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glow-wire flammability index provides a measure of a
material’s ability to extinguish flames upon removal of
the electrically heated glow-wire. This test provides a
relative comparison of material flammability.

The test methodology is based on the IEC 60695-2-
12 Standard, “Glowing/hot-wire based test methods –
Glow-wire flammability test method for materials.”
According to this standard, the glow wire is heated to a
pre-determined test temperature and is applied to the
sample for 30 seconds while maintaining a constant
current through the glow wire. The glow wire is then
removed from the sample. If ignition occurs, the time
the sample continues to burn after the glow wire is
removed is recorded. The GWFI is defined as the
maximum temperature where the flame is extinguished
less than 30 seconds after the glow wire is removed (for
three successive tests).

Results of this testing from Ref. [3] are shown
together with the Glow-Wire Ignition Temperature
(GWIT) results later in the document.
CHANGES IN IGNITABILITY

In the Exponent studies [3], the ignitability charac-
teristics of the nylon samples were also evaluated using
several experimental techniques:

Flash-point and auto-ignition temperature measure-
ments, described in:

ASTM D 1929 Standard: “Standard Test Method
for Determining Ignition Temperature of
Plastics”4.
Glow-Wire Ignition Temperature (GWIT) meas-
urement, described in:
IEC 60695-2-10 Standard: “Glowing/hot-wire
based test methods – Glow-wire apparatus and
common test procedure”5.

Flash-Point and Auto-Ignition Temperature
Measurements

The ignition propensity of a material depends on the
method of ignition. Ignition of a solid requires gasifica-
tion of the solid phase in sufficient quantities, and the
subsequent ignition of the vapors by a competent igni-
tion source or the presence of sufficient ambient
temperature. The flash-point and auto-ignition temper-
atures of a material provide a benchmark to measure
this ignition propensity. Because of the near uniform
heating of the samples, these values offer the lowest
temperature in ambient air at which a solid material
would need to be heated in order ignite by an open

flame (flash-point) and self ignite with no ignition
source present (auto-ignition) conditions.

The flash-point and auto-ignition temperatures of
Nylon 6,6 plastic with a V-2 rating were determined
using the ASTM D 1929 Standard: “Standard Test
Method for Determining Ignition Temperature of
Plastics” [5] . This standard utilizes an oven to bring the
sample and surrounding air to a prescribed temperature
until ignition occurs either spontaneously or via a pilot
flame, depending on the type of measurement.
Measurements were taken for two separate samples:

Sample 1 – Material A (V-2 rated Nylon 6,6) at
ambient conditions.
Sample 2 – Material A (V-2 rated Nylon 6,6)
heated at 225°C in air for 24 hours.

Figure 6: Layout of ASTM D 1929 Test
Configuration [5]

The following table summarizes the results obtained
in Ref. [3] for flash-point and auto-ignition tempera-
ture:
Table 1 ASTM D 1929 Results

The results show that the auto-ignition and flash-
ignition temperatures of the unheated samples are
essentially the same as those heated to 225 °C for 24
hours. This is in contrast to the changes in the flamma-
bility properties described earlier, and suggests that the
observed thermal degradation mechanism significantly
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affects the flammability of the material while mini-
mally altering the ignition properties.

Glow-Wire Ign i t ion Temperature and
Flammability Index Measurements

The flash-point and auto-ignition tests were
designed to determine the theoretically lowest ignition
temperature of V-2 rated nylon, for untreated samples
and those subjected to prolonged heating in air. Normal
ignition modes for electrical connectors, however, can
be much more complex and depend on multiple factors
including: (a) geometries and configuration of the heat
source and sample, (b) material properties, (c) environ-
mental conditions, and (d) actual size and shape of the
sample. Ignition of failing electrical connectors typi-
cally involves prolonged heating by a hot surface. For
self-ignition of the insulation to occur the temperatures
must be high enough to gasify part of the solid phase
and subsequently ignite the vapors without the pres-
ence of a pilot flame. The temperature for this type of
ignition should not be lower than the theoretically
lowest auto-ignition temperature measured using
ASTM D 1929.

The Glow-Wire Ignition Temperature (GWIT) [7]
provides the temperature at which a test specimen
ignites during the application of the electrically heated
glow-wire used as an ignition source. This test provides

a relative comparison of ignition propensity for mate-
rials and is not intended to replicate an actual in-service
condition, which (as stated earlier) is dependent on
many factors, including actual size, shape and geometry
of the sample. The current test methodology is based on
the IEC 60695-2-13 Standard, “Glowing/hot-wire based
test methods – Glow-wire ignitability test method for
materials.” According to this standard, the glow wire is
heated to a pre-determined test temperature and is
applied to the sample for 30 seconds while maintaining
a constant current through the glow wire. Ignition is
recorded if the sample burns continuously for 5 seconds
during the 30-second contact with the glow wire. The
GWIT is defined as 25°C above the maximum temper-
ature at which ignition does not occur in three succes-
sive tests and therefore indicates the minimum temper-
ature where ignition consistently occurs

A testing rig was constructed to test specimens
under the IEC 60695-2-10 Standard: “Glowing/hot-
wire based test methods – Glow-wire apparatus and
common test procedure”. Figure 7 shows a schematic
of a sample glow-wire test set-up. This test set-up can
be utilized to determine: (a) the glow-wire ignition
temperature, and (b) the glow-wire flammability index
of the material.

Figure 8 shows an example of a glow-wire ignition test
performed by Exponent [3] with a non-heated sample. The
sample has been applied against the tip of the glow-wire
with via a 1.0 Newton/0.22 lb force. As the portion of the
sample in contact with the glow-wire is heated, the glow-
wire melts through the sample. The sample did not ignite
in this case (i.e. flames were not observed), indicating the
temperature was below the GWIT value.

Figure 8: Unheated V-0 sample with glow-wire 725°
C. No ignition observed [3]

Figure 9 shows a test that resulted in ignition of a V-
2 sample [3]. In this photograph, the vapors from the
thermally degraded sample have been ignited by the hotFigure 7: IEC 60695-2-10 layout [6]
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surface of the glow-wire (as is evident by the flame).
This sample exhibited a flame that lasted longer than 5
seconds, confirming ignition at this temperature.

Figure 9: V-2 sample (pre-heated to 225 °C) with
glow-wire at 850° C. Ignition observed. [3]

In Figure 10 the glow-wire was at, or above, the
GWFI temperature for the thermally degraded nylon
sample. The sample continues to burn in this case (for
30 seconds) even after contact with the glow-wire has
been terminated.

Figure 10: V-2 sample (pre-heated to 225 °C) with
glow-wire at 900° C. Continued flaming observed. [3]

Figure 11 and Figure 12 show the results of the
GWIT and GWFI tests for the respective 1/8”-thick
Material A (V-2) and Material B (V-0) samples, along
with the previously reported auto-ignition and flash-
point temperature range [3]. The gray area indicates the
highest temperature achievable using the glow-wire
set-up. The dotted horizontal gray line indicates the
lowest temperature of glow-wire ignition for all
samples evaluated in the present study (675 °C).

For Material A (V-2) samples (shown in Figure 11),
the ignition temperature (GWIT) remained relatively
unchanged for all of the heat-treated samples. This

indicates that the ignitability was not affected by heat
treatment. In contrast, the flammability index (GWFI)
decreased from 1100 °C at ambient to 900 °C when
conditioned at 200° C, and then further decreased to
750° C for the 225° C heated sample. The decrease in
the GWFI value shows a drastic change in the flamma-
bility of the material when subjected prolonged heating
and ignition by a glow-wire.

The Material B (V-0) ignition temperature (GWIT),
as shown in Figure 12, again remains relatively constant
over the entire range of pre-heat values. The flamma-
bility index (GWFI) once again shows a decrease with
increasing heat-treatment temperature. The GWFI
remains above 1200° C until samples are conditioned at
200° C or more. For the 200° C case, the GWFI drops
significantly to 1000° C, and further decreases to 800° C
when conditioned at 225° C, again confirming how the
material becomes easier to burn after prolonged heating.

Figure 11 Experimental results for Material A (V-2)
sample of 1/8” plastic [3]

Figure 12 Experimental Results of Material B (V-0)
sample of 1/8” plastic [3]
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CHEMICAL CHANGES

In the work performed by Exponent [2] the samples
for both materials were subjected to Fourier Transform
InfraredAttenuated Total Reflectance (FTIR-ATR) spec-
troscopy. FTIR-ATR is a valuable analytical technique
for detecting the vibrational modes of polymer subcom-
ponents, such as amide (N-H2) and carbonyl (C=O)
groups, and is thus particularly useful for analysis of
chemical changes for polymers that have been subjected
to various thermal or chemical environments.

Figure 13: FTIR Spectra for Material A samples
collected in vacuumat room temperature (bottom),
200°C (middle) and 225°C (top) [2]

Analysis of the ATR-FTIR spectra for Material A
samples heated in vacuum show very little difference
for any of the major functional groups (see Figure 13).
Similar results were observed for Material B and are
not shown. The relative intensities of peaks correspon-
ding to the Amide I and II groups (at 1630 and 1530
cm-1) change slightly as a function of temperature, but
this minor difference is likely due to sample-to-sample
variation rather than any nylon chemical change. While
the flammability of these samples increased with
temperature, the results were not captured in the ATR-
FTIR spectra.

Analysis of the ATR-FTIR spectra for both Material
A (V-2) samples heated at atmosphere show a very
different trend with respect to temperature. As can be
seen in Figure 14, V-2 samples are essentially identical
at ambient and 200°C, and are in turn very different
than samples exposed at 225°C. The major differences
between these room temperature/200°C spectra and
225°C spectra are related to the significant decrease of
amide group absorption at 1630 and 1530 cm-1, the
presence of an imide group resonance at 1705 cm-1 for

the 225°C samples, and significant broadening of the
hydrogen-bonded N-H stretch peak at 3300 cm-1.
Similar results were observed for Material B and are
not shown.

Figure 14: FTIR Spectra for Material A samples
collected at 1 atm at room temperature (bottom),
200°C (middle) and 225°C (top) [2]

The spectral differences between room tempera-
ture/200°C and 225°C samples exposed at atmosphere
offer clues as to the thermal degradation mechanism
experienced by the polymer in this temperature range.
The fact that few changes were observed in vacuum
suggest that the “real world” nylon 6,6 degradation
mechanism in the temperature range examined here
(~25 - 225°C) is predominantly oxidation. Under
conditions tested here, there was no discernible differ-
ence in degradation products between the V-0 and V-2
rated nylon samples.

The results published in Ref. [2] indicate that the
changes in material flammability are linked to changes
in the chemical structure of the plastic, due to thermal
degradation at elevated exposure temperatures in the
presence of oxygen from air. Oxidation appears to
dominate the thermal degradation mechanism, which
occurs at a critical temperature between 200 °C and
225 °C.
SUMMARY AND CONCLUSIONS

This document summarizes research conducted by
Exponent over the last several years exploring changes
to the flammability properties of nylon electrical insu-
lators when thermally degraded [1,2,3]. The research
study employed several test methods and quantitative
material benchmarks to determine the effect of
prolonged heating on the ignitability and flammability
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of nylon materials. Exponent’s work showed that the
flammability of Nylon 6,6, for both V-2 and V-0 rated
materials, is significantly affected (burns easier) by
heating the samples up to 225 °C. When samples were
heated in air to 225°C, major chemical changes
occurred in the material, rendering it easier to burn.
Oxidation appears to dominate the thermal degradation
of the material and can significantly alter the flamma-
bility ratings provided by the material manufacturer.

The flash-point (piloted ignition) temperatures for
untreated and 225 °C heated V-2 rated samples were the
same (420 °C) for both samples (Material A and B), and
very close to their respective auto-ignition tempera-
tures of 440 °C and 430 °C. These temperatures are
theoretically the lowest ignition temperatures for these
samples in air. The near constant value of auto-ignition
and piloted-ignition temperatures for untreated and
heat treated samples, indicates that prolonged heating
of the sample does not appear to change the ignition
propensity of the V-2 rated nylon samples.

The ignition temperature determined using the
glow-wire test did not show a clear dependence with
pre-heat temperature. Similar to the auto-ignition and
piloted ignition tests, the overall results indicate
prolonged heating of both V-0 and V-2 rated samples
does not change the ignition properties of the material.
Material flammability, however, did show dependence
with preheating for temperatures higher than 200 °C.
For samples heated to 225 °C, the flame index temper-
ature was close to the ignition temperature indicating
that as soon as the sample ignites, it will continue to
burn and not self-extinguish.

The results of the Exponent studies indicate that the
V-rated nylon samples show resistance to changes in
its flammability up to approximately 175°C. However,
when these samples were heated to 200 °C or greater,
degradation of the material occurs rendering it easier
to burn. While prolonged heating significantly alters
the material flammability, the ignition properties
appears to be unaffected. This evaluation suggests, that
when a sufficiently degraded nylon ignites, it may

continue to burn and not self-extinguish, as it would
without heating. The results further demonstrate that
when using materials in applications where they may
be exposed to elevated temperatures for significant
lengths of time, manufacturers should consider the
thermal stability of the material and the potential effect
of thermal aging on the flammability rating of the
material.
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While lawyers and product manufacturers may be
tempted to paraphrase Mark Twain and opine that the
rumors of preemption’s death are greatly exaggerated,
this humble article, triggered by the Morgan decision,
proposes a different interpretation of recent events. To-
wit, the new, improved and increased regulatory regime
of the Federal government is on a collision course with
the 50 states. Interestingly, the West Virginia decision in
Morgan presents a rigorous and disciplined analysis
that, while expressing a general bias against preemption,
actually may be consistent with avoiding that collision.

While this collision course may not have been what
Justice Ketchum was talking about inMorgan, when he
wrote, “we are stuck between a rock and a jurispruden-
tial hard place”, 2009 W. Va. LEXIS, at *49, it is
exactly the situation with which we are presented. On
one hand we have entered a new pro-federal regulation
era, and at the same time, every state court in the
country is emboldened to let its common law decide
different standards for health and safety.
I. Facts and Background of Morgan v. Ford.

On January 30, 2001, appellant Francis Robert
Morgan (“Mr. Morgan”), driving a 1999 Ford
Expedition, was involved in a rollover crash on I-79
South in West Virginia. During the crash, Mr. Morgan’s
left hand and left arm were ejected through the broken
tempered glass of the driver’s side-door window and
pinched between the ground and the exterior of the
door panel. Mr. Morgan suffered a severe de-gloving
injury to his left arm and hand as a result. Mr. Morgan
eventually asserted state law legal claims against Ford
Motor Company.3

Mr. Morgan’s causes of action against Ford related
to the crashworthiness of the 1999 Ford Expedition
vehicle, and are predicated on Ford’s installation of

tempered glass in the side windows of the vehicle. Mr.
Morgan’s expert, Thomas J. Feaheny, issued a report
indicating that the 1999 Ford Expedition was defective
and unreasonably dangerous in its design because of
the tempered glass. It was Mr. Feaheny’s opinion that
laminated glass, or some other ejection-resistant side
window glass or glazing - which was technologically
and economically feasible - should have been used, and
would have prevented the ejection of Mr. Morgan’s arm
through the driver’s side window.

On June 26, 2007, Ford filed a motion for summary
judgment asserting, among other things, that Mr.
Morgan’s glass-defect claims were preempted by
federal law. Ford contended that Mr. Morgan’s state
law side-window-glass defect claims were impliedly
preempted by the National Traffic and Motor Vehicle
Safety Act, 49 U.S.C. § 30101, et seq. (“the Safety
Act”), and its implementing regulation pertaining to
glass/glazing, Federal Motor Vehicle Safety Standard
205 (“FMVSS 205”). In an order filed September 17,
2007, pre-Levine, the circuit court granted Ford’s
motion for summary judgment.4 Shortly thereafter, the
Fifth Circuit decided O’Hara v. General Motors Corp.,
508 F.3d 753 (5th Cir. 2007), finding that FMVSS 205
did not preempt state tort claims.5 O’Hara was the first
federal appellate court to confront this issue, and the
facts of O’Hara were quite similar to those in Morgan.
II. Choices in the Regulatory Scheme and the
Force of Law.

The key to the Morgan implied conflict preemption
analysis is its focus on product design choices or
options that are sanctioned by the applicable regulatory
agency. As Justice Ketchum wrote:

FMVSS 205 permits the manufacturer to make a
choice between available safety options for
side-window glass; a design defect claim would
foreclose choosing one of those options. We
understand that the instant case seeks to impose

BETWEEN A ROCK...
Continued from page 1

3 Mr. Morgan’s wife, Josephine Morgan, who was sitting in the second row seat, filed the initial action for injuries she suffered in the crash. She sued her husband and Ford as defen-
dants. Mr. Morgan answered the complaint, and asserted cross-claims against Ford that included, inter alia, causes of action for strict liability, negligence, breach of warranty, fraud-
ulent omission, and intentional infliction of emotional distress.
4 The circuit court found that the appellant’s “‘claim of a glass/glazing defect in the subject vehicle relates solely to the choice of tempered glass over other permitted options, and
not to any application or specific design or manufacturing defect in the glass/glazing present in the subject vehicle.’” Morgan, 2009 W. Va. LEXIS 63, at *7-8. The circuit court
further found that FMVSS 205 “‘permits a motor vehicle manufacturer to use one of several options for the materials in side and rear windows, including glass-plastic, laminates,
and tempered glass’” and found that Ford had used one of those optional glazing materials - tempered glass - in the side windows of the subject 1999 Ford Explorer. Id. at *8. In
its pre-Levine order, the circuit court looked to the United States Supreme Court’s interpretation of the SafetyAct in Geier, where that Court, on the bases of implied conflict preemp-
tion, had barred the plaintiff’s state law claim that her vehicle was defective because the vehicle’s manufacturer failed to equip it with airbags. The U.S. Supreme Court ruled that
because FMVSS 208 deliberately provided manufacturers with a range of choices among different passive restraint devices (including seatbelts and airbags), the plaintiff’s defect
suit was pre-empted. The circuit court interpreted the Geier decision to mean that because FMVSS 208 was deliberately designed to provide manufacturers with safety options, a
state court defect action that might compel a manufacturer to choose one of those safety options over the others available under the regulation frustrated the federal scheme and was,
therefore, impliedly preempted by the federal regulation. “Applying this interpretation of FMVSS 208 in Geier to FMVSS 205 in the case below, the circuit court below determined
that: ‘[B]ecause tempered glass is a permitted option for manufacturers to use in vehicle side windows under FMVSS 205, the imposition of state tort liability based on the exer-
cise of such option would frustrate the full purposes and objectives of Congress.’” Id. at *9.
5 O’Hara focused on the popular, but quite superficial, retort that the FMVSS are simply “minimum standards” in place to permit a manufacturer to sell the vehicle.
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liability for only one of the options allowed by
FMVSS 205. But actions in the courts of each of
West Virginia’s 55 counties could theoretically,
one-by-one, eliminate all of the options offered
under FMVSS 205. In the worse case, regulation
by juries could, in a piecemeal fashion, evis-
cerate the unitary federal regulation and leave
manufacturers with no options for glazing mate-
rials in vehicle side windows.
Morgan, 2009 W. Va. LEXIS 63, at *51-52.

However, with a nod to Justice Thomas’ concurrence in
Levine, Ketchum questions whether it is appropriate to
find preemption based on an agency’s “musings” about
preempting state tort law, rather than regulatory options
that more clearly have the force of law.
III. What to Do About The Collision Course.

This article does not resolve the collision course.
But it will, perhaps, promote a meaningful conversa-
tion that capable practitioners and judges can carry
forward in their courtrooms. And while Morgan deals
with a regulation that has been around for a few years,
it is a regulation from one of the most-highly regulated
industries in the world.

So, if we have entered a new regulatory era,
consumers, manufacturers and counsel have few
choices but to embrace the new paradigm. The first step
is recognizing the logical inconsistency of increasing
federal regulatory authority, without also supporting

increased preemption.Americans can have their regula-
tory cake, but the courts must not permit them to eat it
too.6 In other words, a logically consistent policy of
increased federal regulation would require more
preemption of state tort law claims to avoid defeating
the regulatory effort that taxpayers and voters recently
have demanded.

So what should counsel do? First, embrace the new
era and point out the inconsistency. Justice Ketchum, in
Morgan, noted the difficulty now presented with Levine
and Geier, but decided that where a federal regulation
gives a manufacturer a series of safety options, a state
law claim challenging one of those options, could even-
tually invalidate, one-by-one, all of the Federal safety
options in the regulation. Justice Ketchum’s point was
that even a small state like West Virginia, with 55 trial
courts, could all by itself, and in piecemeal fashion,
“eviscerate the unitary federal regulation” and leave
manufacturers with no options for their product in that
jurisdiction. For a Court that continues to disfavor
preemption,7 this is remarkable, but consistent with the
logical construction of a new era.

Second, after pointing out the logical inconsistency,
counsel should note the value of the federal govern-
ment’s role. Even where a federal agency’s actions or
rules do not preempt state law claims, they will provide
important guidance regarding the product’s safety,
causation issues and the manufacturer’s conduct and
intentions.

6 The most recent preemption decisions from the United States Supreme Court, Levine, and Altria Group, Inc. v. Good, 129 S. Ct. 538 (2008) are to some extent reflections of intense
political change – both found no preemption in regulatory schemes where there was some historical precedent that predicted a different result.
7 “Our [West Virginia] law has a general bias against preemption. Preemption of topics traditionally regulated by states – like health and safety – is greatly disfavored in the absence
of convincing evidence that Congress intended for a federal law to displace a state law.” Morgan, 2009 W. Va. LEXIS 63, at *1.
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2009-2010 TIPS CALENDAR
October
6-11 TIPS Section Fall Meeting Hotel Del Coronado

Contact: Felisha A. Stewart – 312/988-5672 San Diego, CA

22-23 Aviation and Space Law Litigation Ritz Carlton Hotel
Contact: Donald Quarles – 312/988-5708 Washington, DC

28-30 FSLC Fall Program Four Seasons Hotel
Contact: Donald Quarles – 312/988-5708 Philadelphia, PA

November
5-6 Premises Liability Loews Don Cesar Beach & Resort

National Program St. Pete Beach, FL
Contact: Debra Dotson – 312/988-5597

2010
January
14-17 Annual TIPS Midwinter Symposium on Hyatt Regency Coconut

Insurance, Employment and Benefits Point Resort and Spa
Contact: Debra D. Dotson – 312/988-5597 Bonita Springs, FL

26-30 FSLC Midwinter Meeting Westin St. Francis Hotel
Contact: Felisha A. Stewart – 312/988-5672 San Francisco, CA

February
3-9 ABA Midyear Meeting TBD

Contact: Felisha A. Stewart – 312/988-5672 Orlando, FL

March
4-6 ABA 2010 Workers’ Compensation Midwinter Pointe Hilton

Seminar and Conference Tapatio Cliffs Resort
Contact: Donald Quarles – 312/988-5708 Phoenix, AZ


