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EXECUTIVE SUMMARY

This report presents the resuits of a study conducted by the staff of the U.S. Consumer
Product Safety Commission (CPSC) of the flammability of plastic materials used as electrical
appliance enclosures. The study resuited from a review of national fire data which indicated
that electrical product related fires have not followed the same downward trend as all
residential structure fires in the United States between 1987 and 1995. Based cn this study.
recommendations were developed to strengthen the enclosure material flammability
requirements contained in the Underwriters Laboratories, Inc. standard UL 746C, "Polymeric
Enclosures -- Use in Electrical Equipment Evaluations.”

UL 746C is the voluntary standard that deals with the requirements for plastic enclosure
materials used in electrical appliances. In some cases, UL 746C permits essentially non-flame
retardant plastics to be used as enclosure materials. In 1996, CPSC staff submitted a proposal
to UL to eliminate this provision and require the usage of flame retardant plastics as electrical
appliance enclosures. This proposal was tabled in favor of further study. Thus, the current
study was pursued and appropriate recommendations have been developed.

The testing indicated that the only material that consistently passed the CPSC staff's testing
and appeared to provide an acceptable level of safety was plastic that was rated as V-0 in
accordance with UL 94, "Test for Flammability of Plastic Materials for Use in Electrical
Appliances.”

CPSC staff recommends changing UL 746C to require V-0 rated enclosures unless a
mamifacturer submits the enclosure to more rigorous end-product flame tests, or designs the
product such that all internal parts have a V-0 or equivalent rating.



PURPOSE
The plastics flammability project was initiated by the U.S. Consumer Product Safety
Commission (CPSC) staff in 1996 to evaluate the role and performance of plastic enclosures
in fires associated with electrical appliances.

BACKGROUND

Over the last decade, the number of residential fires occurring annually has shown a marked
decrease.'
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Figure #1

While the residential fire data from 1987 through 1995 shows a definite downward trend in
the number of residential fires experienced annually, this same trend is not seen in the
number of electrical appliance related fires for the same period. The number of electrical
appliance fires remained for the most part at the same level throughout the period. In 1987
there were nearly 31,100 electrical appliance related fires and in 1995 there were around
28,500 *. See figure #1. In 1987 there were approximately 551.000 residential fires. In 1995
the number of residential fires dropped to near 425,000.

‘Residential Fire Loss Estimates for 1987-1995, U.S. Consumer Product Safety
Commission, Directorate for Epidemiology and Health Sciences.

¢ Ibid. Fires for 1987 through 1995 were obtained by adding the fires :n portable
electric heaters, toaster/toaster ovens. microwaves, coffee makers, deep fat fryers, hot plates.
other electrical appliances, and the corresponding portion of the unknowns for each electrical
equipment category
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Thermoplastics are used extensively by the electrical appliance manufacturing industry. This
usage is increasing at a steady rate as shown in Figure #2.
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Figure #2

The increasing use of thermoplastics in the electrical appliance industry indicated that a
prudent strategy for reducing the number of electrical appliance related fires should involve a
careful review of the flammability requirements of thermoplastics used in these appliances.

Whenever an appliance, a lamp, or any electrically powered product receives electricity from
a household branch circuit, the amount of energy that can be delivered to this product,
especially under the myriad of possible fault conditions, is sufficient to ignite most internal
combustible parts. When housed in an enclosure that does not contain the ignition and
burning to the confines of the unit or retard the spread of fire, a faulty electrical product can
advance from a self-contained mishap to a conflagration involving a room, its contents, and
even the building structure itself. The potential for death and injury to the occupants of a
building is greatly increased.

Component protective devices within the electrical product can reduce, but not sufficiently
eliminate, the risk of fire resulting from electrical failures. For example, a thermal fuse in a
motor-operated appliance could offer protection against overloading or stalling the motor, but
the fuse would not protect against an overheated switch, connector, lead wire or other
electrical part within this product. Even the most basic of electrical components, such as a
resistor used for heating, can cause fires when the resistor fails and gets hot enough to ignite
the product's flammable housing.

3Industry Study #765 compiled by the Freedonia Group, Inc., Cleveland. Chio.
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A tundamental approach to addressing fires caused by electrical products is to provide flame
retardant housings. While current industry-supported standards require flame retardant
housings for several electrical products. such as televisions and computer monitors. these
standards are product specific. Major appliance categories, such as heating, cooking, and
motor-operated appliances, are not always required to conform to such requirements.

The use of polymeric material, which includes thermoplastics as a subset, in electrically-
operated, consumer appliances is evaluated under a voluntary standard published by
Underwriters Laboratories, Inc. (UL). The standard is UL 746C. "Polymeric Materials - Use
in Electrical Equipment Evaluations.” This standard provides guidance on the selection and
use of materials in such applications

UL 746C identifies several different flammability ratings of plastic enclosure materials and
specifies conditions when the different ratings are required. The flammability ratings are
described in another UL standard, UL 94. "Test for Flammability of Plastic Materials for
Parts in Devices and Appliances”. Flammability ratings of materials give an indication of
how the material will behave when exposed to flame. This standard includes tests for plastic
materials in two different orientations, vertical (V) and horizontal burn (HB). A passing
result for a material tested in the horizontal orientation earns a flammability rating of HB.
This rating gives an indication of the burning rate for materials that do not extubit flame
retardant characteristics. Material tested in the vertical configuration can achieve three
difterent levels of flame retardancy. These levels give an indication of the plastic's ability 10
extinguish flame, thus resisting propagating fire. These levels are V-0, V-1, and V.2, with
V-0 indicating the highest level of flame resistance.

UL 746C also contains end-product flame tests. These tests consist of applying a flame to
the enclosures of appliances that are in their final production configuration. Flame is applied
to areas of the enclosure that are likely to be exposed to flame due to internal electrical
failures. These tests are intended to determine if a given appliance is likely to cause flame
to propagate beyond the confines of its enclosure. They are considered alternative measures
of flammability. in place of flame resistance levels (HB, V-2, V-1, and V-0) assigned in
accordance with UL 94 by the manufacturer of the plastic.

Portable cord-connected products with enclosures that contain only electrically nsulated parts,
and any electrical product designed for attended, intermittent household use are permitted to
use enclosures that are not flame retardant per the voluntary standard UL 746C Once
ignited. these non-flame retardant housings typically burn, some with flaming drips, until the
housing is completely consumed. Fire can spread to other household materials in the process.

An argument could be made that products that normally involve user attendanc: during their
intermittent operation (such as a can opener, electric shaver, curling iron, etc.) would not need
a flame retardant enclosure since the user should be present to respond to an elzctrical fire
situation inside the product, should one develop. However, this logic is not considered valid
given the field experience data. A plug-connected product may be left with the plug inserted
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into an outlet in a standby mode, but still may experience a mechanical or electrical power
switch failure that could energize the unit and overheat some component within its housing
while no one is around to interrupt the event before a fire ensues. The numerous potential
failure modes within electrical products that could potentially result in a fire indicate that a
minimum flame retardancy for product enclosures that receive power from the household
electrical supply is needed.

Figure 5.1 is one of the sections in UL 746C that determines the minimum flanumability
rating requirement for an enclosure of an electrical appliance., based on whether or not the
internal electrical parts are insulated. Currently, Figure 5.1 of UL 746C draws a distinction
between appliances that have internal electrical parts insulated to a thickness of 0.71mm or
more and insulation of a thickness less than 0.71lmm. For appliances with internal parts
insulated with a thickness of 0.71mm or more, the appliance enclosure material is permitted
to he an HB rated plastic. Otherwise, the plastic enclosure material is required to have a V
rating as per UL 94.

Since late 1994, CPSC staff has worked with UL providing product failure data to support
UL's review of its materials evaluation and end-product standards. In July 1996, CPSC staff
proposed a change to UL 746C which would further limit the use of non-flame resistant types
of thermoplastics for appliance enclosures. The 1996 CPSC staff proposal was 1o eliminate
criteria involving insulation thickness. This change would require all unattended portable
household appliances to have V rated enclosures. The proposed change is shown in Figure #3
which 1s from Figure 5.1 in UL 746C. The hatched portions represent the CPSC staff's
proposed deletion. The proposal was tabled by UL in favor of further study. In response to
these tabled recommendations, UL formed an ad-hoc group to address the CPSC staff's
concerns with the flammability requirements of thermoplastic enclosures.

In early 1997, the CPSC staff undertook a project to perform further study of the plastics
flammability issue. This project reviewed the flammability requirements in UL 746C,
measured the performance of plastic specimens taken from actual end-products when tested
similar to UL 94, and evaluated how actual end-products performed when subjected to flame
consistent with the UL 746C flame tests. Based on the results of the study, CPSC staff
formulated recommendations for changes to UL 746C. This report includes the test
methodology, test procedure, results. and recommendations,
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EXECUTIVE SUMMARY

This report presents the results of a study conducted by the staff of the U.S. Consumer
Product Safety Commission (CPSC} of the flammability of plastic materials used as electrical
appliance enclosures. The study resulted from a review of national fire data which indicated
that electrical product related fires have not followed the same downward trend as all
residential structure fires in the United States between 1987 and 1995. Based ¢n this study.
recommendations were developed to strengthen the enclosure material flammability
requirements contained in the Underwniters Laboratories, Inc. standard UL 746C, "Polymeric
Enclosures -- Use in Electrical Equipment Evaluations.”

UL 746C is the voluntary standard that deals with the requirements for plastic enclosure
materials used in electrical appliances. In some cases, UL 746C permits essentially non-flame
retardant plastics to be used as enclosure materials. In 1996, CPSC staff submitted a proposal
to UL to eliminate this provision and require the usage of flame retardant plastics as electrical
appliance enclosures. This proposal was tabled in favor of further study. Thus, the current
study was pursued and appropriate recommendations have been developed.

The testing indicated that the only material that consistently passed the CPSC staff's testing
and appeared to provide an acceptable level of safety was plastic that was rated as V-0 in
accordance with UL 94, "Test for Flammability of Plastic Materials for Use in Electrical
Appliances.”

CPSC staff recommends changing UL 746C to require V-0 rated enclosures unless a
manufacturer submits the enclosure to more rigorous end-product flame tests, or designs the
product such that all internal parts have a V-0 or equivalent rating.
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EXECUTIVE SUMMARY

This report presents the results of a study conducted by the staff of the U.S. Consumer
Product Safety Commission (CPSC) of the flammability of plastic materials used as electrical
appliance enclosures. The study resulted from a review of national fire data which indicated
that electrical product related fires have not followed the same downward trend as all
residential structure fires in the United States between 1987 and 1995. Based ¢n this study.
recommendations were developed to strengthen the enclosure material flammabijity
requirements contained in the Underwriters Laboratories, Inc. standard UL 746C, "Polymeric
Enclosures -- Use in Electrical Equipment Evaluations.” '

UL 746C is the voluntary standard that deals with the requirements for plastic enclosure
materials used in electrical appliances. In some cases, UL 746C permits essentially non-flame
retardant plastics to be used as enclosure materials. In 1996, CPSC staff submitted a proposal
to UL to eliminate this provision and require the usage of {lame retardant plastics as electrical
appliance enclosures. This proposal was tabled in favor of further study. Thus, the current
study was pursued and appropriate recommendations have been developed.

The testing indicated that the only material that consistently passed the CPSC staff's testing
and appeared to provide an acceptable level of safety was plastic that was rated as V-0 in
accordance with UL 94, "Test for Flammability of Plastic Materials for Use in Electrical
Appliances."”

CPSC staff recommends changing UL 746C to require V-0 rated enclosures uniess a
manufacturer submits the enclosure to more rigorous end-product flame tests, or de51gns the
product such that all internal parts have a V-0 or equivalent rating.



PURPOSE

The plastics flammability project was initiated by the U.S. Consumer Product Safety
Commission (CPSC) staff in 1996 to evaluate the role and performance of plastic enclosures
in fires associated with electrical appliances.

BACKGROUND

Over the last decade, the number of residential fires occurring annually has shown a marked
decrease.’
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Figure #1

While the residential fire data from 1987 through 1995 shows a definite downward trend in
the number of residential fires experienced annually, this same trend is not seen in the
number of electrical appliance related fires for the same period. The number of electrical
appliance fires remained for the most part at the same level throughout the period. In 1987
there were nearly 31,100 electrical appliance related fires and in 1995 there were around
28,500 *. See figure #1. In 1987 there were approximately 551.000 residential fires. In 1995
the number of residential fires dropped to near 425,000.

Residential Fire Loss Estimates for 1987-1995, U.S. Consumer Product Safety
Commission. Directorate for Epidemiology and Health Sciences.

¢ Ibid. Fires for 1987 through 1995 were obtained by adding the fires :n portable
electric heaters, toaster/toaster ovens. microwaves, coffee makers, deep fat fryers, hot plates.
other electrical appliances, and the corresponding portion of the unknowns for each electrical
equipment category
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Thermoplastics are used extensively by the electrical appliance manufacturing industry. This
usage 1s increasing at a steady rate as shown in Figure #2.°
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Figure #2

The increasing use of thermoplastics in the electrical appliance industry indicated that a
prudent strategy for reducing the number of electrical appliance related fires should involve a
careful review of the flammability requirements of thermoplastics used in these appliances.

Whenever an appliance, a lamp, or any electrically powered product receives electricity from
a household branch circuit, the amount of energy that can be delivered to this product,
especially under the myriad of possible fault conditions, is sufficient to ignite rmost internal
combustible parts. When housed in an enclosure that does not contain the ignition and
burning to the confines of the unit or retard the spread of fire, a faulty electrical product can
advance from a self~contained mishap to a conflagration involving a room. its contents, and
even the building structure itself. The potential for death and injury to the occupants of a
building is greatly increased.

Component protective devices within the electrical product can reduce, but not sufficiently
eliminate, the risk of fire resulting from electrical failures. For example, a thermal fuse in a
motor-operated appliance could offer protection against overloading or stalling the motor, but
the fuse would not protect against an overheated switch, connector, lead wire or other
electrical part within this product. Fven the most basic of electrical components, such as a
resistor used for heating, can cause tires when the resistor fails and gets hot enough to ignite
the product's flammable housing.

3Industry Study #765 compiled by the Freedonia Group, Inc., Cleveland, Ohio.
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A tundamental approach to addressing fires caused by electrical products is to provide flame
retardant housings. While current industry-supported standards require flame retardant
housings for several electrical products. such as televisions and computer monitors. these
stamdards are product specific. Major appliance categories, such as heating, cooking, and
motor-operated appliances, are not always required to conform to such requirements.

The use of polymeric material, which includes thermoplastics as a subset, in electrically-
operated, consumer appliances is evaluated under a voluntary standard published by
Underwriters Laboratories. Inc. (UL). The standard is UL 746C. "Polymeric Materials - Use
in Electrical Equipment Evaluations." This standard provides guidance on the selection and
use of materials in such applications

UL 746C identifies several different flammability ratings of plastic enclosure materials and
specifies conditions when the different ratings are required. The flammability ratings are
described in another UL standard, UL 94, "Test for Flammability of Plastic Materials for
Parts in Devices and Appliances". Flammability ratings of materials give an indication of
how the material will behave when exposed to flame. This standard includes tests for plastic
materials in two different orientations, vertical (V) and horizontal burn (HB). A passing
result for a material tested in the horizontal orientation earns a flammability rating of HB.
This rating gives an indication of the burning rate for materials that do not exhibit flame
retardant characteristics. Material tested in the vertical configuration can achieve three
difterent levels of flame retardancy. These levels give an indication of the plastic's ability 1o
extinguish flame, thus resisting propagating fire. These levels are V-0, V-1, and V-2, with
V-0 indicating the highest level of flame resistance.

UL 746C also contains end-product tlame tests. These tests consist of applying a flame to
the enclosures of appliances that are in their final production configuration. Flame is applied
to areas of the enclosure that are likely to be exposed to flame due to internal electrical
failures. These tests are intended to determine if a given appliance is likely to cause flame
to propagate beyond the confines of its enclosure. They are considered alternative measures
of tlammability. in place of flame resistance levels (HB, V-2, V-1, and V-0) assigned in
accordance with UL 94 by the manufacturer of the plastic.

Portable cord-connected products with enclosures that contain only electrically insulated parts.
and any electrical product designed for attended, intermittent household use are permitted to
use enclosures that are not flame retardant per the voluntary standard UL 746C Once
ignited. these non-flame retardant housings typically burn, some with flaming drips, until the
housing is completely consumed. Fire can spread to other household materials in the process.

An argument could be made that products that normally involve user attendance during their
intermittent operation (such as a can opener, electric shaver, curling iron, etc.) would not need
a flame retardant enclosure since the user should be present to respond to an elsctrical fire
situation inside the product. should one develop. However, this logic is not considered valid
given the field experience data. A plug-connected product may be left with the plug inserted
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into an outlet in a standby mode, but still may experience a mechanical or elecirical power
switch failure that could energize the unit and overheat some component within its housing
while no one is around to interrupt the event before a fire ensues. The numerous potential
taiture modes within electrical products that could potentially result in a fire indicate that a
minimum flame retardancy for product enclosures that receive power from the household
electrical supply is needed.

Figure 5.1 is one of the sections in UL 746C that determines the minimum flammability
rating requirement for an enclosure of an electrical appliance, based on whether or not the
internal electrical parts are insulated. Currently, Figure 5.1 of UL 746C draws a distinction
between appliances that have internal elecirical parts insulated to a thickness of 0.71mm or
more and insulation of a thickness less than 0.7lmm. For appliances with internal parts
insulated with a thickness of 0.71mm or more, the appliance enclosure material is permitted
to be an HB rated plastic. Otherwise, the plastic enclosure material is required to have a V
rating as per UL 94.

Since late 1994, CPSC staff has worked with UL providing product failure data to support
UL's review of its materials evaluation and end-product standards. In July 1996, CPSC staff
proposed a change to UL 746C which would further limit the use of non-flame resistant types
of thermoplastics for appliance enclosures. The 1996 CPSC staff proposal was 10 eliminate
criteria involving insulation thickness. This change would require ail unattended portable
household appliances to have V rated enclosures. The proposed change is shown in Figure #3
which 1s from Figure 5.1 in UL 746C. The hatched portions represent the CPSC staff's
proposed deletion. The proposal was tabled by UL in favor of further study. I[n response to
these tabled recommendations, UL formed an ad-hoc group to address the CPSC staff's
concerns with the flammability requirements of thermoplastic enclosures.

In carly 1997, the CPSC staff undertook a project to perform further study of the plastics
flammability issue. This project reviewed the flammability requirements in UL 746C,
measured the performance of plastic specimens taken from actual end-products when tested
similar to UL 94, and evaluated how actual end-products performed when subjected to flame
consistent with the UL 746C flame tests. Based on the results of the study, CPSC staff
formulated recommendations for changes to UL 746C. This report includes the test
methodology, test procedure, results, and recommendations.
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Figure 5.1
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Note: Figure 5.1 from UL 746C has been reproduced with the permission of Uinderwriters
Laboratories. The hatched areas illustrate the CPSC staff proposal from December of

1996.

Page 3



TEST METHODOLOGY

This section describes the CPSC test methodology used to support recommendations for UL
on the use of plastic enclosures for portable electrical appliances. The sample selection
criteria and test approach are presented.

Sample S¢lection:

Over 300 field incident investigations involving electrical portable household appliances were
reviewed from the CPSC files. From these 300 incidents, six products were selected. The six
were selected based on the following criteria: did a failure in the appliance cause a fire, or
would the incident have resulted in a fire had the user not been present to take immediate
action. The products that met the criteria were two portable oscillating fans, a portable
electric heater, a car battery charger, a toaster, and a telephone answering machine. Samples
of an identical make and model of the appliances involved in the six selected incidents were
procured from the marketplace.

Specimens from each sample were cut, conditioned, and tested to simulate UL 94 testing.
Whole samples were conditioned and tested per the UL 746C end-product flame tests. These
tests were performed to gain an understanding of the flammability of the enclosure materials
relative to the flammability rating assigned to the same materials by the material
manufacturer.

Test Method:

Step 1.  Obtained flammability ratings for the enclosure materials of the sample products
from UL when available or inferred them based on the requirements of UL 746C
and condition samples in accordance with relevant standards.

A. Specimen Preparation for UL 94 HB:

For appliances that had HB rated enclosures, 12 specimens were cut from each appliance type
from the largest, flattest, and smoothest sections of the thermoplastic enclosure. Specimen
numbers were assigned to each piece and the product sample number was recorded.
Specimens were cut as close as possible to meet the size and condition requirements as stated
in UL 94 given the inherent difficulties with cutting plastic from finished appliances. Six
specimens were conditioned in accordance with UL 94. The remaining specimens were
labeled with the specimen number and sent to UL for comparison testing.

B. Specimen Preparation for UL 94V:

For appliances that had V rated enclosures, 40 specimens were cut from each appliance type
from the largest. flattest. and smoothest sections of the thermoplastic enclosure. Specimen
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numbers were assigned to each piece and the product sample number was recorded.
Specimens were cut as close as possible to meet the size and condition requirements as stated
in UL 94, given the inherent difficulties with cutting plastic from finished appliances. Twenty
speeimens were conditioned in accordance with UL 94. The remaining specimens were
labeled with the specimen number and sent to UL for comparison testing.

Step 2: Six of the specimens from each appliance category with HB rated
enclosures were tested in accordance with the UL 94 HB test.

Step 2A: Twenty of the specimens from each appliance category with V rated
enclosures were tested in accordance with the UL 94 V test.

Step 3: The UL 746C 12mm flame test was performed on all of the sroduct
samples.

Step 3A: The UL 746C 3/4 inch flame test was performed on all of the product
samples.”

Note: The UL 746C 12mm flame test and the UL 746C 3/4 inch flame test
are considered to be equivalent by UL.*

Appendix E is a diagram of the CPSC test setup. This setup was similar to that described in
UL 94 and UL 746C. The CPSC test setup was composed of a standard laboratory hood with
forced exhaust. Two armholes were cut out of a sheet of Plexiglass that was of equal width
to the Plexiglass sliding front door of the hood. These armholes had layers of neoprene with
"X"s cut into them bolted in place t¢ cover the holes. The piece of Plexiglass was inserted
beneath the sliding front door of the hood. Pieces of duct tape were placed along the edges
of the plexiglass. This formed an essentially drafi-free enclosure. The layers of neoprene
prevented drafts from entering the enclosure while allowing a hand to be inserted to perform
testing.

A sufficient number of answering machines were not available to perform this test.

q

Verbal communication by Don Talka, U.L, Melville, during February 1}, 1998 Plastics
Flammability Ad-Hoc Committee meeting held at U.L. Research Triangle Park, N.C.
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As shown in Appendix E, the gas supply consisted of a gas cylinder with regulator, connected
to a shutoff valve, connected to a flowmeter, connected to a manometer, leading to a burner.
For both UL 94 and UL 746C 3/4" end-product flame tests, the gas supply was methane and
the*burner was a Tirrell Burner. For the 12 mm end-product flame test, the gas supply was
butane and the burner was a small hypodermic needle.

The points of flame application in the CPSC testing varied from those that UL iypically uses.
CPSC selected these points based on the location of failures determined by the incident
investigations. These included switch failures, wire connection failures, etc. The flame

application points selected by CPSC staff were not the same as the UL flame application
points.’

5

Verbally indicated by Don Talka, U.L. Melville, during February 11, 1998 Plastics
Flammability Ad-Hoc Committee meeting held at U.L. Research Triangle Park. N.C
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RESULTS

Talles | through 4 summarize the results of the UL 94 and UL 746C testing conducted by
the CPSC staff. A unique sample number, 97-595-9009-XX for example, was assigned to
each specific model of a product. The suffix XX is a unique number that separately identified
each appliance of the same model. For example, 97-595-9009 referenced a particular mode!
of car battery charger. Six of this particular model were procured. Each one of these had the
same basic sample number with unique suffixes of 01 through 06.

Appendices A and B contain the detailed test results for UL 94 testing which are recorded on
standard UL 94 data forms. Appendix C contains the detailed test results for UL 746C
testing. Any blanks spaces on these forms indicate that the information was not relevant or
applicable in the context of the CPS(’ staff tests.

Table 1 summarizes the results of the UL 94 HB tests, performed on specimens taken from
portions of the toaster and two fan models, that were either identified by UL as HB or
inferred as being HB by the requirements of UL 746C. Six specimens were cut from each
sample and tested in accordance with UL 94. A failing result means that the specimen
exhibited a burn rate that exceeded 40mm/minute. A passing result means that the specimen
exhibited a burn rate of less then 40mm/minute.

TABLE 1 SUMMARY OF UL 94HB TEST RESULTS

Product Sample No. Specimen Pass/

Type No Fail
Toaster 97-595-9006-01 E7-E9 Pass
E13-El5 Pass
Fan 97-595-9007-01 E1-E3 Pass
Fan 97-595-9007-03 B1-B3 Pass
B4-Bé Pass

E1-E3 Pass B

Fan 97-595-9007-06 B7-B9 Pass
B10-B12 Pass
Fan 97-595-9008-01 E7-E9 Fail
E1-E3 Fail
E4 Fail
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Table 2 summarizes the results of the UL 94 V tests, performed on specimens taken from the
portions of a portable electric heater and a car battery charger, that were either identified by

UL as V rated or inferred as being V rated by the requirements of UL 746C. Ten specimens
were cut from each sample and tested in accordance with UL 94. A V-2, V-1. or V-0 rating

is defined as shown in Figure 4:

Criteria Corditions V.o Vol Vo2
Afteriiame Lime for each dmidual specimen L or t, <I0s | =i{s <J0s
Tolal ufterflame time for anv condition st t (4, plus 1, Tor Lthe 5 specinens} <50s | <250s | <250s
Sitertlame plus afterslow fme for cack vdiadual speeimen after the second <308 | <A50s <60s
flame appteation {1, - o)
Aterflame or aflerglow of any specimen «.p 1o the holding clamp No At \o
Cotton ind.calor 1igniled by [laming particles or dropy No Mo fes

— - - ———
Figure 4

A failing result was when a specimen failed to meet any of the criteria. The answering

machine was neither tested to UL 94 HB or V. This is because both tests require a 5" by
1/2" specimen. The answering machine enclosure size was not large enough to give the

requisite specimen size.
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TABLE 2 SUMMARY OF UL 94V TEST RESULTS

e

JProduct Type Sample No. Specimen No. Test Result UI Rating

Portable Heater 97-595-9004-04 F1-F5 Fail 94V-2

F6-F10 Fail 94V-2

B11-B15 94V-0 94V-()

B16-B20 94V-0 94V-0

B1-B5 94V-0 94V-0

B6-B10 94V -0 94V -0

97-595-9004-09 F1-F5 94V-2 94V-2

F6-F10 94V-2 94V-2

B11-B15 04V-2 94V-0

B16-B20 94V-0 94V -0

B1-BS 94V-2 94V-0

B6-B10 94V-2 94V-0

Car Battery 97-595-9009-04 E1-ES Fail 94V-2
Charger

E6-E10 Fail 94V-2

E11-El5 Fail 94V-2

El6-E20 Fail 94V-2

97-595-9009-06 El11-E15 Fail 94V-2

_ E16-E20 Fail 94Y-2
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Table 3 summarizes the results of the UL 746C 12mm end-product flame tests. performed on
specimens taken from portions of a portable heater, toaster, car battery charger, telephone
answering machine, and fan. The samples were tested in accordance with UL 746C. A
failing result means that the specimen sustained ignition for 60 seconds after two 30 second
applications of a 12mm butane flame with an interval of one minute between each
application. Appendix C contains the complete test results. The 12mm end-product flame
test was not performed on one of the fans due to a lack of sufficient samples to perform both
the 3/4" and 12mm end-product flame tests. The rating of the enclosure was either provided
by UL based on the UL test report for the particular model or was inferred based on the
requirements of UL 746C.

TABLE 3 SUMMARY OF UL 746C 12 MM END-PRODUCT FLAME TEST RESULTS

Product Type Sample No. Pass/Fail UL 94 Rating of Enclosure
Portable 97-595-9004-05 Pass V-0 and V-2
Heater ]
Toaster 97-595-9005-01 Fail HB i
97-595-9005-02 Fail HB
Car Battery 97-595-9009-02 Fail V-2
Charger ‘
Telephone 97-595-9003-01 Pass V-Q
Answering
Machine |
97-595-9003-05 Pass V-0
97-595-5003-02 Pass V-0 i
Fan 97-595-9008-07 Fail V-2 and HB
97-595-9008-09 Fail V-2 and HB
97-595-9008-10 Fail V-2 and HB
| 97-595-9008-08 Fail | V-2 and HB
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Table 4 summarizes the results of the UL 746C 3/4 inch end-product flame tests, performed
on specimens taken from the portions of two fans, a portable heater, toaster, and car battery
charger. The samples were tested in accordance with UL 746C. A failing result means that
thesspecimen sustained ignition for 60 seconds after two 30 second applications of a 3/4 inch
methane flame with an interval of one minute between each application. Appendix C contains
the complete test results. The 3/4 inch flame test was not performed on the answering
machine due to an insufficient number of samples being available to perform both the 12mm
and 3/4 inch flame test.

TABLE 4 SUMMARY OF UL 746C 3/4 INCH END-PRODUCT FLAME TEST RESULTS

Product Type Sample No. Pass/Fail UL 94 Rating of Enclosure

Fan 97-595-9008-03 Fail V-2 and HB
97-595-9008-05 Fail V-2 and HB
97-595-9008-04 Fail V-2 and HB
97-595-9008-06 Fail V-2 and HB

Fan 97-595-9007-08 Fail V-2 and HB
97-595-9007-09 Fail V-2 and HB
97-595-9007-07 Fail V-2 and HB

Portable 97-595-9004-06 Pass V-2 and V-0

Heater

Toaster 97-595-9005-04 Fail HB
97-595-9005-03 Fail HB

Car Battery 97-595-9009-03 Fail V-2

 Charger
97-595-9009-01 Fal _ V-2
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ANALYSIS OF RESULTS

Thie section reviews the information provided in Tables 1 through 4. The data were analyzed
to determine whether the flammability ratings of specimens taken from end-products coincide
with those of the same plastic when classified in the form of bar samples by the plastic
material manufacturer. An analysis was also made of the test results of the modified UL
746C end-product flame tests as conducted by the CPSC staff.

The specimens obtained from enclosures rated as HB materials passed the UL 94HB tests
with a few exceptions. These exceptions involved borderline failures. Due to the inherent
roughness of specimens cut from end-product enclosures and variations between the CPSC
and UL test setups, the borderline failures are viewed as not significant. These results
indicate that plastic material that passes the requirements for an HB rating for the plastic
material manufacturer continues to pass these requirements when molded and utilized in an
end-product.

The specimens rated V-0 by the plastic material manufacturer performed as V-(t plastics in
the CPSC testing, with the exception of a few that performed as V-2 plastics. All of the
specimens that had a rating of V-2 by the plastic material manufacturers did not pass the V-2
test by a significant margin when the test was performed by CPSC staff, Thesc failures were
not borderline failures. The test data demonstrate that a V-0 rated thermoplastic provides
consistencv between the performance of the material as classified by the plastic material
manufacturer and the same material when used in an end-product configuration

Samples that had enclosures made of plastics rated as V-0 consistently passed both the 12
mm and 3/4 inch flame tests. Samples with enclosures made of a combination of parts using
V-0 and V-2 rated plastics also consistently passed these end-product flame tesis. Samples
with enclosures that were made of V-2, a combination of parts using HB and V-2, or enly
HB rated plastics consistently failed the end-product flame tests. Appendix I2 identifies the
specific points of flame application. These results indicated that V-0 materials were the only
enclosure materials that passed the 1'L. 746C end-product flame tests as performed by the
CPSC staff.
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CONCLUSIONS

The reviewed incident information and test data collected as part of this project demonstrate
thas the current method of polymeric enclosure material selection for electrical products does
not provide the level of fire resistance necessary for containing electrical failures. Specimens
cut from appliance enclosures and tested by CPSC staff in accordance with UL 94 test
methods performed worse in many cases than the flammability rating assigned by the plastic
material manufacturer and UL would indicate. In addition, except for appliances with V-0
rated enclosures, appliances failed the UL 746C end-product flame test when flame was
applied proximate to wiring connections and areas where wire fatigue could resalt in ignition.

Based on the results of the testing and analysis the following conclusions are drawn:

1.

ra

Figure 5.1 of UL 746C indicates that the level of flammability of an electrical product
enclosure is dependent on whether a product is considered to be attended or
unattended. The definitions of these terms are sufficiently vague to allow appliances
such as toasters, flatirons, etc. to be considered attended use products. The standard
assumes that the user can take action in the event of a fire and, therefore, relatively
flammable (HB rated) enclosures are permitted. [n reality, based on incident data,
users of toasters, flatirons, etc. sometimes leave the appliance unattended during
normal operation. This could conceivably occur when the user answers a phone or
door bell, etc. The definitions of unattended and attended appliances need to be either
eliminated all together or improved so that only appliances where it is highly unlikely
thev will be left energized in an unattended state are considered as attended use.

UL 746C specifies that in the performance of the end-product flame tests, the flame is
to be applied 10 the appliance enclosure areas that are most likely to be exposed to an
ignition source due to an internal electrical fault. This requirement needs additional
specificity so that it identifies locations where internal faults have been identified in
incident data. The CPSC test data indicate that some appliances fail UL 746C end-
product flame tests when flame application locations are consistent with information
obtained from the CPSC incident files. These locations included plastic surfaces
adjacent to wire splice connections and wire flexure points. V-0 rated enclosure
material was the only material that consistently did not sustain ignition ‘when subjected
to the UL 746C end-product flame tests when applied at these locations A provision
could be included in UL 746(¢ that requires that V-0 rated enclosure material be used
unless the enclosure passes a more rigorous UL 746(C end-product flame: test that
recognizes wire connections, switches, and wire fatigue failures as potential sources of
ignition, or all internal insulation, plastic, etc. are made of a material that has a V-0 or
equivalent rating.

Both insulated and uninsulated internal electrical components, except those made of
V-0 or equivalent flammability rated materials, should be considered as potential
sources of ignition when determining the required minimum flammability rating for
enclosure materials.
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APPENDIX A
UL 94 HB TEST RESULTS



FILENO: PROJECT NO: 21660 LAB JOB NO:

SAMPLE: - 97-595-9006-01

UL 94 HORIZONTAL BURNING TEST FOR CLASSIFYING MATERIALS 94HB
METHOD

Specimens were conditioned for at least 48h at 2312°C and 50:5% RH and then tested in accordance with
UL 94, Fifth Edition Room conditions during testing were maintained at 25£10°C and 60+15% RH

RESULTS
: . - L= e
SPECIMEN | THICKNESS “Time, { Damaged BURNING RATE | PASS/
NO. min s Length, L See VeG0L/t FAIL
mm Note mm/min
WM ST mww
aterial: olor:
E7 137 3 T ) posel% PASS
ES T31 3 C ) 293801 PASS
XY 148 3 C ) poaosd ASS
Matenial: Color:
ET0 133 3 C ) Bo4IIS% ASS
EN 130 3 T ) [30.0000 PASS
ETZ 124 3 ) P63 IPASS
Mazenal: Color: ;
ETS 743 3 Ty BOEITS PASS ,
EI3 35 T ) Bo4lIIs PASS |
ETS Tag 3 03053 PASS |

(1) Ceased 10 burn before the 100mm reference mark and rate is determined. (may exceec limits)

{2) Ceased to burn before the 25mm reference mark and rate is not determined.
(3) Notes:

TESTED BY:_HAMMAD A MALIK SIGNATUREM DATE:12/8/97
Pahix 12-1-98)




FILENO: PROJECT NO: 21660 LAB JOB NO:

SAMPLE:  97.595-9007-01

UL 94 HORIZONTAL BURNING TEST FOR CLASSIFYING MATERIALS 94HB
METHOD

-

Specimens were conditioned for at least 48h at 2322°C and 50+£5% RH and then tested in accordance with
UL 94, Fifth Edition Room conditions during testing were maintained at 25+10°C and 60+15% RH

RESULTS

THICKNESS BURNING RATE

See Vug60L./t FAIL

mm Note mm/min
Color:
El Yy P0.833: PASS
2 Y [£3.0769 PASS
p k] ) [R2.1673 PASS
KBt N,

{1) Ceased to bumn before the 100mm reference mark and rate is determined. (may exceed limits)
(2) Ceased to burn before the 25mm reference mark and rate is not determined.
(3) Notes:

-, .
TESTED BY:_HAMMAD A MALIK SIGNATURE‘#Z fz% DATE:12/11/97
9401 12-1.95



FILE NO: : PROJECT NO: 21660 LAB JOB NO:

SAMPLE: - 97.595-9007-03

UL 94 HORIZONTAL BURNING TEST FOR CLASSIFYING MATERIALS 94HB
[
METHOD

Specimens were conditioned for at Jeast 48h at 2342°C and 50+5% RH and then tested in accordance with
UL 94, Fifth Edition Room conditions during testing were maintained at 25+10°C and 60+15% RH

RESULTS
Bl 119 5 T ) BIBI3] —[PASS
B2 T20 3 C_ ) 371501 —JPass
B3 132 3 y 40500 PASS
Matenai: Color:
B3 120 75 () 373000 ASS
B3 18 73 ) P8I3% —[PASS
B% ) 84613 '
R e A e T O s

{1} Ceased 10 burn before the 100mm reference mark and rate is deiermined. (may exceed limits)

12) Ceased 1o bum before the 25mm reference mark and rate is not determined.
(3) Notes:

TESTED BY:_HAMMAD A. MALIK SIGNATURE: j/d’MATE:]zWGT

$4hbi13-1-951




FILE NO:

PROJECT NO: 21660

LAB JOB NO:

SAMFLE:  97.595-9007-03

UL 94 HORIZONTAL BURNING TEST FOR CLASSIFYING MATERIALS 94HB

>

METHOD

Specimens were conditioned for at least 48h ar 2332°C and 50+5% RH and then tested in accordance with

RESULTS

UL 94, Fifth Edition Room conditions during testing were maintained ar 25+10°C and 60+15% RH

T R
THICKNESS BURNING RATE PASS/
See Veg0L/t FAIL
Note mm/min
olor:
El 164 5 ( ) R7.4390 PASS
E2 166 5 () [27.1084 ASS
E3 176 5 () BE5.568) PASS
En:ﬂ—:mmmm R

(1) Ceased 1o burn before the 100mm reference mark and rate is determined. (may exceed limits)
(2) Ceased 10 bumn before the 25mm reference mark and rate is not determined.

{3} Notes:

TESTED BY:_HAMMAD A MALIK

SIGNATURE: _{M DATE: 12/11/97

S4hbt1 241,04



FILE NO: PROJECT NO: 21660 LAB JOB NO:

SAMPLE: - 97.595-9007-06
UL 94 HORIZONTAL BURNING TEST FOR CLASSIFYING MATERIALS 94HB
METHOD

Specimens were conditioned for at least 48h at 2312°C and 50+5% RH and then tested in sccordance with
UL 94, Fifth Edition Room conditions during testing were maintained at 25210°C and 60x15% RH

RESULTS
5 mm
SPECIMEN | THICKNESS Time, t - Damaged BURNING RATE PASS/
NO. mm 5 Length, L See V=60L/t FAIL
mm Note mm/min
Rt
Matenal: Color:
BT (<) PASS
"B 120 5 () [B7.5000 PASS
BY 134 “ﬂ’ﬁ () B3.530 PASS
Matenial: Color:
“Bl0 9 5 ( ) B2374) PASS
"Bl 7 75 () 63578 AlL
BIZ 127 5 () B5433] PASS

(1) Ceased to burn before the 100mm reference mark and rate is determined. (may exceed limits)

(2) Ceased to burn before the 25mm reference mark and rate is not determined.
(3} Notes:

’ 7
TESTED BY:_HAMMAD A MALIK SIGNA“IR.E:4 / ;(/i/;mm:il’@@?
Shb(12-1.95)




FILE NO: PROJECT NO: 21660 LAB JOB NO:

SAMPLE: - 97-595-9008-01
_UL 94 HORIZONTAL BURNING TEST FOR CLASSIFYING MATERIALS 94HB
METHOD

Specimens were conditioned for at least 48h at 23+2°C and 50+5% RH and then tested in accordance with
UL 94, Fifth Edition Room conditions during testing were maintained at 25+10°C and 60+15% RH

RESULTS
| S By 4 ; ]
SPECIMEN | THICKNESS Time, t - Damaged BURNING RATE PASS/
NO. mm s Length, L See V=60L/t FAIL
mm Note mm/min
Matenal: Color:

£/ 97 E] C ) H63918 FAIL

ES 109 3 { ) Wllisd4d FATL

E9 86 ) 3256 AL
e S S e —— -

(1) Ceased to bumn before the 100mm reference mark and rate is determined. (may exceed limits)
(2) Ceased to bum before the 25mm reference mark and rate is not determined.
(3) Notes:

TESTED BY:_HAMMAD A MALIK SlGNATURE:.)'M W DATE:12/11/97

$dhbt 1041041




FILE NO: PROJECT NO: 21660 LAB JOB NO:

SAMPLE:  97.595-9008-02

UL 94 HORIZONTAL BURNING TEST FOR CLASSIFYING MATERIALS 94HB
METHOD

Specimens were conditioned for at least 48h at 2322°C and 50:+5% RH and then tested in accordance with
UL 94, Fifth Edition Room conditions during testing were maintained at 25+10°C an¢ 60x15% RH

RESULTS
T MM
SPECIMEN | THICKNESS Time, 1 Damaged BURNING RATE PASS/
NO. mi 5 Length, L See V=60L/t FAIL
mm Note mm/min
1 — o —— SEraliEE
Matenal: Color: -
El 79 5 { ) [56.9620 FAIL
= 104 17 () K329 FAIL
[ =k] 135 8 () B3.3333 PASS
Material: Color:
E4 _[ I75 ]73 . j(_ ) 160.0000 FAIL ;
(1} Ceased 1o bum before the 100mm reference mark and rate is determined. (may exceed limits)
{2) Ceased 10 burn before the 25mm reference mark and rate is not determined.
(3} Nouws:
TESTED BY._ HAMMAD A MALIK SIGNATURE: CATE:12/11/97

Park il 85,



APPENDIX B
UL 94V TEST RESULTS



PROJECT NO 21660

SAMPLE NO: 97-585-9009-06
UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS

Wi, 461 Gond, in accordance with UL8a Section 6.1
Speci- t1 2 2 +1t3
mens $ ] s FLAME
EM1 3 41 41 (4) CLASS
E12 45 (5} { 28 28 (4)
E13 3 4 4 (4)
E14 4 (4) 0 0 94V. FAIL
E15 &6 4) | 35 35
Total Fiame Time {t1 + 12), s; 169
(1) Specimen burned up o holding clamp (4) Specimen dripped particles which ignited cotton
{2) Spacimen did not drip (5) Fumes from specimen extinguised flame-bumer relit during test
{3) Specimen dripped particles which did not ignite cotton (6) Misc:
TESTED BY: Hammad Malik DATE 12/2/97

Min. 48h GoNg. in accordance with UL94 Section 6.1
Speci- t1 2 t2 + {3
mens s s $ FLAME
E16 5 4 75 75 CLASS
E17 3 {4y | 34 KY)
E18 3 (4) | 20 20
E16 3 (4) | 65 65 {1) 94\/. FAIL
E20 4 (4) | 22 22 (M
Total Flame Time (11 + t2), §: 234

{1) Specimen burmed up to holding clamp
{2) Specimen did not drp
{3) Specimen dripped particles which did not ignite cofton

(4) Spacimen dripped parlicies which ignited cotton
(5) Fumes from speciman extinguised flame-burner relit during test
(6) Misc:

TESTED BY: Hammad Malik DATE 12/2/97



PROJECT NO 21660
SAMPLE NO: 97-595-9008-04

UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS

. Min. 16ﬁ30nd. in accordancs with UL94 Section 6.2
Spaci- t1 t2 12 + t3 _
mens s s s FLAME
ET1 40 (@) 10 10 CLASS
E12 5 (4] 24 24
E13 5 4 76 78
E14 3 (4)| 38 38 94V- FAIL
E15 2 @) 22 22
Total Flame Time (11 + 2), 5. 225
(1) Specimen bumed up to holding clamp (4) Specimen dripped particles which ignited cotton
{2} Specimen did not dnp {5} Fumes from specimen sxtinguised flame-burner relit during tast
(3) Specimen dripped particies which did not ignite cotton {6) Misc:
TESTED BY: Hammad Malik DATE 11121187
Min. 168 Cond. in accordance with LS4 Section FE
Speci- 11 2 2 +1t3
mens s s s FLAME
E16 110 (4) 0 |0 (1) CLASS
E17 86 (4| 2 j2
E18 40 {4) 3 |3
E19 5 {4) | 28 |38 94V- FAIL
E20 o8 {1 0 |0 (4)
Total Flame Jime (11 + 2), 5. 372

(1) Speciman bumed up to holding clamp

(2) Specimen did not drip
{3) Specimen dripped particles which did not ignite cotton

TESTED BY: Hammad Malik

(4) Specimen dripped particles which ignited cotton
(5} Fumaes from specimen extinguised flame-bumer refit during test
{8) Misc:

DATE 11/21/97



PROJECT NO 216860
SAMPLE NO: 97-595-8009-04
UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS

* Min. 168 Cond. In accordance with UL84 Section 6.2

Speci- {1 2 2+t3

mens s s s FLAME
£l a @)| 8 ) CLASS
E2 5 (4)t 25 25
E3 51 (4)] 16 16
E4 45 (4) 5 80 84vV- FAIL
E5 6 (4! 23 23

Total Flame Time (11 + ©2), 5. 188

{1} Specimen bumed up to holding ciamp (4) Specimen dripped particies which ignited cotton
{2) Specimen did not drip {5) Fumes from specimen extinguised flame-bumer ralit during test
{3} Specimen dripped particles which did not ignite cotton (8) Misc:
TESTED BY: Hammad Malik DATE 11/21/97
T, 168 Gond. in accordance with UL94 Section 6.2

Speci- t9 2 12 +13 .

mens s 5 S FLAME

ES 5 {4) 58 58 : CLASS

E7 3 @)l 55 55

EB 4 4 51 51

E9 89 (4) 25 25 94V- FAIL

E10 8 (4} 64 64

Total Flame Time (11 + t2), 5. 362

(1) Specimen bumed up 10 holding ciamp (4) Specimen dripped particles which ignited ¢otton
(2) Specimen did not drip (5) Fumes from specimen extinguised flame-burner reiit during test
{3) Specimen dripped particles which did not ignite cotton (6} Misc:

TESTED BY: Hammad Malik DATE 11/21/97



PROJECT NO 21660
SAMPLE NO: 97-595-9004-09
UL 94 VERTICAL BURNING TEST FOR CLASSIFY!NG MATERIALS

» i a
Min. 48h Cond. in accordance with UL34 Section 6.1
Speci- t1 12 2 +13
mens s s s FLAME
B 0 2y © 0 {2 CLASS
B2 5 )| o 9 (2
B3 0 @) o 48 2
B4 6 @ 1 38 (2 94v- 2
B5 4 2 3 10 (2
Total Flame Time (11 + t2), s: 19
{1) Specimen butned up to holding clamp {4} Specimen dripped particles which ignited cotton
(2) Specimen did not drip (5) Fumes from specimen extinguised flame-burner relit during test
(3) Specimen dripped particles which cid not ignite cotian {6) Misc:
TESTED BY: Hammad Malik DATE 12/2/97
Min. 4m. in accordance with UL94 Srectiun 6.1
Speci- t1 2 2 +t3
mens s s s FLAME
86 1 2) 0 14 {2 CLASS
BY 2 {2 0 38 (2
B8 1 2y 0 37 (2
BY 3 21 2 2 (2 94V.- 2
B1C 0 2 0 0 (2
Total Flame Time (11 +t2), s 9
(1) Specimen bymed up {0 hoiding clamp {4) Specimen dripped particias which ignited cotton
{2) Specimen did not drip {5) Fumes from specimen extinguised flame-burner relit during test
{3) Specimen dripped particies which did not ignite catton {6) Mis¢:

TESTED BY: Hammad Malik DATE 12/2/97



PROJECT NO 21660
SAMPLE NO: 97-595-9004-09
UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS

Min. 48h Eond. in accordance with UL94 Section 6.1

Spec- {1 12 2 + 13

mens S S s FLAME.
F1 4 4y ] 28 28 CLASS
F2 3 (4) ] 12 12
F3 15 (4) | 24 24
F4 3 {4) 16 16 94V - !
F5 4 (4) 9 g

Total Flame Time {t1 +12) s 118

{1} Specimen bumed up 1@ hotding clamp (4) Specimen dripped particles which ignited cotton
{2) Speciman did not drip (5} Fumes from specimen extinguised fiame-buner relit during test
{3) Specimen dripped pacticles which did not ignite cotton (6) Misc:
TESTED BY: Hammad Malik DATE 12/3/87
Min. 43h Gond, in accordance with ULS4 Section 6 1
Spece t1 7] 2 +1t3
mens ] s s FLAME
F6 3 (4) 9 9 CLASS
a;'f 3 {4) 5 5
F& 2 (4) | 25 25
F9 3 (4)y 1 14 14 94v- 2
F10 2 (4) 12 12 :

Total Flame Time (11 + 12}, s; 78

(1) Specimen bumed up to hoiding clamp (4} Specimen dripped particles which ignited cotton
{2) Specimen did not dnp (5) Fumes from specimen extinguised Hame-bumner relit during test
(3) Specimen dnpped particles which did not ignite cotton {6) Misc:

TESTED BY: Hammad Malik DATE 12/3/97



PROJECT NO 21660
SAMPLE NO: 97-595-8004-04
UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS

-
Min. 168 Cond. in accordance with ULS4 Section 6.2
Spec:- t1 t2 2 +13
mens s s 5 T FLAME
B1 0 2y 0 0 CLASS
B2 0 {2} 2 2
B3 0 2y o 0
B84 o {2y 0 ¢ g4v- 0
BS 0 (2% 0O 0 '
Total Flame Time {11 +t2) 5. 2
{1} Specimen turned up to holding clamp (4) Specimen dripped particles which ignited ¢oton
{2) Specimen cid not drip (5) Fumes from specimen extinguised flame-bu 'ner relit during test
{3) Specimen cripped particles which dig not ignite cotton {6) Misc:
TESTED BY: Hammad Malik DATE 11/24/97
Min. 168 Conc. in accordance with UL94 §:ctlon B.2
Speci- t1 2 2 +13
mens $ 5 5 FLAME
B6 3 el 6 22 CLASS
JB? 5 12§ 0 0
B8 2 12) 0 15
Bg 2 12) 0 8 g4v- 0
B10 1 2% 6 30 -
Total Flame Time (t1 + $2). s: 25
{1} Specimen burned up to holging clamp {4) Specimen dripped particles which ignited cctton
{2} Specimen did not dinp {5 Fumes from specimen extinguised flame-burner relit during test
(3) Specimen dripped particies which did not \gnite cotton (6) Misc:

TESTED BY: Hammad Malik DATE 11/24/97




PROJECT NO 21660

SAMPLE NO: §7-585-8004-04
UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS

Min. 168 Cond. in accordance with UL94 Section 6.2

Speci-
mens

1
S

BT
B12
B13
B14
B15

R e YT N N N

(2}
(@)
(2)
(2)
(2)

2 2 +1t3

5 $§ FLAME ;
3 3 CLASS |
0 14 !
2 10 :
0 10 194V- 0 |
0 15

Total

lame Time (11 +12), 5. 9

(1) Specimen burned up 10 holding clamp

{2) Specimen did not drip

(3) Specimen cripped particles which did not ignite cotten

TESTED BY: Hammad Malik

(4} Specimen dripped particles which ignited cotton
(5} Fumes from specimen extinguised flame-burner relit during test
(6) Misc: ’

DATE 11/24/97

Min. 168 Cond. in accordance with UL94 Section 6.2
Speci- t1 2 ©2+1t3
mens s $ ] FLAME
B16 P4 2] © 0 CLASS
B17 4 i2)] 4 22
318 0 2) 0 16
319 0 i2y O 5 |84V- 0 ]
B20 ) (2) © 3
Total Flame Time (0 + ©). 810

{1) Specimen burmed up to holding ¢clamp

(2) Specimen did not drip

{3} Specimen dripped particles which did not ignite cotton

TESTED BY: Hammad Malik

{4) Specimen dripped particles which ignited cotton
(5) Fumes from specimen extinguised flame-burner relit during test
{6) Misc:

DATE 11/24/97



PROJECT NO 21620
SAMPLE NO  57-£95-30G4-04
UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS

* i WMin 188 Corz ir aczercance with ULG4 Sectien 5.2
Spes- | t { 2 t2 + 13
mEnNs $ i 5 $ FLAME:
F E w10 10 CLASS
F2 | 4z 4y 0 0 ("
Fi | 4 al 0 0
Fa | 1 -4y 30 30 94vV- FAIL
Fo 22 4| 13 13
!
Totet Frame Tme (17 + 12, 8. 172
1; Syromen rurneter 2 noiding samio 4 Specimern drippes pamcles which ignited csttan
I Srioomen o ugngtorg £: Fumes trom specimen extinguises fiama-bu-ner relit during tes:
20 Specimen onppel BUCes WO S ro It te oeen 1€ Misc
TESTEZ 2 Hamread Maiik DATE 11/24/87
i_ Mo "22 2277 v aIoIriEnce i ULBL Semon 2 L
I Scec | i vz ‘ N
mgrg < g s FLAME
=z S P 17 CLASS
== 1z7 a| ¢ l o 1
=2 '3 £y 53 | 5¢ R
=% £" 41 G » 1 9ev. FAIL
171¢ g2 EFINe ' o 1
! ! 7 |
Togi Frarme Tis -z, 8 3:i%
L. Snesmer ancpel paricles which ignited cr tton
(8, Fumes trom scesmen exunguised flame-ty rne’ rent duning es’
oot e Zoaor € Mss

TESTED BY Hammad Maux DATE 19/24/97



PROJECT NO 21840
SAMPLE NO  £7-585-2004-0¢

UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS

* M= «5n Cong naczoroarce with UL92 Seztion B4

Spezi- t1 tz 2+ {3

mers s 5 s FLAME
B1 < 2) 3 38 (2 CLASS
B12 2 ) o 5 (2

B:3 z (2) 8 38 @2

Bi4 . (2 0 18 (2 a4v/- 2
B1S 4 (2 O 33 (2
Total Flame Time (31 + t2). 5 24

{4, Soecmen outred uo te helding clamp

(Lo Sagc e A not otz

TESTED BY: Hammad Mativ

2 Srec mes Grpoec paricles wnich AIC netignite coien

{4y Specimen dripped particies which ignitea Sotton
15! Fumes from specimen exitnguised flame-t:urner relt dunng test
16 Misc.

DATE 12/2/197

M= 4Em Cinz o agearcan e winh ULSA Sezton 61
Soace ti 2z | 12 + 43
mens s 5 f; s FLAME
ER . R (2 CLASS
g-- | : o3 | 10 2
Brz : w2 18 (2
SR : o T R (2 94v-  {
B3 : T e 1 2 (2
(Tt Figme Time t1 +t2.8 T
("1 &pec e Durmes U IT NGWTInG Slaml t4, Scezimer dripped paricles which ignitec zotton
{21 Sceome iz 0t 372 t£1 Fumes from specimen extinguised flame-surner relit dunng tes:
(2: Enecmen ar el CanSles which iC NI IEe Srle e (&) Misc

TESTED BY Harmmad Maik

DATE 12/2/87




APPENDIX C

UL 746C 12MM AND 3/4 inch END-
PRODUCT FLAME TEST RESULTS
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APPENDIX D

FLAME APPLICATION POINT FOR END-
PRODUCT FLAME TESTS



Appendix D has diagrams of each of the products tested. These diagrams idemify the
locations that were "location judged to be likely to become ignited because of its proximity to
a source of ignition” per sections 51.2 and 52.2 of UL 746C. These locations were
determined based on incident data that described internal failures that ignited the appliance
enciosure. Flame was applied on sampies identical to those involved in the incident to
locations proximate to failed components described by the incident. These included wiring
connection, switches, transformers, and wire fatigue fires.



Point of flame
application located
+» onback enclosure piece
proximate to rivetl that attaches Paint of flame
fan motor to inner frame, I_:“"___ application

Puoint of flame
application

Paint af flame
application

Sample # 97-595-9004-X%¢
' Portable Heater



Points ! flame
application

Sampie #97-595-9007-xX
Poriabie Oscillating Fan




Point of flame
application

Sample # 57-595-3006-C.

Portabie Oscillating Fan




Point of flame
application

Points of flame application

Sample # 97-595-9009-X<
Car Battery Starter/Charger




‘ﬁo
I
|
T Point of flame application.

Note: Flame application was not made on
appliance itself due to it containing low energy
with not enough power 1o cause a fault resulting
in ignition of thermoplastic enclosure.

SAMPLE # 97-595-9003-XX
Answering Machine Pewer Supply




Point of flame

/ application

L
Pointof flame -
application

Sample § 97-595-9005-XCX and
Sample # 97-6595-9006-2X

Toaster




APPENDIX E
CPSC TEST SETUP




Exhaust directly to
4
‘\ 1/ atmosphere

Labaratory Fume
Hood
Two armholes
4 cut in plexiglass
with sheets ot
ncoprene to stop
Gas dratt when not used Plexiglass
.~ Supply A\

/ inserted benesth
4 sliding plexiglass
L \\ front of hood.
‘ ® ® Lab benchtop
:/h
*

[e] =]

Gas Supply l‘ “““““““““““““““ A
Methane for Fiowmeter | Tirrell Burner
UL 94 and e for UL 94 and
UL 746C 3)8' | _ ™ l 7 UL 746C 314
tesy r',g‘ ; - | test hypo-
Butane - - \ dermic needle
tor | Shutoff - Digita| | :sz UL 746C
12mm ! Valve L Monometer \ mm test.
test. -
E‘S‘\ * L__E \
| A |
- | o .
1 loo l
b |
|
J | Components located within dotted line are located under!
- hood.
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