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AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

Customer: Mr. Art Dula
Chairman, Excalibur Almaz Company

Mr. Dula founder of Excalibur Almaz, a private spaceflight
company, established in 2005

» Use purchased flight-proven heritage hardware from the discontinued
Russian Almaz military space station program.

Configure for human and cargo spaceflightin LEO

» Invest in Education: Mr. Dula loaned Texas A&M University the
Excalibur Almaz Engineering Evaluation Unit Mockup (EEUM), a Form,
Fit, and Function mockup of an Almaz flight vehicle, used for
engineering evaluation and/or crew training. Has been in unconditioned
storage at the TAMU RELLIS facility for nearly a decade

Almaz Engineering Evaluation Unit Mockup (EEUM)
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AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY Agenda

ST AL IS

T Team Organization

PDR and CDR Project Needs

Requirements Review

Project Schedule & Budget

CDR Key Results and Outcomes

» Configuration Control Documentation/Implementation

» Computer Aided Design (CAD) Analyses and Modeling

>
>

Excalibur ALMAZ Capsule/Engineering Evaluation Unit Mockup (EEUM)
Spacecraft Onboard Equipment and Payload Storage System (SOEPSS)

» EEUM Restoration for TAMU Education/Simulation

>

YV V V

CAD Modeling
Structural Restoration
Electrical and Environmental Reverse Engineering/Activation

New Communication System Implementation

Figure 1. Members of CARAT with project customers Mr.
Art Dula and Dr. Bonnie J. Dunbar (Check Presentation)

Figure 2. CARAT team working on the Excalibur Almaz
Engineering Evaluation Unit Mockup (EEUM) at RELLIS
Aerospace Engineering Hangar 5



TEXAS A&M UNIVERSITY

Mr. Art Dula
Dr. Bonnie J. Dunbar St FE el

m AEROSPACE ENGINEERING CARAT Organizational Chart

Configuration Control:
Bri Mason

EECOM* Lead:
Gavin Thompson

Structures Lead:
Harrison Otto

CAD Lead:

Kyle Sherrod

CAD:
William O’Brien

ELEEYERERERERY (R

»
4
o

CAD
Manuel DeLaRosa

EECOM
Tanner Law

Structures: Structures:
Elizabeth Bendrey Kyle Zaiontz

EECOM:
Brandon Nesbitt

CAD:
Jacob Wade
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*Electrical, Environmental, Communications



A ||iI AERQIFACE TEEEIING PrOJect I\/Ianagement Processes

Project
Manager:
Jonathan

Lephuoc

"f'roject Management Processes

IIH‘ I,[ |.| I
RS A i
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» Project Manager defined project schedule and
project budget with customers

i}

If

» Team Leads provided Project Manager with weekly
updates

»  Project Manager and Team Leads provided weekly
stand-up meeting updates to advisor/customer

»  Project Manager provided Dr. Dunbar with weekly Structures ) CAD Lead: Configuration

Friday Activity Reports Lead: : Kyle Sherrod Control:

Harrison Otto Bri Mason

»  Utilized GANTT Project, Microsoft Teams, Microsoft
Word, Microsoft Excel, Solidworks

» Standards and Regulations: Followed NASA
Procedural Requirements (NPR) 7123.1, Systems
Engineering

Presenter: Project Manager Jonathan Lephuoc



AEROSPACE ENGINEERING Cu stomer N eed S

TEXAS A&M UNIVERSITY

US 202003616424

1 United States
o Patent Application Publication (v Pub. No.: US 202000361642 A1
Dula 43) Pub. Date: Nov. 19, 2020

NEED #1:

Using Patent application Number: 15/931,836 by Mr. Art
Dula for a payload storage device Spacecraft Onboard
Equipment and Payload Storage System (SOEPSS)

» Create a CAD model and sub-scale mockup of the
storage device

» ldentify any potential design flaws or interferences Gell e o i b
with the Flight Vehicle TR e=

112z 215 108

Figure 3. Payload éiorage device patent

NEED #2:

Refurbish and restore the Excalibur Almaz Form Fit &
Function Engineering Evaluation Unit Mockup (EEUM) which
will be used for education and/or research applications
within the Texas A&M University Department of Aerospace
Engineering.

. ; Figure 4. Initial Condition of the Figure 5. Initial Condition of the Almaz
Presenter: Project Manager Jonathan Lephuoc Almaz EEUM with damaged hatch EEUM Stairs
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SOEPSS System Requirements

Regmt No. Requirement Rationale
SPS-001 The SOEPSS shall fit within the dimensions of the spacecraft's SOEPSS Must fit within the Almaz EEUM and by
interior volume extension, Almaz capsule. (From patent)
The SOEPSS shall consist of an annular support track connected to For better security, access, and function, an annular track
SPS-002 :
the spacecraft was determined to be advantageous (From patent)
The SOEPSS shall support at least one module that is movably SOEPSS should have modules that rotate around the
SPS-003
connected to the annular support track track (From patent)
SPS-004 The SOEPSS shall accommodate the quick and easy loading and It is important to consider the ground crew who will work
unloading of payloads through the hatch with SOEPSS and prevent their strain (From patent)
. A For some experiments, additional interaction may be
SPS-005 i SUEFES Sh&.‘” cllory Gemyenz; access ©f [pepioadls fn g i By required once orbit has been achieved. SOEPSS must
either an astronaut or robotic arms ;
accommodate this(From patent)
. . The launch of spacecraft subjects structures to intense
SPS-006 The SOEPSS_shaII include a means of securing modules on the track accelerative and vibroacoustic loads. SOEPSS therefore
so they will not move or be damaged during takeoff or landing .
needs to secure modules for this event (From patent)
Some modules may be deployed from the capsule.
SPS-007 USRS CHETIN el U TS s SOEPSS must not significantly obstruct the hatch to allow
spacecraft hatch by the Zelon arm(s) .
for this (From patent)
The SOEPSS shall be separable into segments so that it can SOEPSS will take up a significant amOL_mt of the width
SPS-008 ' Y of the capsule and will not be able to fit through the
fit through the hatch and be assembled inside the spacecraft o
hatch unless it is segmented

Presenter: Jonathan Lephuoc
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AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

Almaz EEUM Structural Restoration

Requirements

Regmt No. Requirement Rationale
STR-001 The Almaz capsule shall resist weathering and scrapes o caps_ule T 2ol U9 [EaEl CEErralig [ 1is
hangar in order to be used by subsequent students.
The capsule needs to be accessible from the outside for
STR-002 The Almaz capsule shall be capable of human entry into the capsule crew, ground personnel, and engineers to move in and out
of the capsule.
. ; The stairs need to be able to support at least 2 people with
STR-003 2 Sl (9 e capsule:hu?l Iﬁ?ggtp O 1t (11 2 peeple vl equipment, since the stairs will be used for maintenance
quip and loading cargo into the EEUM.
The hatch to the capsule shall withstand the forces of opening and The hatch needs to stay intact when being opened and
STR-004 ; . : . .
closing without damage closed, without shattering or falling apart
STR-005 The hatch shall be capable of manual opening from inside the The crew must be able to open the hatch from the inside
capsule for emergency exit and other operations
STR-006 The hatch shall be capablecogpn;ar;ual opening from outside the The crew must be able to open the hatch from the outside
STR-007 The stairs to the capsule shall be movable by 2 people Ul SES [eEe 1 bg UF@YEE) EHEILITE) i1 GERELE WhrE
working on the capsule
STR-008 The stairs to the hatch shall include handrails capable of supporting a The stairs need handrails to ensure the safety of
human person crew walking up the stairs.

Presenter: Project Manager Jonathan Lephuoc




Lo rAC ENCINEERING Almaz EEUM Electrical Restoration

TEXAS A&M UNIVERSITY

Requirements

Regmt No. Requirement Rationale

The capsule interior needs lighting to enable operations.

EPS-001 The electrical power system shall power the capsule interior lighting. The lighting system is referenced in the RFP

The capsule interior needs airflow to circulate air
EPS-002 The electrical power system shall power the ventilation fan system. supplies and ensure crew safety. The ventilation fan
system is referenced in the RFP.

A communications system is mentioned in the RFP. The

The electrical power system shall power the interior communications L L .
interior communications system will need to be powered

EPS-003

system. by the electrical power system.
The electrical power system shall be capable of being powered on and The ground crew ShQUId be able to power cycle the
EPS-004 system to troubleshoot issues and power off the capsule
powered off :
when not in use.
. If the capsule is stored indoors it will not have the
The electrical power system shall be connected to a ground power -
EPS-005 supol capability to charge by solar power. A power supply from
PRLY- the indoor facility would simplify operations and testing.
EPS-006 The electrical power system shall be cooled by the ventilation fan Electrical equipment that produces heat needs to be
system. cooled by airflow to reduce capsule heating.

Presenter: Project Manager Jonathan Lephuoc



AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

Almaz EEUM Ventilation Requirements

Regmt No. Requirement / Rationale Rationale
VEN-001 The ventilation system shall control the capsule interior temperature. Capsule interior temperature will need to be controlled by
airflow.
VEN-002 The ventilation system shall provide air circulation throughout the  [Air movement throughout the capsule will maintain air quality
capsule. and temperature.
VEN-003 The ventilation system shall cool the electrical power system. Electrical equipment will produce heat and needs to be
cooled.
VEN-004 The ventilation system shall be powered by the electrical power All electrical systems inside the capsule are powered by the
system. main power system.

Presenter: Project Manager Jonathan Lephuoc



AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

Almaz EEUM Communications

Requirements

Regmt No. Requirement Rationale
COM-001 The communication system shall provide voice talk communication It is imperative that the crew inside the capsule be able to talk to
between those inside the capsule and outside. those on the outside.
COM-002 The communication system shall be rechargeable if wireless. It would be beneficial for the microphones and transmitters to be
reused and not discarded when the batteries are depleted.
COM-003 The communication system shall have a signal strength to be functional T . .
. Communication is necessary during all phases of refurbishments,
when the hatch is closed. . . _ ”
including when the capsule hatch is in the closed position.
COM-004 The communication system shall be able to be turned on from inside the The capsule crew will need to be able to restart the communication
capsule. system in case of a failure.
COM-005 The communication system shall be able to be cooled by the ventilation A VENTIEE SIS IS METOES I S (XA, C(_)mmunlcatlon
system systems that produce heat need to be cooled by air flow to ensure
capsule safety.
COM-006 The communication system shalllnot have wires that interfere with the The crew must not be burdened by wires of the system that could
crew's work.
tangle the crew or snag on other parts of the capsule.
COM-007 The communication system shall be able to allow up to four crew members | This capability is important if more than one crew member is on the
to communicate at once. interior of the capsule and needs to communicate rapidly with the
outside.
COM-008 The communication system shall be able to be turned off from inside the The capsule crew will need to be able to restart the communication
capsule system in case of a failure.

Presenter: Project Manager Jonathan Lephuoc




G e Ll Project Schedule

sject Review/Recap
1

118122 11... Project ReviewRecap

1124722 21... Inventory of Interior Components Invenkocyiatinterior Compauerks
- i 2 (14 Day()1
tents of Capsule's xterior Utilties Box

17 Day()1 [

124122 11... Examine Contents of Capsul...

lop Inerface Control D
1124722 21... Davelop Intertace Control Draming il De0log kace Corirol vz

27122 3. Project Safety Analysis

Project Safety Analysis
133 Day(s)] [ 1

Electrical Power System Diagnostics:
(19 Day(s) ] I

Design Capsule Communication System
[18Day(s)] [ I

22122 3i... Electrical Power System Diagnostios

221722 3. Design Capsule Communication System

CAD Model of Stairfs to Capsule Hatch
170ay(s) 1 i
| Side: Rails for Stai

1124122 11... Craate CAD Model of Stais.

/31022 2i... Design Side Rails for Stai

1124122 2/... Obtain Legacy CAD Drawings kistl g

Create Detailed CAD Model of Capsule
124122 31.. Create Datailed CAD Model of Capsule e el

Create Detailed CAD Model of Dr. Dula's Modular Storage System
1124122 31... Create Detailed CAD Model -

1724122 1/... DustiWipe Down Capsule Exterior

1724122 21... Dosument Side Hatoh Repair Procadure
5 [14Day(s)]

27122 24... Obtain Side Hatoh Material(s) et

Doct

124122 21... Dooument Exterior Refurbishment Prooedure
[28Day(s) ]

27122 21... Construst Side Rails for S
[21 Day(s)]

Repair Side Hatch
221722 3. Repair Side Hatch

2026122 3. Re-Paint Staisto Capule Hateh
Refurbigh Capsule Exterior
22122 4. Refuish Capsule Exterior

147 Day(s) ]

Repair Capste Htch (Again)

4422 4. Repair Capsule Hatoh (Again)
P psule Hateh (Again) 21 Day(s) ]

Wheels to the Base of the Stairs

411122 51... Install Locking Wheelsto
Y 121 Day(s)]

Interior Lighting $ystem Diagnostics
372122 31... Interior Lighting System Diagnostics

(7 Day(s) ]
Ventition System Diagnostics|
32122 4L.. Ventilation System Diagnostics e
InstallCommirication System
321722 4. Install Communication System s .
| Design Communication System|
32122 ..  Design Communiation System ol !
T
4122 ..  TestCommunioation System Components £t Comu:aortSyeiom Comporite

[14 Day(s) ] [ 1
Design Almay EEUM Health Management System
]

411122 1. Dasign Almaz EEUM Health M
v [21Day(s)]

Continue ferating Upon SOEPSS Design (Add

iginal Designs)

32122 4. Continue Hterating Upon SO...
[35Day(s)]

Construct 3D Prifed Mockup of Almaz and SOEPSS

372122 5. Constiuct3D Printed Mocky. [42Day(s)]

411722 5. Implement Collaboration wi Implement Colboration with SpaceCRAFT VR
- Implement Collaboration wi.. iaiti

ite Critical Design Review Report
[7Day(s) ]

ansnz 6.

Cttitical Design Review Report

Criical Design Review
/422 6. Ciitioal Design Review

Presenter: Project Manager Jonathan Lephuoc Figure 6. Project Schedule




AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

> Full Inventory of the Almaz EEUM.

> CARAT Project Safety Analysis.

> Creation of the Almaz EEUM CAD models.
> Almaz EEUM Exterior Cleaning.

> Almaz EEUM Stairs Refurbishment.

> Interim Design Review
> March 3, 2022

Presenter: Project Manager Jonathan Lephuoc

Pre-Spring Break Phase: Project Schedule

=1 2022 -
| nar Interim Des\én Revle\a» |
s I T I I T I il I
ek 4 Week § Week 6 Week 7 Week 8 Week 9 Week 10 Week 11 ]
Interim Design Review
sject ReviewRecap
1]
¥ Inventory of Interior Components
[14 Day(s)] [
tents of Capsule's Exterior Utilties Box
17 Day(s)] ]
Develop Interface Control Drawving
(14 0ay)) [ — 5 L | L -t |
Project Safety Analysis
[33Day(s)] [ ]
Electrical Power System Diagnostics
[19Day(s)] [ —
Design Capsule Communication System
119 Day(s)] [ —

CAD Model of Stairs to Capsule Hatch
17 Day(s)] [ E

Design|Side Rails for Staigs to Capsule Hatcl
] (VQa_\ftf)_]“h

Ohtain Legacy CAD Drawings

[21 Day(s)] [ ]
Create Detailed CAD Model of Capsule
[47 Day(s) ] [ 3
Create Detailed CAD Model of Dr. Dula's Modular Storage System
I GO — — — —— — — _I
Dustiwvipe Dovyn Capsule Exterior

[7 Day(s) ]

Dgcument Side Hatch Repair Procedure

[14 Day(s)]

Ohbtain Side Hatch Material(s)

[14 Day(s) ]
Docur

[ 28 Day(s) ]

_ [21Day(s)]

[12Day(s) ]

[ 47 Day(s) ] [

Figure 7. Pre-Spring Break Project Schedule



AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

Post-Spring Break Phase: Project Schedule

7 ’ . ] Refurbiih Capsule Exterior
» Completed Almaz EEUM Exterior Refurbishment. S
[ 21 Day(s) ]

Install Locking Wheels to the Base of the Stairs
[ 21 Day(s) ]

» Repaired Almaz EEUM Hatch. 10 §ystem Disgnostcs

1]

Yertilation System Diagnostics

> Installed Aimaz EEUM Communications System. i

Install Comm.

Jnication System

3

I
Design A|ma# EEUM Health Management System

[ 21 Day(s) ] [

Continue terating Upon SOEPSSi[;esign (Add> r;grinairDresigns)r

» Tested Almaz EEUM EECOM Components. 4

Construct 3D Prirfﬂed Mockup of Almaz and SOEPSS

Implement 4:ollaboration with SpaceCRAFT VR

[21 Day(s)] [

> Finalized EEUM and SOEPSS CADs

ite Criitical Desigrﬁaview Report
[ 7 Day(s) ]

Criti;él-b;}gn Review

» Constructed Sub-Scale Almaz EEUM and SOEPSS

Mockups

» Critical Design Review
» May 4, 2022

Presenter: Project Manager Jonathan Lephuoc

Figure 8. Post-Spring Break Project Schedule

16



AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

> Total Project Budget: $2000.00

> $1000 from Texas A&M
Aerospace Engineering Dept.

> $1000 provided by Mr. Art Dula
> Total Project Expenses: $1580.91

> $419.09 Under Budget

Presenter: Project Manager Jonathan Lephuoc

Project Budget

Total Project Expenditures

Communication System, 92.98, 3D Printing, 10.5, 0.66%
5.88%

_Storage Infrastructure, 265.92,
16.82%

Locking Wheels for Stairs,
69.91,4.42%

Exterior Polish (Polisher),
303.61

Capsule Hatch Repairs, 62.74, _
3.97%

Stair Repainting, 59.94, 3.79%

Screw Replacement, 12.82,0.81%

Platform Side Rail, 54.92, 3.47%
Miscellaneous, 6.54, 0.41%

Electrical Power, 52.23,.« Consumables, '50.67,3.21% Cleaning Supplies, 5.98, 0.38%

m Storage Infrastructure  m Tools m Cleaning Supplies Consumables m Electrical Power

m Miscellaneous m Platform Side Rail m Screw Replacement u Stair Repainting ® Capsule Hatch Repairs

= Exterior Polish (Polisher) m Locking Wheels for Stairs m Communication System = 3D Printing
Figure 9. Pie chart displaying project expenditures

17

Tools, 532.15, 33.66%
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Inventory Management
and Configuration Control

18



PERAS Aah UNIVERSITY Inventory Management

2 e

//I nven to ry Man ag emen t Table 1: Item Inventory Categories
Category Corresponding
> Interior stowage of the Almaz EEUM was inventoried £ain € ode
for customer (including mock-ups and seats) Structures STR
Mock-Ups MOC
> Established inventory tagging system for all items, T30l5 TLS
including tools, according to item category Electrical Power ELE
> Inventory managed digitally through an Inventory Lighting LGT
Management Spreadsheet Ventilation VEN
Human Integration HUM
> Inventory was audited bi-weekly
o ) : COMMS COM
» Were able to identify objects inadvertently removed from
work site Cleaning CLN
» Consumables were replaced as required Miscellaneous MSC

Presenter: Configuration Control Lead Bri Mason o



PERAS Aah UNIVERSITY Configuration Control

Table 2: Project Documents

. . e | oocument |
» Document Numbering System was established for document —
configuration control Repiacement
STR-TP-002 Platform
Railing
Procedure
» Final official documents are named according to document S E—
3—F Aero 402
'g/pg, SlrJ]bsystem, and a 3-digit number, all separated insert Docament Title STRTSO  adveste
y ashes. Capsule ies, CARAT and T STR-TS-002 Polish Trade
Study
.. . Version: insert version number ELE-TP-001 Capsule
» Official document types include ICDs, test procedures, trade Prepared By: S
. . . Procedure
studies, correspondences to Mr. Art Dula, and finalized CAD e R
DraWingS' (Ie STR_TP_OO]-’ ELE_ICD_OO]—) Figure 10: Document Template 52”53%2
ELE-PSA- Project Safety
.. 001 Analysis
> If the document underwent several revisions, the document s ijectysmty
number has a revision tag (STR-TP-001ReVvA). 002 Analysis Action
ELE-ICD- Electrical
. A 001 Interface
» Created Document Template to unify all official documents Cortrol
ELE-PIC- Pictures
001
GEN-SWP- Safe Work
001 Practices
20

Presenter: Configuration Control Lead Bri Mason
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AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY Project Safety

Met with Dr. David Breeding, Assistant Director

Of EnVIronmental Health and Safety Table 3: Sample Action Item Assigned by Dr. Breeding

Project Safety Action Item List

> Developed Safe Work Practices Acin Areaubjc

Response/Course of Action

Number Required Action Matter
Team-wide work safety guidelines were written to o o
com ply Wlth |nd UStI’y Standards SUCh as the Natlonal ACTPSA001 Use mcompnaﬁtemln NEC rules for “temporary| ~ andPower | The team will research the mentioned

flexible cords,” per NFPA -70 & 70e. Adapter documents

Electric Code (NEC) and Occupational Safety and Brcedures

Health Administration (OSHA) regulations.

David Breeding
Note revisions. Please refer o the Texas A&M

> . . Safety Manual for clothing/atiire requirements.
An Engineering Safety Guideline on Safe Aftire
Com pleted PrOJeCt Safety AnaIySIS (PSA) in Labs & Shops is available for your use. Personal
H H H H H e . Protective The team has been briefed and will remain in
Extensive analysis of project risks and risk ACTRSA00L | Ingenera, persomel wokng 1 Texas A s | o o2 |
B t t & shops must wear long pants covering shoes of Clothing )
impervious material with at least % inch thick =
mi Ig ations soles. Shorts, skirts, and ofher clothing exposing
bare skin are prohibited.

> Completed Fire Extinguisher, Tool and Shop

Safety Trainings - entire team

22
Presenter: EECOM Team Lead Gavin Thompson



Need #1 :

Using Patent application Number: 15/931,836 by
Mr. Art Dula for a payload storage device,
Spacecraft Onboard Equipment and Payload
Storage System (SOEPSS)

(1) Create a CAD model and sub-scale mockup of
the SOEPSS and EEUM

(2) Identify any potential design flaws or

interferences of the SOEPSS with the Flight
Vehicle

23



I | sezosmacsenanernme g CAD: Capsule Interior

» Modeled the interior to test proper fit and function
of SOEPSS module

» Mainly focused on interior space (longerons,
side hatch clearance, any protrusions)

Figure 11: Legacy eDrawings model (provided by Jon

Zelon)
Table 4: Excerpt of Table of measurements from Legacy eDrawings 271 m
1 exterior base radius 135.405
2 exterior top radius 71.1135
3 exterior top hatch radius 28.4165
4 exterior bottom hatch radius 33.0525
5 exterior bottom hatch to base height 25.701 165 m
6 exterior base to top height 127.202
7 exterior top to top hatch height 7.782
8 exterior top hatch height 2.403
9 exterior bottom hatch height 2.394

Figure 12: Final SolidWorks model
24
Presenter: CAD Team Lead Kyle Sherrod



AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY CAD: SOEPPS DeSignS

Primary Design Secondary Design
> Considered Primary and Secondary Designs :

-
J
pd

o

I

> Following Analysis, our recommendation is:

> Continue with the primary design as it is
a launch capable storage system

> While the secondary design is simpler,
requiring less parts, its lack of supports
makes it unable to secure internal

payloads, potentially resulting in an
unsafe situation.

Figure 15: Preliminary Primary Design Figure 16: Preliminary Secondary
Model Design Model o5
Presenter: CAD Team Lead Kyle Sherrod



AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

Top View Level One

Level 1
Mex capacity
900 kg

e Area - Rolate$ on a moving lrack to allow

Level 1 Storage Area rotates on a movable platform making for easy
manual and eleclronic storage using the Zelon Arm. The rotating storage
\ layer also expands in for maximum storage. . y

maximum use of the siorage area. -

Figure 17: SOEPSS Concept of Operations

Presenter: CAD Team Lead Kyle Sherrod

main hatch. The track also extends inward to J 4--

S—
Zelon Robotic Astronaut System

Zelon Arms 1 & 2 - These arms are run by internal programming and

_.can aiso be run by remote locations ‘o allow students o perform
certain lasks. Cameras located throughout the capsule and along the

arms lo alicw for delaiied operaticns.

Figure 18: Experiment Box Manipulation via
"Zelon" Robotic Astronaut System

CAD: ALMAZ Storage System CONOPS

Zelon Arm 3 - This arm is primanly used for placing satellites and
other orbital expenments outside the capsule through the lower hatch

Figure 19: Satellite Deployment via "Zelon"
Robotic Astronaut System

26



PERQSTACE RNNERTNS CAD: SOEPPS Advantages

> Efficient and secure cargo storage

> Accessible during flight

» Space for electrical routing and cooling
through the center of the annulus

> Allows for storage and deployment of
small satellites

Figure 22: Final CARAT SOEPSS Design

27
Presenter: Manuel DeLaRosa Figure 21: Patent Drawing of Experiment Box



aissyssbitan Pl SOEPPS CAD Design Process Flow

Breach moved to inside to allow

) : . Locking mechanism at base added
better interaction with Zelon arms

Final design implemented into the
capsule CAD model
. ’ Outer breach readded to allow for eas
In(;tla! ex;f)enment box Experiment box with loading and unloading by both usersy
esign from patent
(bgll bearir?gs) wheels outside the capsule, and the Zelon arms
inside the capsule. 28

Presenter: Manuel DeLaRosa



I| AEROSPACE ENGINEERING

PER RS A / SOEPPS Potential Design Flaw

___ _ Wall Rails

Observation:

» Boxes “stuck” on interior rail (not enough
clearance from the ball bearings to allow
movement)

» Only 7.6 mm clearance between
bearings and inner rail

Figure 23: Top View of Box with Ball Bearings (patent design)

» Proposed Solution:

> Add wheels to raise clearance at center
of box

> Increased distance between inner and
outer railings

Wall Rails

Wheels

Figure 24: Top View of New Wheeled Box
. . 29
Presenter: Will O'Brien



AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

CAD: SOEPPS Wheel Design

2

Experiment Box
w Wheels

A
1

Figure 25: CAD model of Proposed wheel
design
S PERZORE W

Figure 27: Side Drawing of Wheel
(dimensions in cm)

Presenter: Will O'Brien

Figure 26: Drawing of Wheeled Box

Figure 28: Animation of Primary SOEPSS

“

Figure 29: Drawing of wheel

30



PERAS Aah UNIVERSITY CAD: SOEPPS Motion Study

Figure 30: Motion Study of Finalized SOEPSS Design

31
Presenter: Will O'Brien



PERAS Aah UNIVERSITY CAD: 3D Printed Model

» Models of the Capsule and SOEPSS printed
in PLA plastic

» SOEPPS confirmed to fit inside capsule as

intended

» Cargo Boxes move freely around the ring

32
Presenter: Jacob Wade Figure 32: Full 3D printed assembly of the SOEPSS inside of the Almaz capsule



Need #2:

Refurbish and restore the Excalibur Almaz
Form Fit & Function Engineering Evaluation
Unit Mockup (EEUM) which will be used for
education and/or research applications
within the Texas A&M University Department
of Aerospace Engineering.

33



AJM | Aeroseace encineERING Restoration: Tasks and Deliverables

LIPS SIS SIS IS

> Restore the EEUM Structure
> Repair Stairs

> Repair Hatch

> Add Wheels to Increase mobility

> Polish/Refurbish Exterior

Figure 33. Initial Condition of the Almaz EEUM Stairs

> 2

> Restore and Repair Electrical System

> Add Communication System

. > e . : 34
Presenter: Jacob Wade Figure 34. Initial Condition of the Almaz EEUM Exterior and Hatch



itk P  Development of Almaz EEUM CAD Models

> Created SOLIDWORKS CAD models of

all existing structures
» The capsule,
» Capsule Support stand
» Stairs

Figure 35: Assembly of CAD Models for Existing Structures

Figure 36: Capsule CAD Model Figure 37: Staircase CAD Model .
Figure 38: Capsule Stand CAD Model

35
Presenter: Jacob Wade



EEUM Structural Restoration

36



AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY Structures and Restoration: Stairs/Platform

Table 5. Completed trade study for platform railings.

\ . A
Single Horizonta( Double Horizontal Single Horizontal

Factor Scale Raili Raili Railing with
ailing \al '”ﬂ/ Diagonal Support
3
> Stairs and Platform Cost (0 = expensive, 3 = 3 2.4 2.0
inexpensive)
i 3
» Cleaned the stairs/platform Safety (0 = not s, L . -
3 = very safe)
.. 2
" Integration With -, _ ittt 10 integrate, 0.8 18 14
> Added railings to the platform for Existing Strucwure | 7o © megate
safety — Conducted Design Trade _ 2
Ease of Installation| (0 = difficult to install, 1.4 1.6 1.2
Stu dy 2 = easy to install)
Total 10 6.4 8.5 6.7

» Repainted the stairs and new
railings in Aggie Maroon

» Installed locking caster wheels onto
the base of stairs/platform

Figure 39. Completed
stairs and platform

Presenter: Structures Team Kyle Zaiontz 97



|| e Structures and Restoration: Exterior Polishing

» Conducted 2 trade studies
» To determine the best polishing tools.
» To address the best polishing results

» Completed coupon tests with an
Aluminum 6061 coupon donated from
Jacobs at NASA Johnson Space Center.

Figure 40: Before Polishing Figure 41: After Polishing
Table 6: Trade Study for Exterior Polishing Tool

» The Kobalt cordless polisher with WD-40

i A Item Price Rationale
was selected as the best combination for e
: H obalt Cordless Polisher $139 This option will be the easiest to move around
eXterlor reStoratlon ' the capsule with as well as being better
ergonomically with two handle configurations.
Craftsman 5 in. Corded Polisher $149 Parts for the polishing could not be easily found.
Craftsman 10 in. Corded $64.98 The two handle design would've been
Polisher impractical for work on a ladder.
WEN 6 In. Corded Polisher $22.33 No reviews lead to skepticism on its quality.

[o]e)

Presenter: Structures Team Garrison Kleman



AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

A

~Hatch Repair Trade Study Decisions:
» To replace or repair? (trade study 1)

S P

> If repaired, what adhesive? (trade study 2)

»  After testing, decided upon JB Weld Clear
Adhesive

Figure 42. Initial State of the hatch

Figure 43: Epoxy adhesive practical test

Presenter: Structures Team Lead Harrison Otto

Structures and Restoration: Hatch

Table 7: Repair vs. Replace Trade Study

Factor Scale /7~ Repair ™\, Replace
Cost 5 5 1
(0 = expensive, 5 =
inexpensive)
Risk (of breaking 3 12 21
materials) (0 =Highrisk, 3 =
Low risk)
Time 2 14 14
(0 =Long time, 2 =
short time)
Total 10 6 45
Table 8: Adhesive Trade Study
e
Criteria Scale Methacrylate Epoxy \
Cost 4 08 36
(0 = Expensive, 0 =
Cheap)
Risk (of misapplying or 3 12 15
another issue) (0=Highnisk, 3 = Low
risk)
Effectiveness 3 24 27
(0 = Low strength, 3 =
High strength)
Total 1.0 4.4 78
39



aissiea it bl  Restoration: Hatch Failure and Repair

>

e first repair attempt failed

» A preliminary failure analysis implied poor bonding surface preparation and mechanical interference
with the hatch opening to be the primary issues.

» For the re-repair, the team more thoroughly cleaned the surfaces with isopropyl alcohol and extended
the glue's curing time to 456 hours.

Figure 44: Hatch After Initial Repair Figure 45: Hatch Broken After Initial Repair Figure 46. Hatch after final repair and painting

Presenter: Structures Team Lead Harrison Otto 40



m i Tl Restoration: Matching Hatch Paint

» Tested multiple similar-to-existing hatch paint
colors on plexiglass coupons.

» Compared dried coupons to original paint and
conducted trade study.

Table 9. Trade study for the hatch paint.

Factor Scale < Krylon Metallic '>Kry|on Metallic Rust-Oleum
~—_Silver —— Aluminum Silver Wheel
2
Cost (0 = expensive, 2 = 2 2 15
inexpensive)
Ease of - 2
o (O = difficult to apply, 2 15 0
Application _
2 = easy to apply)
R 6 Figure 47. Hatch spray paint coupon
F'I\r)l';gﬁg (0 = dissimilar finish, 5.5 5 3
6= exact finish)
Total 10 9.5 8.5 4.5

41

Presenter: Structures Team Elizabeth Bendrey



EEUM Electrical, Environmental, and
Communications (EECOM) Restoration

42



m AERQSPASE ENAIMERTING g Overview - EECOM

» Electrical, Environmental, and Communications
(EECOM) Tasks and Deliverables

» Reverse Engineer the Aimaz EEUM Electrical
System Components

» Develop an EEUM Interface Control Diagram (ICD)

» Conduct an EEUM Electrical Power Test
» Start up and shutdown procedures

» Develop an EEUM Communications System

Figure 49: EECOM Team Lead Gavin in the
] EEUM after a successful startup procedure 43
Presenter: EECOM Team Lead Gavin Thompson
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Verification/Checkout

» Reverse engineered wire pathing
with multimeter

> Verified electrical continuity from
wall outlet to components

» Confirmed all switches were
functional

> Confirmed safety of electrical
system

> Developed ICD starting with hand
drawn schematics

Presenter. EECOM Tanner Law

Restoration - EECOM (Electrical)

[Red] [BLAcK]
. \
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Figure 50: Electrical Box External Ports !
Switetaes (1-8/14)
\
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|
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Wices (15 g — 308)

v v

Comporants :anmon%s

Figure 52: High Level Component Mapping

Figure 51: Checked Wire Continuity 44



PERAS Aah UNIVERSITY EECOM (Electrical)

syed computer deS|gn software "Whimsical" to develop ICD, which was compared against
the original ALMAZ User’s Manual — Confirmed connections and wire paths

SH-ALMZ-ENG-L0001 Rev: -

LED 3 FUSE 3 ———4CONN JACK 1 BLACK

CONTROL BOX August 2008
Q207 —ND
EXTERNAL BLACK WIRE PLATE | 0
- [BEaEaRnRnnnnnnn5nn '
INSIDE CAPSULE 'T ! : : T N
I AJJ 2o LB gcamw sack 1 ReD
SPOT 2 B2 @oomn saok 2 RED
o B conn uaok 3 RED
E] - % ﬁ—\—@mw JACK 4 RED
LPS355 S o
—_— l ¥ :| R —@com wek s RED
LED 1 FUSE1 . ~ B8 N
| | | LPS350 POWER | +— POWER - EXTENSION CORD - ‘z [ ——@CONN JACK & RED
) SUPPLY  e——  ADAPTER i L SF Gcanw wack 7 ReD
I - | FAN 2 FAN 1 1 = 8 8 < % < 8 — iﬁ—@ww JACH 8 RED
— (SPARE) L NELEGAZEES s
LED?2 FUSE 2 — : [ | )
SWITCHBOARD WALL OUTLET

————C})CONN JACK 2 BLAGK

E] ] ‘ (S o [<DCONN JATK 3 BLACK 109L1224H101
—_ | FAN

1 o .
LED 4 FUSE & | [J p l 2] | ———EHCONN JACK 4 BLACK

f————ECONN JACK & BLACK
————GHCONN JACK & BLACK
—@CDHN JACK 7 BLACK
————ECONN JACK 8 BLACK

AN—$2£4990

SPOT 1 1 I |

I[ | I T [ ‘ ] 1 Figure 16. Electrical System Diagram

Figure 54: Original Almaz Electrical System Diagram

Figure 53: EECOM ICD Version 3.1 45
Presenter: EECOM Brandon Nesbitt
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- EEUM electrical power test

> Created a safety plan and procedures for starting
and stopping electrical current to capsule systems

> Wrote startup and shutdown procedures

> First test procedure was completed on March 2, 2022

> Validated functionality of each spotlight, LED, and

ventilation fan

> Demonstrated functionality of EEUM to Dr. Dunbar

Presenter: EECOM Team Lead Gavin Thompson

EECOM (Electrical)

Figure 56: Functioning EEUM Spotlight
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m AEROSPACE EECOM (Electrical)

Figure 57: Before Restoration EEUM LEDs Figure 58: Before Restoration Adhesive Figure 59: Restored EEUM LEDs

47
Presenter: EECOM Team Lead Gavin Thompson
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EECOM (Communications)
""”‘Cfgﬁr‘nmunications Concept of Operations (CONOPS)

> Requirements Capsule

> Wireless Communication
between capsule and console

Mission Control Area

> Upto 4 Crew members

» Two modes:

» (1) Voice actuated, VOX
» (2) Pushto Talk, PTT

> Battery Powered

Figure 60: Communication CONOPS 48
Presenter; EECOM Logan Daigle
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AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

7 S

- Capsule Signal Interference Test

>

EECOM (Communications)

Initial HAM radio test verified wireless COMM capability through capsule walls

» Two trade studies were conducted to decide between a decentralized or
centralized COMM system and a Bluetooth or radio-based frequency

Table 10: System Type Trade Study

Table 11: Product Trade Study

Presenter; EECOM Logan Daigle

Factor Scale Centralized (Decentralized \ Factor Scale Bluetooth System (Radio System )

Cost 5 2 \5_/’ Cost 4.0

(0= exPenSif’e~ 5= (0 = expensive, 4 = 2.5 35
Faeof T mexpj el'.lSlVe) 09 3 inexpensive)
ase of Use 5 . .
(0 = difficult to use, Ease of Use . 2.0
1.5 = not difficult to (0 = difficult to use,

use) 2 = not difficult to 1.5 2.0

Portability 15 1.1 15 use)

0= dlfﬂ;u“ tot Complexity 2.0

move, [.0 = no
= 2= 2
difficult to move) (0 cc.)mplex. = Lo 0
Sound Quality 1 1 0.7 simple)

(0= poor, 1 = Signal Strength 2.0

excellent) (0= poor, 2= 0.5 1.5
l\ﬁj;i()ll Control o 1 | 0.9 0.6 excellent)
ar = not aware, | =
wareness ‘1_10 aware. To[al 100 5-5 9-0
very aware)
Total 10 5.9 9.1

Figure 61: Initial Radio Test

49



TEXAS A&M UNIVERSITY

'FTSI AEROSPACE ENGINEERING EECOM (CO mmunication S)

> Selected Communications System

> Retevis RT22 Walkie Talkies and headsets

» Utilizes 16 channels in the Family Radio Services
(FRS) frequency band (462 MHz to 467 MHz)

Figure 62: Retevis RT22 Walkie Talkies

> Provides wireless communication for up to 4
people with handsfree (VOX) capability

> Operates throughout the hangar in PTT and VOX
mode with no interference

Figure 63: Retevis EEK016 headset

50
Presenter; EECOM Logan Daigle



PExas i MNTOERSTIY SOEPSS System Requirements Outcomes

Regmt No. Requirement Verification/Validation Method

The SOEPSS shall fit within the dimensions of the .
SPS-001 Py . Inspection
spacecraft's interior volume

The SOEPSS shall consist of an annular support

002 track connected to the spacecraft Inspection
SPS-003 The SOEPSS shall support at least one module that CAD Analysis/Simulation
is movably connected to the annular support track
The SOEPSS shall accommodate the quick and
SPS-004 easy loading and unloading of payloads through the CAD Analysis/Simulation
hatch
The SOEPSS shall allow convenient access of
SPS-005 payloads in flight by either an astronaut or robotic CAD Analysis/Simulation

arms

The SOEPSS shall include a means of securing
SPS-006 modules on the track so they will not move or be Inspection
damaged during takeoff or landing

The SOEPSS shall allow the deployment of modules

SPS-007 through the spacecraft hatch by the Zelon arm(s)

CAD Analysis/Simulation

The SOEPSS shall be separable into segments so
SPS-008 that it can fit through the hatch and be assembled Unable to be designed into the SOEPSS within the time constraint
inside the spacecraft

Presenter: Jonathan Lephuoc
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Almaz EEUM Structural Restoration
Requirements Outcomes

Regmt No. Requirement Verification/Validation Method
STR-001 The Almaz _capsule shall resist Test
weathering and scrapes
STR-002 The Almaz capsulle shall be capable of Demonstration
human entry into the capsule
STR-003 The stairs to the capgule she}II support at Demonstration
least 2 people with equipment
The hatch to the capsule shall withstand
STR-004 the forces of opening and closing Demonstration
without damage
STR-005 The hatph shall k_)e gapable of manual Demonstration
opening from inside the capsule
STR-006 The hgtch shall be c_apable of manual Demonstration
opening from outside the capsule
STR-007 The stairs to the capsule shall be Demonstration
movable by 2 people
The stairs to the hatch shall include
STR-008 handrails capable of supporting a Inspection
human person

Presenter: Project Manager Jonathan Lephuoc




AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

Almaz EEUM Electrical
Requirements Qutcomes

Regmt No. Requirement Verification/Validation Method
EPS-001 The electrical power syste_m s_haII power the Test
capsule interior lighting.
EPS-002 The electrical power system shall power the Test
ventilation fan system.
EPS-003 The glectr_lcal power s_yst(_am shall power the Test
interior communications system.
The electrical power system shall be
EPS-004 capable of being powered on and powered Test
off
EPS-005 The electrical power system shall be Test
connected to a ground power supply.
EPS-006 The electrical power §ystem shall be cooled Inspection
by the ventilation fan system.




AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

Almaz EEUM Ventilation
Requirements OQutcomes

Verification/Validation Method

Regmt No. Requirement / Rationale
VEN-001 The ventilation system shall control the Inspection
capsule interior temperature.
VEN-002 The ventilation system shall provide air Inspection
circulation throughout the capsule.
VEN-003 The ventilation system shall cool the Inspection
electrical power system.
VEN-004 The ventilation system shall be powered by Test

the electrical power system.

54




AEROSPACE ENGINEERING

TEXAS A&M UNIVERSITY

Almaz EEUM Communications
Requirements Outcomes

Regmt No. Requirement

Verification/Validation Method

COM-001 The communication system shall provide voice
talk communication between those inside the
capsule and outside.

Demonstration

turned off from inside the capsule

COM-002 The communication system shall be .
o Demonstration
rechargeable if wireless.
COM-003 The communication system shall have a signal
strength to be functional when the hatch is Demonstration
closed.
COM-004 The communication system shall be able to be .
T Inspection
turned on from inside the capsule.
COM-005 The communication system shall be able to be .
L Inspection
cooled by the ventilation system
COM-006 The communication system shall not have .
. . ’ , Inspection
wires that interfere with the crew's work.
COM-007 The communication system shall be able to
allow up to four crew members to communicate Demonstration
at once.
COM-008 The communication system shall be able to be

Inspection
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> CAD models and 3D printed sub-scale
mockups of the Almaz EEUM and the
SOEPSS were created.

> Satisfied Stakeholder Need #1

> The Almaz EEUM was refurbished and
can now safely support multiple people
working inside and outside of the
capsule.

> Satisfied Stakeholder Need #2

Presenter: Project Manager Jonathan Lephuoc

Restored Power,

Lighting, Ventilation

Restored Exterior

EEUM Hatch

EEUM Stairs

Project Outcomes

Figure 65: Final Restored EEUM and EEUM Stairs
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W AERQIPACE NEINERIING EECOM (Electrical)

SH-ALMZ-ENG-L0001 Rev: -

4207 ND August 2008
I
ple
‘ |
» Confirmed connections and wire pathing 2o o s
o] ﬂ_@cﬂ'\m JACK 3 RED
. . LPS355 % ﬁg—@mun AACK 4 RED
> Checked the function of each switch S P G
oo % = ﬂﬁ—@mun JACK 7 RED
<:’_OO<::%<8{ Jf_‘—@carv:rnuacxaRED
. . . MEZZ W= eI D CBI
> Confirmed presence of extra fan in electrical i T
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Figure 16. Electrical Svstem Diagram

Figure 77: Original Almaz Electrical System Diagram

Figure 76: Spare Fan inside Electrical Box 60
Presenter: EECOM Brandon Nesbitt
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> Confirmed number convention of the capsule

> Utilized hand-drawn sketches for high level diagrams

Figure 70: Interior of Electrical Box

Presenter: EECOM Tanner Law

Figure 72: Electrical Box External Ports
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L7

Restoration: Hatch Final Repair

Figure XX. Initial state of the stair:

X

S S e ER

Figure XX. Hatch after final repair o =
Presenter: Structures Team Elizabeth Bendrey Figure XX. Final state of the capsule and stairs
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AEROSPACE ENGINEERING

W CAD: Capsule and Stand Drawings
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Figure 30: Capsule CAD Drawing Figure 31: Capsule Stand CAD Drawing
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Presenter: Jacob Wade
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m S CAD: Stairs and Hatch Drawings

F F
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D D
IC| IC| :‘V
f
B B
Capsule Stairs Capsule Side Hatch®
g 7 = 5 1 o E—— > S a 7 & 5 4  S— — 2 o
Figure 32: Capsule Stairs CAD Drawing Figure 33: Capsule Hatch CAD Drawing

64
Presenter: Jacob Wade



G e Ll Configuration Control

Project Tasks:

> Managing the inventory of all items related to the project

using the Inventory Management Spreadsheet.
> Inputting new items into the inventory as they arrive.
> Tracking all items that are checked out by a team member
and leave the hangar.

> Regularly auditing the inventory.
> Document control.

Presenter: Project Manager Jonathan Lephuoc



TEXAS A&M UNIVERSITY

!TQI AEROSPACE ENGINEERING |nven o ry Man ag ement &

Configuration Control

> Configuration Control Tasks and Deliverables
> Inventory Management

Document Control

Inventory Audit

Full Inventory of the EEUM

YV V V VY

Identifying everything inside of the EEUM

Presenter: Configuration Control Lead Bri Mason
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Inventory Management &
Configuration Control

Item Desi Item Description Photo
MOC-001 FFCS Il Monoblock
TLS TLS-001 Husky Diagonal Cutters 1
TLS TLS-002 Husky Pliers 1
MOC-002 ACM 408n Beacon Monoblock
TLS TLS-003 Husky Pliers 1

Table XX: Inventory Spreadsheet Layout

Presenter: Configuration Control Lead Bri Mason

Table XX: Initial Capsule Inventory Document
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AEROSPACE ENGINEERING Invento I'y Man ag ement &

TEXAS A&M UNIVERSITY

Configuration Control

> Inventory managed digitally through the Inventory Management Spreadsheet.
> Entries contain item ID, item description, and photo

> Inventory was audited bi-weekly and consumable items that were used up were
replaced

> A separate document was created detailing customer owned items that initially existed
in the capsule.

Presenter: Configuration Control Lead Bri Mason 70



AJM | Aeroseace encineERING Inventory Management &
Configuration Control

> Inventory Check-In/Check-Out Spreadsheet was created for checking items in and

out of the hangar

» Contains columns for team member name, item ID, item description, check-out

date, and check-in date

Harrison Otto STR-D0B Capsule Fragment 1/24/2022 2/5/2022
Elizabeth Bendrey STR-D11 2.5" Wood Screw for Staircase 1/31/2022 2/9/2022
Elizabeth Bendrey STR-D12 Bag of Capsule Side Panel Hatch Bolts/Nuts 1/31/2022 2/5/2022
Elizabeth Bendrey STR-D0B Capsule Fragment 2/5/2022 2/14/2022
Garrison Kleman STR-D08 Bag of Hatch Screws, Muts, and Washers 2;"9{2022|

Table XX: Inventory Check In/Check Out

Presenter: Configuration Control Lead Bri Mason =
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TEXAS A&M UNIVERSITY

> Created Document Template to unify
all official documents:

> Title Page: Displays team logo,
team name, document title,
and document tracking ID.

> Document Control Panel: Area
to track document version
number, creation date, and appr
oval.

Presenter: Configuration Control Lead Bri Mason

Inventory Management &
Configuration Control

Aero 402

Insert Document Title
CARAT

Capsule 2 and Technol

Version: insert version number

Prepared By:

Figure XX: Document Title Page

DOCUMENT CONTROL PANEL
lat Construction

Platform Ratling

mmmmmmmmmmmmmm

Figure XX: Document Control Panel
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> Document Template

> Revision History: Details document
lifetime from initial to final version.

> Test Procedures Include Body Template

» Contains an introduction, statement
of document purpose, materials list,
detailed procedure, and
safety precautions.

Presenter: Configuration Control Lead Bri Mason

Inventory Management &
Configuration Control

2 Test Procedure

2.1 Equipment Needed

2.3 Safety Precautions

3 Revision History

DOCUMENT REVISION HISTORY
Version | Ay

ersion |Approved [ L ngets Created
Number | Date Deseription & Chamnt)) Modified By

Figure XX: Document Body

Figure XX: Document Revision History
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Presenter: Configuration Control Lead Bri Mason

Document Number
STR-TP-001
STR-TP-D02
STR-TP-003
ELE-TP-001
ELE-TP-002
ELE-PSA-001
GEN-5WP-001
ELE-PSA-002
STR-TS5-001
STR-TS-002
STR-TS-003
ELE-ICD-001
ELE-PIC-001

Inventory Management &

Configuration Control

Document Title

Stair Screw Replacement
Platform Railing Procedure

Hatch Repair

Capsule Startup Procedure
Capsule Shutdown Procedure
Project Safety Analysis

Safe Work Practices

Project Safety Analysis Action List
Adhesive Trade Study

Palish Trade Study

Teols Trade Study

Electrical Interface Control Document
Pictures
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m S L e Structures Team

Project Manager:
Jonathan Lephuoc

"""'Project Tasks:

» Documenting & executing the exterior
cleaning and refurbishment

Harrison Otto
» Repairing EEUM side hatch.
Structures: Structures:
Garrison Kleman Kyle Zaiontz

» Modifying the side hatch stairs to R

include side rails for safety.

» Modifying the stairs to have locking
caster wheels for safety and ease of
transportation.

75

Presenter: Project Manager Jonathan Lephuoc
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Restoration

Polished capsule

Final repaired hatch

Picture of
completed
capsule &
stairs

v

Capsule and Hatch in initial states

4 s o
Stairs in initial state Stairs with railings Painted stairs Stairs with wheels
76

Presenter: Structures Team Lead Harrison Otto
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> Adhesive Study

> Compared methacrylate to epoxy
to decide on epoxy for lower cost,
more availability, and higher

nominal bond strength

» Compared JB Weld plastic and
clear epoxy through a practical

test to decide on the clear option

Presenter: Structures Team Lead Harrison Otto

Restoration

Figure 24: Epoxy Adhesives Tested on Material Coupons
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i Ili' AEROSPACE ENGINEERING Restoration: Repair VS.

Replace Cost Analysis

Cost Analysis
Fepair EReplace
Item Cost (5) Item Cost (5)
Methacrylate Adhesive §9.301 Acrylic Sheet 230.002
Adhesive Gun 77.303 Sand paper 6.774

Electric drill Borrow

Adhesive §9.30°

Adhesive Gun 62.00°
Total 137.50 - 146.80 Total 356.77

Figure X: Variable part cost analysis for repairing and replacing the hatch
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> Capsule cleaning process
> Dusted exterior.

> Wiped the Aluminum surface with
Windex on microfiber towels.

> Wiped with soapy water on
microfiber towels.

> Removed any remaining chemicals
from cleaners using damp rags.

Presenter: Structures Team Elizabeth Bendrey

Structures and Restoration

79

Figure X. Capsule after cleaning
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IF Structures and Restoration

> Almaz EEUM Stairs

> Evaluated the initial condition of the
stairs/platform.

> Determined a railing would be necessary
for the safety of workers or operators.

> Railing design considerations:

» Cost

> Integration with existing structure

Figure x. Initial Condition of the Platform

> Assembly methods

Presenter: Structures Team Kyle Zaiontz
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Structures and Restoration

> Platform Railing

> The design consisted of wooden
railings and supports which are similar
to the original Almaz EEUM platform

> Created procedure documents
including necessary safety precautions.

> Completed the procedure and
assembled the railings.

Figure x. Newly Assembled Railings

Presenter: Structures Team Kyle Zaiontz ol
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> Stairs painting

> Sanded original paint, then painted the stairs with two layers of maroon paint.

Figure 19. Stairs before repainting Figure 20. Stairs after repainting

Presenter: Structures Team Elizabeth Bendrey
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> Locking Wheels for Stairs

» Used six locking caster wheels with a sinsert image
safety factor of >2 for five, average of final EEUM

weight people on the stairs. stairs*

> Added wood sheets to the bottom to
increase surface area for mounting the

wheels and to assist with weight
distribution

Figure XX: Stairs after addition of wheels

Presenter: Structures Team Lead Harrison Otto
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«"jeCt Tasks:

» Creating the Almaz Systems
Diagram.

» Assessing the Almaz EEUM
e_Iec_trlcaI, ventilation, and
lighting systems. Gavin Thompson

» Installing a communications
system inside of the capsule.

» Designing an Almaz EEUM
Health Management System

EECOM:

EECOM:
Logan
Daigle

Brandon
Nesbitt

EECOM:
Bri Mason

EECOM:
Tanner Law

Presenter: Project Manager Jonathan Lephuoc



L I CAD Team

» Designing the CAD model of the stairs to the

capsule hatch. Project Manager:
» Designing the side rails for the stairs. Jonathan Lephuoc

» Designing the CAD model of the Almaz

EEUM
» Designing the CAD model of the stand CAD Lead: Kul
upon which the EEUM is mounted.

» Designing the CAD model for a modular
storage system for the Almaz RRV.

CAD: CAD: CAD:
> Constructing a sub-scale mockup of the Mandel BetaRosa Jacob Wade William O Brien

payload storage device patented by Mr. Art ?
. “85

Dula.

Presenter: Project Manager Jonathan Lephuoc
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Reentry Vehicle (RRV)

> High-level concept of operations:

> Reusable spaceflight vehicle with both
manned and unmanned flight
configurations.

> Space tourism to LEO or lunar orhbit.

Figure 6: Orlglnal Excalibur Almaz RRV CONOPS

» Orbital science platform for research, i
i - Reusable SpCe;:euCIc;tuons
outreach, and/or education e o —
piloted + In Orbit: ~4,200 kg

» Landing: ~4,000 kg
* Internal Volume: ~8
cubic meters

+ Habitable Volume:
~4.56 cubic meters

* Length: 3.64 m
+ Diameter: 2.79 m

+ Emergency
Escape System

» Parachutes and
retrorockets

+ Canland on
ground or water

Presenter: Project Manager Jonathan Lephuoc Figure 5 Excalibur Almaz RRV Specifications
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s CAD (XX/XX)

> ’/ SOEPSS Primary Design

» Geometric concern of Figure 38 as a cross section /

» Cannot exist as shown in orange since the
wheels/ball bearings are parallel to the box o
edge and therefore cannot both be in the plane i Sy

Figure 50: Top View of Possible locations of the cross
sectional plane as shown in Figure 38

—

» Cannot exist as shown in purple because the
curvature of the rails is not reflected

» Cannot exist as shown in blue because the box
IS not centered with respect to the inner and
outer rails

87
Presenter: Will O'Brien *SOEPSS = Spacecraft Onboard Equipment (and) Payload Storage System
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77

SéEPSS Design Concern

» The Environmental Control and Life
Support System (ECLSS) significantly
protrudes into the lower capsule
interior

> After meeting with Mr. Dula during our
IDR presentation, we elected to ignore
the ECLSS for the modeling of the
SOEPSS

Presenter: Manuel DeLaRosa

\  Figure 51: Provided Model
of Capsule with ECLSS
Identified
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» Electrical, Environmental and

Communications

» Project Safety Analysis

» Was created as a preventative

measure

Holds the team to industry standards Flgure 06: Team memberin capstie

Contains all safety, procedures,

trainings

Figure 67: Team member in capsule

. 89
Presenter: EECOM Team Lead Gavin Thompson
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» Power Draw / 2 3 a 5 6 7 8 9 10 11 12 13 1\
900000 ® o

> Power BOX Temperatu re SPOT1  LEDA1 LED2 LED3 LED4 SPOT2 POWER FAN 1
/ LPS Power Draw: 3488 W \ ﬂniernal Temperature: 80.1°F \
» Ventilation Fan RPM
LPS Temperature: 823°F Ambient Temperature: 70.8 °F
» Internal/External Temperature Fan RPM: 598 RPM Internal Pressure: 102.530 MPa
Ambient Pressure: 101.325 MPa
» Internal/External Pressure
Oxygen Level: 209,450 ppm
> Oxygen Level & / varbon Dioxide Level: 400 ppn%
» Carbon Dioxide Level Figure X: Theoretical Health Management System Display
91

Presenter: EECOM Team Lead Gavin Thompson
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CONTROL BOX

BLACK WIRE PLATE

INSIDE CAPSULE =
|

SPOT 2

FUSE 1 A EE——

LP5350 POWER «—— POWER

i ;
SUPPLY — ADAPTER Lt EXTENSION CORD
: s
oeoeee @ ® B —

—
SPOTY  LEDY  LEDI  LED3  wED4  SPATR POWER L) S
/ LPS Power Draw: 338 W \ / Internal Temperature: BO1F \\ —_— L @ SWITCHBOARD WALL DUTLET
] |
LED3 FUSE 3 . .
T LPS Temperalure: B2.3°F Ambient Temperature: 708°F e —_— s
3 \ 1 1
“ Fan RPM: 598 RPM Internal Pressure: 102,530 MPa — ) ] |
| b F 1 ~
Ambient Pressure: 101.325 MPa —_ LED 4 —  FusEL : } — e i |
Oxygen Level: 209,450 ppm 8
I
\ i
K // \L‘irhnn Dioxide Level: 400 ppmj 5 SPOT 1

-
. &8

Figure X: Health Management System Interface Control Document Diagram

Health Management System Display

—— L1

.\_rt_l\_l\_l‘_r\_r\_:(’[
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Presenter: EECOM Team Lead Gavin Thompson



