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Cables
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Sample Components

Composition, densities, mass fractions

TGA/DSC in air & N2

Define reaction paths

First model

Estimate A, E, N, Yc

Fix A, E, N, Yc � H, c from DSC

Cone tests

Estimate thermal parameters
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Building the model

• TGA and DSC (STA)
• Heating rates
• Reaction paths
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Estimation ranges (initial estimates)
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Genetic algorithms (GA)

• PyroPlot, GPyro
• Based on the idea of evolution: The best 

individuals survive.
• Selection stochastically according the difference 

between simulated and experimental data
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DSC

206 J/g (endo)492 °C5th

endotherm

557 J/g (endo)410 °C4th

endotherm

74 J/g (endo)357 °C3rd

endotherm

6.5 J/g (endo)153 °C2nd

endotherm

11 J/g (endo)45 °C1st

endotherm

Normalized integral1Peak

 

In tegral -2738, 54 m J
  norm alized -205,9 1 J g -̂1
Peak 491,91 °C
Heat ing Rate20,00 °C m in -̂1

Inte gral -983,42 m J
  no rm alized -73,94 Jg -̂1
Pea k 356,68 °C
Heat ing Rate 20,00 °C m in -̂1

Integral -11,13e+03 mJ
  norm alized -836,97 J g -̂1
Peak 410, 16 °C
He at ing Rate20,00 °C m in -̂1
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Thermal parameters

• k, c, � H, � Hc

• Estimation by GA and/or Rules of 
thumb

• Cone calorimeters: Standard, 
Oxygen limited

• HRR, MLR, EHC

• Geometry, layers
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Rules of thumb
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Thermal parameters depend on…

• Reaction path
• Kinetic parameters (heating 

rate, order of magnitude)
• FDS grid size
• FDS version

Not independent, universal 
material parameters!
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Example: Specification of the
fire retardant reaction

• Fire retardant component often not 
known

• DSC experiment can help
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Example: Power cable

• NOKIA AHXCMK 10 kV 3 
x 95/70 mm2

• Components: Sheath, 
insulation, filler rods, 
conductor

• Components modelled 
separately (TGA and 
Cone)

• Sheath is PVC, insulation 
and filler PEX
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Conclusions

• Model is always much simpler than reality! Approximations:
• geometry and structure
• materials
• chemical heterogenity (number of reactions)

• Kinetic parameters can be selected in many ways.
• The choice of reaction path, heating rate, order of magnitude etc. 

affect later to the estimation of thermal parameters.
• Experimental uncertainty associated with the experiments.
• The resulting model parameters are results of compensati ng

these model imperfections by trying to match the 
experimental result, which again may include some error.
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Questions

• What could be the correct choice of kinetic parameters?
• When the cone calorimeter model is “good enough”?
• Correct way to model the fire retardant reaction?
• If cone calorimeter experiment is predicted well enough, what 

about bigger scale?
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Example:
Physical barrier


