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Architecture Examples for Electrified Propulsion Aircraft

RATIONALE

The electrification of aircraft propulsion is an emerging area which holds much promise for realizing an air transport
revolution and enabling new mobility options. These technologies have the potential for carbon footprint reduction, noise
reduction, improved performance, new aerodynamic efficiencies, and better utilization of energy infrastructure. The
application of electric power for aircraft propulsion can take a variety of forms, ranging from partial electric to full electric.
The introduction of electric drive systems to drive propulsors, along with the variety of available methods to generate
electricity and store energy, offers an increased design freedom for next-generation aircraft and aircraft architectures. This
newfound design freedom exposes a need within the aviation industry to establish a common design language for electrified
propulsion. The purpose of this document is to describe potential electrified propulsion architectures to ensure that, while
the industry innovates in this area, they can share common architectural definitions. This common architectural language
will simplify the industry-wide efforts to assess functional and safety requirements for these emerging technologies.

FOREWORD

Electrified propulsion offers potential benefits by introducing electrical systems to augment or replace traditional propulsion
methods. This SAE Aerospace Information Report (AIR) provides information about six potential electrified propulsion
architectures. It is intended for use as a launching point for current and future works of the SAE E-40 committee, providing
common nomenclature for several potential architectures. This material is informational in nature; it is not mandatory. Due
to continual technological advancements and the evolving nature of standards and specifications, it is acknowledged that
this material cannot present all potential electrified propulsion architectures.

This document has been developed in coordination with ARP8676. Readers of this document may find ARP8676 a useful
reference, as it provides definitions for terminology commonly used in the field of electrified propulsion. As electrified
propulsion is an emerging technology, it is expected that both of these documents will be updated periodically.
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1. SCOPE

The application of electric power for aircraft propulsion can take a variety of forms, ranging from partial electric to full electric.
The introduction of electric engines to drive propulsors, along with the variety of available methods to generate electricity
and store energy offers great degree of new design freedom for next-generation aircraft and aircraft architectures. This
newfound design freedom exposes a need within the aviation industry to establish a common design language for electrified
propulsion. While this need for a common design language is recognized, the intent of this document is to encourage
innovation, providing reference architectures as a launching point for future work in this area. This document will describe
potential electrified propulsion architectures and provide examples. While providing these example architectures, this
document will develop common definitions for the elements of the architectures by defining:

1. The elements of electrified propulsion architectures, including any dedicated power generation and distribution systems
as well as energy storage elements.

2. The interfaces to/from the electrified propulsion system.
3. The interfaces within the electrified propulsion system.
4. Electrical energy management and storage architecture of an electrified propulsion system.

While capturing these architectures and elements, this document will serve as a reference point for future works of SAE
and provide aerospace industry guidance.

It is recognized that the high power density associated with electrified propulsion will require an advanced thermal
management system (TMS). It is expected that, in practice, there will be a great degree of implementation-specific variation
in TMS solutions for the elements of an electrified propulsion system. Although thermal management is an intrinsic

requirement applicable to most, if not all, elements of an electrified propulsion system, TMS is outside the scope of this
document, which is intended to describe six example electrified propulsion architectures.

1.1 Introduction

As an emerging field, electrified propulsion will take a variety of forms. It is recognized that innovation will continue in this
area and, as such, this document is not intended to present all possible electrified propulsion architectures and variations.
This document describes six potential electrified propulsion architectures and provides examples. This document details
the elements of each presented architecture.

2. REFERENCES

2.1 Applicable Documents

The following publications form a part of this document to the extent specified herein. The latest issue of SAE publications
shall apply. Nothing in this document supersedes applicable laws and regulations.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside USA
and Canada) or +1 724-776-4970 (outside USA), www.sae.org.

ARP8676 Nomenclature and Definitions for Electrified Propulsion Aircraft
2.1.2  Other Publications
Bowman, C.L. and Felder, J.L., “Turbo- and Hybrid-Electrified Aircraft Propulsion Concepts for Commercial Transport,”

NASA Glenn Research Center, Cleveland, OH, 44135, USA; and Ty V. Marien, NASA Langley Research Center, Hampton,
VA, 23681, USA.

Documents

Document Sharing Hub

Full document details: SAE AIR8678


http://www.sae.org/
http://www.avadocuments.com/doc/sae-air8678
http://www.avadocuments.com/doc/sae-air8678

SAE INTERNATIONAL AIR8678™ Page 4 of 19

2.2 Abbreviations and Acronyms

AC Alternating Current

DC Direct Current

EES Electrical Energy Storage

EHPS Electric Hybrid Propulsion System
ICE Internal Combustion Engine

MCU Motor Control Unit

TMS Thermal Management System
2.3 Glossary

For a detailed glossary of terms used in this document and all E-40 Committee works, please refer to ARP8676.
3. GENERALIZED ARCHITECTURE

This chapter presents a generalized functional view of the elements of electrified propulsion architectures. This section
offers a taxonomy for defining the relevant subsystems which compose electrified propulsion architectures. Figure 1 displays
the interrelationships between the following subsystems in the context of electrified propulsion:

1. Internal combustion engine (ICE): Fuel-burning engines such as turbines and reciprocating engines, containing one or
more combustion chambers to convert chemical energy into thermal energy and then into thrust and/or torque.

2. Electrical power generation: An electrical power generation system converts mechanical power from the ICE into output
electrical power. The electrical power generation subsystem may include the following components: one or more
generators and generator controllers as well as power conversion electronics (e.g., AC to DC conversion).

3. Electrical energy storage (EES): The electrochemical storage of electrical energy for later conversion into electrical
current. Storage technologies include, but are not limited to, batteries and ultracapacitors. Stored energy may originate
from ground power, electrical power generators, regenerative power from the electric engine or other sources.

4. Other energy sources: Sources of energy other than traditional combustion engine driven rotating electrical generators
may be employed to provide electrical energy for propulsion. At the time of writing of this document, it was recognized
that there may be future developments in this area and the generalized architecture should reflect this possibility. An
example of other energy sources is stored fuel for conversion to electrical energy in electrochemical fuel cells.

5. Electrical power distribution: An electrical power distribution and management system coordinates sources of supply,
providing control and protection of all electrically-powered systems and devices. In the context of electrified propulsion,
this system routes electrical power to/from the aircraft electrical power generation system, electric engines, energy
storage elements, and other energy sources to serve the purposes of the particular system architecture.

6. Electric engine: A type of aircraft engine that converts electric power into mechanical power or thrust used for propulsion,
including those components necessary for proper control and functioning. The electric engine is comprised of a
minimum of components including the electric motor, associated electronic controllers, disconnects, wiring and sensors
that provide propulsion to the aircraft. The motor control electronics and motor power electronics may be packaged
together in an element referred to generically as a motor control unit (MCU). The electrical power utilized by the electric
engine is provided through the power distribution system and originates from the electrical power generation, the energy
storage, and/or other energy sources.
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7. Mechanical conversion: Transmission which transfers mechanical power and provides adaptation in terms of
torque/speed from one or more drives (e.g., electrical engine or ICE) to one or more loads (e.g., propulsor). A gearbox
is an example of this function. Some configurations may also contain operational and/or safety devices that engage or
disengage shafts (e.g., clutch, free wheel, torque limiter, etc.). Some configurations will not require a mechanical
conversion element.

8. Propulsor: A mechanical device in the shape of a twisted airfoil, such as a propeller, fan, or rotor that converts rotatory
motion into thrust and/or lift. This is also known as a thruster. Propulsors may include pitch control for better efficiency
and/or feathering to mitigate the effects of failures in the system.

As this is a generalized functional architecture, it is expected that some electrified propulsion methods will not require the
use of all these functional elements. For example, an all-electric architecture would not require the functions of an ICE or
electrical power generation system.

It is expected that there will be interaction between subsystems, requiring a distributed control management system to
coordinate between various elements of the electrified propulsion system—for example, an electric hybrid propulsion system
(EHPS) or a shared thermal management system. In Figure 1, this coordination is identified as aircraft systems and may
include many various systems (e.g., vehicle management, flight control, and thermal management systems). Although
Figure 1 is presented from the perspective of aircraft-level centralized coordination and/or control, this does not preclude
possible implementations of independent subsystems with localized management functions.
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Figure 1 - Generalized functional architecture
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4. SAMPLE ARCHITECTURES
Six potential electrified propulsion architectures will be presented in this document:

1. All-electric: Propulsors are only driven by electric engines powered by stored electrochemical energy sources such as
batteries.

2. Series hybrid electric: A propulsion system in which mechanical power from an internal combustion engine, such as a
turboshaft, is converted to electric power and distributed to drive the electric engines and charge electrochemical energy
storage, which may also provide electric power to supply the electric engine. The combustion engine does not
mechanically drive any propulsors.

3. Parallel hybrid electric: A propulsion system in which propulsors can be driven by an internal combustion engine and/or
an electric engine. For this architecture, the combustion engine may or may not generate power for recharging the
electrochemical energy storage used for driving the propulsion motor(s).

4. Turboelectric: A propulsion system where propulsors are driven by electric engines. Mechanical power from an internal
combustion engine, such as a turboshaft, is converted to electric power and distributed to electric engines. In this
propulsion system, there is no electrochemical energy storage.

5. Partial turboelectric: A propulsion system in which propulsors can be driven by an internal combustion engine and/or
electric engines. Mechanical power from a combustion engine is not only converted to thrust but also to electric power
to drive electric engines. In the propulsion system, there is no electrochemical energy storage.

6. Combined series/parallel hybrid electric: Architectures in this category would integrate elements of series hybrid and
parallel hybrid systems.

Table 1 summarizes the subsystems associated with each of the sample electrified propulsion architectures covered in this
document. The electrified propulsion architectures described in this document are only examples. These examples are not
meant to be limiting, and other implementations may be possible. The check marks (v) in Table 1 indicate that a given
subsystem is used for the given sample architecture.

Table 1 - Summary of propulsion architectures

Propulsion Architectural Elements

Electrical Electrical Electrical
Power Energy Power
Source of Generation Storage Distribution
Propulsive Combustion (for (for (for Electric Mechanical
Power Engine Propulsion) Propulsion) Propulsion) Engine Conversion Propulsor
Electric Electric v v v Optional v
motor(s)
Series Hybrid Electric v v v v v Optional v
Electric motor(s)
® Combustion
5 | Parallel Hybrid engine(s) v v v v v v
3 Electric and electric
% motor(s)
< | Turboelectric Electric v v v v Optional v
5 motor(s)
7] Combustion
= Partial engine(s) .
DQ_ Turboelectric and electric e e d e Optional e
motor(s)
Combustion
Series-Parallel engine(s) .
Hybrid Electric | and electric Y Y Y Y d Optional d
motor(s)
™ Or “other energy sources,” as shown in Figure 1.
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