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JULY 2003 – NASA ENGINEERING AND 
SAFETY CENTER (NESC) ESTABLISHED



NESC MODEL



NESC ORGANIZATION



THIS 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

Exploring the Moon, Mars 

and Beyond



THE COLUMBIA ACCIDENT CHANGED 
NASA’S APPROACH TO SAFETY

STS-107 Launch

January 16, 2003

Columbia



LED TO THE DEVELOPMENT OF AUTOMATED 
IMPACT SENSING FOR THE SPACE SHUTTLE WINGS

Shuttle Wing Leading Edge 

Impact Detection System

(WLE IDS)

First WLE IDS ascent indication with corroboration 

from both debris and damage imagery

STS-127 – July 15, 2009



THE COLUMBIA ACCIDENT LED NASA TO 
PURSUE ON-ORBIT INSPECTION SYSTEMS

IR Camera



ONCE YOU HAVE THE CAPABILITY YOU 
FIND OTHER USES FOR IT

Space Shuttle Payload 

Bay Doors / Radiators

Survey of Shuttle Wing 

Leading Edges

Thermal Performance 

of Space Suits



CRACKING IN THE RUSSIAN FUNCTIONAL CARGO 
BLOCK (FBG) LED TO MODIFYING COMMERCIAL 

INSPECTION SYSTEMS FOR ON-ORBIT USE

Zarya FBG Module 

prior to docking

Inside the FBG

Using a Nortec 600D Eddy 

Current system on-orbit



MODELING REQUIRED TO SUPPORT PAUT 
TESTING ON ISS

Sonatest Veo3 ultrasonic 

phased array recently 

manifest to ISS

Small stand-off Large stand-offGeometry signal

Flaw signal

Modeling of Ultrasound inspection near a weld



SPACE ORBITAL DEBRIS HAS LED TO A 
DEMONSTRATION OF STRUCTURAL HEALTH 

MONITORING (SHM) FOR ISS

Examples of orbital debris 

impact to ISS

Canadian Space Agency 

astronaut Chris Hadfield, 

Expedition 34 Flight Engineer, 

installing SHM sensors behind a 

rack in the Destiny laboratory of 

the International Space Station.



CURRENTLY IT IS IMPRACTICAL TO 
INSTRUMENT THE ENTIRE ISS

Interior view of ISS module showing the 

difficulty of accessing the structure

Demonstration of technology done with a 

limited number of sensors in one module



TO DATE THERE HAVE BEEN SEVERAL IN-
SPACE NDE/SHM ACTIVITIES

Astronauts were basically level 1 technicians

But what about going forward?

On-orbit IR camera

SHM for leak location
Eddy Current for crack sizing



MOVING FORWARD TO MARS WILL 
PRESENT EVEN GREATER CHALLENGES

Cislunar Space

Low Earth Orbit

Living and working on 

the moon/Mars



COMMERCIAL USE OF LOW EARTH ORBIT WILL 
REQUIRE ADVANCED INSPECTION AND 

MAINTENANCE CAPABILITIES

Image Credit:  
Orbital Reef

Orbital Reef concept 

commercial space station

Northrop Grumman concept 

commercial space station

Image Credit:  
Northrop Grumman

Axiom concept 

commercial space station

Image Credit:  
Axiom

There are half a million pieces 

of debris the size of a marble 

or larger (up to 0.4 in/1cm 

dia.) with velocities up to 

17,500 mph



LIKE A SPACE STATION ORBITAL FUEL DEPOTS 
WILL HAVE UNIQUE STRUCTURAL NEEDS

Concept orbital fuel 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 

structures



ORBITAL MANUFACTURING, ASSEMBLY AND 
SERVICING WILL HAVE UNIQUE NEEDS

Concept on-orbit 

autonomous inspection 

and repair

Concept on-orbit manufacturing with closed-

loop, real-time, in situ inspection







GATEWAY HAS UNIQUE CHALLENGES 
DUE TO HUMAN 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



HUMAN LANDING SYSTEM REUSE 
REQUIRES INSPECTION CAPABILITIES

A reusable HLS will make multiple sorties between Gateway 

and the Lunar surface requiring routine maintenance



HABITATS WILL REQUIRE ONGOING 
INSPECTION AND MAINTENANCE

Concept habitat and 

landing pad

Concept multi-purpose base 

camp



LANDERS CAN CREATE A LUNAR 
INFRASTRUCTURE MAINTENANCE ISSUE

NASA Morpheus concept 

lander on a hard surface

NASA Morpheus concept 

lander on a soft surface



ADDITIVE MANUFACTURED STRUCTURES 
PRESENT MULTIPLE CHALLENGES

Concept regolith sintered 

landing pad

Concept regolith sintered 

habitats

Ensuring both the initial and ongoing 

integrity of Lunar / Martian construction



HUMAN RATED LUNAR VEHICLES WILL 
ALSO HAVE SPECIAL NEEDS

Concept pressurize Rover

Concept un-pressurize Lunar Terrain Vehicle



VEHICLES AND HABITATS WILL BE A MIX OF 
CONVENTIONAL AND NON-CONVENTIONAL 

AEROSPACE MATERIALS
Composite 

Crew Module

James Webb Space 
Telescope

• Metallics and composites for structure

• Glass and plastics for windows and 

recyclability

• Fabrics for inflatables and deployables

• Unknown materials from in situ resources

Concept Inflatable 
Habitat

Concept Lunar 
Fabrication



COMMUNICATION LIMITATIONS 
DRIVING EARTH INDEPENDENCE

The Moon is about 240,000 miles (384,000 
km) away; therefore, the delay of a one-
way radio signal from the Earth to the 
Moon is about 1.28 seconds.

Mars is between 33.9 million miles 
(54.6 million kilometers) and 250 
million miles (402 million kilometers)

It takes between 6 and 21 minutes for a 
one-way radio signal to reach mars.

Deep Space Network X-Band Bandwidth < 25 Mbs



EARTH INDEPENDENCE LEADS TO 
UNIQUE NDE NEEDS

Simple to operate or 

autonomous inspection 

systems capable of 

covering large areas

Automated data 

analysis and defect 

recognition

Novel autonomous SHM, 

which could include 

sensory and multi-

functional materials

Raw DataAutomatic Feature 

Recognition

In situ inspection 

during manufacturing



MOVING NDE FROM A TOOL KIT TO AN 
INTELLIGENT SYSTEM

NDE Hardware

Modeling

Robotics / 

Automation
Advanced 

Data Analysis

Data Visualization



QUESTIONS?
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