A380-800

+« _ Lufthansa

~

M —

Lange 72,73 m
Spannweite 79,80 m
Hohe 24,10 m
Max. Startgewicht 560t
Max. Reise- 910 km/h
geschwindigkeit (Cruise)
Maximal Takeoff Weight 560.000 kg

Maximal Landing Weight 391.000 kg

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024

Max. Flughohe
Reichweite
Sitze
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13.100 m
12.400 km
509
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Auflosung 4#7
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Airbus A380 (More Electric Aircraft) : 1,5 MW Installierte
elektrische Leistung

?

Leistungsstarker Fon: 3 kW
~ 500 Fons




Wie viel elektrische Leistung
steckt im Flugzeug?

Elektrisches On-board
System
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Was ist ein More Electric Aircraft?



Was ist ein More Electric Aircraft? 4#7

Bel More Electric Aircraft (MEA) werden mechanische, hydraulische und
pneumatische System zunehmend durch elektrische Systeme ersetzt.



Primary Flight Control

DLR
Trimmable Horizontal

Stabilizer

2 Rudders

Slats 2 Elevators

3 Ailerons

Van Den Bossche, Dominique. "The A380 flight control electrohydrostatic actuators, achievements and lessons learnt." 25th international congress of the aeronautical sciences. Vol. 1.
Hamburg, Germany: International Council of Aeronautical Sciences (ICAS), 2006.

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024




Energieversorgungssystem Primary Flight Control

Speedbrakes, ground spoilers
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DLR

Conventional:
- 3 Hydraulic
- 2 Electric

More Electric Aircraft:
- 2 Hydraulic
- 2 Electric

Van Den Bossche, Dominique. "The A380 flight control electrohydrostatic actuators, achievements and lessons learnt." 25th international congress of the aeronautical sciences. Vol. 1. Hamburg,

Germany: International Council of Aeronautical Sciences (ICAS), 2006.
Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024



Ubergang More zu All Electric Aircraft
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¢ | Environmental Control [Z7T] Wing Ice Protection
z \E}MYRA&;@ &y ECSE System (ECS) - System (WIPS)
]I_ enerator (RAT) Y  Load @ Generator
EXT-PWR 2 x11 A :
90 kVAW P VAO Tt (% Starter Generator @ Hydraulic Pump
) = Inverter
Electro-Mechanical =
Actuator _ 235V (AC)
rator Electro-Hydraulic +
@‘ Electro-Hy 270 V (DC)
& Transformer Rectifier 115 V(AC)
¥ 28 V (DC)
&\ o 115 V (AC) / 28 V (DC)

_ _ _ H. Schefer, L. Fauth, T. H. Kopp, R. Mallwitz, J. Friebe and M. Kurrat, "Discussion on Electric Power Supply Systems
Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024 gor Al Electric Aircraft,” in IEEE Access, vol. 8, pp. 84188-84216, 2020, doi: 10.1109/ACCESS.2020.2991804.



Thrust Power Profile of Narrow Body Aircraft (A320)
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A. Barzkar and M. Ghassemi, "Electric Power Systems in More and All Electric Aircraft: A Review," in IEEE Access, vol. 8, pp. 169314-169332, 2020, doi: 10.1109/ACCESS.2020.3024168.

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024



Ubergang More zu All Electric Aircraft

10 OA Pel (MVA)
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H. Schefer, L. Fauth, T. H. Kopp, R. Mallwitz, J. Friebe and M. Kurrat, "Discussion on Electric Power Supply Systems for All Electric Aircraft,” in IEEE Access, vol. 8,

pp. 84188-84216, 2020, doi: 10.1109/ACCESS.2020.2991804.
Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024
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Wie viel elektrische Leistung

steckt im Flugzeug?

¥

Elektrisches On-board
System

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024
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Eine der Challenges: Elektrisches System ‘#7
DLR

» | eistungsdichte: 10-40 MW begrenztes Volumen und Gewicht

» Paschen Gesetz: Corona Effekt

= Safety Requirements: Failure Rate 10~° pro Flugstunde

» | ange Betriebsdauer und ungewohnliche, extreme Betriebsbedingungen

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024



Eine der Challenges: Elektrisches System 4#7
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Key Issues

= | eistungsdichte: 10-40 MW begrenztes Volumen und Gewicht

» Paschen Gesetz: Corona Effekt
= Safety Requirements: Failure Rate 10~° pro Flugstunde
= | ange Betriebsdauer und ungewohnliche, extreme Betriebsbedingungen
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Aircraft Entwurfs Prozess
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Overall Aircraft
Design

Functional
Method Modeling

LA <)

What configuration is required to
achieve the function under the
constraints from overall aircraft

design?

Component
Development
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i DLR



Elektrisches System
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Aircraft System Dynamics: Energy Systems (thermal & ‘#7
electrical) DLR

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024



Entwicklung des elektrischen On-board Systems ‘#7
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= R CSD : Load
115VAC —— Management
Variable _'—> Systems
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Information Abbildung bis 2000 aus: I. Moir, A. Seabridge, ,Aircraft Systems — Third Edition: Mechanical, electrical, and avionics subsystem integration®, Tlme

2008, ISBN 978-0-470-05996-8, Wiley.
Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024



On-board System
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Auxiliary Power Unit (APU)
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On-board System: DC Grid Architectures
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On-board System: DC Grid Architectures

[ ]
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0
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[

a, Bipolar, three wire

PEC
HV Load
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b, Bipolar, two wire

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024
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d, Hybrid forms, e.g.,

bipolar HV and MV grid, unipolar LV grid



DC Grid Architectures: Options and Effects ‘#7
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Design Options
[Blpolarj [Umpolarj [Hybrld]

(DC Grid Arch1tecture>
Effects
Safety Fault Behavior Reliability Connectors Implementation Effort

Voltage Levels Partial Discharge Power Electronic Converters Cost
Electromagnetic Interference Power/Load Balancing

Flexibility Power Density Weight Volume

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024



Isolated or Non-isolated?
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Isolated or Non-isolated? ‘#7
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Design Options
[Isolated] [Non—ig_olated}

( DC/ DC Converijer )

Effects
Safety Fault Behavior Reliability Fault Isolation Galvanic Isolation

Control Dynamics Control Complexity Efficiency Cost

Flexibility Power Density Weight Volume

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024



Grounding Scheme
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Grounding Scheme #
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'} ——
| Load | Load
+ +
(b)
sl pe————rt
T Load : T Load

Fig. 5. Grounding system of the shipboard MVDC power system. (a) Un-
grounded. (b) Solidly grounded. (c) Grounded with resistor. (d) Grounded with
resistors in parallel.

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024



Grounding Scheme: Options and Effect ‘#7
DLR

Design Options

[Ungrounded][Sohdly Grounded] [Grounded via Remstorj [Grounded via Two Resmtors]

( Groundmg Scheme )

Effects
Safety Fault Behavior Reliability Fault Isolation Fault Detection

Fault Current Magnitude Fault Current Rate of Rise

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024



Eine der Challenges: Elektrisches On-board System 4#7
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Key Issues

= |_eistungsdichte: 10-40 MW begrenztes Volumen und Gewicht

» Paschen Gesetz: Corona Effekt
= Safety Requirements: Failure Rate 10~° pro Flugstunde
= | ange Betriebsdauer und ungewohnliche, extreme Betriebsbedingungen

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024




Paschen‘s Law
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Paschen Curve ‘#7
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Paschen Curve #
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Paschen Kurve
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J. Hu, X. Zhao, L. Ravi, R. Burgos and D. Dong, "Enhanced Gate Driver Design for SiC-Based Generator Rectifier Unit for Airborne Applications," 2021 IEEE Applied Power Electronics
Conference and Exposition (APEC), Phoenix, AZ, USA, 2021, pp. 2526-2531, doi: 10.1109/APEC42165.2021.9487425.
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Eine der Challenges: Elektrisches On-board System 4#7
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Key Issues

= |_eistungsdichte: 10-40 MW begrenztes Volumen und Gewicht

» Paschen Gesetz: Corona Effekt
= Safety Requirements: Failure Rate 10~° pro Flugstunde
= | ange Betriebsdauer und ungewohnliche, extreme Betriebsbedingungen
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Eine der Challenges: Elektrisches On-board System ‘#7
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Key Issues

= |_eistungsdichte: 10-40 MW begrenztes Volumen und Gewicht

» Paschen Gesetz: Corona Effekt
= Safety Requirements: Failure Rate 10~° pro Flugstunde
» Lange Betriebsdauer und ungewdéhnliche, extreme Betriebsbedingungen
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Wie viel elektrische Leistung
steckt im Flugzeug?

Elektrisches On-board
System
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Wege zur CO,-neutraleren Luftfahrt ‘#7
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o e T A"

Combustion Hybrid Battery-electric ~ H2-engine Fuel cell electric

.

Improved Alternative fuels  Hydrogen
combustion engines SAF etc.

Andrea Reindl, Institute of System Dynamics and Control, 10.12.2024



Entwurf neuer Flugzeugarchitekturen um Weg zu CO2- ‘#7
neutralerem Fliegen zu ebnen DLR
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Warum wird Open Fan Technology
verwendet?



Entwurf neuer Flugzeugarchitekturen um Weg zu CO2- ‘#7
neutralerem Fliegen zu ebnen DLR
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Family Concept

DLR
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Aufgabe:

Designen Sie eine Stretch Version mit 15% mehr Passgiere (PAX). #
Was muss angepasst werden? DLR
Wie ist die Wechselwirkung zwischen den Systemen?

Welchen Einfluss haben Konstruktions-
anderungen auf die Krafte?

Welche Komponenten mussen geandert
werden?

Welche Einschrankungen und
Wechselwirkungen mussen bei Anderungen an
Komponenten bericksichtigt werden?
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