Electric/Hybrid Propulsion System (EHPS) Progress
and roadmap to means of Compliance definition

EASA Webinar
13" December 2023




Opening

Frank Steffens

EASA Head of Departmer@ Y A NP Y YSY G 9 t NP LIz aA2y {@ausSvya w
Department

»EASA EHPS 2023 Webina

European Union Aviation Safety Agency



EH P_Sggustrxvievv_ )




Introduction

Herdrice HERESON
EAS/ASection ManageiGA&VTOL Propulsion &Powerplants systems

Javier CASTILLO
EASA Section Managet A Propulsion &Powerplants systems

»EASA EHPS 2023 Webina

European Union Aviation Safety Agency



Morning Agenda

9:00-09:05:0pening
Frank STEFFEMR3SA Head of DepartmerEnvironment & Propulsion Systems

09:0509:12:Industry view

| Keynote (video), Jean Clair PRADIHRad of Airworthiness at Safran Electrical & Powkrdustry Standards
working group representative (SAE E40& EUROCAE WG113)

09:12-09:20:Introduction
Herdrice HERESGBRAS/Section ManageGA&VTOL Propulsion &Powerplants systems &
Javier CASTILEEASASection ManageL A Propulsion &Powerplants systems &

09:2009:50:EHPS A certification challenges on the road to sustainability
Regis ROSSOT-EASASenior Expert Powerplant GA/VTOL and Electric & Hybrid Propulsion Systems

u99:50-10:00 Session for selected questions submittecsbdo( www.slido.comcode: #EHPS2023)

10:0010:20: Roadmap to SCEIRHPS MOC &Guidance
Arjan VAN DIHEASA Propulsion Project Certification Manager

010:20-10:30Q Session for selected questions submittecdsbdo( www.slido.comcode: #EHPS2023) EAS

Europzan Union Avlation Safety Agency



http://www.slido.com/
http://www.slido.com/

Morning Agenda

10:30-10:50:Certification of propulsion battery
Carlos MUNOZ GARCGEASA New Electrical Technologies Expert

010:5011:00Session for selected questions submittedbdo( www.slido.comcode: #EHPS2023)

11:0011:20:Authorities cooperation-Certification Management Task (CMATljask Specific Team (TST)
Eric FLEURENVILSONPowerplants & Emissions, Transport Canada /EHPSTSWI Representative

u11:2011:30:Session for selected questions submitted®bdo( www.slido.comcode: #EHPS2023)

11:3011:45:Challenges of new design organizations
Damian KOCJANCEASA DOA Team Leader

ul1:4511:55:Session for selected questions submitted®bdo( www.slido.comcode: #EHPS2023)

11:5512:00:Conclusion
Herdrice HERESGBASASection Manager GA&VTOL Propulsion &Powerplants systems

oEnd

BEEASA

Europzan Union Aviation Safety Agency


http://www.slido.com/
http://www.slido.com/
http://www.slido.com/

Afternoon Agenda

15:0015:05:0Opening
Frank STEFFEIE3SA Head of DepartmertEnvironment & Propulsion Systems

15:0515:12:Industry view

| Keynote (video), Jean Clair PRADIHRad of Airworthiness at Safran Electrical & Powkrdustry Standards
‘ working group representative (SAE E40& EUROCAE WG113)

15:1215:20:Introduction
— Herdrice HERESOBAS/ASection Manager GA&VTOL Propulsion &Powerplants systems and
Javier CASTILLEAS/Section ManageilLA Propulsion General Aviation

15:20-15:50: EHPS A certification challenges on the road to sustainability
Regis ROSSOT-EASAenior Expert Powerplant GA/VTOL and Electric & Hybrid Propulsion Systems

u15:50-16:00:Session for selected questions submitted®bdo( www.slido.comcode: #EHPS2023)

16:00-16:20: Roadmap to SCEIBHPS MOC &Guidance
Arjan VAN DIHEASA Propulsion Project Certification Manager

016:2016:30:Session for selected questions submittesbdo( www.slido.comcode: #EHPS2023) E AS

Europzan Union Avlation Safety Agency



http://www.slido.com/
http://www.slido.com/

Afternoon Agenda

16:30-16:50:Certification of propulsion battery
Carlos MUNOZ GARCERASA New Electrical Technologies Expert

016:50-17:00Session for selected questions submitte®bdo( www.slido.comcode: #EHPS2023)

17:0017:20:Authorities cooperation-Certification Management Task (CMdl)ask Specific Team (TST)
Eric FLEURENVILSONPowerplants & Emissions, Transport Canada /EHPSTSWM Representative

ul7:2017:30:Session for selected questions submittedbdo( www.slido.comcode: #EHPS2023)

17:3017:45:Challenges of new design organizations
—ﬁ Javier CASTILEEAS/Section ManageL A Propulsion &Powerplants systems

on behalf oDamian KOCJANCEASA DOA Team Leader

ul7:4517:55:Session for selected questions submittedbdo( www.slido.comcode: #EHPS2023)

17:5518:00:Conclusion
Herdrice HERESGBRASAection ManageGA&VTOL Propulsion &Powerplants systems

oEnd

BSEAS

Europzan Union Avlation Safety Agency


http://www.slido.com/
http://www.slido.com/
http://www.slido.com/

EHPS a certification challenges on the road to
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What is an EHPS?

Parallel hybrid All electric

Series hybrid

1 to Many
Fans

All-electric aircraft systems use batteries as the only

A system that uses a battery-powered motor and
source of propulsion power

gas turbine engine both mounted on a shaft that
drives fan, so one or both can provide propulsion at
any given time

Series/parallel partial hybrid Partially turboelectric

A system where only the electric motors are connected to
the fans, and the gas turbine engine is used to drive an
electrical generator which drives the motors and/or
charges the batteries

Fully turboelectric

4 Tr tomany - -
A w Fans - i
- - , :’_I * —

A system with one or more fans that can be driven
directly by a gas turbine engine, and additional fans
that are driven exclusively by electrical motors
which can be powered by a battery or a turbine-
driven generator

A system that uses electric propulsion to provide part of
the propulsive power, with the rest provided by a turbofan
driven by a gas turbine

source: https//www1.grc.nasa.gov/aeronautics/eap/airplane-concepts/aircraft-configurations/

<|-zlll tllt.

A system that relies fully on gas turbines to drive electric
generators which then power inverters and motors to
drive disturbed fans

BEEASA
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EHPS enablers to aviation change

Innovation

\—l—l

New propulsion
architectures

Sustainability =~ New opportunities Ch%.lgnges
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Current EHPS project Landscape q..

From single electric engine to complete hybrid and distributed propulsion system

A 2 certified products
A 2 engine TC application for CS23 aircraft level 1&2
A Support as Engine &Powerplant experts on a CS25 Aircraft TC project
using Electric propulsion systems
A Support as Engine &Powerplant experts on sevefdI'©L TC projects
\ A Support as Engine &Powerplant experts on several CS23 Aircraft TC & STC
\ projects using Electric propulsion systems
\ A Support as Engine &Powerplant experts on several Balloon and Airship TC
\ 05000 projects using Electric propulsion systems
\ A Sup?ort as En%ine &Powerplant experts on IPC ( Innovation Partnershi
— Con ra%cts), TAC (Technical Advice Contracts), Clean Aviation, Researc
projects,
A E\);gla%cﬁeduture involvementon US Validatioprojectsof Engine TC and
e
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Challenges

new
high functions
B integration
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Supporting safe EHPS market entry

TODAY
60 years of S
£ Prescriptive
QuIHON — regulations
experience
Imposing the same safety records [
l- R K B N B B N
TOMORROW?
Performance
Step by step: Based Rules
from small to 4
large products =) Industry

Standards



EASA SC Availabli&afety continuum

Certification Challeng®erformance based rule

A SC B1: Airworthiness standard for G2H Electrical retractable engine to be
operated in powered sailplanes
A SG22.201401 issue2: Installation of electric propulsion units in powered sailplanes

A CSLSAA' ASTM F28441: Standard Practice for Design and Manufacture of Electric
Propulsion Units for Light Sport Aircraft
A SC LSA5-01c Light Sport Aircraft Electric Propulsion Powerplant

A SC HES8 issue 2 Electric Propulsion Units for @3 NormalCategory Aeroplanes up to
Level 1 (aim to make use of ASTM F388&o have a joined approach with the FAA)

M
-
e
=
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A SC E9c¢ Electric / Hybrid Propulsion System (EHR$)erformance based SC

for all products categories except low end products such as UAS, sailplanes, LSA
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EASA focuses

How to
certify an
EHPS?
HARMONIZATION WITH FOREIGN
AUTHORITIES

Meansof
Compliance

Europzan Union Avlation Safety Agency




How to certify EHPS?

Aircraft approach

Parts and components certified

Engine approach

ETSO approach

under the aircraft TC
Fneine TC . .
Engine TC | Cockpit displays | Electric engine

@

| Cockpit displays |

1

Power

Electrical storage

=

1L

Distribution =
management

&

| Power lever I

Engine TC 2
Electric engine

W

Electrical storage

Fuel Turbogenerator 1 / Foel Turbogenerator
tank H ’ ."' e
\ Power / Electric engine
Distribution e —————— Power
- / management \ ) management
Electrical storage \ il Electrical storage
l!* ) | :.‘ Electric gnginc |!* J l
| Power lever I ! | Power lever l
Engine TC 2
Electric engine
Engine TC 1 | Cockpit displays I ’ ETSO 1 | Cockpit displays I
Foel Turbogenerator 1 — Foel Turbogenerator 1
~ ’ Engine TC 2 . X ETSO 2
tank tank y
V% Electric engine ‘o
- - = Power

Distribution
management
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| Power lever I

Distribution

ETSO 4

W

Electric engine

W

Electric engine

W

Engine TC

Electric engine

W

Engine TC

Electric engine

Engine TC

Electric engine

»

Cert Memo to Part 21 under finalizati@Q1 2024 for public consultation

Shared with

FAA and TCC

ESEASA
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SCEL9

Update to come (2025)
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EHPS integration (Powerplant)

Intent of EASA to reuse FAA MOC for EHPS integration as th
running ahead of EASW/(Pwith FAA Powerplant team) + AS
standards

VTOL MOC published by EASA + EUROCAE WG 112 standar

Europzan Union Avlation Safety Agency




Harmonization efforts n..

TODAY FUTURE

E AS A Generic Special Conditions

European Union Aviation Safety Agency CD m plem = nti ng CSS

Similar intent Harmonization Rulemaking
of at MoC level ‘ Service experience __.___:fﬁii::;;;:_ Same rule +
requirements with SDOs MoC

| Federal Aviation Project Issue Papers
//AEaCLULIELCUCLIN Complementing Part 33




Harmonization efforts

Projects
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Progress and Roadmap tdeansof Compliance
Arjan Van DIJK

definition
EASA Propulsion Project Certification Manager
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Accessing SCGB MoCa dzy 02 NJa (1 NHzO L#’S

SC EE9MoG 3 Levels approach
N\

Level 2 EASAMeans Of Compliance fagach requirement

Explanation on Level 2: is the Main Webinar focus

Level 3 dMethods of Complianceé
- Published standards, @ 2 NJ / SNIOAFTAOF GA2Y

/

OA la Carte Toolfor guidance identification according to design specificit

- Guidance material & link to levelc@Subpart per Aircraft application

[conttiEnon
CONSTRUCTION

as

[HhSee next slide for example

Europzan Union Aviation Safety Agency




Level 1:MoCto SC E.9

[ A la carte» concept

EHPS.290
EHPS.230 SMPS2%) Bird, hail
X | Vibration P X strike and X
and rotor :
Survey : : impact of
integrity :
foreignmatter Inputs:
Adjacent engines N/A N/A X CSE, AMC GS
- : E,CM, CRI,
SDECIfIC teChn|Ca| Fan X X X <€ appropriate
aspects ————> I Ele R ale[[gl= X X X Standards (ASTM,
Turbine X X X {1 9% 9 wh/ ! 9 X
High voltage
X
Agile and adaptable to innovation: can be quickly updated E3EASA



MoCLevel 2 and 3:

Example for EHPS.80

Level 2 Level3 Name | Poritet | e, LOP@ndSingle Faulexplained as
MOC.EHPS.80 S

Safety Assessment N\E a dzt le 2T l:l K S SE S Nf

CS-E 850 Compressor, Fan and Turbine Shafts in the eXiSting\/lOCS(See next SIlC%
AMNC EBS0 Compressor, Fan and Turbine Shafts

Turbine engine HPT shaft loss of load and
rotor inteeri
LOPC Definition
Single Fault Tolerance

AIR-XX2 Reliability Database
. IEC |Reliability Database

EHP5.80

CM -PIF5-017

Rely on Industry to propose standards

CS-E510 Safety Analysis .

CSE210  |Failure Analysis or methods of compliance to be
Safety Analysis Guidelines and Methods accepted by EASA

ARPA761 for conducting safety assessment process

on civil airborne systems and equipment
Guidelines for the development of civil

ARP 4754A-ED-794

aircraft and systems

: : L L ¥
MoC to explain how to use the Methods of Compliance and clarify its applicability EASA



MoCsGAP analysis

Inventory for Electric Infver}fobrly Missing Level 2,3
Hybrid Propulsion Projects ot evaliabic to develop
Material
@idance from EASA pr@g /Existing published\ /Adaptation: B
X d landscape material A Manyexistingmaterialcanbe
New A More than 20 TC applications A CSE! a/ Q& A adapted_

Technologies: -> review of propose®oC¢ CRIs A SGVTOL MOC Explanatlomece_ssary)f how
enable new A IPCs/TACs/PACs A Certification Memos to use thematerialto the EHPS
architectures A Research projects A IndustryStandards technology
and vehicles A Working Groups A Others a o /

designsg> e —

e L e New MoCor Standards:

specification o A y v A Tobedeveloped i.e. by
material AT _ { =, ' o EUROCAE, SAE

Europzan Union Aviation Safety Agency




MoCsGAP analysisAn iterative process n..

‘ Gap-analysis-conclusien
> 40'MOCI (l.evel 2) to be developathptedby EASA

\ | >100 Level 3«documents to be.developed mastly by:Industry for the
W/ EHPStechnologies-identified.

Matching-synergies:déchnicaltopicswith availablestandards.

@ New -applicants bringing-new concepts and.newneeds

EASA bilateral-pertness as soon as possible.

i Iterative processto publish:the:rigMoCs involving! Industry: and
T Safety-as:acommoncgoal.

g . |
i jzation:



PriorisationMOC development for EASA a

Group 1

Mature Projects Focus on Level 2 documents needed for mature Engin
ElectrictEngines Aircraft TC and VTOL projects for which certification

nggﬁ.“esm expected in the coming years Industry

Contribution to

~

EUROCAE/SAE

WOrking-qroups

[ 2YY2Yy [ 2NBE 91 t{ a¢SOKY A (EEESSalIRR-{e[o[(es
will address already most of group 2 items. design specificities

Group 2

Lessrmature : o _
designs Group 2 will focus on specific design needs of less me

nrojects

/

/

Europ=an Union Aviation Safety Agency



Priority 1 in MOC fow S Ij Q &

SC H9
EHPS.15

EHPS.40

EHPS.80

EHPS.100

EHPS.240
EHPS.250
EHPS.350

EHPS.370

EHPS.380
EHPS.420
EHPS.430
EHPS.450
EHPS.460

MoC Title
MOC.EHPS.19 erminology

MOC.EHPS.4®Ratings and Operating Limitations A SAE 20

MOC.EHPS.8®afety Assessment

MOC.EHPS.1CFire Protection

MOC.EHPS.240verspeed and Rotor Integrity
MOC.EHPS.2ERotating Parts Containment

MOC.EHPS.35EHPS Control System

Electrical Power Generation,
Distribution and Wirings

MOC.EHPS.3€Propulsion Battery

MOC.EHPS.37

MOC.EHPS.4ZEndurance Demonstration
MOC.EHPS.4ZDurability Demonstration
MOC.EHPS.4ETeardown Inspection
MOC.EHPS.4€0perational Demonstration

Notes /Higlights
A SAE B0 : ARP8676
A EUROCAE WI3: EBB21 covers part of the Ratings/limitations

A SAE B0: Single Fault tolerance
A CMT: LOPC definition
A SAE AHO High Voltage Committee: Reliability data and acceleration factor

A MOC.VTOL.2330

A ASTM F33388 Ch 5.5.1

A EUROCAE WI2/113 Fire qualification of electric engine
A Windmilling conditions after shortcut

A MOC drafted, under review

MOC to be developed, lot of material/standards available

EURQCAEWI 2 +-SAE-H)
EWIS: proportionality
EURQCAE W6 High/\Voltagdl of 4:standards|clese to publication)

o To oo I»

EUROCAE W13 3: EE321 GM for endurance substantiation of EHRiBal stage
A SAE B0: ARP8689 Endurance tests for Aircraft Electric engine
A Alternatives to teardown inspection for electric engines

A Power response, reference to €$aragraphs

ESEASA

Europzan Undon Avlation Safety Agency



Priority 1 in MOC fow S Ij Q

a
Electric Enging Safety Assessmen {

1. Power Loss Rates and LOPC ¢4 | 1. RATINGS
Classification for GA Level 1&2 X 2. Safety Assessment for EE

2. GA Aircraft Safety Assessment fo, 3. Fire protection for EE
electric Aircraft coordination with ASTM F3230) (incl. windmilling conditions)
4. Vibration surveys

5. EWIS proportionality
Electric Engine

6.Continuous Rotation / short circuit ‘
1.LOPC definitiorfor single engine A/C
2. Single Fault Tolerancapplicability to EE

3.Endurance testEUROCAE W33 and :
SAE H0. 1. Control System Architecture VTOL<

4 Max speed to demonstrate containment 2. Durab_lllty test EE :
3. Containment demonstration for EE
ﬂnulintlonl

QI




Timeline

Vd

t NAZ2NAGE M LINR2SO0 a ah/

Final-draft readiness*

Mature

draft meaningful
e Internal set of MOCs*
= M "\«-f::\ onsultati
MOC approach |
Q42022 o >3

Publication April 2021

Drafting Phase

Q42024

an Union Aviation Safety Agency

Subject to-evolution/depending onipriority @nd-business-needs* o=
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