ensuring properstorage and use of energetic materials; ensuring compliance with all local, state, and
federal Bws; ensuring the safety of all participants in outreach activities.

3.5.3. Personnel Hazards

While competing in the NASA Student Launch project, there are many hazards that team members have
to consider in order to keep safety at the forefront. From the laboratto the launch pad, there are
possibly harmful tools, materials, and chemicals. Before using any of the power tools in the laboratory,
the safety officer gives a demonstration on the correct procedure for to use the tools safety. The team
members are tkn supervised until they are proficient on the lab tools. The correct personnel protective
equipment (PPE) must also be worn by team members depending on the tools, materials, or chemicals
they are working on. Team members must also follow the Materia¢t$pafnd Data Sheets (MSDS,
AppendixQ when handling any hazardous materials and chemidable5 and Table6 contain a
personnel safety matrix for construction and launch pddble 7 contains a safety matrix for
environmental safety concerns.
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Tableb Construction Personnel Hazards

Safety Concern

Mitigation

Confidence

Drill Press

Band Saw

Belt Sander

Manual Mill

Chop Saw

All personnel in the lab
space are notified before
powering on the drill press.
Safetyglasses and earplug:
are to be worn by persons
operating the press. Precis
set up of the drill press anc
retention of the material
being drilled will ensure the
press is operated smoothly
and within operating limits.
All personnel in the lab
space are notified before
powering on the band saw.
Safety glasseand earplugs
are to be worn by persons
operating the band saw.
Saw calibration and setup
are checked prior to use.
Only select materials and
thickness will be used on
the band saw.

All personnel in the lab
space are notified shortly
before powering on the bel
sander. Safety glasses anc
earplugs are to be worn by
persons operating the belt
sander.

For any items that need the
manual mill, the team goes
to the director of the
Mechanical Engineering
Shop. The director of the
shop is a professional
machinst hired by NC
State

For any items that need the
chop saw, the team goes t
the director of the
Mechanical Engineering
Shop. The directoof the

The drill press is a safe
piece of mahinery. Team
members are trained on
how to use the press safet
and are supervised until
proficient. Proper PPE will
be worn at all times during
operation.

Proper setup (tightness an
alignment of band) is the
most important paif safe
operation of the band saw.
Team members are trainec
on the band saw and
supervised until proficient.
Proper PPE will be worn at
all times during operation.

The belt sander will be
checked for proper
tightness before use. Propt
PPE will be wan at all
times during operation.

The shop director ensures
the safety of his lab and
helps teach those concern:
to team members. All shop
procedures are followed
when the manual mill is
used.

The shop director ensures
the safety of his lab and
helps teach those concern:
to team members. All shop
procedures are followed
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Black Powder

Epoxy

Power Supply

Soldering Iron

shop is a professional
machinist hired by NC
Stae.

Black powder is handled in
an isolated location,
premeasured, and placed
into vials before taking it
out to the launch site. The
black powder is stored
separately in a safe
environment away from
potential ignition sources.
Epoxy is applied in
ventilated areas. Persons
using epoxy wear gloves
and eye protection.

Power supplies are left
unplugged when not in use
They are not used near
water and cords are
inspected for bare wires
before use. Circuitry is
checked prior to use to
ensure they can handle the
applied loads.

Soldering irons are left
unplugged when not in use
They are not used near
water and cords are
inspeced for bare wires
before use. User ensures
proper spacing during
operation.

when the chop saw is usec

Black powder is one of the
more dangerous substance
handed by the club, so
extreme caution is taken
when handling. There is
minimal chance for
problems with black
powder.

Safety procedures and
observers ensure eppis a
minimal safety concern in
the lab.

Relatively low power uses
with stringent safety
requirements ensure prope
use and safety when using
electrical equipment.

Primary concerns with
soldering irons focus arour
electrical safety and
minimizes the
misplacement of the heat
source. Keeping these two
risks in check ensures the
safety of theequipment
operation.

NA STATE UNIVERSITY



NC STATE UNIVERSITY

Table6 Launch Personnel Hazards

Safety Concern

Mitigation

Confidence

Assembly of Rocket
Motor

Handling of Vehicle

Launch Vicinity

Location

The rocket motor is
carefully carried from the
car to the rocket assembly
point. During assembly, all
pointsspecified by the
manufacturer's instructions
are followed step by step
while our mentor, Alan,
supervises.

Two hands are used to
transport each component
when taking the rocket fron
the car to the assembling
area. Electronics and blast
caps are armed and filled
shortly befordaunch.
Monitoring the location of
everyone that is in
attendance on the launch
site and preventing them
from getting to close will be
asimple task by giving
warnings prior to launch.
Launches are only done at
locations specified by the
North Carolina Rocketry
Association or NASA
Student Launch.

Assembling the rocket
motor is a critical procedurt
to ensure the safety and
success of the launch.
Special attention to
manufacturer as well as
advsor 6 s i nst.
ensures the motor ignites
and burns properly.
Cautious handling protects
the rocket from falls that
could damage components
and harm the launch.

Having set distances
specified by launch officials
mitigates this concern.

The teams confident in
these organizations to
choose proper locations fol
launches.
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Table7 Launch Environmental Hazards

Safety Concern

Hazard

Mitigation

Cloud Cover

Rain, Snowor Hail

High Winds

Bodies of Water

Cold Temperatures

NAR Safety Codes prevent
launch into cloudy
conditions.

NAR Safety Codes prevent
launch into cloudy
conditions. Wet conditions
can damage electrical
components on the rocket
the ASGE Hall impacts can
dent or damage the rocket
and AGSE

NAR Safety Codes prevent
launch into winds greater
than 20 miles per hour. Fot
winds less tha20 miles per
hour the rocket may drift
into an inaccessible area

The rocket can fall into the
water andhe electronics
could be damaged. The
rocket may fall into a deep
body of water and cannot t
recovered.

Cold temperatures cause tl
batteries to discharge more
quickly and cause the
fiberglass bodyube and
fiberglassnose cone to
shrink

Make sure taheck the
weather forecast before
launching and have a
backup launch day in case
of inclement weather
Make sure to check the
weather forecast before
launching and have a
backup launch day in case
of inclement weather. In
case of precipitation bring ¢
tarp to put over the rocket.
In case of hail stow the
rocket under a protective
shelter like a picnic shelter
or inside the trunk of a car.
Make sure to check the
weather forecast before
launching and have a
backup launch day in case
of inclement weather. If
possible launch at a time
during the day where there
is the least amount of wind
Make sure to launch in an
area free from rivers, pond:
large puddles and the ocee
If the rocket falls into a
body of water remove it as
quickly as pssible and
disconnect the batteries
from the electronics. Make
sure to test electronic
components before using
them again

Check to make sure the
flight batteries and AGSE
batteries are functional
before launch. Check that
the fiberglass bodtube can
still be separated by the
black powder charge
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High Humidity Black powder charges Store black powder in a
become moi st cool dryenvironment,
ignite. Altimeters become check the calibration of the

uncalibrated in a high altimeters before launch
temperature high humidity
atmosphere.

UV Exposure Adhesives ortherocketcan Limit the exposure of the
weaken The body tubemay rocket and AGSE to direct
warps orelectrical sunlight. Visually inspect
component®n the AGSE the rocket and AGSE befor
may become&lamaged launch

Road, Concrete of Hard Rocket is damaged becaus Make sure to launch in an

Surfaces of an impact witha hard area that has soft surfaces
surface for the rocket to land on

Trees or other Vegetation The parachute may becom Make sure to launch in an
tangled in a tree or can be area that is clear of trees o
ripped while being retrievec other objects that the rocke
from a tree. The rocket car or parachuteould impact
get stuck in a tree or other
piece of vegetation, or may
become damaged from an
impact with a tree.

Ground Support Crew Members of the ground Make sureltat all crew
crew may become injured members remain alert and
by falling rocket parts or by vigilant during the duration
being too close to the rock¢ of the rocket launch and
at takeoff. recovery. All crew should

maintain a safe distance
from the rocket at launch.

3.5.4. Failure Mode Effects and Criticality Analysis

The MECA Diagram Spreadsheet is locatefippendix B

NAR Environmental Regulations

The NAR High Power Rocket Safety Code document addresses the following environmental regulations:
Flight Safety. | wilhot launch my rocket at targets, into clouds, near airplanes, nor on trajectories that

take it directly over the heads of spectators or beyond the boundaries of the launch site, and will not put
any flammable or explosive payload in my rocket. | will aahth my rockets if wind speeds exceed 20

NA STATE UNIVERSITY




NC STATE UNIVERSITY

miles per hour. | will comply with Federal Aviation Administration airspace regulations when flying, and
will ensure that my rocket will not exceed any applicable altitude limit in effect at that launch site.

The team will fulfill this regulation by only launching at approved launch sites and with approved
payloads. The team will comply with all FAA regulations and will not launch into winds greater than 20
miles per hour.

Launch Site. I will launch my rocket dabrs, in an open area where trees, power lines, buildings, and
persons not involved in the launch do not present a hazard, and that is at least as large on its smallest
dimension as ondalf of the maximum altitude to which rockets are allowed to be flavrthat site or

1500 feet, whichever is greater.

The team will fulfill this regulation by only launching at approved launch sites.

Launcher Location. My launcher will be 1500 feet from any inhabited building or from any public
highway on which trafficléw exceeds 10 vehicles per hour, not including traffic flow related to the
launch. It will also be no closer than the appropriate Minimum Personnel Distance from the
accompanying table from any boundary of the launch site.

The team will fulfill this redation by only launching at approved launch sites and by placing the
accompanying table at least the Minimum Personnel Distance from the boundary of the launch site.

Recovery System. | will use a recovery system such as a parachute in my rocketadlopiduds of my
rocket return safely and undamaged and can be flown again, and | will use only-réais&nt or
fireproof recovery system wadding in my rocket.

The team will fulfill this regulation by including twommercial parachutes in the rockabd by testing
the rocket airframeto the expected impact loads. Only flame resistant wadding will be used in the
rocket.

Recovery Safety. | will not attempt to recover my rocket from power lines, tall trees, or other dangerous
places, fly it under conditits where it is likely to recover in spectator areas or outside the launch site,
nor attempt to catch it as it approaches the ground.

The team will fulfill this regulation bgnly flying at approved launch sites where there are no power
lines, tall trees bdangerous places to have to retrieve the rocket frowo. onewill attempt to catch the
rocket as it approaches the ground.
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4. AGSE Criteria

4.1. Selection, Design, and Verification of Payload
4.1.1. System Level Requirements

The following was taken from the NASA Sil&6landbook and from the SL Task 2 Handout for its
comprehensive and complete descriptions:

4.1.1.1. MAV Project Competition and AGSE Requirements
4.1.1.1.1. The MAV Project will provide each team with the opportunity to develop a
unique method to capture, contain, and latim a payload with limited human
intervention. In addition, teams will develop a launch system that erects a
rocket from a horizontal to vertical position, and has its igniter autonomously
installed. The AGSE will be demonstrated at LRR and will follovgehisral
LINE OSRdzNE® wS|j @K NSty Sg8a OXyRdzOGSR | dziz2y 2
finish within a 10 minute time limit. The only allowed human interaction is the
activation of the master switch.
4.1.1.1.1.1. Teams will position their launch vehicle horizontally on A&SE
4.1.1.1.1.2. A master switch will be activated to power on all autonomous
procedures and subroutines
4.1.1.1.1.3. All AGSEs will be equipped with a pause switch in the event that a judge
needs the AGSE to be temporarily halted for any reason. The pause
switch halts all AGS#ocedures and subroutines. One the pause switch
is deactivated the AGSE resumes operation
411114 hyOS (KS 2dzRIS HESHYl Hedin ité dutbhomaug > (G KS
functions in the following order: 1) capture and containment of the
payload; 2) erection of the lach platform from horizontal to 5.0
degrees off vertical (85.0 degrees), 3) insertion of the motor igniter. The
judge may reenable the pause switch at any time at his/her discretion.
If the pause switch is renabled all systems and actions shall cease
immediately. The judge will only do this if there is a question about safe
operation of the AGSE. The judge and team leader will discuss and
decide if the team will be allowed to continue their attempt. No
modifications to the hardware or software will bélaved prior to a
rerun.
4.1.1.2. The Autonomous Ground Support Equipment (AGSE)
4.1.1.2.1. For the purposef this challenge, the ASGE is defined as all mechanical
and electrical components not part of the launch vehicle, and is
provided by the teams. This includes, but @& limited to, the payload
containment and igniter installation devices, computers, electric
motors, batteries, etc.
4.1.1.2.2. All AGSE systems shall be fully autonomous. The only human interaction
will be if the judge pauses the AGSE.
4.1.1.2.3. The AGSE shall be limited tavaight of 150 pounds or less and volume
of 12 feet in height x 12 feet in length x 10 feet in width.
4.1.1.3. Prohibited Technology for AGSE
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4.1.1.3.1. As one of the goal®f this competition is to develop equipment,
processes, and technologies that could be implemented Maatian
environment, the AGSE and any related technology cannot employ
processes that would not work in such environments. Therefore,
prohibited technologies include

41132 {Sya2Na GKIFI{G NBfe 2y 9FNIKQa YIF3IySiaa

4.1.1.3.3. Ultrasonic or other sounttased sensors

4.1.1.3.4. Eart-based or Earth orbibased radio aids

4.1.1.3.5. Open circuit pneumatics

4.1.1.3.6. Air breathing systems

41.1.4. Payload

4.1.1.4.1. Each launclehicle must have the space to contain a cylindrical payload
approximately 3/4 inch inner diameter and 4.75 inches in length. The
payload will be madeof % x 3 inch Schedule 40 PVC tubing filled
primarily with sand and may include BBs, weighing approximately 4
ounces and capped with domed PVC end caps. Each launch vehicle must
be able to seal the payload containment area autonomously prior to
launch.

4.1.1.4.2. Adiagram of the payload and a sample payload will be provided to each
team at time of acceptance into the competition. In addition, Teams
may construct practice payloads according to the above specifications;
however, each team will be required to use a uktdion payload
provided to them on launch day.

4.1.1.4.3. The payload will not contain any hooks or other means to grab it.

4.1.1.4.4. The payload shall be placed a minimum of 12 inches away from the
AGSE and outer mold line of the launch vehicle in the launch area for
insertion, when placed in the horizontal position on the AGSE and will
be at the discretion of the team as long as it meets the minimum
placement requirements.

4.1.1.4.5. Gravityassist shall not be used to place the payload within the rocket. If
this method is used no pdis shall be given for payload insertion.

4.1.1.4.6. Each team will be given 10 minutes to autonomously capture, place, and
seal the payloadvithin 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 this time. Going over time will
NBadzZ & Ay GKS G4SFYQa RA&Aldzr t AFAOI GA2

4.1.15. Safety and AGSE Control

4.1.1.5.1. Each team must provide the following switches and indicators for their
AGSE.
4.1.15.1.1. A masterswitch to power all parts of the AGSE. The switch must
be easily accessible and hardwired to the AGSE.
4,1.15.1.2. A pause switch to temporarily terminate all actions performed
by AGSE. The switch must be easily accessible and hardwired to
the AGSE.
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4.1.1.5.1.3. A safety lightthat indicates that the AGSE power is turned on.
The light must be amber/orange in color. It will flash at a
frequency of 1 Hz when the AGSE is powered on, and will be
solid in color when the AGSE is paused while power is still
supplied

4.1.15.1.4. An all systems gaght to verify all systems have passed safety
verifications and the rocket system is ready to launch

4.1.2. Subsystem Requirements
4.1.2.1. Sample Retrieval

The sample will be retrieved usings& degree of freedom robotic arnf-ourdegrees of freedom are
provided by tle arm itself andwo degrees by the mechanical gripper placed on the end of the arm to
pick up the sample. The arm will be built using a RobotShop M100RAK V2 Modular Robotic Arm Kit as a
base, however based on previous experience with this arm the startd&#B5HB Winch Servo Motors

are being replaced witlS7950TH &rvosto provide better control and speed. The mechanical gripper

will be made from a Lynxmotion Little Grip Kit. The kit includes twd22Sservos that can act to rotate

and close the gripA depiction of the arm and gripper is shownFigure33.! & LISNJ G4 KS Y ydzF I
specifications eacjoint on the arm had.80degreesof possible otation and the gripper can rotate 180
degrees about its axisThe gripper can open to 1.3 inches which is large enough to fit around the
diameter of the sample. The arm has a gear ratio of 5:1 and has a maximum reach of 24 inches not
including the gripperEach servo on the arm has a stall torque of 488ceinches, which should be

more than sufficient to raise the arm and payload

2

Figure33Robotic Arm and Gripper
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The sample will be placed at a set location at least 12 indne® the AGSE. The arm will be
programmed such thattiwill reach the sample and position the gripper around the sample before
closing the gripper head to secure the sample in the gripper. The arm will then place the sample into the
Gt A O1 | Y R rethandZogmécradl@zirf tRedzayload bay. After the sample is in the bay, the arm
will retract and push the payload door closed until the magnets connect to seal the rocket.

41.2.2. Rocket Erection

The rocket and the launch rail will be erected using a gieaen ystem. This system will consist of a
sectorshaped gear with an angle of 120 degrees fixed to rotate with the launch rail, a smaller driving
gear, and a planetary gearbox stepper motor. The sesi@ped driven gear will have a radius o6 7
inches while he intermeshed driving gear will have a radius of 1 inch giving a gear rati6: bfBoth of

the gears will be made of 3/8 inch thick steel to prevent gear slipping or warBpegifications for the
planetary stepper motor are included ifable8 below. The stepper motor was chosen over a regular
electric motor for its ability to rotate discrete angular steps. Fpre&determined number of pulses, ¢h
stepper motor can be commanded to rotate the driven gear and the launch rail to the desired 85 degree
angle.

To calculate the required holding torque of the stepper motor, the moments from the weight of the
rocket, the launch rail, and the large driveeag were summed about the pivot point of the launch rail.
Theweight of the rocket was overestimated to be pOundsto account for any possible increases in
vehicle weight; the weight of the launch rail was take be about 1(ounds the weight of thedriven

gear was calculated with the steel density of 490.06 fhift be about 6.25pounds Dividing the
resulting moment by the gear ratio or 7.5:1 yielded a required holding torque af. I®e maximum
holding torque of theplanetary gednox stepper motois 29.5 ftlb, giving the system a factor of safety
over 1.5.For the required 85 degree angular rotation of the launch rail and the given gear ratios, it was
determined that the stepper motor would need to undergo about 110 rotations (~22,000 steps). Th
stepper motor will be commanded by the BeagleBone Black through the stepper motor driver.

There will be a ratchet welded to each of the pillar blocks that support the launch rail at the pivot point.
These ratchets will be mounted axially with the pivoimt and prevent the launch rail from falling in the
event of motor failure or loss of power. Current mass distribution indicates that 160pfmatds of
torque will be necessary to accomplish this. Tests will be conductedrify that the ratchets candid

that much torque without breaking. The switches on the ratchets can reverse the direction of the
ratchets to allowthe rail to be raised and lowered back into the horizontal position. There will be a
support pillar at the forward end of the AGSE onalihihe launch rail will rest when in the horizontal
position to avoid unnecessary strain on the motor and ratchets.
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Table8 Launch Rail Raising System Stepper Motor Specs

Manufacturer Part Number 23HS22804SPG47
Motor Type Bipolar Stepper
Gearbox Output Step Angle 0.0386 deg.

Gearbox Output Holding Torque 29.5 ftlb

Gear Ratio 46.656:1
Gearbox Mech. Efficiency 73%
Rated Current/phase 2.8A
Recommended Voltage 24-48 V

4.1.2.3. Igniter Insertion

To insert the igniter, the linear actuator systemhigure34 will be used. The 17HSTH04S stepper
motor, shown inFigure35, will be attached toa threaded rod via a small coupler. The rod will thread
through a plate that is prevented from rotating by the two parallel guidégached to the nut will be a
dowel holding the igniterAs the stepper motor turns, the plate/dowel assembly moves upwards
inserting the igniter into the base of the rocket.

Figure34 Igniter Insertion System
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Figure3517HS18)40S Motor Used to Insert the Igniter
4.1.3. Performance Characteristics of System and Subsystems

A successful AGSE system will autonomously grab the sample, place the sample in the rocket, seal the
rocket, raise the rocket, and insert the igniter. The BeagleBone Black will handle the sequencing of the
tasks and schedule tasks based on which tasks hese tompleted.

4.1.4. Verification Plan

The team will complete a number of experiments to confirm that the AGSE can complete all of the tasks
required for mission success.

For testing the motor and the gears of the erection system launch rail, different seodidnal gears will

be tested in the system to see which best fits the needs of the team. A higher gear ratio provides a
higher holding torque for the motor, but it is also slower to erect. The different sizes will be tested to
see which size sectional geprovides the holding torque that is needed while also erecting the launch
rail in a reasonable time. The calculations indicate that a 7.5:1 gear ratio would be optimal to have a
safety factor of slightly greater than 1.5

4.1.5. Integration Plan

Figure36 providessome details into the flow of the AGSE system. The BeagleBone will be central to the
monitoring, scheduling, and control of the system. To monitoe progress of the system, the
BeagleBone will interface with a systemsofitware flagghat monitor andrelay task completeness. The

key tasks to be verified bthese flagswill be grabbing the sample, placing the sample in the rocket
clamp, closing tb door of the rocket, verifying the rocket was erected to the correct position, and
verifying the igniter is in the correct positioiihe BeagleBone can schedule and control procedures for
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the next task. The completion of each task will also be electripistored on the BeagleBone so the
system knows where to resume in case of a power failure.

Beagle Control
Power on a System
Power off a System

Start System

Verify all sensors are connected

Grab the sample

Power onarm
Arm startup program
Find sample

Insert sample in

clamps

Move sample to compartmerdn rocket with arm
Push sample into foanf rocket.

Release hand.

Close rocket door with arm.

Move arm to preset location out of rocket path.
Power off arm

Raise the rocket

Power on step motor
Run step motor
Power off step motor
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Insert the igniter

Power on igniter stepper motor
Operate igniter motor until igniter ieside rocket motor

Power off igniter motor

System ready to
launch

Figure36 AGSE System Flow

4.1.6. Assembly Drawing

Figure37 AGSE Assembly Model
4.1.7. Electrical Schematics

The AGSE will be controlled by one central computer which will use a series of controllers to
manage all the subsystemsThe team will be using a Beaglebone Black (BBB) as our central
computer. It has 512 MB oRAM, 1.2 GHz Processor, and 36 GB of flash memory which should be
sufficient for any computations needed to achieve the desired taskBhe teamwill be using an SS€
32U servo controller to control all the servos on the robotic arm The armwill be used to pick up
the sampleand load it into the rocket Stepper motor controllers will be used to control the motors
used for erecting the rocket and inserting the igniter. The schematic below shows the relationship
between the BBB and all other gbsystems that interact with it.
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Figure38 AGSE Electronics Circuit Diagram

The system will includboth a master power switch (to supply and take away powerafbsystems of
the AGSERrnd a pause switch to pause all AGSEinast during system executioA series of voltage
regulators (Voltage Regulator Box) will be used to supply the correct voltages to all the subsy$tems.
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team will be using C and the POSIX API to program the AGSE dyigtenndicators will be used to
indicate when the system is paused orpaused.

4.2. Payload Concept Features and Definition
4.2.1. Uniqueness

This AGSE design differs from others the team has seen in several aspects. First is the shape of the AGSE
frame.In order to decrease the volume and weight while maintaining ease of assembly, the shape of the
AGSE is a The AGSE is also utilizing a tripod leg design whiclsenvidirely decreasthe possibility of

tipping as three points always form a plane. The feethef AGSE also have terragmipping spikes
protruding from the bottoms to decrease the chance of tipping in high winds or shifting as the thrust of

the rocket taking off acts on it. Airbrakes areennchallenge that NC State has never attempted before.

4.2.2. Level of Challenge

The level of difficulty is high, as the team is attempting to re&idhve payload with an arm with five
degrees of freedomBecause of how much the reach varies on the arm, prograigmard testing will be
more difficult than it would if a simpler desigvere used such as a crane.

Theteam isalso attempting tocut the weight of the AGSE as much as possible, which can lead to many
problems on its own. While the team is reusing igniinsertion device and rocket raising system, it is
still devising a new AGSE with new devices and ideas that bring the level of difficulty up

4.3. Science Value

The requirements of the MAV challenge are meant to simulate the conditions on the Martian surface
Therefore all of the systems and subsystems must be designed to work under constractied
below in section 4.3.2This is to ensure that the individual components and concepts used in our design
could be scaled up to be used in an actual Mars imisThe sections that follow describe how each
system contributes to the advancement of aerospace engineering.

4.3.1. AGSEObjectives
The objective of the AG&Eto:

1 Retrieve a sample placed on the grounging the robotic arm
9 Load itinto a horizontally sittnrocketusing the robotic arm
1 Erect the rocket into launch position (85

1 Insert an igniter into the motor

4.

1

3.2. AGSE Constraints

The AGSE will not use instrumesensorsthat require the use of sound/air, pressure, gravity,
magnetic fields, GPS/satellite dia assistance and pneumatics
The AGSE will weigh less than 150 pounds

1
1 The AGSE will have a volume less than 12 feet Hi@hferet length x 10 feet width
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1 The AGSE will be fully autonomous (with the exception of a pause switch)
1 The AGSE will be fuljectric(Powered by LithiuniPolymer Batteries)

4.3.3. Payload Success Criteria

The AGSE will lmaiccessful if it cabapture,load, and retain the samplvithin the specified constraints

After these tasks have been completed, the vehicle will then be erectelddioch. Success for the AGSE

will only be obtained if these tasks are completed. Success with the AGSE will prove the viability of the
system as a whole to be implemented in other tasks, such as missions to Mars.

4.3.4. Experimental Logic, Approach, and Method of Investigation

All of the experiments described above are physical tasks that will need to be completed by the team. By
testing each of the crual subsystemsafm movement,erection, insertiof), overall success of the
project can be ensured. It is imgant that all modes of failure are analyzed to account for any means of
failure. Therefore, each test will be performed several times in order to collect sufficient data and prove
the repeatability of the processes. It is important that viable data be iobthfrom each experiment so

that the real system will work correctly. As such, each experiment eidlgproached as if the test were

for the actual competition. Impropetesting would lead to inaccurate data and failure of the mission,
detracting from tle scientific value of the project

4.3.5. Test and Measurement, Variables, and Controls

The data will be collected using accurate measurements, such as with digital calipers and a gram scale.
As described above, the variables to be tested are the amounts of ptaetter needed, the accuracy of

the robotic arm and the force load of the motors erecting the rocket. Since all of the tests are
experimental in nature and are rated on a success/failure scale, control tests cannot be used to establish
the baseline for tk experiments.

4.3.6. 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 thus relevant to the tasks at hand.

4.3.7. Preliminary Experiment Process Proce dure

As described above in secti@l.6., the experiments were carefully conducted so that accurate results
could be obtained. Careful experimentation preserves the scientific value of the experiments and keeps
the results indicative of the project. Eaelperiment followed the general guitlees of any scientific

study; aproblem was present that needed to be investigated or solved. Next, an experiment was formed
that tested possible solutions to the problem or provide more insight into the issue. Therievgnts

were desiged to account for any issues that might arise and to test the capabilities of the design. The
experiments were then carefully conducted so as to not corrupt the results and to preserve their
legitimacy. The results were then analyzedrake sure that the initial requirements were met and that

the data received was accurate. This process of experimentation is valid for any scientific study, and thus
the experimental process procedures have scientific value.
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5.1. Budget Plan
Table9 Budget

Category Supplier Item Amount Total Price

AGSE DigiKey BeagleBone Black 1 $45
Stepperonline Leadshine M542 Stepper Motor Driver 1 $40
Stepperonline Nema 17 Bipolar Stepper 1 $10
Stepperonline Nema 23 Geare8tepper Motor 1 $60
RadioShack 5mm-5mm Couplers 1 $5
RAdioShack USB Extension Cable 1 $2
RadioShack USB Hub 1 $7
Thunder Power Thunder Power 37 V Battery 1 $268
RadioShack 12 V Step Down to 5V Power Module 1 $10
RadioShack 2.1 mm CoaRower Plug 1 $5
RadioShack 48V Step Down to 24V Power Module 1 $24
RadioShack 12V Step Down to 6V Power Module 1 $10
Thunder Power Thunder Power 12V Battery 1 $100
DigiKey Xtend Radio Units 2 $600
Metals Depot 3/8" A573 Steel Plate 2sqft $48
80/20 1515 Aluminum Railing 45 ft $215
80/20 1010 Aluminum Railing 8 ft $15
80/20 5/16-18 Fnut 200 $96
80/20 1/4-20 Fnut 50 $19
Lynxmotion Lynxmotion Servo Controller 1 $45
Lynxmotion HS7950TH Servo 3 $416
RobotShop M100RAK VRlodular Robotic Arm 1 $600
RobotShop Gripper for Robotic Arm 1 $40
RadioShack 22 Gage Servo Connector Wire 100 ft $32
DigiKey Molex lockable connectors and pins 50 $40
-- Misc. Hardware -- $100
Home Depot 1/8" Balsa Wood Dowel 1 $1
ElectronicsSalon Crystal Oscillator 2 $25
Home Depot Threaded Rods 3ft $21
OnlineMetals Delrin Sheet 12"x12"x1/4" 1 $25
Sears Ratchet Wrench 2 $40

AGSE Subtotal

$2,964

NORTH CAROLINA STATE UNIVERSITY




NC STATE UNIVERSITY

Category Item Amount Total Price

Vehicle Apogee 38mmRetainer 1 $27
Apogee 1010 Rail Buttons 1 $3
Rocketry Warehouse 4" Diameter Nosecone 1 $65
Rocketry Warehouse 4" Fiberglass Tubing 7ft $158
Rocketry Warehouse 4" Fiberglass Coupler 2 $46
Rocketry Warehouse 38mm Fiberglass Tubing 12in $14
Rocketry Warehouse 5.5" Diameter Nosecone 1 $115
Rocketry Warehouse 5.5" Fiberglass Coupler 2 $110
Rocketry Warehouse 5.5" Fiberglass Tubing 8 ft $304
Apogee 75mm Retainer 1 $47
West Marine Epoxy and Hardener 1 $50
Askew Taylor AircraftBirch Plywood (1/8"x1'x2") 10 $63
Apogee 1515 Rail Buttons 1 $5
Apogee Entacore AIM 3.0 Altimeters 2 $200
Apogee StratologgerAltimeters 2 $160
Home Depot Paint -- $30
BigRedBee GPS Bee 3 $95
RadioShack Wires -- $30
Fruity Chutes Kevlar Shock Cord 60 ft $125
Fruity Chutes 18" Elliptic Parachute 1 $58
Fruity Chutes 48" Elliptic Parachute 1 $119
Fruity Chutes 72" Elliptic Parachute 1 $171
Bass Pro Shop Black Powder 1llb $20
RATTworks RATTworks ARRD 1 $95
mentor Igniters 5 $10
mentor Ematches 20 $25
Rocketry Warehouse 3" Fiberglass Tubing 24 in $40
mentor 75mm Motor Casing 1 $100
mentor 38mm Motor Casing 1 $65
ULINE Pick and Pack Foam 2 $40
BuyRocketMotors L1150R Motor 2 $320
Firgelli Firgelli P1650-22-12-P Linear Actuator 1 $90
Firgelli Linear Actuator Control Board 1 $20

Vehicle Subtotal

$2,820

NORTH CAROLINA STATE UNIVERSITY




NC STATE UNIVERSITY

Category Item Amount Total Price

Other Travel Expenses (hotel, rental car, gas) | 12 people| $3,000
Incidentals (replacement tools, hardware,
safety equipment -- $1,000
Shipping Costs -- $750
Other Subtotal $4,750

Total $10534

Total of

Final

Product

(Full Scale

Rocket

AGSE) $5,115

5.2.  Funding Plan

Theoriginalbudget for the 20158016year wadargely based off aihe NASA SL requirements from the
previous year and previous awards from various sourcesciiftentbudget isa more refined version of

the original budget, with more specific information on whandis the team will receive from our
student organizations as well as more specific line items. The total budget is cui$&0t§06which

includes the full scale competition rocket, AGSE, sub scale rocket and estimated travel expenses. The
total amount that can be spent on the full scale competition rocket and AGSEBG$7

Funding requests from th&ngineering Council at NC Stated the Student Gvernment at NC State
have been processed. The Engineering Council has granted the 2500 & the $4,500 that was
requested.The Student Government denied the request for funding from the club. Funding from the
Engineering Technology éd-und from the Mechanical and Aerospace Engineering Department and
from Space Grant have not yet been processed. This leaves a possible $2000 from the Engineering
Technology Fee Fund and $7000 from the NC Space Grant that has yet to be received.

Tablel0 Summary of Project Funding

Funding Source Amount Requested AmountReceived

NC Stat&ngineering Council

Fall 2015 $4500 $2500
Spring 2016 $4500 $0
Engineering Technology Fee Fun $2000 $2000

North Carolina Space Grant $7000 $0
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Total $20,000 $4500
5.3. Timeline

TablellTimeline
Event/Task Start Date Finish Date
PDRTeam Teleconference 11/17/2015 11/17/2015
Critical Design Review (CDR) Writing (11/7/2015 12/15/2015
Design Subscale Rocket 10/15/2015 10/20/2015
Order Parts for Subscale 10/20/2015 10/25/2015
Construct Subscale 11/5/2015 11/17/2015
Subscale Ground Testing 11/19/2015 11/19/2015
Subscale Launch 11/21/2015 11/21/2015
Backup Subscale Launch Day 11/22/2015 11/22/2015
NCSW\inter Break (no building access)|12/17/2015 1/5/2016
CDR Writing 11/12/2015 1/15/2016
Completed CDR Submission 1/15/2016 1/15/2016
CDR Team Teleconference (Tentative) [1/19/2016 1/29/2016
Flight Readiness Review (FRR) Writing |1/16/2016 3/14/2016
Order Full Scale Rocket Parts 1/7/2016 1/14/2016
Construct Full Scale Rocket 1/21/2016 2/5/2016
Full Scale Ground Testing 2/11/2016 2/11/2016
Order AGSE Parts 11/16/2015 1/15/2016
FullscaleLaunch (Tentative) 2/1/2016 2/29/2016
CompletedFRRSubmission 3/14/2016 3/14/2016
FRR Team Teleconference (Tentative) [3/17/2016 3/30/2016
Team Travel to Huntsville, Alabama 4/13/2016 4/13/2016
Launch Readiness Review (LRR) 4/13/2016 4/14/2016
NASA Safety Briefing 4/14/2016 4/14/2016
Rocket Fair and Tours of MSFC 4/15/2016 4/15/2016
Launch Day 4/16/2016 4/16/2016
Backup Launch Day 4/17/2016 4/17/2016
PostLaunch Assessment Review 4/29/2016 4/29/2016
Winning Team Announced by NASA  |5/11/2016 5/11/2016
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5.4. Educational Engagement Plan and Status

STEM Career Fair for Students with Disabilities

Andrew and Johfrom the HighPowered Rocketry Club went to the North Carolina Museum of Natural
Science$o speak to students with physical and learning disabilitiesudbocketry and aerospace
SYaAySSNAYy3a Ay 3ISYSNIfd ¢KS YSYOSNA ONRBdAAKIG aSOSN
about the competition.

Location: North Carolina Museum of Sciences, Raleigh NC 27601

Friday October'®11am to 2pm

ThalesAcademy Rocket Unit Ki€hff

A couple of members from the High Powered Rocketry Club will be going out to two Thales Academy

high schools in Rolesville and Apex later this autumn. The members will discuss rocketry and basic
aerospace engineering conceptech as thrust, drag, stability, and recovery systems. After this, the

members will have the students design and build water bottle rockets while offering up any assistance

that teams need for the design or build. The specifics of time and date will bentied with the

Thales Academy Director of Development.

Locations: Thales Academy 1201 Granite Falls Blvd, Rolesville, NC 2757

Thales Academy 1177 Ambergate Station, Apex, NC 27502

Time: TBD

YMCA Kite and Rocket Day

The High Powered Rocketry Club is plagron continuing the tradition of being a part of the YMCA Kite

and Rocket Day in the spring of 2016. The Club plans to set up an informational booth at CgrterAFinIey }
Stadium to assist young rocketeers with assembling and launching model rockets. L@siyess @Sy i KI R
over 200 kids attend the Kit and Rocket Day Hradteamexpecs many more this year. The details will

be available as the event gets closer in the spring.

Location: Carter Finley Stadium, 4600 Trinity Rd. Raleigh, NC 27607

Time: TBD

Sigma Gama Tau Boy Scout Merit Badge Event

The club is alsplanning on partnering with NC Staechapter of Sigma Gamma Tau to host their annual

Boy Scout Merit Badge Event in the spring of 2016. On the morning of this event, the club launches a
model rocket foithe enjoyment of the Boy Scouts and their families. Sigma Gamma Tau then gives a
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NC STATE UNIVERSITY

presentation for those attending before the Space Exploration badges are asvartis even takes
place on NC Statecampus and involves around-380 Boy Scouts and theirrfalies. The details of this
event will be finalized in spring 2016.

Location: NGStatés campus, Raleigh, NC 27695

Time: TBD

6. Conclusion

With the conclusia of the PDR, the N&tate Rocketry Team, Tacho Lycos, will move ahead with the
fabrication of the subcale launch vehicle. During this time, multiple experiments will be in progress as
parts and materials are ordered for the full scale rocket and AGSE systems. The experiments will be used
to ensure the components function properly on their own and thatiada able to be successfully

acquired
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Milestone Review Flysheet

Institution North Carolina State University | Milestone | PDR
Vehicle Properties Motor Properties

Total Length (in) 100 Motor Manufacturer Aerotech
Diameter (in) 55 Motor Designation L1150R
Gross Lift Off Weigh (Ib) 29.04 Max/Average Thrust (Ib) 302.6/258.3
Airframe Material Fiberglass Total Impulse (Ibk) 790.6
Fin Material Birch Aircraft Plywood Mass Before/AfteBurn (Ib) 8.10 / 3.91
DragCoefficient 0.6 Liftoff Thrust (Ib) 218.3

Stability Analysis Ascent Analysis
750

Center of Pressure (in from nose) 74.541 Maximum Veloxity (ft/s)
Center of Gravity (in from nose) 62.989 Maximum Mach Number 0.674
Static Stability Margin 2.09 Maximum Acceleration (ft/s"2) 302
Static Stability Margin (off launch rail) 1.32 Target Apogee (From Simulations) 5704
Thrustto-Weight Ratio 8.895:1 Stable Velocity (ft/s) 44
Rail Size and Length (in) 1.5x 1.5 96 Distance to Stable Velocity (ft) 3.71
Rail Exit Velocity 54.1

Recovery System Properties Recovery System Properties

Main Parachute

Dogue Parachute
Fruitychutes
Manufacturer/Model . Manufacturer/Model
Fruitychutes
Size 151t Size nQkcQ
Altitude at Deployment (ft) 5280 Altitude at Deployment (ft) 1000/700
Velocity at Deployment (ft/s) 3 Velocity at Deployment (ft/s) 88/80
Terminal Velocity (ft/s) 82 Terminal Velocity (ft/s) 21.1/16.6
Recovery Harneddaterial Kevlar Recovery Harness Material Kevlar
Harness Size/Thickness (in) 1/2 Harness Size/Thickness (in) Y
Recovery Harness Length (ft) 25 Recovery Harness Length (ft) 16/16
Harness/Airframe Interfaces Harness/Airframe Interfaces
Kinetic Enerfy | Section 1 Section 2 Section 3 Section 4 Kinetic Section 1 ‘ Section 2 Section 3 Section 4
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of Each Enery of
Section (Ftbs) Each
Section
(Ftlbs)
Recovery Elecbnics Recovery Elecbnics
Altimeter(s)/Timer(s) Rocket Locators
(Make/Model) Stratologger CF (Make/Model) Digi XbeePro XSC
Apogeecharge with 1 s delay | Transmitting Frequencies ‘ “*Required by CDR*** |
Redundancy Plan Main redundant 1 s delay. Eac
redundant charge 0.2 g large | Black Powder Mass Drogue‘ |
than primary Chute (grams) 1.8
Pad Stay Time (Launch | BlackPowder Mass Main ‘ |
Configuration) 1 hour Chute (grams) 2 3forward. 2.1aft

Milestone Review Flysheet

North Carolina State University PDR

Autonomous Ground Support Equipment (MAV Teams Only)

Overview
Capture
Mechanism
A crafted robotic arm based on a previously purchased robotic arm will carry out its preprogrammed set location softwappl®tge
sample.
Overview
Container
Mechanism
! O NBTFdz f & Qunikkfdain $6ld aftachedtd the ayiddicstsled bay in the payload compartment will secure the sample]
Overview
Launch Rail | The jaunch rail will be raised by a geared steppetor. While being raised, the rail will be supported by a douhlehet system in case of a
Mechanism loss of powerThe MAV challenge sample. The payload will be made of .75 x 3 inch PVC tubing filled with sand and weigh approximal
The payload will be a cylindrical shape with a .75 inch diameter and a 4.75 in lendghofithe tubing will be secured with domed PVC cay
Overview
Igniter
Installation
Mechanism
Stepper Motor powered linear actuator will raise the electric match igniter into the rocket on a wooden dowel.
Payload
Payload 1 Overview
The MAV challenge sample. The payload will be made of .75 x 3 inch PVC tubing filled with sand and weigh approxiniBelydybaad
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will be a cylindrical shape with a .75 inch diameter and a 4.75 in length. Ends of the tubing will bel seituidgomed PVC caps.

Overview

Payload 2

Test Plans, Status, and Results

Ejection

Ejection charged will be sized specific to the compartment to be separated. Charges will be constructed with black papldsidwile with
Charge Tests an Ematch secured in the vile by wadding. Each altimeter will be connected through a USB port to a laptop with the Perfa@isgD
program. Charge ignition for main and drogue charges are capable of being separately fired at thapserlf the test is a failure, analysig

will be conducted with new tests to follow.

Subscale Test
Flights

Subscale test flight will take place on November 21, 2015. Backup date in case of inclement weather is November 22, 2015.

Fulkscale Test
Flights

Fultscale test flight will take place in February, 2016. Exact date to be determined.

Milestone Review Flysheet

North Carolina State University PDR

Additional Comments
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Function /

Componen Failure Mode

t

Robotic
Arm
Electrical
System

Causal Factors

Careless/mess

Wires -
Twisted y wiring.
Tangled wires
Manufacture
Defect, Motor
Bad Servo | burns out due
Motor(s) to power or
programming
issues
Loss of Poqr
Power connection or
bad battery
Careless
programming
Bad of the
Programming| subsystem, or
no testing is
done

Failure Effects

Subsystem

This coulccause
the robotic arm
to cease
functionality
which means
that the payload
is not retrieved

System ‘ d

The payload
would not be
stored in the
rocket, but the
rocket would
still be able to
launch

‘ Hazar Recommendation

S

Make sure that
wires are layed
out cleanly in a
manner that
allows foreasy
identification and
replacement

Make sure that
servos are tested
thouroughly to
ensure that it is
free of any
manufacturer
defects. Also take
care to notsupply
too much
voltage/amperage

to the servos

Make sure that all
batteries are fully
charged and that
wires are securely

attached

Ensure that all
code is tested
thouroughly to
minimize the risk
of programmer
error

Rocket
Erector

Wires
Twisted

Careless/mess
y wiring.
Tangled wires

This could cause
the erection
system to fall or
not get the
rocket up to the
proper

launchingangle

The rocket may
not be able to
launch, and it

could cause
damage to the

entire AGSE

and Rocket

Make sure that
wires are layed
out cleanly in a
manner that
allows for easy
identification and
replacement
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Manufacture
Defect, Motor

Stepper burns out due
Motor Failure| to power or
programming
issues
Loss of Poqr
Power connection or
bad battery
Careless
programming
Bad of the
Programming| subsystem, or
no testing is
done

system

Make sure that
the stepper motor
is tested
thouroughly to
ensure that it is
free of any
manufacturer
defects. Also take
care to not supply

too much
voltage/amperage
to the motor

Make sure that all
batteries are fully
charged and that
wires are securely

attached

Ensure that all
code is tested
thouroughly to
minimize the risk
of programmer
error

Igniter
Inserter

Careless/mess

Wires -
Twisted y winng.
Tangled wires
Manufacture
Defect, Motor
Stepper burns out due
Motor Failure| to power or
programming
issues
Power is
Loss of disconnected
Power from
subsystem

This would

prevent the

igniter from
being inserted
into the rocket

Make sure that
wires are layed
out cleanly in a
manner that
allows for easy
identification and
replacement

The rocket may
not be able to
launch,becaus
e the motor
will not be able
to launch
without a
functioning
igniter

Make sure that
the stepper motor
is tested
thouroughly to
ensure that it is
free of any
manufacturer
defects. Also take
care to not supply
too much
voltage/amperage
to the motor

Make sure that all
batteries arefully
charged and that
wires are securely
attached
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Careless Ensure that all
programming code is tested
Bad of the thouroughly to
. 2 S )
Programming| subsystem, or minimize the risk
no testing is of programmer
done error
Make sure that all
Loss of Poor batteries are fully
connection or 2 charged and that
power .
bad battery wires are securely
attached
Ensure that the
Incorrect
correct voltage
amount of
. . regulators are
Shorting out power is 1
) always between
supplied to The AGSE h
the computer would not be the power source
and the computer
. able to
Beaglebon Careless | This would halt - Ensure that all
; perform it's )
e (System programming all AGSE mission and code is tested
Computer) | Program of the subsystems | rocket | 1orp | thouroughly to
Malfunction subsystgm,'or would not be mlfnlmlze the risk
no testing Is able to launch of programmer
done error
Make sure that all
Inputs and wiring is
outputs are connected
- connected to properly and
Bad Wiring the incorrect 2 follows the
ports on the diagram that was
computer computed prior to
wiring
Use an
Oscillation The AGSE oscilloscope to
. make sure we are
Incorrect output is not would may not .
_ getting the
Oscillation measured . be able to 2 X o
. This would desired oscillation
Rate with an . erect the
. cause improper outputs for the
oscilloscope . . rocket to the .
Crystal functionality of designated
4 correct
Oscillator the Erector and ; stepper motor
. launching
Igniter . Ensure that the
Incorrect angle, and/or it
subsystems correct voltage
amount of may not be
. . : regulators are
Shorting out power is able to insert 1
) I always between
suppliedto the igniter
. the power source
the device

and the computer
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Payload will not

_Grlpper Arr?q gears be retreived nor
misses target| aren't aligned o
ayload on AGSE bas¢ stored within
pay the rocket
Debris in gear§  Arm will not
move to the
correctposition
Gear Damagsd Dull gears | and payloa_ld will
after not be retrieved

continued use

nor stored
within the
rocket

The payload
will not be

Calibrate the
system on a
regular basis and
ensure that the
gears are
mounted squarely|

Check gears
before and after
each use to
ensure that teeth
are not blocked
by debris or dull
from previous use

Teach members
proper handling

Robotic Support r:;%rl?r?gegf stored in the procedure for
Arm tubes break equipment rocket, but the robotic arm and
Structure rocket will still other associated
be able to equipment
launch Check the limits
Servos burn Improper use The robotic arm for the servos
out will be rendered before applying
useless and the any loads
Dull Gears anload Wi('j' not Check equipment
— e retrieved nor after shipping to
quffil;lxant ey W"'"jg stored within ensure correct
Manufacturing|  the rocket dimensions and
Defects no visible damage
Improper Teach member
Damage handling proper handling
occurred - and storage
duringtransit Insufflc_:lent procedu_res for
packing transporting the
robotic arm
Gear damage Fabricate both
gears with the
. Mot ilb same thickness
Gearing Gearsipping ungb?(ra\?g raiese Rocket will not and same teeth
be able to depth
) the rocket .
Erection launchif not Ensure that gear
System Debris in gearg erected to 5 teeth are clear
degrees from before operation
vertical Ensure proper
Ratchet Ratchet jams Erection system alignment of

will stopmoving

erection system
on AGSE base

NORTH CAROLINA STATE UNIVERSITY




NC STATE UNIVERSITY

Rocket and rail

Ratchetweld |\ oo with no
fails
support
Motor will be

unable to raise
the rocket and

Check for cracks
in welding before
each run

Ensure that motor
selection includes

Motor Over torqued a factor of safety
permanent .
damage may for applied torque
greater than 1.0
occur
Screws come| Legs fall off of C;rictli( t:: ta:gfrg;gs
loose the AGSE guse
Manufacturing The AGSE Check the parts
. Legs fall or topples and .
Leg Failure defect ) before assembling
break off Structual can't launch Check : "
Damage instability in the | the rocket eck equipmen
after shipping to
occured legs o
. : ensure no visible
during transit
damage
Reflected Structural
Rocket .
e emissions could| damage can
emissions are . - : Check the angle o
Plate is angled ignite the motor | occur which
Blast Plate| reflected : : the plate before
incorrectly unevenly before| may resultin a
back at the . . use
it leaves the catastrophic
rocket . .
launch rail failure
Test dowels prior
Dowel breaks to
implementation
Dowel rod | . Dowel . . Ens:ure
fails improper size dimensions are
correct on
Dowel scrapes equipment and
propellant test igniter action
System before launch
Igniter Igniter is not . requires Make sure igniter
Insertion fully inserted Motiornfi?éls to human is secure on the
System into motor 9 intervention to rail
launch Ensure that
igniters have beer
_— Bad igniter stored properly
No ignition and are visually
undamaged
Ensure that no
Electricalshort damage to the
in wiring wiring has

occurred via
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visual inspection

System loses

Check charge of

Insufficient ower durin battery at least 12
Power P operation 9 hours prior to
operation
Battery will be Loss of §ystem
power will halt
rendered all launch Loss of system Teach members
useless operations power supply safe handling and
Batteries Leaking Permanent will halt all storage
damage to launch techniques for the
environment operations batteries
or equipment
Damage - Battery will be Use a padded
Insufficient envelope to store
occurred ; rendered ; .
. . packing batteries during
during transit useless .
transit
Imbalanced Using hand levels
AGSE to orient the
Launch AGSE with no tilt
platform Monitoring
Instabilit instabilitycoul weather
AGSE | durin rociet AGSE topples dresultin conditions prior
Stability erecg':ion or Strong winds | before or during| damage to the to launch to
launch erection rocket or AGSH ensure that the
during rocket wind is within
erection and limits
Set up on an launch Cleated legs for
inclined extra grip on
surface surface
E-Match
doesn't light First eiecti
Failure to Altimeter chalxrrs ee:jec;:efrr:ot Conducfground
Ignite Malfunction gec tests to ensure
Improper ignite that enough black
Black Programming Rocket fails to powder will be
Powder separate and used for proper
Charges E-Match deploy separation.
Redundant doesn'tlight parachute(s) Thoroughly check
blaikunoviger Altimeter Failure of both redundapt
il powc . ejection charges systems prior to
ails to ignite | Malfunction launch
Improper

Programming
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Could cause Verify that
. . damage to
Violent Causes violent charges are
ejection separation bulkheads or sealed properl
) Charge is too P shockcord, properyy
causes . and/or damage S and the correct
. big ; resulting in a
accidental to surrounding . . amount of black
. possible failure .
separation area powder using pre
of parachute . .
flight checklists
deployment
No power to Loss of reatime bBegirj chariqing
avionics or | DeadBattery altitude data 1gt:]er|es at_ eat[st
Avionics |  charges Failure of ours prior fo
: launch, and
(altimeters parachute I
) No ejection or | deployment ensure a
Faulty Manufacturer remature/late batteries have the
Altimeter defect prem " correct voltage
€jection before flight
Make sure that
Loss of power the receiverand
Ground
to ground laptop are fully
System .
; receiver or the charged at least 6
Failure .
laptop hours prior to
flight
Perform range
. tests to ensure
Environment N
reliability of the
. or rocket
Loss of signa : system at
materials ;
blocking signal simulated
altitudes and
. ground distances
Inability to
- _ track and Make sure that all
BigRedBee ' . In ability receive recover.the tra_nsmlttmg
(GPS) Multiple radio | data from the rocket (in a devices are on
Radio devices on the GPS reasonable separate channelg
Interference same local ampunt of and confirm with
frequency and time) other teams and
channel launch officials
that no frequency
conflict exists
Make sure all GP!
units are fully
Flight forces charged and use
cause GP® simulated load
Loss of .
ower disconnect tests to
P from power determine the
supply necessary

procedures to
secure the units
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Arduino Take steps to
Failure ensure that all
Altimeter system
Conn_ection Loss of power, _ components are
Failure damage _ _ Failure of properly seated to
Airbrakes | Datalogger | during flight, Falled airbrakes may prevent any
and Failure severed data deployment of cause the _shlftmg during
Telemetry | GPS Failure| connection one or both rocket t(_) break flight. E_nsure that
bad altitu de; airbrakeflaps the altitude all wires are
Radio Failure - goal connected
readings properly and that
Linear batteries are fully
Actuator charged prior to
Failure launch
Visual inspection
Manufacturing aftt)(;osrfggr:;g
Defect structural
implementation
Implement a
safety factor
Experienced ) greater than 1.0
loads beyond Possible to ensure
design premature that flight
specifications Structural separal;u?{n of conditions do not
Fiberglass| Cracks or integrity of segrcr):er?ts or exceed design
Airframe Breaks fiberglass rapid specifications
sections at risk unscheduled Team members
. will be taught
Damaged d|s§ssembly proper handling
during during flight procedures for
handling body tubing and
the assembled
rockets
Thorough pre
Improper and postlaunch
maintenance inspections of
body tubing
Possible Visual inspection
. premature after completing
Mang(f;gzttjrmg separation of construction
Separation of Structural rocket before any
bulkhead . . segments, implementation
integrity of )
Bulkheads from rocketsegments rapid Implement a
airframe Loads beyond at risk disassembly of] safety factor to
during flight design rocket, or ensure thatflight
recovery conditions do not

specifications

system failure

during descent

exceed design
specifications
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Team members
will be taught

Dam_aged proper handling
during ) .
; and installation
handling
procedures for
bulkheads
Thorough pre
Improper and postlaunch
maintenance inspections of
bulkheads
Implement a

Loads beyond _ Loss of safety facto_r to
design Without an recovery ensure thatflight
Parachute P attached system will conditions do not
specifications : .
and bulkhead parachute, a result in exceed design
separation rocket segment| mission failure specifications
during flight could be free to| and can cause Thorough pre
Improper free fall harm to and postlaunch
maintenance ground crew inspections of
bulkheads
Implement a
Loads beyond safety facto_r to
desion ensure thatflight
s ecificgtions If left conditions do not
P unnoticed, a exceed design
Nort Pre;ent small crack'car speciftations
compromisin Damaged potential for expand dgrmg Adhere to proper
; further damage | flight which :
g cracks during 1o bulkhead itin handling
handling 0 bulkhea may resu procedure
bulkhead
failure Thorough pre
Improper and postlaunch
maintenance inspections of
bulkheads
Implement a
Loads beyond safety facto_r to
. ensure thatfflight
design -
specifications conditions do not
P Fin failure exceed design
Damage to fin dgrlng flight specifications
. . will decrease Team members
will necessitate » .
. Surface . stability of will be taught
Fins Damaged its replacement . .
damage . rocket and will proper handling
during before any .
. likely cause a procedures for
handling future launches ; ) !
catastrophic fins and fin
failure section
Pre and post
Improper launch thorough

maintenance

inspections of the
fins
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Implement a
recovery system
Ground design that
impact ensures a low
speed surface
impact
Loads beyond Ma_untam_ .
. operations within
design .
specifications Decreased d_e_5|gn_
flight stabilit specifications
Damaged Loss of fin ght stabiity, Adhere to proper
. . and possible .
Fin flutter during subsystem handling
. ; damage to
handling effectiveness other procedure
components Pre-and post
Improper launch thorough
maintenance inspections of the
fins
Visual inspection
Manufacturing after shipping
) Defect before any
Pltr:sfbreak L bl Separation of implementation
ﬁ ore Loads beyond foose ass;em ty vehicle Maintain vehicle
d (i argfe design ot compartmen compartments within design
etonation specifications specifications
Improper Use of new pins
Shear Pins maintenance after each launch
. Prelaunch visual
Manufacturing : :
Defect inspection of
Pins don't Loss of safe shear pins
break at Failure to and effective Proper calculation
charge separate recovery of the force
detonation | Poor Design system exerted on the
pins during
detonation
Loads beyond Use simulations
design to test max load
specifications before failure
Team members
will be taught
Damage Loss of .
Avioni Detaches Dam.""ged ge proper handling
vionics during to/loose wiring recovery : .
from secured . S andinstallation
Sled osition handling of avionics system q ¢
P components initiation procedures for
the avionics sled
Pre-and post
Improper launch thorough

maintenance

inspections of the
avionics sled
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Nosecone

Nor+
compromisin
g cracks

Loads beyond
design
specifications

Damaged
during
handling

Improper
maintenance

Potential for
future damage

If left
unattended
this could lead
to catastrophic
failure of the
entire system

Use simulations
to test max load
before failure

Team members
will be taught
proper handling
and installation
procedures for
nosecone

Pre-and post
launch thorough
inspections of the
nosecone

Damage from
impact

Loads beyond
design
specifications

Damaged
during
handling

Improper
maintenance

Loss of future
nosecone use

If left
unattended
this could lead
to catastrophic
failure of the
entire system

Visual inspection
of noseconeafter
shipping before
any
implementation

Team members
will be taught
proper handling
and installation
procedures for
the nosecone

Pre- and post
launch thorough
inspections of
airbrakes

Premature
separation
from other
structural

Damaged
during
handling

members

Improper
maintenance

Potential for
structural
damage

Loss of
controlled and
stabilized flight

Team memebers
will be taught
proper handling
and installation
procedures for
the nosecone

Pre- and post
launch thorough
inspections of the
nosecone

Airbrakes

Rod fails

Asymmetric
Engagement

Flapbreaks

One
airbrakeengage
s, the other
remains stowed

Test the rods to
find max load
capacity

Unstable flight

that could lead

to catastrophic
failure

Implement a
safety factor
greater than 1.0
to ensure that
flight conditions
do not exceed
design
specifications
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Implement a
safety factor
Loads beyond greater than 1.0

i to ensure that
design 3 _ U
it flight conditions
specifications
do not exceed
If left design
N unattended specifications
or Potential for could lead to Team members

compromisin future damage | catastrophic will be taught
g cracks Damaged )
subsystem and proper handling

hi%gﬂ?, system failure and installation
? procedures for
airbrakes

Pre- and post
launch thorough
inspections of
airbrakes
After each launch,
Loads beyond airbrake systems

design Permanent 2 will be thoroughly
specifications| Loss of future damage of inspected for any
Damage from . ) : .
impact use of airbrakes| airbrakes will minor defects
system render them Pre and post
Improper useless 5 launch thorough
maintenance inspections of
airbrakes
Run tests to
aquire the
maximum load
3 that the rods can
support and make
sure that the
loads on the rods
stay well within
the limits using a
Rod bends . The rocket will| 3 safty factor
No Both airbrakes .
Engagement fail to engage overshopt its greatgr than. 1.0
target altitude Use simulations
to test max load
Flap breaks 3 before failure and
implement a
safety factor
greater than 1.0
Pre and post
launch thorough
inspections of
airbrakes

Improper .
maintenance

Rod fails

Debris in the
; 3
hinges

NORTH CAROLINA STATE UNIVERSITY




NC STATE UNIVERSITY

Pre-and post
launch thorough
inspections of

Linear
actuator fails linearactuators,
to activate and proper
installation of
linear actuators
Pre-and post
launchthorough
Linear inspections of
. actuator fails Permanent linear actuators,
Failure for . Damage to
. to activate X damage to and proper
the airbrakes airbrakes . . . )
airbrakes will installation of
to stow on subsystem on .
. render them linear actuators
descent landing
useless Pre-and post
Debris in the launch thorough
hinges inspections of
airbrakes
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A. GOEX Black Powder

Goex Powder, Inc.

Material Safety Data Sheet
MSDS-BP (Potassium Nitrate)

Revised 3/17/09

PRODUCT INFORMATION

Product Name Black Powder

Trade Names and Synonyms | N/A

Manufacturer/Distributor GOEX Powder, Inc.(DOYLINE, LA) & various interational sources
Transportation Emergency 800-255-3924 (24 hrs — CHEM TEL)

PREVENTION OF ACCIDENTS IN THE USE OF EXPLOSIVES

The prevention of accidents in the use of explosives is a result of careful planning and
observance of the best known practices. The explosives user must remember that he is dealing
with a powerful force and that various devices and methods have been developed to assist him in
directing this force. He should realize that this force, if misdirected, may either kill or injure both
him and his fellow workers.

WARNING

All explosives are dangerous and must be carefully transported, handled, stored, and used
following proper safety procedures either by or under the direction of competent, experienced
persons in accordance with all applicable federal, state and local laws, regulations, or ordinances.
ALWAYS lock up explosive materials and keep away from children and unauthorized persons. [f
you have any questions or doubts as to how to use any explosive product, DO NOT USE IT
before consulting with your supervisor, or the manufacturer, if you do not have a supervisor. If
your supervisor has any questions or doubts, he should consult the manufacturer before use.

NORTH CAROLINA STATE UNIVERSITY




NC STATE UNIVERSITY

HAZARDOUS COMPONENTS
Material or Components % CAS NO. TLV PEL
Potassium nitrate 70-76 007757-79-1 NE NE
Charcoal 8-18 N/A NE NE
Sulfur 9-20 007704-34-9 NE NE
Graphite' Trace 007782-42-5 15 mppct (TWA) | 2.5 mg/m?®
N/A = Not assigned NE = Not established

' Not contained in all grades of black powder.

P.OBex 659, Doyline, LA 71023-0659, (318) 382-9300
www.goexpowder.com

PHYSICAL DATA
Boiling Point N/A i
Vapor Pressure N/A B
Vapor Density N/A
Solubility in Water Good e
Specific Gravity 1.70 — 1.82 (mercury method) 1.92 —2.08 (pycnometer)
SRR T )
Evaporation Rate N/A
Appearance and Odor Black granular powder. No odor detectable.
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HAZARDOUS REACTIVITY

Instability Keep away from heat, sparks, and open flames. Avoid impact,
friction and static electricity.
Incompatibility When dry, black powder is compatible with most metals;

however, it is hygroscopic and when wet, attacks all common
metals except stainless steel.

Black powder must be tested for compatibility with any material
not specified in the production/procurement package with which
they may come in contact. Materials include other explosives,
solvents, adhesives, metals, plastics, paints, cleaning
compounds, floor and table coverings, packing materials, and
other similar materials, situations, and equipment.

Hazardous decomposition

Detonation produces hazardous overpressures and fragments (if
confined). Gases produced may be toxic if exposed in areas with
inadequate ventilation.

Polymerization Polymerization will not occur.
FIRE AND EXPLOSION DATA
Flashpoint Not applicable
Auto Ignition Temperature Approx. Range: 392°F-867°F [/ 200°C-464°C
Explosive temperature Ignites @ approx. 427°C (801°F)
(5 sec)
Extinguishing media Water
Special fire fighting ALL EXPLOSIVES: DO NOT FIGHT EXPLOSIVES FIRES. Try
procedures to keep fire from reaching explosives. Isolaie area. Guard

against intruders.

Division 1.1 Explosives (heavily encased):. Evacuate the area for
5,000 feet (approximately 1 mile) if explosives are heavily
encased.

Division 1.1 Explosives (not heavily encased). Evacuate the
area for 2,500 feet (approximately 2 mile) if explosives are not
heavily encased.

Division 1.1 Explosives (all Consult U.S. DOT Emergency
Response Guide 112 for further details.
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Unusual fire and explosion Black powder is a deflagrating explosive. It is very sensitive to
hazards flame and spark and can also be ignited by friction and impact.
When ignited unconfined, it burns with explosive violence and will
explode if ignited under even slight confinement.

HEALTH HAZARDS

General Black powder is a Division 1.1 Explosive, and detonation may
cause severe physical injury, including death. All explosives are
dangerous and must be handled carefully and used following
approved safety procedures under the direction of competent,
experienced persons in accordance with all applicable federal,
state and local laws, regulation and ordinances.

Carcinogenicity None of the components of Black Powder are listed as a
carcinogen by NTP, IARC, or OSHA.

FIRST AID

Inhalation Not a likely route of exposure. If inhaled, remove to fresh air. If
not breathing give artificial respiration, preferably by mouth-to-
mouth. If breathing is difficult, give oxygen. Seek prompt medical
attention. Avoid when possible.

Eye and skin contact Not a likely route of exposure. Flush eyes with water. Wash skin
with soap and water.

Ingestion Not a likely route of exposure. If ingested, dilute by giving two
glasses of water and induce vomiting. Avoid when possible.

Injury from detonation Seek prompt medical attention.

SPILL OR LEAK PROCEDURES

Spill/leak response Use appropriate personal protective equipment. Isolate area and
remove sources of friction, impact, heat, low level electrical
current, electrostatic or RF energy. Only competent, experienced
persons should be involved in clean up procedures.

Carefully pick up spills with non-sparking and non-static
producing tools.

Waste disposal Desensitize by diluting in water. Open train buring, by qualified
personnel, may be used for disposal of small unconfined
quantities. Dispose of in compliance with Federal Regulations
under the authority of the Resource Conservation and Recovery
Act (40 CFR Parts 260-271).
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SPECIAL PROTECTION INFORMATION
Ventilation Use only with adequate ventilation. (If required)
Respiratory None
Eye None
Gloves Impervious rubber gloves. (If required)
Other Metal-free and/non-static producing clothes

SPECIAL PRECAUTIONS

e Keep away from friction, impact, and heat and open flame. Do not consume food, drink, or
tobacco in areas where they may become contaminated with these materials.

e Contaminated equipment must be thoroughly water cleaned before attempting repairs.

e Use only non-spark producing tools.

* No smoking.
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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).

SHIPPING INFORMATION

Proper shipping name Black Powder

Hazard class 1.1D

UN Number UNO0027

DOT Label & Placard DOT Label EXPLOSIVES 1.1D
DOT Placard EXPLOSIVES 1.1

Alternate shipping Limited quantities of GOEX black powder (1# cans only) may be
transported as “Black powder for small arms — flammable solid”
pursuant to U.S. Department of Transportation 48 CFR.

The information contained in this Material Safety Data Sheet is based upon available data and
believed to be correct; however, as such has been obtained from various sources, including the
manufacturer, military and independent laboratories, it is given without warranty or representation
that it is complete, accurate, and can be relied upon. GOEX, Incorporated, has not attempted to
conceal in any manner the deleterious aspects of the product listed herein, but makes no
warranty as to such. Further, GOEX, Incorporated, cannot anticipate nor control the many
situations in which the product or this information may be used; there is no guaraniee that the
health and safety precautions suggested will be proper under all conditions. It is the sole
responsibility of each user of the product to determine and comply with the requirements of all
applicable laws and regulations regarding its use. This information is given solely for the
purposes of safety to persons and property. Any other use of this information is expressly
prohibited.

For further information contact: GOEX Powder, Incorporated
P. O. Box 659
Doyline, LA 71023-0659
Telephone Number: (318) 382-9300

Fax Number: (318) 382-9303
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B. KleanStrip Acetone
MATERIAL SAFETY DATA SHEET Page: 1

Klean-Strip Acetone

Flammahility

HEALTH u 1 o Printed: 12/30/2008
FLAMMABILITY |3 Revision: 111132008
PHYSICAL HAZ. |0 Hestth Supercedes Revision: 03/13/2006
PPE pecial Date Created: 05/18/2005
1. Product and Company ldentification
Product Code: 1640.1
Product Name: Klean-Strip Acetone
Reference #: 1640.1
Manufacturer Information
Company Name: W. M. Barr
2105 Channel Avenue
Memphis, TN 38113
Phone Number: (901)775-0100
Emergency Contact: 3E 24 Hour Emergency Contact (800)451-8346
Information: W.M. Barr Customer Service (800)398-3892
Web site address: www.wmbarr.com
Preparer Name: W.M. Barr EHS Department (901)775-0100
Synonyms

CAC18, DAC18, GAC18, GAC718, QAC18, QACISL, QAC718, QACISL

2. Composition/Information on Ingredients

Hazardous Components (Chemical Name) CAS # Concentration OSHA PEL ACGIH TWA ACGIH STEL
1. Acetone G67-64-1 1000 % 1000 ppm 500 ppm 750 ppm
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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 lights, 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:
This material 1s classified as hazardous under OSHA regulations.

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

Skin Contact Acute Exposure Effects:
May cause drymng of skin, and numbness in fingers and arms. Liqud 1s absorbed readily.

Eye Contact Acute Exposure Effects:
This material 15 an eye irritant.

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

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

MATERIAL SAFETY DATA SHEET Page: 2

P Printed: 12/3012008
Klean-Strip Acetone Revision: 11/13/2008

Supercedes Revision: 03/13/2008
physiological damage. May cause weakness, fatigue, skin irritation, and numbness mn 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 nunutes 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 instructions.
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5. Fire Fighting Measures

Flammability Classification: Class IB

Flash Pt: -400F Method Used: TAG Closed Cup

Explosive Limits: LEL: 25% at 770F UEL: 130% at 77T0F
Autoignition Pt: 86900 F

Fire Fighting Instructions
Self-contained respiratory protection should be provided for fire fighters fighting fires i buildings or confined
areas. Storage containers exposed fo fire should be kept cool with water spray fo prevent pressure build-up. Stay
away from heads of containers that have been exposed to intense heat or flame.
Flammable Properties and Hazards
Extremely Flammable!
Hazardous Combustion Products
carbon monoxide, carbon dioxide
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 people away; 1solate hazard area and deny entry. Stay upwind, out of low areas, and ventilate
closed spaces before entering. Shut off 1gnition sources; keep flares, smoking or flames out of hazard area. For
small spills, take up liquid with sand, earth, or other noncombustible absorbent material and place in 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 m a container for disposal.
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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 i1s 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 in use. Store in 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 1s not feasible, use properly maintained and properly fitted NIOSH approved respirator for organic solvent
vapors. A dust mask does not provide protection against vapors.
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Eye Protection
Safety glasses, chemical goggles or face shields are recommended to safeguard against potential eye contact,
irritation, or mjury. Contact lenses should not be worn while working with chemicals.

Protective Gloves
Wear chemical resistant gloves suited for use with acetone. Gloves contaminated with product should be
discarded. Promptly remove clothing that becomes soiled with product.

Other Protective Clothing
Various application methods can dictate use of additional protective safety equipment, such as impermeable
aprons, etc., fo minimze 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 slight
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, drink, or smoke n the work area.

‘Wash hands thoroughly after use.

Before reuse, thoroughly clean any clothing or protective equipment that has been contanunated by prior use.
Discard any clothing or other protective equipment that cannot be decontaminated, such as gloves or shoes.

9. Physical and Chemical Properties

Physical States: [ 1Gas [ X ]Liguid [ 1Sold

Melting Point: No data.

Boiling Point: >131.00 F

Autoignition Pt: 869.00 F

Flash Pt: -400F Method Used: TAG Closed Cup

Explosive Limits: LEL: 25% at 77TO0F UEL: 130 % at 7TOF
Specific Gravity (Water = 1): 0.739

Density: 6572 LB/GA at 77T0F

Vapor Pressure (vs. Airor mm Hg): 213MMHG at 770F

Licensed to W.M. Barr and Company ANSI Z400.1 Format
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Vapor Density (vs. Air=1): No data.
Evaporation Rate (vs Butyl No data.
Acetate=1):

Solubility in Water: No data.

Percent Volatile: 100.0 % by weight.
Corrosion Rate: No data.

pH: No data.

Appearance and Odor
Clear colorless liquid with a characteristic ketone odor.
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10. Stability and Reactivity
Stability: Unstable [ ] Stable [ X ]
Conditions To Avoid - Instability
No data available.
Incompatibility - Materials To Avoid
May form explosive mixtures with chromic anhydride, chromyl alcohol. hexachloromelamine, hydrogen
peroxide, permonosulfunic acid, potassium tertbutoxide, and thioglycol. Strong oxidizers.
Hazardous Decomposition Or Byproducts

Decomposition may produce carbon monoxide, carbon dioxide, and other asphyxiants.

Hazardous Polymerization: Will occur [ ] Will not occur [ X]
Conditions To Avoid - Hazardous Polymerization
No data available.

11. Toxicological Information
LD50 Rat oral 10.7 mL/kg (=8450 mg/kg bw); acetone given by gastric intubation to groups of five non-fasted
Carworth-Wistar female rats
LD50 Rat oral 9800 mg/'kg/ bw
LD50 Rat oral 5800 mg/'kg bw
LD50 Mouse oral 3000 mg/kg bw
LD50 Rabbit oral 5340 mg/kg bw
LC50 Rat inhalation exposure 76 mg/1./4 hr
LC30 Rat mhalation 50.1 mg/L/8 hr
LD50 Rabbit dermal 20 mg/kg bw
LD50 Rabbit dermal 20,000 mg/kg bw
LD50 Mouse 1p 1,297 mg/'kg bw
LD50 Rat 1v 5500 mg/kg bw
LD50 Mouse oral 5.2 g/kg
Carcinogenicity/Other Information

No data available.
Hazardous Components (Chemical Name) CAS# NTP IARC ACGIH OSHA
1. Acetone 67-64-1 na. na A4 n.a.
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12. Ecological Information
No data available.

13. Disposal Considerations
Waste Disposal Method
Dispose 1n accordance with applicable local, state and federal regulations.

Licensed to W.M. Barr and Company ANS| Z400.1 Format
|
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Klean-Strip Acetone

14. Transport Information
LAND TRANSPORT (US DOT)

DOT Proper Shipping Name Acetone

DOT Hazard Class: 3

DOT Hazard Label: FLAMMABLE LIQUID
UN/NA Number: UN1090

Packing Group: Il
Additional Transport Information
For D.O.T. information. contact W.M. Barr Technical Services at 1-800-398-3892_

The supplier may apply one of the following exceptions: Combustible Liguid, Consumer Commaodity, Limited
Quantity, Viscous Liquid, Does Not Sustain Combustion, or others, as allowed under 49CFR. Hazmat
Regulations. Please consult 49CFR Subchapter C to ensure that subsequent shipments comply with these
exceptions.
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15. Regulatory Information
US EPA SARA Title IlI
Hazardous Components ({Chemical Name) CAS# Sec.J02 (EHS) Sec.304 RQ Sec.313 (TRI) Sec.110
1. Acetone 67-64-1 No Yes 5000 LB No Yes
SARA (Superfund Amendments and
Reauthorization Act of 1986) Lists:

Sec.302: EPA SAFRA Title III Section 302 Extremely Hazardous Chemical with TPQ. * indicates 10000
LB TPQ if not volatile.

Sec.304: EPA SAFA Title III Section 304: CER.CLA Reportable + Sec.302 with Reportable Quantity. **
indicates statotory RQ.

Sec.313: EPA SARA Title III Section 313 Toxic Release Inventory. Note: -Cat indicates a member of a
chemical category.

Sec.110: EPA SARA 110 Superfund Site Priority Contaminant List

EPA Hazard Categories:
This material meets the EPA "Hazard Categornies' defined for SARA Title ITT Sections 311/312 as indicated:
[X] Yes [ | No Acute (immediate) Health Hazard
[ 1Yes [X] No Chronic (delayed) Health Hazard
[X] Yes [ ] No Fire Hazard
[ 1Yes [X] No Sudden Release of Pressure Hazard
[ 1Yes [X] No Reactive Hazard

16. Other Information

Company Policy or Disclaimer
The mnformation contained heremn 1s presented 1n good faith and believed to be accurate as of the effective date
shown above. This information 1s furnished without warranty of any kind. Employers should use this information
only as a supplement to other information gathered by them and must make independent determmation of
suttability and completeness of information from all sources to assure proper use of these matenals and the safety
and health of employees. Any use of this data and information must be determined by the user to be m
accordance with applicable federal, state and local laws and regulations.
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C. West Systems 105 Epoxy Resin

MATERIAL SAFETY DATA SHEET
West System Inc.

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

.. \WEST 5YSTEM® 105 Epoxy Resin
105
...Epoxy Resin.

PRODUCT NAME: .
PRODUCT CODE
CHEMICAL FAMILY

CHEMICAL NAME: ....Bisphenol A based epoxy resin.
...Not applicable.
MANUFACTURER: EMERGENCY TELEPHONE NUMBERS:
West System Inc. Transportation
102 Patterson Ave. CHEMTREC: ... 800-424-9300 (U.5.)
Bay City, Ml 48706, U.S.A. T03-527-3887 (Intemational)
Phone: B66-037-8797 or 989-684-7286 Non-transportation
www. wesisystem.com Poison Hotline: . 800-222-1222

| 2. HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW

WARHMING May cause skin imtation. May cause eye imitation. May cause allergic reaction. Clear, viscous ligquid with mild odor.

PRIMARY ROUTE(S)OF ENTRY: .. ... Skincontact.

POTENTIAL HEALTH EFFECTS:

ACUTE INHALATION: ..o <eeeeeeee. [T product is heated, vapors generated can cause headache, nausea,
dizziness and possible respiratory irmtation if inhaled in high concentrations.

CHRONIC INHALATIOMN: e . REPEETEd @xposure to high vapor concentrations may cause imitation of
pre-existing lung allergies and increase the chance of developing allergy symptoms to this product.

ACUTE SKIN COMTACT: e MiBY caUsE allergic skin response in certain individuals. May cause
moderate immitation to the skin such as redness and itching.

CHRONIC SKIN CONTACT: ... M8Y cAUSE sensitization in susceptible individuals. May cause moderate
irritation to the skin.

EYE CONTACT: e s s e s reemeennen MY cause imitation.

INGESTIOM: . <eeeeee. Low acute oral toxicity.

SYMPTOMS OF OVEREXPOSURE: ... ... ... Possible sensitizaticn and subsequent allergic reactions usually seen as

redness and rashes.

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

3. COMPOSITIONANFORMATION ON HAZARDOUS INGREDIENTS

INGREDIENT HAME CAS & CONCENTRATION (%)
Propane, 2,2-bis[p-(2,3-epoxypropoxyjphenyl]-, polymers 25085-99-5 &0-100

Benzy alcohal 100-51-6 10-20
Phenol-formaldehyde polymer glycidyl ether 28064-14-4 1-10

4. FIRST AID MEASURES

FIRST AlID FOR EYES . e reeeeenee Flush immediately with water for at least 15 minutes. Consult & physician.
FIRST AID FOR SKIM.......ooeeee e e weeneennen. REMOVE contaminated clothing. Wipe excess from skin. Apply waterless
skin cleaner and then wash with soap and water. Consult a physician if effects oceur.

FIRST AID FOR INHALATION ... .. Remove to fresh air if effects occur.

FIRST AID FOR INGESTION.......... <eeeeene Mo Acute adverse health effects expected from amounts ingested under

nomial conditions of use. Seck rnedcalattentlonrfa 5|gn|ﬁcant:ﬂ|ounl i ingested.
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5. FIRE FIGHTING MEASURES

FLASH PO T s =200°F (Tag Closed Cup)
EXTINGUISHING MEDIA: e Foam, carbon dioxide {CO.), dry chemical_
SPECIAL FIRE FIGHTING PROCEDURES: . - Wear a self-contained breathing apparatus and complete full-body personal

protective equipment. Closed containers may n.lpture {due to bmldup of pressure) when exposed to extreme heat.

FIRE AND EXPLOSION HAZARDS: . . During a fire, smoke may contain the onginal materials in addition to
combustion products of varying comp-Dsmon whlch rrlm.I I:-etoxlc and.'or imitating. Combustion products may include, but are not limited to:
phenolics, carbon monoxide, carbon dioxide.

6. ACCIDENTAL RELEASE MEASURES |

SPILL OR LEAK PROCEDURES: . N .. Stop leak without additional risk. Dike and absorb with inert material {(e.g.,
sand) and collect in a suitable, clo..ed wmalner Wam‘l ..Dapy water or mon-flammable, safe solvent may be used to clean residual.

7. HANDLING AND STORAGE |

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

ST O R A G e 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: e 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 exothermic, 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: ... ... Sty glasses with side shields or chemical splash goggles.

SKIN PROTECTION GUIDELIMES:. eeeeeeeo Wear liquid-proof, chemical resistant gloves (nitrile-butyl rubber, neoprene,
butyl rubber or natural rubber) and fuII bo-c:h‘I wvenng clothlng

RESPIRATORY/VENTILATION GUIDELINES: Good room ventilation is usually adequate for most operations. Wear a
NIOSH/MSHA approved respirator with an organic vapor cartridge 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 exposurs levels.

ADDITIONAL PROTECTIVE MEASURES: . Practice good caution and personal cleanliness to avoid skin and eye
contact. Avoid skin contact when remaving glwes and other prntectlve equipment. Wash thoroughly after handling. Generally speaking, working
cleanly and following basic precautionary measures will greathy minimize the potential for harmful exposure to this preduct under nomial use
conditions.

OCCUPATIONAL EXPOSURE LIMITS: . . Mot established for product as whole. Refer to OSHAs Permissible
Exposure Level (PEL) or the ACGIH Gun:lellnes for |nforrnﬁlmn on Spe{:lﬁ(‘. ingredients.
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9.

PHYSICAL AND CHEMICAL PROPERTIES

PHYSICAL FORM:
COLOR:
QDOR:...
BOILING POINT:
MELTING POINT/FREEZE POINT:.
VISCOSITY:.
pH:
SOLUBILITY IN WATER:
SPECIFIC GRAVITY:
BULK DENSITY: ...

... Liquid.
. Clear.
- Mild.
-...= 400°F
... No data.
-1000 {cP)

. 9:6 (pounds/gallon)

VAPOR PRESSURE: .= 1mmHg @ 20°C.
VAPOR DENSITY:.... ... Heavier than air.
%% VOLATILE BY WEIGHT: . ASTM D 2369-07 was used to determine the Volatile Content of mixed

epoxy resin and hardener. Refer to the hardener's MSDS for information about the total volatile content of the resinfhardener system.

10.

STABILITY AND REACTIVITY

STABIL Y s Stahle_

MSDS #105-13a Last Revised: 26APR.13

West System Ine. Page 3 of 4 WEST SYSTEM® 105 Resin
HAZARDOUS POLYMERIZATION: ... Wl Nt occur by itzelf, but a mass of more than one pound of preduct plus
an aliphatic amine will cause imeversible polymerization with significant heat buildup.

INCOMPATIBILITIES: ..ot e cae e s n e s e e Strong acids, bases, amines and mercaptans can cause polymenzation.
DECOMPOSITION PRODUCTS: ... . eeeeen.. Carbon monoxide, carbon dioxide and phenolics may be produced during

uncontrelled exothermic reactions or when otherwise heated to decomposition.
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11. TOXICOLOGICAL INFORMATION

No specific oral, inhalation or dermal toxicology data is known for this product. Specific toxicology information for a bisphenol-A based
epoxy resin present in this product is indicated below:

—..LDzy =5000 mg/kg (rats)
No Data.
...LDzg = 20,000 mgikg (skin absorption in rabbits)

TER A T O DG . e e Diglycidyl ether bisphenol-A (DGEBPA) did not cause birth defects or other adverse
effects on the fetus when pregnant rabbits were exposed by skin contact, the most likely route of expesure, or when pregnant rats or rabbits were
exposed orally.

REPRODUCTIVE EFFECTS: .o emeemecece e e DGEBPA, in animal studies, has been shown not to interfere with reproduction.
MU T A G EM T et e e e een DGEBPA in animal mutagenicity studies were negative. In vitro mutagenicity
tests were negative in some cases and positive in others.
CARCINOGEMICITY:

T e e it e smes e e s e Product not listed.

- Product not listed.
- Product not listed.

Mo ingredient of this product present at levels greater than or equal to 0.1% is identified as a carcinogen or potential carcinogen by OSHA,
NTP ar IARC.

Many studies have been conducted to assess the potential carcinogenicity of dighycidyl ether of bisphenol-A. Although some weak evidence
of carcinogenicity has been reported in animals, when all of the data are considered, the weight of evidence does not show that DGEBPA is
carcinogenic. Indeed, the most recent review of the available data by the Intemational Agency for Research on Cancer (IARC) has
concluded that DGEBPA is not classified as a carcinogen.

Epichlorohydrin, an impurity in this product (<5 ppm) has been reported to produce cancer in laboratory animals and to produce mutagenic
changes in bacteria and cultured human cells. It has been established by the Intemational Agency for Research on Cancer (lARC) as a
probable human carcinogen (Group 2A) based on the following conclusions: human evidence — inadeguate; animal evidence — sufficient. It
has been classified as an anticipated human carcinegen by the Mational Toxicology Program (NTP). Mote: It iz unlikely that normal use of
this product would result in measurable exposurs concentrations to this substance.

12. ECOLOGICAL INFORMATION

In the non-cured liquid form this product may cause long-term ham if released to the environment. Prevent entry into sewers and
natural waters.

Maovement and Partitioning:
Bioconcentration potential is moderate (BCF between 100 and 3000 or Log Kow between 3 and 5).

Degradation and Transformation:
Theoretical oxygen demand is calculated to be 2.35 p/p. 20-day bicchemical oxygen demand is <2.5%.

Ecoctoxicology:
Material is moderately toxic to aquatic organisms on an acute basis. LCS0/ECS0 between 1 and 10 mg/L in most sensitive
species.
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13. DISPOSAL CONSIDERATIONS

WASTE DISPOSAL METHOD: .. Evaluation of this product using RCRA criteria shows that it is not a
hazardous waste, either by listing or charactenistics, in its purchased form. It is the responsibility of the user to determine proper disposal
methods.

Incinerate, recycle (fuel blending) or reclaim may be preferred methoeds when conducted in accordance with federal, state and local regulations.

14. TRANSPORTATION INFORMATION

DOT Nan-Bulk

.... Mot regulated.

TECHNICAL SHIPPING NAME: ... Not applicable.

MSDS #103-13a Last Revised: 26APR13

West System Inec. Page 4 of 4 WEST SYSTEM® 105 Resin

HAZARD CLASS: ... Mot applicable.

U.N/M.A. NUMBE ' - Mot applicable.

PACKING GROUP: ... Mot applicable.

IMDG

SHIPPIMG MANE e e Emvirgnmentally hazardous substance, liquid, n.o.s.

TECHNICAL SHIPPING NAME:
HAZARD CLASS:

... Epoxy Resin.
-Class 9.

U.N. NUMBER: -UN3082.
PACKING GROU PG
EmS Mumber: ... .. F-A,5-F
MARINE POLLUTANT .. .. Yes

ICADNATA

... Environmentally hazardous substance, ligquid, n.o.s.
-Epoxy Resin.

-Class 9.

-UN3082.

_PGIIL

_Yes

TECHNICAL SHIPPING NAME:
HAZARD CLASS:
U.N. NUMEER:
PACKING GRO

MARINE POLLUT.ﬂ;NT
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15. REGULATORY INFORMATION
OSHA STATUS:. .. Irritant.
TSCA STATUS:.. ... All components are listed on TSCA inventory or otherwise comply with
TSCA reguirements.
Canada WHMIS Classification: .__.. ... D2B - Texic material causing other toxic effects.
CEPA Chemical Inventory Status: ... Al components are listed or are ctherwise compliant with CEPA
requirements.
SARA TITLE NI
SECTION 313 TOXIC CHEMICALS ... ... None (deminimus).
STATE REGULATORY INFORMATION:
The following chemicals are specifically listed or otherwise regulated by individual states. For details on your regulatory requirements you should
contact the appropriate agency in your state.
COMPOMNENT NAME
ICAS NUMBER COMCENTRATION STATE CODE
Epichlorohydrin
106-69-8 < Sppm 'cA
Benzyl alcohol
100-51-6 M, PA NJ
' These substances are known to the state of California to cause cancer or reproductive harm, or both.
16, OTHER INFORMATION
REASON FOR ISSUE: Changes made in Section 14 and 15.
PREPARED BY:. ... G. M. House
APPROVED BY G. M. House
TITLE: ............ ... Health, Safety & Environmental Manager
APPROVAL DATE: .. ... April 26, 2013
SUPERSEDES DATE:. March 9, 2012
.. 105-13a
This information is furnished without warranty, expressed or implied, except that it is accurate to the best knowledge of West System Inc. The data on

this sheet is related only to the specific material designated herein. West System Inc. assumes no legal responsibility for use or reliance upeon these
data.
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D. West Systems 206 Slow Hardener

MATERIAL SAFETY DATA SHEET
West System Inc.

1. CHEMICAL PRODUCT AND COMPANY IDENTIFICATION

PRODUCT NAME:.. WEST SYSTEM® 206 Slow Hardener

PRODUCT CODE:

CHEMICAL FAMILY - X

CHEMICAL NAME: ..Modified aliphatic polyamine.

FORMULA:............. - i

MANUFACTURER: EMERGENCY TELEPHONE NUMBERS:

West System Inc. Transportation

102 Patterson Ave. CHEMTREC.................... 800-424-9300 (U.5.)

Bay City, M1 48706, U.S.A. 703-527-3887 (International)
Phone: 866-8937-8797 or 989-684-7286 MNon-transportation

Wi westsystem.com Poison Hotline: ................. 800-222-1222

| 2. HAZARDS IDENTIFICATION

EMERGENCY OVERVIEW

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

PRIMARY ROUTE(S) OF ENTRY: ..ot e SKIN @Nd &y confact, inhalation.

POTENTIAL HEALTH EFFECTS:

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

CHRONIC INHALATION: . .-May cause lung damage. May cause respiratory sensitization in

susceptible individuals. Repeated exposures may cause internal organ damage.

ACUTE SKIN CONTACT:. _Cormosive. Prolonged contact may cause skin damage with bums and
blistering. Wide spread contact may resuit in material being absorbed in harmful amounts.

CHRONIC SKIN CONTACT:..
allergic reaction/sensitization
damage.

-.. May cause persistent imitation or dermatitis. Repeated contact may cause
be ahsorbed through the skin in amounts that can cause intemal organ

EYE CONTACT: . .. Commosive. May cause blumed vision. May cause irmtation with comeal
injury resufting in permanent vision |mpa|n'nent or even blindness.

INGESTION: . reeeeeenenn.. Moderately toxic. May cause gastrointestinal irmtation or ulceration. May
cause bums of Ihe mouih and throat Aspmtlon hazard

SYMPTOMS OF OVEREXPOSURE:. remrreeeseenenenenenenn SKIN irTItELION, BUMs and blistering. Imitation of the nose and throat,
possible headache. Eye imitation and ‘blurred vision.

MEDICAL CONDITIONS AGGRAVATED BY EXPOSURE: ............... Existing respiratory conditions, such as asthma and bronchitis. Existing
skin conditions.

| 3. COMPOSITIONINFORMATION ON HAZARDOUS INGREDIENTS |

INGREDIENT NAME CAS# CONCENTRATION (%)
Polyoxypropylenediamine 9046-10-0 30-50
Polymer of epichlorohydrin, bisphenal-A, and diethylenetriamine 31326-291 10-30
Tetraethylenepentamine 112-57-2 10-30
Diethylenetriamine 111-40-0 5-20
Reaction products of tristhylenatetramine and propylene oxide 26950-63-0 5-20
Triethylenetetramine 112-24-3 1-10

NORTH
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4. FIRST AID MEASURES

MSDS #206-13a Last Revised: 26APR13

West System Inc. Page 2 of 4 WEST SYSTEM® 206™ Hardener
FIRSTAID FOREYES: .. ... iieeeeeeeeeeee.. IMMediateldy flush with water for at least 15 minutes. Get promipt medical
attention.

FIRST AID FOR SKIN: . Remove contaminated clothing. Immediately wash skin with soap and
water. Do not apply greases of gintments. Get medical attention if severa exposure.

FIRST AID FOR INHALATION: . ... Move to fresh air and consult physician if effects ocour.

FIRST AID FOR INGESTION: . . . Give conscious person at least 2 glasses of water. Do not induce

vomiting. Aspiration hazard. If vomiting should occur sponianeously, keep airway clear. Get medical atiention.

| 5.  FIRE FIGHTING MEASURES

FLASH POINT: ..o oo > 200°F (Open Cup)
EXTINGUISHING MEDIA: . e Dy chemiical, alcohol foam. carbon dioxide (COy), dry sand, limestone
powder.

FIRE AND EXPLOSION HAZARDS: . .. Buming can generate toxic fumes. Products of combustion may include,
but not liminted to: oxides of nitrogen, volat||e amines, ammonia, nitric acid, nitrosamines. When mixed with sawdust, wood chips, or other
cellulosic material, spontaneous combustion can occur under certain conditions. I hardener is spilled info or mixed with sawdust, heat is
generated as the air oxidizes the amine. I the heat is not dissipated quickly enough, it can ignite the sawdust.

SPECIAL FIRE FIGHTING PROCEDURES: .. . Use full-body protective gear and a self-contained breathing apparatus.
Use of water may generate toxic agueous solutions. Do not allow water run-off from fi ighting fire to enter drains or other water courses.

NORTH
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6. ACCIDENTAL RELEASE MEASURES

SPILL OR LEAK PROCEDURES: .. .. Stop leak without additional risk. WWear proper personal protective
equipment. Dike and contain spill. Vemﬂate area. Large sp||| - dlke and pump into appropriate container for recovery. Small spill - recover or
use inert, non-combustible absorbent material (e.g., sand, clay) and shovel into suitable container. Do not use sawdust, wood chips or other
cellulosic materials to absorh the spill, as the p-ossibilityfor spontaneous combustion exists. Wash spill residue with warm, soapy water if
necessary.

| 7. HANDLING AND STORAGE

STORAGE TEMPERATURE (min./max.):............... 40°F (4°C)/90°F (32°C).
STORAGE: ... SHOTE N COON, diry place with adeguate ventilation.
HANDLING PRECAUTIONS: . . Use only with adequate ventilation. Do not breath vapors or mists from

heated material. Avoid wntact wrlh skln and eyes Wash thoroug ryaﬂer handling. When mixed with epoxy resin this product causes an
exothermic reaction, which in large masses, can preduce enough heat to damage or ignite surounding materials and emit fumes and vapors
that vary widely in composition and toxicity.

| 8. EXPOSURE CONTROLS/PERSONAL PROTECTION

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

SKIN PROTECTION GUIDELINES:.. oo Weear liquid-proof, chemical resistant gloves (nitrile-butyl rubber, neoprene,
butyl rubber or natural rubber) and fuII body—covenng dothlng

RESPIRATORY/VENTILATION GUIDELINES: . . . General mechanical or local exhaust ventilation. With inadequate
ventilation, use a NIOSH/MSHA approved air punfylng resp|r:1t0r \r.nlh an organic vapor cariridge.

Note: West System, Inc. has conducted an air sampling study using this product or similary 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 permissitie exposure
levels.

ADDITIONAL PROTECTIVE MEASURES: . . . Use where there is immediate access to safety shower and emergency eye
wash. Provide proper washicleanup faCIlltIES for proper hyglene Contac“t lens should not be wom 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: . . Mot established for product as whole. Refer to OSHA's Permissible
Exposure Level (PEL) or the ACGIH Gmdellnes for |nf0nnat0n on spemf c ingredients.

NORTH
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9. PHYSICAL AND CHEMICAL PROPERTIES

PHYSICAL FORM ..

MSDS #206-13a

West System Inc.

Page 3 of 4

Last Revised: 26APR13

WEST SYSTEM® 206™ Hardener

COLOR...
ODOR.....
BOILING POIN
MELTING POINT/FREEZE POINT _.
pH...

SOLUBILITY IN WATER ..
SPECIFIC GRAVITY ..
BULK DENSITY _..
VAPOR PRESSURE
VAPOR DENSITY ...
VISCOSITY ...

% VOLATILE BY WEIGHT ..

combined VOC content for 1057206 is 9.58 g/L (0.08 lbs/gal).

... Heavier than air.
... 200 cPs

<1 mmHg @ 20°C.

... ASTM 2369-07 was used fo determine the Volatile Matter Content of
mixed epoxy resin and hardener 105 Resin and 206 Hardener, m|xed together at 5:1 by weight, has a density of 1176 g/L (9.81 lbs/gal).

10. STABILITY AND REACTIVITY

HAZARDOWS POLYMERIZATION: ...

INCOMPATIBILITIES: .

DECOMPOSITION PRODUCTS:.

NORTH

Stable.

Will not occur.

.- May react violently when in contact with oxidizing materials, acids or
halogenated wmpounds such as methwene chioride. Reactions may be slow initially, then may rapidly generate heat and vapor pressure.

.- Very toxic fumes and gases when bumed. Decomposition products may
include, but not liminted to: owides of nllrogen Volatile ammes ammonla nitric acid, nitrosamines.
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NORTH

11. TOXICOLOGICAL INFORMATION
Mo specific oral, inhalation or dermal toxicology data is known for this product.
Oral:..... ....Expected to be moderately toxic.
Inhalation .Expected to be moderately toxic.
Dermal: ....Expected to be moderately toxic.
Mo ingredient of this product present at levels greater than or equal to 0.1% is identified as a carcinegen or potential carcinogen by OSHA,
NTP or IARC.
| 12. ECOLOGICAL INFORMATION
In the non-cured liquid form this product may be harmful if released to the environment. Do not allow into sewers, on the ground or in any body
of water.
| 13. DISPOSAL CONSIDERATIONS
WASTE DISPOSAL METHOD: ... iiiirieieeeeene...... Evaluation of this product using RCRA criteria shows that it is not a
hazardous waste, either by listing or characteristics, in its purchased form. It is the responsihility of the user to determine proper disposal
methods.
Incinerate, recycle (fuel blending) or reclaim may be prefemed methods when conducted in accordance with federal, state and local regulations.
| 14. TRANSPORTATION INFORMATION

DOT Non-Bulk

SHIPPING NAME: ............ccc.c..
TECHNICAL SHIPPING NAME:
HAZARD CLASS: ...
U.N/N.A. NUMBER: .
PACKING GROUP:.........oocieicecceeeccevceeceeeevemmcneeememeceeeesceees PG ]

.. Polyamines, liquid, comosive, n.os.
Polyoxypropylenediamine.

ICAOIIATA
SHIPPING NAME: ............ccc.c..
TECHNICAL SHIPPING NAME:
HAZARD CLASS:
U.N. NUMBER:.
PACKING GROU
MARINE POLLUTANT:

.. Polyamines, liquid, comosive, n.os.
Polyaxypropylenediamine
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IMDG
SHIPPING NAME: ... . Polyamines, liquid, cormosive, n.os.
TECHNICAL SHIPPING NAME Polyoxypropylenediamine

HAZARD CLASS:
U.N. NUMBER: __.
PACKING GROUP:

MARINE POLLUTANT:.

15. REGULATORY INFORMATION

OSHA STATUIS: e m e e e emmr e emeenne \OITOSIVE, pOSSihle sensitizer.
TSCASTATUS: .. All COMPONENES are listed on TSCA inventory or otherwise comply with
TSCA requirements.

CANADA WHMIS CLASSIFICATION
CEPA Chemical Inventory Status: .
requirements.

... D2A — Very toxic material causing other toxic effects. E — Comosive.
... All components are listed or are otherwise compliant with CEPA

SARATITLE Il
SECTION 313 TOXIC CHEMICALS: ... None

STATE REGULATORY INFORMATION:

The following chemicals are specifically listed or othenwise regulated by individual states. For details on your regulatory requirements you should
contact the appropriate agency in your state.

COMPONENT NAME STATE CODE
Tetraethylenepentamine

112-57-2 RI, MA, NJ, PA
Tetraethylenetriamine

112-24-3 RI, MA, NJ, PA
Digthylenetriamine

111400 RI, MA, NJ, PA

| 16. OTHER INFORMATION

REASOMN FOR ISSUE: ... Changes made in Section 2, 3 and 14.
PREPARED BY: ... .. G. M. House

APPROVED BY: .. G. M. House

TITLE: ............... Health, Safety & Environmental Manager
APPROVAL DATE April 3, 2013

SUPERSEDES DATE:. ... February 10, 2011

MSDS NUMBER: ... oo eenes e s s snenenneeneneeee 206-133

This information is fumished without warmanty, expressed or implied, except that it is accurate to the best knowledge of West System Inc. The data on

this sheet is related only to the specific material designated herein. West System Inc. assumes no legal responsibility for use or reliance upon these
data.

NORTH
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E. Fiberglass Fabric

Material Safety Data Sheet
ROOM TEMPERATURE FIBERGLASS TUBING

Product/Chemical Name: ROOM TEMP TUBING

Chemical Formula: CURED EPOXY FIBERGLASS TUBING

General Use:

Manufacturer: REKLEIN PLASTICS, INC. 42130 MOUND ROAD STERLING HTS., MI 48314
PHONE: (586) 739-8850 FAX: (586) 739-0750

SECHON & = L .0Mmpos 1| : HICTIES
Ingredient Name l CAS Number | Y% wtor
! % vol
FIBER-G1,ASS FABRIC 65997-17-3 |
CURED EPOXY RESIN |
TLV-LIMITS l '
FIBERGLASS-Synthetic TWA-10Mg/cum
Hok vk Emergency Overview Atk ‘ :M‘z [
Fo# ‘
R #
Potential Health Effects PPE'
Primary Entry Routes: N/A tsec § H
Target Organs: R
Acute Effects

Inhalation Special precautions exist only when machining this product. Machining produces a dust hazard, when
machining full eye protection such as a full safety shield. A NIOSH approved dust mask should be used in conjunction
with TLV limits listed in Sect. II. Cover all body areas to avoid dust contact with exposed skin.

Eye:

SKin:

Ingestion:

et R Honid= B
Inhalation: AVOID INHALATION OF DUST IN MACHINING.
Eye Contact:

Skin Contact:
Ingestion:

Flash Point:N/A NFPA
Flash Point Method:N/A o

Autoignition Temperature: N/A ° ¢
LEL:N/A
UEL:N/A

Extinguishing Media: CO2,FOAM,DRY CHEMICAL,SAND

NORTH CAROLINA STATE UNIVERSITY




NC STATE UNIVERSITY

MSDS No.001 ROOM TEMP FIBERGLASS TUBING

Spill /L.eak Procedures: N/A
Small Spills:
Large Spills

Handling Precautions: N/A
Storage Requirements: N/A

_—

Physical State: CURED FIBERGLASS AND EPOXY Water Solubmty:r\SOLUBLE

Appearance and Odor:Solid tube with or without a Other Solubilities: N/A
casted base - no odor Boiling Point: N/A
Odor Threshold: N/A Freezing/Melting Point:N/A

Stability Stable

Polymerization: Hazardous polymerization cannot occur.

Chemical Incompatibilities: N/A

Conditions to Avoid: N/A

Hazardous Decomposition Products: Thermal oxidative decomposition of product can preduce :co2,co,aldehydes

msiderations

EPA Regulations: N/A

Section 12 - Othier T

Prepared By:REKLEIN PLASTICS,INC
Revision Notes:

Additional Hazard Rating Systems:

Disclaimer: THTS INFORMATION IS FURNISHED WITHOUT WARRANTY,REPRESENTATION, INDUCEMENT
OR LICENSE OF ANY KIND,EXCEPT THAT IT IS ACCURATE TO THE BEST OF REKLEIN PLASTICS,INC’S
KNOWLEDGE, OR OBTAINED FROM SOURCES BELIEVED BY REKLEIN PLASTICS,INC.TO BE ACCURATE
AND REKLEIN PLASTICS,INC.DOES NOT ASSUME ANY LEGAL RESPONSIBILITY FOR USE OR RELIANCE
UPON SAME.CUSTOMERS ARE ENCOURAGED TO CONDUCT THEIR OWN TESTS. BEFORE USING ANY
PRODUCT, READ THE LABEL.

CASS POLYMERS OF M
OF MICHIGAN
31200 Hwy.
MADISON MI148071

NORTH CAROLINA STATE UNIVERSITY
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F. Batteries

Chemical Name Exposure Limits
Manganese Dioxide 0.5 mg/mr TWA UK WEL
0.5 mg-"mf TWA (inhalable) DFG MAK
0.2 mg/m” VL Belginum
0.2 mg/m’ TWA Denmark LV
Zinc None established for zinc metal
Potassium Hydroxide 2mg/m’ STEL UK WEL
2 mg/m’ VCD Belgium
2 mg/m’ Ceiling Denmark LV
Graphite 4 mg/m’ TWA UK WEL (respirable dust)
10 mg/m” TWA UK WEL (inhalable dust)
1.5 mg/m” TWA DFG MAK (respirable dust)
4 mg/m’ TWA DFG MAEK (inhalable dust)
2 mg/m’ VL Belgium (respirable dust)

Ventilation: No special ventilation 1s needed for normal use.

Respiratory Protection: None required for normal use.

GMEL # 2002.9-EU
Page 3 of 6

Skin Protection: None required for normal use. Use neoprene, rubber or latex gloves when handling
leaking batteries.

Eye Protection: None required for normal wse. Wear safety goggles when handling leaking batteries.

SECTION 9: PHYSICAL AND CHEMICAL PROPERTIES

Appearance and Odor: Copper top battery.
Water Solubility: Insoluble

SECTION 10: STABILITY AND REACTIVITY

Stability: This product is stable.

Incompatibility/Conditions to Aveid: Contents are incompatible with strong oxidizing agents. Do not
heat, crush, disassemble, short circuit or recharge.

Hazardous Decompeosition Products: Thermal decomposition may produce hazardous fumes of zine
and manganese; caustic vapors of potassium hydroxide and other toxic by-products.

Hazardous Polvmerization: Will not occur

NORTH CAROLINA STATE UNIVERSITY
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SECTION 11: TOXICOLOGICAL INFORMATION

Potential Health Effects:

The chemicals and metals in this product are contained in a sealed can. Exposure to the contents will not
occur unless the battery leaks, is exposed to high temperatures or 1s mechanically, physically, or
electrically abused. Damaged battery will release concentrated potassium hydroxide, which is caustic.
Anticipated potential leakage of potassium hydroxide is 2 to 20 ml. depending on battery size.

Eye Contact: Contact with battery contents may cause severe irritation and burns. Eve damage 1s
possible.

Skin Contact: Contact with battery contents may cause severe irritation and burns.

Inhalarion: Inhalation of vapors or fumes released due to heat or a large number of leaking batteries may
cause respiratory and eye irritation.

Ingestion: Swallowing is not anticipated due to battery size. Choking may occur if smaller AAA batteries
are swallowed. Ingestion of battery contents (from a leaking battery) mayv cause mouth. throat and
intestinal burns and damage.

Acute Toxicity Data:
Manganese Dioxide: LD50 oral rat =3478 mg/'kg
Potassinm Hydroxide: LD50 oral rat 273 mg'kg

Chronic Effects: The chemicals in this product are contained in a sealed can and exposure does not
occur during normal handling and wse. No chronic effects would be expected from handling a leaking
battery.

GMEL # 2002.9-EU
Page 4 of 6

NORTH CAROLINA STATE UNIVERSITY
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Target Organs: Skin, eyes and respiratory system.

Carcinogenicity: None of the components of this product are listed as carcinogens by the EU Directive
on the classification and labeling of substances.

| SECTION 12: ECOLOGICAL INFORMATION |

No ecotoxicify data is available. This product is not expected to present an environmental hazard.

| SECTION 13: DISPOSAL INFORMATION |

Disposal should be in accordance with national and local regulations. Do not incinerate except for
disposal in a controlled incinerator.

Duracell alkaline manganese dioxide batteries are labeled in compliance with EU Battery Directive
2006/66.

SECTION 14: TRANSPORT INFORMATION

Transportation Information — Products covered by this SDS, in their original form. are considered “dry
cell” batteries and are not regulated as “DANGEROUS GOODS™ for transportation.

For finished packaged product transported by ground (ADR/RID): — not regulated
For finished packaged product fransported by sea (IMDG) — not regulated
For finished packaged product transported by air (IATA). —not regulated

SECTION 15: REGULATORY INFORMATION

EU Classification of Preparation: Not classified as a dangerous preparation.

REACH: These products are manufactured articles and not subject to REACH registration requirements.

EU Labeling: None Eequired
Labeling is not required because batteries are classified as articles under the both REACH and the
Dangerous Preparations Directive and as such are exempt from the requirement for labeling.

NORTH CAROLINA STATE UNIVERSITY
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| SECTION 16: OTHER INFOEMATION

P&G Hazard Rating: Health: 0 Fire: 0 Reactivity: 0
EUT Classes and Risk Phrases for Reference (See Sections 2 and 3)

C Corrosive

N Dangerous for the Environment

Xn Harmful

F20/22 : Harmful by inhalation and if swallowed.

R22 Harmful if swallowed.

R35 Causes severe burns

R50/53 - Very toxic to aguatic organisms, may cause long-term adverse effects in the aguatic environment.

GMEL # 2002.9-EU
Page 5 of 6

Data supplied is for use only in connection with occupational safety and health.

DISCLAIMER: This SDS is intended to provide a brief summary of our knowledge and guidance
regarding the use of this material. The information contained here has been compiled from sources
considered by Procter & Gamble to be dependable and is accurate to the best of the Company’s
knowledge. It is not meant to be an all-inclusive document on worldwide hazard communication

regulations.

This information is offered in good faith. Each user of this material needs to evaluate the conditions of
use and design the appropriate protective mechanisms to prevent emplovee exposures, property damage
or release to the environment. Procter & Gamble assumed no responsibility for injury to the recipient or
third persons, or for any damage to any property resulting from misuse of the product.

NORTH CAROLINA STATE UNIVERSITY
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Safety Data Sheet

SECTION 1: IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND OF THE
COMPANY/UNDERTAKING

Product Name: DURACELL® ALKALINE BATTERIES
Product Identification: Alkaline Manganese Dioxide Cells —
Tradenames: Plus, Ultra, Simply

Product Use: Energy Source
SDS Date of Preparation: November 2, 2009; Updated May 19, 2010

Duracell Designations:
Name/Size Duracell Designation Voltage IEC Designation
Duracell Plus/Simply D MN1300 1,5 LR20
Duracell Ultra D MX1300 1.5 LR20
Duracell Plus/Simply C MN1400 1,5 LR14
Duracell Ultra C MX1400 15 LR14
Duracell Plus/Simply AA MN1500 1,5 LR6
Duracell Ultra AA MX1500 L5 LR6
Duracell Plus/Simply AAA MN2400 15 LRO3
Duracell Ultra AAA MX2400 1,5 LRO3
Duracell Plus/Simply 9V MN1604 9 6LR61
Duracell Ultra 9V MX1604 9 6LR61
Duracell 4.5V MN1203 4.5 3LR12
Duracell AAAA MN2500 1.5
Duracell MN11 MN11 6
Duracell MN9100 N MN9100 L5 LR1
Duracell 7K67 J TK67] 6.2 4LRé61

NORTH CAROLINA STATE UNIVERSITY
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Company Identification:

EU Office Switzerland Office US Office
Procter & Gamble UK. Procter& Gamble Duracell, a division of P&G
The Heights, Brooklands Switzerland SARL Berkshire Corporate Park
Weybridge, Surrey Route de Saint-Georges 47 Bethel, CT 06801 USA
KT13 0XP UK 1213 Petit-Lancy, 1, Geneva, Telephone: 203-796-4000
Telephone: +44-1-93-289-6000 Telephone: +41-58-004-6111

Emergency Phone Number: INFOTRAC 24-Hour Emergency Response Hotline: 1-352-323-3500
(United States of America)

| SECTION 2: HAZARDS IDENTIFICATION

Physical Appearance: Copper top battery.

CAUTION: May explode or leak, and cause burn mjury, if recharged, disposed of i fire, mixed with a
different battery type, inserted backwards or disassembled. Replace all used bafteries at the same time. Do
not carry batteries loose in your pocket or purse. Do not remove the battery label.

GMEL # 2002.9-EU
Page 1 of 6

EU Classification of Preparation: Not classified as a dangerous preparation.

SECTION 3: COMPOSITION/INFORMATION ON INGREDIENTS

Chemical Name CAS Number EINECS Amount Classification
Number

Manganese Dioxide 1313-13-9 215-202-6 35-40 % Xn, R20/22

Zinc T7440-66-6 231-175-3 10-25 % N, R50/53

Potassium Hydroxide (35 %) 1310-58-3 215-181-3 5-10% C, Xn R22,
R35

Graphite (natural or 7782-42-5, 231-955-3 1-5% None

synthetic) 7440-44-0 231-153-3

Note: Some Duracell alkaline batteries contain a Duracell Power Check™ battery energy gauge, which 1s
a small conductive strip located underneath the PVC battery label that indicates the amount of charge n
the battery. It is composed of minute quantities of conductive materials. Due to the small quantity of
materials and their solid form, a health or environmental risk is unlikely.

NORTH CAROLINA STATE UNIVERSITY
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SECTION 4: FIRST AID MEASURES

General Advice: The chemicals and metals in this product are contained m a sealed can. Exposure to the
contents will not occur unless the battery leaks, is exposed to high temperatures or is mechanically,
physically, or electrically abused. Damaged battery will release concentrated potassium hydroxide, which
is caustic. Anticipated potential leakage of potassium hydroxide 1s 2 to 20 ml, depending on battery size.

Eve Contact: If battery is leaking and material contacts the eye, flush thoroughly with copious amounts
of running water for 30 minutes. Seek immediate medical advice.

Skin Contact: If battery is leaking and material contacts the skin, remove any contaminated clothing and
flush exposed skin with copious amounts of running water for at least 15 minutes. If irritation, injury or
pain persists, seek medical advice.

Inhaled: If battery is leaking, contents may be uritating to respiratory passages. Move to fresh air. If
irritation persists, seek medical advice.

Swallowed: If battery contents are swallowed, do not induce vomiting. If the victim is alert, have them
rinse their mouth are the swrroundmg skin with water for at least 15 minutes. Seek mmmediate medical

attention.

Note: This SDS does not include or address the small button cell batteries which can be ingested.

SECTION 5: FIRE FIGHTING MEASURES

Fire and Explosion Hazards: Batteries may burst and release hazardous decomposition products when
exposed to a fire situation.

Extinguishing Media: Use any extinguishing media that 15 appropriate for the surrounding fire.

Special Fire Fighting Procedures: Firefighters should wear positive pressure self-contamed breathing
apparatus and full protective clothing. Fight fire from a distance or protected area. Cool fire exposed

GMEL # 2002.9-EU
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batteries to prevent rupture. Use caution when handling fire-exposed containers (containers may rocket or
explode in heat of fire).

Hazardous Combustion Products: Thermal degradation may produce hazardous fumes of zinc and
manganese; hydrogen gas, caustic vapors of potassium hydroxide and other toxic by-products.

| SECTION 6: ACC[DENTA&L RELEASE MEASURES

Notify safety personnel of large spills. Caustic potassium hydroxide may be released from leaking or
ruptured batteries. Clean-up personnel should wear appropriate protective clothing to avoid eye and skin
contact and mnhalation of vapors or fumes. Increase ventilation. Carefully collect bafteries and place in an
appropriate container for disposal.

SECTION 7: HANDLING AND STORAGE

Avoid mechanical or electrical abuse. DO NOT short circuit or install incorrectly. Batteries may explode,
pyrolize or vent if disassembled, crushed, recharged or exposed to high temperatures. Install batteries in
accordance with equipment instructions. Do not mix battery systems, such as alkaline and zinc carbon, in
the same equipment. Replace all batteries in equipment at the same time. Do not carry batteries loose in a
pocket or bag. Do not remove battery tester or baftery label.

Storage: Store batteries in a dry place at normal room temperature. Do not refrigerate — this will not
make them last longer.
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G. Electronic Matches

ELECTRIC MATCH 1.4S UN0454
MATERIAL SAFETY DATA SHEET REVISION DATE: 01-01-07

[1.  IDENTIFICATION |

[11 SUPPLIER |
Company: RockTek Limited
ABN: 30 079 287 657
Street Address: 1334 Stakehill Road
BALDIVIS WESTERN AUSTRALIA 6171
Telephone: +61 8 9523 1374
Facsimile: +61 8 9523 1449

EMERGENCY TELEPHONE NUMBER: mobile - 0417 990 206 ( 24hrs)

[12  PRODUCT DESIGNATION

PRODUCT NAME: Electric Match
UN Proper Shipping Name Igniters

UN Number 0454

EX Number 9204264
Dangerous Goods Class 14S
Subsidiary Risk None

Poisons Schedule Number None
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| 3.2  HANDLING REQUIREMENTS

No smoking.

Handle with caution.

Protect Electric Matches from damp and electric/ electromagnetic environments.

Avoid subjecting products or their packaging to mechanical shock and physical damage.
Do not attempt to disassemble / modify the Electric Match.

Testing and use of pyrotechnic items and materials may be caried out only with approved equipment and by
gualified personnel (maximum intensity of current used for testing firing circuit resistance - 10mA).

| 3.3  PRECAUTIONS TO BE TAKEN IN THE EVENT OF AN INCIDENT |

Explosive materials accidentally spilt from pyrotechnic items must be recovered for removal and destructive disposal.
Where such an incident has occurred:

Avoid all mechanical shock

Avoid all friction

Eliminate all risk of production of sparks

Keep away from all heat sources.

Keep away from naked flames.

Keep away from other pyrotechnic products since any manipulation of such material may cause an
explosion.

- Where packed pyrotechnic packing is broken open, transfer all the contents to a wooden or cardboard
container avoiding subjecting them to any mechanical shock, spark, heat or other source of risk.
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Cotton Flock

MATERIAL SAFETY DATA SHEET

My be wsed to comply with OSHAS Hazord
Comnnnmication Standard, 29 CER 1010,] 30

IENTITY (As Used on Label): DESCRIFTION:

W200 COTTON FLOCK COTTON FLOCK

W20 COTTON FLOCK

W240 COTTON FLOCK CAS# Mot Applicable-Natura)
Ciecurring Substance

SECTION I

Manufacturer's Name: Emergency Tel. No.

INTERNATIONAL FIBER CORPORATION T1A-693-4040

MSTRIBUTED BY FREEMAN MFG & SUPPLY 0.  Tel. No. Far Information
www. freemansupply.com BO0-321-8511

Date Prepared:  February 10, 2004

Supercedes: Oet. 2, 2001
SECTION II -- HAZARDOUS INGREDIENTS/IDENTITY INFORMATION
Hazardous Compenents { Specific Chemical) Other Limits %h
entity; Mames(s OSHA PEL Y Recomme Optional

Total Dust 15 mgm’ 10 mg/m’ — Nia
Rﬁpimb]c 5 mE."ml - —
SECTION III -- PHYSICAL/CHEMICAL CHARACTERISTICS
Baoiling Foint Deensity (giee)

NiA 1.27-1.61
Vapor Pressure (mm He.) Melting Poini

MiA WA
Vapor Density (AIR = 1) Evaporation Rate

NiA {Buryl Acetate = 1) MiA

Solubility in Wailer: Insoluble in water.

Appearance and Odor:  Color: White  Odor: None

SECTION IV -- FIRE AND EXPLOSION HAZARD DATA

Flash Point {(Method Used) Flammable Limits LEL UEL
MiA MA M/A N/A
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Pnge dafl
Material will bum if invalved in a fire. Like most organic powders, under severe dusting conditions, this
materizl may form explogive mixtures in air.

Extinguishing Media
Water, Carbon-dioxide, dry chemical or foam.

Special Fire Fighting Procedures
In the cvent of a fire. wear full protective clothing and NIOSH approved Sell-Comtained Breathing

Apparaius.
Unusual Fire and Explosion Hazards
Mone
10N V - REACTIVITY DAT
Stability Stable  Unstable
X
Conditions to Avoid Hone
Incompatibility {Materials to Avoid); Mone
Hazardous Decomposition or Byprodoets: Mone Knawn
Harardows Polymerization: Conditions to Avoid: None
Will Ocear  Will Mot Occur
X
SECTION VI -- HEALTH HAZARD INFORMATION
Route{sy of Entry: Inhalation? Yes Skin? Yes Ingestion? Yes

Health Hazards (Acute and Chronic)

Exposure to high concenteations of dust may resalf in upper respiratory tracl {nose and throat ) s tation.
An allergic reaction may occur in some persons due to inhalation of or contact with these products,
FEL (OSHA Permissible Exposure Limit): For nuisance dust.

15 mg/m’ for total dusi and mg'm’ for respirable dus,

Carcinogenicity: NTP? IARC Monographs? DOSHA Regulated?
None Mone Mone No

Signs and Symptoms of Exposure
Refier 1o health hazards listed above,

Medical Conditinns

Generally Apgravated by Exposure
Mone known under proper usage conditions,

Emergency and First Aid Procedures
Eves/Skin: Flush with water. Inhalation: ITbreathing difficelty oceurs, remeve (o fresh gir and call
physician,
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SECTION VIl — PRECAUTIONS FOR SAFE HANDLING AND USE
Steps to Be Taken in Case Material Is Released or Spilled
May be cleaned up with broom and shovel.

Waste Disposal Methad
Digpose of in accordance with local, state and federal regulations,

Frecautions to Be Taken in Handling and Sroring

Product should be stored on pallets without contact to walls, ceiling or floer. Storage areas should be well
ventilated and free of strong and objectionable odors. Good warehouse and production handling practices
should be followed 1o limit the amount of dust. Avold sources of ignitian, If product is preumatically
conveyed or pressurized in high concentration, devices to control static electricity are recommended.

Orther Precautions
Avoid open flames and spark sources,

SECTION VIl -- CONTROL MEASURES
Respiratory Protection (Specify Type): 17 dust levels exceed 15 mp/m’, a MIOSH approved dust mask
is recommended

Yentilation
Adequare to handle dust indigenous to operations,

Local Exhaust Special

If dusting occurs MIA
Mechanical (Generzl) Dither

Bol normally required MiA
Protective Gloves Eve Protection

Recommended. Wearing contact lenses is not
recommended in a dusty environment,

Mol normally required

Other Frotective Clothing or Equipment
MNone normally required

Work/Hygienic Practices
Use standard hygiene practices.

HMIS Rating: Health 0 Flammability 1 Reactivity 0

T infarmanion comained benein is based upon dats considered te be oooumle. However, no wanmanly = expressed o imglul
sy the accuracy of these dat. We accept no responsibility for reswlis sblained by the app bieaion of this mfnaration or the
safiy pmd sustability of o producls. Users ore advised o condet thelr own 16585 g0 deiename the safiety sl sudtobality of each
prosduct for thesir own use,
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Baby Wipes

Page 1 of 5

The Procter & Gamble Company
Baby Care GBU

Baby and Toddler Personal Care
Winton Hill Business Center
6280 Center Hill Avenue
Cincinnati, OH 45224

MATERIAL SAFETY DATA SHEET

MSDS #: PGMSDS BC-06 Issue Date: 29 Nov 2006
Supersedes: New Issue Date: New

SECTION I - CHEMICAL PRODUCT
Identity: Pampers Wipes

Versions: Sensitive

P&G Telephone Number: 513-945-0326 or call Local Poison Control Center or your physician.
Transportation Emergency (24 hour) Telephone Number: CHEMTREC 1-800-424-9300 — US and Canada:
1-703-527-3887 — for calls originating elsewhere.

SECTION II - COMPOSITION AND INGREDIENTS

Ingredients listed on the product label are:

Water'Eaw'A gua, Aloe Barbadensis Leaf Juice, Disodium EDTA, Xanthan Gum, Bis-PEG/PPG-16/16
PEG/PPG-16/16 Dimethicone, Caprylic/Capric Triglyceride, PEG-40 Hydrogenated Castor Oil, Sodium Phosphate,
Sodium Hydroxymethylglycinate, Benzyl Alcohol, ledopropynyl Butylcarbamate, Citric Acid, Bisabolol,
Chamomilla Recuitita (Matricaria) Flower Extract

Hazardous Ingredients as defined by OSHA, 29 CFR 1910.1200. and/or WHMIS under the HPA:
Product does nor contain ingredients considered hazardous as defined in 29 CFR 1910.1200
Chemical Name Common Name CAS No. Composition LDSWVLCS0
Range
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Pampers Sensitive Wipes Page 2 of 5

SECTION III - HAZARDS IDENTIFICATION

Potential Health Hazards (Acute and Chronic): (See Section 11 for more information)

Ingestion: The wipe substrate may cause transient gastrointestinal irritation or blockage if ingested.
Eye Contact: No eye irmitation potential.

Skin Contact: No skin irritation potential.

Inhalation: Unlikely due to physical form.

Medical Conditions Generally Known to be Aggravated by Exposure: None known

Potential Environmental Effects: (See Section 12 for more information)

SECTION IV — FIRST AID INFORMATION

First Aid Procedures:
Ingestion: Accidental ingestion of the wipe substrate may necessitate medical attention. If symptoms persist, seek
medical attention.
Eye Contact: If eye contact occurs, flush with water. If irritation persist, seek medical attention.
Skin Contact: In the unlikely event that irritation occurs, flush with water. If irritation persist, seek medical
attention.

Note to Physician: (if applicable)

Other: Consumer product package has the following precautionary statement:
For tubs: This is not a toy. Do not allow children to push fingers and hand through opening.
For bags and boxes: To avoid danger of suffocation, keep plastic bags away from babies and children. Do not
place in cribs, beds, carriages. or playpens.

SECTION V - FIRE FIGHTING INFORMATION
Flash Foint (Method Used): Not applicable

Flammable Properties:

Upper Flammable Limit: Not applicable
Lower Flammable Limit: Not applicable

Explosive Limits: UEL: Mot applicable LEL: Mot applicable

Auto-ignition Temperature: Not applicable

Hazardous Combustion Products: None

Explosion Data (Sensitivity to Mechanical Impact): Not applicable

Explosion Data {Sensitivity to Static Discharge): Not applicable

Extinguishing Media:
Suitable: Not applicable
Unsuitable: Not applicable

Protection of Firefizhters:

Specific Hazards Arising from the Material: None

Protective Equipment and Precautions for Firefighters: No special protective equipment needed beyond routine
firefighting gear.
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Pampers Sensitive Wipes

Page Jof 5

SECTION ¥1 - ACCIDENTAL RELEASE MEASURES

Personal Precautions: none
Environmental Precautions:

Methods for Containment: Absorb spills with an inert absorbent material such as Hazorb, Zorball or sand.

Methods for Cleanup: Scoop/mecover material. Place in waste container.

Other Information: (if applicable) - none

SECTION VII - HANDLING AND STORAGE
Precautions To Be Taken in Handling: No unusual precautions necessary.

Precautions To B e Taken in Storage: Store in suitable tightly sealed container and protect from heating/freezing.

SECTION VIII - EXPOSURE CONTROLS, FPERSONAL FROTECTION

Exposure Guidelines: none

Engineering Controls: None required with normal handling or consumer use.

Personal Protective Equipment (FPE):

Eye/Face Protection: None required with normal handling or consumer use.

Skin Protection: Mone required with normal handling or consumer use.

Respiratory Protection: Not required under normal conditions

SECTION IX - FHYSICAL AND CHEMICAL PROFERTIES
Specify all temperatures in °F and “C

Appearance (color, physical form, shape):
homogenous, translucent liquid applied to non-woven
wipe substrate

Odor: characteristic, perfume free
Odor Threshold:

Physical State: liquid when expressed from wipe
substrate

Vapor Pressure (mm Hgl: not determined

Vapor Density (Air=1): not applicable

Boiling Point: Approx. 100°C or 212°F
Partition Coeff. (n-octanol/water): Not determined

VOC Content: not applicable. Product not regulated for

VOUC content at State or Federal level

Flash Point (Method Used): Not applicable

Reserve Alkalinity: Not determined

Solubility in Water: Soluble (liquid expressed from
wipe)

Decomposition Temperature: Not determined

Evaporation Rate (nBuOAc=1):  Not determined
Specific Gravity/Density: 0.9 — 1.1 (liguid expressed
from wipe)

Melting/Freezing Point: Not determined

pH: 5.0-6.0
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SECTION X - STABILITY AND REACTIVITY

Chemical Stability: stable
Conditions to Aveid: none known
Incompatible Materials: none known

Hazardous Decomposition Products: none known

Possibility of Hazardous Reactions: none known

Pampers Sensitive Wipes Page 4 of 5

SECTION XI - TOXICOLOGICAL INFORMATION
Pampers Sensitive Wipes are expected to be mild in their effect on the skin and eyes in cases of over exposure. They
are not expected to be corrosive. Ingestion can result in transient stomach upset.

Chronic Effects: No chronic health effects reported.

Target Organs: No target organs reported.
Carcinogenicity: NTP: No IARC: No OSHA: Ko

SECTION XII - ECOLOGICAL INFORMATION
The product ingredients are expected to be safe for the environment at concentrations predicted under normal
product use and distribution. Packaging components are compatible with the conventional solid waste management

practices.

SECTION XIII - DISPOSAL CONSIDERATIONS
Waste Disposal Method: Disposal should be in accordance with local, state/provincial and Federal regulations.

Non-Household Sening: Products covered by this MSDS, in their original form, when disposed as waste, are
considered non-hazardous waste according to Federal RCEA re gulations (40 CFR part 261). Disposal should be in
accordance with local, state/provincial and Federal regulations.

Household Setting: Consumer may re-use, discard or recycle (where facilities exist) empty container. Wipes should
be disposed of in the trash. Do not flush wipes down toilet.
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