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Motivation

2
T. Burschyk, DLRK 2024, Hamburg, 01/10/2024

Status Quo

System representation in CPACS v3.4:

• Whole system within mass breakdown (Mass, CoG)

• Geometrical primitives (Location, Geometry)

Development of a system definition in CPACS

Recent aircraft development topics:

• Variety of propulsion architectures and energy carriers

• More electric aircraft

• On-board system engine interaction



Challenges for a system definition in CPACS
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GenericSpecific

Functional Perspective

Physical Perspective Ease of processing

User flexibility

ATA Chapter inspired

SysML inspired

Objective: Enable collaborative design for a wide range of stakeholders



Agenda
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Application Example

DLR-F25 On-Board Systems

System Definition

XSD Schema Implementation



System Definition Data Structure
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Analysis levelAircraft levelVehicles level

Added (sub-)elements Modified (sub-)elements

1

2

3

4



System Elements
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Schema can be adopted to future 

needs by adding new elements

Intermediate and flexible option to 

define system elements

Geometrical primitives and possible 

links to external geometry (CAD file)

CPACS naming convention uID necessary 

System Elements are aircraft-independent system components



System Definition Data Structure

7
T. Burschyk, DLRK 2024, Hamburg, 01/10/2024

Analysis levelAircraft levelVehicles level

Added (sub-)elements Modified (sub-)elements

1

##

2

3

4



Generic Systems
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uID link to pre-defined 

system elements on 

vehicles level

Optional transformation  

Parent coordinate system

Instantiation of system components 

on aircraft level

Generic Systems represent all physical components in the aircraft



System Definition Data Structure
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Analysis levelAircraft levelVehicles level

Added (sub-)elements Modified (sub-)elements
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3
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System Architectures
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Functional representation of 

connections with source and target

List of ATA Chapters (e.g. ata21, …) 

or generic

e.g. ambient, 

passengers

Refers to components 

on aircraft level 

Indicates state as active or inactive 

System Architectures provide information 

on connections and their interfaces



System Definition Data Structure
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Analysis levelAircraft levelVehicles level

Added (sub-)elements Modified (sub-)elements

1

2

3

4



Power Breakdowns
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Supports steady state and 

transient analysis 

Referring to flight point or 

separated specification (e.g. 

Mach, altitude, …) 

Link to connection uID on 

aircraft level

Choice between 4 different options

Each option can be further specified

Power Breakdowns store analysis results of energy 

and/or mass flows for a specific system architecture



System Definition Data Structure – connected by uIDs
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Analysis levelAircraft levelVehicles level

3

engines: link engines to aircraft model

systems: Link systemElements to aircraft 

systems

4
systemArchitectures: define connections 

between system components (and engines)

5

systemAnalyses: compute powerBreakdown(s)

Predefine systemElements

Predefine rotorElements

Predefine energyCarriers

1

2

Predefine engines



Agenda
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Application Example

DLR-F25 On-Board Systems

System Definition

XSD Schema Implementation



Application Example: DLR-F251
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[1] Sebastian Wöhler, Jannik Häßy, and Vivian Kriewall. Establishing The DLR-F25 as a Research Baseline Aircraft for 

the Short-Medium Range Market in 2035. ICAS 2024, Florence, Italy, Sept. 2024

Research Baseline developed by DLR and TUHH

DLR-F251

Design Range NM 2500

Design Passengers - 239

Max. Payload kg 25000

Cruise Mach number - 0.78

Max. operating altitude ft 40000

Entry into service - 2035

DLR-F25 On-Board Systems serve as use-

case for CPACS system definition evaluation



Application Example: Different Perspectives

16
T. Burschyk, DLRK 2024, Hamburg, 01/10/2024

How does the architecture of the electrical power supply system look like?

How are the on-board systems physically integrated?

Which consumers do need most of the electrical power during climb?



Application Example: Geometrical Perspective
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How are the on-board systems physically integrated?
Aircraft levelVehicles level

Topology of the overall on-board systems of the DLR-F25 visualized by SysView

El. Generator

Hydraulic PumpsBleed Air Extraction

ECS Pack
ECS Raiser Ducts

Batteries

Primary/Secondary Electric Power Distribution

APU



Application Example: Functional Perspective
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Aircraft levelVehicles level

How does the architecture of the 

electrical power supply system look like?

ATA 24 – El. Power 

ATA 25 – Furnishing 

ATA 33 – Lights 

ATA 27 – Flight Control

ATA 30 – Ice Protection

ATA 28 – Fuel System 

Variable frequency generator
RAT

Variable frequency generator

APU

Primary Electric 

Power Distribution

Secondary Electric 

Power Distribution



Application Example: Power-Specific Perspective
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Which systems do need most of the electrical power during climb?

Analysis level

Engine power offtake

Accessory gearbox

Hydraulic generation

Variable frequency 

generator

Primary Electric Power Distribution

Cabin consumer

Fuel pumps

Cabin consumer

Secondary Electric Power Distribution

Windshield heater

Ventilation

Ventilation



Conclusion
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▪ Schema extension with system definitions is 

part of CPACS v3.5 release

▪ Example proofs applicability to on-board 

system design (and propulsion design)

▪ Schema improves the collaborative design 

possibilities by providing functional and 

physical interfaces

Outlook

▪ Adding more system elements

▪ Further work on the definition of electrical 

energy carrier

▪ Explicit definition for system distribution 

networks (routing of cables, pipes, …)

▪ Adaptation of CPACS processing tools

▪ System visualization

▪ User feedback → Schema improvement
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