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Artemis Mission Objectives /flx\ A@

* With Artemis missions, NASA will establish the first long-term presence on the
Moon. The exploration and settlement on Moon will enable the next giant leap -
sending the first astronauts to Mars

* The primary goal of Artemis | is to thoroughly test the integrated systems by
launching Orion atop the SLS rocket, operating the spacecraft in a deep space
environment, testing Orion’s heat shield, and recovering the crew module after
reentry, descent, and splashdown before crewed missions.
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Artemis Elements A A@

Exploration Ground Space Launch Orion
Systems (EGS) System (SLS) (Spacecratft)

Gateway (Lunar  Lunar Lander Artemis
outpost) Generation
Spacesuits
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Orion Spacecraft Overview ,f/.\(\

AJTEMIS

Crew Module (CM)

Spacecraft
Adapter
:fttislc’" Co-Manifested
anels SLS Payload
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Abort Jettison Attitude
Motor Motor Control
l Meoptor
\
g
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Spacecraft Adapter Service Module (SM) Launch Abort 5
Includes the European Service Module and System )

the NASA Crew Module Adapter

NASA Prime Contractor: Lockheed-Martin
ESA Prime Contractor: Airbus



Orion Spacecraft Capabilities Maturation

PA-1/AA-2
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2010 2019

EFT-1
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Key Capability Fllght Demonstration

*  LAS Abort Performance

* Ascent Separation Events

* Low Altitude Parachute
Performance (PA-1)

LEGEND:
B First time flight
B Previously flown

* LAS Abort Performance”

* Ascent Separation Events

* Heatshield/TPS Performance
(9 km/s)

* Entry/Descent/Landing
Performance (GNC, Parachutes)

*  Orbit/Entry Separation Events

¢ Vehicle System Management
(Avionics/Software)

¢ CM Core Vehicle Systems
(Power, ATCS, structures, etc.)

* Not Active
(Inert Abort Motor)

2014

Artemis |

2022

LAS Abort Performance”
Ascent Separation Events
Heatshield/TPS Performance
(11 km/s)
Entry/Descent/Landing
Performance (GNC, Parachutes)
Orbit/Entry Separation Events
Vehicle System Management
(Avionics/Software)

CM Core Vehicle Systems
(Power, ATCS, structures, etc.)
SM Ascent Abort Capability ™
Orbit/Lunar GN&C
Performance

OMS-E/Aux Prop Performance
SM Core Vehicle Systems
(Power, ATCS, Structures, etc.)

* Not Active
(Inert Abort Motor)
** Not Demonstrated

2024

LAS Abort Performance
Ascent Separation Events
Heatshield/TPS Performance
(11 km/s)
Entry/Descent/Landing
Performance (GNC,
Parachutes)

Orbit/Entry Separation Events
Vehicle System Management
(Avionics/Software)

CM Core Vehicle Systems
(Power, ATCS, structures, etc.)
SM Ascent Abort Capability **
Orbit/Lunar GN&C
Performance

OMS-E/Aux Prop Performance
SM Core Vehicle Systems
(Power, ATCS, Structures, etc.)
ECLSS

Crew Systems (Displays, Hand
Ccontrollers, Waste
Management, etc.)

** Not Demonstrated

AITEMIS

Artemis Il

| Artemis Il

2025

LAS Abort Performance
Ascent Separation Events
Heatshield/TPS Performance
(11 km/s)
Entry/Descent/Landing
Performance (GNC,
Parachutes)

Orbit/Entry Separation Events
Vehicle System Management
(Avionics/Software)

CM Core Vehicle Systems
(Power, ATCS, structures, etc.)
SM Ascent Abort Capability **
Orbit/Lunar GN&C
Performance

OMS-E/Aux Prop Performance
SM Core Vehicle Systems
(Power, ATCS, Structures, etc.)
ECLSS

Crew Systems (Displays, Hand
Controllers, Waste
Management, etc.)
Rendezvous, Prox Ops and
Docking (RPOD)

** Not Demonstrated




Orion Quick Facts /A(\ A@

Performance Height

Number of craw 4 Crew module + 261t
service module

Orion stack (launch abort 67 ft.
system + crew module
+ service module)

SLS Block 1 Configuration 3221t
(Orion + SLS stack)

Mission Duration up to 21 days

Trans-Lunar Insertion Mass Post-Trans Lunar Insertion Mass
Artemis | 53,000 Ibs. Artemis | 51,500 Ibs.
Artemis Il 58,000 lbs. Artemis Il 57,000 Ibs.

Usable Propellant 19,000 Ibs.

Total Change in Velocity (AV) with Fully Loaded

Gross Liftoff Weight Propellant Tank
Artemis | 72,000 Ibs. Artemis | 53,000 Ibs.
Artemis Il 78,000 Ibs. Artemis Il 58,000 lbs.
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Artemis 1 Mission Overview %{% A@

(for 8/29 launch)

* Flight Day 1 (8/29, 8:33 a.m.) - Liftoff * Flight Day 24-34 - Exit DRO
through trans-lunar injection «  Flight Day 24 (9/21): DRO Departure (burn 2:52
a.m.)

* Flight Day 2-5 - Outbound transit

, Flight Day 26 (9/23): Max distance from Earth
Flight Day 5 (9/3): Outbound Flyby (burn 9:11

p.m.), Lunar Closest Approach (~60 miles) * Flight Day 35-42 - Return transit
« Flight day 6-9 - Transit to Distant *  Flight Day 35 (10/3): Return Flyby (_burn 12:06 a.m.),
Retrograde Orbit (DRO) around the Second Closest Approach (~500 miles)
Moon * Flight Day 43 (10/10)- Entry and splashdown
Flight Day 8 (9/5): Labor Day (11:53 a.m.)
- Flight Day 10-23 - In DRO *  Columbus day
*  Flight Day 10 (9/7): DRO Insertion (burn 8:54
a.m.)
* Flight Day 11 (9/8): Orion passes Apollo 13
Record

Flight Day 15 (9/12): JFK speech 60"
anniversary

IAC (9/18-22)



Artemis 1 Mission Overview %{m A@

ARTEMIS

A B c MISSION DURATIONS:

Total: 26-42 days
CUBESATS DEPLOY Outbound Transit: 8-14 days
ICPS deploys 10 “ DRO Stay: 6-19 days
CubeSats total - Return Transit: 9-19 days

HHHHH

ARTEMIS |

The First Uncrewed Integrated Flight Test of NASA’s
Orion Spacecraft and Space Launch System Rocket

@ LAUNCH @ PERIGEE RAISE @ INTERIM CRYOGENIC @ OUTBOUND POWERED @ DRO DEPARTURE PARATION
SLS and Orion lift off MANEUVER PROPULSION STAGE FLYBY (OPF) Leave DRO and start = MODULE
from pad 39B at (ICPS) SEPARATION 60 nmi from the Moon; return to Earth.

Kennedy Space Center. @ EARTH ORBIT AND DISPOSAL targets DRO insertion. FACE (El)
Systems check with solar ICPS commits Orion to ® RETURN POWERED FLYBY (RPF) Enter Earth’s atmosphere.

@ JETTISON ROCKET panel adjustments, moon atTLI. @ LUNAR ORBIT INSERTION RPF burn prep and return
BOOSTERS, FAIRINGS, AND Enter Distant coast to Earth initiated. @ srPLA VN
LAUNCH ABORT SYSTEM @ TRANS LUNAR @ OUTBOUND TRAJECTORY Retrograde Orbit. Pacific Ocean landing within view

INJECTION (TLI) BURN CORRECTION (OTC) BURNS ® RETUR IT of the U.S. Navy recovery ship.

@ CORE STAGE MAIN Maneuver lasts for As necessary adjust trajectory @ DISTANT RETROGRADE ORBIT Return Trajectory Correction
ENGINE CUT OFF e approximately 20 minutes. for lunar flyby to Distant Perform half or one and a half (RTC) burns as necessary to
With separation. Retrograde Orbit (DRO). revolutions in the orbit period aim for Earth’s atmosphere.

38,000 nmi from the surface of the Moon.




Artemis | Payloads X
Y Paq

AJTEMIS

Moonikin Campos

The Moonikin is a
male-bodied manikin
previously used in
Orion vibration tests.
Campos will occupy the
commander’s seat
inside and wear

an Orion Crew

Survival System suit

8/24/2022 9


https://www.nasa.gov/feature/purposeful-passenger-artemis-i-manikin-helps-prepare-for-moon-missions-with-crew

Key Artemis Contributions by NASA Center )f/-\(\ A@
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Orion NASA Organization gf% A@

Multi NASA Center ORION PROGRAM OFFICE

Program “AITEMIS
Strong, independent Manager: Howard Hu ARC Project Lead:
. . Deputy: Debbie Korth [ Parul Agrawal
E ngineering, Safety and Assistant Program Manager, Strategy Integration: Paul Marshall
H |th & M d . | ESA ISS Program Manager: Manager for Program Integration: Branelle Rodriguez
| Bernardo Patti | | LaRC Project Lead:
ea . edica . ESA Orion-SM Development Manager: DDT&E COR: Rﬂg;iyl-‘lfolung - nwl::I’OC COR: Jill Lin Bryaanuss
Technical Authorities AL NASA ETA Projoct Lead: Mike See
Co icati Mgr: Rad Sinyak
O H t Exe::nun;:: .::s;nl:ntglgmrly v':|Ta MSFC Project Lead:
rion to Lead Secretary: Brooke Oetken Secretary: Dee Maher Scott Huzar
Flight C - Chief Engi Tech Authority: EA/Chuck Dingell / Deputy: Ronald B
ES D/G ateway/H LS Rafd,r Br:::k ——ne= !’JhitaflS&I‘J‘HI nOef:::ef'?eﬁh Au(t,horiry: th:leuin II\.rE:JIam T%epuly?::eliss:cg:res HQ Program Executive:
i ntegratl O n Ied by VI O Don Pettit Health & Medical Tech Authority: SA/Susan Baggerman / Deputy: Jennifer Boyer Sheela Logan
and supported by Vehicle Managers ol e
A is |: Frank Li . :
Product Teams futemis | Frark Lin Depuy- 4 Chris Edelen
Artemis |ll: Paul Marshall PLE'S?L;T;E? FESM 1y, ::Dh Huynh (V1)
. . : Ronnie Montgomeny
NASA/ESA integration
P Pl ing & Control (JSC-GP ESM Integration (GRC-MG)
Ied by E I O a n d T mgmnh‘-"lan:;e':: n‘gmmi::'lcrgra(th : 1 Manager: Carlos Garcia-Galan —_ESA Oritm_ _Pr‘ajcct Manager
rt d b Pr d t = mﬁ‘.cl"‘m“ e Deputy: Zach Hunt Deputy: Katie Oriti LTl
Su ppo e y O u C = Kyle 0:9 --- CE PLE: Tyler Hickman
P Integrator De, i S&MA PLE: Mark Hyatt
Tea ms rogram I:fa?arr: or Deputy :
|| Safety & Mission Assurance (JSC-NC)
. .r: . . . Ma : Paul Colli Production O ti KSC-LX00|
Significant insight into rager Padl Colle TR e
. Deputy: Glenn Chin
Prime Contractor and PLE: Ter Ryan
e ey . S&MA PLE: Mark Woloshi
ESA partner activities Pt iy i P Mz = |
July 2022
Evolution to “lean” Crew and Service Module (JSC-GC) Avionics/Power/Software (JSC-GE) Flight Operations (JSC-CA)
. . Manager: Tim Otterson (Acting) Manager: Matt Lemke Manager: Jimmy Spivey
p rOd uct|o no rg IN WO rk CM Deputy: CJ Johnson (Acting) Deputy: Tim Straube Deputy: Stephanie Schulte

SM Deputy: W_ Bill Marshall

PLE: Charles “Chip" McCann PLE: Ronald Cobbs (APW), Robert Gay (SMI) PLE: Ted Kenny
S&MA PLE: Huge Martinez S&MA PLE: Trent Kite




ARC Technical Support Areas /ff(\ A@

| ORI o ‘
Heatshield testing, system Backshell testing, Arcjet TPS Development Flight
analysis, recovery and post flight — analysis recovery and testing Instrumentation (DF1)
support post flight support

Vehicle Integration Office (VIO): TS, AA, TN and AO

Launch abort
environments,
acoustics and

) Vehicle Aerodynamics, wind wind tunnel testing _ _
Aerothermal environment  ynnel test support and vibrations
and Aerothermal aero database 812412022 12

database generation



ARC Orion Team Leads A

Jeremy Vander Kam Ryan McDanial Joseph Garcia — Ed Martinez (TPS - Jose Santos (TPS-DFI)
(TPS) (Aerosciences) Aerosciences DFI)

Sarah D’Souza — TPS

Joseph Olejniczak — Aerosciences
James Ross — Wind Tunnel tests
Geoff Cushman — LEAF-Lite
Alberto Makino - Structures

Jay Panda (Loads & Cetin Kiris (Loads & Amanda Rockwell
Dynamics) Dynamics) (Resource Analyst)
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Orion @ ARC - Financial Data

2012 2013

ARC ORION BUDGET

N\

S8
N $6
~g¢s

2014 2015 2016 2017 2018 2019 2020 2021 2022

X AP

AVERAGE NUMBER OF CS STAFF

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022
FISCAL YEAR
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Orion TPS - Heat Shield A A@

» The Apollo Honeycomb/Gunned
(HC/G) system was flown on EFT-1
in 2014

— Avcoat 5026-39 HC/G
— Composite/Ti carrier structure

* For Artemis missions, the Orion

baseline is Molded Avcoat blocks

— Avcoat 5026-39 M
No honeycomb
Bonded to the carrier with EA9394
epoxy

— RTV-560 between blocks

— Composite/Ti carrier structure
Reduced mass from EFT-1

POC: Jeremy Vander kam
Reference : https://www.nas.nasa.gov/pubs/ams/2022/04-07-22.html

s



Heatshield Fun Facts %:n-(,\s A@

» During return to Earth from a mission to the Moon, Orion and its heat shield must protect the vehicle and crew
from external temperatures up to around 5,000°F.

» This is hotter than the melting point for titanium, which is about 3,000°F.
» |t's also about half the surface temperature of the Sun, which is about 10,000°F.

» While the outside temperatures during entry into Earth’s atmosphere will reach 5,000°F, inside the spacecraft it
will be in the mid-70s — hotter than molten lava on the outside and cool as a cucumber on the inside.

» The heat shield on the bottom of the crew module is 16.5 feet wide. It is the largest ablative heat shield in the
world. Orion’s thermal protection system is one of the most important parts of the spacecraft and is responsible
for protecting the astronauts during their return.

407 nem RITART anct
B o0900ARARARANRADE EES D
2 NN\ . &/ =
- - - (..‘
_E—m”l‘ e r———— . 2

AVCOAT block bonding on the Artemis Il heat shield Heat shield back shell panels are prefitted on the Orion Spacecraft



Orion TPS - Backshell & FBC /f-A(\

AJTEMIS

Alumina-Enhanced Thermal Barrier (AETB-8 tiles) gr
with RCG over TUFI coating (Shuttle heritage) i
oy

Removable panels with threaded tile plugs providing
fastener access

Flexible Reusable Surface Insulation (FRSI) used on
upper apex surface

Penetrations utilized thermal barriers, carbon
phenolic, RTV and FRSI

i

S

&/
=7 7
t—(’o‘,"
NG 7
2

Panel A, Tiles Partially Installed

POC: Jeremy Vander kam, Marc Rezin Back Shell TPS, Wind Side
(Forward Bay Cover Not Shown)



Orion TPS — Arcjet Tests /flx\ A@

Orion TPS team designs, plans and executes the heatshield and backshell material and
system level tests to provide a preview of performance in entry like conditions and
generate data for thermal response and aerothermal databases. Test campaigns are
conducted in

» IHF/LEAF
> AHF
> PTF

Orion heatshield material exposed to

Orion panel test article mounted in IHF/LEAF for
arcjet plasma

combined convective and radiative test

8/24/2022 18



Orion TPS - Arc Jet Test Summary /f/_\(\ A

ARTEMIS
«  Since 2006, Orion has completed > 1,420 arc = Orion Ay Jot Test Hiatory of Ny
jet tests at NASA Ames Research Center R P of Teubsnkd

— Does not include arc jet tests at NASA JSC and the o Hastsneld L1, S
Arnold Engineering Development Center (AEDC) in g
Tennessee - another ~200 tests Constellation

-

Heat Shield Avcoat Block/Seam Array in
Combined Convective/Radiant Heating

133

Heat Shield Seam
Evaluations in High
Heating Environments

Crew Module Recovery Mechanism Hot Functional Testing

A

POC: Jeremy Vander kam

Reference : https://www.nas.nasa.gov/pubs/ams/2022/04-07-22.html .



Orion TPS — Systems Analysis %/1(} A@

ARC System analysis group provides insight/oversight for LM analysis, thermal
analysis, thermal response analysis, arc-jet and other test data interpretation,
guidance in arcjet test design and planning etc.

Thermal Analysis and verification of umbilical panel

In addition, ARC TPS team is actively supporting pre and post Artemis 1 flight
planning, recovery and post flight TPS analysis.

20



Orion TPS DFI (Development Flight Instrumentation) %:% A@

* Objective - deliver Artemis 1, 2, 3 + instrumentation hardware (heatshield and backshell) for
measuring aerothermal environments, vehicle wind-relative orientation, and atmospheric
density during the atmospheric entry of the Crew Module (CM).

* Both heatshield as well as the backshell has numerous embedded sensors that include —
Thermal plugs, Flush Air Data System, Kulites, Radiometer, spectrometer, Optical recession

Sensors,

POCs: Ed Martinez, Jose Santos


https://www.nasa.gov/sites/default/files/thumbnails/image/em1_tc_plug.jpg
https://www.nasa.gov/sites/default/files/thumbnails/image/em1_radiometer.jpg

DFI Sensors

Thermal Barrier Tile

Radiometer

Proposed
radiometer
spool

FRSI Donut

Adjustable Shim
IML

3X Threaded Holes
With Helicoil Inserts

Flush Mounted Radiometer
through Backshell Tile
(HNlustration by LMSSC)

Artemis 2 Heat Shield
Spectrometer Optics

U
PAq -\
AJTEMIS

Artemis 2 Heat Shield
Optical Recession
Sensor (ORS)

Artemis 2 Heat Shield
Thermocouple (TC) plug

8/24/2022
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Orion Aerosciences A
A?TEM]S

. CFD is used to develop environments for Aerodynamics and Aerothermodynamics for all phases of flight
. CFD tools are validated utilizing ground and flight test data before applying it in design analyses
. Key challenges for CFD in Orion Aerosciences
— Aero: Complex geometries, turbulence, wake flows, plume flows, fluid-structure interaction (parachutes)
— Aerothermal: Complex geometries, turbulence, wake flows, plume flows, gas-surface chemical interaction, radiation

s Reference : https://www.nas. n.ov/pubs/ams/2022/040 , —
Orion Aerosciences: Aerothermal Database Development, Ryan McDaniel




Aerosciences - Aerothermodynamics /\‘A( A@

ARC aerothermal team supports aerothermal database generation, launch and flight
environment predictions, data verifications, ground test design and verifications.

dockingring

No Transition

Me= 435
5=0.339m
6=0.0381m
Re-ue = 15244.09
Reb=581.39
Reb/Me =133.72
k/s=0.0112

(Reg/Me)(K/5)= 1.55
<< 27

Me = 4.29
5=0.281m &

6=0.0419 m

Re-ue = 15294.3

Re6=641.12

Reb/Me = 149.45

k/3=0.0136

(Reg/Me)(k/5)= 2.09
<< 27

Figure 1: Simulation of temperature contours on the docking ring

Analysis of docking ring and protruding
rods

Side hatch Protrusion Analysis for potential
boundary layer transition

POC — Ryan McDaniel
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U
Aerosciences - Aerodynamics /\fA( A@

ARC aerodynamics team provide technical support in the development of CFD best
practices for aerodynamic analysis and delivery of CFD simulations for NASA’s Orion
Aerodynamic databases for all Artemis missions

— Support of Orion’s LAV Aerodynamics Database V0.96
— Root Cause Investigation of AA-2 [07/02/2019 test] LAV Drag Miss
— Artemis-1 Best Estimated Trajectory (BET) reconstruction support

Black line = AA-2 Flight

—a—— no ATB, SST - stock

— -4 — no ATB, SST - mrc variant
with ATB, SST - stock

— = — with ATB, SST - mrc variant

(=13

Dash lines = alternate CFD Turb Model
DX=# body vehicle diameters separation

Bl li = CFD wl/i imit 1
Reudelilnneess= o v\xtﬁ Errg);:nr;:t{/ A2 light data Overflow Launc icle AbOIt N

—_

Drag

Surface Cp and pu Symm
=

— a_

POC - Joseph Garcia
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Orion Launch abort System Support /flx\ A@

* Collaboration between Orion Loads and Dynamics team at Johnson Space Center
and Launch, Ascent, and Vehicle Aerodynamics (LAVA) team at Ames

* Goal: Incorporate Computational Fluid Dynamics (CFD) predictions to the wind
tunnel, ground, and flight test data used to characterize the vibro-acoustic
environment of the Orion Launch Abort System (LAS) — to ensure it doesn’t shake
itself apart

* Motivation:

— To help reduce uncertainty: WT/ground/flight tests are few in number, have limited sensors, are
costly, and don’t cover all possible abort trajectories

— To help better understand how altitude, Mach number, and acceleration, affect the strength and
distribution of vibrations on LAS

POCs: Cetin Kiris , Francois Cadieux



Launch Abort System A

NS

: Y “\
"’ =\
/1N ‘
Ensuring Astronaut Safety

NASA is developing technologies that will enable humans to explore new destinations in the solar system. America will use the
Orion spacecraft, launched atop the Space Launch System rocket, to send a new generation of astronauts beyond low-Earth orbit

to places like an asteroid and eventually Mars. In order to keep astronauts safe in such difficult, yet exciting missions, NASA and

Lockheed Martin collaborated to design and build the Launch Abort System.
27



Ascent Abort Flight Test (AA-2) A A@

AJTEMIS

« Date: July 2,
2019

* Vehicle: Launch
abort vehicle
atop Northrop
Grumman
provided booster
Trajectory: Abort
occurs at Mach
1.17 and

accelerates to
Mach 1.6

AMS Seminar: Predicting Orion Launch Abort Acoustics




AA-2 Mach 1.2 Simulation A

AJTEMIS

Video from AA-2 Mach 1.615
simulation: logarithm of density
on the cut plane and vehicle
surface, where red is low and blue
is high density

Mach 1.2 HPC Resources (FY21)
Wallclock time (days)

Number of nodes

Node type

Total number of cores

Time simulated (seconds)

Volume data (TB)

AMS Seminar: Predicting Orion Launch Abort Acoustics




Effect of Mach Number on OASPL /f/X\ A@

AA-2 CFD M,, =1.17 AA-2 CFD M,, =1.62

Abort motor
nozzle and plume
bow shock

Plume shock
interaction due to
vehicle change in
cross-sectional
area goes right
through zone H
for Mach 1.62

AMS Seminar: Predicting Orion Launch Abort Acoustics 30



National Aeronautics and Space Administration

Typical levels (dB) of surface pressure
fluctuations on launch vehicles

400

300

Feet

200

100

Transonic Oscillating shock—

Saturn V

L-i ‘ “ 2 d _ ermm _.L‘_
Space Shuttle 70t Block | crew 130t Block Il cargo

Protuberances,
Separated flow regions

—

Ascent Acoustics

Smooth parts of vehicle

Level inside_l
cargo compt,
payload fairing

Introduction

185 Inside flame trench

180 871 Shock-plume interaction
Pad/low altitude abort

IC

—

High altitude abort ?

Abort Acoust

[u—
1
—

Base of Vehicle

J

160

20dB = X10
40dB = X100
60dB =X1000

150

Launch Acoustics
||

140 -Tip of Vehicle

130

Threshold of ear pain

120 dB Max Level inside Crew cabin

™15 Loud Rock Concert

POC - Jay Panda (NASA ARC)



Wind tunnel Tests for Aeroacoustics A A@

Several windtunnel tests have been conducted at ARC to understand the
launch environments.

The aeroacoustics test to study the surface pressure fluctuations at CM_SM
umbilical was successfully conducted at 11-ft Unitary wind tunnel in 2019 .

The results show significant reduction in the overall acoustic environment and
efforts continue to further reduce the environment based on this test data.

- s aa

7.5% Orion scaled model exposed to flow over the umbilical cover showing complex shock-wave
Mach0.8-1.4 with AoA and beta sweep patterns, and interactions with separated flow and the upcoming
wake

POCs : Jay Panda, Jim Ross



Summary /flx\ A@

ARC continues to be a key contributor for Orion program in support of Artemis
Mission in several areas that include heatshield development, testing and recovery,
flight sensors development, aero sciences, launch abort environments and wind
tunnel tests.

8/24/2022 33



QUESTIONS?

parul.agrawal-1@nasa.gov



