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Development Production Operation End-of-life

Flights Maintenance

Hydrogen 
Architectures

?
→ Maintenance high impact 

on operation

Extensive research and testing is needed to evaluate the safety and reliability of hydrogen systems 
in aviation and to determine the technical requirements for their integration into new aircraft designs



Method
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Comparison of new 
and conventional 

aircraft architectures

Identification of 
changes

Derivation of main 
challenges for 
maintenance

Maintenance analysis

Aircraft design

Technical requirements

LH₂ System analyses

Safety requirements

Existing literature and 
standards



Use of hydrogen in aircraft
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New systems: 

• Fuel cell system:

• Fuel Cell

• Heat exchanger

• Etc.

• Hydrogen tank (liquid) system

• Hydrogen distribution system

• Hydrogen combustion system:

• New Engine

• Etc.

Fuel Cell System

Hydrogen 
Combustion System

Possible consumer

Hoff, Tim, et al. "Implementation of Fuel Cells in Aviation from a Maintenance, Repair and Overhaul

Perspective" Aerospace (2023) 10, no. 1: 23. doi: 10.3390/aerospace10010023

Exemplary rendering
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Fuel Cell System

Hydrogen 
Combustion System

Possible consumer

Meissner, Robert, et al. "Towards climate-neutral aviation: Assessment of maintenance requirements for

airborne hydrogen storage and distribution systems." International Journal of Hydrogen Energy (2023). 

doi: 10.1016/j.ijhydene.2023.04.058

Exemplary rendering
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Ensuring safety 
during operation

Estimation of the 
necessary maintenance 

actions/efforts

Influence on costs/ 
ecological impact
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Master Command Control Unit Sensor Node

Distributed Sensor Network
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Gas Resistance

Temperature

Humidity

Pressure

Hydrogen

…

Sensor 
Node



Key Results
Acoustic monitoring

• Components and subcomponents 

monitoring

• Passive monitoring to detect 

changes in

• Operational parameters

• Damage event detection and 

localization

• Development of data acquisition and 

data analysis techniques for 

monitoring tanks
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Control signal

Acoustic signal

Continous monitoring of valve openings and closings

Simplified valve test setup with bonded 

piezo transducer
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Maintenance Analysis According to MSG-3 Approach
Goals & Method
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Goals:

• Understanding the implications of
flying with H2 for operation & 
maintenance

• Derivation of implications for on-
aircraft maintenance

Procedure for maintenance analysis 
according to MSG-3 approach:

• Determine system functions, 
determine errors and consequences 
and identify effects

• Derive task to avoid the errors

• Determine intervals and estimate 
MMH



Maintenance Analysis According to MSG-3 Approach
Results
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Scheduled Maintenance 
Effort

Task Distribution In-shop maintenance 

Meissner, Robert, et al. "Towards climate-neutral aviation: Assessment of maintenance requirements for

airborne hydrogen storage and distribution systems." International Journal of Hydrogen Energy (2023). 

doi: 10.1016/j.ijhydene.2023.04.058
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during operation

Estimation of the 
necessary maintenance 
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Influence on costs/ 
ecological impact



Economic and environmental assessment method - LYFE
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Wehrspohn, Jennifer, et al. "A detailed and comparative economic analysis of hybrid-electric aircraft

concepts considering environmental assessment factors." AIAA Aviation 2022 Forum. 2022.

doi: 10.2514/6.2022-3882



Economic and environmental assessment method

▪ Comparison of different 

aircraft concepts

▪ Comparison of different 

operational procedures (e.g. 

different maintenance actions)

▪ Analysis of uncertainty-impact 

in input variables on output
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Challenges need to 
be considered for 
development of 

H₂ aircraft 

→ Maintenance support 
for operation 

in the long term!

Bild :D
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Thanks For Your Attention!

In case of any further questions:

Jennifer Ramm

jennifer.ramm@dlr.de

German Aerospace Center (DLR e.V.)

Institute of Maintenance Repair and Overhaul

Product Lifecycle Management

mailto:jennifer.wehrspohn@dlr.de

