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Composite Material

Consider Material BMS 8-
2776, Toray Composites
(America)

Carbon fiber density = 1750
kg/ m?

Volume fraction of carbon in
the composite = 0.60

Resin density = 1220 kg/ m?

Char fraction (typical) of resin

alone in flaming combustion =  EE————— 8 = S
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Facsimile to Boeing 787

No surprises in the
performance of a new
material

Measure basic
flammability
performance

Establish data and
properties to explain
fire scenario hazards




Objectives

Measure fire behavior over range of heat
flux, to 100 kW/m?
Establish behavior and limits

Ignition

Flame spread

Burning rate

Carbon smoldering

Determine properties useful in modeling




Properties

Thermal conductivity
Specific heat

Heat of decomposition
Kinetics

Combustion
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Thermodynamic properties
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Decomposition properties
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Ignition: by radiation
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Burning: Cone Calorimeter

HRR (kW/m?)
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Average Burning Rate
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Heat of Combustion

Ah kJ/g vapor
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Burning in OSU Calorimeter

QuickTime™ and a

TIFF (Uncompressed) decompressor Jet-like
flames




Overall Burning
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Smoldering

After flaming,

smoldering can B M mearae
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Surface Temperature (2C)
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Morphology of residue

FIGURE 19F. AFTER BURNING FRONT AND BACK, 85 kW/m*




Morphology properties

Morphology of degradation

2.5 —
> L
c 1.5 |
o I A / —o— Porosity fraction, final
© L &7, 4 — A - Final Vol./ Initial Vol.
© L . . -
= L v - -a-- Final thickness to original @ center
1 N A a —- - Resin and its Char fraction, final
I E{UDD Final Porosity ]
05 L i
‘ Resin and char rsin remelne 1 Char fraction of
i - SO ------------ char fraction expected i
I T o char oxidized ] > ~
0 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 ReSIH ().25
0 20 40 60 80 100 120

Incident Heat Flux (kW/m ?)




Residue Fraction: carbon+
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Flame Spread




Flame Spread Results
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Concluding Remarks

Properties determined for predicting hazards

The sample can swell to over twice i1ts volume, and
1ts porosity after burning i1s about 65 %.

The minimum heat flux required
for auto-ignition is 32 kW/m?,
for piloted is 18 kW/m?, and
for burning is about 10 kW/m?.

Flame spread will occur for heat fluxes below 18 kW/m?
after pre-heating for 4 minutes

The remaining carbon fiber can smolder
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