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Introduction

Professional:
 FED AM Engineering Specialist, Eaton (3.5 years)

* Develop and Deploy Additive Manufacturing across Fluid and Electrical
Distribution (FED) Division

* Support AM Applications for 13 Sites and 21 Product Lines

* Senior Design Engineer — Additive Manufacturing, Eaton (2 years)
* Lead AM IRAD programs for Fuel, Ducting, and Joints products

* Design Engineer, Eaton (2 years)
* Design and Sustaining for Fuel and Pneumatic Joint Products

Education:
* BSE Mechanical Engineering, University of lowa
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Frank May

Eaton Aerospace Additive
Manufacturing Group



Eaton’s Additive Manufacturing

e Introduction
 Eaton Aerospace
e Eaton’s AM Roadmap

» Development to Qualification of AM
Products
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Eaton’s Aerospace Group

e $3.4B* in 2023 sales
e 41 global facilities

3 Q
« Approximately 12,000 employees 5 LS
« 4 Aerospace Divisions: © 5
» Fluid & Electrical Distribution (FED)
* Fuel & Motion Control Systems (FMC)
 Interconnect Technologies Division (ITD)
» Mission Systems Division (MSD)
QO Aerospace Group Headquarters QO sales & support offices
*Aerospace segment as reported O APAC Regional Headquarters O Engineering Centers
O Divisional Headquarters QO Eaton SAMC joint venture

© Manufacturing facilities
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Eaton’s World-class Aerospace portfolio
systems systems control solutions conveyance power

» ©
2

» Hydraulic power » Airframe fuel e Landing gearand < Full engine build- » End-to-end e Tier 2 electrical
distribution utility actuation up capability for power

e Full component gnel.-lmatlc conveyance

e * Aerial refueling » Payload and « Debris monitoring REie

offering carriage actuation » Aircraft

* Inerting and  Engine fuel  Pneumatic el_ec_trlflci?_;[_lgrll- first

* Investing in more oxygen systems » Engaged in pumps components win Ln e

Electric Aircraft growing space market

hydraulic e e Engine seals

powerpack

Eaton’s Aerospace products support various platforms

Engines w Commercial % Business Jets B Military 3—@ Rotorcrafts g; eVTOL &Space

© 2024 Eaton. All rights reserved. 5

EF.T°N

Powering Business Worldwide



Eaton leverages additive manufacturing to create superior
product solutions for our customers

Speed Lower Cost Improved Performance Supply Chain Robustness

Sustainability Sustainability Sustainability Sustainability

v Reduced NRE

v/ Material efficiency

v' 25-50% less weight

v System efficiency

v Rapid product
development

v’ Shorter supply chain

v’ Less castings

v' Eliminate tooling

v’ Inventory reduction v' Smaller package size

v Improved quality

v" Shorter lead times

v' Part consolidation

v Fewer parts and
suppliers

’ = Sustainability Improvement
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Eaton’s Additive Manufacturing Deployment since 2017

2017/18 2019 2020/21 2022 2023 2024

EB-PBF Titanium
capability established

Aero AM Team
Established, AM R&D
Center Opens in
Southfield & Pune

2 Aero AM Team
0 Awarded Programs

of\o/\o/\o
o
Q
12 Aero AM 35 Site AM
Team Champions
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Do

Deployed Strategic
Lead programs at Aero
sites

» 1 Aero AM
Production Facility
» 2 AM R&D centers
» Printers
» 11 Metal
» 30+ Polymer
» 114 Active AM

A Programs

Developing new
technologies

Scaling to support
Aerospace Digital demand
Design and AM
Production Center

Charleston, SC

A T A Ti6AI4V Qualified » 18 AM products in
AISi10Mg Qualified —Lj production
| In Production >
o0 0 - -
i 1 P4 o,
T
o0 00000 - - -
34 Component 18 AM
300+ Engineers 20+ AM P . . 7 Customer
e Commercial Products in )
Engaged Specifications . Audits
Awards Production
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Eaton AM Pedigree — Awarded Programs

Laser PBF — AlSi10Mg e Electron Beam PBF — Ti6AlI4V
# of PNs: 20 ———

# of PNs: 10

) 8 A330 Jet Pump — Airbus
> PartCount: ¥V 11to 1

~ s&: > Weight Reduction: ¥ 30% 7"~
- % » EASA Certification 4

Manifold

» 127 Ibs. per ship set

» 35% smaller package size

» 159 components and leak
paths eliminated

Ram Air Valve — AIDC
» Part Count: ¥ 22to 2
» Cost Savings Per Part
» Tooling Cost
Reduction: ¥ 100%

Manifold

» 12 Ibs. per ship set
» Smaller package size
» Reduced stress

Yy Wire Anchor
& > Successful flight test

Ground Fueling
1 » Rapid development

» Supply chain resiliency
RESER > Reduced lead time

Conveyance Product
» 16 Ibs. per ship set
» 96 components and leak

i Conveyance Product

% > Part Count: ¥V 14 to 2
» Weight: ¥ 30% reduction

paths eliminated » Optimized port geometry
R Valve

» Part Count: V¥ 27 to 14 2 .

> ¥ Assembly time - » Improved internal flow

» Reduced machining Manifold

» Weight reduction: ¥ 50% (5 Ibs)
» Reduced Pressure drop
» 10 Leak Paths eliminated

Sy #. . Tubes
T “’?’ > 50% V Cost and Parts
%.‘ " > Supply chain resiliency

Selective Laser Sintering Cold Spray
# of PNs: 3

# of PNs: 1
. T Cover Housing Repair
e Tray ] ;. > Turn Around Time Reduction' ¥V 40wks
S : : ; » 2to 1 part reduction : -
- » Higher complexit . .
-! ‘.‘ > Ngtooling P Y » Eliminates FOD issue : il
T 5 ¥ lead time

» Sustainability ¥ Repair vs. replace

e . F 1 8
Eaton Aero — awarded 34 AM component




Qualified Metallurgical Process (QMP) Roadmap

2016-2023 | 2024 2025 | 2026 | 2027+
. EOS M400-4
_____ Contﬁgﬁllbﬁger M2 IA A
HT
| ............................. EOS M400-4
% ) AISi10Mg HT11
a | Aluminum
S SLM 500
- I A s
I ....................... A 51%3&0
Stainless Steel
T
i P Y C—
n,- Colibrium Colibrium
m Spectra L #1 Spectra L #2
w | Titanium TiBAI4V TiBAI4V

Focused on Aluminum (AISi10Mg), Titanium (Ti6Al4V), and Stainless Steel (316L/17-4PH) for Metal Additive

A QMP Complete

EF:1-N
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EASA Certified Eaton AM Product — A330 Jet Pump

/ Jet Pump \ J

» Material & Process: AlSil0Mg, L-PBF

» ENG Location: Titchfield, UK

» Application: Fuel scavenge Jet Pump. Product utilizes orifice
to accelerate and transport fuel.

» AM Benefit: Application enabled Eaton and Airbus to validate
AM benefits of Weight, part consolidation and lead time

Conventional
Jet Pump
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Additive
Jet Pump

2 Jet Pumps Per SS

30% Weight reduction
11+ — 1 part reductio
40% Lead time reducti
EASA Certification
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Industrial Innovation

Wi e plessa o dand
Eaton
Far cubstarcdng rnduztrial nnovation

Cawid Gerrile.
in, P3O T e
Cqertia s o .5

AIRBUS
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Path from Development to Production

Material & Machine Product Product
Qualification Development Qualification
( Machine Parameter Y B Product LRIP \
Acceptance  Development PbR Qualification
O O O O
Consolidated
Feedstock Pg)cee:s Material Spec Locked / Production
Spec P ‘QMP” pbevelopment Released PPAP and Scale Up
Factory Heat Treat Builds and Build File
Acceptance & | Spec Testing ! v
Site A t ’ . . Qualification
ie ACCeptance Define Qual Initiate Material Finalize De.slgn Testing
Plan Characterization & Analysis
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Path from Development to Production

Material & Machine R
Qualification | 1l '
\
( Machine Parameter \

Acceptance Development

O O O
Process Consolidated N\ Specification Framework
Feedstock | Spec Material Spec é Material Testing
Acceptance & Spec @‘J AS9100D
Site Acceptance v . , § % 8>
Define Qual Initiate Material P,
Plan Characterization Facilities / Quality System
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Path from Development to Production

Product
Development

\

CDR
O ?-—T

L '-.____I.....USL Locke d /

| [ s Devglopment el g

vl Builds and Bleele
Cpk Study v
Manufacturing Finalize Design
Readiness & Analysis Non-Destructive Inspection
EF:T-N
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Path from Development to Production

Product
Qualification

\

Product LRIP
Qualification

Production

PPAP and Scale Up

v

Acceptance Testing Qualified Product Quialification
Testing
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AM Qualification today Is slow and expensive. AM Guidance from
FAA/EASA may reduce future qualification effort

Today
Limited guidance from industry for
AM Qualification

* Customers limited experience on
certification and acceptance of additive
drives conservative approach

* Must demonstrate capability to customers

AM requires extensive qualification effort

»  Full material characterization required
e All component testing in full assembly
* No qualification by similarity

* No qualification by simulation

* Extensive testing... time & cost

E-T-N
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(" Eaton’s Approach )

O/O\Oz"
To streamline deployment and

acceptance of AM:

v" Internal Spec align with industry
guidance

v NASA, AIR, AWS, etc.
v/ Standardize Dev/Qual plans
v Internal Audits against industry
specs
v NADCAP, FAA, SAE, AMCOM

v"Invite customers to Eaton’s AM
facility for in-depth review

. J

© 2024 Eaton. All rights reserved.

Tomorrow

Guidance Area’s needed from

FAA/EASA to streamline acceptance
e Preferred Industry Standards for AM

e Eaton’s customers AM requirements based
on FAA/EASA’s recommendations

e Part criticality with defined minimums

e Qualification of next generation technology

AM qualification by similarity & simulation
e Similar requal to traditional mfg methods
¢ Reduced turn-time & cost to qual

e Leverage qualification data to scale
back qualification testing

15



Summary

« Eaton AM progress has led to:
* 18 AM products in production and 34 total awarded programs
« Multiple M&P combination qualified
e Aerospace dedicated Additive Manufacturing Center

* Internally developed gualification framework based off industry
guidance

e Support needed from FAA/EASA on guidance to OEMs on
AM requirements or specifications

Ultimately, it is Eaton’s responsibility to ensure our products meet our customer’s requirements
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