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Was beeinflusst die Lebensdauer?
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Art der Lasten

Thermisch, mechanisch, elektrisch, ... Strahlung, Quellung ....

m statisch ” a(t) = const.

=J1 TAe(t)

Isotherme Ofenlagerung (T = const.)

Kriechversuche (c = const.)

Spannungsrelaxation (¢ = const.)

m  zyklisch
harmonisch

periodisch (nicht harmonisch)

m willktrlich

Lastkollektive

Wetter (pseudo-arbitary)

el

- [

2

) [«

=N

l:ll[ H

)

o

a

v By
Lufttemperatur (°C)

o & 8

P

3
-
o

Temperature

pseudo-random

i
01.01.2010 31.12.2019
Zeit

~ Fraunhofer

LBF



Erfassung der Lebensdauer
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Example 1
Thermal aging of semi-crystalline polymers

B |sothermal aging at different temperatures
B Properties for discrete aging times

including cyclic fatigue
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Example 1
Aging of thermoplastics in the engine compartment

Plastic parts close to the automotive engine

Transmission cable
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Material and aging conditions

B Polyamide 6.6 compounds
containing glass fibers (GF: 50 wt. %)
typically additive packages

B |[sothermal aging

pre-dried samples
temperatures: 140 to 220°C

in dry air
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Concept

Accelerated Testing

B Master curve approach

Master curve
from
experimental
data at elevated
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Methods

Physical and chemical characterization
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Dynamic Mechanical Analysis M\/\/\

Dynamic shear modulus: G*= G'+iG" DMA
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Dynamic Mechanical Analysis
Dynamic shear modulus: G*= G'+iG"

B Thermal aging at different temperatures
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Stress at break (MPa)

Tensile test
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Thermal Analysis

DSC
B Melting
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Relative crystallinity

Thermal Analysis
DSC
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Methods

Chemical Analysis
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Shift factor a,

GPC Results
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Aging mechanisms and suitable test methods

Chemical structure
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Methods g
Cyclic fatigue testing

Stress-number (S/N) curves \ A/\/\
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Load (MPa)

Cyclic Fatigue

S-N Curves for different aging times

B Number of cycles to failure

B Analysis for constant load (34.5 MPa)
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Different apparent activation energies
for different experimental quantities

4 )
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Equivalent aging times for isothermal aging experiments
(oven temperature 170 °C) for different properties

® Real drive data Properties Different driving modes
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Example 2
Modelling: “Simulated” weathering of PMMA

B Outdoor data and accelerated weathering protocols

B Calculation of thermal and hygroscopic stresses - failure

AUE

G. Geetz, J. Wieser, I. Alig, G. Heinrich
Polymer Eng.Sci. 2016, DOI 10.1002/pen

Moisture-
induced stress

Superposition

A. Neumann, D.Lellinger, A. Bulow, H.Oehler, I. Alig, Simulation von Sorption und mechanischen
Spannungen in Thermoplasten unter Verwendung von Wetterdaten und Bewitterungsprotokollen,
49. Jahrestagung der Gesellschaft fir Umweltsimulation - GUS, Tagungsband, Stutensee-Blankenloch 2021
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Zusammenfassung und Ausblick

,Lebensdauervorhersagen sind schwierig, wenn sie Kunststoffe betreffen.”

... aber es gibt Hoffnung
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B Notwendigkeit der Verbesserung Degradations- und
der Modelle (Kinetik und Versagensmodelle
Materialeigenschaften)

B Die Parametrisierung der Modele
ist zeit- und kostenaufwandig

B Standortbezogene Wetterdaten
sind gut zuganglich

M Esist schwierig, Betriebs- und
Mikroklimadaten zu erhalten KI-Methoden
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