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™ How Can AM360 Help Struggling Additive
=% Manufactured Parts Get Certified for Flight?

Requirements and Artifacts

!

“The Air Force has been doing
additive manufacturing for over a
decade, but very few metal critical

parts have actually flown.” — Roger
Jones, Technical Director AFSC
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How can AM360 help struggling additive manufactured parts
get certified for flight?

1) Act as the central authoritative source of truth by moving away from slow, confusing, and
inefficient document-based approaches.

2) Apply systems engineering to reduce complexity: Efficiently organize which requirements and
processes are applicable, where they are located, and what is required to satisfy them.

3) Provide a diqgital thread for an organized TDP: transparency and traceability in the process.

4)  Give approving authorities methods to tailor existing standards to accommodate additive
manufacturing without stifling innovation.
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1) Act as the Authoritative Source of Truth (ASoT)

= Individuals often act as the SMEs,
distributing their “tribal knowledge” in siloed,

legacy documents.

= As a result, additive manufacturing is
conducted by different program offices
using ad-hoc and inconsistent processes.

AM360 Model Successes

= Utilizing a model-based approach, the
model acts as the SME so that legacy
knowledge is retained and refined into a

best practice.

= The tests and procedures used to verify or
validate a requirement can be consistent

and standardized.
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Stage 1:
Document-
based
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Figure 2.10 — The evolution of MBSE (Holt & Perry 2020)

Digital Maturity
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= Relevant policies are distributed in TOs, W
handbooks, MIL-STDs, bulletins, and — ,';a”‘.SpeC"ﬁC
- ) _ _ 'V”L-STD-3024 €quirements
specifications which are owned by different «
divisions and groups.

= The airworthiness process is scattered
throughout multiple documents and there are
hundreds of airworthiness standards in MIL-
HDBK-516.

AM360 Model Successes

= The model organizes the chaos by distilling “The strength of this model for AM is that it can prepopulate the
processes, preassembling the requirements, = required artifacts for AM processes, which can then be used to help

and pre-allocating satisfying artifacts. generate tailored methods of compliance, and lead to the use of AM
parts without a non-compliance and risk.” — Jeff Calcaterra, Chief

AFLCMC/EZF
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& 3) Provide the Digital Thread for an Organized TDP

= Reviewing authorities often receive a structureless folder of files with little to
no indication of why they are there, where they came from, or if they are
complete.

= The transparency and traceability of the process are locked in emails or lost
to sneaker-net approaches.

AM360 Model Successes
= The model connects the people, processes, requirements and artifacts.
= Artifacts are provided in context.

= Expected TDP artifacts are prepopulated and allocated to TDP requirements
providing guidance and consistency.

Distribution Statement A. Approved for public release
UNCLASSIFIED//FOUO



Bl Existing Requirements

UNCLASSIFIED//FOUO

4) Give Approving Authorities a Method to Tailor

= EXxisting standards were not written with
additive manufacturing in mind.

= Additive manufacturing is continuously
being used in new and innovative ways.
Constraining its scope would stifle
Innovation.

= Therefore, a means of tailoring existing

standards to accommodate AM is desired.

AM360 Model Successes

= The MBSE approach provides a way to
tailor existing standards, require
additional testing, or indicate the need for
additional satisfying artifacts.
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«airworthinessStandards
MIL-HDBK-516C 8.3.10

Id ="759"

Text = "Criterion: Verify that the fuel system is designed to
prevent pressures from exceeding the systent's proof pressure
limits (both minimum and maximum) during refueling (aerial and
ground), defueling, transfer, fuel feed, fuel dump operations and
engine feed.

Standard: The fuel system is designed such that positive and
negative proof pressure limits are not exceeded during all
phases of fuel system operations including refueling, defueling,

fuel transfer, fuel feed, and fuel dump. Fuel valve closure rates L

simuitaneous valve closures, operation of fuel pumps or fuel
manifold architecture do not result in steady-state and/or
transient pressures exceeding the proof pressure limits.

Method of Compliance: System analysis verifies that proof
pressure limits are not exceeded throughout air vehicle
operation. Simulator and/or ground air vehicle testing verifies
that proof pressure limits are not exceeded during normal and
single failure conditions. Flight testing verifies analysis and
previous testing. Fuel system simulator, ground and flight tests
verify that negative pressure limits are never exceeded in the
engine feed line."

arefines

«extendedRequirement»
Tailored Criteria

Id ="760"

source = "Name of Authority
Tailoring the Requirement”
Text = "This text would add
additional requirements
testing, or tailored language

to the 516C standard.”

«satisfys «blocks |
kK- - |Tailored Artifact

“ ~
=~ «verifys

- : «activity»
Tailored Verification Activity

“Most engineers don 't know enough about AM and
airworthiness to do ... tailoring effectively and
prepopulation of required artifacts gets us 90% of the
way to a complete solution. It’s significantly better than
the process we have right now.” — Jeff Calcaterra, Chief

AFLCMC/EZF
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AM360 SysML Model Live Demonstration

& 709 Material Verification Plan &

/ & Job Router Files (Inlet Shell)

= [[8 704 Manufacturing Requirements and Details &

\ EIMPP (Inlet Shell)
E slicing Files (Inlet Shell) @

[ Inlet Shell Print Files &

=] material Verification Plan (Inlet Shell)

‘@701 Model Validation Certificate @
\[& 703 Native CAD Model and Version @

E model validation Certificate (Inlet Shell)

=] Native CAD Model (Inlet Shell) @ 7 Inlet Shell Native CAD Files @—

V[ 708 QA Requirements and Plan &

E 0A Plan (Inlet Shell)

‘@712 QIF (ML) @
V@ 702 STEP File ®

EIXMLFile (Inlet Shell)

V[E 706 STL/ AMF File ©

=] STEP Part File (Inlet Shell)
E202207388-01_-_9AD93.STL

I STL/AMF PartFile (Inlet Shell) @
E1202207388-03_-_9ADY3.STL

V& 729 TDP Checklist @

|
e
and app
Certification Basis
(CB) IAW AWB-130 and
AWB-225.

input ¢

EZZ Template 130-1

’;irwonhaéti Certification Tool (ACT) |
‘ M

EITDP Checklist (Inlet Shell) &

«airworthinessStandardx»
MIL-HDBK-516C 8.3.10

Id="759"

Text = "Criterion: Verify that the fuel system is designed to
prevent pressures from exceeding the system's proof pressure
limits (both minimum and maximum) during refueling (aerial and
ground), defueling, transfer, fuel feed, fuel dump operations and

. '
AFLCMC Standard Process and CB + CR Templates from Sharepoint |n1L;( Establish and approve
Certification Report
) jnputt | (CR)IAW AWB-140 and
AWB-225.

‘ Example - Ultem 9085 SUD input2

output

engine feed.

Standard: The fuel system is designed such that positive and
negative proof pressure limits are not exceeded during all

phases of fuel system operati: including ing,
fuel transfer, fuel feed, and fuel dump. Fuel valve closure rates,

manifold architecture do not result in steady-state and/or

simuitaneous valve closures, operation of fuel pumps or fuel
transient pressures exceeding the proof pressure limits.

Example - Pressure
Test

Method of Compliance: System analysis verifies that proof
pressure limits are not exceeded throughout air vehicle

UNCL. .. ... —__

operation. Simulator and/or ground air vehicle testing verifies
that proof pressure limits are not exceeded during normal and
single failure conditions. Flight testing verifies analysis and
previous testing. Fuel system simulator, ground and flight tests
verify that negative pressure limits are never exceeded in the
engine feed line.”

e —

E Inlet Shell REACT TDP Checklist.pdf

arefines

= [=1202207388-03_M290.0pen;jz
= = Inlet Shell Print Parameters
~ =l Pack_202207388-01_F900.cmb

~ £1202207388-01_INLET SHELL.SLD
~[=1202207388-03_BRACKET.SLDPR’
~[E202207388-10_INLET SHELL ASS

«extendedRequirements
Tailored Criteria
1d ="760"
source = "Name of Authority
Tailoring the Requirement™
Text = “This text would add

«satisfys

«blocks
Tailored Artifact

additional requirements, =
testing, or tailored language T < wverifys
to the 516C standard." S e
«activity»
Tailored Verification Activity
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