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ABSTRACT

Data for the thermophysical and fire properties of plastic parts from two vehicles (1996 Dodge
Caravan- about 73 parts and 1997 Chevrolet Camaro- about 122 parts) and engine compartment
fluids (hydrocarbon fluids- 16 new and 25 used, glycol fluids- five new and one used, and
alcohols- two new and two used) are presented. All the data were measured following 12
different ASTM Standard Test Protocols, a hot surface ignition temperature apparatus developed
by GM, and by slightly modifying the ASTM E2058 FPA test procedure for the fluids.

The thermophysical and fire properties of plastic parts and engine compartment fluids
show good correlations and provide information for the usefulness of the properties as inputs to
models or tools to assess hazards and passenger survivability in vehicle crash fires.

Flame spread is one of the key behaviors specified for the acceptance criterion of plastics
for vehicle parts in the FMVSS 571.302 standard, which is NHTSA’s regulatory standard test
designed to simulate ignition by a burning cigarette or a match in the passenger compartment.
However, plastic parts, which pass the FMVSS 571.302 standard test requirement, are found to
have rapid flame spread in the ASTM E2058 FPA flame spread test, where large-scale flame
heat flux conditions, typical of vehicle crash fires, are simulated. Therefore, it is recommended
that a fire propagation index (FP1) < 10 (m/s*?)/(kw/m)?® be used as a criterion for the
acceptance of plastics for vehicle parts, specially at locations where flames are expected to
penetrate the passenger compartment. A standard based on FPI already exists for the acceptance
of plastics for clean rooms of the semi-conductor industry (ANSI/FM 4910, NFPA 287), which
can be adopted for the acceptance of plastics for vehicle parts. The standard could also include
an acceptance criterion of plastics based on smoke yield < 0.06 g/g (smoke yield for most
common plastics used in the automobile parts, such as polyethylene, polypropylene, and nylon).
Since smoke and CO vyields are interrelated (Appendix A-4), plastic acceptance criterion for
smoke would also specify plastic acceptance criterion for CO.

The initial and final boiling points of the engine compartment fluids, which are related to
the flash point, autoignition temperature and hot surface ignition temperature of the fluids, are
useful parameters for the hazard classification of the fluids.

All the reports generated in the studies sponsored by GM are listed in the NHTSA web
page (www.nhtsa.dot.gov) and studies sponsored by NHTSA, and MVFRI in the MVFRI web

page (Www.mvfri.org).
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EXECUTIVE SUMMARY

Published results from the reports of the research studies sponsored by General Motor
Corporation (GM), National Highway Traffic Safety Administration (NHTSA) and Motor
Vehicle Fire Research Institute (MVFRI) have been reviewed to assess the passenger
survivability in vehicle crash fires. The results from the review are presented in three reports:

1) Volume I: Post Collision Motor Vehicle Fires;

2) Volume II: Theory and Testing for the Fire Behavior of Materials for the

Transportation Industry;
3) Volume III: Thermophysical and Fire Properties of Motor Vehicle Plastic Parts
and Engine Compartment Fluids.
This volume deals with the thermophysical and fire properties of plastic parts of vehicles and
engine compartment fluids and relationships between them. The plastic parts were taken from a
1996 Dodge Caravan (about 73 parts) and from a 1997 Chevrolet Camaro (about 122 parts).
Both new and used engine compartment fluids from different vehicles were used. The fluids
consisted of hydrocarbons (16 new and 25), glycols (five new and one used) and alcohols (two
new and two used.

The thermophysical properties of plastic parts measured were: chemical composition,
melting point (Twm), glass transition temperature (Tgiass), heat of fusion (AHsusion), density (p),
thermal conductivity (k), heat capacity (cp) , and temperature of vaporization or decomposition
(Tv or ¢)- The fire properties of the plastic parts measured consisted of critical heat flux (CHF)
and thermal response parameter (TRP) for ignition, heat release parameter (HRP), fire
propagation index (FP1), heat of combustion (AHch), and yields of products (y;).

The thermophysical properties of engine compartment fluids measured were: density (p),
boiling point (Ty), distillation temperature and fraction, heat capacity (c,), flash point (Triash),
fire point (Tsre), hot surface ignition (Thet), autoignition temperature (T,), upper and lower

flammability limits (UFL and LFL), and heat of vaporization (AH,). The fire properties of

engine compartment fluids measured consisted AHc and ;.

The thermophysical properties of plastic parts suggested that most of the plastics in
vehicle parts were melting type, easy to ignite with rapid flame spread and burned as high heat
release rate molten plastic pool fires. It was possible to describe thermal penetration from the
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surface to the interior of the plastic by the combination of thermophysical properties,

ATy ord+/Tkpcy /4, defined as TRP, which agreed well the TRP value determined from the

measured data for time-to-ignition at various external heat flux values (ignition tests).

Flame spread rate was measured in the FMVSS 571.302 standard test, GM modified
9833P test and in the ASTM E2058 FPA. The heat exposure to the sample surface was lowest in
the FMVSS 571.302 standard test (simulates burning cigarette or match in the passenger
compartment), intermediate in the GM modified 9833P test and highest in the ASTM E2058
FPA test (typical heat flux expected in the motor vehicle crash fires). Thus, flame spread rate
measured in the FMVSS 571.302 standard test, was lowest and did not agree with the rate
measured in the GM modified 9833P test, where plastic surface was heated to 121 °C. The flame
spread rates from these two tests did not agree with the rate measured in the ASTM E2058 FPA
(expected flame spread behavior based on the FPI value determined from the data measured
under simulated large-scale heat flux values, typical of vehicle crash fires).

For majority of the plastic parts from a 1996 Dodge Caravan and 1997 Chevrolet
Camaro, the FPI values are greater than 11 (m/s*?)/(kw/m)?>. For plastics with FPI values < 6
(m/sY?)/(kW/m)?>, there is no flame spread beyond the ignition zone. For plastics with FPI
values > 6 (m/s"3)/(kw/m)?® but < 10 (m/s*2)/(kw/m)?3, flame spread is either limited to the
ignition zone or there is a very slow flame spread beyond the ignition. Therefore, it is
recommended that FPI < 10 (m/s*2)/(kw/m)**® be used as a criterion for the acceptance of
plastics for vehicle parts, specially at locations where flames are expected to penetrate the
passenger compartment. It would be easy to adopt the FPI based standard as a standard already
exists for the acceptance of plastics for clean rooms of the semi-conductor industry (ANSI/FM
4910, NFPA 287). The standard could also include an acceptance criterion of plastics based on
smoke yield < 0.06 g/g (smoke yield for most common plastics used in the automobile parts,
such as polyethylene, polypropylene, and nylon). Since smoke and CO vyields are interrelated
(Appendix A-4), plastic acceptance criterion for smoke would also specify plastic acceptance
criterion for CO.

The measured data for the engine compartment fluids show that the flash point of
a fluid = 0.63 x initial boiling point; autoignition temperature = 0.63 x final boiling point, and hot

surface ignition temperature = 0.54 x final boiling point. Thus, initial and final boiling points,
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which are related to the flash point, autoignition temperature and hot surface ignition

temperature, are useful parameters for the classification of the fluids.

This volume has been organized in two chapters and seven appendices (four for plastic

parts and three for the engine compartment fluids) as follows:

Chapter |
Chapter Il

Appendix A-1
Appendix A-2
Appendix A-3
Appendix A-4
Appendix B-1

Appendix B-2

Appendix B-3

Thermophysical and Fire Properties of Vehicle Plastic Parts;
Thermophysical and Fire Properties of Engine Compartment
Fluids;

Vehicle Parts and Their Compositions;

Mini-Scale Test Data for Plastic Parts;

Small-Scale Test Methods for Plastic Parts;

Small-Scale Test Data for Plastic Parts;

Test Methods Used in the Quantification of the Engine
Compartment Fluid Properties;

Thermophysical and Fire Property Data from the Literature and
their Relationships for Fluids;

Engine Compartment Fluids Examined and Their Thermophysical
and Fire Properties.

Vi
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