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Background
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• NASA is providing leadership in an international effort linking 
government and industry resources to speed adoption of additive 
manufactured (AM) parts

• Participants include government agencies (NASA, USAF, NIST, FAA), 
industry (commercial aerospace, NDE manufacturers, AM equipment 
manufacturers), standards organizations and academia

• NASA is also partnering with its international space exploration 
organizations such as ESA and JAXA

• NDT is identified as a universal need for all aspects of additive 
manufacturing



Key Documents to Improve Safety and Reliability of AM Parts using NDE
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NASA 

Additive Manufacturing 

Roadmap and NDE-related 

Technology Gaps



Background

NASA/TM-2014-218560  NDE of AM State-of-the-Discipline Report

Contacts: Jess Waller (WSTF); James 

Walker (MSFC); Eric Burke (LaRC); 

Ken Hodges (MAF); Brad Parker 

(GSFC)
• NASA Agency additive 

manufacturing efforts were 

catalogued

• Industry, government and academia 

were asked to share their NDE 

experience in additive manufacturing 

• NIST and USAF additive 

manufacturing roadmaps were 

surveyed and a technology gap 

analysis performed

• NDE state-of-the-art was documented
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Representative NASA Efforts in 

Additive Manufacturing



NASA Agency & Prime Contractor Activity, ca. 2014

GSFC Reentrant Ti6-4 tube for a 

cryogenic thermal switch for the 

ASTRO-H Adiabatic 

Demagnetization Refrigerator 

MSFC Inconel Pogo-Z baffle for 

RS-25 engine for SLS

Aerojet Rocketdyne RL-10 engine 

thrust chamber assembly and injector

JPL Prototype titanium to niobium gradient rocket nozzle

LaRC EBF3 wire-fed system 

during parabolic fight testing 
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MSFC 28-element Inconel 

625 fuel injector

Commercial Crew Program 

SpaceX SuperDraco combustion 

chamber for Dragon V2

ISRU regolith structures

MSFS-AMES Made in Space AMF on ISS

Dynetics/Aerojet Rocketdyne 

F-1B gas generator injector



NASA Agency & Prime Contractor Activity, Recent

MSFC Space Launch System 

NASA’s RS-25 core stage engine 

certification testing

JPL Mars Science Laboratory Cold 

Encoder Shaft fabricated by 

gradient additive processes
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Additive Manufacturing Structural Integrity 

Initiative (AMSII) Alloy 718 powder feedstock 

variability 

MSFC rocket engine fuel 

turbopump

MSFC copper combustion chamber 

liner for extreme temperature and 

pressure applications

NASA Space Technology Mission 

Directorate-sponsored Cube Quest 

challenge for a flight-qualified cubesat

(shown: cubesat with an Inconel 718 

additively manufactured diffuser section, 

reaction chamber, and nozzle)

NASA-sponsored 3-D Printed Habitat 

Challenge Design Competition 



Additive Manufacturing 

Technology Gap Analysis



NASA/TM-2014-218560 Recommendations & Technology Gap Analysis
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NDE of AM Technology Gaps
• Develop in-situ monitoring to improve feedback control, maximize 

part quality and consistency, and obtain ready-for-use certified parts 

• Develop and refine NDE of as-built and post-processed AM parts

• Develop voluntary consensus standards for NDE of AM parts

• Develop better physics-based process models using and corroborated 

by NDE

• Use NDE to understand scatter in design allowables database 

generation activities (process-structure-property correlation)

• Fabricate AM physical reference samples to demonstrate NDE 

capability for specific defect types 

• Apply NDE to understand effect-of-defect, and establish acceptance 

limits for specific defect types and defect sizes

• Develop NDE-based qualification and certification protocols for flight 

hardware (screen out critical defects)
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NDE of AM Technology Gaps

NASA/TM-2014-218560 Recommendations & Technology Gap Analysis

• Develop a defects catalogue for AM parts

• Develop in-process NDE to improve feedback control, maximize part 

quality and consistency, and obtain ready-for-use certified parts 

• Develop post-process NDE of finished parts

• Develop voluntary consensus standards for NDE of AM parts

• Develop better physics-based process models using and corroborated 

by NDE

• Use NDE to understand scatter in design allowables database 

generation activities (process-structure-property correlation)

• Fabricate AM physical reference samples to demonstrate NDE 

capability for specific defect types 

• Apply NDE to understand effect-of-defect, and establish acceptance 

limits for specific defect types and defect sizes

• Develop NDE-based qualification and certification protocols for flight 

hardware (screen out critical defects)

NEW gap identified



Identify Relevant AM Defects



Identify Relevant AM Defects

Why do we care about defects?
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§
ISO TC 261 JG59, Additive manufacturing – General principles – Nondestructive evaluation of additive manufactured products,

under development.

Note: DED = Directed Energy Deposition., PBF = Powder Bed Fusion

Develop 

new 

NDE

methods

While certain AM flaws 

(e.g., voids and porosity) 

can be characterized 

using existing standards 

for welded or cast parts, 

other AM flaws (layer, 

cross layer, 

unconsolidated and 

trapped powder) are 

unique to AM 

and new NDE

methods are

needed.

Defects – Process route effects
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Typical PBF Defects of Interest 

Also have unconsolidated powder, lack of geometrical accuracy/steps 

in the part, reduced mechanical properties, inclusions, gas porosity, 

voids, and poor or rough surface finish

Trapped PowderLayer

Cross layer

Lack of Fusion (LOF)
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Use of Nondestructive Evaluation to Detect Defects of Interest 



Defect Consequences
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• Bulk Defects
• Lack of Fusion

• Horizontal Lack of Fusion 
Defect
• Insufficient Power
• Laser Attenuation
• Splatter

• Vertical Lack of Fusion Defect
• Large Hatch Spacing

• Short Feed
• Spherical Porosity

• Keyhole
• Welding Defects

• Cracking
• Surface Defects

• Worm Track
• High Energy Core Parameters
• Re-coater Blade interactions

• Core Bleed Through
• Small Core Offset
• Overhanging Surface

• Rough Surface
• Laser Attenuation
• Overhanging Surfaces

• Contour Separation
• Sub-Surface Defects
• Detached Skin

• Degradation of Mechanical 

Properties

• Minor or No Observed effect on 

performance

• Out of Tolerance

• Unknown

• Defects are color coded to show 

the effect-of-defect on part 

performance.

• Trade-offs were noted, for 

example, reducing the offset to 

eliminate the contour separation 

defects results in the hatch from 

the core bleeding through the 

contour. As a result the part will 

not look as smooth but will 

perform better.   



Develop and Capture 

Best NDE Practice



Develop and Capture Best NDE Practice

NASA/TM-2014-218560 Recommendations & Gap Analysis

• Develop in-situ monitoring to improve feedback control, maximize 

part quality and consistency, and obtain ready-for-use certified parts 

• Develop and refine NDE of as-built and post-processed AM parts

• Develop voluntary consensus standards for NDE of AM parts

• Develop better physics-based process models using and corroborated 

by NDE

• Use NDE to understand scatter in design allowables database 

generation activities (process-structure-property correlation)

• Fabricate AM physical reference samples to demonstrate NDE 

capability for specific defect types 

• Apply NDE to understand effect-of-defect, and establish acceptance 

limits for specific defect types and defect sizes

• Develop NDE-based qualification and certification protocols for flight 

hardware (screen out critical defects)
13
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Contact: Evgueni Todorov (EWI)
• Great initial handling of NDE of 

AM parts 

• Report has a ranking system 

based on geometric complexity 

of AM parts to direct NDE 

efforts

• Early results on NDE application 

to AM are documented 

• Approach for future work based 

on CT and PCRT for complex 

parts suggested

Effect of Design Complexity on NDE/USAF Findings
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Most NDE techniques can be used for Complexity Groups§ 1 (Simple Tools 
and Components) and 2 (Optimized Standard Parts), some for Group 3 
(Embedded Features); only Process Compensated Resonance Testing and 
Computed Tomography can be used for Groups 4 (Design-to-Constraint Parts) 
and 5 (Free-Form Lattice Structures):

1 2 3

4 5

§
Kerbrat, O., Mognol, P., Hascoet, J. Y., Manufacturing Complexity Evaluation for Additive and Subtractive Processes: Application to Hybrid Modular

Tooling, IRCCyN, Nantes, France, pp. 519-530, September 10, 2008.

Effect of Design Complexity on NDE/USAF Findings
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NDE options for 

design-to-constraint

parts and lattice 

structures: LT, PCRT 

and CT/mCT

Effect of Design Complexity on NDE/USAF Findings



Demonstrate NDE Capability

through Round Robin Testing
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CT/MET, MSFC/James Walker

*metal SLM parts, MSFC/Kristin Morgan

*ABS plastic parts, MSFC/Niki Werkheiser, Tracie Prater

CT, GSFC/Justin Jones

*EBF3 metal parts, LaRC/Karen Taminger

POD/fracture critical AM parts, ESA/Gerben Sinnema

AE, MRI/Ed Ginzel

CT/acoustic microscopy, Honeywell/Surendra Singh

UT/PT, Aerospace Rocketdyne/Steve James

CT/RT, USAF/John Brausch, Ken LaCivita

CT, Fraunhofer/Christian Kretzer

CT, GE Sensing GmbH/Thomas Mayer

CT, JAXA/Tabuchi Teruhiko, Kazuhiro Nakamura

PCRT, Vibrant Corporation/Eric Biedermann

PT, Met-L-Check/Mike White

NRUS, LANL/Marcel Remillieux

*Concept Laser/Marie Ebert

*DRDC/Shannon Farrell

†*Airbus/Amy Glover

†*UTC/John Middendorf, Wright State University/Greg Loughnane 

†*CalRAM/Shane Collins

*    delivered or committed to deliver samples

†    E8 compliant sacrificial dogbone samples

NASA

Commercial/Gov NDE

Commercial/Gov

AM Round Robin 

Sample Suppliers

ASTM E07.10 WK47031 Round Robin Testing Participants

ESA



1. CT and micro-CT:
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AFRL and Fraunhofer 

micro-CT Systems

• Also utilize NASA CT 

capability at GSFC, MSFC 

and GRC

• GE Aviation and JAXA 

CT capability leveraged

Develop and Capture Best NDE Practice



19

2. Process Compensated Resonance Testing (PCRT):

PCRT also can distinguish processing effects, for example, SLM samples made with different laser 

scanning speeds (Ti6-4 Gong/Univ. of Louisville samples)

Develop and Capture Best NDE Practice
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3. Nonlinear Resonant Ultrasonic Testing (NRUS):

TRL4 system available with 

advanced software  

• Frequency scan at more than more amplitude

• Shows promise for detection of initial defects 

before catastrophic failure

• Signal not affected by part size or geometry

• MSFC to supply samples to LANL

Develop and Capture Best NDE Practice
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Coordinated by S. James (Aerojet Rocketdyne)

NASA LaRC

Inconel 625 on copper

Ti-6Al-4V (4)

Electron Beam Freeform 

Fabrication (EBF3)

SS 316

Al 2216

Laser-PBF

(L-PBF)
Gong 

Ti-6Al-4V bars
Airbus

Al-Si-10Mg dog bones
Met-L-Check

SS 316 PT/RT panels 

w/ EDM notches

Electron Beam-PBF

(E-PBF)

Concept Laser Inconel 718 inserts (6)

w/ different processing history

Concept Laser Inconel 718 prisms 

for CT capability demonstration
Characterized to date 

by various NDE 

techniques (CT, RT, 

PT, PCRT, UT)

ASTM WK47031 Round Robin Testing (Leveraged)



Characterized to date by various NDE techniques (CT, RT, PT, PCRT, UT, etc.)
22

Inconel 718 

in two different build orientations

HEX Samples Laser-PBF

(L-PBF)

Directed Energy Deposition 

(DED)

NASA MSFC  nominal and off-

nominal metal parts (K. Morgan)

NASA MSFC ABS plastic parts 

with and without defects (N. 

Werkheiser)

Inconel 625 PT sheets

SLM 

(L-PBF)

DRDC Porosity 

Standards
4140 steel. 0-10% porosity

1.9% porosity 5.1% porosity

Coordinated by S. James (Aerojet Rocketdyne) and J. Waller (NASA WSTF)

ASTM WK47031 Round Robin Testing (Leveraged)



ASTM E07.10 WK47031 Round Robin Testing - Illustrative
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Round Robin Sample Activity – illustrative presentations



ASTM E07.10 WK47031 Round Robin Testing Online Collaboration Area

24

Working drafts and minutes of webmeetings discussing the 

standard Guide for NDE of AM aerospace parts are posted on-line:



Voluntary Consensus Standards 

Gap Analysis
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NDE of AM Technology Gaps

NASA/TM-2014-218560 Recommendations & Technology Gap Analysis

• Develop/generate an AM defects catalogue

• Develop in-process NDE to improve feedback control, maximize part 

quality and consistency, and obtain ready-for-use certified parts 

• Develop post-process NDE of finished parts

• Develop voluntary consensus standards for NDE of AM parts

• Develop better physics-based process models using and corroborated 

by NDE

• Use NDE to understand scatter in design allowables database 

generation activities (process-structure-property correlation)

• Fabricate AM physical reference samples to demonstrate NDE 

capability for specific defect types 

• Apply NDE to understand effect-of-defect, and establish acceptance 

limits for specific defect types and defect sizes

• Develop NDE-based qualification and certification protocols for flight 

hardware (screen out critical defects)
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ANSI-America Makes                 

National Collaborative Effort:

Proposed New AM Standards

Additive Manufacturing Standards Collaborative (AMSC) Effort



America Makes & ANSI AMSC Findings

• 181 members (June 2016)

• Walker, Wells, Luna and Waller among NASA-affiliated members on 

roster

• Standardization roadmap released in February 2017

• 89 standards gaps identified
o 6 nondestructive evaluation gaps

o 15 qualification and certification gaps

o 6 precursor materials gaps

o 17 process control gaps

o 5 post-processing gaps

o 5 finished materials gaps

o 26 design gaps

o 8 maintenance gaps

• Future meetings of Standards Development Organizations will discuss 

how the standards are divvied up
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America Makes & ANSI Additive Manufacturing Standardization Collaborative (AMSC)

• America Makes and ANSI Launch Additive Manufacturing Standardization 

Collaborative; Kick-off Meeting held March 31, 2016

• 5 Working Groups established to cover AM standards areas
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America Makes & ANSI AMSC Roadmap

https://www.ansi.org/standards_activities/standards_boards_panels/amsc/amsc-roadmap:

29

https://www.ansi.org/standards_activities/standards_boards_panels/amsc/amsc-roadmap
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Gaps Identified by NDE Working Group

E07 - WK47031

F42 - WK56649

AMSC NDT of AM Standards Gaps

Standards in progress



Balloting begun

(CT, MET, PCRT, PT, RT,

TT, and UT)

Current and future NDE of AM standards under development (ASTM)
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Motion to register as a 

formal work item 

approved by E07.10

(IR, LUT, VIS)

Draft in Preparation

E07

F42

E07

POC: J. Waller

POC: S. James

POC: S. Singh

E07

E07?

POC: TBD

POC: TBD

Future

Future, phys ref stds 

to demonstrate 

NDE capability
31
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High Priority Gaps Identified by Qualification and Certification Working Group
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High Priority Gaps Identified by Qualification and Certification Working Group
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High Priority Gaps Identified by Qualification and Certification Working Group



Understand Effect-of-Defect
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NDE of AM Technology Gaps

NASA/TM-2014-218560 Recommendations & Technology Gap Analysis

• Develop/generate an AM defects catalogue

• Develop in-process NDE to improve feedback control, maximize part 

quality and consistency, and obtain ready-for-use certified parts 

• Develop post-process NDE of finished parts

• Develop voluntary consensus standards for NDE of AM parts

• Develop better physics-based process models using and corroborated 

by NDE

• Use NDE to understand scatter in design allowables database 

generation activities (process-structure-property correlation)

• Fabricate AM physical reference samples to demonstrate NDE 

capability for specific defect types 

• Apply NDE to understand effect-of-defect, and establish acceptance 

limits for specific defect types and defect sizes

• Develop NDE-based qualification and certification protocols for flight 

hardware (screen out critical defects)

(NEW)
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Metal AM Product Variability

AM Inconel 718 Round Robin

• Early comparisons of Inconel 718 produced 
by MSFC and by vendors indicated 
significant variations in mechanical and 
microstructural properties, which raised 
concerns about certification of parts 
produced via additive manufacturing.

• Participants used a variety of machine models, 
providing a diverse array of select laser 
melting build parameters.

• The vendors were provided build files, 
instructions for metallography specimens, and 
heat treatment specifications but otherwise 
allowed to use in house processes. 

LAB OEM Model
Power

(W)

Speed

(mm/s)

Hatch

(mm)

Layer 

Thickness

(micron)

Rotation

Angle

MSFC CL M1 180 600 .105 30 90

LAB A EOS - - - - 40 -

LAB B EOS M270 195 - - 40 67

LAB C EOS M280 305 1010 .110 40 67

Lab D EOS M280 285 960 N/A 40 67

0
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120 125 130 135 140 145 150 155 160 165 170 175 180

e
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ga

ti
o

n
, %

yield strength, ksi

Elongation vs Yield Strength Vendor Comparison

Concept, A
Pratt & Whitney, A
Morris Tech, A
Directed Mfgr, A
EM42, A
Linear, D
Directed Mfgr, D

FILTER CONDITIONS:
Non-contaminated

Z orientation
Outside Vendor: NA layer thickness

EM42: 0.030 mm layer thickness
room temperature, lab air

MSFC

718 
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Metal AM Product Variability
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Round Robin: Microstructure

MSFC M1 LAB B M270 LAB D M280

• As-built microstructures are dominated by the characteristics of the melt 

pool, which vary based on build parameters.

• Following heat treatment, the microstructure recrystallizes and resembles 

the wrought microstructure, with some expected grain size variation. 

IN718 derives strength properties from precipitates in the nickel matrix, 

which are produced during the solution and aging heat treatments.

LAB C M280
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Approach 
Determine effect-of-defect on sacrificial specimens w/ seeded flaws

Sacrificial Effect-of-Defect Samples

2. UTC Laser PBF samples

Ti-6Al-4V ASTM E8 compliant dogbones for in situ OM/IR

and post-process profilometry, CT and PCRT

AlSi10Mg ASTM E8 compliant dogbones

13mmØ, 85mm long (6mmØ, 30mm Gauge Length)

1. Airbus Laser PBF samples

Investigate effect post-processing on 

microstructure and surface finish on 

fatigue properties

CT at GRC as of November

Other NDE planned in ASTM NDT Taskgroup

Airbus study on effect of process parameters on final properties
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Parallel effort
Determine effect-of-defect on sacrificial specimens w/ seeded flaws

Sacrificial Effect-of-Defect Samples

America Makes Ed Morris (VP) call to fabricate samples for NDE 

in support of ASTM WK47031 effort  

Insert 1 “Lower Laser Power” Insert 4 “Trace Width Bigger”

3. CalRAM Electron Beam PBF samples

4. Incodema Laser Beam PBF samples



Qualify & Certify Additively 

Manufactured Hardware 
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NDE of AM Technology Gaps

NASA/TM-2014-218560 Recommendations & Technology Gap Analysis

• Develop/generate an AM defects catalogue

• Develop in-process NDE to improve feedback control, maximize part 

quality and consistency, and obtain ready-for-use certified parts 

• Develop post-process NDE of finished parts

• Develop voluntary consensus standards for NDE of AM parts

• Develop better physics-based process models using and corroborated 

by NDE

• Use NDE to understand scatter in design allowables database 

generation activities (process-structure-property correlation)

• Fabricate AM physical reference samples to demonstrate NDE 

capability for specific defect types 

• Apply NDE to understand effect-of-defect, and establish acceptance 

limits for specific defect types and defect sizes

• Develop NDE-based qualification and certification protocols for flight 

hardware (screen out critical defects)



Background

NASA MSFC Engineering and Quality Standard and Specification 

Contact: Doug Wells (MSFC)
• All Class A and B parts must receive 

comprehensive NDT for surface and 

volumetric defects 

• Not clear that defect sizes from 

NASA-STD-5009§ are applicable to 

AM hardware

• Has evolved into a Center-level 

standard and specification:

• MSFC-STD-3716: aids in the 

development of standard practices for 

Laser-Powder Bed Fusion processes

• MSFC-SPEC-3717: framework for 

the development, production, and 

evaluation of additively manufactured 

parts
41



NASA 

Engineering and 

Safety Center 

(NESC) publicity:

NASA MSFC Engineering and Quality Standard and Specification 

42
https://www.nasa.gov/sites/default/files/atoms/files/nesc_tb_17-01_development_of_nasa_standards_for_enabling_certification_of_am_parts.pdf

https://www.nasa.gov/sites/default/files/atoms/files/nesc_tb_17-01_development_of_nasa_standards_for_enabling_certification_of_am_parts.pdf
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Background

Qualification & Certification/NASA MSFC Guidance

§ NASA classifications should not to be confused with those used in the ASTM International standards for AM parts, such as F3055

Standard Specification for Additive Manufacturing Nickel Alloy (UNS N07718) with Powder Bed Fusion. The ASTM classes are 

used to represent part processing only and are unrelated.

Comprehensive

NDE required 

for surface and 

volumetric

defects 



• Eric Burke & James Walker : NASA-OSMA NDE Program AM 

Foundational Effort

• Doug Wells: MSFC AM Spaceflight Hardware Quality Document

• Steve James (Aerojet Rocketdyne): ASTM Round Robin Testing

• Bill Prosser & Ken Hodges: NESC NDE Technical Discipline Team

• Risk Russell: NESC Materials Fellow

• Arthur Brown: NASA MSFC Inconel® 718 product variability

• Tracie Prater: Plastic AM parts for Nonlinear Resonant 

Spectroscopy (NRUS) evaluation

• ASTM WK47031 Collaboration Area: NDE subject matters experts

• … and many more who have contribution their time and/or their 

company’s resources
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Back-ups



Why Standards?

• NASA: improve mission reliability 

and safety

• Industry: boost business and develop 

technology for American commerce

45

• Agencies must consult with voluntary       

consensus standards bodies, and must participate 

with such bodies in the development of voluntary 

consensus standards when consultation and 

participation is in the public interest

• If development of a standard is impractical               

or infeasible, the agency must develop an 

explanation of the reasons for impracticality and 

the steps necessary to overcome the 

impracticality

• Any standards developed must be necessarily 

non-duplicative and noncompetitive

OMB A-119



America Makes & ANSI AMSC Working Groups

• 5 Working Groups established to cover AM standards areas(cont.)
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America Makes & ANSI AMSC Working Groups

• 5 Working Groups established to cover AM standards areas(cont.)
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ASTM Subcommittee E07.10 on Specialized NDT Methods

• Defect type & part complexity determine NDE selection

• Process method determines defects determines NDE

In Ballot
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CT, MET, 

PCRT, PT, 

RT, TT, and 

UT 

sections



Future Standards for NDT of AM Aerospace Materials
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 New Guide for In-situ Monitoring of Additively Manufactured Parts used in 

Aerospace Applications (POC: Surendra Singh/Honeywell)

 1/23/17: E07.10 motion to register a new standard and assign jurisdiction 

passed

Waller:

WK47031

Waller:

WK47031

Singh:

new E07

standard
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Typical PBF and DED Defects 

DED Porosity

Also interested in (gas) porosity and voids due to structural implications

PBF Porosity

Note: proposed new definitions in ISO/ASTM 52900 Terminology:
lack of fusion (LOF) nflaws caused by incomplete melting and cohesion between the deposited metal and previously deposited metal.

gas porosity, nflaws formed during processing or subsequent post-processing that remain in the metal after it has cooled. Gas porosity occurs because most metals have dissolved gas in the 

melt which comes out of solution upon cooling to form empty pockets in the solidified material. Gas porosity on the surface can interfere with or preclude certain NDT methods, while porosity 

inside the part reduces strength in its vicinity. Like voids, gas porosity causes a part to be less than fully dense.

voids, n flaws created during the build process that are empty or filled with partially or wholly un-sintered or un-fused powder or wire creating pockets. Voids are distinct from gas porosity,

and are the result of lack of fusion and skipped layers parallel or perpendicular to the build direction. Voids occurring at a sufficient quantity, size and distribution inside a part can reduce its

strength in their vicinity. Voids are also distinct from intentionally added open cells that reduce weight. Like gas porosity, voids cause a part to be less than fully dense.

Voids

Univ of Louisville

ConceptLaser

Plastic

Porosity and Voids

SLM Solutions

ISO TC 261 ISO TC 261



Metal AM Product Variability
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Round Robin: Low Cycle Fatigue

• Low-Cycle Fatigue Life was found to be reduced by the presence of Lack 

of Fusion (LOF) defects 

• High-Cycle Fatigue life at a particular stress trended along with ultimate 

tensile strength, as expected.



Metal AM Product Variability
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Round Robin: Tensile Properties

• At room temperature, most builds exhibited tightly grouped results, with 

the exception of Lab D, which has considerable variability in ductility 

(fracture elongation).

• From past experience, lower elongation is an indication that defects were 

present in the material. 



NASA OSMA QA of AM Workshop at JPL - NDE Break-out Session findings
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• Key development areas, challenges and promising work captured

• NESC NDE TDT briefed on 10/26/17; OSMA NDE Program briefed 



Defect Classification
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• Bulk Defects
• Lack of Fusion

• Horizontal Lack of Fusion 
Defect
• Insufficient Power
• Laser Attenuation
• Spatter

• Vertical Lack of Fusion Defect
• Large Hatch Spacing

• Short Feed
• Spherical Porosity

• Keyhole
• Welding Defects

• Cracking
• Surface Defects

• Worm Track
• High Energy Core Parameters
• Re-coater Blade interactions

• Core Bleed Through
• Small Core Offset
• Overhanging Surface

• Rough Surface
• Laser Attenuation
• Overhanging Surfaces

• Skin Separation
• Sub-Surface Defects
• Detached Skin

• Parameters

• In-Process Anomaly

• Material Property

• The list to the left is color 

coded to show the know 

causes of the defects

• Although some defects are 

tolerable, many result in the 

degradation of mechanical 

properties or cause the part to 

be out of tolerance

• Most defects can be mitigated 

by parameter optimization and 

process controls



Any Questions?

Points of contact:

Dr. Jess M. Waller

NASA White Sands Test Facility

Telephone: (575) 524-5249

jess.m.waller@nasa.gov

Charles T. Nichols

NASA White Sands Test Facility

Telephone: (575) 524-5389

charles.nichols@nasa.gov


