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1. Summary of Flight Readiness Review
1.1. Team Summary
1.1.1. Team Name and Mailing Address

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

1.1.2. Name of Mentor, TRA Number, and Certific ation Level

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

TRA Certificatior05945 TRA Certification: 02204 TRA Certification: 14134
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

FRR
Length 102in
Diameter 5.5in
Loaded Weight 33.7lbs
Center of Pressure 76.3in
Center of Gravity 64.5in
Stability 2.15Caliber
Apogee 53445349 ft
Max Velocity 661-689ft/s
Max Acceleration 297ft/s?
Recovery System 1 Drogue/2 Main
Parachutes
Motor L1150R

TACHO & LYCOS


mailto:acwhit@nc.rr.com
mailto:livingston@ec.rr.com
mailto:chall@ncsu.edu

NC STATE UNIVERSITY

1.2.2. Motor Choice

The team has selected th&eroTechL1150R motor for the fulicale rocket. It has a specific
impulse of 790.6 seconds and a burn time of 3.1 seconds. It is 20.87 inches long and has a
diameter of 2.95 inches.

1.2.3. Recovery System

The vehicle will come down invb separate sections. A 1.5 foot drogue parachute will deploy at
apogee, controlled by the aft avionics b&tratoLoggeraltimeters. This will separate the
nosecone and forward airframe from the fin section and aft airframe. The drogue will be attached
to an Advanced Retention Release Device (ARRD) in the forward airframe and to a bulkhead in the
aft airframe. At 1,100 feet AGL, the Entacore altimeters in the forward avionics bay will trigger the
ARRD to separate the nosecone and forward airframe from theigrame and fin section.
Shortly after, at 1,000 feet AGL, the Entacore altimeters will trigger the sample section and
nosecone to separate, releag a 4 foot main parachute. Af@ot main parachute will deploy at

700 feet between the aft airframe andin section This eventwill be controlled by the
StratoLoggealtimeters.

1.2.4. Rail Size

The launch rail will have a 1.5 square inch cross section and a length of 120 inches|lvish
the vehicle enough distance to obtairvalocity of 63 feet per secorakit leaves the launch rail.

1.2.5. Milestone Review Flysheet

The Milestone Review Flysheet can be foundippendix A Milestone Review Flyshefethis
document. It can also be obtained from tfi@acho Lycos website at www.ncsurocketry.com.

1.3. AGSE Summary
1.3.1. AGSE Title

The Autonomous Ground Support Equipment (AGSE) will be referred to as System To Orient
Rocket on Mars (STORM).

1.3.2. Size and Mass
Table2 AGSE Size

AGSE Size Horizontal(inches) Vertical(inches)
Length 132 73.5
Width 31.5 31.5
Height 31 133
Total Volume 128,898 ifi (74.59 ) 307,928 iR (178.2 ff)

TACHO & LYCOS
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Table3 AGSE Mass Statement

Weight (pounds)
Robotic Arm Subassembly 4.2
IgniterInsertion Subassembly 5.9
Rocket Erection Subassembly 13.0
Launch Rail 8.8
Supporting Framand Electronics Box 49.7
Blast Plate 3.9
Total Weight 85.5

1.3.3. Summarize Autonomous Procedure for AGSE

The system begins with the robotic arm. The sample will be placed in a predetermined position away
from the AGSE. The robotic arm will move to the sample and grasp it with the gripper. After procuring
the sample, the robotic arm will move it to the payloadction where it will be securely enclosed by
polyurethane foam.The robotic arm will then close the door and mawvesafe distancaway from the

rest of the system. The launch rail will then erect to 85 degrees from the horizontal. Once the launch
angle § achieved, the igniter insertion system stepper motor will begin the procedure of raising the
igniter into the@ S K A riotoS Q &

TACHO & LYCOS
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2. Changes Made Since OR

2.1. Changes made to Vehicle Criteria

After the fultscale test flight, altimeter data revealed that thdt dalf of the launch vehicle had
descended much more rapidly than predicted based on advertised values. The kinetic energy for that
section was found to be an unsafe 111 fgmunds. In order to correct this so that the kinetic energy
would be restrictedto the required maximum of 75 fogtounds, the 5 foot diameter aft parachute is
being exchanged for a 7 foot diameter parachute.

The sample bay was originally to be located in the forward airframe. It has been moved to the aft
airframe so that the robotiarm can more easily place the sample in the compartment.

Changes to the Arduino code that actuates and retracts the airbrakes have been implemented after the
first test launch to include additional measures ensuring safe and proper operation of the sstesil

as to simplify the process of acquiring flight data gasinch. The changes made include; a failsafe
system to guarantee that the deployment of the airbrakes is between 1700 and 2800 feet AGL to ensure
that the airbrakes cannot actuate before motdurnout and to ensure that they actuate at the
maximum possible effective altitude if there is an error in the program, a-biased condition that will
ensure that the airbrakes retract prior to the landing of the section (acting in concordance wiém
altitude-based condition that retracts the airbrakes at 1100 feet AGL), and a system thet¢amildthe
altitude at which the airbrakes deploy and retract to simplify the gight data analysis.

The only change in the airbrake hardware is the tddiof 2 3D mounting points that wilbolster the
mounting of the 8mm linear bearing guide shafts to ensure that the guide rails cannot move in their
mounting flanges. These mounting points will be epoxied directly to the fiberglass motor tube.

In orderto reduce the potential for electromagnetic interference in the altinvstéhat could be caused
by the BigRedBe&PS unit, a small sheet of aluminum foil will be placed between the GPS and the
altimeters. This should deflect any stray electromagnetic wavesy from the altimeters.

2.2. Changes Made to AGSEriteria

Since the completion of the CDR the robot arm was rigorously tested to find the combination of servo
controller, servosand gearing that would work best for inserting the sample into the payload/Adyll
procedure of the experiment can be found in Section 4.6.2. The combination that was found to work
best is by using the three stock servos that came with the arm amdve them controlled by the new
servo controller.

TACHO &LYGOS



Figurel Servo Mounted into Servo Mount

After further analysis of the kinematics of the launch rail erection and igniter insertion systems it was
determined that a nodoadbearing section of STORM had to be removed to accommodate the full
rotation of the launch rail with the igniter insertion system in place.

Figure2 SolidWorkd€Rendering of Igniter Insertion Interference and Resolution

2.3. ChangesMade to Project Plan

Several changes have been made to the project plan since the alib®ugh the majority of the plan

has remained a constantAnother ejection charge test has been scheduled to test the néi,
parachutethat is replacing théft paradute. The prelaunch checklist was altered after full scale launch

to correct procedural discrepancies and improve clarity of the steps. The verification section of the
FMECAs was rewritten to provide actionable steps and experiments that were doneglaamth.The
budgethas changed very littleas the materials needed to construct the rocket and AGSE have been
purchased and fundingeceivedfrom our student eganizations and other sources, the numbers in the
budget have been finalized.

TACHO & LYCOS
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3. Vehicle Criteri a

3.1. Design and Verification of Launch Vehicle
3.1.1. Design and Construction of Launch Vehicle
3.1.1.1.  Structural Elements

The vehicle is constructed from 5.5 inch fiberglass tubing. Fiberglass was chosen dugréatits
strength compared to phenolic tubing or Blue Tuh8. Additionally fiberglass tubing is highly resistant

to abrasion and cracking, which makes it unnecessary to add additional airframe reinforcements and will
allow the vehicle to be launched and recovered safely.

The vehicle is split into four sectiorthe Nosecone section, Forward Airframe, Aft Airframe and Fin
section.Sections of fiberglass coupler provide structure at the joints and shear pins are used to secure
the sections during launch. Each section of the airframe is bookended with a % inbedslinade

from three pieces of % inch birch aircraft grade plywood. The bulkheads are secured into the body tube
with four screws. Hatches are used to access the avionics and electronics in the Forward and Aft
Airframe sections and are attached to the botlybe with four screws that fit into holes in the
bulkheads, two on the forward bulkhead of the section and two in the aft bulkhead. The bulkhead for
the nose cone section is epoxied in to eliminate the drag that screws would create extruding from the
sides of the nose cone. Each bulkhead has a stainless stbeltdcrewed into it that provides a hard

point for attaching parachutes and shock cords.

The fins aré/ inch thick and areonstructed from two pieces of 1¥8inch birch aircraft grade plywood
epoxied together There are four fins and the fins are epoxied into the rocket both at the base of the fin
tab, where the tab touches the motor tube, and where the fins meet the outside of the rocket. In both
places the epoxy has been thickened with glassesfgtheres so that the epoxy does not drip and so
that the epoxy on the outside of the rocket can be filleted.

TACHO & LYCOS
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Figure3 Photo of Constructed Fin Section

The fins and bulkheads are laser cut and epoxied together using a wet kayange, clean surface that

is free of any debris will be covered with a plastic lining that is sized to accommodate the number of
bulkheads needed. The size of the lining is such that the desired quantity of bulkheads and fins take up
KIFEtF 27F ¢i& $hisask&tBellifing can be folded in half over itself. Prior to placing the lining,
GKAY &ad0GNRLA 2F L) dzZyoSNRa Llzide FNB LXFOSR Ff2y3a i
and fins then have the epoxy applied using a sponge to gw@rkead over the bulkhead surface.

Once the bulkheads, fins, and centering rings have been cut out and have had epoxy applied between
each layer, each component is carefully placed on the lining. Sheets of peel ply are cut to cover the
items with approxinately 2 inches of overhang along the entire edge. Breather is then be cut to the
same size as the peel ply and placed directly over the peel ply. Strips of breather are then bridged from
between each component all the way to the location of the vacuumngbiThis will ensure no air
pockets remain trapped and an even pressure is applied at all points.

t f dZYoSNRa Lidzide Aa GKSy oS LX I OSR R2FOSyld G2 Iyl
edge, except for a one inch gap at the open end of glastic lining fold. The vacuum tubing is then

inserted in this location and additional putty is applied around the tubing to keep an airtight seal. The
vacuum will be applied to a pressure -@0 inches of mercury for-82 hours minimum to allow the

epoxyto cure.

TACHOGLYCOS
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3.1.1.2. Electrical Elements

Each avionics compartment contains one primary and one redundant altimeter. The upper avionics
compartment contains twdentacore AIM 3.@ltimeters. Each altimeter is wired such that the main
charge port is connected to theerminal blocks on the forward bulkhead. These terminals are then
connected to the black powder charges and are responsible for the 48 inch parachute event at 1,000
feet. The secondary charge ports are wired to the terminal blocks on the aft bulkheaé aiibnics

bay. From these terminals;matches connect to the ARRD and are programmed to detonalgl@0

feet.

The aft avionics compartment houses one Stratologger SL100 and one Stratologger CF. Each is wired
such that the main charge port is wiredttee terminal blocks on the top bulkhead. These terminals are

then connected to the black powder charges and are responsible for the 1.5 foot drogue parachute
event at apogee. The drogue charge ports are wired to pass through the bottom bulkhead of #re low
avionics bay and connect to the terminal blocks on the bulkhead and the aft section of the middle
airframe. These terminals are then connected to the black powder charges responsible for the 48 inch
main parachute event at 700 feet.

Each altimeter is ecured with machine screws to its respective avionics sled. Each is powered
independently by a 9 volt battery with the batteries also secured to the avionics sleds with retaining
clips. Toggle switchaaounted to the body of the rocket will be responsilbte the powering on and off

of each switch. The altimeters will be connected to the switches and the terminal blocks on the
bulkheads with 20 gauge wire.

The fin section houses the airbrake system which utilizes an Arduino Mega that sends a PMW signal to a
Firgelli Linear Actuator Control (LAC) board. This board then sends a signal that drives the Firgelli P16
50-22-12-P linear actuator. The Arduino determines when to extend the airbrakes by measuring the
launch vehicles vertical velocity at 1500 fe&GL (well abore the altitude of motor burnout), and
comparing it to values in a prexisting table From this table the Arduino receives an altitude at which

to deploy the airbrakes to attain an apogee of 5280 feet AGE. Arduino receives altitude and velgcit

data from a BMP180 Barometric Pressure/Temperature/Altitude Sensor. Once the rocket has reached
apogee, the Arduino is programmed to retract the airbrakes at 1100 feet AGL. If for some reason the
pressure sensor malfunctions after apogee, the Arduinprigrammed to retract theairbrakes70
seconds after apogeeThis will retract the airbrakes at an altitude of about 350 feet AGL while the tail
section is descending under the 7 foot main parachdtee Arduino code is located ppendix G
Arduino Code Referenced BJATLABThe entirety of the airbrake system is powered by a 3 cell 11.1
volt RHINO 1050 LiPo battery

The table that the Arduino references is gertedhusing a purpose buiMATLABrogram that

iteratively determines the apogee of the launch vehicle with various deployment angles of the airbrake
flaps and various motor burnout velocities and altitudes. The table compares the launch vehicles
velocity @ 1500 feet AGL to the appropriate altitude at which the airbrakes should be deployed to attain
a 5280 feet AGL apoge@hisMATLABrogram is located i\ppendix PMATLABCode for Airbrakes
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3.1.1.3.  Drawings and Schematics

Nosecone Section

| 18.50 5.00

@550
$5.38

Bulkhead

Nose Cone

Coupler

Figure4 Nosecone Section Drawing and 3D Model
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Forward Airframe Section
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Figure5 Forward Airframe Section Drawing and 3D Model
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Aft Airframe Section
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Figure6 Aft Airframe Section Drawing and 3D Mode
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Fin Section
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Figure7 Fin Section Drawing and 3D Model
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3.1.2. Flight Reliability Confidence

Testing was done on the altimetetsiack powder chargesnd airbrakes prior to the launch of the full
scale vehicle.

The team is confident that the full scale launch vehicle will meet the mission success criteria because the
vehicle has already launched to the target altitude and hadcaessful recovery. Full information about
the launch of the full scale vehicle can be found in Section 3.1.6.

3.1.3. Test Data and Analysis

In order to simulate a flight to test the altimeters, a vessel was hooked up to a vacuum tube in order to
depressurize thecontainer The drop in pressure simulated the change in altitude. A pressure gauge

linked to the vacuum systerallowed the team to control the pressure altitude that the altimeters
experienced. LEDs were attached to the altimeters in placernétehes sahat the team could verify

that the recovery events would be activated at the correct altitudes. This test, coupled with the results
FNRBY (GKS &adzoaoOlfS FtA3IKGEZ SSNAFASR (GKS (SIFyQa 02y

Two days prior tdaunch, the black powder charge sizes were tested. A switch was used to remotely
activate the charges from a safe distance. All parachute compartments successfully separated with the
calculated charge sizes of 3.3 grams, 2.1 grams, and 2.2 grams for rihrdp drogue, and aft
parachutes, respectively. An example of the successful test can be sédguine8. The charge sizes

were calculated using the following forrau

BT NI O i G z8imy
Equationl

Where | is the length of the compartment and d is the diameter. All measurements are in inches.

Figure8 Ejection Charge Test

TACHO &LYGOS



NC STATE UNIVERSITY

The Airbrake system was tested to ensure that the Arduino code would reference the inputted
velocity/extension altitude table. This was done using a vacuum chamber and by decreasing the internal
pressure in the chamber rapidly. The Arduino would constaetyl the pressure and when it reached a
level equivalent to that of 1500 feet AGL, the system waldtermine the rate of increasing perceived
altitude and compare it with values in the inputted table. The system was deemed functioning when it
extended tte actuator during depressurization and retracted it during repressurization (symbolizing
descent of the rocket under canopylhe test setup, within the vacuum chamber, is shown below in
Figure9. This test, when palred with the data recelved from the Arduino altitude data obtalned from the
subscale launchld SNA FASR GKS (GSIYQa O2yFARSYyOS (KIFdQ GKS

QX
(07

Figure9 VacuumChamber Test
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GPS Experiment

We are using two BigRedBee 900 MHz GPS units to track both pieces of the launch vehicle. In order to
test the transmission of data from both units simultaneously,s&at twoteam membergo run around
campus(at least travel.5 km away) so that we could teite GPSracking on both unitsFigure10

shows the paths traveled. This data was collected live and plotted ogl&&arth to show what places

on campus were traveled taEach color represents the different paths traveled by the two team
members.

lLaunch Site

Landing Site d

ID0337 1D0337

C

FigurelOBigRe@ee 900MHzTest
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Serial Radio Experiment

The goal of this experiment is to test how well serial data can be transmitted to the ground station. We
will be using several protocols to identify what type of data each data packet contains. The radios were
able to communicate simple text data, howewee wanted to see if it was possible to send images from
the camera to the ground station. In order to ttos, the Beagle Bone Blaokust convert the image into

a text file. That text file must then be streamed through the rabyoe by byte. The text withen be

rebuilt back into the imageFigurell is the result of converting the image to text, sending the text
across serial radio, and then rebuilding the imagel@dround station.

Original Image Built Image

Sample Ciphertext
Figurell Conversion of Image across Radio Transmission
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3.1.4. Approach to Workmanship

Improper construction of the vehicle may lead to failure of the mission or loss of the vehicle entirely.
Therefore, it is imperativéhat care is taken to uphold quality workmanship when the vehicle is being
manufactured. The team believes that the qualiythe workmanship is the foundation for success of

the mission. To accomplish this mission, all senior members with experience in construction and design
are the primary contributors to manufacturing with guidance given to younger members whenever
possibe.

3.1.5. Safety and Failure Analysis
A complete list of FMECAs can be foundppendix C Failure Mode Effects and Criticality Analysis
3.1.6. Full-Scale LaunchTest Results

The launch vehicle was modeled in OpenRaciedwn inFigurel?2, to match the CAD model from
SolidWorkd JNA 2 NJ G2 f I dzyOK® CNRY (GKA& Y2RSfX (KS @SKAOf !
length of 102 inches and a diameter of 5.5 inches. The CG vedsdaat 64.8 inches aft of datum and

the CP was located 76.3 inches aft of datum. This provided a static margin of 2.1 caliber.

".’..Z"Tll

= T o= N || R o T

_— [ | - - == [ > (I =y K
I CRECE. | S L__!l a1 | B Q-‘r by @ !

o Y o Y ' ; v anT LT =

Figurel2 Final OpenRocket Model of the Launch Vehicle

Flight conditions were modeled based predicted weather for launch day. The pressure was set to
29.9 inHg, temperature set as S2ahrenheit, and winds set to 10 miles per hour. From these
parameters, the following flight characteristics are presentedidble4 with the flight profile plotted in

Figurel3.

Table4 Flight Characteristics from Full Scale OpenRocket Simulation

Exit Rail Velocity (ft/s) 69.4

Apogee (ft) 5415

Max Velocity (ft/s) 736

Max Acceleration (ft/g) 297

Time to Apogee (s) 17.8

Flight Time (s) 120
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Figurel3Graph of the Full Scale OpenRocket Simulation

The fultscale test launch occurred in Bayboro, NC on Saturday, February 27 at approximately 1:30 pm
local time. Temperatures were between®#hd %° Fahrenheitwith winds gusting to 10 miles per hour.
Visua observation showed a perfect launch and sequence of recovery events.

The vehicle had a straight flight up until airbrake deployment, at which point slight damped oscillations

were observed which did not significantly affect the flight pathapogee,K S @S KA Of SQa RNE 3 dz
parachute was deployed and the vehicle was observed on its desceritd0 feet. At this point, the

ARRD activated and released #ifeairframe and fin section from thiarward airframe andnosecone.

Moments after, the 48nch main psachute for the upper airframe and nosecone was deployed at its

target altitude of 1000 feet and the 84hch main parachute for the fin section and middle airframe was

deployed at its target altitude of 700 feet. Once the range was cleared, the vehislestvizzved and

postlaunch checklists were initiated. Images from this flight as shoviginrel4 andFigurel5.
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