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Main structural sizing aspects
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Aerodynamic loads & 

aeroelastics

Fatigue & 

damage tolerance

System-structure 

interaction

© https://youtu.be/adl1M2jzwBs

https://youtu.be/adl1M2jzwBs


Main structural sizing aspects
Initial state

▪ Stick models

▪ MDO/A experience, focus cruise, e.g. 

▪ Digital-X

▪
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Before: (e.g. VicToria)

Current: VPH
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Context

Modeling

Simulation

Feedback



Context
VPH

▪ Task

▪ Integration & test center

▪ For virtual simulation & certification 

components & technologies

▪ Integration in overall aircraft

▪ Initial use case: moveable

▪ Approach: Digital end2end process

▪ Technical

▪ IT, collaboration

& data
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Digital

Design

Virtual

Manufacturing

Virtual

Testing

Inputs

Virtual

Certification Common Source

Software Engineering

As

designed

As

built

As

tested

http://www.dlr.de/vph


▪ Task

▪ CPACS (1)

▪ ControlSurfaceTrackTypeType

#605

Modeling
Interface
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controlSurfaceTrack

eta

trackType

…

trackStructure

struts

jointPositions

controlParameters

jointCoordinates

x

dy

z

…

© https://youtu.be/kKDMjc3l_gw
Aircraft setting

https://cpacs.de/
https://github.com/DLR-SL/CPACS/issues/605
https://youtu.be/kKDMjc3l_gw


Modeling
Initial sizing approach

▪ Digital design
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Overall Aircraft Design 

KPIs
Structural model generation

Actuation System Sizer

State:

As designed

Aero – Structural Sizing

AS FT FA

AS+FAVPH

SL+VPH



Structure: DELiS

Modeling
Kinematics
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CPACS: New definition

Mechanism: ASySi
Requirements

Types

Synthesis

Kinematic

analysis

Kinetostatic

analysis

Sizing

ASySi by O. Bertram et al. (2) DELiS by S. Freund et al. (3)

https://cpacs.de/
https://www.cpacs.de/documentation/CPACS_3_4_0_Docs/html/ff8d9029-592f-4837-64b5-f65b97d19aa5.htm
https://www.cpacs.de/documentation/CPACS_3_4_0_Docs/html/ff8d9029-592f-4837-64b5-f65b97d19aa5.htm


Modeling
Initial sizing results

▪ Consideration system-structure interaction in sizing?

▪ E.g. with respect to failure cases
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Example history for one load case

• Iterative structural sizing

• Parallel investigation of flight load cases

• Structural sizing based on high speed cases



Simulation
Virtual Testing
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→ Evaluation & verification of system functions

→ Determination of interface loads

Look-up tables for actuator loads

(4)

(5)



Simulation
Virtual Testing
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▪ Structure ▪ Loads
LiLi Loads

/ Panel

fx, fy, fz,

mx, my, mz

cfx, cfy, cfz, cmx, 

cmy, cmz

Spanwise lift

distribution

Interpolation to

discrete nodal

locations

Elastic

body

SMT

loads

• Reduction to elastic body

Craig-Bampton-method

• ASETs at interfaces

• Faster alternative to RANS-based CFD loads

• Load reference axis along l/4-line
• Separation of structure & loads



▪ Co-simulation actuation system & structure

▪ Example: Drive-shaft failure

▪ Interface loads mechanism ↔ moveable

▪ Critical state?

▪ Single transient state (worst case)

▪ Min/Max

▪ Equidistant transient states

▪ Additional loads for structural sizing

▪ W.r.t. static aerodynamic loads flight state

Simulation
Virtual Testing
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Co-simulation

Time [s]
f z

[N
]

f x
[N

]

3_P2

3_P4

4_P2

4_P4

5_P2

5_P4



Feedback

▪ Failure case at flight state, #623

▪ E.g.: jointDisconnect

▪ Feedback to next sizing run

▪ Effects: VPH2.0
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analyses

loadAnalysis

loadCases

flight
LoadCases

failureAnalysis

actuation
SystemFailure

failureCase
Definition

loadCaseUID

failureCauses

failureLoads

interfaceLoads

locationUID

fx,fy,fz
mx,my,mz

Release

of MPC

Interpreter: effects on modeling

Failure loads

https://github.com/DLR-SL/CPACS/issues/623
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