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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
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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
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Figurel9DDrill Press
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Figure21Band Saw
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Figure22 Ryobi Heat Gun

Figure23 Dewalt 18V Dirill












































































































































































