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1. Introduction

1.1. Team Summary

School Name Georgia Institute of Technology
Mailing Address 270 Ferst Drive, Atlanta GA 30332150
Team Name Team A.R.E.S. (Autonomous Rocket Equipment System)
Project Title Mile High Club
Rocket Name Krios
Project Lead Sam Rapoport
Project Lead E-mail srapoport3@gatech.edu
Team Email gtares@gmail.com
Safety Officer Vikas Molleti
Team Advisor Dr. Eric Feron
Team Advisor email eric.feron@aerospace.gatech.edu
NAR Section Primary: Southern Areadunch Vehiclery (SOAR) #571
NAR Contact, Number & |Gerardo Mora
Certification Level NAR Number: 98543
Certification Level: Level 2 Certified for HPR by NAR

Table 1.1.1: Team Summary

1.2. Work Breakdown Structure

Team Autonomous Rocket Equipment SysténR(E.S.) is composed of sixteen students
studying various fields of engineering. Our team is composed of less than 50% Foreign Nationals
(FN) per NASA competition requirements. To work more effectively, the team is broken down
into groups that focus on epial tasks. Each stteam has a lead supported by several
specialized task groups. Team memberships were selected based on each individual's area of
expertise and personal interdagure 1.2.1shows the work breakdown structure of Team
ARES.
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Figurel.2.1: Team Structure Chart
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1.3. Launch Vehicle Summary

The Krios Launch Vehicle is currently dimensioned to be 79 inches in length, with a G12
fiberglass tube of outer diameter 5.5 inches. Having taken all systems into considdration, t
rocketis projected to weigB8 Ibs The launch vehicte weight includes a 30% mass margin to
account for any unexpected masses. Krios is designed to house its StrataloggerCFs, Teensy
Microcontroller, Gyro/Accelerometesensors, and 9Valtteries irtheavionicsbay, which is
located in the middle section. In addition to this, the body is comprised of a 6 in long payload
section attached to the nosecone, as well as an isolated GPS compartment within the nosecone
itself. An Aerotech L1150R rocket motor has beeeded to provide the thrust to potentially
bring the rocket to an apogee of 5600 ft. The Apogee Targeting System (ATS) anduoihg
mechanisms will be responsible for creating the drag necessary to achieve an apogee of 5280 ft
as outlined in the StudeHandbook. Upon reaching apogee, a 25 in drogue parachute will
deploy from a compartment between the booster and avionics sections. A main parachute with an
80 in diameter will be deployed when the vehicle falls below 750 ft AGL, to decrease the vertical
velocity enough to ensure that the kinetic energy of each independent section of the rocket

remains well below 75 {ibf.

1.4. Payload Summary:

Krios will have a small Payload section attached to the nosecone that will contain the
equipment needed to fferm an acoustic experiment by emitting a sound wave from one end of
the Payload section to the other. The goal of the experiment is to measure the Sound Pressure
Level (SPL) recorded at different altitudes to analyze how changes in air density ditede alt
inhibit or enhance the ability of sound waves to travel through space.
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1.5. Technical Changes since Proposal

Dimensions
0 Body Tube diameter increased from 5 in to 5.5 in due to discovery of sparse resources

online to support 5 in frames.

(@]

Couplerlengths decreased from 7 in to 6 in to increase spatial efficiency while retaining
necessary structural rigidity to hold sections of rocket together during flight.
0 30% mass margin included to account for mass of adhesives and other potentially

unaccountedor hardware
Motor

0 Cesaroni motors no longer considered (rddss motors being manufactured)

0 Aerotech L1156P motor selected, with L850\ in consideration
Flight Control Mechanisms

0 Roll-inducing mechanism changed from angling the entire fin surfacging a servo

driven aileron on each fin

0 Apogee Targeting System (ATS) has been designed and implemented in the rocket CAD

Materials

0 Bulkhead material changed to plywood, was fiberglass
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1.6. Payload Changes since Proposal

Sensors havebeeeplaced by 6 Degrees of Freedom IMU Board
Firefly Altimeter will be replaced by another Stratologger for dual redundancy to ensure
the parachutes are deployed

Disposable 9V batteries will be the primary form of power

1.7. Project Plan changes

Outreach after schbprogram to be done at Peachtree Charter Middle School
Georgia Space Grant Consortium has allocated $33000 to our project
Budget for rocket construction fleshed out and expanded accordingly
Subscale Rocket and Test Flight costs have been incorparaie¢tde budget
CCTV Camera World is an official sponsor and providing aRé@ type camera
November 19th is secured as our Subscale flight date

Timeline for October and November has been detailed and laid out in a Gantt Chart
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2. Project KRIOS Overview

2.1. Mission Statement

Our mission is to successfully develop an experimental vehicle that integrates multiple
disciplines ad subsystems in order to fulfthe mission requirements stated in the following
section. Krios must not only achievepeecise altitude of 5280 ft, but also perform a controlled
roll and gather flight data throughout the full length of the flight. The launch vehicle must
successfully launch, reach the correct apodeploy the recovery system at the correct altitude,
andland without any structural damage. During the ascent of the vehicle, it must actively target
the desired altitude using electronic guidance in order to attain the highest level of precision
possible. The project also requires an extensive phase of desigofacturing and testing that
will be carried out with the highest safety standardsraasdt efficient procedures asasonably
possible. Every subsystem must be tested and must have proven efficacy before the launch of the

vehicle in order to ensure tafety and full functionality of the vehicle.
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2.2. Mission Objectives and Mission Success Criteria

Verification

Success Criteria

Requirement

Vehicle altimeter will
report an apogee altitug
of most nearly 5,280 fe¢
AGL.

Design Feature

Low-mourted electrie
controlled fins will be
extended and retracted
reaction to altimeter
readings to control drag
and limit altitude.

Gathering data post
launch from orboard
altimeters

ATS directs launch
vehicle to accuracy in
apogee of 2%

Launch vehicle wllbe
designed to be
recoverable and reusah
within the day of initial
launch.

Vehicle will be
constructed of fiberglas
to resist fractures and
ensure stability.

By inspecting every
element of the launch
vehicle post recovery

No visible structural
damageand fully
functioning systems

Vehicle will require
minimal
assembly/disassembly
time and effort

Modular/flexible
assembly construction

Conduct evaluation of
time required to
assemble/disassemble
key components of
vehicle

Ability to access
components withut
compromising rocket in
any way

The vehicle will

complete two rolls and
then produce a countel
roll

The roll system will
deploy post motor
burnout by actuating
flaps on the fins to
create asymmetrical
drag and generate roll.

Gathering data post
launchfrom the
onboard gyroscope an
onboard cameras

The roll system
completes at least two
rolls and produces a
counterroll between
time of motor burnout
and time at apogee.

The launch vehicle shal
have a maximum of fou
(4) independent section

Three (3)sections
include:
payload/nosecone,
avionics, and booster

Observe separated
sections during descent

Ensure vehicle separatg
into 3 sections, each
connected via shock co

The vehicle will be
limited to a single stage
solid motor propulsion
system, deliering an
impulse of no more thar
5,120 Newtorseconds.

Design using one<lass
motor

Control installation
process

Ensure installation of or
single stage motor

The launch vehicle shal
stage the deployment o
its recovery devices,
where a drogue
parachug is deployed at
apogee and a main
parachute is deployed &

a much lower altitude.

All recovery systems wi
be dualredundant to
ensure deployment at a
safe altitude

Observe flight data to
check for separation an
parachute deployment ¢
correct altitudes

Drogue chute should
deploy at apogee, and
main chute at 750 ft
AGL
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At landing, the launch
vehicle shall have a
maximum kinetic energ
of 75 ft-Ibf.

Main parachute selecte
by deriving Kinetic
Energy for heaviest
independent section

Evaluate postecovery
altimeter data to check
impact velocity

Velocity before impact <
20 ft/s

The recovery system w
contain redundant
altimeters, each with
their own power supply
and dedicated arming
switch located on the
exterior of the rocket
airframe

Install a master dy-

switch at the rear of the
avionics bay to close al
circuits simultaneously

Analyze altimeter data
postlaunch

Ensure all redundant
systems are powered a
capable

Each detachable sectio
of the vehicle and
payload must contain a
electronic tracking
device and continue
transmission to the
ground throughout flight
and landing.

Will implement and test
a GPS system with
proper shielding and
protection to ensure
vehicle tracking

Track each section of
vehicle inflight

Each section of vehicle
should sync & position
to computer

The vehicle will
complete a science
experiment

A microphone will be
used to analyze how th
effects of pressure on
the sound signal
generated by the
altimeter

Gathering data post
launch from the
onboard microphones

The relationship
between air pressure,
height, and their effects
on the sound signal is
definitively shown.
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3. Launch Vehicle

3.1. Overview

Krios (Team A. RinEkn leégh andohakas butsida diameted of 5.5in.
The rocket is comprised of 3 indeplemt sections; these include the Booster Section, Avionics
Bay, and Nosecone Section. The Booster Section houses the motor assembigucoih
mechanisms, and Apogee Targeting System (ATS), in order of location from the bottom end of
the rocket. The nmor assembly contains the propellant, motor casing, cardboard housing tube,
centering rings, and thrust plate necessary to ensure stability and safety of the rocket during
ascent. Above the thrust plate there is an additional 12 inches of interior sperectih ATS
and rolkinducing mechanisms are rigidly secured to the fiberglass tubing. uBding the
Booster Section are fouiberglass fins. These fins are sized according to the dimensions
outlined in Table 3.1.1 belowAttached to each fin is an aita that can be controlled by the
roll-inducing systemantained in the Booster Sectiofhe fin sizing process, as well as th#-

inducing mechanism, aexplained in greater detail in their respective PDR sections.

Section Value (in)

Overall Length 79.00
Nosecone 27.00
Booster Section 32.00
Avionics Bay 16.75
Rocket Diameter 5.50
Fin Height 8.50
Fin Root Chord 10.00
Fin Tip Chord 4.00

Table 3.1.1External Feature Dimensions
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Section Value (in)

Payload Compartment 6.00
ATS Compartment 4.00
Roll Mechanism 4.00
Coupler Length 6.00
Bulkhead Thickness 0.5/0.25
Centering Ring Thickness 0.25
Motor Casing Length 20.86
Motor Casing Diameter 2.95

Table 3.1.2 : Internal Feature Dimensions

3.2. Apogee Targeting System (ATS)

3.2.1. Sydem Overview

The Apogee Targeting SystgTS) is a system used to indugeontrolled decrease in
theapogee of the rocket to the target of 5280 ft. The system uses four tabs which extend out from
the body of the rocket on hinges in order to increaselthg on the rocket. This controlled drag

will allow for aprecise decrease theapogee to bring the rocket to 5280 ft.
3.2.2. Alternatives and Pros/Cons of Alternatives

Four conceptual designs were created for achieving the tasks of the ATS.sTethie
Piston ATS seen in Figure 312t features a centralized piston driven system connected via arms
and hinges to the tabs as seen. This design would have fast actuation and its centralized design
would alow it to make rapid, real timadjustmentso the apogee. All four tabs would be
actuated by a single solenoid. As a consequence, this solenoid would be quite expensive, have a
high power draw, and be very heavy in order to produce the forces necessary to activate the

system.
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Figure 3.2.1: Pt®n ATS

The Lead Screw ATS, shown in Figure 3.2.2, uses a motor driven lead screw to adjust the
position of a nut which determines the position of the tabs. This design features a minimized and
simple part count. The use of the lead screw allows the ftafxe precisely positioned. The
drawbacks of this design include very slow actuation, higlired torque for the motoand

high friction in the lead screso-nut union which could cause seizure.

Figure 3.2.2: Lead Screw ATS

The Single Servo ATS, ea in Figure 3.3, is a centralized horizontal design powered by a
single servo motor. From the closed position, the servo would rotate 90 degrees through opening
and then closing the tabs. Then, it would rotate back through thosedg8edto its home

position for a whole cycle. This design uses less vertical space than the others and synchronizes
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all of the tab extensions. The greatest drawback to this design is that the servo needed to power

this system would draw too much power, be too heavy, andubk too expensive.

Figure3.23: Single Servo ATS

The fourth and final design is the Quad Servo ATS, shown in Figur 31s design uses four
Tower Pro MG995 servo motors to rotate the metal rectangular arms and extend the tabs. Since
there is a sigle servo per tab, weaker and less expensive servos can be used. This design is
compact, takes up less vertical space, and allows for quick iteration. This design requires that the
servos be synchronized though, so that the flaps all open at the saraaditoethe same length
S0 as to not affect the trajectory of the rocket. The pros and cons of these different systems were

considered and compiled in Table 3.2
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Figure3.24: Quad Servo ATS

Conceptual Design

Piston ATS

Fast Actuation

Solenoid would draw a lot of
power to hold in open position

Single actuator

Very expensive actuator

High power consumption

Solenoid torque is variable

Significant use of vertical space

Lead Screw ATS

Motor Driven

Slow

Single actuator

Slower to actuate (due to lead
screw)

Less expensive actuator

High friction

Allows for precise control of ATS
position

Possibility of seizure

Single Servo ATS

Minimizes part count

High force on linkages

Fast Actuation

Very expensive actuator

Single actuator

High power consumption

Centralized/ axial design

High friction at joints

Uses less vertical space

Less control

Combination of the last two years
of designs and can build on prior

Need a powerful/strong servo in
order to hold all 4 flaps

Georgia Tech Team ARES
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experience

Can use weaker servos Must synchronize all four servos

. Significant friction between metal
Less moving parts per flap d tab
Quad Servo ATS arm and ta
Compact and sturdy

Allows for quick iteration

Table 3.21: Alternative Design Evaluation

3.2.3. ATS Description and Component Description

The Quad Servo ATS was chosen as the current final design for the system. It consists of
four Tower Pro MG995 servo motors, each individually powered by one 9V battery. The servos
will each rotate a metakéctangular arm when needed to extend the 3D printed tabs (Figiie 3.2
andi ncrease drag, ther eby The etatiorechtkeiservps willibee r oc k e t
determined by a microcontroller and twile softw
push the ATS tabs to a maximum extension of #itg degrees about their hinges as seen in
Figure 3.26.

Figure3.25: Quad Servo ATS Top View
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Figure3.26: Quad Servo ATS Side View

L

3.2.4. ATS Estimated Masses

Material Quantity
Alignment Piece ABS 27.21 1
TowerPro MG995 Servo |- 32.16 4
Servo Arm Polyethylene 2.23 4
Servo Mount ABS 74.87 4
ATS Fuselage Fiberglass 258.70 1
ATS Fin Fiberglass 26.62 4
ATS Total Weight - 873.43 1

3.2.5. ATS Dimensional Drawings

Below ae the dimensional drawings of the ATS fingire 3.2.7 and the internal mount for

each servo for the ATS system (Figure 3.2.8)
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3.2.6. ATS Calculations

Based on the design criteria for the ATS, weenable tasuccessfully convert the
SolidWorks model to a working mechanical system integrated into the booster section.
Components were chosen based on their ability to satisfy the basic force requirements and their
feasibility of integratbn within the 55 in body tubeThe servo motors were selected based on
their holding torque and RPM to withstand the calculated theoretical force on the tabs during
flight. Based on our calculations, the servo needs to be able to withstand a torque ofr00 kg
at maxmum angle of deployment and at maximum velocity. The servos that we selected were
rated at 10 kgm, and should be able to withstand applied loads within reasonable deviation.
Our subscale launch will be used to determine the effectiveness of the laehichevdesign and

to give us a base value for the actual launch vehicle apogee.

We determined the necessary strength of the servos by first calculating the force imposed by
drag onto the flaps of the ATS atwadfohnetobea unch
roughly 686 fts based on OpenRocket simulations. We know the area of the flagjgt&inir

density in Huntsville, AL on the day of the launch is predicted to be roughly 2 -3768gs/ft,

and the maximum angle between the launch velaintd the flap is 45 deg. Combining the

formulas for pressure due to wind [&hd force due to pressure [2], while taking the angle of
maximum actuation into account, gives us a formula for the drag due to the wind on one of the
flaps [3].

0  "?[1]
0 6t02
"R "0 i "@E5[3]
The drag i mposed by wind at the | aunch vehicl

roughly 32.96 Ibs. With that in mind, we calculated how strong of a force the servo would need
to provide to oppose thisifce by solving for the moment about the hinge (point A) that attaches
the ATS fin to the launch vehicle. The length of the servo arm at full actuation is 1.76 in. We
denoted the force due to the wind astke length of the ATS fin (2.5 in.) as L and theshing

force required by the servo as > was found to be 38.84 Ibs. [4], so each servo needs to exert
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an outward force of at least 38.84 Ibs. to successfully manipulate the velocity of the launch

vehicle starting immediately after burnout.

0 "O- p& GO Q4]

Finally, we calculated how much torque each servo would need to provide. We found this by
summing the moments about the spinning shaft of the servo, which we denoted as point B. Each
servo turnsroughly51.32e g t o actuate the ATS fins to 45
moment, X, using formula 5.

0 & "G00 wésiB 2[5]

Solving for X equates to 2.52Has or 2.9kgcm, so each servo needs to provide at least 2.9 kg

cm of torque.

3.3. Reco\ery System

3.3.1. Introduction

The recovery system will consist of one drogue and one main parachutencrzi80
in respectively. A GPS system is used in order to locate the rocket at the landing site. First, a
drogue chute will deploy atapogeestd ow t he rocketdés descent and
l'imiting the rocketodés horizontal drift due to
the avionics bay ahswn in Figure 3.3.10nce the rocket descends to 750 ft, the main
parachute Wi deploy, slowing the rocket to a safe landing speed and allowing it to remain intact

upon impact with the ground. The main parachute will be housed above the avionics bay.
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Figure 3.3.1 Parachute Locations

3.3.2 Parachute Description

Both parachutewill be made of ripstop nylon, to minimize weight while having a
strong material resistant to fatigue and tear. Each parachute will be attached to the rocket via
shock cords attached to internal bulkheads, which in turn will be secured inside thewticket
combination of screws and higjuality epoxy glue. Both parachutes will deploy via an
explosive black powder charge which will pressurize their chambers, breaking the shear pins and
releasing the parachutes. The parachutes will be protected frawplosion with insulative
cloth, which will also reduce the risk of premature detonation of the black powder due to static

charge on the parachutes.

3.3.3. Design Alternatives

The drogue chute and main chute combination design is a standard atesteellmodel
for high-power rocketry. The only alternative designs featured parachutes of different sizes, and
to select the proper sized parachute many OpenRocket simulations were performed. The
maximum allowed kinetic energy of any rocket component uaodihg is 75 Hbf, as
stipulated in the competition rules. In order to calculate the maximum landing speed, each
section of the rocket had its projected mass estimated. The heaviest section, the booster section,
then had its kinetic energy at landing squial to the maximum allowed energy of landing,

allowing the maximum landing velocity) to be calculated.

AUZ T2 758da0Q
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The result was a maximum landing speed of 20.04 ft/sec. Using OpenRocket, a variety of main
parachutes of diametebgtween 78 50 wer e si mul ated, and it was
diameter main parachute would be optimal and land comfortably below the maximum allowable
speed, at 13.75 ft/sec. If the main parachute was any larger, the rocket would drift further from

the launch site and be heavier than necessary. If it were any smaller, it would run the risk of

being damaged upon landing and failing to fulfill the mission requirement of reusability.

3.3.4. Drogue Parachute Packaging Dimensions

]
T
L
Area=1Ld Areq = } D’

fdLd
D=,/ 25

Using the above formusa it was calculated for the drogue parachute to have a diameter
of 22.30 if the diameter of the body tube is
parachute of 22.30, a 240 chute wil/ be used

parachutewill also help account for weather conditions.
3.3.5. Redundancy

If the recovery system fails to deploy, it will not only destroy the rocket on impact but
also present a hazardous situation for personnel and material on the ground. Consequently,
redundacy is built into the system. Rather than rely on one main altimeter, a backup altimeter
will be included in the system to detonate the explosive charges in the event the main altimeter
fails. Using two altimeters will ensure the parachutes deploy anémiréwe rocket from crash

landing.
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3.4. Roll Control System
3.4.1. Roll Description

The roll maneuver of thecket will occur between thteme that burnout occurs and the
time that the rocket reaches its apogee. The roll will consist of at leasé6nae8ree turns, and
then the rocket will experience a couateoment in order to stop rolling. It will then roll back to
its initial angular speed prior to the motor burnout. The rolls and certoitemwill be induced
when the ailerons on the fins argglad a pedetermined amount; this amount will be detesdin

after testing and analysis.
3.4.2. Roll System: Explanations and Alternatives

The main issues with our chosen design were determining at which angle to actuate the
fin, determining the area difie flap, figuring out how long the fin should be actuated, and seeing
if the servos themselves could handle the force on the fins. Usieglet@rmined angle of 5
degreesand a predetermined area of the flap, testing allowed thettesee if the choseservo
could handle the drag force. Testing also enabled the team to determine the length of time for
which the fins neetb be actuated. The calculations are listed below (Units used in the

calculation below are ft, sec, and radians):

The Lift Coeffigent for a flat plate is approximateBa jwhere alpha is in radians
0a 2a

Below is the equation for lift:
0 60 DB
0 2040 DB
) 227429174

2 P
0 18431088 1279®9
0 2701028458/ WBrpcyx Gow
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0 8% 2 8 96148268 T° J U2
0 2 8% 0 30 Q0
0 7453041

Assuming the rocket can be simplified as a disc, we then substitute into the following

equation to see how angulglocity relates to the torque on the rocket:

&D2  z
o o
0,

Fi (#3963

6_ 7 & 3 936 B
— 7 & 3906 ™
4 7 & 3906
Angle of Attack for the fin was predetermined at 5 degrees oR@®rad
03
& 8 7 2267685838
0 g0i8Quwni

This calculation for 2 spins is further corroborated by the OpenRocket Program which gives
3.2337 rolls in .71 seconds when starting with the flaps at an initial angle of attack of 5 degrees.
Tean ARESO6s rocket will as such have four fins,
rolls. Given the calculations, the flaps will be deployed for .71 seconds at an angle of 5 degrees
to roll at least 2 times. The torque experienced by eachidudivservo, approximately 30 iz,

is also well below the 59.7 am max that each servo can handle. This torque was derived from

the OpenRocket rotational velocity and the calculations above. In order to perform the-counter
roll, the rocket will reverséne direction of the fins until the roll of the rocket matches the final

roll of the rocket post motdsurnout. The HS-5085MG Servawill be usedwhich should be

adequate basl on the calculatiorfer the necessary torquedirectly drive the flamattacted to

the shaft.

Georgia Tech Team ARES
25



The two main alternatives considered when initially designing the roll system were in@uding
pneumatic system or inserting a flywheel. The pneumatic system would have released
pressurized gas out of the rocket in order to induce alspithe team decided against it due to

the amount of possible errors, additional weight, and safety issues of the complicated system.
The flywheel was not chosen because the flywheels that were available to the team for purchase

were either built for muclarger craft or were too massive for use.

Calculations for Flywheel:
34 3 4 323 7 2QQIQ?2 172 2 0 Qi é"Da Qa1 &ai2 z7 2

o e e s 34 34 33ZF0
100 BRQ0 e T B G
.. 3@343BZF0_.
1 "Qda (W 'Q 852228)58)59979

1 2548BAQ 7660 42006 4G

As seen in the calculations above, a 2 Kg. mass flywheel would be necessary to generate enough
moment at a low enough rpm that the motor would be able to accelerate in both directions in the
short duration of the remaining flightrte after motor burnout. This mass would account for

nearly 40% of theocket mass, which is not feasibéspecially because this could introduce
gyroscopic precession into the system if the rocket is not perfectly vertical at all times.
Additionally, thee was not much data available for flywheel use in hobby sized craft and rough
calculations suggested that a flywheel would not be able to accelerate in one direction and then

reverse directions fast enough to meet the post motor burnout requirements.

3.43. Roll Dimensional Drawings and Component Description

The roll system consists of four fins, four servos, and 4 control surfaces under the four
main fins, which are shown in Figures 3.4.1, 3.4.2, and 3.4.3 below, with dimensions given in
Table 3.4.1. Theervo that will be used for this project is the-B5MG Servo; it has 60 6z.
in. of torque and requires 4@0 volts for operation. The servos will be directly modulating a
control surface next to the main fins. This control surface will redirectahedt air in order to
generate a moment about the center axis of the rocket. The servos will be modulated in real time
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using a programmable Teensy microcontroller and instrumentation system. This system will
monitor the gyroscopic and acceleration sensposder to determine motor burnout and roll

rate, and it will in turn allow for the rocket to achieve two rotations and stabilization. The control
surfaces be attached to a rod in front of the surface, and this rod will be directly driven by the
servo maor. The rod will be secured by installing it through rings extending from the fin above

the control surface. This is done to ensure the control surface will be stable, while preventing any
excessive moments on the servo. The servo will be secured toérgube and centering rings

of the rocket by a-B printed housing, allowing easy access by sliding out the inner tube from

the rocket.

Figure 3.4.1Fin andFlap

Figure 3.4.20penRocket Fin Diagram (cm)
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Figure 3.4.30penRocket Flap Diagransrf)

Dimension | Length (in)

Fin root chord 7.87
Fin tip chord (including aileron) 3.50
Fin semispan 6.56
Length of fin midchord line 5.55
Distance between fin root leading edge and fin tip leading edge para 4.37
body '

Aileron chord- the botbm portion of fin that is capable of actuation 114

Table 3.4.1Fin Dimensions

3.5. Launch Vehicle Performance Analysis

Using the OpenRocket softwareedm A.R.E.S created a model afidés that accurately
representshe dimensions and mass distriloat$ of the rocket and its subsystems. Accuracy in
this process was achieved by coordinating with thetsaims responsible for the different
Ssubsystems and having each one verify its sys
the rocket. These atuded the Avionics Bay, ATS system, Roilducing Mechanism, Motor

Assembly, and Payload sections.
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After finalizing the completed model, the team used it to run simulatiotdigenerate plots
reflecting different performance aspects of the vehicle. dth@wing sections will display the

results and analysis of Stability, Propulsion, Motion, Recovery, and Roll during flight.
3.5.1. Stability, CP, and CG

The student handbook for the 2016/2017 Student Launch competition provides a
requirement that the rket must have a Stability Margin of at least 2 cal when it clears the
launch rod. Our CP, CG, and Stability Margin \edwvere all obtained using the Opexcket
software, after having created an accurate model of the rocket, Krios, and its mass distributio
Krios has a 5.5 in outer diameter, which means that a stability margin of 1 cal would mean that
the distance between the CP and CG is 1 times the diameter, or 5.5 in. After creating the model,
the airframe and special operations teams collaboratectieden a fin sizing that would move
the center of pressure at least 11 in away from the CG, which is defined by the placement of

masses along the body of the rocket.

The final design has the CP at 64.275 in and the CG at 52.492 in from the tip ofdbeneos
putting the difference between the two at 11.783 in. This distance, when divided by the diameter,

give a stability margin of 2.14 cal.

As a fnal check, team ARES used the Openket software to generate a simulation of the
Stability Margin, CP, ath CG versus time as Krios advanced along its flight path (Figure 3.5.1).
By extracting the data computed, it was found that, using a launch rail of 8 ft, Krios would have
a stability margin of 2.0891 cal at the moment it cleared the launch rod, thusgatevin

compliance with the requirements set forth in the student handbook (Table 3.5.1). The following

page calculates the CP manually using the Barrowman equations.

Field Value

Time to Rod Clearance 0.29433 s
Center of Pressure (CP) 64.535 in
Center ofGravity (CG) 52.915in
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Stability margin calibers

2.0891 cal

Stability Margin Caliber

Table 3.5.1 Extracted Data at Rod Clearance

Stability Margin / CP / CG Plot

Stability vs. time

10 1z 13 14 15 16 17 18 19 20

Time (s)

11

6 7 8 9

[~ swbility margin calibers — CP location (in) — CG location (in) |

Figure 3.5.1: Stability Simulations
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Barrowman Equations for Stability

T dF

dr

7

s

Nosecone Terms

Ln length of nose

d diameter at base of nose

dr diameter at frot of transition

dr diameter at rear of transition

Lt length of transition

Xp distance from tip of nose to front of transition

Cr fin root chord

Cr fin tip chord

S fin semispan

LF length of fin midchord line

R radius of body at atnd

XRr distance between fin root leading edge and fin tip
leading edge parallel to body

XB distance from nose tip to fin root chord leading edg

N number of fins

Equation for CP

For Ogive: X = 0.466Ly

Fin Terms

o CX €, X + () Xe
(Cu):

Conical Transition Terms

(CN}=[1+ R } 4N(§T

% = x4 X6 Ca*20)

3 CarCr) 6[(" ) e,

(C:C:)

C:+C;)

-3¢
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Variable ‘ Value
Ln 21.751n
d 55in
dr 5.5in
dr 5.5in
Lt 0in
Xp 0in
Cr 7.87in
Cr 3.50in
S 5.12in
Lr 5.55in
R 2.251n
XRr 4.37 in
Xs 66.5 in
N 4 fins

Explanation of Results:

Using the dimensions assigned to the rocket, it is possible to fi

the table of coefficients to use in the equations.

After solving, the Barrowman equations estima@Paof64.91 in
from the tip of the nosecone. If we compare tisisneate to the CP
predicted by Openétket, given identical geometry, the differeng
between the two i66.4 in(OpenkRocket)- 64.91 in (Barrowman)

1.49 in of difference.

These results shothat the Barrowman estimate ha2.24% error
relative to the CP evaluated by OpenRocket (see Stability
simulations). A possible explanation for this error is that
OpenRocket may simulate a wind tunnel test and integrate the
pressures across the entindrame, while the Barrowman

Equations use simplifying assumptions to provide estimates.

Table 3.5.1: Dimensions

Georgia Tech Team ARES
32



3.5.2. Nose Cone

The part selected for use is a 5.5 in OD Fiberglass nosecone that has a 4:1 ratio of length
to diameter, putting the length at 21.75 in. This nosecone wasrclmbiave an Ogive shape to
allow for more room to include the GPS system inside the cone itself. A 5.25 in shoulder
provides enough space to mount the Payload, which merely comprises of an acoustic
transmitter/sensor pair, as well as a microcontrolleeao the Sound Pressure Level (SPL) from
the sensor several times per second as the rocket rapidly changes altitude.

3.5.3. Motor Selection

Currently the final motor choice for rocket is a Aerotech L1150R. This motor was
compared with the Aerotech L880and chosen because it will provide aylraverage thrust of
1,100.49N (L1150R) as compared to 786.87(L850W) fora shorter period of time 3.%/

(L1150R) as compared to 4.7 s (L850W) (as shown in Figure 3.5.2 and Table 3.5.2). The higher
thrust will provide more power for the rocket to climb altitude at a faster rate. This thrust does
not need to be exerted for too long as the rocket will exceed the mission altitude. The total
impulse ths motor will produce is 3488.399s which is enough to power thecket to the

mission specified altitude. The comparison of both motor options are shown below.

Georgia Tech Team ARES
33



o1

1400 Aerofech L830W
1300 » Aerofech L1150R
12004
11004
10004
900
800
700
600
500
400
300
200
100

0
(=]

Thrust (Newtons)

NTOR " NITOBANNTOOMAT 80N QR
e l=N=N=) LR B B NN NN MmmMmmMmm T T T T
Second

L]

Figure 3.5.2: Motor comparisons of thrust v time

Performance Aerotech L1150R Aerotech L850W
Average Thrust: 786.67N 1,100.49N

Peak Thrust: 1,184.80N 1,309.7IN

Total Impulse: 3694.98Ns 3488.55Ns
Thrust Duration: 4.70s 3.17s

Table 3.5.2: Thrust calculations (Motor comparisons)

The motor weighs 3673.69Pand will be housed in the motor section. The motor has a diameter
of 2.24 in, whichis smaler thantherocket diameterConsequentlyif will be held in place by

centering rings in the motor housing.
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3.5.4. Booster Section

At the head of the booster section, the maibe is capped with a 0.25tinick thrust
plate, secured across mulggurfaces to the motor tube as well as the body tube via epoxy and
option L-bracket installation. A tholt runs through the thrust plate, providing a point of
attachment for Recovery System components. The entirety of the booster section is designed to
slide into the main rocket body tube as a single component, including the fins and motor. Once
positioned inside the body tube, the assembly may be secured vidtaekiet points. This
design allows for rapid access to the booster section in the evemtatidication or repair is

necessary

3.5.5. Kinetic Energy at Landing

The kinetic energy at landing can be approximated for each rocket section by the
following formula:
0O 112 au?

The value for the landing velocity is based on OpenRocketlatrons, wheh is

13.75ft/sec. Table 3.3shows the landing kinetic energy for each rocket section.

Body Section Weight (Ibs) Kinetic Energy (Ibfft)
Nose Cone /Payload 3.721 10.93

Avionics Bay 4.292 12.261
Motor/ATS/Fins 1541 45.27

Table 3.5.3LandingMass Distributions
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3.5.6. Altitude Predictions
Mission Performance Predictions

The current performance predictions are based on assumptions that the launelwiehielgh
approximately 28bs at launch including the motarhich has been dead to be the AeroTech
L1150-P. Currently all the flight conddn simulations are run in OpenBket. However, we are
currently creating a code in MATLAB that will enable us to make a better prediction, and once
finalized, the mission performance will bedsped to reflect the effects of the ATS on the

apogee of the vehicle. Table 3.5Hows the assumption made when the simulation was run.

Condition Value

Altitude 500 ft

Wind speed variable
Temperature 57.217F
Latitude 28.61°
Pressure 995.38 mBar

Table 3.5.4Flight Simulation Conditions

Flight profiles

Figure 3.5.3elow shows the calculated flight profile of theds rocket with the AeroTech

L1150-P using the flight conditions from Table 3.5.4. Velocity, altitude and acceleration were
plotted @& a function of time. Apogee occurs at approximately 18s. At apogee, the ejection charge
for the drogue chute will fire, slowing the descent rate to 54 fps. Deployment of the main chute
will occur around 707 ft abowke ground leveld further deceleratie launch vehicle to
approximately 17 fps. The entire flight duration is estimated to be 150s. The following tables
detailthe time, altitude, velocity, acceleration and drag at certain events during the course of the
launch.
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Time(s) Total Total Drag force Drag

velocity  acceleration | (N) coefficient
(ft/s) (ft/s?)

Ignition 0 0 0 10.682 0 0.65516

Lift Off 0.06 0.10422 [5.8164 |203.95 0.023013 | 0.63631

Launch rod| 0.29 8.0174 [65.979 |[277.95 2.2494 0.53934

disengaged

Burnout 3.2126 |1343.1 |[711.9 106.17 258.37 0.60269

Apogee 18.163 |5582.1 |[20.11 30.568 0.30249 |[0.596951

Drogue 18.216 |5581.9 [26.534 |32.249 23.28

Chute

Main 106.23 |707.88 [54.167 |0.37287 112.21

Parachute

Ground 150.27 |-4.3134 |[16.036 |1.4428 112.94

Impact

Table 3.5.5Readngs at Major Launch &ents
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Motion Simulation

Vertical motion vs. time
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Figure 3.5.3Flight profile withAeroTech L1156P

Altitude Predictions

The apogee of this rocket has been simulated to be 5582 ft. (0 mph wind speed). Though this is
around 202 ft above the target altitude of 5280 ft.,wllishot be a problem as we want the
rocket to overshoot the target altitudg¢her than undershoint When flying the rocket, the ATS

system willactivate to create drag and lowke apogee of the rocket to be precisely 5280 ft.

Drift Profiles

The following figures, all considered a part of Figure 3.8khw the drift profiles and lateral
distance traveled by the rocket in simulations with average wind speeds set at 0, 5, 10, 15, and 20

mph.
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