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1. Critical Design Review Report Summary

1.1 Team Summary

111

11.2

Name andContact Information

Team Name: Tacho Lycos (HiBbwered Rocketry Club at NC State University)
Mailing Address: 911 Oval Drive, Raleigh, NC 27695

Primary Contact: Raven Lay&mailrrelauer@ncsu.eduPhone: 91914-4950)

Mentor Information

Name: Dr. Chads (Chuck) Hall

Email: chall@ncsu.edu

TRA Certification Number/Level: 14134, Level 3
Name: Alan Whitmore

Email: acwhit@nc.rr.com

TRA Certification/Level: 05945, Level 3

Name: James (Jim) Livingston
Email:livingston@ec.rr.com

TRA Certification/Leved2204, Level 3

1.2 Launch Vehicle Summary

121

12.2

1.2.3

124

125

Size and Mass
The fullscale launch vehicle will #28.0 in. long with a diameter of 7.5 in. The rocket
will have a mass @f7.11b on the padwhich includes 3.0 Ib of nose ballast

Final Motor Choice
The fultscalelaunch vehicle will use an AeroTech L2200G motor.

Recovery System
The fultscale launch vehicle willeploya 2.0 ft drogue at apogee, a 5.0 ft parachuae
1,000 ft AGL, and a 10.0 ft main parachait&00 ft AGL.

Launch Rail Size
The fultscale launch cle will require a 8 ft, 1515 launch rail.

Milestone Review Flysheet
This document was submitted separately.

1.3 Deployable Rovdtayload Summary
The team has chosen to include a deployable rover as the payload for treedidl launch
vehicle. The rover iV be stowed in an internal tube that will rotate freely using roller bearings
(Lazy Susahearings) attached at each end of the payload tube. The upper bearing will be
attached to a centering ring aft of the main parachute compartment. The lower beailhg
be attached to a bulkhead forward of the avionics bay. The payload bay will be sealed during
flight by a tapered plug in the payload centering ring which will be removed with the main
parachute deployment. After landing, the rover will autonomousliyelat least 5.0 ft and
deploy a set of solar panels to complete the payload mission.
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2. Changes Made Since Preliminary Design Review
2.1 PDR Action Items

The team was not given any PDR action items to complete.

2.2 Changes Made to Vehicle Criteria

Table2-1 lists all changes made to the fsitale launch vehicle since PDR submission. Note
GKFIG GKAA NBLER2NI dzaSa GKS GSN¥Ya afl dzy OK OSKA

Table2-1: List of Changes Made to Fattald_aunch Vehicle

Description of Change Reason for Change

The rocket midsection was split into tw
body tube sections at the payload centeril
ring. The thickness of the payload centeril
ring was increased to 1.5 in. to ensy
enough surface area for attantent of both
midsections.

The team determined that access to bla
powder charges fixed to the forward face
the payload centering ring would be difficy
without separating the midsection bod
tube components. The centering ring will

epoxied to the & midsection section anc
the upper midsection will be attached usir
Six wood screws.

The avionics bay was extended by 3.0 in.,
a total length of 6.25 in. This also extend
the lower midsection and overall rockg
length by 3.0 in. to 30.0 in. ant8.0 in.,
respectively. The payload mass wg
predicted to be 2.0 Ib after final assembly

The team determined that an extension
the avionics bay was necessary to ens
enough volume for additional wires
switches, and tool access. An extension
the lower midsection also allowed for
slight increase in stability.

The rocket nosecone material was chang
to plastic without a metal nosecone tip.

The team was only able to identify a sing
nosecone manufacturerapable of creating
7.5 in. diameter compnents. The nosecon
will still include a 6.0 in. shoulder, but w
not have a metal nosecone tip.

The rocket fin trailing edge was transition
aft by 0.5 in. to shift the CP location aftwatr

The team determined that the CP locati
needed to beshifted aftward due to the
decrease in nosecone weight after tf
material transition to plastic.

Lowraltitude recovery device (LARD) add
to drogue shock cord line. A 60 in. parachi
will be folded and bound using a Jolly Lo
controller to be deployedat apogee with
the drogue parachute. The LARD will rem
folded until 1,000 ft AGL, when the Jo
Logic will release the parachute to open. T
rocket will deploy a total of threg
parachutes during the descent.

The team reduced wind drift by reducinggtf
drogue diameter, but the rocket wi
descend faster which would cause the m:
parachute to deploy at potentially unsa
speeds. To ensure the integrity of structu
components and the delicate rover payloz
the LARD will be deployed at 1,000 ft AGL
slow the rocket descent in two stages.
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Description of Change Reason for Change

Drogue parachute diameter reduced fro
36in.to 24 in.

A smaller drogue parachute will increa
descent velocity to reduce wind drift.

Main parachute deployment altitudq

decreased to 700 ft AGL.

After the LARD ideployed at 1,000 ft AGI
the rocket will continue descending f¢
approximately 300 ft before deploying th
main parachute. The rocket will impact tk
ground under three parachutes to reduc
descent velocity, and increase the char
that the rocket will &nd horizontally for
easier rover deployment on the ground.

The nose ballast was increased to 3.0 Ib.

After making all design changes list
above, additional nosecone ballast will

necessary to ensure a static margin grea
than 2.0. The predicted dia margin of the
rocket will be 2.05 cal after final assembly

2.3 Changes Made to Payload Criteria

Table2-2 lists all changes made to the deployable rover payloatesy since PDR submission.

Table2-2: List of Changes Made to Deployable Rover Payload System

Description of Change Reason for Change

Total servos for rover increased to three.

To simplify mechanical design, an additio
servo will be used for motion. Instead
making a gearing system controlled by g
servo, each of the front wheels will b
controlled by a servo.

Bluetooth communication used for rove
activation.

Bluetooth @mmunication requires only on
component on the rover. It will easily b

FofS G2 02YYdzyA Ol (¢
frLIG2L Ay 2NRSNI
mission.

Payload entry seal design change

Changed the entry seal for the payload aff
discoveringthe door would not function as
RSAANBRO® {AyO8 (KS
OSYGSNAy3dI NRy3IQa a
open enough for the rover to deploy. Tt
current design is now a plug constructed
birch plywood and rubber wrapped arour
the edge. Themain parachute shock chor
will be tied to a Wbolt secured in the
plywood. Upon the main parachut
ejection, the plug will be pulled out.

2018
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Description of Change Reason for Change

MSP430 microcontroller instead of Arduin

On the recommendation of local electroni
experts, this microcontrollewas chosen
instead of Arduino because of simplicil
cost, and reliability.

Forward Lazy Susan Bearing design char

The previous design involved eig
individual ball bearings in a cup that roll¢
in a track in the opposing piece. Duri
subscale testig, this design wa
unfavorable. The current design no
consists of a 3D printed cap with a tra
filled with ball bearings mounted to th
centering ring. A PVC piece will be attach
to the payload tube and will be in conta
with the ball bearings. A sitar design was
used during the subscale launch and W
more favorable.

Rover platform design change

Instead of printing housing for the latg
electrical components of the payload, tf
components will be attached via screw
This is because the previoustjesigned
housing will not hold the update
components. Also, attaching  th
components without a designated housit
will allow them to be attached without wirg
interference.

2.4 Changes Made to Project Plan

As shown irSection8.6, the project timeline remaisiunchanged from PDR submissial.
changes to the project verification plan are listedlable3-1.
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3. Vehicle Criteria

3.1 Compliance to Handbook Requirements

Table3-1, below, contains ta launch vehicle requirements listed in the 2018 NASA SL handbook as well as the respective compliance
actions, verification methods, and status.

Table3-1: FultScale and Subscale Launch Vehicle HandboolChiempliance

Handbook
Item

Description of

: Verification Method
Requirement

Status

Compliance

Based on the
The vehicle will deliver th¢ design, an

curren Analysis.The final weight
AeroTec| will be calculated, and i

number of altitude points
(5,280) if the official scorin
altimeter reads a value o
exactly 5,280 feet AGL. Tk
team will lose onepoint for
every foot above or belov

the required altitude.

official altitude.

21 payload to an apoge{ L2200G will powerthe | motor will be selected Complete.
’ altitude of 5,280 feet abov¢ launch vehicle to an ideg based on thesg See Sectio.2.2

ground level (AGL). apogee altitude of 5,280 f| calculations. Analysis ig

AGL. detailed in Sectiol.2.2

The vehicle will carry on

commercially available

barometric altimeter for

recording the official

altitude used in

determining the altitude Test. The StratoLogger( Incomplete

award winner. Teams wi| A StratoLoggerCF altimet{ will be tested in a vacuun Altimeter tesswill occur in
2.2 receive the maximun] will be used to record th¢ chamberprior to assembly the week prior to launch

and launch to ensure
correct functionality.

scheduled forFebruary 24
2018
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Handbook

Description of

Compliance

Verification Method

Status

Item

2.3

Requirement
Each altimeter will be
armed by a dedicateg
arming switch that is
accessible from the exterio
of the rocket airframe
when the rocket is in the
launch cafiguration on the
launch pad.

Both altimeters will be
armed by their own key
switch which will be
accessible from the exterig
of the airframe.

Demonstration. The tean
will arm the altimeters after
assembly on the pad, whic
will be confirmed by the
subseuent beeps. The
checklist for this itemis
detailed inSection6.2

Incomplete.

Demonstration will occu
prior to launch scheduleq
for February 242018

2.4

Ead altimeter will have a
dedicated power supply.

Each altimeter will b
powered by its own 9 \
battery tested for
conformity.

Demonstration. The tean
will demonstrate that the
two altimeter circuits are
entirely independent.

Complete.
See Sectiod.4.3

2.5

Each arming switch will b
capable of being locked i
the ON position for launct
(i.e. cannot be disarme:
due to flight forces).

The altimeters will be
armed by key switches an
will be oriented such tha;
GKSe 62y Qi 0
flight forces.

Demonstration. The tean
will demonstrate that the
switches are secure whe
in the on position.

Incomplete.
Demonstration will occu
prior to launch scheduleq
for February 24, 2018.

2.6

The launch vehicle will b
designed to be recoverabl
and reusable. Reusable
defined as being able fti
launch again on the sam
day without repairs or
modifications.

The rocket body will be
constructed of Blue Tube t|
increase drability of the
rocket. The main parachut
will slow the rate of descen
of the rocket to avoid

damage upon landing.

Analysis. Body  tubi
material will be chosen tq
increase durability, anc
parachute size will bg
determined by calculation:
to reduce impacspeed and
wind drift.

Complete.
See Sectiod.
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Handbook Description of : P
.p Compliance Verification Method Status
Item Requirement
The launch vehicle will hav
a maximum of four (4]
independent Sections. A Analysis. The rocket desig
independent Section i{f The rocket will only hav( only requires three
57 defined as a Section that | three (3) tethered Sectiong tethered sections to fly Complete.
' either tethered to the main nosecone, midsection (witl which will be manufetured | See Sectio8.4.1
vehicle or is recovere( payload), and fin can. to the specifications liste(
separately from the mair in this report.
vehicle using its owi
parachute.
8 The launch vehicle will b| The launch vehicle haa | Analysis. The rocket desi¢ Complete.
' limited to a single stage. | single stage. will include a single motor,| See Sectio8.4.1
The launch vehicle will bj The team will practicf Demonstration. The tean
capable of being prepare| assembly using detaile| will demonstrate the Incomplete
for flight at the launch site checklists prior to launch t{ capability to prepare the P . .
- . . - Demonstration will occu
2.9 within 3 hours of the time ensure that assembly tim{ rocket within 3 hours by
o i . -’ prior to launch schedulec
the Federal  Aviatior| does not exceed three (3 practicing assembly usin for February 24. 2018
Administration flight| hours. detailed checklists prior t( 'y &% '
waiver opens. launch.
The aunch vehicle will be .
- : .| Demonstration. The tean
capable of remaining il Recovery system devicq . .
. . . . will  incorporate  only,
launchready configuration will be activated only onc .
L ‘ . necessary electronics thg Complete.
2.10 at the pad for a minimum o| the rocket is on the laurc : .
. . . do not exceed the availabl See Sectiod.4.
1 hour without losing the pad to avoid unnecessar
. . . . power drawn from
functionality of any critica| battery drain. .
batteries.
on-board components.
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Handbook

Description of

, Compliance Verification Method Status
Item Requirement
The launch vehicle will b
capable of being launche Analysis. The team wi
by a standard 1-Xolt direct confirm with the
. The rocket can be launchg
current firing system. Th{ . manufacturer that the| Complete.

2.11 - . using only a standard motg : .
firing system will be ioniter chosen motor is capable ¢ See Sectiob.2.1
provided by the NASA g ' being launched by
designated Range Servic standard firing system.

Provider.
The launch vehicle wi
require no external Demonstration. The tean Incomplete
circuitry or special groun¢ The rocket can be launche will demonstrate that the P . .
. . . : Demonstration will occur a

2.12 support equipment to| using only a standard motq vehicle is capable ©
- . . . the launch scheduled fo
initiate launch (other than igniter. launching using only | February 24. 2018
what is provided by Rang standard motor igniter. y <& '
Services).

The launb vehicle will use
a commercially availabl
solid motor propulsion
system using ammoniur
perchlorate composite Inspection. The team wi
propellant (APCP) which | The  rocket uses | confirm that the choser
- . . - Complete.

2.13 approved and certified by commerciallyproduced motor is certified by NAF See Sectiofl.2.2

the National Association g AeroTech motor. and/or TRA before o
Rocketry (NAR), Tripc purchase.
Rocketry Association (TR/
and/or the @Gnadian
Association of Rocketr|
(CAR).
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Handbook
Item

2.13.1

Description of

Requirement
Final motor choices mug
be made by the Criticg
Design Review (CDR).

Compliance

The team will use ai
AeroTech L2200G motor.

Verification Method

Demonstration. The fina
motor choice is listed ir
Sectionl.2.20f this report.

Status

Complete.
See Sectioi.2.2

2.13.2

Any motor clanges after
CDR must be approved
the NASA Range Safe
Officer (RSO), and will on
be approved if the chang
is for the sole purpose 0
increasing the  safety
margin.

The team does no
anticipate any need fo
change to motor selection.

Analysis. The tea will
determine the impact of
any possible higlevel
design changes on motc
performance, and make
request for motor change
only when safety can b
increased.

Complete.

| See Sectioh.2.2

2.14

Pressure vessels on th
vehicle will be approved b
the RSO.

The launch vehicle will n¢
utilize any pressure vessel

Analysis. The team will ng
utilize any pressure vesse
when designing the rocket

Complete.
See Seabin 3.3

2141

The minimum factor of
safety (Burst or Ultimate
pressure  versus  Ma|
Expected Operating

Pressure) will be 4:1 witl
supporting design
documentationincluded in
all milestone reviews.

The launch vehicle will n¢
utilize any pressure vessel

Analysis. The team will ng
utilize any pressure vesse
when designing the rocket

Complete.
See SectioB3.3.

2.14.2

Each pressure vessel w
include a pressure relie
valve that sees the ful
pressure of the
valve that is capable ©
withstanding the maximurr]
pressure and flow rate o
the tank.

The launch vehicle will nc
utilize any pressure vessel

Analysis. The team will ng
utilize any pressure vesse
when designing the rocket

Complete.
See Sectiol.3.
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Handbook

Description of

, Compliance Verification Method Status
Item Requirement
Full pedigree ofthe tank
will be described, including
th lication for which . .
€ appicatio .O whic : . Analysis. The team will no
the tank was designed, an The launch vehicle will ng =~ .. Complete.
2.143 . . utilize any pressure vesse .
the history of the tank, utilize any pressure vessel L See Sectio8.3.
. . when designing the rocket
including the number of
pressure cycles put on th
tank, by whom, and when.
The total impulse provideg Demonstration. The tean
by a College and/o| The selected moto| .
L . . will demonstrate that they Complete.
2.15 Univesity launch vehiclg provides 5,104 M of total | . . .
. ) did not purchase or install | See Sectiod.2.2
will not exceed 5,12( impulse. motor exceeding Lclass
Newton-seconds (Iclass). g '
The .Ia.unch vehlgle will hgv Current static stability Analy5|s. The team will ug
a minimum static stability . . .. .I'multiple  methods to
: : margin at point of rail exit i . -
margin of 2.0 at the point o calculate the stat stability
oo S .| calculated to be 2.05 ca . Complete.
2.16 rail exit. Rail exit is define margin of the rocket at the .
. No changes that woul( .. . See Sectiob.1.2
at the point where the . . time of rail exit to ensure
. appreciably affect this ar .
forward rail button loses currently planned that a minimum value o]
contact with the rail. yp ' 2.0 is achieved.
Analysis. The team will ug
: . multiple  methods to
The launch vehicle wi . . . .
- The has a predicted rail ex cdculate the rail exit Complete.
2.17 accelerate to a minimun . . .
. ..l velocityof 77.3 ffs. velocity of the rocket at thg See Sectiob.2.3
velocity of 52 fps at rail exit n
to ensure that a minimunm
value of 52 ft/s is achieved
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Handbook

Description of

, Compliance Verification Method Status
Item Requirement
All teams willsuccetally Demonstration. The tean
launch and recover { The subscale rocket wg .
. will demonstrate a
518 subscale model of thei successfully launched ar succesful  launch  and Complete.
' rocket prior to CDR| recovered on Novembe See Sectio.4.3
. recovery of a subscal
Subscales are not requirg 18, 2018. .
. rocket prior to CDR.
to be high power rockets.
The subscale model shou
resemble and perform aj The subscale was designi Demonstration. The tean
218.1 similarly as pasible to the| to function as closely to th¢ will design and fabricate { Complete.
o full-scale model, howevel full-scale as possible at 52| subscalerocket to confirm| See Sectio.4.
the full-scale will not be of the size. the design of the fulkcale.
used as the subscale modk
. Demonstration. The tean
The subscale model wi The subscale rocket had| .. . .
: . will include an altimeter
5 18.2 carry an altimeter capabl{ StrattoLoggerCF installed | capable of recording th Complete.
" 2F NBLRNIAY]launch to record the P . g See SectioB.4.3.3
. . apogee altitude on the
apogee altitude. apogee altitude.
subscale.
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Handbook

Description of

Compliance

Verification Method

Status

Item

Requirement
All teams will successfull
launch and recover thei
full-scale rocket prior tg
FRR in its final fligh
configuration. The rocke
flown at FRR must be th
same rockt to be flown on
launch day. The purpose (
the full-scale
demonstration flight is to
demonstrate the launch

The same rocket will by
flown during the fullscale

Demonstration. The tean
will fly the same rocket ir

Incomplete.
Demonstration will occur a

2.19 DS KA Ot SQ.a .. | demonstration flight as the the , .fuII—scaI(.a the launch scheduled fo
structural integrity, full-scde test fliaht demonstration flight as ir February 24. 2018
recovery systems, and th gt the full-scale test flight. y <& '
GSFHYyQa oAf 7
the launch vehicle for flight
A successful flighs defined
as a launch in which a
hardware is functioning
properly (i.e. drogue chute
at apogee, main chute at
lower altitude, functioning
tracking devices, etc.).

The flight and regoverz Analysis. Flight simulation|
: system results will be . Incomplete.
The vehicle and recovel hand calculations, an .
. . analyzed thoroughly tc . . . Analysis will occur after th

2.19.1 system will have functionet . material modelling will bg
as desianed determine whether the compared to the flight launch  scheduled fo

ghed. rocket functioned as P g February 24, 2018.
, results.
designed.
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Handbook

Description of

, Compliance Verification Method Status
Item Requirement
The payload is an integry Demonstration. The tean Incomplete.
The payload does not hay part of the  rocket| . . ,
. . . ) intends to fly the full roverr Demonstration will occur &
2.19.2 to be flown during the full| midsection, and will be
. payload on the fulbcale| the launch scheduled fo
scale test flight. flown on the fullscale test .
. test flight. February 24, 2018.
flight.
The payload will be
If the payload is not flown| included in the rocket| Demonstration. Masg Incomplete.
21921 mass 8nulators will be| Mass simulators will b¢ simulators will be used i Demonstration will occur a
R used to simulate thg used for payloaqg the rover is notavailable for| the launch scheduled fo
payload mass. electronics, including thq flight. February 24, 2018.
rover, if necessary.
. . If mass simulators are ude| Demonstration. If mas:
The mass simulators will b . .
. they will be modelled tg simulators are used, the| Incomplete.
located in the same : . . . :
) . determine  the most| will be secured in thg Demonstration will occur a
2.19.2.1.1 | approximate location or| . . .
the rocket as the missin appropriate location to| payload section t¢ the launch scheduled fg
avioad mass offset the payload CG t| accurately simulate the February 24, 2018.
pay ' match the fultscale design| final payload C@®cation.
If the payload changes th
external surfaces of thg
rockgt (such as with camer Demonstration. The
housings or  externg The payload does nc .
payload will not change th{ Complete.
2.19.3 probes) or manages th{ change the external surfac .
. external surface of the See SectioB.3.4
total energy of the vehicle of the rocket.
. . rocket.
those systems will be activ
during the fullscale
demonstration flight.
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Handbook

Description of

Compliance

Verification Method

Status

Item

2.194

Requirement
The fullscale motor doeg
not have to be flown during
the full-scale test flight.
However, it is|
recommended that the ful
scale motor be used t
demonstrate  full flight
readiness and altitude
verification. If the fullscale
motor is not flown during
the full-scale flight, it ig
desired that the motor
simulates, as closely ¢
possible, the predictec
maximum  velocity anc
maximum acceleration o
the launch day flight.

The fultscale motor will be
flown during the fullscale
test flight to demonstrate
full flight readiness ang
altitude verification.

Demonstration. The tean
will use of the fulscale
motor during the fullscale
test launch.

Incomplete.

Demonstration wilbccur at
the launch scheduled fo
February 24, 2018.

2.195

The vehicle must be flowi
in its fully ballasted
configuration during the
full-scale test flight. Fully
ballasted refers to the sam|
amount of ballast that will
be flown during the launcl
day fight. Additional ballast
may not be added withou
a reflight of the fullscale
launch vehicle.

The fullscale rocket will
contain 3.0 Ib of ballast il
the nosecone which will b
included for all ground test:
and the fullscale test
launch.

Demonstration.The rocket
will be fully ballasted for al
ground tests and the full
scale test launch.

Incomplete.
Demonstration will occu
prior to the launch
scheduled for February 24
2018.
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Handbook

Description of

Compliance

Verification Method

Status

Item

2.19.6

Requirement
After successfully
completing the fuliscale
demonstration flight, the
launch vehicle or any of it
components will not be
modified  without the
concurrence of the NAS
Range Safety Officer (RS(

The team will not modify
any components on the
full-scale rocket without
concurrence of the NAS
Range Safety Officer.

Inspection. The team will
inspect all componentj
after the fullscale test
launch to determine if any
modifications  will  be|
necessary.

Incomplete.

Component inspections wi
occur after the launch
scheduled for February 24
2018. Exterior paint will be
added to theairframe after
the full-scale test launch.

2.19.7

Full scale flights must b
completed by the start of
FRRs (March 6th, 2018).
the Student Launch offic
determines that a rdlight
is necessary, then a
extension to March 28th
2018 will be granted. Ti&
extension is only valid fo
re-flights; not firsttime
flights.

The primary fulkscale test
launch date ig~ebruary 24,
2018 with a backup launc
opportunity on February
25.

Demonstration. The tean
will complete the fullscale
test launch prior to FRI
submission on March 6
2018.

Incomplete.

The primary fullscale test
launch date ig~ebruary 24
2018 with a backup launc
opportunity on February
25.

2.20

Any structural
protuberance on the rocke
will be located aft of the
burnout center of gravity.

The burnout CG is locate!
74.8 in. from the nose. Th
forward-most  structural
protuberance on the rocke
is the forward rail button ai
107 in. from the nose.

Analysis. The rocket desig
will  not include any
protuberances locateq
forward of the burnout CG

Conplete.
See SectioB3.3.5.6

2211

The launch vehicle will nc
utilize forward canards.

The launch vehicle has r
forward canards.

Analysis. The team will ng
include forward canards i

the rocket design.

Complete.
See Sectiol.3.
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Handbook Descr.lptlon of Compliance Verification Method Status
Item Requirement
The launch vehicle will ng : Analyss. The team W!”. N
2912 utilize  forward  firin The launch vehicle haso | include forward firing) Complete.
T g forward firing motors. motors in the rocket See Sectiob.2.1
motors. .
design.
The launch vehicle MW not | The AeroTech L2200, Analysis. The team will ng Complete
2.21.3 utilize motors that expel motor does not utilize use a motor with titanium See gecti;JE 51
titanium sponges. titanium sponges. sponges. o
. . . Analysis. Th m will n
The launch vehicle will ng The launch vehicle does n({ . alysis. he t.ea w .( Complee.
2214 . . . . include a hybrid motor i .
utilize hybrid motors. utilize hybrid motors. . See Sectiob.2.1
the rocket design.
. . The launch vehicle uses| Analysis. The team vinot
The launch vehicle will ng . . Complete.
2.215 . single AeroTech L2200 include a cluster of motort .
utilize a cluster of motors. . . See Sectiob.2.1
motor. in the rocket design.
The launch vehicle will ng The launch vehicle motol Analysis. The team will nc Complete
2.21.6 utilize friction fitting for| mount is epoxied to the use a friction fit for the P y
. . See Sectio.3.5.2
motors. rocket body tube. motor in the rocket design
Analysis. The team wi
The launch vehicle will ng The launch vehicle has | utilize  simulations to
. . . Complete.
2.21.7 exceed Mach 1 at any poir predicted maximum spee( ensure that the rockel See SectioB.2
during flight. of Mach 0.64. speed does not excee -
Mach 1.0during flight.
The launch vehicle wi| Analysis. The team will ng
Vehicle ballast will noj contain a total 0f3.0 Ib of| include a total amount o] Complete
2.21.8 exceed 10% of the totg ballast at the nose, whicl| ballast that exceeds 10¢ See gecti;)G 31
weight of the rocket. accounts for 6.4% of th( the total weight in the e
total weight of the rocket. | rocket design.
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3.2

Mission Statement

The team is proud to present the fidtale launch vehicle design for the 2018 NASA SL
competition in the pages below. This rocket is an original design that includes efforts from
team members with backgrounds in, but certainly not limited to, kiglwveredrocket design,
structural analysis, electrical design, and sleAdedy aerodynamics. It is the goal of the team

to always choose the rocket and payload options that require the greatest technical demand
to provide a challenge to even the most veterantemembers. The rocket will satisfy all the
requirements listed in SectioB.1 and Sectior4.1, based on the success criteria defined in
Section3.2.], to ensure that all vehicle operations will maximize safety to crew, spectators,
andthe environment.

3.2.1 Mission Success Criteria

The success of the fidbale launch vehicle is based on the challenge criteria listed in
Section3.1, as well as the tearderived requirements presented in Secti®r2. The team

has defined a succdss rocket launch as one where the vehicle apogee is within 100 ft
of 5,280 ft AGL (1 mi), the drogue parachute deploys at apogee, the LARD opens at 1,000
ft AGL, the main parachute deploys at 700 ft AGL, and the entire rocket is reusable
immediately afterlanding. To accomplish these goals, every component of the rocket
must work as designed and redundancies should be in place for each component critical
to the flight. The team will rely on simulations, physical experiments, and test flights to
confirm tha the vehicle will be successful with regards to the above criteria for every
flight. Additionally, the success of the deployable rover is dependent on the success of
the launch vehicle since the rover mission starts once the rocket mission ends.

3.3 SelectionDesign, and Rationale of Faidiale Launch Venhicle

This section includes the digital models, technical specifications, and design justifications for
the full-scale launch vehicle, which is showrFigure3-1, below.

Figure3-1: Isometric View of FeBicale Launch Vehicle
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3.3.1 Dimensions and Technical Details
The fullscale launch vehicle was designed using OpenRocket, a free software that is
utilized by NAR and TRA rocketeers at all certification levels. The rocket will be 128.0 in.
long with a constant body diameter of 7.5 in. after the nosecone base. Aladyetube
diameter was chosen to maximize the volume available within the rocket for the payload
with deployable rover. The rocket will have three body Sections: nosecone, midsection,
and fin canFigure3-2, below, shows the OpenRocket 3D schematic with body Sections
labelled respectively.

Nosecone Midsection Fin Can

Figure3-2: OpenRocket Model with Section Labels

The current rocket configurain in OpenRocket has a predicted weight7.1 Ib when

fully assembled, which acts as the maximum allowable weight for thedale design.
Maximum allowable weights for the payload and avionics bay are described in Sections
4.4and7.4, respectively. For comparison, the detailed SolidWorks model of the current
rocket desjn has a predicted weight @f1.3 b when fully assembled which includes
accurate weights for the payload and avionics bay. Though these values do include weight
approximations for the payload, avionics, and motor, they do not include weight values
for body paint, epoxy, black powder charges, or fasteners. Both models will be updated
continuously throughout the project timeline to reflect the latest design changes and
provide upto-date values for total mass. The team will also work on applying additional
modelling techniques to include as many physical components in the OpenRocket and
SolidWorks models as possibiégure3-3, below, shows the detailed SolidWorks model
which will be compared to the OpenRocket modelFigure3-2 for component mass
confirmation.

Figure3-3: Detailed 8lidworks Model

In its current configuration, the predicted CG location of the rocket is at a point 79.4 in.
from the nosecone tip as determined using the mass approximations described above in
OpenRocket. The CG location was confirmed using the detaileti\®rks model to be
79.6in. from the nosecone tip. Though the predicted total weights of each model differ
by nearly 6.0 Ib, the CG locations only differ by 0.1 in., which ensures that the stability
margin is nearly identical between both models. A minimal difference in CG location
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3.3.2

between the models is highly favorable and is the result of conscious efforts to balance
weights in the payload and avionics bahe predicted CG location in each model will
become more accurate as additionakights such as body paint, epoxy, and fastes)

are added to the models throughout the designd fabricatiorprocess.

Body Tube Material Selection

The projected weights of the body tubes and coupler were calculated for theckaié
rocket in order to justify the use of Blue Tube on the rockae 8dombined weight of the
fiberglass forward airframe body tube, fin can body tube, and coupler was calculated to
be approximately 7.83 Ib. The combined weight of the Blue Tube forward airframe body
tube, fin can body tube, and coupler was calculated taapproximately 4.23 Ib. Using
Blue Tube body tube components results in a weight savings of approximately 3.5 Ib,
nearly 10% of the weight of the rocket. Through reducing weight of the rocket, there is
also a reduction of loading during flight which praasda higher margin of error for hitting

the target altitude of 5,280 ft AGL.

To verify that Blue Tube would be capable of withstanding forces during flight, the
compressive strength was analyzed. The principle compressive loads on the airframe are
caused ly inertia and drag. The peak drag fo"Cawas calculated usingquation7 below:

o goo 56 1)

where " is the air density at sea level,22t—; w is the peak velocity of the rocket,
219.5¢—; 6 is the drag coefficientD.451, and 0 is the frontal area of the rocket,
0.02857¢& . This yields 380.:0. The peak inertial loa’® was calculated using
Equation &elow:

N aw 2)
whered is the mass of the rocket9.09( Q" Ganddis the peak acceleration of the rocket,
142.95:—. The resulting peak inertial load on the rocke?729..0 . The total compressive
force ™™ on the rocket is givehy Equation 9 below

00 op WO QA OQ (3)
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3.3.3

The supplier of Blue Tube, Always Ready Rocketry, has providedraztatest data for
Blue Tube which is shown fiigure3-4, below.

Blue Tube Axial Crush Test

Load (Ibf)
4000

3000

2000 /
1000 /

A

000 ©0.02 0.04 006 0.08 010 012 0.14 0.176 018 0.20 0.22 0.24

Extension (in)

Figure3-4: Blue Tube Axial Crush Test Data

Over three trials, the buckling load for Blue Tube was approximately 3,00th#bfacto

of safety for the Blue Tube airframe on this rocket was calculated to be approximately
4.3, confirming that Blue Tube is suitably strong for this application. This is also a
conservative estimate, as the rocket features several bulkheads and centegsgthiat
provide additional support. The team will conduct additional compression testing on
cylindrical Blue Tube samples in order to verify the strength of the material. As one of the
tests, the samples will be loaded in a hydraulic press until buckdocwurs. This
experiment will also grant the opportunity to quantify the strengthening effect of
bulkheads, as well as the weakening effect of drilled holes and hatches in the body tube.

The rocket will have a constant body tube diameter of 7.5 in. arariforced with several
bulkheads and centering rings throughout the vehicle. All components will be fixed to the
airframe using/Vest System&-part epoxy. This epoxy was chosen for its high strength,
durability, and working time. The bulkheaddl be condructed using sheets 09.25in.
aircraftgradebirch plywood. Varying numbers sheets will beused for each bulkhead

or centering ringdepending on the expected loads at that location in the rocket. The
launch vehicle will separate at two points: betwethe nosecone and midsection, and
between the midsection and fin can.

Nosecone Design

As discussed in the PDR, the design requirements for the nosecone on-geafallaunch
vehicle specified that the nosecone base had to be 7.5 in. in diameter, and that the tip
could be accessible from the base to allow for the addition of nosecoresbailthe form

of epoxied lead balls. Analysis on nosecone shapes led the team to choose a 5:1 ogive
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3.3.3.1

3.3.3.2

nosecone for use on the fidlcale rocket due to its greater performance in subsonic
conditions when compared to a conical nosecone with similar dimessiince the team
does not have the precise manufacturing capabilities required to produce an original
nosecone, only commerciathvailable nosecones were considered. After searching
through catalogs of many different online rocketry retailers, the teaaswnly able to

find one nosecone that fit the required specifications. Always Ready Rocketry will supply
the team with a plastic 5:1 ogive nosecone with a 7.5 in. base diameter. Assuming that
the nosecone will be manufactured to a perfect 5:1 lengttbase ratio, the nosecone

will be 37.5 in. long from base to tifigure3-5, below, shows the plastic nosecone
installed on a Blue Tube body tube taken from the websitthe manufacturer.

Figure3-5: Always Ready Rocketry Plastic 5:1 Ogive Nosecone with 7.5 in. Base Diameter

Nosecone Material Selection
The nosecone will be constructed out of plastic using a single mold to create the

nosecone exterior shape and 6.0 in. shoulder. The team chose the plastic nosecone
after learning that the fiberglass nosecone with metal tip described in the PDR was
no longe available for purchase. A plastic nosecone also offers a significant cost and
weight reduction to the launch vehicle, while remaining durable enough for multiple
launches and recoveries. Since the plastic nhosecone does not contain a metal tip,
additional nose ballast will be necessary in the form of lead balls epoxied in the
nosecone tip cavity. As shown figure3-5, above, the plastic nosecone will be
secured to he midsection during final assembly using multiple shear pins, described
in SectioM.3.5

Nosecone Bulkhead Design
The nosecone will feature a single bulkheaddiinto the nosecone cavity to be used

as a tethering point for the main parachute. The bulkhead will consist of three
circular sheets of 0.25 in. aircragtade birch plywood sandwiched together using
epoxy for a total thickness of 0.75 in. The aft fat¢he bulkhead will be fixed 3.0

in. from the base of the nosecone to allow additional volume for stowing the main
parachute shock cord. Since the bulkhead will be placed inside the nosecone,
OpenRocket was used to determine the outer diameter of the leakhto ensure

that it will correspond to the inner diameter of the nosecone at its current position.
Based on an assumed nosecone wall thickness of 0.08 in., the bulkhead must have a
diameter 7.26 in. to fit inside the nosecone cavity. After using digaéipers to
accurately measure and confirm the nosecone cavity dimensions, the plywood
sheets will be cut out usinglaser cutter West System8& partepoxy will be used to

2018 NASA Student Launch | Tacho L



NC STATE UNIVERSITY

combine the sheets, which will then be allowed to cure for at least 24 hours @nder
vacuum seal.

A Ubolt will be installed through the center of the bulkhead as an attachment point
for the main parachute shock cord. This will allow the nosecone section to remain
tethered to the rest of the rocket during recovery rather than fallingaaeparate,
selfcontained independent section. Thebdlt shown inFigure3-6, below, will be
permanently fixed to the bulkhead during fabrication using Loctitedouge the
fastening nuts on the opposite side of the bulkhead.

Base of
Nosecone

*'*1--\

Nosecone

Bulkhead

Figure3-6: Nosecone Bulkhead

Note that once the bulkhead is installed, it will be impossible to access the interior
cavity of the nosecone, drefore bulkhead installation will be one of the final steps
in the rocket fabrication process.

To attach the nosecone assembly to the rocket midsection, a 6.0 in. shoulder will be
included at the base of the nosecone. The nosecone and shoulder will batiabte
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of plastic and will be formed in a single mold by the manufacturer. Shear pins will be
used to secure the nosecone shoulder to the midsection body tube for launch.

3.3.4 Midsection Design
The rocket midsection, which is identified figure3-2, will contain the payload bay,
avionics bay, and part of each parachute compartment. The assembled midsection will be
48.0 in. long with a constant body diameter of 7.5 in. to match the base diameter of the
nosecone described in SectidrB.3 During fabrication and assembly, the midsection will
be split into two lengths to allow for easier access to components in each section. The
upper midsection will contain thmain parachute compartment and will be 18.0 in. long.
The lower midsection will contain the payload bay, avionics bay, and drogue parachute
compartment, and will be 30.0 in. long. To fasten the two sections together, half of the
payload centering ring Wwibe epoxied to the lower midsection as a permanent fixture,
and the upper midsection will be secured to the remaining exposed half of the payload
centering ring by six wood screws. This design is described in more detail in Section
3.3.4.2 Figure3-7, below, shows an exploded view of the midsection body tube with
labels for tle upper and lower midsection lengths.

Upper
Midsegtion

Lower
Midsection

Screws

Figure3-7: Exploded View of Midsection Body Tube Sections
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3.34.1

Figure 3-8, below, shows the assembled midsection with labels for each internal
component and subassembly.

Payload
Main Shock  Centering  Deployable Payload Avionics  Shock
Parachute Cord Ring Rover Payload Bulkhead Bulkhead Cord

J | | | | |

A

Main Parachute Compartment Payload Bay Avionics Drogue
Bay Parachute
Compartment

Figure3-8: Assembled Midsection with Component and Subassembly Labels

Note that the 19.25 in. long coupler to be installed in the drogue parachute compartment
is not shown irFigure3-8, above. The coupler length will encompass the entirogue
parachute bay, and will be epoxied to the fin can leaving a 6.0 in. shoulder for attachment
to the midsection. The forward end of the coupler will sit flush against the aft face of the
avionics bulkhead which will be installed exactly 6.0 in. fleenbase of the midsection.
This will allow the coupler to act as a straight edge for both the fin can and midsection to
ensure that the internal components are all installed at the correct orientation during
fabrication and assembly.

The main parachute M be housed in the forward parachute compartment, and the
drogue parachute will be housed in the aft parachute compartment. The recovery system
for the fullscale launch vehicle is described in Sedfiohhe avionics bay will contain the
electronics sled with attached altimeters and batteries, which is discussed in Séetion

Payload Bay Design

Since the payload is expected to account for a significant portion of the total rocket
weight, it was determined that placing the payload bay as far forward in the
midsection as possible would be most ideal. This would cause tpeslt®n to shift
forward in the rocket and would reduce the amount of nose ballast necessary to
maintain a stability margin greater than 2.0. The team conducted a study to
determine the maximum allowable payloaeight by increasing the payload weight

in steps of 0.5 Ib and comparing the flight simulation resdl&ble3-2, below, shows

the OpenRocket flight simulation results for various realistiggeed weights using

an AeroTech L2200G motor and launching 5° from vertical on an 8 ft launch rail with
no windspeed.
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3.34.2

Table3-2: OpenRocket Flight Simulation Results for Varying Payload Weight

Payload Weight  Rocket Weight Nose Ballast Apogee
([9)) ([9)) (Ib) (ft AGL)
6.0 46.1 3.00 5,562
6.5 46.5 2.88 5,526
7.0 46.9 2.75 5,489
7.5 47.3 2.69 5,446
8.0 47.7 2.56 5,408

The resultsin Table 3-2 confirm that the amount of nose ballast necessary to
maintain a stability margin of at least 2.0 will decrease as the payload weight
increases. Since the OpenRocket model does not includevgight of body paint,
epoxy, and fasteners, the team decided that a simulated apogee of approximately
5,500 ft AGL was reasonable for this stage in the design. The rocket modaliu@h

Ib payload weight reached 839 ft AGLusing the simulation settirgg which is why

it was designated as the maximum allowable weight. As discussgdction7.4.1,

the current payload model has a predicted weight less than 7.0 Ib, but the team
expects this value to increase as more components are added to the design. The
OpenRocket and SolidWorks moslelill be updated continuously throughout the
project to ensure greater accuracy in the flight simulation results.

Payload Centering Ring Design

Since the payload will remain fixed within the midsection for the entire flight, it was
necessary to add a buikad to either end of the payload bay shownFigure3-8.

The forward end of the payload will be fixed to the rocket body by a 1.5 in. thick
centering ring that alsacts as the point of separation between the upper and lower
midsection body tubes identified Rigure3-7.

Since the centering ring will have to hold the payloaglate while also acting as an
attachment point for the upper midsection and access hatch, it was necessary to
design the ring to be thick enough to secure these components and still maintain
structural strength to survive launch and recovery. The payl@adecing ring will
consist of six rings of 0.25 in. aircrgfiade birch plywood sandwiched together
using epoxy for a total thickness of 1.5 in. The outer diameter will match the inner
diameter of the body tube, approximately 7.3 in., and the inner dianeiill be 5.0

in. to allow clearance for the rover to deploy after landing. After using digital calipers
to accuratelymeasure and confirm the body tube dimensions, the plywood rings will
be cut out using a laser cutteWest System& partepoxy will beused to combine

the rings, which will then be allowed to cufer at least 24 hours under a vacuum
seal.

The forward face of the payload centering ring will act as the lower end of the main
parachute bay. A pair of PVC blasips will be installed on thiace usingWest
System< partepoxy at the base. Since the difference between the inner and outer
diameters of the ring will be approximateB.5 in., only blast caps with base
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diameters of 0.75 in. or less will be used to store the main parachute biagigy

charges. A wire terminal with two ports will be fixed adjacent to each of the blast

caps to act as the connection point for theratch wire being fed into the respective

blastcap. Th@ f I a4 OF LI F YR GSNNAYLFf LI ARNEG {&eA f €

for secondary. Amallhole will be drilled at a point between the two blast cap and

terminal pairs to allow altimetewires to be fed around the payload bay and into the

main parachute compartment. These wires will be caloded and labelled primgr

and secondary to ensure proper connection to their respective wire terminal. When
FaaSYyofAy3da GKS NRO1SG FT2N) GKS I dzyOKZ (i Kj
to ensure that no ejection gases can escape into the payload bay.

Since the payload ceégring ring will be supporting the payload bay, upper
midsection, and access hatch, the team determined that it would not be suitable to
also add an attachment point for the main parachute to the forward face. Instead,
the main parachute shock cord will et through a small, rectangular cutout on the
outer edge of the payload ring which will be open and accessible by the removable
access hatch described in Sect®i.4.6 The cutout will be 0.75 in. wide and 0.25

in. deep which will allow ample room for the 0.50 in. shock cord described in Section
4.3.2 When closing theaess hatch, the shock cord will be held taut in the cutout
YR GKSy &aSIfSR gAGK LX dzYyoSNDa Lizide G2
into the payload bayfigure3-9, below, shows the payload centering ring with blast
caps and terminals, as it would be installed in the rocket body tube.

Centering
Rin\g

Terminals

Figure3-9: Payload Centering Ring Assembly
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As shown inFigure3-9, above, the rover bay will be sealed off during flight by a
removable plug. The PDR design called for a hinged door at the rover bay entrance,
but it was atermined through simulation that the door would be unable to open
past 30° from vertical before making contact with the inner diameter of the payload
centering ring. The plug will consist of two circular sheets of 0.25 in. algnade
birch plywood sadwiched together using epoxy for a total thickness of 0.5 in. After
creating the plug body, a weatheesistant rubber seal will be glued to the outer
edges to ensure an airtight seal. The outer diameter of the plug body with seal will
be equal to the inne diameter ofthe payload centering ring. After using digital
calipers to accurately measure and confirm the body tube dimensions, the plywood
rings will be cut out using a laser cutt®vest System& partepoxy will be used to
combine the rings, which Withen be allowed to cure foat least 24 hours under a
vacuum sealFigure3-10, below, shows the SolidWorks model of the plug with a
rubber seal along the outer edg

Figure3-10: Rover Bay Plug

During assembly, the plug will be placed over the rover bay opening to the main
parachute compartment and pushed into the hole until it is flush against the upper
payload bearing. When the main parachute black powder charges fire, the gas
expansion will psh against the upper face of the plug to make it even tighter against
the payload bearing. The plug will protect the rover from any negative effects due
to the rapid gas expansion in the main parachute compartment during each black
powder charge explosioidditionally, the plug will act as the divide between the
payload bay and main parachute compartment to ensure that no gases are able to
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3.34.3

escape into the payload bay volume which may cause the charges to be ineffective
in separating the nosecone and deplay the main parachute.

A Ubolt will be installed through the center of the plug body to allow its removal
following nosecone separation. A small loop will be made in the main parachute
shock cord approximately 5.0 ft from the end of the main parachutstadck cord.

A metal, approved carabiner will be used to connect the shock cord loop to the plug
U-bolt. As the shock cord is pulled out of the compartment, it will also pull the plug
out of the payload centering ring to open the rover bay. The plugs&ded to be
lightweight to reduce any complications with the shock cord, and will remain
tethered to the shock cord during descent.

The team intends to build a model plug prior to fsdiale fabrication to practice its
installation and removal to ensurdat the design is practical. The team also intends
to build a model of the midsection with a mock parachute compartment and mock
payload bay. A centering ring will be placed between the sections and each
compartment will be closed using removable bulkheatseach end. An active
altimeter will be placed in the rover bay and sealed using a plug identical to the one
described above. A black powder charge will be ignited in the mock parachute
compartment to simulate a recovery event. Following each test, theefrequired

to remove the plug will be measured using a handheld fish scale, and the altimeter
data will be analyzed to determine if any pressure changes were present during each
black powder detonation. The team will use these results to finalize tlsggdeof

the plug before fabricating the fuficale launch vehicle.

Payload Bulkhead Design

The payload bulkheadill act as the aft attachment point for the payload tube, and
will separate the payload and avionics bays. The payload bulkhead will consist of
three circular sheets of 0.25 in. aircraftade birch plywood sandwiched together
using epoxy for a total thickness of 0.75 in. After using digital calipers to accurately
measure and confirm the body tube dimensions, the plywood sheets will be cut out
using a laser cuttetWest System@ partepoxywill be used to combine the sheets,
which will then be allowed to cure for at least 24 hours under a vacuum seal.

As described in Secticéh3.4.2 the payload bulkhead will act as an attachment point
for the main parachute shock cord to ensure that the nosecone and midsection
remain tethered during recovery. Alblt will be installed through the bulkhead on
the side ofthe tube that is accessible by the access hatch. Fheltshown inFigure
3-11, below, will be permanently fixed to the bulkhead during fabrication Loctite to
secue the fastening nuts on the opposite side of the bulkhead.
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Figure3-11: Payload Bulkhead

During rocket assembly, team members will be able to easily locate and attach the
shock cord to the payload bulkheddtbolt when the access hatch, described in
Section3.3.4.6 is removed. To further secure the hatch during flight, two screws will
be used to fix the hatch to thegyload bulkhead outer edge. This will ensure that
the hatch remains flush with the rocket body to minimize any negative effects on
surface drag during flight.

3344 Avionics Bay Design
The avionics bay will contain all the electronics necessary to operate tdosery

systems on board the fulicale launch vehicle which are describedettion4.4.

The team utilized the relatively large diameter of the rocket body to design an

I A2y A0&a LI O3S 6aaft SRev GKIG O2dA R FAG
the more conventional vertical installation. The avionics bay will be 6.25 in. long,
measured between the bulkhead faces on either end of the bay, which corresponds

to an internal volume of 143. 63nThe avionics sled design shown in Sedfignl
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