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SAE AMS-AM Repair Working Group

* Scope:

* To develop and maintain aerospace material and process specifications for additive
manufacturing repair...

AMS-AM
Coordinating Committee
AMS-AM-METALS AMS-AM-NONMETALS AMS-AM-REPAIR
Materials Processes Materials Processes
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Overview

e Started meeting regularly Fall 2019.

e Currently have ~70 members.

* Developing overall approach:

* Single document:
* Section 1: Additive repair considerations and development.
* Section 2: Additive repair process guidance.
 Appendix: Example repair scenarios.

 Monthly Rhythm: First Wednesday every month except Spring and Fall FTF mtg months.

* Next telecom: Wednesday December, 2021 11:30-12:30 PM ET US.
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Repair Subcommittee

e Status

* Currently establishing the specification framework for repair
applications
* Creating repair scenario. Developing into guidance document.

e Currently including three types of repair scenarios (repair of conventional
part, repair of an additive part, the additive part is ‘consumed’ by the repair,
e.g., incorporated into an assembly)

* Repair Scenario:
 Ti-64, DED. Considering PA and Laser DED, wire and powder.
e Easily extendable to other DED processes and other AM modalities.
e Conventional part / additive repair Repair -
* Looking for members and collaboration. =

Mechanical Properties }———| Design Allowables |
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Repair WIP

* Was working one document, which evolved into two documents.

 Combined into one with example repair scenario as an appendix for
guidance doc.

Additive Repair Additive Repair Additive Repair
Development Guidance Example
Document Document

*** ATTENTION***

Part Criticality.
* Effect of repair on performance characteristics of part.
* Effect on qualification requirements.
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Repair Guidance Document - Outline

* Currently 8 sections:

1) Purpose

2) Scope

3) Applicable Documents

4) Repair Considerations

5) Repair Development and Qualification 3

6) Repair Process

7) Appendix 1 — Example Repair Scenarios &,

8) Appendix 2 — Useful References e H

Section  Topic
1 Purpase
z Scope
3 Applicable Documents
A Al
3.2 AT
3.3 150
3.4 SAE
4 Repair Considerations
4.1 Repair versuz Replacement
4.2 Part Criticality
4.3 Part Perfarmance
d.4 Part Functionality
4.5 Cualification and Certification
4.6 Tupes of Repair
4.7 Part Size and complesity
4.5 Material wpe 5.0 REF&IR DEVELOPMEMT AND GQUALIFICATICN
4.51 Component allay 5.1 Deszign Evaluation
4.52 Feedstack Material 5.2 Madality Selection
4.9 Design Requirements 53 Material Selection
4.70 Repair supplier 5.4 Repair Pracess DesigniPlanning
4.1 Past pracessing 541 Part Preparation
.42 Initial MO
5.4.21 Part!Repair Alignment to the Digital Madel
5422
5.4.3 Toalpath Generation
AM-Pracess Development
Repair Process
5.4.51 Repair Trials - Basic
5452 Evaluation
5.4.5.3 Heat Treat Trials g
5.4.5.4 Evaluation g.1
5455 Repair Trials - Representative Geometry E.2
5456 Evaluation E.3
5457 Machining Trials B.d
5.4.5.8 MOl EE
CQualification - Parameters!Schedule EE
[Mizrastructure 57
552 Chemistry £a
EE53 Mechanical Properties 5. 3

ARP/AIR EXAMPLE | REV.-

ADDITIVE MANUFACTURING (AM)
REPAIR FOR AEROSPACE - 2001200
APPLICATIONS R e o 0n

Supersadng NI

Addtive Repalr Guidance Document

RATIONALE

1. PURPOSE

e use of in the repaic
and in senvice, for aerospacs applicatons.

2 scoPE
This document providas ganeral quidanca fof establishing a repal procass lilzng addiive technokogy 1of the repalr of

delivary. It ncluces al modaises,
‘matersas, preprocessing. nspactin, post processng operations and quality 3ssurance as they pertain o the repar cyde.

« Conaidoration s gvan %o e crilically of the application and 10 the IMpact Mer repar on the perfomance
charactensacs of 70 ropaurad component

o and the proper
troducag the

« This version s for metallic appications. There s simiariyloverlap wih non-metalic sos addive metersls are

5.6 Repair Document
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3 APPLICABLE ¥ LIST DOCUMENT: THE DOCUMENT)

The issus of the on e dale of the
work

forms & pert of this specification o the

spociiod ‘bosn spacified, the fast
publshod issu0 of fat document shall appy.

31 AlAPubkcations:

i
February 2020.

Repair Process
Part Removal
Part Cleaning/Prep far MOI
Mol
Machine Pragram/Deposition Pragram
Machine Prep
Verification
Deposit
Heat Treat
Machine
MOI
Surface enbhancementlcoating
Lot acceptance testing [chem, mech test)
Finalinspection [visual, dimensional, functional)
Deliver

AFPENDIX 1- EXAMPLE REPAIR SCENARIOS
Example Repair 1- L-0ED 'wire Ti-E4 Structural Component - Wrought
Example Repair 2 - LPEF Blads Tip (proposed)
Example Repair 3 - Blizk repair
Example Repair 4 - Sliver repair
Example Repair 5 -
Example Repair & -

APPEMNDIX 2 - USEFLUL REFEREMCES




Additive Manufacturing Process Basics — Also Applies to Repair

Propertiesand
Processing Microstructure Performance
/ Post Processing\
Raw Material N
e
—Alloychemistry «...‘ },,’ T . i

AM Process

.

Control = Quality + Consistency
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Spectrum of Materials and Material Systems...

AM Materials J B
/ Commodity \ Tailored Microstructure Coﬁwgggfte
e Recrystallization * Monolithic * Discrete phases
* Equiaxed * Continuous * Anisotropic
* Homogeneous  Some degree of anisotropy ¢ inhomogeneous

* |sotropic * Some inhomogeneity

H\O/k;ﬂd.a mj.

Compo'sné
Ma'tenals

-"--.o. ,'09 2 .

AMS-AM Today : : Future
Increasing Complexity

Keeping an Eye on the Future.
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Similar Spectrum for Additive Materials and Material Systems...

AM Materials
/ Commodity Tailored Microstructure Cor;:z)oglte
e Recrystallization * Monolithic * Discrete phases
* Equiaxed * Continuous * Anisotropic
* Homogeneous  Some degree of anisotropy ¢ inhomogeneous

* |sotropic _ -
| Hyk;rid and

Some mhomogenelty

Composné
Ma'tenals

.".-_.- 0,

AMS-AM Today ——

Future

Increasing Complexity

Keeping an Eye on the Future.
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Similar Spectrum for Additive Materials and Material Systems...

/ Commodity

e Recrystallization

* Equiaxed .
* Homogeneous .

* |sotropic

I 2 \
i

2
7

AM Materials

—

Tailored Microstructure

Monolithic

Continuous

Some degree of anisotropy
Some mhomogenelty

." o
Edited by Dr. Brohim At

Composnte
Discrete phases
Anisotropic
inhomogeneous

HyBHd amj
Composné
IVIa'tenaIS'

o'..c_.- .,

AMS-AM Today ——

Increasing Complexity

Keeping an Eye on the Future.
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Current SAE AMS-AM Conventional Material Specification Hierarchy

Material Specification )

—— Process Specification

. Feedstock Material Specification

L Feedstock Process Specification /

e Hierarchical
* Defines requirements and establishes controls
* Performance-based and Pseudo-prescriptive

SAE International Additive Manufacturing Specifications ' A ‘ u
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Current SAE AMS-AM Conventional Material Specification Hierarchy

Material Specification — AMS 7000 LPBF Alloy 625 b
——Process Specification — AMS 7003 LPBF Process

—— Feedstock Material Specification — AIMS 7001 Alloy 625 Powder

\_ L Feedstock Process Specification — AMS 7002 Powder Procesy

 The SAE AMS-AM Specification Framework establishes the control of the AM component
manufacturing process from the feedstock through the finish product.

* There are both prescriptive and performance-based aspects to the framework.

(A
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Representative Requirements Flowdown

PO, SOW, Part
Drawing

Customer Requirements

.

Applicable
Docs

AMS Material Spec

IE HTHHE RS N A N A T

J—
/ WV
AMS Precursor AMS Precursor
AMS Process Spec Material Spec g Material
— ProcessSpec
PCD ﬂ
PCD

Fixed Post
A
@ Process Process Q
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Requirements Flowdown Applied to SAE AMS-AM Specifications

@ Drawing
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Specification Hierarchy for Non-Repair Applications

* Slight adjustment to the hierarchy:

Public PCD Specific Instance
Current Hierarchy Drawing Drawing
v v
@ Pobsrgv\cf;‘;;an AMS 7000_1 AMS 7999_1
Customer Requirements l ¢
> L_PBF Aloy 625 AMS 7000 AMS 7999
AMS 7003 - AMS 7001 - S IO —— v v v \ 4 v \ 4
o AMS 7003 || AMS 7000 || AMS 7000 AMS 7010A || AMS 7015 || AMS 7003
= @ 9 —
o[ Hlmm [H] o« [[ T® oo PCD PCD PCD PCD
o sondard | campie [ ovc [ suncord_oampie [l opic | sndors [ omle
AM Product Material AMS 7000 Public PCD Slash sheet  AMS 7000_1 Final HT = STA Slash sheet AMS 7999 1
AM Modality Process AMS 7003 AM Product Material AMS 7000 AM Product Material AMS 7999
AM Feedstock Material AMS 7001 AM Modality Process AMS 7003 AM Modality Process AMS 7010A
Feedstock Mfg Process AMS 7002 AM Feedstock Material AMS 7001 AM Feedstock Material AMS 7015
Feedstock Mfg Process AMS 7002 Feedstock Mfg Process AMS 7002
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Specification Hierarchy for Repair

* Slight adjustment to the hierarchy:

Public PCD Specific Instance
Repair Hierarchy Drawing Drawing
. y 1!
I—REWE AMS 7000_1 AMS 7999 1
H Mechanical Properties i ¢
AMS 7000 AMS 7999
v A 4 h 4 v v v
[ nspection AMS 7003 AMS 7000 AMS 7000 AMS 7010A AMS 7015 AMS 7003
Repair s Specifications
Document PCD PCD PCD PCD
opic—Jsundard Lol [l o | sondard | Barmple
Part Material Public PCD Slash sheet  AMS 7000_1 Final HT = STA Slash sheet AMS 7999 1
AM Product Material AMS 7000 AM Product Material AMS 7999
Mechanical Properties |+ Design Allowables
AM Modality Process AMS 7003 AM Modality Process AMS 7010A
AM Feedstock Material AMS 7001 AM Feedstock Material AMS 7015
Feedstock Mfg Process AMS 7002 Feedstock Mfg Process AMS 7002
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SAE AMS-AM Standards Hybrid Requirements

Flowchart — Specification Hierarchy

* There is prescription where appropriate.
o PO, SOW, Part

* Feedstock:
*  Chemistry = v Materiaspec
. PSD
*  Method of Manufacture
. Process Gas

* Finish Product:
. Chemistry

J Microstructure

. Min tensile properties
. Heat treatment \\AMS Process Spec

 There are performance-based aspects for flexibility.

* Process: Pﬁ

. Process Control Documentation —> Fixed process specific to the

application. Fixed
*  Proprietary or Public (slash sheets) @ Process
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Criticality and Qualification - Repair Document Outline

Chapter 4: Repair Considerations

* This section will cover what should be evaluated when considering repairing a metal component.
Considerations include:

. Repair vs Replacement

*  Part Criticality

Part Performance

*  Part Functionality

*  Qualification / Certification
Types of Repair

*  Part Size and Complexity

Material Type
. Component
. Feedstock

*  Design Requirements
*  Repair Supplier
*  Post Processing

SAE International Additive Manufacturing Specifications
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Criticality and Qualification - Repair Document Outline

Chapter 5: Repair Development and Qualification
* This section will cover the development of a repair process:

e Design Evaluation * Repair Process (cont):
*  Modality Selection * Evaluation
Material Selection * Machining Trials
*  Repair Process Design/Planning * NDI
* Part Prep * Qualification - Parameters/Schedule
* Initial NDI (defect verification, toolpath planning) e Microstructure
* Toolpath Generation * Chemistry
e AM Process Development * Mechanical Properties
* Repair Process: * Repair Document
* Repair Trials - Basic * Creation
* Evaluation * Approval
* Heat Treat Trials
e Evaluation
* Repair Trials - Representative Geometry

SAE International Additive Manufacturing Specifications !
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Repair Document Outline

e Part Criticality
- Criticality drives
- Repair versus replace decisions

- Minor versus major repair

- Qualification Requirements
- Materials and Processes

Install of Single Machine, Later a Second Machine

- IQ 0Q MQ PQ

e Allowables Part

- SAT = Reference Builds — ; e Qualification
Builds .
Builds
Addtons
LAt - - - .
e - Statistical Statistical
- Reference Builds ' -
Equivalence to... Equivalence to...

Criticality Level 1Q

Situation AB = SAT, OEM defined X X X
2-Mission Critical Situation A,B = SAT, Supplier defined XX XX XX
3-Flight Critical Situation A B = SAT, Supplier defined XXX HXX XX
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Aircraft Repair and Alteration Decision Chart

MAJOR AND MINOR DETERMINATIONS --
REPAIRS, ALTERATIONS,
AND COMTIMUE [N SERVICE COMDITIONS

ACCERTED PRAGTICES OR.

FPERFORMANCGE . —
b T ELEMENTARY COERATICONST R L
[ il

POANER PLAR Ve
SEERATION? gt

IF INFROFERLY DONE,

0 REPAIRT Vs WOUILD APPRECELASLY
AFOR THINEES

Figure from Aviation Safety Bureau (http://www.aviation-safety-bureau.com/aircraft-repair.html)



http://www.aviation-safety-bureau.com/aircraft-repair.html

SAE AMS-AM Repair Working Group Discussions

e Criticality Classification
 Many lengthy, healthy discussions.
* Direction seems to be aligned with other similar efforts. Interest in CPL/HA/RAS approaches.
 Continue to develop as we go along.
* Currently considering only the most critical parts (Cat 1 and 2). No door handles.

e Qualification
e Qualification vs Certification
e Qualification: verification that repair satisfies the requirements
e Certification: approval to perform repair and enter part back into service
» Application -> Classification -> Level of effort
e Establishing substantiation requirements will always be a challenge.
e Two examples:
 Bob Grant’s presentation (CAT 1-3 and CPL).
e AMRDEC 2015 presentation (Qualification from DoD perspective).
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Questions?

Dave Abbott
AMS-AM-R Chair
GE Aviation

m +1 513.284.9677

If iInterested in participating, contact:

SAE INTERNATIONAL
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