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INTRODUCTION

For over four decades consumers have used clothes dryer appliances in their homes
Since their introduction into the market, manufacturers have enhanced dryer designs to improve
efficiency and safety. However, there were an estimated 15,500 fires in 1996 associated with
clothes dryers, resulting in 20 deaths, 320 injuries and about $84.4 million in property damage'.

Given the estimated number of fires related to clothes dryers, the U.S. Consumer Product
Safety Commission (CPSC) initiated a project in Fiscal Year '98 to assess the adequacy of the
applicable voluntary standards. The project included an assessment of incident data and reports;
analysis of societal costs associated with dryer related fires, and assessment of industry electric
and gas voluntary safety standards. The project also included testing of new electric and gas
dryers. Results of those tests, along with the results of the staff's assessments, are presented in
this report.

PRODUCT DESCRIPTION

The two basic types of clothes dryers defined by the primary fuel source for heating the
air are electric and gas. In both types, hot air produced by the heat source is drawn through
tumbling clothes inside a rotating drum and exhausted through ducting, which carries the hot,
damp air outside. Since their introduction in the market, dryer designs have been enhanced to
improve efficiency and safety. Improvements have included humidity sensing components to
automate drying times and multiple thermostats for over-temperature protection. While the
humidity sensor improved efficiency, thermostats improved the safety of the dryer. These
thermostats either control or limit the temperature 1n the dryer. Except for the heat source, the
function of the major components in electric and gas dryers is similar. A 240 volt-powered
heating element is the heat source in an electric dryer, whereas a gas burner is the heat source in a
gas dryer. All other components in electric and gas clothes dryers are energized at 120 volts,
including the motor that turns the drum and circulates the air and the control timer.

When the start button is pressed/turned (and the dryer door closed), electrical power is
applied to the motor. The motor is connected to the drum by a drive belt. A bearing at the rear
and plastic slides at the front typically support the drum. A switch on the shaft on the motor is
operated by centrifugal force. Electrical power to the dryer circuits, including the motor, is
routed through the centrifugal switch, which does not close until the motor reaches its normal
operating speed. Therefore if the start button is not held until the motor reaches its operational
speed, the dryer stops. Also, when the dryer door is opened, power to the motor is interrupted
and the centrifugal switch opens as the motor slows down, requiring the user to re-start the dryer
by pushing/turning the start button.

The blower pulls air from the room through the heat source, through the drum and pushes
the exhaust air from the dryer through the duct to the outside vent. In electric dryers, the heat
source is energized when the drive motor is at normal operating speed. Both the timer and

1 Al Kimberly et. al., “1996 Residential Fire Loss Estimates™, US Consumer Product Safety Commission, Directorate for Epidemiology,
October 1998,
2



thermostats are in series with the energized coiled heaters In gas dryers, the heat source is a gas
burner and, for safety reasons, the gas passes through two valves before reaching the burner
opening where it is ignited. A pressure regulator controls the flow of gas. The safety valve is
held open through an electrical circuit. When the voltage is cut off through control switches
(automatic or manual, including when the dryer door is opened) the gas flow is turned off
automatically.

Typical airflow in a clothes dryer is shown in the picture below.

Beit **‘\-\\‘_ |
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and heaters
behind drum



INCIDENT DATA

During 1996, there were an estimated 15,500 fires associated with clothes dryers, 20
deaths, 320 injuries, and about $84.4 million in property loss in residential structures. Electric
clothes dryers were associated with 8,600 fires, less than 10 deaths, 170 injuries, and about $47 5
million in property loss. Gas clothes dryers were associated with 3,200 fires, less than 10 deaths,
70 injuries, and about $14.5 million in property loss. The remaining fires, deaths, injuries and
property losses were associated with undetermined types of clothes dryers. Based on the
estimated dryer fires in 1996, the Directorate for Economic Analysis estimates the value of
societal costs from clothes dryer fires is about $202 million.

The CPSC In-Depth-Investigation (ID1) File was searched for clothes dryer fire-related
incidents occurring between 1993 and 1997 to provide information about scenarios surrounding
these types of fires. Items of interest included the location of fires within the dryer, the age of
the dryer, whether the lint trap was cleaned regularly, whether the dryer was in use when the fire
started, frequency of consumer usage of the dryer, and whether there were prior problems with
the dryer. The Hazard Analysis Division in the Directorate of Epidemiology and Health
Sciences reviewed a total of 79 in-depth investigations. (See Tab A)

Of the 79 in-depth investigations reviewed, 48 reports described fire incidents related to
electric clothes dryers, 22 reports described fire incidents related to gas clothes dryers, and 1n the
remaining 9 reports, the type of clothes dryer could not be determined (See Tab A, Table 1). In
the incident reports in which the fire origin was stated, the duct or the venting system was
reported as the most frequent location (14 incidents), and the lint trap was noted as the second
most frequently reported location (10 incidents) of the fire within the clothes dryer. Table 3 in
Tab-A shows that only 29 of the 79 case reports indicated whether the consumers cleaned the lint
trap regularly. Of these 29, 14 reported that the consumer cleaned the lint trap regularly and 15
reported that the consumer did not clean the lint trap on a regular basis. Fires in the lint trap and
transition ducts/vents were reported for approximately 1/3 of the 79 investigated fires. [n these
cases the lint reportedly caught fire, and combustibles near the dryers propagated the fire. Fires
reported at locations not related directly to the duct/vent or lint trap did not point to any
particular failure mechanism. Fire locations such as motor, electrical system, and thermostat
could be cases where these parts overheated due to the lack of proper exhaust airflow.
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MARKET INFORMATION

According to estimates published by Appliance magazine, for the last 10 years (1988-
1997) annual shupments of electric clothes dryers have ranged from about 3.3 million to 4.5
muilion units (in 1997). Shipment of gas clothes dryers have ranged from about 1.0 million to
1.3 million. Shipments of another product category, compact dryers, generally ranged from
about 200,000 to 300,000 Appliance also estimates that the product saturation level (percentage
of households with clothes dryers) was 55.5 percent for electric clothes dryers and 17.8 percent
for gas dryers in 1997. Therefore, about 73 percent of households have a clothes dryer. Since
there were about 100 million households in the U.S. 1n 1997, it is estimated that about 73 million
clothes dryers were in use. This estimate is consistent with estimates from CPSC’s product
population model using historical shipment data and an assumed expected product life of about
16 years. (See Tab-B)



REVIEW OF VOLUNTARY STANDARDS

UL 2158, Electric Clothes Dryers, is the voluntary safety standard for electric clothes
dryers and ANSI Z21.5 1 (CGA 7.1) is the voluntary safety standard for gas clothes dryers Since
CPSC data indicate that the largest known contributing factor to clothes dryer related fires is
accurnulation of lint in the air flow system, the review of the voluntary standards focussed on
obstructed air flow.

Current voluntary standards do not include requirements that evaluate the long-term
effects of blocked or insufficient exhaust airflow. These standards address the 1ssue of blocked
lint screen and exhaust as follows:

For electric dryers, UL 2158 paragraph 19.5 Blockage of lint screen and exhaust, defines
abnormal tests to address the immediate occurrence of a fire hazard. The dryer is operated
through one conditioning cycle for the maximum length of time as dictated by the timer. All
temperature-regulating and -limiting devices are then defeated and the appliance operated under
this condition, with the timer modified so as to result in continuous operation, until ultimate
results are obtained or for 7 hours, whichever is less. These tests are repeated for each of the
following four operating modes: dryer operated with 75% and 100% lint screen blocked, and
75% and 100% exhaust blocked.

The criteria for passing these abnormal operational tests is that the following results do not occur
within seven hours:
e a) emission of flame or molten metal,
(Note: Drops of melted solder are not considered to be molten metal),
e b) glowing or flaming of combustible material upon which the appliance may be placed or
that may be in proximity to the appliance as installed; or,
¢ ) indication of flame or glowing embers 1n the load of clothes, either before or after the
access door is opened

The ANSI Z21.5.1 (for gas dryers) in paragraph 2.14.2 addresses the same issue under, c.
when the lint screen(s) and the exhaust means are blocked. The method of test is: "With the lint
screen(s) blocked and with the main exhaust opening sealed shut, the unloaded dryer shall be
operated until the temperature-limiting device functions to shut off the gas supply. When the
limiting device functions, the temperature of the air or flue gases discharged through any
openings in the cabinet shall not exceed 250°F(121°C) at the instant the device functions. Non-
functioning of the temperature-limiting device shall be considered as noncompliance with this
provision." The ANSI standard test method relies on a thermal-limiting device Chigh limit
thermostat) to shut the heat source off. If for any reason the thermal limiting device
malfunctions or fails under described conditions that could be a potential fire hazard.



PRODUCT EVALUATION

The project included tests on a gas and an electric clothes dryer to characterize the
temperature profile of the dryers under various operating conditions. The report on the testing
and results s included at Tab C.

Similar test methods were followed for both the gas and electric dryers except where the
differences between the two models would not allow it Thermocouples were installed at various
locations within each dryer, particularly at locations along the flow of air (See Tab C). Durnng
the tests, the dryers' lint traps were not cleaned to allow the lint to accumulate and gradually
obstruct the airflow. Temperatures were recorded for various settings with several different
loads of clothes.

During one series of tests, a wad of collected lint was stuffed into the vent to simulate
substantial obstruction of airflow in the transition duct/vent system. In this case, the electric
dryer was run in a permanent press cycle with a small load of damp clothes. The temperatures at
points internal to the dryer rose higher than the temperature when the airflow was unobstructed.
At the end of the cycle, the clothes in the dryer were not completely dry. With the gas dryer,
under similar conditions, a small load was run on a high heat, automatic dry setting. As with the
electnic dryer, the temperatures internal to the appliance were considerably higher than when the
airflow was clear of the obstruction. It was observed that the clothes remained damp at the end of

the drying cycle.

The tests show that for both types of dryers, when airflow is obstructed by partial
blockage of the exhaust and lint screen, the temperatures inside the dryer rise significantly. While
the temperatures did not rise high enough to ignite material inside the drum or the components
within the appliance, the indication is that if the dryer lint screen is not cleaned and the exhaust
vent is not maintained reasonably clear of accumulated lint, the temperature inside the drum and
chassis will consistently be elevated above normal operating conditions. The elevated
temperatures over long periods of time can degrade critical components (wire, connectors, motor,
etc.) prematurely. The staff is concerned that this degradation could result in a component
failure, causing a spark or flame that could ignite nearby combustibles (e.g. lint).

The importance of sufficient airflow through the clothes dryer for safe operation is well
documented. Under 2 CPSC contract, Contract # CPSC-C-76-0078, The Illinois Institute of
Technology Research Institute (ITTRI) submitted a report to CPSC in September of 1977 titled
“INVESTIGATION OF STANDARDS FOR SAFETY OF INSTALLED ELECTRICAL
EQUIPMENT.” Under paragraph # 5.6.2-Lint Indicator (page # 200) ITRII states that failure to
maintain sufficient airflow elevates the internal dryer temperatures, causing thermal stress to
electrical components, setting the stage for fires.

According to Norman D. Reese et al. in their article Clothes Dryer Fires in "Fire And
Arson Investigator" magazine (Volume 48 No. 4, July 1998, Page # 17), “...lint fires often begin
in the lint trap, especially when the trap is cleaned infrequently... When lint is left to accumulate
in the filter, the airflow is impeded and the temperature will increase accordingly upstream of,
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and at the filter. ...A lint fire originating in the trap generally incinerates the plastic blower and
housing and, until the blower 1s damaged from the heat or the motor stops turning, can direct a
blast of flame from the rear of the dryer against a combustible wall surface.”

In the dryer owner’s manual the manufacturers emphasize the importance of installing the
transition duct according to their instructions using only rigid metal. They also stress the
importance of cleaning the lint screen before each use. As a preventive maintenance measure,
manufacturers recommend periodic cleaning of lint from exhaust duct/vent and from inside the

dryer.
CONCLUSION AND RECOMMENDATIONS

Although both gas and electric dryers include a number of over-temperature protection
features, an estimated 15,500 fires are annually attributed to dryers. CPSC tests, as well as other
sources such as fire investigators, indicate that accumulation of lint in the lint screen and in the
external vent system reduces the flow of atr through the dryer and causes internal temperatures to
rise. Because the dryer continues to function without any warning to the user (other than
ineffective drying of the clothes), the electrical components become thermally stressed setting
the stage for a failure to occur that can result in a fire. Although a specific failure mechamism is
not readily described, the critical importance of proper airflow is well recognized.

A recent design feature, called lint alert, is presently available on some dryer models.
This is a mechanical device intended to produce a sound that wams users of excessive lint
accumulation in the lint screen. At present such a device is neither part of the safety standard,
nor incorporated in all available models of clothes dryers. Incorporating a requirement for an
effective lint alert may help maintain sufficient airflow and thereby reduce the elevated
temperatures inside clothes dryers thus reducing the likelithood of a fire. However, incorporating
a restricted airflow detection system that shuts down the appliance would address continued
operation of the appliance at elevated internal temperatures that could, over time, degrade the
dryer components and increase the risk of a failure that could result in a fire.

It is the view of the CPSC staff that systems should be included in clothes dryers that
essentially shut down the dryer when the airflow is obstructed. These mechanisms should be
evaluated for their reliability, and consideration should be given to incorporate these into the
voluntary safety standards.
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10 INTRODUCTION
On July 23, 1999, FTI Consulting, Inc. (FTI) entered into a contract agreement, order
no. CPSC-5-99-5130, wath the U.S. Consumer Product Safety Camrussion ((PSC) to:
conduct an independent engineenng analysis of causes of fires related'to dothes
dryers as stated in Section C2., “Statement of Wark,” of the cantract. CPSC
requested that FI1 performn an objective review of the information that CPSC staff
had developed for its Clothes Dryer Project under the Directorate for Engineering

* Sciences, and assess applicable voluntary standards. In addition, FI1 was requestad
to supplement this information with any other information that may not have beert v—
available or considered by the CPSC staff as stated in Section C.1., “Backgrourmd
Information,” of the contract.

Specifically, as set forth in Section C.2, “Statement of Wark,” of the:contract, FII was-
asked to perform the following work:
' K
e Evaluate the risks of fire presented by gas and electric clothes dryers considering:
installation factors such as exhaust venting, service factors such as lint screen
cleaning, and the consequences in engineering terms when there are Iapses in
adherence to recommended installation and service practices;

¢ Consider the relevance of the current voluntary safety standards, UL 2158 for
Electric Clothes Dryers, dated June 1997, and ANSI Z21.5.1 for Gas Clathey
Dryers, dated 1995;

e Evaluate fire or potential fire incident information available from CPSCand/or
any other source that is relevant;

o Perform a literature search and produce a bibliography for relevant materiais
regarding the risk of fire from clothes dryers;
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Review and consider the CPSC staff findings in the (PR TstaPsdraftreport
titled “Report on Electric and Gas Clothes Dryexrs™ dixted March 1999;

Consider the use of internal safety devices, ncimdiing: thermostats, tHhermsk foses.
thermal protectors for motors, thermal limiting' devices; othersersars, et as:
applied, ar as could be applied, in clothes dryers of the types currently
manufactured with regard to the risk of fire;

Determine and conduct necessary testing of products to-evaluate domtdrant:
. ignition scenarios and lint combustion characteristics;

Prepare a fault tree analysis for use as a standard hazand’ evaluation tool; aext

Present the FT1 findings to the CPSC engineeting staff.

p L)



0 BACKGROUND
It was reporttid that dunng 1596, an estimated 15,500 fires were assodated with
clothes dryers resulting in numerous fatalities, injuries, and millians of dallars of
property damage in residential structures (see Appendix B, referemce no. 1).. In 1998,
the CPSC initiated a Clothes Dryer Project Study to assess the adequacy of:appﬁfble
voluntary standards for electric and gas dryers. The results of the CPSC engineering
staff's findings were presented in their draft report tiled “Repart ont Electric and Gas
%+ Clothes Dryers,” dated March 1999, and the basic mvestigative data referenicad
represent the basis for a large part of FII's investigation and analysis.



3.0 INVESTIGATION

3.1  Documents Reviewed

FTI conducted a thorough literature search as part of this investigation. Mty
relevant documents of vanous types were obtained and reviewed by FTL These
documents included applicable codes and standards (see Appendix A), jourmaf andf
magazine articles, government agency reports, dothes dryer owner’s manuals and
articles from the Internet. Results of the literature search are included as &
bibliography in Appendix B.

32  Summary of Documents Reviewed

FTI reviewed six clothes dryer service/owner’s manuals that spanned a period of 3T
years from 1967 to 1998 (see Appendix C). According to these manuals, prior to 1960,
the manufacture of typical gas and electric clothes dryers included thermastats-tor
regulate and limut the operating temperature within a dryer. In earffer modelg a
single regulating thermostat was affixed to the blower housing. This thermostat:
maintamed the dryer exhaust temperature below 180 degrees Fahrenheit (F). I
addition to the regulating thermostats, an automatic-reset high-limit thermostat (set
between 225-290 degrees F for electric dryers and 300-350 degrees F for gas dryers)
was installed in dryers. The high-limit thermostat is usually located at the heaterbox
air inlet, but has also been located at the top rear of the drum housing. The high-limit
thermostat device is referred to in both the UL and the ANSI standards (see Appendiz
A).

During the 1980s, bias-type thermostats were added to the blower housing to afford
different (lower) drying temperatures (see Appendix B, reference no. 23).

Subsequently, the regulating thermostats were either kept in the blower housimgor
were relocated to the heat source airflow outlet and the drum airflow inlet ar cutlet

According to a dryer service manual reviewed, in 1980 the dryer manufactorer
installed a ﬂ1erma1ﬁxse (non-re-settable) at the blower exhaust, to minimize tfe ok
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of a thermal run-away of the heat source (see Appendix B, refererice rm. 23). Since
then, manufacturers have also installed another fused thermal cutoff device, wiuch is
located at the discharge of the heat source (see Appendix E, Figures 1-4).

Other recent additions or modifications made by manufacturers far residential

clothes dryers include:

e A drive-belt break limit switch, which turns off the dryer when the drum stops

, Totating as a result of a broken drive belt (see Appendix A, UL 2158; sectians 19.42

and 22.5.4); .

e The use of open-type drive motors instead of totally encdlosed motors to minimize
overheating due to the accumulation of lint on the motor housing (see Appendiz
B, reference no. 23);

o Published guidelines regarding the length and type of the user-installed vent
duct system to minimize restricted airflow (see Appendix B, reference nos. 15, 16,
18, 19,28, 21, 22, 23, and 24); N

» Electronic control systems including a power resistor! located iir the control
console (see Appendix B, reference no. 23); and

s Moisture sensors to adjust the drying time by stopping (cycling) the timer motor .
(see Appendix B, reference nos. 20, 21, 22, and 24).

FTI also evaluated fire inddent data found in a selection of previously evaluated
CPSC Epidemiclogical Investigation Reports (EIR). These investigation reports
included 79 selected clothes dryer-related fires that occurred between 1993 through
1997, and indicated the general failure modes. The identified dryer fire causes are
summarized in Table 1 below:

1 A load resistor in the dryer control module



Failure Mode Fire Causation
Electrical 24% !
Restricted Airflow 2%
Mechamical 8%

Heat Source 8% .

Misuse/Abuse 5% '

Undetermined 33%

Table 1. CPSC EIR Clothes Dryer Fire Fallure:
Mode and Cause Data

Other than undetermined failure modes, electrical and restricted airflowappears to
have been the most prevalent fire causation modes. A comparison.of the-varicus
events in each of the general fire causation modes indicates that drum-drive motor
farlures agcgunted for 8% of the dryer fires investigated.

Data from the CPSC Epidemiological Investigation Reports indicated that sixty-one
of the 79 fires (77%) occurred in occupied homes/buildings. Three of the fires
caused a total of 10 fatalities. In thurty-four of the 79 fires (43%), the residents were
alerted to the fire by either observing or detecting the odar of smoke. In twelve of
the 79 fires (15%), the residents were alerted to the fire by the operation.of a smake
detector.

A review of the U. S. Home Product Report regarding residential appliance fires as-
reported (see Appendix B, reference na. 25) between 1992 through 1996 indicates that
approximately 3 to 4% of all residential fires in the United States were related to
clothes dryers. On average, for each year, 436,900 residential structure fires were
reparted during this time period, and 14,500 of them invalved diotfies dryers.
According to this repart, the ignition factors for these fires are summarized i Table
2 below: ’
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Failure Mode Fire Causation

Lack of Maintenance 29% E
Electrical 20%
Mecharucal 20%
Misuse 10%
Undetermmed 1%

. Table 2. U.S. Home Product Report Clothes

- Dryer Fire Failure Mode and Cause

Data

Although the 79 Epidemiologic Investigation Reports (see Apperndix B, referercce mo.
14) and the Home Product Report (see Appendix B, reference no. 25) data are not
identical, as one would expect, the relative ratios of the two principal faillure modes
are very sinailar. )

The voluntary standards, UL 2158 and ANSI Z21.5.1, address the functional testmg
of electric and gas dryers, induding regulating and limiting conirol companents, the .
drum-drive motor and the ventilation system. The functional tests appearto be
shart term except for a 7-hour continuous pass/ fail operation test with various
control functions defeated and the airflow restricted. It is obvious for consumer
safety reasons that exhaust venting to the outside is only required for gas dryers, bat
not for electric, because gas dryers produce carbon maonoxide. The'standards are
also in concert with the manufacturers’ operating manuals and address the user’s
responsibility to clean the ventilation system to minimize the potential of Int

Other various file documents reviewed by FI1 discuss the effects of restricted airflow

within a dryer. Restricted airflow causes the dryer to be controlled only by the higir
temperature limit device and consequently the heat source will cycle mpidly. The

FTI



dryer drum interior temperature actually decreases during this afnormal
operational mode due to the cooling segment of the cyclic operation (see Appendiz 7,
Figures 5 and 6).

Manufacturers’ installation, operating and repair manuals address the importance of-
the user to frequently clean the lint screen, and periodically clean the vent systern
and interior of the dryer enclosure (see Appendix C). These manuals further wam the-
user about the potential combustion of lint. Suggested periodicdeaning cydes for
the vent system and dryer interior vary from every 1 to 3 years orevery 1,000 hours

of operation.

The March 1999, CPSC staff draft report concluded that the presence of 2 restricted
airflow detection device would directly address one of the major cmtrifratorsof
dryer fires.

/!
33 FT Testing
CPSC provided FII with two 1998 model clothes dryers (one gas and one electric) for
independent inspection and testing. CPSC staff had previously tested these dryers
and provided FTI with the test data.

FTI conducted operational and functicnal tests of various compenents removed from
these two exemplar dryers, including the non-enclosed drum-drive motors,
regulating and limiting thermostats, thermal cutoff switches, thermal fuses;, and the
power resistars from an electronic controller.

A drum-dnve motor was electrically tested with a covering of lint and a simmlated
impeller-end bearing failure that produced a locked-rotor conditian. After
apprmdmatelySOopmﬁmsof&temomfsﬂmmmlpmmcﬁvedaiceitfaﬂ?dinth:
closed position, and the lint covering on the motor stator ignited The surface
- termperature at the stator winding, at the time of ignition, was approximately 500
degrees F. -



/s

A thermocouple was placed on the resistors of a bias-type-regulating thermostat and

the thermostat was energized. The dryer’s temperature setting was vaned from
Delicate-Low (0 ohms resistance), Knit-Medium (910 ohms resistance) and Normal

(6,000 chms resistance). The maxamum surface temperature measured on the

resjstors for the bias-type-regulating thermostat was approximately 104 dearees F,

and there was no ignition of the wiring insulation. The control wiring nsulation, ™"~
was rated for 221 degrees F (105 degrees Celdus [C)).

The operational and limiting thermostats and cutoff fuses from the exemplar clothes
dryers were thermally tested. Operating temperatures are summarized by the test
result sequence as follows:

L Bias opt/!raﬁonal thermostat operated at ]‘.71 degrees F (electric dryer-blower
Thermal cutoff fuse operated at 208 degrees F (electric dryer-blower exhamst
High limit thermostat operated at 269 degrees F (electric dryer-heater bax)
Thermal cutoff fuse operated at 352 degrees F (electric dryer-heater box)
Low operational thermostat operated at 127 degrees F (gas dryer-blower
exhaust)

High operational thermostat operated at 143 degrees F (gas dryer-biower
exhaust)

7. High limit thermostat operated at 345 degrees F (gas dryer-heater box}

o oW P

*

34  Fault Tree Analysis

Two fauit trees were constructed, one utilizing the general failure mode data

summarized from the 79 CPSC Epidemiologic Investigation Reports, Figure Na. 7,

and the other for the drum-drive motor and restricted airflow failure modes analysis * * «
conducted by FTL, Figure No. 8 (see Appendix E). The overall predictahility oftfe ’
fault tree analysis was hindered by the limited detail in the causation analysis and

lack of empirical data.

F11
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4.0  ANALYSIS

Despite the residential clothes dryer manufacturers installatiorr of mmmerous devices:
since the 1980s to minimize the potential for gas and electric dothes dryer-related’
fires, these fires continue representing 3 to 4% of the reported residential fires. The
vanous improvements included drum-drive belt break detection limit switches,
redundant regulating thermostats, fused thermal limt detection devices, an audihle
lint-screen clogging detection device and the change from an enclosed to an open-
frame thermally-protected drum-drive motor.

The various fuel loads associated with a dryer include lint, vinyl vent ducts, wiring
insulation, including the drum-drive motor insulation, and polymer components,
and, of course, the clothing inside the dryer. The drying of improper materials (e,
foam pillows) is addressed in the manufachurers’ manuals reviewed. Lint; wittran
ignition terfiperature of approximately 500 c'iegrees Fis the only known fuel Icad
variable, and itis a function of dryer usage, user maintenance and servicing. There
is very limited information concerning the combustion characteristics of lint as a
fuel. The accumulation of lint and its ignition potential is addressed both in the
manufacturers’ manuals and in the voluntary standards.

Although the CPSC Epidemiclogical Investigation Reparts of 79 dryer fires arenota
statistical sample, they indicate that drive motor failures and restricted airflow
within the dryer exhaust and vent system account for the majerity of the identified
electrical and gas dryer fire causes. EIR data indicates that in 15% of these fires the
occupants were alerted by the operation of a smoke detectar. Data from these
reports also indicates that 33% of the clothes dryer fires reparted, involved gas
dryers rather than electric dryers. A review of Fire Incident Data for 1994 through
1996 (1994-1996 Residential Fire Loss Estimates) (see Appendix B, referemcenos. 1, Z,
adS)hldimmd&zatmaverage,gasdryuﬁresacmmudﬁ:rZ?%ofﬂmmddmﬁal.
fires involving dryers. Also, a report provided by CPSC on Manufacturer Data
indicated that approximately 24% of all dryers sold are gas dryers (see Appendix B,
reference no. 13). This implies that there is an equal chance for a fire ccanring in
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erther a gas or an electric dryer. On average, each year for the fiveyear perfod
between 1992 through 1996, there were 14,500 residential fires involving clothes
dryers (US Home Product Report) (see Appendix B, reference no. 25}. These findings
indicate that additicnal protective devices or actions are needed to mimmuze the
potential exposure to fires.

The addition of the drum-drive belt break limit switch and the redundant regnlating
thermostats appear to be positive alterations to mimumize the potential of a fire. The
installation of the fused thermal device also appears to be'a positive alteration;
however, the physical location of the fused device varies depending on the
manufacturer. To be effective, the fused thermal device should be located at or near
the discharge of the heat source and not at the exhaust of the dryex’s airflow inpeller
as found in some of the dryers.

The improfer installation of the owner-furntished ventilation systexx and/ or the
accumulation of lint can result in obstructions in the dryer exhaust and vent airflow
system. These obstructions cause the dryer’s airflow to be restricted. This restricted
airflow causes rapid cycling of the dryer’s energy (heat) sourca by activation of the.
heat-source high-limit thermostat device(s), and is not detected by either the
regulation thermostats or the thermal fuse imit device(s} as the drum temperature
actually decreases during this operating mode. A subsequent-failure of the high-
limit thermostat can result in the ignition of either the accumulated lint in the airffow
system or in the lint screen. The test results indicate that unconditioned lint will
auto-ignite at approximately 500 degrees F. The operation of an audible device to
detect a dogged lint screen may go undetected by a hearing=impaired user, and i
that case will do litle to minimze a potential fire hazard of a dogged soeer. The
installation of either a positive airflow or pressure differential device should be
considered by the dryer manufacturers. This device would disabie.(tam off) the heat
sources and wam the operator of a restricted airflow condition. Such devices have
been installed in gas dryers, as required by the ANSI standard, to avoid improper
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combustion and the resultant toxic gases that would result i the dryer-airflow path
(see Appendix A, ANSI Z21.5.1 Section 2.4.5).

The location of the interconnection between the dryer exhaust and the user’s vent
system also can result in either a restncted airflow conditian or the discharge of
potentially combustible lint into the dryer air intake and enclosure. The UL and
ANGI Standards and the dryer manufacturers’ manuals indicate that only gas dryers
require the installation of an exterior venting system as noted previously: Althougi
dryer manufacturers offer, as an option, a fabricated interconnectimg or transitior
device to insure proper venting system installation, this should not be an option.
Instead, this should be an integral part of the dryer assembly. This factory-fornished
vent transition device would also facilitate the positioning of the dryerin close
proximity to a wall while maintaining the integrity of the airflow systerm Itis;.
therefore, recommended that extenior venting and a vent transition device be:
required fof all dryers. '

Current dryer models utilize anoiaen—&ame constructed drum-drive motor with a
thermal limit device mounted on the drum-drive pulley end of the motor. This type
of design may not afford protection and does not allow for detection of an exhaust-
impeller-end motor bearing failure event in time to prevent a lint fire. Furthermore,
the utilization of an open frame motor allows the accumulation of lint on the motor
from an improperly installed vent system. Overheating of the motor windings
and/or a bearing(s) failure can result in the ignition of accumulated lint with, the
subsequent failure of the motor thermal device. Bench testing of an exemplar drum—
drive motor supports this finding. Dryer manufactures recommend that the interior
of the dryer be cleaned every 1 to 3 years or after “1,000” hours of operation to
minimize the potential for fires. This recommendation could pose potential hazards
to the average consumer, and is therefore unacceptable unless donebry 2 qualified
repair service. Furthermore, the accumulation of lint ar combrastibie material within
a dryer is a function of the individual dryer usage and cannot be quantified as to
years or time of usage. In addition, dryers are not furnished with a “ronning-time’”
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device. Recommended alterations to murumize the potential of fires caused by the
drum-dnive motor include: the use of a totally-endlosed fan-cooled (TEFC) moter,
and the installation of a thermal device on both beanng houwsings.

The voluntary standards regarding electnic and gas dothes dryers address the
functional testing of dryers, including operating devices during short perods of
operation. Netther the UL nor the ANSI standards address long term operational
testing to determine the effects af:]intaccmu.laﬁon gver time. The anly extended
time testing required involves continuous operation for seven hours with a
restriction of the airflow and deactivation of protective devices. If the test dryer
operates as intended for this ime pertod and/or there is the absence of smoke, it
passes the test. The ANSI standard for gas dryers, addresses the need for 1 gas dryer
to meet exhaust parameters for carbon monoxide or the escape of unburried fuel gas:
during a blocked exhaust condition. The voluntary standards shoudd be WH
require thaf all dryers be provided with a vent transition assembly and installed
with an exterior exhaust system. Further research to address the feasibility of
accelerated aging testing for ignition scenarios and combustible companents, as well
as for the variety of lint found in both electric and gas dothes dryers, would assistire .
the development of other appropriate voluntary standards requirements.

FTI
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5.0 CONCLUSIONS
Based upon the foregomg investigation and analysis, and ta a reasanable degree of
engineering certainty, FII concludes the following:

1. Despite the various alterations and improvements made to residential electric
and gas clothes dryers since the 1980s, they continue to be the cause of 3 to 4% of
all the yearly reported residential fires (approximately 14,500 dryer-related fires from
a total of 436,900 armual residential fires).

2. The two most likely identified causes of dryer fires are electrical, dominated by~
malfunction of the drum-drive motor, and restriction of the normal airflow

3. Adequate detection and/or protective devices have not been provided by the:
manufacturers to minimize the fire potential from malfunctions of the drum-

drive motor, or from restricted airflow.

4. The voluntary standards should be revised to require a vent transition assembly
and an exterior exhaust system for all dlothes dryers.

5. Further evaluation is needed to address the feasibility of accelerated aging:
testing for fire hazard items found in both electric and gas clothes dryers.

14
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6.0 RECOMMENDATIONS
FIT's recommendatons to mummize the causation of residential fres due t elactic
and gas clothes dryers include the followmg: -

1. The installation of a devica(s) to detect restricted airflow through the dryer. The
detection device could be either a positive airflow swatch or a set of differential
pressure detectors at the inlet and discharge of the biower. The detection of

. restricted airflow cond:tlcn_shculd disable (turm off) the heat source, stop the
drum-drive motor, and warn the o‘perator.

2. The location of a fused thermal device at the discharge Sow side of the heat

SOUrce.

3. The factory installation of a fabricated vent transition assembly to assure the-
properAnstallation of the user’s exterionWventing system.

4. The installation of thermal limit warning devices on the impeller-end bearing of
the drum-~drive motor.

5. The use of totally-enclosed-fan~cooled (TEFC) type drum-drive motars.

6. The installation of a smoke detection alarm located in the interior of the control
panel. This device would shut off the drum-drive motor and the heat source and
at the same time would sound an alarm as to the presence of smoke. (It cquid
also be offered as a fire code change recommendation to place a residential
smoke detector above clothes dryers.)

7. Themstaﬂaﬁmofachmﬂaﬁvennmingﬁmedmkdeﬁcetnpmvﬁeanandigh

"and visual “sérvice required” indication at the appropriate use interval. This
device could only be reset by a qualified dryer servicerman.

. FTI



8. Further research should be conducted to better define fgnition scerario dsks and.
to determine the combustion characteristics of a variety of lint.
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Product Standards Index
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FEATURE

COMPONENT

UL 2158
ELECTRIC DRYERS

, ANSI 21.51
: GAS DRYERS

Regulating Component
- heat source

Operating Thermostat

111,1912,24121

1162, 12 (24QF max 1n drum).
2 14 1 (200F max 1n exhaust;

Regulaung Component Hi-Limit Thermostat 11.1,19.12,2254,24 12 | 1162, 1.163
~ heat source
Limting Component Thermal Fuse 111,19.12,2254,24.12.% 1162
~ heat source .
Limiting Component Thermal Cutoff 111,1912,24.121 1.162
~ heat source
Limiting Component Centnfugal Switch 2254,24.112,24 11.8 A.1.36
- motor
Limiting Component Thermal Protective 2257,2471,2473,2481,2482 I} AZlb
- motor Device - in motor
Limiting Component Door Switch p 1210
- motor
Limiting Component Belt Break Switch 1942,2254
- motor
Preventive Maintenance Internal Lint 71210,72.11,72.24,75.1
Preventive Maintenance Lint in Exhaust/Venting 71210,721.1,7224,75.1 1.20.2
System
Installation Proper / Exhausted preface, 1.22.1.9b
Outdoors
Appropriate Operation Improper/Combustible 7129,7.2.1.1,7224
Items in Dryer
Operational Testing Blocked Air Flow 1110, 195.2 (run for 7 hours OR | 2.4.4, 2.4.5, 2.13 (no scorching of
failure) clothes), 2.14 2 (250F max in
exhaust)
Operational Testing Bypass Temperature 11.10, 19 1.2 (run for 7 hours OR

Regulation Devices

failure). 19 4.3,

Operational Testing

Locked Rotor

24 7 3 (run unul protective device
operates or maximum time of timer or

15 days)

A.Z1. Table A-V

- p—
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11.

12

13.
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15.

16.

17.

CLOTHES DRYER BIBLOGRAPHY

Ault, K, Singh, H., Smith, L., 1996 Residential Fire Loss Estimates,” Consumer Praduct
Safety Commission, 1996

Ault, K, Smith, L, “1995 Residential Fire Loss Estimates,” Consumer Product Safety
Commission, 1995

Smith, L., Long, K, “1994 Residential Fire Loss Estimates,” Consumer Product Safety
Commission, 1994

An NFIRS Analysis: “Investigation City Characteristics and Residential Fire Rates,” Federal
Emergency Management Agency, 27 pages, April 1998

Price, T.A., “Appliances as a Fire Cause,” Fire and Arson Investigator, Vol. 39, No. 3, pp. 30-
34, March 1989

Underwood, R, Lentini, ], “Appliance Fires: Determining Responsibilities,” Fire ard Arsen
Investigator, Vol. 39, No. 4, pp. 52-53, June 1989

Sanderson, J., “Clothes Dryer Fires,” Fire and Arson Investigator, Val. 38, No: Z, pp. 59-64,
December 1988

Reese, N., Kloock, G., McGuire, M, Brien, D., “Clothes Dryer Fires,” Fire and Arsan
Investigator, Vol. 48, No. 4, pp. 17-19, July 1998

Sanderson, J.," Clothes' Dryer Fires. Part 1. Special Report," Fire Findings, Vol. 4, No. 3, pp. 7-
10, Summer 1996

Sanderson, J.," Clothes' Dryer Fires. Part 2. Special Report,” Fire Findings, Vol. 4, No. 4, pp.
7-11, Fall 1996

Sanderson, J., Schudel, D., “Clothes Dryer Lint. Spontaneous Heating Doesn't Occur in Any
of 16 Tests,” Fire Findings, Vol. 6, No. 4, pp. 1-3, Fall 1998 and Fire and Arson Investigator,
Vol. 49, No. 2, pp. 17-18, January 1999

Sanderson, J., “Clothes Dryer Lint Testing Reaffirms Spontaneous Heating of Lint Is
Unlikely. Part 2,” Fire Findings, Vol. 7, No. 1, pp. 12-14, Winter 1999

Kadambj, S., “Clothes Dryer Project: Report on Electric and Gas Clothes Dryers 1999,”
Consumer Product Safety Commission, Attachment A, B & C, March 1999

“CPSC Epidemiologic Investigation Reports,” Consumer Product Safety Commissian, 79
Investigation Reports on Clothes Dryer Fires, CPSC Form 182, 1993 —1997

Do-1t-Yourself Repair Manual for Kenmore Dryers Gas/Electric, 1984 — 1997, Sears, Roebuck andt
Co., 1997

Do-It-Yourself Repair Manual for Whirlpool Gas/Electric Dryers (29 inches wide) 1983 — 1950,
Whirlpool Corporation, 1990

“Dryer Settings Require Dryer Controls to Operate Differently,” Fire Fiudings, Vol. 4 No. 3,
p- 11, Summer 1996
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18.

19.

20.

“Electric Clothes Dryers, UL 2158, Standards for Safety,” Underwriters Laboratories, Znd
Edition, June 1997

“Gas Clothes Dryers, ANSI Z221.5.1, Amencan Gas Assodiation, Vol I-- Type I Clothes
Dryers 1995”

GE Dryer Owner’s Manual Models. DVLR223ET & DVLR223GT, GE Corp. 1998

21. [nstallation Instructions For Your New Gas Dryer, GE Corp. 1998

22, Cumer's Manual and Installation Instructions, Kenmore 27 Inch Wide Electric Dryers, Sears,
Roebuck and Co., 1998

23. Service Manual for Whirlpool Electric Dryers, 1967-1384 Models, Whirlpool Carporatiary, 1983

24. Step-By-Step Repair Manual Plus Preventive Maitenance for General Electre/Hotpoint Dryers,
GE Corp., 1985

25. Rohr, K.D., “US Home Product Report, 1992-1996; Appliances and Equipment,” National
Fire Protection Association, Quuncy, MA , NFPA Home Product Report, 84 pages, February,
1999

Items not Obtained

1. Bullerdiek, W.A., Adams, D.E., “Hot Water Investigation of Safety Standards for Flame
Fired Furnaces, Hot Water Heaters, Clothes Dryers and Ranges,” Calspan Corp., Consumer
Product Safety Commission, CPSC/BES/75-05, July 1975

2 “Consumer Product Safety Commission Details Home Fire Hazards,” International Fire Chief,
Vol. 41, No. 10, p. 18-19, 1975

3. Emson, IL.C, “Audible Wamings for Fire Appliances,” Institution of Fire Engineers Quarterly,
Vol. 22, No. 45, p. 44-51, May 1962

4. Farrell, D., “Appliances on Fire,” Woman's Day, Vol. 59, No. 15, p. 59-63, September 17, 1996

5 Fox, LL., Whittaker, D., “Some Measurements of Temperatures of Metal Flues of Domestic
Heating Appliances,” Journal Institution of Heating and Ventilating Engineers, Vol. 23, pp.183~
192, 1995

6. Hilado, C.J., “Small Appliance Factor in Combustion,” American Fire Journal, Vol. 37, No. 1,
P- 14-16, January 1985

7. Hilado, C.J., Huttlinger P.A., “Role of Certain Appliances as Sources of Ignition,” fournal of
Consumer Product Flammability, Vol. 9, No. 2, p. 77-79, June 1982

B. “Selected Articles for Arson Investigators. 1976 Update,” Fire and Arson Investigator, Update,
1976

9. Itoh, S., “Fire Safety in Japan: Fire Safety Regulations in the Areas: Buildings, Electrical

Appliances, Railway Carriages, and Automobile Vehicles,” Fire Retardant Chemicals
Association. International Opportunities in Fire Retardancy -~ Regulations — New
Developments — Toxicity. Annual Meeting, New Orleans, LA, Fire Retardant Chemicals
Assoc., Westport, CT, p. 110-13, March 25-28, 1979

10. Juillerat, E.E., “Clothes Dryers,” Fire Journal, Vol. 62, No 9, p. 23, September 1968
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12

13.

14.

Kuamiller, R.V., “Gas Fired Appliances,” Product Safety in Household Goods, p 3741, 1968

Morris, D M, “Fires From Gas and Electric Appliances,” Fire and Arsor Investigator, Vol. 25,
No. 5, p. 1-3, July-September 1975

Report on Investigation of Gas-Fired Clothes Dryers in Mobile Homes, Underwnters Labaratory,
Inc., Northbrook, IL, Subject 612, 56 pages, May 7, 1971

Wright, F., “Planned Preventive Maintenance of Hospital Appliances,” Fire, Vol. 65, No. 815,
p- 619-620, May 1973
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11

12,

CLOTHES DRYER BIBLIOGRAFHY
(Internet Sites)
http:/ /www qtm net/ firefind/mboard /messages/

Fire Finding's Investigator Exchange - lots of information regarding, fires imvolving clothes
dryers Some information from appliance service repairmen.

http-//www.aham.org/cf-dbm/plug/plug.cfm
Association of Home Appliance Manufacturers - bimonthly newsletter

http:/ /www.firesafety org/news
Recent news on fire safety — several European news articles involving dryer fires

http-/ /www allstate com/safety /home/fire.html

Allstate insurance site with lots of helpful home safety tips including appliances. This is just
one example of the many insurance company web pages with similar information.

hittp: / /www.cl.dallas.bx.us/dfd /fs5safe.htm

Dallas Fire Departmet wep page has helpful information on fire preventiorrinvalving
appliances. This is just one example of the many fire department welr pages with similar
information.

http*/ /www.kiddesafety com/kiddesafety/pages/homefisa.htm

Kidde web page - Home Safety Educahon Center. This is just ore example of the many web
pages from manufacturers of fire protection equipment with similar information.

http: / /www.goodhousekeening com/gh/ghi/67¢hifl. htrn

Good Housekeeping Institute Report — site with helpful home safety information
“Fireproofing Your Dryer”

http:/ /tv.cbe.ca/market/recalls /reclhome/drvers.htmi
Canadian web page for warnings and recalls — has data on some recalled clothes dryers

http:/ /www.discoveromaha com/partners /wowt/onyourside/dryerfires 0225.html
Television news station web page ~ has data on fire prevention for clothes dryers. This is

just one example of the many tv news web pages with similar informatian.

http: / /www buildersbest.com /what.htm
Distributor of construction equipment web page. This site has a page titled “What Causes

Clothes Dryer Fires?” There is lots of helpful information on proper installation and
maintenance of clothes dryers.

http://www.almetaldryervent.com/main.htm
This is the web page for a manufacturer of metal dryer exhaust vents. It has some
information about problems involving the venting of dryers.

http://magic-sweep.com/dryrvent htm This
is the web page for a vent cleaning company. It has a section o the kazards of rot cleming
your dryer exhaust vent. This is just one example of the many vent cleaning company web
pages with similar information

‘ FTI


http://magic-sweep.com/dryryenthtm
www.almetaldryervent.com/main.htm
www.buildersbest.com/what.htm
www.kiddesafety
www.ci.da!las.tx.us
www.firesafety
www.aham.org

13.

14.

15.

16.

17.

http: / /pathcom com/~dryerfyr/index html

This 15 the web page for a Canadian company that cleans dryers and vents, performs safety
inspections of home appliances They have some information on fire hazards assoctated
with clothes dryers

http.//www cde gov/niosh/nasd /docs2/1a00100 himl

This site if from the extension branch of Jowa State Uruversity This web page is titled *
“Reduce Fires with Electrical Safety.” The article discusses hazards with old /damaged
appliance electrical cords and outlets.

http: / /www.gov on ca/OFM/9%6commun/96-031 htm
This 15 the web page for a Canadian Fire Marshal's office. The title of the page is “Fire
Hazards Associated With Household Clothes Dryers”

http: / /www nadca com/standguide htm
Thus 15 the web page for the National Aur Duct Cleaners Association. The page has some
information on the hazards of contaminated /uncleaned air ducts.

fris.nist.gov /cgi-bin /starfinder /0?

This 1s the web page for FIREDQC, the research hbrary for NIST Fire Research department.
1t is very useful in locating references for articles involving fire issues.
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Appendix C

Comparison Matrix of Dryer Features —
Service and Operating Dryer Manuals
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Source

Brand A
{1967 - 1984)

Brand A
(1967 - 1984)

Brand A
(1967 - 1984)

Brand A
{1967 - 1984)

Brand A
(1967 - 1984)

Brand A
(1967 - 1984)

Gas or Electric

Electric

Electric

Electric

Electric

Electric

Bleetric

Comparison of Dryer Features - Service and Operating Dryer Manuals

Maximum
Temperature
Setting (F)

145 - 165

125 - 130

155-175

290 (older dryers)

250 (1984 or newer)

190

Thermostat
Type

adjustable

operating

Bias since 1984

hi-limat

hi-limit

Thermal {use (one-
shot) since 6/80

Location

Blower Exhaust

Blower Exhaust

Blower Exhaust

Heater Box Air
Intake

Heater Box Alr
Intake

Blower Exhauat

Power Resistor

present at least since
1972 and Temp <= 150
F

present at least since
1972 and Temp <= 150
F

present at least since
1972 and Temp <= 130
F

present at least since
1972 and Temp <= 150
F

present at least since
1972 and Temp <= 150
F

present at least ginoe
1972 and Temp <= |5()
F

Belt Break
Switch

none

none

none

none

none

none

Preventive
Maintenance

after 1000 hours of
operation

after 1000 hours of
operalion

after 1000 hours of
operation

after 1000 hours of
operation

after 1000 hours of
operation

after 1000 hours of
operatiop

Brand A
(1983 - 1990)

Brand A
(1983 - 1990)

Brand A
(1983 - 1990)

Both

Boih

Rath

|80

130

adjusiabla

aperating

bing

Blower Exhanst

Blower Exhanst

Plawer Exhanat

in control pane|

in control panel

in cantrol panel

none

none

pono

after 1000 howrs of
aperation

after 1000 hayys of
pperation

after 1000 hoyrs af
operation



Comparison of Dryer Features — Service and Operating Dryer Manuals

Maximum .
Thermostat \ . Belt Break Preventive
Source Gas or Electric Temperature Location Power Resistor . .
. Type Switch Maintenance
Setting (F)

Brand A , R Heater Box Air X after 1000 hours of
(1983 - 1990) Electric 225 hi-limit Intako in control panel none operation

Brand A .y . . after 1000 hours of
(1983 - 1990) Gas Joo hi-limit not mentioned in control panel none operation

Brand A Thermal Fuse (one , after 1000 hours of
(1983 - 1990) Both not mentioned shot) Blower Exhaust in control panel none operation

Brand A Both not mentioned Thermal Cutoff Heater Box Air 1 trol [ one after 1000 hours of
(1983 - 1990) (one-shot) Exhaust A controf pane . operation

Brand B . . every 2-3 years or more
(1984 - 1997) Both 180 adjustable Blower Exhaust in control panel none often depending on usage

Brand B . every 2-3 years or more

th 180

(1984 - 1997) Bo operating Blower Exhaust in control panel none ofien depending on usage

Brand B every 2-3 years or more
(1984 - 1997) Bath 180 bing Blower Exhaust in controt panol neone ofien depending on usage

Brand B Heater Box Aly . : eyery 2-3 years ar more

225 -

(1984 - 1997) Bleetrie hi-Jmit Intake in control pang none afien depending on ysags

Brand B A 300 Toi-limit not mentlaped in eentrol pags] pone eyery 2-3 years ar mars

(1984 - 1997) f i FARIEE” pan ofien depending ap usage



Comparison of Dryer Features -- Service and Operating Dryer Manuals

Maximum .
Thermostat . . Belt Break Preventive
Source Gas or Electric Temperature Location Power Resistor . .
Type Switch Maintenance
Setting (F)
Brand B Thermal Fuse (one . every 2-3 years or more
(1984 - 1997) Both not mentioned shot) Blower Exhaust in control pane] none often depending on usage
Brand B . Thermal Cutoff ~ Heater Box Air . every 2-3 years or more
(1984 - 1997) Both not mentioned (one-shot) exhaust in control panel none often depending on usage

Blower Exhaust or

dC
I:T;ns 5) Electric not mentioned operating By Lint Screen Cn in control panel none yearly
Door
Brand C Top Rear of Drum
(1985) Electric not mentioned hi-hmit Casing For Heaters in control panel none yearly
at Rear of Drum
Brand C . . Heater Box for
t A
(1985) Eleotric not mentioned hi-lmit Floor Cail Heaters in control panel none yearly
Blower Exhaust or
Brand C . Drum Outlet af
(1985) Om not mentioned Aperating Blower Housing of In contral pape| none yearly
Drum Inlet



Comparison of Dryer Features — Service and Operating Dryer Manuals

Maximum
) Thermostat . . Belt Break Preventive
Source Gas or Electric Temperature s Location Power Resistor . .
. Type Switch Maintenance
Setting (F)
Brand C Heater Box Air
(1985) Gas not mentioned hi-limit Exhaust or Heater n control panel none yearly

Box Air Inlet

Brand D . . i every 2-3 years or more
(1998) Electric 171 bias Blower Exhaust in contro! panel yes often depending on usage
Brand D . Yy Heater Box Air every 2-3 years or more
L .
(1998) Electric 269 hi-limit Intake 1n control panel yes often depending on usage
Brand D Thermal Fuse (one . every 2-3 years or more
] 0
(1998) Electric 208 shot) Blower Exhaust in control panel yes oftcn depanding on usago
Brand D Thermal Cutoff  Heater Box Alr . every 2-3 years or more
5
(1998) Blogtrie 352 (one-shot) Intake in control panel yes often dcpcnding on usage
Brand B every J years for lint and
(1998) Gns 127 or 143 eperating Blower Exhanst in control panel yes gvery year for exhaust
sysiem
Brand B every 3 years for |int and
(1998) (¢ 343 Ti-lipag Heater Box Fxhaust  in control pane| yos gvery year for exhaust

system



Appendix D

Comparnison of Dryer Features —

Figures1-6
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1998 MODEL Exhaust
DRYER PARTS ( T )

CONTROL |- R
PANEL ©
[ @ l @ %{ °p Air Intake

DRYER i
DRUM :
I
LINT
SCREEN HEATER
— BOX
DRUM
DRIVE 7
MOTOR _
C20e 1o Thogaeety
INDUCED @ 1hermal Cul-off
DRAFT
BLOWER ELECTRIC
HEATING
ELEMENT
(or gas burner)
A T hasitnat | Operational
Thermostal
'e Nume: Analysis of Clothes Drver Fires .-

awing Title: 1998 Typical Model Clothes Dryver - Parts

wre Number: | Dravwn by: NM. Dute: 11/16/99 File Number: 9903.0002



1980's MODEL
ELECTRIC DRYER
DRUM HEATER COIL

Heater Coil On
Rear of Drum ™~

A Thermal
e

O Operational

Thermostat

-ty
PR ITIY L)

leated
Air

Cool Air
(ambient)

1
f Warm /7 Moivt
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EVENT SUMMARY

FOR FIGURE 7 FROM
CPSC EPIDEMIOLOGIC INVESTIGATION REPORTS
OF 79 FIRES
Failure Mode Number of Fire Causation
Events Contribution
ELECTRICAL
1. Undefined control malfunction 2
2. Control short circuit 2
3. Power Cord 2
4. Timer motor 2
5. Start relay 1
6. Arcing 1
7. Drive motor 6 |
8. Thermostat 3 :
Subtotal 19 24%
MECHANICAL
1. Drum seal bearing 5
2. Broken drum belt 1
Subtotal 6 8%
RESTRICTED AIRFLOW
1. Improper venting 7
2. Improper installation of vent 10
Subtotal 17 2%
HEAT SOURCE (ELECTRIC/GAS)
1. Gas control valve 3 ,
2. Gas supply line 1 '
3. Heat exchanger (gas) 1 H
4. Lint ingestion 2 '
Subtotal 7 8% '
MISUSE/ABUSE i
1. Events 4 5% ki
UNDETERMINED I
1. Events 26 33%
Total 79 100%

FTT
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	This memorandum transmits a report on an evaluation of clothes dryer fires conducted by the U.S. Consumer Product Safety Commission (CPSC) staff (Tab A). The memorandum also transmits a report on an analysis of clothes dryer fires that was performed by an independent contractor, FTI Consulting (Tab B). The conclusions in the contractor report are consistent with the CPSC staffs findings and conclusions. 
	The CPSC staff plans to send the reports to Underwriters Laboratories and CSA International recommending that they review the results of our work and consider revising the product safety standards to address the risks of fire in clothes dryers that result from reduced airflow from the build-up of lint in the duct/vent and the lint trap. 
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	INTRODUCTION 
	INTRODUCTION 
	For over four decades consumers have used clothes dryer appliances in their homes Since their introduction into the market, manufacturers have enhanced dryer designs to improve efficiency and safety. However, there were an estimated 15,500 fires in 1996 associated with clothes dryers, resulting in 20 deaths, 320 injuries and about $84.4 million in property damage• 
	1

	Given the estimated number of fires related to clothes dryers, the U.S.Consumer Product Safety Commission (CPSC) iniuated a project m Fiscal Year '98 to assess the adequacy of the applicable volwitary standards. The project included an assessment of incident data and reports; analysis of societal costs associated with dryer related fires, and assessment of industry electric and gas voluntary safety standards. The project also mcluded testing of new electric and gas dryers. Results of those tests, along with

	PRODUCT DESCRIPTION 
	PRODUCT DESCRIPTION 
	The two basic types of clothes dryers defined by the primary fuel source for heating the air are electric and gas. In both types, hot air produced by the heat source is drawn through tumbling clothes inside a rotating drum and exhausted through ducting, which carries the hot, damp air outside. Since their introduction in the market, dryer designs have been enhanced to improve efficiency and safety. Improvements have included humidity sensing components to automate drying times and multiple thermostats for o
	When the start button is pressed/turned ( and the dryer door closed), electrical power is applied to the motor. The motor is connected to the drum by a drive belt. A bearing at the rear and plastic slides at the front typically support the drum. A switch on the shaft on the motor is operated by centrifugal force. Electrical power to the dryer circuits, including the motor, is routed through the centrifugal switc~ which does not close until the motor reaches its normal operating speed. Therefore if the start
	The blower pulls air from the room through the heat source, through the drum and pushes 1hc exhaust air from the dryer through the duct to the outside vent In electric dryers, the heat source is energized when the drive motor is at normal operating speed. Both the timer and 
	Ault,Kimbc:rtyCl 11~ •t996 Resulcnual F'ireL,,ss Estimates", U.S Consumer Product Safety Conumss1on, D1reaontc: for Ep1dem1ology, 
	Ocmbcr'Z991. 
	2 
	thermostats are in series with the energized coiled heaters In gas dryers, the heat source is a gas burner and, for safety reasons, the gas passes through two valves before reachmg the burner opening where it is ignited. A pressure regulator controls the flow of gas. The safety valve is held open through an electncal c1rcuit. When the voltage is cut off through control switches (automatic or manual, including when the dryer door is opened) the gas flow is turned off automatically. 
	Typical airflow in a clothes dryer is shown in the picture below. 
	Drum 
	Lmt 
	trap 
	trap 
	Heater Housmg 

	11ndheaters 
	11ndheaters 
	behind dram 
	3 
	INCIDENT DATA 
	During 1996, there were an estimated 15,500 fires associated with clothes dryers, 20 deaths, 320 injuries, and about $84.4 million in property loss m residential structures. Electric clothes dryers were associated with 8,600 fires, less than 10 deaths, 170 injuries, and about $47 5 million in property loss. Gas clothes dryers were associated with 3,200 fires, less than IOdeaths, 70 injuries, and about $14.5 million in property loss. The remaining fires, deaths, injuries and property losses were associated w
	The CPSC was searched for clothes dryer fire-related incidents occurring between 1993 and 1997 to provide information about scenanos surrounding these types of fires. Items of interest included the location of fires within the dryer, the age of the dryer, whether the lint trap was cleaned regularly, whether the dryer was in use when the fire started, frequency of consumer usage of the dryer, and whether there were prior problems with the dryer. The Hazard Analysis Division in the Directorate of Epidemiology
	In-Depth-InvestigatJ.on (IDI) File 

	Of the 79 in-depth investigations reviewed, 48 reports described fire incidents related to electric clothes dryers, 22 reports described fire incidents related to gas clothes dryers, and m the remaining 9 reports, the type of clothes dryer could not be determined (See Tab A, Table I). In the incident reports in which the fire origin was stated, the duct or the venting system was reported as the most frequent location (14 incidents), and the lint trap was noted as the second most frequently reported location
	4 
	MARKET INFORMATION 
	According to estimates published by Appliance magazine, for the last IO years ( 19881997) annual shipments of electric clothes dryers have ranged from about 3.3 rrullion to 4.5 rrullion units (in 1997). Shipment of gas clothes dryers have ranged from about I .0 million to 
	-

	1.3 million. Shipments of another product category, compact dryers, generally ranged from about 200,000 to 300,000 Appliance also estimates that the product saturation level (percentage of households with clothes dryers) was 55.5 percent for electric clothes dryers and 17.8 percent for gas dryers in 1997. Therefore, about 73 percent of households have a clothes dryer. Since there were about 100 million households in the U.S. m 1997, it is estimated that about 73 million clothes dryers were in use. This esti
	s 


	REVIEW OF VOLUNTARY STANDARDS 
	REVIEW OF VOLUNTARY STANDARDS 
	UL 2158, Electric Clothes Dryers, is the voluntary safety standard for electnc clothes dryers and ANSI 221.5 I (CGA 7.1) is the voluntary safety standard for gas clothes dryers Smee CPSC data indicate that the largest known contributing factor to clothes dryer related fires is accumulation oflint in the air flow system, the review of the voluntary standards focussed on obstructed air flow. 
	Current voluntary standards do not include requirements that evaluate the long-term effects of blocked or insufficient exhaust airflow. These standards address the issue of blocked lint screen and exhaust as follows: 
	For electric dryers, UL 2158 paragraph 19.5 Blockage of /mt screen and exhaust, defines abnormal tests to address the immediate occurrence of a fire hazard. The dryer is operated through one conditioning cycle for the maximum length of time as dictated by the timer. All temperature-regulating and -limiting devices are then defeated and the appliance operated under this condition, with the timer modified so as to result in continuous operation, until ultimate results are obtained or for 7 hours, whichever is
	The criteria for passing these abnormal operational tests is that the following results do not occur within seven hours: 
	• a) emission of flame or molten metal, (Note: Drops of melted solder are not considered to be molten metal), 
	• 
	• 
	• 
	b) glowing or flaming of combustible material upon which the appliance may be placed or that may be in proximity to the appliance as installed; or, 

	• 
	• 
	c) indication of flame or glowing embers m the load of clothes, either before or after the access door is opened 


	The ANSI 221.5.1 (for gas dryers) in paragraph 2.14.2 addresses the same issue under, c. when the lint screen(s) and the exhaust means are blocked. The method oftest is: "With the lint screen(s) blocked and with the main exhaust opening sealed shut, the unloaded dryer shall be operated until the temperature-limiting device functions to shut off the gas supply. When the limiting device functions, the temperature of the air or flue gases discharged through any openings in the cabinet shall not exceed 250"F(l2
	6 

	PRODUCT EVALUATION 
	PRODUCT EVALUATION 
	Toe project included tests on a gas and an electric clothes dryer to characterize the temperature profile of the dryers under various operating conditions. The report on the testmg and results 1s mcluded at Tab C. 
	Similar test methods were followed for both the gas and electric dryers except where the differences between the two models would not allow it Thermocouples were installed at various locations within each dryer, particularly at locations along the flow of air (See Tab C). Dunng the tests, the dryers' lint traps were not cleaned to allow the lint to accumulate and gradually obstruct the airflow. Temperatures were recorded for various settings with several different loads of clothes. 
	During one series of tests, a wad of collected lint was stuffed into the vent to simulate substantial obstruction of airflow in the transition duct/vent system. In this case, the electnc dryer was run m a permanent press cycle with a small load of damp clothes. The temperatures at points internal to the dryer rose higher than the temperature when the airflow was unobstructed. At the end of the cycle, the clothes in the dryer were not completely dry. With the gas dryer, under similar conditions, a small load
	The tests show that for both types of dryers, when airflow is obstructed by partial blockage of the exhaust and lint screen, the temperatures inside the dryer rise significantly. Wlule the temperatures did not rise high enough to ignite material inside the drum or the components within the appliance, the indication is that if the dryer lint screen is not cleaned and the exhaust vent is not maintained reasonably clear of accumulated lint, the temperature inside the drum and chassis will consistently be eleva
	The importance of sufficient airflow through the clothes dryer for safe operation is well documented. Under a CPSC contract, Contract # CPSC-C-76-0078, The Illinois Institute of Technology Research Institute (IITRI) submitted a report to CPSC in September of 1977 titled "INVESTIGATION OF STANDARDS FOR SAFETY OF INSTALLED ELECTRICAL EQUIPMENT." Under paragraph# 5.6.2-Lint Indicator (page# 200) ITRII states that failure to maintain sufficient airflow elevates the internal dryer temperatures, causing thermal s
	According to Norman D. Reese et al. in their article Clothes Dryer Fires in "Fire And Arson Investigator" magazine (Volume 48 No. 4, July 1998, Page # 17), " .. .lint fires often begin in the lint trap, especially when the trap is cleaned infrequently ... When lint is left to accumulate in the filter, the airflow is impeded and the temperature will increase accordingly upstream of, 
	7 
	and at the filter .... A lint fire originating in the trap generally incinerates the plastic blower and housing and, until the blower 1s damaged from the heat or the motor stops turnmg, can direct a blast of flame from the rear of the dryer against a combustible wall surface." 
	In the dryer owner's manual the manufacturers emphasize the importance of installing the transition duct according to their instructions using only rigid metal. They also stress the importance of cleaning the lint screen before each use. As a measure, manufacturers recommend periodic cleaning of lint from exhaust duct/vent and from inside the dryer. 
	preventJ.ve maintenance 


	CONCLUSION AND RECOMMENDATIONS 
	CONCLUSION AND RECOMMENDATIONS 
	Although both gas and electric dryers include a number of over-temperature protection features, an estimated 15,500 fires are annually attributed to dryers. CPSC tests, as well as other sources such as fire mvest1gators, indicate that accumulat10n of lint in the lmt screen and m the external vent system reduces the flow of air through the dryer and causes internal temperatures to rise. Because the dryer continues to function without any warnmg to the user ( other than ineffective drying of the clothes), the
	A recent design feature, called lint alert, is presently available on some dryer models. This is a mechanical device intended to produce a sound that warns users of excessive lint accumulation in the lint screen. At present such a device is neither part of the safety standard, nor incorporated in all available models of clothes dryers. Incorporating a requirement for an effective lint alert may help maintain sufficient airflow and thereby reduce the elevated temperarures inside clothes dryers thus reducing 
	It is the view of the CPSC staff that systems should be included in clothes dryers that essentially shut down the dryer when the airflow is obstructed. These mechanisms should be evaluated for their reliability, and consideration should be given to incorporate these into the voluntary safety standards. 
	8 
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	FTI 
	1.0 INTRODUCTION On July 23, 1999, FTI Consultmg. Inc. (FTI) entered into a conttact agreement. order no. CPSC-S-99-5130,Wlth the U.S. Consumer Product Safety Gm=ussioxr(CPSQ to:. conduct an independent engineecng analysis of causes of fii:e:rrelated:to.dothes dryers as stated in Section C2., "Statement of Work.# of lhe UJLrb.:act. CPSC requested that FTI perfo= an ob]ective review of the infomlation that CPSC staff had developed for its Oothes Dryer PrO)ect under the Directorate for E':ag:ineecing 
	~ Sciences, and assess applicable voluntary standards. In addition, rn was requesll!d. tosupplement this infomiation 'with any other infoanation that may IJDthave been available or considered by the CPSC staff as stated in Information,# of the contract. 
	-
	Secti.on C.l., -Background. 

	Specifically, as set forth in Section C.2, •statement of Work." of the:c:crrtrad;. FIT was­asked to perfo= the following work: 
	/ ~ 
	• Eva!~~ the risks of fire presented by gas and electric dotbes-chyas comiderin~ installation factors such as ei¢aust venting. service factors such as lint saeen cleaning. and the consequences in engineering terms when there ai:e lapses in 
	' 
	adherence to reco=iended installation and service practices; 
	• 
	• 
	• 
	Consider the relevance of the =rent voluntary safety standards, UL 2158 for Electric Qothes Dryers, dated June 1997, and ANSI 221.5.I far Ga." Cathe Dryers. dated 1995; 

	• 
	• 
	Evaluate fire or potential fire iru:ident infoanation avaiiabfe £i:om.CI!SC;md/ or­any other source that is relevant; 

	• 
	• 
	Fedunn .. literature search and produce regarding the risk of fire .&omclothes dryeis; 
	a bibliography lilr relev.mt materials 



	FTI 
	• 
	1 

	• 
	• 
	• 
	Review and consider the CPSC staff findings in lfzces:::stafi:m aft Xi:J:!IXL titled "Reporton Eectnc and Gas Oothes DryeEs"'dlmd:Mamt ~ 

	• 
	• 
	Consider the use of internal safety devices, ii" fw Pi-11g1fie111osiars,Ifie 111aifnsa;. thermalpiotector.; for motors, thermal limiting dietice9;~ etc as, applied. or as could be applied, in clothesdryers of the types om:mtly manufactmed with regard to the risk of .tire; 

	• 
	• 
	Determine and conduct necessary·testing of products tc~uate; Jciii1i11 ignition scenarios and lint combustion characteristics; 

	• 
	• 
	Prepare a fault tree analysis for use as a standatdhazmfevaluatimt txx:,I;ami 

	• 
	• 
	Present the rn findings to the CPSCengineerlngsl!aff. 


	/ 
	• 
	.... 
	2 
	2.0 BACKGROUND It was reportf!a that dunng 1996, an estimated 15,500 fires were assoda.ted with clothes dryers resulting in numerous fatalities, injuries, an.-lrnillian-. of dollars of property damage in residential structures (see Appendi:i:B, ,efo ena na-1)-In 1998',. the CPSC initiated. a Oothes Dryer Project Study to assess the adeq_tmcy af:applioble: 
	• 
	voluntary standards for electric and gas dryers. The results of the CPSC engineemtg staffs findings were presented in their draft report titled "Report or, Eectric and Gas <tOothes Dryers,w dated MaICh 1999, and the basic investigative-data referenced. represent the basis for a large part of Fl1' s investigation and analysis.. 
	,, 
	.... •' 
	= 
	3 
	Figure
	3.0 INVESTIGATION 
	3.1 Documents Reaiewed 
	FTI conducted a thorough literature search as part of this investfgatimt.. ~ relevant documents of vanous types were obtained and reviewed by Fll. 1'.l'!ee­documents included applicable codes and standards (see App,mdir A), jGlUIIl\!i'and! magazine articles, government agency reports, clothes dryer owner's rnarmals and articles from the Internet Results of the literature search are included as.a 
	~ 
	~liography in AppendiJ: B. 
	3.2 Summary of Documents Reviewed 
	FI! reviewed S1X clothes dryer service/ owner's manuals that spanned a period of n 
	years from 1967 to 1998 (seeAppendixC). According to these manuals,. prior to 1!ff!1J, 
	the manufacture of typical gas and electric clothes dryers included the 111-1◄ : 
	afs-t.11

	regulate and linut the operating temperature witrun a dryer. Tneadf..,.-mofp[~:r 
	single regulating thermostat was affixed to ai.eblower housing. This thermostat: 
	maintamed the dryer exhaust temperature below 180 degrees Fahrenheit (F). fn 
	addition to the regulating thermostats, an automatic-reset high-limit thermostat (set 
	between 225-290 degrees F for electric dryers and 300-350 degrees F for gas chyers) 
	was installed in dryers. The high-limit thermostat is usually located at the&eater"&ox • 
	minlet, but has also been located at the top rear of the drum housing. The high-limit 
	themwstat device is referred to in both the UL and the ANSI standards (seeAppendi% 
	A). 
	During the 1980s, bias-type thermostats were added to the blower housing to af!a:tf 
	different (lower) drying ten.paat.Jres (seeAppendi:cB,,tfe1 eua no. 23). 
	Subsequently, the regulating thermostats were either kept in the blower housing. or 
	were relocated to the heat source airflow outlet and the drum air:Bow inlet or o~ 
	According to a dryer service manual reviewed, in 1980 the dryer~ installed a thermal fuse (non-re-settable) at the blower exha~ b., 111ioi11111e
	tfiei::iidl. 
	4 
	of a themial run-away of the heat source (see Appendb: B,refe1e:z'U:l!
	rm. 23)-Since then,. manufacturers have alsoinstalled another fused thermal cutoff device. which is --located at the discharge of the heat source (see Appendi:r:E~ figures 1-4). 
	Other recent additions or modifications made by manu.fac:turez:s far residential 
	clothes dryers include: 
	• A drive-belt break. limit switch, wluch turns off the dryer when thedrum steps. 
	i:r _ rotating as a result of a broken drive belt (see Appendi:tA..UL.2158; sedians I9.4:.2 
	.... ;;;. . 
	-

	and 225.4); 
	• 
	• 
	• 
	The use of open-type drive motors instead of totally endosed motors to .minimize. overheating due to the accwnulation of lint on the motor housing (seeA.ppendi% B,re:forma no. 23); 

	• 
	• 
	Published guidelines regarding the length and type of the USet.•installed;vent duct systenl to minimize restricted ab:flow (see AppendixB, referena! nas.15, 15, 18, 19, 21),21,22. 23, and 24); , 

	• 
	• 
	Electroruc control systems including a power resistor1 located m the control console (seeAppendi%B,referenceno.23); and 

	• 
	• 
	Moisture sensors to adjust the dxying time by stopping (cycling} the mnermotcr . (seeAppendixB,refermcenos. 20, 21, 22, and 24). 


	rn also evaluated fire incident data found in a selection of previously en!uated CPSC Epidemiolog:ical Investigation Reports (E]R). These .investigationreports included 79 selected clothes dryer·related fixesthat occutted between 1993 tbmugh. 1997, and indicated the general failure modes. The identified dJ:yerfire cawses a:ce summarized in Table 1 below: 
	1 A load .re5lStor in the chyer control module 
	F11 
	s 
	Failure Mode 
	Electrical 
	Restncted Alrflow 
	Mecharucal 
	Heat Source 
	Misuse/ Abuse
	... 
	Undetermined 
	Undetermined 
	Fire Causation 

	24% 
	22% 
	8% 
	80/o 
	5% 
	33o/.. 
	I 
	I 
	' 
	I 
	I 
	I 
	Table 1. CPSC EIR Oothes Dryer Ftte Fail.me Mode and Cause Data 
	Other than undetermined failure modes, electrial and restricted aiJ:flaw-~ttt have been the :mostprevalent fire causation modes. 
	A c:omparison.af tne:various. 

	events in each of the general fire causation modes indicates tnat drmn-dlivf: uwta
	-

	1 I 
	failures accounted for 8% of the dryer fires investigated.. ' ' 
	Data from the CPSCEpidemiological Investigation Reports i:ndicatedthat sixty-one of the 79 fires {77%) occurred in occupied homes/bwldings~ Three of the.fires caused a total of 10 fatalities. In trurty•four of the 79 fires (43%), the resicfenm~ alerted to the fire by either observing or detecting the odor of smoke. In twelve of the 79 fires {15%), the residents were alerted to the m:eby the ope:atimLaf a smoke detector. 
	A review of the U.S. Home Product Report regarding residential a:ppiiaace me,-as­reported (see AppendixB,refertnctno.25)between 1992 through 1996 indicates tbat: approximately 3 to 4o/o of all residential fires in the United States were.?l!fatea ta clothes dryers. On average, for each year, 436,900residential structm:e mes wez:e reported dw:ing this time peri~ and 14,SOOof them involved dkJtnes.~ Accotding t0 trus:ceport,the ignition factoIS for these fires acli!"SlilliI I I IM ii&! in.Tabfe 2below: 
	6 
	Failure Mode 
	Failure Mode 
	Failure Mode 
	Fire Ca.usation 

	Lack of Maintenance 
	Lack of Maintenance 
	29% 

	Electnca.l 
	Electnca.l 
	200/o 

	Mecharw:al 
	Mecharw:al 
	20% 

	Misuse 
	Misuse 
	10% 

	Undetemuned. 
	Undetemuned. 
	21% 


	Table 2. U.S.8?~ Product Report Oothes 
	-,-.. 
	-

	Dryer Fire Failure Mode and Ca.use Data 
	Although the 79 Epidemiolog:tc Investigation Reports (see Appcrdiz B, refoaza m::r. 
	14)and the Home Product Report (see Appffldb: B, refe1e:uz no. 25) data are not identical, as one would expect,the relative ratios of the two principal fatlme.modes are very-sir,iJar-
	The voluntary standards, UL 2158 and .ANSI221.5.1, address the functiana[ testmg of e1ect:ricand gasdryers. including regulating and limiting control compments,. tbe . drum-drive .motor and the venttlation system. The functional tests appearto be short term exceptfor a 7•hour continuous pass/fail operation test with various central £unctionsdefeated and the airflow restricted. It is obvious for ('nnsixmer safety reasons th.at exhaust venting tc the outside is only :requiredfor gas-chyexs,bar not for electci
	Other various file documents reviewed by rn discuss the eHectsof:z:emict:2daixHaw .. within a dzyer. Restrictedaiifiow causesthe dryer to be contmIIecf oniy by the hiF temperature limit device and consequentlythe heat source will cydeiapidly. The 
	.. 


	f''fI 
	f''fI 
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	,
	-

	dryer drum interior temperature actually decreases daring tfus-a&nonnal operational mode due to the cooling segment of the cydic operatimr.(seeAppmii:cU, Figures 5 ll7fd 6). 
	Manufacturers' installation. operating and repair manmds address the importance of­the user to frequently clean the lint screen,and periodically clean the ven:Lsysll!m and interior of the dryer enclosure (see AppendixC). These manuals further:wam tne
	-

	' ~ about the potential combustion of lint. Suggested peciodicdeaning cycles for the vent system and dryer interior vary from every l to 3 year.i or every 1,000 hams ofoperatiOIL 
	'TheMarch 1999,CPSC staff draft report concluded that tflecpt JO::ofaLe"<liic ie:I airllow detection device would directly address one of !tie !Ilzjp.,. crmtrifmtm:Fof dryer fires. 
	/ 
	3.3 Fil Testing 
	CPSCprovidedFTiwith two 1998-modelclothes dryers (one gasarutaneelectric) for independent inspection and testing. CPSC¥ had previously tested these drye%S and provided FIT with the test data. 
	conducted operational and functional tests of various companents' removed from. these two exemplar dryers, including the non-enclosed drum-drive moims, regulating and limiting thermostats, themlal cutoff switches, themial.~ and tbe­power resistors from an elec:!roilic controller. 
	rn 

	A drum-dnvemotorwas e1ectricallytestedwith a covaiugoflintand'.;, simulated impeller-end beatingfailure that produced a locked-rotor condition. After approximately 50operations of the motor's thermal prob:dive device it.failed in the 
	-
	. 
	closed position, and the lint covering an the ll10tor stater iguibaf. 1lie !'lvfare -temperatuze at the stator winding, at the time of ignition. wasappx@ i111ate1ym degreesF. 
	8 
	A thermocouple was placed on the re51StoIS of a bia.s-type-regufating-themrostat and the. thermostat was energized. The diyer' s temperature setting was vane:££rem Delicate-Low(0 ohms resistance), Knit-Medium (910 ohms resistam:e) and N"omtal. 
	• 
	(6,000 ohms resistmce). The measured on the :resistors for the bias-type-regulating thermostat was approximately 104 degrees F, 
	maxm,.um surface temperature 

	~ and there was no ignition of the wiring insulation. The control wiring insulaticn. ·•·-..._ rated for 221 degrees F (105 ~Celcius [C]). 
	was

	The operational and !imitmg thermostats and cutoff fuses from the exemplar clothes 
	dryers were t:h.ei:ma:lly
	tesll!d..Operating temperatures are summarized by the. test result sequence as follows: 
	L Bias operational them!ostat operated at 171 degrees F (elecftic dryer-ofawer
	-

	f I 
	exha\!St)
	-: 
	2. 
	2. 
	2. 
	Thermal cutoff fuse operated !-t208 degrees F (electrlc dryer-blower exfrmst) 

	3. 
	3. 
	High limit thermostat operated at 269 degrees F (eledric: dryer-heater bax) 

	4. 
	4. 
	Thermal cutoff fuse operated at 352 ~es F (electrlc dryer-Iieater box) 


	S. Low operational them!ostat operated at 127 degrees F (gas dryer-blower exhaust) 
	6. 
	6. 
	6. 
	High operational themicstat operated at 143 degrees F (gas dryet---bfawet­exhaust) 

	7. 
	7. 
	High limit thermostat operated at 345 c.le;:ees F (gas dryer-beater box} 


	3.4 Falt TreeAmllysis 
	Two fault treeswere amsttuded, one utilizing the genexa1failure mode c!ata 
	summarized from the 79 CPSC Epidemiologic Investigation Reports, E'gtlreNo. 7, 
	• 
	4
	-

	and the other £orthe drum-drive motor and restricted amlaw-failbre-moaes ~ • c:onducted byFl'I. Figure No. 8 (seeAppendix E). The averalJ p1effi ia£.ifity:aftfre ..
	-
	fault tree analysis was hmdered by thelimited detailin the causation malysis and 
	lack of empirical data. 
	FTI 
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	-
	4..0 ANALYSIS Despite the residential clothes dryer manufacturers instailatimr.0FrnDIIem1IS:devu:e:s; since the 1980s to mininuze the potential for gas and electric dotfies ~...,;;,terf fires, these fires continue representing 3 to 4% of the reported residential fu:es. The vanous improvements included drum-drive belt break detection limit switches, 
	-
	, redundant regulating thermostats, fused thermal llimt detection devices, an ,mct,Ne lint-screen clogging detection dmce and the change from an enclosed to an.ape!l­frame themially-protected drum-drive motor. 
	The various fuel loads associated with a dryer include lint. vinyl vent ducts",wiring_ insulation, including the drum-drive motor insulation, and poiymercomponeats, and, of course, the clothing inside the dryer. The drying of w1p1wpe,.materia:Is (i.~ foam pillows) is addressed in the manufacturers' manuals reviewecf.. Lint;. wit1r an ignition !enlperature of approximately 500 degrees Fis the only known fuel load variable:and it is a .furu:tion of dryer usage, user maintenance and servicing. Tbete is very li
	Although the CPSC Epidemiological Investigation Reports of 79 dryer mesare I?Qta statistical sample, they indicate that drive motor failUteS and restiicted ail:fiow within the dtyer exhaust and vent system account for the majm:ity of theidentified electrical and gas dryer fire causes. EIR data indicates that in 1.5%of lbese fires the CX01pants were alerted by the operation of a smoke deteclm. Data from tfiese tepwbi dlsoindica.11!5that 33% of the clothes dryer mesreported, iI:m,lve:[ gas dryeis rather than 
	•
	and 3) indicated that on average, gas dryer mesaccounted far Z1%of thr 71"rirfertia[ .firesinvolving dtyers. Also, a report provided by CPSC onMamifacturer Data. indicated that approximately 24% of all dryers sold are gasdryers (see Appendi:cB, 
	refereru:.t.
	na.13). This implies that there is an equal chance fur a fiie ocnrn::ing ~ 
	10 
	either a gas or an electric dryer. On average, each year for the fiv~ period between 1992 through 1996, there were 14,500 residential fires invoivmgclotftes dryers (US Home Product Report) (see Appendi:c B, refr=rra-m:r-25}_ These findings indicate that additional protective devices or actions are needed. ta mimrn1ze the potential exposure to fires . 
	• 
	The addition of the drum-drive belt break limit switch and the redl.lildant-regttlatmg 
	~ 
	~tats appear to be posi~~e,alteratiOl'IS to i:niIIJmizethe potential a£afu:e..The installation of the fused tha:mal device also appear.i to be a positive al!eraticm; however, the physical location of the fused device varies depending on the manufacturer. To be effective, the fused thermal device should be.lcc:atettat or near the discharge of the heat source and not at the exhaust of the ~s.aiJ::flcw impeller­as found in some of the dryers. 
	The improper illstailation of the ~fumished ventilatiau sstem ard/ or the aCCllIIlllfationof lint can result in obstructiOl'ISin the dryer exhaust ami vmt airllow 
	1

	system..These obstructions cause the dryer's airflow to be restricted. This :cestticted 
	airflow causes rapid cycling of the dryer's \!I1ergy' (heat) SOUit:e by activation of the. 
	heat-SOUit:I!high-limit thermostat device(s), and is not detected l,y eubet-the 
	regulation thermostats or the thermal fuse limit device(s) as the drum ternpel"'ture 
	actually decreases during this operating mode. A subsequent-failure a£ the high­
	limit themwstat can result in the ignition of either the aa:umalated lint in theairficw 
	SjSlem or in the lint screen. The test results indicate thatunaJruiltianed )irrt:will. 
	auto-ignite at approximately 500 degrees F. The operatian of an ,smfibft: rfi:vice l:lJ 
	detect a clogged lint screen i:nay go undetecled by a hear:ing-impmed-., and~ 
	that case will do little to mminuze a potential .fire hazard ofa doggedsaem. "Ille. 
	installation of either a positive aiiflow or pteS5Ule dif£eremiaI device sbculd be 
	COIISideredby the dryer rnanufactmers. This device woaJrf disable (tmn.aff} thebl!llt 
	sources and wam the operator of a restricted airllow mnamm.Such devices have. 
	been installed in gas drjers, as required by the ANSI stacdard, to avad imprupet 
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	combustion and the resultant toxic gases that would result in.the d':tye:-aii:ffuwpath (see Appmdil:A. ANSI 221.5.1Section2.4.5). 
	The location of the interconnection between the dryer exhausrandlfie llSl!r'svent system also can result in either a restncted amlow condition or the discharge of potentially combustible lint into the dryer air intake and enclosure. The UL md 
	, ANSI Standards and the dryer manufacturers' manuals indicate that only gas &yem teqUire the installation of an exterlor ventinis systan .is noted previoasiy. Ail:brmg_!:r dryer manufacturers offer, as an option, a fabricated inteicomrecting:artransition device to insure proper venting system installation, lfiis should not be an option. Instead, this should be an integral part of the dryer assembly. This factocy-fumished vent transition device would also facilitate the positioning of the cfeyerinclose ther
	proximity to a wall while maintaining the integrity of the aitfiaw sysb:im.It~ 
	tramffian dezii:e.be 

	-. 
	Cmrent dryer models utilize an open-frame constructed drum-drive motorwith a thermal limit device mounted on the drum-drive pulley end of the motor. This type a,, exbausi:­impeller-end motor bearing failure event in time to prevent a lint fire. Furtbei:more,. the utilization of an open frame motor allows the accumulation of lint on the mater from an improperly installed vent system. Overheating of the mmorwmdings and/ or a bearing(s) failure can result in the ignition of acomwlated. Iintwith. the subsequent
	of design may not afford protection and does not allow for detection.of 
	111:1T.ar

	drum­drive motor supports this finding. Dryer manufactl.m!s reamum:ruf 1hat th,, interior of the dryer be cleaned.f!Vf!!r'J11D 3 yearsor after "1.000" hours of operation tD minimize the potential for fires. This recommendation could posepotenti..l hazards to the average consumer, and is thetefcn:e.macceptableurilessdccefilJ'a cpralifi-,f repair service. Furtherniore, the accumulation of lint ar c:mnbastibfl!'mater:iaC
	witbm: a dryer is a function of the individual dryer usage and cannot be quantified as to yearsor time of usage. a •xmwini,-time9 
	In addition, dryers are not fumish.ed with 

	12 
	device. Reco=ended alterations to IIUIUII1izethe pctenliaI cf fires caused by the drum-dnve motor include: the use cf a totally-enclosed fan-cooled ( I ER.) motor, 
	therm.a.Idevice on both beai:mg housings. 
	and the insttllat:r.cn of a 

	The voluntary standards regarding electnc and gas clothes dryers address the 
	.functional testing of dryers, including operating devices during short perwds of 
	operatiOIL Neither the UL nor the ANSI standards address Iong !1!Im opetational. 
	~ 
	~ting to detemtlne the effectsof.lint accumulation aver time. The anly-exteDded. 
	~~ 
	-. 
	time testing required involves continuous operation for seven boms with a 
	f protective devices. If the test dryer 
	restriction of the airflow and deactivat:r.cn o

	operates as intended for tins time pencd and/ or there is the absence cf smoke, it 
	passes the test. The ANSI standard for gas dryers, addresses the need fer a gas dryer 
	to meet exhaust parameters far carbon monoxide or the escape of unbumed fuel gas 
	during a bkx:ked exhaust conditiOIL The voluntary standal:cfs shoufd:c~ arn...,ded.tn 
	~all dryers be provided with a v,nt transition assembly and installed 
	reqwre

	with an exterior exhaust sy staI1. Further research to address the feasibility of 
	accelerated aging testing for igI!itian scenarios and combustible compOileilts, as we!l 
	as fer the variety of lint found in bath electric and gas clothes dryers, would assistin . 
	requirements. 
	the development of other app1opri.!.te voluntary standards 

	• 
	FTI 
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	5.0 CONCLUSIONS Based upon the foregoing investigation and analysis, and ta a re;osoua&[e degree of 
	engineering certainty, rn concludes the following: 
	1. Despite the various alterations and improvements made to ""5identia[ efectr:ic and gas clothes dryers since the 1980s, they continue to be the cause of 3 to 4 % of all the yearly reported residential fires (approrimateI.y14:,500dryer-relatetIjirrsfr= a total of 436,900 armual res~tial fires).
	-
	2. 
	2. 
	2. 
	The two most likely identified causes of dryer fires <Ere malfunction of the drum-drive motor, and tb,a nonnal m£law through the dryer. 
	efectrfcaf. cfi:Jnciua.te:i.by" 
	restricti.on of 


	3. 
	3. 
	Adequate detection and/ or protective devices have not been provfd"ed by-the man~ to minimize the fire potential from malfuru:t:ions of thedrum.­drive motor, or from restricted aiI::Bow. 

	4. 
	4. 
	The voluntary standards should be~ to require a V1!1"f-trausitiao assembly and an exterior exhaust systeu, far all clothes clryers. 

	5. 
	5. 
	Further evaluation is needed to address the .feasibility of accelerated agillg testing for fire hazard items found m both electric and gasclothes dryec1. 

	6.0 
	6.0 
	RECOMMENDATIONS rn•s reco=endab.ons to IDIIlllilize the causation of residential fires due to efectric and gas clothes dryers include the followmg: 
	....
	-




	14 
	1. The installation of a device(s) to detect restricted airflow tru:ough the dryer. The detedlon devu:e could be either a positive airflow switch. or a set of differential pressure detectors at lhe inlet and dischargeof the blower.. The deted:ianof a 
	, restrictedairflow condition~ disable (tum off) the beat source. step the drum-drive motor, and wam the operator. 
	2. 
	2. 
	2. 
	The location of a £usedthermal device at the dischargeflow side of the heat source. 

	3. 
	3. 
	The factoryinstallation of a fabricated vent transition assembfy to assare tbe­properinstallation of lhe user's exteriOI1'ven~ systen ... 


	.. .. 
	4. 
	4. 
	4. 
	The installation of thermallimit warning devices on the impeller~ be.mngaf the drum-drive motor. 

	5. 
	5. 
	The use of totally-.!IlC!osed-fan-cooled (TEFQ type drum-drive mofars. 

	6. 
	6. 
	The installation of a smoke detection alami. located in the interior of the o::mtroI panel This device would shut off the drum-drive motor and the beat so= acd at the same time would sormd an alamL as to the presenceof srrmke (It could also be:offeted as a fire codechan~ recommendation to place .-residential smoke detector above clothesdryers.) 

	7. 
	7. 
	The installation of a cumulative ruiming time dock dl!'ria! to pmvide an ;mcJ,ofe


	• 
	•and visual "service required" indication at the appropriate use iD1E=al..This device oould only be reset by a qualified dryer serviceman
	-

	-
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	• 
	8. Further research should be conducted to better defute ignitiou scaw:iarisks:md. to determine the combustion characteristics of a variety of lio.t. 
	/ 
	-
	-
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	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	Figure
	UL2158 
	ANSI 215.l. FEATURE 
	l 
	COMPONENT 
	ELECTRIC DRYERS 
	ELECTRIC DRYERS 
	' GAS DRYERS 

	Regul:mng Component 
	Regul:mng Component 
	Operating Thermostat 

	II I, 1912,24121 
	I 16 2, T l1 (240F m:ut m drum). -heat source 
	1 14 1 (?O0F ma"( in e-:haustJ Regul:itmg Component 
	Ht-LimitThermostat 
	Ht-LimitThermostat 
	l J.I, 19.1 2, 22 5 4. 24 12 I 

	I 16.Z. l.l6 3 -heat source 
	L1mtting Component 
	L1mtting Component 
	Thennal Fuse 
	11 l, 19.l 2,225 4, 24.12.l 

	1 16 2 -heat source 
	Limiting Component 
	Limiting Component 
	Thennal Cutoff 
	11 1, 19 1 2, 24.12 1 

	1.16 2 -heat source 
	Limning Component 
	Limning Component 
	Centnfugal Switch 
	225 4, 24.11 2, 24 11.8 

	A.1.36 -motor 
	l
	Thermal Protective 
	Thermal Protective 
	225.7, 24 7 I, 24 7 3, 24.8 l. 248.Z

	Limiting Component 
	A.Z.l.b -motor 
	I 
	Device -m motor Limiting Component 
	Door Switch 
	I Z.JO -motor 
	Lim1t1ng Component 
	Lim1t1ng Component 
	$\\ itch 
	Belt Break 


	19 4 2,225 4 -motor 
	Preventive Maintenance 7 12.10,72.1 1, 7 2.2.4, 7.5.1 Internal Lint 
	Lmt m Exhaust/Venting 
	Lmt m Exhaust/Venting 
	7 1.2 JO,7 2 1.1, 7 2 2.4, 7 5.1 

	Preventive Maintenance 1.20.2 System 
	Installation 
	Installation 
	Proper / Exhausted 

	preface, Outdoors 
	J.22.I.9b 

	Appropriate Operation 
	7.1 2 9, 7.2.1. 1, 7 2 2.4 Items m Dn-er 
	Opcr.it1otu.lTesting 
	lmproper/Combusttble 
	:!.4.4, 2.4.5, 2.13 (no scorching or failure) 
	Blocked Air Flow 
	Blocked Air Flow 
	11 10, 19 5.2 (run for 7 hours OR 

	clothes), 2.14 2 (250F m.i.~ in ) 
	cxhau.st

	Oper.:iuonal Testing 
	11.l0, 19 1.2 (nm for 7 hours OR Rc2ulat1on De., ices 
	Bypass Temperature 
	r
	failure). 19 4.3. 
	I 
	Locked Rotor
	Locked Rotor
	Opcra.11ona.lTcsung 

	24 7 3 (run until protecuvc devic~ A.2.1. Tab!,= A-V 
	I 
	I
	.

	operates or mo:umum time of rimer or 
	1.5do.',,;) 
	-
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	CLOTHES DRYER BIBLIOGRAPHY (Internet Sites) 
	1. 
	1. 
	1. 
	1. 
	htw://www qtm net/f1refind/mboard/messages/ 

	Fire Finding's Investigator Exchange -lots of information reg;ird'in~fil:eimtolving clothes dryers Some information from appliance service repairmen. 

	2. 
	2. 
	cf-dbm/plug/plug.cfm Association of Home Appliance Manufacturers -bimonthly newsletter 
	htw· //www.aham.org/ 


	3. 
	3. 
	org/news Recent news on fire safety-several European news articles invofvmg;cfryec-fires. 
	htfl?:/ /www.firesafety 


	4. 
	4. 
	4. 
	htm· / /www allstate com/safety/home/fire.html 

	AJ!state insurance site with lots of helpful home safety tips including appliances. This is just" one example of the many insurance company web pages with similar mformation. 

	5. 
	5. 
	5. 
	Idfd /fs5safc.htm 
	htfl?: / /www.ci.da!las.tx.us 


	Dallas Fire Departmet wep page has helpful information on firepreventiorrinvolving appliances. This is just one example of the many fire department weg,pagi;s with similar information. 

	6. 
	6. 
	http·/ /com/kiddesafety/pages/homefisa.htm 
	www.kiddesafety 



	Kidde web page-Home Safety Education Center. This is just one example of the many web pages from manufacturers of fire protection equipment with similar information. 
	7. htfl?://www.goodhousekeeping com/gh/ghi/67ghifl.htm 
	Good Housekeeping Institute Report -site with helpful home safety information 
	"Fireproofing Your Dryer" 
	8. 
	8. 
	8. 
	8. 
	http: //tv.cbc.ca/market/recalls /reclhome / drvers.html 

	Canadian web page for warnings and recalls -has data on some recalled clothes dryers 

	9. 
	9. 
	htfl?: / /www .discoveromaha com/partners /wowt/ onyourside/ dryerfires 0225.hbnl Television news station web page -has data on fire prevention for clothes dryers. lhis is just one example of the many tv news web pages with similar information.. 

	10. 
	10. 
	Distributor of construction equipment web page. This site has a page-titled "What Causes Clothes Dryer Fires?" There is lots of helpful information on proper installation and maintenance of clothes dryers. 
	htfl?: //www.buildersbest.com/what.htm 


	11. 
	11. 
	This is the web page for a manufacturer of metal dryer exhaust vents. It has some information about problems involving the venting of dryers. 
	htm: / /www.almetaldryervent.com/main.htm 


	12. 
	12. 
	"This is the web page for a vent cleaning company. It has a section on tfle E1i12au:lir 
	http://magic-sweep.com/dryryenthtm 



	afnotdmning your dryer exhaust vent. This is iust one example of the many vent cleaning company web pages with similar information 
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	13. 
	13. 
	13. 
	http: //pathcom com/-dryerfyr /index html This 1s the web page for a Canadian company that cleans dryers and vents, performs safety inspections of home appliances They have some information on fire hazards assoaated with clothes dryers 

	14. 
	14. 
	http./ /www cdc gov /niosh/nasd / docs2/ia00100 html This site if from the extens10n branch of Iowa State Uruversity This web page is titled • "Reduce Fires with Electrical Safety." The article discusses hazards with old/damaged appliance electrical cords and outlets. 

	15. 
	15. 
	on ca/O™/96commun/96-031 htm This 1s the web page for a Canadian Fire Marshal's office. The title of the page~•F~ Hazards Associated With Household Oothe~ Dryers" 
	http: //v,rww.gov 


	16. 
	16. 
	http· //www nadca com/standguide htrn This 1s the web page for the National Air Duct Cleaners Association. The page has some infonnabon on the hazards of contaminated/uncleaned air ducts. 

	17. 
	17. 
	http·/ //0?path=firedoc. txt&id=anon&,pass:anon&OK=OK This 1s the web page for FIREDOC, the research library for NIST Fire Research departmenL It is very useful in locating references for articles involving fire issues.. 
	fris.nist.gov /cgi-bin /starfinder 
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	AppendixC 
	Companson Matrix of Dryer Features Service and Operating Dryer Manuals 
	-

	FTI 
	Comparlaon of Dryer Features -Service and Operating Dryer Manuals 
	Maximum 
	Maximum 
	Thermostat Belt Break 
	Preventive 


	Source Gas or Electric Temperature Location 
	Source Gas or Electric Temperature Location 
	Power Resistor 

	Switch Maintenance
	Type
	Setting (F) 

	present at least since 
	present at least since 
	after 1000 hours of 
	Brand A 

	145. 165 adjustable Blower Exhaust 1972 and Temp <= I SO none 
	Electric 

	operation
	operation
	(1967 • 1984) 

	I' present at least since 
	I' present at least since 
	after 1000 hours of 
	Brand A 

	operating Blower Exhaust 1972 and Temp <-150 none 
	Electric 
	125 -180 

	operation
	operation
	(1967 • 1984) 
	I' 

	present at least sance 
	present at least sance 
	after IOOO hours of 
	after IOOO hours of 
	Brand A 

	lSS -175 Bias since 1984 Blower Exhaust 1972 and Temp<= ISO none 
	Electric 

	operation
	operation
	(1967 -1984) 
	I' present at least since 
	Heater Box Air after 1000 hours of 
	Heater Box Air after 1000 hours of 
	Brand A 

	Electric 290 (older dryers) h1-hm11 1972 and Temp<~ ISO none 
	operatton
	operatton
	(1967 -1984) Intake 

	I' present at least slnco 
	Heater Box Air after l000 hours of 
	Heater Box Air after l000 hours of 
	Brand A 

	Electric 250 (1984 or newer) hi-limit 1972 and Temp<-ISO none 
	Intake operation
	Intake operation
	(1967-1984) 

	F present at least ~11100 
	after IOOO hours of 
	Brand A Thennal fuso (one-
	Temp<~ 150 110110
	Temp<~ 150 110110
	BIOlltfiO 190 Blower Bxli~\131 1~721111d 

	(1967 -1984) shol) since 6/80 operation 
	F 

	al\er IOOP hA\lfSof
	Brand A 
	P11lh 180 ,<tiustahlo Blower Bllllftll•I Incontrol pqnel 11000 
	operatio11
	(1983 -1990) Brand A 
	(1983 -1990) Brand A 
	~lier IOOO ho11rsof 

	P1111l 180 ppcrallna Blower!lxl1~11•t Inc:antrol p~cl nono 
	(1983 -1990) BrandA ~n•r IQOO ho11rsRf 
	pperatio11 

	1\1111! \8Q )llai l)lqwer ~ftll•I In c1111trol Pftncl pono
	(1983 • 1990) ope1111ion 
	1 
	Comparison of Dryer Features -Service and Operating Dryer Manuals 
	Source 
	Brand A (l9KJ -1990) 


	Brand A 
	Brand A 
	(1983 • 1990) 
	Brand A (1983 • 1990) 
	Brand A (1983 -1990) 
	Brand B (1984 • 1997) 
	BrandB (1984-1997) 
	Brand B (1984-1997) 

	Brand B 
	Brand B 
	(1984 -t99n 
	Brand P . (19~4 • 1997) 
	Gas or Electric Electric 
	Gas 
	Both Both 
	Both 
	Both 
	Both 
	lll~lrl~ 
	Aw• 
	Maximum Temperature Setting (F) 225 300 
	not mentioned 
	not mentioned 
	180 
	180 
	180 
	22S 
	3QO 
	Thermostat 
	Type 
	hi-limit 
	hi-limit 
	Thermal Fuse (one shot) 
	Thermal Cutoff (one-shot) 
	adjustable 
	operating 

	bias 
	bias 
	hl-1111111 
	hi-limll 
	2 
	Location 
	Heater Box Air lntako 
	not mentioned 
	Blower Exhaust 
	Heater Box Air Exhaust 
	Blower Exhaust 
	Blower Exhaust 
	Blower Exhaust 
	Heater B11x Air lntuo 
	no\ 01c11t111nfa 
	Power Resistor 
	in control panel in control panel in control panel m control panel 
	in control panel 
	in control panel 
	In control panol 
	h1 fontrol pi!IIPI 
	In f11111rol 
	In f11111rol 
	pqnel 

	Belt Break Switch 
	none 
	none 
	none 
	none 
	none 

	none 
	none 
	none 
	none 
	none 
	none 
	Preventive Maintenance 
	after I 000 hours of 
	operation 
	operation 
	after l000 hours of operation 
	after l000 hours of opera11on 
	after l000 hours of operation 
	every 2-3 years or more often depending on usage 
	every 2-3 years or more often dependmg on usage 
	every2-3yellfS or more oflen depemhng on usago 
	PYflY 2-3 years Rf mAfC 111\en<l•~ndnw, on 11sa110 
	,vo!Y 2-l ye~ Pr more pflcn ~ependiflll Ql'I~saga 
	Comparbon of Dryer Features 
	Comparbon of Dryer Features 
	Comparbon of Dryer Features 
	-

	Service and Operating Dryer Manuals 

	Source 
	Source 
	Gas or Electric 
	Maximum Temperature Setting (F) 
	Thermostat Type 
	Location 
	Power Resistor 
	Belt Break Switch 
	Preventive Maintenance 

	Brand B (1984 • 1997) 
	Brand B (1984 • 1997) 
	Both 
	not mentioned 
	Thennal Fuse ( one shot) 
	Blower Exhaust 
	in control panel 
	none 
	every 2-3 years or more often depending on usage 

	Brand B (1984 -1997) 
	Brand B (1984 -1997) 
	Both 
	not mentioned 
	Thennal Cutoff (one-shot) 
	Heater Box Air exhaust 
	in control panel 
	none 
	every 2-3 years or more often depending on usage 

	Brand C (1985) 
	Brand C (1985) 
	Electric 
	not mentioned 
	operating 
	Blower Exhaust or By Lmt Screen On Door 
	in control panel 
	none 
	yearly 

	Brand C (1985) 
	Brand C (1985) 
	Electric 
	not mentioned 
	hi-lunit 
	Top Rear of Drum Casmg For Heaters at Rear of Drum 
	m control panel 
	none 
	yearly 

	BrandC (1985) 
	BrandC (1985) 
	Blootric 
	not mentioned 
	lii-lunlt 
	Heater Box for floor Cotl l-1081~11 
	In control PllflOI 
	nono 
	yearly 

	TR
	Blower Exhaust 11r 

	Prand C (1985) 
	Prand C (1985) 
	Q~ 
	n11t montl11ncd 
	~flllillB 
	Drultl Outlel Pr Plower H11usin1 Pr 
	IllcontrolPat!FI 
	11000 
	yearly 

	TR
	Pntm ill!FI 

	TR
	3 


	Comparison of Dryer Features -Service and Operating Dryer Manuals 
	Maximum Source Gas or Electric Temperature 



	Setting (F) 
	Setting (F) 
	Brand C 
	Brand C 
	Gu not mentioned 
	(1985) 

	Brand D 
	Brand D 
	Electric 171

	(1998) Brand D 
	(1998) Brand D 
	Electric 269

	(1998) BrandD 
	(1998) BrandD 
	Electric 208 

	(1998) BrandD 
	(1998) BrandD 
	llloglflP 352 
	(199J) 

	!!rand B 
	!!rand B 
	127 or 143

	AM
	(1998) Prand B 

	AM ~4~
	AM ~4~
	(1998) 
	Thermostat 
	Thermostat 
	Location Power Resistor 

	Type 
	Type 
	Heater Box Air hi-limit Exhaust or Heater in control panel Box Air Inlet 
	bias Blower Exhaust in control panel 
	Healer Box Air 
	hi-limit in control panel 
	Intake Thermal Fuse ( one 
	Intake Thermal Fuse ( one 
	Blower Exbausl in control panel 

	shot) 'fllermal Cutoff Heater Bo~ Mr 
	in control p1111,I 
	in control p1111,I 
	(one-shot) ln!Bko 

	Pjlllflltili& Plowu Exllaust Illcpntrol PllllPI 
	~l-li11111 Heiser Po11 !lllhftH~IIn conlrQI pqn~I 
	1 
	Belt Break Switch 
	none 
	yes 
	yes 
	yes 
	yes 
	yes 
	yo, 
	Preventive Maintenance 
	yearly 
	every 2-3 years or more often dependmg on usage 
	every 2-3 years or more often depending on usage 
	every 2-3 years or more often depending on usago 
	overy2-3 years or more often depcmdi!lg on usage 
	every~ years for Im! 1111d pvery y~ar for exllaust system 
	every 3 years for li~t 1111<1 ~very f~l\f for ext1aus1 system 
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	Companson of Dryer Features Figures 1-6 
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	1998MODEL DRYER PARTS 
	1998MODEL DRYER PARTS 
	Figure
	CONTRQ.__ ___ .u....._ 
	~l 
	PANEL 
	_@___l~e 0 9:::!J 
	Air fntake 
	Air fntake 
	DRYER DRUM 
	LINT 
	SCREEN 
	SCREEN 
	DRUM DRIVE MOTOR 
	INDUCED DRAFf 

	BLOWER 
	BLOWER 
	__ -.£ / , ' ,,. ,. ,. . I . . ; j ·' ,--<# --_ ... ELECTRIC HEATING ELEMENT (or gas burner) 
	1h.:1111,,1 j 11 ,_ 00pen.n10nal
	D.

	Tr1~rmcl,ttll 
	Tr1~rmcl,ttll 
	'e Name: Aualysi\ of Clothe.\' D1:\'erFire'\ 
	awing Title: /998 Typical Model Clothes Dryer 
	-
	Part\' 
	-I 

	~ure Number: I Drmm by: N.M. Date: I 1/16199 File Number: 9903.0002 



	1980's MODEL ELECTRIC DRYER DRUM HEATER COIL 
	1980's MODEL ELECTRIC DRYER DRUM HEATER COIL 
	., 
	Figure
	Figure
	,,
	Heater Coil On 
	,I 
	/
	Figure

	Rear of Dr111n ,,
	/ ,, 
	/
	,, ,, 

	I\ T!tt•rm,J/ 
	,. 

	/ , /
	,, / ,,
	ll Fme 
	/ ,." 
	/ 

	Operatimwl 
	. _/__ /

	',,
	0 

	Tlier1111J,;1111 
	' , ,, :,, 
	' 
	/ 

	\ , ,
	-

	1-f /fr-ffllJII '( ., ✓ , I 1• •• ,11,1 ,1,r, 
	·-

	; 
	• .. ✓ 
	, 
	~
	I frt1Jc•tl -lir 
	t 

	t 
	t 
	Ctm/A.ir 

	(11111hie11t) 
	.. II urm I llm\t
	I -ur 
	Exhaust 
	-:"ife Name: Ana(i·sis o{Clotlies D1J•er Fires 
	>rawing Title: Tipical Older Model Clothes Dn:er 
	-

	• Heater Coil on Dnrnr 
	Figure
	1gure Numher: 2 Dnm·n hr: N. NI. Date. I I I/ 6199 File Numher: 9903.00()2 
	Heater Bo:c At Rear of Dru111 __I Intake 
	1980'5' MODEL ELECTRIC DRYER , HEATER BOX 
	1980'5' MODEL ELECTRIC DRYER , HEATER BOX 
	l I 
	Figure
	/11-I r,1ri1 J!,,·rnro-.rar 
	D 

	TTtt'Tllttll 
	0 

	Cm~OJJ 
	Coaf.-lir (ambi,mt) 
	Exhaust~ 
	Exhaust~ 
	-:;/e Name: Ana~,~ris nf"Clothes Direr Fires 
	)rall'mg Title: 7).·pic:al Older A4odel Clothes D1:rerHeater Box at Rear 
	-

	Figure
	=tgun! Numher: J Drmrn /~1·:N.M. Dute: I 11/6199 File Number: 9903.0002 
	Exhaust GAS BURNER 

	1980's MODEL GAS DRYER 
	1980's MODEL GAS DRYER 
	6. Thermal 
	11"· 
	I 

	1erutimr(l/1ermostut 
	0 
	~ 

	II•-! 11nit
	□ 
	IIit ·rmo,tat 
	Intake 
	Intake 
	j H,•ut,•tl
	I ur 
	Cool Air 
	Cool Air 
	t 

	(ambicmt) 
	... II urm / M11i-.t
	-1ir 
	I 

	ile Name: A na(rsis of Clothes Dryer Fires 
	•rawing Title: T\pical Older A-fode/ Clothes Dn-'er -Gas Bi.1r11erOn Bottom 
	-

	Figure
	igure Numher: 4 Drawn hy. N./l,f. Date: I 1/16/99 File Numher: 9903.0001 







	Normal Air Flow Clean Lint Screen 
	Normal Air Flow Clean Lint Screen 
	Figure
	----------------
	'fie Name: A11af\·s1.\of' Clothes D1:1·erFire.\ rawi11g Title: 1998 Typical Clothe-, D1:\·er -Normal Air Flou· Patter11 
	'fie Name: A11af\·s1.\of' Clothes D1:1·erFire.\ rawi11g Title: 1998 Typical Clothe-, D1:\·er -Normal Air Flou· Patter11 


	@) 1(])~@~ 
	@) 1(])~@~ 
	Intake 
	Intake 
	Figure
	(}perati(Jntz/ Tlu:r11wstat 
	Q 

	-lit-I 1,:,r• I he• ,uo,r.:r 
	<8)Tlrennal 
	<8)Tlrennal 
	Clll•OJT 
	C1111Ilir 
	C1111Ilir 
	Figure

	(umhic:nlJ 
	(umhic:nlJ 
	II urn, / ,l/11i"1 Hr 
	t 

	1 ' 
	gure Number: 5 Drmrn by· N.A4. Dale: I //16/99 Fut! Number: 9903.0002. 




	Exhaust 
	Exhaust 
	t 




	Restricted Air Flow Blocked Lint Screen 
	Restricted Air Flow Blocked Lint Screen 
	(_) 

	I I 
	1, f ltt·r11w! U / If \L' Q Opennitma/Tl,er11m,;tut -; I Ir-/ ;,,,,, --l Ii,•rm,,~fut ~ Tfterma! C111-0ff t Ih-ittt•tf Ur t Co,,{ ,-fir tam!,il!lfl) .... II (I /"111,I lir 
	le Name. Analrsis o{Clotlws Dn·er Fires ·awing Title: {998 Trpical Cloth~\ DiJ'er -Restricted Air Flow Pattern 
	le Name. Analrsis o{Clotlws Dn·er Fires ·awing Title: {998 Trpical Cloth~\ DiJ'er -Restricted Air Flow Pattern 
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	:ure Number. 6 Drawn by: N.M. Dale: I /1/6199 File Number. 9903.0002 
	AppendixE 
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	CONSUMERPRODUCT SAFETY COMMISSION 
	CLOTHES DRYER FAULTTREE ANALYSIS (Data from 79 CPSC Epldemiologlc Investigation Reports) 
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	Failure Mode 
	Failure Mode 
	Failure Mode 
	Number of Events 
	Fire Causation. Contribution:. 

	ELECTRICAL 
	ELECTRICAL 

	1. Undefined control malfunction 
	1. Undefined control malfunction 
	2 

	2. Control short circuit 
	2. Control short circuit 
	2 

	3. Power Cord 
	3. Power Cord 
	2 

	4. Timer motor 
	4. Timer motor 
	2 

	5. Start relay 
	5. Start relay 
	1 

	6. Arciniz 
	6. Arciniz 
	1 
	I 

	7. Drive motor 
	7. Drive motor 
	6 

	8. Thermostat 
	8. Thermostat 
	3 

	Subtotal 
	Subtotal 
	19 
	24:% 

	MECHANICAL 
	MECHANICAL 

	1. Drum seal bearing
	1. Drum seal bearing
	-

	5 

	2. Broken drum belt 
	2. Broken drum belt 
	1 

	Subtotal 
	Subtotal 
	6 
	8% 

	RESTRICTEDAIRFLOW 
	RESTRICTEDAIRFLOW 

	1.Imoroperventing 
	1.Imoroperventing 
	7 

	2. Improper installation of vent 
	2. Improper installation of vent 
	10 

	Subtotal 
	Subtotal 
	17 I 
	22% 

	HEAT SOURCE (ELECrRIC/GAS) 
	HEAT SOURCE (ELECrRIC/GAS) 
	• 

	1. Gas control valve 
	1. Gas control valve 
	3 

	2. Gas supply line 
	2. Gas supply line 
	1 

	3. Heat exchani;ter (2-as) 
	3. Heat exchani;ter (2-as) 
	1 
	I

	4. Lint ingestion 
	4. Lint ingestion 
	2 

	Subtotal 
	Subtotal 
	7 
	8% 

	MISUSF/ABUSE 
	MISUSF/ABUSE 
	' 

	1. Events 
	1. Events 
	4 
	5%. 

	UNDETERMINED 
	UNDETERMINED 
	IJ '

	1. Events 
	1. Events 
	26 
	33% 

	Total 
	Total 
	79 
	1000/o. 


	EVENT SUMMARY FOR FIGURE 7 FROM CPSC EPIDEMIOLOGIC INVESTIGATIONREPORT5 Of 79 FIRES 
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