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About Me

 Born and raised in Delaware
* | have a cat named Comet
 Dream car: Lamborghini -
* Favorite TV Show: Leave It To Beaver
e Space Geek

— Manned Space Exploration

— Crew Systems, Orbital Mechanics,
Aerodynamics, Propulsion

SMALL WONDER

THE FIRST STATE




Education

* University of Maryland, College Park
— Go Terps!

* Pursuing my B.S. in Aerospace
Engineering

— Concentration in Astronautics




Hobbies and Interests

* Sports

— Basketball, football, hockey,
baseball, soccer

e Music

— Listening to music and going to
concerts

* Family and Friends

— Spending time with family and
friends



Past Experiences: UMD Research and
Conferences

 Undergraduate research

— Analog space suit joint torque elbow
testing

— Development of analog spacesuits
— Pneumatically powered EVA Glove

* Conferences and Papers
— AIAA Region 1 Student Paper

go Spring 2017)

— AIAA Young Professionals, Students,
and Education Conference (Fall 2014
and Fall 2015)




Past Experiences: JSC SK3
Summer 2014 Internship

EVA Glove Sensor Feasibility Il Project

* @Goals: Develop a method and list of
sensors for measuring the glove
environment acting on the fingers and
hands inside the glove box

* Importance: Obtain data that can be
correlated with astronaut injury
reports

 Accomplishments: Analyzed extensive
amounts of data and assisted in writing
the EVA Glove Sensor Feasibility |l
Report




Past Experiences: JSC EC5
Summer 2015 Internship

RoboGlove Cycle Tester

Goals: Test repeatability and endurance of Force Sensitive Resistors (FSRs)
Importance: Determine whether or not FSRs will suffice for long term use

Accomplishments: Successfully designed and built a cycle tester by the completion
of my internship




Outgassing
Testing for LCVG Flush and
SHERLOC on £ ST Purge Console
Mars 2020 Rover

Tensile Testing of

Radiated Space
Suit Materials




”&‘\-’f‘ Tensile Testing of Radiated Materials

* Objective: Tensile test radiated space suit materials

* Purpose: Compare pre/post radiation mass, max tensile load,
and max tensile extension
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Orthofabric Teflon Vectran Dacron
Spectra Bladder Material nGimat Coated nGimat Coated Polycarbonate
Orthofabric Teflon
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* Conducted tensile testing
of various radiated
materials
— Prepared samples for testing
— Set up tests
— Collected data
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 Assembled Test Reports

* Analyzed data and put

together a test results
summary of total mass
loss (TML), fabric
appearance,
maximum/minimum
max load,
maximum/minimum
max tensile extension

al Mlaxizvmmn Load Alacimum Temzilo

BUILDING 7, ROOM 2023

Fadiated nlimat Orthodabric
Usad robbar grips to halp hold material @ placs|

Load [Ibf
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Radinod niman Orisolric Tensile Testing Results Takeaways

Usod rabbse grips o belp bl il place]
Note: For Key Values section, range excludes the control value if the value does not lie within the
min/max value; in ather words, if the control valus is 2 min or max value for the range, it is not included
as the limit, rather the next min/max of the radizted sample is the new min/max range

Orthofabric

Assumed Control Sample: 0-110

Key Values:

WMax Load Range (Excluding Control): 335.03 Ibf 35152 Ibf
Wax Tensile Extension Range (Excluding Control): .22 in-25 in
Control:

o Msax Load: 318 85 Ibf

o Max Tensile Extension: .26 in

Average Baseline:
o MsxLoad: 335.88 Ibf
o Max Tensile Extension: 41 in

General Notes:

Mass Difference (Absolute Value)

Warying color with radizted orthofzbric; all orthofabric an the same plate (plate 2, round 2) so
assuming the plats was consistent with intensity levels, this would not explain the varying color

o Perhaps actuzl location on the plate affects how much radiation the sample is recsiving
17 0.0083 27 0.0031 37 0.0055 47 0.0003 37 0.0238 * Al samples (including control) failed in a similar manner; not a clezn break, mare stretched wntil
18 0.0034 28 0.0042 38 0.005 48 0.001] 58 failure rather than splitting in two {see picture of orthofzbric)

Appeared as though 0-18 and 0-111 had two radiated aress (one sbova primary radisted ares);
13 0.005 23 0.0032 33 0.0053 43 0.0014 339 potentially dua to plate placement, but from plate placement pictures it doss not appsar it

110 0.0036 210 0.0079 310 0.0083 410 0.001] 510 would have been = factor

111 0.0049 211 0.0062 311 0.0068 411 0.0015 511 Max Load Notes:

112 0.0064 212 0.0014 312 0.0014 412] 0.0002 512

Excluding control, range betwaen minimum maximum load and maximum maximum load is
relztively small compared to loads observed; max load was the minimum max load values; 42.67
Ibf difference between min and max

67

0.0027

77

Mass Change [Absolute Value)

0.0076

Baseline sverage {335.38 Ibf) similar to values obtsined with radisted samples
Radiation did not seem to affect max load values

0-111 had max max lozd

Control had the lawest maximum load [318.235 o]

a7 0 97 0.0047

0.0043

78

0.0066

88 0.0005 98 0.002

69

0.0038

0.0067

89 0.0007 99 0.0042

610

0.0035

710

0.0062

810 0.0008 910 0.0035

611

0.0035

711

0.0059

811 0.0002 911 0.0028

612

0.0015

712

0.0035

812 0.0011 912 0.0034

Max Tensile Extension Notes:

Control had max tensile extension; O-17 [calor scale 3) had the minimum tensile extensian
Range of max tensile extansions was small; .04 inches differance; <15 length difference
between min and max compared to overall sample length

General Concls

Radiation does nat have a significant effect an Orthofsbric
Max load not significantly affect=d
Max tensile extension not significantly affected, but slightly affected

3 oz. Teflon

Assumed Control Sample: T-212

Key Values:

Miax Load Range [Excluding Control): 15.15 Ibf-30.50 Ibf
Max Tensils Extension Rangs [Excluding Control): 153 in-2.42in
Cantral:
o WaxLoad: 2432 lbf
o Wax Tensile Extension: 2.76 in
Average Baseline:
o WaxLoad: 30.63 Ibf
o Wax Tensile Extension: .76 in

General Notes:

Varying color with radisted Teflon; similar case with orthofabric; all the Teflan is on plste 2
{round 2), s in theery, it should show the same color distortion, but there are varying levels of
light/dark on the samples

All radisted samples failed in = similar manner; clesn break; however, the control sample did not
completely break like the radiatad ones; shows that there may be 3 connection between
radiation and material strength

Max Load Motes:

Excluding control, max load range was 15.15 Ibf-30.5 Ibf; control sample fell within this range
Max load was seen for T-28, which was 2 2 on the color scale; 2lso, this value (30.5 1bf) was
similar to the average baseline non radiated samples (30.63 1bf]

Excluding control, max load range relstively largs to loads observed; difference betwsen
2nd max max load was 15.75 Ibf
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Radiated Materials Tensile Testing:
Summary of Results

Mass Average Max Average Average Average Max
Difference Load Baseline \EVEET Max Tensile Tensile
(g) (1bf) Radiated Extension Extension
(1bf) Baseline (in) | Radiated (in)
Orthofabric .0053 335.9 343.4 410 .238
Teflon .0053 30.6 24.1 3.76 2.01
Vectran .0055 464 241 .640 444
Dacron .0010 245 105 1.10 476
Spectra .0191 1363 1190 14.0 12.0
Bladder Material .0032 117 100 .85 .50
nGimat Coated .0061 304 379 1.18 .93
Orthofabric
nGimat Coated .0006 67.1 51.8 3.32 2.25
Teflon

Polycarbonate .0034 1071 1079 .360 .325
15



Outgassing
Testing for LCVG Flush and
SHERLOC on £ ST Purge Console
Mars 2020 Rover

Tensile Testing of

Radiated Space
Suit Materials
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Outgassing Testing for SHERLOC
on Mars 2020 Rover

 SHERLOC

— Scanning Habitable AaIRS 200 ROVER

Environments with Ramen HFAKESOes | X" yeonpacition 8t Sor_suporcam st |

and Luminescence for SHERLOG Eecronics Jo g\ > 2xMastoam-2 Gamera

Organics and Chemicals LY o TPk
— Will search for organic Calibraton Targe | : ' st

materials altered by water am S L g

environments - LGRS @ 1o

e Space suit materials will S A, T\ . s

be placed on the SHERLOC @ G\ e
calibration target pe——————.

3 x MEDA Air Temperature Sensors

17
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Outgassing Testing for SHERLOC
on Mars 2020 Rover

Became familiar with anc
understood contents of the
Goddard outgassing database

Put together database summary
of relevant materials

Compared to NASA’s MAPTIS MAPTIS
materia | S d ata b ase MATERIALS AND PROGESSES TEGHNICALINFORMATION SYSTEM

Helped to determine additional
testing would be required for
some samples

18



Outgassing Testing for SHERLOC
on Mars 2020 Rover

* Requirements: Must pass ASTM E595 standards
— <1.0% Total Mass Loss (TML)
— <.1% Collected Volatile Condensable Materials (CVCM)

Pass Fail Unsure
Orthofabric Bladder Material (>1.0% TML) Spectra
Polycarbonate nGimat Coated Orthofabric
Teflon nGimat Coated Teflon
Vectran

Dacron

19



Outgassing Testing for SHERLOC

on Mars 2020 Rover

* Requirements: Must pass ASTM E595 standards
— <1.0% Total Mass Loss (TML)
— <.1% Collected Volatile Condensable Materials (CVCM)

Pass Fail Unsure
Orthofabric Bladder Material (>1.0%
TML)
Polycarbonate Spectra (.4% CVCM)
Teflon nGimat Coated Orthofabric
(1.2% TML)
Vectran
Dacron

nGimat Coated Teflon

20



Outgassing
Testing for LCVG Flush and
SHERLOC on 22 STl Purge Console
Mars 2020 Rover

Tensile Testing of

Radiated Space
Suit Materials

21



* Assisted with preparing
Corn Man

e Made a communication

box mockup for the Corn
Man test

22



* Assisted with preparing Z2
Processing Procedures
— DIDB
— MAG

* Assisted with preparing
data scales

e Suit Fit Checks

23



/2 Support: NBL Testing

 Weigh outs

— Assisting as needed with keeping
track of weight pack adjustments

e Contact Points

— Recording contact points during
testing

— Developing standardized
system/guidelines

— Interpreting contact points results

* NBL Data

— Organizing and combining data into
one spreadsheet

24



Number of Contacts

Number of Contacts

50
45
40
35
30
25
20
15
10

PLSS

PLSS

NBL Run #1 (ZLTA)

Tools/MWS
Suit Location

NBL Run #5 (ELTA)

|
Helmet Tools/MWS
Suit Location

Boots

Boots

Legs

Legs

/2 NBL Support: Contact Poin

Number of Contacts

Number of Contacts

18
16
14
12

o N s oo o®

PLSS

PLSS

NBL Run #2 (ELTA)

Helmet Tools/MWS
Suit Location

NBL Run #5 (EMU)

Helmet Tools/MWS
Suit Location

Boots

Boots

Analysis

NBL Run #3 (ELTA)

30

25

Number of Contacts
-
v

l i
. |
Legs PLSS Helmet Tools/MWS
Suit Location

NBL Run #6 (ZLTA)

16
14

o

T 12

5]

£

£ 10

o

s 8
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£

= 4
. |
0

Legs PLSS Tools/MWS

Suit Location

Number of Contacts

Number of Contacts

30

25

20

15

10

NBL Run #4 (ELTA)

PLSS

PLSS

Helmet Tools/MWS Boots Legs
Suit Location

Number of Hits

Helmet Tools/MWS Boots Legs
Suit Location
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Outgassing
Testing for LCVG Flush and
SHERLOC on £ ST Purge Console
Mars 2020 Rover

Tensile Testing of

Radiated Space
Suit Materials
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LCVG Modified Flush and
Purge Console

* Objective:
— Design an LCVG Flush and Purge Console
* Requirements:
— Must be able to flush and purge the LCVG
— Must be able to structurally test the LCVG
— Must have access to both air and water

— Must be as small as possible
— ~$2000 budget

* |Importance:
— Ability to test at higher pressures
— B34 |ocation

27



LCVG Modified Flush and
Purge Console

~

-

* Preparation T

— Became familiar with pressure
system components

— Pressure Systems Design Course

— Reference previous LCVG Flush and
Purge Console Design

28



AAL Sy
SR> 57a
<5 oo

LCVG Modified Flush and
Purge Console

AT

Breathing Air Breathing Air
@ MAWP 30 psig @ MAWP 200 psig

PR-LFP-03 PG-LFP-02 Antint
= -LFP-03 G-LFP-02 y T
B30 iy Mox Inlet: S00 psig  0-300 psig L Thv-LFp-22

k Outlet 0-25 psig o W

a _ ) T e b= SO-LFP-01
'”I'_"FP"I]["" R 5 psig N T Breathing Air Source
1 : S P L @ maximum

CRLFR27 OD-LFP-23 i

GD-LFP-03  T-LFP-24 MAWP 200 psig
- - Amblent

PG-LFP-10

0-60 psig T-LFP-26

Pump-LFP-13
- M\
RV-LFP-16 — o)
set B S
40 pslg

Tank-LFP-12

GECI=LFP=14

F-LFP-15

NV -LFP-11

Notes:
1, System flulds are compressed olr or woter ot room
temperature (70 degrees Fohrenhelt).

. Eystem MAWP |s 200,30 pslg for the alr slde, and &0
pslg For the water slde. w '
System clean level GC per JPR 53321 VI £ Y WALIDATED EY Bl E TWbe IMOSG

. All tuke flttlngs are AN or NPT unless otherwlse | :
noted. Fichond, Bhedu  J2THE T ' . e

. All tublng Is 316 Stolnless Steel 3/8° 0D, 035" or INITIAL RELEASE ¢CO SIGNED LCW"G B_[O dlfled Flus}l
greater wall thickness unless otherwlse noted — = -
Cminimum 1800 pslg MAWP). HISTORY GARD/NO GPEN DS e s w5 @nd Purge Console

. 3/8" Tygon tublng OD, 3/32° or greater wall sSclhhraexrran=sctic
thickrness iminlmum 60 pslg MAWPY or equlvalent at T
QD-LFP-07, QD-LFP-08, and @D-LFP-09.

7. System locatlor B34 (but can be connected to any
breathlng alr source with moaximums MAWP of 200 AET_L[ODOES —_

pslgh
CD123484A 1 of 2
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LCVG Modified Flush and
Purge Console: Structure Test

Breathing Air BV‘?_CL_JCI/WiMQ Air
@ MAWP 30 psig @ MAWP 200 psig

. PR-LFP-03 PG-LFP-02
B30 peir ),r Max Iniet: 500 psig  0-300 psig
RV-LFP-04 )

Outlet 0-25 pslg £\ A
set 8/ X Anblent T SO-LFP-01 41 : i [
15 pslo | N Breathing Alr Source

- . . Za % @ moximum

) 7 QD-LFP-2: . - .
©D-LFP-09 MAWP 200 psig

PG-LFP-10 N L g § Amklent
0-60 psig UL set P £ AN | ]
e il 13 |

set B
40 pslg

r

Tank-LFP-12

GFCI-LFP-14
SO-LFP-21

e
L
NV-LFP-11

Notes:

System flulds are compressed alr or water at room
temperature (70 degrees Fahrenheltd,
System MAWP Iz 200/30 psly for the alr slde, and &0
pslg For the water sloe. w n |y
Systen clean level GG per JPR 33321 Y| £ WALIDATED EYi Tbd B Wik 1275/

. Al fuke FHtlngs are AN or NPT wnless otherwlse i - e
noted, Hachaned Fhudu 2T T, g

. Al tublng Is 316 Stalnless 3teel 3/8° OD, 035 or INITIAL RELEASE o000 SIGNED LCXG L-[O dltled FluSh
greater wall thickness unless otherwlse noted = = =
{minimm 1800 pslg MAWP. HISTORY CARD,/NO GPEN LO'S sn g e @Nd Purge Console

. 378" Tygon tublng OD, 3732° or greater wall S chherri=sticoc
thickress (minlmum 60 pslg MAWP? or equlvalent at T
QD-LFP-07, QD-LFP-08, and QD-LFP-09,

7. System locatlom B34 fbut can be connected to any
breathing alr source with moximums MAWP of 200 AZT‘I\[ODUQS f—

psigh
CD1234B64A 1of 2
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LCVG Modified Flush and
Purge Console: Purgin

Breathing Air BV‘E_CL_JCI/Wihg Air
@ MAWP 30 psig @ MAWP 200 psig

Amalent

| PR-LFP-03 PG-LFP-02 . N
PG LFP-06 Max Inlet: S00 psig 0-300 pslg TIT_-—H.":_LFP i

30 pslg é’f Outlet: 0-25 psl
utlet: = s
RV-LFF-04 ore

) . - set /X Anolent SO-LFP-01 41

P07 VRN 15 pslg - Br‘e&‘thmg Air Source
. g

oD-LFP @ maximum

r: -~ e 4
GD-LFP-09 / T-LFP-24 MAWP 200 psig
- Amklent

DP_GE'"D'-FPF:;O T-LFP-26 TR /4
= ,_D..-—-._.-_—;.ﬂ pi T Purp-LFP-13

Pl Q-0 = r ==

] o . <
e RV-LFP-16 — o)
set B NS
40 pslg

SO-LFP-19 Tank-LFP-12

GFCI-LFP-14
SO-LFP-21

P
LN
NV-LFP-11

Notes:

System flulds are compressed alr or water at room
temperature (70 degrees Fahrenheltd,
System MAWP Iz 200/30 psly for the alr slde, and &0
pslg For the water slde. w
Systen clean level GG per JPR 33321 V) E WALIDATED BYi Tbd B Wik 1275/

. nlL tuke fHtlngs are AN or NPT wunless otherwlse - e
noted, Hachaned Fhudu 2T T, g

. All tublng Is 316 Stalnless Steel 3/8° 0D, 035 or INITIAL RELEASE €00 SIGNED LCVG Meodified Flush
greater wall thickness unless otherwlse noted = = =
{minimm 1800 pslg MAWP. HISTORY CARD,/NO GPEN LO'S sn g e @Nd Purge Console
378" Tygon tublng 0D, 3/32° or greater wall S chherri=sticoc
thickress (minlmum 60 pslg MAWP? or equlvalent at T
QD-LFP-07, QD-LFP-08, and QD-LFP-09,

. System locatlom B34 fbut can be connected to any
breathing alr source with moximums MAWP of 200 AZT‘I\[ODUQS f—

psigh
CD1234B64A 1of 2




Purge Console: Approval Process

LCVG Modified Flush and

Fferencs PAanufactursr PA<PAaztzr Fart
Designators Flanufackurer Iecm Fart # £ 3 |t Pl Specifications
Anderson Brass Wd x Wd Fipe Sioo,
EO-LFP-0O1 Compan! Ehut OFF Walve SEE2T24 200 p=ig &= TOF Era==
T MFT Fipe, Bracs
PG-LFR-02 AcherofE Ins FPressure Gags (0-300 peigl) AOSIKES 00 porig Connecticn Rakarial
KLFIDJA4T1AED Inlek: 500 p=ig, Ouklck: | 144 < 174 Pipe Rice,
PR-LFF-03 Swagelek Pressure Begulator [Air] [aTa]s] 0-25 prig Erass
Sid FPipe Sice, F16
Frainlesz Erael, Eor ae 15
B -LFF-04 Circle Zeal BEclicF “alve [Air] A-SEETI1-E6R-15 o 400 =i p=ia
Conbraco 14 = 174 Pip= Fice,
CWw-LFF-05 Industric=s Check Walve 4TTISKE1 400 psig & TOF Eronoe
14 FPT Pip:, Eras=
PG-LFFP-05 AchorofE Inc Proessure Gags [0-50 pig] AOSSKES S0 peig Connecticn Rakorial
Colder Productz | FAale @uick Dizconneck; Folypropwlens, S5
ZD-LFF-0T Company Barbed Walve Coupling= ME4DE2005 Pl 120 p=ig Earbk Walved In-Line
Colder Producks | FAzle Ruick Disconneck; Folppropulens, S5
ZD-LFF-0= Compan Earbed Yalve Coupling= ME=4D2200E o 120 p=ig Ezrk “alved In-Line
Colder Products | FAale @uick Disconnect: Folpypropulene, S5
ZD-LFF-03 Company Barbed Walve Coupling= ME4DE2005 Pl 120 p=ig Earbk Walved In-Line
14 FPT Pip:, Eras=
PG-LFP-10 Achoroft Inc FPressure Gags [0-60 pig] AOSOIKES B0 psig Connecticn Makrial
Diclerol Fluid
MW -LFP-11 Produck= Pleedle Walvs 454 25K12 2000 pxig = 400F a1/ Pips Tize, Eras=
Folpcthylens plastic,
Dien Harkog max kemperature 120F,
Tank-LFP-1=2 Indu=tric= Inc Tank 4453T1 el 5 5 gallan capacit
Flln inlet pressure 60
psig, maximum
discharge pressure 70| 115 W AC, .7 gpm
Pump-LFP-13 | Aiquates Fump ESE1-TEIZ-JET4 | raa E=ia mssimaum
Furge Proteckor with GFCI
GFCI-LFF-14 Tripp-Lite and Switch TLRAGOASEFE TEISK43 [ Y Built in GFCI and switch
S connecticon,
patible with Bl 4
Filter Plodel HF WP
F-LFF-15 Genceral Eleckric Filtration Sustem SxwHOSAF [ P 125 psig From General Eleckric
E00 poig [Mmax ook
prezsure]; st ok 40 14 MPT Pips, Eronze
A -LFP-16 Pentair Ficlicf %alve [WwWater] 45E2K461 Esia Eody, set at 40 psig
conneckion, S16
Frainleszs Frecl, 2135 in
arifice, 15 micron pore
F-LFP-1T Ewagzlok Filezr EE-ETF-15 s, 1000 p=i [min] Zize
EO0 poi [max ook
pressurc]; st ak 20 14 NPT Fipe, Bronce
Fw-LFF-15 Fontair FelicF Walve [water] 4652461 pcig Body, set at 20 psig
Anderzon Erasz W = W4 FPips Size,
FO-LFP-13 Company Fhut OFF Yalve TEEIT24 200 psig ETOF Erass
'3 FFT Pipe, Brass
FiG-LFF-20 Acherafe Inc Frescure Gage [D-60 psig) ADSIKES B0 poig Conncection Rlaterial
Anderzon Erasz W = W4 FPips Size,
EFO-LFP-21 Company Fhut OFF Walve FEeSTi2 200 peig ETOF Erass
Diclerol Fluid Wd x Wa Fipe Sice,
MWw-LFF-22= FProducks Ploedle Walve 454 25K12 2000 pig & 400F Erass
Pzl Quick Dizconneck; leem #HA1 [Exrics 14 = 14 MPT, Skainle=s
oD-LFP-23 Hanzen Products | Hedraulic Coupling 40007 P 1000 psig Tewcl
Tugon Tubing with Garbed
T-LFF-=4 Tugon Fitting= E516TSS 50 psig & T2F Fwis Plastic
Tygeon Tubing with Barbed
T-LFP-Z25 Tuacn Fittings EE5IETES 50 poig & T2F F%iC Plastic
Tugon Tubing with Barbed
T-LFF-2E Tugon Fitking= ES1ETSS B0 prig = T2F P Pla=tic
Eras=, Si&e OO, 25
Z-LFP-27 Giraing=sr Earbed Fale Connsctor =SURA Pl 150 p=ig Eark Fics
Eras=, 3G OO, .25
C-LFP-2= Grainger Earbed als Connsckaor 2GUR1 s, 150 p=ig Eark Eios
Eras=, Si&e OO, 25
C-LFP-23 Giraing=sr Earbed Fale Connsctor =SURA Pl 150 p=ig Eark Fics
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LCVG Modified Flush and
Purge Console: RV Calculation

[ ]
Pressure Regulator Relief Valve
p M = Popoff valves, 12°-17; MP = Inline valves, %™-1%"
. . 816*P, Percent Oves Pressure Beyond Cracking
Q=G x5z = &
* Pressure | .
U PSIG AM/GMP  GM/BMP  BM/IOMP | AM/GMP  GMW/BMP  EM/TOMP | 4M/EMP  GM/BMP  EM/TOMP

5 07 07 —_ 50 50 —_ 80 22 _
. 816+214.7 1 10 10 — 70 70 — 17 32 —
b Q — 02 * [ ] 15 30 20 — 1.0 14 — 22 55 —
v1%530 2 50 50 — 1.2 1.7 — 30 70 -
25 60 60 — 18 in — 432 10.5 —
3 .80 B0 —_ 22 40 —_ 5.0 13 -
b Q m— 153 SCFH — 2_5 SCFM 4 1.0 1.0 1.5 30 5.0 30 75 17 56
5 1.0 1.2 25 35 6.0 34 9.0 20 64
10 1.0 24 70 6.0 12 60 19 40 115
| 15 16 7.0 85 22 &0 27 &80 160
20 20 50 7.0 10 30 50 34 110 190
25 30 55 9.0 12.5 34 72 43 116 -
30 35 6.0 15 16 37 20 50 121 —
40 55 B85 18 24 48 15 72 136 —
50 7.0 10 23 30 56 140 90 150 —
60 n 13 5 38 64 160 100 165 —
70 15 17 59 47 72 185 m 182 —
B0 20 2 77 56 81 215 123 204 —
90 26 26 88 68 94 235 138 225 —
100 30 30 100 75 105 250 150 240 —
110 EE! gL 115 80 12 258 166 — —
120 37 47 132 86 125 270 183 — —
130 41 57 150 a3 150 282 201 — —
140 46 71 175 102 163 290 222 — -
150 50 0 190 110 175 300 240 — —
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PRESSURE SYSTEM Design Review Number

National Asronauics and
Space Admirisiration DESIGN REVIEW
Lyndon 8. Johnson Space Genter
Hoton, To Ti0S8 RECORD DATE
INITIATOR ORGANIZATION PHONE NO
Kate Melone ECs 302-650-2769
SYSTEM VESSEL OTHER:

0 0

SYSTEM /VESSEL NUMBER: _A2700023

SYSTEM / VESSEL NAME: _ Liquid Cooling Ventilation Garment (LCVG) Modified Flush and Purge Console

System Location: Siter  JSC Buiding: 34 Room: 109

MAWP: _Air: 200 psig, 30 pri; Water: 60 pig AT: __ 70 DegressF

FLUID: _Air, Water

OTHER:

System Design Complies with:

LCVG Modified Flush and

JSC Pressure System Page: 1of2
System Inventory Input/Change Form

INPUT: [4] Add New
Other:
[ change Status to: (select as needed)

Current information on existing items is available from htip-/sma.jsc.nasa.gov/psdb/pressure. aspx

[X] ASME B31.3 Process Piping Code
[] ASME B31.1 Power Piping Code
[ 48 CFR Parts 100-185 (DOT)

] ASME B&PVC Sect VIl Div. 1
] ASME B&PYC Sect. |
[0 ASME B&PVC Sect IV

O other

DRAWING NUMBER: _A27-M00023 (Sheets 1 anc

REVISION: Basic

PSE APPROVAL.

DATE:

CALCULATIONS:

PSE APPROVAL:

DATE:

GENERAL INFORMATION: Swius:  Active  Categony: A
Responsible Org:  ECS System Number. A2700023
Coordinator John Harris
System Description:  Liquid Cooling Ventilation Garment (LCVG) Modifisd Flush and Purgs Console
System Location:  Site:  JSC Bulding: 34 Room: 109
Further Directions:

Service Fluid(s): Alr, Water occp:
MAWE:
Drawing No.: A27-MO0023  Rev: Basic  Design Review Date
Tube Trailer: No Manufacture Date:
PSCR Waiver:

Relevant Damage Mechanisms:

[ Comasion (Atmospheric, Under Insulation, Soi, Galvanic, etc.)

[ Erosien

[ Fatigue (Vibration/Pressure or Themal Cycling)

[ creep

[ Refractory Degradation

Tnspection Type: Fraquency: Inspector s Stamp: Date:

CLASS 1 730 days. | Pass Fail

Purge Console: Approval Proces

Page: 1of 1

ISC Pressure System
omponent Inventory Input/Change Form

INPUT: "~ [X] Add New Component
] Remove Existing Component from System
[ other
[ change status to: (select as needed)

Hazard Analysis for the Liquid Cooling
Ventilation Garment (LCVG) Modified Flush and
Purge Console

Current information on existing items is available from http-//sma.jsc.nasa gow/psdb/pressure aspx

Component Type: | [<] Relief Valve | [_] Flex Hose [Jvessel [ other -
Rupture Disk
GENERAL INFORMATION: Status:  Active Category: A
Responsible Org Ecs System Number: A2700023
Coordinator: John Harris
System Deseription: Liquid Cooling Ventilation Garment (LCVG) Modified Flush and Purge Console
Component Number: RV-LFP-04 PiSerial Number:
System Location st JsC Buiding: 34 Room: 108
Further Directions:
Size: (for RV =In8 Out 34 x 34 Service Fluid Air
for FH & V — Dia & Len) units
Applicable Code: none Flow Capacity (RV): 3 SCFM
Component MAWP (FH, V): Set Pressure (RV), 15.00
Manufacturer: Material 316 Stainless Steel
Manufacturer Date: Rebuild Date:
PSCR Waiver.

NTS:
MAWP for Air: 200 psig, 30 psig
MAWP for Water: 80 psig

Relevant Damage Mechanisms:

Corrosion (Atmospheric, Galvanic, Boiler Water Condensate, Microbioiogically Induced, Caustic, Stress Corrosion Cracking, tc.)
O Erosion
[ Fatigue (Vibration/Pressure or Thermal Cycling)

Creep
[ Refractory Degradation

COMMENTS

LCVG connects between T-LFP-18 and T-LFP-25 for purging the LCVG with 2ir. LCVG connscts berween T-LFP-19 and T-LEP-25
for fushing the LCVG with water. The LCVG Modified Fhuch and Purge Console conzects to the PGA test stand in B34 (system.
mumber L1601003) for the breathing xir source.

Componat Comp | WAW® or Warksd] WanueireT i
Yumper prssrist wumbst | Typs | se¢ Prassure sus Wame ana ' Dsis | mapsctontyps | pate | stes
IRV-LFP04 RV | 1500 x4 Gicle Sea

T inspection / Test: Clean Level:
Set Pressure Test Value (RV): Test Fluid:
TPSE: Procedure Number:
Tnspecton Type: Frequency Tnspeciors Stamp: Date
cLass 1 730 days. | Pass Fail
COMMENTS:

JSC Form 1875 (Reu August 28, 2013) (M5 Word Aug 88)

1876 Form

TS Form: 3665 (Rav Augast 20, 2013) (MS Word March 20

366S Form

TSC Form 366C (Rav Augast 20, 2013) (M3 Word March 200

366C Form

Crew and Thermal Systems Division
Systems Test Branch

November 21, 2016
Revision: Basic

Verif)_'fihié is the correct version before use.

Hazard Analysis
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LCVG Modified Flush and
Purge Console: Status

Preliminary Research/Preparation

Design Sketches

Technical Drawing

Bill of Materials/ Determining Components (Calculations)

Required Forms (1876, 366S, 366C)

Hazard Analysis

IR IR RS

Pressure Systems Approval

Order Components and Assemble

Test/Inspect/Final Approval
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Lessons Learned

e Data can be confusing at times
— Example: Material appeared to be stronger after radiation

* Alot goes into the formal design process
— Design review, forms, Hazard Analysis, inspection, etc.

* Understanding specifications
— AN vs NPT
— Tube vs Pipe

e Learning about pressure system components
— In addition to pressure ratings, need to consider size and flow rates
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Skills Acquired

* Tensile Testing
— Prepare materials and setting up the tensile tests
— Collect and interpret (messy) data
* Qutgassing Testing
— Understand TML and CVCM
— Collaboration with other NASA centers
* /2 Support
— Hands on building mockups of components
— Analyze data
— Work with others; understanding what both parties need in order to make a run successful
* LCVG Flush and Purge Console
— Both formal design and design review process
— How to determine which components to use; flow calculations, pressure ratings, size, etc.
— Hazard Analysis
— How to make design tradeoffs
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Future Plans

e Spring: UMD
e Summer: CM4 Co-op
e Fall: UMD

e Spring-Summer: Co-op
e August: Class and Graduate with B.S. in Aerospace Engineering
e Fall: UMD for M.S. in Aerospace Engineering

\

J

e Spring: UMD for M.S. in Aerospace Engineering
e Summer: UMD and finish M.S. in Aerospace Engineering
e Fall: Grad co-op/Starting Ph.D.

\
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Questions?
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