


e —————

TOTY 2003 — NASA ENGINEERING AN
SAFETY CENTER (NESC) ESTABLISHED

Established in July 2003 in response to the Columbia accident.

NESC highlights NASA'’s traditional safety philosophy.

Strong In-Line Checks & Balances < Healthy Tension Between Organizational Elements + Value-Added Independent Assessment

Provides independent assessment of technical issues for NASA programs/projects and addresses national needs.

International Commercial

Space Shuttle Exploration

Space Station Crew

The NESC is cultivating a safety culture focused on engineering and technical excellence, while
fostering an open environment and attacking challenges with unequalled tenacity.




Focusing on
technical rigor
and engineering
excellence

Institutionalized “Tiger Team” approach to solving problems, assessing risks, and
informing decision makers

NESC MODEL

Agency-recognized NASA Technical Fellows provide technical expertise leveraged
through their Technical Discipline Teams (TDTs)

Experts from across NASA, industry, academia and other government agencies
Diverse, expert technical teams provide robust technical solutions

NESC priority focus is on the Agency’s highest-risk and most complex issues

Degree of NESC involvement varies depending on task at hand
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Support to reviews

Augmentation of project teams

Problem solving through program-independent test and analysis
Development of new analysis tools and techniques

Exploration of alternate design concepts

Strong Systems Engineering and Integration function for proactive trending and
identification of problem areas before failures occur




Management & ‘
Technical Leadership

Technical Workforce

NASA OFFICE OF THE CHIEF ENGINEER
b

MASA ENGINEERING & SAFETY CENTER CORE TEAM
PE Office of the

MNESC Principal Director
Engineers

NIO
NESC Integration
Office

NESC Review Board

MTSO
Management &
Technical Support
Office

NCE

NESC Chiaf NASA Technical

Engineers Fallows

TECHNICAL DISCIPLINE TEAMS

= Aerosciences * Human Factors = Sensors &
= Avionics * Loads & Dynamics Instrumentation
= Cryogenics « Materials = Software
= Electrical Power + Mechanical Systems + Space Environments
* Environmental * Nondestructive = Structures

Control & Life Support  Evaluation + Systems Engineering
= Flight Mechanics * Muclear Power = Thermal Control &
= Guidance, Mavigation, & Propulsion Protection

& Control * Propulsion
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APPROXIMATELY 1,100 TOT MEMBERS

External Partners
N?:i" Industry Academia Other Gov.  Consultants
20% d% 1%

Data as of May 10, 2024

NESC ORGANIZATION

NESC has 65 full-time employees from across the Agency.

Principal Engineers provide leadership for complex multi-discipline
assessments

NESC Chief Engineers at each Center provide technical insight and act
as liaisons

19 NASA Technical Fellows are recognized experts in their respective
engineering fields.

20 Technical Discipline Teams create a network of more than 1,100
engineers available for matrix support.

More than 200 TDT members are intentionally drawn from industry,
academia and other government agencies to prevent insularity.

Participation on NESC teams provides value to home organizations.

o \Valuable problem-solving experience
- Broad Agency-wide perspective
- Engage next generation of engineers



TALK WILL FOCUS ON NASA'S HUMAN SPACE
FLIGHT MISSION AND THE NDE NEEDS AND CHALLENGES

Unique challenges in the
'~ Space Shuttle and ISS — Low
=~ Earth Orbit

EXPLORE] I\/IOQNtoMARS,, Exploring the Moon, Mars
OOOOOOOOOOOOOOOO “ and Beyond
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$T5-107 Launch
January 16, 2003
Columbia

[UMBIA ACCIDENT CHANGED‘

NASA'S APPROACH TO SAFETY
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LED TO THE DEVELOPMENT OF AUTOMATED
IMPACT SENSING FOR THE SPACE SHUTTLE WINGS

4 7 . First WLE IDS ascent [ndico’rion with qorroboro’rion
¢ - . from both debris and damage imagery
: = STS-127 = July 15, 2009

Shuttle Wing Leading Edge
Impact Detection System
(WLE IDS)




BLUMBIA ACCIDENT LED NASA TO
PURSUE ON-ORBIT INSPECTION SYSTEMS




"YOU HAVE THE CAPABILITY YOU
FIND OTHER USES FOR IT

Thermal Performance
of Space Suits

Space Shuttle Payload
Bay Doors / Radiators

Survey of Shuttle Wing
Leading Edges




SAC TRERUSSIAN FUNCTIONAL CARGO

~ BLOCK (FBG) LED TO MODIFYING COMMERCIAL
INSPECTION SYSTEMS FOR ON-ORBIT USE

N
Zarya FBG Module "

orior to docking Using a Nortec 600D Eddy

Current system on-orbit
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DELING REQUIRE

Modeling of Ultrasound inspection near a

D TO SUPPORT PAUT
TESTING ON ISS

Sonatest Veo3d ultrasonic
phased array recently
manifest to ISS

Smaill stand-off ] Geomertry signal Large stand-off

O Flaw signal



ORBITAL DEBRIS HAS LED TO A N

DEMONSTRATION OF STRUCTURAL HEALTH
MONITORING (SHM) FOR 1SS

Examples of orbital debris
impact to ISS

Canadian Space Agency
astronaut Chris Hadfield,
Expedition 34 Flight Engineer,
installing SHM sensors behind @
rack in the Destiny laboratory of
%’ the International Space Station.
¥



URRENTLY IT IS IMPRACTICAL TO
INSTRUMENT THE ENTIRE 1SS

I Note: All Sensor hardware is Internal
LT =~ -

: . Demonstration of technology done with a
Interior view of ISS module showing the limited number of sensors in one module

difficulty of accessing the structure




On-orbit IR camera

Eddy Current for crack sizing SHM for leak location

Astronauts were basically level 1 technicians
G But what about going forward?



VING FORWARD TO MARS WILL
PRESENT EVEN GREATER CHALLENGES

Low Earth Orbit

Living and working on
the moon/Mars




SE OF LOW EARTH ORBIT WILL N

REQUIRE ADVANCED INSPECTION AND
MAINTENANCE CAPABILITIES

Image Credit:
Axiom

Axiom concept
commercial space station

Image Credit:
Orbital Reef

Orbital Reef concept
commercial space station

There are half a million pieces mage Crogr

of debris the size of a marble Northrop Grumman T :
or.IGrge.r (up to 04 in/lcm Northrop Grumman concept
dia.) with velocities up fo commercial space station
17,500 mph




CE STATION ORBITAL FUEL DEPOTS
WILL HAVE UNIQUE STRUCTURAL NEEDS

& ORBITAI. PROPELLANT DEPOT =~ Orbital fuel depots will be

- ' - - unmanned for long periods of
time in a space debris
environment

Autonomous monitoring the
structural health as well as the
fuel storage integrity will be
critical

Facilitating on-orbit
maintenance through routine
inspections and repairs will be
key to the success of such
stfructures

% Concept orbital fuel depot
b




"~ ORBITAL MANUFACTURING, ASSEMBLY AND
SERVICING WILL HAVE UNIQUE NEEDS

e ———— AVAVATE

Concept on-orbit manufacturing with closed-
loop, real-time, in sifu inspection

Concept on-orbit
autonomous inspection
and repair




Artemis: Landing Humans O‘t'he'Moo’n

Lunar Reconnaissance e %
Orbiter: Continued ~
surface and landing
site investigation

' emis |: First ~ Artemis Il: First humans sway begins science omﬁtim Artemis Hl-V: Deep'space crew missions;
\ an spacecraft to orbit the Moon and ith launch of Power and Propulsion cislunar buildup and initial crew )
to the Moon in the rendezvous in deep space Element and Habitation and demonstration landing with Human

& 21st century in the 21st Century Logistics Outpost Vo Landing System




Artemis Base Camp Buildup

Suslamable operahons with crew landing Pressurized rover delivered for " Surface habitat delivered, allowing up to

lunar surface expedition services; Gateway enhancements with- greater exploration range on fou! crew on the surface for longer periods
v oh Gateway; external refueling capability, additional the surface; Gateway enables of time leveraging extracted resources.
rdbobc system a&ded to communications, and viewing capabilitnes - longer missions . - Mars mission simulations continue with

orbital and surface assets.

) ateway; Lunar Terrain Vehicle
3 vered to the surface

2 . Fission
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TEWAY HAS UNIQUE CHALLENGES

DUE TO K

UMAN HABITATION

Gateway will serve as a multi-purpose
outpost orbiting the Moon that
provides essential support for long-
term human return to the lunar surface
and serves as a staging points for
deep space exploration.

Autonomous monitoring the
structural health will be critical
to ensure astronaut health

Facilitating automated on-orbit
maintenance through routine
inspections and repairs will be
key to mission success




UMAN LANDING SYSTEM REUSE
REQUIRES INSPECTION CAPABILITIES

A reusable HLS will make multiple sorties between Gateway
and the Lunar surface requiring routine maintenance




BITATS WILL REQUIRE ONGOING
INSPECTION AND MAINTENANCE

Concept multi-purpose base | vau
camp Concept habitat and

landing pad




LANDERS CAN CREATE A LUNAR
INFRASTRUCTURE MAINTENANCE ISSUE

G Baghle o RN R N R

NASA Morpheus concept
lander on a hard surface

CrdGe i S

NASA Morpheus concep
% lander on a soft surface




~ "ADDITIVE MANUFACTURED STRUCTURES
PRESENT MULTIPLE CHALLENGES

Concept regolith sintered Concept regolith sintered
landing pad habitats

Ensuring both the initial and ongoing
integrity of Lunar / Martian construction




D LUNAR VERICLES WILL
ALSO HAVE SPECIAL NEEDS

Concept pressurize Rover

Concept un-pressurize Lunar Terrain Vehicle




D HABITATS WILL BE A MIX OF N

CONVENTIONAL AND NON-CONVENTIONAL
N AEROSPACE I\/\ATERIALS

| _Crew Module l

« Metallics and composites for structure /j == /,;, .
« Glass and plastics for windows and B lj S

recyclability
« Fabrics for inflatables and deployables

3 r,.,,..' _ Concept Lunar

#__Fabyication

« Unknown materials from in situ resources

Concept Inflatable
James Webb Space Habitat




- COMMUNICATION LIMITATIONS
DRIVING EARTH INDEPENDENCE

The Moon is about 240,000 miles (384,000 Mars is between 33.9 million miles

km) away; therefore, the delay of a one- (54.6 million kilometers) and 250

way radio signal from the Earth to the million miles (402 million kilometers)
Moon is about 1.28 seconds. It takes between 6 and 21 minutes for a

one-way radio signal to reach mars.

Deep Space Network X-Band Bandwidth <25 Mbs



DEPENDENCE LEADS TO
UNIQUE NDE NEEDS

- Simple to operate or
autonomous inspection
systems capable of

/ covering large areas

In situ mspec’rlon
during manufacturing

Novel autonomous SHM,
which could include -

sensory and multi- : k -

functional materials \

Automated data
analysis and defect
recognition

Automatic Feature Raw Data
Recognifion




ING NDE FROM A TOOL KIT TO AN
INTELLIGENT SYSTEM

P akie WX e

ij‘\ NDE Hardware
i |

Robotics /
Automation

Advanced
Data Analysis

Data Visualization




QUESTIONS®




	Slide 1
	Slide 2: July 2003 – Nasa Engineering and safety center (NESC) established
	Slide 3: NESC Model
	Slide 4: NESC Organization
	Slide 5: This talk will focus on NASA’s human space flight Mission and the NDE Needs and Challenges
	Slide 6: The Columbia accident changed Nasa’s approach to safety 
	Slide 7: Led to the development of automated impact sensing for the Space Shuttle Wings
	Slide 8: The Columbia Accident led NASA to pursue on-orbit inspection systems
	Slide 9: Once you have the capability you find other uses for it
	Slide 10: Cracking in the Russian Functional Cargo Block (FBG) led to Modifying commercial Inspection systems for On-Orbit Use
	Slide 11: Modeling Required to support PAUT Testing on ISS
	Slide 12: Space Orbital Debris has led to a demonstration of Structural health monitoring (SHM) for ISS
	Slide 13: Currently it is impractical to instrument the entire ISS
	Slide 14: To date there have been several in-space NDE/SHM activities
	Slide 15: Moving forward to Mars will present even greater challenges
	Slide 16: Commercial use of Low Earth Orbit will require advanced Inspection and Maintenance capabilities
	Slide 17: Like a Space Station Orbital Fuel Depots will have unique Structural Needs
	Slide 18: Orbital Manufacturing, Assembly and Servicing will have Unique Needs
	Slide 19
	Slide 20
	Slide 21: Gateway has unique challenges due to human habitation 
	Slide 22: Human Landing System Reuse Requires Inspection Capabilities
	Slide 23: Habitats will require ongoing inspection and maintenance
	Slide 24: Landers can create a Lunar infrastructure maintenance issue
	Slide 25: Additive manufactured Structures present multiple challenges
	Slide 26: Human Rated Lunar vehicles will also have special needs
	Slide 27: Vehicles and Habitats will be a mix of conventional and Non-conventional Aerospace materials
	Slide 28: Communication limitations driving Earth Independence
	Slide 29: Earth independence Leads to Unique NDE Needs
	Slide 30: Moving NDE from a tool kit to an Intelligent system
	Slide 31: Questions?

