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EXECUTIVE SUMMARY 

This report presents the results of a study conducted by the staff of the U.S. Consumer 
Pr04!luct 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 c,n 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 tlame 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 staffs 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. 



PURPOSE 

The plastics flammability project was initiated by the U.S. Consumer Product Safety 
Co!l!Illission (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, I 00 electrical appliance related fires and in I 995 there were around 
28.500 2. See figure #1. In 1987 there were approximately 551.000 residential fires. In 1995 
the number of residential fires dropped to near 425,000. 

1Residential Fire Loss Estimates for 1987-1995, U.S. Consumer Product Safety 
Commission. Directorate for Epidemiology and Health Sciences. 

2 Ibid. Fires for 1987 through 1995 were obtained by adding the fires .n portable 
electric heaters. toa~ter/toaster ovens. microwaves, coffee makers, deep fat fryers, hot plates. 
other electrical appliances, and the Cl)rresponding portion of the unknowns for each electrical 
equipment category 

Pag<! I 



Thennoplastics are used extensively by the electrical appliance manufacturing industry. This 
usage is increasing at a steady rate as shown in Figure #2. 3 

Projected Thermoplastic Consumption • 
Electric Appliance Industry 1985-2005 
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Figure #2 

The increasing use of thennoplastics 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 1)cc\.lpants of a 
bmlding 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 
electncal part within this product. Even the most basic of electrical componems, such as a 
resistor used for heating, can cause tires when the resistor fails and gets hot en,Jugh to ignite 
the product's flammable housing. 

'Industry Study #765 compiled by the Freedonia Group, Inc., Cleveland. Ohio. 
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A fandamental 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 
stalldards 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 ekctrically­
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 7 46C 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 bum (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 exh, bit flame 
retardant characteristics. Material tested in the vertical configuration can achieve three 
different levels of flame retardancy, These levels give an indication of the plastic's ability to 
extmguish 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 applyin~ a flame to 
the enclosures of appliances that are in their final production configuration, Flame is applied 
to areas of the enclosure that are likdy to be exposed to flame due to internal electrical 
failures. These tests are intended to determine if a given appliance is likely to cause t1ame 
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) as.signed in 
accordance with UL 94 by the manufacturer of the plastic. 

Portable cord-connected products with enclosures that contain only electrically msulated 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 el,!ctrical tire 
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 tht plug inserted 
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into an outlet in a standby mode, but still may experience a mechanical or eleclrical 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 
failuremodes 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 electrical parts insulated to a thickness of 0.71mm or 
more and insulation of a thickness less than 0.71mm. 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 10 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 staffs 
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 staffs 
concerns with the flammability requirements of thermoplastic enclosures. 

In early I 997, 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. C0nsurner 
Proliuct 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 c•n 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 staffs 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 c,n this study. 
recommendations were developed to strengthen the enclosure material flarnmab,Jity 
requirements contained in the Underwriters Laboratories, Inc. standard UL 7:46C, "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 electri~al 
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. 



PURPOSE 

The plastics flammability project was initiated by the U.S. Consumer Product Safety 
Co11Unission(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 sl!own a marked 
decrease.' 
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Figure #I 

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 2. See figure #1. In 1987 there were approximately 551.000 residential fires. In 1995 
the number of residential fires dropped to near 425,000. 

1Residential Fire Loss Estimates for 1987-1995, U.S. Consumer Product Safety 
Commission. Directorate for Epidemiology and Health Sciences. 

2 Ibid. Fires for 1987 through I 995 were obtained by adding the fires ;n portable 
eleL'tric heaters. toaster/toaster ovens. microwaves, coffee makers. deep fat fryers, hot plates. 
other electrical appliances. and the corresponding portion of the unknowns for i,ach 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 #2.3 

Projected Thermoplastic Consumption • 
Electric Appliance Industry 1985-2005 
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Figure #2 

The increasing use of thermoplastics in the electrical appliance industry indicated that a 
prudent strategy for reducing the nwnber 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 electric:,l 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 occJpants 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 
ele,trical part within this product. Even the most basic of electrical componems, such as a 
resistor used for heating, can cause !ires when the resistor fails and gets hot en,Jugh to ignite 
the product's flammable housing. 

'Industry Study #765 compiled by the Freedonia Group, Inc., Cleveland, Ohio. 
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A timdamental approach to addressing fires caused by electrical products is to provide flame 
retardant housings. While current industry-supported standards require flame rHardant 
housings for several electrical products. such as televisions and computer monitors. these 
staftdards 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 elt'ctrically­
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 ::election 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 
different levels of flame retardancy. These levels give an indication of the plastic's ability to 
extmguish 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 applyinb 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 msulated 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 el,~ctrical 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 th, plug inserted 
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into an outlet in a standby mode, but still may experience a mechanical or elect.rical 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 
fai\oure 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 01 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 0.71mm. 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 ro 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 ,s 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 CL 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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TEST METHODOLOGY 

Thi'5 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 Selection: 

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 
ele,·tric 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 '14 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. 

lest Method: 

Step J .: Obtained flammability ratmgs for the enclosure materials of the sample products 
from UL when available or inferred them based on the requirements of UL 746( 
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 g4 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 typ<: 
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 specim<!ns 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 oroduct 
samples. 

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

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

Appendix E is a diagram of the CPSC test setup. This setup was similar to that described m 
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 to 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 draft-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. 

' Verbal communication 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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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 typically uses. 
CPSC selected these points based on the location of failures determined by the mcident 
investigations. These included switch failures, wire connection failures, etc. The flame 
application points selected by CPSC 5taff were not the same as the UL flame application 
points.' 

' Verbally indicated by Don Talka, U.L. Melville, during February 11, I 998 Plastics 
Flammability Ad-Hoc Committee meeting held at U.L. Research Triangle Park. N.C 
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RESULTS 

Ta1'1es I 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 model 
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 O I 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 CPSC staff tests. 

Table l summarizes the results of the UL 94 HB tests, performed on specimen~ taken from 
porrions 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 40mmlminute. A passing result means that the specimen 
exhibited a burn rate of less then 40mmlminute. 

TABLE l SUMMARY OF UL 94HB TEST RESULTS 

Product 
Type 

Sample No. Specimen 
No 

Pass/ 
Fail 

Toaster 97-595-9006-01 E7-E9 Pass 

E13-E\5 Pass 

Fan 97-595-9007-0\ El-E3 Pass 

Fan 97-595-9007-03 Bl-B3 Pass 

B4-B6 Pass 

El-E3 Pass 

Fan 97-595-9007-06 B7-B9 Pass 

B10-B12 Pass 

Fan 97-595-9008-01 E7-E9 Fail 

El-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 b) 
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- I. or V-0 rating 
is defined as shown in Figure 4: 

('.nl.enil Cor,di1.1on:-; V 0 i I V 2 

A!leriL1mc l.ime for e,1ch 11;d1v1dua! sptc11:1cn!.1 Dr I.~ ,!Os ,:;,Os ,:IOs 

Tdc1l ,;flerflame !ime fJr ,inv !'Ond1tion .::i ! (!., plu:--!.2 for !.he 5 spec1niens) ,s50s ,sl50s :;250s 

\:ter!I 1ITH pl11:-:,1il.n.::low ! .l'IC' for 1·nd I di,1d11i1Ispl'ClllH'II Jflcr the )('COl\d 

fLHJll' 1ppl c1il.1on (I! 1i 

,s30s ::;50s ,605 

\llerfl,1me or <1f1..,rglow of dflV specimen p lo I.lie holdrng clamp No ,, \o 

Culton ind.cal.or rgnil.ed bv flaming parlr,le, or drops No \( Yes 

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 

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

Portable Heater 97-595-9004-04 Fl-FS Fail 94V-2 

F6-Fl0 Fail 94V-2 

Bll-B15 94V-O 94V-O 

B16-B20 94V-O 94V-O -
B1-B5 94V-O 94V-O 

B6-B10 94V-O 94V-O 

97-595-9004-IJ9 Fl-FS 94V-2 94V-2 --
F6-Fl0 94V-2 94V-2 

Bl l-Bl5 94V-2 94V-O -
Bl6-B20 94V-O 94V-O 

Bl-BS 94V-2 94V-O 

B6-BIO 94V-2 94V-O 

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

E6-El0 Fail 94V-2 
·-

El I-EIS Fail 94V-2 

El6-E20 Fail 94V-2 

97-595-9009-06 El I-EIS Fail 94V-2 

E16-E20 Fail 94V-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 
failM!g 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 
Heater 

97-595-9004-05 Pass V-0 and V-2 

-
Toaster 97-595-9005-0 I Fail HB -

97-595-9005-02 Fail HB 

Car Battery 
Charger 

97-595-9009-02 Fail V-?. 

Telephone 
Answering 
Machine 

97-595-9003-0I Pass V-0 

-
97-595-9003-05 Pass V-0 

Fan 

97-595-9003-02 

97-595-9008-07 

Pass 

Fail 

V-0 

V-2 ar,d 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 
the.specimen 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 an~wering 
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 Tvoe Sample No. Pass/Fail UL 94 Rating of Enclosure 

Fan 97-595-9008-03 Fail V-:. 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 
Heater 

97-595-9004-06 Pass 
-

V-2 ar,d V-0 

Toaster 97-595-9005-04 Fail HB 

97-595-9005-03 Fail HB 

Car Battery 
Charger 

9_7-595-9009-03 Fail V-2 

97-595-9009-01 Fail V-2 
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ANALYSIS OF RESULTS 

This section reviews the infonnation provided in Tables I 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 th,~ 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-0 plastics in 
the CPSC testing, with the exception of a few that performed as V-2 plastics. <\11of 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. These failures were 
not borderline failures. The test data demonstrate that a V-0 rated thermoplastic provides 
consistency between the perfonnance 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 314 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 tesls. Samples 
with enclosures that were made of V-2. a combination of parts using HB and \ -2. or only 
HB rated plastics consistently failed the end-product flame tests. Appendix D 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 perfomted by the 
CPSC staff. 
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CONCLUSIONS 

The reviewed incident infonnation and test data collected as part of this project demonstrate 
thai. 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 perfonned worse in many cases than the flammability rating assigned hy 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 result in ignition. 

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

I. 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 tenns 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 pennitted. In reality, based on incident data. 
users of toasters, flatirons, etc. sometimes leave the appliance unattended during 
nonnal 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 
they will be left energized in an unattended state are considered as attended use. 

2. UL 746C specifies that in the perfonnance of the end-product flame tests, the flame is 
to be applied to 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 U[ 7 46C end­
product flame tests when flan1e application locations are consistent with infonnation 
obtained from the CPSC incident files. These locations included plastic ,urfaces 
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 746C that requires that V-0 rated enclosure material be used 
unless the enclosure passes a more rigorous UL 7 46C end-product fl amt, test that 
recognizes wire connections, ,witches, 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. 

3. 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 flarnmabilily 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 23:±2°C and50±5% RH and Ihm tested in accordancewith 
UL 94, Fifth Edition Room conditions during testing were maintained at 25±10°C and60±15% RH 

RESULTS 

~ ·- uL:iius,u .i:,, mm 
SPECIMEN THICKNESS • ,me, t uamaa ... BURNING RATE 

NO. mm • Lenatb, L See V-601Jt 
mm Note mm/min 

Malena!: Color: 

r.1 ,.., s ( ) JU.0 '-"• 

.t:.8 151 ,, ( I <lf.ov1e, 

r., l4i ,, ( ) JU,'+U.).t[ 

Material: <.;otor: 

EIO I~, ,, ( ) ,7.4llX 

.t:.11 DU ,., ( I ;u.vuvlJ 

.t:.1~ ,.4 ,, ( ) ,o.290:, 

Malena!: <.;01or: 

I:, I.> 140 ,, \ ) JU,0-"l~ 

El4 ,.,, ,., ( ) .7.41 U 

1:,1) ,... ,,, ( ) JU.4054 

(I) Ceased to bum before the 100mm reference mark and rate is detennined. (may excecc limits) 

(2) Ceased to bum before the 25mm reference mark and rate is not detennined. 

PASS/ 
FAIL 

ASS 
PASS 

ASS 

it'ASS 
PASS 
PASS 

PASS 
wASS 
PASS 

I 
I 
I 

! 
i 

i 
! 
i 
I 

' 

(3) Notes: ________________________________ _ 

TESTED BY: HAMMADA.MALIK 
MhOl.11-t-9S) 



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 Bl least 48h at 23±2°C and S0±S% RH and then tested in accordance with 
UL94, Fifth Edition Room conditions during testing were maintained Bl 25±10°C and 60±1S% RH 

RESULTS 

SPEOMEN 
NO. 

TIDCKNESS 
mm 

Dl:.o IUND 25 mm 

See 
Note 

BURNING RATE 
V-601Jt 
mm/min 

PASS/ 
FAIL 

Time, t 
s 

Dama1m 
Lensth, L 

mm 
Matmal: Color: 

PASS 
vASS 
PASS 

--i;-1 216 n ( ) iu.a;J.:,., 

•., l ,,, ,, ( J -'-'•Un::,9 

E3 2u, n ( ) .. 2.101, 

(I) Ceased to bum before the IOOrronreference 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 SIGNATURE" DATE:12/11/97tf4 



FILENO: 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 least 48h at 23±2°C and 50%5% RH and then tested in accordance with 
m.94, Fifth Edition Room conditions during testing were maintained at 2S±J0°C and 60±15% RH 

RESULTS 

SPECIMEN 
NO. 

Material: 

Bl 

"~ 
J:IJ 

material: 

J:14 

'" 
86 

THICKNESS 
mm 

I~ 
, .. 1 

JS 

, .. v 
,. 
" 

·-

ume,t 
s 

...... Jvna., •;:,mm 
Damaaeo 
Lenctb,L 

mm 

,~ 
15 
,, 

,, 
,, 
,, 

BURNING RATE 
See V"601Jt 
Note mm/min 

1,;01or: 

\ } I ,.lh.JJ 

,,.1,,.,,l ) 

( J 1 ... v:rv:-

Color: 

{ } ,,,,vvO 

\ ) >o.135b 

\ J ,o.40D 

PASS/ 
FAIL 

ASS 
irASS 
rASS 

rASS 
~ASS 
ASS 

' I 
I 
I 

' 

fl) Ceased to bum before the 100mm reference mark and rare is detennined. (may exceed limits) 

12) Ceased 10 bum before the 25mm reference mark and rare is not determined. 
,:3) Notes:--------------------------------

A. MALIK 11/4ATE:,.12/""9""/9'-'7 __ d:TESTED BY: HAMMAD SIGNATURE: _ 
kllb!l~-l•!l~, 



FILENO: 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 least 48h at 23:l: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 

SPECIMEN 
NO. 

THICKNESS 
mm 

,wN 
a - ·- "-' mm 

See 
Note 

BURNING RA TE 
V-60L/t 
mm/min 

PASSi 
FAIL 

11me, I 

• 
uama1ou 
Len&tb,L 

mm 

MatenaJ: 1..olor: 

ASS 
ASS 

PASS 

I:.I 164 ,s ( ) , I .439(' 

E2 loo 15 ( J ,,.Jvo• 
c.., ,o ,, ( ) ,,.,oo. 

(l) Ceased 10 bum 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 SJGNA TURE: DA TE:~J:?._11 1..,_19..,7 _//-- ll{4 ... __ 
'Mhb112.1.~5'. 



FILE NO: PROJECT NO: 21660 LAB JOB NO: 

SAMPLE: 97 •595•9007-06 
UL 94 HORIZONTAL BURNING TEST FOR CLASSIFYING MATERIALS 94HB 

METHOD 

Spcdmens were conditioned for at least 48h at 23±2°C and 50±5% RH and !hen tested in accordance wi!h 
UL 94, Fifth Edition Room conditions during testing were maintained at 25±10°C and 60±15% RH 

RESULTS 

SPECIMEN 
NO. 

THICKNESS 
mm 

1 lfflt, 

• 
t 

~a., I '-'l'IIU ,l;:, mm 
Dama1ea 
Len&tb, L 

mm 
See 

Note 

BURNING RATE 
V-ciOUt 
mm/min 

PASS/ 
FAil 

M310fJllJ; 1,;oJor: 

DI 

c• 
D> 

matena1: 

l~u 
l.;4 

15 

0 

l , J 
( ) 

( ) 

Color: 

',.,uuu 
,., • .JO• 1 

PASS 
PASS 
PASS 

Ii lu 
Bl I 
liL 

.,, 
,,, 
1 .. , 

., 
,, 
5 

\ 
( 

( 

) 

) 

) 

, •. , 141 

~0..,~J 8 

J,.4;., 1 

ASS 
•AIL 
PASS 

( I) Ceased to bum before the I 00mm reference mark and rate is detennined. (may excee,i limits) 

(2) Ceased to bum before the 25mm reference mark and rate is not detennined. 
(3) Nou:s:_______________________________ _ 

TESTED BY: H¢,MMAD A. MALIK SIGNA~//lf/41t:,..I2..,i9"'/9:..:.7 __ _ 
.. hb(\2,l-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:!:So/o RH and then tested in accordance with 
UL 94, Fifth Edition Room conditions during testing were maintained at 25±10°Cand 60±15%RH 

RESULTS 

·- u,;;,, r-1,u .:, mm 
PASSIBURNING RATETHICXNESSSPECIMEN ·flme, t Damacea 

• V-601Jt FAILSeeNO. mm Lencth, L 
mm/minNotemm 

Matenill: Color: 

,, AILoo.•,11 g( )t::,/ I>/ ,, FAILIv, ( ) 4 l ..!844 r.o 
, ...... ,o AIL( )r:., /086 

(l) Ceased 10 bum before the I 00mm reference mark and rate is determined. (may excud limits) 

(~) Ceased to bum before the 25mm reference mark and rate is not determined. 
(3) Notes:.________________________________ _ 

TESTED BY: HAMMADA. MALIK SJGNATIJRE:J/1(,.1,:/: DATE:12111197 



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 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 anc60±15% RH 

RESULTS 

SPECIMEN 
NO. 

TIDCKNESS 
mm 

BUKN1~u 
.11me, t 

s 

_.., ...... ·- .i:, mm 

uamaaeo 
Length,L 

mm 
See 
Note 

BURNING RATE 
Y'"60L/t 
mm/min 

PASSI 
FAIL 

Matcriai: Color: 

ti 
,:..; 

to 
Material: 

1::4 

" IU4 
)35 

110 

'J 

,, 
,, 

,,, 

( ) ,o.Yo,O 

{ ) ij,.L1;>:1.,:. 

( ) ,3_,.,.,3 

<.;01or: 

( ) IOU,VUW 

FAIL 
FAlL 
PASS 

FAIL 
I 
I 

' I 

(I) 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. 
t3) Notes:________________________________ _ 

TESTED BY: HAMMAD A MALIK 
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APPENDIX B 
UL 94V TEST RESULTS 



PROJECT NO 21660 
SAMPLE NO: 97-595-9009-06 

UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS 

• 

FLAME 
CLASS 

94V- FAIL 

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

Spec, 

mens 
t1 
s 

t2 
s 

t2 + 13 
s 

E11 
E12 
E13 
E14 
E15 

3 
45 (5) 
3 
4 (4) 
6 (4) 

41 
28 
4 
a 
35 

41 
28 
4 
a 
35 

(4) 
(4) 
(4) 

Total Flame Time (t1 + t2), s: 169 

(1) Specimen bu med up to holding clamp (4) Specimen drtpped particlesWhich ign•ed cotton 

(2) Specimen did not drtp (5) Fumes from specimen extinguised flame.burner relit during test 

(3) Specimen drtpped particles which did not ignoe cotton (6)Misc: _______________ _ 

TESTED BY: Hammad Malik DATE 12/2197 

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

Specl-

mens 
t1 
s 

t2 
s 

t2 + 13 
s 

E16 
E17 
E18 
E19 
E20 

5 (4) 
3 (4) 
3 (4) 
3 (4) 
4 (4) 

75 
34 
20 
65 
22 

75 
34 
20 
65 { 1) 
22 (1) 

Total Flame Time (11 + t2l, s: 234 

FLAME 
CLASS 

94V- FAIL 

(1) Specimen l>umed up to holding clamp (4) Specimen drtpped particles which igntted cotton 

(2) Specimen did not dnp (5) Fumes from specimen extinguised flame-burner relit during test 

(3) Specimen dripped particles which did not ignite cotton (6)Misc: ______________ _ 

TESTED BY: Hammad Malik DA TE 12/2/97 



PROJECT NO 21660 
SAMPLE NO: 97-595-9009-04 

UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS 

• 

FLAME 
CLASS 

94V- FAIL 

Min. 168 Cond. in accordance with UL94 Section 6.2 
Speci,-

mens 
11 
s 

t2 
s 

t2 + t3 
s 

E11 
E12 
E13 
E14 
E15 

40 (4) 
5 (4) 
5 (4) 
3 (4) 
2 (4) 

10 
24 
76 
38 
22 

10 
24 
76 
38 
22 

Total Flame Time (11 + 12), s: 225 

(1) Specimen bu med up to holding clamp (4) Specimen dripped particles which )Qnited cotton 
(2) Specimen did not dnp (5) Fumes fromspecimen extinguiffd flame-burner relit dunng test 
(3) speo;men dnpped panictes which did not 1gMe cotton (6)Misc: _____________ _ 

TESTED BY: Hammad Malik DATE 11/21/97 

Min. 168 Cond. in accordance with UL94 Section 6.2 
Spec;.. 

mens 
t1 
s 

u 
s 

t2 + t3 
s 

E16 
E17 
E18 
E19 
E20 

110 (4) 
86 (4) 
40 (4) 
5 (4) 

98 (1) 

0 
2 
3 

28 
0 

0 (1) 
2 
3 
38 
0 (4) 

Total Flame Time (11 + 12), s: 372 

FLAME 
CLASS 

94V- FAIL 

(1} Specimen burned up to holding Clamp (4) Specimen dripped particles Which ignited c-.otton 
(2) Specimen did not dnp (5) Fumes from specimen extinguised flame--bumerrefit !luring 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: 97-595-9009-04 

UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS 

Min. 168 Cond. in accordance with UL94 Section 6.2 
Specl--
mens 

11 
s 

t2 
s 

t2 + 13 
s 

E1 
E2 
E3 
E4 
ES 

4 (4 ) 
5 (4) 
51 (4) 
45 (4 ) 
6 (4) 

8 
25 
16 
5 

23 

8 
25 
16 
50 
23 

Total Flame Time (11 + 12), s: 188 

FLAME 
CLASS 

94V- FAIL 

(1) Specimen oumed up to holding clamp 
(2) Specimen did not drip 
(3) Specimen dripped partides which did not ignite cotton 

TESTED BY: Hammad Malik 

(4) Specimen dripped particles which ignited cotton 
(5) Fumes from specimen extinguised flame--bumerrelit during test 
(6) Misc:________________ _ 

DATE 11/21/97 

Min. 168 Cond. in accordance withUL94 Section 6.2 
t2 + 13 Speci- 11 12 

smens s s 
5 (4) 58 58EB 
3 (4) 55E7 55 
4 (4) 51 51EB 
89 (4)E9 25 25 
8 (4) 64E10 64 

Total Flame Time (11 + t2l, s: 362 

FLAME 
CLASS 

94V- FAIL 

(1) Specimen burned up to holding clamp 

(2) Speciman did not drip 
(3) Specimen dripped particles which did not tgnite cotton 

TESTED BY: Hammad Malik 

(4) Specimen dripped particles which ignrted cotton 

(5) Fumes from specimen extlnguised flame.burner relit during test 
(S)Misc: _______________ _ 

DATE 11/21/97 



PROJECT NO 21660 
SAMPLE NO 97-595-9004-09 

UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS 

Min. 48h Cond, m accordance with UL94 Section 6.1 

Speci- 11 t2 t2 + 13 
mens s s s 

81 0 (2) 0 0 (2 
82 5 (2) 0 9 (2 
83 0 (2) 0 48 (2 
84 6 (2) 1 38 (2 
85 4 (2) 3 10 (2 

Total Flame Time (11 + 12), s: 19 

FLAME 
CLASS 

94V- 2 

(1) Specimen burned up to holding clamp (4) Specimen drippectparticles which ignited cotton 

(2) Specimen did not drip (5) Fumes from specimen extinguised flame-burner relit during test 

(3) Specimen dripped particles wh,cli cid not ignite cotton (6) Misc: _______________ _ 

TESTED BY: Hammad Malik DATE 12/2/97 

Min. 48h Cond. m accordance with UL94 Section 6.1 

Speci-

mess 
11 
s 

12 
s 

t2 + 13 
s 

86 
87 
88 
89 
81C 

1 (2) 
2 (2) 
1 (2) 
3 (2) 
0 (2) 

0 
0 
0 
2 
0 

14 
38 
37 
2 
0 

(2 
(2 
(2 
(2 
(2 

Total Flame Time (11+ 12), s: 9 

FLAME 
CLASS 

94V- 2 

(1} Specimen burned up to holding clamp (4) Specimen dripped particles which ignited cotton 

(2) Specimen did not drip (5) Fumes from specimen extinguised flame-burner relit dunng test 

(3) Specimen dripped particles which did not ignite cotton (6) M,sc: _______________ _ 

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 

M,n. 48h Cond. m accordance with UL94 Section 6.1 

Spec1• 

mens 
11 
s 

12 
s 

12+ 13 
s 

F1 
F2 
F3 
F4 
F5 

4 (41 
3 (4) 
15 (4) 
3 (4) 
4 (4) 

28 
12 
24 
16 
9 

28 
12 
24 
16 
9 

Total Flame Time (11+ 12), s: 118 

FLAME 
CLASS 

(1) Specimen burned up to holding clamp (4) Specimen dripped particles which ignited cotton 

(2) Specimen did not dnp (5) Fumes from specimen extinguised flame•bu-ner relit during test 
(3) Specimen dripped particles which did not 1gmte cotton (6) Misc: ________________ _ 

TESTED BY:Hammad Malik DATE 1213/97 

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

Spec1-

mens 
t1 
s 

12 
s 

12+ 13 
s 

F6 
F7 
FB 
F9 
F10 

3 (4) 

3 (4) 
2 (4) 

3 (4) 

2 (4) 

9 
5 
25 
14 
12 

9 
5 
25 
14 
12 

Total Flame Time (t1 + 12), s: 7E 

eLAME 
CLASS 

94V- 2 

(1) Specimen burned up to holding clamp (4) Specimen dripped particles which ignited cotton 

(2) Specimen did not drip (5) Fumes from specimen extinguised flame~bumer retit during test 

(3) Specimen dripped particles which did not ignite cotton (6) Misc: ___________ ,____ _ 

TESTED BY:Hammad Malik DATE 12/3/97 



PROJECT NO 21660 
SAMPLE NO: 97-595-9004-04 

UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS 

Min 168 Cond. in accordance with UL94 Section 6.2 

Spec:-

mens 
t1 
s 

12 
s 

12+ t3 
s 

81 
82 
83 
84 
85 

0 (2) 
0 (2) 
0 (2) 
0 (2) 
0 12) 

0 
2 
0 
0 
0 

0 
2 
0 
0 
0 

Total Flame Time (t1 + 12),s: 2 

FLAME 
CLASS 

94V- 0 

(1 \ Specimen t,urned up to holding clamp (4) Specimen dripped particles which ignited co··ton 

(2l Specimen c,d no: drip (5l Fumes from specimen extingu1sed flame-bu ·ner relit dunng test 
(61 Misc· _________________ _(3) Specimen cnpped particles which did not ignite cotton 

TESTED BY: Hammad Malik DATE 11 /24/97 

Min. 168 Cone in accordance with UL94 Section 6.2 
Speci~ 

mers 
t1 
s 

12 
s 

12+ t3 
s 

86 
87 
88 
89 
810 

3 :(2 
5 r2) 
2 12) 
2 12) 
1 12) 

6 
0 
0 
0 
6 

22 
0 
15 
8 
30 

Total Flame Time (t1 + 12). s 25 

FLAME 
CLASS 

94V- 0 

(1) Specimen burned up to holding clamp (4) Specimen dripped particles which ignited cctton 

(2) Specimen did not dnp (5) Fumes from specimen ext1nguised flame-bt..rner relit during test 

(3) Specimen dripped particles which d,d not 1gn1te cotton (6) Misc: ________________ _ 

TESTED BY: Hammad Malik DATE 11/24/97 



PROJECT NO 21660 
SAMPLE NO: 97-595-9004-04 

UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS 

Min. 168 Cond. in accordance with UL94 Section 6.2 

Speci-

mens 
11 
s 

12 
s 

12-1-t3 
s 

B11 
B12 
B13 
B14 
B15 

1 (2) 
1 (2) 
1 (2) 
0 (2) 
1 (2) 

3 
0 
2 
0 
0 

3 
14 
10 
10 
15 

Total Flame I ime (t1 + 12), s: 9 

FLAME 
CLASS 

94V- 0 

(1) Specimen burned up to holding clamp {4) Specimen dripped particles which ignited coiton 
(2) Specimen did not drip (5) Fumes from specimen extinguised flame-burner relit during test 
(3) Specimen oripped particles which did not ignite cotton (6) Mose: ________________ _ 

TESTED BY: Hammad Malik DATE 11/24/97 

Min. 168 Cond. in accordance wrth UL94 Section 6.2 

Spec1• 

mens 
11 
s 

12 
s 

12 + t3 
s 

B16 
817 
818 
819 
B20 

2 (2) 
4 i2) 
0 12) 
0 12) 
0 12) 

0 
4 
0 
0 
0 

0 
22 
16 
5 
3 

Total Flame Time (11 -1-12). s 10 

FLAME 
CLASS 

94V- 0 

{1) Specimen oumed up to holding clamp (4) Specimen dripped particles which ignited cotton 

(2) Specimen did not dnp (5) Fumes from specimen extinguised flame-bumer relit during test 

(:3) Specimen dripped particies which did not ignite cotton (6) Misc: ________________ _ 

TESTED BY: Hammad Malik DATE 11/24/97 



PROJECT 1\0 :165G 
SAMPLE NO 57-~95-9004-04 

UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS 

• M;:·~ 1 5E Sc":: 1r. ac:crcance w:th UUIA Section 6.2.1: 
I t 1I Spe:- I t2 

\ 'Tie:IS I s ' s 
', F' ' 9 ,4!! 10 

F: 4" ;41' 0 
Fe 4E ,4, 0 
F" 1 ,41 30 
F5 23 4' 13 

' 

t2 • 13 
s 

10 
0 ( 1 

0 
30 
13 

FLAME: 
CLAS:: 

94V- FAIL 

,_Tot21 F:ame T:me It~ + t2 J. s 1a) 

So;.c·men:·umeJ u:=·="lC!d,'l; .:,:,.,,.: "~ S:,ec1.-ner: dnpoe,:: panic/es w.'l1c."'1gnitea C·J:!on 

S:, :.:-.e'" ::C:nc or~ .:, F~ries tro'T spe::.me!"l ext:ngu1se: tia~e-::i~·ner relit durmg t0:,st --.,,,_,..,.,.. ' 1E Mis: _________________ _
:: ·- -- ·-· 

DATE: 1/24/97 

II"c 
[c--

11=5 

r 
"'1'4 

",:
' 41 
Ia,., 
' 

3.:~ 

,o 

I t2 + t3"' 
s s 

' 17 
C 0 
5C 5( 1 
(, u 

0C C 

FLAM/': 
CLAS:3 

94V- FAIL 

,.: . S;:e: 'Tie'" or1coe: oart1cles wh1ci 1gn11ed C( no-

t~, .:,Jr-.es tr~r. s:::e: men ex,m3u1sed flame-tl rne· rem d1.;ring ·es· 
(€, M.s: _________________ _ 



-- -

PROJECT NO 2166C' 
SAr,1PLE NO S 7 -595-9004-09 

UL 94 VERTICAL BURNING TEST FOR CLASSIFYING MATERIALS 

Mi", .:.:,--, Corio in ac::oroarce witn UL9~ Se::1on 6. ~ 

Soi:::,- t'1 t2 
mer:s s s 

4B O 1 12) 3 
812 2 (2) 0 
8,3 12) 8-s:4 -- 1:1 0 
815 4 1:1 0 

Total Flame T:mE 1:1 + t21. s 24 

t2 + t3 
s 

38 (2 
5 (2 

38 (2 
18 (2 
33 (2 

FLAME 
CLASS 

94V- 2 

f41 Specimen dripped part1cies which ign,teo :anon 

,5, Fumes frort1 specimen ext1ngu1sed flame-burner relit during test 
161 Misc _________________ _ 

TESTED BY. Hamcnad Ma!i, DA TE 12/2/97 

~~. :- 4E~ C:.": !I" acc:rca" :e w::r-UL94 Section 6 1 

Scee,- ti 
n-ens s 
3-3 -- t2) 

('\•,IE"- -
Ip•' ,.- - '-
I-· t, -= - ,_

I -
b ...~· (~'1 i 

,!
I 

..T::a· F:a'T',e Time : i + 12 s .c 

t2 
s 
0 
3 
2 
4 

C 

I 12 + t3
I sI 

: 9 (2 
10 (2 
18 (2 
3C (2 
2 (2 

FLAME 
CLASS 

94V- 0 

!4, Spec1me~ dr:pped particles which 19··11tec:otton 

i: 1 ~ ~e=•'TIE ' OtO 1C! y·: (5, Fumes from spec:rie"l extinguised flame-·,urner relit dunn~ tes'. 

r2 !:;•;ec ~e - c· ::::ie::: car-: ::1es w1:c"'. a1:: --.:: 1;:~:te :::'.c" 1~1 Misc _________________ _ 

-E, TED BY Harmac Ma•i, DA TE 12!2!97 



APPENDIX C 

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



PPn WCI N(l Jlhlilt 

iJL 146G 314· um PRODUCT rLAME TEST 
• 

n1, ! ."-rrli,in,~µ r ,.:fil•ij" r.n"·'"'~--TTlirilTmiP-,m;;~r=:;::nnlTf\rr}fira!10 I I 'ASS/t-1\111ii..:1"i·\i'Vilfi!II-1 'flUIJUC ( 51\Mf'l r: no-··1·• .. PCllNTO"r'.tiA1ror -
!EST 

- 12/35107 

1 ?/10/97 
12110/97 
12/.J0/9i 

1 )/10,/0' 

17110l~P 

1/5/98 
12/29/97 

12/30/97 

12/30/97 
1/8/98 
1/8/98 

TYPE Al'PLl<~ATION 
l'AN·-·-- •• ij7 595-9008-03 UnctmMolor Enc.loSUIPr 

Prnximate to Switch 
Unrler Motor Fnr:lo5ure97 595-'lOOA 05 FAN 

'l 7 59:, -9008-06 Under Motor f:.ndosurr.FAN 
Under Moto, Fnc1os11rf' 

r,ox1matP.lo '.;witch 
IAN 9i 595 9007-08 

!FAN Iq/_c,q5.9007-09 lllnder Motor Frrr;losi11c, 
Proximateto Swilr.ll 

IFl'\N I 'l7 'i'lC.-9007-07 lllncler Motf'r Enclostrr~ 
Proxunaleto Switch 

Unrler Motor Enclosure!HEATER 
97 -595-9008 04FAN 

Top 
HEI\TER 

97-595-9004-06 
Back Fin 

Side Front 
Front 

ITOASTER I97-595-9005-04 I By Solenoid 
Above Slot 

TOASTER 

97-595-9004-06 

By Soleno,d 
CHARGER 

97 -595-9005-03 
97 .,q5.gong.03 Ahove Transformer 
97-595-9009-01 Above Transformer__LCHARGER 

/\f!i:"r rirsl Arrlic,,tinn',l (YIN) 
-----·•·--.,,-- . - -

y 

N 
N 
y 
y 
y 
y 
y 
l 

N 
y 
y 
y 
y 
y 
y 
y 
y 
y 

Sr.conds
4·--
61 

() 

r,1 
0 
Ii I 
0 

t": ; 
VO 

0 
9 
0 
0 
0 

61 
61 
61 
61 

PASS 
FAIL 
FAil. 
~AIL 
PASS 
FAIL 

PASS 
rAIL 
PASS 
FAIL 
FAIL 
PASS 
PASS 
PASS 
PASS 
PASS 
FAIL 
FAIL 
FAIL 
FAIL 

https://Swilr.ll


rROJF 216f>0 

"nAlI -~r1\oy~~cT -

11111~mRHFAIFR --

1/15mB ITO/\STFR 

1115198TOASTER 
1/16198 CHARGER 
1116198ANSWl::RING MACHINE 

,, 1!S 1qR A.NS\11/FR!N"MAr'.HINF. 

1116198ANSW[RtN(; MAf:HINf' 
1116/98 FAN 
1/16198 FAN 
1116/98 FAN 
1116/98 FAN 

SAMrLL NO 

~7 S9~i-9004-05 

197 095-9005-01 

9l-595-9005-02 
97-595-9009-02 
97-595-9003-01 
q7.r,qs.qo0J-05 

97.595-9003-02 
97-595-9008-07 
97-595-9008-09 
97-595-9008•10 
97-595-9008-08 

I. A·~~;;!i1~~i/i', ,N 

~ 
Back Fm 
Solenrnd 
Run 
Solenoid 
Prox1m~le lo Switches 
Transformer 
Transformer 

Trans. former . 
Under Motor Enclosure 
Proximate to Switch 
Under Motor Enclosure 
Under Molar Enclosure 

• -

UL 746C 12mm ENI) PROl)IJCT FLAME TEST • 

f11tJ/1.pr,i;mrP r~Tiil!iilSfiW1iilln-0o·sec T1r1l~P. PASSnurn Atfor ~;f;cond APrhcatinn 
J\flAr rirc;t Apr,11n1flnn·1 (YIN) Seconds /FAIL

--- -- .. .. • Y --------- -· --- • 0 - -· PASS 

Y O PMS 
N FAIL 
N FAIL 

l 
N FAIL 
Y 61 FAil 
Y O PASS 
Y 0 PASS 

Y ,; PASS 
N FAIL 
N FAIL 
N FAIL 

=== N===--= FAIL • 



APPENDIX D 

FLAME APPLICATION POINT FOR END­
PRODUCT FLAME TESTS 



Appendix D has diagrams of each of the products tested. These diagrams identify 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 
enclosure. Flame was applied on samples 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 
on back enclosure piece 
proximate to rivet that attaches Point of flame 
fan motor to inner frame. application 

Point of flame 
application 

Point of flame 
application 

Sample# 97-595-9004->0< 

Portable Heater 



• 

,.· 

Points ot 1Iame 
applicat,on 

Sample #97-595-9007-XX 
Portable Oscillating Fan 



I I 

.,'. I 

Point of flame 
application 

I 

I 

Sample II 97-595-9008->0. 

Portable Oscillating Fan 



Point of flame 
application 

Points of flame application 

Sample# 97-595-9009-XX 
Car Battery Starter/Charger 



Point of flame application. 

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

SAMPLE II 97-595-9003-XX 

Answering Machine Power Supply 



Point of flame 
appllca1Ion 

Point of flame ""1::=======::::r' 
appllca11on 

Sample • 97-595-9005-)0( and 
Sample • 97-595-9006-)0( 

Toaster 



APPENDIX E 
CPSC TEST SETUP 



/ --- Exhaust directly to 
atmosphere 

Two armholes .. cut In plexlglass 
with sheets of 
neoprene to stop 

Gas / draft when not used 
/ Supply

"' 

Laboratory Fumer Hood 

----Ptexlglass 
inserted beneath 
sliding pisxlgl ■H 
front of hood. 

Lab benchtop 

/ 

Gas Supply r - - - - - - - - - - - - - - - - -, 
Methane for Flowmeter I Tirrell Burner 
UL 94 and I r ,,r- for UL 94 and 
UL 746C 3/4:,:,,_ \ ') y I LIL 746C 3/4" 
~L 0--~ - ~--~~~ I -~~~ 
Butane dermlc needleI 
for Shutoff Digital for UL 7 46C I
12mm Valve _ / Monometer 12mm test. 

1test. 
1'\_ ;,_ 

I 1
I Components located within dotted line are located under 
:.___tiiui_d,_- - - - - - - - - - - - - - - - .'. 


	Structure Bookmarks

