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Introduction

Objective

» Structuration of the material data base
produced in all the project

» List and classify defects detected in the
material
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Remind: material data base

Structure
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Defect database

Structure

» Described in deliverable L19

* Proposed approach: 3 levels
classification

» Widely inspired by the work of Bonolo et
Fiorese (2013, 2015)

Location:
Internal or _
reencr Surface Physical
At | s defects eee

© IRT Saint Exupéry « All rig

1% Level 2M Level 3 Level
Al.l  Macro-shrinkage
Al DULEgE Celbcty Al.2  Interdendritic shrinkage
and imperfections
Al.3  Layer porosity
A2.1  Air entrapment porosity
A2 Gas-related defects [l Flydrogen porosity
A and imperfections A23  Vapor entrapment porosity
Lubricant and/or die release agent
A24 :
Internal entrapment porosity
Defects and A3.1  Cold joint
Imperfections A3 Flllu_lg-relateq defects A29M I.amination
and imperfections
A33  Cold shot
A4.1  Inclusion
A4 Undesired phases )
A4.2  Undesired structure
A5 Thermal contraction defects AS.1  Cold crack
and imperfections A5.2  Hot tear, hot crack

Physical origin

Bonollo et al. “Database on Defect - StaCast Project.” ltalie: University of Padova - 2013.
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Defect database

Implementation

» 32 classes of defects proposed

« Grouped in 3 categories
* A—Internal defects
» B — Surface defects
* C — Geometrical defects

= Link between defects
and samples on going
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i, Defects

W Matal

“w || Additive Manufacturing (EEM/LEM/LMD)
Wi A1.1 - Powder induced pore
. A1.2 - Vaporized alloys elements
e AL3 - Inert gas entrapment
Wi A1.4 - Hydrogen pores
i A2.1 - Shrinkage defect
i A3.1 - Hatching induced LOF
e A3.2 - Interlayer LOF
i A3.3 - Spatter induced LOF {screening)
i A4l - Liguation cracking
s A4.2 - Splidification cracking
i A4.3 - Strain-age cracking (SAC)
s A4 - Ductility Dipe Cracking (DDC)
i A5.1 - Indusions
iy AS.2 - Precipitates
iy AS.3 - Oxides
i A5.4 - Microstructural heterogeneity
g B1.1 - Balling
i B1.2 - Spattering
i B1.3 - Swelling
i+ Bl.4 - Ejected powder [/ Denudation
4 B2.1 - Residual stress induced crack
it B3.1 - Powder size induced
4 B3.2 - Stair stepping induced
4 B3.4 - Power interruption
1 B4.1 - Oxidation
i B4.2 - Miscelaneous
i C1.1 - Deformation (stress induced retraction)
4 C1.2 - Down skin surfaces collapsing
4 C1.3 - Process induced
it C2.1 - Remaining support
i C2.2 - Lack of material
1 C2.3 - Excess of material

| Composites

- @]

=
SO \‘\
T A

Defects classes as
listed in database
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Defect database
Implementation — Description of the content
TEEMA 2 V¥ & LB

o

g Defects - i .
» A3.1 - Hatching induced LOF
v Metal
e Additive Manufacturing (EBM/LBM/LMD) ) L .
& Al.1 - Powder induced pore Description and conclusion

W AL.2 - Vaporized alloys elements
@ Al.3 - Inert gas entrapment
8 A1.4 - Hydrogen pores

ntification

©

4, AZ.1 - Shrinkage defect Name: A3.1 - Hatching induced LOF Material Family: Metals
Description: A hatching induced ladk of fusion is a lack of fusion occurring Induced by LBM Laser Beam Melting
) A3.3 - Spatter induced LOF (screening) between two parallel melt pools belonging to the same layer. process: LMD Laser Metal Deposition

! Also named "Line Offset (LO) Defects”. o -
@ A4.1 - Liquation cracking

i A4.2 - Solidification cracking Defect observation
i A4.3 - Strain-age cracking (SAC) = =
i S : amples:
ﬁ :;4 ?”‘;t'l't‘/ Dipe Cracking (DDC) g Samples Made from the SP
.1 - Inclusions
& AS5.2 - Precipitates ) %# TR-0256-S0005 | | SP-MTX-3387-12-1
Wi A5.3 - Oxides : £ TR-0256-50006 || | SP-MTX 328812 2
@ A5.4 - Microstructural heterogeneity &
a: e L | o a3 =g
&b B1.1 - Balling £/ TR-0256-50008 | | SP-MTX-3300-12-4
B1.2 - Spatterin
ﬁ B1.3 - ;aeliinq & Detected thanks Computed XRays Tomography Test - CT
. 2 ta: i
@ B1.4 - Ejected powder /f Denudation Radiogra lest - RT
i B2.1 - Residual stress induced crack k J

@ B3.1 - Powder size induced

8 B3.2 - Stair stepping induced

@ B3.4 - Power interruption

8 B4.1 - Oxidation

@ B4.2 - Miscelaneous

@ C1.1 - Deformation (stress induced retraction)
@ C1.2 - Down skin surfaces collapsing

@8 C1.3 - Process induced

List of defects classes
Details about the defect type (for example here: Hatching induced Lack Of Fusion)

Description of the defect as detailled in the deliverable L19

@ C2.1 - Remaining support v
e C2.2 - Lack of material
l Search Specimen in which the defect had been observed
fit | s Link between the specimen and the semi product

© IRT Saint Exupéry ¢ All rights reserved * Confidential and propr

«+NDT method which allowed the detection of this type of defect
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Implementation - Link to the specimen

TEEMA # VX L B O|8 v

b Defect to raw material -

TR-0302-S0008

v #§ B1.2 - Spattering

> &* TR-0302-50002
> 7 TR-0302-50004
> &# TR-0302-50005

> ¢ TR-0302-50006 i : TR-0302-POR-03
> %7 TR-0302-50007 TR-0302-VT1-08
D7 TR-0302-50008 v s
2? TR-0302-50009
> 7 TR-0302-50010 Defect(s) @
> ¢ TR-0302-50011 fRand i)
> &7 TR-0302-50012 pmet
> §7 TR-0302-50014 Detail(s) about defect(s) detected
> g TR-0302-50015 List of defects: Al.1 - Powder induced pore

> £* TR-0302-50016 AL.3 - Inert gas entrapment

> %/ TR-0302-50017 A3.2 - Interlayer LOF
> &/ TR-0302-50018 B1.2 - Spatterin

> 7 TR-0202-50019
> ¥/ TR-0302-50020
> & TR-0302-50021
> ¢ TR-0302-50022

B4.2 - Miscelansous
(1.3 - Process induced

Origin(s) of the

Al.1 / Al.3 - Spherical porosity, unknown origin

defect(s):
> ﬁ 0301 B4.2 - Surface defects due to propagation of internal defect
> & TR-0303-50062
> {ig TR-0303-50063 1.3 - Powder jet asymetry
> %7 TR-0303-50064 \ J

> &f TR-0303-50065
> ¥ TR-0303-50066
> 7 TR-0303-50067
> & TR-0303-50068
> & TR-0303-50069
> 7 TR-0303-50071
> %7 TR-0303-50072
> ¢ TR-0303-50073
> 7 TR-0303-50074

f Search

fit
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List of specimens where spattering defect had been detected
Detail about the concerned specimen

List of the tests carried out on the specimen

FRENCH
INSTITUTES OF
TECHNOLOGY

Detection of defect

kISt of the type of defects detected in the specimen 6 Assumed origin of the defect(s)
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Conclusions
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« High level of traceability
« Storage of the project results guarantee

@ » Results of the other MMP’ project are also referenced in the material database
« Material database fully operating, filling in progress

« Defect database fully operating, filling in progress

=>» Modification of the test results management on going
= Improvement of the readability
= Improvement of the results importation and extraction
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