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INTRODUCTION & SCOPE

Scope: Additively manufactured parts for use in aerospace applications to include e.g. airframe,
system, propulsion, interiors.

Who is this for? This group consists of AM equipment suppliers, AM software suppliers, regulators
and end users.

Aim:
= To present and discuss the progress on the ARP7068
» To discuss the ISPM development in Industry: ISPM desired outcomes and challenges.

» To define next steps in the 5-year plan. 7 h

of intense, but fruitful
Linked to WG2: F&DT and NDI Considerations for Metal AM. diSCUSSIONS compmma 2
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WG3 BREAKOUT SESSION DAY 1

1. To present and discuss the progress on the ARP7068
- Core group working since last October on it.

 OBJECTIVE: Review it with WG3, and send to ballot by the end of the year

AEROSPACE ARPTOSE DRAFT
RECOMMENDED Issued oo

ARP7068 is complementary to ARP7065 (ISPM Taxonomy) i

ARP7068: ISPM Considerations for Metal Fusion AM

RATIONALE: Develop a framework to leverage ISPM as substantiation
means to demonstrate process control and process acceptance.

SCOPE: PBF and DED technologies

A W AR
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ARPTOBE DRAFT

In-itu Process Monitoring Gansidesations for Metal Fusion Addithe Manutactuing

1. To present and discuss the progress on the ARP7068

This dacument is iniened fo develop 3 framework 1o leverage In-Situ Process Maritoring {ISPIM) a2 substantiatio
s contral and process acosptance.

merced puacioe for ackeetang waial acdtes mamracising (AM) i Feocess
) for a8 e bt st AM machines. in general, his apekes i povder B sion (PBF) and
o tiecied enesgy deposiion (DED) technokapics. PLaams, cleclron beam o lasers st appliable

i
o
ey toiseais).
2. APPLICABLE DOCUMENTS.
Tn issie of the fallowing documents in effect on the date of the purchase order k_ me 3 pai o 1 this standeed to the

et epeciied B The A1 Part Broctoer may e o8 submecuent rnis docurment Unless a specific

1.
2.
3.
4

ocament etxe I < Peec, Wt e Fafirencec dotuimant has baer cancaied a d Lpersaring dacument has
Bewn specibed, the last published issue of that document shall aapy.

2.1 SAE Publicatio

Availahle fram SAE International, 400 Commorwealth Drive, Warrendale, PA 15096-0001, Tet 877-606-7523 (inside
CO pe USA and Canada) or +1 724-T76-4870 (outsice: USA). warw sae org

AMSTO0E Laser Poader Bed Fusion Process
AMSTOR Adelitive: Manifacturing Maching Cuslification

ASTTES Tarms Usedin Asrcspace Metaks Specifications

Applicable Documents

vz o the memationsl Organizain for Stacrcizaton, BIBC I, Chernin de GRAORLA, CP 4011214
1 Geneva Swiczerlan, Tak<od1 22 743 01 11, S0 org

ASTME1E ‘Standard Terminalagy for Nondestnuctive Examinations

ASTME3IS3 Standard Guite for In-Process Monitoring Using Optical and Thermal Meshods far Laser

.
Pawecler Bed Fusicnt
I l ro u C I O I l IS0/ASTM 52000 Standard Termiralagy for Additive Manutacturing - General Princigles - Terminology

ISOIASTMITR 52906 Addiive manifachiring - Nor-gestruciive tasting - Intentionally seeding flaws in metalic pats

General guidance

1. Definitions/Scope

2. The ISPM System: Considerations, Data cycle, Calibration, Qualification...
3. ISPM Data and ISPM Qualification: IKPV-POM, dimensionality of evaluation, applications...
4. 1SPM Integration into Quality Systems

Good Practices
1. FMEA
2. Quallty Assurance CONFIDENTIAL 4
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1. To present and discuss the progress on the ARP7068

OUTCOME:
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Online Process Monitoring in PBF-LB/M
Detection of Additive Flaws

(__self-Complementary Quality Assuranc:
—

] - ctecton ot Se | [d
il - soo aetectainn opticat || Machine
el | e
Flaw due to poor
laser powercalibr.
Flaw dug wl al melt
disturbance (hotspot) (|
T M| ol | el | a0
o
["eﬂdlu ol | ol | ofl | el
Flaw due to powder
ontamination |

» Close-loop implementation will be needed for DED and may be an improvement for L-PBF process.

» Several ISPM sensors are needed to complement and get the full process picture.

» Machine sensors should complement this.

ARP7/7065

The level hierarchy is identified as:

Level 0: Machine KPIV Verification

Level 1: KPGV Verification

Level 2: Process Execution Monitoring, Passive

Level 3: Process Execution Monitoring, Active with Authorized FFC
Level 4: In-Process Anomaly Identification, Passive

Level 5: In-Process Anomaly Detection and Defect|Characterization, [Passive]

Level 6: In-Process or Post-Process OMI

(X) Level 7: In-Process Anomaly Detection, Active with Authorized Autonomous Process Repair
(X) Level 8: In-Process Material Characterization, Passive

(X) Level 9: In-Process Material Modification, Active

(X) Level 10: In-Process Material Characterization, Active with Authorized Generative Design

Levels identified with (X) represent hypothetical applications with technologies not yet demonstrated at readiness levels
appropriate for implementation in a production environment at the time of this document’s publication.

ARP7068

Level Level Name Application | Reference / | Qualification Specific Acceptance
(ARP7065) I Quality Ground (besides 4.2.4) Gain type
Assurance | truth
concept
0 Machine input Machine External Only basic Machine issue | -
monitoring health Measurement detection
1 IKPV monitoring/ | Process External Only basic, eventually | Early scrap Process
Condition mon. capability of | Measurement | gap mitigation detection, acceptance
machine issue detection
2A POM monitoring | Global SPC Process Only basic Issue detection | Process
for SPC of AM statistics acceptance
process
2B POM monitoring | Global Acceptance Sensitivity study, Early scrap Process
for acceptance indirect AM tolerances eventually detection- | detection, drop | acceptance
Process from process | gap mitigation witness
capability qualification samples,
alternative
inspection
frequency
3 Not applicable see ARP7065
4 Localized Local part CT PoD studies for NDI reduction | Part
process anomaly | quality anomalies approval
detection
5 In-situ NDI / Local part CT PoD study for flaw NDI reduction | Part
Defect detection | quality families approval
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2. To discuss the ISPM development in Industry: ISPM desired outcomes & challenges
«  OBJECTIVE: Implement ISPM to support the manufacturing of more critical parts.

DISCUSSION:

» Regulator’s voice:
« Focus ISPM resources to ensure safety.
« Develop ISPM to implement it when needed - Manufacturing of more critical parts.

« Data with a proper correlation will be required to support ISPM.

* Industry’s voice:
* Not possible to share ISPM IP _across Industry.
» But lessons learned will be shared to support standardization, and a potential DEMO
« Desired outcomes of ISPM implementation were agreed.
« Some challenges will need to be addressed.

CONFIDENTIAL 6
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2. To discuss the ISPM development in Industry: ISPM desired outcomes & challenges

A : : , Proposal
Utilisation of ISPM in AM for inner flaws (not applicable for surface flaws) 8.
Technology Production
c|_|
it
o identify ROI of syst. process var. for cut-up machine issue detection (scrap build) “”él” Level 0'1
-------------------------------------------------------------------------- - S
it
e identify ROI of stoch, process var. for localised NDI reduce / drop witness samples (mech. testing) ““é”l”
b Level 2-A
e local adaptation of parameter early scrap detection (scrap part) “HEL
-------------------------------------------------------------------------- o
o set design limits for non-inspectable parts (By ex-situ NDIs) reduce NDI (alternate inspection frequency) Eg'ﬁ
|| Level 2-B
. ) Crit
Discussion on T3- reduce part cut-ups s
T4 sequence | PE e P
Crit
MNDI replacement (ISPM as MDI) s
A Level 4-5
CONFIDENTIAL 8
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2. To discuss the ISPM development in Industry: ISPM desired outcomes & challenges

IDENTIFIED CHALLENGES / GAPS:

« How many NDTs /DTs samples should be reduced?
« Could mechanical testing be completely dropped?

« What is the substantiation level required to reduced other inspections?
« Consequence of a false negative should be adressed.

CONFIDENTIAL 9
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3. To define next steps in 5-year plan

2024 | 2025 2026 | 2027 | 2028

|
|

|
- ARP 7065
Standardization
ARP 7068

|
I
|
|
|
|
1

fee AMS 70XX

ASTM XXXXX ISPM
3 DEMO
Lessons f° ¥ (FAA/EASA
learned | ‘ support)

Industry collab. SONRISA Projecti(Germany)

Projects | ~ ‘
DARPA Project (SURGE)

| |
| |
1} 1}
| |
| |

Commercial ISPM Hardware Maturation
SW/HW | | ‘ 1 |
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NEXT STEPS
 Release ARP7065 and ARP7068
 ARPs content to be shared with WG3 colleagues

» Periodical meetings to:
» Discuss how to address the identified challenges & gaps

« State of the art (ISPM)
« Option of a whitepaper (funded?) to be edited?
| Ll
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