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EXECUTIVE SUMMARY

This study was completed in response to the March 7, 1995, Settlement Agreement
between General Motors and the U.S. Department of Transportation (DOT). That agreement
established a five-year, multi-million dollar research program to gain a better understanding of
how vehicle fires start and spread, and to determine what might be done from an engineering and
materials perspective to mitigate such fires. Under the agreement, the National Highway Traffic
Safety Administration (NHTSA), in collaboration with GM, has defined 14 separate research
projects that intend to address various factors concerning vehicle fires, from initiation scenarios
to material behavior. The B.10(b) section of that agreement, entitled “Development of a Method
to Assess the Flammability of Materials Used in Motor Vehicles” is the topic of the work
described in this report.

The principal objective of this research project was to identify or develop a test
methodology to determine an automotive material fire rating which best correlates to actual fire
performance of the material in actual vehicle fires.

It is generally accepted in the fire science and fire protection engineering comimunities
that heat release rate is the single most important variable used to characterize the fire
performance of materials. The Cone Calorimeter is the most commonly used laboratory-scale
test apparatus to measure heat release rate from materials. Based on this experience, the Cone
Calorimeter was selected in the present study to serve as the basis for a procedure to assess the
fire performance of materials used in motor vehicles.

The approach to this research study consisted of six tasks as follows. In the first task, an
extensive literature survey was conducted and publications on motor vehicle fire safety were
reviewed to obtain some guidance for the selection of appropriate test conditions. Based on that
information, the second task involved the selection of a total of 24 parts from four different
compact cars for testing: seven interior and three exterior parts of the Chevrolet Cavalier; and
four to six interior and one or two exterior parts each of the Dodge Neon, Ford Focus, and Honda
Civic. The interior parts accounted for most of the exposed area and quantity of combustible
materials inside the passenger compartment. Exterior parts were selected that are most likely to
be involved in a fire originating outside the passenger compartment. The third task was aimed at
linking the composition and thermodynamic characteristics of selected types of vehicle materials
(interior and exterior) with their flammability behavior. Each material selected for the
comparative evaluation was analyzed to determine or verify its base polymeric composition, and
to determine the molecular and morphological changes that might occur, including first- and
second-order endothermic phase transitions or exothermic reactions, or both. The corresponding
thermodynamic characteristics of the same materials were evaluated by modulated differential
scanning calorimetry (MDSC). In the fourth task, the selected materials were tested according to
Federal Motor Vehicle Safety Standard 302 (FMVSS 302) to verify compliance and obtain some
baseline flammability data. Moreover, an extensive series of tests were conducted in the Cone
Calorimeter on each material: full tests at three irradiance levels to obtain ignition, heat release,
and smoke production data; and an additional series of partial tests to experimentally determine
the minimum heat flux for piloted ignition. Given that the main challenge of using Cone
Calorimeter data to predict performance of materials in real fires is addressing the scaling
effect, a series of intermediate-scale tests were performed in the fifth task on some larger
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specimens and components. These intermediate-scale tests were performed in the
Intermediate-scale CALorimeter, or ICAL. Finally, the sixth task entailed critical analysis of
small-scale tests (FMVSS 302 and Cone Calorimeter) and the intermediate-scale tests to develop
a procedure to assess the fire performance of materials used in motor vehicles. This analysis
identified the test conditions in the Cone Calorimeter and parameters that need to be obtained as
a measure of the fire performance of the material. Correlations were also established between
the microscopic thermodynamic behavior obtained from MDSC measurements and the
macroscopic flammability data obtained from small- and intermediate-scale fire tests.

An extensive review of published literature and unpublished reposts indicated that the
most suitable heat flux ranges for evaluating the fire performance of motor vehicle components
and materials were as follows: 10-61 kW/m? for components in the engine
compartment; 20-40 kW/m? for components in the passenger compartment; and, 10-180 kW/m?
for exterior components exposed to a fuel spill fire. Since interior parts account for most of the
exposed area and quantity of combustible materials inside the passenger compartment,
approximately two-thirds of all parts tested in the present study were selected from inside the
passenger compartment. This selection criterion proved to be appropriate for validating the
scaling laws of component and system behavior.

Analysis of the microscopic thermal properties of component materials indicated that
most materials subjected to MDSC analysis exhibited crystalline polymer morphologies with
well-defined first-order melt transitions. At a molecular level, polyurethane seat foam materials
exhibited the most change as a function of temperature (< 300 °C), principally due to the thermal
degradation of the amide-ester linkage and the reaction of residual isocyanate species. This
microscopic thermal behavior was in contrast to the good thermo-molecular stability
demonstrated by carpet and fabric fibers of the aromatic polyester type, such as polyethylene
terephthalate (PET).

Overall, the Cone Calorimeter test method was shown to be scalable down to the
microscopic thermal behavior of most materials. This “downward scalability” was demonstrated
as a result of a positive correlation in the relationship between the microscopic enthalpies of
component materials and the time to ignition determined macroscopically by the small-scale
Cone Calorimeter measurements.

At a macroscopic level, the Fire Propagation Index (FPI) determined by the Cone
Calorimeter methods provided a reasonably accurate indication for full-scale fire behavior for
materials that stay in place and do not melt and drip. Materials with an FPI of 20 m>?/xW?3.s!?2
as defined in this study are expected to have decelerating fire propagation. Of all materials
tested in this study carpets and fabrics had the lowest FPI values.

It was inferred that the peak heat release rate of automobile parts in a real fire may be
higher than expected on the basis of the FPI of the materials involved if these melt when exposed
to heat. The heat release rate of these types of components appears to be relatively independent
of incident heat flux and can be estimated more accurately on the basis of a pool fire analysis.
The pool fire size in the ICAL experiments conducted as part of this study was determined by the
size of the catch pan at the bottom of the specimen holder. More work is needed to develop a
methodology for estimating the pool fire size in actual vehicle fires.
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1.0 INTRODUCTION

This report presents the results of a research program to develop a new procedure for
assessing the fire performance of materials used in motor vehicles. It is generally accepted in the
fire science and fire protection engineering communities that heat release rate is the single most
important variable used to characterize the fire performance of materials [1]. The Cone
Calorimeter' is the most commonly used laboratory-scale test apparatus to measure heat release
rate from materials. In recent years, procedures have been developed for several types of
products to predict fire performance in end-use conditions on the basis of Cone Calorimeter data.
For example, a two-year research program was conducted in Europe in the early 1990°s that
resulted in a procedure to evaluate the fire performance of upholstered furniture on the basis of
Cone Calorimeter data [2]. More recently, a similar approach was developed for electrical
cables [3]. Several engineering analyses and correlations have been developed to predict fire
growth over wall and ceiling finishes in a room/corner test [4-6]. Based on this expenence, the
Cone Calorimeter was selected in the present study to serve as the basis for a procedure to assess
the fire hazard of materials used in motor vehicles.

2.0 APPROACH
The research study consisted of the following tasks:
Task 1: Literature Survey.

The Cone Calorimeter can be operated under a wide range of conditions (heat flux
levels), simulating the various phases of fire growth. The most appropriate conditions to
evaluate the fire performance of a material are a function of the fire scenarios that are being
addressed. To obtain some guidance for the selection of appropriate test conditions, an extensive
literature survey was conducted and publications on motor vehicle fire safety were reviewed.

Task 2: Selection of Materials

A total of 24 parts were selected from four different compact cars for testing: seven
interior and three exterior parts of the Chevrolet Cavalier; and four to six interior and one or two
exterior parts each of the Dodge Neon, Ford Focus, and Honda Civic. The interior parts account
for most of the exposed area and quantity of combustible materials inside the passenger
compartment. Exterior parts were selected that are most likely to be involved in a fire
originating outside the passenger compartment.

Task 3: Materials Characterization

The goal of this task was to link the composition and thermodynamic characteristics of
selected types of vehicle materials (interior and exterior) with their flammability behavior. Each
material selected for the comparative evaluation was analyzed to determine or verify its base
polymeric composition using Raman spectroscopy where appropriate. Raman analysis was also

' A brief description of the Cone Calorimeter is provided in Appendix A
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“

used in conjunction with precise thermal control to determine the molecular and morphological
changes that occur in automotive polymeric materials, spanning a sufficiently broad temperature
range to capture first- and second-order endothermic phase transitions or exothermic reactions,
or both. The corresponding thermodynamic characteristics of the same materials were evaluated
by modulated differential scanning calorimetry (MDSC)%.

Task 4: Small-Scale Fire Tests

Federal regulations require that materials used inside the passenger compartment of
cars, trucks, and buses be tested according to Federal Motor Vehicle Safety
Standard 302 (FMVSS 302). The materials selected in Task 2 were tested according to this
standard to obtain some baseline flammability data. In addition, an extensive series of tests were
conducted in the Cone Calorimeter on each material: full tests at three irradiance levels to obtain
ignition, heat release, and smoke production data; and an additional series of partial tests to
experimentally determine the minimum heat flux for piloted ignition.

Task 5: Intermediate-Scale Fire Tests

The main challenge of using Cone Calorimeter data to predict performance of materials
in real fires is addressing the scaling effect. Higher heat fluxes are typically associated with
larger fires, and those can be simulated in the Cone Calorimeter by using appropriate settings for
the radiant heater. However, it is difficult to test representative samples of products with joints,
or layered materials with a thickness of the same order as the Cone Calorimeter specimen size.
Moreover, the geometry of the end-use of a product may also affect its performance. To
address these issues, a series of intermediate-scale tests were performed on some larger
specimens and components. These intermediate-scale tests were performed at Omega Point
Laboratories, Inc. (Elmendorf, TX) in the Intermediate-scale CALorimeter, or ICAL?,

Task 6: Data Analysis

The data from the small-scale tests (Task 4) and intermediate-scale tests (Task 5) were
analyzed to develop a procedure to assess the fire performance of representative materials used
in motor vehicles. This analysis identifies the test conditions in the Cone Calorimeter and
parameters that need to be obtained as a measure of the fire performance of the material.
Correlations were also established between the physical and chemical properties obtained in
Task 3 and the flammability data obtained in Task 4.

The results of the six tasks are described in detail in the sections that follow.

2 MDSC original thermograms are attached in Appendix C

A brief description of the ICAL method is provided in Appendix A
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3.0 LITERATURE SURVEY

A literature survey was conducted to obtain guidance for the selection of the small-scale
and intermediate-scale test conditions. Three sources of information were consulted for this
survey. The majority of publications were found and obtained through the Fire Research
Information Service (FRIS) of the Building and Fire Research Laboratory (BFRL) at the
National Institute of Standards and Technology (NIST). The FRIS database can be accessed via
the Internet at http://www.bfrl.nist.gov/fris/. Additional publications were found in a searchable
transportation fire safety bibliography compiled by General Motors [7], and the National
Highway Traffic Safety Administration (NHTSA) docket management
system (http://dms.dot.gov). The survey was last updated through December 31, 2001. Five
distinct categories of information were obtained in the survey:

1.  Automobile Fire Statistics. Statistics may provide information on likely ignition
scenarios and potential paths of fire propagation, and their importance in terms of
passenger safety.

2. Full-Scale Car Burn Test Reports. Many full-scale car burn tests have been
conducted. The purpose of most of these tests was to obtain data for fire
engineering design of car ferries, parking structures, road tunnels, etc. Older tests
were instrumented with thermocouples, but more recent experiments may include
heat flux and energy release rate data that are of interest for this study.

3.  Reports on Small-Scale Flammability Tests on Materials Used in Automobiles.
Numerous reports have been published on the flammability of materials used in
automobiles. Most of these studies focus on performance of materials tested
according to FMVSS 302. However, a few recent publications present ignition,
heat release, and smoke production data that are pertinent to this study.

4.  Other Publications on Fires in Automobiles. Accident reports, publications on
computer modeling and investigation of motor vehicle fires, and legislative
documents concerning automobile fire safety may contain useful information for
the present study.

5.  Similar Studies for Other Modes of Transportation. Several studies have been
performed to relate small-scale flammability data with performance in real fires for
materials used in passenger cabins of commercial aircraft, rail transportation
vehicles, and ships. There are analogies between these investigations and the
present study. A survey of these investigations might reveal some valuable
information for the present study.

A summary of the results of the literature survey for each of these categories follows.
3.1 Automobile Fire Statistics
A recent study examined various U.S. motor vehicle fire databases {8]. The study

focused on databases maintained by Federal and State highway safety organizations. It was
concluded that all databases have deficiencies in terms of the information needed by fire
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researchers. Recommendations were made to improve the level of detail and consistency for
motor vehicle fires reported in the Federal Analysis Reporting System (FARS) of NHTSA.

Shields et al., developed a methodology for collecting detailed information from motor
vehicle fires [9]. Data have been obtained for 50 fires and preliminary results have been
presented for 13 incidents. The following conclusions were drawn from the analysis of the data
for these 13 fires:

1. There are large variations in times to ignition (immediate to 10 min) and
propagation to the passenger compartment (immediate to 11 min);

2. Ignition is possible from varied sources such as hot surfaces, mechanical sparks,
electric sparks, etc.;

3. Upper engine impact may increase intrusive damage to the engine compartment
with subsequent fluid release; and

4.  Most incidents did not involve burn injuries.
Given the low number of fires investigated, these conclusions cannot be generalized.

The FRIS search identified 18 publications on fire statistics of passenger motor vehicles.
Since FMVSS 302 first went into effect in 1972, it was decided to restrict the survey to reports
that were published in the 1980’s and beyond. The reports of the National Fire Protection
Association (NFPA) turned out to provide the most complete and useful information [10-14].
The study by Lavelle et al. {8], points out that the NFPA surveys are based on random samples
of U.S. fire department reports with a sampling error of approximately 10%. Any conclusions
from these surveys, therefore, have to be treated with some caution.

NFPA began tracking vehicle fires and losses in 1980, and has published annual reports
on U.S. vehicle fire trends and patterns based on these data since 1996. The reports published
to-date each cover a five-year period ending in 1994, 1995, 1996, 1997, and 1998 respectively.
Table 3-1 gives some statistics for passenger road transport vehicle fires presented in the NFPA
reports.

The statistics indicate that the number of passenger road transport vehicle fires, fire
deaths, and fire injuries have continuously declined since the late 1980’s. The direct property
losses have increased slightly above inflation.

Table 3-2 shows the same data as a percentage of the overall U.S. fire statistics published
by NFPA. This puts the motor vehicle fire issue in perspective. Approximately 15% of all fires
that are reported in the United States involve passenger motor vehicles. Passenger motor vehicle
fires account for approximately 8% of the total number of fire deaths.

Tables 3-3, 3-4, and 3-5 show a subset of the statistical data presented in the

aforementioned NFPA reports. Table 3-3 gives the percentage of fires by ignition factor, area of
origin, and form of material first ignited. In a similar manner, Tables 3-4 and 3-5 show the
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percentage of fire deaths and the percentage of direct property loss respectively. Only the top
three contributing ignition factors, areas of origin and forms of material first ignited are listed.

Table 3-3 indicates that more than 70% of passenger motor vehicle fires originate outside
the passenger compartment, and that almost 20% originate inside the passenger area. Table 3-4
indicates that fires following collision, overturn or knockdown account for the majority of fire
deaths.

Finally, The U.S. Fire Administration (USFA) recently published some findings
concerning highway vehicle fires {15]. These findings were based on analyses of motor vehicle
fire reports in the National Fire Incident Reporting System (NFIRS) and are consistent with those
of the NFPA. This is not surprising since both organizations base their analysis on the same type
of data. An interesting statistic reported in the USFA publication is that one in four fire
department responses is to a vehicle fire. The aforementioned study by Lavelle et al., pointed
out that not all States and not all fire departments participate in the NFIRS [8]. Hence the USFA
findings may not be representative for the entire nation.

Table 3-1.  Sliding Average Annual NFPA Statistics for Passenger Road Transport
Vehicle Fires in The U.S.

Period Fires Deaths Injuries Direct Loss (Millions)
1989-1993 321,570 416 2,130 $600.0
1990-1994 313,560 406 2,021 $606.2
1991-1995 308,760 368 1,830 $607.3
1992-1996 298,570 369 1,658 $603.8
1993-1997 302,210 343 1,570 $645.6
1994-1998 295,170 330 1,403 - $692.6

Table 3-2. Passenger Motor Vehicle Fire Statistics as a Percentage of Overall U.S.
Fire Statistics

Period Fires Deaths Injuries Direct Loss
1989-1993 15.9% 8.5% 7.3% 7.0%
1990-1994 15.6% 8.7% 7.0% 7.2%
1991-1995 15.5% 8.1% 6.5% 7.0%
1992-1996 15.1% 7.9% 6.0% 7.0%
1993-1997 15.5% 7.6% 5.9% 7.4%
1994-1998 15.5% 7.5% 5.6% 7.9%
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3.2 Full-Scale Car Burn Test Reports
3.2.1 Tests to Provide Data for Fire Protection of Parking Garages

Full-scale car burn tests were conducted in several countries in the 1960’s
and 1970’s [16-21]. These tests were performed inside parking garages with the objective to
assess the effect of such fires on the structure, and, in some cases, to evaluate the adequacy of
proposed building fire protection measures. Typically only temperatures were measured on the
surface of structural elements and in the air surrounding the fire. There was no instrumentation
inside the test cars, and fire growth assessment was limited to visual observations. The general
conclusion from these tests was that open-air parking structures present a very low fire hazard,
and that exposed steel framing provides an adequate degree of safety against structural collapse.
The test results provided the basis for modifications to building regulations for open-deck
parking garages in the United Kingdom, Japan, the United States, and Australia.

The time to. full involvement in these tests ranged from 3 to 10 min depending on the
ignition scenario. This is quite consistent with fire growth rates estimated from field
investigations and measured in more recent experiments (see below), in spite of the fact that the
types and quantities of combustible materials used in the passenger compartment of motor
vehicles have changed considerably. In addition, the following important findings from these
tests are probably still valid:

1. Window must be (partially) open for sustained flaming combustion in the passenger
area;

2. A motor vehicle fire is unlikely to spread to adjacent cars in a parking garage; and

It is unlikely that the gasoline tank will explode in the event of a motor vehicle fire.

More recently, fire scientists in Finland re-examined the fire hazard of open-deck parking
garages. A computer model was developed at the Technical University of Helsinki to simulate a
fire in a parking garage and evaluate the effects on the structure [22]. The calculations were
consistent with the experimental data from the tests conducted in the 1960’s and 1970’s. In these
calculations it was assumed that a single car represents a fire load* of 3221 MJ uniformly
distributed over an area of 2 X 4 m and that the fire grows at a rate of 1 m per min. The latter
was estimated on the basis of observed fire spread rates in German railcar fires, and resulted in a
conservative estimate of 2 min for the time to full involvement. To obtain a more realistic fire
growth curve, three full-scale car burn tests were conducted in an oxygen consumption
calorimeter at the Technical Research Center of Finland (VTT) a few years later [23]. The
results of these tests are summarized in Table 3-6. The fire was initiated inside the passenger
compartment in the first test. The ignition source was located in the engine for the remaining
two tests. The decision to obtain more data for fires that originate in the engine compartment

4 The fire load was calculated on the basis of the “m factor” method described in DIN standard 18230. The mass

of each type of material is multiplied by the net heat of combustion of the material and a factor that accounts
primarily for the efficiency of combustion of the material (the “m factor”). The fire load is given by the sum of
the resulting energy values for all materials. A typical composition of a car was obtained from an inventory
published in the United States (Gewain 1973). The fire load calculated according to this method was 54% of the
value obtained without adjustments for the efficiency of combustion.
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was motivated by US motor vehicle fire statistics. Windows and/or doors were (partially) open
for all tests, so that the fire would not be affected by oxygen starvation in the passenger
compartment.

Table 3-6. Test Results of Full-Scale Car Burn Tests at V1T

Test | Ignition scenario Peak HRR | Total HR | Flashover® | Spread Rate

y | 13Lheptanein0.303m | 500w | 3300 My 4min | 11-12 min®
open tray under front seat

2 | 3L heptane in 0.33x0.33 m | 1900 kW 3000 MJ

4-5 min 4-5 min®

3 | open tray under engine 2000 kW 3900 MJ

1n passenger compartment due to collapsmg windshield
® from passenger compartment to engine area
¢ from engine area to passenger compartment

3.2.2 Tests to Provide Data for Fire Protection of Tunnels

In October of 1994 the National Testing and Research Institute in Bords, Sweden
organized a major conference on fires in tunnels. Eleven papers covered various aspects of
the EUREKA fire tests. The remaining 12 presentations dealt with other tunnel fire experiments
and fire protection of tunnels in general. The EUREKA EU-499 FIRETUN project consisted
of 20 full-scale fire tests of road and rail transportation vehicles, wood cribs, and heptane
pools [24]. The tests were conducted between July 1990 and November 1992 in the abandoned
Repparfjord tunnel in Norway. Extensive instrumentation was used to measure gas temperature
and velocity profiles, tunnel surface temperatures, heat fluxes, smoke obscuration, and gas
composition at various distances in both directions from the location of the fire [25].
Temperatures and mass loss of the burning object were also measured. Several approaches were
used to determine the heat release rate of the burning object based on the available temperature,
velocity, and gas composition data [26-30]. The difficulty was that there was no single

extraction point where flow rate and oxygen concentration could be measured as in an oxygen -

consumption calorimeter, and that the distribution of temperature, velocity, and oxygen
concentration across the section of the tunnel had to be accounted for.

Heat release curves for the design of fire protection of tunnels were later developed on
the basis of the results of the EUREKA project [31]. The curve for a typical passenger motor
vehicle is given by the following formulas: '

0<st<ty :0() =’
st<t Q(t) =Qmax A 3.1

1
11 100)= Oy expl- Bt —1)] with 1p =220t (2, L
Qmax 3 ﬂ
where
t = time from ignition (s)
h = time to reach maximum heat release rate (632 s)
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o = t-squared growth factor (0.01 kW/s?)

0 = heat release rate (kW)

Qmax = maximum heat release rate (4000 kW)

) = time when the heat release rate starts to decay (s)
B = exponential decay factor (1/s)

X combustion efficiency

Crot total calorific content (4000-7000 MJ)

The maximum heat release rate is an average based on the values measured or used by
various investigators, ranging from 1.5 MW measured at VIT [23] to 6 MW obtained in
the EUREKA project [30]. The total calorific content is the sum of the mass of each type of
combustible multiplied by its net heat of combustion. It varies as a function of the size of the car
and the amount of polymeric materials. The total calorific content of the cars tested at VIT was
approximately 4000 MJ [23]. The total calorific content of the plastic car tested in the EUREKA
project was 7000 MJ [30].

Extensive testing was also conducted in support of the fire safety engineering analysis for
the railway tunnel under the English Channel {the “Chunnel”). Service through the 50 km long
Chunnel connecting France and England started in 1994. Three types of trains travel through the
Chunnel: high-speed passenger trains; shuttle trains that transport cars, buses, and trucks; and
freight trains. Four full-scale car bum tests were conducted in support of the fire hazard
assessment of car-carrying wagons at INERIS in France [32]. The results from these tests are
not useful for this study because the primary objective was to evaluate the proposed Halon 1301
suppression systems. However, it is interesting to note that the following ignition scenarios were
used for these tests:

e Test No. 1: fire started by igniting a No. 7 crib of BS 5852 Part 2 placed on a front
seat with the covering cut to expose the foam;

o Test No. 2: fire started in typical luggage contained in the enclosed trunk;

e Test No. 3: fire started in the engine compartment by remote ignition of one liter of
gasoline placed in small containers to simulate leakage from the carburetor pipe; and

e Test No. 4: remote ignition of gasoline leaking at a rate of 10 L/h into a tray placed
below the car in the drain.

Malhotra [32] stated that it is difficult to visualize how a fire might start accidentally,
except for an electrical fault, but that a complete fire hazard assessment needs to address these
scenarios.

Of more interest are the results of two full-scale car burn tests conducted at the Fire
Research Station [33]. The primary objective of these tests was to provide data for an
assessment of the fire resistance requirements of Chunnel car-carrying shuttle wagons. The tests
were conducted with the test car located in a shuttle wagon mock-up. Both test cars had a % full
steel fuel tank and open front windows. The ignition source for the first test was a BS 5852
Part 2 No. 7 wood crib placed on a front seat. It was estimated that the heat release rate from this
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crib peaks at 10 kW. It took 6 min to full involvement of the passenger compartment. The heat
release rate at that time was approximately 3.5 MW. The fire spread to the rest of the car
at 11 min. A maximum heat release rate of 8.5 MW was recorded at 17 min, partly due to the
contribution of the fuel. The first test had to be terminated at this point. The total heat released
was 4008 MJ. The second test was initiated with 300 mL of gasoline placed in the engine.
Smoke was first observed in the passenger area at 4 min, followed by flames under the
dashboard one min later. A maximum heat release rate of 4.5 MW was reached at
approximately 15 min. The second car burmed for 57 min and the total heat released
was 4957 MJ. The fact that the peak heat release rate and total heat released were higher than in
previous experiments was attributed to the materials used in the manufacture of the vehicles and
the burning conditions. ‘

3.2.3 Other Pertinent Large-Scale Tests

Volvo Car Corporation has conducted full-scale car burn tests since the early 1970’s.
Results of a typical test are reported in a paper that was published in 1990 [34]. The purpose of
the test was to simulate a fire in the engine compartment and evaluate the effects in the passenger
area. Two small pans with gasoline were located against the firewall on the engine side. -
Thermocouples were placed on the opposite side of the firewall and gas-sampling probes were
located in the passenger compartment. The gasoline burned for approximately S min.
Temperatures in the areas of flame impingement rose to 700-800°C on the passenger side.
However, temperatures were much lower in other areas and even remained close to ambient at a
sufficient distance from the heated areas. The data are useful to determine where to locate
penetrations through the firewall, and how to design plugs and connectors so that rapid
propagation through these penetrations can be avoided. The author noted that it is relatively easy
to treat materials with fire retardants so that ignition and flaming combustion can be delayed or
eliminated, but that it is very difficult to prevent pyrolysis and the release of toxic gases inside
the passenger compartment. He therefore suggested more work be done on smoke suppressants

_to address this problem.

Many full and intermediate scale fire tests have been conducted as outlined in the
March 7, 1995 Settlement Agreement between General Motors Corporation (GM) and the
Department of Transportation (DOT). These tests were performed on four different types of
motor vehicles representing more than 50% of the sales in the U.S [35]. The vehicles were
subjected to a crash test by GM prior to the fire tests at Factory Mutual Research
Corporation (FM). A detailed discussion of the objectives and experimental design of these
crash and fire tests is provided in [35]. At the time this survey was concluded, the report for only
one of the eight full-scale tests conducted at FM had been released [36]. The vehicle in this test
was a 1996 Dodge Caravan Sport, which had been crash tested earlier in a front collision with a
moving barrier at 106 km/h. An electric igniter was used to artificially ignite the battery and
power distribution center housing in the fire test. The fire was allowed to burn for
approximately 11 min until flames spread into the passenger compartment and along the
headliner toward the rear of the passenger compartment. Flames spread from the engine to the
passenger compartment via three pathways: 1) through the windshield (first at 42 min); 2)
through bulkhead penetrations for (dislodged) AC evaporator and condenser lines; and 3)
dislodged HVAC air intake. Peak heat flux to transducers in the dash panel facing the engine
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compartment varied between 10 and 50 kW/m?. Directional flame thermometers located above
the front gassenger and driver seats facing forward registered maximum heat fluxes
of 40 kW/m®. The heat release rate of the vehicle was steadily increasing during the test, and
peaked at approximately 1.5 MW at the time of extinguishment. Approximately 50% of the heat
was released in the form of convection, and 50% in the form of thermal radiation.

In addition to the FM data, five reports are now available of work performed at the
National Institute of Standards and Technology (NIST). These tests and some important
conclusions pertinent to this study are summarized below.

1. In the first series of tests selected functional parts from a minivan were subjected to a gas
flame ignition source and burned in a manner that allowed measurement of the resulting
total heat release rate, mass loss, and heat fluxes to the surroundings [37]. The test
specimens comprised parts of the passenger compartment, the engine, and the fuel tank.
Most parts exhibited a wide variety of behavior influenced not only by their constituent
polymer resins, but also by their shapes, sizes, and internal structures. Heat fluxes
recorded by a gau§e located 51 mm above the top of the object were typically in the
range of 80 kW/m". Heat fluxes recorded by gauges at a horizontal distance of 51 mm
from the object were generally between 20 and 40 kW/m?,

2. The second report examined a number of factors that pertain to fire initiation in motor
vehicles subsequent to a fuel spill [38]. The incident heat flux to a steel plate located 0.3
m above a pool fire of 100 mL n-heptane is reported to be 70 kW/m? in the area of flame
impingement. The heat flux drops to 22 kW/m?® at 0.3 m from the vertical centerline of
the pool fire. The heat flux for a gasoline pool fire of the same size peaks at 100 kW/m?,
but the duration of exposure at this level is only a few seconds (as opposed to
approximately 20 s for the n-heptane fire).

3. The objective of the third series of tests was to evaluate the effect of intumescent body
panel coatings on flame penetration, heat transfer, and transport of toxic gases to the
passenger compartment in a post-collision vehicle fire [39]. It was concluded that such
coatings considerably reduce heat transfer through non-damaged body panels, but that
they fail to close and prevent flames from penetrating holes in post-collision vehicle body
panels. Peak heat fluxes to vertical and horizontal steel surfaces from pool fires ranged
from 30 to 150 kW/m?, depending on the configuration and fuel burned.

4. In the fourth study parts from a sports coupe were evaluated in a similar manner as in the
previous minivan study [40]. In addition, samples of the wmdscrcen were evaluated in
the Cone Calorimeter at heat fluxes ran§mg from 14 to 50 kW/m®. Measured heat fluxes
generally ranged from 10 to 60 kW/m", except for the rear bumper fascia (a peak heat
flux of 180 kW/m® was recorded toward the rear hatch) and the instrument panel
assembly (a brief peak heat flux of 105 kW/m? before fire extinguisher activation).

5. The fifth study examined different suppression strategies for two motor vehicle fire
scenarios, i.e., fires initiated in the engine compartment and underbody fires due to spills
of fuel and other liquids [41]. The suppression strategies were only partly successful.
Use of a solid propellant generator was the most effective strategy in suppressing engine
compartment fires. ABC and BC powders worked best to extinguish underbody fires of
limited size. No heat flux measurements were reported in this study.
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3.3 Reports of Small-Scale Flammability Tests on Materials Used in
Automobiles

There was a significant amount of small-scale flammability testing and research on
interior automotive materials in the years prior to and following the release of FMVSS 302 in
September of 1972. Eleven publications were found in the NIST FRIS database, spanning a
period from 1969 to 1977. These publications deal primarily with the performance of various
polymeric materials in the test and re-formulation of products to meet the test requirements.
These studies provide little information concerning initiation and propagation of automobile fires
and the thermal exposure conditions that various components might experience.

Extensive flammability testing has been conducted as part of the Settlement Agreement
between DOT and GM. Two types of investigations have been performed. The first type
involved thermal gravimetric analysis (TGA), differential scanning calorimetry (DSC), and
measurement of thermal conductivity of automotive polymers [42-45]. This work also resulted
in the development of a new small-scale flammability test to evaluate automotive polymers [46].
The second type was performed at FM [47]. Twenty plastic materials from components
of a 1996 Dodge Caravan were evaluated in the FM Fire Propagation Apparatus. This apparatus
is similar to the Cone Calorimeter, and is used to obtain the same type of flammability data. The
time to ignition was measured at different heat flux levels ranging from 20 to 60 kW/m?. The
ignition data were used to determine the Critical Heat Flux (CHF) and to calculate the Thermal
Response Parameter (TRP). Experimental and extrapolated values of the CHF were consistent
for all materials. The TRP values were approximately 28% higher than calculated values based
on the measured thermal properties and TGA decomposition temperatures [48, 49].
Combustibility tests were conducted at a heat flux of S0 kW/m?, and the resulting data were used
to calculate the Fire Propagation Index (FPI). The TRP and FPI are used in a procedure to
assess the fire performance of materials. FM developed this procedure and uses it to qualify a
variety of materials for specific applications [50].

An extensive compilation of Cone Calorimeter data for 50 automotive materials was
recently published [S1]. Most of the tests were performed at 25 and 40 kW/m?, but a small
number was performed at 20 and/or 35 kW/m?,

3.4 Other Publications on Fires in Automobiles

The survey of the NIST FRIS database identified 15 publications concerning ignition
scenarios outside the passenger compartment, and design changes to address the fire hazard
associated with these scenarios. The subjects covered by these publications include fire
suppression systems and fires involving catalytic converters, electrical systems, exhaust systems,
hoses, natural gas vehicles, and plastic fuel tanks. Nine additional publications were found on
the subject of arson, including a comprehensive book on investigation of motor vehicle
fires [52]. The 24 publications are not discussed here in detail because the amount of
information pertinent to this study is very limited.

Michigan State University (MSU) conducted a theoretical and experimental study of
thermal barriers separating automobile engine and passenger compartments [5S3]. This study was
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funded by GM as part of the DOT settlement agreement. The experimental part of the study
consisted of two sets of heat transfer measurements on a sample of a steel bulkhead with various
types of insulation materials on the engine and passenger sides. MSU conducted small-scale
tests to obtain thermal properties of the insulation materials based on parameter estimation and
inverse heat transfer calculations. GM exposed 0.9 x 0.9-m bulkhead panels to the heat flux
from a 0.32 x 0.32-m radiant panel. The temperature measurements from the intermediate-scale
experiments were used to validate the heat transfer model developed at MSU. GM conducted
seven experiments in total, with incident heat fluxes on the simulated engine side ranging
from 14.1 to 67.1 kW/m”.

A year after completion of the MSU study, an M.S. thesis was published at Worcester
Polytechnic Institute (WPI) describing a computer model to predict fire spread from the engine
to the passenger compartment through the windshield [54, 55]. The model is based on
the TASCflow Computational Fluid Dynamics (CFD) code. The heat release rate of the
simulated engine fire was based on a curve for fire design of structural steel developed
by ARBED on the basis of nine full-scale car burn experiments [S6]. The ARBED curve rises
to 1.4 MW in 4 min, remains at 4 MW for the next 12 min, then increases to a maximum
of 8.3 MW at 25 min, and finally rapidly decreases to 4.5 MW two min later, to 1 MW at 38 min,
and to 0 MW at 70 min. The model simulates a fire occurring at the vehicle’s hood. No heat
flux data are presented in the thesis.

Another study conducted under the GM-DOT settlement agreement explored the use of a
Computational Fluid Dynamics (CFD) code to predict the response of human skin to the
radiative and convective heat transfer from a vehicle fire [57]. Results were presented of
simulations that predicted the response of a human-like figure in the front bucket seat of a
minivan to the radiant heat of a 75 kW/m’ panel, representing a 800°C diffusion flame of the
expected size and at the expected distance in front of the windshield. The corresponding heat |
flux at the surface of a manikin was approximately 20 kW/m?.

3.5 Similar Studies for Other Modes of Transportation
3.5.1 Commercial Aircraft

In 1978 the Federal Aviation Administration (FAA) established a committee to examine
the factors affecting the ability of aircraft cabin occupants to survive in a post-crash
environment. The committee recommended research to evaluate the fire performance of cabin
materials, and development of a method using radiant heat for testing of cabin materials. As a
result, the FAA conducted an extensive series of full-scale fire tests and evaluated numerous
bench-scale tests for their capability to provide results that correlate well with full-scale
performance. The Ohio State University (OSU) apparatus, standardized as ASTM E-906, was
found to be the most suitable for material qualification. Improved flammability standards and
requirements for airplane cabin interior materials based on ASTM E-906 first went into effect
in 1986 [58]. The limits for acceptance were based on heat release rate measured at an irradiance
level of 35 kW/m®. Peak heat release rate could not exceed 100 kW/m? and average heat release
rate over the first two minutes following ignition had to be 50 kW/m? or less. Originally, the test
method used by the FAA was identical to ASTM E-906. Since then, modifications have been
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made {59]. The FAA method now uses a thermopile of five thermocouples, a lighter sample
holder, and a modified test procedure to minimize problems assocxated with thermal lag.
The FAA criteria for acceptance were rev1sed in 1990 to 65 kW/m? for peak heat release rate
during the 5-minute test, and to 32.5 kW/m’ for average heat release rate over the first two
minutes following ignition.

For many years the FAA has also expended considerable effort to relate laboratory
thermal analysis to flammability. This effort resulted in the definition of a physical quantity that
is a good predictor of heat release rate of pure polymers in a fire [60]. This quantity is referred
to as the “heat capacity”. Its units are J/g-K. The heat capacity is equal to the ratio of the
specific heat release rate (W/g) to the rate of temperature rise (K/s) of a small specimen that is
heated at a particular rate. The FAA also developed the so-called “Pyrolysis Combustion Flow
Calorimeter” (PCFC), which is a laboratory-scale test apparatus to measure heat capacity. It has
been demonstrated for more than a dozen pure polymers that heat capacity correlates well with
the average heat release rate measured in the Cone Calorimeter at 50 kW/m>. Since heat
capacity is measured under conditions of dynamic equilibrium, it is not capable of predicting
transient fire behavior.

3.5.2 Passenger Trains

The Federal Railroad Administration (FRA) issued a new rule on Passenger Equipment
Safety Standards on May 12, 1999. Part 238.103(d) of this rule requires that passenger railroads
conduct a preliminary Fire Safety Assessment (FSA) for each category of existing rail equipment
and current rail service by July 10, 2000. The deadline for the preliminary analysis was later
moved to January 10, 2001. A final analysis had to be conducted on those categories of
equipment and service that are found on the basis of the preliminary analysis to present an
unacceptable fire risk. This final analysis had to be completed by July 10, 2001. A complete
analysis also has to be conducted on the deadline for this analysis is July 10, 2003. The rule is a
direct result from a research program that was conducted for the FRA by NIST [61]. This
program consisted of three phases. The first phase involved Cone Calorimeter testing of 30
selected passenger train materials taken from varlous AMTRAK railcars. The Cone Calorimeter
tests were performed at a heat flux of 50 kW/m® The second phase involved intermediate-scale
tests of chairs, beds, and wall sections in combination with a computer fire hazard assessment
based on the Cone Calorimeter and intermediate-scale heat release rate data. The accuracy of the
hazard assessment was verified in the third phase, which consisted of full-scale tests in a
furnished passenger railcar.

An extensive study of the fire performance of materials used in passenger railcars is
currently being performed m Europe [62]. The Cone Calorimeter tests in this study are
performed at 25 and 50 kW/m>.
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3.5.3 Passenger Ships

On 1 January 1996, the High Speed Craft Code (HSC) entered into force as part of the
Safety of Life at Sea (SOLAS) convention. This code deals with all aspects of the construction
and operation of high speed craft. The most common type of ships that are regulated by the code
are passenger and vehicle ferries that operate within 4 hours from shore. The code permits that a
high speed craft be constructed of combustible materials, provided certain fire performance
criteria are met. Materials that meet these criteria are referred to as “fire restricting materials.”
The determination of fire restricting materials is based primarily on one of two tests. Bulkhead
lining, and ceiling materials are tested using the ISO 9705 room comner test. Acceptance criteria
for ISO 9705 were published by the International Maritime Organization (IMO) several years
ago. Furniture components (other than fabrics, upholstery, or bedding) and other components are
tested using the ISO 5660 Cone Calorimeter. A research program funded by the United States
Coast Guard (USCG) was conducted at Southwest Research Institute between August 1997 and
July 1998 to establish suitable Cone Calorimeter acceptance critetia [63]. The USCG is the
government agency responsible for enforcing IMO regulations in the U.S.  Eight
glassfiber-reinforced composite materials and one textile wallcovering were tested in different
configurations in a room and in various small-scale tests. The proposed Cone Calorimeter
acceptance criteria that resulted from this work are consistent with full-scale fire behavior, and
are based on ignition time and heat and smoke release rate measured at a heat flux level
of 50 kW/m?. These acceptance criteria have now been approved and implemented by IMO.

3.6 Conclusions

Propagation times to the passenger compartment for fires originating in the engine area
are summarized in Table 3-7. Propagation times measured in experiments are within the range
of estimates from field investigations, although this range is rather wide and based on a very
small sample. Whether or not the vehicle has crashed prior to fire initiation in the engine
compartment does not seem to make much difference.

Heat flux data from various sources are summarized in Table 3-8. These data indicate
that the following heat flux ranges may be suitable to evaluate the fire performance of motor
vehicle components and materials:

1. Components in the engine compartment: 10-61 kW/m?

2. Exterior components exposed to a fuel spill fire: 10-180 kW/m?
3. Components in the passenger compartment: 20-40 kW/m?

Heat fluxes inside the passenger compartment may rise above 40 kW/m?® after full
involvement (flashover).

Table 3-9 lists heat fluxes that are or have been used in small-scale experiments to
determine the heat release rate (HRR) of interior materials used in various types of transportation
vehicles. These heat fluxes range from 20 to 50 kW/mZ, which, based on the data presented in
Table 3-8, appears to be a suitable range for components inside the passenger and engine
compartments. Higher heat fluxes may be required to evaluate the fire performance of exterior
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components in a fuel spill pool fire. However, the performance at high heat fluxes can also be
obtained by extrapolation from data measured at multiple lower heat flux levels. The max1mum
heat flux that can be obtained in the ICAL apparatus is not much higher than 50 kW/m?. Since
test data at multiple heat fluxes are needed to obtain material properties and allow extrapolation
to more severe thermal exposure Ievcls it is concluded that heat release tests in this study will be
performed at 20, 35, and 50 KW/m?.

Table 3-7. Comparison of Propagation Times from The Engine to The Passenger

Compartment

Reference | Data Source Propagation Times (min)
9] Field investigations 0-11
[23] Full-scale test for parking garage design 4-5
(33] Full-scale test for tunnel design 4
[36] Fire initiation and propagation test 44

Table 3-8. Heat Fluxes in Motor Vehicle Fires
. Engine Fire to Bulkhead

Reference | Data Source Heat Flux (kW/m?)
[36] Fire initiation and propagation test 10-50
[53] Intermediate-scale panel experiments 14-61

Underbody Pool Fire to Exterior Parts

Reference | Data Source Heat Flux (kW/m®)
[37] Gas burner flame simulation tests 80
[38] Fuel spill pool fire tests 70-100
[39) [ Fuel spill pool fire tests 30-150
[40] Gas burner flame simulation tests 10-180

Engine Fire to Interior of Passenger Compartment

Reference | Data Source Heat Flux (kW/m?)
[36] Fire initiation and propagation test 40
[57] Burn simulations ' 20

Table 3-9. Heat Fluxes in HRR Tests of Interior Materials in Passenger
Transportation Vehicles '

Reference | Type of vehicle Heat fluxes
[40] Automobile 14-50
[47] Automobile 50
[51] Automobile 20-40
[59] Passenger aircraft 35
[61] Passenger railcar 50
[62] Passenger railcar 25-50
[63] Fast passenger ferry 50
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4.0 MATERIALS SELECTION

At total of 24 parts were selected from four different compact sedans for testing as shown
in Tables 4-1 and 4-2. Approximately two-thirds of the parts were selected from inside the
passenger compartment. These “interior parts” account for most of the exposed area and
quantity of combustible materials inside the passenger compartment based on the findings of
earlier work by Abu-Isa et al. [42-45], which are summarized in Table 4-3. The remaining parts
were selected from the engine compartment and the trunk and fuel tank area. “Exterior” parts
were selected that are most likely to be involved in a fire originating outside the passenger
compartment. A larger number of interior parts were chosen because this study focuses on the
hazard assessment of materials inside the passenger compartment, i.e., those that currently need
to be tested according to FMVSS 302. However, some exterior materials were included to
explore whether the fire hazard assessment procedure that results from this study can be applied
outside the passenger compartment.

A popular GM compact car model, the Chevrolet Cavalier {2001 model year), was
chosen to provide five interior and three exterior parts. A smaller number of functionally
identical parts were obtained from three comparable compact sedans of the same 2001 model
year made by other manufacturers: the Dodge Neon, the Ford Focus, and the Honda Civic. Two
additional parts were selected from the Dodge Neon: a kick panel and a plastic fuel tank. The
test matrix was set up so that, with the exception of the Neon kick panel and fuel tank, each type
of part was obtained from at least two different manufacturers. Thus, it is believed that the parts
that were selected are representative of the principal combustible materials that are found inside
and outside the passenger compartment of compact automobiles currently available for sale in
the U.S.

Some parts had different components that were tested separately. For example, the
composition of the headrest was usually different from the seat back and bottom and additional
small-scale tests were therefore conducted on the headrest. Table 4-1 provides an overview of
the different parts and components that were obtained for testing. A description and photographs
of all parts can be found in Appendix B. '

Table 4-1. Summary of Component Materials by Part Number Selected from +our
Vehicle Brands (2001 Model Year for All Brands)

Chevrolet Cavalier | Dodge Ne(on o Ford Focus | Honda Civic
Part No. Description Part No. Description Part No. Description Part No, Description
22589249 |Seat Back Cover w/pad SL491AZZA {Lt Frt Upper Seat Cushion Cover |YS4Z5452900BAB |Seat Cover B1521-S5A-A01ZA |Seat Cover
"12532840 |Seat Cushion cover w/pad PZ15WLSAK |t Frt Door Panel Y54Z5464810AB  |Seat Pad 81522-55A-A01  }Seat Pad
12457891 [Headrest TN4TXDVAA [Carpet YS4Z54611A08BBB {Headrest B1140-55A-AD1ZA |Headrest
22619703 |Headiiner PVTIWLSAB |Kick Panel Y5475423942AA8B  |Door Panel 83583-S5A-A012ZC |Door Panel
22587440 |Glove Box door 50172094A [Fuel Tank YS4Z5413000BAF _ |Carpet 83801-8S5A-A012B |Carpet
22618443 |Door panel YS4Z5451916AAB  {Headliner T1500-S5A-A01ZA {Glove Box Daor
'22628604 [Carpeting YS4Z9600NA Air Cleaner Assembly 177400-S5A-AD1  ]Duct Assembly
‘52460744 |HVAC Pars 32200-S5A-A00 _ |Wire Hamess
10488727 |Engine Cover
22621025 [Wiring Hamess
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Table 4-2. Matrix of Parts and Components That Were Obtained for Testing

Chevrolet

Cavalier Dodge Neon

Ford Focus | Honda Civic

Seat
Headrest
Back
Bottom

X
X

Head liner

Interior

Glove box (cover)

Door panel

Carpet

Tt i Fale R e

it B el i T

eilelke

Kick panel

elleile]

HVAC components

Air filter assembly

o

Wiring harness

talle

Exterior

Plastic fuel tank

Table 4-3. Average Usage by Mass of Polymeric Materials in Passenger Cars and

Light Trucks
. 11 Average Usage .
Material (Ib/vehicle) Vehicle Component
Polyurethane 44 Headliner, seats, upholstery
Polvpropylene 40 HVAUQC, air duct, instrument
YPTOpY panel, shelf, fan & shroud
Steering wheel, seat cover,
Polyvinyl Chloride 21 wire insulation, kick panel
insulation
Polyethylene 20 Wire msulfmon, fue! tank,
reservoir, filler pipe
Fuel system, fuel lines,
Polyamide (Nylon) 18 engine cover, manifold,
: canister
e Cowl vent, console, engine
Poly(acrylonitrile- 16 cover, fascia, head liner,
butadiene-styrene)
duct
Polycarbonate 9 Instrument par'le], console,
electrical
Polyester (thermoplastic) 8 HVA(.: components, fuel
rail, fuse junction
Leather ? Upholstery

Abu-Tsa, I. A., et al., NHTSA paper number 98-S4-P-17
Most used in cars and light trucks
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5.0 MATERIALS CHARACTERIZATION

The analytical objective of this element of the study was to correlate the microscopic
properties of the selected component materials, as determined by thermal analysis and
spectroscopic techniques, with the measured flammability behavior of the selected materials as
determined by laboratory- and component-scale comparative methods, i.e., Cone Calorimeter
and ICAL tests as described in subsequent sections. Of particular interest was the correlative
relationship between the microscopic thermal behavior of the selected polymeric materials,
including the morphological and molecular changes that may occur, and the time to ignition that
transpired under radiant heat flux for macroscopic quantities of the same material. In this
context, the latent heats of endothermic phase transitions and exothermic heats of reaction of the
material measured microscopically provided a bridge to the pre-ignition behavior of material
flammability tests.

5.1 MDSC Thermal Analysis

Differential scanning calorimetry (DSC) is a technique in which the difference in energy
input into a material and a reference material is measured as a function of temperature. In this
study, a modulated differential scanning calorimetry (MDSC) procedure was used for the
analysis. In the MDSC technique, the specimen is exposed to a steady rising temperature
modulated by small-amplitude, sinusoidal temperature oscillations. In addition to providing a
determination of the total heat flow into or from the specimen, such as in conventional DSC,
the MDSC technique allows for the mathematical separation of the total heat flow into reversing
and non-reversing components (as determined from the complex Fourier components of the
sinusoidal thermal perturbations). Reversible heat flow is associated with reversible thermal
phenomena that occur within a specimen regardless of its thermal history, such as the first- or
second-order transitions and heat capacity of the material. Non-reversible heat flow is associated
with thermal phenomena in which the state of matter is kinetically controlled and present in a
quasi-stable state, as opposed to the thermodynamically most favorable state.

In the present study, the separation between reversible and non-reversible heat flow
was used predominantly to resolve the actual temperatures at which complex phase
transitions (first- and second-order) occurred within the polymeric components. However, the
total heat-flow thermograms were used to determine the endothermic enthalpies for first-order
phase transitions (i.e., melt transition for the crystalline fraction of the polymeric component) as
well as any exothermic enthalpies of reaction. This was done to account for the total
endothermic heat-flow history, such as latent heats of fusion, or exothermic heat-flow history,
such as reactive exotherms, that occur in polymeric components of this kind under conditions of
radiant heat flux prior to the time of ignition of the material. In this way, the microscopic
scalability of cone calorimetric measurements could be assessed. This microscopic scalability
will be discussed in the context of what will be termed the “downward scalability” of cone
calorimetric measurements in the analysis section of this report.

Specimens for MDSC analysis (5 to 15 mg in mass) were heated from room temperature

to 300°C at a constant rate of 3°C/min with a superimposed thermal modulation of
approximately 1 °C/min. For each component material, duplicate specimens were excised from
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the component and analyzed under a nitrogen gas environment at a flow rate of 30 mL/min.
Between each analysis, the sample compartment of the MDSC instrument was allowed to cool to
room temperature while purging with copious amounts of nitrogen for not less than five minutes.
Thermograms of the total, reversible, and non-reversible heat flows were recorded as a function
of the ramp temperature, the originals of which are attached in Appendix C.

The results of MDSC measurements are summarized in Tables 5-1 through 5-4, which
show for each vehicle group and component material tested the temperature at which
endothermic and, if applicable, exothermic phenomena occur, along with the corresponding
enthalpy for each thermal event. As indicated in these tables, no attempt was made to elucidate
second-order phase transitions - either the amorphous fraction of the polymeric material or a
substantially amorphous polymer component - that occurred below room temperature. Only in
one case was there a substantially amorphous polymer with a glass transition above room
temperature represented in the vehicle component selection. This component was the interior
segment of the glove box door from the Chevrolet Cavalier, whose base polymer consisted of
acrylonitrile-butadiene-styrene (ABS). With the exception of polyurethane foam materials, all
remaining materials subjected to MDSC analysis exhibited crystalline polymer morphologies - -
with well-defined first-order melt transitions.

5.2 Raman Spectroscbpib Analysis

Raman spectroscopy is a mature light-scattering technique used to analyze the molecular
composition and morphological features of many materials. Over the past decade, the
development of laser Raman spectroscopic micro-analysis has provided considerable insight into
many problems in materials chemistry. The information obtained from Raman spectroscopy is
complementary to that obtained from infrared absorbance spectroscopy, such as FTIR, in that
both techniques probe the vibrational internal degrees of freedom of free molecules and solids,
including polymers and many other forms solid-state matter. However, the instrumental
arrangement and the rules that govern the spectroscopic activity of the matter being interrogated
are distinct. These distinctions lead to the practical experimental advantage that Raman
spectroscopy has over infrared absorption spectroscopy in specific applications, particularly
those applications related to microanalysis of opaque and tortuous materials and in situ analysis
of such materials at elevated temperatures.

A Renishaw Model 2000 Raman microscopic system (Gloucestershire, UK, 1993) was
used in this study. This system is capable of acquiring the Raman spectrum of matter within
microscopic dimensions by directing a narrow (1 gm diameter) laser beam through the objective
of a microscope attachment onto the point of interest, and collecting the light backscattered 180°
from that point through the same objective. A 30-mW near infrared (780 nm) diode laser was
used as the excitation source. The Rayleigh component of the collected scattered light was
removed with a holographic notch filter, followed by spectral dispersion with a grating onto a
thermoelectrically-cooled charged coupled device (CCD) detector. The system achieved a
spectral resolution of 1 cm™. In conjunction with this system, a specially designed sample stage
was used to heat a small mass aliquot of the component material at a pre-programmed rate (room
temperature to 350 °C at 1 °C/min) in a similar manner and for a similar purpose as the thermal
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cycle used for MDSC énalysis. Raman spectra were then acquired at pre-selected intervals of the
thermal program.

In the present study, Raman spectroscopic analysis was used to analyze select types of
component materials represented in Tables S-1 through 5-4. The objective of the analysis was
twofold. In some instances it was used to determine or verify the base polymer of selected
polymeric materials to the extent possible as permitted by the inherent luminescence and
absorption properties of the material. Where applicable, the analysis provided the necessary
evidence for properly identifying the base polymers shown in the said tables. However, it is
important to recognize that for many engineered plastics that contain certain dyes and fillers,
spectroscopic determination of the base polymer type can be illusive or even intractable as the
characteristic spectral fingerprint can be obscured by sample fluorescence (or luminescence),
strong absorption of the source illumination, or spectral interferences from the additives or
fillers. A second object of the Raman analysis was to determine the thermal stability
(thermochemical) and extent to which molecular and morphological changes occur in the
selected component materials. Morphological changes in this context refer to the amorphous and
microcrystalline nature of the plastic at a molecular level below the melt transition.

The results of Raman analyses are presented in Figures 5-1 through 5-10. Each spectrum
shown in these figures was subjected to a polynomial algorithm to correct for baseline skew and
offset. The corrected spectra were then organized as overlay plots by material and vehicle type
to illustrate how certain spectral features are affected by the thermal conditions of the sample.
The molecular functional groups pertinent to the discussion that follows are annotated in each
figure.

In the case of polyurethane seat foam materials (Figures 5-1 to 5-4), monotonic changes
to the spectral features of the foam were detected as a consequence of the thermal ramp. With
the exception of the Honda Civic polyurethane seat foam (Figure 5-4), these changes were
consistent across the remaining vehicle brands. A noteworthy phenomenon was the initial
presence and subsequent consumption of unreacted isocyanate species, appearing in the Raman
spectrum as C-N=C=O stretching vibrations near 2238 cm™. Residual isocyanate species are
often found in commodity polyurethane foams of this kind. In the present case, the residual
isocyanate species represented by the 2238 cm™ vibrational mode in the Raman spectra appear to
complete their reaction with the polyurethane network above 175 °C. In addition to this latent
reaction, the analyses also provide evidence for thermal degradation of the polyurethane
network. The specific form of thermal degradation appears to occur via chain scission of the
amide-ester linkages of the urethane network, which is consistently refiected in the decay of the
carbonyl (C=0) stretching vibrations near 1710 cm™ relative to other vibrational modes

representing the polymer network (e.g., relative to those modes that arise at 1621, 1456,
and 1326 cm’ )

As expected the thermal stability of carpet and fabric fibers of the aromatic polyester
type polyethylene terephthalate (PET), was consistent with the MDSC results (Tables 5-1
to 5-4), which indicated that carpet and fabric fibers of this kind exhibit a single first-order meit
transition near 256°C, regardless of vehicle brand. This observation was true for all vehicle
brands with the exception of the Ford Focus, which utilized carpet fibers whose molecular origin
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and composition remains illusive due to background interferences from additives. The Raman
thermal analyses further corroborate the molecular stability of the PET fibers below and above
the melt transition (Figures 5-5 to 5-8). For example, in contrast to the decay of the amide-ester
carbonyl vibrations of polyurethane foam (1710 cm™), the ester lmkage of PET fibers
represented by the carbonyl (C=0) stretching vibrations near 1720 cm’ ! did not change through
the melt transition up to the highest temperature recorded (280°C). Above the melt transition the
total scattering intensity decayed for the fluid-state polymer, but the ratio of the aromatic
stretching vibrations (1613 cm’ ) to that of the carbonyl band (1720 cm’ ) remained unchanged.
Hence, molecular degradation was not indicated within the said temperature range (< 300 °C).

Component materials consisting of polyolefin thermoplastics, polypropylene and
polyethylene, also exhibited thermal stability to the extent that molecular degradation was not
observed in the Raman thermal analyses within the said temperature range (Figures 5-9
and 5-10). Cross-linking reactions via scission of weak links in the polymer chains have been
shown to initiate in virgin polyethylene at approximately 200°C. Decomposition follows
cross-linking at approximately 300 °C, leading to decomposition products in the melt consisting
of a mixture of alkanes and alkenes. A similar mechanism is observed in polypropylene except
that tertiary carbons present in the polymer chains in regular order are more susceptible to attack
than unbranched polyethylene. In light of such mechanisms, therefore, a suitable marker for
monitoring molecular degradation in the Raman sPectrum is the appearance of carbon-carbon
double bonding stretching vibrations near 1600 cm™. These modes, however, were not observed
in either of the polypropylene (interior door panel) or polyethylene (fuel tank) components
studied. This indicates that the additives present in these components improve the thermal
stability of these components, relative to what is known about virgin polyolefins.

General Motors Corporation 24 SwRI Project No. 18.03614






#19€0°81 "ON 193f01d TIMS cZ uonesodio)) SIOI0 [BJoUaD)
wN wN WN WN WN ~WN 81 4 susjAy1aliod juey jang ¥¥6024105.
“WN WN WN wN N WN 261 IEL auatlyiadiod abue; J jue] jang VrG0ZZ105.
WN T WN. “WN W WN_ WN 8. 291 susjA|doidAjog [8Ueg oDy BYSIMLLAD:
WN WN £ P4 L 444 Sy 31} . 13dmeary paxiy Gunyoeg " Jagiy 13die) WYYAQXZYNL
WN WN VN WN WN VN 5 95z olejeyydaua ausjkyjeiod JUQe ] "jeue 160Q juoij VS IMG 129
N WN WN WN 65 291 @ 8zl auajAdoidkjd/euaikyiadiod NSEJ "Jaueq 1000 W0IJ| VS IMS 1Zd
WN N WN WN WN wN €5 957 aiejeyydase) sus)kiyiakiog S1qe] 1e8g 198N Woig VZZVI6V 1S
WN WN wN WN WN WN 19 291 sus)fdoidAjog Bu5eg weoy 1ees Jaddn Juoig VZVIEr s
W TN W WN N N N > 201 aueyainkjod uied 3 jeag 1eddn o1y VIZVI6F 1S
L)) BJ (73] By Gy ] ) — ) BY uopsoduio]) sowk{d 4 eseg uopdjIsag “oN Ped
uopoRey Jo )eay |ueyox3| ¢ uomsnd jo Jesl g uopjsuel) Y8 |Z uojsny Jo JeBl | Z uopfsuel) JeW | | uoisny jo ee | | uopisue] yaW
JuIBIRoxy | squwawopuy | suweyopuy” | ojuueyopuz | swuueyopuy | sjuweyopuy | ojueyopuz | uoopy edpog!
UoenN 0@300 8y} wolj sjeusie EmcanoO
JO loianeyog o_Qoowo‘_o_S_ oluiaylox3 pue ojwisyiopuy mc_go:w Sjuswalnsesiy reusayl DSQN JO sinsay 2-G o|qe L

L 2 by e BLUORISURLASMOBNONMIONI) 0PI0-PY0IBE
WN WN WN WN WwN WN 1ol 1% ] _eugjidosdijog Alquassy sy J Uiy 17188v01
WN N N wN wN WwN Y- T "4 - sualyedjod G|NPO "SSBUIEN BULAR sz01z92t.
‘WN WN E €91 90_ ¥l N 9 _ buaig eusfdoid4joy WABUGY "SSBUIE); Bulipw SZ0MZ8ZL
WN N N WN WN WN 08 591 . eugjidoidhjog 1N " OVAH Y0925
YN WN WN WN N WN 5 5C ajejeqwdaie] susjkyrakjog den adie]y 60982920
WN YN z 95z 9 9 6 18 . PeUNBIBPUN bunoegadie] 5088792L:
E¥ 3274 WN wN WN WN 43 ! _.__ . Gueqiainijoq wieoq "[aleg 1000 EVI8I02C
wN WN WN WN IE 174 1]} 8 Jaisakjogeueiijainjog 4i01) "jeu€ 1030 E¥VB19CL.
WN WN N WwN WN WN EEl s ....;,;o:o_»‘mo‘_@vh_on Wweo J o/m buniagg "sugy 100Q £¥r81977:
SN 1T "w wN N N “'wN I ! ) ] suejkdo.dfjoy InSejd %3€IQ "Teued 1000 EYPB19Z2
AN N WN_ _WN_ W W B, 3 puaikig-auaipeing-apuojkioy| 8psu| 160(] X0g 8A09 0yy 18522
WN WN WN N WN WN €9 291 8usjdordKjoy 8pisIng '100Q xbg 8A0)) 0vviBsel
wN WwN N N N WN € 41} sueyjsinjog WEG J iBjus)y IauIpEsH €0{619¢
YN N WN N N N ® 6 sueyiainkjog uiEd 4 "1s8Ipeay 168/SPTL
6€ 9 WN N WN WwN WN wN peuluLelapun 13AD 7" 1SBspEBH 16845971
wN N wN wN wW W &£ ] 66 aueyjainkiod weo 4 "y5eg 183g 6¥76652L;
I T N _WN WN WN Vi3 174 soisakiog 19403 2% 1865 B¥Z6852L
 ® 6J [y O [ ®% [ oY [ ®w | bl uonpoduia) ewkjo  sseg uopdiasaq oNued
uopoeay jo jeay (wielpox3 g uotsnd 10 1eay |g uopisues) Yo 7 uopsnd jo eay |7 uopjsuesy yey |} uogsny jo seal | uopysues) e b
“ousaoxy | | owiiegopul | opuwieipopul duuepopuy | Juueylopuy | djuuayiopul 10/j6ABJ 19104404
i8ljeAe) 19|0JABYD By} WOl sjeuslepy EchQEoO
JO loneyag 21doososoin OILLIBYIOXT pue dilisyjopug mc_Bch Sjuswiainsesy reusy] DOSAW Jo synsay “L-G 9jge ]

25 SwRI Project No. 18.03614

General Motors Corporation






$19€0°81 "ON 1afo1d RIMS 9z uone10dio)) SIOIOW [EIoUSD)

3
&
Q
o
g
Z
8
W | W YN WN wN WN S04 89l ... dusjidoichiod SSaUIeH] BULM| _00Y-¥55-002Z¢ o
N N ) N ) N 88l €L T eusifyskiod TIqUEsSY RG JVAH| _ 1OV-VES 00V L &
LOWN . N LN LN N N - LL¥s ;-4 eijeliydaia) susyiekiod —BuDjoeg K15 1e8ie ) |8z LOV-vES- L0BES e,
WN o WN 5 5 09 0} L 13dmagiy pa WeWBI0juIaY SiPPYAl 1BdiE ) [AZ L0V-¥5S-LOBES =
N WN__| WwN N WN WN oy 4 ajejeiaydaia auajiyiakiog] N 10|07 br] Tetie) Bz LOV-¥55-108€8 7]
WN wN WN WwN WN WN ) 19} i susjkdosdijog EeId %8I8 T9UEd 1600 DZ [0V-¥S5-€85E8
WN WN WN WN WN WN 09 [:24 pauiusalapun JUQe '[eukd 100007 LOY-VS-£B4E8
WN WN WN N N W S01 :<]1 aus)AdoidAjod| SIiSeld AEIS 'jBued 100007 LOVVSS€BSES
WN WN WN WN N WN i5 (4 Giejeqiydais] sualkyjekiod VZ 1OV-¥GS 12618,
— N N WN WN WN WN 6 ne pauiuLalBpun WZ LOV¥GS-LTG18
LG BJ 7 GJ 7] 0J 76 0J vopisodwo) sewAjogesed|  uondbseg Ty oNved
uopoeay J0 188H wieox3 | £ uoysnd Jo 1eal |€ uojsueI L )SN Z uojsn4 jo «uoEN:oa_ﬂ_E 1 -_o.! } uopsn Jo jeay | | vopsues) :.u.!
_.:v aumegoxy | T ojuapopuz’ | djuaypopul jwisipopul | “ubegpopul ‘..uu._.r...o....ue._.:.iw.x._“ Hu.rcoﬁa-....,w.. A BPUCH
OIAID BpUOH 8Yy) WwoJlj sjeusie\ «:QCOQEOO
JO JolAeYaqg o_Qoowo._o__)_ olusylox3y pue olusyiopud mc_z,ocw syjusweinsesy jeuusyj JSAN Jo s)insayYy -G 9|gel
o)
3]
WN WN VN WN WN WN /9 991 suajkdoidAiog Kjquiassy iauea|) iy]  YNOO9SZPSA
| w | v WN 5 88l £ 0l isyip/aueyieinkiod BuiyoEg Umaig W WEO] 'TaUIpeaH |BvYa 1B 1SSZYSA
N WN N WN N N Iy 24 T peuiniejepun TUr] KE15) T6U|PEa}|BYVD 16 L5TSZYSA
WN WN N WN WN WN v 5 paiiiuiielapup) 1501€2)|va000E L¥SZPBA
4 (14 14 24 [4 gL ! 4] eusikdoidkjod/eusiAyehiod Buiioeg 16ke1-0m) 18U 100(I[BWIYBELYSZYSA'
wN WN WN WwN N wN 59 a1 " sugjfdaidijog 31VeE|g BBVGE '|9Ued 1000|GvWLYBECYSZISA
[ |54 WN WN WN N EE 0L pugjq Jaq)_i/eueyiainiiod URIEG JeA0) 186G |WE00BLAYSZVOA
....... w_ | W WwN WwN N YN 6l 201 sueijleiniiod WEDJ '16A07) 1865 [AVAGOBLSYSZYSA
LGN 0J ®m_ [ D L T | DJ | uonsoduic) jsuikod aseg uopdiosaq” 00 | ONMRd | =]
[uopaeay Jo) mn.o.zL ...wbmiowﬂ £ uorsh] J0 1ea} | £ UopisuRIL JeN |Z uoisnd J0180H | Z uopfsuRI]) HBM |§ UOISN] JO 18BH | | ¢ :w_zu..w_ 1 .-_,o.l ; M : .m
ﬁ‘m.p_.._.e&ﬂmu. ST T ojaseqiopuy | “juuspopus | Djwispopul’ T sjunegpopug | 2jisagopul T as1aueygiopuy M u:uou,nm.omw W
SNo04 pi04 Y} wolj s|euajeiy EQCOQEOO w
jJo Jolneysg o_Qoomoho_S_ oluByloX3 pue olusyiopuy mc_\so:w sjuswainsesiy jewiayl OSAN JOo sjnsey ‘€-G o|ge]. m
=
s
[
5






$19€0°81 "ON 109f01d TIMS LT uone10dIo)) SIIO| [BIAUID)
s
2
=
®
",.Wo gE2e Jesu spow S
[euoneiqia 8y} Aq pajeoipul ose S| seloeds ayeueAoosi [enpises jo uondwnsuod jusnbasqns pue soussaid m,
jentu *(, wo 9zel pue ‘gsYlL ‘1291 “B-9) spomau Jawhjod ay) Juesaides Jey) sepow [BUOEIGIA J8YI0 O} m
oAle[a) (WO QL)) SuoneIqiA Buiyoiens JAuoqieo jo epnydwre yeed ay) Ul uojonpal e Aq umoys se abeyui =
J0)S8-9pIWE 8y} Jo uonepesbap jeuseyy Buieoipul ‘ainjesadwse) Jo uonouny e se asuodsal |enoeds ayl 2
SMOUS ABLBAQ IBl|eABD 19]0JABYD BU} WOJ) Paulelqo Weo) jees aueylainfjod Jo sisAfeue [euusy} uewey |-G ainbi4
it ueas 'z guny ‘dwe) Wooy ‘weo) 1ess Joljere)
(TUD)) ISQUIMNIIABAY
oo_on , oo_mu co_ou oc_m— opo— omm
) ~
(o]
.51
NN N ,i?.};%i
)\/\/\Ifii &i) 2. 00}

o

2

NV b VAL TS 7

/ ,/_ *dwej wooy , E
Iy E P
R P m m ..m
ok m.
Q
Suyneng Suyolons £
0=D=N-D 0=D m
& 1 =
2 5 S ! m
w 3







£19€0°81 "ON 109f01d IMS

*1-G @inbi4 ul uMoys Jey} 0} Jejiwis seeds ajeueAoos| [enpisal Jo uojdwnsuod pue
ebexull Je)se-opiWwe ay) Jo uonepeifep [euusy) Buieoipul ‘eimesedwey Jo uoloun) e se esuodsal jenoads
oy} smoys AepeArQ "uoeN efpoQ eyl Woij peulelqo Weoj jees sueainfjod jo sisAjeue |euuay) uewey

8T uone10dio)) SIOION [BIUID)

'2-G anbi4

SwRI Project No. 18.03614

IMAVD4SQ L 9l
(1-91) ToqummdAE A\

Suyoransg
O0=D=ND

jf
=

€l

| Suyolang

.g.hnw\}/uz 4, Ml g 2355,?, 1..

28

Fos)-

9.0} , , _ _é-.

0%~

Lpwayuy saneey

[ 13- 13

[y

- !
w n 1

-00}

0=

General Motors Corporation







YI9€0"81 "ON 1930014 IIMS 62 uoneiodio)) SIOIOI [eISUD

<
o
S
x
2
"1-G 0._30_"_ Ul UMOYS ljeyj 0} Jejlus ww_omam wumcm>oow_ jenpisai jJO co_uQE:mCoo pue &
mm.mxc__ Jajso-epiwe ay) Jo Co_umﬁmhmmv feway} mc_amo_vc_ ‘ainjeiadwe} JOo uolounj e se asuodsel _m._uomam mw
ay} SMoys >m_._m>0 'SN004 pi04 8y} woly pauleiqo weo} jees 0:&5@520& JO m_m>_mcm jeuuay) uewey ‘¢-9 0‘_30_“_ v

o) " P~-AV04Sd  L8e

00s€ 000 005 000z 0051 0001 005
—..I:ll\llll.,!c)).z\\.l\l.l(\.(.}Jxl}}l,.f..\.i.i‘.i;.zl..vl..?.?ry?is.,..\§<.<{v.,\43.\i.},iii.g;a:(}i:.}lz,..\,.ﬁe} W z:wt.\,%{c,}iwé{: [-o0e-
2.002 ey !
‘___ R
%%é L ooz-

[y

o0 8

&
2. 001 ‘ m
st prsmtags e e %@é\?i; it # i o nm

s TVRTIRY IS . j

TR Y e R m
yy % m,._._ﬁwewm 2 Sumorens ﬁ a\‘ m# 2 :
O|U|Z U O”U & o ® ® © noU.v







uoneiodio)) SI010JA [elauan)

¥19€0°81 "ON 192/01d TS o€
<
2
‘pejoalep Jou aiam sejoeds ajeueAoos) fenpisay <
‘SpURIq SJOIYSA JOUI0 WOJ} SWEeo) Jejiwls yim pasedwod se joelep O} YNOUJP aIsm sefeyju)| Jeyse-eplwe S
oy} woy Buneuibuo suoneiqia Buiynyesis JAuoque) esnjessdwse} jo uonduny e se asuodsal [enoeds Z
ay) sMoys AepsnQ "OIND BPUOH 8y} Woly pauleiqo weoy jees eueyainfjod jo sishjeue jeuusy} uewey -G ainbi4 w
&
2
3
/7]
(1-00) JoquIMIsARA E-WVO4SH 'E# 9
00SE S,an __E,mu S,ON Sm— 8~E. R.vm
s PN
UO ONN E’ 0
Mot P
r00%
_ n
2,04} ! m
5y
g
Lo ¥
w =
g
:
@)
8 ‘dwie] wooy m
nD 1 ¥ 1, -0051 g
sl |> - £2 >
|« 8 7
: 2
e il O







¥19€0'81 'ON 13f01d TIMS 1€ uone10dio)) SIOI0N [eIdUdS)

-painsesw ebue) ainjeladws) sy} 19A0

spomjeu JswAjod sy jo Aujiqess [euwsyy poob Bunesipul ‘ainjesadwa) Jo uoRouny e sk asuodsal [esjoads ay)
smoys AeganQ lelleAe) 19]0JASYD 8y} WOl psureiqo 1edied JeyseAjod onewode Jo siskfeue [eulay) uewey G-G 8Jnbi4

100cNYOD L # e
(T-%w0) JequmuasEsy

DOSE 000€ 008 000Z 00S : 000} 00§

- . .éé‘\.{% o, f%}.;(zf_,ss.

— A " %hw;;z:if%s./ _\s:.,.,.‘.,;.%;,, \%,;/.%,%_%?,, ﬂ,2¢_s.,._%eﬂ;_;if..s_..f;:,?___ Lsm..
° i [ i :
, &
-oo0- E'
" TR —
%L ,\3 ,s}?,__‘ i {}i m
|
" Tsm.
2,09
Suryolens Sufymeng D= ,
=) / oLRWIOTY m
b S .xuv#t{.(i((«i:i)l...)\\.\zs{(.?\r(,..v.()\%.‘x}«ﬂ/ o il ir..\fa-?::. x-..a{ftx{(.—.(:c.\’!t\.s s ,\/}75 \,g Wl ._zﬁi‘ _\(«\3\_. I’
‘dule) wooy j J\ M) ..,c, ,5
3 : g ﬁ
o n - = :

SwRI Project No. 18.03614

31

General Motors Corporation






¥19€0°81 "ON 109fo1d [ImS (43 uone10dio)) SIOJON [eIausn)
<+
©
8
it
S
“
‘painsesw abuel ainjeiedwe} ay) _mw
180 Ylomieu JewAjod auyy jo Aujiqess jeuusy) poob Buieoipul ‘esnjesedwa) Jo uojouny e se asuodsal [esoeds 5
ay) smoys AeparQ °uoeN ebpoq ayi woyy paurelqo jodied Jeisedjod onewore Jo sisAjeue jeuusy} uewey “9-G ainbig 3
([-ow) aqumuzaaspy rOQdvO0 149
0ose 000¢ 002 000z 00S4 000} 00S
| \ Jihyd _‘,,..?,z‘ Iy ;,,‘J !
ey, sty AN e )1.}_%5.\:.:5_. \ ) ,.ﬁ_;_(}«) ﬁ Tl Il u !
S e é.n”._ “N.,.”,,} % 3;}. ,m}_v\f__{ %% méf_{%___ ; i k__‘j}_w_ - y{% , _}, xw 0001
) r_ i é .f; __é. W o
| _
|
"y :
]
.m.
Suyorong guyorens D=n &
0= \ onewory W
» e et /% Pl S
LN o NN e, AN oy Wy ).44‘.?...,. f_ .é‘., A ¥ .s _ \. )
e e UOOY Vo Waiturnnhh N m & 1§?~§.§ {z\’ m
B4 g : *. =
~ m by e ‘ m
g
&







$19€('81 "ON 129fo1d DIMS €€ uone10dIo)) SIOION [EIOUSD)

~tr
o
8
g
2
*SOAIlppe JO 8ouanbasuod e sk aousdsalon)j punoibyoeq o} enp £
aijewsjqold sem saBueyo [enoads jo Bunjoesn pue adAy 1eq)) Jo uoneoynuept Jadold -ainjeiedws) Jo UoRoUN) m
e se asuodses jesjoads ayl SMoys AepanQ "sndo4 piod 8y} Wwoly paulejqo jodres Jo sisAjeue jeunsy) uewey /-G aunbi4 2
(o) " T~ddiivid T
sw., oove oose viad e oot i
i
b o e e S 5}357{?}25_?5;(%;2 g fin, i 1 _MV i
T M e, ns._;.g |
i -
gﬁi%{
\_ §
e A g it e Yy %ﬁ?@ . jz % _é F H
2.09 [ % b
i L-pos )
ﬁ :
‘dwe ] wooy m
1 9Py 0=D E
| Io Suryoyens D=) . m
! onewory in







y19€0°81 "ON 1ofo1d TIMS Ve yoneiodio)) SIOIOW [eIdUaD

<
o
S
®
S
z
i
-painseeuws abues ainjeiadwa) syl m
19A0 omiau JewAhjod au} Jo Aupgess reuusuy poob Buneslpul ‘einjesadwse) Jo UOROUN) B SB asuodsai [enoeds 3
aup smoys AepanQ OO BpUOH 8 woyj paureiqo 1adied Ja)sekjod onewole Jo sisAjeue jeuusiy uewey ‘g-G ainbi4 v
LOOMYOH - L "
(1-902) J0qUALAARAL
oose 000E 005z 000z oos 000l i _
_ e o Ak ey Mol 3 ; y § U Ll fondbahd o3 .i.: L,;_,,_; 1 |
_w_lii.s.,.i!?.é ..... ORI 2L s P PR WRESIE SE PO & ,,‘.(}%, i&;f?ﬁ&?%%% A g&.??ﬁ_ﬂ‘%%?ﬁfﬁﬁ*%f V»__.H. r._k.,___‘.hﬁ?_?:?“é rco.
; » 082 . AR
; 3
ﬁ
"
- PTRwo—" L , A
- %}zgg}%%f;
|
w “ |
m . z
-k
; B
- “ o 5
, 2.944 o § e
3
Suyoseng Suryoens D=0 mv
| 0=D / onewory nm
. s iR _ | e it (LT o g
| vy 3 2 _3,{2%%} %%N%gi _ g
“, m ! B B
w ,_. M - S W o S
| 3 i :
| w







¥19€0'81 "ON 192[01d TMS

"SeANIpP
uoIISUBJ} Jj8U 8y} 8A0QE JO Je BeRoeds "sysw
ye (wsiydiowe “a°1) Buluepeo.q yeed resjoeds Buneolpui ‘el
smoys AeleAQ SN0 pio4 8y} LWOJ) PaUIelqo [eudjew jaue

DOSE

ooee

143

(1-500) IequmuaARA\

oos? 000C oost

® JOYj0 puE SjueI0j00 Aq pesned eousaselony s|dwes Buoss 0} enp pasinboe aq jou piNod
Ajreniuens pue sus)yos JewAjod ay) se sainjeladwe) pejeAs|d
nyesadwaey JO UOKOUN B St asuodsal [esjoeds ay)
d Joop susjAdoidAjod Jo sisAjeue [euusy) uewey ‘6-G ainbiyg

ooos
A

uone10d10)) SIOI0 [BIUAD

344 ammiaa

.81

‘dwe] wooy

3%2;%%{4%33{}?%%?}35{‘{}
\

eap)— L=

€ 4Tk

13-

ot
O
b
<
®
S
-4
8
=)
&
[~
3
v
I~NVdHQd - Lwe
00s
* L 0DE-
V)
oA
oo
]
B
]
m.
-0
=
e
=
2
8
@]
oot 14
g
[<]
p-3
=
[
2
00z nw







#19€0°81 "ON 19fo1d [YMS o¢ uoneiodio)) SIOIO [elsuaD)

<
o
8
o0
‘reusyews siy} =
JO uonisuel} JBW 8Y) SA0Ge pajedlpul Jou Sem seusye Jo uoneuuoy ay) 0} Buipes| suoissios ureyo ybnosy) 2
uolisodwooep sejnosjow jeuuayl ‘sysw AjenjueAs pue sueyos JawAjod ey} se sainjeledws) pejess|e g
1e (wsiydiowre ““a°1) Buiuepeoiq yead |enoeds Buneoipul ‘ainjesadws) Jo uoloun) B Se asuodsal [ejoeds ay) m
smoys AepsAQ "uosN abpoQ ey wouy paulelqo [eusiew yue) [any susiAyieAiod jo sisAjeue jeussy) uewey ‘0L-S a.nbig =
>
({w) 18 " =08N4G 0 L 8
aaw.m S,om emou ___a_o~ oost aa_o l g'm
2,922
P 0009
e e T 3 WA .5.:_1; 2
eyl A WA _1_%3;, ‘..ﬁ,,.?__f Pl Gttt {..., -
} \ ,, ..:\ W
(Sutuapeolq) f '
uonIsuel], w , | o00s-
LS\l " -
- LY TRy % r....i..i; .14.-!\..\ 1._.:..-._-4-+ i%‘r 1 "‘%
A 2 06} 53%%%{ é m
5
, ]
&
~000Z-
M [ =]
J;\). 909 £
g
3
Q
, 4
~ N b, S e AR o ]
b T m
=1 11l f:
-2 : § 58 5







6.0 SMALL-SCALE FIRE TESTS
6.1 Introduction

An extensive series of small-scale fire tests were conducted on samples prepared from the
parts that were obtained as described in Section 4.0. Two test procedures were
used: FMVSS 302 and ASTM E 1354 (Cone Calorimeter). The FMVSS 302 tests were
conducted primarily to provide baseline data in accordance with a conventionally practiced test
method. A much larger number of Cone Calorimeter tests were performed to obtain engineering
data for performance assessment of the materials. Details and results for the small-scale tests are
provided below.

6.2 FMVSS 302 Verification Tests

6.2.1 Test Procedure

A full description of the test procedure contained within FMVSS 302
and ASTM D 5132-94 is presented in Appendix A.

6.2.2 Test Matrix

A detailed test matrix for the FMVSS 302 testing is provided below in Table 6-1. Some
of the materials are not normally tested as a part of the standard. Exterior materials such as the
air cleaner assembly and the plastic fuel tank are exempt from the FMVSS 302 test requirements.
Tests were performed for these materials to provide a base line performance measure for all
materials, and a reference point for both exterior and interior materials to the current
requirements for automotive component flammability.

~ Table 6-1. FMVSS 302 Test Matrix

Chevrolet Cavalier Dodge Neon Honda Civic Ford Focus
Head Rest X
Seat (Cover) X X X
Seat (Foam) X X X X
Door Panel (Plastic) X X X X
Door Panel (Fabric) X X X
Door Panel (Foam) X
Headliner X X
Glove Box (Exterior) X
Glove Box (Interior) X
Carpeting X X X X
HVAC Parts X X
Kick Panel X
Air Cleaner Assembly X
Fuel Tank X
General Motors Corporation 37 SwRI Project No. 18.03614






6.2.3 Specimen Preparation

The test specimens were prepared as specified in ASTM D 5132-93 and FMVSS 302.
For many of the materials, it was not possible to obtain a 4 x 14-in long specimen. For these
materials the test specimen was constructed by placing together flat pieces of material such that
ridges and joinings were minimized on the sample surface. The side nearest the passenger
compartment was placed face down in the sample holder, and test specimens were held in place
by the retainer frame.

6.2.4 FMVSS 302 Test Results

FMVSS 302 test results for the four vehicles tested under this program are presented in
the following tables (Tables 6-2 to 6-5), along with observations noted during each test. A
material meets the test requirements if its burn rate, calculated as described in Appendix A, does
not exceed 4 in/min. Each of the components tested met the FMVSS 302 requirements for
interior automotive materials.
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6.3 ASTME 1354 Cone Calorimeter Test

6.3.1 Test Procedure

All tests were conducted in general accordance with ASTM E 1354, in the horizontal
orientation, with the edge frame and spark ignitor. Two types of tests were performed: full Cone
Calorimeter tests and ignition tests. The full tests were terminated after flameout and data were
recorded as specified in ASTM E 1354. The ignition tests were terminated when sustained
flaming occurred and only the time to ignition was recorded. Components of certain parts were
tested separately. For example, the seat foam and fabric was tested as a combination and the
foam was also tested separately.

Full Cone Calonmeter tests were generally conducted in duplicate at three heat flux
levels: 20, 35, and 50 kW/m?. The rationale for the choice of heat flux levels is discussed in
Section 3.0. If there was a major discrepancy between the two results, a third test was
performed. Single tests were conducted on materials that were not available m sufficient
quantity for the complete series. In a few cases only a single test at 35 kW/m? could be
performed.

Up to four additional ignition tests were performed at heat flux levels below 20 kKW/m?.
The objective was to bracket the minimum heat flux for ignition within * 1 kW/m®. “No
Ignition” was recorded if sustained flaming did not occur in 10 min.

6.3.2 Test Matrix

The parts and components of the Chevrolet Cavalier tested in the Cone Calorimeter are
listed in Table 6-6. The number of replicate tests at each heat flux level, the number of
additional ignition tests, and the page numbers in Appendix D, where concise repotts of the full
tests can be found, are also given in this table. Similar information for the Dodge Neon, Ford
Focus, and Honda Civic is presented in Tables 6-7, 6-8, and 6-9 respectively.

Full Cone Calorimeter tests were usually conducted in dupllcate If only a small quantity
of material was available, a single test was conducted at 35 kW/m? first. If possible, full tests
were also conducted at 20 and 50 kW/m®. Additional ignition tests were performed if excess
material was left over after a complete set of full tests.

A total of 203 full Cone Calorimeter tests and 79 additional ignition tests were
performed.

6.3.3 Specimen preparation

Test specimens were generally prepared according to the procedure in ASTM E 1354 for
products that are at least 6 mm (1/4 in.) in thickness, i.e., without a substrate. In most cases parts
were large enough so that complete 100 x 100 mm specimens could be cut (see Figure 6-1). In
some cases specimens had to be pieced together (see Figure 6-2). Seat specimens were prepared
from the bottom as specified in ASTM E 1474 (see Figure 6-3). Wire and conduit specimens
were prepared according to the procedure described in ASTM D 548S (see Figure 6-4).
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Table 6-6. Cone Calorimeter Test Matrix for Parts of the Chevrolet Cavalier

Full Cone Calorimeter Tests |Ignition |Appendix D
20 kW/m?|35 kW/m? |50 kW/m?| Tests Pages
Seat
Headrest 2 2 2 4 1-6
Cover & Foam 3 2 2 2 7-12
Foam 2 2 2 4 13-18
.. |Headliner 2 2 2 1 19-24
'E Glove Box Cover
£ | Exterior 2 2 2 3 25-30
™ | Interior 2 2 2 2 31-36
Door Panel
Plastic 2 2 2 4 37-42
Fabric 1 43-44
Carpet 2 2 2 2 45-50
HVAC Parts 3 3 3 3 51-56
.. |Air Fiter Assembly 2 2 3 57-62
2 (Wiring Harness
E Large Conduit 1 1 1 63-68
Small Conduit 1 1 1 69-74
Flat Section 1 75-76

Table 6-7. Cone Calorimeter Test Matrix for Parts of the Dodge Neon

Full Cone Calorimeter Tests |Ignition|Appendix D
20 kW/m? | 35 kW/m? |50 kW/m?| Tests Pages
Seat
Cover & Foam 1 1 1 1 77-82
Foam 2 2 2 4 83-88
.‘5 Door Panel
5 | Plastic 2 2 2 3 89-94
= | Cloth 1 1 1 3 95-100
Armrest 1 101-102
Carpet 3 2 2 4 103-108
Kick Panel 3 2 3 4 109-114
fExt. [Fuel Tank 2 2 2 2 115-120
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Table 6-8. Cone Calorimeter Test Matrix for Parts of the Ford Focus

Full Cone Calorimeter Tests |Ignition|Appendix D
20 kW/m? |35 kW/m?|50 kW/m?| Tests Pages

Seat
Headrest 1 1 1 121-126
& | Cover & Foam 1 1 1 127-132
% | Foam 2 2 2 4 133-138
= [Headliner 3 2 2 2 139-144
[Door Panel 2 2 2 4 145-150
Carpet 2 2 2 3 151-156
Ext. |Air Filter Assembly 2 2 2 3 157-162

Table 6-9. Cone Calorimeter Test Matrix fdr Parts of the Honda'Civic

Full Cone Calorimeter Tests |Ignition|Appendix D
20 kW/m? | 35 kW/m?|50 kW/m?| Tests Pages
Seat
Headrest 1 1 1 | 163-168
Cover & Foam | 1 1 1 ' 169-174
Foam 2 2 2 3 175-180
.. |Glove Box
§ Exterior 2 2 2 3 181-186
‘e | Interior 2 2 2 187-192
- [Door Panel
Grey Plastic 2 2 2 4 193-198
Black Plastic 1 1 1 199-204
Fabric 1 1 1 205-210
Carpet 2 2 2 2 211-216
> HVAC Parts 3 3 3 2 217-222
= |Wiring Harness 1 1 1 223-228
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6.3.4 Test Results

Complete results and graphs as required by the ASTM E1354 and ISO 5660 Cone
Calorimeter standards are compiled in Appendix D. Both standards require that tests be
conducted in triplicate. To reduce costs, materials were conducted in duplicate if enough
specimens were available. The heat release rate graphs in Appendix D indicate that repeatability
was generally very good. A third test was conducted only if there was a major discrepancy
between the two results. Usually, this occurred with specimens that had to be pieced together,
such as specimens of the HVAC parts.

Time to ignition measurements from the full and addition ignition tests are compiled in
Tables 6-10 through 6-13.

Thevy Doee N
pant L
2261T A

Figure 6-1. Chevrolet Cavalier door panel Cone Calorimeter specimens.
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Figure 6-2. Dodge Neon kick panel Cone Calorimeter specimen.

CHEVY SEAT

E- 1479
METHOD

Figure 6-3. Chevrolet Cavalier seat Cone Calorimeter specimen.
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Figure 6-4. Chevrolet Cavalier wiring hamess Cone Calorimeter specimen.

Table 6-10. Ignition Data for Parts and Components of the Chevrolet Cavalier

Headrest Seat (Foam & Cover) Seat (Foam) Headliner
Flux (kW/m®) |tig (s)] Flux (kW/m?) |t (5)] Flux (kW/m®) |ty (s)] Flux (kW/m?) |tz (5)|

50 11 50 8 50 2 50 7
50 11 50 9 50 2 50 7
35 24 35 16 35 2 35 12
35 30 35 21 35 3 35 13
20 49 20 34 20 10 20 124
20 51 20 39 20 12 20 153
15 77 18 298 15 20
10 121 16 NI 10 68
7 184 9 92
5 NI 7 NI
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Table 6-10. Ignition Data for Parts and Components of the Chevrolet Cavalier

(Continued)
Glove Box (Exterior) | Glove Box (Interior) | Door Panel (Plastic) Carpet
Flux (kW/m®) |t,; (s)] Flux kW/m?) |t (s)] Flux (kW/m®) |t;; (s)] Flux (kW/m?) |t (s)
50 22 50 23 50 21 50 34
50 23 50 23 50 21 50 35
35 43 35 61 35 42 35 S8
35 45 35 73 35 44 35 65
20 123 20 152 20 130 20 171
20 124 20 154 20 134 20 173
15 183 15 427 15 173 15 375
13 599 13 NI 12 320 12 NI
12 NI 10 448
8 NI
HVAC Parts Air Filter Assembly [Wiring Hamess (Thick){Wiring Harness (T hick)h
Flux (kW/m?) |t;p ()] Flux (kW/m®) |t (s)|| Flux (kW/m®) | tig (s)] Flux (kW/m?) |tig (s)

50 19 50 17 50 10 50 10
50 20 50 18 35 26 35 25
50 20 35 35 20 - 301 20 203
35 41 35 35

35 43 20 127

35 43 20 135

20 93 15 243

20 101 12 270

20 101 10 NI

15 204

10 451

8 NI
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Table 6-11. Ignition Data for Parts and Components of the Dodge Neon

Seat (Foam & Cover) Seat (Foam) Door Panel (Plastic) | Door Panel (Fabric)
Flux (kW/m®) |tig (s)] Flux (kW/m?) |t (s)] Flux (kW/m?) |t ()] Flux (kW/m?) |t (5)
50 8 50 2 50 23 50 27
35 21 50 3 50 24 35 54
20 641 35 3 35 48 20 351
18 NI 35 3 35 50
20 9 20 142
20 11 20 158
15 16 15 213
10 53 10 320
8 249 8 NI
7 NI
Carpet Kick Panel Kick Panel Fuel Tank
Flux (kW/m?) | t;g (s)] Flux (kW/m®) |tz (s)] Flux (kW/m?) |t;, (s)] Flux (kW/m?) |t (5)
50 25 50 25 15 170 50 39
50 28 50 26 10 360 50 40
35 53 50 29 8 515 35 88
35 54 35 46 6 NI 35 90
20 122 35 47 20 295
20 136 20 118 20 342
15 147 20 131 18 431
10 280 20 145 17 NI
8 NI
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Table 6-12. Ignition data for parts and components of the Ford Focus

Headrest Seat (Cover & Foam) Seat (Foam) Headliner
Flux (kW/m?) |t (5)] Flux (kW/m?) |t;, (s)] Flux (kW/m?) |t;s ()] Flux (kW/m?) |t (s))

50 5 50 23 50 2 50 9

35 23 35 43 S0 2 50 9

20 49 20 30 35 4 35 15
35 4 35 16
20 8 20 165
20 9 20 254
15 18 17 203
10 68 15 NI
7 478
5 NI

Door Panel Carpet Air Filter Assembly

Flux (kW/m®) |tig (s)] Flux (kW/m®) |tig (s)] Flux (kW/m?) |tig (s)

50 7 50 27 50 19

50 7 50 28 50 20

35 11 35 42 35 36

35 13 35 42 35 36

20 23 20 102 20 119

20 26 20 102 20 125

15 39 15 151 15 223

10 91 12 286 10 360

7 541 10 NI 8 NI

5 NI
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Table 6-13. Ignition data for parts and components of the Honda Civic

Headrest Seat (Foam) ‘I Glove Box (Exterior) § Glove Box (Interior)
Flux (kW/m?) |t ()] Flux (kW/m?) |t (s)] Flux (kW/m®) |tig ()] Flux (kW/m®) |tig (5)
50 17 50 2 50 29 50 23
35 24 50 2 50 29 35 42
20 60 35 8 35 50 20 116
35 9 35 51
Seat (Cover & Foam) 20 15 20 129 Wiring Harness
Flux (kW/m?) {ti; (s) 20 21 20 134 { Flux (kW/m?) tig (s)]
50 11 15 185 15 212 50 6
35 17 12 565 12 375 35 11
20 531 10 NI 10 NI 20 210
Door (Grey Plastic) | Door (Black Plastic) Carpet HVAC Parts
Flux (kW/m®) |t (s)] Flux (kW/m?) |tig ()| Flux (kW/m®) |tig ()] Flux (kW/m?) |t (s)
50 23 50 23 50 25 50 20
50 24 35 40 50 29 S0 24
35 42 20 128 35 52 50 26
35 44 35 55 35 41
20 98 Door (Fabric) 20 98 35 46
20 112 | Flux (kW/m?) tig (5) 20 101 35 50
15 118 50 35 17 187 20 99
10 289 35 58 15 NI 20 102
8 387 20 190 20 109
6 NI 10 372
8 NI
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7.0 INTERMEDIATE-SCALE FIRE TESTS
71 Introduction

A series of intermediate-scale fire tests was conducted on five Chevrolet Cavalier paits,
as described in Section 4.0. The test matrix for this testing is given in detail in Section 7.3. The
testing was conducted in general accordance with ASTM E 1623-02b, Standard Test Method for
Determination of Fire and Thermal Parameters of Materials, Products, and Systems Using an
Intermediate-Scale Calorimeter (ICAL). Details and results for the intermediate-scale tests are
provided below.

7.2 Test Procedure

All tests were conducted in general accordance with ASTM E 1623, in the vertical
orientation, with the edge frame (customized for various samples) and a pilot flame. The tests
were terminated after flameout and data were recorded as specified in ASTM E 1623. Figure 7-1
shows the apparatus and Figure 7-2 shows the apparatus with the calibration board in place.
There were three major deviations from the test standard, and they are as follows: :

1. Pilot Flame: the pilot used to ignite the pyrolysis gases was a smail open flame
(propane flowing through tubing) rather than a hot wire at the surface of the test
specimen.

2. Pilot Flame Insertion Time: the flame was inserted in the stream of pyrolysis gases at
a time that was calculated from the Cone Calorimeter ignition data. This was done to
minimize heat release rate variations due to random ignition time fluctuations.

3. Irregular Shaped Test Specimens: test specimens were tested as whole components
whenever possible and this made it necessary to design and construct adequate test
fixtures to support the specimens.

ICAL tests were generally conducted in duplicate at three heat flux levels: 20, 35,
and 50 KW/m?. The rationale for the choice of heat flux levels is discussed in Section 3.0. Also,
it was necessary to perform the ICAL tests at the same irradiance as the Cone Calorimeter tests
in order to solidify the data analysis. Single tests at three heat flux levels were conducted on
materials that were not available in sufficient quantity for the complete series.
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Figure 7-2. Calibration board in place on ICAL apparatus.

7.3 Test Matrix

The parts and components of the Chevrolet Cavalier tested in the ICAL are listed in
Table 7.1. The number of replicate tests at each heat flux level, and the page numbers in
Appendix F, where concise reports of the full tests can be found, are also given in this table. A
total of 24 full ICAL tests were performed on five different component parts.
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Table 7-1. ICAL Test Matrix

Full ICAL Tests Appendix E

20 kW/m? | 35 KkW/m® |50 kW/m?|  Pages

= Seat ]
2 . & | Back w/Headrest 1 1 I 1-9
‘E‘ E § | SeatFoam 1 1 1 10-18
gx iz {Door Panel (Plastic) 2 2 2 19-27
= " 5 |Carpet 2 2 2 28-36
~ |Air Filter Box 2 2 2 37-45

7.4 Specimen Preparation

Nearly all of the test specimens were irregular in shape and size. The ICAL was
developed for testing of planar specimens, so special sample holders were constructed to
accommodate these odd-shaped automotive components. When possible, samples were prepared
according to the procedure in ASTM E 1623. In most cases, however, parts were tested as whole
components supported by a custom frame or fixture. Due to this fact, drip pans were used to
catch burning pieces that fell during testing to maintain the mass loss rate measurement.
Table 7-2 shows a photograph of each specimen in its sample holder prior to testing and of each

test specimen’s initially exposed area.

General Motors Corporation

54

SwRI Project No. 18.03614







Table 7-2. |ICAL Sample Preparation Details

Automotive Component

Seat Back w/Headrest

Seat Foam Cushion

Door Panel (Plastic)

General Motors Corporation

Photograph of Prepared
Specimens in Sample Holders

protep——ry
RS-y

M
T

55

Initially
Exposed Area

(m?)

0.428

0.312

0.465
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Table 7-2. ICAL Sample Preparation Details (Continued)

Phot h of P d Initially
Automotive Component 1otograph ol Frepare Exposed Area
Specimens in Sample Holders (m)
— =~
“ ‘ - 1“"{‘5‘
Carpet \ iy 0.525
A
ﬁ ::;; vu “
Air Filter Assembly | ' 0.121

7.5 Results

Complete results and graphs for ASTM E 1623 tests are compiled in Appendix E. In
general, materials were conducted in duplicate if enough specimens were available. The heat
release rate graphs in Appendix E indicate that repeatability was generally very good.

Table 7-3 gives logistic information about the ICAL testing such as test number, material
identification, incident heat flux and data file name. Table 7-4 summarizes the ICAL data,
including peak heat release rate, total heat released, peak smoke production rate, total smoke
produced, total mass loss, peak carbon monoxide (CO) generation rate and total amount of CO
produced. :

Figures 7-3 to 7-7 show test photographs for the seat back with a headrest, the seat
bottom, the door panel, the carpet and the air filter box, respectively.
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Table 7-3. ICAL Test Information

General Mc‘)tors Corporation

. . Incident Heat Ignition
Test No. I d:::‘itf(.::::on Dat;;ol.?lle Date Tested Flux ) gI‘ime
(kW/m®) (s)
1 Seat Foam Cushion 001279 3/16/2001 50 3
2 Seat Foam Cushion 003279 3/16/2001 35 5
3 Seat Foam Cushion 004279 3/16/2001 20 15
4 Air Filter Box 005279 3/19/2001 20 171
5 Air Filter Box 006279 3/19/2001 20 171
6 Air Filter Box 007279 3/19/2001 35 51
7 Air Filter Box 008279 3/20/2001 35 51
8 Air Filter Box 009279 3/20/2001 50 24
9 Air Filter Box 010279 3/20/2001 50 24
10 Door Panel (Plastic) 011279 3/22/2001 50 29
11 Door Panel (Plastic) 012279 3/22/2001 50 29
12 Door Panel (Plastic) | 013279 3/22/2001 35 59
13 Door Panel (Plastic) 014279 3/22/2001 35 59
14 Door Panel (Plastic) 015279 3/22/2001 20 170
15 Door Panel (Plastic) 016279 3/26/2001 20 170
16 Seat Back w/Headrest | 018279 3/26/2001 35 23
17 Seat Back w/Headrest | 019279 3/26/2001 50 12
18 | Seat Back w/Headrest | 020279 3/27/2001 20 55
19 Carpet 021279 3/29/2001 20 249
20 Carpet 022279 3/29/2001 20 249
21 ~Carpet 023279 3/29/2001 35 91
22 Carpet 024279 3/29/2001 35 91
23 Carpet 025279 3/29/2001 50 46
24 Carpet 026279 3/29/2001 50 46
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Table 7-4. ICAL Test Results Summary

Peak Heat Release Time of Total Heat I;e;l;lsl:i(:)l;e Total Smoke
Test No. Rate (HRR) Peak HRR Released Rate Prodt;ced
(kW) (s) M) (m%/s) (m°)
1 288.4 42 18.4 0.75 57.2
2 250.3 54 29.1 0.60 56.9
3 258.4 78 27.2 0.55 50.8
4 114.6 300 41.1 0.65 741.7
5 148.4 294 59.7 - 0.37 366.2
6 119.5 168 50.3 0.43 410.6
7 129.6 192 48.4 0.64 637.6
8 144.3 282 67.8 0.48 385.1
9 114.0 198 51.3 0.30 199.7
10 3825 138 91.1 1.11 304.7
11 4215 138 96.6 1.59 331.24
12 351.8 168 77.6 1.10 278.1
13 422.7 186 104.3 1.09 338.8
14 346.6 342 90.4 1.36 2772
15 371.1 324 94.2 1.48 389.6
16 386.4 96 51.5 1.79 158.2
17 374.0 114 55.3 3.03 168.9
18 350.3 120 44.1 1.28 118.1
19 83.8 366 22.6 0.28 124.2
20 93.6 384 23.0 0.30 129.9
21 1574 186 29.7 0.30 122.8
22 152.8 174 38.1 0.23 85.7
23 150.1 155 50.0 0.27 91.1
24 201.0 180 54.6 0.24 49.3
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Table 7-4. ICAL Test Results Summary {Continued)

Peak CO Generation | Total CO | Peak Mass | Average Heat |Total Mass
Test No. Rate Produced Loss Rate jof Combustion; Loss
(g/s) (g) (g/s) (kJ/g) _(®
1 1.07 97.5 13 30 613
2 0.98 108.2 27 33 893
3 1.05 101.6 13 44 611
4 0.54 383.8 6 37 1108
5 0.61 454.8 14 54 1109
6 0.42 210.5 18 37 1348
7 0.44 165.6 15 43 1125
8 0.46 208.9 21 61 1118
9 0.37 79.8 14 52 981
10 1.33 288.9 14 43 2136
11 2.21 433.5 35 44 2207
12 2.04 357.1 44 38 2018
13 1.62 207.8 23 49 2112
14 1.90 330.8 12 45 1989
15 1.57 337.0 15 44 2148
16 4.01 307.9 25 32 1624
17 3.15 184.4 45 33 1664
18 2.92 301.8 65 27 1631
19 0.65 207.3 10 32 702
20 0.45 100.6 9 28 833
21 0.63 205.9 8 28 1066
22 0.86 3233 27 29 1318
23 0.89 3484 13 40 1254
24 0.32 26.5 13 34 1597
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Figure 7-4. Seat foam cushion — test in progress.
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Figure 7-5.

Door panel (plastic) — test in progress.

General Motors Corporation

Figure 7-6. Carpet.
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Figure 7-7. Air filter assembly — test in progress.

8.0 DATA ANALYSIS
8.1 Introduction

The main objective of the analysis is to establish a correlation between small-scale
flammability test data of materials used in motor vehicles and the fire performance of
components that are made of these materials. A secondary objective is to relate more
fundamental physical and chemical material properties to the flammability data. Two
approaches are explored to accomplish the main objective.

The first approach is the simplest and consists of one-on-one correlations between
parameters measured in the small-scale flammability tests and in the component tests. As a
minimum, this requires that at least one set of small-scale and intermediate-scale tests be
conducted under comparable conditions. The primary variable of these conditions is the heat
flux at which the tests are performed. For this first approach to be meaningful, it is important
that a heat flux be selected which is representative of the exposure conditions in real fires
involving the component being evaluated. The representative heat flux may vary as a function of
the location of the component, i.e., whether it is inside or outside the passenger compartment and
whether it is in the path of fire propagation or not.

The second approach is much more complex. It involves the development of one or more
fire hazard or fire performance indices from the small-scale data, and uses the intermediate-scale
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results to verify their validity. These indices are typically based on fairly simple theoretical or
empirical expressions that explain the relationship between flammability properties of materials
and some aspect of their performance in real fires. To obtain the properties, small-scale test data
are required over a range of exposure conditions, i.e., at several heat flux levels. To ensure that
the results of the approach are meaningful, the range of heat fluxes has to be representative of
those observed in real fires. It is particularly important that the test conditions cover the high end
of heat fluxes. -

The scalability of the approach and test-method can be postulated in the following way.
First it is important to establish some definitions for the scaling laws employed in the present
analysis. The relationship between microscopic, macroscopic, component, and system behavior,
consistent with the scaling laws of the approach, is simplified by way of illustration in
Figure 8-1, which will be used here to aid in the present discussion.

Near the center of this illustration lies the Cone Calorimeter data (i.e., small-scale test
data) from which macroscopic flammability behavior — both pre- and post-ignition — is

" determined, and from which component and system behavior may be predicted. The downward

scalability of the Cone Calorimeter data pertains to the linkage between microscopic and
macroscopic behavior. This linkage, however, is relevant only within the pre-ignition phase of
the material because the thermal-physical properties measured at this level only involve phase
transitions and exothermic processes not associated with combustion. The MDSC data, which
has been corroborated to a limited extent with spectroscopic analysis, will be used to represent
the microscopic behavior of the material, and to establish the downward scalability of the Cone
Calorimeter technique.

Composition and Thermal Physical Properties } Microscopic ~
Behavior A
1} T
3 > Pre-ignition
§ .
Cone Calorimeter Data } g’acm.swpw Scalability ~
ehavior
Component Mode
t T
Intermediate Scale Calorimeter Data }gomp(.mem §- > Post-ignition
ehavior
System Model
Full-Scale Car Burn Data } 183)' stem _
ehavior

Figure 8-1. A scheme illustrating the scalability laws postulated for the
test-method.
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Under this scheme, upward scalability, therefore, pertains to the predictive value of data
derived from small-scale Cone Calorimeter measurements for estimating flammability behavior
at the component and system level. Naturally, the thermodynamic factors that are pertinent at
this level are manifested in the post-ignition behavior of the material. As described earlier, these
factors include the time to ignition (tig), the peak rate of heat release (HRRpeax), and the total heat

release (THR).
8.2 Downward Scaling

The analysis begins here with an assessment of the downward scalability of the
small-scale Cone Calorimeter measurements for all component materials tested; the upward
scalability will be addressed later. In this assessment, the microscopic parameter of importance
derived from the MDSC measurements (Tables 5-1 to 5-4) is for each component material the
sum of the enthalpies for endothermic and exothermic events in the range of 0 to 300°C. Since
this sum for an individual material is dominated by the heats of fusion for first-order phase
transitions, it will be designated heretofore as Toral -AHp,, (0 — 300°C), recognizing that in some
instances an exothermic event may also contribute to the net value (such is the case for
polyurethane foams). Recalling from the argument above that the microscopic or downward
scalability of the Cone Calorimeter data pertains to pre-ignition phenomena, the only appropriate
parameter to consider is the time to ignition (tijy) subject to the incident heat flux of the
measurement.

Tables 8-1 to 8-4 summarize the combined set of microscopic and
macroscopic parameters derived from MDSC and Cone Calorimeter measurements,
respectively. From these tables, the correlation between the microscopic parameter of
importance, Total -AHp, (0 — 300°C), and the time to ignition (tig) as determined from the Cone
Calorimeter was assessed at each heat flux for all materials combined. The results of these
correlations are illustrated in Figures 8-2 to 8-4. In each case a linear regression algorithm was
used to fit the data and to determine the corresponding confidence interval (95% CI) as shown.

As indicated in the plots, a positive correlation can be derived from the relationship
between the microscopic enthalpies of the material and the time to ignition determined
macroscopically by the small-scale Cone Calorimeter. While these correlations are not
statistically strong (0.4 < > < 0.5), they are intuitively consistent from a thermodynamics
viewpoint in that large endothermic latent heats as a consequence of first-order phase transitions
would be expected to delay the ignition of the material under the influence of constant heat flux.
Notably too, the correlation improves slightly as the heat flux is increased (Figure 8-4).

The most obvious outliers to the said correlations are annotated in each plot to illustrate
some important trends. From these annotations, it is shown that carpet and fabric fibers (PET)
deviate most from the downward scalability of the Cone Calorimeter measurements. However,
such component materials exhibit first-order melt transitions that occur at relatively high
temperatures (256°C) in comparison with most other component materials, such as the polyolefin
or polyurethane components. Additionally, the decomposition temperature as reported by
others [42] (approximately 300°C) quickly follows the melt temperature, which would indicate
that the melt transition is also close to the temperature of ignition.
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As a test for the relevance of these correlations, the downward scalability of
the FMVSS 302 standard method was assessed in the same manner as the Cone Calorimeter
method. In this case, the measured burn rate of each component material was employed. The
result of the correlation is shown in Figure 8-5, which expectedly shows no microscopic
scalability.
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Figure 8-2. Correlation between the total microscopic enthalpy prior to ignition in the
range O — 300°C, as determined by MDSC measurements, and the time to
ignition as determined by the Cone Calorimeter test method at a constant
heat flux of 20 kw/m?. Plot shows cross-section of all vehicle materials
tested regardless of vehicle brand, along with the linear best-fit (solid line)
and the corresponding 95% confidence interval (dotted line). Regression
line parameters are: = 0.4236; tig = 0.74(-AHy,s) + 83.9.
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Figure 8-3. Correlation between the total microscopic enthalpy prior to ignition in the
range 0 — 300°C, as determined by MDSC measurements, and the time to
ignition as determined by the Cone Calorimeter test method at a constant
heat flux of 35 kw/m?. Plot shows cross-section of all vehicle materials
tested regardless of vehicle brand, along with the linear best-fit (solid line)
and the corresponding 95% confidence interval (dotted line). Regression

line parameters are: r* = 0.4447; t; = 0.24(-AHys) + 18.8.
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Figure 8-4. Correlation between the total microscopic enthalpy prior to ignition in the
range O — 300°C, as determined by MDSC measurements, and the time to
ignition as determined by the Cone Calorimeter test method at a constant
heat flux of 50 kW/m?. Plot shows cross-section of all vehicle materials
tested regardless of vehicle brand, along with the linear best-fit (solid line)
and the corresponding 95% confidence interval (dotted line). Regression
line parameters are: r* = 0.4825; tig = 0.13(-AHys) + 9.11.
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Figure 8-5. Correlation between the total microscopic enthalpy prior to ignition in the
range 0 — 300°C, as determined by MDSC measurements, and the burn -
rate as determined by the FMVSS 302 test standard. Plot shows
cross-section of all vehicle materials tested regardless of vehicle brand.
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8.3 Upward Scaling
8.3.1 Simple Approach

Figure 8-6 compares peak heat release rates measured in the ICAL apparatus to those
measured for the same materials in the Cone Calorimeter at the three heat flux levels. In both
cases the heat release rate is expressed per unit initially exposed area. In case of the ICAL, the
values were obtained by dividing the peak heat release rates in Table 7-4 by the initially exposed
area in Table 7-2. Heat release rates measured in the Cone Calorimeter are already expressed on
a per unit initially exposed area.

Ideally one would expect a one-on-one relationship as shown by the straight line in
Figure 8-6. The three symbols below the line are for the carpet, which stayed in place during
the ICAL tests. The peak heat release rates for this material are slightly lower in the ICAL
because peak burning does not occur over the entire surface at the same time. Because of this
convolution effect, the peak heat release rate measured in the Cone Calorimeter is a conservative
estimate for the peak heat release rate in full-scale for a material that does not melt and drip.

For the other four components, however, peak heat release rates are much higher in
the ICAL and relatively independent of incident heat flux. The fact that heat release rates are
much higher is primarily due to the fact that the buming area at peak release rate is significantly
greater than the initially exposed area due to melting. The melted material is captured in a pan at
the bottom of the specimen holder and forms a liquid pool fire that enhances the heat release rate
from the burning surface. The burning rate of the pool fire is driven primarily by the heat
transfer from the flame, which explains why the heat release rate is relatively independent of
incident heat flux. '

1200
1000 A 20 KW/m? A . ]
— =
E - | @35 kw/m? . .A . " =
S 800 | A
= - | 50 kW/m?
a 600
T
o
< 400 |
<
3] : ° "
200 | Ae >| ‘
-
0 1 1 1 ] I 1
0 200 400 600 800

Cone Calorimeter PHRR (kW/m?)

Figure 8-6. Comparisdn of Cone Calorimeter and ICAL peak heat release rates.
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8.3.2 Complex Approach

Tables 8-5 through 8-8 give some commonly used material fire hazard indices for the
components of the Chevrolet Cavalier, Dodge Neon, Ford Focus, and Honda Civic respectively.
These indices are defined in reference [47].

In most cases the Critical Heat Flux (CHF) was measured within *1 kW/m? by
bracketing, but in some cases the CHF had to be determined by extrapolation. In a few cases
available data were insufficient to determine the CHF.

The Thermal Response Parameter (TRP) is equal to the inverse of the slope of a linear fit
through data points in a graph of (lltig)“ ? versus incident heat flux. Only data points in the
thermally thick regime, i.e., ignition times at 35 and 50 kW/m? were considered. '

The ranges of fire hazard index values in the following tables is similar to those reported
by Tewarson [47], except that the range of Fire Propagation Index (FPI) values appears to be
higher in this study. This is probably due to the fact that peak heat release rates at 50 kW/m?
were used, while Tewarson probably used (lower) average heat release rates. Tewarson [47]
states that materials with an FPI of 10 m**/kW?’-s"2 are expected to have a decelerating fire
propagation. The critical value as calculated in this study is probably closer to 20 m> kW52,

Table 8-5. Fire Hazard Indices for Parts of the Chevy Cavalier

CHF TRP FPI
kW/m?) | kW-s"%/m?) | (m**kwW?-s"?)
Seat
Headrest 6 138 41
Cover & Foam 17 127 52
Foam 8 45 129
.‘5 Headliner 19 149 33
5 Glove Box Cover
= | Exterior 12 240 23
Interior 14 174 29
[Door Panel
Plastic 9 228 26
Carpet 14 337 16
HVAC Parts 9 216 25
.§ Air Fiter Assembly 11 214 29
§ Wiring Harness
FE Large Conduit 13 125 42
Small Conduit 11 129 48
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Table 8-6. Fire Hazard Indices for Parts of the Dodge Neon

CHF TRP
kW/m?) |(kW-s"m?) | (m**kw?-s"%)
Seat

Cover & Foam 19 111 62
.. | Foam 7 57 102

°§ Door Panel
:E Plastic 9 237 28
Fabric 10* 366 20
Carpet 9 261 24
Kick Panel 7 327 19
Ext.{Fuel Tank 17 282 28

*

Determined from extrapolation

Table 8-7. Fire Hazard Indices for Parts of the Ford Focus

CHF TRP FPI
kW/m?) | (kKW-s"*/m?) | (m** /kW*-s'?)

Seat
Headrest o* 63 B7
_’é‘ Cover & Foam NA 268 24
& | Foam 6 96 67
= |Headliner 16 189 25
Door Panel 6 168 40
Carpet 11 412 15
Ext.|Air Filter Assembly 9 251 25

*

Determined from extrapolation
NA Could not be determined
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Table 8-8. Fire Hazard Indices for Parts of the Honda Civic

CHF TRP FPI
&W/m?) | &W-s"/m?) | (m* kW ='?)
Seat
Headrest NA 390 15
Cover & Foam 12* 254 27
Foam 11 41 132
.. [Glove Box Cover
£ | Exterior 11 334 23
E | Interior NA 277 28
Door Panel
Grey Plastic 7 277 22
Black Plastic NA 298 25
Fabric NA 398 18
Carpet _ 16 269 20
+ HVAC Parts 9 255 26 .
= |Wiring Harness 12* 141 46

NA Could not be determined
*  Determined from extrapolation

Figure 8-7 shows that the peak heat release rate in the ICAL at 40 kW/m? appears to be
nearly independent of the FPI, which implies that the FPI may not be a reliable indicator of
performance in full-scale. This poor correlation can be explained by the fact that all materials
except the carpet melt when tested in the ICAL. For melting materials, the additional heat
release rate from the pool fire at the bottom of the sample holder needs to be considered.

1200 '
i A

E 1000
§ 800 A A A
£ 600
E
- 400 -
< X
Q 200 | ,e—1Camel

0 L i b1 . L — e i L L e N S A

0 30 60 90 120 150
FPI (m**xw?s'?)

Figure 8-7. Comparison of FPI and ICAL peak heat release rates.
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9.0 CONCLUSIONS AND RECOMMENDATIONS

In summary, this study has assessed whether or not a small-scale test based on the Cone
Calorimeter method could be used to gauge the flammability behavior of materials used in motor
vehicles. The present study has shown that, with the appropriate range of heat flux values,
small-scale Cone Calorimeter measurements enable an accurate and representative prediction of
the flammability behavior of materials used in motor vehicles. They have also shown that the
replacement method conforms to thermodynamic scaling laws — both in terms of microscopic
scalability as well as macroscopic component and system scalability. Along the critical path
toward the empirical validation of the replacement test method, the most salient results of this
study can be summarized as follows.

1.

An extensive review of published literature and unpublished reports indicated that
propagation times of vehicle fires measured in full-scale fire burns are within the
range of estimates from field investigations, although this range is rather wide and
based on a very small sample. Whether or not the vehicle has crashed prior to fire
initiation in the engine compartment does not seem to make much difference.
These data indicated that the most suitable heat flux ranges for evaluating the fire
performance of motor vehicle components and materials were as
follows: 0-61 kW/m? for components in the engine compartment; 20-40 kW/m? for
components in the passenger compartment; and, 10-180 kW/m? for exterior
components exposed to a fuel spill fire.

Interior parts account for most of the exposed area and quantity of combustible
materials inside the passenger compartment based on the findings of earlier work by
Abu-Isa et al. [42-45]. Approximately two-thirds of all parts tested in the present
study were, therefore, selected from inside the passenger compartment. This
selection criterion proved to be appropriate for validating the scaling laws of
component and system behavior as determined by the present study.

Analysis of the microscopic thermal properties of component materials indicated
that, with the exception of polyurethane foam materials, all other materials
subjected to MDSC analysis exhibited crystalline polymer morphologies with well-
defined first-order melt transitions.

At a molecular level, polyurethane seat foam materials exhibited the most change as
a function of temperature (< 300 °C). These changes were consistent across most
vehicle brands, and provided evidence for thermal degradation of the polyurethane
network. The specific form of thermal degradation appears to occur via chain
scission of the amide-ester linkages of the urethane network. A noteworthy
phenomenon too was the initial presence and subsequent consumption of unreacted
isocyanate species. '

The thermo-molecular stability of carpet and fabric fibers of the aromatic polyester
type, such as polyethylene terephthalate (PET), was the best among all component
materials tested.
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6. Component materials consisting of polyolefin thermoplastics, polypropylene and
polyethylene, also exhibited thermal stability to the extent that molecular
degradation was not observed within the said temperature range (< 300 °C).

7. A positive correlation was derived from the relationship between the microscopic
enthalpies of component materials and the time to ignition determined
macroscopically by the small-scale Cone Calorimeter measurements, independent
of vehicle brand. Notably, the correlation improved slightly as the heat flux was
increased. It was shown that carpet and fabric fibers (PET) deviate most from the
downward scalability of the Cone Calorimeter measurements. '

8.  Overall, the Cone Calorimeter test method was shown to be scalable down to the
microscopic thermal behavior of most materials. By contrast, no such scalability
laws could be derived from the FMVSS 302 test standard.

9. At a macroscopic level, the Fire Propagation Index (FPI) determined by the Cone
Calorimeter methods can provide a reasonably accurate indication for full-scale fire
behavior as long as the materials stay in place and do not melt and drip. Materials
with an FPI of 20 m*>*/kW?*-s!? as defined in this study, i.e., based on the peak
heat release rate at 50 kW/m? measured in the Cone Calorimeter are expected to
have a decelerating fire propagation. Of all materials tested in this study carpets
and fabrics had the lowest FPI values and are expected to have the best performance
in an actual automobile fire.

10. Peak heat release rate of automobile parts in a real fire will be higher than expected
on the basis of the FPI of the materials involved if these melt when exposed to heat.
The heat release rate of these types of components appears to be relatively
independent of incident heat flux and can be estimated more accurately on the basis
of a pool fire analysis. The pool fire size in the ICAL experiments conducted as
part of this study was determined by the size of the catch pan at the bottom of the
specimen holder. More work is needed to develop a methodology for estimating
the pool fire size in actual vehicle fires.
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A.1 THE CONE CALORIMETER

For organic solids, liquids, and gases, a nearly constant net amount of heat is released per
unit mass of oxygen consumed for complete combustion. An average value for this constant
of 13.1 MJ/kg of O, can be used for practical applications and is accurate with very few
exceptions to within + 5%. Therefore, measurements of the oxygen consumed in a combustion
system can be used to determine the net heat released. This technique, generally referred to as
the “oxygen consumption technique,” is now the most widely used and accurate method for
measuring heat release rate in experimental fires.

The Cone Calorimeter is a sophisticated small-scale test apparatus, which measures the
rate of heat release of materials and products under a wide range of conditions using the oxygen
consumption technique. A schematic of the instrument is shown in Figure A-1. Other useful
information obtained from Cone Calorimeter tests includes time to ignition, mass loss rate,
smoke production rate, and effective heat of combustion.

TEMPERATURE AND DIFFERENTIAL
PRESSURE MEASUREMENTS TAKEN HERE

LASER EXTINCTION

BEAM INCLUDING GAS SAMPLING FOR
TEMPERATURE ANALYSIS (OPTIONAL)
MEASUREMENTS
EXHAUST
HOOD
CONE HEATER
EXHAUST SPARK
BLOWER (GNITER
GAS SAMPLING SAMPLE

(HRR MEASUREMENTS)

LOAD CELL

Figure A-1. Schematic of the Cone Calorimeter apparatus.

In the Cone Calorimeter, a square sample of 100 x 100 mm (4 x 4 in.) is exposed to the
radiant flux of an electric heater. The heater is in the shape of a truncated cone and is capable of
providing heat fluxes to the specimen in the range of 10 to 110 kW/m2. An electric spark
ignition source is used for piloted ignition of the pyrolysis gases produced by the radiant heater.

Test specimens are to be representative of the product’s end use and can have a
maximum thickness of 50 mm (2 in.). Specimens with a thickness of less than 6 mm are to be
tested using a substrate that is representative of end-use conditions. Prior to testing, the test
specimen is wrapped in aluminum foil, backed with a layer of low-density refractory fiber
blanket, and placed in a standard specimen holder. An optional edge frame can be used to retain
the sample within the specimen holder during testing. A load cell is used to measure the mass
loss of the specimen throughout the duration of the test.
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At the start of a test, the specimen (in the appropriate holder) is placed on the load cell,
which is located below the heater. The top edge of the specimen is typically positioned 25 mm
below the base plate of the heater. An electric spark ignitor is located 13 mm above the center of
the specimen. Ten sec after the pyrolysis gases released by the specimen ignite, the electric
spark ignitor is removed.

The products of combustion and entrained air are collected in a hood and extracted
through a duct by a fan. A gas sample is drawn from the exhaust duct and analyzed for oxygen
concentration. Smoke production is determined on the basis of the measured light obscuration in
the duct using a laser photometer located close to the gas sampling point. The gas temperature
and differential pressure across an orifice plate are used for calculating the mass flow rate of the
exhaust gases. ,

The Cone Calorimeter apparatus, calibration procedure, and test protocol are
standardized in the United States as ASTM E 1354-99 and NFPA 271: 1998, “Standard Test
Method for Heat and Visible Smoke Release Rates for Materials and Products Using an
Oxygen Consumption Calorimeter” and internationally as ISO 5660-1:1993, “Fire tests—
Reaction to fire—Part 1: Rate of heat release from building products—(Cone Calorimeter
method).” ASTM E 1354 and NFPA 271 are functionally identical to ISO 5660 except that
the ISO standard does not address smoke production. SwRI’s Cone Calorimeter is capable of
performing tests in accordance with the ASTM, NFPA, and ISO standards.

A.2 INTERMEDIATE-SCALE CALORIMETER

The Intermediate-scale CALorimeter (ICAL) forms the subject of ASTM
Standard E 1623. A schematic of the ICAL apparatus is shown in Figure A-2. The apparatus
consists of an array of gas heaters, forming a vertical radiant panel with a height of
approximately 1.33 m and width of approximately 1.54 m. A standard test specimen
measures 1 m x 1 m, and is positioned parallel to the radiant panel. Irradiance to the specimen is
preset to a maximum of 50 kW/m? by adjusting the distance to the panel. Gas flow to the panel
is controlled to maintain the temperature to the panel, and consequently the irradiance to the
specimen. The products of pyrolysis from the specimen are ignited with hot wires located close
to, but not in contact with the specimen at its top and bottom. The specimen is placed in a holder
that is put on a load cell to measure mass loss during testing. Panel and specimen are positioned
beneath the hood of the standard room test, ISO 9705. All products of combustion are collected
in the hood and continuously extracted through the exhaust duct. Instrumentation is provided in
the duct for measuring heat release rate on the basis of oxygen consumption. A smoke
photometer is also included for measuring smoke obscuration in the duct. The ICAL has also
been used to test non-planar specimens exposed from one side to a uniform radiant heat flux.
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Figure A-2. Schematic of the ICAL apparatus.

A.3 FEDERAL MOTOR VEHICLE SAFETY STANDARD (FMVSS) 302

FMVSS 302 addresses flammability for materials used in the occupant compartments of
motor vehicles (passenger cars, multipurpose passenger vehicles, trucks and buses). The primary
purpose for the development of this standard was to reduce deaths and injuries to passengers
caused by fires originating in the passenger compartment. Typical materials that are tested are as

follows:

Seat cushions

Seat belts

Convertible tops

Trim panels

Head restraints

Sun visors

Shades

Engine compartment covers
Instrument panel padding

General Motors Corporation

Seat backs

Headlining

Arm rests

Compartment shelves

Floor coverings

Curtains

Wheel housing covers

Mattress covers

Other material designed to absorb
crash energy
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These materials are tested if any portion of the material is within %2 in (13 mm) of the
occupant compartment air space. All materials that do not adhere to other materials at every
point of contact are required to meet a requirement for the rate of flamespread. Materials that are
adhered at every point of contact are tested together, to a thickness of Y2in. If it is not possible to
prepare a flat specimen because of surface curvature, the test specimen is prepared so that the
thickness does not exceed 2 in at any point. Materials are prepared to dimensions of 4 x 14 in,
with a maximum thickness of %2 in, and are prepared with the surface material in the direction
that provides the most adverse test results. Materials with napped or tufted surfaces are combed
twice against the nap prior to testing.

Test specimens are mounted in a U-shaped frame face down. Specimens that are less
than 2-in wide are supported in a special frame with wire supports. The frame is placed into a
ventilated 8 x 15 x 14-in (200 x 380 x 355-mm) tall chamber (shown below) to protect against
drafts. The gas flow to a Bunsen burner is adjusted to provide a 1.5 in. (38 mm) flame, and the
bummer is placed % in below the center of the open end of the frame. The underside is exposed to
the flame for 15 sec, and timing is recorded when the flame front reaches a point 1.5 in from the
exposed end. The time for the flame to travel along the underside of the specimen, from a
point 1.5 in from the exposed end of the frame to a point 1.5 in from the clamped end of the
specimen, is recorded. The rate of flamespread is then calculated.

12 IN. <<
et U gt e rop et pr TP Bpocmn. 32 17 Mk Tk VENTILATING
N CLEARANCE
. )
I

> HEAT
hown v 1 I -3 RESISTANT

e J GLASS

1172 IN.
212N,

3/8 IN.
LEGS 5SIN
3/4 IN.
VENTILATION
HOLES

Figure A-3. Left — specimen holder; right — test chamber.

If the material burns for not more than 1 min, and progresses no farther than 2 in from the
point where timing began, it is considered to meet the burn-rate requirements. If the flame front
self extinguishes before it reaches the end point, the time is recorded to the point where flaming
stops.

FMVSS 302 does not specify the number of specimens that are tested. Other test
methods, such as ASTM D 5132-93, “Standard Test Method for Horizontal Burning Rate of
Flexible Cellular and Rubber Materials Used in Occupant Compartments of Motor Vehicles,”
specify that five specimens be burned in each direction if the material has a coating or covering
that is considered to be directional. The FMV standard states that materials with directional
coatings are to be tested in the direction that produces the “worst case” performance.
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Model; Chevrolet Cavalier

Mass: 820 g
1.81b

Part; Headrest

Color; Gray fabric

Part No.: 12457891

Dimensions: 191 x 267 x 102 mm
7.5x 10.5 x4 in.

Description; Two mm gray vinyl cover exterior, polyurethane foam interior. Two 9.5-mm
(3/8-in.) diameter steel rods protruding from the bottom of the headrest, 140-mm (5.5-in.) long.

Model; Chevrolet Cavalier

Mass; 1500 g, 520 g (fabric), 980 g (foam)
3.3 1b, 1.1 Ib (fabric), 2.2 1b (foam)

Part: Seat back (cover and pad)

Color: Gray fabric, yellow foam

Part No.: 22589249

Dimensions; 559 x 508 x 102 mm
22 x20 x4 in.

Description: Gray fabric adhered to yellow foam with 102-mm (4-in.) wings.

Model: Chevrolet Cavalier

Mass: 1380 g, 420 g (fabric), 960 g (foam)
3.0 b, 0.9 Ib (fabric), 2.1 Ib (foam)

Part: Seat bottom (cover and pad)

Color; Gray fabric, yellow foam

Part No.: 12532840

Dimensions: 559 x 508 x 102 mm

22 x 20 x 4 in.
Description: Gray fabric adhered to yellow foam. |
Model: Chevrolet Cavalier Mass: 8360 g
381b
Part; Headliner Color: Tan/gray

Part No,: 22619703

Dimensions: 889 x 1321 x 7 mm
35 x52x%x9/32in.

Description; One whole piece.

General Motors Corporation
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Model: Chevrolet Cavalier Mass: 1990 g
4.381b
Part: Glove box cover Color: Gray exterior, black interior
Part No.: 22587440 Dimensions: 254 x 381 x 25 mm
10x 15 x 1in.

Description: Three-layered construction. Dark gray plastic exterior, steel middle portion, and
black plastic inside.

Model: Chevrolet Cavalier Mass; 1400 g
3.1b
Part: Door panel Color:; Black/gray plastic
Part No.; 22618443 Dimensions; 864 x 533 x 3.2 mm
34x21 x1/8in.

Description: Plastic, with 152 x 229 mm (6 x 9 in.) area covered in fabric similar to seat cover
fabric.

Model: Chevrolet Cavalier Mass: 10400 g
2291b
Part: Carpet Color: Dark gray carpet with multi-colored
foam backing
Part No.: 22628609 ) Dimensions; 1422 x 1727 x 20 mm
56 x 68 x 25/32 in.

Description: Dark gray carpet with 13 mm (1/2 in.) foam backing. Foam covers ~75% of the
area of the carpet.

Model: Chevrolet Cavalier Mass; 196 g

0431b

Part; HVAC vents Color; Black
Part No.: 52460744 Dimensions: 241 x 279 x 4 mm
’ 95x11x5/32in.

Description; Irregularly shaped black plastic. Material is homogenous.
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Model: Chevrolet Cavalier

;

Part: Air filter assembly

Color: Black/gray plastic

Part No.; Dimensions:

Description;

Model: Chevrolet Cavalier Mass: 1400 g
3.1b

Part: Wiring Harness

Color: Black conduit, multi-colored wire

Part No.: 22621025

Dimensions; Main trunk, 1067 mm (42 in.)
long x 32 mm (1.25 in.) dia. Branch, 305 mm
(12 in.) long x 13 mm (0.5 in.) dia. Plastic
box, 254 x 64 x 51-mm (10 x 2.5 x 2-in.)

Descnptlon Three plastic box containers, conduits containing wires. Conduits of varying

diameter and thickness.
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Figure B-1. Chevy Cavalier Headrest
Figure B-2. Chevy Cavalier Seat Back
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Figure B-6. Chevy Cavalier Headliner l =
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Figure B-9. Chevy Cavalier Door Pane

1 (Inside)
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Figure B-12. HVAC Vents
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Figure B-13. Chevy Cavalier Air Filter Assembly

Figure B-14. Chevy Cavalier Wiring Harness
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Model: Dodge Neon

Mass: 3550 g, 1860 g (frame), 340 g (cover),
1340 g (foam)
7.8 1b, 4.1 Ib (frame), 0.8 Ib (cover),
2.9 1b (foam)

Part: Seat bottom

Color; Gray/black

Part No.: SL491AZZAA

Dimensions: 508 x 483 x 102 mm
20x 19 x4 in.

Description: Seat cushion complete with spring bars on metal frame bottom. Two fabrics
make up approximately 50% each of coverage. Back of cover contains pink and yellow foam,

each 50%.

Model: Dodge Neon

Mass: 2270 g
5.01b

Part: Door panel

Color; Tan (grayish)

Part No.: PZ15WLSAK

Dimensions: 914-813 x 533 x 3 mm (36-32 x
21 x 1/8 in.), fabric is 165 x 406 mm (6.5 x

16 in.), circular speaker is 152 mm (6 in.) dia.,
and the padded armrest is 305 x 76 x 25 mm
(12x3x1in.)

Description: Tan plastic is 90% of front. Seat contains door handle mechanism, and a fabric
area about the padded armrest. Also contains storage compartment and 25-mm (1 in.) dia.
hole, which is surrounded on reverse side by 76-mm (3-in.) square by 44 mm (1.75 in.) deep
foam. On reverse side is the door handle mechanism, white padding 394 x 254 mm (15.5 x 10

in.), and a clear plastic cup under the armrest.

Model: Dodge Neon

Mass: 9730 g
2i41b

art: Carpet

Color: Black carpet, gray vinyl backing

Part No.: TN47XDVAA

Dimensions: 1397 x 1829 x 3 mm (55 x 72 x
1/8 in.), cutout in center is 838 x 191 mm (33
x 7.5 in.) Padding: two 508 x 508 x 13 mm
(20 x 20 x 0.5 in) + one 1143 x 254 x 13 mm
(45x10x0.5in.) +two 508 x 178 x 13 mm
(20 x 7 x 0.5 in.)

Description: Black carpet with gray vinyl backing over entire surface.

General Motors Corporation

B-11

SwRI Project No. 18.03614



Model; Dodge Neon Mass: 126 g
) 031b
Part: Kick panel Color; Tan

Part No.: PV77WLSAB

Dimensions: 152 x 3 mm (6 x 1/8 in.) and
102 x 152 mm (4 x 6 in.) triangle

Description: Textured tan plastic.

Model: Dodge Neon

Mass: Shield: 840 gor1.81b

Part; Fuel tank

Color; Black w/ metallic shield

Part No.: 50172094A

Dimensions; 813 x 533 x 216 mm.
32 x21 x8.5in.

Description: Plastic fuel tank, 1 only. Fuel cap is 152 mm (6 in.) dia. red plastic w/ white rim.
Metal shield is on opposite end from the fuel inlet. Depression on tank measures 140 x 89 mm
(5.5 x 3.5 in.) on the bottom side of the tank. Several gauge and instrumentation holes are

present in tank.
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Model: Ford Focus Mass: 1280 g
: 281b
Part; Headrest Color: Gray

Part No.: YS4254611A08BBB

Dimensions: 254 x 203 x102 mm (10 x 8 x 4
in.) with 2 10 mm (3/8 in.) rods, 165 mm (6.5

in.) long.

Description: Gray vinyl fabric over foam.

Model: Ford Focus Mass: 940 g
2.11b
Part: Seat foam Color: Yellow

Part No.: YS4Z5464810AB

Dimensions: 660 x 483 x 152 mm
26 x 19 x 6 in.

Description: Extruded polyurethane foam, wings are 102 mm (4 in.) high.

Model: Ford Focus Mass: 710 g
1.61b
Part: Seat cover Color; Gray

Part No.; YS4Z462900BAB

Dimensions; 584 x 508 x 165 mm (23 x 20 x
6.5 in.) wide on the side. “Carpet” fabric is
102 x 660 mm (4 x 26 in.) -

Description: Semi-rounded cover w/ foam and cloth backing. Two types of fabrics, “carpet”
and vinyl with plastic seams 3 mm (1/8 in.) in dia. Fabric is backed with a pink foam (75%)

and a white foam (25%).

Model: Ford Focus

Mass: 1680 g
3.71b

Part; Headliner

Color; Gray/tan

Part No.: YS4Z5451916AAB

Dimensions; 1499 x 991 x 3 mm (59 x 39 x
1/8 in.), 51 x 127 mm (2 x 5 in.) cutout

Description;

General Motors Corporation
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Model: Ford Focus

Mass: 2590 g
571b

Part: Door panel

Color; Gray/tan

Part No.: YS425423942AAB

Dimensions: 559 x 762 x 3 mm (22 x 30 x
1/8 in.) plastic, one block of foam, 76 x 254
32 mm (3 x 10 x 1.25 in.) thick on back. 127
x 305 mm (5 x 12 in.) cutout for door handle,
padded armrest panel 89 x 432 mm (3.5 x 17
in.) above armrest, and 25 x 711 mm (1 x 28
in.) weather strip.

Description;

Model: Ford Focus

Mass: 8180 g
18.0 Ib

Part; Carpet

Color: Gray/green back

Part No.: YSAZ5413000BAF

Dimensions: 1321 x 2032 x 6 mm
52 x 80 x Y4 in.

Deécrigtion; Molded carpet with green foam (80% coverage) adhered to back

Model: Ford Focus

Mass:

Part: Air filter assembly

Color: Black plastic

Part No.: YS429600NA

Dimensions: Main box, 267 x 127 x 152-203
mm (10.5 x 5 x 6-8 in.) Small box was 152 x
76 x 89 mm (6 x 3 x 3.5 in.)

Description:

General Motors Corporation
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General Motors Corporation

FORD Focus

HEADREST
2-43-0
HYSH2 5441/408888

Figure B-22. Ford Focus Seat Bottom Cover

B-18

SwRI Project No. 18.03614



Figure B-23. Ford Focus Seat Bottom Foam

General Motors Corporation

- Figure B-24. Ford Focus Headliner
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General Motors Corporation

Figure B-26. Ford Focus Door Panel (Inside)
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Index (cont’d)

94.Ford Focus: seatcover; covering; re-run
95. Ford Focus: seatcover; covering; re-run
96. Ford Focus: seatcover; foam

97. Ford Focus: seatcover; foam; re-run
98. Ford Focus: seatcover; batting

99. Ford Focus: seatcover; batting; re-run

100. Ford Focus: headliner; foam w/brown backing

03614-103.097
03614-103.098
03614-103.099
03614-103.100
03614-103.101
03614-103.102
03614-103.103

101. Ford Focus: headliner; foam w/brown backing; re-run 03614-103.104



72. Dodge Neon:
73. Dodge Neon:
~ 74. Dodge Neon:
75. Dodge Neon:
76. Dodge Neon:
77. Dodge Neon:
78. Dodge Neon:
79. Dodge Neon:

- 80. Dodge Neon
81.Dodge Neon:
82. Ford Focus:
83. Ford Focus:
84. Ford Focus:
85. Ford Focus:
86. Ford Focus:
87. Ford Focus:
88. Ford Focus:
89. Ford Focus:
90. Ford Focus:
91. Ford Focus:
92. Ford Focus:
93. Ford Focus:

Index cont’d

seat fabric; re-run

kick panel; re-run

door panel fabric

door panel fabric; re-run
carpet

carpet; re-run

fuel tank; gray part

fuel tank; gray part; re-run

: fuel tank; black part

fuel tank; black part; re-run
air cleaner

headrest; white foam
headrest; white foam; re-run
headrest; backing

headrest; backing; re-run
carpet; fibers

carpet; fibers; re-run

door panel: beige plastic part
door panel; beige plastic part; re-run
door panel; back two layers
headliner; gray outer part

headliner; gray outer part; re-run

03614-103.073
03614-103.075
03614-103.076
03614-103.077
03614-103.078
03614-103.079
03614-103.080
03614-103.081
03614-103.082
03614-103.083
03614-103.085
03614-103.086
03614-103.087
03614-103.088
03614-103.089
03614-103.090
03614-103.091
03614-103.092
03614-103.093
03614-103.094
03614-103.095
03614-103.096



Index cont’d

49: Honda Civic: headrest; foam part

50: Honda Civic: headrest; re-run
51: Honda Civic: HVAC ducts
52: Honda Civic: HVAC ducts; re-run

53: Honda Civic: wiring harness

54: Honda Civic: wiring harness; re-run

55. Honda Civic
56. Honda Civic
57. Honda Civic
58. Honda Civic
59. Honda Civic
60. Honda Civic

61. Dodge Neon:
62. Dodge Neon:
63. Dodge Neon:
64. Dodge Neon:
65. Dodge Neon:
66. Dodge Neon:
67. Dodge Neon:
68. Dodge Neon:
69. Dodge Neon:
70. Dodge Neon:
71. Dodge Neon:

: carpet; light color

: carpet; light color; re-run

: carpet; hard middle part

: carpet; middle part; re-run

: carpet; gray part

: carpet; gray part; re-run
armrest; soft gray part
armrest; soft gray part; re-run
armrest; hard plastic part
armrest; hard plastic part; re-run
door panel plastic

door panel plastic; re-run
seat foam

seat foam; re-run

seat foam backing

seat foam backing; re-run

seat fabric

03614-103.050
03614-103.051
03614-103.052
03614-103.053
03614-103.054
03614-103.055
03614-103.056
03614-103.057
03614-103.058
03614-103.059
03614-103.060
03614-103.061
03614-03.062
03614-103.063
03614-103.064
03614-103.065
03614-103.066
03614-103.067
03614-103.068
03614-103.069
03614-103.070
03614-103.071
03614-103.072



25.
26.
27.
28.
29,
30.
31.
32,
33.
34.
3s.
36.
37.
38.
39,
40.
41.
42.
43:
44:
45:
46:
47:
48:

Index cont’d

Chevy Cavalier: wiring harness; rectangular
Chevy Cavalier: wiring harness; rectangular; re-run
Chevy Cavalier: wiring harness; spiral

Chevy Cavalier: wiring harness; spiral; re-run
Chevy Cavalier: seat cover

Chevy Cavalier: seat cover; re-run

Chevy Cavalier: carpet; backing

Chevy Cavalier: carpet; backing; re-run

Chevy Cavalier: carpet; nap

Chevy Cavalier: carpet; nap; re-run

Honda Civic: door panel; gray plastic

Honda Civic: door panel; gray plastic; re-run
Honda Civic: seat back cover; green foam
Honda Civic: seat back cover; gray backing
Honda Civic: seat back cover; green foam; re-run
Honda Civic: seat back cover; gray backing; re-run
Honda Civie: door panel; fabric |
Honda Civie: door panel; fabric _

Honda Civic: door panel; black plastic

Honda Civic: door panel; black plastic; re-run
Honda Civic: exterior glove box

Honda Civic: interior glove box

Honda Civic: exterior glove box; re-run

Honda Civic: interior glove box; re-run

03614-103.026
03614-103.027
03614-103.028
03614-103.029
03614-103.030
03614-103.03]

03614-103.032
03614-103.033
03614-103.034
03614-103.035
03614-103.036
03614-103.037
03614-103.038

03614-103.039
03614-103.040

- 03614-103.041

03614-103.042
03614-103.043
03614-103.044
03614-103.045
03614-103.046
03614-103.047
03614-103.048
03614-103.049



Index of DSC Experiments

. Chevy Cavalier: door panel; black plastic; #22618443 03614-103.001

. Chevy Cavalier:

. Chevy Cavalier: door panel; backing w/o foam;re-run

. Chevy Cavalier:

door panel; backing w/o foam

door panel; cloth

. Chevy Cavalier: door panel; foam; re-run

. Chevy Cavalier: door panel; cloth; re-run

1
2
3
4
5. Chevy Cavalier: door panel; foam
6
7
8

. Chevy Cavalier: door panel; black plastic;re-run
9. Chevy Cavalier: HVAC ducts

10. 'Chevy Cavalier:
11. Chevy Cavalier:
12. Chevy Cavalier:
13. Chevy Cavalier:
14. Chevy Cavalier:
15. Chevy Cavalier:
16. Chevy Cavalier:
17. Chevy Cavalier:
18. Chevy Cavalier:
| 19. Chevy Cavalier:
20. Chevy Cavalier:
21. Chevy Cavalier:

22. Chevy Cavalier:
23. Chevy Cavalier:
24. Chevy Cavalier:

HVAC ducts; re-run

air cleaner

air cleaner; re-run _

glove box outside; #22587440
glove box outside; re-run
glove box inside

glove box inside; re-run
headrest; black part; #1245789
headrest;‘\foafn part

headrest; black part; re-run
headrest; foam part; re-run
seat foam #22589249. .

seat foam; re-run |

headliner center foam #2261 97,0'3

headliner center foam; re-run

03614-103.003
03614-103.004
03614-103.005
03614-103.006
03614-103.007
03614-103.008
03614-103.009
03614-103.010
03614-103.011
03614-103.012
03614-103.013
03614-103.014
03614-103.015
03614-103.016
03614-103.017
03614-103.018
03614-103.019

" 03614-103.020
~03614-103.021

03614-103.022

| 03614-103.023

;

g
AR R

03614-103.024
03614-103.025
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ORIGINAL MDSC THERMOGRAMS
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General Motors Corporation

Figure B-38. Honda Civic HVAC Ductwork
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Figure B-39. Honda Civic Wiring Harness
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General Motors Corporation
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Figure B-37. Honda Ci
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Figure B-36. Honda Civic Carpet
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General Motors Corporation
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Figure B-35. Honda Civic Door Panel (Inside)
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General Motors Corporation

Figure B-33. Honda Civic Glove Box
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General Motors Corporation

Figure B-31. Honda Civic Seat Back Cover
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Model: Honda Civic

Mass: 2140 g
4.71b

"

art: Door panel

Color: Gray plastic, black plastic trim

Part No.: 83583-S5A-A01ZC

Dimensions; 559 x 940-838 x 3 mm (22 x
37-33 x 1/8 in.), fabric is 203 x 305 mm (8 x
12in.)+ 127 x 330 mm (5 x 13 in.) Top trim
is 102 x 940 mm (4 x 37 in.). Hole is 127 x
64 mm (5 x 2.5 in.), speaker is 178 x 152 mm
(7 x 6 in.), foam is 127 x 114 x 102 mm (5 x
4.5x4in.), and 267 x 127 x 25 mm (10.5 x 5
x 1 in.) for second piece.

Description; Front contains gray plastic, black plastic trim, speaker and irregularities (arm
rest, map storage compartment, etc). Back contains two foam pads of the above dimensions.

Model; Honda Civic

Mass: 5360 g
11.8 Ibs

Part: Carpet

Color; Dark gray, black plastic backing, gray
foam

Part No.: 83801-SFA-A012B

Dimensions; 1270 x 1930 x 5 mm
50 x 76 in x 3/16 in.

Description: Pad covers 70-80% of back surface. Carpet has black vinyl backing. A small
piece of 51 mm (2 in.) thick foam is present on the driver side front corner, and two small
pieces of 19 mm (3/4 in.) foam are present at the rear corners.

Model: Honda Civic

Mass: 2200 g
481b

Part; Wiring harness

Color; Black plastic conduit, multi-colored
wires

Part No.: 3220-S5A-A00

Dimensions: Twenty-three pieces of varying
length and diameter. Longest piece is 1727 x
19 mm (68 x % in.)

Description: Wire in conduits of varying thickness. No plastic box connectors.

General Motors Corporation
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Model: Honda Civic Mass: 730 g
1.61b
Part; Headrest Color; Dark gray

Part No.: 811040-55A-A012A

Dimensions: 254 x 216 x 114 mm (10 x 8.5 x
4.5 in,), steel bars are 140 mm (5.5 in.) long
and 10 mm (3/8 in.) in dia.

Description; Fabric is the same as the front fabric on the seat.

Mgdel: Honda Civic

Mass: 480 g
1.11b

Part; Seat Cover (for back)

Color; Dark Gray

Part No.: 81521-S5A-A01ZA

Dimensions; 711 x 559 x 178 mm
28x22x 7in.

Description: Top panel is 305 x 178 mm (12 x 7 in.), side panels are 178 x 432 mm (7 x 17
in.), and the exposed front panel is 470 x 356 mm (18.5 x 14 in.) Four different fabrics: 1.
Seat front (30%) 2. Seat Side (30%) 3. Seatback (30%) 4. Seat felt trim (10%). A small
plastic sill is present along the bottom approximately 25 x 394 mm (1 x 15.5 in.) Note: Seat
bottom was not purchased for testing. Cover backing is foam material.

Model; Honda Civic

Mass; 1250 g
2.8 1b

Part. Seat Foam (from seat back)

Color; Yellow

Part No.: 81522-55A-A01

Dimensions; 711 x 451 x 38 mm
28 x 17.75 x 1.5 in.

Description: PUR foam for the seat back. Irregularly shaped, wings on sides.

Model: Honda Civic

Mass: 1520 g
330b

Part: Glove compartment

Color: Tan exterior, black interior

Part No.: T1500-S5A-A01ZA

Dimensions; 432 x 267 x 22 mm (17 x 10.5 x
7/8 in.), plastic holder inside is 305 x 191 mm
x 152-25 mm (12 x 7.5 x 6-1 in.) in triangular
dimensions

Description; Slightly curved exterior, black plastic interior. Compartment inside is triangular.
Compartment is 100% plastic materials, 3 mm (1/8 in.) thick.

General Motors Corporation
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General Motors Corporation

Figure B-29. Ford Focus Air Filter Assembly
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General Motors Corporation
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Figure B-28. Ford Focus Carpet Backing

B-21

SwRI Project No. 18.03614



SjuaW WSU| V1 HGZA lesieAaun AOov ohsum._maEm._. dn ox3
00€ 052 002 gl . oQk _ 05 . 0

910

~v1°0-

K1a%

-0L°0-

(B/M) mo|d JesH AeY

-80°0-

~90°0-

y0°0-

81 92Z2# uondod yjop :laljeae) AAay) Juswilo))

gz:9} L0-Ae-01 :8jeq uny POUIOW DSAW :POUISI
WrM :iojesedo 9Sd Bw ogL L)L 0218
G00"€0L-19E0\OSA\V "D lld WoID-j8ued 100q :eidwes



SIUBW 1SU} VL HS'ZA [ESIeAUn (9.) eumesadwa | . dn oxg

00€ 052 002 051 004 0 0
. ? 2 _ 1 2 d : 900

A

(6/M\) MO[d JeaH ASJUON

900

80°0
SH¥8192¢# uonod LWIo usleABD) AABYD) JUsSWILIOD)
9z:91 L0-Ae-01 :91eq uny POWBA OSAW PoUIsiy

WrM 10jesado 9Sd bw QOEL Ll :821S
G00°€0L-#LIEONOSAN "D Bl yojD-jaued Joo( :aidwes



SJUBWIWSU| V1 HS'ZA IBSIeAun (D.) aimesedws | dn oxg
00€ 052 054 001 . 05 . 0

90°0-

- g-OI

-¢00-

(6/A\) mold4 JesH

~000

200
181 92¢2# Weo) JisljeAe) >>ch JUaWIWIO)
Z1:60 L0-AeN-L 1 91eq uny POUIN DSAW :POuIeN

WM JojesedO 0SAa bw 0089’y :9zIS
900°€0}-¥19€0\OSA\ "D -8l weo4-jsued Jooq :aidweg



. i E B - e . , .
' - ' ’ l ' ' ‘ '.F '~ s l

SJUSWIUISU| V1 HS'ZA 1BSJenuN (D,) ainjesodwa | : dn oxg

00€ . 05¢ . 002 . oSt ) 001l ) 0S . 0

clo

- L0

~01L°0-

-60°0-

(6/M) mold JedH AsY

~80°0-

- 1070~

90°0-
Y81 9ZZ# Weo} LaljeAe) Aray) jjuswwio)

:60 LO-ABN-L | :81eqg uny poylelN OSAN POUIBIN
ero0 WrM :JojesedQ 1Sd bw 0089y :ez1S
900°€04-¥1L9E0\OSA\V "D lid weoj-feued Joo( :eidwes



SjusIISU| W1 HS ZA [ESIBAlUN AOov ainjesadwa | dn oxg
00€ 0S¢ . 002 oSl 00l

000

~¢0'0

~v0°0

-90°0

~80°0

(/M) mo)q yeaH AaJuoN

~0L°0

~Cl'0

v1°0
€181 922# Weoj LslleAe) ArayD Juswiwod

2160 L0-Ae-1 | :8jeq uny POWON DSAN :poyis
WrM ojesadQ 9S0d bw 0089y :@zIS

. 900°€0}-¥19€0\OSAV "D :@8lid Wweo4-jsued Jooq :aidweg



| ;

sjusW WJsU| V1 HGZA IESIBAIUN AOoV ainelodwo | dn ox3
00€ . 052 _ 002 . 051 . 001 . 05

oLo-

-G00-

~000

(B/M) mold 1eeH

-G0'0

-0L°0

SL'0
c¥¥8192Zi Weoy Leljeae) AreyD Juswiwio]
ot:L1L L0-Ae-L | :81eg uny powyoly OSAN -POUISN

WrM -ojesedo 9Sd bw 008Y'S :0ZIS
L00°€01-¥L9E0\OSA\":D lid (unu puz) weod-jaued Joo(q :oidwes



SJUSLL SU] Y1 HG'ZA [BSIOAUN (D,) 8anjesadwa | dn oxg
00€ . 0§¢ . 002 . oSl . 001 . 0S

LL°0-

-0L°0-

~60°0-

~80°0-

(B/M) mol4 Jesl Asy

-20°0-

90°0-
EY¥819CZ# Weoy 1sljeAe)d AAsy) Juswiwon)
ov:LL LO-AeN-1 1 :8jeq uny POYIoN OSAW :Pous
WIM :JojessdQ 7Sd : bw gogy's :ezig
200°€01L-¥1L9€0\OSa\"":D 9lld , (un1 puz) weo4-jeued Joo( :aidweg



(D,) aimesadwa | dn oxg
0 0
¢, ogh . op 08, Qo

sjusw UIsu} V1 HGZA [esieaun
00€ 052

.

~G0°0

-0L°0

G0

(B/M\) mojd JesH ASIUON

-02°0

G20
. €181 922# Weoj aljeAe) AreyD usLiLo)
ovn_‘:‘o%m_\/_.._._‘“oﬁocsm Uoﬁos_owo_z”voﬁws_

1i0jesedO bw 0ogy's 8z1S
Bo.mowiomoﬁ.%u,sno olld osd (uru pug) weog-jeued 100Q :eidwes




SJUBW USU| V1 HGZA IES0AUN (D,) @amesadwa ]

dn ox3
00¢€ - . 05¢ o 00c _ oSl . 001 ‘ 0S 0
— I"O-
T
[¢]
8
RL
(o]
=3
2
Q
~00
1’0
_ SPY8192ZZ# W00 J1slfeae) Arey) Juswiwio)
0S:€l 10-AeN-1] Bjeq uny PoYIB DSAW :POUISN
WrM uojesedO NSAd bw 00509 :821S
800°€0L-¥19E0\OSA\ "D :9jid

(urnu pug) Wyo|D-jauey Jooq :eidwes



SjueWI SU] V.1 HG'ZA JESIOMUN (D,) @ameladwa | dn oxa
00€ 052 . 002 l 051 . 001 . 0S , 0

y—

810"

-9L°0-

-v1°0-

K4

~0L°0-

(B/M) Mol JesH AsY

-80°0-

- 90'0—

¥0°0-
SY¥81.922# WO Jaljeae) Ay uswwo)

0S:€l Lo-Aen-1 1 :sjeqg uny Poulely OSAW :POUIPN
WM ojeledQ 9Sd i bw 00509 :921S
800°€0L-7L9EONDSAV "D 9l (unu pug) Yojo-leued 1ooQ :aidwes



SUBWIISU V.1 HG'ZA [BSIonUN (D.) aimesodwa dn ox3

00€ . 052 . 002 . 051 _ 00} . 05 . oo
000
=
O
] =2
2
L
D
-G00 =
n
E:
&
~01°0
S1°0

. E¥¥81922# UIo 1eleAeD AreyD Juswiwo)
0S:€L L0-AeN-L| :ejeq uny PO DSAW :Pouiep

WrM -lojessdQ ‘ bw 0050’9 :az
800°€01L-¥19€0\OSA\" "D 84 9Osd (un1 pug) yio)D-jeuey J00Qq ”anm.m



L
GI GNS G OGNS OGNS GO OO NN N Ny W W0 e G A an e A e

SjuBW sU| Y.L HS'ZA 1BSIeAlun (0,) a1mesadwa |
0Q€ 052 002 051

° dn ox3g

0oL 0S . 0

Vo
Du¥0° L9} . i

- m-OI

= N-OI

(6/M) moi JeaH

— F-Ol

| \¥ .
\\\‘\\—‘ —-

birogiiL

0.20°2S} . i

10
£YY819ZZH duseld doeld LslfeAe] AAeyQ Juswwo)
8Z:GL L0-AeN-1| :81eQ Uny poulely OSAW Pouleiy

WrM Hojesedo 0sda Bw ooyLy :ezs
600°€0L-¥L9EONDSA\V "D -Blid (unu pug) onse|d Jig-jsued Jjooq :sidwes



SIUBW 145U] V1 HGZA [esIaAun (0,) axmesadwa ) dn ox3

00€ . 052 . 002 , 051 . 001 . 0S .
0.92°291 020
-81°0-
-91°0~
A
L]
<
i T
(]
o
L0 T
-3
, =
Q
¢l 0
B/re6 as )
0.67°2E1 -01°0-
800~

i €YY8192Z# onse|d yoe|g sljeaen) Aaay) :
82SL LO-Ae-11 :s1eQ UNY # i Pele _uosws_ o.mw__\w_c“wﬂﬁm_w

WrM :ojetadQ bw 'y 9z
600°€01L-¥19€0\OSA\"":D ol osd (unz pug) onseld yig-jeuey .A_u%%m ”M_aEm.m

-



SuUBWILISU] V1 HGZA [ESIOAN (D,) @injesadwsa | dn ox3
. 00€ . 052 . 002 . 05} . 0QL . 0S . o
0.82° 91 f
- F.OI
Z
O
B =2
®
<
I
o
-00 =
n
(o]
=
G
- 10
Biree oy
0.86'6G} !
Z0
SYP819ZZ# Oseld doeld Jejjeae) AAayQ Juswiwo)
82:GL L0-AeN-1| :8jeq uny poulely DOSAW :PouIeiN
WM Jojesedo 1Ssd bwooy.y @218

600°€0L-¥L9E0\OSAN "D 8lid (un1 pug) onseld Yig-leued 1ooq :eidwes



SUBWINNSU| VL HG ZA esiaalun AOoV 0.5“_@_0&:._@._.

dn ox3
00¢€ . 0ge . 002 _ 0S1 . 001 0S
1 A .V.Ol
0.1£691

- m.Ol
|N.Ol w
0
M
, g
=
-1’0~ @

Biri6Ly
D.5v'622 : I
l ] } 1 T |
™ /\\ B/rvz 08
0.62°€G1 i
D.£€ V€T 00
1’0
SJoNQg DVYAH :l8ljeAe) Anayn ;Juswiwio
2v:80 L0-AeN-¢| ejeq uny pouley o_%__»_ ﬁosm_w
. WrM :Jojeiedo 1Sd bw 0065’9 :82i5
0L0'€0L-¥L9E0\OSA\ "D i S}ong DVAH-1eeer~ees oidweg



lllll'-llll'-"l; -

SIUBLILISU| Y.L HG'ZA [ESI9AIN (D,) aimesodws ] dn ox3
00€ . 052 . 002 . 05} . 00l . 0S .
0,0.L°LG} Ul
¢ 0
0,60'GEC
6/re9s20°0 D
D,02°€ET Lovo 2
T
)]
o
i Ll
2
6/rg8 0€ . =
D,59'6C} 80°0 W
-90°0-
00
s1onQ DVAH JljleAed AasyD Jusawiwo)
Z¥:80 L0-AeN-p| -81eq Uy poyieiN OSAN -POYIPIN
WFM -01esedo 1Sd bw 0065’9 :BZS

0L0°€0L-¥19E0NOSAV ™D 8iid sjona OVAH-leued 100Q eidweg



SJUBLU UISU| V1 HG'ZA [ESIOAN (D,) eamesadwa | dn oxg
00¢€ . 052 . 00z _ 051 00k 0S 0
oo.mm.me ¢
- —.Ol
Z
O
- 3
@
<
T
o
-00 ~
o
(o]
3
biragoy — - s
0.02°62¢ m\_amNm.v @
0.55°G5}
-1°0
0.5¥¥€2
A
S1oNA JVAH :J8lfeAe) Aray) uswiwod)
280 LO-ABN-pL ejeQg uny PouIs|y DSAW :POyIBIN
WIM -ojesedo 0sd bw 00659 :ez1g

01L0°€0L-¥L9E0NOSA\V ™D ‘8l

$1oNQg OVAH-leued 1ooq :aidweg



SjuBW S| Y1 HS ZA IesIsAlun AOov o._:_—m._masm._. : dn ox3
00¢ ) 05¢ . 00¢ . oSt . 0Ql . 0S . o
0.65'¥91

- N-Ol

|
Q
(B/m) mold JesH

Biri6€L -00
0.52°€S}
1’0
s1ong DVAH Jalleaed Aaay) juswiwio)
G¥:0} L0-AeN-¥1 :8jeqQ uny pouloy OSAN :POUIBN
o WM :JojeledO 9Sd bw 0oze's :ez1S

LLO'E0L-FLOEONDSAV 2O 8lid (Z unu) sjoNQ JVAH-ekEd-ieaq. B1dwes



SIUBW WSU] V1 HS'ZA [ESIOAIUN (D.) aunjesadwa | dn oxg
00 09z 0z o o0b 08

0C°0-

~81°0-

910~

~yL°0-

(6/M) Mol JesH Aey

~¢L0-

~01°0-

80°0-

s}onNg OVAH -18jjeae) >>®r_0 Juswiwio)

S¥:0L L0-Ae-y| iejeq uny POYISN OSAWN -poutay
WrM :ojesedQ 1Sd bw 0oze's :ez1g
LLO'€0L-¥1LOEONDSA\" "D 8|l (2 unu) sponQ QVAH-IBUBY J00Q aidweg



K i | . |

SIUBW UISU| VL HG'ZA [ESIOAUN (D.) 8Jmesadwe | dn ox3
osl1 001 0 ‘
00€ . 0g¢ ) 002 . g . 0 . ] . 9 oL'C-
~G0°0-
g
000 ¢
T
[
8
L
2
~G00 g
=)
-0L°0
GL'0
S1on DVAH -Jeljeae) Arey)D Juswiwo)
S:01L LO-Ael-p) :@jeq uny POUISIN DSAWN :POYIe
WM -10)es3dQ 0Sd Bw 00zZe's :921S

LLO'E0L-¥L9E0\OSANV "D Ol (z unu) s1OnQ QVAH-IdUed Joo( :aidwieg



SJUBLL WISU| VL HG'ZA [BSIOAN (D,) @amesadwoa ) dn oxg
00¢ 0S¢ 002 051 00}

€0-

O.11'991

\, B 2o

I
<
(B/Mm) moy4 yeaH

~00

] T

\ B/ro° 101 [
0.06'51

1’0
laues|) 1y :1sjleAe) Aray) Juswiwon
1€:2) L0-fen-p| ejeq UNY POYISN OSAW :poyleny

WrM ojessdQ 7Sd ‘ bw 00g9'c :ezIg
¢l0’€0 —.u.vFCMO/OwD/...”O 914 Jasues|) Jy :sidweg



SjusW WIS} V1 HG ZA IesieAlun AOoV aimesadwa | : dn ox3

4 092 05} 09} 0
g 0§ . 0 . il . Q . g J oL'0-

-91°0-

-y1°0-

K4a'a

(B/A\) Mol JeaH Ay

-0L0-

-80°0-

900
Jaues|) Jiy Jeljeae) Aray) Jusliwo)
121 L0-AeN-p) :@)eg uny poutely DSAW :PouleiN
WrM JojesadQO 9SAd bw 00g9'c B21S
Z210°€0L-¥19e0\OSa\ "D 9lid Jauesg|) 4y :aidwes



SjuOL ISU| VL HS'ZA [ESISAUN (D,) aimeladwa j dn ox3
00g 052 00z 051 001

I 'l

0.£2°99}

S0°0-

-000

~G0°0

T
o
i
o

(6/M\) moj4 JeSH ASJUON

Birizez
D.£2°6G1 , Ls10

0Z0
Jaues|D Jiy .eljeae) Aray) ;Juswiwo)

1€:Z) L0-AeN-p) @jeq uny POUIS DSAN POWSIN
WM :ojeradQ 7Sd bw 0os9'¢ :ez18
Z10°€01-PLIEONDSAV "D 9jid Jaues|) Uy :eidweg



SUOWNISUL VL HG'ZA [ESIeAUN (D,) @amesadwa ]  dnoxg
00€ 052 002 051 . 001 0S
" n X X A ﬂ.Ol
0,58'99} : -

-¢0-

=
(/M) mol4 JesH

b/r28°19 00
0.06°951

1’0
Jauea|) 1y JsjeAe) AAay) ‘Juswwion)
L€:vL L0-AeN-¥1 :ejeq uny powyeN OSAW ‘PouIBy
WrM -ojesadQ 9Sd bw 00Zz'9 821

€10°€01L-¥19€0\OSA\"":D -8l (guru) Joues|D uty :aidwes



sjusW UISU| Y1 HS ZA IBSIOAIUN (D.) @amesadwa | dn ox3
00€ . 052 002 , 0g1 . 00} . 05 . 0

910

~v1°0-

K44's

~0L°0-

(6/M) Mol jesH AsY

-80°0-

~90°0-

00
Jauea|D Jy wsljeAed AAay) juswiwio))

LE:7L L0-KeN-p1 -ejeg uny PoWBN OSAW :Poylaly
WrM Hojeiedo 1SAd bw 0ogz9 oz
€10°€0L-FL9E0NOSAN 2O 3l . (zuny) Jeues|) Ay aidweg



SIS 1SU| V1L HS'ZA [ESIOAUN (D,) @amessdwa | dn ox3
00€ 052 002 05t 00} 0S 0
: : — : : . 0L'0-
D.p1°291 )
-50°0-
ya
o)
=
000 ¢
I
D
. L
i
(@]
\ s
"S00 2
=)
J —1
\ B/re6'zE .
0.2€'65} -01°0
G1°0
Jaues|) Jiy sljeAe) AAayD Juswwo))
€71 LO-AeN-v1 :81eq uny poyleN OSAW :POYIeN
WM :JojesedQ 1Sd bw 0ozz'9 821

€10°€0}-¥19€0\OSAa\"-O el (Zun) Jeues|) Ay :eidweg



SJUBLL SU| VL HG'ZA [ESIOAUN (D,) @imesadwa] dn oxg

Qe 052 _ 002 . 05l _ 001 . 0S o-
0.VE' 291 t
-€0-
20§
2
L
- o]
3
-10- €
Bireze9
0.55°9G1
-0'0
10
Ovv.8G22C # ©PISIN0 XOg 8A0|S) J9ljeAe) >>ch Juswiwo)
L2:60 10-AeN-G| :@)eq@ uny POUIBlN OSAWN :poyieiy
WrM -ojesedo 1Sd | bw 00G1's :ez1g
v10°€0L-¥19E0\OSA\ ™D 9jid 8pIsINQ xog aA0|9) :aidweg



I

SjuBW UsU| VL HS'ZA [ESIBAUN (D,) eimesadwa ) , dn ox3
00€ . 05¢ . 00C . 05} . 00l . 0S . 0

910

~y10-

K42

-0L°0-

(6/M) Mol JesH ASY

-80°0-

90°0-
OFYL8GZT # OPISINO X0g 9A0IO L1elleAe) AA8yD Juswwon

12:60 L0-AeN-G| :ejeq uny poyld DSAW :POuIs
WrM :JojesadQ 9Sd Bw 00GH'S :92S
¥10°€0L-7L9EONOSA\ -0 elid epISiNQ xog aAo|o) ‘sidwes



sjUSWINASU] V1 HG ZA [esieAun AOoV mg:um._mQEm._. dn ox3

o . osz 09z 0§k 00 05
' AV
FL0- Z
=5
o
<
T
[41]
L8
J
o)
-3
-00 <
1’0
Ov¥.8S22 # OPISINO XOg a0 Lsljere) AAeyD :jusuwon
12:60 L0-AeN-G| :81eq uny POYIsN OSAN :poyla
WM ojesado 980 bw 0osp's :ezIg
Y10 €0L-7L9E0\OSAV D Blid 8pIsInQ xog aAo0l9) :aidweg



sjuew sul V1 HG'ZA Iesieaun AOov aJnjelodwa | dn oxg
00€ . 0S¢ N 00¢ N 05l N 00l . 08 . 0 o
0.09°'991
= m-Ol
-
20 &
2
n
s o
L3
‘ 10 €
! i
B/rzL 29
0.48°LG}
00
10
OV728S22 # ©PISIN0 Xog A0S -JdjjeAe) Aray) Juswiwo)
€2Z:21 L0-AeN-G| 8jeq UNY powIsiy DSAN :POYIeN
WIM -iojeledQ 9Sd Bw Qov.'. 8z21S

S10°€0L-¥19€0\0Sa\"":D Sl (2 unu) apisNQ xog 8nol :aidwes



SJUSWNASU| V1 HS ZA [esteAun (Qo) OJmBJGdLUG_j_ dn ox3

00€ ‘ 052 , 002 0S1 00L 0
Q s $ N ‘ Q s ﬁ gz'o.
-02°0-
Py
1]
<
I
D
-1
-GL'0-
o
£
2
\} 8
-0L°0-
S0°0-
Ovv.8G22 # OpPISINO XOg 9A0|S) (Isl|eAR) MGLIQ Juswiwo)
€2:Z} L0-Aep-G| :ajeq uny POUIBN DSAWN POUIsN
WPM :iojesadQ 0SAd bw goyL'2 ezig
GL0'€0L-PLIE0NDSAN 1O 8l | (z unJ) episinQ xog eAol9 :sidweg



SjuoLI LISU} VL HG'ZA [ESIOAILN (D,) eamesodwa ] dn ox3
Oom . omN . OON L om F N OO—. N om 2 N.OI
0,99'991 _
- 10" W
-
o
<
T
10}
! O
T
Q
2
=
o0 S
6/rs6'8€
D.81°091
1’0

ObY.285Z2 # OPISINO X0g 9AC9 HelieAe) Aaey) Juswiwoy
€z:zl Lo-AB-S) ejeq uny pouielN DSAW :POYIRIN

WrM :J0jesedQ 9Sd bw QopL L 9IS
GLO'€0L-¥19E0\OSAaV "D el (Z uru) spISINO X0g SA0|O :aidwes



SJUSW LISU} V1 HG'ZA IESIBAlun (D,) @imesadwa | dn ox3
0Q¢g - 00z 08l 00k . 05

* 90°0-

00

~¢00-

~00°0

(6/M) mol4 JesH

~¢00

- 00

900
apisu| Xog BA0|S) JBlleARD AASYD) Juewwon)
GZ:¥1 L0-Aen-GI :8jeq uny POYle DSAW :POUIOW
WFM :J0jesedO 9sd bu 00266 8218
9L0°€0L-PLOEONDSAN "D 9jid episu| Xog aA0|9) :aidweg

AR L] L] ] L] L ekl =" L — A L L [ AR A T A . [



sJUBW UISU) VL HG'ZA [ESIOAUN (D,) 8imesadwal dn ox3

00¢€ . 0S¢ 002 05l 00l . 0§ . 0 Lo

A L

~0L°0-

~60°0-

800

(B/M\) Mol JesH Aey

A\

- 90°0-

GO0
apisu| xog aA0|9) LsljeAe) AAsy) Jusuiwo)
GzZ:¥L L0-Rep-G1 :@eq uny poudalN OSAW :Poulei
Wrm -oyesedo 9Sd bw 00.6'G ©ZIS
910°€0L-¥19E0NDSA\"":D 8lid apisu| xog 8Ao0|S eidwes



SJUGLLNASU] V1 HG'ZA [ESIBAIN (D.) aimesadwa | dn oxg
00¢ 05¢ 051

v0'0

~90°0

~80°0

(6/M\) Mmo|4 yesaq ABJUON

~0L0

cL’o
episu| Xog 8A0|9 :IaljeAe) AAsyD Juswiwo))
GZ'vL L0-AeN-G| :ejeq uny POWSN DSAW :pPoyia

WM -10je1ed0 JSd bu 00256 :eziS
910°€0}-FLIEO\ISAN 1D ‘2|l | apisu| xog @A0S ‘aidweg



aE S G G E-E EE .

3:0&5 [eSIOAIUN AOov m._:am._mac._m._. , dn ox3
091 \ . ovl oc¢l 00l ) 08 . o_w . ()4 . 0¢

\\ . 90'0-

l\

-00°0

(B/Amn) mold YesH

~¢00

-¥0°0

900
apisu} xog 8A0|D :sjleAe) Ay (JUBLILIOY
€0:91 L0-AeN-G| -8jeg uny pouylsN OSAW -POUIsN

WM -JojesadO 5sd Bw 0098’9 :9ZS
710°€0L-¥19E0\OSAV 20 -3lid (z uru) episu| Xog 8A0|O -aidwieg




SIUSWINISU] VL HS'ZA [ESIOAN - (D,) eimesadwa dn ox3

o9v ok ogr o OB . 0 | o 0 .
-60°0-
Py
(41}
-80°0- <
L
M
D
- m
Q
3
200 =
Q
-90°0-
500

apIsu| Xog 8Ao|S) aljeAe) AAey) Juswiwo)
€0:91 10-AeiN-G) :8jeq uny POUSIN OSAWN :Pouol

WrM :iojesedo 1Sd bw 00989 8215
LLO'E0L-YLOEONDSAN"":D ‘Blid (¢ uru) episuj xog 9A0|9 :edwes



¥
T I T I B B IR B W B B S G B O B G aE

SJUBWNISU] VL HG'ZA [ESIOAUN (D,) @anesadwa | | . dnox3

09, . OfL 0zZ1 0t | . o . o . e

900

o
Q
o
(6/A\) MO|< YeaH AaJUON

~0L°0

rA N0
apIsu| xog BA0|S) sljeAe)) AABYD) JUSWIWOD)
€0:91 L0-AeN-G| 8jeq uny POWRIN DSAW :POUISIN

WrM :Jojesedo 9sd bw 0098’9 :921S
LL0"€0L-¥L9EO\DOSAV "D Il (g uru) episu| xog eno| :adwes



SJUBW UISU| YL HG'ZA [BSIOAUN (D,) a1mesedwoa dn ox3
00c - 062 002 051 001

¢l o

-0L°0-

-80°0-

Birizee
0.80°822
]

~90°0-

- g-OI

(B/M) mold Jeay

~20°0-

-000

oomm.m&
200

684GV # 1SaipesH usijeae) Arey) juswiwo))
0€:80 L0-AeN-9| sjeq uny POWe OSAW :polap

WrM JojeledQ 9Sd bw 0058’6 :ezIg
810°€0}-¥19E0\DSA\ "D 8lid Hed oe|g jseipesH :eldweg




sUeWNNSU| V.1 HG'ZA [ESISAIN (D,) eamesadwa ] dn ox3
00€ oz ooz ogb o 08

A

. oL0-

-80°0-

(B/M\) mo|4 JeaH ASY

-90°0-

¥0°0-
68.SY¢C) # }selpesaH JaljeAe) >>0_._0 JJUBSWIWO)

0€:80 L0-AeN-9| :eleq uny poulan DSAW :Poule
WM -JojesadO 9Ssd bw 00G8'6 :021S
8L0°€0L-¥L9E0\DSAN"":D ‘Blid ped yoejg jseipesH Bidwes



SJUBL UISU| Y1 HG'ZA [ESIenun (D,) ®imesadws | dn ox3

oo o 0z . osk o 08 200
-00°0
-20°0

Z

¥ O

=

o 2

0o S

D

: 8

™

o

900 =

. 2

)
-80°0
-0L'0
ZL'0

68.GYZ| # IselpesH weljeae) Arsy) juswiwon
0£:80 10-Ae-91 :8)eqQ uny POWsSIl DSAW :PoYIsy
WFrM -JojesadQ 7Sd | bw 00S8'6 :9z1S
8LO'EOL-¥LIEO\NDOSAV "D 2l o Wed yoe|g jsaipesy :aidweg



.
- G W S W Gh U U WY S OE D Sk 0N an G am am @

SIUBW UISU Y.L HS'ZA [BSIBAIN (D,) ainesadwa |

dn ox3
00€ _ 052 ‘ 002 . 051 . )]} . 0S

. 0

00~

~¢00-

-000

(6/M) mold jesH

~¢00

00
68[972[, # weo- - JSGJpBGH :J‘eue/\e:) Maqo :1u9l.uu.IOQ
0S:01 L0-AeN-g| -8jeg uny

POUIeN ODSAN -Poylay
WM 10jeladQ 9Sd

bw 00zz's :@zIS
6L0°€0L-¥1L9E0\DSA\V 2D lid weo4 jsaipesH adweg



SJUBW WSU] V1 HS'ZA IESIOAUN (D,) aimesadwa |
¢  ‘og 09z o6k  00b 08

dn oxg

0
! L1°0-

~0L°0-

(B/M\) Mojd JeaH AsY

~60°0-

80°0-
68.GY2| # Weod - jsaipesy usijeAe) AAayD :Juswiwor)
05:0} L0-Aepy-91 :81eq UNY POUIBN OSAWN -poyisiy

WrM -JojeiadQ 9Sd bw 00zz's :ezS
61L0°€0L-PL9EONOSAV"":D 9l weo4 jsalpesH :aidweg



) il (135
NS 5N WD BN BN BN WS N N OGN UGS Gy nE GE o G b e

sjuew sU| V1 HS'ZA [esionun

00€

052 002

(D,) @amesadwa] - » | dn oxg

051

08 9.

100

-80°0

-60°0

(6/M\) mo|d JedH ASJUON

~0L'0

el

06:01 L0-AelN-91 :8jeq uny
WIrM :HojesedO
6L0°€0L-¥1L9E0\OSA\ "D :alld

AN
68.SPZ) # Weo4 - }saipesH ejjeAed AAayD Juawwo)
Poyisy OSAWN -POYIBN

9Sd Bw 0ogz's :2zS

weo4 jsalpesH :aidwes



SIUBLUNISU| V1 HG'ZA [ESIOAN (0,) @imesadwa | dn ox3
~ oe 0§z 09z ok 0 08

- 0L'0
-80°0-
Birye8e - _
0.19°L¢2¢ 1 -90°0-
\//‘ %
-700- 8
m
g
-200- =
Q
-00°0
u -20°0
VL'GEC
¥0°0
68.SVC1 # ued doe|g - )salpeoH -JoljeAe) Meuo Juswiwo)
el 1L0-AeN-9| :ejeq uny Powlaly OSAW :pouieiy
WM 0jeledQ 9Sd bw 0005'g 921
0Z0°€0L-¥LIEONDSA\ 1D 8lid Hed yoe|g jseipesH :aidwes

-

BR D TR A R N % W N ) S AN AN AER BN AR SR aam  ome



Illl-lll'll"lINl'll

SjuBL WISU VL HG'ZA [esianun (D,) @imesadwaj dn ox3g
00€ . 052 o0z o5l 00} . 0S

60°0-

-80°0-

-10°0-

(B/M) mold yeaH AeY

~90°0-

G0'0-
68162 # Wed Yoejd - 1seipesH lisljeAe) >>o_mo ucmEEMo
: AeN-91| :ejeq uny POylsN OSAWN -POYIBIN
aded WrM :ioje1adQ 7Sd b 00058 :97S
020°€0L-¥19€0\OSA\V "D :alid Hed yoejg )saipesH aidwes



SJUSW UISU) VL HS'ZA [ESIOAIUN (D) eamesodwa | dn oxg
00 02 002 051 0oL

i

. 000

~¢00

3
o

(6/M\) Mol JeaH AeIuoN

-90°0

~80°0

~0L°0

¢ko
68.GS¥21 # Hed yoe|g - 1saipesH sijeAe) AxeyD ‘Juswiwo)
v¥:€l L0-Ae-9| :ejeq uny PO\ OSAN -pPouisiN

WM -ojesado 9Sd bw 0005’8 9IS
020°€0}-¥LIEONDSAV "D ol | yed oe|g sepeoH :adwes



SIUSLW LJSU| 1 HG ZA |EeSJeAlun | AOov ml_:um._mac._m._. dn ox3
4 oSl 001 0 0
oge , ogg  ogz  og ., o . 08 . 9 .
0.09°1L6
e .VO-OI
i
l\ _ _]__\‘ [ I
bir2v°02 S
0.£0°SY T
-c0°0- m
)
000
c0’0
68.S¥Z) # Hed weod - jsaipesH :sijeAe) AAay) Juswwo)
10:91 L0-Aey-gl ejeq uny POYISN OSAWN -PouisN
WIM :10jesadQ o<d Bw 00058 :921S

120°€0L-¥19E0NOSAV O el (2uni) ped weo4 jsaipesH adwes



SIUSW UISU] VL. HG'ZA IBSIOAIUN (0.) aamjesedwa | dn ox3
00¢ 052 00z 56 o0b 05 0

080°0-

-G.0°0-

~0.0°0-

~G90°0-

(B/M) MO|d Jeo ASY

~090°0-

-GG00-

0S0°0-
68.G¥Z | # Hed weod - jselpeoH :eljeAe) AAeyD JUSWIWOY)

: -AeN-91 :e1eQg uny POYISIN DSAW :POUIOI
(0910 WrM :ojelsedQ 7Sd B 000g'8 :ozIg
120°E0L-¥1L9E0\OSAV ™D 9jid (zunu) pyed weo4 jsespesy :aidweg



SJUSLLNSUL VL HG'ZA [ESIOAIUN - (D,) aimesedwa | | dn oxg
00c  0S2 002 051 oL 08 0

10°0

~¢00

~€0°0

-¥0°0

(B/AM\) Mol YeaH ASJUON

~S0°0

-90°0

200
, 68/SvZ) # Med weo - jsaipesl sljeAe) Aray)d Jusuwod)
20:91 10-AeN-g| :8)eq uny poueN DSAWN pouylen
WrM dojesedQ 1Sd bw 000G'8 :921S
12O E0L-FLIEO\NOSAN "D 3itd (Zunu) yed weod jseipesy :aidweg



SjUBWINASU) WY1 HS'ZA 1eS1I9AILN AOL mg:um._marco.r dn ox3g
00 . 0sZ 002 01

100~

-00°0

- 100

~¢00

(B/M) mo|4 Jesy

-€0°0

~v0°0

S0°0
67268G2C¢C # Weo4 jeag ialjeae) >>0:O Juswiwo)

€280 LO-AeN-/| :8je@ uny poulely OSAW :Poua
WrM ojesadQ 9Sd bw 0pgg'c 8219
220'€0L-Y1L9E0\DSA\ " Blid . Wweod jesg :aidwesg



SJUBW NISU] VL HG'ZA [ESIBAUN (D,) @Injesadwsa | dn ox3
00€ 052 0z  o0g . ogb 05 0

L

Lo

- L0

010

(6/M) mo|4 YesH AsY

~60°0-

800~

61268S2Z # Weod 1eag ajeAe) ArayD Juswiwo)

€2:80 L0-AeiN-2| :ejeq uny pPoyIsiN DSAWN POoUlen
WM 0jesedQ 9Sd bw 0085'E€ :9ZIS
¢20°c0L-¥L9E0\OSA\ D 8lid weo4 jeas :aidweg



SjUSW NSU| V1 HS ZA lesioaiun (D,) aimesadwa ] dn ox3
- 00€E 0S¢ 00C 051 00l . 0S . 0

c0'0-

-00°0

-¢00

(B/Mm) mold esH

~¥0°0

-90°0

80°0
6Y268G2¢ # Weod Jess usileAed Arey) Juswwo)

1201 L0-Ae-L] :@jeq uny pouleN DSAW :POuIeI
WM -Jojessdo 98d bw 0p099'¢ :8zIS
€20°€0L-71L9E0\DSA\ "D Bl (unt pug) weo4 jeag aidwes



SJUSWINASU] Y.L HG ZA IESIBAIUN Aoov G.h:um._wac._m._. : dn ox3
00€ omN cow 051 00} . 0S . 0

A

90'0

800

(B/A\) Mo|4 JeaH AslJUON

-91°0

810
6+268522 # Weod jeag LsileAe) AeyD juaiwio)
12:0L L0-AeN-/| :@1eq uny PoulaiN OSAWN -POUISIN

WCM dojeledO 938d bw 0099'c @21
€20°'e0L-¥L9E0\OSAV ™0 @lid (unu pug) weod jesg :sidweg



SUBWNASU] VL HE'ZA [ESIOANN (D,) @1njelradwa dn oxg
00€ 052 oz  ogk 0L 05

o

- L0

-0L°0-

-60°0-

(6/M\) mold Jeo A8y

~80°0-

-L0°0-

900~
67268G22 # Weod 1easg eljeae) Arey) Juswiwo)
120} L0-AeN-/| :ejeq uny poulaiN DSAW :Poyisn
WIM :JojesedO 9sd bw 0099'c 8218
€20°€0L-¥L9EONDSAN " ":D ol (uru puz) weo jess :aidweg



I ¥

L4 N
T TN N UNS WU D D N BE M S D O G o am o am e

SIUBW SU) VL HG'ZA [ESISAIUN (D,) asmesadwa | dn ox3
00€ 052 002 051 oL 05 0

i i 4

200

€00

~$0°0

0
S
o
(6/M\) mold JeaH

-10°0

800
£0.61922 # Weo 19jusd JsuljpesH sifeaed AAsy) Jusuwo)
gz:ZL L0-Aey-/1 @jeq uny pPoysiN OSAWN -POUISN

M ojesedO Bw QoEy's 928
¥20°€0L-¥19E0\DSA\ "D @il OmD weo4 Jojua) JaujpesH :ajdweg



SJUBLL 1SU| YL HG'ZA [BSIonuN (D.) aimesadws | dnox3
00€ 052 002 g1 0QL

A I

ci’o

L0

~0L°0-

-60°0-

(6/M) Mol Jea ASY

~80°0-

L0°0-
€0.61922 # Weod J8jued JaulpesH usijeae) Aasy) ;Juswiwo)
82:ZL L0-Ae-L| ejeq uny POl DSAW :POYIoW
WrM JojeradQ 9Sd | bw ooey'e ezIg
¥20°€0L-¥1L9E0\OSA\" 2O alid Wweo4 Jajua) Jauljpeay :ajdwes



SJUBWINASU] Y.L HS'ZA JESIOAIUN (9,) aineradwa ] o dn ox3
00¢ 052 oz . ogk o 08 0

ANV

~¥1°0

~91°0

(B/M\) MOl 1e8H A8JUON

~81L°0

020
€0.61 922 # Weo Jajuad JauljpesH weijeAe) Arey) ‘juswwo)

8z:Zl L0-AeN-L1 :e1eg uny pouls DOSAW :Pouls
WIrM JojeredQ 9Sd bw goey’e :ez1g
¥20°€0}-¥1L9E0\OSA\V O 8iid Wweo4 Jeyue) JaulpeaH :sidwes



SJUBL USU) VL HG'ZA [ESIBAUN (D,) aimesadwa ] dn oxg
00€ 052 00z 051 oL 0§ 0

€0°0-

~C0°0-

- 100~

-00°0

(B/M) mojd JesH

- 100

-¢00

| €00
£0.61 922 # Weo 1ajued JauljpesH :Jejjeae) AAey) juswwo)
1271 L0-Aen-L| @jeq uny poulaN DSAIN :POWION
WIM :JojesadO 9Sd | Bw 006L'y 021
G20'€0L-¥L9E0\OSAV "D dild (2 uni) weo4 teue) Jaulpesy :eidwes



SjuaL UISU] VL HG'ZA [BsIeAln (D.) eimesadwa ) dn ox3
00€ . 052 00z . osl 00l . 0S . 0

y0°0

~90°0

~80°0

-0L0

(6/M\) MO]4 JeSH ASJUON

K4aY

¥L0
€0/61922 # Weod Jejuad JeulpesH usijeAed Arey) Juawiuwio)
LZ:7L LO-AeN-Z| :8jeq uny powisN DSAN POUIRN

WCM :JoyesedQ 9Sd bw 006y 0ZIS
GZO'€0L-L9gONOSAV ™D -dlid (Z uru) weo4 Jeyua) JoulpeaH sidwes



SjuSW 19SU] Y1 HS'ZA [BSIOAUN (D,) ainjesadwa | dn oxg
00€ 052 002 05l 00l |

Lo

-0L°0-

17600

~80°0-

(6/M\) Mol JeeH Ay

200~

90°0-
€02619¢¢ # weo4 Jajuad JauljpesH .JaljleAae)d >>0_._O Juswiwio)

V271 L0-AeiN-L) 8jeq uny POYIBN DSAW PO
WM JojesadQ 9Sd Bw 0o6Ly 8218
G20'€0L-¥1L9E0\ISAN "D 8lid (2 unu) weod Jeyus) Jauipesy :sidweg



SUSWTISU] VL HS ZA [BSIeAN (D.) @amesadwa | dnoxa
0¢c 0z 0 __og o0 ., 0g . 0 oo
0.82°82}
b v-o-
\ -
T
4]
2
Al
2o 2
2
Q
- } L ]
- BIre oyt 070
0.80°ZZ}

0
GZ0LZ9ZZ# Jeinbuesoal Yiq ‘ssewey enm tislleAe) AAeyD JuswIWoy
€€} L0-ABIN-HE Jejeg uny powaly DSAW :PoUIeN
WM uojesedQ 1Sd bw pogz's :8zis

920°'€0L-¥19€0\0SAa\"":D -alld (y0e1) sseweH Buuip :oidwes



SUSWILISU] V.1 HS'ZA [esiamun (D.) @amesodwa | dn ox3
00€ 052 00Z 01 oL 0S . 0

n
1

vL°0-

K4S

~0}L°0-

(6/M\) Mol JesH A8y

~80°0-

90°0-
GZ0LZ9ZZ# -leinbuejoal y|q ‘ssauley eam LsljeAe) AAsYD juswiwo)
ee:vl 1L0-ABW-1Z @leq uny POYIONl DSAWN :POYIe

WPFM -ojeledQ bw 008Z'S :9ZIS
920°¢0L-¥1L9EO\OSA\ "D -8lid Omo (y004) ssewreH Bunipp :eidwes



Ssjue su) L HG CA [BSIeAUN (D,) @amesadwsa ) | dn ox3
og¢  ogg og ., ogk ot . OF Qo
20" Z
=3
3
<
xI
4]
' 8
o
O
3
00 S
20
GZ01L29Z2# Jeinbuejoal yjq ‘sseuley eam slleae)d Aray) Jusiwo)
ee:vL L0-Aen-¥2 :ojeq uny pPoUIeN OSAW :POURIN
Wrm JojesedQ 9Sd bw 00gz's :0ZIS

920°€0L-¥19E0NOSA\"":D 8lid (3081) ssewreH Buiip aidwes



SJUBWUISU] VL HG'ZA JESIBAIUN (D.) @Imessdwa | dn oxg
0 - 0$2 . 00z 051 ~ 00} . 0S

O I AP YA

|

- v'o-

T
N
Q
(6/M\) mold jesH

6/r166°s
0.6V'202 l )
—y — — ,
' BirL ovi
2.18°121 Lo0

2,021
Al

G20L2922# uemﬁue;oeu YIq ‘ssawiey adm .isljeae) Meuo Jusuwwo)

Z1:91 L0-AeN-2 :@)eg uny POWIO OSAW :Pouiei

WM :ojesado 9Sd | bw 001G :ez1g

120°€0L-¥19E0\0SA\" "D o] Z uni (yoai) ssaweH Buupy :eiduieg



SUeWIUISY] VL HG'ZA [ESIOAN (D,) eamesodwa dn oxg
00¢ 05¢ 00¢ oSl . 00l . 0S . 0

. 'l

GZ'0-

-02°0-

-G1L°0-

(B/M) mold YesH AeY

-0L°0-

S0°0-
GZ012Z9Zz# -teinbuejoal Yiq ‘ssewey aim Lalleae) Aray) Juswiwo)
Z1:91 L0-Aen-y¢ ejeq uny powyieN OSAI ‘POUISN

WIM -iojesado 9Sd Bw 00LL's :PZIS
120°€0L-¥L9EONDSAV "D :8lid Z unu (3oeJ) ssawey Suuip :eidwes



SIUBWLISU] VL HS'ZA [BSIeAUN (D.) aimesadwa | dn oxg

00¢ - 0S¢ . 002 . 05} . 00} . 0S o0
0.C8°LC)
— v‘o_

L

(]
8
n

20~ 2
2
Q

BIrL66'S J
o.8v200
v -
D0b8°1T) L 0’0
0.0C°L L2 ,
20

GZ01292Z# Jeinbuejoal yiq ‘ssewiey aiim sljeaed Aray) ;Juswiuo))

291 Lo-Aen-v2 :ejeq uny poweN DSAW :POUIen

WrM :lojesadQ 7Sd | bw 0021’6 @21

/20°€0L-¥L9E0NDSA\ "D 8lid Z unu (30a1) ssaweH Bulip ;eidweg



SUBWINSU| VL HS'ZA |BSIoAIUN AOov Ou:um._ma_.cm._. dn ox3
oo¢c o o  ogh | 090 ., 08 | -~
-0C’0-
] Py
()
<
I
)
=4
-GL'0- m
o)
s
=
| Q
-0L'0-
G000

GZ01L2922# Jenbueoal yiq ‘ssauley alm Jsijeae) AAay) Juswiwod
‘91 LO-ABN-PZ :9jeq uny Pouisiy OSAWN -pPoyisiN

ch-9l WEM JojeledQ Nsd bw 00/L'G :8ZIS
120°€0L-¥L9E0\OSA\ 2D dlid Z uni (oed) sseweH bum :aidwes



sjuelw WsU| V1 HS'CA [esieAun

(D,) aimesadwa | dn oxg

Z1:91 L0-Aen-¥Z :8yeq uny
WM -JojeradQ
120°€01L-¥L9E0\DSAV"":D @4

L

,4

00€ . 0S¢ ) 002 . 0S5 . 00l _ 0S ) 0 o
IN-OI
2
@]
=
"0 @
T
o
A o
L
O
s
00 W
=)
- 170
rA )

6Z012922# -Jeinbuejoal y|q ‘ssausey alm LdlleAe) ANaYD Juswwo)
PoysN OSAWN PoYIeN

| bw 00/1'G 8z
oSsd Z uru (30aJ) ssaweH Buuipy :eidwes



.lllll'lllllll'l'l-l

sjuewnLISU| VL HG'ZA BsIonun: (D,) aimesodwa ] dn ox3
00€ 052 002 05} 0Q} 0
 og . o . oog o0 0 08 . Dgyg
D.+2729% !
-GL°0-
-0V0- @
o
o
- O
0.05¥€ \Mm
2.81'¥Z} 600" &
B/r202
B/reroso 0.£L2€ |
BirgL 1€ Q.56 Birey1
0.V LGI 0.52'89 000
S0°0
GZ0129ZZ# ‘lelids y|q ‘ssauiey dlIM LISIIEABD Anay) Juswiwio)
06:20 L0-AeN-GZ :8jeg Uny poyiaiy OSAW :POUIeN
WIM :iojesedo 9sd bw 0008y :8ZIS

gZ0'€0L-YL9E0\DSAa\ " D 8lid Z uru (jends) sseuwie Buuip :ejdwes



SUBWILISU] VL HS'ZA [ESIBAUN (D.) eimesadwa | dn oxg
00¢ 05¢ 002 051 00!l

0’0~

-GL°0-

-0L°0-

(6/M\) mo| 4 JesH

-G00-

~00°0

S00
G20L292¢2# -lesids YIq ‘sseuley alim weljeAe) AAay) ;Juswiwor)
0G:20 }0-AeN-GZ :ajeq uny POUISN OSAWN poyieiy

-i0jeled bw 0008y 219
wmo.mor-iomo_m_u_.wﬁ:s”o ”w__w 0Sd Z unu (jeads) ssewel Buuipp :ejdwes



SjueWILSY) V1 HG'ZA [ESIOAUN (D) @imesedwa | o dn ox3
0Q€ 052 00z 051 b 05

A

910~

~¥1°0-

K43

-0L°0-

(B/A\) o) JesH ASY

-80°0-

90°0-
GZOLZ9ZZ4# ‘lenids YIq ‘ssausey eam :JijeAed AAeyD uswiio)
0S:20 L0-AeN-GZ :8jeq uny PoylsN OSAWN POUIBN

WM :10jesadQ Bw 0008’y :9ZIS
820°S0L-¥1L9E0\DSA\ "D @i osd Z uru (jeads) ssewen Bulip :ejdweg



SJUBWL NSU] VL HS'ZA [ESIBAILN (D,) eimesadwa dn ox3
00¢€ (1274 . 002 oSt 0QL . 0S . 0

i
A

S0°0-

-00°0

-G0°0

(6/M\) mo|4 JeaH ASIUON

~0L°0

GL0
GZ01Z292Z# :|ends y|q ‘ssawey anm wiateaed Arey) Juswiwiod)
0S:20 L0-Ae-GZ :e1eq uny | poyleN DSAW :POYIan
WM :Jojesedo 9Sd bw o008y :9zIS
820°€0L-¥1L9E0\DSa\ -0 9|4 Z unu (jesids) ssewreH Bulip, :ajdwes



[ [ '

sjuew S| V1 HS'ZA [ESIOAlUN AOov m._sumhan,m._. dn ox3
00€ 0g¢ 002 oSt 00l 0
o oz o9 ob | 08 . Ry
0.9€°291

= —.-o.l

xI

o

o

oL

. Q

£

<
-0°0
10

GZ0L29ZZ# :lends yiq ‘ssauley alM elieAe) AAay)D Juswwod

€¥:60 L0-AeN-Gg :8jeg uny poylaN OSAN ‘Pouei

Wrm :JoyesadO 9sd . Bw 0o0Y'y 9218

620°€0L-¥19€0\DSA\""-D ®iid (leads) ssawieH Bulip :eidwes

—




SIUBLL NASU] YL HGZA [ESIBALN (D,) @injesadwa ] dn oxg
00¢ 052 002 051 0Q}

8L0-

~91°0-

~v1°0-

-0

(B/M) mol4 JesH Aoy

~0L°0-

80°0-
GZOLZ9ZZ ‘[ends Yiq ‘ssawey aum Jajjeae) AAayD) ;Juswwo))
€¥:60 L0-Ae-GZ :81eq uny pPoylaiN OSAWN :poyisiy

WrM ojesadQ bw 000ty ez
620°€0L-L9EO\DSA\ "D 9jid 0Sd (Jeads) ssswieH Buuip :aidwes



sjuew NSU| V1 HGZA lesieAlun AOov mh:um._waEw._. dn ox3
00€ . 0g2 002 - o5l - oQk . 05

GO0~

-000

-G0'0

-0L'0

(6/\\) mo|d 1ESH ASIUON

~GL°0

020
6Z01ZoZz# lends g ‘ssewley alim LBIIBAED AnBYyQ JusWWo]
¢¥-60 L0-Aen-G¢ -e1ed cum Uosmﬁ_ %w%% .%om_%__m

s 19 LA
mwo.mowiomo@w\,mqwm ”o_m osd (jends) ssaweH Buim sidwes



SIUBW UISU| VL HG'ZA [BSIaAUN (0,) aimesadwe dn ox3
00€ 052 0g1 001

’ A

0co-

~GL'0-

-01°0-

(6/M) mol4 yesH

G0'0
6YC68GCC # 19A0) Jeag Lejjeae) Arey) juswiwod

2e:Z) L0-Aey-GzZ :sjeqg uny POYIBN DSAWN :PoYlel
WrM -ojesado 9Sd bw 0oegg :ezs
0€0°€0L-P1L9EO\OSA\ "D Bl 18A07) jesg :aidweg



SjueLw SU] VL HS ZA [esieaun (D,) eamesedwa L | dn ox3
0 0g2 oz . og . op 08

144

E12%

-0L°0-

-80°0-

(B/\\) Mold JesH A9Y

-90°0-

$0°0-
m.vameN % JOA0D jess um__m>m0 >>ch ucoEEOO
z€:Z) L0-AenN-Gg :e1eg uny pouisN OSAWN :POoUIe

WM ojesado 9sd bw 0oeg'8 921
0€0°€OL-¥1L9E0\DSA\ - “alid J1aA0D) Jeag aldwes



SJUBLL NISU| VL HG'ZA [BSISAIUN (D,) @imesadwo dn oxg
00€ 02 oz 0§ ok 08

'y

90°0-

— g-OI

~C0°0-

-00°0

~¢00

(6/M\) mo| JesH AaluoN

~¥00

-90°0

800
6¥Z6852¢C # J9A0D Jesg islleAe) AnayD Juswiwo)
2eZ} 10-kenN-Gg :e1eqg uny POWSN OSAWN -poyisiy

WIM :10jesedQ 98d bw pogg'g 921
0€0°€0L-#L9EO\OSA\ "D 8lid 18A0)) jeeg :aidweg



SUOW NS Y.L HS'ZA [BSJoAuUN (D,) aimessdwa L | dn oxa
00€ 052 002 05l 00l 0
oz og o og o0 % o
0.C6'8VC
-G1L°0
01’0 &
9
n
L (@]
<
“ -g00- €
6/roz’ LE
0,86°¢EC
=000
50°0
6vZ6852C # 1OA0D 189S LIBIIBABD AnayD) JUBSLILIOD
9z:80 10-AeIN-LE ;eq uny poyoW DSAW :POUIe
WrM -ojes2do 9Sd bw 00910} :©2S

L£0°C0L-VL9SONDSAN D -Bltd , Z UnJ JaA0D) Jees ajdwes



SJUBLLNNSU] V] HG'ZA [ESI9AIUN A_Oov m._:um._maEQ._. dn oxg
00€ 06e 002 0j=]% 00l 0
¢ o o . og o 0 9.
-0L°0-
A
1)
-80°0- <
I
@
2
[ L
o
3
900~ =
Q
|g-OI
c00-

_ 6¥26852C # JOA0D Jeas ilejjeAe) Aray) Juswiwo)
92:80 L0-AeN-L€ :@jeq uny PO DOSAW ‘POYisN

WIM JojessdQ 0sd bw 009101 ez
LE0"E0}-L9E0NDSAN 2D ol g Uni JanoQ jees :eldwes



. £
'l-ll'll'lll-ll-'l'

sjuswnuIsu| Y1 HG'ZA [esieMun (D) ainesadwa] dn ox3

00€ . 052 00¢ 051 00l . 0S . 0 90°0-

i b

-000

(B/\\) mold JeaH ASIUON

-¢00

900
6¥268STT # JON0D Jeas slleAe] AasyD uswwiod
: AepN-1€ :9req uny powa OSAWN -POYISN
RO WrM -iojeiedO 9sd bw 0091'0L 9218
LE0"€0L-¥L9EONDSAN ™D el Z uni Jeno) jeas ejdwes



SUBLLIISU VL HG'ZA [ESIONUN (0,) aamesadwa ) dnoxg
00€ . 052 . 00c . oSt . 00! . 0S . 0

Y00~

-€0°0-

~¢0°0-

(6/M) Mol JesH

-10°0-

-00°0

100
(Bunjoeq) j19die) sijeae) Aray) ;Jusuwio)
¥€:11 L0-AeN-1€ ojeq uny POUYIBN OSAWN -Poyisiy
WrM :iojesedO 9Sd bw QopZ'8 9219
2€0°€0L-¥19€0\OSA\ -0 -2l jedie) :aidweg



sjuswinsuy) V1 HGZA [esioAun (D,) ainjesadwa | dn ox3
00€ . 052 002 . 051 . 09l _ 0S

80°0-

-100-

-90°0-

-G0°0-

(B/M\) Mol JeaH Ay

- g.Ol

€0'0-
(Bupjoeq) jadie) sleAed ArsyD Juswiwo)
yeL L Lo-Ae-LE :o1eq uny powiay DSAW :PoyeN
WrMm :iojesedo 0sd bw qoyz'g :8z1S
2€0°e0L-¥19e0\OSAa\V D 3l jodie) :eidweg



SJueLL NISU| V1 HS'ZA IBSIOAIUN AOov m.:dm._mac._m._. - dnoxg
00€ . 0$ 002 05t 0Q}

000

~v0°0

©
Q
o
(6/M\) mol4 JesH AsluoN

~80°0

oLo
: (Bupioeq) jedie) wsjjeAe) Aray) Juswiwion
¥€ L1 LO-Ae-LE :8jeq uny POUIdBN DSAN :POUIBN
WM JojeledQ 1Sd bw oovz'g 8219
2€0°€0L-719E0\O8A\ "D 8jid 1odie) :sidweg



SUBLLIAISU] YL HG'ZA [ESIBAIN (D,) @anjesodwa |

dn ox3

0

80°0-

-90°0-

- 00"

KA

-000

200

(Buppoeq) jedied usleAe)d >>or__o JUSWIWIOYD)

0wl L0-ABIN-LE e uny

poyie OSAWN -POoUIsN

bw 00.£CL :9AS
(z uru) yodie) :aidwes

WM 0¥
€€0°€0L-pL9E0\O$A\ "D -8lid

(B/M) Mol4 yesH



SIUBLELSU] VL HG'ZA [ESIeALN (D.) aimesadwa ] dn oxg

00€ 0Se 002 oSl 00l 0
_ o . o . o9 oo 08 . Q.
-80°0-
Py
@
-200- <
T
o
-4
L
(@]
S
Fo00- =
Q
-S0°0-
¥00-
(Bupioeq) jodie) aljeae) Aaey) Juswwio)
€0'v1 LO-AeN-LE Bjeq uny POWpBN DSAN POy
WA ojeredQ 9Sd Bw ooLe2L @218
€€0°€0L-¥L9EONOSA\ "D 9lid (z uru) jodien :aidweg



SuaWIISU] VL HG'ZA [ESIAIUN (D.) aamesadwa | dn oxa
00€ 0S¢ . A oSt 00} 0 0
o o . ow L o o0 B . A0
~00°0
=
O
3
)
<
T
D
-200 =
Ll
(o]
3
=
Q
00
90’0
(Bunjoeq) Jedie) sijeae)d Arey) Juawiwio)
€01 L0-ABN-LE 8jeq uny poyle DSAW :PoulsiN
WrM -JojesedO 1SsAd bw 00.£2) 9218

€€0°€0L-¥19€0\0SAa\V "0 -8iid (z uru) jedied :aldwes



SIUBWILISU] V1 HG'ZA [ESIOALN (D,) axmesadwa | | dn oxg

00¢€ . 0S¢ . 00T . (] . 00} , 0S _ 0 -
0 4 W14
L 80-
I
o
4
L
-C0- g
)
- L'O-
Birey LG -
0.25°6¥C |
00
(deu) jedie) wisljeAe) ArBy) Juswwo)
1 1:80 LO-unf- 8jeqg uny POWBN DSAWN ‘poyisiy
Wrm -ojesedo DSd bw oozz'g :ez19
y€0'€0L-YL9E0\OSA\ "D alid 1odie) :aidweg



SIBW 1ASU| V1 HG'ZA 18S10AUN (D,) @amesadwa ) dn ox3
00c  0§2 o0z ok . oQL 0§

0e'0-

-GC 0

-0C'0-

~GL'0-

(6/Mm) Mol Jea AeY

S0°0-
” (deu) jodie) :1sijeae) Anay) Juswio)
11:80 LO-UNr- l9jeg Uny POYioN DSAWN -Poulsy
WM JojeledQ 7SAa Bbw gozZz'g :@z1S
V€0'€0L-¥L9EO\OSAN "D Olid jedie) eidwes



SJUBW SU| V1 HS ZA l1ESISAIlUN AOov ol _._umhmac._m._.

bl ]

00¢ (0;27 001 0
ooe 0§z Q . g . Q . o . Q oro-
-G0'0-
Z
O
=3
)
<
T
o
-000 —~
L
o]
=
2
. Q
-G0'0
m . olL0
| (deu) yodieD usyeAR) ANBYD JuBWIWOD
: -unp-{ :ejeq uny POWSIN OSAN -POWISIA
H1-8010 _\,__._...N, -lojejadQ osda o, bw goze'g -eziS

1odie) :aidweg

C—

¥€0°€0L-¥19E0\OSA\ D -olld



SjueWNISUl VL HG'ZA [BSIoMUn (D.) aamesadws | dn ox3
00€ . (0°14 . 00¢ . oSl . 00l ) 0S . Q vor
0.8€'95C '
l— m-OI
20 &
2
L
- Q
3
=
L -1’0 &
B/rzee9
0.59°6V¢C .
-0°0
1’0
(deu) yodue) wsijeaed ANy ;Juswiwio)
0S:0l LO-unp-y :8jeg uny pPoysiy OSAN POy
WrM :lojesadQ 9S0d bw 0oz9'L :@218

GEO'E0L-¥19E0\OSAN "D -alid (2 unu) jedie) :aidweg



SIUBW UISU] V1 HG'ZA [BSIOAUN “ (D,) @1mesedwa} dn oxg
00€ 052 002 0§} 00}

0€0-

~G¢'0-

~02°0-

~GL°0-

(6/M) mo|d JesH Aoy

+ G0'0-

m (deu) yodue) :181jeARD ANBYD “JUswIWwo))
0G:0l LO-unr-p :8jeg uny POYIBN DSAWN PoyIsN

WrA iojesado 0Ssd Bw 00z9'2 :ezIS
GEO'E0L-¥LI9EO\ODSA\ "D @4 (2 urnu) jodie) :aidwes

|
GER IS A AN SN S M TEE SEE NP AER IR SIS AR M e s AEm esm



syuewNSY| V1 HGZA [2SIeAN (D,) @amesadwa | dn ox3
00€ . OmN o OCN ) Om l ) oo b . Om ) oL0-

-G0°0-

-00°0

(B/A0) MO| YESH ASIUON

-S00

. oL'0

|

| (deu) yodue) JejjeAed Asy) JUSWWIOD
0S-:01 LO-unf-f :8jeqg uny pouyisN OSAWN :POUISN

WrA sojeredQ bw 00z9'L :e21S
GE0'€0L-¥19E0\0Sa\ "D elid osd | (z uru) jyodien :aidwes



SjuUaLL WSU| VL HG'ZA [BSIeAIUN : (D,) aamesadwa | dn oxg
00€ 052 002 051 0Q}

A .

vo-

0.57'891
- m-Ol

i
N
Q@

(B/m) mold jesH

T
Y.
<?

-00

|
6/ro 01
D.0G°€S}

1 10
OIAID EPUOH JUSBWILIOY
mtmr S-S_Lﬂ ”oﬁocsm uosmﬁowos_“cosos_

Wr :Jojesedo 1sd bw 000y'S 821
9£0°€0L-¥19€0\OSAV "D “8iid onse|d Aels) |sued JooQ :ejdweg



SIUSL ISU| V1 HS ZA BesieAluNn w AOov OLENLOQEG._. dn oxg
00€ 05¢  0Q2 0gh 0oL . 05 , 0

s L.

AA o
4

-81°0-

-91°0-

(6/M) Mo| YesH Aoy

~v1°0-

| -2L°0-

oL0-
OIAID BPUOH Juswiwo?)
61-€L Lo-unp-p :8jeq uny powiaN DSAWN :POUISIN

Wr ojessdO 9Ssd bw 0oot's :921S
9€0°€0L-¥19€0\OSA\ "D 3l onse|d Ae1n |aued 10oq :s|dwes



sjuelL NSU| V1 HG'ZA [eSJaAIN ! AOov O._ENLQQEG._. dn oxg

o0, ogg o o9 ., 0b Of _ Qo
w - 10"
m Z
O
- 3
@
<
I
: D
-00 =~
T
o
E3
8
_ -1°0
20
OlAID EPUOH :Juswiwo)
61:€l L0-Unpip :ejeq uny poyialy OSAW :PoLieiy
MM woresedo 98d bw ooov's :ez1g

9€0°€0L-719E0NOBAV -0 -8l Jpse|ld Aet9 |sued JooQ :aidwes



SJUOWNASU| V1 HS'ZA IESIonuN ., AOov w._:umhmafm.r dp) ox3
00¢€ _ 05¢ | 002 . 051 . 00} 0S 0
, . 9°0-
Doll L9}
. -1°0-
|
i T
[
m ]
n
-20- 2
=
@ )
A
| ° -00
| 20
_ JIAID) BPUOH JUSWWwo)
6G:Gl Lo-unr-p :@jeq uny PoyeN OSAW :POUId
NI JojesedO 9Sd bw 0096y :9ZIS

12€0°'€0L-¥LIEO\D »9...”0 aji4 (z unu) onseld Aess) jpued Jooq :ejdweg



SUBLILSU) VL HGZA 1BSIONUN (D.) a1nesadwsa | dn ox3

00€ A . 051 . . | oo

~91°0-

~v1°0-

-2L0-

(/M) Mol e Asy

90°0-
OIAID EPUOH :juswuLuon
6S:Gl L0-unf-y :ajeq uny POUIBN OSAW :poylopy

WM J0ojeladO : bw gogev :ezig
LEO'COL-¥LIEONDSAN 2D B4 9Sd (z un) ogseld Aeis |sueq Joog :a1dweg




SJUSW NSU| VL HG ' ZA lesisaiun Aoov QEN_OQEO 1 : dn ox3
00c ) 09¢ 002 oSl 00} . @m! X 0

. L

€0

e

-0

: - 1°0-

-00

(B/M\) MO| JeaH ASJUON

- 10

20
JIAI) EPUOH juawiwo)
6G:Gl L0-unp-p :8yeq uny poUyisiN DSAW -PoYIeN

WM JojesadQ 9Sd bw 0096y :92IS
/£0°€0L-¥L9E0NOSA\ "D Dl (z unu) opseld Aes jpued Joo( :aidwes

|



SjusWNASU| V1 HG'ZA [BSIeAlN : AOov ol :um._mac._m._. dn ox3g
00€ o5z ' 00z . 0§l 00}

1 1

oL0-

~80°0-

-90°0-

- .vo-OI

(6/M) mo|4 yesH

-200-

-000

_ c0'0
_ ,
, | ped weoy uaalb L18A09 xoeq Jeds DIAI) BPUOH JusSWwo)
80:80 _‘o-cs_..w -9jeq uny poylsN DSAW :Poylen
WM :lojesedQ 9Sd bw oot'2 8z
8€0°€0L-¥19€0\0Sa\ "0 alid . Hed weoj} - 18A0D Yoeg jess aidwesg

lllll[gllllllllllll



S)UBWIUISU| VL HG'ZA [ESIONUN | (9,) eamesadwa] dn ox3
00¢€ ) OMN . OON . oSl . 00 l . 0S . oLO-

~v1°0-

K42

-0L°0-

(B/M) Mol YeeH AsY

-80°0-

90°0-
ped weoy uaalb (18A00 Yoeq JESS DIAID BPUOH Juswiwo)
80:80 LO-unr-G :8jeq uny poysy OSAWN :POYIAN

M ZojesedO | Bw Qoyy'L 0ZS
8€0'€0 F-Somo_o_omo/...uo olid osd ped weo} - JOA0D Hoeq 1ess aidwes



SUBLINISU| V1 HG'ZA [ESIOAUN (D,) @anesedwa | | dn oxg
00€ 052 o5 o0 05 9

c00

-90°0

o
Q
o
(6/M\) mo|4 YeaH ASJUON

~0L0

ANV
ped weo} usaib LoA0D Yoeq Jeas JIAI) BPUOH USLIWOD
80:80 1L0-unp-G :8jeg uny PoyioN DOSAWN poyioiN

:101e19d0 bw oovy'L :8zIS
8¢0°€0 _‘-S‘wmo_p_uﬂwzm_/:.no 9lid owo Hed weo} - JOA0D) Yoegq jeas aidweg



SJUSWNASU] V.1 HSZA [ESI9AIUN (9,) @aimesadwsa | , dn ox3

00¢ V°r4 00¢ oSl 00l
0 g 9 g 9 o5 . 9.

0.61°€SC

(6/M) Mol JesH

~0L°0

-GL°0

bireL 0s
XA A

020
ped Bupjoeq Aeib L1aA09 yoeq Jeas [DIAI) BPUOH JusWwio)
G0:Zl Lo-unr-G :8jeq uny POyIsN OSAN -poyisiN

WM -lojesadQ 0Sd bw goo¥2 :821S
6£0°€0L-1L9E0\OSA\"":D °lid Bunjoeq - JoA0D yoeg jeag aidweg



SJUSLL NIISU) VL HS'ZA [BSIaAuN (D.) aimesadwa | dn oxg
00€ 052 002 051 00}

SC0-

~0¢'0-

~GL°0-

(6/M) mo|d JesH AeY

~0L°0-

S0°0-
Hed Bunjoeq Aeib anoo yoeq Jees :DIAID EPUOH :Juswwo)
G021 Lo-unp-G 8jeg uny PoylsN DSAW :POUIBI

-j0)esed bw ooop'z :ezIS
mmo.mowiomo@mm/...wo ”o_m 9sd mc_v_omn - Jan0D) oegq jeag :sidweg



SJUBW S Y1 HG'ZA [ESIOAIUN (9.) aimessdws | dn ox3
0Q€ 052 00z o1 o0b 05 0

'y A

GO0

-0L°0

~G1L°0

-020

(B/M\) MO|4 JesH ASIJUON

-GC0

-0€0

Geo
ped Bupjoeq Aeib L19A00 ¥0E( JBaS 1DIAI) BPUOH JudWWOo)
G0:Zl Lo-unp-g :8jeg uny poyiay OSAN -POYIBN

WrMm -JojesedQ 7Sd Bw 0001’2 @IS
6€0°€0L-¥19E0NOSAV D el Buiyoeq - JoA0D doeq jess aidwesg



SIUSL LSU| VL HG'ZA [eSIOAUN (D.) a1mesadwa |

dn ox3
00€ . 0S¢ . 00¢ . 051 . 00l . 0S _ 0 20
0.6¥°GGC :
- —.-Ol
L
o
3
L
O
=3
)
00
Biree s
0.86°LV¢C
10

ped Ec& 1J9A00 YOB(q JesS DIAID) BPUOH JUSWIWO))

oL¥l S_.:_ﬂ_ﬂ@ ”w%mhmuw § voSm_m_ OSAWN ‘poyisin

- Ww oocy'e 9zZIS

0v0'€0L-¥L9EONOSAV "D ®lid OSd ﬂ wﬁg: 19A0D) oeg jess :ajdweg

d\ ~vr ) 3



sjuUeW WISU] Y1 HG ZA lesJaaun AOov ol Em._ma_.cm._. dn ox3

0 0
00 0gZ oz, ogh . 0k g S0

-02°0-

-SL°0-

(6/M) Mol JesH ASY

~0L°0-

SO0~

tmn.._tw&uﬂo ‘JOA0D ¥OB(q JESS :OIAID) BPUOH :JUsWWOo?)
OL:pL LO-UNP-G :8jeq uny | \3 POYIsN - OSAW -POoyisN

-10)e18d0 Bw ooZy'e 021
o¥0'€0 r-iomo_o_%mﬁ:...”o olid 9osd ~(@alniiuna= 19A0D Hoeg jess aidwes

(=) P lok



sjueW S| Y.L HG'ZA |BSIOAUN (D.) a1mesadwa ] dn ox3
00€ . 052 _ 002 0L oQL . 0S

000

-G0°0

-0L0

(B/M\) moj4 JeeH ASIUON

-G1°0

g

0C0
ued-mw -JOA0D 3Oke(q Jeas :DIAI) EPUOH :Juswiwo))

OL:¥1 10-unp-G 8jeq uny W POUISIN DSAW :POUYIs
WrM JojesedQ 7Sd bw 0ozy'e :0z1S

Ov0'€0L-¥LOEONOSAV ™D :GI!:I. —('Fﬂ%m* J9A0D yoeg jeag :sjdwes



“j&‘:},’f‘" !
- TGN N B D B B N D B O B E B T e O e e

SjuBWINISU| WY.L HS'ZA IBSIaAuN (D.) aamesadwoa | | dn ox3

ooc 02 . o0pz ok  oQb 08

000

-S0°0

o
o
(B/) Mol yesH

G0

02’0
Ued weo} usalb L19A09 doeq Jess (0IAID) EPUOH Juswwo)
191 10-unf-G 8jeq umy poyioN DSAW :POYISN
WrM :dojesedO 9Sd bw gove'z 8IS

L¥0'E0L-PLOEONDSAV D -8lid | (Z unu) weoy - JOA0D doeg jess :aldwes



SjuaW WIsu| VL HG ZA [esionun , (D.) aamesodwa) dn oxg
00¢ 052 002 051 00l

910~

-0

K4d's

~0L°0-

(6/M) Mol yesH Asy

-80°0-

90°0-
Hed weoj usalb J1BA09 3oe(q Jess (OIAID) BPUOH JusWwWwo))
Y191 L0-unr-g :8jeg uny POUISIN OSAWN PoylaiN
WIrM -ojeladQ 1Sd bw oov6e 0218
LP0°€0L-¥1L9E0\OSAV "D @lid , (2 unu) weoy - 19409 doeg jees :aidweg



SUBWILYSU V1 HS'ZA [BSIeAun (D,) ainesadws | ' dn ox3

00g 02 092 05k . oQl 0S
' : 0L0

e,

-GS0

-02°0

T
Tel
N
o

(6/A\) Mol Jesq AaIuON

FOS'O

Ge0
ped weoj usalb JaA0D Yoeq 1SS :DIAID) BPUOH Juswwo)
¥L-91 LO-unr-G -8jeq uny PoYlsN DSAN :poyiely
WrM HojesadQ 1S3 bw 006z :ezIS
L70"€0L-¥L9EONDSAN " ":D 3l (2 uny) weoy - 10107 soeg Jesg aidweg




SJUBLL LASU| VL HG'ZA [ESIOAIUN (D,) @1mesadwa |

dn oxg
00¢ . OQZ . OQZ . 0$l- _ OQI» _ Oﬁ . 0 _
0.61°66Z ﬁ ' ¢0
- L'o_

o
(o]
(6/M\) mojd yesH

. - 10
B/r.6'6S
D.68°L¥T
20
ouge} jsued Joop :DIAI) BPUOH Juswwio)
02:80 L0-unr-g :@jeq uny poyioN DSAW :POoUyIe
WrM :iojesedQ 1Sd bw 00GY'E :62IS
Zy0'€0L-#19€0\OSA\ "0 -9l ouqged - |sued Joo( :oidweg



! i
'

SYUeWNASU| V1 HG'ZA [ESIoAN (D,) @amesedwa dn ox3
00€ 1,074 002 oSl 004 0 0
, g . Q , g . 9 . S Sz
-0 0
Y
@
<
T
o
8
—Gl°0- |
O
3
2
Q
~0L0~
G000
olIqe) joued JOOp :9IAID) BPUOH JUSLULLOY
02:80 10-Unp-g :ejeq uny POUlBly OSAW :POUION
M LojeIedO S0 BUI 00SH'E (021

Zv0'e0L-¥19e0\OSA\™"-D 9lld duge4 - [sued Joo( :aiduieg



sjuewINISU] V1 HS ZA lesieAlun AOov ol :uml_ma_.:w._. dnoxg
00€ 06¢ 00C 0S5t 00} . 0S . 0

|

i ' —

S00

-0L°0

-GL0

(6/M\) Mmo|4 JesH ASIUON

020

T A
Juqe} joued JOOP :DIAID BPUOH JUSWIWOY)

02:80 L0-unf-9 -8jeqd uny . POYIsN OSAW :Pouiei
WM ojesadQ 93d buw ooGy'e :ez1S
Z¥0°€0L-¥19E0\OSAV "D *lid ouged - joued Jooq :aidwes



SUBWARSU| VL HGZA [ESIONUN (D.) aimesadwa | dn ox3
00¢ 0z, o@ __og o 08 Q.
0.26'¥5¢
reo
] T
4]
=4
n
-1o- 2
=
Q
\/Lr/ ~00
B/re6'8s -
0.£2°97C
1’0
ouqe} jaued Joop :OINID BPUOH JUSWIWO?)
L¥:01 LO-unp-9 :8jeqg uny pousiN OSAWN poulsiN
WM :iojeledQ 1Sad bw oooy'e 9z

€¥0°€01-¥19€0\OSa\ ™D -l . . _ (z unu) ouqed - jaued JooQ :adwes



SIUBWNASU] V1 HG'ZA [ESISAUN (D.) aimesadwa | . dn oxg
00€ 0°14 00¢ Om 8 00l

S¢'0-

oco-

G0

(6/M\) moj jes Aoy

~0L°0-

S0°0-
oLqe) joued Joop :DIAID) BPUOH :JUaLLIO?)
b¥:0L LO-UNr-g :8jeg uny | POYIBIN DSAN :Poyley
WrM :ojesedo 9Sa Bw oooy'e :ezig
€V0'€0L-¥19E0NOSA\™:D 8jid (Z unJ) suqe - jpued Jooq :aidwes



SJUBW IS Y1 HG'ZA [ESIOANUN (D,) eamesadwa | dn ox3

. 0
00 052 002 5L . 00l . S . 9 00

1

~G00

-0L°0

(6/M\) Mol JeaH ASIJUON

-G1'0

02'0
oLqey [gued Joop :OIAI) BPUOH JuswWwo)

201 10-unr-9 :8jeq uny PoulelN OSAW :PoUIa

F WM -ojesedo 1Sd bw opoy'e :ezis
€¥0'€01-¥19E0\0SAV 2D ol (¢ unJ) suqed - joued Jooq :aidwes



SJuUBWINASU} V.1 HG'ZA esJenun AOov ol Em..mn:._m._. dn ox3
00¢ . 0§¢ 002 051 oo } ,.

i 2

vo-

0.69°991 3

- MuOl

-¢'0-

(6/M0) mo|4 yeaH

- F-Ol

1
B/rge 2L
D.CLGS) L 00

10
| onse|d yoe|q jaued JOOP DI EPUOH :JUaWIWLO)
6¢-€1 LO-unr-g ®jeq uny | pouyls DSAW :POYIeN
WrM JojesedO 0<d bw ooL9y 8215
yP0€0L-#L9EO\NOSAV D @l . . ose|d }oelg - |aued JooQ :eidwes



SjuBWNYSU| V.1 HS ZA JESIBAIUN (D.) @amesadwa | dn ox3

o0c  ogg o  ogb  ogb , OF Y ozo-

-8L°0-

-9L°0-

-yl 0

~C¢l 0

(B/M\) Mojd Jea A9y

~0L°0-

-80°0-

900
| onseld yoe|q jsued Joop :DIAI) BPUOH JUBWIWIO)
62-€}l 10-unr-g :vjeg umy POWSIN OSAN PoYIsy

Jojered bw ooL9'y 8218
124 VRXY) Tﬁomo@,w\,»_,...“o 9l 9Sd onse|d Yoelg - [dued Jooq :aidwes



SIUSLU ISU| VL HG ZA Iesionun (9,) eamesadwa | dn ox3

00 . 052 00z - 05k 00} . 0S . 9 o
- —‘.OI
. Z
o
[ =
2
L
9
-00 ~
L
2
2
=X
10
20
onse|d yoe|q |sued Joop :OIAID BPUOH :JUSWIWOD)
62:€} L0-unr-g :8jeg uny POulelN OSAW :Pouleiy
| WrM -ojesedO 19Sd bw 00L9v ez
- ¥¥0'€0L-Y19E0\OSA\V 1O Bl onseld Yoelg - [eued Jooq :aidwes



SjuBW LISU| V1 HS'ZA IBSISAN (9,) eamesadws ) dn ox3
00€ . 0S¢ . 00¢ . 051 . 00l . 0§ . 0 o
0,07 291
-€0-
reo g
=1
3
A )
2
10~ S
)
l\\‘l— - =
birye L2
0417961
-0°0
10
opseld yoe|q [eued J00p :OIAID BPUOH :JUSWILIOD
Ov:Sl Lo-unp-g i8jeq uny PousN OSAWN :pPOUIeN
WM -10jesedQ 95sd bw 00y9'9 921

G¥0°€0L-¥19EO\OSAV™-D -elld Z unu oseld yoelg - |sued Joo( :aidwes



sjusW IsU| V1 HG'ZA 1BSI8AlUN AOov ainjesadwa ) , dn oxg
00¢ _ 052 002 0§l . 00t . 0F . Q

8L’0

-91°0-

~v1°0-

K4

(B/M\) MO|d JeaH ASY

-01°0-

-80°0-

90°0-
ofse|d yoe|q |sued Joop :DIAID) EPUOH JusWIWO?)
O¥:SL L0-unr-9 :8jeqg uny POWBSN DSAW -POUIsSN
WEM ojesedO 93d bw 009’9 :ezS
Sy0'€0L-¥19€0\0Sav -0 -elld Z unu oiseld oelq - |aued J00Q :aidweg



g

| ;
- S I BN D O G ) U G G OB BB G BN Em s e @

sjuaw 1su| V1 HG'ZA IesisAun

0

(0.) @imesadwia | dn ox3
€ 052 . 002 05k . 00} 0S )
. . 0
IN-OI
Z
o
-
o
<
I
S
-0~
I
(o]
=
€
~00
10

O¥:Sl LO-unf-g (|8jeq uny
_ WM JojesedQO 1Sd
mg.mov-v_‘mmo/owo/...”o”m__n_

onsejd yoe|q |sued Joop :OIAID) BPUOH JUsBWIWO)
pouleiy OSAW :Poule

bw ooy9'9 :@AS

Z Uni oise|d doelg - jpued Joo( :eidwes



sjuaWwISU] V1 HS'ZA [esiaaun

00€

052 00

(D,) samjesadwa )

051

dn ox3

00l . 0§

J.04°291

o

|- m-OI

|- N-OI

- —‘-OI

- (B/M\) mol4 JesH

i
B/r69°06

0.88°9G1

00

00:80 LO-unr-Z 8jeq uny
WA 10jesadO
9v0°€0L-¥1L9ENOSAV D 2l

osd

1’0
X0q 9A0|B Joua}Xa :DIAID) BPUOH :JUSWWO?)
POUyIsN OSAWN -powsy

bw 00¥5°G 8218
xog 9A0|9) Joue)x] aidwes



ro

S)uSW UISU| V1 HS'ZA IBSIOAUN (D,) @imesadws | dn oxg
00€ 05  0Qg  0gl 0L . 0S . 9o

n

IN-OI

- F-Ol

(6/M\) mo|d JeoH ASIuoN

00

1’0
X0( 9A0|B JOLB)Xa :OIAID) BPUOH Judtiwo)
00:80 LO-une-/ :ayeqg uny powysN OSAWN ‘POYISN

WM :JojesadQ 1Sd bw 00yS'S :9ZIS
- 9y0°e0L-¥1L9E0\OSAV "D Bl xog ©A0|S) Joua)x3 :aidweg




SJUBWILISU| V1 HG'ZA [BSieAun (D.) eamesodwa . dn ox3

00€ . 0S¢ _ 002 . 051 . 00l . 0SS o
e N.Ol
| Z
| O
I =3
@
<
I
o
-10- ~
N
O
3
&
-0°0
1’0
X0q 9A0|6 JOLIBIX® :JIAID) BPUOH :JUSWIWOY)
00:80 LO-unp-Z :ejeq@ uny poylsy DOSAN :Poyien
WM dojessdQ 1Sd bw ooy ezig

9¥0°€01-¥19E0NOSA\ "D ol xog 8A0[9 J0u9IX3] :aidweg



e T " - G

sjuswnnsu] VL HS'ZA |esiaAiun

00€

- 052 002

(D,) eamesadwa |

051

dn ox3
001 . 0S . 0

0.6C°L91

_

vo-

- m-OI

- N; OI

(6/M) Mmo|d yesH

- F-Ol

N

1
b/rey 98
0.56°2G51

-00

¥G:01 Lo-unp-/ :ejeq uny
" INIFM :dojesadQ
.\.vo.mo_‘-iomo/owg.:“o 94

osd

10
X0q 9A0|5 Jouajul :0IAID) BPUOH :JUSWIWOo?)
POWYSIN DSAN -POYIsN

bw 0096'c :9zIS
X0g 9A0|9) Jouay) :sidwes



SIUBWISU) YL HE'ZA [ESISALN (D,) @aneladwa | dn oxg
00€ 052 002 55 o 05 g

L

S¢'0-

~0C0-

-GL'0-

(/M) Mol JeaH AsY

~0L°0-

S0'0-
X0Q 8A0|6 JouB)Ul :OIAID BPUOH JusWILIO))
$G:01 LO-unp-Z 8jeg uny pPoUla DSAWN :poyisiy

WrM siojesedo 2sd bw 0096°¢ :9ziS
LV0'€0L-¥L9E0\DSAV D 8lid X0g 8A0I9) Joudlu] Bjdwes



sueWNASU| V1 HG'ZA [eSIoAuN (D.) @injesadwa ] dn ox3
oSl 001 0 0
¢ og  og . ogh . op 08 . Q..
-0
Z
O
B =
o)
<
T
>
00 —
L
(o]
=3
)
- 10
A
X0q ©A0|6 JOLBUI :DIAID) BPUOH :JUSWIWO)
: -unp-/ :ayeq uny poupaly OSAW :POYIeIy
reb 0 MM JojesedO 9Sd bw 0096'c :82I1S

LY0'€0L-¥L9EONOSA\ O -alid xog aAo|S) Jousjuj :aidwes



SJUSW UISU| V1L HG'ZA [ESIOAN (D.) @ameladwa dn oxg

oc .  0gg  0gg  ogh . 0Qh 0s %40

0.C¥' 191

- v'o-

~
Q
(6/M\) Moy 1esH

] .
BIrvs6L

0.¢0'8G1
-00
A
, xoq aA0|b 10118)X8 :OIAID) EPUOH :JuswWwo)
GC-€l L0-unf-/ 8jeg uny ‘ | POWsiN OSAWN -POYISN
WrM Jojesedo | 9Sd | bw 0oL’ :9z1S
8¥0'€0L-¥19E0\OSA\""-O :®8lld , (Z unu) xog ano|9) Jousix3 :a|dwes

G N G ™M 0 "R A A N R s fED SR AN WS AR IEm tmm e



SJUSW UISU) V1 HG'ZA [ESIOAN (D,) ®smesadwa | dn ox3
00¢ © 082 00C 051 QL 0s 0
: : : : - . 81'0-
910
-0 -
®
<
T
1]
o
¢l M
Q
=
)
-0L°0-
-80°0-
90°0-
X0q 9A0|6 JoLB)Xa :DIAID) BPUOH :JUBWIWOY)
GZ:€l 1L0-unfr-/ :8jeq uny POUIeIN DSAW :POUISN
WrM :lojesadQ 9Sd bw 0pgL's :8218

8¥0"€0L-¥L9EO\DSA\ "D 9lid (2 uru) xog sAolH Jous)x3 :sjdweg



SJUBLU LISU| VL HG'ZA [BSIBAUN (D,) ®1mesadwa ] dn oxg

00¢ . 052 _ 00¢ _ 051 ‘ 001 . 0§ - s
ﬂ
- Z'O_
Z
O
=
)
<
I
2
1o =
L
o .
3
)
00
%
10
X0q 9A0[5 JOUBIX8 :DIA)D BPUOH :JusWIwor)
GZ:€l L0-unf-/ :@jeq uny POWeN DSAW :PouIay
WrM :JojesedQ NSd bw 0ogL's :ezS
8¥0"€0L-¥L9EONDSA\ 2O o)l (2 uni) xog aA0|9 Joualx3 :eldwes

---———-—-m-—-——-—_-———



o i |
Gl GNE GNN GBS T MG NG S N N G Gan s b O G n aw e

S)UBW WSU) VL HG'ZA [BSIBAIUN (D) 8amesadwso | | dn ox3
00¢ . 0}°74 ) 00¢ . 051 . 00} . 0S . 0 e0-
2.2 L9}
- Z'O-
T
O
o
RL
o 3
=)
biree 08 00
2,405}
L0
| X0q @A0| JOLIAIU] :DIAID) EPUOH :JUSWIWO)
20:80 LO-unr-g 8jeq uny poyisiy DSAW -POUiIeN
WrM :JojesedQ . 0Sda bw 0068’y :02IS

6¥0°€0L-¥19€0\0SAa\ "0 8lid (z uru) xog enol9 Jousyu] :sidwes



SIUBW 1SU] VL HG'ZA 1ESIOAUN (D.) eamesadws | dn ox3
¢  o0gz 0z . og o 0g

co

= L'O.—

o
o
(B/M\) Mmo|4 JedH ASJUON

~1°0

c0
X0q 9A0|6 JoLSul :OJAID BPUOH :JUsWWO))
20:80 L0-unf-g @jeq uny POUISN DSAWN -poylay

Wrm ojesedo 0Sd bw o068y :8zIS
6¥0°€0L-¥19E0\OSAV 2O “elid (2 uru) xog 80| Jousju :eidwes



PR % .

SUBWNISU| VL HS ZA [ESIOAN (D,) @amelredwa | ‘ dn ox3
oge  o0gg ., og  ogh | ob . 08 o
L 10-
s
O
3
e
s
D
00 ~
o
Q
£
)
-1°0
|
{ A
X0q 8A0|6 Jouajul :01AI) BPUOH juswiwo)
: unf-g :ejeq uny poylelN OSAW :POUISN
cosoler WM -10jesadO DSd bw 0068’y :221S

“ 670°€OL-¥L9E0\DSA\ "D elld (Z uru) xog a0l Jouay| :aidwes



SjuaL. NYSU| V1 HS ZA IBSIaAluN AOov 0..390&:._0._. dn ox3g
00 0§¢ 00¢ 051

. 80°0-

-90°0-

-20°0-

(6/A\) mol4 Jes

~000

200

700
ued weoj - Jaipeayl :D1AI) EPUOH :JUSWIWOY)
6€:0L Lo-unp-g :8jeg uny pouleN DSAW :poula
WrM :iojesedQ 18d bw 0006’9 :92IS
0S0°€0L-¥19€0\0SA\"":D 3l Hed weo} - jsaipesH :sidweg

Gl GNE SN GNE NN AR BSR AN AEEm M~ A" AEA AN SRR AEA Ama SEA AR s



Sjusl NISU| V1 HS ZA 1eSI9AUN (D) alnjesodwa | : dn ox3

0 0
00€ . 0S¢ 00¢ . oSl 00l S . Lo

-01°0-

-60°0-

-80°0-

(6/M) Mol JedH AdY

-20°0-

900
ped weoj - Jaipeay) :0IAI) BPUOH :JUSWWo)
6€:0l LO-unp-g :8jeg uny PousiN OSAN -POoUISIN

WM JojeledO Hw 0006’9 :9AS
0S0°€0L-¥L9EO\DSA\ "D Blid 9Sd ped weoj - jseipesay :aidweg



SueLNISU) VL HE'ZA IESIenuN (D.) amessdwa ] dn oxg
00g 052 00z 5L oQb . 08

A

000

-¢00

2
o

(6/M\) Mo|d yeaH AaJuoN

-90°0

-80°0

-0L'0

ANV
Hed weoj - JoIpeay] A1) BPUOH :JuswWwo))
6€-0} Lo-unr-g :8jeg uny pouleN DSA :PouBs
WM :iojesedO 9Sd bw 0006’9 0218
0G0'€0L-¥19E0\OSAV "D -@lid yed weoj - jsalpesy :eidwes

SR EER T G R AR S T S S JEE SEA M I G fEpP YA AT asen



sjueu npsuj V1 HS'CA [esisAiun

00€

052 00Z

n

(D) aameladwa ]
0gt . 00} , 0F .

dn ox3g

B/re8L v
o..wu.mNN_
|

9.,29°0¢} O

lw-OI

- w-OI

|- .v.OI

(B/M\) Mol yeaH

-~ N-Ol

——

1 i/_\_V !

0.9€°CEC

|
b/ro 281 ]
02,0222} ]\/ -0°0

0L:9L LO-unr-g 8jeg uny
WM 1ojesadQ
2S0°€0L-¥1L9EONDSAV ™D elid

20
SjonQ DYAH :OIA1D BPUOH :jUaWiWo)
POYlaN DSAWN :POYIe

bw 0000’ :8ZIS
2sd sjong OVAH :eidwes



sjuew NNSuU| V.1 HS ZA 1esisAlun AOoV m._:“_mgmac._m._. dn oxg
00€ 052 00z . 0§l 00l _ 05 .

n

cco

~0¢0-

. -81°0-

-91°0-

~v1L°0-

(6/A\) Mmo|d JeaH AsY

~ClL’0-

-0L°0-

80°0-

sjon@ JYAH :2IMD EPUOH :Juswiwo)

0L:9} L0-unp-g :eje@ uny poyls\ DSAW :PouIsiN
WrM ojesadQ 1Sd bw 0000'G :ez1S
2S0°€0L-¥1920\0SA\ "D -altd sjong DVAH :eidweg



SJUaU NISUL V1 HS'ZA IESIBAIUN (D,) eamesodwa | , dn oxg
00c 02 002 051 oL 0S

A A

80"

~9°0-

- *.Ol

- N.Ol

(6/M\) Mold JeaH ASJUON

-00

A

| SjonQ DVAH :OIAID BPUOH JUSWWO)

0L:9} LO-unp-g :8jeQ uny poylay OSAW :PouIeW
WM HojesadO '98d . Bbw 0000'S :921S
2S0°€0L-7L9EO\DSAN "D 8jid sjona OVYAH :@idwes




SJUBLLNISU] V1 HG'ZA [BSIOAN) (D,) e1meladwa | dn ox3

00€ 082 ‘ 002 . 051 ' 0L ] 0s 0 .
0.£8'62}
f -0}
(8'0-
&
-9'0- ®
al
O
<
-y0- =
Q
_ -2°0-
Bireoe’L
} :o—tz% e } }- —J '
0,29°'€82 6z 661 ' .
Dol bZ21 /\ 0’0
20

s19nJ DVAH :OIAID) BPUOH :JUSWIWIOY)
€0:80 LO-unp-1| 8jeq uny powa DSAN :PoUien

WIM HojesedQ 1Sd bw 00,9y :©ZIS
€£G0"€0L-YL9E0\DSAN™":D :alld (z uny) sonQ OVAH :eidwes



SJUBWINNSU| WY1 HG ZA |eSIeAun (Qo) eJme.leduJe L dn ox3
00¢ 0S¢ 00¢ ' oSt (4]0] 8 0 0
o o . og o o8 o0
-GZ0-
3
- <
020 )
10
=1
L
Q
£
oL =
Q
~0L°0-
I
G0'0-
S}oNg DVAH :OIAID EpUOH Jusuwo)
€0:80 LO-unr-1| :8jeq uny PoulsN OSAWN -PoUIs
WFM dojesadQ 1Sd bw 0029y :021S

€50°€0L-¥19E0\OSA\ "D -3l (2 uru) syonqg QVYAH -eidweg



SjUeW LS| VL HS ZA [BSIoAun (9,) @smesadwa | dn ox3

00¢ ‘ 0S¢ . 00¢ . 0S5l H . 00! . 0S . g'0-
| 9'0-
P
o
3
AR
xI
o
X
L
o
2
-C0 3
)
’/‘/”J -0'0
rA)
s19Na DVAH :91A1D EPUOH Juswiwio)
: unp-1 | -8jeq uny POy OSAW -POUIS
€080 10r {;\“[I:M :JjojesadQ 9Sd Bw 0029 v 9219
€G0'€0L-719EO\DSAN -0 9ild (Z uru) syong QVAH :eldwes



SIUBW UISU| Y.L HG'ZA [BSIOAUN (D,) 8imesadwa | - dn ox3
00¢ . 09¢ . 00C . oSl . 00l . 0S . 0 .
0.£2'891 vo
.—8'0-
20" &
9
L
Q
-3
-10- ©
_— B/rL'S0L
0,L0°9G1 :
-0°0
10
ssauleH BULIp “oIMD EPUOH JJusuiwo)
€0l Lo-unr-1} 8jeq uny Poyisiy DSAWN -POYISN
WM :i0jesed0 98d | bul 0005'€ :921S

$S0°€0L-719E0\OSA\ ™D -elid sseweH buia ‘eidweg




SjUBW UISU| Y.L HGZA [BSIOAUN (D.) @amesadwa} dn ox3
00e 082 002 5L ook 08

1

o

-0¢0-

-81L°0-

910

~v1°0-

-21°0-

~0L°0-

80°0-
ssauieH BULIAA :DIA1D EPUOH :Juswiwo?)
L€:01 10-unr-1 1 :8jeg uny PoweIN OSAW :pouleiy
WrM -ojesadQ 1Sd bw 0005°€ :9ZIS
$S0°€0L-¥L9E0\OSAN 2D ‘elid sseweH Buuip eidwes

(B/M) Mol JesH AsY



SIUBW WSU V.1 HG ZA [ESIaAun (D,) eimesadwa dn ox3
00€ 092 00z 056 . o0b 05 0

€0

K4

e —\-OI

-0°0

(B/\\) MO|4 Je8H ASIUON

- 10

rAY
. ssauwleH BULIAA :DIND BPUOH JusWWo)
1€:01 LO-unp-L| 8jeg uny poyisN OSAW ‘Pousiy
WM -ojerddO Dsd bw 000S€ :8ZIS
$S0°€0L-¥1L9E0\OSA\ "D -elld ssaweH Buuip :aidwes



SUSW 1S V.1 HGZA [BSIOAILN (9,) e1mesadws | dn oxg

00€ . 052 . 002 ) 051 . 00} . 0S . 0
D.£¥'29) €0
20"
“10- o
=3
T
- (o]
3
2
6/r9s69 | 00 =
oerole, ) _ /\4
b/rGL €6 I
0.61°2G1
-1°0
0.G1°GLe
20
ssauieH BulIpn :DIAD BPUOH :Juswiwion)
£E'€L Lo-unp-1 |} :ojeq uny pouisiN OSAW :Poyleiy
WrM -ojesedo 9Sd bw 0005C :9ZIS
GS0'€0L-¥1L9EO\DSAN 2D a4 (2 uns) ssawey Bup :eidweg



sjuau sy V1 HG ZA lesieaun AOoV ol _ﬁm._masw._. . dn ox3g
00€ . 052 0z . 0sl . oQb . 05

GE'0-

~0g0-

-G2'0-

-0¢0-

(B6/M\) Mol JeaH AsY

~GL0-

0L0-
ssowieH BULIAA :0IAID) BPUOH JUSWWOY)
€e:€l Lo-unp-1| 8jeq uny PoyIsN OSAWN -POYIsIN

WFM -ojesadQ Bw 0005’z :92S
GS0"€0L-¥1L9E0\DSAV "D 8l osd (2 unu) sseweH BuLip :eidwesg



SIUGLLNASU] V). HG'ZA eSionun (D.) eamesadwa | dn oxg

00€ . 052 . 002 . 051 . 001 . 0S . 00
L0 Z
-3
@
<
I
o
s 2
n
(o]
3
-z0 S
€0
ssauleH BUMIA :OIAID BPUOH :Juswiwo)
€€:€l L0-unr-L| :ejeq uny poulely DSAW :PoyIe
Wrm -ojeladO 9sd bw 00052 :ez1S

GG0'€01L-¥1L9E0\DSAV "0 o|id (2 unu) ssewiey Bulip :eidwes

N . S S . e . A B B e S DD s GDEEE IR EEE EEn  SEEEs



SUBLL NISU] V.1 HS'ZA [ESIBAIUN (D.) aumesedwa | , dn ox3
00€ 0sz Oz 051 oL 0

0,06°65¢ }

020~

-GL°0-

~01°0-

(B/M\) mold yeeH

-G0'0-

-

I
Birve oy .
0.022¥C -00°0

S0'0
ped paiojoo Jubi - y8dieD :DIAID BPUOH JUSWIWOY
¥:Gl Lo-unp-L | tejeg uny poysN OSAN -POUIBN

WrM ojeredO bw oo¥Z'8 221
9G0"€0L-PLIEONDSAV "0 elid osd ped palojod bl - jedie) :eidwes



SUSWINASU| V1 HG'ZA IBSIBNUN (9,) eamesadwe | dn ox3
0Q€ 052 002 0gL 00l

020"

~GL'0-

|\\ -0L°0-

(B/Mm\) moj4 JesH AsY

-G00-

000
| Hed palojod ybi - Jodie) DA BPUOH :Juawwo?)
| L¥:Gl 10-unp-L| sejeg uny POYIsiN OSAW -PoyleN
WrM -ojesedQ 0sd bw govz'g :ezis

950°€0L-¥19€0\OSA\"":D 8lid ped paJojod by - j1edie) :aidweg



sjuBwW NSy} Y1 HS ZA lesiaAun AOov oh:umhmarco._- dn oxg
oo o0z 002 ogb . oQb 0S . Q

;

e

c00

000

(B/M\) MOj4 YeaH ASJUON

-80°0

0L’0
Hed palojoo Jybi - 12die) :01A1) BPUOH :JusWWO)
L¥'SL L0-unp-1 | :ejeq uny poulay OSAW :POUIeN
WM :iojesedo 9sd bw govz'g :ez1S
9G0°€0L-719E0\0SA\" "0 @il Hed paiojod Jybi| - jadie) :aidweg



SIUWNASU] V1 HG'ZA [BSIBALN (D,) eamesadwa | dn ox3
¢  ogz . 0z 09  oQb 08

€0

KO AN 4 TA
K4

]
Q
(6/M) mol4 esl

|

I
6irL8 vy )
DabL'91C | \/\ -0°0

10
ued paiojoo Y617 - 19die) :D1A1) EPUOH Juswiwo))
€1:80 L0-unpr-¢gi :v1eqg uny powie DSAWN :Poulely
WFM HojeledQ 0Sd bw 001901 :8Z1S
1G0'€0L-¥1L9E0\DSAV "D @4 . (2 unJ) pasojoo b - Jedse) :aidwes



sjusw S| V1 HG ZA [esseaiun (D.) aineladwa | dn ox3
00€ . 0s¢ . 002 . 051 . 001 ) 0S

oL°0-

R4

K4

-0L°0-

L | | -80°0-

(B/A\) Mol JeoH Ay

-90°0-

¥0°0-
yed pe.ojod Jybin - 19die) A1) BPUOH JUSWWOD
€1:80 L0-unf-g} 8jeqg uny poulal DSAWN :PowieN

WrM ojesedO bw 0QL9°0L :921S
/S0'€0L-FL9EO\DSAV "":D il osd (z ung) paJojoo Wby - 1odie) :eidweg



SUOL NISU] VL HGZA IBSIOAUN (D,) @1mesadwa | dn og
00¢ 052 002 oL 00

) !

lg-OI

~¢00-

-00°0

(6/\\) MOj4 1ESH ASIUON

-¢00

-¥0°0

k 900

yed palojoo ybi - Jodie) :DIAI) BPUOH jJuswiwo)

80 LO-une-gi ejeg uny © POUBN OSAW :Poulei
©e0 WIM :1ojesedO DSd bw 00L9'01 218
2G0'€0L-¥19E0\OSA\V O -3lid (Z unJ) paiojoo Wb - Jedie) :eidweg




SWBWNYSU] VL HS'ZA [ESIBAN (D,) @amesadwa | , dn og
00¢€ . 0%2 . 002 gL 004 0 0
. , o@ . ogt o 08 Q..
9.42°90}
-GL°0-
010 &
-k
m
L o .
s
2
0.20'752 -G0'0- 2
f t H i
B/r16°65
—— 0.51°L6
IPLLY'S _ X
0,066V -000
GO0
ped s|ppiw piey - JodieD :01A1) BPUOH JUsWIWO)
g¥:01 L0-unr-g| :ejeqg uny poyleN OSAW :PouIe N
WM :10je1edQ 9sd bw 0og/ L 8218

wmo.movuvwomozomoz...no elld Wed s|ppiw - jJodie) :ejdwes



SJUSWNISU] V.1 HG ZA [BSJOAUN : AOov m.:.nm._QQEw._. dn ox3

00¢ 0S¢ 00¢ 051 . 00l . 0S . 0
. ' * L0
K42
Py
)
<
T
L]
2
0L~ m
QO
-3
2
I Q
-80°0-
90°0-
yed s|ppiw pley - Jodie) :DIAID) EPUOH Juswiwo))
8¥:01 L0-unr-¢| :ejeq umy POWSsN DSAWN :POUIBN
WrM :iojesedQ 9Sd bw 0ogs L :@z1S

—

850°€0L-¥L9EONDSAV "D ‘Blld | yed ejppjw - jedie) sidwes

N



i

SUGWISU| YL HGZA [BSIoAuN (D,) aamesadwa | , dn oxg
o0¢e 0% o0z o0k o 08 0

200

-00°0

900

(B/M\) MO|4 JeaH ASJUON

-80°0

-0L°0

rAN]
ved m_nu_E pley - jJodie) :0IAID) BPUOH JUSWWO)
8¥:01 LO-unr-Z| ejeg uny PoYIoN DSAWN :PoyIeN
Wrm :ojesedo 53sd bw Qog. L :8AS
850°€0L-¥L9EO\DSAV - 8lid , yed s|ppiw - jodie) :aidweg



SjueWNASU| V. HG'ZA [ESIOAIUN (D,) @imessdwa ] dn oxg
00€ 052 00Z 056 o 08 Q0

0L °0-

-80°0-

-90°0-

- g-o-u

-¢00-

(B/A\) mo|4 yesH

-00°0

~¢0'0

¥0°0
, ped ajppiw piey - Jadied :0IA1) BPUOH JUBWIWOY)
Gy:€} L0-Unr-Z| :@1eqg uny pouisy DSAN :PoyIe
WIM :JojesadQ 1S3 bw 008g'. 8218
6S0°€0L-FLIEO\DSAN 1D 0|l (2 uns) ped s|ppiw - Jodie) :aidwes



4 Pk i ' !

sjuelL NAISU| V1 HS'ZA |esianun (D,) @amesadwa | dn ox3

0S¢ 002 oSl 00l 0 0
¢ o9 0 ; 9 5 9.

b 2

-0L°0-

~60°0-

~80°0-

(B/M\) Mo|d JesH AaY

-.0°0-

90°0-
yed ejppiw piey - Jedie) OIAID) EPUOH JUsWWIO)
Gy:€L LO-unp-¢gi ejeq uny POYIsN OSAWN -POUIsN

WrM :ojesadQ Bw 008G, :9a1S
BSO'€0L-Y1L9E0\OSA\ ""-D ‘alid osd (2 uru) yed ejppiw - Jodie) eidweg



SJuUBW NYSU| VL HG'ZA [ESIOAIUN (D,) axmesadwa | dn ox3
00¢ . 052 . 002 . 051 . 00l . 0S

000

~¢00

~v00

©
S
o
(6/M\) Mmoj4 JeaHq ABJUON

~80°0

0L0
yed sjppiw piey - jodie) :lA1) BPUOH Juswwo)
GP:€L LO-unr-¢gj ejeq uny POUISIN DSAN pouteiy

WrM :ojesedp bw 00gs', :ez19
650°€0L-¥1L9€0\OSa\" 2D ‘8|4 9sd (2 uru) yed sjppiw - yodie) :sidweg

AR G D G D AN SR T YTM I SN SN SR LN SN SIS NS mem e



syusLINySU| V1 HG'ZA esionun (D.) 8imesadwa | dn ox3
00¢€ . 0S¢ . 002 ., oSl . 001 . 0S ) 0 '0-
0. LE'65C
\

- 10
T
o
=3
n
Q
=
=
QL

~0°0

Birys es
0.25°9V2 .

'O
Jed Jeqy Aelb - Jadie) 01D epuoH Juswwo’)
€€:Gl Lo-unpr-gi :ejeqg uny pPoyisy DSAWN POy
WM :JojesedQ osd bw 0080’9 :8zIS

090°€0L-#L9E0\OSAV ™D :alid yed Aesb - jodie) eidweg



SJUBLINASY| V1 HG'ZA [BSIOAUN (D.) ainesadwa | dnoxg
00€ 052 002 05t 00}

n I '

' 0c0-

~GL°0-

-0L°0"

(6/M\) mojd JesH Aoy

-G0°0-

000
ped Jaqy Aelb - jJodie) OIAI) BPUOH Juswiwo))

€€-GL Lo-unr-¢gi -ejeq uny POYIeN OSAWN :POWyIsN

WrM :dojesedQ bw 0080’9 :9Z1S
090°€0L-¥1L9€0\OSA\ "D :alld OWD yed Aelb - jodie) :aidweg

R R SN S R SE D SR AR EE ™™ wes BN SR Sl MaE AEE e e



§)USLL NSU] VL HS'ZA [ESINUN (D,) aimesadwa) dn ox3
¢ 0% o . og o 08

000

-¢00

:

-90°0

®
=
o
(B/AM\) mo|4 1eaH ASIUON

-0L0
J -¢L'0

L0
ped soqy Aelb - Jadie) DIAID EPUOH JusWIWIOD
€€:Gl Lo-unf-g| ejeq uny pouyisN OSAWN -PoYIs

WrM JojesedO bw 0080’9 8IS
090°€0L-¥L9E0\DSA\ "D 3lid OSG ped Aelb - yodie) aidwes




sjuBwInI}t U] L Q9°ZA [esiealun AOov einjeiedws 1

, dn ox3g
00g 0Se 002 oSl 00} 0S 0
X 1 ) 1 s 1 N 1 A 1 : -
€0
0.85'092
-20-
[ T
(]
=l
H
L 1'0- O
g i
| =
1 1 ] @\
6/rg9°2s I
D.9L°9V2
-00

ued Aeib - jodied :0MD epuoH :juewwo)
S1:SlI 10-unr-gg :ejeq uny pPoYleN OSAW :PoyIe

MM -10jesedO NsSd bw oo6g'8 0215
190°€0L-¥19EONDSAN "D 6] (2 uru) yed Aeib-jedies :e|dweg



SWeLINI} U] Y1 G9'ZA [ESIBAUN (D) eanresadwa | dn ox3

00€ 0S¢ 00¢ oSt 00} 0S 0
1 L 1 d i 1 1 a2 ! e ON-OI

-G1°0-

-01°0-

(B/M) moid jesH ASY

-S0°0-

00°0
. ped Aelb - jJedied ;0N BPUOH :JusWwiWo)
G1:G) Lo-unp-G¢ eyeq uny PoylsN OSAN -pPouien

Wrm uojesedo 1Sd bw 0068’8 :92IS
190°€0L-¥1L9E0NOSAN "D :3lid (2 uru) ped Aeib-1odie) :ejdweg



suewWIn: U] VL Q9'ZA Iesienur) (D.) aamesadwa] | dn ox3

00¢€ 0s¢e 00¢ oSt 001 0S 0
1 2 1 " 1 L ! L m I 0

—-01°0-

—-G0'0-

(6/M) mO|d JesH AS8IUON

-S00

01’0
, ued Keib - yedied :DIA1) epuoH Juswulo)
mtm:o-c:?mmuﬂwn_csm poyiIeN DSAW :poylen

WrM :10jesedO Nsd , Bw 0068'8 :621S
190'€0}-¥19EONOSAN "0 elld (2 unu) ued Aeib-ledie) :ejdwes



SIUBLINIIE U] V1 Q9°2A [eSIeAuN) (D,) eanyesadws | dn oxg
00¢g 0se 00c 0sSl 001 0S 0
3 -1 2 1 % 1 1 1 2 ] " ON. Ol
-S1°0-

~0L°0-

(6/M) mo|4 TeaH

0.92°9¢¢
~G00-
-000
S0'0
ped Aelb yos sesuuy-uoeN ebpo :Juswwo)
.¥:20 10-unp-gg (ejeq uny POy OSAN -PoUIeiy
WrM :1oje1edQ Dsa Bw 0o6E 0L 021S

290°€0L-¥19E0\DSA\ "0 elid yed Aeib yos - 1seiuuy e|dwes



SeWNE | Y1 9°ZA [ESIenun (D) enjesedwe dn oxg

00ge 0S¢ 00¢ oSt 00t 0)*] 0
A : | 1 1 L 1 i 1 A O —. .°|

- 800~

—-90°0-

- S.OI

(6/M) mo| yesH Ay

-20°0-

000
ved Aesb yos fseiuy-uoeN ebpoq :Juewwion
L¥:L0 LO-Unr-g¢ :efeq uny POWIeN OSAN :Poyiay

WrM :iojesedO 1Sd bw oo6e’01 :ezIS
290°€0L-¥19E0\DS A\ 8|14 yed Aeib yos - 1seiuny :ejdweg



sjUBWINE U] VL G9'ZA [BSIBAN (Do) @anjesedwal dnoxa
00€ 0S¢ 002 oSt 001 0S 0
2 H " 1 " 1 L 1 " 1 m —..OI
~-01°0-
Z
o
I =
)
<
L
)
-s00- &
L
)
3
. 2
o)
-00'0
S00

yed Aesb Yyos Ysesuuy-uoeN ebpoQ uewwo)
powieN OSAN ‘POUIBN

Bw 006€0L :0ZIS

ped Aeib yos - 1sesuly ejdweg

Ly-20 L0-unp-9g :eyeqg uny
WM :lojesedQ 0sd
290°€01L-¥19E0\OSAa\ =0 8ild



SjuewWwnis U] V1 G9'2A [esieAlun AOov 0‘_:“_.@._0&:._0._.

0S (0013 0S 0
1051 >SN oa_um . omw . on_vw . I . ) . : . oz o

dn ox3

-S1°0-

-01°0-

5
<?
(B/M) Mol yeeH

SO0
: yed Aeib yos fseiuuy : uooN ebpoq :Juswwo)
wwno:o.c:?mwumﬁocsm poyien DSAWN :poyien

. Bw 0051’9 :ez1S
-oyesed ,
mwo..mo—&—wmoﬁ.%»_/.:"o no_m osd 2 unu ped Aeib yos - jseluuy :e|dwes



SueWINS Ul V.1 Q9°2A [esieAun (0.) eamesedwe ) 0 "o
Sl 00} 05
¢ o o & O | . . _ . oLo-

~-S0°0-

-00°0

(6/M) MO| 1e8H ASIUON

-S00

oL'0
ped Aelb yos lisaiuuy : UOSN ebpoQ :uswwo)
g2:01 1L0-unnr-gg :eteg uny poyley DSAN :Pouie

: Bw 0051’9 :02IS
aojesed
8o.mo—im8ﬁw»=..."o a_m osd 2 uru ped Aeib )os - 1seiuuy ejdwes



sjuSWINIE U] V1 (19°ZA [BSIeAlUN AOov m._:um._oarcm.._.

0Se 00€ 0S¢e 00C 0st 00} 0S 0
. 1 L 1 H " 1 2 1 L 2 F.Ol

dn oxg

i

—0L°0-

~80°0-

-90°0-

(6/M) mold JeaH AeY

-¥0°0-

—-¢0'0-

000
: ped Aeib yos lysequny : uoeN ebpoQ Juswiwo)
82:01 L0-unr-gg -eyeq uny POUiey OSAW poyiey

Wrm :iojesedo Nsd bw 0051’9 :ezs
€£90°€0}-¥19€0\OSA\ "0 8lid 2 un yred Aeib yos - iseiuny :ejdwreg



sjuewN U] V1 Q9°ZA [ESIOAN . (Do) eamesadwa} dn ox3
00¢ 0S¢ 002 oSl 001 0S 0
i 1 N 1 i 1 A 1 " 1 M m v .Ou

-01°0-

—-S0°0-

(6/M) mo|d yeeH

—-00°0

G000
ved onse|d prey ‘isejuny : uoeN ebpo( :uswwo)
€€:€1 L0-unp-9g :eyeq uny poyiey OSAWN -POUyleN

“WrM oieledQ 1Sd Bw 0062’ :8ZIS
$90°€01-¥19E0\OSA\ "0 elid yed ogse|d paey - isaiuuy :ejduwres



SjueWNIKL| V1 A9'ZA [eSIeAuN (Do) ainjesedwa

dn ox3y
00€ 0Sc 00¢ 0S| 00} 0S )
L 1 1 1 " | 2 1 2 1 2 ON.Ol
-81°0-
5
>
-910- <
X
(4]
=3
[ |
(o]
b3
-¥1°0- W
—S1°0-
oL0-

ued onsed piey Yisesunty : uoeN abpo( ;uewwon
€e'el L0-unf-gg -eyeq uny poyleiN DSAWN :pPoYieN

WrM Jojeledo 0sda Bw 0062’ ez
#90°€0L-¥9E0\OSAV "D ‘Olid wed onse|d piey - jsaiuly :ejdweg



sjuSWINE U] V.1 09°2A [esJenun (D) eunyesedwo | dn ox3
00€ 0se 00¢ 0S| 001 0s 0
1 i | 2 1 " [ ) 1 M } 2 vO.C
-20°0
=Z
o
>
-€00 ©
<
xI
@
- 2
q
(o)
00 =
=
Q
-S0'0
900
yed onse|d pJey ‘seiuny : uosN efpoQq Juswwo)
€¢€:€1 L0-unp-gg ‘eyeq uny poyieN DSAWN ‘PoYIeN
WrMm :ioiesedO nsd 6w 006L'€ :0ZI1S

#90°€01-¥LOEONISAN "D Olid . wed opserd pJey - jseluy ‘ejdwes



SjuUBLIN} U] V1 Q9'2A [BSIeAUN (D.) 8amesedweo ] dn oxg

00ge om_wN o.“_vN

omF 001 0s 0

1 ; _ : €L0-

-¢l0-

- 1170~

—01°0-

(6/M) moj4 1esH

—-60°0-

—-80°0-

ee:el L0-unp-gg :ereq uny
WrM otesedo
¥90°€0L-¥I9EONOSAN™":0 -elld

AR Y S AR R E s e W

10°0-
ved onseld piey Ysesuuy : uosN ebpo(q :uewwo)
POUIeN OSAN ‘PouieiN

Bw op6L'e 021
Owo . ped onseld piey - jseiuuy :ejdwesg



sjuewNI}iU] YL Q9'ZA [eIBAluN (Do) @anyesadwo . . dn ox3
(0,01 0g¢ 002 oSt 004 0S 0
: 1 " 1 A 1 i | A i " Q —..Oi
i
~80°0-
I T
)
o
o
- ‘O- (@)
90°0 S
g
-0’0~
c00-
yed opseld piey ‘isesuuy : uoeN ebpog :Juewwo)
1£:80 LO-unf-Lg :ejeq uny poyieN OSAWN -PoUYIeN
WM ioteledO 0sd - Bw oogey :ezIS

GO0 €0L-719E0\OSAN "D elid 2 unu yed onseid prey -jseiuuy o|dweg



syuewIN | V1 09°2A [BSIBAUN (D,) aamesadwia ) dn ox3

001 0S 0
00€ . omrm . omvm B om_— . 0| ) 08 N oL0-
~y1°0-
py)
) D)
-cl'0- <
I
®
o
[ L
@)
=3
-0L0- =
<
~-80°0-
90°0-

ued onseld piey ‘iseiuny : uoeN ebpoQ Juewwio)

}£:80 LO-Unr-Lg 8jeq uny _ PouiaiN OSAWN -Poyisiy

WIrM JojeledO 1Sd Bw gogey :ezIS

G90’€0L-¥1L9E0\OSA\ "D :elid , ¢ urnu yed opseld piey -jsesuuy :ejdweg



SJUBWINIIE U] V1 A9°2A JeSIenuN (D.) eamesedwoa | dn ox3

00t 0S¢ 00¢ 0S1 001 0S 0
' 1 i A | i 1 A 1 ' No,- OI

—-000

-¥0°0

(6/M\) mo|4 e ASIUON

80°0
ped onseld piey ‘iseiuuy : uoeN ebpoQ uswwo)
L€:80 LO-unp-Lg ‘ejeg uny poyieNl DSAWN :POUIe

WM 1ojesedQ 0sda Bw 0ogEvy :8z1S
G90'S0L-VLI9EO\DSA\ "D ‘elid 2 uru yed onseyd piey -jsesuuy :ejdwes



SWwewINA U] VL Q9'ZA [ESIoAUN (D,) @ampesedwa ) dn oxa

00€ 0se 002 oSt 00l 0S5 0
) 1 2 i 1 1 1 1 i 1 i m-OI
0.04°291
I.V.O..
-€0- &
>
il
Dol L2} . i ﬂMv
=
-20- Q9
B/re6l L
D.£6°L12
“ 1 1 1__ ilﬁ\l\ =10~
el BIri98Ss  Bircosl
0.6€'922 D.71'8S1 b 02l
00
olse|d |oued JooQ : uoeN abpoQ juewwo)
85:01 LO-unp-Lg :eleq um_m 5sa uosm_m_ NSAN POUISN
M J0leledQ woolL9’ L ezis
990°€01-¥ 19€0\0SA\"":O ell4 onsejd |eued 100Q :8|dwes



- s . .
TR S UE B G Iy 0= GR O ou OB O B Gn R BB

SJUBWINIIE U] Y | (J9'2A [eSI8AlN (Do) @imesadwa | _ dn ox3

00€ 0274 00¢C oS} 001 0S 0
: ] . ] . ] . 1 R 1 R v1°0-

-¢l0-

~-01°0-

-80°0-

(6/M) mold yesH AeYy

f— 8.0!

Y00

onseld jeured 100Q : UosN ebpo( :Juswwon

85:01 LO-UNp-L2 efeq uny POUIB DSTIN :POISI
WM -oeiedo 0sda Bw 0019°L :021S
990°€04-719E0\OSAN"":D 8t oseld jeueg ooq ‘ejdweg



SIUBWINIY UL VL d9"2A {esIealun AOov mh:amhouﬁm.—.
00€ o.._wN on.uw o.._u X 00} . 0S 0

dn ox3

— N.Ol

e —..OI

(6/M) mO)4 1eaH ASIUON

-0'0

1’0
OISl [eued Jooq : uoeN ebpoQ :juswiwion
8G:0} L0-unr-Lg ‘ejeq uny pPoyIs DSAWN poyiepy

WFM :iojeledO 1Sd bw 00192 8215
990°€0L-¥19E0\OSA\"":O *ejld | onseld |sued Joo( e|dures

A 2R Ok R A R al ah San AR An S and ik M SN S Sam oo



susWINIyiU| V1 A9°2A _weozc: (D.) aamesadwa | dn oxg
00 . 0S2 002 051 001 0S 0
N | A [ " 1 A ] " 1 " mOl
W Dolt"29L
-1°0-
g0~ T
: 8
_W 0.20°L2} n
M L (@)
S
_ 2
20 QO
T B/rge 95 .
- 6/rg0° 12 L 10
0.60°851 D.6¥'L2t
0’0
: onse|ld jeued JooQ : uoeN ebpo( juewiuo)
w b €1 10-unp-£g :eteq uny . poUIeN DSAWN :POYISN
WrM -lojeisdo Nsar Bw 0051’2 :ez1S

| L90'E0L-FLIEONDSAN 10 Bl . 2 uni oniseld |eued 100 ‘ejdures



|
|

|

SewWNII U] Y.L 9°TA [eSIonun (D) eamesedwa | dn oxg

W 0S 0
00€ ~ 052 002 . 05} . 00} . _ . oo

10

-210-

-oL'0-

(6/Mm) mojd yeaH Ay

90°0-

] o1jSejd |eurd 100Q : uoepN efipoq :Juswwo)

L€l Lo-unp-/g -ejeq uny poyleN OSAWN :poyieiy
WPM -ojesadO 1Sd Bw oosy'L :ezis
WBo.mopiwmo/owo/...no”m__n_ Nceo__mm_n:ocmn_aooa_asmw



swewnui U] V.L G9'ZA [esienun (Do) einyesadiue |

00g 0Se 002 oSt 00} 0S 0
" i N 1 - L - i 1 i 1 L V-o_

T
N
<?

r
<
(6/M) moO|4 188 ASIUON

—
~00

1’0
onseld jeued 100( : uosN ebpoQ :Juswiwon)

1118.1 LOo-unp-/g :eyeg uny poyisiNl DSAW :poueiN

WrM :ojeiedo 1SAa bw oosy2 :ez1s
£90°€01-¥1L9E0\OSAV "0 “elid g un onseld [eued Jooq :ejdwes



SjueWINI} U] V1 Q9°2A [ESIOAUN (Do) eantesedwe | dn oxg

00€ - 0se 00¢ 0s1 001 0S 0
. 1 1 : ] . 1 . 1 A 01°0-

~-80°0-

— 8.0!

(6/M) mo|d YesH

- .VO.OI

-20°0-

000
| wreo 189S : uospN ebpoQ :Juswiwos)
0S:80 10-UN(-82 :o1eQ uny , POUIBIN DS :POIel
WM JojesedQ 1Sd bw 00L6'c :82IS
890°€0L-¥19E0\OSA\"":O @il weo jees :ejdweg




SBLINIE U] VL Q9°ZA [ESIOAIUN (D,) eanelodwe | dn ox3

00€ 0SS 00c oSt 001 0s 0
1 | 1 " 1 " | i el 0-

—¢1°0-

~11°0-

-01°0-

(B/Am) moid YeeH AeYy

—-60°0-

80°0-
wreo4 jees : uoeN ebpoQq :Juswwo)
0S:80 1L0-Unp-gg :eteq uny poweiN OSAI :POYIo
WrMm -ojeiedQ 1sSa Bw 0oL6'€ :921S
890°€0}-F19EO\OSAV "0 elid weo4 jees ejdwes




SBLWINI U] VL Q9°ZA [ESIOAUN (Do) @imeledwa ] dn ox3

00€ 052 002 051 001 05 0
_ 1 r . _ \ _ . 000

~80°0

(6/M\) MO|4 TedH ABIUON

—-01°0

~¢10

140

. weo4 1ees : uoeN abpoQ Juswiwon
0S80 10-unr-8¢g ‘ejeq uny ) PoyioN DSAWN PoyieN
WrM :iojesedQ NSd bw 00L6'¢ ez
890°€0}-¥19E0\OSA\"":O ejid . weo4 jeeg :ajdwes



l-lll'lll'l'lll--l.‘

SJUSWINIIS U] WL O9°2A [esiaalun . AOov eimeladwe ]

00€e 0se 00C oSt 00} 0S 0o
' i N 1 A 1 1 s 1 s .v w .0-

dan ox3g

rebo-

—~Ccb'0-

(6/M) moid yesH

~11°0-

010

60°0-
weo4 jees : uoapN ebpoQ :juswwo))
gc-¥1 L0-unf-g¢ :ejeq uny PoylieN OSAN ‘potieN

WM dJojeledo Nsd bw ooz9y :ez1S
690°€0L-19€0\OSA\"":0 el 2 uni weod jees eidweg



SjuewWNE U] V1 G9'ZA ESIBAUN (Do) 8nyesedwa | dn oxg

001 0s 0
00€ . om_w . owm . om_ I . ) . _ . z0-
-02'0-
s
@
-610- <
xI
%)
=1
[ L
o)
=
-81'0- =
=)
~-L1°0-
91°0-
weo4 jees : uoeN ebpo( Juewwon
ge-v71 Lo-unp-geg iejeQg uny POWIsN OSAWN ‘Poyle
WrM -iojesedo Nsda bw 0029y 8218
690°€0L-¥19EO\OSA\ "0 8fid ¢ unu weo4 jeeg :ejdweg

lllll'l,,.,jllllllllll,.ll-f.k



I-l.ll-;llllunll'|l--l.‘

SJUBWINIY Ul Y1 J9'2A lesieAlun AOov m.Su.m._maF_w._.

00€ 0S¢ 002 0S1 00t 0S -0
1 . 1 ] . ] . I . $00

dn ox3 T e—

-90°0

(B/M) MO|4 1e8H ASIUON

—~80°0

010
. weo4 1eag : uosN ebpoQ uswwo)
€Z:yL L0-unp-g2g :e1eq uny pouie OSAW :Pouiei

WrM ojesedQ Nsda Bw 00/9'v ©ZIS
690"€01-719E0\OSA\ "+ eild Z uni weo4 jeeg :ejdwes



sjuewIniE Ul Y.L A9°2A [esieAun (D) @anjesodwe} dn ox3

00€ | om_N . on_uN om.v _ om I . o_m . 0 0E°0-

0.56'991

—G20-

—-02°0-

—S1°0-

(6/M) mold JeoH

1 ~01°0~

1
B/r6L 09
0.58'1S})

S0°0-

Bupjoeg weo4 jeeg : uosN ebpoq :Juewo)

¥1:91 10-unp-82 :ejeq uny pouyeiN OSAW :pouie

_ WM JojesedQ NsSAd Bw o019y ez19
oB.moEBmo/omo/..."oa_m ac_v_oamsmo“:mowﬁ_asmm



sjueWInUl Ul V.1 Q9°2A lesieaun AOov aimeJadwa | dn 0x3

00e 0se 002 oSt 00} 0S 0
" . | L | | L 1 N 1 A w F .OI,

-L1'0-

-91°0-

-S1°0-

(6/M) mo|d YeaH AsY

~v1°0-

Lo
fupjoeg Weo Jees : uoeN efipog uswwo)
¥1:91 L0-unp-gg :ejeq uny pouleiN OSAW POYISN

WrM :10re1edO NsSd , fw 0019y :8zZIS
0,0°E01-719E0NDSA\ O ejid Bupioeg weo jeeg :ejdwes



SIS U] V| GO'ZA [BSIBAU) (0.) eanjesedwe |
00g O...._..N 00c O....._. l

dn ox3
00!} 0S 0
L . 4 - S0

—01°0-

—-G0°0-

—-00°0

(6/M) moj4 1edH ASJUON

—-S0°0

010

Bupjoeg weo4 jeas : uoeN ebpoq luewwo)
191 10-unr-gg ejeq uny PoyleN OSAN :poyieiy

Wrm uojesedQ 1SAd Bw 0019’y :ez1g -
0L0’E0}-P19E0\DSAN"":O elid Bupjoeg weo4 jeeg :ejdwes



(6/M) moid 1esH

SWeWIL} U] VL G9'ZA [eSIeAUn (Do) eameladwe )
00g 0se 00c oS} 00} 0S 0
3 1 A 1 2 1 2 1 " ] N m¢.0|
D..£991
wlid's
-GE'0-
-0€°0-
B/rieey
2.¥6°¥S1 -
~-S2 0
0c'0-
Bunpjoeg weod jees : UoSN ebpo( :Juswwo)
~20:80 LO-unf-6¢ eveq uny poyley OSAN ‘PoyIeiN
WM ojeredO DSAd Bbw 0008'E :©ZIS

120'E04-PLOEONOSAN O Oiid 2 uni Bupjoeg weo jees :ejdwes



sjuewnuis U] V1 A9°2A [esieAun (0.) eamesedwe | dn ox3

00€ 0se 00c (0,21 8 001 0s 0
L 1 " 1 N 1 " 1 1 i N N.V.Ol
-0¥°0-
-8€°0-
Y
®
<
[ L
()]
=3
980 T
Q
3
- =
')
-¥€°0-
-c€'0-
0oe’0-
: Bupjoeg weo jeag : uosN ebpog :juewwos
€0:80 L0-unpr-6¢ :ejeg uny Powiey DSAWN :poylien
WPM JojeiedO o1 e Bw 0008 :ezIS
120 €0L-¥19E0\OSAN "0 elid 2 uru Bupjoeg weo jeeg :ejdweg



SWAWNNSU] V1 A9°ZA [esIenun (0.) edmeledwa ] dn ox3
00e 0sc 002 0S| 00!} 0S 0
i 1 1 1 N 1 X 1 A i — zo-

-1°0-

—-0'0

(6/\\) MOj4 1eoH ABIUON

- 10

c0
Bupjoeg weo4 jees : uoaN ebpoQ :Juswwo)
20:80 LO-Unp-62 teyeq uny POy DSAW :POUON

WM :lojeiedO 9Sd Bbw 0008'E :02IS
LLOE0L-P I9EONOSAN 2O ejid 2 uni Bupjoeg weo jeog :ejdueg



SIUeWNII U] V1 Q9'ZA [ESIeAun (D) @anyesadwa]

dn ox3
00€ 0sc 00¢ oSt 001 0S 0
I ] 1 1 " i i 1 1 1 ' w-o.l
0.08°6S¢ Q 4
IN.Ol
I
@
=4
Ll
. )
=
2
Q
- F.Ol
\ /\\
L 6/p81-65 “
Dl '8V
00
| ouqed jeeg : uoeN ebpoQ :Juswiwon)
L0-L 1 LO-Unr-6¢ ‘eyeq uny PoYIsN DSAN PO
NFM -joyesedo Owﬁ_ Bw 0oov'6 ez
2,0°e0L-¥19E0\0SA\ -0 ojid

ouqe4 jeeg :ejdweg



y
) SEN D N D By O &N U G G B Aan 0 O am an o .

SJUBWIE U] VL Q9°ZA [BSIBAUN (D.) aumeiadwe | dn oxg

0S 0
00€e 0% . 002 . 05} . 00} . ! . Lo

-C1'0-

~-01°0-

~-80°0-

(6/M) mold esH AeY

—-90°0-

I..VO.Ol

c00-
ouged jeas : uosN ebpo( ;juewion)
L0:L 1 LO-UNP-62 :8teq uny pouleN DSAWN :PoyleN

WrM ojesedO NsSd Bbw 009v'6 021
2.0°€01-¥19E0\OSA\ "D “elid . ouqge4 Jees :e|dwes



SIuewWN.: Ul V1 G9'ZA [BSIBAUN (Do) 8anjesedwa dn ox3

00e 0Se , 00¢ 0S1 00} 0S 0
N 1 1 ] i 1 2 1 1 ON.Ol

—-S1°0-

~01°0-

—-G0°0-

(6/M) mojd 1e8H ASJUON

—-000

S0°0
ouqed jees : uoe ebpo( :juswwon
LO:L1 LO-UNP-62 :8jeq uny PowyisN OSAN -pPoyiey

NFM dojeredO 1SAa bw 0o9v'6 :ezig
¢/0'€01-¥19E0\OSA\"":O el ouqe jees :ejdweg



R i

SueWINNE U] V.1 Q9'ZA [ESIBAUN (0,) einjeladwal dn ox3
00e 0se 00¢ oSt 001 0S 0
1 1 2 ] " 1 A 1 A | N N.Ol
0.£0'952 )_
-1°0-

L
)
=
n
o)
=
2

Q

~0°0
B/rsies
0.5¢°8¥¢
1’0
ouqe4 jees : uoeN ebpo( :Juewwo)
S0:€} L0-unf-6¢ :eteg uny poyieN OSAN -PoUIeN
Wrm uojeledo Nsd Bw 002L'S :ez1S
€,0'€01-¥19280\0Sa\ "0 elld

2 uni suqged jeeg ejdweg



SjueWINIIs U V1 Q9°2A [BSIeAUN AOoV 0._3@._09:0 ] dn oxg

00e 0S¢ 002 oSt 00} 0S 0
- 1 I 1 s - N 1 " 220

\ |

-02°0-

—-81°0-

-91°0-

ndl'a

(6/M) mol4 yeaH Aoy

-<1'0-

—01°0-

80°0-

. ouqed yees : uosN ebpoQ :uswwon
GO'€l LO-uUnf-6¢ :eje uny PousN DSAW :Pouien
WrM :1o0jesedo NSd Bw 0oz2's :ezg
€£20'€0L-¥19E0\OSA\ "D 2l 2 uni ouqed jees :a|dwes



SIUBLUINLE U] VL 09°ZA [BSIOAIUN (D,) eamesedwa | | dn ox3

00€ 0se 00¢ oSt 00} 0S 0
" 1 1 : 1 L 1 2 i A O0.0

—-S00

010

(B/M) Mo|d YeSH ABJUON

-S1°0

02’0
ouqe4 jees : uoeN ebpo( :Juswwon
GO:€l LO-unp-6¢ :81eQg uny PoyisN OSAN -PoyieiN

WrM ojesedo Nsd bw oogs's :ez18
€L0°€0}-¥19E0\OSA\ "0 el | 2 uni ouqe jeeg :ejdweg




SWBWNI U] V1 09°ZA BIenu (Do) aanesedwa ]

dn ox3
00€ 0se 002 0S1 001 0S 0
" i 1 [ i ] s 1 N 1 N ‘M
S0
0.88'991

) o
-€0- &
>
n
L O
s
s
20 O

. F.Ol

b/reyL’s
0,201 }-
b/rs6 2L _ ¢/ I
D.4€°LS1
Dolt912
0’0

joued ory :uoeN JbpoQ uswiwo)
SL:91 LO-Inr-G ejeq uny POl DSAWN :PoyieN

WrM HojesedQ NsSda _ Bw o089y :eziS
S20°€01-P19E0\OSA\™":O ejid : 2 uny jeued oy :ejdweg



el ,

SJUBLINI U V1 9'2A [esieAun (D,) ainjelodwa ) dn ox3

00€ 0S¢ 00¢ (01218 0014 0S 0
- 1 N 1 . 1 N 1 N 02 0-

-81°0-

—-91°0-

-¥1°0-

—2b’0-

(B/Mm) mold yeeH Aey

-01°0-

—-80°0-

90°0-

joued 3oy :uoeN 16poQ :Juswwo)

§1:91 LO-INr-S :eteq uny poylelN DSAN ‘PoYIeN
WrMm :ioresedo 1Sd Bw 0089y :eZIS
620°€04-¥19E0\DSA\ "0 elid 2 uny Jeued 3oy :ejdwes



SIUBLUNIY U] VL 9'ZA [BSIBAIN (D) @inyesedwa ).

dn ox3
(0.0} 0se 00c 0S1 00l 0S 0
i i N 1 2 i " 1 " 1 1 m.Ol
IN.Ol
=
o]
-2
-10- @
<
I
D
- 2
Ll
O
00 =
=
Q
-1’0
c0

[oued oy :uoe J6poQ :Juswiwon
S1:91 10-INP-G i8req uny PoYlsN DSAN :PoyIey

WrMm -ojeiedo DSAa 6w 0089 :ezig
SZ0€0L-¥19EONOSAN "D 9|l 2 uny [eued oy :ejdweg



g

SIeWNIIU| V1 G9'ZA [ESIOAUN (0.) esmesedwe

dn ox3
00€ 052 002 051 00l 05 0
i i N 1 A i i 1 P ] — .VOl
D01£°952
-€°0-
i T
)
=4
o
‘0- ©
20" 2
=
Q
- 10"
- — —
L )
B/r£8'95 i
00,0961
0’0
ouqe |eued Jjoo(] :uoep Jbpo( :Juewwo)
6¢:80 10-INr-9 :8eq uny poyisN OSAW POy
WrMm dojesedQ . 0SAd Bw ooge'L :ez1S

9/0'€0}-v19E0\OSA\ "D elld . ouqed jeued Joo( :ejdwes



SUeWNAHU) V1 Q9°ZA [ESIOAUN (Do) @meladwa | dn oxg

00¢ 0se - 002 oSt 00l 0S 0
" 1 2 | N 1 2 1 A 1 2 ONO:
-G1°0-
X
i )
<
I
@
L
~01'0-
Q
-3
=
[ )
-G0°0-
000
olqe4 |eued Jooq :uoep J6poQ :Juswwon
61:80 10-INr-9 :8jeg uny PoUieN DSAW -poyie
WM ojeledQ 1SAa Bw ooze 2 :ez19
9.0'€0}-719€0\0SA\ -0 8l ouqed |eued JooQ :8jdweg



(D.) aanyeradwa _ dn oxg

002 0St 001 0S 0
1 1 1 | 1 1 I N-OI

sjuewWInI;u) V1 Q9°2A [BSI9AN
00€e omm

|

- F.Ol

(6/M\) MO|d JeaH ASJUON

0
ouqe4 [eued 100Q :uoeN 16poQq luswwo)
6¥:80 LO-INr-9 :ereg uny poyleN OSAWN -PoyieN
WM JorezedQ 0Sda Bw goge’ . :ezIs
9/0’€01-¥19E0\OSA\" 2O +elid olqe |eued 100Q :ejdwres




sueWINI} U} Y1 Q9°2A lesieaiun . AOov mh:u.m._oac._m._.

dn ox3
00€ (0]°14 002 0S1 001 0S 0
" i i i : 1 2 1 " 1 N .v.ol
0.0£'952
|ﬂ.0|
I T
]
o
I
-7 )= (@]
20 2
s
=)
l— —.O...
__ “ —
b/ry L vs I
0.52'6V2
00

ouqe4 |eued Joo( :uoep J6poQ :Juswuion
GG:0} LO-nr-9 tejeqg uny POUIBN OSAN Poyiey

WM :ojesedO 1SAa , Bbw 0os.2'g8 :ezIS
2/0°€01-F19E0\OSA\ "D 9lid . ¢ uny duqe4 [eued Jooq :ejdweg

lll""lll‘l‘l’ll'll



sueWIILAY V1 (9°ZA [2SIOAUN , (D,) eamesedwo ] dn ox3

00t 0Se 00¢ oSt 001} 10°] 0
I | L \ 1 i 1 A L — ON.Ol

-G1°0-

-01°0-

(6/M) MmOl YeeH Aey

—-S0'0-

00°0
ouqe4 |sued Jooq :uoe) J6poQ :juewwo)
GS0l LO-INP-9 tereq uny poylelN OSAWN :PoyeN

WrM ojeledo Nsd Buw 00628 :6ZIS
LL0’€0L-¥19E0\OSAN ™D -ejid 2 uny ouqed |eued Jooq :ejdwesg



SjusLUNIs U} W1 (J9°2A [esIieAlun AOov o.sum._mac._m.r

dn oxg
00€ 0S¢ 002 0S1 001 0S 0
4 1| 2 i i 1 3 1 i 1 L N-OI
T
-10- Z
o]
=
(4]
<
I
D
- =
I
O
=
-00 ~—
10

ouqe4 jeued Jooq :uosN J6poq :juswwon
GG-0} 10-inr-9 8yeq uny PoyiIeN OSAWN -poyiey

MM HojeledO 9Sqa bw 00s'8 :ez1S
LL0° 8728989 :0 0|14 ¢ uny ouqe jeued Jooq :ejdwes



4

SIuBWINIH U] VL QYA [ESIBAIUN (D,) @anesedwa )l
00¢ 0S¢ 00¢ oSl 001 0S 0
" 1 1 1 1 } 2 1 A | 1 w —. .OI

dn ox3

Q95011

910~

-v1°0-

—-&10-

0.8L°1cc
—01°0~

(6/M) Mol e

~-80°0-
0.90°LS¢

B/rgost
0L D.£L°L6 -
0.60712

B/reose
D.16°152

¥0'0-
(Bunjoreaq/m seqy) Jedie) :uosp JBpoQ Juewwo)

8Ll L0-Inr-9 ereg uny Poyls OSAWN :POUIeN

WA 1o0yesedO 1Sd Bw 00092 :9ZI1S
8/0°€0L-¥19E0\OSA\™":O @lid 1edie) :ejduwres



s U] V1 g9°2ZA [esiaaun

00€e

0s2 002

(Do) @anjesadwe]
051

dn ox3

_ : i . 91°0-

~v1°0-

—¢k’0-

-01°0-

|8.°l

g1:cl 10-inP-g :ejeq uny
WIrM JojesedO
8/0°€0L-P19EO\DSAN 2D 10l

osd

90°0-

(Bupjoeq/m Jeqy) 1odres :uosp 16poQ :Juewwo)
POYIeN OSAN -Poyie iy

bw 00092 :eziS

ledie) :ejdweg

(6/M) mold yeeH AeY



SIUBWINIE U] 1 A9 2A [eSieAun (D.) @amesedwa | dn ox3

00g 0SS 002 oSt 00} 0S 0
N 1 L 1 L . 1 " 1 1 1 2 VO-OI

—-c0'0-

(/M) MO|H 1e8H ABIUON

-00

900

(Bunjoeq/m Jeqy) 1edie) :uoep i1bpoQ uewiwio)

8L:€1 L0-inr-9 :eyeq uny Poyisy DSAWN -Poyisiy
WM JojesedO NSAa bw 0009°2 9218
8L0°€0L-¥19E0\OSA\" "D ©jid ledse) :e|dweg



SjueLLNI U] V1 A9°ZA [esienun . (0.) eanjesedwa | . dn ox3
00¢ cm_N OA_VN om 3 001 0s 0

M 1 i 1 " ONOl
0,960} 1 2 .

—-81°0-

~-91°0-

0.61°222 10

-21°0-

(6/M) mold reaH

-oL0-

Oo¥5°LG2

—-80°0-

B/rove 2 _
0.56°1G2 "f) t
Nradt

Biros ey i
0.0t'L6

90°0-

(Bunjoeq/m Joquy) Jedre) :uoep J6poQ :Juswwon
82:St 10-inf-9 8eq uny POYISN OSAN :poutepy

WrMm uojeiedQo NSd , Bw 005101 :ezig
620°€0L-¥19E0\OSA\"":0 eji4 g uny ledie) :ejdweg



i 3

SjUBWINIY U} 1 Q9°2A [esIeaun AOov ainjeladweo ]

dn ox3
00e 0S¢ 002 0S1 00} 0S 0
N i i 1 P J L. | A 1 L .VF.OI
[
-21°0-
e
i ()]
<
=X
D
=
-0L'0- =
o
2
=
[ 1)
lg.OI
900~

o (Bupjoeq/m Joqy) 1edie) :uoeN i16poQ ;Juewwio)
82:S} 10-Inf-9 :ejeq uny POyIe OSAW ‘POoUIeN

WPrM :10je1edQ NSsd Bw oosy'oL ‘ezis
6.0°€01-¥19E0\DSA\"":O a4 2 uny jedie) ejdweg



suewn Ul V.1 Q9°ZA [BSIBAun (D) @4nyesadWe | | dn oxg

00¢ 0Se 00c 0Si 001} 0S 0
M ] L ] - 1 n 1 2 1 M mo.o..
—-90°0-
~P00- 2
o
=
®
i <
I
o
-200- 2
i
(o)
i 3
2
-000 £
-¢0’0
¥0'0
(Bunjoeq/m Jeqy) 1edre) :uoep J6poQq :Juswwo)
8¢:S} L0-Inr-9 iejeg uny PoyieN OSAWN ‘PoyIsN
WM -ojesedQ NSd bw oosyoL :ezig
60°€01-¥19€0\0SA\"":O :°lld 2 uny jedie) ejdweg



SJUBLLINNE U] Y1 A9°2A IesIBAlun : AOov 0..:«@..0&&0.—. dn oxg
00e 0S¢ 00¢ oSt (01¢]8 0S 0
i 1 i 1 i 1 i 1 A 1 I o. —.I
0.£8'62}
Iw.OI
-90- &
=8
-
X o
s
=
S 4 )
B/regl L |
000°52C _2'0-
_ e ]
! ! 1 |
/\\ 6/rg'vol T
0.2L LE2 DolL'02} |
00
ped Aein) due] jend :uosN ebpoQg juswio)
.60 LO-INM-6 ‘e1eqg uny poyIsN DSAW :Poyien
WrM Jotesedo 0sd Bw 0009's 9215

080°€0L-¥L9E0\DSA\ "D :olid yed Aeio) -jue) jond :ejdwes



sjuewnIs U] V.1 Q9'2A lesieAun AOoV @.Em..ma:._m._- dn oxg

00€ 052 002 0S| 001 05 0
| 1 N i e 1 2 mN.OI

-02°0-

—S1°0-

(B/M) mo|d yesH Aey

~01°0-

S0°0-

. yed Aein) ue] |end :uoep ebpo( :Juewwon

L¥:60 1L0-INr-6 :ejeq uny POWIBN OSAWN :POUIs
WrM dojeledO NSd bw 0009's :ez19

080'€0L-¥ L9EO\OSA\":D :elid , ued Aeip -jue] jend :ejdwes

A L . AnEn AN L L L L] | A S G . ]



v - v
, Lo H i

SWUBWNNE U] V1 Q9°ZA [eSIBAN (D.) eunressdwe | dn ox3

00¢€ 0S¢ 00¢ 0St 00} 0S 0
A 1 " 1 X 1 L 1 M 1 A m.OI

I@.Ol

-0

-20-

(6/M\) MO| }edH ASJUON

\\\\.\/.\\ 00

co
ped £ei) due] jen4 :uoep ebpo( juewwo)
L¥-60 LO-Nr-6 ‘8jeq uny poyisN OSAN ‘POUIdN

WM ojeredO 1Sd Bw 0009°'S :021S
080°€01-¥19E0\DSA\ "0 ‘8l ped Aein) jue] [ony ejdues



sjuBINNE U} Y1 G9°2A [ESIOAIUN AOov alnjel OQEQ._. dn ox3
ooe om_N on_vN om l 001 0S 0

0..50¢EL

- w.o_v

-9°0-

= .v.o..

(6/Mm) mold yesH

o ——]

6/re 961
D.£2°611

00
ped Aeso) yue) |end :uoeN ebpoQ :Juswwos
ev:2l L0-Inf-6 efeq uny , PoUieN OSAW -poyie N
" INFM HojeredO Nsda Bwooles :ezig
180°€0L-¥19E0\OSA\ "D 6l , 2 uny yed Aein) -jue] jend :ejdweg



SUBWNIEU] V.1 Q9'ZA [ESIeMun (0,) eanjessdwel dn ox3

00¢€ 0S¢ 00¢ oSt (10] 3 0S 0
" 1 N i ! A 1 " ) A w F.O|

-91°0-

-¥1°0-

210

(6/M) Mojd JeeH A8YH

-01°0-

-80°0-

90'0-
ped Aeio due] jend \UoeN ebpoQ Juswiwio)
ev:2l Lo-InM-6 :eyeg uny poulieN OSAW POUIBN

NrM HotesedO Nsda Bw 0012’S :0ZS
1800 L-¥ 9EONOSA\ "0 elid Z uny ped Aeip -yue] |end ejdures




SyuewWIIl Ul VL Q9'2A [eSIenun (D) 8anjesadwa |

dn ox3
00€ 0se 00c 0S1 00} 0S 0

A 1 1 1 : 1 N i 2 ] 2 wo-

I@.Ou
=
o
- e |
®
<
XL
o
-vo- 8
|
o
=
L =
=)

IN.O..

—
00

ued Aein) ue] jend :uoaN abpo(q :uswwos)
gv:cl 10-Inr-6 ‘ejeg uny POYieN OSANIN -Poyley

Wrm sojesedo 7SAd bw o012’ :ez1S
180E0L-¥L9E0\DSA\ "D :oli4 2 uny ped Aesn) -Hue] |eny :ajdweg



sueWwNI] VL Q9°ZA [ESIONUN (Do) aanjesedwe | dn o3

00e

om_m onwm om _. 001 0s 0

A 1 N ! A O.Pl

Jo16°L31

|

- Q.OI

|@.Oi

(6/M) mO|d yeoH

|‘v.OI

6/reze9 _Z0-
0,95 1€2 ¥

)

—t " "

H

B/rLLLi -
D.6¥'61}
D.L1'SE2

00
yed 3orjg - due] |end :uoeN ebpoQ :juewwo)
91:80 10-NM-01 :¥eg uny pouleiN DSAW :POUIeW

WrM JojeledQ Nsd Bw oogz'y :ez1S
280°€01-¥19E0\DSA\ "0 ‘el | ued oeg - due] [end :ejdwes



SO U) VL G9'2A [ESIBAUN (D.) @imesadwe | dn oxg

00€ 0S¢ 002 oSt 00l 0S 0
" 1 " 1 L 1 1 i 1 2 mNO..
-02°0-
)
3 ]
<
T
D
=]
G100 M
O
3
£
. ﬁm\/
-01'0-
S0°0-
‘ Ued oelg - due] |en4 :uoeN ebpoQ :uswwon
91:80 10-INr-01 :ejeg uny PoYyIeN OSAWN :Poyie
WM :1ojesedO Nsd Bw ooge'y :ez1g
280°€01-¥19E0\OSAN "D 8jid Ued oelg - jue] jond :e|dweg

l'lllll..,l..l!,,_,qlllllllll



sewnY] V1 Q9°ZA [BSIBAUN (Do) eanesedwa | | dn og

00¢e 0S¢ 002 (001 8 001 0§ 0
A ] L 1 L i N | " 1 1 w .Ol

IO-Ol

-0

= N-Ol

(B/\\) MO|d 1e8H ASJUON

(A

ued yoeld - ue] |[end UoeN ebpoq ;juewwo)

91:80 LO-INP-O1 :ele@ uny pouyis\ DSAW :Pouie
WFM 0jeledQ NSd bw o092y :€z1S
280°€01-¥19E0\OSA\ "0 ‘@lid Wed doelg - juel |end :ejdwesg



SjUBWINIS U] VL 9'ZA [esieAun (Do) ainjeledwa ] _ dn oxg

00e 0S¢ 002 051 00} 0S 0
2 1 1 i 1 1 1 i 1 1 4 o‘ FI
0.£€'82} i
-8'0-
-90- L
2
1
L (@]
=
2
SO
B/ree6's .
0.2E EEC J -¢0-
“ “ :
B/re6LL ST
Oo¥E6LL I
D.9.L°LEC
00
Heg Mor|g - juel jend :uoep ebpo( :uswiwo)
$0:1 1 LO-IN-01 :8teq uny pouieN OSAN :PouyIen
WrM ojeiedQ 0sd Bw 0005y :021S
£80°€01-¥1980\OSA\"":O elld 2 uny Wed oeig - jue| jend :ejdwes



sjueWwnIE U] Y.L 09°ZA [eSIONUN (Do) eanjesodwa

00€ 0S¢ 002 0Si 00} 0S 0
| L L n 1 s 1 : ON - OI

dn ox3

-81°0-

~-91°0-

—v1°0-

(6/M) Mol YeeH Ay

—-cl’0-

—01°0-

80°0-
Hed yoe|g - Jue] [end :uoepN ebpoQ :juswwo)
$0:1L1 LOinf-0l :ejeq uny pouyiey OSAN -PoyieN

WrM uoteiedo 0sda bw 0005y 8215
€80°E0L-FL9EO\DSA\"":D -Olid g uny Wed xoeig - Juel jend :ejdwes



sjuewnu| V1 A9'2A [eSIeAun (D,) eamesedwe |
00¢g om_N on_vN om I 001} 0S 0

l— w-OI

-¥'0-

= N.OI

(6/M\) MO|4 19 ABIUON

~-0'0

¢0

Hed dor|g - jue] |en4 :uoepN ebpoQ :jJuswwo)
$0:L L LO-INM-01 -e¥eq uny pouleN DSAW PouIs\y

WrMm ojeledO NSd Bbw 0005y 8218
£80°€0}-¥19E0\OSA\"":D ‘8lid 2 uny ued xoe|g - jue] |end :ejdweg



SUeWINI} U] VL Q9°2A [EsIenun (D.) aamesadwa )] dn oxa
00e 0se 002 oSt 00l 0s 0
" 1 i L i 1 " 1 " 1 L mmOI
0025991
-0€0-
—-G20-
o
s @
=]
H
- "0~ (@)
(VA g
—S1°0-
I/L ﬁlc F-Ql
b/rv8 99 I
DulV'SSE
S00-
18URe|D) JIY SN0 PJO- JUSLIWOD
1S:SL LO-INP-01L -8req uny pPoyisy OSAWN PoyieN
IFM ojeredo 0Sd Bw 000", 9215

G80°€0L-¥19E0\OSA\"":O -elid g uny Jeues|D Jiy :ejdwesg



SWeWNIE U] Y1 G9'ZA [BSIBAUN (Do) @injesedwa] dn oxg

00€ 052 002 05} 00} 05 0
" 1 2 | 2 | " 1 i 1 n .VF.ol
11'a
»)
i @
<
I
)
o
-0’0 =
Q
s
=
[ )
~80°0-
90°0-
Jeues|D Jly :SN204 plo- Juswwon)
1S:SI 10-nr-01 :ejeq uny POYIsSN DSAW :PoyIe
Wrm uojeiedo NSd 6w 0000, :ezIS
S80'€0L-¥19E0\OSA\ "D 9jid 2 uny Jeuese|) 11y :e|dweg



| . REI Lo

SJUBWNNL U] V.1 (9°ZA [BSIeAlUN (D,) @amesadwa | | dn oxg
00€ 0S¢ 00¢ oSt 001! 10}°] 0
2 1 M 1 I 1 2 1 . | " m-OI

-¢'0-

[ P.Ol

(6/M) mol4 188 ASIUON

/\ Io.o

1’0
1euBe|?) JIy SN0 PI0 :JUSIWOo))
1S:S1 LO-INP-0L :8jeq uny PoUieN OSAWN -POoUIsiN

Wrm uoteiedo 1Sd Bw 0000, 0z
S80°€0L-¥19€0\0SA\ "0 @il Z uny Jeuee|) iy :ejdweg



SUBWINII U] V1 Q9'ZA [ESIBALN (0.) eanesedwe |

dn ox3
00g 0S¢ 00¢ oSt 001} 0S 0
" 1 2 | N 1 A 1 " 1 i .V _v .Ou
-¢l0-
-010- &
2
L
- o]
3
=
L 80'0- O
- 8.01
¥0°'0-

weo4 YA - 1SeIpeeH SN0+ pPio4 Jusluwio)
9€:80 LO-INr-1 | ‘ejeg uny pouisiN OSAWN :pouie

: WrM oteredO 7Sd Bw 00£9'2 :9ZIS
980°'€01-¥19E0\OSA\™":0 -eild weo e}UM - 1seipeo :ejdweg



w Cae

SIUOWINIY U] VL Q9°ZA [BSIOAIUN (Do) eameladwa ) dn ox3
00g 0Se 002 oSt 001 0s 0
2 1 N 1 1 1 2 1 1 w F -OI

~91°0-

-v1°0-

-¢1°0-

(6/M) mold YesH Ay

-01°0-

~80°0-

90°0-
weo- ejyM - 1SeIpesH :SNoo4 pJo4 :JusWon)
9¢€:80 LO-Inr-L | :eyeqg uny poyieN OSAWN :pouie

WIM :iojeredQ 1Sd Bw ooc9'2 @215
980°€0L-¥ 1 9E0\OSA\ "D :Olid weo ejiuM - iselpesy :ejdweg



SUSWNS U] V.1 Q9°ZA [esieaun (D,) @inyesedwa | , dn ox3

00ge 0S¢ 00¢ oSt 001 0S 0
1 L 1 1 | 4 | A o F -cl

—-G0°0-

~-S0°0

(6/M\) MO| JeaH ABIUON

010

S0

weo4 eliYM - 1SeJpesH :sndo4 plo4 [Juswiwio)
9€:80 10-iNM-1 ) ‘6leq uny POyl OSAW :POLIsy
WM -iojeredQ NSAd Bw oog9'z ez19
980°€0}-¥19E0\OSA\"":D :6jid ureo4 8YYM - isespeey :ejdweg



SiueWNNE U] VL Q9'ZA fEIOAUn (Do) eamesadwe] , dn ox3
00e 0S¢ 00¢ oSt 00} 0S 0
1 1 z ] 2 ] 2 1 2 1 2 m F-OI
-v10-
. T
(0]
2
L
- 210~ @]
Lo s
5
~010-
80°0-

Weo- ajYM - ISeIPEOH SN204 plo- :jusiuwo))
eL:bL LO-Inr-1 | s8keQ uny poyIeN DSAWN :PoYien

WrM :dojesedo 1SAd Bw 000L2 6215
/80°€01-¥19E0\OSA\":D ‘Ol 2 Uny weod ey - iseipeeH :ejdures



SJUBWINIS U] WY1 Q9 2A [eSIeAlUN AOov 0._39_0&50._.

00e 0se oSt 00l 0s 0
i ) N 1 N | N 920

dn oxg

fve0-

-cc 0

—-02°0-

-81°0-

(6/M) mo| yesH AsYy

-91°0-

-v1°0-

cho-

WeO0- SUYM - ISRIPESH :SNJ04 PI0- JUBLIWIOY
€151 LO-INP-11 zeleq uny poylely OSAWN POUeIN
INFM HiotesedO 1sd Bw 000L2 ‘0ZIS
/80°€0}-¥19E0\OSA\"":O eiid 2 uny weo elyM - 1seipesH :e|dweg



SOWNISU] VL 9°ZA [ESIOAUN (D) exmeledwa |

00e 0S¢c 00¢ 0si 001 0S 0
] 1 1 } 4 1 i 1 L mocl

dn ox3

—-00'0

—-S0°0

—-01°0

(6/M) Mol 1eeH ASIUON

~-S1°0

02’0
Weo4 6}UM - 1SeJpesH :SNoo4 pJod Jjuewwod
€Lk} LO-inP-L | 8jeq uny pouieN DSAW PoyiIeN

WM 101esedO NSd fw 000L2 :0ZIS
/80°€01-¥19E0\OSA\"":O 8lid 2 uny Weo- eNyM - 1seipesH :ejdwesg



&cm&:ﬁ Ul VL GQ9°ZA [esieAlun AOoV oh:um\_OQEO._..

dn oxg
00€ 0S¢ 00¢ - 09} 00l 0S 0
N 1 " 1 M 1 2 1 i 1 i N—.Ot
-01°0-
[ T
D
2
L
L Q0°0- (@)
80°0 g
2
Q
L_90°0-
¥0°0-

Bupjoeg - }seipeeH :sNoo-4 P04 :JuUsWiwo?)
¥0:€L LO-Inr-1 1 ‘8yeq uny POUieiN DSAW ‘Poyie

WM 1ojesedQ '0SAd Bw ooge'9 :ezg
880°€01-¥19€0\0SA\"":O -9lid Bupjoeg - 1seipesH :o|dweg



SIUBWNIL Y| VL Q9'2A [eSIonun (Do) einmresodwe | ‘ dn ox3
(061 0s¢c 00c Qs1 001 0s 0
L 1 A 1 L 1 X 1 A 1 " z t -o_
~01°0-
: D
<
L
(0]
9
Lgo0-
(o]
=
=
')
FQO'O'
Y00~

Bunjoeg - seipeeH :sNoo4 p104 Juewwo)
YO} LOINr-L | ‘8jeq uny PoyleN DSAN POy

Wrm doteiedo 0Sd Pw 0086’9 :02IS
880°E04-¥L9E0\DSAV™":0 ot Bupioeg - 1seJpeo} :ojdures



SyUeWNI U] Y.L Q9ZA [BSIBAN (0.) eanjesedwa | dn oxg

00€ _ 052 _ 002 . 05} . 00} ‘ 05 ‘ 0 vo0-
A
-20°0-
!
Z
O
o |
000 @
: <
T
@
- 2}
1
o]
200 =
2
Q
n 500
90°0
Bupioeq - }selpesH :SNo04 plo4 Juewio))
vO:€L LO-INf-| L :83eq uny ~ POYIBN DSAW :poyle
WrM Hojeledo NSd Bw 0086’9 :ezIS
880'€0 -7 1 9E0\OSA\V" "D 8l Bunjoeg - 1sespesy :e|dweg



SJUBWINII UJ Y.L A9°2A [BSieAun (D,) aunjesedwie ). dn o3
00¢g . 09|3 . 0(1)3 . Ogllv . Ofl)l . 0.9 » 0 ’1'0-
—cL0-
ﬂ ~oLo- L
8
I
O
=
=
800 Q@
~-90°0-
Y00~
Bupjoeg - }seJpeeH SN0 PIOH JUSWIWOYD)
60:G1 LO-INf-L | -8feq uny poyieN OSAW -poyieN
Wrm JojeredO 1SAa 6w 000p2 :0ZIS

680°€0L-¥19E0\OSA\ "0 ol 2 uny Bupjoeg - jseipesH :ejdweg



SJUSWINIY U VL O9'2A JESIBAIUN (Do) ainjesedwa | dn ox3

00e 0S2 002 oSt 001 0S 0
i | 1 i N 1 " L L 1 — a L'o-
-01°0-
By
(4
<
T
1))
=4
-80'0-
o
=
2
Qe
-90°0-
v0°0~
, Bupjoeg - 1seJpesH SN0 pio4 :JusIWO))
60:S} LO-Inf-L | :8¥eq uny Poylely OSAW :Poyley
WrM JojesedQ NSAd bw oooy'L :ezis
680°€0L-¥19E0\DSA\"":O elid ¢ uny Bupjoeq - 1seipeey :e|dwesg



aoenw '

SJuBINIE U] V1 Q9°2A [BSIOAUN

00¢ omm oA_UN

(Do) aamesadwa}

o.......— 00t

1

dn ox3
0S 0

1 L .VO-OI

~c0'0-

—-00°0

—-20'0

60:SL LO-INM-1| :eje@ uny
WrM -iojesedO
680°€0L-¥9EONOSA\" O :8lid

osd

900
Bupioeg - 1S81pesH SNJ0- PIO- JUBWWOD
poyleN OSAWN ‘POUlIeN

Bw 000Y’,L :8ZIS
2 uny Bupjoegq - iseipeeH :ejdwes

(B/M) mo|d 1e8H ABIUON



SJuBWINI Y| V1 A9ZA [EIeAUN (D,) aimeledwe | "dnoxg

00€ 0S¢ 002 0S1 001} 0S 0
. 1 H 1 s 1 n | i w F .OI

—-91°0-

-v1°0-

-¢1°0-

-0L°0-

(6/Mm) mol4 yeeH

-80°0-

-90°0-

¥0'0-

sieqy - Jodie) :sndo4 pio4 :Juswwo))

¥0:0L LO-INM-9} -eyeq uny PoyleN DSAWN :poyieN
Wrm wojeledo osa o Bw 0068°LL :021S
060°€0}-¥19E€0\OSA\"":0 :elld ledie) :e|dweg

e En S IR BEE ER I S mEE EER IR SR BT O EE "Wy WER AR EEE s



m N W S T B B O B B B B B B O B U B e

sjuswINISU| V1 A9°2A [esisnun AOov mh:umhmaEw._.
00€ 0S¢ 00C oSl 00!} 0S 0
N 1 s 1 N 1 . 1 M LL°O-

dn ox3

—-01°0-

—-60°0-

-80°0-

(6/M) Mo} yeeH A8y

~-20°0-

SO0~
sieqy - 1edre)) :snoo4 pio4 ;jusuio)
y0:0lL LO-INF-91 ejeq uny poyienN DSAW PoYlon

WrM uojeiedQ 9sd Bw 0068°'L1 :82IS
060°E0L-¥L9EO\DSAV™ "D elid tedie) :eidwes



SWewn: Uy v1 ag'zA resienun (Do) eimesadwe |

ooge 0se 00¢ 0S1 001 0s 0
L 2 1 A L ] 1 1 N i 1 O —. .OI

dn oxg

80°0-

90°0-

(6/M) moj4 1eeH Asiuopn

~c0'0

Y00
Sleqy - jedieg :snooy P10 Juewiwon
¥0:0L Lo-np-gy -6jeg uny

Pousy osawy -Poylepy
Arm Jojeledp OwO

Bw 00eg°1 | ‘9219
060°€0L-L9E0\DS A\ 10 o)y ledie) :eidweg




| quewnu U] V1 Q9°ZA [eSIenun (Do) esmesedwial

dn ox3
00€ 0S¢ 00¢ (0,18 001l 0s 0
N 1 x | L 1 I i s I n mN-o_l

—-020-

] T
oD
j=d
L

_C1L0- (o)

sio- 2
=
Q
~-01°0-
G00-

" sieqy - 19dIBD) 1SN204 P10 :UBWIWOYD
L¥:2L Lo-InM-91 ejeg uny poyisy OSAWN -POUIeN

WM oreiedO Nsd fw 002e’ Ll 8AS
L60°E01-¥19E0\OSAV "0 -8lid 2 uny jedie) :eidweg




B |

SIUBWINNE U] V) Q9'ZA resIenun (0.) eunyesedwa) dn oxg
ooe 0S¢ 002 oSt 001 0s 0
A i ' 1 " 1 2 i i L 4 O—(.Ou
-60°0-
z
-80°0- <
I
D
2
- ni)
Q
s
-L00-
)
~-90°0-
S0°0-
s18qy - Jedre) :snoo4 pio4 Juswiwon
Lvet LO-INr-gL :ejeq uny POLION DSA :poLie
WM uojeiedQ 2S3a : Bw ooze 1L :ezig
160°E0L-F19E0\DSA\ 2D el :  uny Jedre) :eidweg




UBWINAE U] V1 A9'2A [esIeAN (D,) eamesadwo] ,
00¢ 062 002 oSt (4]0] 8 0s 0
i 1 1 1 X 1 2 1 : m wOu

dn oxa

-01°0-

-G0'0-

(6/\) MO|d JESH ASJUON

-000

S0°0
sieqy - jedie)) :Sno04 piod juswwiod
L2l Lo-Inr-g1 eyeg uny poytleN OSAW -POUIeN

WrM ojesedO - q : Bw 002E’LL :€ZS
L60°E0L-¥L9E0\OSA\ O elid . . oS 2 uny 1edie) :ejdwes




SIUeWNIL U] VL G9'ZA [eSIeANN (Do) 8amesadwa

dn ox3
00€ 0S¢ 002 oSt 00} 0S 0
1 1 1 1 1 b i 1 i 1 i -
¥0-
0.26°G91
- mO|
[ T
D
=8
1
20- O
B <
s
6/rv0°G1 6/\
0.28°10¢2 i
6/r28'eL
0.08°1SL 10
0.98°202
00

Wed onseyd efilaq - jeued JooQ :snoo4 pio jJue
Ov:vL L0-INr-91 tejeq uny uocuo_w_,_ _Mumun__su_ ﬁﬁ:cuw_\u,u_

Wrm dJojeredp Buwi ‘b ‘9z
C60°E0L-¥L9EO\OSQ\ "D 9j14 OWD |ouey w%%% ”M_QEm_M



SIUBWINAS U] VL G9"2A [BSIonUN (Do) @inesadwa ) | dn oxg
00¢ 0Se 002 oSt 00}k 0S 0
3 i 'y 1 'y 1 i 1 'y 1 A "N
810
~91°0-
)
()]
-¥1'0- <
.
(0]
®
L
o)
s
L2l =
S
-0L'0-
80°0-
ued onse|d ebieq - |aued JooQq :SN004 PIO4 JUBWIWO)
ov:vi LO-INM-91 ‘ejeq uny poyiey OSAN -poyieiy
WrM uotesedQ DSAa Bw 0000'v :ez1S

¢60°€01-¥19E0\OSA\":D 8l leued Jo0Q :ejdureg



SJUGWINNE L] V1 Q9'2A [eSIeAun (9,) e1mesadwe |

00t

dn oxg
0S¢ oﬂ_vN om } 00!} 0S 0
1

|- N-OI

- 1o

~0°0

(6/M) MO|4 YesH ASJUON

- 10

~* S R T U S NS sEs e

Al
ved opse|d ebjeq - |oued 100(] :SN004 P10 JuBWIWO))
o¥:¥1L LO-INF-91 ‘eleg uny pPouleN DSAW :poulepy

WM ojesedQ 1Sd fw 0000y 021
260°€0L-¥19E€0\OSA\ -0 9|4 | Jeued Jooq :e|dwes

T b ] AN ] — A ——— At



SUeWNNEU| VL O9'2A [eSIONUn (D) @injesadws | dn ox3
00g 0Se 00c 0Si 001 0S 0
1 | A 1 1 I 'y 1 't 1 L *.OI
0.80°99} _
~-£'0-
i T
)
2
L
- Z"0~ (@)
. ¢0- 2
M ,
Q
6/rv9v9 1o
0.46'¢S1
00
yed oiseid efileq - jpued 100 :SN00 P40 :JUSWIWOYD)
€¥:80 L0-INr-L1 e¥eqg uny PoyiIeN OSAN -PoyieN
NI HoresedO NsSd Bw ooL2's 8218

€60°€0L-¥19E€0\OSA\"":D -8lid 2 uny |eued Jooq :ejdweg



suswNsu| V1 9°2A [eSIBAlUN (D) aanjesadwa | dn oxg

00€ 0se 00¢C 0s1 00t 0S 0
A 1 A 1 N 1 I 1 I 1 A w F -OI
~v1°0-
T
—cl'0- <
I
)
]
i J
Q
-3
010~ =
)
~80°0-
90°0-
wed onseld ebieq - |eued 100Q :SNo0-4 pio4 jUSLUWO)
e¥-80 LO-INr-L1 ‘6)eQ uny . Poyiey OSAN -pPoyiely
WM :JotesedO 1Sd bw oLz’ :ez1g
€60°€0}-¥19E0\OSA\"":D o[l ¢ uny |sued 100 :o|dweg



sjuBWINIS J| V1 09'ZA [ESIOAN (D) eanyesadwaj dn oxg
00t 0se 00¢ oSt 001 0S 0
s | 1 1 1 1 2 1 N 1 1 MO..
. N.Ol
=z
O
I =
(0]
<
T
(2]
-1o- &
I
o)
=
- Z
) o
\\\w 00
(0}

yed onsed ebleq - joued 100Q :SN20- pio4 Juelio)
£1:80 LO-NM-£1 €eg uny poyisy OSAIN ‘POWISN

WrM :ojeledQ a B 0012°S :ez1S
£60°€01L-¥19E0\OSA\ "D ‘elid 9S 2 uny |eued l0oQq :e|dwes



SIUBLINIIE U] VL 09'ZA [BSIOANN (Do) @amjesadwa | dn ox3

00€ 052 002 oS} 001 0S 0
i 1 A 1 1 1 1 1 : 1 M m.OI
IN.ol
D.70'9E}L 00902} I
1
o1 B/rLee’}
B/ry19'L _10- L
0o16geL 2:5C @
1
S e
s
=
00 QO
-1°0
20
s10fe] oM} yoeq - |eued 100 :SNJ04 PIo4 JUswWWo)
20:1} LO-InP-£1 tejeq uny PoweN OSAW :POUIe
WrM dotesedo Nsd Bw ooeLy ezIg
Eo €01-¥19E0\OSA\ "D ‘eiid siehe] om} yoeq - |aued JooQ :gjdwes

AN EmES SR T SR Tl SN e ~wE AEk SR S AR SER AR TN SR EEE e



SWSWINAE U V1 Q9'ZA [BSIOAUN (D) ainperadwe dn ox3
0og 0se 002 oSt 001 0S 0
2 | I 1 1 [ 1 A i 1 1 VF-OI
‘ -cl0-
D
~01'0- <
I
)
=3
i n
>
=
800 =
=)
—-900-
v0'0-
s1e/e| OM] )or( - [euRd 100(] SNO0H Pio4 JuBllLO)
Ok} LO-INf-L| ‘e)eq uny PoyisN DSAW -poyiey
WM :dojeiedO Omﬁ_ bw oogL'y :ezig

¥60°€01-¥19E0\OSA\ "0 ‘Ol s10Ae] oM} yoeg - |oukd J00( ejdues



SUSWINISU| VL Q9'ZA [BSIOAN (Do) @anyesedwe |

. dn oxg
00g 0se 002 oSt 00l 05 0
" 1 M { N 1 N 1 " 1 " N.Ol
|—..OI
— S
O
>S5
-00 o
<
T
D
I Q)
i
(@)
10 =
=
Q
20
3
€0

sjefe) om] }orq - joud 100 :SNO04 P10 JUSWIWIOY)
Z0:LL LO-nr-L) tefeq uny pPoyleN DSAW :Poyle

Wrm ojeiedo 0sd Bw ooeL'y :0ZIS
¥60°€0L-¥19EO\DSA\"":D :8jid siefe} oM} yorg - |eued Joo( :o|dweg

llll!llllllillllﬂ:lll



.:/ 41
WY DN DEN ISU GBN OND NN GBN NN SER WNS OGN Gmp G0m G50 G50 GNm oms Gam

suewAt U] VL Q9'ZA [BSIeAUN (0,) aumesadwa | dn oxg
00€ 0se 00c st 004 0s 0
. 1 2 1 N 1 x 1 M 1 N Om.o..
0.5¥°25¢ 5
520
-0g0- L
D
1
" ()
b2
B
-S10- G
| |
) i
B/r6L ov
00.8'SV2 )
ﬁo 1’0~
-
S0°0-
yed Jeno Aeib - teuljpesH :snoo4 pio4 Juswio))
YSEL 10NM-LL 8jeq uny PouieN OSAWN ‘Poute
NPM ojesedO 1Sd _ bw ooy :8zIS

S60°E0L-¥19EO\OSA\ "D ‘ell4 - . ved 1eino Aesb - 1euypesy :ejdweg



sjuewns U] V1 O9°2A [esIsAuN
00e

(9,) ainresodwa}

om.N om b

dn ox3

0¢o-

-81°0-

-91°0-

-v1°0-

~cb°0-

—~01°0-

—-80°0-

¥G:€L LO-INM-LL :8leq uny
WM HojesedO

1o osd
S60°E0L+19E0\0SAN 20 ‘el

e i G Tl s Sl G R ek ™ AR A G BN AR B A TEEE e

90°0-

yed Ja1no Aelb - JeulpesH :Sndo4 pio4 :Juewiwo))

pPowieN DSAN ‘PoYiIsy
bw goeLy ez
yed Jemno Aeib - Joulpesy :ejdweg

(6/Mm) molq yesH AsY



SIewWNLsU| V1 Q9'2A [eSIonun (Do) @imeradwa | dn ox3
00t 0se 00¢ oSt 00l 0S 0
" i " 1 2 1 A i N 1 " 0 lO'
-80°0-
~90°0-
Z
! )
=
D
-$0°0- <
I
D
s 2
I
5
—-200- =
g
~-000
-20'0
¥0°0
ved 1e1n0 ABIb - JoUlpPESH :SNC0 PIO- USWIWO))
¥S:€L LO-nr-L1 tejeq uny PoYyIeN OSAW -POoyIsN
WrM dojesedo 0sd Bw 00EL 'y :9ZIS

S60°€0L-719E0\DSAV 3D o4 ued teno Aesb - sou)pesy :ejdureg



SpueWNISY] Y1 09°2A fesienun (D,) @anyesadwa]

dn oxg
0oge 0S¢ 00¢ oSt 00!} 0S 0
A 1 2 | " 1 1 1 i 1 A MNO..
0..62S¢
020~
[ T
)
]
L
N "0O- (@]
SL'o g
=
)
| " ~01°0-
B/reg sy
0.2C5°S¥e
S0°0-
ued ie1no Aelb - JeulpeoH :SNO04 P10 Juelwon)
LE:9} LO-INM-L1 8¥eq uny POUIBN DOSAN -poyisN
WrM JojeledO NSd Bw oogey :ezIS
960°€01-V19E0\DSA\ 1D :ejid Z# wed Jeino Aeib - JaulpesH :ejdweg



NNy GES WD TS WP I 5T BN Wl N I e G0 B GE G am am e
SIBWILIE U] VL Q9°ZA [ESIouN (D) ®anjesadws |

00 0se 00c 0si 001 0S 0
| I | A 1 s 1 i w F.Ol

dn oxg

-91°0-

-v1°0-

-¢1'0-

-01°0-

(6/M) mold JesH A8y

—-80°0-

—-90°0-

00

ped sjeno Aeib - JouljpeeH SN0 pI04 JjUsWIWo)

1€:91 LO-INP-Z1 :8¥e@ uny PoweN OSAW poueiN
Wrm ojesedQ 0SAa Bw 009e'v ez
960°€01-¥19E0\OSA\"":D :Ojid 2# ued Jeno Aeib - ssulpesy :ejdweg



SWeWNAE U] V1 Q9'ZA [ESIONUN (D,) einjesadwa |

dn oxg
00e 0se 002 oS} 00l 0S , 0
2 1 1 ] 1 1 1 | A i " OP.OI
1 -80°0-
-900- =
o)
=
o)
- <
L
)
-y00- £
I
0
5 =
S
-200- —
-00"0
0’0
ued 1e1no Aeib - JouljpeoH SN204 PiO JUBWIWO))
LE:9L LO-INP-LL ‘8yeq uny PoyieN OSAW PoyiIen
WM -ojeiedO 1Sd Bw 0o9e'y 215
960°€0L-¥19E0\DSA\"":D ‘ol 2# wed seno Aeib - Jeuypesy :ejdweg

- maA OEk SR A R R AR AR IR AR SR A AR AR N m R W



ey L I

SeWNsE U] V1 G9ZA [ESIOAUn (Do) amesedwa |

00€ 0S¢ 00¢ oSt 001 | 0S 0
\ { A | N | L 1 " ON.Ol

\/\l _ -S1°0-

dn o3

~01'0-

(6/M) mojd 1esH

—-S0°0-

S0'0
BULISAOD - JBACOJESS :SNJ04 P10 JUBLILIOD

9¢€:80 LO-nr-8i :ejeg uny PouIsN OSAW -POUIeN

WrM :Joresedo 0sd Bw 0095, 0215
160°€0L-¥19E0\OSA\ 2O il Buuenoo - Janoojeeg ejdureg



SIUBWILKY] VL Q9'ZA [ESIBAN (D.) eimesedwa |

dn oxg
00€ 0S¢ 002 0sl1 00l 0S 0
Iy 1 A ] 2 [ L ] i 1 2 o F-OI
-80°0-
e
5)
<
X
®
=]
I o
o)
s
=
=)
-90°0-
v0'0-
BULIGAOD - 18A0}R8S SNO0 PIO4 :JUBLUIIOY)
9e:80 10-InM-gl :8jeq uny POYI®N OSAW -POYisy
Wrm ojeledo 1Sd Bw 00952 0218
260°€0L-719€0\OSA\ "D ol Buuieaod - Jenoojees ejdwes



SJUWNLE U] V1 09'2A [ESIOANN) (Do) 8anjesadwa ) |
00€ 0,074 00¢ 0si 001} 0S 0
n 1 N 1 1 1 ] 1 ul 1 o —. -OI

dn ox3

-G0°0-

~-000

(B/M) MO|4 1e8H ASIUON

-G0'0

oL0
BULIGAOD - 18A00JESS SNV04 PO :JUBWIWOD
9€:80 L0-Inf-8| ejeq uny pPoUlaN DSAW :POYIeN

Wrm JojeredO Nsda Bw 0095, :@Z1S
£60°€01-7L9E0\DSAV "D ‘alid Buuenoo - Jenoojees :ejdwes



sjuaLnE Ul V1 Q9°2A [esionuf AOov 0._39_0&50._.

00e 0S¢c 00¢ (0] 8 001 0s 0
1 1 N 1 . I M mN.ol

dn ox3g

-0¢°0-

~G1°0-

(6/M) mojd jesH

~01°0-

S0°0-

BuueA0 - 19A00JRES :SND0 PIO4 HJuBWILION
S0} 10INP-8} :eleq uny POWSIN OSAW Poylepy

Wrm uojeiedp 1SAa Bw 000021 :ezZIS
860°€0L-FLOEONDSA\"":D efld c# BulieAoo - Jenoalees :ejdweg

[ N RN L] ] S - L] [ ] [ ] ] ] ] ] ] A ] 1



Eoqnoacg o

SJUSLUNJIS U] VL Q9'2A IesIeAlun AOov mb:um._wa_.co._.

00ge 0se 00¢ oSt 001 0S 0
1 1 1 A 1 L 1 " 0 _v.o.-

dn ox3

—-80°0-

(B/M) mo|4 JesH AsY

—-90°0-

y0°0-
BuLIBAOD - 16A00JBES :SNJ0 P10 ‘JusWWo)
/S:0L LO-INf-8L ‘8req uny poyiey DSAWN :PoYlen

WrM :lojesedQ nsda Bw 000021 :8ZIS
860°COL-FL9EO\DSAN "D ejid 2# BuueAod - 1enooleeg :ejdweg



SUBWIILUJ V1 Q9°ZA [ESIOAIUN (Do) @anyeradwa |

dn ox3
00e 0S¢ 00¢c (0321 00} 0S 0
1 | 2 1 I 1 A 1 2 1 A m F -OI
-01°0~
pd
o)
- S
=
o
<
T
)
-G00-
i
'O
-3
j s
)
-000
S0°0
Buneaoo - 18A00)e8S :SN204 PIO4 JuBLIWOY)
2GS0} LO-nr-gL ‘ejeq uny POYIeN OSAWN :poyieN
WIrM dojeled Owh_ bw 000021 :8zIS
860°€0L-¥19E0\OSA\' "D 8|14 Z# Buuenoo - Jorooiees ejdwesg



sjuswWInuls J) V1 Q9'2A lesieAlun AOov m..:Hm._wQEm.r

00€ 0Se 002 - 051 00t 0s 0
1 i 1 2 1 1 i1 A i ' m F-Ol

dn ox3

-v1°0-

-€1°0-

(6/M) mold 1esH

x14'a

‘s

0] 0
Wieo} - JOAODJEBS 1SNJ04 PO :JusWwWo)
201 10-INP-g1 :eleg uny pouIeN DSAWN POUIeN

WPM ojeledo 0sd Bw 0092'S :®21S
660°€0L-¥19E0\OSAN"":O elid wreod - JoA00jees ojdwes



SIUBLIMIE U] VL G9'ZA [ESIBAN (Do) @inesadwe | dn oxg

ooe 0S¢ 002 0St 00} 0S 0
L 1 1 N 1 " i " @ 1’0~

~-v1°0-

—-c1'0-

—01°0-

(6/M) moj4 yesH AsY

-80°0-

90°0-

Weoj - JOA0DJRES SN0 PIOS :JUBWIWOY)
¢0€l 10-INr-gL :ejeq uny POYISN DSAWN :PoYIeN
WIrM :1ojeledQ OWD i bw 0oge's :ez19
660°€0L-¥19€0\OSA\ "D -6jid weo4 - 1eAodjeeg :ejdweg



SWeWNAS U] V.1 Q9°ZA [ESIONUr) (D.) einjesadwa ] dn oxa

00€ 0S¢ 002 0S1 001 0S 0
§ | " i " 1 N @O.ol

-10°0-

-20°0-

—-00°0

(6/M) MmOJ4 1ea ASJUON

~2c0'0

—-170°0

90°0
Weo] - JOA0IJeSS SNJ04 PJo4 :jusliwo)
20:€l 10-Inr-81 ‘eyeq uny pouyleN OSAN :POUIenN

WrM oteledo osd 6w 00g2'S :ezIS
660°€0L-719E0\OSA\"":O ‘ol weo - Jencojees ejdures




SWOWINLE U] V1 (9°ZA [BSIOAUN (Do) eunjesadwa )

dn ox3
00€ 052 002 051 001 0S 0
1 1 N { 2 1 . 1 1 1 M QF.OI
-91°0-
[ T
(]
L
n
_ ‘N- (@]
rie- 2
s
=)
210
0L'0-

. Wreo} - 18A001BS 1SN0 P10 :JUBWILLIO)
y¥:S1 L0-InP-81 :ejeq uny POYION DSAW :poyisiy

Wrm uojeiedo 1Sd Bw goglL's :ezig
00L°€0L-#19E0\OSAN"":D :elid ¢ Uni WeoH - Jecojees :o|dweg



SIISWINAS U} V1 G9'ZA [ESIOAUN (Do) ainjesodwa ) .
00t 0se 002 oSt (0,0] 0s 0
2 i 1 i 2 | 1 1 N w F.Ol

dn o3

-91°0-

-v1°0-

~-cl’0-

(6/M) Mo\ YeeH AeY

-01°0-

80°0-
weoj - JOA00]EBS :SNJ04 PJO4 ‘jusluwo)
$:SL 1L0-INr-gL 18leg uny _ pouisN OSAW :PoyIeN

WrMm -oesedo 1Sd Bw 00EL'S :821S
00}"€0L-¥19E0\OSAN "D iy g uni weo4 - Jencojees :ejdwes



SluewWNA: Ul VL Q9°ZA [BSIOAUN (D) eimesedwe |

00¢ 0S¢ 00¢ 0S1 001 0s 0
1 1 1 N ! N 1 N @0.0!

dn ox3

Ig-OI

—-c0°0-

(6/M) moj4 1eaH ABIUON

80°0

WEOj - JOA0DIBES :SNO0- PO :JUBILIOD
v¥:S1 10NM-81 tejeq uny poyieN OSA :Poyiey
WM ojesedO 9sd Bw oogl’s :ez1S
00L'€0L-¥L9EONDSAN 2O @14 2 UnI weo4 - JoAoojeas :ejdwesg



| o
'Illllllllll,ll'l'll

SIUBLINIIE U] Y1 Q9'2A [BSIBAN (D) @anyesedwia | dn oxg
00¢ 0se 002 0S| 00} 0S 0
N 1 n L 1 1 2 L L 1 N.Ol
D.£6°001
b/re6 sy _ _ L 10-
°56°9¥2
S — “ b/rse ee
' D.££29
xI
o)
Q8
Ll |
0 (@]
00 g
s
=)
- 10
D.02°€52
rA0)

Buieq - 18A001BES SN004 PJo4 [JUsWIWO)

e1-:80 LO-INM-61 -8je uny PoyisN OSAWN ‘PoUIsN

WM ojeredO 0sd bw 0026’8 :021S

LOL'E0L-¥19E0\OSA\ "D 8lid

Buneq -1eA00)eeg :ejdwes



SUAWINNSU| VL 09'ZA eSIoNun (D,) eamesadwe}

dn oxg
00¢ 0se 002 oS} 00l 0s 0
A | " ] 1 1 1 1 N 1 N .VF-OI
11
X
i 0}
<
I
®
=]
0100
o)
-3
2
I =)
l8.°l
90'0-
Bunieq - 1eA00jeES :SN204 PO JUeWILLOD)
€80 L0-INr-61 -efeq uny , POy OSAN ‘pouiey
MM JojesedQ 0SAd Bw 00268 :82IS
101°E0L-#1L9EONOSAN O 9Olid Bunyeq -1eA00je8g :e|dweg



SIBWINIIE U] VL Q9'ZA [ESIieAun (Do) aamesadwa)
00e OMN 00¢ om_ } 00} 0S 0

i | 1 i 1 i 1 A —:-OI

dn ox3

00

- 10

(6/M\) MO|4 1e8H ABJUON

-¢0

€0
Bupeq - 18A00}E8S SN0 PI04 Juewwo)
€1'80 LO-INr-61 :6jeq uny poyiIeN DSAW :poyien

WrM ojesedo osd Bw 0026’8 8z
101 E0L-¥L9EONOSAN ™D ‘elid Bumeq -1eacojeeg sjdweg



SHUSWINIY U] VL 9°2A [esIenun (D,) a1messdwe |

dn ox3
00¢ 052 002 oSt 00} 0S 0
s ] N 1 . 1 . 1 2 1 N 20-
0.69'88
BirLe sy e
b/rLeee
oW VA A OEC I
[ T
®
L
1
-0 (@]
. 00 S
s
=)
- 10
0.60°GSC
20

Buimeq - 16A00}eOS :SN204 PO JUBWIWOY)
60:11 10-INr-61 -6yeq uny PoyiIe DSAW :POYIe

Wrm ojesedo 1Sd bw 0ov9y :ez15
201'€0L-¥19E0\OSAN "D ol _ 2 uru Bumeq -1enoolees :ejdures



[T
- W W W - .. - O . a. \
> -

SUBWINIY| VL (9°2A [BSIAUN (D,) ainyesedwa )} | dn ox3
0
og o o op o s o
-0
my)
o
-cb’'0- <
€I
(]
L
i 1
o)
=
LoL0- =
=)
- 80°0-
|
900~
Bunjeq - J8A00JBES SNO0 PIO JUSWIWIOD
60:L} LOINP-61 -8jeq uny poyieN OSAN -PoUyIeN
WM otesedQ 1sd Bw 00v9'y 0z

201°E0L-PLOEO\DSA\" "D 8l 2 uru Bunyeq -1an00jees :ejdwes



SWeLNIE U] VL Q9°ZA [BSIoAuUN (Do) ainyesedwa

dn ox3
00¢ 0S¢ 002 oSt 0oL 0S 0
i 1 1 ] n | 2 1 I 1 A —-.OI
J
~0'0
e
O
I =2
D
<
I
O
-0 8
I
O
=
-
=)
~c'0
€0

Bumeq - Jenoojees :snoo4 pio4 Juewiwio)
60:L1 LO-NM-61 :0)eq uny pPoyiey DSAWN :pPoYie

Wrm -ojeledo 1S8a . Bw 0oy9'y :ez1g
20L'E01-¥F9E0\OSAN 2O ‘olid 2 uni Bumeq -1enoojees sjdwes



v ,
. A

SBWIIS U V1 A9°ZA [ESIBAIUN (Do) @imesadwa )

00€ 0se 00c 0Si 00t 0S 0
" | L 1 A 1 N 1 i i — 0 L '0-

dn ox3

~80°0-

-90°0-

-¥0°0-

(6/M) mold 1eeH

-20°0-

c0’0
Bupjoeq UMOIG/M WIEO) - JOUIJPESH :SNO04 PI04 :JUSWILIO)

LLEL LO-INM-61 (ekeq uny PoUIsN OSAN :PoUIen

INFM uojeledo osd Bw oocyy ez1S
€01°€01-¥1L9E0\DSAN 2O ‘elid Bpoeq UMOIQ/M WEO) - JeulipreH ejdwes



SUBLINIE U] Y1 Q9°ZA [BSIOAUN (Do) enjesadwa |

dn ox3
00€ 0S¢ 002 oSt 0oL . 0S 0
" 1 i 1 A 1 L 1 I 1 1 Z L 'o-
-01°0-
D
i ]
<
I
0]
8
-800- =
o
2
=
[ Q
_90'0-
¥0'0-

Bupjoeq umoig/m Weo} - JOUIPeeH SNJ0 Pi04 :JUBLIWIOY)
L€ LO-InP-61 eled uny poyey OSA :poyien

WrM -iojesedQ 1Sd Bw goepy :ez1S
€0L'€0L-¥1L9EONDSAV "D Ol Bjoeq umoig/m weoj - JeuljpesH :ojdwes



SeWNIHU] V.1 Q9'ZA [BSIBAUN (Do) imesedwa ] dn ox3

00€

OQIZ 002 0‘.'3 } 001 0S 0

—20'0

—-¥0°0

—-90°0

(6/M) MOl YeeH ASIUON

-80°0

—01'0

cl’o
BupjOEq UMOIG/M LIEO) - JOUIJPESH :SNO0 PO JuewWo)

LL:€L LO-NM-61 8led Uny pouieN DSAWN Pouiey
WFM :101e1edO NsSa Bw 00Ey'y :9AS

£0L'E01-¥19E0\OSAN O elid B,50Bq UMOIG/M Weo) - JouljpeeH :ejdwes




SIUBWINIHU| V1 Q9°ZA [ESIBAUN (D,) eamesedwe |

dn oxg
00€ 0S¢ 00¢ 0S1 00t 0S 0
L 1 L 1 N 1 " 1 2 1 1 ZL'O-
~01°0-
—-80°0-
L
(]
2
L
-90'0- ©
90°0 s
S
_m'o-
—~c0°0-
000

Bupioeq umoiq/m weoj - seulpesl :snoo pioy Jluswwo?)
6¥:SL LO-INM-61 :8jeq uny POYieN OSAW :pouiepy

WrM uojeledo NSAd3 bw ooLey :ez1g
¥0L'E0L-¥LOEO\OSAN":O :elid c# Bafeq/m weo; - seulpesy :ejdweg



sjuBWINASU| V1 A9°ZA [ESIBAUN (n,) einjeiedwa |

oot 0S¢ 00¢ oSt 00l 0S 0
1 1 L 1 A o _ .V v .Ol

dn ox3

x11's

~01°0-

-80°0-

(B/M) Mol yesH Ay

—90°0-

¥00-
Bupjoeq UMOIG/M WIEBO) - JeUI|PESH SO0 PO JUSLIWOY)
6¥:S1 L0-INM-61 :eveQ uny POYISN DSAW :POUIBN

WM uojeledO NSd Bw ooLe't :8zS
$01°€0L-¥19E0\OSA\ "D 9|4 Z# Bfeq/m wreoj - seulpesH :ejdweg



SIUeWNIYU| V| O9°ZA [BSIBAIUN (D.) 8inesadwa |
00¢€ Om_«N . 00¢ Om_w l - 001 0s

dn ox3

S0°0-

LAY

(B/M\) moj4 1e8H ABJUON

—-01°0

S0
Bupjoeq UMOIG/M WO} - JBUlPESBH SNC04 PIOH [JUBWIWOY)

6¥:S} 1L0-INM-61 18leq uny POUISIN DSAW POYIe

WrM Hojesedo 0sd bw 0oL6y 8219
YOL€0L-¥19EONOSAN "D 8jid ci# Bfeq/m wreof - Jeulpesy :e|dweg






et ——— [ —— [ —— [~ ] _— —— —_— - —— S
v i
]

APPENDIX D

CONE CALORIMETER TEST REPORTS

General Motors Corporation SwRI Project No. 18.03614






SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614 Material ID: Headrest
Part No.: 12457891 Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator; J. Anderson
es
Date (g ®  GWm) () (MU (kW) (KWim?)  (KWm?)  (kWim?)
0361-3 02/05/01 49 640 262 80 81.2 230 182 146 255
0361-4 02/05/01 51 699 275 80 96.1 220 186 167 265
Average 50 670 269 80 88.7 225 184 157 260
Initial Final 10-90 ‘ .
Mass M Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (g) (9) (%)  (g/m*s) (MJkg) (1/s) (mYmT) (m¥m®) (m¥Ym?) (mikg)
51.2 18.7 31.6 61.8 6.1 22.7 2.70 16 1858 1874 519
43.3 7.4 38.1 834 7.0 2358 2.76 0 2082 2082 510
47.3 13.5 339 72.6 6.6 23.1 2.73 8 1970 1978 514
HEAT RELEASE RATE: HEADREST
300
250
o~ 200 | :
E
Z 150
5 L
- 4 100 }
50 -
0 A b A e X A 1 - U U - A A L A A 1 e L i e i 4
0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900
Time (s)
[——0361-3 - - 03614 |
General Motors D-1 SwRI Project No: 18.03614



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client; General Motors Material ID: Headrest
SwRI Project No: 18.03614 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: HEADREST
16
14 |
|
12 ¢
E 10 F N
6 |
4 }
2 L
0 " JJLg..‘V-.’\AmAA—MI i 1

Time (s)

[—0361-3 — -03614]

0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900

SPECIMEN MASS: HEADREST
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0 60 120 180

240 300 360 420 480 540 600 660 720 780 840

Time (s)

[—0361-3 -~ 03614

Notes & Observations:
Samples were 45 mm in thickness.

General Motors

D-2

SwRlI Project No: 18.03614



~ SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Material ID: Headrest
Part No.: 1245789 Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
esl
Dale () () W) (5) (M) (KWimD (KW) (KWimH)  (kWim?)
0371-7 02/06/01 30 533 316 50 90.1 268 104 188 302
0371-8 02/06/01 24 622 295 45 68.7 256 191 172 284
Average 27 578 306 48 79.4 262 192 180 293
Initial Final 10-80 ;
Mass Mass Mass Loss MLR EHC SPR SRy, SR, TSR SEA
(9) (9) (9) (%) (g/m’s) (MJkg) (i/s) (m¥m%) (m¥m?) (m¥m®) (m¥kg)
48.5 134 36.0 72.7 8.6 22.1 4,23 8 2403 2411 590
48.5 19.5 286 58.9 6.6 21.2 3.25 22 2093 2114 647
49.0 16.5 323 65.8 7.6 21.7 3.74 15 2248 2263 619

HEAT RELEASE RATE: HEADREST

0 60 120 180 240 300 360 420 480 540 600 660 720 780
Time (s)

[—03717  0371-8]

General Motors D-3 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Headrest
SwRI Project No: 18.03614.01 Heat Flux: 35 kWim?
(Page 2)

SMOKE PRODUCTION RATE: HEADREST

SPR (1/s)

Aol - It 2 J

0 60 120 180 240 300 360 420 480 540 600 660 - 720 780
Time (s)

F—oaﬂ-? - --0371-8

SPECIMEN MASS: HEADREST

or‘.4 SN S T SR S G | R T e ek

0 60 120 180 240 300 360 420 480 540 600 660 720 780
Time (s)

[—0371-7 — 0374-8 |

Notes & Observalions:
Sample was 45 mm in thickness.

General Motors D-4 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRlI Project No:  18.03614.01 Material ID: Headrest
Part Number: 12457891 Heat Flux: 50 kWim?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date (s) (s) (kW/m?) (s) (MJ/im?)  (kWim?) (kW/im?) (kW/im?) (kW/m?)
0461-1 02/15/01 11 609 400 35 105.4 301 222 222 368
0461-2 02/15/01 11 558 416 35 100.7 304 274 244 369
Average 11 584 412 35 103.0 303 248 233 369
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) @ (%) (g/m*s) (MJkg) (1/s) (Mm% (m¥m%) (m¥m?) (mikg)
49.6 8.6 410 826 9.3 22.7 443 2 2763 2768 596
47.9 8.9 39.0 815 9.5 228 415 -0 2385 2388 540
48.8 8.7 40.0 82.1 9.4 228 429 .1 2574 2576 568

HEAT RELEASE RATE: HEADREST

General Motors

SwR1 Project No: 18.03614.01



Client:

—

SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

General Motors Material ID: Headrest

SwRI Project No: 18.03614.01 Heat Fiux: 50 kW/m?

(Page 2)

SPR (1/s)

SMOKE PRODUCTION RATE: HEADREST

28
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600 660 720

SPECIMEN MASS: HEADREST

60 120 180 240 300 360 420 480 540 600 660 720

Notes & Observations:
Samples were 48 mm in thickness.

General Motors

D-6 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 . Matenial ID: Seat (Cover & Foam)
Part No.: 12532840 Heat Flux: 20 kwim?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operstor: J. Anderson
Testip TeS! t t  HRRyk Lew  THR  HRRe HRRyme HRR3s HRR30s mex
es
Dete () () (WM (5) (MUY KW (Wim?) (WimD)  (kW/m?)
0371-3 2/6/01 34 237 488 170 70.0 193 339 234 479
03714 2/6/01 No Ignition 7 118 1.1 2 3 2 6
13111 511104 39 273 460 140 54.7 169 279 182 437
Average® 36 255 474 185 62.3 181 308 208 458
Initial Final 10-90 ,
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA 3
(9) (9) (9) (%) (g/m*s) (Mikg) (1) (MmYm?) (m¥m?) (m¥m’) (m¥kg)
373 5.2 318 85.6 206 194 6.00 7 1643 1651 455
40.7 25.0 15.7 38.6 1.5 0.8 0.96 1227 N/A 1227 690
326 4.9 27.4 83.9 23.6 17.7 4.15 21 1285 1307 415
35.0 5.1 29.7 84.8 22.4 18.5 5.08 14 1464 1479 435
HEAT RELEASE RATE: SEAT (COVER & FOAM)
550 [
500 |
450 |
400 | A
E [ 4 i
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g 250 | p
F2001 f !
150 | |; ‘t‘
100 ~ : "
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0 120 240 360 480 600 720 840 960 1080 1200 1320
Time (s)
[——03713 —~- - 03714 -----: 1311-1 |
General Motors D-7

SwRl Project No: 18.03614.0]




SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Seat (Cover & Foam)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: SEAT (COVER & FOAM)
18
18 r
1“1 i
12 | A
2ol
g 8 [ Aty
4t i
L ]
2 i e - ." - e R .__.-"v"~~"h'.,'_,,," R L NP : ..
0 L . - . . '4 N - - 'w."'; - "‘-,‘ sa—
0 120 240 360 480 600 720 840 960 1080 1200 1320
Time (s)
[——0371-3 -——— 03714 ------ 13111

SPECIMEN MASS: SEAT (COVER & FOAM)

45 ~
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35 —
0 | T
B2 | T T
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15 |
10
5.
0 A S SR
0 120 240 360 480 600 720 840 960 1080 1200 1320
Time (s)
ok 0371-3 -03714 <+ 1311-1]

Notes & Observations: * Averages of test 0371-1 and 1311-1

General Motors D-8 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwR! Project No: 18.03614.01 Material ID: Seat (Foam & Cover)
Part Number: 22589249 Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date (s) () (WImd) (s) (MImM?) (KWImH (KWim?) (KWim») (KW/im?)
0451-1 02/14/01 16 210 434 125 491 158 261 164 420
0451-2 02/14/01 21 211 470 140 52.9 179 281 177 460
Average 18 210 452 133 51.0 169 271 170 440
Initial Final 10-90
Mass  Mass Mass Loss MLR EHC SPR SR, | SR, TSR SEA
(9) 9. (9 (%) (g/m™s) (MJAkg) (1/8) (m*m?) (m¥m?) (m¥m?) (mkg)
35.7 5.0 30.6 85.6 21.3 14.2 8.17 1 1879 1880 544
347 4.6 29.9 86.2 20.1 15.6 7.05 8 1651 1657 488
35.2 4.8 30.2 85.9 20.7 14.9 7.61 4 1765 1768 516

HEAT RELEASE RATE: SEAT (FOAM & COVER)
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Time (s)
[—04511 - 0451-2]
General Motors D-9 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Meterial ID: Seat (Foam & Cover)
SwRI Project No: 18.03614.01 Heat Flux: 35 kW/m?
{Page 2)
SMOKE PRODUCTION RATE: SEAT (FOAM & COVER)
24
22
20}
18
16 |
714
=12
§, 10 }
8 }
6|
4t \,
2} . "
o " i N X M PO S " 1.4\:’:\'_; . T T 1 —_—— .
0 30 60 80 120 150 180 210 240 270 300 330
Time (8)
[—o0451.1  0451-2]
SPECIMEN MASS: SEAT (FOAM & COVER)
10 ¢t
5| B
0 - " 1 i IR § i A d i b i PR R Al i i i PUDEED S SHY el
0 30 60 90 120 150 180 210 240 270 300 330
Time (s)
[——0451-1 - -- 0451-2 |
Notes & Observations:
0451-1: Cover peeled back at 14 secs and exposed the foam padding.
0451-2: Cover did not peel back, but did melt and ignite in place.
D-10 SWRI Project No: 18.03614.01

General Motors
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRl Project No: 18.03614.01 Material ID: Seat (Foam & Cover)
Part Number: 22589249 Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m*
Frame: Yes Distance: 25mm
Spark Igniter: Yes Operator: J. Anderson
Date s) 6 KWm)  (5) (M) KWImY) (KWim?) (KWim?)  (kWim?)
0461-3 02/156/01 8 175 648 115 63.4 263 7 353 212 621
0461-4 02/15/01 9 179 725 120 65.1 218 361 218 693
Average 8 177 685 . 118 64.2 241 357 215 657
Infial __ Final 10-80 -
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) () (9) (%) (gim’s) (MIkg) (1) (m¥m®) (Mm% (m¥m®)  (m?kg)
4.9 44 304 87.0 26.2 18.5 *0.50 5 1798 1804 524
43.1 55 374 86.8 29.5 154 11.47 3 2232 2235 527
38.0 5.0 33.9 86.9 27.8 16.9 10.48 4 2016 2020 526
HEAT RELEASE RATE: SEAT (FOAM & COVER)
800 -
700 }

120 150 180
Time (s)

[—0461-3 —- 04614 |

210 240 270 300

General Motors

D-11

SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client:

General Motors
SwRi Project No: 18.03614.01

Material ID:
Heat Flux:
(Page 2)

Seat (Foam & Cover)
50 kWim? -

SMOKE PRODUCTION RATE: SEAT (FOAM & COVER)

TrrTrT

SPR (1/s)

T T T YT YT

28
26
24
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20
18
16
14
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10

8

]

4

2

0

270 300

0

Time (s)
[—o0461-3 - 04614
SPECIMEN MASS: SEAT (FOAM & COVER)
G
O 1 e . 1 P i PR U

0 30 60 00 120 150 180 210 240 270 300

Time (s)

Notes & Observations:

Samples peeled away and shrank at 6 secs.

General Motors

D-12

SwR1 Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Matenal ID: Seat (Foam)
Part No.: 12532840 Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area. 0.00884 m?
Frame: Yes Distance: 25 mm
Spark igniter: Yes Operator: J. Anderson
T 1 t HRR tew  THR  HRRey HRRysoe HRRywe HRR3os mex
Date (4 ®  (WImD  (5) (MIm?) KWim®) (kWim?) (kW/imH  (kWim?)
0371-1  02/06/01 10 164 404 105 39.7 180 221 133 401
0371-2 02/06/01 12 190 404 85 415 142 229 138 400
Average 1 177 404 100 40.6 161 225 136 401
inftial __ Final 10-80 '
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
@ 9 9) (%) (g/m?s) (Mlkg) (1/s) (mm®) (m¥m®) (m*m?) (m'kg)
14.9 1.2 13.7 91.8 130 25.7 2.30 2 412 414 267
15.7 08 14.9 95.0 135 - 246 2.58 2 527 529 312
1563 1.0 14.3 934 13.3 25.1 2.44 2 470 471 289

HEAT RELEASE RATE: SEAT (FOAM)

210 240 270 300

Time (s)

[—0371-1 - 0371-2 ]

General Motors D-13 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material I1D; Seat (Foam)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m*
(Page 2)
SMOKE PRODUCTION RATE: SEAT (FOAM)
8
7
6!l 1 | !,r\\
'\.\ r '
5§t ! '\\ ' \
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0 - i L oL PR s i A i ek,
0 30 60 180 210 240 270 300
[—o0371-1 - -0371-2]
SPECIMEN MASS: SEAT (FOAM)
20
0 A L o, e, i A PR 1 L A A A o —-J -—_.‘:— 'S L*--n L "
0 30 60 20 120 150 180 210 240 270 300
Time (s)
[—0371-1 -—-0371-2]
Notes & Observations:

Samples were 35 mm in thickness.

General Motors D-14

SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Matenial ID: Seat (Foam)
Part No.: 12532840 Heat Flux: 35 kWim?
Crientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes " Operator: J. Anderson
Date (s) (s) (kW/m?) (s) (Mm% (kW/mT) (W/m?) (W/m® (&W/m?)
0371-5 02/06/01 2 190 426 120 47.4 215 263 158 403
03716 02/06/01 3 180 as2 85 454 230 252 151 377
Average 2 185 404 103 46.4 222 257 155 390
Initial Final : 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(g) (©) 9 (%) (g/m*s) (MJIkg) (1) (m¥m?) (mIUm? (m*m?) (mkg)
17.8 0.8 17.0 85.7 14.7 246 3.30 0 640 640 332
174 0.9 16.5 5.1 136 243 3.67 3 693 695 370
17.6 08 16.8 95.4 14.1 244 3.48 1 667 668 351
HEAT RELEASE RATE: SEAT (FOAM)
210 240 270 300
Time (s)
[——0371-5 —--0371-6 ]

General Motors D-15

SwRI Project No: 18.03614.01



ASTM E 1354 CONE CALORIMETER TEST REPORT

SOUTHWEST RESEARCH INSTITUTE

Time (s)

[—0371-5 -- --0371-6 |

Client: General Motors Material ID; Seat (Foam) l
SwRI Project No: 18.03614.01 - Heat Flux: 35 kW/m?
(Page 2) I
SMOKE PRODUCTION RATE: SEAT (FOAM)
10
CR l
8
ol l
g 6
A 5 |
g 4 I
3
2t
'] |
0 L W Y
240 270 300
Time {s) I
[—0371-5 - 03718
SPECIMEN MASS: SEAT (FOAM)
20 . l
180 210 240 270 300 '

Notes & Observations:

Samples were 35 mm in thickness.

General Motors

D-16

SwRI Project No: 18.03614.0}



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Matenal ID: Seat (Foam)
Part Number: 22589249 Heat Flux: 50 kW/m?
Orientation: Horizontal . _ Sample Area: 0.00884 m?
Frame: Yes , Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip  Te! te tt  HRRew e  THR  HRRe HRRise HRRaos HRRyos max
Date (s ()  (WmY)  (5)  (MImM?) (KWIm?) (WMD) KWImD)  (KWimd)
0461-5 02/15/01 2 167 434 75 36.2 252 202 121 416
0461-6 02/15/01 2 19 516 90 479 221 264 160 494
Average 2 179 475 83 42.1 7 237 233 140 455
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m*s) (MJkg) (1/8) (mm?) (m¥m%) (m*m?) (m%kg)
19.2 6.0 13.2 68.7 149 243 3.46 0 591. 591 396
183 2.6 18.7 86.4 15.9 254 3.15 0 624 624 33
19.3 4.3 14.9 775 154 248 331 0 608 607 363

HEAT RELEASE RATE: SEAT (FOAM)

: 8 8

HRR (KW/m?)
(7
8

8

o

180 210 240 270 300

 Time {(s)

[—0461-5 - 04616 |

General Motors D-17 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Seat (Foam)
SwRI Project No: 18.03614.01 Heat Flux: - 50 kW/im? -
(Page 2)
SMOKE PRODUCTION RATE: SEAT (FOAM)
10 -
ot
8 |
7 ¢
g
> 5
§ 41
2 | ,
1
o . " a 2 by " . L I —— 1 . 4
0 30 60 90 120 150 180 210 240 270 300
Time (s)
[—0461-56 - 0461-6]
SPECIMEN MASS: SEAT (FOAM)
25

[— 04615 - -0461-8]

Notes & Observations:

SwRI Project No; 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Material ID: Headliner
Part No.: 22619703 Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter:  Yes Operator: J. Anderson
Date (s) 6) (KW  (8)  (MIm) (WMD) (kWm?) (Wim?)  (KWim?)
0361-5 02/05/01 153 53 183 165 49 82 27 16 134
0361-6 02/05/01 124 80 190 135 51 83 29 17 135
Average 138 66 186 150 5.0 82 28 17 134
Initial Final : 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
@ (g) () (%) (g/m*s) (MIkg) (11s) (m¥m%) (m¥m?) (m¥m%)  (m7kg)
7.7 4.4 23 29.5 8.2 19.0 0.86 73 108 181 420
7.7 45 2.6 34.0 7.9 17.4 0.78 59 99 159 34
7.7 4.5 24 38 8.1 18.2 0.81 66 104 170 377

HEAT RELEASE RATE: HEADLINER

200
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et

0 30 60 90 120 150
Time (s}

[—o03615 - 03616

300

General Motors D-19 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors

Material ID: Headiiner

SwR! Project No: 18.03614.01 Heat Flux: 20 kW/m? -

(Page 2)

SMOKE PRODUCTION RATE: HEADLINER
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§ o!
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0 210 240 270 300
[—03615 03616
SPECIMEN MASS: HEADLINER
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0 30 60 90 120 150 180 210 240 270 300
Time (s)
[—0361-5 --—0361-6 |
Notes & Observations:
General Motors D-20 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Material ID: Headliner
Part No.: 22619703 Heat Flux: 35 kW/m?
Orientation: Horizontal , Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
TestID Test % b HRRpeak toask THR HRRegoe HRRys0s HRRagge HRR305, max
Dste (s) 6 W) (s) (MM (KWimY) (WImD (KWimD)  (KWIm?)
03114 01/31/01 13 88 204 25 8.4 130 47 28 184
0311-5 01/31/01 12 89 191 20 8.3 127 46 28 173 B
Average 12 88 198 23 8.4 129 47 28 178
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (@) (9) (%) (g/m*s) (MJkg) (V8) (mYm) (mYm*) (m¥m?) (m?kg)
7.6 35 41 535 9.2 18.3 2.01 5 206 211 448
79 4.0 3.9 49.0 8.8 18.0 1.64 1 203 204 464
7.8 3.8 4.0 51.2 8.0 18.6 1.97 3 205 207 456

HEAT RELEASE RATE: HEADLINER

220
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120 }

HRR (kW/m?)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Headliner
SwRlI Project No: 18.03614.01 Heat Flux: 35 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: HEADLINER
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0 — . e e
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Time (s)
[—o03114 - -03115
SPECIMEN MASS: HEADLINER
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Notes & Observations:

General Motors ' - D-22 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRlI Project No: 18.03614.01 Material ID: Headiiner
Part No.: 22619703 Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Dislance: 25mm
Spark Igniter: Yes Operalor: J. Anderson
S
Date (s) ) KWm)  (5) (MM (KWmH (KWim?) (Wim?H  (kWim?)
0311-8 01/3101 7 60 298 25 8.7 162 65 33 244
0311-9 01/31/01 7 78 245 25 0.8 151 55 33 218
Average 7 69 271 25 9.8 157 55 33 231
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (gim-s) (MJkg) (1s) (m¥m?) (m¥m*) (m¥m") (m¥kg)
76 32 4.4 58.2 16.0 19.5 414 1 288 289 577
7.6 3.1 45 59.1 10.2 193 282 0 254 254 498
7.6 3.1 45 58.6 13.1 104 3.48 1 271 272 538
HEAT RELEASE RATE: HEADLINER
350
g
-4
4
-4
90 120 150 180
Time (s)
(—0311-8 ---—0311-9]
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General Motors

SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Headliner

SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Pege 2)

SMOKE PRODUCTION RATE: HEADLINER

90 120 150 180
Time (s)
[—0311-8 --—-0311-0 |
SPECIMEN MASS: HEADLINER
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Time (s)
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Notes & Observations:
D-24 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Material ID: Glove Box (Exterior)
Part Number: 22587440 Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: ‘ 25 mm
Spark Igniter: Yes Operalor: J. Anderson
Testip TSt i b HRRppw  Loesk THR  HRRg, HRRys0 HRRye HRR30s mex
Date (s) ) Wmd (s) (MIm) (W/m) G&W/mY) (kWmd (KW/m?)
0521-3 02/21/01 124 493 443 205 94.1 155 318 284 440
0521-4 02/21/01 123 499 543 260 89.3 139 340 274 528
Average 124 496 493 278 91.7 147 329 279 484
Initial Final 10-90
Mass Mass Mass Loss ' MLR EHC SPR SR, SR, TSR SEA
(@) (g) (@ (%) (g/m*s) (MJkg) (Vs) (m¥m) (m¥m?) (mYm?)  (mPkg)
285 8.5 20.1 704 8.1 415 1.01 - 618 625 273
25.0 6.1 18.8 75.1 8.7 42.0 1.26 26 765 790 360
26.8 7.3 10.4 728 8.4 M7 1.14 16 682 708 316
HEAT RELEASE RATE: GLOVE BOX (EXTERIOR)
600
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- o 200 b
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0 60 120 180 240 300 380 420 480 540 600 660 720 780
Time (s)
[—0521-3 - 0521-4]
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Glove Box (Exterior)
SwRI Project No: 18.03614.01 Heat Flux: 20 kWim?*
{Page 2)
SMOKE PRODUCTION RATE: GLOVE BOX (EXTERIOR)
6
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0 60 120 180 240 300 380 420 480 540 600 660 720 780
Time (s)
[—0521-3 - - 05214
SPECIMEN MASS: GLOVE BOX (EXTERIOR)
35
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0 60 120 180 240 300 360 420 480 540 600 680 720 780
Time (s)
[—o0521-3 - -~ 05214 |
Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Matenial ID: Glove Box (Exterior)
Part Number; 22587440 Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter; Yes Operator: J. Anderson
es
Date (s) {s) {(kW/m?*) (s) MI/mD  kWim?) (kWm®) KkW/mH (kW/m?)
0451-3 02/14/01 43 473 584 205 101.2 237 427 319 573
0501-1 02/19/01 45 563 ) 613 180 113.8 212 418 322 5984
Average 44 518 598 198 107.5 225 423 321 583
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9 9@ (9) (%) (g/m*s) (Mlkg) (1s) (Mm¥m?) (mm?) (m¥mH (mikg)
274 6.2 21.2 772 10.6 423 1.82 4 097 1000 416
29.4 8.7 238 80.2 7.8 42,7 2.03 6 1240 1246 465
284 6.0 2.4 78.7 9.2 425 1.88 5 1119 1123 441
HEAT RELEASE RATE: GLOVE BOX (EXTERIOR)
700

[——0451-3

- 0501-1]

720

General Motors
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Matenial ID: Glove Box (Exterior)
SwRI Project No: 18.03614.01 Heat Flux: 35 kWim* -
(Page 2)
SMOKE PRODUCTION RATE: GLOVE BOX (EXTERIOR)
9
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SPECIMEN MASS: GLOVE BOX (EXTERIOR)

0 60 120 180 240 300 360 420 480 540 600 660 720
Time (s)

[—0451-3 -—- 05011

Notes & Observations:

General Motors D-28 SwRI Project No: 18.03614.01




SOUTHWEST RESEARCH INSTITUTE |
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Material ID: Glove Box (Exterior)
Part Number: 22587440 Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
es
Date (s) (8) (KWimd) (s) (MImM?)  (kW/m?)  (KW/m?)  (kW/m?)  (kW/m?)
04514 02/14/01 23 423 684 135 00.4 433 455 318 641
0451-5 02/14/01 22 344 731 140 100.2 389 500 333 719
Average 22 384 708 138 00.8 411 478 325 680
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m*s) (MIkg) (1/s) (mm?d) (m¥m®) (m¥m?)  (m?/kg)
27.1 54 21.7 80.2 10.1 40.4 2.85 2 1283 1285 522
25.5 4.1 215 84.3 13.9 412 3.58 1 1327 1328 546
26.3 4.8 216 82.3 12.0 "40.8 3.22 1 1305 1306 534

HEAT RELEASE RATE: GLOVE BOX (EXTERIOR)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID; Glove Box (Exterior)

SwRI Project No:  18.03614.01 Heat Flux: © 50 kW/m?
(Page 2)
- SMOKE PRODUCTION RATE: GLOVE BOX (EXTERIOR)
12
| A
10 I3 :." 5, ," !
8 I \
g
£
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21 -
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Time (s)
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SPECIMEN MASS: GLOVE BOX (EXTERIOR)

Time (s)

[— 04514 ~—-—0451-5|

0 60 120 180 240 300 360 420 480

Notes & Observations:

General Motors D-30 SwR! Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier

SwRI Project No: 18.03614.01 Material ID: Glove Box (Interior)
Part Number: 22587440 Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes ' Distance: 25 mm
Spark Igniter: Yes Operaior: J. Anderson
Date ) 6 (WMD) () (MIm)  (KWHT)  (KWImT)  (KWImT)  (KW/m?)
0521-1 02/21/01 152 427 647 305 106.7 273 458 345 837
05212 02/21/01 154 430 646 295 111.2 294 475 355 639
Average 153 428 647 300 108.9 283 466 350 638
Initial Final 10-90
Mass  Mass Mass Loss MLR EHC SPR ' SR, SR, TSR SEA
(9) (9) (9) (%) (g/m*s) (MJkg) (i/s) (m¥m%) (m¥m%) (mim7)  (m?kg)
32.8 3.1 294 88.7 161 32.1 5.81 9 3389 3399 1019
32.2 3.1 29.0 90.1 15.9 33.9 583 26 3416 3442 1041
325 3.1 290.2 89.9 16.0 33.0 582 18 3403 3420 1030
HEAT RELEASE RATE: GLOVE BOX (INTERIOR)
700
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0 60 120 180 240 300 360 420 480 540 600 660 720
Time (s)
[—0521-1 - ~0521-2]
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Client

SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

General Motors Material ID; Glove Box (Interior)

SwR! Project No: 18.03614.01 Heat Flux: 20 kW/m?

{Page 2)

SMOKE PRODUCTION RATE: GLOVE BOX (INTERIOR)

SPR (1/s)

~ 9
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Time (s)
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SPECIMEN MASS: GLOVE BOX

0 60 120 180 240 300 360 420 480 540 600 660 720
Time (s)
[—o0521-1 ---0521-2]
Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier

SwRI Project No; 18.03614.01 Matenial ID: Glove Box (Interior)
Part No.. 22587440 Heat Flux: 35 kW/m?
Orientation: Horizontal ) Sample Area: 0.00884 m?
Frame: Yes - Distance: 25 mm
Spark igniter. Yes Operalor: J. Anderson
Testip  Test t tt  HRRpw  tem THR  HRRg HRRy, HRRaywe HRRyos mex
Date (s) (8 (WM (s) (MImD (KWIm?) (kWim?) (KWim?) (kW/m?)
0381-3 02/07/01 73 456 613 175 105.6 356 484 339 608
03814 02/07/01 61 556 626 150 105.8 383 438 322 608
Average 67 506 620 163 105.7 359 461 334 608
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR; SR, TSR SEA
)] (9) (9 (%) (g/m*s) (MIkg) (1/s) (m¥m7) (mIm?) (m*m%)  (mkg)
327 1.0 31.8 97.1 16.9 20.4 7.08 19 3759 3778 ' 1046
333 . 14 320 6.2 129 28.2 6.25 12 3864 3876 1066
33.0 1.1 31.9 06.7 14.9 29.3 6.66 16 3812 3827 1056

HEAT RELEASE RATE: GLOVE BOX (INTERIOR)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Matenial ID: Glove Box (Interior)
SwRI Project No:  18.03614.01 Heat Flux: 35 kW/m?
{Page 2)

SMOKE PRODUCTION RATE: GLOVE BOX (INTERIOR)
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>
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SPECIMEN MASS: GLOVE BOX (INTERIOR)
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Noles & Observations:

General Motors D-34 SwRI Project No: 18.03614.01




SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Material ID:; Glove Box (Interior)
Part Number: 22587440 Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
e
Date ® © WMD) (s) (MU (WMD) (WImD  (KWM?)  (KWimd)
0451-6 02/14/01 23 323 915 110 106.8 474 538 as5 866
0451-7 02/14/01 23 301 218 115 109.5 472 554 365 888
Average 23 312 816 113 108.2 473 546 360 877
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
9) (9) (9) (%) (g/m?-s) (MJkg) (i/s) (m¥m?) (Mm% (m¥m%)  (mkg)
328 0.7 322 98.1 216 29.4 11.76 8 4107 4115 1128
334 0.4 327 97.8 211 296 13.06 ] 4303 4311 1165
33.1 0.5 324 98.0 21.3 295 12.41 9 4205 4213 1146

HEAT RELEASE RATE: GLOVE BOX (INTERIOR)

HRR (KW/m?)
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Glove Box (Interior)
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: GLOVE BOX (INTERIOR)
45 -~
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SPECIMEN MASS: GLOVE BOX (INTERIOR)
40 )
0 1 1 N L g e o
0 60 120 180 240 300 360 420 480
Time {s)
[—o04516  0451-7]
Notes & Observations:

Foil under sample bumed away st the center, intense flaming.

General Motors
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General Motors

SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwR/ Project No: 18.03614.01 Material ID: Door Panel (Plastic)
Part No.: 22618443 Heat Flux: . 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date (s) (s) (kWim®) (s) (MJ/m®  (kW/m?) (kW/m?) (kW/m?) (kWim?)
0361-1 02/05/01 130 390 440 300 71.4 73 236 225 435
0361-2 02/05/01 134 437 418 265 61.4 120 253 192 410
Average 132 414 428 283 66.4 97 245 208 423
initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
() (9) (@) (%) (g/m’s) (MJKg) (1s) (m*m?) (Mm% (m*m")  (m’kg)
20.2 139 156.5 529 7.0 40.9 1.25 31 626 657 358
28.5 156 12.7 446 5.8 42.7 0.76 5 431 437 300
28.9 14.7 14.1 48.8 64 41.8 1.01 18 520 547 329

HEAT RELEASE RATE: DOOR PANEL (PLASTIC)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Plastic)
SwRI Project No:  18.03614.01 Heat Flux: 20 kW/m?
(Page 2)

SMOKE PRODUCTION RATE: DOOR PANEL (PLASTIC)

" L " A L. " Dl e N I\’\ —_
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Time (s)
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SPECIMEN MASS: DOOR PANEL (PLASTIC)
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Notes & Observations:
Sample was observed to drip from the sample holder during both tests.
General Motors D-38 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Material ID: Door Panel (Plastic)
Part No.: 22618443 Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: . 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter; Yes Operator: J. Anderson
Testip  Test to t HRRpost  toeek THR  HRRee HRRime HRRyoe HRR3os mex
Date (® (& «Wh (s  (MIm) (kWimd) Wim?) (KW/m?)  (kW/m?)
0311-6 01/31/01 42 402 540 150 61.2 172 285 184 485
0311-7 01/31/01 44 408 550 150 86.3 189 376 278 538
Average 43 404 545 150 73.7 185 331 236 512
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (@ (9) (%) (g/m*s) (MIkg) (i/s) (m¥m?) (m¥m?) (m¥m®)  (m*kg)
310 14.4 16.5 534 54 32.7 1.25 4 558 563 209
285 8.0 204 71.7 75 373 1.61 3 730 732 316
29.8 11.2 18.5 62.5 6.5 35.0 1.43 3 644 648 307

HEAT RELEASE RATE: DOOR PANEL (PLASTIC)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Matenial ID: Door Panel (Plastic)
SwRlI Project No: 18.03614.01 Heat Flux: 35 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (PLASTIC)
8 ;
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SPECIMEN MASS: DOOR PANEL (PLASTIC)
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Notes & Observations:
0311-6: Sample was observed dripping from specimen holder.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client; General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Material ID: Door Panel (Plastic)
Part Number: 22618443 Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?*
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip  TeS (% L HRRogak  toesk THR  HRRge HRRyss HRR3se HRRyom mex
Date (s) (8) W/m?D) (s) (MIm) (W/m?) (kWim?) (KWim?) (kWim?)
0451-8 02/14/01 21 560 655 105 61.3 292 262 178 569
0451-9 02/14/01 21 398 858 105 75.8 304 401 249 740
Average 21 479 757 105 68.5 298 331 213 655
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(g) (9) (@) (%) (g/m*>s) (MJkg) (1/8) (m¥m?) (m¥m%) (mm7)  (mkg)
31.7 9.4 22.2 60.9 7.7 244 0.73 0 424 424 168
28.8 34 253 87.7 8.8 26.5 1.60 1 678 679 237
30.3 6.4 237 78.8 8.3 255 1.16 1 551 551 203
HEAT RELEASE RATE: DOOR PANEL (PLASTIC)
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Matenial ID:
Heat Flux:
(Page 2)

Client: General Mofors

SwRI Project No: 18.03614.01 50 kW/m?

Door Panel (Plastic)

SMOKE PRODUCTION RATE: DOOR PANEL (PLASTIC)
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SPECIMEN MASS: DOOR PANEL (PLASTIC)
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Noles & Observations:
Sample dripped outside of the sample holder for both tests.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier

SwRI Project No: 18.03614.01 Material ID: Door Panel (Fabric)

Part No.: 22618443 Heat Flux: 35 kW/m?

Orientation: Horizontal Sample Area: 0.00884 m?

Frame: Yes Distance: 25 mm

Spark Igniter: Yes Operator: J. Anderson

Test ID Test t t HRRoqa  foea THR  HRRgoe HRRyss HRRy0e HRRyoq max
Date () 6) (kWMD)  (s) (MIm?) (kWimD) KWim?) (KWm?)  (kWim?)

0731-1 03/14/01 43 1012 571 455 214.0 109 224 260 565

Average 43 1012 571 455 214.0 199 224 260 565
initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
{@) (9) (9) (%) (9/m*s) (MIAkg) (1/s) (m¥m’) (m’m?) (mm?) (mkg)
523 3.2 488 93.2 8.7 388 2.34 40 2441 2481 443
523 3.2 48.8 983.2 8.7 38.8 2.34 40 2441 2481 443

HEAT RELEASE RATE: DOOR PANEL (FABRIC)
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Time (s)
-—0731-1
D-43 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Fabric)

SwR! Project No:  18.03614.01 Heat Flux: 35 kWim?
(Page 2)

SMOKE PRODUCTION RATE: DOOR PANEL (FABRIC)
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SPECIMEN MASS: DOOR PANEL (FABRIC)
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Make/Model: Chevrolet Cavalier

Client: General Motors
SwRI Project No: 18.03614.01 Material ID: Carpet
Part No.: 22628609 Heat Flux; 20 kWim?
Orientation; Horizontal Sample Area: 0.00884 m*
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip  Test t t  HRRopw oo THR  HRRgs HRRyps HRRaoos HRRyos mex
Date (s) (8) (kWMD) () (MIm) (W/m3) (KWIm) (KW/mdH (kW/m?)
0361-9 02/05/01 171 533 313 250 69.5 146 215 185 308
0361-10 02/05/01 173 561 331 250 69.6 171 221 190 325
Average 172 547 322 250 69.5 159 218 187 317
initial Final 10-90
Mass  Mass Mass Loss MR EHC  SPR SR SR, TSR SEA
(9) (9) (9) (%) (g/m’s) (MJkg) (1/8) (m¥m?*) (mm?) (m¥m?) (m’kg)
425 20.1 22.2 52.2 6.6 21.7 1.13 13 788 801 314
442 20.7 234 52.8 6.4 26.3 1.06 4 781 786 296
434 204 22.8 52.5 6.5 27.0 1.09 9 785 793 305
HEAT RELEASE RATE: CARPET
350
300
250 |

HRR (kW/m")
»
8

General Motors

150 |
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50 )

0 M L N N 1 ——_1 N 4_4“—;\1\;;

0 60 120 180 240 300 360 420 480 540 600 660 720 780 840

Time (s) ’
[—03619 - -0361-10
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Carpet
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m*
(Page 2)
SMOKE PRODUCTION RATE: CARPET
6
I
51
4
g
S 3 L
g
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o h A " L 1 I . a1 -- P " Ol
0 60 120 180 240 300 360 420 480 540 600 720 780 840
Time (s)
[—0361-8 - - -0361-10]
SPECIMEN MASS: CARPET
50
45 L o e .
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8¥y
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o . TR 1 S i = B A 1 i " L 1 PN WY A . . e T
0 60 120 180 240 300 360 420 480 540 600 660 720 780 840
’ Time {s)
[—0361-8 —0361-10 |
Notes & Observations:

Samples were 20 mm in thickness.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwR Project No: 18.03614.01 Material ID: Carpet
Part No.. 22628609 Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m*
Frame; Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testp | TeS ty f HRRoeak  tpom THR  HRRey HRRysoe HRRas HRR3oh, max
Date (s) (8) (kWimD (s) (MM (kW/im?) (kW/m?) (KWim%) (kKW/m?)
03719 02/06/01 58 426 389 110 64.5 277 235 192 383
0371-10 02/06/01 65 368 385 130 64.5 258 255 203 383
Average 62 397 397 120 64.5 266 245 197 383
inital __Final 1090
Mass  Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (g) (g) (%)  (g/ms) (MJkg) (1/s) (m¥m?) (m¥m?) (mUm?)  (mkg)
39.8 18.0 218 54.7 74 26.2 1.82 4 886 890 360
38.8 174 214 55.2 8.6 268 2.06 5 900 905 a7z
39.3 17.7 216 - 550 8.0 26.4 1.94 4 893 897 366
HEAT RELEASE RATE: CARPET
450
}
400
o |
« 300
i 250 }+
g2
T 150
100 |
50 b
0 . AL i 1 A A L 1
0 60 120 180 240 300 360 420 480 540 600
Time (s)
[——03718 - - 0371-10]
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SOUTHWEST RESEARCH INSTITUTE

Client General Motors Make/Model:
SwRI Project No: 18.03614.01 Material ID:
Part Number: 22628609 Heat Fiux:
Orientation: Horizontal Sample Area:
Frame: Yes Distance:
Spark Igniter: Yes

Operator:

ASTM E 1354 CONE CALORIMETER TEST REPORT

Chevrolet Cavalier
Carpet

50 kW/m?
0.00884 m?

25 mm

J. Anderson

Date (s) (8) (kWimd) (s) MJIm?)  (kWim?)  (kW/m?)  (kW/im?%)  (kWim?)
0461-7 02/15/01 35 437 590 75 72.1 380 282 223 536
0461-8 02/15/01 34 342 534 80 663 354 291 218 501
Average <7 300 562 78 69.2 367 286 220 519
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9 (9) () (%) (g/mis) (MIkg) (1/8) (m¥m?) (m¥m?) (m*m?)  (mkg)
435 19.6 238 546 9.3 26.8 2.33 2 1106 1108 412
40.5 17.6 229 56.6 10.4 25.6 323 7 1219 1226 470
420 18.6 23.3 556 9.9 26.2 2.78 4 1163 1167 441
HEAT RELEASE RATE: CARPET
700
!
600 }
500 |
5400 .
g 300
200 |
100
o s 3 — pe—
480 540 600
Time (s)
[— 04617 —--0461-8]
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Carpet
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: CARPET
10
9}
[
81
T4
g5
A 5 L.
g» 4l
3 L
2
1}
o AL\ A L. 1 P i A
0 60 120 180 240 300 360 420 480 540 600

Time (8)

SPECIMEN MASS: CARPET

0 60 120 180 240 300 360 420 480 540 600
Time (s)

[— 04617 —--0461-8 |

Notes & Observations:

General Motors D-50 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
' ASTM E 1354 CONE CALORIMETER TEST REPORT
Client: - General Motors ' Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 ' Material ID: HVAC parts
Part No.: 62460744 Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
N Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
' Testip et te b,  HRRguu e THR  HRRgs HRRipe HRRyn, HRR308 max
Dete (s (8 WMD) (8 (MIm) (W3 WIm?) (KWm?) KWm?)
- 0361-7  2/5/01 101 400 477 180 67.8 149 310 217 462
l 0361-8  2/5/01 101 419 682 205 66.6 140 321 211 651
1311-3  5/11/01 o3 459 441 100 76.4 115 307 235 437
B Average 98 426 533 192 70.3 135 313 221 516
l Initial Final 10-90
Mass M Mass Loss MLR EHC SPR SR, SR, TSR ' SEA
' (g) (9) (9) (6) (g/m*s) (MJkg) (I/s) (m¥m%) (m¥m?) (m¥m?) (m’kg)
20.5 6.5 14.0 68.1 8.2 429 1.02 3 513 516 325
) 21.7 8.0 13.6 626 8.2 434 0.98 17 497 513 323
l - 21.9 6.8 15.1 68.7 7.4 449 1.14 5 629 633 369
I 21.4 741 14.2 66.5 7.9 43.7 1.05 8 546 554 339
HEAT RELEASE RATE: HVAC PARTS
800
700
_ [ e
| , 600 | .-
E 500 |
l 240t
E 300 +
_ 2w L
| oo |
o —— T a .
l 0 60 540 600 660
Time (s)
I {——0361-7 - - - 0361-8 ----- 1311-3 |
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors ' Material 1D: HVAC parts
SwR! Project No: 18.03614.01 Heat Flux: 20 kW/im*
(Page 2)
SMOKE PRODUCTION RATE: HVAC PARTS
8 -
7t o
3 B
6} i
_5| '
I
4 ‘ =
£ |
[} 3}
2t
1t
0 L . e o NS e
0 420 480 540 600 660
Time (s)
[——0361-7 -—— 03618 --- - - 1311-3 |
SPECIMEN MASS: HVAC PARTS
25 -

baacsosastoansesstnmen,,

5 5
o i A " i, A 1 a A 2 I 'y — i 1 'l i 1
0 60 120 180 240 300 360 420 480 540 600 660
Time (s)
[——0361-7 ——- 03618 ---- - 1311-3]
Notes & Observations:
General Motors D-52 SwR1 Project No: 18.03614.00 -
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Material ID: HVAC parts
Part No.: 52460744 Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator; J. Anderson
Date (s) ® (KW (5) (MIm) (W) (KWimd) (KWim?)  (kWim?)
0381-1 02/07/01 43 489 506 110 79.6 249 338 246 466
0381-2 02/07/01 43 530 813 135 884 253 380 265 758
Average 43 510 659 123 840 251 359 256 627
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m’s) (MJkg) (i/s) (m¥m®) (m¥m?) (m*m7)  (mkg)
218 5.0 17.0 78.1 7.5 413 1.54 5 816 821 423
23.7 4.9 18.4 77.7 7.8 42.4 1.34 0 780 780 374
228 4.9 17.7 77.9 7.8 41.9 1.44 3 798 800 399

HEAT RELEASE RATE: HVAC PARTS
m —_— —_—

0 60 120 180 240 300 360 420 480 540 600 660
Time (s)

[—o0381-1 - -0381-2]
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: HVAC parts
SwRI Project No: 18.03614.01 Heat Flux: 35 kW/m?
___(Page 2)
SMOKE PRODUCTION RATE: HVAC PARTS
10 :
ol r
i /
81 .
7 i i
g0 i
e 5 L
4 |
# 4 ¢t
3t
2t
1 L
0 N N N N N ~ — P B o
0 60 120 180 240 300 _ 360 420 480 540 600
Time (s)
{—0381-1 —--0381-2]
SPECIMEN MASS: HVAC PARTS
25

Nrmm——— .,

0 60 120 180 240 300 360 420 480 540 600

Time (s)

[—0381-1 —0381-2

Notes & Observations:
0381-1: Sample was constructed of three pieces of the following dimensions:

100 x 20 mm, 80 x 85 mm, and 15 x 80 mm.
0381-2: Sample was constructed of three pieces of the following dimensions:
50 x 90 mm, 50 x 90 mm, and 10 x 100 mm.

General Motors D-54 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Material ID: HVAC parts
Part Number: 52460744 Heat Flux: 50 kWim?*
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Test ID Test te b HRRopex  toesk THR  HRRg HRRyse HRRaooe HRRyog mex
Date (®) () WMD) () (MIM) (KWim?) (Wim?) (KWm?)  (kWim?)
0461-9 02/15/01 20 354 795 85 76.0 444 393 250 779
0461-10 02/15/01 20 372 1053 90 773 458 398 254 072
Average 20 363 924 88 76.6 451 396 252 876
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m®s) (Mkg) (1/5) (m¥m?) (m¥m?) (m7m?) (m'kg)
21.2 55 16.7 742 14.2 42.7 222 -0 843 843 474
20.8 49 16.1 772 13.2 425 235 3 025 928 500
21.0 5.2 15.9 75.7 13.7 426 2.29 1 884 886 492
HEAT RELEASE RATE: HVAC PARTS
1200
!
1000 } A
I :
E 800 |
2 600
g I
T 400}
r
200 t
0 . L N . N TTr—— e e — fe— -
0 60 120 180 240 300 360 420 480
Time (s)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: HVAC parts
SwRI Project No:  18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: HVAC PARTS
16
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14

12 | Ao
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0 80 120 180 240 300 360 420 480
Time (s)
[—0461-9 - -0461-10 |
SPECIMEN MASS: HVAC PARTS
25

0 60 120 180 240 300 360 420 480
Time (s)

[—0461-9 - —- 0461-10 |

Notes & Observations:

0461-9: Sample constructed from three pieces of the following dimensions:
20 x 100 mm, 80 x 80 mm, and 20 x 80 mm.

0461-10: Sample constructed from two pieces of the following dimensions:
50 x 100 mm, and 50 x 100 mm.

General Motors D-56 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Chevrolet Cavalier

Client: General Motors Make/Model:
SwRlI Project No: 18.03614.01 Material ID: Air Filter Assembly
Part No.: 10488727 Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark igniter: Yes Operator. J. Anderson
Date ) ® KW  (5) (MImY KWimT) (KWim?) (kWim?)  (kW/m?)
05414 02/23/01 135 485 376 320 98.9 152 273 300 374
0541-5 02/23/01 127 487 448 330 88.7 153 292 277 438
Average 131 486 412 325 03.8 153 282 288 408
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR; TSR SEA
(9) (9) (9) (%) (g/ms) (MIkg) (i/s) (m¥m?) (m*m?) (m¥m?)  (m’/kg)
329 121 20.6 62.6 8.1 425 1.59 2 a70 992 417
20.6 11.0 185 62.6 8.8 42.3 1.40 19 851 870 405
313 116 19.6 62.6 8.5 424 1.50 20 911 931 411
HEAT RELEASE RATE: AIR FILTER ASSEMBLY
500 +
450
400 e !
350 |
Eao |
250 }
& 200 |
* [
~ 150
100 |
50 L
0 L i e T e
0 60 540 600 660 720
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'SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client. General Motors Matenial ID: Air Fiiter Assembly
SwRI Project No: 18.03614.01 Heat Flux: 20 kWim?
___(Psge )

SMOKE PRODUCTION RATE: AIR FILTER ASSEMBLY

0 60 120 180 240 300 360 420 480 540 600 660 720
Time (s)

{——0541-4 - - --0541-5 |

SPECIMEN MASS: AIR FILTER ASSEMBLY
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Time (s)

[—0541-4 - -~ 0541-5]

Notes & Observations:

General Motors D-58 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Material ID: Air Filter Assembly
Part No.: 10488727 Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator; J. Anderson
Date (6  KWimH)  (5)  (MIm) (KWImY) (Wim?) (kWim%)  (KWim?)
0541-6 02/23/01 35 460 483 205 80.6 185 352 277 475
0541-7 02/23/01 35 533 425 200 105.9 202 343 2906 420
Average 35 496 454 203 08.2 194 348 287 447
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(g9) {9 (9) (%) (g/m*s) (MIkg) (Vs) (mIm?) (Mim?) (m*m?) (m?kg)
303 114 18.0 62.8 8.0 42.1 2.01 3 1001 1004 465
353 12.9 22.4 63.6 74 417 2.19 2 1255 1258 494
328 12.1 20.7 63.2 7.6 41.9 2.10 3 1128 1131 480

HEAT RELEASE RATE: AIR FILTER ASSEMBLY

g T

0 60 120 180 240 300 360 420 480 540 600 660
Time (s)

[— 05416 05417 |
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Air Filter Assembly
SwRi Project No: 18.03614.01 Heat Flux: 35 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: AIR FILTER ASSEMBLY
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SPECIMEN MASS: AIR FILTER ASSEMBLY
40
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[— 05416 ~—0541-7]
Notes & Observations:

Samples were 2.6 mm in thickness.

General Motors D-60

SwRI Project No: 18.03614.01



G NN U SV VR W wEw oo

-_---—-I&Lu

SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No:  18.03614.01 Material ID: - Air Filter Assembly
Part No.: 10488727 Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
es
Date (s) (& Wimd) (s) (MIm?) (kW/m?) (KW/m?) (kWim?) (kW/m?)
0581-1 02/27/01 18 345 568 155 89.9 373 439 296 552
0581-2 02/27/01 17 © 317 601 150 82.4 318 419 274 580
Average 18 33 585 153 86.2 345 429 285 566
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
) (9) (g) (%) (g/mxs) (MJkg) (t/s) (m¥m%) (m¥m?) (m¥m?)  (m¥kg)
30.0 10.1 104 64.8 1.3 40.9 3.36 1 1242 1244 565
27.6 9.5 18.2 65.9 12.2‘ 40.1 3.60 1 1223 1223 595
28.8 9.8 18.8 65.3 118 40.5 3.48 1 1233 1233 580

HEAT RELEASE RATE: AIR FILTER ASSEMBLY

400

(kWim?)

« 300
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200 +
100 |

0 60 120 180 240
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors " Material ID: Air Filter Assembly
SwRlI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: AIR FILTER ASSEMBLY
12 .
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Time (s}
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SPECIMEN MASS: AIR FILTER ASSEMBLY
35
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[— 05811 —-0581-2

Notes & Observations:
Test specimens were 2.6 mm in thickness.

General Motors D-62
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ASTM E 1354 CONE CALORIMETER TEST REPORT

SOUTHWEST RESEARCH INSTITUTE

Client: General Motors Make/Model: Chevrolet Cavalier
SwRl Project No: 18.03614.01 Material ID: Wiring Harness (Thick Conduit)
Part Number: 22621025 Heat Flux: 20 kWim*
Orientation: Horizontal Sample Area: 0.00884 m*
Frame: Yes Distance; 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date (s) (5) WM (s) (MIMH (KWim?) (kW/m?) (KWim?) (kW/m?)
0471-3 02/16/01 301 1011 168 095 138.8 111 124 125 108
Average 301 1011 198 995 138.8 111 124 125 198
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR A SEA
(9) (9) (9) (%) (g/m’s) (MJkg) (I/s) (mm®) (m¥m?) (m*m?) (m*/kg)
120.5 78.7 40.8 338 5.6 30.1 1.44 93 1801 1893 301
120.5 78.7 "40.8 338 5.6 30.1 1.44 23 1801 1893 301
HEAT RELEASE RATE: WIRING HARNESS (THICK CONDUIT)
220
200 A
180 q
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& 140 |
g 120 %
~ 100 }
©
E s}
el
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0 120 240 360 480 600 720 840 960 1080 1200 1320 1440
Time (s)
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General Motors

SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Wiring Hamess (Thick Conduit)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
{Page 2)

SMOKE PRODUCTION RATE: WIRING HARNESS (THICK CONDUIT)
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SPECIMEN MASS: WIRING HARNESS (THICK CONDUIT)
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|—--0471-3 i
Notes & Observations: ' -

Test specimen was constructed of four cyfindrical pleces of conduit 100-mm long, and each containing
35 small gauge insulated wiring. Diameter of each conduit piece was approximately 22 mm.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Matenial ID: - Wiring Harness (Thick Conduit)
Part Number: 22621025 Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter; Yes Operator: J. Anderson
estip TeR t tt  HRRowm  bem THR  HRRge HRRysoe HRR3oe  HRR30s max
Date () ® (Wm) (5) (MIM) (WMD) (KWim? (kWMD)  (KW/m?)
0471-1 02/16/01 26 932 260 580 1435 148 140 143 257
Average 26 932 260 590 143.5 148 140 143 257
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m?s) (MJkg) (i/8) (m¥m?) (m¥m?) (m*m?) (m?/kg)
121.1 78.9 42.2 348 6.6 30.1 2.50 3 2411 2415 505
121.1 78.9 V 422 348 66 3041 2.50 3 2411 2415 505

HEAT RELEASE RATE: WIRING HARNESS (THICK CONDUIT)

g

HRR (W)
g &8 8

&

o
!

0 120 240 360 480 600 720 840 960 1080
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Wiring Harness (Thick Conduit)
SwRI Project No: 18.03614.01 Heat Flux: 35 kW/m?
(Page 2)

SMOKE PRODUCTION RATE: WIRING HARNESS

SPR (1/s)

0 120 240 360 480 600 720 840 960 1080

Time (s)
SPECIMEN MASS:; WIRING HARNESS
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Notes & Observations: '
Test specimen was construcled of four cylindrical pieces of conduit 100-mm long, and each containing

35 small gauge insulated wiring. Diameter of each conduit piece was approximately 22 mm.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No:  18.03614.01° Material ID: Wiring Harness (Thick Conduit)
Part Number: 22621025 Heat Fiux: 50 kWim?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
H HR HRR HRR HRR 305 max
TestlD TestDate b RRoss  tow  THR Reos 1608 3008 30s.
(s) (8 (kWm?d (s) (MJm?) (KWimd) (kW/m?) (kKW/m?) (kW/m?)
0471-2 02/16/01 10 796 333 340 138.4 163 187 227 331
Average 10 796 333 340 138.4 163 187 227 331
Initial . 10-90
Mass Final Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9 (%) (g/m*s) (MIAg) (t/s) (m¥m?) (m¥m%) (Mm¥m?) (m*kg)
1243 78.8 42.5 35.0 7.7 28.8 3.56 2877 2885 598
121.3 78.8 42.5 35.0 7.7 28.8 3.56 2877 2885 598
HEAT RELEASE RATE: WIRING HARNESS (THICK CONDUIT)
400
380 |
300 |
E 250
E 200 ¢
g 150 }-
100 |
0
0 P { a — L " 1 — I S SRS 1 A ) SR 1 " A Y s A i —
0 60 120 180 240 300 360 420 480 540 600 660 720 780 B840 900
Time (s)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Wiring Harness (Thick Conduit)
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/im?
(Pege 2)

SMOKE PRODUCTION RATE: WIRING HARNESS (THICK CONDUIT)

vy
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SPR (1/8)
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SPECIMEN MASS: WIRING HARNESS (THICK CONDUIT)

150

125

o
b
100 +
+

Mass (g)
-
[4 ]

8

e x

0 780 840 900

0 A [ SIS S iy a A " - - i 1 A 1 ¥ L

0 60 120 180 240 300 360 420 480 540 600 660 72
Time (s)

Notes & Observations:
Test specimen was constructed of four cylindrical pieces of conduit 100-mm long, and each containing

35 small gauge insulated wiring. Diameter of each conduit piece was approximately 22 mm.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRI Project No: 18.03614.01 Material ID: Wiring Harness (Small Section)
Part No.: 22621025 Heat Flux: 20 kWim?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date (s) ()  (KWimD ()  (MImd) (KWIm) (KW/m? (KWim?) (kW/m?)
0541-1 02/23/01 203 349 315 360 64.1 119 212 208 312
Average 203 349 315 360 64.1 119 212 208 312
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (@) (9) (%) (gim*s) (Mlkg) (1s) (m¥m%) (m¥m?) (m¥m?) (m*/kg)
36.2 19.5 15.7 434 6.9 36.1 1.74 62 203 965 509
36.2 19.5 167 434 6.9 36.1 1.74 62 203 965 509
HEAT RELEASE RATE: WIRING HARNESS (SMALL SECTION)
350
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Wiring Harness (Small Section)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2) '
SMOKE PRODUCTION RATE: WIRING HARNESS (SMALL SECTION)
7
r l
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5 | i
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0 i 1 &
0 540 600 660 720
SPECIMEN MASS: WIRING HARNESS (SMALL SECTION)
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Chevrolet Cavalier
SwRlI Project No: 18.03614.01 Material ID: - Wiring Harness (Small Section)
Part No.: 22621025 Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m*
Frame; Yes Distance: 25 mm
Spark Igniter: Yes Operator; J. Anderson
Date (s) 6) (KWm) (s) (MIM) (KW/m?) (KWim?) (KWimY)  (KWim?)
0541-2 02/23/01 25 406 408 220 68.5 100 206 212 394
Average 25 406 408 220 68.5 100 206 212 394
{nitial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) Q) {9) (%) (g/m*-s) (MIkg) (1/s) (m¥m?) (Mm¥m?) (m¥m?) {m?/kg)
41.0 20.7 20.3 49.6 9.0 20.8 1.91 8 824 832 358
41.0 20.7 20.3 49.6 9.0 29.8 1.91 8 824 832 358
HEAT RELEASE RATE: WIRING HARNESS (SMALL SECTION)
450 ——
400 |
350 +
& 300 |
£ 250
g 200
150
100 |
80
o X i L " L 1 2 L " L
0 60 120 180 240 300 360 420 480 540
Time (s)
—— 05412
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Wiring Hamess (Small Section)
SwRI Project No:  18.03614.01 Heat Flux: 35 kW/im?
(Page 2) '
SMOKE PRODUCTION RATE: WIRING HARNESS (SMALL SECTION)
0 60 120 180 240 300 360 420 480 540
Time (s)
SPECIMEN MASS: WIRING HARNESS (SMALL SECTION)
[
0 60 120 180 240 300 360 420 480 540
Time (s)
Notes & Observations:
Each sample was constructed from nine sections (10-mm diameter) of 100-mm lengh conduit.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

General Motors

Make/Model: Chevrolet Cavalier

Client:
SwRlI Project No: 18.03614.01 Material ID: Wiring Harness (Small Section)
Part No.: 22621025 Heat Flux: 50 kW/m?
Onrientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operalor; J. Anderson
es
Date (s) ()  Wm)  (5)  (MImY) (KWim?) (KW/m?) (KWim?)  (kWim?)
0541-3 02/23/01 10 221 581 140 63.1 147 321 211 561
Average 10 221 581 140 63.1 147 321 211 561
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (g) (0) (%) (g/m2s) (MJkg) (i) (m¥m?) (m¥m?) (m*m?) (m*/kg)
341 173 16.8 49.2 12.2 33.2 439 0 1032 1033 543
341 17.3 16.8 49.2 12.2 33.2 4.39 0 1032 1033 543

HRR (kW/m?)

HEAT RELEASE RATE: WIRING HARNESS (SMALL SECTION)

210 240 270 300 330

General Motors

SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Matenial ID: Wiring Harness (Small Section)
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
: (Page 2)
SMOKE PRODUCTION RATE: WIRING HARNESS (SMALL SECTION)
11
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8
= '
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Time (s)
05413
SPECIMEN MASS: WIRING HARNESS (SMALL SECTION)
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Notes & Observations:
Each sample was constructed from nine sections (10-mm diameter) of 100-mm lengh conduit.
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I SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT
| Client: General Motors Make/Model: Chevrolet Cavalier
. SwRi Project No: 18.03614.01 Material ID: Wiring Harness (Flat Section)
I Pert Number: 22621025 Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
) Frame: Yes Distance: 25 mm
l Spark Igniter: Yes Operalor: J. Anderson
[
' Date ) ) MU (RWIim?)  (\Wim?)  (kW/m®)  (KW/m?)
0521-5 02/21/01 48 1621 334 256.8 103 117 124 334
Average 48 1621 334 256.8 103 117 124 334
l Initial Final 10-80
Mass Mass Mass Loss MLR SPR SR, SR, TSR SEA
(9) 9 9) (%)  (g/m*s) (i/s) (mm?) (miUm?) (mIm?) (m?kg)
I 1864 1158 70.7 - 379 6.7 2.37 9 3960 3969 495
l 1864 1158 707 378 67 2.37 ) 3960 3960 495
HEAT RELEASE RATE: WIRING HARNESS (FLAT SECTION)
l 400
350 L
| w0 |
E 250 |
£ 200
| £ 150
100 |
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Wiring Harness (Flat Section)
SwRI Project No: 18.03614.01 Heat Flux: 35 kW/m*
- (Page 2)

SMOKE PRODUCTION RATE: WIRING HARNESS (FLAT SECTION)
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SPECIMEN MASS: WIRING HARNESS (FLAT SECTION)
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0 240 480 720 960 1200 1440 1680 1620
Time (8)
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Notes & Observations:
Flashing occurred at 41 sec.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Mode!: Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Seat (Cover & Foam)
Part No.: SL4S1AZZA Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip  1est Y t HRRpesk  themk THR  HRRg HRRypos HRRage HRR3g ma
S
Date (s) (s) (kW/m9) (s) MJI/m?)  (kWim?)  (kW/mT) (kW/m?)  (kW/m?)
0811-1 03/22/01 641 227 574 760 04.6 340 452 316 564
Average 641 227 574 760 94.6 340 452 316 564
Initial Final 10-90
Mass  Mass Mass Loss MLR EHC  SPR SR SR; TSR SEA
(9) (9 (9) (%)  (g/m>s) (MIKg) (1/s) (m¥m?Y) (m¥m?) (m¥m?) (mkg)
42.9 58 317 738 191 264 223 514 1433 1948 400
42.9 5.8 31.7 73.9 19.1 26.4 2.23 514 1433 1048 400

HEAT RELEASE RATE: SEAT (COVER & FOAM)
700 e

0 120 240 360 480
' Time (s)
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Seat (Cover & Foam)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: SEAT (COVER & FOAM)
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SPECIMEN MASS: SEAT (COVER & FOAM)
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Notes & Observations:
Sample Mass
Cover - 16.6
Foam-263g
Sample shrunk down upon the insertion, and 8 delayed ignition resulted.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Modelf Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Seat (Cover & Foam)
Part No.: SL491AZZA Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area; 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operalor; J. Anderson
Date g ()  (WIm)  (s)  (MUm) (Wim®) (WIm?) (WMD) (KWim?)
0811-5 03/22/01 21 276 633 205 109.5 277 390 366 623
Average 21 278 633 205 109.5 277 390 366 623
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(@ (@ (@ (%) (g/m*s) (MJkg) (1/s) (mYm%) (m*m?) (m*m?)  (mkg)
43.1 43 385 89.2 18.8 252 535 22 15683 1605 364
43.1 4.3 385 89.2 18.8 25.2 5.35 22 1583 1605 364
HEAT RELEASE RATE: SEAT (COVER & FOAM)
700
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Seat (Cover & Foam)
SwRI Project No: 18.03614.01 Heat Fiux: 35 kW/m?
(Page 2)

SMOKE PRODUCTION RATE: SEAT (COVER & FOAM)
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SPECIMEN MASS: SEAT (COVER & FOAM)
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Notes & Observations:
Sample Mass
Cover-18.3¢g
Foam-248g
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Seat (Cover & Foam)
Part No.: SL491AZZA Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Test ID Test e b HRRogak  Toom THR  HRRe, HRRysoy HRRyee HRRyop max
Date (s) () WM () (MIm?) (kWm?) (kWim?) (KW/m?) (kWim?)
0821-3 03/23/01 8 210 775 110 102.5 325 528 342 759
Average 8 210 775 110 102.5 325 528 342 759
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR 881 S8R, TSR SEA
(9) (9) (9@ (%) (g/ms) (MIkg) (I/8) (m¥m?) (m¥m®) (m¥m?) (m*Kg)
38.6 33 353 914 236 25.7 6.64 ] 1485 1494 372
38.6 3.3 35.3 914 236 25.7 6.64 9 1485 1494 arz

HEAT RELEASE RATE: SEAT (COVER & FOAM)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: . Seat (Cover & Foam)
SwRI Project No: 18.03614.01 Heat Fiux: 50 kW/m?*
(Page 2)

SMOKE PRODUCTION RATE: SEAT (COVER & FOAM)

12

SPR (1/s)

240 270 300 330

SPECIMEN MASS: SEAT (COVER & FOAM)
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Notes & Observations:
Sample mass
Cover-163¢g
Foam-223¢
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client. General Motors Make/Model: Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Seat (Foam)
Part No.: SL491AZ2ZA Heat Flux; 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date 5) W) () (MIm?) WIm) (KWim?) (kWim?3)  (kWim?)
0611-1 03/02/01 ] 308 438 165 715 139 297 238 435
0611-2 03/02/01 1 304 432 200 72.8 122 277 243 421
Average 10 306 435 183 72.2 131 287 240 428
Initiat Final 10-90
Mass  Mass Mass Loss MR EHC  SPR SR, SR, TSR SEA
(g) (9) (9) (%)  (g/ms) (MJkg) (i/s) (m¥m’) (m¥m?) (m¥m?) (mkg)
25.9 47 211 81.4 123 30.0 1.88 1 600 601 252
26.2 45 21.8 834 12.8 29.5 215 1 688 689 278
26.1 4.6 21.5 82.4 12.5 29.7 2.02 1 644 645 265

HEAT RELEASE RATE: SEAT (FOAM)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Matenial ID: Seat (Foam)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: SEAT (FOAM)
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SPECIMEN MASS: SEAT (FOAM)
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: .Dodge Neon
SwRI Project No: 18.03614.01 Matenial ID: Seat (Foam)
Part No.: SL491AZZA Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip Test tg tt  HRRppa  loos THR  HRRg, HRRy0 HRR3me HRRyo mex
Date (s) (&) (KWmdH (s) (MI/m?) (Wim?») (KW/im?) (kWimd) (kW/m?)
0601-9 03/01/01 3 590 469 85 74.9 215 276 189 454
0601-10 03/01/01 3 636 400 115 81.8 176 298 228 392
Average 3 613 435 105 78.4 195 287 214 423
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR; TSR SEA
9 (9) (9) (%) (g/m*s) (MJkg) (i/s) (m¥m?) (m¥m?) (m*m?)  (m3kg)
24.2 3.7 20.5 84.8 5.0 322 1.18 7. 696 703 300
276 3.5 241 87.3 5.7 300 1.20 3 771 775 283
25.9 3.6 223 86.0 53 31.1 1.19 5 734 739 291

HEAT RELEASE RATE: SEAT (FOAM)
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Client:

SwRI Project No: 18.03614.01

SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Seat (Foam)
35 kWim?

Material ID:
Heat Flux:
(Page 2}

General Motors

SMOKE PRODUCTION RATE: SEAT (FOAM)
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SPECIMEN MASS: SEAT (FOAM)
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Mode!: Dodge Neon
SwRlI Project No: 18.03614.01 Material ID; Seat (Foam)
Part No.: SL491AZZA Heat Flux: 50 kW/m?
Orientation: Horizontal ' Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date ) © WD (8) (MM (KWIm) (KWim?) (kWim?)  (kWim)
0601-7 03/01/01 3 172 525 100 60.3 259 337 202 516
0601-8 03/01/01 2 452 425 130 78.3 209 304 225 421
Average 2 312 475 115 69.3 234 320 214 469
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
9 (9) (9 (%) (g/m*s) (MJkg) (1/8) (m¥m?) (m¥m?) (m¥m?)  (mkg)
21.0 1.9 19.1 80.9 16.4 27.9 4.19 23 720 743 333
. 24.9 3.0 21.9 87.8 75 31.7 1.83 0 882 882 357
23.0 2.5 20.5 89.3 12.0 29.8 3.06 12 801 813 345

HEAT RELEASE RATE: SEAT (FOAM)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client; General Motors Material ID: Seat (Foam)
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: SEAT (FOAM)
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SPECIMEN MASS: SEAT (FOAM)
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Door Panel (Plastic)
Part No.: PZ15WL5AK Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter. Yes Operator: J. Anderson
Testip  Ted t tt  HRRpm  toew THR  HRRes HRRyse HRR3ooe HRR30s max
Date (s) (&) (Wm3) (s) (MIm?) (KW/m?) (KW/m? (KW/m?) (kW/m?)
0611-3 03/02/01 158 514 31 270 58.6 121 210 169 302
06114 03/02/01 142 424 309 240 424 98 175 130 200
Average 150 469 310 255 50.5 110 192 149 298
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (0) (9) (%) (g/m*s) (MJkg) (1/8) (m¥m?) (m¥m?) (m¥m*) (m¥kg)
27.5 16.5 10.9 39.5 4.1 47.7 0.70 36 439 475 357
27.5 18.9 7.6 276 4.0 493 0.46 19 242 261 282
27.5 18.2 9.2 336 4.1 48.5 0.58 28 341 368 320
HEAT RELEASE RATE: DOOR PANEL (PLASTIC)
350
300 +
250
&
i 200
e 150 ¢
3
100 +
50
0 1 " " s ] A & i 1. ~ L "
0 60 120 180 240 300 360 420 480 540 600 660 720 780
Time (s)
=013 __ 06114]
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Plastic)
SwRI Project No: 18.03614.01 Heat Flux: 20 kWim?
{Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (PLASTIC)
5
4 |
R . R S ) P, WP, WL USRS Y e cousiind D Y
0 80 120 180 240 300 380 420 480 540 600 660 720 780
Time (s)
[—o0611-3 06114
SPECIMEN MASS: DOOR PANEL (PLASTIC)
5t
0 a A A 1 " i a i " 1 . 'y " 1 a 'y A "
0 60 120 180 240 300 2360 420 480 540 600 660 720 780
Time ()
[—0611-3 — 06114 |
Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Dodge Neon
SwRI Project No: 18.03614.01 ) Material ID: Door Panel (Plastic)
Part No.. PZ15WL5AK Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame; Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip  Test t tt HRRym Lo THR  HRRge HRRysoe HRRios HRRaos mex
e
Date (s) (8) (Wim% (s) (MImMH (W/m?) (KW/m?) (kWim?3) (kWim?)
0601-1 03/01/01 48 584 464 125 454 156 183 131 394
0601-2 03/01/01 50 817 503 140 63.9 179 255 180 468
Average 49 600 483 133 54.6 168 219 156 431
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (0) (%)  (g/m*s) (MIkg) (/8) (m¥m?) (m¥m?) (m¥m?) (mikg)
215 10.3 116 563.8 34 347 0.55 2 348 350 266
26.7 12.9 13.8 518 33 40.9 0.81 4 537 541 344
24.1 11.6 12.7 52.8 34 37.8 0.68 3 443 446 305

HEAT RELEASE RATE: DOOR PANEL (PLASTIC)

g

HRR (KW/m?)
FRE

g

540 600 660 720 780
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_SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID; Door Panel (Plastic)
SwRI Project No: 18.03614.01 Heat Flux: 35 kWim?
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (PLASTIC)
7
8
5 9
4
s |
2+
1
0 60 120 180 240 300 360 420 480 640 600 660 720 780
Yime (s)
[— 0601-1 - ---0601-2 ]
SPECIMEN MASS: DOOR PANEL (PLASTIC)
30

0 " n L i 1 A i x ) M 1 " 1

0 60 120 180 240 300 360 420 480 540 600 660 720 780
Time (8) :

[—0601-1 --—-0601-2 |

Notes & Observations:
Sample melted and dripped from the holder during both tests.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model. Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Door Panel (Plastic)
Part No.: PZ15SWL5AK Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area; 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
es
Date (s) (s) WmD (8) (MImD (Wim) (kWim?) (KW/m?) (KWim?)
06014 03/01/01 23 536 768 100 90.8 307 386 274 717
0601-5 03/01/01 24 349 620 85 70.1 208 3498 232 568
Average 24 442 709 93 80.5 302 368 253 642
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m™s) (MJkg) (1/s) (m¥m) (m*m®) (mm?) (mkg)
26.5 59 20.6 77.6 7.3 39.0 1.89 1 1067 1068 459
22.3 7.3 14.7 66.1 8.6 42.0 2.69 0 1023 1023 613
244 6.6 17.7 71.9 8.0 40.5 2.29 1 1045 1046 536
HEAT RELEASE RATE: DOOR PANEL (PLASTIC)
800
800
700 |
E 600
500 |
400 |
T 300 |
200 |
100 |
0 Fma——
0 60 120 180 240 300 360 420 480 540 600 660
Time (s)
|——0801-4 ----06015
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: - Door Panel (Plastic)
SwRlI Project No: 18.03614.01 Heat Flux: 50 kW/m? -
{Page 2)

SMOKE PRODUCTION RATE: DOOR PANEL (PLASTIC)

0 60 120 180 240 300 360 420 480 540 600 660
Time (s)
[— 06014 - - 0601-5 ]
SPECIMEN MASS: DOOR PANEL (PLASTIC)
30
0 1 e s " i ) a i N 1 1 M L . 1 . e i
0 60 120 180 240 300 360 420 480 540 600 660
Time (s)
[— 06014 —-0601-5 |
Notes & Observations:
General Motors D-94 SwR1 Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Dodge Neon

SwRlI Project No: 18.03614.01 Material ID; Door Panel (Fabric)
Part No.: PZ1SWL5AK Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm

Spark Igniter: Yes Operator: J. Anderson

Date (s) (5 WM (s) (MIm) (kWim? (KWim?) (kWim?)  (kWim?)
0611-5 03/02/01 351 829 428 585 1822 220 329 361 425
Average 351 829 428 585 1822 220 329 361 425
Initial  Final 10-90
Mass M Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (gim*s) (MIkg) (I/s) (m¥mH) (mYm?) (m¥m?)  (m¥kg)
54.5 1.3 43.0 78.9 9.3 375 3.21 97 3706 3803 762
54.5 113 430 789 93 37.5 3.21 97 3706 3803 762

HEAT RELEASE RATE: DOOR PANEL (FABRIC)

8838

HRR (kW/m?®)
NN

= A " L N L 4 o i

2383888
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360 480 600 720 840 960 1080

1200 1320

Gencral Motors D-95
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: - General Motors Material ID: Door Panel (Fabric)
SwRI Project No: 18.03614.01 Heat Fiux: 20 kW/m?
{Page 2)

SMOKE PRODUCTION RATE: DOOR PANEL (FABRIC)

16
14
12 |
10 |

SPR (1/s)

o N A O ©@

1080 1200 1320

SPECIMEN MASS: DOOR PANEL (FABRIC)

Mass (g)

o L A A " 1 i L " 1 ol —_— 1 ne

0 120 240 360 480 600 720 840 060 1080 1200 1320
Time (s)

Notes & Observations:

General Motors D-96 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Door Panel (Fabric)
Part No.. PZ15WL5AK Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark igniter: Yes Operator: J. Anderson
A to ty  HRRm  toee THR  HRRes HRRyse HRRye HRR3ge max
Date ) ) (WM (s) (MU (kWMD) (KW/m?) (kWim)  (kW/m?)
0601-3 03/01/01 54 659 714 295 200.8 294 400 482 681
Average © 54 659 714 295 200.8 294 400 482 691
initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (@ (©) (%) (gims) (MJkg) (1/s) (m¥m’) (m¥m?) (m*m?’) (mkg)
543 13 52.9 97.4 14.7 336 7.78 7 5596 5603 035
54.3 1.3 52.9 974 14.7 336 7.78 7 5596 5603 935

HEAT RELEASE RATE: DOOR PANEL (FABRIC)

0 It 5 'Y PR S " i " 1 L " d ' -l a—

0 60 120 180 240 300 360 420 480 540 600 680 720 780 840
' Time (s) ’

— 0601-3
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Fabric)
SwRI Project No: 18.03614.01 Heat Flux: 35 kWim?* -
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (FABRIC)
22
20 |
18
18 |
14
L2}
g 10 |
8}
6
4t
2
0 e
0 60 120 180 240 300 360 420 480 540 600 660 720 780 840
Time (s)

SPECIMEN MASS: DOOR PANEL (FABRIC)
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0 60 120 180 240 300 360 420 480 540 600 660 720 780 840
Time (s)

Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Door Panel (Fabric)
Part No.: PZ15WL5AK Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
e
Date (®) (8 (Wm?) () (MIm) (kWmD) (kW/imD) (KWmY) (kWim?)
0601-6 03/01/01 27 597 885 250 208.1 203 445 571 - 857
Average 27 597 885 250 208.1 293 445 571 857
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) () (%) (g/m™s) (MJkg) (1/s) (m¥m?) (mIYm?) (m¥m?)  (mikg)
55.5 3.0 524 84.4 17.9 35.1 8.87 2 5588 5590 943
556.5 3.0 52.4 944 17.9 35.1 8.87 2 5588 5590 943
HEAT RELEASE RATE: DOOR PANEL (FABRIC)
1000
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800 ﬁ
700
E 600 |
i 500 r
g oo
300 1
200
100 }
0 e —0 - 1 U .y —_— A i 1 _— I e >
(¢] 60 120 180 240 300 360 420 480 540 600 660 720
Time (s)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Fabric) .
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/im? -
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (FABRIC)
26
24
22
20 1
18
-~ 18
VR
£ 12
® 10
8 -
8 F
41
2 .
0 " Y e
540 600 660 720

SPECIMEN MASS: DOOR PANEL (FABRIC)

480 540 600 660 720

Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Mode!: Dodge Neon
SwRI Project No:  18.03614.01 Material ID: Door Panel (Armrest)
Part No.: PZ15WL5AK Heat Fiux: 35 kWim?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter; Yes Operator. J. Anderson
Testip  TeSt t b HRRw  tem THR  HRReg, HRRys HRR3o0 HRR30s, max
Date {s) (s) (kW/m?) (s) (MJ/m?) (kW/m?) (kW/m? (W/m?) (kW/m%)
0611-10 03/02/01 27 1026 333 560 236.5 219 261 262 332
Average 27 1026 333 560 236.5 219 261 262 332
Initiat Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
() (9) (@) (%) (g/m*s) (MIkg) (1/s) (m¥m?) (Mm¥m?) (m¥m?  (m2kg)
93.7 144 70.3 84.6 11.0 264 8.31 4 8806 8810 082
93.7 14.4 79.3 84.6 11.0 26.4 8.31 4 8806 8810 - 982
HEAT RELEASE RATE: DOOR PANEL (ARMREST)
400
350 |
300
T 250
£ 200
é 150
100
50 |
0 i F 1 . - b es e = C— - o— Y PYST SE— - ——
0 120 240 360 480 600 720 840 960 1080 1200
' Time (s)
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General Motors D-101
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Armrest)
SwRI Project No: 18.03614.01 Heat Flux: 35 kW/im?
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (ARMREST)
2
&
(]
0 120 240 360 480 600 720 840 960 1080 1200
Time (s)
SPECIMEN MASS: DOOR PANEL (ARMREST)
100 :
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0 120 240 3680 480 600 720 840 960 1080 1200
Time (s)
Noles & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Carpet
Part No.: TN47XDVAA Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25mm
Spark Igniter: Yes Operator; J. Anderson
[-
Date 4 ® (WImD  (s) (MM KWm?) (KWIim?) (kWim?)  (kWim?)
06116 03/02/01 136 309 323 220 75.5 175 253 222 320
0601-7 03/02/01 3 172 525 100 60.3 259 337 202 516
1311-2 05/11/01 122 1194 324 200 149.2 141 209 168 319
Average® 129 797 323 210 112.4 158 231 195 320
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m*s) (MJkg) (1/s) (m¥m?) (m¥m%) (m*m*) (mikg)
38.1 16.6 215 56.4 8.1 311 1.47 10 620 630 255
21.0 1.9 19.1 90.9 16.4 27.9 4.19 23 720 743 333
76.5 35.8 406 . 531 44 325 1.03 14 1349 1364 294
57.3 26.2 31.0 54.7 6.3 318 1.10 12 885 097 - 275
HEAT RELEASE RATE: CARPET
600
500 B :'/";‘.‘-
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Time (s}
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Carpet
SwRI Project No: 18.03614.01 Heat Flux: - 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: CARPET
8 )
7t} i
6.
~5F
2
E 4
3 -
2 B‘,“"’k."ﬁv","-'_'
‘\"\f‘"‘-"“_"\
e a4, ‘WM,.”‘:‘:__
720 840 060 1080 1200 1320 1440
Time (s)
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SPECIMEN MASS: CARPET
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"Time (s)
[——06116 -—-—— 0601-7 - -- - - 13112 |
Notes & Observations: *Average of tests 0611-6 and 1311-2
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Carpet
Part No.: TN47XDVAA Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark igniter; Yes Operator: J. Anderson
Testip  Test to tt  HRRpe  loesk THR  HRRe, HRRisss HRR300s HRR30s mex
Date ® (WM () (MM (W) (RWImT) (WM (kWim?)
0611-8 03/02/01 54 271 397 110 66.0 312 297 220 393
0611-9 03/02/01 53 205 487 115 72.0 345 324 241 469
Average 54 283 442 113 69.0777" 7 328 310 231 431
Initial Final 10-90
Mass  Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) () (%) (gim*s) (MJkg) (1/8) (Mm% (m¥m?) (m¥m?)  (mkg)
334 14.0 18.3 §7.7 10.0 303 2.39 2 787 789 361
36.2 158 20.3 56.1 10.8 314 244 6 861 867 375
348 14.8 19.8 56.9 104 30.8 2.42 4 824 828 368
HEAT RELEASE RATE: CARPET
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General Motors

SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors - Matenrial ID: Carpet
SwRI Project No: 18.03614.01 Heat Flux: 35 kW/m?*
(Page 2)
SMOKE PRODUCTION RATE: CARPET
7
}
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SPECIMEN MASS: CARPET
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Notes & Observations:
D-106 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Mode!: Dodge Neon
SwRI Project No: 18.03614.01 Material ID; Carpet
Part No.: TN47XDVAA Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter Yes Operator: J. Anderson
Testip  Test t t HRRogsk  oesk THR  HRRgs HRRys0, HRR3ge HRRi30s mex
Date (s) ®  GWm)  (s)  (MImD (WMD) (kW/mH (KWim?)  (kWim?)
0671-5 03/08/01 28 245 562 75 63.1 303 309 211 524
0671-8 03/08/01 25 255 547 70 66.3 378 317 222 514
Average 26 250 554 73 64.7 386 313 216 519
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/ms) (MJkg) (1/s) (m¥m’) (m¥m?) (m’m?")  (mkg)
35.1 15.1 20.0 57.1 125 27.8 3.30 2 920 923 406
35.5 15.5 20.1 56.8 12.2 29.1 2.92 1 830 831 364
35.3 15.3 20.1 56.9 12.3 28,5 3.11 2 875 877 385
HEAT RELEASE RATE: CARPET
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Carpet
SwR Project No: 18.03614.01 Heat Filux: 50 kWim?
(Page 2j
SMOKE PRODUCTION RATE: CARPET
0
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SPECIMEN MASS: CARPET
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Noles & Observations:

General Motors D-108 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model. Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Kick Panel
Part No.: PV77WL5AB Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
TestiD  Jest t b HRRosa  toeax THR  HRRg, HRRyse HRR3ooe HRRage, mex
e
Date (s) (8 Wmd) (s) MIm?)  (kW/m3) (kW/im?) (kW/im)  (kWim?)
0681-1 03/09/01 145 635 236 230 433 98 138 104 221
0681-2 03/09/01 131 535 104 205 31.1 107 110 86 188
Average 138 585 215 218 372 102 123 95 205
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (0) (9) (%) (gim*s) (MJkg) (1/s) (m¥Ym?) (m¥m?) (m¥m%)  (m%kg)
24.9 10.8 140 56.4 4.6 27.3 0.33 28 233 261 147
214 15.8 5.1 240 19 53.6 0.15 10 87 08 151
23.2 133 9.6 40.2 33 40.4 0.24 19 160 179 149
HEAT RELEASE RATE: KICK PANEL
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Kick Panel
20 kWim?

Material ID:
Heat Flux:
{Page 2)

Client: General Motors
SwRI Project No: 18.03614.01

SMOKE PRODUCTION RATE: KICK PANEL

0 60 120 180 240 300 360 420 480 540 600 660 720
Time (s)
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780 840

SPECIMEN MASS: KICK PANEL
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Notes & Observations:

General Motors D-110
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Dodge Neon
SwRI Project No: 01.04021.01.019 Matenal ID: Kick Panel
Part No.: PV77WL5AB Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
et TeSt t tt  HRRp tew  THR  HRRgs HRRus HRRyg HRRug, ma
Date (s) (8)  (KWim3) ()  (MIm?) (kW/m?) (kWim?) (kWim?) (kWim3)
0671-3 03/08/01 47 623 344 125 60.1 167 182 146 327
06714 03/08/01 46 640 367 155 57.6 176 210 156 347
Average 46 632 356 140 58.8 171 196 151 337
Initial Fina! 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m>s) (MIkg) (1/s) (m¥m?) (m¥m?) (m*m?)  (m*kg)
26.9 11.6 155 57.7 37 34.2 0.40 1 267 268 152
27.0 16.5 105 38.8 3.7 48.6 0.82 5 559 564 471
270 14.0 13.0 48.3 3.7 41.4 0.61 3 413 416 312
HEAT RELEASE RATE: KICK PANEL
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Kick Panel
SwRI Project No: 01.04021.01.019 Heat Flux: 35 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: KICK PANEL
5
4
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SPECIMEN MASS: KICK PANEL
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Dodge Neon
SwRI Project No: 18.03614.01 Matenial ID: Kick Panel
Part No.: PV77TWL5AB Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance; 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date (s) 6 (Wim) (s (MIm) (WMD) KWim?) (KWim?)  (KWim?)
0671-7 03/08/01 26 585 699 115 101.8 205 416 292 667
0671-8 03/08/01 29 586 535 105 59.3 248 235 164 495
1341-3 05/14/01 25 701 581 115 64.1 169 237 176 509
Average 27 627 605 112 75.0 207 206 211 557
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/ms) (MJkg) (1/s) (m¥m’) (m¥m?) (m*m?)  (m%kg)
247 45 20.2 82.0 9.2 444 1.3 4 1203 1207 525
23.1 11.2 12.2 52.8 3.2 43.0 0.83 4 507 512 368
274 116 16.0 58.3 3.2 355 0.63 1 457 458 253
25.1 9.1 16.1 64.4 5.2 41.0 1.13 3 722 726 382

HEAT RELEASE RATE: KICK PANEL
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General Motors D-113 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client; General Motors Material ID: Kick Panel
SwR! Project No:  18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: KICK PANEL
12 -
10 }
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€ O §i:
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4 b g :"l it
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AN N e PN
o A );T .'A' T ?.'-'5\ N L e Y P 5 N "
60 120 180 240 300 360 420 480 540 600 660 720 780 840
Time (s}
[ 0671-7 -~~~ 0674-8 - = -~ - 1341-3]

SPECIMEN MASS: KICK PANEL
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60 120 180 240 300 2360 420 480 540 600 660 720 780 840
Time (s)
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Notes & Observations:
D-114 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Fuel Tank
Part No.: 50172094A Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip  ToSt to Y HRRps  toes THR  HRRg,, HRRyg HRRag, HRRape ma
5
Dete (s) (s (kWimd  (s) MYVm?d (kWMD) (kWmD) (KWimD)  (kWim?)
0641-1 03/04/01 295 1118 498 700 209.5 76 139 196 493
0641-2 03/04/01 342 1059 487 700 183.3 57 131 201 484
Average 318 1088 492 700 196.4 66 135 198 489
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR; TSR SEA
(9) (9) (9) (%) (g/m*s) (MIkg) (1/s) (mm?) (mim?) (m*m?) (m?kg)
68.7 21.8 46.8 68.2 9.1 39.5 1.00 58 1358 1416 256
66.8 18.7 48.3 723 10.1 335 0.93 59 1254 1312 229
67.8 20.3 476 70.3 9.6 36.5 0.97 58 1306 1364 243
HEAT RELEASE RATE: FUEL TANK
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Fuel Tank
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)

SMOKE PRODUCTION RATE: FUEL TANK
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SPECIMEN MASS: FUEL TANK
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Notes & Observations:
General Motors ' D-116 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Mode!: Dodge Neon
SwRlI Project No: 18.03614.01 Material ID: Fuel Tank
Part No.: 50172094A Heat Flux: 35 kW/im?
Orientation; Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance; 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip  Te® t t HRRpesk  foosk THR  HRRes, HRRyss HRR3oe HRR30s max
Date (s) (s) (kWim®)  (s) MIIm?  (kWim?) (KW/im?) (kW/im?)  (kW/m?)
0671-1 03/08/01 20 1171 701 420 254.6 104 186 2091 685
0671-2 03/08/01 88 1305 472 400 206.1 118 191 277 471
Average 89 1238 586 410 230.4 111 188 284 578
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
@ (@) () (%) (g/m*s) (MJkg) (1/s) (m¥m?) (m¥m?) (m*m?)  (m%kg)
73.5 17.2 58.5 76.8 106 389 1.61 19 2017 2036 316
73.2 20.1 52.9 72.3 B.7 344 0.85 " 1186 1A1 97 198
734 18.7 54.7 74.6 10.2 371 1.23 1602 1617 257
HEAT RELEASE RATE: FUEL TANK
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client; General Motors Material ID: Fuel Tank '
SwRI Project No: 18.03614.01 Heat Flux: 35 kWim?
(Page 2) l
SMOKE PRODUCTION RATE: FUEL TANK
7
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SPECIMEN MASS: FUEL TANK
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Notes & Observations:
Heavy sample dripping from the retainer frame during both tests.

General Motors D-118

SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Dodge Neon
SwRI Project No: 18.03614.01 Material ID: Fuel Tank
Part No.: 50172094A Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area; 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
TestiD  Yest L™ Y HRRooak  them THR  HRRss HRRyp0s HRRags HRRags max
Date (s) () WMD) (s) (MImd) (KWim?) (KW/imd) (kW/m?) (kW/m?)
0671-9 03/08/01 40 859 1259 285 312.9 200 313 580 1214
0681-3 03/08/01 39 914 1142 310 208.7 208 310 540 1102
Average 40 886 1200 298 305.8 204 311 560 1158
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (0) (%) (g/m>-s) (MJkg) (i/s) (mYUm") (m¥m?) (m*m?)  (mUkg)
721 8.8 63.0 874 16.2 43.9 2.78 3 2516 2519 353
72.3 10.6 61.8 85.4 16.2 42.8 264 0 2537 2537 363
72.2 9.7 62.4 86.4 16.7 43.3 2.7 2 2527 2528 358
HEAT RELEASE RATE: FUEL TANK
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Fuel Tank
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: FUEL TANK
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Time (s)
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SPECIMEN MASS: FUEL TANK
80

0 120 240 360 480 600 720 840 960 1080
Time (s)
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Notes & Observations:
0671-0: Heavy dripping from the sample retainer frame.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Matenal ID: Headrest
Part No.: YS4Z54611A08B8BB Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
TestiD 1ot to 1Y HRRpw  Yoomk THR  HRRe HRRisos HRRo0e HRR3os, max
Date (s) (8 (Wimd) (s) (MIm?) (kWIm?) (kWm?3) (Wm?) (kW/m?)
0821-4 03/23/01 49 375 408 110 71.5 277 307 229 400
Average 49 375 406 110 71.5 277 307 229 400
Initiat Final 10-90 .
Mass  Mass Mass Loss MR  EHC  SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m*s) (MIkg) (/) (m¥mY) (mm?) (m¥m?) (m7kg)
27.9 KX 238 85.2 105 266 1.80 14 762 776 283
27.9 36 23.8 85.2 10.5 26.6 1.80 14 762 776 283
HEAT RELEASE RATE: HEADREST
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Headrest
SwRI Project No: 18.03614.01 Heat Flux: 20 kWim?
(Page 2)
SMOKE PRODUCTION RATE: HEADREST
6
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SPECIMEN MASS: HEADREST

o el " i 1
0 60 120 180 240 300 360 420 480 540
Time (s)
Notes & Observations:
Sample Thickness Sample Mass
Vynyl - tmm Vynyl-63g
Foam - 47 mm Foam-216¢g
General Motors D-122 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRlI Project No: 18.03614.01 Material ID: Headrest
Part No.: YS4254611A08BBB Heat Flux: - 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Test ID Test tg 1Y HRRpga  Loom THR  HRRg HRRys0, HRR3y0e HRRaoe, max
Date (s) ) KW  (s) (MUY (kWim?H (KWim® (KWim?)  (kWim?)
0821-5 03/23/01 23 249 471 80 75.5 360 373 252 464
Average 23 249 471 80 75.5 360 373 252 464
initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR; TSR SEA
(g) 9 (9) (%)  (gim*s) (Mdkg) (i/s) (m¥m?) (m*m%) (m¥m?)  (m%kg)
29.3 3.0 313 106.8 17.7 213 3.50 24 938 062 265
29.3 3.0 313 106.8 17.7 213 3.50 24 938 062 265

HEAT RELEASE RATE: HEADREST
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Headrest
SwRI Project No: 18.03614.01 Heat Flux: 35 kWim?
(Page 2) .
SMOKE PRODUCTION RATE: HEADREST
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SPECIMEN MASS: HEADREST
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Notes & Observations:
Sample thickness Sample mass
Vinyl - 1 mm Vinyl-69g
Foam - 47 mm Foam-224¢
General Motors D-124 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Make/Model:  Ford Focus

Client: General Motors
SwRI Project No: 18.03614.01 Material ID: Headrest
Part No.: YS4254611A08BBB Heat Flux: 50 kW/m?
Crientation: Horizontal Sample Area: 0.00884 m*
Frame; Yes Distance: 25 mm
Spark Igniter Yes Operator. J. Anderson
Date (s) (8 (Wim3d () (MIm?) (kWim?) (kWim?) («W/m?) (KW/m?)
0821-6 03/23/0‘1 5 288 385 195 70.3 217 257 235 377
Average 5 288 385 195 703 217 257 235 377
Initial Final 10-90
Mass Mass Mass Loss MR EHC SPR SR, SR, TSR SEA
(9) (@) (@) (%) (o/m®s) (MJkg) (Us) (m¥m?) (m¥m?) (m¥m?) (mkg)
30.3 39 264 87.1 12.3 23.5 5.63 1 1688 1689 565
30.3 3.9 26.4 87.1 12.3 23.5 5.63 1 1688 1689 565
HEAT RELEASE RATE: HEADREST
450
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Time (s}
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: " General Motors Material ID: Headrest
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: HEADREST
24
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SPECIMEN MASS: HEADREST
35
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Time (s)
Notes & Observations:
Sample thickness Sample mass
Vinyl - 1 mm Vinyl-88¢g
Foam - 47 mm Foam-215¢g
General Motors D-126 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Material ID: Seat (Cover & Foam)
Part No.: YS4Z25462900BAB Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area:  0.00884 m?
Frame: Yes Distance: 25mm
Spark igniter: Yes Operator: J. Anderson
Dute ) )  (KWimD  (s)  (MIUmD (KW/m?) (kWim?) (kWim?)  (kWim?)
0811-2 03/22/01 30 445 404 165 108.1 78 2168 259 399
Average 30 445 404 165 108.1 78 216 259 399
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR S‘EA
(9) (9) (@) (%) (g/m*s) (MJkg) (U/s) (m¥m?) (m¥m?) (miUm?) (mikg)
55.0 8.0 47.0 854 15.7 20.4 4,08 3 1948 1951 367
55.0 8.0 47.0 85.4 15.7 20.4 4.08 3 1948 1951 367

HEAT RELEASE RATE: SEAT (COVER & FOAM)

0 80 120 180 240 300 360 420 480 540 600
Time (8)

D-127 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Seat (Cover & Foam)
SwRI Project No: 18.03614.01 Heat Flux: 20 kWim?
(Page 2)
SMOKE PRODUCTION RATE: SEAT (COVER & FOAM)
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SPECIMEN MASS: SEAT (COVER & FOAM)
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Notes & Observations:

General Motors
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Mode!: Ford Focus
SwRI Project No: 18.03614.01 Material ID: Seat (Cover & Foam)
Part No.: YS4254629000BAB Heat Flux: 35 kW/m?
Crientation: Horizontal Sample Area: 0.00884 m*
Frame: Yes Distance: - 25 mm
Spark Igniter: Yes Operator: J. Anderson
es!
Date (s) 8 &Wmd) () (MIM) (kWim?) (kW/m?) (KWim?d)  (KW/m?)
0811-6 03/22/01 43 417 594 195 105.2 247 388 330 574
Average 43 417 504 195 105.2 247 388 330 571
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9 (9) (%) (m?s) (MJkg) (1/8) (mYm?) (m¥m?) (m¥m?)  (mkg)
494 5.9 43.0 87.0 19.9 21.7 2.54 17 1163 1181 238
404 - 58 43.0 87.0 10.8 21.7 2.54 17 1163 1181 239

HEAT RELEASE RATE: SEAT (COVER & FOAM)
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480 540 600

General Molors D-129 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Maternial ID: Seat (Cover & Foam)
SwRI Project No: 18.03614.01 Heat Fiux: 35 kW/im?
(Page 2)
SMOKE PRODUCTION RATE: SEAT (COVER & FOAM)
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SPECIMEN MASS: SEAT (COVER & FOAM)
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Noles & Observations:

General Motors D-130 SwR1 Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Material iD: Seat (Foam & Cover)
Part No.: YS4254629000BAB Heat Flux: 50 kWim?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter; Yes Operator: J. Anderson
Date (g &)  (WIm) (8 (MM (KWim?) (KWim?) (kWimD)  (KWim?)
0821-2 03/23/01 23 341 653 185 112.7 245 412 369 641
Average 23 341 653 185 112.7 245 412 369 641
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) 9) (%)  (g/m’s) (MJkg) (i/s) (mm?) (m¥m’) (m*m?)_  (mkg)
47.3 0.9 457 96.7 23.0 21.8 2.99 19 1086 1105 210
473 0.9 45.7 96.7 23.0 218 2.99 18 1086 1105 210
HEAT RELEASE RATE: SEAT (FOAM & COVER)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Seat (Foam & Cover)
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: SEAT (FOAM & COVER)
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client; General Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Material ID: Seat (Foam)
Part No.: YS425464810AB Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area; 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter; Yes Operator: J. Anderson
TestID Test t t HRR ou Loeak THR HRRgo; HRRyse HRR30e HRRapg max
Date () (8 (W) (s)  (MIm) (W/m?) Wimd) (KWm?) (kWim?)
0811-3 03/22/01 8 425 253 150 55.9 159 192 174 248
08114 03/22/01 9 404 275 65 56.8 157 200 177 241
Average 8 414 264 108 56.3 158 196 176 244
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
9) (9) (9) (%) (g/m*s) (MJkg) (1/s) (m¥m?) (m¥m") (m¥m? (m?/kg)
18.7 1.8 18.7 894 7.0 20.5 0.80 1 380 391 206
18.3 15 17.9 92.6 7.2 28.1 1.38 2 576 578 285
19.0 1.7 17.3 91.0 7.1 28.8 113 2 483 484 245

HEAT RELEASE RATE: SEAT (FOAM)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Seat (Foam)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: SEAT (FOAM)
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SPECIMEN MASS: SEAT (FOAM)
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRiI Project No: 18.03614.01 Material ID: Seat (Foam)
Part No.: YS425464810AB Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes ' Operator: J. Anderson
TestID Test tg t HRRogu  Loea THR  HRRg, HRRyss HRRag, HRRags mex
Date (s) () (kWMD)  (5)  (MIm?) (kWIm?) (KWim?) (kWM  (kWim?)
0811-7 03/22/01 4 211 430 80 47.0 235 255 157 419
0821-1 03/23/01 4 212 399 110 49.6 157 263 166 392
Average 4 212 414 95 48.3 196 259 161 405
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (g) (%) (gim>s) (MJkg) (1/s) (m¥Ym?) (m*m*) (m¥m%) (m¥kg)
15.8 0.6 16.2 96.2 125 27.4 268 6 580 586 337
17.1 1.2 15.9 93.0 1.5 27.6 273 5 593 597 329
16.5 0.9 15.6 94.6 12.0 27.5 2.70 5 587 591 333

HEAT RELEASE RATE: SEAT (FOAM)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Seat (Foam)
SwRiI Project No: 18.03614.01 Heat Flux: 35 kW/m*
(Page 2)

SMOKE PRODUCTION RATE: SEAT (FOAM)

0 30 60 90 120 150 180 210 240 270 300 330
Time (s)

[—o0811-7 - 0821-1]

SPECIMEN MASS: SEAT (FOAM)
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Noies & Observations:

General Motors D-136 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors ' Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Material ID: Seat (Foam)
Part No.: YS4Z5464810AB Heaf Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator. J. Anderson
Testip TSt to tt  HRRpgm  toem THR HRRgs HRRyse HRRaoe HRRyoe mes
Date (s) (8 (Wimd) (s) (MIm9) (kWim?) (Wim?) (kW/m? (kW/im?)
1081-3 04/18/01 2 140 567 65 47.3 287 264 158 555
1081-4 04/18/01 2 123 676 70 45.2 280 252 151 646
Average 2 132 622 68 462 284 258 155 600
Initial Final 10-80 '
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (@) (9) (%) (g/m’s) (MIxkg) (1/s) (m¥m?) (m'm?) (m¥m% (m¥kg)
15.4 09 14.5 94.4 17.5 28.8 4.17 0 599 598 364
14.9 0.8 141 04.9 19.7 28.2 4.45 0 574 574 359
15.2 0.8 14.3 04.6 18.8 28.5 4.31 0 587 587 362
HEAT RELEASE RATE: SEAT (FOAM)
800
0 30 60 20 120 150 180 210 240
Time (s)
[—10813 — 10814 ]
D-137 SwRI Project No: 18.03614.01

General Motors



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID; Seat (Foam)
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: SEAT (FOAM)
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SPECIMEN MASS: SEAT (FOAM)
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Make/Model: Ford Focus

Client: General Motors
SwRI Project No: 18.03614.01 Material ID: Headliner
Part No.: YS425451916AAE Heat Flux: 20 kWim?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
testip TES t b HRRogs oo THR  HRRgy HRRys HRR3ops HRRyo max
Date 15 6 (WM () (MUY (KWImD) (RW/m?) (kWD) (KWim?)
0741-6 03/15/01 254 106 132 280 6.8 97 a8 23 120
0741-7 03/15/01 No Ignition 5 0 15 1 2 2 5
1311-5 05/11/01 165 a9 170 180 9.9 126 56 33 162
Average* 210 102 151 235 8 112 47 28 141
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(@) (9) (9) (%) (g/m>s) (MIkg) (1/s) (m¥m?) (m¥m?) (mim?)  (m%kg)
10.0 5.1 0.5 4.7 2.1 127.7 0.87 296 20 317 381
10.1 6.7 34 33.6 0.8 39 0.67 427 N/A 427 1110
10.7 54 3.9 36.2 7.0 22.7 1.07 87 201 288 459
10.3 5.3 2.% 20.5 4.6 22.7 1.0 191.5 110.7 302.2 420.2
HEAT RELEASE RATE: HEADLINER
180 _—
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Headliner
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: HEADLINER
7
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SPECIMEN MASS: HEADLINER
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Notes & Observations: *Average of tests 0741-6 and 1311-5 (1311-5 only for EHC)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Material ID: Headliner
Part No.: YS425451916AAB Heat Fiux: 35 kW/m?
Orientation; Horizontal Sampie Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date (8) (&  KWm) (8 (MUm) (kWim?) (KWm?) (KWim?)  (KWim?)
0731-2 03/14/01 16 104 208 50 128 175 72 43 191
0731-3 03/14/01 15 111 211 55 133 176 74 44 195
Average 16 108 209 53 13.1 175 73 44 193
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) {g) (@) (%) (g/m?s) (MIkg) (Vs) (M¥m?) (mm?) (m*m?)  (m'/kg)
10.3 4.2 6.0 58.2 9.0 19.0 2.85 8 362 368 534
10.1 39 6.2 61.1 11.2 19.0 2.98 5 381 386 546
10.2 4.0 6.1 59.6 10.1 19.0 2.96 5 372 377 540
HEAT RELEASE RATE: HEADLINER
N j
150 180

Time (s)

[—o07312 - - 0731-3]

General Motors
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID:

SwRI Project No:  18.03614.01

Heat Flux:
(Page 2)

Headliner
35 kW/m?

SMOKE PRODUCTION RATE: HEADLINER
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SPECIMEN MASS: HEADLINER
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Notes & Observations:

Gencral Motors

D-142

SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwR! Project No: 18.03614.01 Material ID: Headliner
Part No.: YS425451916AAB Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
TestID Test Yo b HRRpes  thesk THR HRRgp HRRis0s HRRsooe HRRsoc max
Date (s) & (Wmd  (s) (MIm) (WmDH (KkW/m?) (KWim?) (kW/m?)
0731-8 03/14/01 ] 106 265 45 146 203 82 49 238
0731-9 03/14/01 9 120 252 50 15.1 189 85 51 229
Average 9 113 258 48 14.9 196 83 50 234
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR; SR, TSR SEA
(9) @0 (9 (%) (g/m*s) (MJkg) (i/s) (m¥m%) (m¥m?) (m*m")  (m*kg)
10.1 33 67 66.2 121 19.3 3.27 387 303 511
10.2 3.5 6.7 654 10.1 20.0 3.13 414 422 548
10.2 3.4 6.7 65.8 111 10.7 3.20 401 407 529
HEAT RELEASE RATE: HEADLINER
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client:
SwRi Project No:  18.03614.01

General Motors

Headliner
50 kW/m?

Material ID:
Heat Flux:

(Page 2)

SMOKE PRODUCTION RATE: HEADLINER
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SPECIMEN MASS: HEADLINER
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General! Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Material ID: Door Panel
Part No.: YS425423942AAB Heat Flux: 20 kW/m?
Crientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark lgniter: Yes Operator: J. Anderson
Testip  TYest tg t HRRoux  toesk THR  HRRge HRRyss HRRase HRRygs, mes
es
Date (s) (8 WM () (MU (KWimD) (KWm?) (kWim?)  (kW/m?)
0741-2 03/15/01 26 874 310 480 120.5 118 47 76 306
0741-3 03/15/01 23 871 425 415 116.2 101 41 62 423
Average 24 872 367 448 1184 109 44 69 364
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m?-s) (MIAkg) (I/s)  (m¥m®) (m¥m?) (m*m?)  (m¥kg)
31.3 8.3 226 723 5.8 471 1.35 75 1128 1203 441
29.7 7.0 219 74.0 6.5 46.8 1.16 68 054 1021 384
30.5 7.7 223 73.1 6.2 47.0 1.25 71 1041 1112 413

HEAT RELEASE RATE: DOOR PANEL

8

0 120 240 360 480 600 720 840 960
Time (s)

[—o0741-2 - - 0741-3]
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client; General Motors Material ID: Door Panel
SwRi Project No: 18.03614.01 Heat Flux: 20 kWim?
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL
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SPECIMEN MASS: DOOR PANEL
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Notes & Observations:
Top layer ignited and extinguished after ~B0 secs. A second ignition occurred at ~200 secs.
D-146 SwRI Project No: 18.03614.01

General Motors



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Material ID: Door Panel
Part No.. YS425423942AAB Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance; 25 mm
Spark Igniter: Yes Operator: J. Anderson
restip | Test t HRR,u ek THR HRRe HRRys HRRyos HRRon mas
Date g ®  Wm)  (s) (M) (WM (KWim?)  (kWim?)  (KWim?)
07314 031401 13 588 526 300 134.7 143 145 270 521
0731-5 03/1401 11 682 460 205 136.5 135 141 258 459
Average 12 635 493 208 135.6 139 143 264 490
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9 (©) (g) (%)  (g/m>s) (MIkg) (Vs) (m¥m?) (m¥m?) (mim?) (mikg)
385 64 29.6 81.1 75 40.2 3.35 33 1992 2025 595
35.6 5.7 30.1 844 6.6 40.1 2.76 1 1929 1930 567
38.1 6.1 20.8 82.8 7.1 40.2 3.05 17 1961 1978 581

HEAT RELEASE RATE: DOOR PANEL

S

o I L 2 1 " 1 A I s L. " 1 PR S 3 " 1 a i L : a

0 60 120 180 240 300 360 420 480 540 600 660 720 780
Time (s)

|—— 07314 -~ - 0731-5|

General Motors D-147 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Materiél ID: Door Panel

SwRI Project No: 18.03614.01 Heat Flux: 35 kW/m?
(Page 2)

SMOKE PRODUCTION RATE: DOOR PANEL

180 240 300 360 420 480 540 600 660 720 780
Time (s)

[—o7314 - 07315

SPECIMEN MASS: DOOR PANEL
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Material ID; Door Panel
Part No.: YS4Z542392AAB Heat Flux; 50 kW/m?
Orientation: Horizontal Sample Area. 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip T te ty HRRpesk  Loes THR  HRRge HRRyss HRRyos HRRao4 mes
Date (s) ) (WM (8)  (MImD (KWimH (RWIm?) (kWm?)  (KW/m?)
0731-6 03/14/01 7 627 685 205 145.0 141 204 395 680
0731-7 03/14/01 7 589 712 200 1376 142 289 369 702
Average 7 608 698 203 1413 141 292 382 691
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) @9 @ (%) (g/m®s) (MIkg) (1/s) (mI¥m?) (m¥m?) (m*m?) (m¥kg)
37.0 8.0 310 83.7 8.9 41.4 311 0 1987 19887 567
338 44 26.4 868  10.0 414 3.27 0 1964 1964 591
354 52 30.2 85.3 9.5 414 3.19 0 1976 1975 579
HEAT RELEASE RATE: DOOR PANEL
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THWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel
SwRI Project No: 18.03614.01 Heat Flux: 50 kWim?

(Page 2)

SMOKE PRODUCTION RATE: DOOR PANEL
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SPECIMEN MASS: DOOR PANEL
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Material ID: Carpet
Part No.: YS425413000BAF Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip TSt te b HRR gek  toeek THR  HRRge HRRyso HRR3yos HRR3og max
e
Date (s) 6 WM ()  (MIm) (Wm?) (KWim?) WMD)  (kW/m?)
07414 03/15/01 102 473 355 170 64.1 152 206 173 346
0741-5 03/15/01 102 478 334 150 63.1 208 189 168 318
Average 102 476 345 160 63.6 180 203 170 332
Initial Final 10-90 ’
Mass Mass Mass Loss MLR EHC SPR SR, | SR, TSR SEA
(9) (9) Q) (%) (g/ms) (MJkg) (/) (m¥m%) (m¥m?) (m¥m?) (mkg)
31.8 11.7 18.0 56.7 5.6 314 0.68 52 341 393 167
320 125 17.3 54.1 46 32.2 0.54 42 275 317 140
31.9 12.1 17.7 55.4 5.1 318 0.61 47 308 355 154

HEAT RELEASE RATE: CARPET
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Carpet
SwRI Project No: 18.03614.01 Heat Flux: 20 kWim?
{Page 2)

SMOKE PRODUCTION RATE: CARPET

[— 07414 - -0741-5]
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300 360 420 480 540 600 660
Time (s}
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SPECIMEN MASS: CARPET
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Noles & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRI Project No:  18.03614.01 Material ID: Carpet
Part No.: YS425413000BAF Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25mm
Spark Igniter: Yes Operator. J. Anderson
Testp  TeS tg t HRRpp  foee THR  HRRg HRRise HRR300s HRR30s max
Date (s) (s) KkWim® ()  (MIm?d) (kW/m?) (kW/m?) (kW/m?)  (kW/m?)
0741-9 03/15/01 42 384 493 85 66.1 305 246 200 458
0741-10 03/15/01 42 372 511 85 65.0 320 255 200 475
Average 42 378 502 85 65.6 313 250 200 467
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(g) (9) (9) (%) (g/m?s) (MJkg) (i/s) (m¥m?) (m¥m?) (mim?) (mikg)
32.0 110 16.9 53.0 6.7 345 1.39 121 478 599 250
318 10.7 17.2 54.2 6.9 334 1.29 95 446 541 229
31.9 10.8 171 53.6 6.8 33.9 1.34 108 462 570 239
HEAT RELEASE RATE: CARPET
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Carpet

SwRI Project No: 18.03614.01 Heat Flux: 35 kWim?
(Page 2)

SMOKE PRODUCTION RATE: CARPET
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SPECIMEN MASS: CARPET
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
“ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Material ID: Carpet
Part No.: YS425413000BAF Heal Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date (s) (s) (kW/m?%) (s) (MI/m?)  (KkWim?) (kW/m?%) (kW/m?T) (kW/m?)
0741-11 03/15/01 27 290 582 65 63.5 362 285 212 535
0741-12 03/15/01 28 277 5689 70 62.5 394 296 209 5§50
Average 28 284 590 68 63.0 378 291 21 542
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (@) (9) (%) (g/m*s) (MJkg) (155) (m¥m%) (m¥m®) (m¥m%)  (m%kg)
31.0 10.9 16.0 516 8.3 35.1 1.98 152 477 629 263
29.7 9.9 148 49.7 8.6 37.3 2.23 182 501 683 299
30.4 104 154 50.7 8.5 36.2 2.1 167 489 656 281
HEAT RELEASE RATE: CARPET
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Carpet
SwRI Project No:  18.03614.01 Heat Flux: . 50 kW/m?
(Page 2}

SMOKE PRODUCTION RATE: CARPET
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SPECIMEN MASS: CARPET
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Material ID: Air Filter Assembly
Part No.: YS4Z9600NA Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: . 0.00884 m?
Frame: Yes Distance: 25mm
Spark Igniter: Yes Operator: J. Anderson
e
Date ) 6 WM () (MIm) (WImD (KWImH (kWim®)  (KWIim?)
0851-1  03/26/01 125 435 423 330 915 124 294 282 419
0851-2 03/26/01 119 483 433 315 91.2 125 289 276 429
Average 122 459 428 323 91.3 124 291 279 424
initial  Final 10-90
Mass Mass Mass Loss MLR EHC, SPR SR, SR, TSR SEA
(9) () (9) (%) (g/m?s) (MJkg) (U/s) (mUm*) (m¥m?) (m*m?) (m%kg)
27.9 9.3 18.6 66.8 8.0 434 1.55 16 859 875 408
275 9.1 18.3 66.6 1.7 44.0 1.34 17 795 812 383
27.7 9.2 18.5 66.7 7.9 43.7 145 17 827 844 396
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Air Filter Assembly
SwRI Project No:  18.03614.01 Heat Flux: 20 kW/m?
(Pege 2
SMOKE PRODUCTION RATE: AIR FILTER ASSEMBLY
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SPECIMEN MASS: AIR FILTER ASSEMBLY
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Noles & Observations:
Test specimens were assembled from a 80-mm and 10-mm thick strip cut from the assembly.
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: Genera! Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Meaterial ID: Air Filter Assembly
Part No.: YS479600NA Heat Flux: . 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m*
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date (s) (&) (KWim?) (s) (MIJm?) (Wim?) (kWim?) (kWim?) (kW/m?)
0851-3 03/26/01 36 374 530 205 96.4 202 399 308 520
08514 03/26/01 36 400 493 240 104.6 208 364 335 486
Average 36 387 511 223 100.5 205 382 321 503
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m*s) (MJkg) (1s) (mYm?) (m¥m%) (m¥m?)  (m7kg)
20.5 9.9 19.7 66.9 9.7 43,2 235 4 072 976 435
32.1 10.5 21.7 67.4 10.3 42.7 2.82 3 1237 1240 505
30.8 10.2 20.7 67.2 10.0 42.9 2.58 4 1105 1108 470
HEAT RELEASE RATE: AIR FILTER ASSEMBLY
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SOUTHRWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Air Filter Assembly
SwRI Project No: 18.03614.01 Heat Flux: 35 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: AIR FILTER ASSEMBLY
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SPECIMEN MASS: AIR FILTER ASSEMBLY
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Notes & Observations:
0851-3; Test specimen assembled from 25 and 75-mm strips, 100-mm in length.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Ford Focus
SwRI Project No: 18.03614.01 Malerial ID: Air Filter Assembly
Part No.. YS479600NA : Heat Flux; 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
retp TS 4 f,  HRRyes Yo THR HRRey HRRume HRRso HRRyos mes
Date (s) 8 (WMD) (s) (MIm) (W/m?) (KW/mD (kWim?) (kWim?)
0851-5 03/26/01 19 514 597 165 1121 276 455 348 585
0851-6 03/26/01 20 483 511 80 119.9 263 395 370 505
Average 20 498 554 123 116.0 270 425 359 545
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(@) (9) (9) (%) (g/m>s) (MJkg) (i/s) (m¥m%) (m¥m?) (m*m%) (m*kg)
34.0 10.9 23.2 68.4 10.3 42.6 244 1 1318 1319 501
36.7 118 25.0 68.0 9.8 424 3.10 3 1679 1582 559
354 114 24.1 68.2 10.0 42.5 2.77 2 1449 1450 530

HEAT RELEASE RATE: AIR FILTER ASSEMBLY
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID; Air Filter Assembly
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: AIR FILTER ASSEMBLY
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SPECIMEN MASS: AIR FILTER ASSEMBLY
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Notes & Observations:
Samples were cut (1 piece) from the air cleaner assembly.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Headrest
Part No.: 81140-55A-A01ZA Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip  Te® t tt  HRRpe Lo THR  HRRe, HRR;ps HRRyoe HRR3ge mex
Date €  GWm) () (MIUMY) KWim?) (kWim?) (kW/m?)  (KW/m?)
0921-1 04/02/01 60 308 341 185 79.4 229 277 253 339
rArverage _ 60 ) 398 341 185 79.4 220 277 253 339
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m’s) (MJkg) (I/s) (m¥m?) (m¥m?) (mI¥m?)  (mikg)

33.3 5.3 27.8 83.6 11.7 25.2 3.14 22 1436 1458 456

33.3 5.3 27.8 83.6 11.7 25.2 3.14 22 1436 1458 456

HEAT RELEASE RATE: HEADREST
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Headrest
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: HEADREST
10
o |
8 L
7T
e
g ST
»w 4+
3 L
2l
11
O a e " 1 L P M 1 1 B e Oy NOURGr
0 60 120 180 240 300 360 420 480 540 600
Time (s)
SPECIMEN MASS: HEADREST
40
]
0 - i B T i 2 S 1 e A —r 1 " I U S A
0 60 120 180 240 300 360 420 480 540 600
Time (s)
Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Headrest
Part No.: 81140-55A-A01ZA Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date (s) (8) (KWm? (s) (MJm?) (kW/m?) (W/m) (kWim?) (kW/m?)
0921-5 04/02/01 24 307 428 55 89.3 322 304 297 402
Average 24 307 428 55 89.3 322 304 297 402
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (gm*s) (MIkg) (I/8) (m¥m%) (m¥m?) (m¥m?) (mkg)
5.8 48 30.9 86.3 13.3 256 5.00 14 1662 1675 476
358 4.8 30.9 86.3 133 25.6 5.00 14 1662 1675 476
HEAT RELEASE RATE: HEADREST
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Headrest
SwRI Project No: 18.03614.01 Heat Flux: 35 kW/m?
(Page 2) )
SMOKE PRODUCTION RATE: HEADREST
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SPECIMEN MASS: HEADREST
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model; Honda Civic
SwRI Project No: 18.03614.01 Matenial ID: Headrest
Part No.: 81140-55A-A01ZA Heat Fiux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: ~ Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date ®  Wm) () (MM (kWMD) (Wim?)  (kWim®)  (KWim?)
0931-3  04/03/01 17 216 453 40 70.9 333 366 237 416
Average 17 216 453 40 70.9 333 366 237 416
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR SR, TSR SEA
(9) (9) (g) (%) (g/m’s) (MJkg) (Vs) (m¥m?) (m¥m?) (m¥m%)  (m*kg)
28.9 4.2 247 854 15.9 254 545 9 1299 1308 466
28.9 4.2 24.7 85.4 15.9 25.4 5.45 9 1289 1308 466

HEAT RELEASE RATE: HEADREST
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Headrest
SwRI Project No: 18.03614.01 Heat Fiux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: HEADREST
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Mode!: Honda Civic
SwR{ Project No: 18.03614.01 Material ID: Seat (Cover & Foam)
Part No.: 81521-S5A-A01ZA Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operalor: J. Anderson
es
Date ~ (s) (s) (kW/m?) (s) (MJ/im?)  (kW/m?) (kW/m?) (kW/m?%) (kW/m?)
0881-5 03/29/01 531 261 476 575 73.4 377 366 245 468
Average 531 261 476 575 73.4 377 366 245 468
Initial Final o 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
)] (@ @ (%) (g/m*s) (MJkg) (1/s) (m¥m%) (mm’) (m¥m%) (mkg)
443 8.2 28.6 64.6 17.8 227 1.81 539 904 1442 279
443 8.2 28.6 64.6 17.9 22,7 1.81 539 904 1442 279
HEAT RELEASE RATE: SEAT (COVER & FOAM)
550
500 |
450 -
400 |
e 350 |
H
250
; 200 |
150 r
100
50 8
o - i A L ke - S h
0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900
Time (s)

General Motors

D-169

SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Seat (Cover & Foam)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: SEAT (COVER & FOAM)
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Notes & Observalions:
Sample mass
Fabric-152g
Foam-29.19
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Seat (Cover & Foam)
Part No.: 81521-S5A-A01ZA Heat Flux: - 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter; Yes Operator: J. Anderson
Date (8) (WMD) () (MUmY) (Wim?) (Wim?) (KWimY)  (kW/m?)
09214 04/02/01 17 367 365 210 96.3 217 253 287 361
Average 17 367 365 210 96.3 217 253 287 361
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) ()] (0) (%) (g/ms) (MJkg) (i/s) (mIm?) (m¥m?) (m¥m?) (mkg)
47.7 7.2 40.3 844 14.6 21.1 4.12 8 1597 1605 351
47.7 7.2 40.3 84.4 14.6 21.1 4.12 8 15697 1605 351

HEAT RELEASE RATE: SEAT (COVER & FOAM)
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Material ID:
Heat Flux:

Client: General Motors
SwRI Project No: 18.03614.01
(Page 2)

Seat (Cover & Foam)
35 kW/m?

SMOKE PRODUCTION RATE: SEAT (COVER & FOAM)

General Motors
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRlI Project No: 18.03614.01 Material ID: Seat (Cover & Foam)
Part No.: 81521-S5A-A01ZA Heat Fiux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Test ID Test t 1 HRRpqu toesk THR HRRgy HRRye0s HRRange HRRage max
es
Date 4 () (WMD) () (MM (KW (KWim®) (Wim?)  (KWim?)
0891-6 03/30/01 1 170 790 125 73.2 296 408 245 758
Average 11 170 790 125 73.2 296 408 245 758
Initial Final 10-90
Mass Mass Mass Loss MLR EHC . SPR SR, SR, TSR SEA
(9) (9) (9) (%) (gim*s) (MJkg) (1/s) (mim?) (m¥m*) (m¥Ym?) (m*kg)
35.6 4.5 311 87.3 25.6 20.8 6.54 2 1207 1210 343
35.6 4.5 31.1 87.3 25.6 20.8 6.54 2 1207 1210 343

HEAT RELEASE RATE: SEAT (COVER & FOAM)
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Seat (Cover & Foam)
SwRl Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: SEAT (COVER & FOAM)
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Notes & Observations:
Sample mass
Fabric-14.7 g
Foam-20.99
General Motors D-174 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

0 30 60 9 120 150 180 210 240 270 300 330 36O 390 420

Client: General Motors Make/Mode!: Honda Civic
SwRlI Project No: 18.03614.01 Material ID: Seat (Foam)
Part No.: 81522-55A-A01 Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator; J. Anderson
Date (s) () (Wm3) () (MIm) (KWm?) (kWim?) (KW/m) (kW/m?)
0871-6 03/2801 21 277 345 ) 54.6 185 265 182 320
0871-7 03/28/01 15 291 338 110 60.5 145 259 202 332
Average 18 284 341 100 576 165 262 192 331
Initial Final 10-90
Mass  Mass Mass Loss MR EHC SPR SR, SR, TSR SEA
(9 (9) (9) (%) (g/m*s) (MJkg) (1/s) (MM (M¥m?) (m¥m?  (mUkg)
18.9 22 16.8 88.8 10.1 28.8 1.35 8 404 411 213
21.0 22 18.7 89.2 10.0 28.6 1.83 6 560 566 264
20.0 22 17.8 89.0 10.0 28.7 1.59 7 482 488 238
HEAT RELEASE RATE: SEAT (FOAM)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Seat (Foam)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: SEAT (FOAM)
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SPECIMEN MASS: SEAT (FOAM)
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Seat (Foam)
Part No.: 81522-55A-A01 Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date (s) () (Wim) (s) (MIm?) (W/m?) (kW/m? (kWim?) (kWim?)
0871-2 03/28/01 2] 301 409 75 58.6 241 294 195 397
0871-3 03/28/01 8 244 426 130 58.9 223 313 196 424
Average 8 272 417 103 58.7 232 303 196 411
Initial Final 10-90
Mass Mass Mass Loss MR EHC SPR SR, SR, TSR SEA
(9) (9) (@) (%) (g/m*s) (MIkg) (1s) (m¥m?) (m¥m7) (mm?)  (m'kg)
19.1 13 17.7 926 123 203 1.57 8 485 493 242
19.9 1.7 18.2 91.3 131 286 2.16 9 541 6§50 263
19.5 1.5 179 91.9 12.7 29.0 1787 9 513 521 253
HEAT RELEASE RATE: SEAT (FOAM)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Matenial I1D: Seat (Foam)
SwRI Project No:  18.03614.01 Heat Flux: 35 kW/m?
(Page 2)

SMOKE PRODUCTION RATE: SEAT (FOAM)
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SPECIMEN MASS: SEAT (FOAM)
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Matenial ID: Seat (Foam)
Part No.: 816522-55A-A01 Heat Flux: 50 kW/m?
Orientation: Horizontal _ Sample Area: 0.00884 m*
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
es
Date (g ®  GW) () (MImY) (KWIm) (WMD) (kWimd  (kWim?)
0931-1 04/03/01 2 321 red 55 84.9 252 300 279 370
0931-2 04/03/01 2 297 304 55 78.4 262 310 261 382
Average 7 2 309 385 55 81.7 257 3056 270 376
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9 (9) (%) (g/m*s) (MJkg) (Vs) (m¥m?) (m¥m?) (m¥m?)  (m?Kkg)
30.8 3.9 26.9 87.5 12.2 27.8 3.17 0 1039 1039 341
27.7 2.9 24.8 885 125 28.0 2.75 0 832 832 297
20.3 34 25.9 88.5 12.3 27.9 2.96 0 936 936 319

HEAT RELEASE RATE: SEAT (FOAM)

O.AILAJ_.QI PR WE T SN S S S SU N S G

0 30 60 90 120 150 180 210 240 270 300 330, 360 390 420
Time (s)

[— 09311 - --0931-2]

General Motors D-179 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Material ID:
Heat Flux:
{Page 2)

Seat (Foam)
50 kWim?

Client: General Motors
SwRI Project No: 18.03614.01

SMOKE PRODUCTION RATE: SEAT (FOAM)
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Time (s)
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0 30 60 90 120 150 180 210 240 270 300 330 360 390 420

SPECIMEN MASS: SEAT (FOAM)
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0 30 60 90 120 150 180 210 240 270 300 330 360 390 420
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Notes & Observations:
D-180 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: - Glove Box (Exterior)
Part No.: T1500-S5A-A01ZA Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter; Yes Operalor: J. Anderson
Testip  Test L™ b HRRpqac  toesk THR  HRRg, . HRRypos HRR3o0s HRRaos max
€es! .
Date g ® (WMD) (s) (MUY (KWim) (KWIm) (Wim?)  (KWim?)
0861-2 03/27/01 134 788 705 255 103.7 131 361 272 670
0861-3 03/27/01 129 680 547 255 82.5 137 299 224 532
Average 132 734 626 255 93.1 134 330 248 601
Initial Final 10-90 '
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(0) (9) (9) (%) (gm’s) (MJkg) (1/5) (m¥m?) (m¥m?) (m¥m?*)  (m%kg)
28.5 78 205 719 44 447 0.91 26 815 841 351
28.9 12.8 16.3 56.3 44 449 0.63 7 504 511 274
28.7 103 18.4 64.1 4.4 44.8 0.77 17 660 676 313

HEAT RELEASE RATE: GLOVE BOX (EXTERIOR)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Glove Box (Exterior)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Pege 2)
SMOKE PRODUCTION RATE: GLOVE BOX (EXTERIOR)
7
6 |
5 }
4
=
£ 3
2
1
0 'y " 1
0 120 240 360 480 600 720 840 960 1080
Time (s)
[—o0861-2 - 0861-3]
SPECIMEN MASS: GLOVE BOX (EXTERIOR)
35

0 120 240 360 480 600 720 840 960 1080
Time (s)

[—o0861-2 - -0861-3|

Notes & Observations: .
Low flaming was observed from ~500 secs to the end of testing.

Gencral Motors D-182 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model. Honda Civic
SwRI Project No: 18.03614.01 Material ID; Glove Box (Exterior)
Part No.: T1500-S5A-A01ZA Heat Flux: 35 kWim?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip  Test tg t HRRppe  toeak THR  HRRgs HRRus6e HRRagos HRR30s mas
S|
Date (s) (8 (KW (s) (MIm) (kWim?) (W/m?) (KWim?) (KW/m?)
0861-4 03/27/01 50 648 924 150 112.7 258 459 332 858
0861-5 03/27/01 51 527 1027 150 110.1 254 515 348 958
Average 50 588 975 150 1114 256 487 340 908
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(g) (9) (9) (%) (g/m?s) (Mlkg) (1/s) (m¥m*) (mm*) (m¥m?)  (mikg)
28.8 6.9 220 76.2 7.9 454 1.29 911 912 367
27.1 5.5 217 80.0 11.9 449 1.62 949 950 387
28.0 6.2 21.8 78.1 9.9 451 1.46 930 931 377
HEAT RELEASE RATE: GLOVE BOX (EXTERIOR)
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Time (s)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Glove Box (Exterior)
SwRI Project No:  18.03614.01 Heat Flux: 35 kWim?
(Page 2)
SMOKE PRODUCTION RATE: GLOVE BOX {EXTERIOR)
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Notes & Observaltions:
D-184 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Glove Box (Exterior)
Part No.: T1500-S5A-A01ZA : Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m*
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date (®) 6) WmDH ()  (MImD (KWim?3) (KWimd) «Wim)  (kW/m?)
0931-4 04/01/01 29 543 996 120 123.8 354 542 379 952
0931-5 04/01/01 29 508 1020 120 117.7 350 535 366 862
Average 7 20 526 1008 120 120.7 352 538 373 857
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(g) (9) (@) (%) (g/m?s) (MJkg) (1/s) (m¥m?) (M¥m*) (M7  (m?kg)
30.1 54 247 82.0 10.9 444 2.1 3 1211 1214 434
32.1 8.7 233 72.5 111 447 1.89 3 1015 1018 385
311 7.1 240 77.2 11.0 -44.5 2.00 3 1113 1116 410

HEAT RELEASE RATE: GLOVE BOX (EXTERIOR)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Glove Box (Exterior)
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
{Page 2)
SMOKE PRODUCTION RATE: GLOVE BOX (EXTERIOR)
12 —
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0 60 120 180 240 300 360 420 480 540 600 660 720
Time (s)
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SPECIMEN MASS: GLOVE BOX (EXTERIOR)
0 T T 1 —t — e D A [ S T
0 60 120 180 240 300 360 420 480 540 600 660 720
Time (s)
— 09314 ~— 09315]
Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Glove Box (Interior)
Part No.: T1500-S5A-A01ZA Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter; Yes Operator: J. Anderson
es!
Date (s) (s) (kW/m?) (s) MIm?  (kW/m?%) (kW/m?) (kW/m?) (kWim?)
0861-1 03/27/01 116 478 687 210 88.2 160 370 270 671
Average 116 478 687 210 88.2 160 370 270 671
Initial Final ’ 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m*s) (MJkg) (i/s) (m¥m?) (m¥m?) (mm?) (m¥kg)
239 77 16.3 68.1 7.2 479 1.04 14 611 625 332
239 7.7 16.3 68.1 7.2 47.9 1.04 14 611 625 332
HEAT RELEASE RATE: GLOVE BOX (INTERIOR)
800 —mimr i e mse e e e
700
600
E 500 }
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material 1D: Glove Box (Interior)
SwRI Project No: 18.03614.01 Heat Fiux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: GLOVE BOX (INTERIOR)
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SPECIMEN MASS: GLOVE BOX (INTERIOR)
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Notes & Observations:
General Motors D-188 . SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID; Glove Box (Interior)
Part No.: T1500-S5A-A012A Heat Flux: 35 kW/im?
Orientation: Horizontal Sample Area; 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
e
Date (s) (8 (KWIm?)  (s)  (MIm?) (KWim) (kWim?) (kW/m?)  (kW/m?)
0871-1 03/28/01 42 522 902 125 102.7 272 443 314 858
Average f2 522 902 125 102.7 272 443 314 858
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (@ (%) (g/m*s) (MIkg) (1/s) (M¥mH) (m¥m?) (m¥m?)  (mkg)
25.0 4.6 20.2 80.9 8.1 449 1.70 8 960 068 420
25.0 46 20.2 80.9 8.1 449 1.70 8 960 068 420
HEAT RELEASE RATE: GLOVE BOX (INTERIOR)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Glove Box (Interior)
SwRl Project No: 18.03614.01 Heat Flux: 35 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: GLOVE BOX (INTERIOR)
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Notes & Observations:
General Motors D-190 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model. Honda Civic
SwRI! Project No: 18.03614.01 Material ID: Glove Box (Interior)
Part No.: T1500-S5A-A01ZA Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testio  Test t t HRRpsek  toeak THR  HRRsee HRRyse HRRyoss HRR3oe mex
Date (s) ® WMD) (9  (MIm) (KWim?) (KWim?) Wim?) (KWim?)
0891-5 03/30/01 23 422 1117 80 08.1 538 475 314 1043
Average 23 422 1117 20 98.1 538 475 314 1043
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (9/m*s) (MJkg) (1/s) (m*m%) (m*m’) (m¥m?) (mkg)
22.1 33 18.9 85.6 104 45.8 2.21 3 991 093 463
221 33 18.9 85.6 10.4 45.8 2.21 3 291 993 463
HEAT RELEASE RATE: GLOVE BOX (INTERIOR)
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General Motors D-191 SwRI Project No: 18.03614.01




SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client. General Motors Material ID: Glove Box (Interior)
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: GLOVE BOX (INTERIOR)
14 [ﬁ e ——r am e e
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SPECIMEN MASS: GLOVE BOX (INTERIOR)
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Notes & Observations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Door Panel (Grey Plastic)
Part No.: 83583-S5A-A01Z2C Heat Flux: 20 kW/m?
Orientation; Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Opersator: J. Anderson
Testip  Jest b b HRRpssk  loesk THR  HRRg HRRyps, HRRiose HRR3e mex
Date (s) 8)  (KWImD () (MIMY) (kWim?) Wim?) (Wim?H (kWim?)
0881-3 03/29/01 112 753 258 180 390.5 114 1256 04 236
0881-4 03/29/01 o8 495 268 160 244 140 118 77 241
Average 105 624 263 170 319 127 121 86 239
Initial Final 10-90
Mass Mass Mass Loss MLR EHC ' SPR SR, SR, TSR SEA
(9) (9) (9) (%) (9/m?sg) (MJkg) (ts) (m¥m?) (m¥m?) (m¥m?) (m%kg)
204 13.0 7.4 36.4 13 47.0 0.14 1 114 126 136
19.2 14.0 5.1 26.8 2.7 419 0.16 2 93 94 159

19.8 13.5 6.3 31.6 2.0 44 .4 0.15 7 104 110 148

HEAT RELEASE RATE: DOOR PANEL (GREY PLASTIC)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Grey Plastic)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (GREY PLASTIC)
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SPECIMEN MASS: DOOR PANEL (GREY PLASTIC)
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Notes & QObservations:
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client. General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Door Panel (Gray Plastic)
Part No.. 83583-S5A-A012C Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip Y€ t t  HRRm  loem THR  HRResw HRRize HRRyge HRRags max
Date ®  KWIM) () (MUY (WImY) (KWWMY (kWIm?)  (kWim?)
0881-8 03/20/01 44 465 466 100 38.4 237 164 115 391
0881-9 03/29/01 42 517 369 100 434 194 169 122 344
Average 43 491 417 100 409 216 166 119 367
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m-s) (Mlkg) (1/58) (mm?) (Mm% (m¥m?) (mkg)
19.7 114 8.3 42.0 2.6 408 0.43 4 218 222 232
21.9 11.7 10.2 46.7 26 37.5 0.41 2 229 231 198
20.8 116 9.3 44.4 26 39.2 0.42 3 224 226 215

HEAT RELEASE RATE: DOOR PANEL (GRAY PLASTIC)
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Materiai ID: Door Panel (Gray Plastic)
SwRI Project No: 18.03614.01 Heat Flux: 35 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (GRAY PLASTIC)
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SPECIMEN MASS: DOOR PANEL (GRAY PLASTIC)
25

Mass (g)

0 1 a L 2 A X " Il a3 a a1, z x 1

0 60 120 180 240 300 360 420 480 540
Time (s) '

(—0881-8 -—-0881-9 |

Notes & Observations:

General Motors D-196

SwRI Project No: 18.03614.01




SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Door Panel (Gray Plastic)
Part No.: 83583-S5A-A012C Heat Flux: 50 kW/m?
Orientation: Horizontal Sampie Area; 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Test ID Test to L HRRpeak  tpom THR  HRRgy HRRig HRR3x, HRRios mex
Date 0) (s) (WIm) (s) (MIm?) (kWim) (kW/m?) (kWim" (KW/m?)
0891-3 03/30/01 23 354 531 75 449 322 225 147 473
08914 03/30/01 24 377 563 95 58.6 318 284 189 544
Average 24 366 547 85 51.7 320 260 168 509
Initial Final 10-80 !
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(@ (9) (9 (%) (g/ms) (MJkg) (1/s) (m¥m%) (m¥m?) (m¥m?) (m?kg)
19.7 9.8 9.8 48.9 4.9 404 1.22 4 458 461 412
188 8.8 11.7 62.4 76 44 1 1.56 2 631 633 475
19.3 8.3 10.8 56.1 6.3 42.3 1.39 3 545 547 444
HEAT RELEASE RATE: DOOR PANEL (GRAY PLASTIC)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Gray Plastic)
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?2
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (GRAY PLASTIC)
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Client:

SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

General Motors

Make/Model; Honda Civic

SwRI Project No: 18.03614.01 Material ID: Door Panel (Black Plastic)
Part No.: 83583-S5A-A012C Heat Flux: 20 kW/m?*
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip  Test t b HRR, tew  THR HRRg, HRRyge HRRyo, HRRiyoe max
es
Date (s) (8) (W/m?)  (s) (MJm?) (KWImD (KW/m? (kW/m3) (KWim?)
0881-2 03/29/01 128 540 629 250 90.2 179 366 266 602
Average 128 540 628 250 90.2 179 366 266 602
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%)  (g/m*s) (MJkg) (1s) (Mm% (m¥m?) (m¥m?) (m%kg)
283 11.9 17.2 58.6 6.3 46.5 0.79 6 527 533 271
29,3 11.9 17.2 58.6 6.3 46.5 0.79 6 527 533 271
HEAT RELEASE RATE: DOOR PANEL (BLACK PLASTIC)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Matenial 1D: Door Panel (Black Plastic)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (BLACK PLASTIC)
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Door Panel (Black Plastic)
Part No.: 83583-S5A-A012C Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m*
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operalor: J. Anderson
Testip  Test % t HRRpes  toeu THR  HRRg HRRygos HRRaos HRR3ps max
Date ) 6  KWImH ()  (MUmY) (KWIm) (kWimD) (W/m?)  (KW/m?)
0881-7 03/29/01 40 454 814 130 97.2 263 450 308 858
Average 40 454 914 130 97.2 263 450 308 858
Initial Final 10-90
Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (gim*s) (MJkg) (I/s) (m¥m?) (m¥m?) (m¥m?) (mkg)
24.5 5.8 18.8 76.8 10.0 457 1.74 3 850 853 400
245 5.8 18.8 76.8 10.0 457 1.71 3 850 853 400
HEAT RELEASE RATE: DOOR PANEL (BLACK PLASTIC)
420 480 540 600

General Motors

SwRI Project No: 18.03614.01




SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Black Plastic)
SwRI Project No: 18.03614.01 Heat Flux: 35 kW/m? -
(Page 2)

SMOKE PRODUCTION RATE: DOOR PANEL (BLACK PLASTIC)

-t
o

SPR (1/s)
O =2 N W b O O N ©® ©

0 60 120 180 240 300 360 420 480 540 600
Time (s)

SPECIMEN MASS: DOOR PANEL (BLACK PLASTIC)

Notes & Observations:

General Motors D-202 SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: " General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Matenal 1D Door Panel (Black Plastic)
Part No.: 83583-S5A-A01ZC Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
TestiD  TeSt te t HRRpeak  toask THR  HRRgy HRRygs HRRyog, HRRans, max
Date o) () WMD) () (MM (WMD) (KWImD) (kWimD (kWi
0891-2 03/30/01 23 538 24 100 1018 377 456 309 865
Average 23 538 024 100 101.8 377 456 3098 865
Initial Final 10-80
Mass  Mass Mass Loss MR EHC  SPR SR, SR, TSR SEA
(©) (9) (9) (%) (g/m™s) (MJkg) (i/s) (m¥m?) (m¥m?) (m¥m?) (m?kg)
23.8 3.2 20.7 86.8 8.1 436 2.13 6 1198 1204 512
23.8 3.2 20.7 86.8 8.1 43.6 2.13 6 1198 1204 512
HEAT RELEASE RATE: DOOR PANEL (BLACK PLASTIC)
1000
900 [
800 +
700
E o600 |
E 500
€ 400 [
X 2
300 t
200
100 F
0 A i 1 1 a 1 1 Y g,
0 60 120 240 300 360 420 480 540 600 660
Time (s)
General Motors D-203 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Black Plastic)
SwRlI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (BLACK PLASTIC)
10 -
o
g}
7
g o
T 5 L
g 4l
3
2+
1 L
0 L X A 1 1 " A L ] _ T -
0 60 120 180 240 300 360 420 480 540 600 660
Time (s)
SPECIMEN MASS: DOOR PANEL (BLACK PLASTIC)
30 .

Mass (g)

o A — 1 i A " 1 i 1 " 1 i A . 1 1 -1
0 60 120 180 240 300 360 420 480 540 600 660
Time (s)
— 0891-2
Notes & Observations:
General Motors D-204 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: ~ General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Matenial ID: Door Panel (Fabric)
Part No.: 83583-S5A-A01ZC Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m*
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator; J. Anderson
Testip  Test Y 1Y HRRpesk  toesk THR  HRRgs, HRRys0, HRR3o0s HRRaos, mex
€es
Date (® (5 (WimH (5 (MImM) (kWim?) (KWim?) (Wim?) (KWim?)
0881-1 03/29/01 190 850 285 290 80.4 171 242 205 293
Average 190 850 295 290 80.4 171 242 205 293
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(@) (9) (9) (%) (g/m*s) (Mikg) (1/s) (m¥m?) (m*m?*) (mim?)  (m?kg)
315 14.0 175 55.7 35 405 0.70 9 721 730 363
315 14.0 17.5 55.7 35 40.5 0.70 9 721 730 363
HEAT RELEASE RATE: DOOR PANEL (FABRIC)
350
300
250
£ 200
:
g 150 +
g !
100
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0 1 -l 1 L 1 1 1 1 e
0 120 240 360 480 600 720 840 960 1080 1200
Time (s)
General Motors D-205 SwRI Project No: 18.03614.01



' SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Fabric)
SwRI Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (FABRIC)
5 i
4 }
g3
21
1F
o A . P o N M—SIJN‘\
0 V.. A 2 1 i . A V.. I M
0 120 240 360 480 600 720 840 960 1080 1200
Time (s)

SPECIMEN MASS: DOOR PANEL (FABRIC)

5 9
0 3 1 i A 2. A 1 b A A 1 A n —t
0 120 240 360 480 600 720 840 960 1080 1200
Time (s)
Notes & Observations:
Sample thickness
Plastic - 3 mm
Fabric - 1 mm
D-206 SwRI Project No: 18.03614.01

General Motors




SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRlI Project No: 18.03614.01 Material ID: Door Panel (Fabric)
Part No.: 83583-S5A-A01ZC Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip TS % tt HRRux lew THR HRRey HRRyso HRRyoee HRR30s max
Date (s) (8 (Wm) () (MImM) (KWimd) (kWim?) (kW/m) (kW/m?
0881-6 03/28/01 58 732 450 220 126.1 186 329 324 447
Average 58 732 450 220 126.1 186 329 324 447
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR; TSR SEA
(9) (9) (9) (%) (g/m's) (MJkg) (i/s) (mm%) (M*m?) (m¥m?)  (mikg)
33.0 5.2 217 84.0 6.6 40.2 163 2 1201 1203 412
33.0 5.2 27.7 84.0 6.6 40.2 1.63 2 1291 1293 412
HEAT RELEASE RATE: DOOR PANEL (FABRIC)
500 [
450 |
400
350 i
£ 300 |
2250 [
& 200 |
T s
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100 i
5 T
O 1 " L 2 A e i 1 a 1 i n . A I 1 i Y A
0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900
Time (s)
General Motors D-207 SwR1 Project No: 18.03614.01




SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Fabric)
SwRI Project No:  18.03614.01 Heat Flux: 35 kW/m? -
(Page 2) _
SMOKE PRODUCTION RATE: DOOR PANEL (FABRIC)
6
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)
2t
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0 60 120 180 240 300 360 420 480 540 600 660 720 780 840 900
Time (8)

SPECIMEN MASS: DOOR PANEL (FABRIC)
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—0881-6
Notes & Observations:
Genesal Motors D-208 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID; Door Panel (Fabric)
Part No.: 83583-S5A-A01ZC Heat Flux: 50 kWim?
Orientation: Horizontal Sample Ares: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Date ® (WM () (MUY (kWMD) (WImD) (kW/mY)  (kW/m?)
0881-1 03/30/01 35 481 856 135 1164 265 535 369 834
Average 35 481 856 135 116.4 265 535 369 834
initial Final 10-90
Mass  Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(@) (9) (9) (%) (g/m*s) (MJkg) (1/s) (mYm?) (m*m?) (m¥m?) (mikg)
28.7 1.8 26.9 93.7 10.1 38.3 2.92 3 1515 1518 498
28.7 18 26.9 93.7 10.1 38.3 2.92 3 1515 1518 498
HEAT RELEASE RATE: DOOR PANEL -(FABRIC)
900
800 }
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~ 600 |
g 500 |
E 400
300 +
200 |
100 C
o i T re
0 420 480 540 600 660
Time (s)
General Motors D-209 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Door Panel (Fabric)
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: DOOR PANEL (FABRIC)
12
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4 }
2 » J
0 1, 1 1 A A ry i 1 " s — ¥ N .
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Time {s)
SPECIMEN MASS: DOOR PANEL (FABRIC)
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Notes & Observations:

General Motors D-210 SwRI Project No: 18.03614.01




SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Carpet
Part No.: 83801-S5A-A01Z8B Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m*
Frame: Yes Distance: 25 mm
Spark Igniter. Yes Operator; J. Anderson
st TS t % HRRp lex  THR HRRes, HRRysoe HRRaos, HRRios mex
Date (g € (KWm)  (5)  (MIm®) (KWim?) (Wim?d) (kWim?)  (KW/m?)
0871-4 03/28/01 98 . 841 239 145 76.2 151 198 182 233
0871-5 03/28/01 101 829 259 150 88.3 145 209 179 251
Average 100 835 249 148 82.2 148 203 181 242
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(g) (9) (9) (%) (g/m*s) (MJkg) (Vs) (m¥m?) (m¥m?) (mim?) (m3kg)
31.1 7.9 23.1 744 42 20.1 0.03 ) 870 880 333
328 7.8 24.8 75.8 44 314 1.11 3 1035 1038 368
32,0 7.8 24.0 75.1 4.3 30.3 1.02 ;] 953 950 350
HEAT RELEASE RATE: CARPET
300
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=~ 200 }
£
x 150
g
x 100 L
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Time (s)
[—o08714 - -0871-5]
General Motors D-211 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Carpet
SwRl Project No: 18.03614.01 Heat Flux: 20 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: CARPET
8

Time (s)

(—o08714 - 0871-5]

960 1080

SPECIMEN MASS: CARPET

5 s
0 x 1 1 ] A i A e A i e = S - F—
0 120 240 360 480 600 720 840 960 1080
Time (s)
[—0871-4 —— 0871-5
Notes & Observations:
Sample thickness
Pad - 16 mm
Carpet - 6 mm
General Motors D-212 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwR! Project No: 18.03614.01 Material ID: Carpet
Part No.: 83801-S5A-A01ZB Heat Flux: 35 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operalor: J. Anderson
Testip  Te® t t  HRRpew  toeek THR  HRRgs HRRiss HRR3ooe HRRage mex
Date (s) (s) (kW/m? (s) (M¥m?)  (kWim?d) (kW/m? (kWim? (kW/m?)
0921-8 04/02/01 55 545 374 110 64.1 247 232 182 357
0921-9 04/02/01 52 465 287 85 63.7 209 238 183 279
Average 54 505 331 103 63.9 228 235 188 318
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(g) (9) (9) (%) (g/m™s) (Mikg) (Us) (M¥m®) (MYm® (mim?)  (mkg)
26.8 8.6 18.2 68.0 56 31.1 143 6 856 862 415
26.0 74 18.7 71.8 6.9 30.2 1.92 9 001 1000 470
26.4 8.0 18.4 69.9 6.2 306 1.67 8 924 931 442

HEAT RELEASE RATE: CARPET
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General Motors D-213 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Matenial ID: Carpet
SwRlI Project No: 18.03614.01 Heat Fiux: 35 kW/m?
{Page 2)
SMOKE PRODUCTION RATE: CARPET
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SPECIMEN MASS: CARPET
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Notes & Observations:

General Motors

D-214

SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Carpet
Part No.: 83801-S5A-A01ZB Heat Flux: 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
ey T % b HRRew buw  THR  HRRex HRRiw HRRyom HRRmma
Date (8) (s) (kW/m?) (s) MIm? (kW/m?%) (kW/m?) (kW/m?) (kW/m?)
0931-6 04/01/01 25 501 340 €0 486.5 214 154 122 287
0931-7 04/01/01 29 387 404 90 62.3 270 273 200 3o
Average 27 489 372 75 54.4 242 213 161 339
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR:, TSR SEA
(9) (9) (0) (%) (g/m’s) (MJkg) (I/s) (m¥m?) (m*m?) (m*m?) (mikg)
26.2 13.9 123 46.8 31 335 0.56 2 342 345 247
25.7 7.1 18.6 72.2 84 29.7 2.31 6 966 072 460
26.0 10.5 154 59.5 5.7 31.6 1.43 4 654 658 3563

HEAT RELEASE RATE: CARPET
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General Motors D-215 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client General Motors Material ID: Carpet
SwRI Project No: 18.03614.01 Heat Flux: 50 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: CARPET
8
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SPECIMEN MASS: CARPET
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General Motors

Notes & Observations:
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SwRI Project No: 18.03614.01
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No:  18.03614.01 Matenial ID: HVAC Parts
Part No.: 77400-S5A-A01 Heat Flux: 20 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
es! -
Date  (q) €  (Wm)  (5) (MUY (kWimH) (WImY) (Wm?)  (kWim?)
0921-2 04/02/01 102 560 680 195 75.5 110 316 225 640
0921-3 04/02/01 09 526 445 180 68.1 149 249 199 423
1311-6 05/1101 109 312 207 180 19.0 85 90 63 195
Average 103 466 444 185 54.2 115 218 162 419
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (9) (%) (g/m*s) (MJkg) (1/8) (m¥m?) (m¥m?) (m¥m?)  (m¥kg)
19.2 4.0 15.2 79.1 55 43.9 0.92 4 609 612 354
18.6 6.5 13.1 67.0 47 45.9 0.67 1 421 423 284
15.2 113 3.9 258 23 42.8 0.10 5 37 42 84
18.0 7.3 10.7 5§73 4.1 442 0.56 3 356 359 241
HEAT RELEASE RATE: HVAC PARTS
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General Motors D-217 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: HVAC Parts
SwRlI Project No: 18.03614.01 Heat Flux: 20 kW/im? -
(Page 2)
SMOKE PRODUCTION RATE: HVAC PARTS
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SPECIMEN MASS: HVAC PARTS
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Notes & Observations:

General Motors D-218 SwRI Project No: 18,03614.01




SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: HVAC Parts
Part No.: 77400-S5A-A01 Heat Flux: 35 kWim?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator. J. Anderson
Test ID Test t b HRRpsak  toesk THR  HRRg, HRRyes HRR3o0e HRR30s max
Date ) 6 KWmH  (s) (MU (WMD) (KWim?) (Wim?)  (KWim?)
0921-8 04/02/01 50 494 525 150 64.3 146 279 194 516
0921-7 04/02/01 46 512 027 130 90.0 306 433 286 862
1311-8 0511101 41 498 332 105 52.4 114 193 156 309
Average 46 501 595 128 68.9 189 302 212 562
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(g) (g) (9) (%)  (g/m*s) (MJkg) (i/5) (m¥m?) (m¥m?) (Mm¥m?)  (miUkg)
18.9 48 14.1 74.6 5.7 40.3 0.756 4 406 410 254
20.4 26 17.5 85.8 10.6 45.4 1.68 3 948 951 - 479
135 25 111 82.4 43 416 0.65 8 347 354 275
17.6 3.3 14.2 81.0 6.8 42.5 1.03 5 567 5§72 336

HEAT RELEASE RATE: HVAC PARTS
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General Motors D-219 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: HVAC Parts
SwRI Project No: 18.03614.01 Heat Flux: 35 kW/m?
(Page 2)
SMOKE PRODUCTION RATE: HVAC PARTS
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SPECIMEN MASS: HVAC PARTS
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Notes & Observations:
D-220

General Motors
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic

SwRlI Project No:  18.03614.01 Material ID; HVAC Parts

Part No.: 77400-S5A-A01 Heat Flux: 50 kW/m?

Orientation: Horizontal Sample Area: 0.00884 m?

Frame: Yes Distance: 25mm

Spark Igniter: Yes Operator; J. Anderson

Date (s) (8) (WM  (8) (MImH (KW/m?) (KWim?) (kW/m?) (kWim?)
0931-8 04/01/01 20 448 1042 a5 828 456 403 265 067
0931-9 04/01/01 24 512 391 75 53.6 214 224 162 365
Average 22 480 716 85 68.2 335 314 214 666
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(g (9) (9) (%) (g/m*s) (MIkg) (1/s) (m¥m?) (m¥m?) (m*m?)  (mikg)

20.7 48 16.0 77.5 8.3 456 1.49 1 707 708 389
20.6 6.6 13.9 67.7 4.7 34.0 0.72 0 386 387 245
20.7 57 15.0 72.6 6.5 39.8 1.10 1 547 547 317

HEAT RELEASE RATE: HVAC PARTS
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Time (s)
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General Motors D-221 SwRI Project No: 18.03614.01



SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Material ID: HVAC Parts
Heat Flux: 50 kW/m?
(Page 2)

SMOKE PRODUCTION RATE: HVAC PARTS

Client: General Motors
SwRI Project No: 18.03614.01

14

SPR (1/s)

[ PO — — e
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SPECIMEN MASS: HVAC PARTS

0 60 120 180 240 300
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Notes & Observations:

General Motors D-222 SwRI Project No: 18.03614.01




SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic

SwRI Project No: 18.03614.01 Material ID: Wiring Harness
Part No.: 32200-S5A-A00 Heat Flux: 20 KW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operator: J. Anderson
Testip  vest % t HRRosek ook THR  HRRgy HRRys0e HRRaos HRR30y mex
es8
Date (s) (&) (Wimd (s) (MIm) (KWm) (KW/m?H) (Wm (KkW/m?
0941-1 04/04/01 210 497 322 570 84.9 084 129 157 319
Average 210 497 322 570 84.9 04 129 157 319
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) () (%) (g/m’s) (MJkg) (1/8) (m¥m?) (m¥m?) (m¥m?) (mkg)
92.8 60.8 31.2 337 8.8 24.0 4.38 85 3022 3107 855
92.8 ©60.8 31.2 33.7 8.8 240 4.38 85 3022 3107 855

HEAT RELEASE RATE: WIRING HARNESS
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client; General Motors Material ID: Wiring Harness
SwRI Project No: 18.03614.01 Heat Filux: 20 kW/m?* -
(Page 2)

SMOKE PRODUCTION RATE: WIRING HARNESS
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Notes & Observations:
18-mm diameter wire housing used in testing contained 18 wires per section. 5
sections of haress per test.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client; - General Motors Make/Model: Honda Civic
SwRI Project No: 18.03614.01 Material ID: Wiring Harness
Part No.: 32200-S5A-A00 Heat Fiux: 35 kW/im*
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: Yes Distance: 25 mm
Spark Igniter: Yes Operalor: J. Anderson
Test ID Test t t, HRRouk Looni THR HRRgos HRRypg; HRRagns HRR30g, mex
: Date 4 ) (KWimD () (MImY) (KWim?) (Wim?) (KWim?Y)  (kW/m?)
0941-2 04/04/01 11 447 524 285 87.1 127 147 230 512
Average 1 447 524 285 87.1 127 147 230 512
Initial Final 10-90
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) (@) (%) (g/m?s) (MJkg) (1/s) (m¥m?) (m’m?) (m¥m’) (mikg)
93.3 60.9 324 4.7 11.3 23.8 6.87 0 3196 3196 872
83.3 60.9 324 347 11.3 23.8 6.87 0 3196 3196 872

HEAT RELEASE RATE: WIRING HARNESS
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Wiring Harness
SwRI Project No: 18.03614.01 Heat Flux: 35 kW/m?
{Page 2)
SMOKE PRODUCTION RATE: WIRING HARNESS
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Notes & Observations:
18-mm diameter wire housing used in testing contained 18 wires per section. 5
sections of hamess per test.
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SOUTHWEST RESEARCH INSTITUTE
ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Make/Model: Honda Civic
SwRlI Project No: 18.03614.01 Material ID; Wiring Harness
Part No.. 32200-S5A-A00 Heat Flux: - 50 kW/m?
Orientation: Horizontal Sample Area: 0.00884 m?
Frame: . Yes Distance: 25mm
Spark Igniter: Yes Operator: J. Anderson
TestID Test % t HRRppu  toom THR  HRRe, HRRysoy HRRye HRRa0s, max
Date (s) (s) (kW/m?) (s) (MJ/m?)  (kW/m?) (kWim?) (kW/m?) (kW/m?)
0841-3 04/04/01 6 280 663 205 84.1 163 216 281 634
Average 6 280 663 205 84.1 163 218 281 634
Initial Final 10-80
Mass Mass Mass Loss MLR EHC SPR SR, SR, TSR SEA
(9) (9) ® (%) (gm*s) (MIkg) (V) (mm?) (m¥m?) (mim%)  (m*kg)
91.9 59.9 32.0 348 15.2 23.2 11.24 0 3372 3372 832
91.9 59.9 320 34.8 15.2 23.2 11.24 0 3372 3372 032

HEAT RELEASE RATE: WIRING HARNESS
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SOUTHWEST RESEARCH INSTITUTE

ASTM E 1354 CONE CALORIMETER TEST REPORT

Client: General Motors Material ID: Wiring Hamess
SwRI Project No: 18.03614.01 Heat Flux: 50 kWim?*
(Page 2)
SMOKE PRODUCTION RATE: WIRING HARNESS
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Noltes & Observations:

18-mm diameter wire housing used in testing contained 18 wires per section. 5
sections of hamess per test.
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SwRI Project No: 18.03614.01
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Figure D.1 Heat release rate of seatback and headrest at 20 kW/m?
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Figure D.2 Smoke production rate of seatback and headrest at 20 k'W/m>
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Figure D.3 Specimen mass loss of seatback and headrest at 20 kW/m?
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Figure D.4 Incident heat flux for seatback and headrest test at 20 kW/m?
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Figure D.6 Heat release rate of seatback and headrest at 35 kW/m?
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Figure D.8 Specimen mass loss of seatback and headrest at 35 kW/m?
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Figure D.11 Heat release rate of seatback and headrest at 50 kW/m?
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Figure D.13 Specimen mass loss of seatback and headrest at 50 kW/m?
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Figure D.14 Incident heat flux for seatback and headrest test at 50 kW/m?
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Figure D.15 CO generation rate of seatback and headrest at 50 kW/m?
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Figure D.16 Heat release rate of seat foam at 20 kKW/m’
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Figure D.62 Smoke production rate of air filter box at 20 kW/m?
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