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Qualität durch Simulation und Prüfung
- wie geht das?
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- Tailored & Smart Composites

Morphing Structures, Sensing

- Nondestructive Testing

IR-Thermography, Acoustic Emission Analysis, 

PA Ultrasonics

- 3D Structure Evaluation

Microfocussed X-ray CT
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Composites are outstanding Materials

Granta Design Edu-Pack Resource Booklet

Excellent light weight capability

Outstanding specific strength & stiffness
due to highly oriented fibers

Sensitive to impact damage
(most often invisible from outside)

High fracture toughness
due to fiber reinforcement

Tailored multifunctionality via 

combination of different materials

Complicated degradation mechanism

Complex processing
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Composites are complicated Materials

250 µm

Single Fiber Bundle of Fibers
(Roving)

Laminate Layer Component 
Stacking Sequence 
(Thickness) 

500 µm

1000 µm

5 µm
• Insufficiently integrated 

individual process steps

• High effort and cost

• Insufficient digitalization

Impregnation

Fibre Production

Design

Recycling ? 

Maintenance Assembly

Quality Assurance

Milling

Curing

Additive Manufacturing

Cost & 
Time

Hierarchical StructureComplex Process Chain
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Challenges in Production

Fibre Production Impregnation (thermoset) Automated Tapelaying

Curing (Autoclave) Milling Assembly and Painting

Fibre sizing
Fibre-matrix adhesion

Homogeneous 
impregnation

Fibre orientation
Ondulations
Missing tows

Insufficient cure 
No consumables left

Impregnation - porosity

Delamination 
Bad tolerances

Final Inspection
Damages during 
manufacturing?

Ondulation

Misalignment

Porosity

Delamination

Fiber break

Matrix break

(and many more)
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Self-Developed or Available 
Material Models

Requirements
(Data, Methods)

Calibration and Validation

Experimental Material/Process 
Characterisation

Material/Process Characterization & Modeling
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Application

Validation & Requirements

Design of Composite Parts 
Quality Control & Monitoring
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Example: Multi-scale simulation of resin flow from fiber to component level

v

Input

Data sheet

2D microscopy

100 µm

3D structure 
investigation

CFD SimulationVirtual Stacking & 
Compaction

v

Micro-level

Meso-level

Modelling of the 
individual layers

Flow direction

Low velocity High velocity

v

Experimental Calibration

v

Numerical filling 
simulation

Macro-level

100 mm

Schmidt, T., May, D., Duhovic, M., Widera, A., Hümbert, M., Mitschang, P.  A combined experimental-numerical approach for permeability characterization of engineering textiles”, Polymer Composites https://doi.org/10.1002/pc.26064
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Discussion

Micro-Structure
fiber alignement
porosity / voids
fiber matrix interface
fiber volume content
(micro-) impregnation
…

Application-Property
stiffness / strength
weight
surface coating
tolerances / dimensions
…

Process-Simulation
draping
Form-filling / mold-flow / Compression / Compaction
impregnation / permeability
milling / laser cutting
…

Property-Simulation
stiffness / strength 
fiber alignement (topology)
electric & thermal conductivity
…
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Thank you for your attention!


