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Common Abbreviations Bomenclature

AGL = above ground level

APCP = ammonium perchlorate composite propellant

ARRD = advanced retention and release device

AV = avionics

BP = black powder

CDR = Critical Design Review

CG = center of gravity

CP = center of pressure

EIT = electronics and informatiotechnology

FAA = Federal Aviation Administration

FMEA = failure modes andeffects analysis

FN = foreign national

FRR = Flight Readiness Review

HEO = Human Exploration and Operations

HPR = High Power Rocketry

HPRC = HighPowered Rocketry Club

L3CC = Level 3 Certification Committee (NAR)

LCO = Launch Control Officer

LOPSIDE| = Lander for Observation of Planetary Surface Inclination, Details, and Environmer
Data

LRR = Launch Readiness Review

MAE = Mechanical & Aerospadengineering Department

MSDS = Material Safety Data Sheet

MSFC = Marshall Space Flight Center

NAR = National Association of Rocketry

NCSU = North Carolina State University

NFPA = National Fire Protection Association

PDF = PayloadDemonstration Flight

PDR = Preliminary Design Review

PLAR = PostLaunch Assessment Review

POS = Planetary Observation System

PPE = personal protective equipment

RFP = Request for Proposal

RSO = Range Safety Officer

SL = Student Launch

SLS = Space Launch System

SME = subject matter expert

SOW = statement of work

STEM = Science, Technology, Engineering, and Mathematics

TAP = Technical Advisory Panel (TRA)

TRA = Tripoli Rocketry Association

VDF = Vehicle Demonstration Flight
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1.

Summary of CDR Report

1.1 Team Summary
1.1.1 Team Name and Mailing Address

Name: HighPowered Rocketry Club at NC State, Tacho Lycos
Mailing Address: 911 Oval Drive, Raleigh, NC 27695
PrimaryContact: Evan Waldron, emwaldro@ncsu.edu, (9481396

1.1.2 Mentor Information

Name: Alan Whitmore Name: Jim Livingston
Email: acwhit@nc.rr.com Email: livingston@ec.rr.com
Phone: (9199295552 Phone:(910)}612-5858

TRA Certification: Level 3, 0594 TRA Certification: Level 3, 0220

1.1.3 Time Spent on CDR Milestone

1.2

The team spent a total df20hours working towards completion of tHeDR milestone.

Launch Vehicle Summary

1.2.1 Official Target Altitude

¢tKS GSIFYQa 27FTFAOA I et Sde bentBAHiLforjustifidatipnizR S A& nnTc

1.2.2 Final Motor Choice

¢CKS GSIFYQa FTAYIlLE Y2G§2N) asSt Sebr@ryistificationi KS ! SN

1.2.3 Launch Vehicle Size and Mass

The final design calls for a 106-2&hlong launch vehicle with diameter of 6 inches.
The fully loaded mass of the launch vehicle with the final motor onboard 4dll#6.See
section3.1.3for additional launch vehicle size discussion.

1.2.4 Recovery System

1.3

The recovery system design is a ddaployment system controlled byo independent
PerfectFlite Stratologger CF altimeters. Arirdéh drogue parachute will be deployed at
apogee, and a 12ihch main parachute will be deployed at 700 feet AGL. See section
3.4.1for discussion of the recovery system.

Payload Summary

The lan@r has been designated the Lander for Observation of Planetary Surface Inclination,
Details, and Environment Data, abbreviated to LOPSIDED. The imaging system contained
within LOPSIDED is designated the Planetary Observation System, abbreviated asiR@S. Dur
the descent of the launch vehicle, the LOPSHPES system will be removed from the
payload bay by the main parachute recovery harness. The LORB@EWill then detach

itself from the recovery harness by means of an Advanced Retention Release (B&Ri2).

The LOPSIDHEDS will descend under its own parachute. After landing, LOPSIDED will record
its angle relative to vertical, then disengage four solenoid latches, allowing gravity to rotate
two concentric rings such that LOPSIDED is oriented vérticaih respect to gravity.
LOPSIDED will then record its final orientation. The POS will then capture an image from each
of the four onboard cameras. The POS will then transmit these images oveisciow
G§StS@AaAz2y (2 | I LiagedlThe RAgbp dillhen e yseditd&eBmbindg | Y Q &
these separate images into a single 3BPyree panoramic image.
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2.

Changes Made

of these changes.

Table2-1

Since PDR

2.1 Changes Made to Launch Vehicle

Table2-1 below lists all changes made to the launch vehicle since PDR, along with firstifica

Changes to Launch Vehicle Since PDR

Description of Change \ Justification of Change

The main parachute
deployment altitude has
changed from 675 ft. to
700 ft.

Increasedaunch vehicle mass decreased maximum win
drift. The team prefers to deploy the main parachute as
early as possible to allow LOPSIDED as much time as
possible to vacate the payload bay before releasing itse
from the main parachute recovery harness.

The main parachute
deployment system has
changed to incorporate
use of a piston ejection
system.

The payload bay is located adjacent to the main parachi
bay. Sensitive electronics onboard the LOPSIPEB must
be shielded from hot ejection gasses whiemaining
accessible from outside the airframe to facilitate arming
avionics. Using a piston to contain the ejection gasses ¢
separate the body sections is an effective means of
shielding the LOPSIDEDS.

The nose cone bulkhead
is now %inch thick, and
the engine block and aft
centering ring are now
each %inch thick.

The team determined that thinner bulkheads can
sufficiently handle expected loading while reducing weig
and material costs.

these changes.

Table2-2

2.2 Changes Made to Payload

Table2-2 below lists alichanges made to the payload since PDR, along with justification of

Changes to Payload Since PDR

Description of Change

The payload parachute will be full
deployed at 500 ft. instead of bein
constrained by a Jolly Logic
ChuteRelease until 200 ft.

Justification of Change

Action item from PDR. Descent velocity
under a furled payload parachute was
deemed excessive.

electronics.

A single Raspberry Pi is now the
sole controller fol, OPSIDEPOS

Use of a single controller is simpler to
implement than communication between
two controllers.
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2.3 Changes Made to Project Plan
Table2-3 below lists all changes made to the project plan since CDR, alongustification
of these changes.

Table2-3

Description of Change

TDR 1.41.4 added to tearrderived
requirements.

Changes to Project Plan Since PDR

Justification of Change

The team deemed it necessaryitopose
general tearaderived requirements
regarding lab and launch day safety.

TDR 2.1 updated to require a fact
of safety of 2, increased from the
previous requirement of a factor o
safety of 1.5.

The team determined that a higher factor o
safety was desirable and attainable without
the addition of excess weight.

TDR 2.4 added to teawherived
requirements.

The team determined that it was necessary
to further limit the velocity of the launch
vehicle below the NASA requirement of
subsonic flijht to reduce the risk of fin
flutter.

¢5w nom OKThegPDSR
SHALL consist of multiple camera
moduleg T P@S SHALL
capture two separate 36degree
images, offset by 90 degreés.

This updated verbiage better reflects the
intent of theteam-derived requirement to
make the POS imaging system redundant.

TDR 4.141.16 added to team
derived requirements.

The team deemed it necessary to impose
specific design requirements on the image
transmission system, payload electronics,
andpayload parachute.
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3.

Vehicle Criteria

3.1 Design and Verification of Launch Vehicle

3.1.1

3.1.2

Launch Vehicle Mission Statement

The mission of this launch vehicle is to reach the target apogee and return safely to the
ground in a reusable condition. Additionally, the launch vehicle will support the payload
mission by safely ejecting the payload at mpamachutedeployment.

Launch VehicleuScess Criteria

Mission success is defined by compliance with NASA SL requirem€&alde6-16 as well

as the tearnderived requirements imable6-17. Levels of success are defined in more
detail inTable3-1 below.

Table3-1 Launch Vehicle Mission Success Criteria

Level of Success  Definton

Complete Success - Launch vehicle recoverable

- Nominal launch vehicle takeoff and descent

- Lander is undamaged during deployment and after landir
- Launchoperations can be repeated the same day

- Achieved apogee is between 3000 and 6000 feet

Partial Success - Launch vehicle repairable

- Successful launch vehicle takeoff and descent

- Lander repairable following landing

- Achieved apogee is between 3000 and 6000 feet

Partial Failure - Launch vehicle repairable

- Successful launch vehicle takeoff and unsuccessful desc|
- Lander repairable following landing

- Achieved apogee is below 3000 feet or above 6000 feet

Complete Failure - Launch vehicle unrecoverable
- Landerunrecoverable
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3.1.3 Overall Design
When fully assembled, the launch vehicle will be 10@h2Beslong with a launch weight

of 45.4 Ibs and empty weight of 41.3 Ibs.

Nose Cone

Payload Bay

. v Main Parachute Bay
Piston

Fin Can

Figure3-1 Launch Vehicle Sections

33.00

i ‘ 2.00

14.00
20.75

12.00

| 400

Figure3-2 Launch Vehicle Dimensions

Black Powder:

4

Main Separation \Drogue Separation

Figure3-3 Launch Vehicle Points of Separation and Energetic Materials

3.1.4 Material Selection
G12 fiberglass has besplected as the material to use for both the airframe and the nose

cone of the launch vehicle. G12 fiberglass is a popular choice in rocketry due to its
durability and strength and it will easily resist the expected compressive loading along
with any unexpcted impact forces. Additionally, fiberglass is water resistant, which is an
important property when considering launch vehicle reusability.

The fins and bulkheads will be manufactured from layers of Gid@baircraft grade birch
plywood. This materias lightweight and strong, particularly as the thickness is increased.
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3.15

3.1.6

Two layers will be used per fin, so each will be 0.25 inches thick. Bulkheads will range in
thickness from 0.5 inches to 0.75 inches depending on the loading they experience.

U-bolts ard other hardware will be made of stainless steel. While this material is dense,
the hardware amounts for only a small portion of the overall launch vehicle and will only
slightly affect the weight. The use of a sturdy material like steel ensures that-tudt$)

and other important hardware will not fail, as their failure could compromise the flight.

Nose Cone
To ensure aerodynamic similarity between the full scale and the subscale launch vehicle,

the team decided to limit nose cone designs to those whiohlarbe commercially viable

for both designs. The team limited design to commercially viable nosecones as the added
cost and complexity of manufacturing a custom nose was undesirable. This constraint
limited nose cone designs to Ogive nose cones. A 4MeQgisecone was chosen as it
offered the most desired stability margin for the vehicle.

The nosecone, bulkhead, and payload electronics, excluding any ballast, are expected to
weigh 3.34 Ibs.

24.00 6.00

Figure3-4 Nose Cone Dimensions

Nose Cone Bulkhead

The nose cone bulkhead will be made to be removable ushrgdkets and bolts. It was
deemed necessary that the bulkhead be removable to utilize the space of its forward side.
This side of the bulkhead will be usedhiouse payload integration electronics as well as
ballast as needed to adjust stability.

Four Lbrackets will be evenly spaced around the circumference of the bulkhead, as
shown inFigure3-5. These brackets and the attached bolts will be made of staistess

To ensure these attachments points reach the desired factor of safety, testing will be done
as described i®ection6.1.1.1

The nose cone bulkhead, including hardware, will weigh 0.75 Ibs.
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Figure3-5 Nose Cone Bulkhead

3.1.7 Payload Bay
The 30inch payload bay will be located between the nosecone and main parachute bay.

A 12inch coupler will be epoxied into the aft end of the body section with 6 inches

exposed to connect tohie main parachute bay. This connection will be secured #4th

40 nylonshear pins. The nosecone will be secured to the payload bay with a bolted
connection. Additional shear pin holes will be added to the payload bay to hold the
payload in place during flight whilélsallowing it to deploy with the main parachute.

Excluding the lander, the payload bay and coupler are expected to weigh 4.51 Ibs.

30.00 6.00 _

12.00

Figure3-6 Payload Bay Dimensions

3.1.8 Main Parachute Bay
The main parachute bay will be located between the payload bay and the AV bay. The
forward end of the main parachute bay will be secured to the payload bay coupler with
shear pins. The aft end of the main parachute bay will be secured to the forward end of
the AV coupler with a bolted connection. The body portion of the main parachute bay will
be 17 inches long. Theain parachutdhas a packed volume of 5 inches D x 7 inches L. As
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the main parachute bay holds most of the shock cord n@kip the main recovery
harness, the recovery harness and parachutes can be estimated as taking up 10 inches of
the main parachute bay. The remainder of the length is left open to allow a sufficient
volume for the black powder ejection charge to expand irtaking this open volume

will allow for a smoother pressure curve over the course of the detonation event,
reducing wear and stress on the airframe.

As the payload bay is situated adjacent to the main parachute bay, it is critical to prevent
exposure of ensitive payload electronics to the hot ejection gasses originating from the
forward AV bulkhead. This payload protection problem is compounded by the need to
access payload electronics from outside the launch vehicle while the launch vehicle is
assembledn the launch pad. To correct this, a piston is situated in the main parachute
bay and is tied into the main parachute recovery harness. The piston is composed of a
section of G12 fiberglass of the same diameter as the coupler sections and measuring 4
incheslong. The coupler tube section is capped by aifchthick bulkhead made from
layered 0.12&nch aircraft grade birch plywood bonded to the piston coupler using West
Systems marine epoxy. A slot is cut in the bulkhead to allow passage of the main
parachute recovery harness through the piston cap securing the piston to the recovery
harness. During section separation, the ejection gasses will be contained behind the
piston and the force will be transferred to the coupler, breaking the shear pins.

Exduding the main parachute, the main parachute bay and piston are expected to weigh
2.54 |bs.

17.00

0.50

6.00 1L 400

Figure3-7 Main Parachute Bay Dimensions

3.1.9 AV Bay
The AV bay will be located between the main parachute bay andafin It will be a
modular design, able to fully separate from the rest of the launch vehicle, allowing for a
simple construction process and an easily accessible AV sled. This also allows for easy
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loading of black powder and allows the AV bay to be wodtednd assembled separately
from the rest of the launch vehicle.

The AV bay consists of a-ibehlong coupler section with a-dch-thick band of body

tube centered on the outside. The forward end is connected to the main parachute bay
with a bolted conection and the aft end is secured to the fin can with shear pins. Each
AV bay bulkhead will have aliglt for use in main and drogue parachute deployment.
The bulkheads also each have two blast caps mounted on the outside to house the
primary and secondaryblack powder charges for main and drogue parachute
deployment. The AV sled is mounted inside the coupler on threaded rods that run
between the two bulkheads.

Excluding the AV sled and black powder charges, the AV bay is expected to weigh 4.43
Ibs.

__ .~ Threaded Rods

AV Bay Band

AV Bay Bulkhead

AV Bay

Figure3-8 AV Bay Exploded View

14.00

6.00 2.00’:

0.75 A

t=-=

|| oa7s

Figure3-9 AV Bay Dimensions
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3.1.10 Fin Can
The 33inchlong fin can assembly houses the motor tube and the fins. a&sembly
consists of an engine block, two centering rings, the motor tube, and fins. The engine
block and the aft centering ring will support most of the load from the motor while the
middle centering ring is used primarily for motor tube and fin alignme&ht fins will be
designed with a fin slot that fits between the two centering rings for additional support.
Half of the layers used in the engine block are centering ring layers so the engine block
can also assist with motor tube alignment. Additionadiy}bolt will be attached to the
engine block to be used for drogue parachute deployment. The drogue parachute is
housed in the additional space in front of the engine block. The motor will be retained by
a motor retainer installed on the aft end of theator tube using epoxy.

Excluding the motor, the fin can assembly and motor retainer are expected to weigh 6.63

Ibs.

Engine Block
7

Aft Centering Ring

Mid Centering Ring

Fin Can

Motor Tube

Figure3-10 Fin Can Exploded View

33.00

0.25

10.25

20.75

Figure3-11 Fin Can Dimensions
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3.1.11 Fin Configuration and Shape
The team has chosen a thrdi@ configuration which will be incorporated into the fin can.
This configuration was chosen as it offers less weight,desg as well as thpotential
to reduce the chance of weathercocking when compared to afionuconfiguration. The
fins are symmetrical about their center when divided by a line running perpendicular to
the longitudinal axis of the launch vehicle and are placed one inch the aft of the
launch vehicle. The fins feature both a leading edge and trailing edge sweep to reduce
drag and help prevent damage to the fins should the launch vehicle land fins first. The fins
are also designed with fin tabs which will be used to isitd the fin can; the end of the
fin tabs will attach to the motor tube inside the launch vehicle with an epoxy resin which
will secure them in place. The fins will be 0.25 inches thick and will be constructed of two
0.125inch plywood cutouts which willdbattached to one another using an epoxy resin.

3.50 = 3.50 "
8
~0
&
T ;
05 |_| 9.50 4
10.50

Figure3-12 Fin Dimensions

3.1.12 Finite Element Analysis
FEA is a valuable resource for determining the amount of stress a part experiences under
loading. To assistith bulkhead design, each lodmbaring bulkhead was put through a
structural simulation in ANSYS Workbench to find the factor of safety of the part under
the expected loading.

The parts were created in Solidworks and saved as .STEP files before ighhemtminto
ANSYS. All bulkhead hardware such d®lt$, nuts, and threaded rods were assignhed
stainless steel as their material. Stainless steel has a yield strength of about 30000 psi,
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which is far higher than the stress experienced in these simulgtemshe focus will be

on the plywood portions of the bulkheads. ANSYS does not come with plywood as a
default material, so a custom material had to be maBHgure3-13 shows the material
properties used to approximate plywood. While these properties agldalvior may not

be entirely correct, they will work fine for these simulations.

Properties of Outline Row 4: Plywood v o x
A B = D |E

1 Property Value Unit -@- [F.]
2 T8 Material Field variables == Table
3 ¥ Density 500 kg m*-3 OO
4 = '1_@ Isotropic Secant Coeffident of Thermal Expansion 0
5 nEI Coefficient of Thermal Expansion 3.39E-06 | LI [
5 |E T8 Isotropic Elasticty Bl
7 Derive from Young's Mod... LI
8 Young's Modulus 1.125E+06 psi LI [l
[} Poisson's Ratio 0.3 [
10 Bulk Modulus 6.4633E+09 Pa [l
11 Shear Modulus 2,9833E+09 Pa [F]
17 ¥ Tensile Ultimate Strength 4500 psi FHO|E
13 ¥ Compressive Ulimate Strength 5250 psi =E|E

Figure3-13 Plywood Properties Used in ANSYS

To ensure the solution was as accurate as possible, the mesh on each part wlesdche

for element quality and skewness. These metrics are used to assess the overall quality of
the mesh and help lead to a better solution. Using advice from learning forums and online
FEA courses, it was found that values greater than 0.3 are consideoeldfgy element
guality and values between-@.5 are considered good for skewness. The mesh on each
part was refined until these conditions were met.

Multiple thicknesses were tested for each bulkhead to compare the resulting factor of
safety under the exgcted loading. It was found that if all bulkheads were made to be 0.5
inches thick, they would all have a factor of safety greater than 2 which meet2. 2DR
However, the factor of safety for the GibBchthick AV Bay and Nose Cone bulkheads is
only slighly greater than 2. If this simulation were perfect, these values would be
acceptable, but since approximations had to be made it is hard to know whether the
actual factor of safety will be higher or lower than these expected values. To account for
this, the thicknesses of these parts were increased to 0.75 inches to ensure both their
expected and actual factor of safety will be sufficiently high. The other bulkheads located
in the fin can have sufficiently high factors of safety at their currerdiich thickness.
These bulkhead designs are discussed in more detail in the sections below.

3.1.12.1 Nose Cone Bulkhead FEA
Based on estimated deployment forces, it is expected that 172 Ibf will be applied to
the nose cone bulkhead. This loading was applied touthyger faces of the olt.
The bulkhead was constrained using fixed supports on the inside of-ihecket
holes to simulate the bolts holding the brackets in place. Frictionless supports were
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added to the circumference of the bulkhead to simulate thekhehd inside the nose
cone. It is expected that stress concentrations will be located around theltU
holes and the two closestlirackets, so the mesh was refined in these locations.

The maximum and minimum principal stresses shown in the legends teati@ly
correct. Stress singularities were created in areas of highest stress, particularly
where the washers contact the plywood. These singularities would continue to
increase in value as the mesh was refined instead of levelling off. To account for
these singularities, the probe tool was used to find the approximate max and min
values excluding the singularities. Respectively, they are 1400 psgil200 psi for

only the plywood portion of the bulkhead. This results in a factor of safety of about
3.21 Since this simulation only addresses the stress in the plywood and some of the
mounting hardware, shear testing will need to be done on the selected bolts.

ANSYS

2020 R2
ACADEMIC

-3105.1 Min

3,000 (in)
]

—
0.750 2.250
Figure3-14 Maximum Principal Stress in Nose €Bulkhead

ANSYS

2020 R2
ACADEMIC

- -628.18

=959 71
-1291.2 Min /L‘
0.000 1.500 3.000 (in) Z X
I 1

T
0.750 2.250

Figure3-15 Maximum Principal Stress in Nose Cone Bulkhead Plywood
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3.1.12.2 AV Bay Bulkhead FEA
Based on estimated deployment forces, it is expected that 172 Ibf will be applied to
the forward AV bulkheadnd 200 Ibf will be applied to the aft AV bulkhead. Both
bulkheads will be identical, so the simulation was done with the higher loading. This
loading was applietb the upper faces of the Wolt. The bulkhead was constrained
using fixed supports on the ends thie threaded rods to simulate the rods being
held in place by the opposite bulkhead. Frictionless supports were added to the
circumference of the bulkhead to simulate the bulkhead inside the body tube and
coupler sections. It is expected that stress corcaions will be located around the
U-bolt and threaded rod holes, so the mesh was refined in these locations.

The AV bulkhead experienced the same issue with stress singularities, so the probe
tool was used again to find approximate max and min streagegalRespectively,

they are 1350 psi angiL25 psi. This results in a factor of safety of about 3.33, which

is sufficiently high enough to conclude that this bulkhead design will work well.

ANSYS

2020 R2
ACADEMIC

-818.19 Min

Figure3-16 Maximum Principal Stress in AV Bulkhead

ANSYS

2020 R2
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3.1.12.3

Figure3-17 Maximum Principal Stress in AV Bulkhead Plywood, Top Face

ANSYS

2020 R2
ACADEMIC
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— — ]
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Figure3-18 = Maximum Principal Stress in BMlkhead Plywood, Bottom Face

Engine Block FEA
Based on estimated deployment forces, it is expected that 200 Ibf will be applied to

the engine block. This loading was appltedthe upper faces of the Wolt. The
bulkhead was constrained using fixed supports lo@ duter circumference of the
bulkhead and the inner circumference of the centering ring layers to simulate the
epoxy bond to the body tube and the motor tube. It is expected that stress
concentrations will be located around thelislt holes, so the mesh ag refined in
these locations.

Under this loading, the plywood in the engine block has a factor of safety of about
4.49, which is higher than required, but the thickness will make the bulkhead easier
to work with and will make it easier to align the motobe.

ANSYS

2020 R2

ACADEMIC

-639.34 Min /k
0.000 1.500 3.000 (in) z X
)

0.750 2.250

Figure3-19 Maximum Principal Stress in Engine Block
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3.1.124

Time: 1
12/30/2020 5:42 PM

1002.8 Max
878.56
75431
630.06
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381.57
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-115.43 Min
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Figure3-20 Maximum Principal Stress in Engine Block Plywood, Top Face
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Figure3-21 Maximum Principal Stress in Engine Block Plywood, Bottom Face

Fin Can FEA
A simulation was run on the fin can to determine how well the assembly withstood

the thrust from the motor. The average thrust 8766 N or 397 Ibf was applied to
the aft end of the motor tube to simulate the force from the motor and motor
retainer. The outer edges of all the bulkheads were treated as fixed supports to
simulate the epoxy bond. The connection between the bulkheadsnaotor tube is

of most interest, so the mesh was refined there.

Under this loading the aft centering ring experiences the most stress compared to
the engine block and mid centering ring. The aft centering ring has a factor of safety
of about 10.5 under té motor thrust.
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Figure3-22 Maximum Principal Stress in Fin Can
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Figure3-23 Maximum Principal Stress in Aft Centering Ring

3.2 Construction Methods
3.2.1 Bulkhead Fabrication
Each bulkhead in the launch vehicle is made from layers of @tBmircraft grade birch
plywood epoxied together. These layers are drafted in Solidworks, each with twe 0.25
inch holes. These holes will later be used for alignmeminduassembly. Once the CAD
file is ready, the layers are manufactured using a laser cutter.

Once the layers are cut, each one is sanded on both sides to prepare for epoxy. The
bottom layer is placed down on a vinyl sheet with dowel rods cut to match batkh
thickness being placed in the 0:#%h holes. Twepart epoxy is spread on the top face of

the first layer and the bottom face of the second layer. The second layer is stacked on the
first using the rods for alignment. This process is repeated umtibtiikhead is complete.

Each bulkhead is wrapped in pg#y, then breather material and a second layer of vinyl
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3.2.2

3.2.3

3.24

3.25

The setup is then left to cure for 24 hours.

To add he bulkheads to the body tube, a layer of epoxy is added to the edge of the
bulkhead which is then slid into the body in the required location. After this bond has
cured for 24 hours, silica filler is mixed with tart epoxy and used to add fillets where
the bulkhead meets the body tube. This fillet is then left to cure for another 24 hours.

Cutting Body Tubes

The team was able to get help from university machine shop personnel in cutting body
tubes with a drop bandsaw for the subscale rocket and plardotthe same with full

scale body tubes. However, the machine shop has recently had a change in staffing, and
it is uncertain whether the team will have access at the start of the new semester. As a
possible alternative, the merchattte teamplansto purchaseairframetubing from offers

to cut tubes to length for extra cost. While this would be the more expensive option, it
would allowthe teamto begin manufacturing the launch vehicle as soorpads are
received.

Adhering Couplers to Body Tubes

For each coupler, the gnt of the contact areas on both the coupler and the inside of
the body tube sections is first measured and marked. These areas are then sanded to
promote a better surface bond. Twuart epoxy is then be prepared and applied to both

the coupler and the bdy tube within the contact areas. The coupler is then carefully
inserted into the body tube up to the marked length. The completed coupler section is
then set aside to cure for 24 hours before it is handled again.

Fin Can Assembly

To begin, the forward fican bulkheadalso known as the engine bloék,inserted and
epoxied into place. Fillets are added between the bulkhead and body tube for extra
strength. While this setup cures, the middle centering ring can be epoxied onto the motor
tube in the correct location and fillets applied wieethe centering ring contacts the
motor tube. Once all epoxy has cured, more epoxy is added to the forward fin can
bulkhead where the motor tube is to be fitted and to the outer edge of the mid centering
ring. The motor tube with centering ring can thenihserted in the aft end of the fin can.

Once the motor tube is in and the epoxy has cured, the fins can be inserted through their
slots. The fins are typically laseut beforehand using the same method as the bulkhead
layers. Epoxy is added to tmeotor tube and the middle centering ring where the fins
contact. Before the aft centering ring is placed, more fillets are added where the fins
touch the motor tube and on the inside and outside of the body tube around the fin slots.
Theaft centering rings then epoxied into place and fillets added where it contacts the
body tube. As a last step, the motor retainer is epoxied to the end of the motor tube.

Bolted Connections

The launch vehicle requires bolted connections in the nose cone to allow for a removable
bulkhead and between the Main Parachute Bay and AV Bay. However, because the nuts
would be difficult to reach inside the tubing, it is necessary to secure the nuts in place so
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bolts can be screwed in from outside the launch vehicle without needed accdbs t
inside.

To start, holes are drilled through both the body tube and coupler sections to ensure they
remain aligned. Then, using epoxy, nuts can be bonded to the inside coupler surface
centered over each hole. In the case of the removable bulkheadnths would be
bonded to the tbrackets. Once the epoxy has cured, bolts can be threaded intoutse

to hold the bulkhead in place and the body and coupler sections together.

3.2.6 Ballast Installation
{K2dZ R GKS f I dzy OK @S KA OdjuSt€athe deénh hasitlie bptién Y I NH A
of adding ballast to the nosecone bulkhead. Ballast would consist of lead blocks or lead
pellets epoxied into a custom 3inted casing. The ballast could then be secured to the
bulkhead using twepart epoxy.

3.2.7 Safety Standas
During construction, team members will follow the safety procedures put forth by the
GSFryQa al¥Sde 2FFAOSNE Ay Of dzRAY3Y

a) Training for the safe operation of power tools and machining equipment before use.

b) Proper usage of PPE while operating poveamis and machining equipment. This
includes safety glasses and disposable respirators.

c¢) Proper usage of PPE while handling epoxy. This includes safety glasses and disposable
nitrile gloves.

d) Proper usage and storage of ep@atyd other commonly usetazardous materials
These standards are discussed in more detail in Sestion

3.3 Subscale Flight Performance
The team designed and built a subscale launch vehicle, n&@hmtéien Tendyo validate the
design of the full scale launch vehicle. The launch was conducted on November 21, 2020 at
the tean@ launch field in Bayboro, N@der the supervision of the TRA mentors listed in
Section1.1.2 The tenperature was approximately 60 degrees Fahrenhskies were
completely clear, and wind waslm, emaning under 5 mphChicken Tendgarried a dual
deploy recovery system consisting of anid8h drogue parachute deployed at apogee, and
a 6Ginch main parachute deployed at 500AGL.Recovery was controlled byedundant
Stratologger € altimeters.

3.3.1 Flight Predictions
Simulations for the subscale flight were based dftlaunch rail agle, a 12foot launch
rail, and wind conditions ranging froéto 6 mph due to gusts of up to 6 mph being
recorded on the ground on launch dayheexpected apogee was 2700 feet, with the full
predicted flight shown irred inthe figure below.The subscale launch vehicle had a
simulated static stability margin of 2.25.
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Fgure3-24  Subscale Launch Vehicle Flight Profile

3.3.2 Flight Dataand Results

The recorded stability margin on launch day was 1.7 and the recorded apogee on launch
day was 1657 feet, only 61% of the predicted apogeés @iramatic reduction in both
expected launch height and stability is primarily attributed to an underestimation of the
weight of components of the subscale launch vehicle. A table below shows the expected
and recorded weight of each section. Every sechiesides the payload bay had a lower
expected weight than the actual recorded weight. This increase in weight reduced the
apogee of the launch vehicle; seeing as how the payload bay did not experience an
increase in weight it also moved the center of giatoward the aft of the launch vehicle.

Table3-2

Subscale Comparison of Expected and Actual Section Weights

Expected Weight (Ibs)‘ ActualWeight (Ibs)

Nose Cone 0.37 0.64

Payload Bay 2.6 1.6
Main Parachute Bay 0.90 2.19
Avionics Bay 1.21 1.63
Fin Can 2.82 3.875
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Despite these issues, thight was a success. The vehicle was successfully launched and
recovered in a reusable conditioRgure 3-25 and Hgure 3-26 below show the subscale
launch vehicle during laun@nd descending unddyoth deployedparachutes.

Fgure3-25  Subscale Launch VehiCleparting Launch Rail

AL

Fgure3-26 Subscale Launch Vehi€lescendingnder Main and Drogue Parachutes
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3.3.3

3.34

Length (in) 70.17 %

Scaling Factors

The team chose a scaling factor of 2/3 or 66%. This decision was primarily driven by the
availability of 4inch diameter blue tube, something the team has historically used for
subscale construction. Using a true 2/3 scaling factor for each part of sabscal
construction proved to be unrealistic due to many measurements becoming irrational
numbers, so while a 66% scaling factor was the goal, there was a tolerance of +5%. A table
of measurements along with their respective scaling factors is presented bi¢kauld

be noted that thedesign of the fulscale payload has been changed since the design of
the subscale launch vehicle and the measurements in the table below are not
representative of those changes.

Table3-3 Subscale Scaling Factors

FulkScale Subscale Scaling Factor

CG (in) 64 46 71.88 %

CP (in) 77 55.35 71.88 %

d (in) 6.17 4.124 66.84 %

span (in) 17.37 11.59 66.72 %

Stability 2.11 2.25

Subscale Influence on F8Itale Design

The greatest takeaway from the subscale test was that the weight of both major and
minor components was not being taken into account thoroughly enough. After realizing
the error of the subscale simulations, the fatlale simulations were updated to include
every object that would be on the launch vehicle during launch. The team also began
weighing individual parts rather than relying on estimations from RockSim. A better
accounting of weight, along with a 7% increastn size that occurred between proposal

and PDR, should solve both the stability and performance issues experienced during the
subscale launch.

3.4 Recovery Subsystem

34.1

Final Recovery Subsystem Design

The recovery and avionics subsystem comprises all aspétiie launch vehicle involved

in ensuring a safe and controlled descent from apogee to touchdown. Launch Vehicle
recovery system events will be controlled by two PerfectFlite StratoLogger CF altimeters.
Each altimeter system has separate batteries, wcaeming switches, and black powder
charges constituting two independent and redundant systems. Both altimeters and the
launch vehicle tracking system will be mounted on the avionics sled, which will be made
from lasercut 1/8 inch aircraft grade birch plyood. The AV sled is housed in the modular
AV bay assembly, which in addition to the AV sled contains the black powder ejection
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charges in blast caps on the bulkhead. The design of this assembly is discussed in detail in
Section3.1.9 Two further PerfectRe StratoLogger CF altimeters will be used in the
LOPSIDEBROS recovery. One will be mounted to the nosecone bulkhead and provides a
signal to release the payload electronic latch that secures the payload during ascent. The
other is mounted to the LOPSIDEIBctronics board and serves to activate the ARRD at
500 ft to release the LOPSIDEDS from the main parachute recovery harness. All four
altimeter systems will be armed once the launch vehicle is in the vertical position on the
launch rail before igniteinsertion and flight. The arming process consists of engaging
independent rotary screw switches through access ports in the airframe large enough to
fit a screwdriver. At apogee, the primary altimeter will send current to the drogue primary
e-match and @tonate the drogue primary black powder charge separating the
midsection and the fin can. One second after apogee the secondary altimeter will fire the
larger drogue secondary black powder charge to ensure separation in the event of a
failure of the primay altimeter system. The delay of the secondary charge guards against
over-pressurization of the launch vehicle. The fin can and forward section will separate
YR RSAO0OSYyR (G2 tnn ¥ dzyRSNJ I CNYzA & / Kdzi S
body secions will be tethered to the parachute by a 40 ft length of 5/8 inch tubular Kevlar
shock cord. Loops on the ends of the shock cords will be connecteddidJon the aft

AV bulkhead and the engine block by ¥ inch thick quick links. Once the desceuadafyg |
vehicle reaches an altitude of 700 ft, the primary altimeter will fire the main primary e
match detonating the main primary black powder charge, separating the main parachute
bay from the payload bay. A piston ejection system attached to the shodkat@ fixed
distance will be used to protect the LOPSIEBEDS and parachute during ejection. At 650

ft, the secondary altimeter will fire the main secondary ejection charges. The main
parachute and corresponding recovery harness are connected to theafdriV
bulkhead and removable nosecone bulkhead using a 40 ft length of 5/8 tubular Kevlar
shock cord, ¥4 inch quick links, anébdlts secured to launch vehicle bulkheads. This
removable nosecone bulkhead is forward of the LOPSPXES), and the main paradie
deployment will be used to remove the LOPSHPELS from the payload bay, breaking

the 3 440 nylon shear pins retaining the LOPSIDED during descent. The main parachute
gAftf 0S F CNHzAGE / KdziSa munég LNARA ps6l NI/ 2Yl
inch deployment bag. The LOPSIEBHEDS will be secured to the main parachute recovery
harness by the ARRRnd the payload parachute in a Fruity Chutes 4 inch Nomex
deployment bag will be attached to the main parachute recovery harness between the
main parachute and nosecone by a ¥4 inch quick link. At 500 ft the A&RR&er will fire

the ARRD retention/release system, allowing the LOPSHIED to fall and pull the
payload parachute free of the 4 inch deployment bag, which will be securéuehipp

loop on the deployment bag to the main parachute recovery harness. The selected
LI 8€ 21 R LI NI OKdziS éAff 0SS F CNMzZAGE [/ KdziSa c
premature deployment of the payload parachute during main parachute ejeetie two

Jolly Logic parachute retention devices. These are tied together to provide a redundant
release system for the payload parachute that will be programmed to unlatch at 600 ft
before the LOPSIDHEDS deploys. The payload parachute will be secuoedhé
LOPSIDEBPOS by a 15 foot length of 5/8 inch tubular Kevlar shock cord connected to two
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electronic latches using ¥4 inch quick links. The payload parachute will be secured to the
opposite end of this shock cord also using a % inch quick link.

3411 Avionics Sled

Figure3-27  Avionics Sled Rendering

Pictured above is the assembled avionics sled. The AV sled will be manufactured
from 1/8 inch thick aircraft grade birch plywood. Both halves of the AVigikthe
aligned together and then secured laterally by two threaded rods passed through
the holes seen in the figure above. Spacers on these threaded rods will prevent axial
movement of the AV sled. This allows for the internal volume of the AV sled to be
used for running wires in a manner that protects the wiring harness from snags and
other potential hazards during assembly. The tilted plates on the AV sled provide
mounting locations for screw switches used to arm the altimeters from outside the
launch ehicle. Screw switches will be mounted on standoffs and positioned to
ensure 90 degree radial alignment to each other for the altimeter screw switches.
The enclosed box houses the two 9V altimeter batteries. The battery box lid will be
secured using 44-40 machine screws passed through the AV sled and bolted in
place. The launch vehicle tracker and two StratoLogger CF altimeters will be secured
to the AV sled on % inch tall standoffs passed through laser cut mounting holes as
shown. Save for the bolted coeations discussed above; the AV sled will be
assembled by bonding all wooden segments together along the jigsaw using wood
glue. This method of construction has proved durable for the team in past projects
for constructing electronics sleds. All wiringtbie AV sled will be color coded as set
out in Table3-4 below. Fouspin connectors will be used to run the four signal wires
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to each bulkhead. Using one connector per bulkhead instead of two reduces the
potential for mixing of the primary and secondarynsibwires on launch day.

Table3-4 AV Sled Wiring Code

Power Red
Ground Black
Screw Switch Green
Main Primary Signal Blue
Main Secondary Signal Orange
Drogue Primary Signal Purple
Drogue Secondary Signal Yellow
Primary Avionics A Secondary Avionics
Primary Main -: Secondary
Ejection : Main Ejection
Charge | Charge
StratoLogger StratoLogger
9V Battery —————— > CF Primary =———— Screw Switch | | 9V Battery ————— > CF Secondary<€——— Screw Switch
Altimeter Altimeter
Primary E Secondary
Drogue ] Drogue
Ejection : Ejection
Charge ] Charge

Vg _ _ Y
( Launch Vehicle Tracking System )
; Egafinder TX Y 900 MHz Radio Egofinder RX Ground
N e i > Donge | _Siion
&l Transmitter Reciever Phone/Laptop|
A /

Figure3-28 AV Sled Electronics Block Diagram
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The block diagram above illustrates the components housed within the AV bay and
how all of them will interact. The dashed blue box contains all components of the
primary altimeter system. This system contains the competition altimeter which will
recordthed SI YQa 2FFAOALFE L123ISSs: a ¢Sttt | a
required recovery events. The altimeter has four pairs of terminal screws which are
connected to a 9V battery, a screw switch, andr@diches. One-fatch is inserted

into the drogte primary blast cap and triggered at apogee, while the otharach

is inserted into the main primary blast cap and triggered at 700 ft. A fresh, tested
battery is installed at each flight to ensure sufficient power is available for triggering
both charge and recording flight data while meeting the pad time requirements set
forth by requirement NAS2A.7.

The dashed green box contains the secondary altimeter system, which is quite like
the primary altimeter system save for increased black powder chargesesaand

later ejection charge timing. The drogue charge is set to be triggered one second
after apogee while the main charge is set to be triggered at 650 ft. Both the primary
and secondary altimeter systems are capable of safely recovering the lauricleveh

on their own. As there is no connection between the two altimeter systems, this
creates a system redundancy. Should any one component fail, the other system will
activate in its place to ensure a safe recovery of the launch vehicle and LOPSIDED
POS.

Housed on the opposite side of the AV sled is the Eggfinder TX transmitter, a 2S LiPo
battery, and a ¥4 wave stick antenna. Installed between these components and the
sled is a sheet of aluminum foil, which will shield the recovery electronics from radio
interference. This system is discussed in more detail in Sedti®4

3.4.1.1(a) LOPSIDEBPOS Recovery Electronics

34.1.2

Two PerfectFlite StratoLogger CF altimeters will be ukethg deployment of

the LOPSIDEROS. One StratoLogger CF will be mounted to the nosecone
bulkhead, ad the drogue signal will be used to release a latch mounted on the
payload bay side of the nosecone bulkhead. This latch holds the payload in place
during ascent and resists the acceleration of launch. At apogee this latch will
release, and the LOPSIDECS will be secured in the payload bay by4340
Nylon shear pins. Once the main parachute deployment has removed the
LOPSIDEBROS from the payload bay, the LOPSIBEB will be tethered to the
main recovery harness through the ARRD altimeter onboat the LOPSIDED
POS will be used to fire the ARRD from the main signal circuit. This will fully
release the LOPSIDIEI®DS from the launch vehicle and start the payload
parachute deployment.

Altimeters

All recovery events will be controlled using PerfectFiteatoLogger CF altimeters.
This altimeter was selected for its reliability, ease of wiring, programmability, and
precision. Previous flights using multiple StratoLogger CF altimeters have recorded
apogee altitudes within ten feet of each other. A quaytidf StratoLogger CF
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altimeters are already owned by the teaifhe StratoLogger CF is a éda@ployment
altimeter satisfying NASA 1. Using identical altimeters prevents mips between

the different protocols associated with using ialeters of dissimilar makes and
models. The wiring layout of the StratoLogger CF is the cleanest out of the
considered alternatives with clear labeling on the altimeter board and a dedicated
switch terminal. As such StratoLogger CF will be used for bgbovery altimeters,

the LOPSIDERPOS ARRBItimeter, and the latch altimeter. With four onboard
altimeters of the same manufacture, the beep pitch setting will be set to a different
pitch for each altimeter. By changing the pitch, it is easier ferltunch pad and
field recovery teams to distinguish between the different altimeters and accurately
complete the beep sheets.

34.13 Locating Trackers
Two independent tracking devices will be used for each untethered section of the
launch vehicle, these being é¢hlaunch vehicle and the LOPSIBEDS. The
LOPSIDEBROS will be tracked using a BigRedBee BRB900 tracker selected for its
small size and simple, 4tl-one setup. The BRB90O0 transmits GPS data on 900 MHz
to a dedicated handheld receiver. An Eggfinder GR&X system will be used to
track the launch vehicle. The Eggfinder RX receiver will be connected to an Android
phone over Bluetooth in order to display launch vehicle location data on a map
overlay for the field recovery team. The Eggfinder system \aitismit on 921 MHz
using the device ID #8 to minimize the chance of interference with other transmitters
at the launch site. Both transmitters meet the requirements NRS2R and NASA
2.22.80f possessing a range greater than 5000 ft and an output power uriler 2
mW. No licensure is required to operate these transmitters in the 900 MHz ISM
band.

34.14 Parachutes
¢KS fIdzyOK @SKAOES gAtf RSaAaOSYyR FTNRY | LR
Classic Elliptical drogue parachute. This parachute was selected for idelsiggnt
velocity and ownership by the team. Under drogue, the launch vehicle will have a
burnout mass of 1.285 slugs. This corresponds to a drogue descent velocity of 117.4
ft/s as calculated in Sectiad®5.7. Once the main parachute deploys at 700 ft, the
I dzy OK @SKAOtS gAff RSAOSYR dzy RSNJ G KS &St ¢
Iris UltraCompact parachute. This main parachute was selected as the only
considered design alternative that met wind drift, descent time, and kinetic energy
requirements fo all three considered descent scenarios. With the LOP SHIED
attached to the launch vehicle, the assembly will descend from 700 ft to 500 ft at a
descent velocity of 14.5 ft/s. Once the LOPSHPES separates from the launch
vehicle, the terminal velotyt will decrease to 12.8 ft/s. Should the LOPSHPES
fail to exit the payload bay, the maximum section kinetic energy at landing will be
60.7 ft-Ibs., meeting the requirement set forth by NASA. Should the LOPSIDED
POS exit the payload bay but fail detach from the main parachute recovery
harness, it may be treated as a separate tethered section for the purposes of kinetic
energy requirements. In this scenario, the maximum section kinetic energy would be
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38.8 ftlbs at the fin can on landing. For tleepected nominal deployment of the
LOPSIDEBROS, the maximum kinetic energy at landing would correspond to the fin
can at 30.3 fibs. This scenario would also correspond to the maximum projected
launch vehicle wind drift, as detailed in Sect®b.8 of 2490.9 ft from the launch
site. The kinetic energy requirements have sufficient margins to allow for a uniform
increase in both launch vehicle and LOPSIBEB mass of up to 25% during
construction while still meeting all descent requirements.

Once separatd from the launch vehicle recovery harness, the LOP SHIEDwiill
RSAOSYR dzyRSNJ I CNMXzA & / KdziSa cné [ fl aaa
payload parachute. This parachute was selected over a slightly larger parachute to
give the LOPSIDHEDS abow of an impact force as possible while remaining within
wind drift requirements and not running the risk of updrafts or similar phenomenon
significantly impacting the descent of the LOPSHPBEIS. Under the payload
parachute, the LOPSIDIEIDS will have aescent velocity of 13.6 ft/s with a
projected kinetic energy at landing of 28lifis. The total wind drift of the LOPSIDED
POS will be 2445.2 ft as calculated from apogee. This is well within the wind drift
limits required by the competition and provides safe landing scenario for the
LOPSIDEBROS focusing on minimizing kinetic energy at landing.

34.15 Recovery Harnesses and Attachment Points
The launch vehicle recovery harnesses are made from two 40 ft lengths of 5/8 inch
tubular Kevlar shock cord, tetherinthe nosecone/payload bay assembly to the
midsection and the midsection to the fin can. A 15 ft length is used to attach the
LOPSIDEBOS to the payload parachute. This material is rated for loads upwards of
6000 Ibf, well in excess of the maximum predictistteleration force of 388 Ibf. The
drogue shock cord will have a loop tied 160 inches down the shock cord from the aft
AV bay to which the drogue parachute and its protective Nomex sheet will be
secured using a ¥ inch quick link. The main shock cortwala loop tied 160 inches
forward of the forward AV bulkhead, to which the main parachute will be attached.
The shock cord will be threaded through the piston, with a double overhand stopper
knot tied on each side to secure it in place. Just forwardhefdiston a second loop
will be tied to which the deployment bag will be secured with a % inch quick link to
rapidly remove the parachute from the deployment bag during main parachute
deployment. A third and fourth loop will be tied between the main pardgehand
the payload bay to tether the LOPSIBIEOS and the payload parachute deployment
bag to the main shock cord. This will serve to make use of the main parachute
opening shock to remove the LOPSIBEDS from the payload bay during main
parachute deplosnent. The 15 ft length of shock cord used to tether the payload
parachute to the LOPSIDIE®S will allow the LOPSIBDEOS time to build sufficient
velocity to cleanly remove the payload parachute from its deployment bag. All
recovery harness connection s will be secured using ¥ inch quick links. The main
recovery harness layout is shownHigure3-29 below.
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3.4.1.6

Main Parachute

Main Parachute
Deployment Bag

Nosecone and Midsection
Payload Bay

Piston

Payload Parachute
in deployment bag

LOPSIDED-POS

Figure3-29 Main Parachute Recovery Harness

f—f—

160 in 320in 160 in 320 in

Figure3-30  Parachute Attachment Locations

Main Parachute Piston Ejection System

The LOPSIDHPDS contains sensitive electronics, some of which are altimeters that
must be armed once the launch vehicle is fully assembled on the launch pad. This
necessitates a method of arming the altimeters from outside of the launch vehicle
while stil shielding the interior of the LOPSIDEDS from hot ejection gasses
produced during the main parachute ejection. To this end, a piston ejection system
will be used. The piston design is described in Se&ibr8and the piston will be
assembled in the maiparachute bay capping the volume the black powder can
expand into. When the ejection charge is fired, the expanding gasses will pressurize
the volume behind the piston. This will in turn impart a force on the coupler epoxied
into the payload bay, whichilWbe secured to the main parachute bay usi#g40

nylon shear pins. A pressure rise of 15 psi will be used to overcome both the shear
pins and the friction between the piston and airframe. To counteract this friction the
piston will be lubricated duringgunch vehicle assembly before insertion into the
main parachute bay. The piston will be attached to the main parachute shock cord
two feet aft of the deployment bag, allowing much of the shock cord to be stored on
the pressurized side of the piston to neakull use of the limited space in the main
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3.4.1.7

parachute bay. Two stopper knots on either side of the piston will affix the piston to
the shock cord such that it will not slide and potentially impact either the midsection
or the main parachute.

Black Powderjéction Charges

Energetic materials will be used for 3 separate ejection events. The energetic
material used for all ejection events is 4F black powder. Four of these ejection
charges will be housed on the avionics bulkheads in blast caps in order ty deplo
main and drogue parachutes. The fifth ejection charge will be housed in the ARRD
attached to the LOPSIDHEDS during flight. This ejection charge will separate the
LOPSIDEBROS from the main parachute recovery harness.

Black powder ejection chge sizing is determined by finding the force necessary to
overcome both the resistance of the shear pins and the friction of the body sections
fit together. Subscale ejection tests suggest that accounting for the mass fraction of
the black powder converteithto gaseous products, a target pressure rise of 10 psi is
sufficient to provide a good separation with a moderately tight fit of the recovery
components. Both drogue and main sections have an inner diameter of 6 inches and
the piston cavity is 4.25 inckdong while the drogue parachute cavity is 5.75 inches
long. The volume of the main parachute cavity will be 120%2viile the drogue
parachute cavity will have a volume of 162.6 Black powder charges are calculated
as discussed in Sectid5.9with a target pressure rise of 10 psi for the drogue
ejection and 15 psi for the main ejection to overcome friction between the piston
and launch vehicle body tubes.

To ensure body section separation and provide redundancy in the recovery system,
a secondary lalck powder charge is provided for both main and drogue ejection. This
redundant ejection charge will be 0.5 grams larger than the primary to ensure
separation should the primary charge detonatgccessfully but faib fully separate

the body sections.t#®uld the primary charge fail to detonate, the secondary charge

is not so much larger than the primary that over pressurization of the body section
would occur Thus, four black powder ejection clgas will be installed for each
flight: a 2.6 gram drogue primary charge, a 3.1 gram drogue secondary charge, a 2.9
gram main primary charge, and a 3.4 gram main secondary charge.

3.5 Mission Performance Predictions

3.5.1 Launch Day Target Altitude
Based on simulatits performedin RockSim, the team has determined the target apogee for
the launch vehicle to be 4473 feet.

3.5.2 Updated Flight Profile Simulations
The team determined the official target apogee based on flight simulation data from RockSim
using the leading design alable while writing the Preliminary Design Review. Changes since
PDR can be seen in sectidBrand new simulations have begrerformed based on these
changesas well as including more accurate predictions regarding the weight of components.
Simulations werdased on a Yaunchrail angle a 12foot launch rail, and wind conditions
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ranging from 3 to 14.9 mph. Twenty simulations were run and their apogees averaged to
calculate the updated apogee prietion of 4293 feetFigure3-31shows one of the simulated

flight profiles.¢ KS £ | dzy OK @S KA O f2.80@/4. Thelladnth véhiela réachdsSat 2 O A (i ¢
maximum Mach number of 074 during flight, well under the Mach 1 limit imposed by
requirement NASA 2.22dhd the Mach 0.7 limit imposed by TDR 2.4.

T T
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2500 - |
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Velocity (ft/s) and Acceleration (ft/s )
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Figure3-31 Predicted Launch Vehicle Flight Profile

Given the inherent uncertainty in both the wind speeds on launch day and the final weight
of the constructed payload, a tolerance study was conducted in®uockll simulated

launches used a°taunch rail angland a 12foot launch rail The figure below shows the
predicted apogee of the launch vehicle given different potential weights of LOPSIDED and
different varying windspeeds on launch day. Any final LOPSIDED weight within 7.5% of the
predicted weight will result in an apeg within400 feet of the declared apogee.
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Figure3-32 Effects of Payload Weight on Apogee

3.5.3 Altitude Verification
Several measurements from the rockets are necessary to perform hand calculations to
calculat the apogee of launch vehicle and can be foundable3-5. The first step to
altitude verification is to calculate the wind resistance coefficigntysing the density of
air, *, the reference area of the launch vehicke,and theG of the launch of vehicle.
Additionally, in order to simplify the final equation, the variables g and x are solved using
average thrust], mass of the rocket, M, and gravity,

Table3-5

Variable Definition for Altitude Verification

Quantity Variable
Density ” 1.225 Kg/m?
Radius R 0.078 m
Coefficient of Drag G 0.292 N/A
Average Thrust T 1,567.8 Newtons
Mass M 20.57 Kg
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Gravity g 9.81 m/s?

Burn Time t 2.4 S

0 “Y p@popn a

- v QQ
Q ™0 0 08 pZp "d_

. Y 0'Q - E’xy_
n o Qof L
’?’Q ’ d
() c“_n ] p-+
0 i
With x and q calculated, the maximum velocity of the launch vehiclgs, can be
calculated:
N P (o} o a
oG PURE

Usingvmax, the height upon motor burnout can be calculated:
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Theheight gained during coast was calculated next:
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The maximum height can be calculated by adding together the two previous values:
0 0 0 PC @uio T MT@AIQQQO

Table3-6 Altitude Prediction Results

Method Result

RockSim 4292 feet

Algebraic 4035 feet

The algebraic method yields a result within 6% of the RockSim calculations and, given how
simple the method this, the tearas decided that this is within an acceptable margin of
error.

2021 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

3.5.4 Stability Margin Simulation

According to RockSim, tliimal design of the launch vehicle has an initial stability margin

of 2.07 calipers and a stability margin of Aponrail departure of thelaunch vehicle. The
stability margin of the launch vehicle over the entirety of its flight can be seen in the figure

below.
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Figure3-33  Stability Margin Simulation Results

Additionally,the.  NN2 g Yl yQad YSUOK2R ¢ & dzaSR
AY 2NRSNJ (2 OSNATeE (GKS NBadzZ 6a GKS
method is a simple series of algebraic equations thpbpular in rocketryandis used
to identify the center of pressure of the launch vehicle.

l.:.l
U

The first value that must be found is the arm length of the nose cigeayhich for an
ogive nose cone has a linear relationship with the length of the nose tanEhefinal
design forthe nosecone of the launch vehicle is 24 inches, which gives:

& ™ e p @ YDEDI

The next value to be calculated is the sweep angle. The sweep angle is a simple

trigonometric relationship between the fin sergpan,S and the fin sweep lggth when

2
St

measured parallel to the launch vehicle bodly, Thefinal design has S=6.00 inches and
X=3.5 inches.
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The sweep angle allows for the calculation of the fin-gtidrd line lengthls. Other
values which are needed to calculdteare chord tip lengthCr, and chord root length,
Gk Thefinal design ha<;r= 3.5 inches an@k= 10.5 inches.

" o p. P. Y v spra ¢

0 \ co CO oy od T WEMI
With Le calculated, the coefficient for the fin€g, canbe calculated using the radius of
the launch vehicleRR,and the number of find\. Thefinal design ha®k= 3 inches andll

=3.
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In order for the arm length of the fins to be calculated, the distance from the tip of the
nose cone to the fin root chord leading edge, must be used. Thinal design has an
Xe=95.25 inches.
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Given thald ¢hwith these values, the center of pressure is calculated:
0 O <
(’A‘.‘ - v v 0 ‘ﬂé”mi
58 X @
Using the center of gravity from Rocksias= 65.42 inches, the stability mgin can be
calculated. The stability margin from both the Barrowman method and RockSim
simulations can be found in the table below. Thera 6.38% difference between the
two calculation methods, but bottemainabove the NASA requirement of 2.0 calipers
at launch.

Table3-7 Stability Margin Calculation Results

Computation Method ‘ Result (calipers)

Barrowman "V 2202

RockSim 2.07

A summary of the variables, and the valueshafse variables, used in the Barrowman
method can also be found below.
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Table3-8 Stability Margin Variable Definition

Lr ¢ Mid-chord line | X=¢ Fin arm length | Xz ¢ Fin sweep Xe ¢ nose cone tip

length length measured | to fin root chord
parallel to launch | leading edge
vehicle body

Lx ¢ Length of nosg Gy ¢ Nose cone Xv ¢ Nose cone arm| —¢ Sweep angle

cone coefficient length

R¢ Radius of Gk ¢ Root chord G ¢ Tip chord

launch vehicle length length

S¢ Fin semispan | N¢ Number of fins | G-¢ Fin coefficient

Table3-9 Measured Stability Variable Values

Variable ‘ Input Value ‘ Units
G 2 N/A

Ln 24 Inches
R 3 Inches
S 6 Inches
N 3 N/A

G 10.5 Inches
G 35 Inches
Xe 95.25 Inches
xR 3.5 Inches
CG 64.42 Inches

Table3-10 Calculated Stability Variable Values

Variable ‘ Output Value ‘ Units
XN 11.184 Inches
— 30.25¢J Degrees
Le 6.541 Inches
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G 6.755 N/A

Xe 98.604 Inches
Xep 78.634 Inches
Vi 2.369 Calipers

3.5.5 Stability Margin Tolerance Study

Due to uncertainties in the final manufactured weight and CG ofptindoad, the team
determined it would be necessary to conduct a tolerance study on how these
uncertainties would affect the stability margin of the launch vehicle.

In order to perform this study, data was taken from RockSim manually while the weight
and CQf the payload were varied. The weight was varied in 0.25lb increments up to a
threshold oft1.5Ib, which is 16.7% of thgrojecteddesign weight of the payload. The CG
of the payload, as measured from the front of the payload bay, was varied in 0.5 inch
increments up to a threshold &2 inches The results of the tolerance study can be seen

in the figure below.
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Figure3-34  Stability Tolerance Study
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The lower bound of a stability margin of 2.0 calipers is defined by NASA and the upper
bound of 2.3 calipers is defined reduce the chances of weathercocking after

departure from the launch rail. Th@ojecteddesign CG of the payload is indieatby

the black line, making it easy to tell which data points are above or belowrtjected
design. What the tolerance study reveals is that the payload is skewing towards the
lighter end of the acceptable stability margin envelope; there is more rooimctease

the weight of the payload than there is to decrease it. The tolerance study also reveals
that while the CG of the payload does affect stability, the weight of the payload has a
much greater effect. Both of these insights will be helpful wherhrriterating on the
design of the payload and the launch vehicle itself. This study lastly reassures the team
that the projectedCG of the payload will still lead to a static margin of gretitan 2.0
calipers as long as the final manufactured design is withifi% of thefinal design.

3.5.6 Kinetic Energy at Landing
Kinetic energy can be calculated using the below equation, where E is the kinetic energy
of the object, m is its mass, and V is its velocity.

o Paa
G

@)

For each body section, the velocity dietbody section for which it would have 75liff
of kinetic energy at landing has been tabulated below. The smallest of these velocities
can be identified and serves to constrain the selection of a main parachute.

Table3-11 Body Section Maximum Allowable Descent Velocity

Launch Vehicle Section Mass Maximum Allowable
Section Descent Velocity
'Egie;(g]égvgtg .5704 slugs 16.2 ft/s
Nosecone .2907 slugs 22.7 ft/s
LOPSIDEROS 2797 slugs 23.2ft/s
Midsection .3457 slugs 20.8 ft/s
Fin Can .3686 slugs 20.2 ft/s

PAAYy3a GKAA RIFEGEY GKS CNHzA & / KdziSa mMHné L NN
the main parachute as described in sect®4.1.4 The descent velocity of this parachute

is calculated for the vehicle mass both with and without the LOPSPXED attached to

the launch vehicle as detailed in secti®dd.1.4 The kinetic energy of each body section

at landing has been calculated and tabulated below.
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Table3-12 Body Section Kinetic Energy at Landing

Kinetic Energy | Main Velocity  Kinetic Energy  Main Velocity
Section Mass w/ LOPSIDED | w/ LOPSIDED w/o LOPSIDED w/o LOPSIDED

ON RON POS RO

Nosecone w/ 5704 slugs
LOPSIDEROS 60.7 ft-Ibf 14.5 ft/s 46.9 ftIbf 12.8 ft/s
Nosecone .2907 slugs 30.6 ftlbf 14.5 ft/s 23.9 ftlbf 12.8 ft/s
LOPSIDEROS | .2797 slugs 29.4 ftlbf 14.5 ft/s 23. ft-lbf 12.8 ft/s
Midsection .3457 slugs 36.4 ftlbf 14.5 ft/s 28.4 ftIbf 12.8 ft/s
Fin Can .3686 slugs 38.8 ftlbf 14.5 ft/s 30.3 ftlbf 12.8 ft/s

With a successful separation of the LOPSIBES, the heaviest section of the launch
vehicle will descend with a kinetic energy of 44:bft If the LOPSIDHEBOS successfully
exits thepayload bay but remains attached to the recovery harness, the descent velocity
will increase with landing mass and the maximum body section kinetic energy becomes
56.4 ftibf. Should the LOPSIDIPDS remain in the payload bay all the way to descent,
the maximum section kinetic energy becomes 60:1bft All three of the maximum body
section kinetic energy predictions calculated for thain parachutere within the kinetic
SYSNH& NBIldZANBYSyida aSa T2 NB KtraGampabtlisfah o o X
effective selection for the main parachute.

By squaring the terminal velocity equation given in seclidng it can be shown that the
velocity squared term in the kinetic energy equation scales linearly with mass. Should all
body secion masses be increased proportionally, kinetic energy will scale quadratically
with mass. To this end, the total mass of the launch vehicle could increase by 22.5% and
still meet kinetic energy requirements. This buffer accounts for any increases irdoess

to manufacturing, changing mission or payload requirements, or model inaccuracies.

3.5.6.1 Alternative Calculation Method
To verify the validity of results calculated using the above method, the kinetic energy
at landing was determined using RockSim. A tesé @gas run using the worsgase
scenario configuration wherein the LOPSIEBEDS fails to exit the payload bay.
RockSim does not consider the configuration of the launch vehicle during descent,
and as such cannot directly output section kinetic energy. dészent velocity at
landing as computed in RockSim is therefore used to compute the kinetic energy at
landing for each body section as below.
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Table3-13

RockSim Body Section Kinetic Energy at Landing

Descent
Velocity

Kinetic Energy

Section Mass

Nosecone w/ | 0.5704 slugs | 14.95 ft/s 63.7 ftIbf
Payload

Midsection 0.3457 slugs | 14.95 ft/s 38.6 ftlbf
Fin can 0.3686 slugs | 14.95 ft/s 41.2 ftlbf

The table above shows the kinetic energy of each tsmdyion at landing has only a
mild increase of approximately 3-ittf over the hand calculations. This difference
arisesfrom the numerical approximations performed by RockSim to determine the
launch vehicle descent velocity under parachute. This agugdrcaccounts for the
parachute spill hole but not the full parachute geometry, while the hand calculations
make use of experimental data provided in the form of manufacturer ratings to
calculate the drag coefficient.

3.5.7 Descent Time
Launch vehicle descent tem from apogee are calculated as a necessary step during the
wind drift calculations and are detailed in the following section.

3.5.8

Wind Drift

Wind drift calculations rely on several key assumptions. First, it is assumed that the rocket
travelsvertically to the predicted apogee, deploys the drogue parachute and immediately
REaOSYyRAY3 I
applied to the main parachute, where it is assumed that the launch vehicle immediately
decelerates to the main parachute terminal velocity at 700ft, and to the payload
deployment where it is assumed that when the LOPSIPED separates from the main
parachute recovery harness the launch vehicle assembly immediately decelerates with
the reducton in weight. From apogee to landing, the launch vehicle and separated
LOPSIDEBROS are assumed to travel in a single direction at a constant speed equal to the

0S3IAya

wind condition.

G§KS RNZR3IdzS

LJI

N} OKdzi S Q:

Although this calculation approach is not wholly accurate to the actual wiifid dr
performance, it is a reasonable worstse approximation. The assumption of the launch
vehicle instantly reaching terminal velocity after parachute deployment means that the
modeled vehicle descent time will be a few seconds shorter than the actuatleeh

descent time.

The distances between apogee, main deployment, and landing are known as is the
descent velocity of the launch vehicle during each stage of the recovery process. The
descent time can therefore be easily calculated as below where t isthledescent time,
zy is the drogue deployment altitude,nzis the main deployment altitude,,2s the
LOPSIDEROS deployment altitude4¥s the descent velocity under droguesivs the
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descent velocity under main with the LOPSIBEDS attached, angvis the descent rate
under main following separation of the LOPSIBEDS.

¢ ¢ ¢ o @ )
b b D

]

Using the target apogee of 4473 ft gives a descent time of 85.0 seconds per the equation
above. Multiplying this descent time laygiven wind speed gives the distance traveled
across the ground by the launch vehicle constantly sustaining these wind speeds, as
shown in the table below.

Table3-14 Wind Drift and Descent Time

WindSpeed‘ Apogee Descent Time Drift Distance

0 mph 4473 ft 85s 0 ft

5 mph 4473 ft 85s 622.7 ft
10 mph 4473 ft 85s 12455 ft
15 mph 4473 ft 85s 1868.2 ft
20 mph 4473 ft 85s 2490.9 ft

At the maximum permissible wind speed for launch of 20 mph,fthe dzy OK @S KA Of
estimated drift distance is4B0.9ft, within the maximum allowable drift distance of 2500

ft set forth by requirement NASA 3.10. Since this model constitutes the weasst

scenario for wind drift, this proximity to the limit is deemadceptable. While this does

not allow any margin of error for reductions in launch vehicle weight, ballast may be

added as detailed in sectid2.6without exceeding recovery system kinetic energy limits

to increase descent speed and reduce wind drift.

3.58.1 Alternative Calculation Method
To confirm the validity of the above wind drift calculations, the wind drift was
modeled in RockSim at the same wind speeds used for the hand calculation cases.
The launch vehicle is assumed to be launched into the windbataunch rail angle.
Wind drift distance is calculated by finding the difference between the range at
apogee and the range at landing data points provided in the RockSim output.
Descent time is calculated in a similar manner, taking the difference betieen
time at apogee and time at landing data points. Thus, the descent time and wind
drift are determined as if the launch vehicle begins to descend directly above the
launch pad.
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Table3-15 RockSim Wind Drift and Descent Time

Wind Speed‘ Apogee  Descent Time Drift Distance

0 mph 4275 ft 76 s 0 ft

5 mph 4300 ft 76 s 557.7 ft
10 mph 4308 ft 76 s 1110.9 ft
15 mph 4292 ft 76 s 1669.6 ft
20 mph 4277 ft 76 s 2231.6 ft

It was found that the descent time was consistently 5 s less than the hand
calculations. The wind drift was found to be decrease in comparison to hand
calculated results as wind speed increases. These differences most likely result from
the afarementioned differences in handling parachute drag coefficients between the
two methodologies. Further, RockSim does not allow for controlled variable wind
speed, hence the wind affects not only the descent but the ascent of the launch
vehicle. This is merrealistic but fails to capture the worstaise scenario considered

by the hand calculations. As RockSim does not provide for the consideration of
independent launch vehicle sections during flight, this method assumes that the
payload stays within the lawh vehicle to touchdown. This will reduce the wind drift
distance; however sufficient margin of error exists even at the highest considered
winds for the landing of both the launch vehicle and LOPSHEXE®within the limits

set forth by requirement NAS2 10

3.5.9 Black Powder Ejection Charge Mass
Several online calculators exist for calculating the mass of black powder required to form
an effective ejection charge for a launch vehicle cavity volume and shear pin strength.
Many of these calculators assume thaadlt powder is converted into hot gasses ata 1:1
mass ratio. Examining even the simplest reaction models for black powder combustion
shows that this is not the case, and inspection of launch vehicle body sections exposed to
ejection charges shows solid piaulate residue remaining after the detonation. The
model below in EquatioB therefore is used to determine the amount of black powder
converted to ejection gasses for a given mass of black powder.

mMmn Ybho b of{ b y/ TIb HYH 3)

To determine the correct mass of black powder, the mass of the gaseous products is
calculated as a fraction of a given mass of black powder, about 33.5% for the reaction
model used here. The pressurized section is assumed to be at the ambient pressure for
the altitude at parachute deployment. A target pressure rise is specified, and the ejection
gasses are assumed to be at the manufacturer specified combustion temperature for the
black powder. The mixing problem is then solved for the mass of hot gasesthézd
deliver the desired pressure rise. It is then trivial to back out the mass of black powder
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required to provide the needed mass of gas for a successful ejection under specified
conditions.

Table3-16 Ejed¢ion Charge Masses

Black Powder

Ejection Event
J Mass

Main Parachute Primary 29g¢

Main Parachute Secondary | 3.4 g

Drogue Parachute Primary | 2.6 g

Drogue Parachute Secondal 3.1 g

The above table gives the calculated black powder masses for the andirdrogue
ejection charges. Secondary charges for both deployment events are sized 0.5 g larger
than calculated to correct for circumstances preventing a successful ejection with the
primary ejection charge. For the main parachute piston ejection systhe,target
pressure rise is 15 psi to compensate for friction forces between the piston coupler tube
and the airframe.

3.5.10 Parachute Opening Shock
To model the stresses that will be applied to the shock cords and recovery harness
attachment points, it is impdant to approximate the deceleration of the launch vehicle
and the time it takes the parachute to inflate. A rule of thumb for parachute inflation time
is that it takes a time approximately equal to the time it takes air to travel from the edge
to the cener of the furled parachute. This is given in the equation below, whésdte
inflation time of the parachute, r is the parachute radius, and V is the descent velocity
prior to parachute deployment. The coefficient of 8 is taken from Ludtke for a cloth
parachute.

¢ YQw 4
From this and the difference in terminal velocities between thain and drogue
parachutes, the equation below gives the deceleration of the launch vehicle at main
parachute deployment where a is thikeceleration, yis the drogue descent velocity, v
is the main descent velocity, andg the parachute inflation time.
V] 0] (5)

¢

For a total launch vehicle mass with the LOPSIPED included of 1.395 slugs, the main
parachuteopening shock is computed to 88 Ibf using the deceleration value as
computed above. The individual loading experienced by each section is given in the table
below.
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Table3-17 Body Section Opening Shock

Launch Vehicle Body Body Section Parachute Main Parachute

Section Mass Opening Time Opening Shock

Nosecone w/ LOPSIDE
POS .5704 slugs 3s 172 Ibf
Full Launch Vehicle | 1.2847 slugs 3s 388 Ibf
Midsection and Fin Car .7143 slugs 3s 303.41bf
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4.

Payload Criteria

4.1

4.2

Payload Mission Statement
The objective of the payload mission is to design, construct, and launch a planetary lander
within a highpowered launch vehicle. This lander will achieve an upright orientation and be

able to selflevel within fve degrees of horizontal. The initial and final angles relative to

horizontal will be recorded. After leveling is complete, the payload will capture @8¢ee

LI y2NI YAO LIK2(G2

station.

2T GKS

Payload Success Criteria
The payload team has established the following criteria for categorizing the payload success
levels based on the ability if LOPSIBEDS to fulfil its goal.

Success Level

Complete Success

Table4-1

LOPSIDED successfully lands

Payload Aspect

its upright configuration; the
seltleveling procedure is
completed within 5 degrees of
horizontal; the PO8aptures
and transmits at least one 360
degree image of the landing
site, which is received by the
team.

fFyRAY 3

ardsS FyR

Payload Success Criteria

Safety Aspect

No injuries are inflicted on
individuals present during the
execution of mission

requirements

Partial Success

LOPSIDED successfully lands
its upright configuration; the
selfleveling procedure fails to
level the vehicle within 5
degrees of horizontal, or the
leveling system is impeded in
some way; the POS captures
and transmits at least one 360
degree image of the landing
site, which is receivelby the
team.

One or more close calls involvin
individuals present during the
execution of mission
requirements, but no injuries
occur,
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Partial Failure LOPSIDED fails to land uprigh Minor injuries inflicted on
seltleveling cannot be individuals present during the
attempted; the POS is still abl execution of mission
to capture andransmit photos, requirements

but the images do not properly
encapsulate the landing site;
RFYF3S (G2 [ ht {
gear/leveling system can be

repaired
Complete Failure lht {L595Q4 RSLJ Major injuries inflicted on
fails, leading to an individuals present during the
unrecoverable payload; no execution of mission
images are captured or requirements

transmitted.

4.3 LOPSIDERPOS Final Design

4.3.1 Overall Design

The finalpayload design consists of an upright rectangular body of varying thickness, with
F2dzNJ Sljdzr tf & aLl OSR fS3a TF2NJ adzl-akie dgydbsbopt KS S =
leveling system. The leveling system consists of two concentric rings ilhatlew the body

of the lander to rotate about two axes. Landing will be driven by gravitational force acting on

the body of the lander. The combined payload body and leveling system are designated
LOPSIDED, okander for Observation of Planetary Surfatclination, Details, and
Environment Data. In addition to the components related to payload leveling and recovery,
LOPSIDED will also house the Planetary Observation System (POS). The POS is responsible for
capturinga 36(RSIANBS A YI IS 2y sife hnd franSnativigtkEs photo yoRhe
GSFHYQa 3INRBdzyR adlidAzy 2y (GKS Il dzyOK FAStIR®

The figure below depicts an overview of the payload mission, and the major events that occur
during operation. When the launch vehicle reaches apogee, the rtdéoly attached to the
payload bulkhead opens, which will allow the payload to be removed from the payload bay.
This removal occurs &00feet, when the main parachute deploys and pulls the LOPSIDED
POS from the payload bay. The LOPSIP@S will descenditli the main parachute until 500

feet, when an Advanced Retention Release Device (ARRD) separates the LS Do

the main parachute shock cord. This event also releases the LOPS@EHEparachute from

its parachute bagnd allows the payload to desnd under its own parachute. Once the
LOPSIDEROS lands, two electronic latches will open to release the parachute, and the initial
surface inclination of the landing site will be recorded. Then, the solenoid latches will open to
release the gravitasssted leveling system, and the final angle plesteling will be recorded.

After this, the POS will initiate the image capture sequence, the images will be processed and
O2YLINB&aaSR Fa ySO0SaalNERz: IyR (KS AYlI@A&a oAff
further processing. The details of each of these events are elaborated on in the following
sections.
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Figured-1 LOPSIDERPOSMissionOveriew

4.3.2 LOPSIDED Vehicle

LOPSIDED is divided into 3 main sections: The first is the upper section that will house
both the imaging and integration equipment. The secama thinner section that the
leveling system will attach to. The third is the lower section that will house the electronics.

Figured4-2 LOPSIDEPOSEXterior Oveliew
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43.2.1 Structural frame
The ARRD at the top of the payload threads onto a threaded rod. This rod will run

through the POS mounting block and will attach to an aluminum frame that fits the
interior of the chassis. The purpose of this fram#isibsorb most of the opening
parachute shock forces as well as redistribute them throughout the body.

N

N

S%. X

N 2
N

_85.00 #+0.50

Figure4-3 LOPSIDED Structural Frame Dimensions
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Figured4-4 Rendered LOPSIDED Structural Frame
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(TN

Structural Frame Within LOPSIDED Body

Figured-5
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Figure4-6 LOPSIDED Exploded View
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43.2.2

The frame will also serve as assembly structure that the three main chassis pieces
can attach to. The threaded rod will screw into a plate just beneath the POS
mounting block. This plate will have brackets so that the upper section can be
mounted. The plate will be attached to anler bracket that follows the interior of

the chassis through the middle section along the walls adjacent to the thraxigh
that connects to the leveling system. These brackets will extend into the lower
section, allowing it to be mounted to the frame.

Upper Section
The upper section will house the main parts of the integration and POS systems. It

will consist of the ARRD, the electronic latches, and a mounting block with the four
POS cameras.

E

r .

Figure4-7 LOPSIDED Upper Section
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43.2.3

Figure4-8 Polycarbonate Window Dimensions

A section of clear polycarbonate material will allow the POS cameras to capture the
environment without any visual occlusions.

Middle Section

The middle is thinner than the upper and lower sections to allow for the leveling
system to have a larger tilt range. Ball bearings will be press fitted into the outside
walls of middle sectionwhich will allow for the solenoid locking mechanismbe
placed within the chassis for the inner ring. More detaprovided in sectiod.3.2.5
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Figure4-9 LOPSIDED Middle Section

The middle section, along with the structurakrme will serve as a point of
attachment for the other two sections.

LowerSection

The lower section is dedicated to electronics. A sled will be slotted into the lower
section where the LOPSIDED, POS, and integration subsystem electronics will be
mounted & shown inFigure4-10. The structural frame mentioned previously will
have sections cut out so that the POS ribbon cables, solenoid wires, and other wires
can be routed into the lower section.
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Figure4-10 LORSIDED Lower Section
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Figure4-11 LOPSIDED Electronics Led Size Restrictions

Alongside the electronics, a ballast will be placed at the bottom of the lower section.
Thiswillhelptolowef ht { L595Qa /D FyR KStLI gAGK adl

43.25 Leveling System
The levelling system and chassis design will featureaai2 both of which are
horizontal, gyroscopic ring design that will utilize the force due to gravity to actuate
its rotation. For this tavork a ballast will be placed at the bottom of the payload
such that the CG lies beneath the 2 axes to improve stability. The chassis will have a
cut-out design where a thinner middle section allows the rings to rotate further,
increasing its tilt range.ne payload is designed to have a minimum tilt of 15° off its
neutral axis, meaning it can handle a 20° grade and still be witkiB° tolerance.
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Figure4-12 LOPSIDED Center of Gravity

Figure4-13 LOPSIDED Ring Dimensions
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446.39 +0.25

25.40 +0.25

Figure4-14 LOPSIDED Leg Dimensions

The design features two rings. The inner ring will have a rod running across its
diameter that the bog can rotate about. The outer ring will hawea smaller rods

connecting to the inner ring. Ball bearings will be press fitted at the connection

points to allow for smooth rotation. The outer ring will also have mounting brackets
forthelegsto attachto¢ KS NAyYy3Ia gAff 6S YIRS FTNRBY [/ b/
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will be made from a shelledut rectangular bar of carbon fiber. The parts joining the
legs to the outer ring, as well as feet, will be made from bent aluminum sheet metal.

Figure4-15 LOPSIDED Supports Exploded View

The legs will be stowed flat against the body while inside the payload bay. Once
removed from the payload bay, the legs will rotate out to an angle determined by a
cable, this process wibe driven by a torsional spring. The cable will run through the
outer ring into the inside and be attached to legs. The torsional spring will rotate
until the cable becomes taught. As the cable is strong in tension, it will be strong
enough to counter te moment generated upon landing.

Figure4-16 Landing Leg Spring Mechanism

43.2.6 Range of Motion
Using the CAD model to make tilt range approximations across all orientations. The
maximum tilt range was recordeab follows. LOPSIDED appears to have the smallest
YFEAYdzY GAfG G GKS 2NASYdl A2y aK26y 6Al
tilt at a more preferred orientation was measured to be just under 20 degrees. With
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the 5-degree tolerance, the currerdesign can handle a landing site slope grade of
20-25 degrees depending on the landing orientation.

Figure4-17 LOPSIDED Tilt Example

4.3.2.7 Actuation
Two sets of solenoid locks will be implemented, one sdbtl the outer ring, and
one to lock the inner. There are two solenoids for locking each ring for redundant
reasons. The solenoids will experience some forces from the launch vehicle, opening
shock, and landing. They must lock the orientation for safetiymaission completion
reasons, therefore there are two in order to ensure they complete their job should
one fail.

Figure4-18 Inner Ring Locking Mechanism
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The inner ring solenoid locks will beounted on the outside of the middle chassis
section as shown ifigure4-18. They will be placed beneath the throughe and

will interface with it. When extended, they will prevent the chassis from rotating
about that axe.

Figure4-19 Outer Ring Locking Mechanism

The outer ring solenoid locks will be mounted on the upper surface of the inner ring,
above the througkaxe as seen ifrigured4-19. They will extend into a gate mounted
on the outer bracket, preanting it from rotating.

4.3.3 Final POS Design
The Planetary Observation System (POS) will be used to capture and transihég366
images of the payload landing site, to fulfill NASA requirements 4.2 and 4433414.
The major components of POS designgist of the imaging components responsible for
capturing the 366degree photographs, a transmitter for sending the photographs, and
the onboard computer for controlling these components.

Of the designs presented in the Preliminary Design ReviewinthePOS design consists

of four Arducam Fisheye Raspberry Pi camera modules. This design was selected for its
simplicity and versatility compared to other alternatives. The camera modules will be
oriented 90 degrees from each other and mounted to a wooélgture in the upper
section of LOPSIDED. Each module has four mounting holes designed for M3 screws.
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POS Camera Module and Mounting Fixture Located Within LOPSIDED Upper

Figure4-20
Section

Figure4-21 POS Camera Module and Mounting Fixture Dimensions

Each camera module has a horizontal field of view (HFOV) of 194 degrees, which allows
two cameras to capture a full 3efegree image. The POS utilizes four camera modules,
which allows it to capture two separate panoramic images, offset by 90 degrees. This
provides redundancy in the event that one module fails, or two oppdsaiténg modules

2021 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

434

fail. Even if two adjacent modules were to fail, the captured fadldiew of the two
operational cameras would be 284 degreesimost 79 percent of the surveyableear.
Before the camera modules are installed, their field of view will be measured to ensure
they can cover at least 180 degrees in the horizontal direction. This will be done to
verify Requirement TDR 4.1, as having proper coverage from each cameraaistoruc
capturing a complete 36@egree image.

These cameras will interface with a Raspberry Pi 3B+. Standard Raspberry Pi boards are
equipped with only one Camera Serial Interface (CSl), which allows only one camera
module to be attached and utilized at o&. For this reason, an Arducam M@tamera
Adapter Board will be used. The Mu@iamera Adapter allows for four individual camera
modules to be attached to one Raspberry Pi. The details of these electronic components
will be discussed in Sectidn3.4

LOPSIDEPOS Electronics

The electronic components required for the leveling system, the POS, and the recovery
system are integrated with each other. These systems will be powered by the same
battery and will be controlled by the same-tward computer. Tis is to reduce volume,

since thelower LOPSIDED section is only a 69 x 69 x 189 mm volume. This also reduces
weight and cost of the LOPSIDEDS. Most of these components will be mounted on an
aircraft-grade plywood sled, which will slide into the Low&HSIDED section. A magk

of this sled is shown in the figures below. The sled is 186 mm (7.32 in) and 68.9 mm (2.71
in) wide.

Figure4-22 LOPSIDEPROS Electronics Sled
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Figure4-23  LOPSIDEPOS Electronics Sled Dimensions

POS electronics consist of four Arducam Fisheye camera modules and an Adafruit
RFM69HCW 433 MHz transmitter, which will transmit to an RTL 2832 SDR receiver located
Fd GKS S laNof dhe SDRRrezgivier will be connected to a laptop computer to
receive the transmitted POS images. Electronics for the leveling system consist of four 5V
solenoid latches, two for each gimbal ring, a LM2596-sk@pn voltage regulator, and an
Adafruit BNOO55 orientation sensor. Electronics for the recovery system consist of two
Dormakaba 3510LM 12V electromechanical locks, a StratologgerCF altimeter, a 9V
battery, and a BRB900 GPS tracker. The GPS transmitter will communicate with the
BRB900 receiver, vigh will be located with the team at the ground station. The altimeter

will communicate with the ARRD, which will be activated usingaiches. The details of

the ARRIreprovided in sectiod.3.7. It is important to clarify that the altimeters will be
protected from the transmitter's frequency with the use of aluminum foil to prevent
interference that can cause a failed ARRD ignition. A failed ARRD ignition means that the
ARRD ignites too early or too late in which cases the payload could either notexit th
launch vehicle at all as it will remain locked by the shear pins, or the payload could be
falling too fast as it deploys its parachute at a lower altitude than intendée. testing

setup for RF interference for the StratoLoggerCF onboard LORBID&Dshown in

2021 NASA Student Launch | Tacho Ly



NC STATE UNIVERSITY

Figured-24, where the BRB 900 tracker and the altimeter are fixed to the sled as intended
to place for launch and the altimeter is tested to activate at a given pressure inside a
sealed bucket with a vacuum connected to it.

BRB 900 »))‘ StratoLogger CF

Figure4-24  TrackerAltimeter Shielding
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The majority of LOPSIDEIDS processes will be controlled by a Raspberry Pi 3B+. The
computing power of the Pi, as well as its versatile GPIO pins, allow it to command a variety
of components. Two Adafruit TB6612 motor drivers will be useapgrate the solenoid
latches and the electromechanical locks, respectively. These drivers allow the Raspberry
Pi to send commands to these devices despite the voltage discrepancy. A 12V 1600 mAh
NiMH battery will be used to provide power to most of theASIDEPOS electronics.

The altimeter, as per requirement NASA 3.6, will be powered by its own 9V battery. Th
12V battery will provide power directly to the electromechanical locks and the motor
drivers. Two different DOC voltage converters will be usede to provide power to the
solenoid latches, and one to provide power to the Raspberry Pi. The step converter for
the Pi is equipped with a USB port, which will allow the Pi to receive power via microUSB.
This is the safest way to power the Pi, as opplaseusing the 5V pins. The POS cameras,
OGN YAYAOGGSNE YR GKS fS@StAy3a adaeaidisSyQa 2NJ
Raspberry Pi. A wiring schematic for the Raspberry Pi is shown in the figure below.
Additionally, the table below shows thpower consumption of each LOPSIEEDS
compament.

Table4-2 LOPSIOEPOSComponent Power Consumption

Component Voltage (V) Current (mA)  Active Time (s) Capacity (mAh)
BRB9I0O0 Tracker 4.2 315 7200 630
3510LM EM Lock (x2) 12 500 4 1.11
stratologger 9 15 7200 3.00
Altimeter
BNOO55 Accelerometer |3.6 12.3 7200 24.6
Raspberry Pi 5 500 7200 1,000
Arducam Camera 5 250 15 1.75
RFM69HCW Transmitter |5 150 1200 50
Open Frame Solenoid
SK-F0420 (x4) 12 250 4 1.11
Total - - - 1,710
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Figure4-27 Raspberry Pi Wiring Diagram

In addition to the four camera moduleSijgure4-27 details the components which will
wire directly with the Raspberry Pi. Since these devices will not all be operating
synchronously, a single @Ppin can have more than one component connected to it.

To protect from inductive flyback generated by inductive DC devices, flyback diodes will
be used for each solenoid and electromechanical lock. These diodes are wired across the
leads of the inductivelevice and prevent any voltage spikes that occur when power is
disconnected. This is especially crucial in order to protect the Raspberry Pi, which could
be permanently damaged as a result of flybd€igure4-28 below depicts a

representation of the implmentation of this diode. In the LOPSIBEDS, perfboard will

be used to wire the diodes across the appropriate terminals.
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Figure4-28  Flyback Diode Wiring Schematic

The LOPSIDHPDS has two ehoard transmiters; the BRB90O0 is a GPS tracker, which
will transmit location information for the payload at a frequency of 900 MHz. The
BRB90O0 is equipped with its own single cell LiPo battery, and thus is separate from the
rest of LOPSIDHBOS's power system. The RFAICW is used for POS image
transmission, at a frequency of 433 MHz.

4.3.5 POS Image Transmission
The POS will utilize digital Sk&ean Television (DSSTV) as the method of image
transmission. This is a communication method common in amateur HAM radio, which
allows static images to be transmitted via radio waves over long distances. This is
achieved by converting images into WAV audio files and transmitting this audio data over
HF, VHF, or UHF radio frequencies. On the receiving end, a personal computer equipped
with SSTV software can be used to demodulate the incoming signals. With SSTV software,
It/ Qa &a2dzyR OFNR OFly ©6S dzaSR a | Y2RSY (2
Standard SSTV is an analog signal, but DSSTV allows images to be received with less drop
in quality due to trasmissiong image quality can still suffer as a result of compression,
but this is a controllable variable. The details of DSSTV are documented by Michael
. NHzZOKFy2@ Ay OKFLIWGSNI yAyS 2F aLYF3AS [/ 2YYo
handbooR.

1 http:/mww.sstv-handbook.com/download/sstv_09.pdf
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Toreceive POSNI} YaAYAaadA2yax | (GSFY YSYOSNIN& LISNAH?2)
Adafruit SDR Radio USB Stick. This device consists of a tunable antenna and RTL dongle
connected to a USB port which can be plugged into a laptop. This model is tunable
between 24 andl850 MHz, allowing it to receive 433 MHz transmissions easily. The

laptop will utilize DSSTV software called Easypal in order to receive and download image
transmissions.

The POS transmitter will be equipped with a quanstevelength whip, or monopole
antenna. The total length of the antenna can be calculated with the formula

_=cf
L=_/2
E=L2

Where_ is the wavelengthcis the wave speed,is the wave frequency,is the total

antenna length, andtis the dipole length. The total length of a quareave antenna is

Slidzl £ G2 I ljdzr NISNI 2F (GKS g OSAABYMEHEK | G (K
the total antenna length is 0.173 meters, or 6.8 inches. Space within the LOPSII¥EED

is limited, sahis length can be decreased by introducing loading coils. Coiling section of

GKS FyaSyylr gANB ltft2ga I aK2NILISNI 2@0SN) € f
guarter-wavelength antenn This will allow the antenna to fit within the limit$ the

lower LOPSIDED section.

N

A quarter wavelength antenna inductance calculator can be used to determine the

matching impedance of a loaded anterin@he online calculator shown below uses a

formula for calculating loading coil inductance from the papér-@efter loaded dipole
FyGSyylrazé gNAGGISY o0& WHOl t2yid2y Ay mMprtnod
antenna length, coil position, and wire diameter. A coil inductance calculator, such as

Coil64, can be used to determine the physical dimerssigfrthe coils itself, such as the

number of turns, the length of winding, étc

20¢KS2FBSF5ALRE S RS Y/MiwEahtennantedpy.com/antennas/halfwave.php
Sw2tfSGx /I dzR S ttpav/oninshanfrddidNdiets BomlsigofdiSote html

4 https://mOukd.com/calculators/loadedjuarter-wave-antennainductancecalculator/

5 https://coil32.net/download-coil64for-windows.html
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An RF range calculator from Silicon Labs was usechitulate the estimated
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Figure4-29
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Figure4-30 POS Transmission Range Calculation

S{AtAO2Y

POS

[ F6&d® d&wC hiwk:vagsilabd.chr@awrhnhudit@/Nidléss/moprietardknowledge

base.entry.html/2017/12/07/rf range factorfnT1
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4.3.6

The maximum output power of the RFM69HCW is 100 mW, which is equivalent to 20
dBm. The transmitter power care adjusted between 13 and 20 dBm. The gain of a half
wave dipole antenna is 2.15 dBThe sensitivity and gain of the SDR module are currently
unknown, so the receiver sensitivity and gain were estimated tq38dBm and 1 dBi,
respectively, as this & standard for a large number of receiver models. Transmitter and
receiver antenna gain were assumed to be 1 dBi. F8MI3z, the transmission range is
calculated to be 1649 meters, or 5410 feet. This is well above what would be required of
the POS. Thisalculator does utilize a few assumptions, such as an antenna height of 1 m,
so these values will not be entirely accurate. Testing of the POS transmitter and ground
station receiver will be conducted to determine the actual transmission range.

Subscale #/load Results

Some components of the POS were tested within the subscale launch vehicle during flight.
This included a Raspberry Pi 3B+, an Arducam Fisheye camera, an accelerometer, and a
5V battery. The camera was mounted to the inner surface of theopdybay with a 3D
printed housing, and the other components were attached to a plywood sled secured
within the payload bay with two threaded rods. A Python script on the Pi would collect
data from the accelerometer, averaged over ten second intervals. @rcehange in
acceleration due to launch was detected, the camera module would take images in
increments of 10 seconds for 300 seconds. The goals of this payload were to confirm the
ability of the Arducam Fisheye camera modules to withstand flight folmesess the
quality of images taken during and after flight, and to gain experience working with
Python and communication between different electronic components, such as the Pi and
the accelerometer.

Figure4-31 Subscale Payload Sled
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Figure4-32 Subscale Payload Camera Mount

Unfortunately, during launch, the Raspberry Pi detected the camera CSI port as being
disabled. This prevented the script from runnprgperly at the start of the launch,
meaning no images were captured. It is believed that the act of disconnecting and re
O2yySOltAYy3 GKS LI2gSNI ddzllLx e G2 GKS tA OFy |
peripherals, although the exact scenario tlcaused the failure has yet to be replicated.
Moving forward, extra care will be taken to confirm the configuration state of the
Raspberry Pi to ensure it is properly communication with all connected components.
Despite the failure to collect iflight images, the camera module has been confirmed to
be functional posflight, meaning the camera is capable of withstanding flight forces.
Other information learned about the Raspberry Pi, the camera module, and the
accelerometer such as relevant Python libias, proper wiring, etc.have been
documented and will be beneficial to the development of the LOPSHIER
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4.3.7

Final Payload Integration Design

The two main objectives for payload integration are to retain LOPSHIEDwithin the
launch vehicle and to féson LOPSIDEPOS such that it can land and complete the
survey of the landing site. These objectives result from NASA requirement 4.2. In order to
retain LOPSIDHEROS inside the launch vehicle, the payload integration design limits the
LI 8 f 2 RQa in Wheeddvectdys: along the body tube, towards the body tube
walls, and rotation about the central axis of the launch vehicle. Minimizing the movement
minimizes the chances of LOPSIBEDIS impacting anywhere inside the payload bay and
damaging electroics or mechanical components essential for the success of the mission.
The selected design is simple and maximizes the space inside the payload bay for
LOPSIDEBROS.

StratoLoggerCF

R4-EM Rotary Latch

9V Battery

ARRD Housing

U-Bolt

Shear Pin

Figure4-33 Payloadntegration Design

Figure4-33 shows the components used for the selected payload integration design;
these include a StratoLoggerCF altimeter with a 9V battery, a small 12V A23 Alkaline
battery for the R4EM Rotary Latch, a-hblt, three shear pins, andheARRD (Advanced
Retention Release Device) housing at the top. The system is set so that LOPSB®ED
placed upsidedown inside the launch vehicle when placed on the launch rail. LOPSIDED
POS will hang from the rotary latch as it will be attached tisiitg ashockcord like those
described in the recovery section in order to sustain the load at launch. The rotary latch
prevents LOPSIDHEDS from moving down the payload bay during ascent; in addition,
the shear pins prevent LOPSIBDEDS from rotating and ming towards the payload bay
walls. Moreover, the gimble ring on LOPSIBELS makes a tight enough fit inside the
payload bay in order to minimize unnecessary movement. Once the launch vehicle
reaches apogee, the StratoLoggerCF altimeter, which has itsledinated battery and
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has an accessible arming switch through a small hole on the payload bay, sends a signal
to the R4EM Rotary Latch to open and release tbedcto which the payload is attached

to. After that point, the payload is only supported byetshear pins that go in through the
payload bay walls to screw into the LOPSHPELS ring. The shear pins used a#-30

nylon shear pins rated for 35 Ibf breaking load as detailed in the recovery s@ctidn
Figured-34 shows the distances between the tham of the bulkhead and the location of

the shear pins, which is 21.5 inches. The length of the cord that attaches the rotary latch
and the Ubolt is 7.60 inches.

7603001

21.50 +0.01 ]

Figured-34 Payload Integration Systenmizinsions

The ARRD housing is positioned at the top@PSIDEBOS as displayea Figure4-35.

The ARRD housing consists of the ARRD, two 3510LM Electromechanical Locks from
Dormakaba, two screws at the top next to the ARRD, and one screw going through a
wooden block at the bottom of the ARRD. The ARRD is a device that contains 0.1g of
black powdethat ignites to separate the top pin from the bottom red body. The ARRD

is rated toresist up to 2,000 Ibs. The two top screws serve the purpose of holding the
ARRD and the bottom wooden block to LOPSIPEB. The bottom attachment screw
connects the ARRD to the metal frame discussed in se4t®@.1 The two EM locks

are attached to two matal plates on the side of the ARRD. The ARRD is rated to resist up
to 2000 Ibf loading where the shock from the main parachute can reach up to 175 Ibf (as
detailed in the recovery sectioh5.10. The EM locks were selected due to their size as
they can fitinside the top section of LOPSIBEOS in addition to having a holding force
rating of 250 Ibf when the maximum estimated load would be much less than the main
parachute shock of 175 Ibf (since main is a bigger parachute). Using the main parachute
shock as@n overestimate, the factor of safety would be near 3 for the locks since the

two locks add up to 500 Ibf. The EM locks were also selected due to the easy
detachment where the accelerometer (BNOO055) onboard would activate them to
release the parachute upotouching the ground. This process will be tested as

described in the testing sectidh1.3.5
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ARRD Housing Screws ARRD

ARRD Attachment Screw

3510LM Cabinet Lock

Figure4-35  ARRD Housing and Electromechanical Locks

4.3.8 Final Payload Deployment System
The final payload deploymerstystem is composed of mechanical as well as electronic
components such as a pulling force on the ARRD by the main paraebatery harness
at main parachute deployment, and the detachment of LOPSIBXEBs parachute at
landing. It is important to mention that LOP&EDPOS will always remain attached to a
parachute being either the main parachute (attached at the ARRD) or the payload
parachute (which is easily pulled out by LOPSIPEB's weight once the payload exits
the launch vehicle). As detailedfigure4-36, the first step describes how LOPSIEHEDS
will remain within the payload bay until the deployment of the main parachute at 700ft
AGL (which is the point of main parachute deployment). On step two, LORBME®ill
exit the payload bay and the ARRD devidk ignite at 500ft AGL, releasing LOPSHIDED
POS from the main vehicle. The main parachute (in red) will still be attached to the main
vehicle while the parachute for LOPSIEHEDS (in blue) will be insidedaploymentbag
that is attached to the main paraate shock chord. LOPSIBEDS will pull the parachute
out of the bag and proceed to land, as depicted on step three. On step four, LOPSIDED
POS will land. The change in velocity will indicate the onboard sensors to send a signal to
the postlanding parachte release devices to release the parachuiigure4-26 displays
the block diagram for LOPSIDEDS, and it is noticed how the rotary latch, ARRD, and
the payload parachute apply a force to LOPSHPERS resulting in a new acceleration
reading by the accefemeter (BNOO55). There will be a set acceleration reading that can
only be achieved after the payload is falling with the parachute and the payload suddenly
decelerates due to contact with the ground. At that point, the Raspberry Pi will signal the
EM loks to disengage the payload parachute.
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Figure4-36 LOPSIDERPOS Deployment Sequence




NC STATE UNIVERSITY

5.

Safety

5.1

5.2

Safety @ficerldentification

The team safety officer for the 2021 Student Launch competis@mma McDonald, who is
replacing previous safety officer Frances McBrid® will be on a ceop rotation As safety
officer, Emmais responsible for ensuring an overall level of safety within the project. This
includes collaborating with design teams to ensure safety of all subsystachslevelop
hazard mitigations, being present for &brication activities, being present for launch day
activities, and fostering a safety culture within the tedfmmais also responsible for meeting

all requirements detailed in handbook requirement NASA 5.3.

Launch Concerns and Operation Procedures

The team is in the process of creating launch day checklists and procedures for the full scale
launch vehicleThe procedures and checklists developed for the subscale launch are used as
a template and first drafof full scale launch procedurgas many bthese procedures are
similar or identical between the two launch vehicleBhese completed checklists are
presented below.

Chicken Tendy
Launch Day Checklists

© e W
This checklist completed by: _ = 136 \Nad{up
on: W /3 /3
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1. E-MATCH INSTALLATION

Required Personnel Confirmation
Student Team Lead Evan Waldron \]
Safety Officer Frances McBride \ |
E-Match Personnel 1 | Alex Thomas A\ '
E-Match Personnel 2 | Baniettaramillo

Tty Pyt

Required Materials
Item Quantity Location Completion
Bulkhead #4 (Fwd AV) 1 | AVBulkhead Box vV
Bulkhead #5 (Aft AV) 1 AV Bulkhead Box N
Blue tape 1 LD Toolbox (Top [
Drawer) N
E-Match 4 LD Toolbox (Top . /‘
Drawer) N
Scissors 1 LD Toolbox (Top J
Drawer)
Wire cutters 1 LD Toolbox (Middle \J
Drawer) |
Wire strippers 1 LD Toolbox (Middle N
Drawer) i
Terminal block screwdriver 1 LD Toolbox (Middle W
Drawer) '

Note: This checklist is to be executed on bulkheads 4 and 5 simultaneously

Bulkhead 4 uses labels MP and MS, Bulkhead 5 uses labels DP and DS

Number | Task Completion
1.1 Unscrew all UNOCCUPIED terminal blocks on bulkheads 4 and 5
1.2 Take one e-match (each) and trim the e-match to approximately /
6.5 inches in length using wire cutters \/
13 Remove red plastic protective e-match cover by sliding it down Vi
the e-match wire |
14 Feed the e-match through the MP (Bulkhead 4) or DP (Bulkhead
5) wire hole, with the e-match head on the side with the blast N
caps vV
1.5 Use a fingernail to separate the two e-match wires Vv
1.6 Use wire strippers to strip 1 inch of insulation from end of each | \/
e-match wire J
1.7 Bend each exposed e-match wirc section into a loop { vV
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1.8 Place the exposed e-match wires into the MP or DP terminal 5 /
block, one into each unoccupied block ‘
1.9 Tighten the screws on the MP or DP terminal block A
1.10 Verify e-match security by lightly tugging on the wires coming out | Safety Officer:
of the MP or DP terminal block G T
gh—P?)v;teyred Re
NC State
1.11 Place the e-match head into the MP or DP blast cap J
1.12 Bend the e-match wire such that the head lies flat against the j
bottom of the blast cap }
1.13 Bend the e-match wire such that it is flush to the inner and outer J
walls of the blast cap
1.14 Using blue tape, tape the e-match wire to the outside wall of the o
blast cap
1.15 Using blue tape, tape the e-match wire to the bulkhead surface \
1.16 Confirm the e-match in the MP or DP blast cap is connected to Safety Officer:
the MP or DP terminal block, respectively Safary GFear
High-Powerc-
1.17 Confirm that all bulkhead and wiring labels are still visible v
1.18 Take one e-match (each) and trim the e-match to approximately W/
6.5 inches in length using wire cutters
1.19 Remove red plastic protective e-match cover by sliding it down \)
the e-match wire
| 1.20 Feed the e-match through the MS (Bulkhead 4) or DS (Bulkhead
5) wire hole, with the e-match head on the side with the blast /
caps
1.21 Use a fingernail to separate the two e-match wires Vi
1.22 Use wire strippers to strip 1 inch of insulation from end of each /
e-match wire v
1.23 Bend each exposed e-match wire section into a loop V |
1.24 Place the exposed e-match wires into the MS or DS terminal J
block, one into each unoccupied block
1.25 Tighten the screws on the MS or DS terminal block J
1.26 Verify e-match security by lightly tugging on the wires coming out | Safety Officer:
of the MS or DS terminal block Safety Office
l-i!gh-l:’oweredl F‘:o-:r,h
NG Stata
1.27 Place the e-match head into the MS or DS blast cap Y
1.28 Bend the e-match wire such that the head lies flat against the St
bottom of the blast cap o
1.29 Bend the e-match wire such that it is flush to the inner and outer
walls of the blast cap V
1.30 Using blue tape, tape the\w-match wire to the outside wall of the 5/
blast cap /
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tape the e-match wire to the bulkhead surface | :J

Safety Officer:
safety Officer
ign-Powered Rocke

'C State

Using blue tape,
Confirm the e-match in the MS or DS blast cap is connected to

the MS or DS terminal black, respectively

Confirm that all bulkhead and wiring labels are still visible
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2 MAIN BLACK POWDER

Required Personnel Confirmation |
Student Team Lead Evan Waldron
Safety Officer Frances McBride

Black Powder Personnel 1 | Alex Thomas
Black Powder Personnel 2 | Trent Couse

Required Materials
Item Quantity Location | Completion
Bulkhead #4 (Fwd AV) 1 AV Bulkhead Box | J
Recovery
8.5x11 copy paper 2 Tiipperwars v
Recove
Paper Towel Roll 1 i \ /
Tupperware
LD Toolbox (Top ’
| 1
Blue Tape Drawer) ‘J
LD Toolbox (Top
Pl '
umbers Putty 1 T J
LD Toolbox (T
Scissors 1 oolnas (Top ‘
Drawer) \fl
Anti-static bag 1 - W/
Safety Glasses 4 PPE Toolbox /
Nitrile Gloves a4 PPE Toolbox J
Heavy Duty Gloves 1 PPE Toolbox \/
~Main Primary Charge (2.2 g) 2 AV HDX Box \/
~ MainSecondary Charge (2.48) 2 AV HDX Box V
Number | Task Completion
21 Confirm that all members within the assembly tent are wearing | Safety Officer:
f
safety glasses Silety OMcsr
ligh-Powered Rockepr
NC Stata
2.2 Confirm that members handling black powder are wearing Safety Officer:
nitrile gloves
Safety Officer
High-Powered Rocket
NC State
2.3 Roll one sheet of copy paper into a funnel with a bottom \ J
diameter of about % inch; secure with strips of blue tape
2.4 Confirm the inside of the paper funnel is smooth with no edges J
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Place the bottom of the funnel into the MP blast cap and
carefully pour the Main Primary Charge of black powder into
the MP blast cap over the e-match head

2.6

Lift the e-match head so that it rests on top of the black
powder

2.7

Fill the remaining space in the blast cap with fingertip sized
pieces of paper towel. The paper towel should fill the space,
but not be packed in tightly

2.8

Place small 2-3 inch strips of blue tape over the top of the MP
blast cap to cover the blast cap completely. Do NOT have any
overlaps greater than 1mm, but leave no gaps

29

Confirm all edges of the MP blast cap are covered with blue
tape

Safety Officer:

2.10

Wrap blue tape around the outside wall of the blast cap to
keep the top layers of tape tight and fold down the excess tape
to be flush with the top of the blast cap

Place the bottom of the funnel into the MS blast cap and
carefully pour the Main Secondary Charge of black powder
into the MS blast cap over the e-match head

2.12 Lift the e-match head so that it rests on top of the black \/
powder
2.13 Fill the remaining space in the blast cap with fingertip sized ]
pieces of paper towel. The paper towel should fill the space, \ |
but not be packed in tightly v
2.14 Place small 2-3 inch strips of blue tape over the top of the MS : /
blast cap to cover the blast cap completely. Do NOT have any v
major overlaps, but leave no gaps
2.15 Confirm all edges of the MS blast cap are covered with blue Safety Officer:
tape «1e38 ON
iianaoy pGJGN‘-Od‘UE'I
Jaol0 MeRs
2.16 Wrap blue tape around the outside wall of the blast cap to
keep the top layers of tape tight and fold down the excess tape
to be flush with the top of the blast cap J
217 Place a sheet of white copy paper on the assembly table and 7,
turn the bulkhead over above the paper "
2.18.1 Confirm that no black powder has leaked onto the copy paper v/
2.18.2 If black powder has leaked, wipe copy paper clean and repeat N
checklist items 2.5-2.10 or 2.11-2.16 depending on which W / Q\
charge leaked, then repeat checklist items 2.17-2.18.1 /
2.19 Use plumber’s putty to seal any holes in the bulkhead v /.
2.20 Wrap the entire bulkhead in an anti-static bag v/
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3. DROGUE BLACK POWDER

Required Personnel Confirmation
Student Team Lead Evan Waldron Ny
Safety Officer Frances McBride v
Black Powder Personnel 1 | ATex Thomas ~
Black Powder Personnel 2 | Daniel Jaramillo Vi
Ll Caar
Required Materials
Item Quantity Location Completion
Bulkhead #5 (Fwd AV) 1 - \/
Paper funnel (see 3. Main Black Powder 1 -
Required Materials)
Recovery
8.5x11 copy paper 2 Tupperware v
Paper Towel Roll 1 AecoRery \
Tupperware
LD Toolbox (Top /
Blue Tape 1 T \/
LD Toolbox (Top v/
Plumbers Putty 1 Caipactinait] v
po— 1 LD Toolbox (Top N
Drawer) .
Safety Glasses 4 PPE Toolbox L
Nitrile Gloves 4 PPE Toolbox |
Heavy Duty Gloves 1 PPE Toolbox W
~_Drogue Primary Charge (10g) 2 AV HDX Box J
~ Drogue Secondary Charge (1.2 g) 2 AV HDX Box J
Anti-static bag 1 - J
Number | Task Completion
3.1 Confirm that all members within the assembly tent are wearing | Safety Officer:
safety glasses Safsty Officer
High-Powered Rocketny
NC State
3.2 Confirm that members handling black powder are wearing Safety Officer:
nitrile gloves
Rafaty Officar
High-Powerad Rockettry
NC State
‘ Place the bottom of the funnel into the DP blast cap and
carefully pour the Drogue Primary Charge of black powder into
the BP blast cap over the e-match head

DF
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