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Through: Sadye E. Dunﬁgfgfﬁgctok, office of the ﬁisggzzﬁz’_
Through: Susan Birenbaum, Acting General Counsel~ P EJFUW“A
Through: _Thomas W. Murr, Jr., Acting Executive Diréﬁéor %'
Through: gbouglas L. Noble, Director, Office of Program
}V/Management and Budget
Through: Carl W. Blechschmidt, Program Manager, office of
Program Management and Budget@nUﬁg

FROM : Linda L. Glatz, Project Manager, Office of Program
Management and Budget &

SUBJECT: Transmittal of Staff Reports from the Cords/Plugs
Project

The Electrical Hazards Team began a project in Fiscal Year
1988 to address fires involving appliance cords. The Directorate
for Epidemiology estimates that 9,600 residential structural
fires involving appliance cords have occurred annually over the
period 1985-1987 and that these fires resulted in an estimated
160 deaths, 460 injuries and $92.4 million in property loss
annually. The death rate per fire ranks the second highest of
all electrical product groups.

Due to resource limitations, additional project work was
terminated in Fiscal Year 1989. The staff completed the analysis
of incident data but was unable to begin the testing and analysis
of new appliance cords intended to contribute to the development
of improved voluntary standards.

A major effort of this project involved the identification
of incidents for investigation and subsequent analysis by the
Divisions of Hazard Analysis and Human Factors, Directorate for
Epidemiology (EP), and the staff of the Directorate for
Engineering Sciences (ES). To identify incidents, the staff
conducted a media campaign to encourage reporting of cord-related
incidents where a small amount of damage had occurred. Due in
large part to the efforts of the staff in the Directorate for
Field Operations, we received more than two hundred samples and
281 follow-up investigations of incidents to evaluate.

The cord and plug failures represented in these samples were
verified and analyzed by the ES Laboratory. This work is
recorded in a series of reports now located in the ES Electrical
Engineering Division files. The ES report cited below was based
upon the laboratory reports and they were also used to verify the
relevance of samples for inclusion in the hazard analysis.
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This memorandum transmits three reports related to the data
collected. Although the staff does not presently have a project
on cords/plugs, we will share the attached reports and continue
to encourage review of voluntary standards with interested
industry groups such as Underwriters Laboratories, Inc., the
Association of Home Appliance Manufacturers, and the National
Electrical Manufacturers Association.

The reports are summarized below:

o Tab A Technical Analysis of Failing Cords and Plugs 1988-
1989, dated September 1989, by Dennis McCoskrie,
pDirectorate for Engineering Sciences

This report identified a number of failure modes of
appliance cords such as 1) bad crimps within molded plug or
connector, 2) bad mating contact with wall receptacle, extension
cord current tap, or male contacts of appliance, 3) flexure
failure of cord usually at sharp bend points or at entry to
appliance or appliance strain relief, 4) tension failure at plug,
5) plug blades pitted from arcing caused by bad contact or
withdrawal of plug while full appliance current is flowing, and
6) flexure or abrasion failure of cord insulation leading to
arcing between conductors or to grounded metal objects that the
ungrounded conductor contacts. This report discusses the types
of failure modes observed with various appliances such as space
heaters, lamps, air conditioners, irons, hair dryers,
coffeenmakers, and fryers.

o Tab B Flectrical Hazards Involving Appliance Cords, dated
February 1990, by Linda Smith, Directorate for
Epidemiology

The major findings of this report were as follows:

- pased on national fire data from the U.S. Fire
Administration and the National Fire Protection Association, it
is estimated that fire service attended residential structural
fires involving all cords and plugs, including extension cords,
decreased by about 25 percent from 1980 to 1987. Deaths from
these fires, however, decreased by only 7 percent; injuries
showed no decrease.

-Using supplementary data to adjust national fire data, it
was estimated that 9,600 residential structural fires involving
appliance cords (other than extension cords) occurred annually
over the period 1985-1987. These fires resulted in an estimated
160 deaths, 460 injuries and $92.4 million in property loss
annually. These losses reflect casualty rates of 17 deaths per
1,000 fires, a per-fire death rate second only to portable
heaters among products involved in electrical fires.
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~Failure points identified among the investigated incidents
indicated that about 35 percent of the failures cccurred at the
attachment plug end of the cord, 38 percent occurred at the
appliance end, and 22 percent occurred along the cord length.
However, among those that caused a fire, almost one-half occurred
along the cord length.

~Investigated cord failures that occurred along the cord
length, as opposed to the end connections, most often involved
products that were left plugged in for extended periods of time
such as large appliances, consumer electronics items, lamps, and
fans. These incidents contributed the greatest number of
reported fires that involved damage over $1,000.

~Investigated cord failures that occurred at a strain relief
mostly involved heat producing small appliances such as hair
dryers, irons, and curling irons where this construction is most
common. Few such failures proceeded to high damage fires.

-Investigated cord failures that occurred at the attachment
plug end of the cord predominantly involved cooking or other heat
producing appliances, having features that generally involved
both high electrical loads and physical stress from handling.

o Tab C Assessment of Consumer Behavior Around Rlectricity,
dated February 1990, by Marie Bellegarde, Directorate
for Epidemiology

The major findings of this analysis reveal that consumers
sometimes failed to observe warning signs exhibited by failing
appliance cords posing a fire or electrical shock hazard. &
review of the literature on people's perceptions of electrical
safety helps to explain the behavior exhibited by consumers in
the investigated cases. Pecple perceive electricity as being safe
since it works well and seldom fails. Consequently, electricity
is taken for granted and common electrical appliances are
considered nonhazardous. Familiarity with the electrical
appliances involved also increase the perceived safety of these
appliances. The findings of this analysis support the need to
increase people's awareness of electrical safety as well as the
need to consider the intended and foreseeable use of these
appliances in the honme.

Pursuant to Section 5 of the Commission General Policies of
March 18, 1987, the Acting Executive Director indicates that he
is reasonably unaware of any relevant and significant minority or
dissenting views on this issue except for those contained in this
package.
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SUMMARY:

A major segment of the two-year project "Cords and Plugs” was a
campaign combining the contributions of the Consumer Product Safety
Commission's epidemiological staff, field sﬁaff. engineering
laboratory, administrative office, and electrical engineeriag
division. The intent was to overcome an inherent problem in the
ana_lysis of residential fires attributed to electrical appliance
cords =- as a result of involvement in the fire, the cord usually is
extensively damaged and cannot provide raliable information about
the mechanism of damage leading to ignitien.

The campaign was intended to collect sample appliance cords,
and in some cases appliances and electrical outlets, exhibiting'
overheating, arcing, smoking ard other symptoms believed to be
manifestations of impending ignitioq. More than two hundred
samples were collected by the field staff, received and coordinated
by the Sample Custodian and technically analyzed for the cause of
failure by the engineering laboratory. A reduced group, those
samples that were determined by the laboratory actually to be
involved in appliance-cord ignited fires, was statistically analyzed’
by the hazard analysis group of the epidemiological staff and is the

subject of this Engineering report.



BACKGROUND:

Recent estimates” by CPSC epidemiologists attribute about one
£ifth of electrical fires associated with household distribution
systems, 10,600 annually, toc ignition by extension cords and
appliance cords. Other, related, estimates indicate that these
fires are divided about egually between extensicn cords and
appliance cords. The Cords and Plugs project is intended to study
the mechanisms that cause liance cords to ignite residential
fires; the goal is to recommend improvements in the voluntary safety
standards for these components, Extension cords were studied in a
PY87 project, and recant changes in the UL standard for extension
cords ("cord sets” in UL'S terminology) are expected to reduce
current cverloading as a source of ignition,.

Current and past fire statistics attribute large numbers of
destructive fires to ignition from defective or damaged appliance
cords., However, it is rare that a fire report records the specific
role of the appliance cord in starting the fire., In corder to
identify the particular cord characteristics that cause fires, a
special field campaign was conducted during FY88 to collect
appliance cords that consumers considered to be dangerous -- that
demonstirated overheating, sparking, bare conductors, etc., At the
beginning of this campaign, we anticipated that as many as one
hundred samples might be collected. The total number of samples
collected was well over two hundred, although some submitted
appliance samples turned out not to have cord/plug defects. Almost
all of the collected samples have been examined and analyzed for
safety defects by the Engineering Laboratory (ESEL).

¥ "Residential Electrical Distribution Fires", Smith, L. and
McCoskrie, D., U. S. CPSC, December, 1987, p.4.



DISCUSSION:
A. Appliance Cord Failure Modes.

Failure modes of appliance cords cobserved in the many kinds of
appliances represented in the campaign tend to fall in these
categories:

1. bad erimp within moléed male plug or female connector.

2. bad mating contact with wall receptacle, extansion cord
current tap, or male contacts of appliance,

3. flexure failure of cord, usually at sharp bend points such
as entry to plug or plug strain relief or at entry to sappliance
or appliance strain relief.

4. tension failure at plug, cord insulation separated from
molded plug.

5. plug blades pitted, arcing, bad conﬁact or withdrawal of
plug while full appliance current is flowing.

§. flexure or abrasion failure of cord insulation leading to
arcing between conductors or to grounded metal objects that the
ungrounded conductor contacts.

B. Descriptions of Appliance-Cord Failure Modes.

A "bad crimp” is a wire connection to a plug blade or some
other terminal that is contaminated cr improperly assembled so as to
cause a high resistance connection between the terminal and the
wire. Particularly in appliances such as portable heaters and hair
dryers that regquire currents close to the maximum rating of the
residential branch circuit, the high resistance crimps may become
hot enough to melt the plug insulation, or even ignite the plug and
wire insulation.

*Bad mating contact® often results from mechanical wear of
contacts or the loss of contact pressure as the spring temper of
metal parts is reduced by age and overheating. Firm metal-to-metal
contact is lost, and a high temperature. arcing or *glowing" type of
conduction takes place. This phenomencn can cause severe
overheating of the plug and receptacle, Similar reactions in
extension-cord to appliance-cord connections cause severe
overheating without a clear indication as to which cord was
defective. XKitchen appliances such as roasters, broilers, frying
pans, and kettles may exhibit contact overheating at the junction
between the female connector of the cord and the male ingut pins of
the appliance, Wear can be a factor in this problem, as well as
f£ilms of food-related materials deposited on the appliance pins.
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Flexure failure of either wire ingulation or the metal
conductor itself is common in appliances that receive lots of hand
manipulation in normal use, Products such as irons, hair curlers,
and hair dryers suffer failures at any point where a sharp bend of
the cord will occur. In older appliances that did not incorporate
bend~relief reinforcement at the plug and the entry to the body of
the appliance, failures signalled by sparking, arcing, and smoking
will occur just where the cord exits from the plug or bedy.
Revisions to the voluntary standard for cords have introduced-.
reinforced sections (bend reliefs) at these locations so that newer
appliances suffer cord failures at the end of the reinforced -
section,

Tension failure at a plug can cause exposure of the wire
conductors because the molded plug was not bonded adequately to the
cord insulation., Pailure of this bond permits tension on the cord
to be directly transmitted to the wire/blade connections. In turn
this can lead to arcing and a resultant fire hazard.

One occasional type of failure is indicated by severse
discoloring and/or pitting of plug blades, usually caused by loose
or intermittent contact with the receptacle cutlet. In some cases
it can be established that initial damage to the blades and contacts
was caused by using the plug to interrupt a high current load, or an
inductive load such as an air conditioner or refrigerator. In
extreme cases, the blades are eroded by arwing. This type of
failurs tends to occur in window air conditioner installations
connected to a 1l5-volt outlet rather than a 230-volt service that
would operate at half the current or less.

Most often seen in flat cords with parallel conductors,
flexure, crushing or abrasion failure of cord insulation will often
result in arcing or conduction through damaged insulation between
the conductors or between the ungrounded wire of the cord and some
grounded metal surface in contact with the cord. Overheating and
fire can result.

C. Pailures Observed in Unattended®Appliances.

l. Air Conditioners, Window (5 reports)
(3) severea overheating, arcing;
(1) overheating of cord;
(1) overheating of plug, failure of crimp.

¥ YUnattended"is an arbitrary term to designate an electrical
appliance that is usually or frequently left in operation without an
operator or observer. An air conditioner normally is unattended; a
curling iron would be "attended”,

i



2. Blankets (2 reports) _
(2) flexural failure of blanket supply cord close to
blanket connecting plug.

3. Clothes Dryers (3 reports)
(2) one gas fired, arced at plug;
(1) overheated plug, loose connection in receptacle,

_ 4. Pans (3 reports)
{2) flexural failure at plug;
{1) cord shorted at entry, no strain relief present,

S. Space Heaters (22 reports)

{1l} overheated plugs; probably defective crimp.
{6) plug and receptacle cverheating.

{l1) plug overheated by aluminum wire connectiocns to
receptacles

{1) plug overheated by faulty twist-on connector.
{2) plug blades pitted, sparked, overheated,

(1) flexural failure at plug.

6. Lamps (8 reports)

{2) cord shorted at entry to base,

{1) short circuit inside base ignited cord. ‘

(1) cracked insulation caused short circuit through base,
(1) f£lexural failure at lamp-socket base,

{1) cerd arced, melted.

(1) cord pinched in crack in plastic mat arced, smoked.
(1) plug blades arced, melted.

7. OCther unattended appliances such as humidifiers and waterbed
heaters were represented by only cone or two reports.

D. Pailuryes Observed in Attended Appliances,
l. Breoilers, Rotisseries, and Combinations (5 reports)
(5) line plugs overheated, meltaed; blades burned,
(4) female plug that connects to appliance overheated,
poorw-contact, arcing, or flexural failure.
2. Coffeemakers, Percolators (17 reports)
(11) flexural failure at line plug.

(3) bad contact at female connector.
(2) failure of plug crimp connection.

Jot



4.

6.

Curlers, Curling Irons (9 reaports)

(9) flexural failure at entry to appliance, scme failed at
cord entrance to plug also.

Pryers, Skillets (39 reports)

(6) bad contact at female élug te pan
{2} overheated plug; defective crimp- .
{1} plug overheated in bad recaptacle.

Hairdryers (22 reports)

(9) flexural failure at plug '

(11} flexural failure at body or at strain relief
(1) wire insulation separated from plug insulation
{1} plug overheated from internal arc.

Irons (29 reports)

(13) flexural failure at ccrd entry to iron
(8) flexural failure at plug

{5) flexural failure at strain relief

(2) flexural failure at female piug

{1) plug overheated in bad receptacle.

Kettles, Teapots, etc. 7 reports)

{3) flexural failure, female plug '
{2) flexural failure at plug
{1} plug overheated from bad crimp.

Mixers {3 reports)

{1} flexural failure at female plug
{1) erimp defect in female plug
{1) cord insulation crackad, sparked.

Radios (6 reports)

(1) flexural failure at male plug

(1) flexural failure at female plug

(1) male plug overheats

{1) cord arced and destroyed radio

(1) cord arced to flexible gas connector.

10. Toasters and Toastar-Ovens (8 rasports)

{5) flexural failure at male plug

{1) arcing in plug . .

(1) flexural failure at entry to appliance
(1) plug overheated in defective raceptacle

- -
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1l. Vacuum Cleaners (8 reports)

{2) flexural failure at entry to cleaner;

{1) flexural failure of cord about 29" from Cleaner
(1) cord jacket pulled cut of plug body

(1) crimp failure in plug

{1} plug overheated in worn cutlet

{1) broken blade in plug

{1} contact failed in cord/wand connection.

12. Other attended appliances, such as cook pots, waffle
irons, hair clippers, etc, were represented by only one or
two reports each.

ORSERVATIONS:

The tabulated data in the previcus section does not suggest any
strong patterns in relationships between cords and plugs and
residential fires, Figure 1 presents the same data graphically and
suggests some general comments, .

It would have been useful if the relative numbers of cord-and-
plug failures reported for different appliances in this study could
have been compared with the estimated numbers of fires attributed to
the cord-and-plug components of the same kinds of electrical
appliance. Unfortunately the latter data compariscn is not
available; the data that are available relate to fires and
appliances and it is suspected that thess figures may be inaccurate
to the extent that scme: fires that should have been classified as
cord-and-plug fires may be included in the appliance-fire data.

A comparison is shown in Pigqure l. between relative numbers of
sample reports and the estimated numbers of several varieties of
elactrical appliance now in use. There does not seem to be any
obvious correlation between these statistics,

Examination of the patterns of hazard causes for the varicus
appliances does not identify strong similarities among them. This
being the case, it may be useful to examine the evidence about each
kind of appliance identified in the fleld and sample reports.

h; Space Heaters

It is generally accepted that cord and plug failures are
relatively common in portable space heaters and, because these
heaters are often unattended (sometimes operated in rooms with
sleaeping occupants), these failures are more likely to ignite a fire
than, for instacce, the fallure of an iran card.

-7-



The heater cord failures reported during our *Cords and Plugs”
campaign were similar to those reported before and which are being
studied by UL and the asscciated Industry Advisory Committee.
Predominantly they are characterized by overheating of the plug,
often accompanied by overheating of the outlet. Often it is
apparent that the overheating originated in at least one of the
crimped terminations between a wire and some other terminal of the
hesater,

Because many heaters are in circulation that have older cords
and plugs installed, it can be expected that the incidence of cord-
related heater fires will continue to be high. A major cause of
overheating of heater plugs has been identified and a *temporary"
corrsction has been added to UL 1025, Electric Alr Heaters,
Effective August 6, 1986, crimped wire connections for l000-watt-or=-
more heater cords must either be soldered, brazed, or welded, or
derated 80 as to require a larger size wire and crimp terminal. 1In
time, this provision, or another "permanent® measure with the same
intent, should reduce overheating failures of heater cords and,
accordingly, heater fires.

B. Lamps

Electric power used by residential portable lamps rarely
approaches full branch-circuit capacity. It can be expected, then,
that overheating will be less of a contributgr to failures in
service. Among the samples collected in this campaign, crimp
overheating is not a major fire cause, but virious mechanical
stresses are reported to have damaged the electrical insulation so
as to cause conduction between the cord conductors, or from a
conductor to the metal base of the lamp. It was not uncommon for
arcing to occur, a phenomenon that produces a very high temperature
ignition source.

We are not aware of any specific effort to improve the
resistance of lamp cords to mechanical hazards, An evaluation of
the current provisions and recent history of UL 153, Portable
Electric Lamps, could reveal some appropriate changes that should be
recommended. One possibility might be to limit the wide variety of
cord types and sizes now listed as acceptable in UL 153.

C. Air Conditioners, Window

Severe overheating of the cord and plug was the most common
failure symptom found in this appliance. Many of the units in use
are rated to operate with relatively high a-c current levels close
to the permitted branch-circuit loading so that overheating of the
crimped counections occurs in these appliance cords too. Air _
conditioners are subject to temporary current overloads on startup
which also contribute to overheating and deterioration of the
connections. A trend that may, in time, reduce the incidence of
these failures is the introduction of increasingly efficient air-
conditioners that utilize less current,



. Current marketing practices tend to influence the user toward

. providing adequate branch-circuit current capacity and the correct
heavy-duty receptacle to supply power to a portable air-conditicner.
Continued information and education efforts may also help to reduce
overloading of air-conditioner cords. A review of UL 484, Room Air
Conditioners, might reveal some room for improvement,

D. Unattended Appliances in General

Analysis of fire reports and statistics is needed to determine
whether or not most serious appliance-related fires are caused by
electrical appliances that are not attendead at the time ¢f the
ignition. It seems logical that this should be sc and that
improvements should be considered for the standards for the
unattended appliances most freguently involved in cord-related
fires,

E. Irons

Not surprisingly, portable irons were the most frequently
reported. attended appliances experiencing cord failures. Twenty-
eight cut of twenty-nine cord failures were attributed to flexural
failure of the cord, usually at some point where the cord tended to
bend over the edge of a plug or the entry to the iron. On the basis
of past reports from industry and consumer complaints, these iron-
cord failures do not often result in destructive fires, The
failures usually become evident while the iron is in use, and a
prudent user will stop using the iron. Depending upon the
circumstances, sparks or particles of molten conductor have struck
the user so as to cause minor burns. A serious injury might result
if this material should strike the user’'s eve.

F. Hairdryers

This appliance also exhibits flexural failures at the location
on the cord where it tends to ba bent around the junction with the
plug, with the entry to the hairdryer, or, in later models, with a
bend-relief at either end of the cord. These failures are avidenced
as exposed metal, overheating, and,or arcing and smoking. Typically
little or no sustained ignition occurs, and the user discontinues
use of the hairdryear. Scme representatives of the appliance-cord
manufacturing industry express strong convictions that round cords
would withstand the steady flexure of this application mauch bettar
than the parallel-conductor flat cords now typically supplied. This
cpinicn seems tc he technically acceptable, but no test data has
been submitted, that we are aware cof, that demonstrates the
superiority of round cords.




G. Coffeemakers, Percolators
Kettles, Teapots

Combining of these two categories accounts for twenty-four
failure reports, seventeen coffeemakers, and seven kettles, The
most prevalent type of failure, in both groups, was flexural
failures at line plugs, at appliance connecting plugs, and at entry
toc the appliance, if a connecting plug was not supplied. While
these appliances do not usually draw currents as great as those of
electric space heaters, a few fallures of crimp connecticna hetween
terminals and conductors were cbserved in this group. Again, these
attended appliances did not seem to pose a significant fire hazard
because the fault usually was observed by the user and use of the
appliance was stopped.

H. Fryers, Skillets
Broilers, Rotisseries

These appliance groups combined to contribute eighteen of the
reported cord-and-plug failures, nine from each. A different mode
of failure was observed in these appliances, which almost always
have a detachable cord with a female connector that mates with male
pins attached to the appliance. Because these connectors are in
areas whexre food spills occur, or where food vapors can condense in
the region of the connector, insulating layers tend to build up on
the connecting surfaces and interfere with conduction., This results
in overheating of the connector and subsequent baking of tha food
materials into a very tenacicus layer on the connecting surfaces.
Also, because of the buildup of more conductive food products on
insulating surfaces, arc-tracking phenomena may alsc contribute to
overheating. These appliances, too, exhibited overheating of the
crimped connections in the a-c plug. Often users of these appliances
tended to continue to use them, even though they weres aware of
overheating of connectors. Even so, overheating or ignition was not
reported as occurring external to the appliance and its cord.

RECOMMENDATIONS :

A. Unattended Appliances

Continue to monitor UL's current effort to revise their
requirements for heater cords and encourage settlement  of the IAC
dispute over the need for a separate standard for cord/blade
subassenmblias,

Review the standards that govern cother high-current appliances
to identify those standards that should be revised "in step® with
the heater cord standard.

- ie- 17



Review the UL Standards that govern construction and materials
for portable-lamp cords with the ocbjective of recommending
requirements to improve durability and resistance to cutting and
crushing.

B. Attended Appliances

Encourage manufacturers, UL, and trade groups to devise test
protocols for cords and plugs that more realistically simulate the
stresses that they meet in actual use, While flexural failures of
cords do not seem to he a major contributor to residential fires,
insulation failures do present scme possibility of fire, spark/burn
and shock hazard, The same organizations should be encouraged to
determine whether or not round cords would substantially reduce
flexural failures in irons, as compared to.flat, parallel conductor
cords.

C. Cords and Plugs in General

Through NEMA and other channels, encourage continued
developmant of comparative test protocols for ealectrical cords to
develop data that supports specification of cord materials and
construction in veluntary safety standards for electrical
appliances. ' -

Develop and disseminate aducational materials to warn against
continued use of damaged cords and plugs, to instruct users in the
detection of damage that can lead to hazards, and to suggest proapt,
profassional replacement of damaged and worn appliance cords,

- 11 -
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EXECUTIVE SUMMARY

In 1987, the Consumer Product Safety Commission (CPSC)
Electrical Hazards Team began a project to reduce residential
fires that involved electrical equipment cords. As part of that
effort, this report presents fire data estimating national

rasidential fire losses involving electrical cords and an analysis

of failurs causes bassd on CPSC field investigations.

To identify reslevant incidants for -investigation, CPSC field
staff conducted a media campaign to solicit reporting to CPSC of
low-damage incidents that demonatrated electrical cord failure.l/
This means of data c¢ollection provided failure information that
was frequently unavailable onca a fire had occurred and dastroved
the point of origin. The data cellection effort resulted in a
total of 281 follow-up investigations of electrical cord
incidents. About cne-half resulted from this solictation process
and one-half from unsolicited reports such as consumer complaints
and newspaper clippings.

The major findings wers as follows:

= Basad on national fire data from the U.5. Fire Administration

and the Natiocnal Fire Protsction Association, we estimate
that fire servics attanded residential structural fires
invelving all cords and plugs, including extension cords,

decreased by about 25 percent from 1380 to 1987. Deaths from
these fires, howaver, decrsasad by 7 percent; injuries showed

ne dacreass. . A )

o Using supplementary data to adjust national fire data, we
estimata that 9,500 rasidential structural firas involving
appliance cords (other than extansion coxds) occurred

annually over the period 198%5=-1987. Thesa fires resulted in

an estimated 160 deaths, 460 injuries and $92.4 million in
property loss annually. These lossas reflect casualty rates
of 17 deaths per 1,000 fires, a per-fire death rata seccnd
cnly te& portable heatars among products invelved in
elactrical fires.

o Failure points identified among the investigated incidents
indicated that about 39 percant of the failures (102 of 263)
cccurred at the attcchment plug end of the cord, 38 percent
{100 of 763) cccurrsd at the appliance end, and 22 parcent
{57 of 2631) occurred ajong the cord length. However, among

those that causasd 2 firs, almost one~half (37 of 81) occcurred

along the cord langth.

1/ In-scope incidents involved fira, smoke, overheating or
physical deformatinon, arcing or elactric shock.

""iv"‘
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o Investigated cord failures that securred along the cord
length, as cpposed to the aend connections, most often
involved products that wers laft plugged in for extanded
periods of time such as large appliances, consnmar
electronics itams (including telavisions and radies}, lanmps,
and fans. Thess incidents contributed the greatast number of -
raported fires that involved damags over $1,000.

& Investigated cord failures that occurrad at a strain reliaef
(a Teinforced section of the cord near #he appliance and)
meostly involved heat producing small appliances such as
hairdryers, ircns, and curling irons whers this conatruction
is most common. Few such failures procsedaed to high damage
fires.

¢ Investigated cord failures that cccurred at the attachment
plug end of the cord predominantly involved cooking or othexr
heat producing appliances, having features that generally
involved both high electrical loads and physical stress f{rom
handling. ‘

Although this report does not provide estimates of cord fires
by product, the naturs of the cord industry is such that a given
cord construction is often common to saveral appliances or to
whole groups of appliances. It is hoped that this report will
assist CPSC staff, the cord industry, appliance manufacturars, and
veluntary standards organizations to identify areas in need of
ramedial action.




Local newspapers throughout the U.S5. commonly report
fires caQised by "failure of an electrical cord". A Hazard
Analysis of "Fires Associated with Portable Electric Heatsrs"
(Directorate for Epidemiclogy - Division of Hazard Analysis
April 1986}, stated that in 1984, death rates in cord and
plug fires, as a function of tha number of firss, rankad
sacond only to portable heatars anong products invelved in
residential slectrical fires. That rate was 16 deaths per
1,000 cord/plug firea. It was estimated that in 1984
elactrical cords and plugs of all kinds (including extansion
cords) wera invelved in about 9,200 residential structural
fires that resultsd in 140 deaths, 510 injuries, and $86.3
million property loss. 1/

A5 a first step to reducing this hazard, CPSC initiated
a project in FY 1987 to evaluate axtansion cords, a major
sagment of this cord/plug group. Data analvsis indicated
that in 1985 extension cords were invelved in about cone-half
of all the cord and plug fires; cords for a wide variety of
electrical appliances and equipment were involved in the
remaining one~half. The results also indicatad that
electrical overleading and mechanical stress failures at the
attachment plug/cord connection ware factors in extansion

. puring this period, both the National Electrical Codae
(in 1984) and Underwriters Laboratories (effactive
March 1987) made changes to their voluntary standards to
address problems of extansion coxd ovarlicading. The NEC and
UL chariges required overcurrent protaction sized to the
current-carrying capacity of the cord conductors for cords
with size 17 and 18 AWG conductors. This has had the eflect
of drastically rsducing the availability of smaller capacity
axtansion cords and is expected to reduce the number of
axtension cord fires in future years as housasholds replacs
older, smaller capacity cords with newer, large capacity

As a second stap to reducs cord and plug fires, the
Directorats for Epidemiology - Division of Hazard Analysis
(EPHA) initiated data collection in FY 1987 to study
incidents involving the broad range of electrical
appliance/equipment cords. This report presants the rasults

A. Background
cord failures.
cords.
of that effort.

1/

These estimates wara basad on data from the U.S. Fire
Administration’s National Firs Incident Reporting S,stenm
(NFIRS) and the National Fira Proteactiun Asscciation.

S ] o
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Data Collection Mathodology

One of the difficult fsatures cof evaluating fire hazards
is that once a fire has cccurred, the amount of damage
frequantly prevents affective failure analysia. This is
particularly true when you need to know, for example, that
the fire originated not only in the cord but wvhers in the
cord, To overcome this problem, CPSC conducted a data
cellaction effort that solicitad consumer resporiing of
elactrical failurss 2/ in appliance cords and cffersd
reimbursement to the consumer for the product. The
solicitation took a number of forms -- nawspaper
advertisemants, newspaper articlaes that described tha
project, talevision and radio seguments and postars. (Sae
copy of postar/ad in Attachment A.) Thess incidents were
then investigated by CPSC field ataff. CPSC staff also
conducted field investigations of incidents that wvere
raported to CPSC through other scurces (including unsslicitaed
cansuney conpla;nts, newspaper clippings and firs
dapartments;. '

Solicitation of low~damage incidents alsc allowed
collection of 2 large number of product samples -- 23 XKay
slement in failure analysis. Through physical examination of
product samplaes, CPSC’s Engineering Laboratory evaluatad cord
#ajilure for 1560 of the 281 incidents usad in this report.

The CPFSC Directorats for Enginearing report "Tachnical
Analysis of Failing Cords and Plugs, 1988—1989" September
1939, discusses their results.r .

Appendix_a describes in gr-atar detail the scurces and
types of incidents that were raported.

Although we hoped to achieve raporting of electrical
cord incidents from all kinds of consumer electrical
appliancas and equipment, this may not have cccurred
uniformly.

i

In-scopa incidents involved fire, (defined as pressence of
flama} smoke, cverhsating (defined as too hot to touch) or
physical deformation, arcing or electric shock.
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The data included relatively few incidents of cords for
large appliiances. This could indicata that fewer
failures occcurred with such -cords as a result of their
being handled and zoved less Ifrequently than other
cords. However, scrme modes of sclicitation, such as
talavision or radic segments, may not have nade clear
our intarest in cords to large, as well as small,
appliances.

Subssquant communication with project staff indicated
that our intant to include lanmps was not clsar to
sverycne. Few lamp cord-rslated incidents ware reportad
through the solicitadl reports, whareas lamp cord fires
wears rsportsd rslatively mors often through
investigations of newspaper clippings. Alsc, follow-up
of national fire data included a substantial number of
fires invelving lamp cords relative to cther appllances
involved in cord failura.

Most of the fan coxd incidents ware reportad through
newspaper clippings and were investigated as part of a
simultanecusly~-running CPSC project on fan fires. This
is likely to have resultad in a larger number of fan
cord fires than otherwise would have been included. It
illustrates, however, that many appliance fires, e.g.,
"fan malfunction” actually invelve cord malfuncticn.
This type of occurrsnce is a crucial barrier in
identifying incidents and estimating the nuumber of cord
failurss, both as a group and for individual appliances.
This issue will be discussed in greatar detail in the
following section. . : '

Takan togethar, thess scurcas atlpcssibla bias preclude

the use of these data to estizate reliably the product
distribution of cord failures. Nevertheless, the U.S. map
shown in Figure 1 indicatess that the investigated incidents
ars a reascnably good mix of incidents from most climates.
This factor is of particular concern in evaluating the
freaguency of incidents that involve either heating or cooling
appliances. :

Results ;

l.

Kational Estimatss of Cord ?irna
Firs incident data obtained from the U.S. Fire

Adnministration (USFA) identifies only the general group of
*cord, plug* firss. As shown in Table 1, national esstimatas
of residential structural firass inveolving the ganaral

- 3 -



FIGURE 1
GEOGRAPHIC DISTRIBUTION OF

281 INVESTIGATED INCIDENTS OF
ELECTRICAL APPLIANCE CORD FAILURE

3 -

SQURCE:

EPIDIMIOLOGIC :NVESTIGATION REPORTS
U.S.CONSUMER PROOUCT SAFETY COMMISSION
DIRECTORATE FOR EPIDEMIOLOG /, EPHA
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catagory of "cords, plugs” have decreased steadily since
1880, following a similar decrease in residential structural
fires overall. Cord and plug fires have decreased Dby 24
parcant sincs 1580, while residential fires of all kinds have
decresased by 27 percent. Casualties resulting from all
kinds of cord firss have changed relatively little, howaver,
®cord, plug® ralated deaths cccurring in residential fires
decreased by 7 percant, while “cord, plug" injuries
esssntially vers unchanged. PFor all kinds of residential
structural fires, deaths decrsased by 15 parcant and injuries
dacreased k7 3 percant, )

Tha cord-relatsd fire estimatas cited above were based
on distributions of fire service-attanded fires reported in
the U.S. Fire Aduministration’s Naticnal Fire Incident
Reporting Systam (NFIRS)}, extrapclated to national estimates
of aggregate fire losses develgped by the National Fire
Protacticn Asseciation (NFPA).3/ TFires invelving appliance
cords wers included within the NFIRS "cord, plug® equipment
coda that also included extension cords (not part of this
report) .-

A 1385 CPSC special study provided data to allow
separation of extansion cords from the mors gsnerzl category.
1t indicated that cord and plug fires weras about evenly
divided between those involving extansion cords and those
invelving appliance cords.  (Appendix B provides a more
datailed discussion of the data hases and estimation
procedurs usaed.)

Bassd on thess scurcas and considering only fires coded
in NFIRS as "cord, plug” firss, we estimata that about 4,800
reasidential structural fires occurred annually over the
paricd 1985-1987 involving elactrical cords other than
extansion cords. Thess firss resulted in an estimatad 80
deaths, 230 injuries, and $46.2 million in property loss
anmually (Ses Tablas 2).

In addition, the rssults of the current projact
indicated that nmany fires that actually started in an
appliance cord werae reportad by firs departments as starting
in the appliance itnelf. Follow-up investigations of cord
failures conducted for this project included 30 fires
attended by the firs sarvice that raported an NFIRS equipment

John R. Hall, Jr. and Beatrice Harwood, "The National
Estimatas Approach ¢o U.S. Pire Statistics®, Fire
Technology, Vol. i5, No.2, May 19385,

*
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code. Only 14 of the 30 had beaen coded by the fire servics
as a "cord, plug" fire, indicating that an estimate based
solaly on the "cord, plug™ fires may seversly underestinate
the number of cord firas ccocurring and that a completa
estimata may be as nmuch as twice the number cited earlier --
9,600 firms, 160 deaths and 460 injuries annually as shown in
Table 2. These lossas reflect casualty rates of 17 deaths
and 48 injuries per 1,000 appliance cord fires occurring.

Given the naturs of the data, it is not appropriate to
estimats a distribution of fires or failures among the
appliances involved. Neverthaless, both the investigations
conducted for this cord project and the 1985 CPSC special
study on electrical fires provide frequency distrihutions of
some appliance cords involved. Table 3 presaents appliancas
distributions included in thess data basaes rankad by the
appliances with the highest total number of incidents (both
fire and nonfire) in the current cord project. It is
important tc nota that scome appliances, e.g., irons and
hairdryers, with a relatively large number of total incidents
investigated nevertheless were raported in rslatively few
fires serious enough to requirs fire sarvice attendance. TFor
exanple, thare wers 38 investigated incidents of iroen cord
failure in this cord proiect. Although 14 procseded to a -
fire, only one fire was serious enough to require fire
sarvice attendanca. Similarly, thers were 5 fires among the
22 eord failures invelving hairdryers, but none were attanded
by the fire service. In the 1985 CPSC study of fire service-

 attanded fires, iron cords and hairdryer cords were rarsly

identified, ) ‘ :

Since many cord fires attended by the fire service are
believed to be raportad as appliance fires, Table 3 also
presents national rasidential fire estimates of selsctad
applianca firss. The extant to which thase appliance fires
raflact cord failures prcbably varies by product. For
"lamps, lighting egquipment” tha propertion of cord failures
is likely to be relatively high. The 1385 CPSC special study
data indicatad that about 40 percent of this code involved
light bulbs. It is considered likely that the remainder
{about 40 percent of 1,900 fires, 1,100} predominantly
involved the lamp cord. For heat producing appliances such
as slectric heatarz, however, the proporticn of cord fires
was probably much lower sinca failurss intarnal to the heater
are balieved £o be a major facter in heatar fires. as
indicated earliar, these data are not specific encugh to
allow estimatas of cord involved fires by product but provida
an additional referenca point for evaluating their likely
involvement.
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2. General Charactaristics of Investigated Incidents

The remaindar of this report presants information about
the charactaristics of cord fires generally, based sclely on
the 281 investigated incidents of cord tfailurs ccllacted for
this cord project. Although we cannot conclude relative
incidence of cord failure by appliance, wa selactad somm
appliancas for further attention. This selection was basad
on the frsguency of occurrence among the investigatad
incidents in conjunction with an assessed likelihood that
failures might result in serious fires. Tha appliances
salectad were cord-connected heaters, fans, lamps and
lighting equipment, and consumar electrocnics (televisions,
radios and phonographs). Charactaristics of the cords
involved are discussed separataly for each group following
the discussion of general investigation findings. It must be
neted that the sslacticn of thesa appliances was based on
available hazard information and doas not precludae the.
possibility that other appliances may warrant similar
consideration.

a. Incident Type

The 281 investigated incidents of electrical cord
failures inveolved a varisty of appliances and a variety of
failure types. ,

‘As shown in Table 4, the distribution 'of incident '
failure types was as follows: h

. 94 fires -~ evidenced by actual flame

. 88 overhsating -- predominantly evidenced by
physical deformation or smoka.

. 80 arcing -- a;cinq incidents that did not proceed
to a fire. ,

. 9 mechanical damage -- such as ¢rushing by
furniturs without subsequent eslectrical damage.

. 10 electric shock or exposed wires -- includes only
incidents that d4did not involve cthar scanariocs such
as arcing or fira.

Both firs and nonfire incidents ware reported for most
kind« of appliancas. From a hazard asgessaaent point of viaw,
the nonfire incidents provided information on precisa failure
points while the occurrance of firs demonstratad the
consagquencas that could result from such failures.

- 10 =
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Tabls 4
Tvre of Incident by Product Involved faor
281 Investigmted Incidents of Electrical
Appliance Cord failure

—a o INCIigent
. Electrical
sShook/
. Mech. Txposed
Appliance Total Tlru Quarhast Arcing™ Damage Concductor
Total 281 94 ag 80 9 10
Large Applliances . 12 8 1 2 - 1
Caothes Dryers 4 3 1 — - am—
Refrigerators /freszers 3 3 —— — i -
Fanges 2 L — 1 — —
 Sther .3 1 —— 1 -— 1
Small Kitchen Appliances 67 14 320 25 1 1
Coffeanakers 20 7 3 9 s 1
Qvens/Sroilsrs 14 un 9 ] — —
TomsTRrS . ' 10 3 3 4 — —
Frving Pans 3 - 7 i 1 —
Other . ] 14 — a8 "8 — -
Oeher Applisnces; Procducing

Humrt 112 a2 38 kil 2 3
Izons 18 14 9 i3 2 —
Heatars 28 5 19 K — -—
Hair Drvers 25 8 s i4 — i
Curliing Irons 12 4 3 3 — —
Zlscrric Slankatcs 8 2 1 i — L
Other 3 1 1 1 — —

Cther Appllances;

Not Pruducing Heat 80 A 19 18 6 5
vacuum Cleaners 20 4 7 g 5 L
rans : 15 12 1 L — bY
™., Radic, Phone. ' 14 8 3 -2 — 1
Table/Floor Lanps 14 9 1 [ e —-—
Qther Lighting 7 3 1 2 R L
Alx Conditvioners 5 2 — — —
Qnher : L3 s 4 “ L 1

* Included 5 incidents that inveolved bhoth shock and arcing.

Source: Epidemiclogic Investigation Reports
Consumer Product Safsty CommissionsDivision of Hazard Analysis.
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B. Casunitias

. Overall, 19 deaths and 34 injuries resulted from
thasa 281 investigated incidents (Table 5). Sixtesen
deatns resulted from firas. Three deaths resultsd from
alectric shocks. Among the 34 injuries, 1% occurred
from fires, 15 from nonfires such as arcing. The
injuries invelved wers mostly slectric shock, and
elactric or thermal burn. Firs induries wers all burns
or ancxia. Nonfirs injuries wvers sither electric shock

‘or alectric burns caused by arcing.

c. Propearty Damage

In about three-quarters of thess cord-relatsd
incidents (212/277), damage was confined to the products
in usa or teo an astimated damage of $50 or less (Table
6}. This distribution was a direct consequence  of the
incident sclicitaticn process and a feature that was
critical to the identification of failurs point.
Nevertheless, 46 cords ware involvsd in incidents that
resultad in property damage of more than §$1,000., It
should be noted that most of the deaths and more than
half the injuries resulted from thess szanxe incidents,
involving appliances such as table or floor lamps, fans,
and electronic eguipment such as televisions and radiocs.
Other appliances such as irens, hairdryers and curling
irens, vacuum c¢leaners, and small kitchen appliances
ware infrecquently involved in incidents of high damage

. @ven though -some involved flames. .

Descriptions of thesa incidents indicatad that
intervention by the consumer was fragquently a critical
factor that affectad the saverity of incidents and was
more CONRMON ARONg some products than others (Table 7).
Incidents invelving coffaemakars, irons, and hairdryers
appeared to be intarrupted more frequently relative to
their total incidents than were cther appliances and
probably accountad for the findings of generally low
property damage involving thess appliances. When

. consunmers intarruptad the incidant they were succsssiul

in restricting damage either to the appliance and its
cord or to $50 or less in almost three—quartaers of the
incidents even when a fire occurred, 29 of 42 fires
{Table 2a). 2Among those wheras consumers did not

- 12 -
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Table 7
Consumer Intervention to Interzupt Incident
by Product Involved,
Investicated Inciderts of Electrical
Applisnces Cord Failure

_Congumer Intspvention
Did NotT .

. Ircarrupted IntasTupt
Appliance Total Cperation Creration
Tatal Hnown 266 171 95
Large Appliances k- 3 é

Crotuhes Dryers 3 — 3
Refrigeratsrs /T reezers rd — 2
Ranges 2 1 1
.- Qthesr 2 2 -
Saml] Kitchen Appliances 64 45 19
Coffeenakers 19 16 3
Ovens/Broilsrcs 12 7 -3
Toasters 10 7 3
Frying Pans . . . 3 - 4
Grher ) . : 14 10 &
ceher Applliances; Producing Heat 110 a3 7
Irons a8 30 8
Heatars 27 L8 1l
Halr Drvers 5 e 4
Curling Irons 12 3 3
cleceric 3lankets 5 5 —
Quher 3 2 1
cther Applisnces; Not Procducing Hest 83 40 43
vacuym Clsaners 19 13 -
Fans . 12 2 10
™7, Rauic, Phane. 13 4 9
Table/Floor Lanmps ¥ 5 a
Geher Lighting . 6 4 2
Air Comditiconers 7 3 4
cther . 13 9 4
Source: fpidemiclogic Investigation Reports

Comsumey Product Safety Commission/Divisicn of Hazars Analysiz
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Taixle 8
Properscy Damage and Incident Type
by Whether or Not Consumer Intarrusted
the Incident, Investigated .

Incidents of Electrical Appl.ance Cord Failure

& conmumer Lrtarsupted Incident

S

More than $

1,000 : 2

Property Cansgs Total Fire tsonfire
" Total Krown 187 e ¥ 125
No visible damace 8 — a8
Appliance, appliance cord 127 21 106
Arpliance, sppliance cord, :
extension cord, or receptacle 9 1 8
$50 or less 10 7 3
$31 - §1,000 1l 11 o
I .

B Consumer Did Not Irnterrupt Incidens

Property Danage T Total Fice Nonfire
Total Enown 9% 43 52
Ho visibhle damage ) 12 — 12
Appliance, appliance cord - 34 . —— 34
Appliance, appliance cord,

extension core, or recspcacle 4 o 4
$50 or lLess i — L
$51-81,000 -] 5 1

. More than §1,000 38 38 —
Source: Epidemiclogic investigation Repores

Consumer Product Safety Commission/Division of Hazard Aralysis
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intarvene (Tabla 8b), fire damage was highear, all 43
fires involved damage gvar $50 and most were over
$1,000. It should be notad, however, that scme failures
did not proceed %o fire even without consumer
intervention., Overall, about cne~half of the fires and
apout 70 percent of the nenfire incidents wers
interrapted by consupmer intsrvention. A total of §1
tirss wers attandsd by the fire servics.

d. raiiuxt Point

I&.ntitication of the exact failure point along the
cord is essantial to a datarmination of possible
ramedial actions. Among incidents whers failure point
was identified, failures at the attachment plug end of
the cord accountad for 35 percant of the failures,
failure at the appliance end accounted for 38 percent,
and failures along tha cord conductors accounted for
22 percent (Table 9): the distributions wera diffarent
for fire incidents than for nonfire incidents. - Failures
along the cord conductors were involved in almost one-
half of the fire incidents but only about 10 percant of
thae nonfire incidents investigated. The failurs point
on tha cord could not be ildentified for some cord fires
that destroyed major portions of the cord.

Pailure Along Cord

Failures at some point along the cord conductors
{cord length) resulted in 317 fires and 20 nonfires and
wars associatad most heavily with products that are net
physically handled during normal use. (See Tables 10a

and 10b). The products involved in cord length fajilures .

fraquently waers thosa that ware left in operaticmn, in

placa, such as large appliancas, talavisions, and lamps. -

Scme of theses failures reportedly resulted from aexternal
damage caused by foot traffic or the appliance itself
resting on the cord,

Failure at Appliance End .

Failure at the appliance end of the cord
predominantly involved a variaty of heat-producing
appliances and resulted in 26 fires and 74 nonfires.
These failures mostly invelved products that wara
handled a lot such as irons, hairdryers, and curling
irons. They occurred predominantly at the strain
reliaf, a reinforced section of the cord where it enters

- 17 -
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the appliance. Since the early 198073 manufacturers
have incorporated z strain reliaf on thesa appliancs
cords to accommcdate the stress caused by handling.
Strain relief of this type is less commoen on other kinds
of appliances,

Other failures that ccourred at the appliance end
of the cord involved failure of a detachable famale
connector, the and fitting of the cord that allows the
cord sat to be detached from the appliance. This type
of construction is most common on cooking appliances and
23 of 24 failures of detachable femals receptaclas or
the cord connection toc the female racaptacle invelved
cocking appliances. Only one progressed to a fire.

Pailure at Attachwent Plug End

Failures occurring at the attachment plug end that
Piugs into a wall receptacle cutlet contributad 17 fires
and 85 nonfires. Incident reports mostly specified
damage to the attachment plug body or to the cord where
it entsred the attachment plug. It is likely, however,
that some incidents classified as failure at the cord
connection to the plug (8 fires, 45 nonfires) could have
resulted from initial failure of the cord connection
intarnal to the plug. Some failures likely resulted
from manipulation -~ plugging and unplugging. Various
kinds of cooking and other heat producing appliances
ware involved most often in such failures.

. A total of 17 incidents (2 firas, 15 nonfires)
invelved firs/overheating at the interface of the
attachment plug and wall receptacle cutlet. The
appliances invoived in thesa incidents also wera
Predominantly those that produce heat -~ cord connacted
heatars, frying pans, and other cocking appliances.

Male/Female Connection Inteqral to the Cord Set

Four incidents, 1 fire and 2 nonfires involved
failure at a male/female connection that was integral teo
the appliance cord (where the cord could be separatad
into 2 sections). Twe such incidents involved
connections to vacuum cleaner power wands. Two
incidents invelved counter-top broilers/rotisseries.
Tables C-la and C-lb within Appendix ¢ present cross-
tabu%gtions by product and failure point in greater
datail. :

C-21 -
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Tabla 10b A
Cord Fatlure Point in Honfirep, by Product
Investiguted Incidents of Electrica
Appliance Cord Fallure ’
I

—_— Fallure Point

Hale/
Fomale
Conn.,

Appl. Along Attachment Integral

Appliances Total End Cord Pluyg End to Cord
Total 162 T4 20 as 3
Large Appllances 4. 1 . . 2 —
Clothes Dryers - 1 N - i e
Refrigaeratova/Fraezers - , - o e ——
Ranges 1 s 1 h - e
Other . 2 i e i -
Emall Kitchen Appliances 55 24 2 27 2
Coffemakers 13 3 ] 9 e
Ovenn/Brotlers 12 6 - 5 : 1
Toasters 7 | 1 5 —
Frying Pans 9 6 - 3 —
Othear 14 a8 e 5 3
Other App., Producing Heat 19 34 3 42 —
Irons . 24 12 2 1o ——
Heaters 21 —— 1 20 —
Hair Dryers 21 11 P 10 o
Curling Irons .8 7 - H -
- Electric 8lankets "3 2 o~ 1 —
Other 2 4 - — —
Other App., Not Producing Heat 44 15 14 14 1
Vacuum cleaners 16 4 4 7 1
Fans 3 i 1 1 -
™V, Radio, Phono. 6 1 3 2 -
Tahle/Floor Lamps 5 2 2 H -
Other Lighting 4 4 o - ——
AMr Conditioners 2 - - 2 e
Oother a R | 4 1 -

Lource: Epidemioiogle Investigation Reports

Consumer Product Safely Commlssion/Division of Hazaidd Analysis



Age of Appliance Cord

Evaluatisn of product age * indicated that about
two-thirds of the products ({155/234), were 5 yvears old
or less (Table 11}. Over 40 percant wers 2 ysars cld or
less. It appears that failures occurring at the
appliance snd of the cord involved somswhat nawar
appliances than did failures occurring at othar
locations., The mean aga ¢f the appliancs cords failing
at the appliance and was 4.9 years, compared to 5.8
years among failures at the attachmant plug end and 6.4
years among failures along the cord. Whila 18 percent
of all incidants involved products less than cne year
old, 39 percent of failures occurring at the
cord/applianca termination (hard wired only) and
28 parcent of attachment pluyg failures involved products
lass than one year old.

(Table C-2 in Appendix C presents these data in graater detail.)
About cne-half of thesa failures of new products at the
cord/applianca termination invelved lamps or night lights. Most
of the failures of new products at the attachment plug involved
portable heatars.

Rlactrical Ritgggs: :

The ability of an applianca cord to safely carry

the slectrical load of an applianca is dependsnt upon

" the cord’s construction features such as the wire size
of the conductors and the rethod of assenbly.
Appliances of higher wattage ratings place a gresater
load upon a cord than do thosa of lower wattage ratings.
As 2 result, appliances of higher wattages generally
ars of most concarn when evaluating the adequacy of the
cord.

Among products of 1500 or more wattage ratings,
failures occurresd most oftan at the attachment plug end
of the cord, accounting for 34 of 46 failures
(Table 12}. Failurss at the attachment plug or cord
entry to the plug accountad for 20 incidents, failures
at the intarfacs of the attachment plug with the duplex
raceptacle cutlet or extansion cord accounted for 14

* Applianca age was used as a surrocgata Jor cord age because
when both ages were known they wers identical in all but 2
instancasa. Appliance age was raportad more often.

4
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incidents. Overall, high wattage appliances were
invelved in 14 of 20 incidants that occurred at the
plug/outlet interfaca. Naticnal Electrical Code
guidelines for flexible ccrds indicata that cord sets
with size 13 AWG conductors are suitable to carry
alectrical loads up to 10 amperss, 1250 watts. Four
cords in this study, howvever, used size 18 AWG
conductors for larger loads, 2 were used to carry
1400 watts, 2 carrisd 1500 watts. The products involved
vare 2 broiler oven, a portahla heatar, a tea pot and a
taa kattle.

It is noteworthy that 41 additional incidents where
failures occurred along the conductors were not included
in Table 12 bacause thae eslectrical rating was not
specified. Of these 41, about one~half involved low
wattage squipment -~ 8§ invelved talavisions, radioss or
phenograph squipment, 8 inveolved lighting equipment, and
5 involved fans. When this information is considared in
conjunction with the failure point information in
Table 12, (where 13 of 16 incidents that happened along
the langth of the cord involved wattages below 1500),
then raported failuras along the cord conductors did not
appear to be resilated to high elactrical locads.

Overall, only 7 incidents in this study inveolved
.220 volt appliances. Additional cross-tabulations of
power cord wire gauge (AWG) and power. cord insulation .
type by incident type and failure point are included for
referencs in Appendix C, Tables C~3 through C-6.

Of the 205 incidents for which UL listing status was
specified, 192 (94 percent) wera UL listad, the remainder
were not.

é. Comments on Salectad Products

As indicated earlier, based on the freguency and
sSeverity of incidents reportad, we have salsctad four
products or product groups for examination in greater detail.

a) Cord-connectad Heatars (Table 13)

This group included 27 pertahln elactric heatars and cone
wall-installed 220 volt heating/cooling unit. In the lattar
incident a fire occurred and the failure point was identified
only as an unspecified location on the cord. Overall, there
ware six fires, 19 cvcrheatinq incidents and 3 arcing
incicants.
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Mest of the investigated cord-connected heatex failures
sccurred at the attachment plug end of the cord (23 of 26
known). Failure of the attachment plug itself occurred most
frequently- (11 incidents). Eight incidents occurred at tha
attachment plug/receptacle intarface but little information
was available on the receptacles involved. Most heaters
involved were high wattage products. Nineteen were rated
1800 watts, twoe ware rated 1650 wattas.

Of the 22 incidents whers UL listing status was
reported, all but one weras UL listed.

Baginning in FY 198%, CPSC’s Elsctrical Hazards Teanm
conducted a project to evaluate and reduce the fire hazards
associated with portable elactric heaters. Ensuing stalf
recommendations included the following:

o Davelop and implement revised or supplemental
parformance requirements for the attachment plug used on
portable electric air heatar power cords.

o Redice the maximum permissible input power rating of
portable heatsars to $00 watts. Require non-standard
attachment plugs and additional instructicns for higher
input-power rated portable heatars.

CPSC staff transmittead these racommendations to UL and the
heatar industry for suggested modification of the UL -
voluntary safaty standard. Changes intended to strengthen
the intarnal ccnnections of tha attachment plug are in
process but no UL changes to reduca power ratings are

contamplated at this tizme. Nevertheless, the data from this

cord study lend further support to these previocusly
identizfied issues.

b) Lighting BEquipment (Tablae 14)

Floor or table lamps wers involved in 14 of 21 lighting
equipment incidents. Cord~connected night lights were
invelved in three incidents. Other incidents involved a
make-up mirror, an interior cabinet light, and a Christmas
decoration. Overall, thers wers 12 fires, 2 overheating
incidents, 6 arcing incidents and 1 electric shock.

Failure in lighting equipment occurred most fraquently
along the length of the conductor. There were 9 incidents --
7 fires, 1 arcing, and 1 elaectric shock. All but ona of
these 9 incidents involved a table or flecor lamp. The
remaining incident involved a cord-connectad fixture. While
not subject to the effects of high electrical ratings,

L Sa?
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several incidents cited physical damzge, from heavy furnirurs
and foot traftfic., One cord had been spliced, for rsasons
that were not raportaed. The electric shock resulted in the
electrocution of an infant when he rolled onto an cld frayed
cord with conductors axposaed.

The second most common failure point in lighting
squipment involved failure at the cord connection to the
product. Seven such failures ococurred -« 3 that involved
table/flocor lamps, I that involved cord-connacted night
lights which are in most cases a type of table lamp, and a
naks-up airror. :

The characteristics of the cords inveolved, particularly
cord insulation type, wire gauge, and cord shape wers not
waell reaported. However, in the past, lamp cords have besen
almost exclusively 18 gauge, SPT-~1 covered and flat,
{(Incident data pear this out). Elaven reported wire gauge
{all 18 AWG), 12 reported cord shape (all flat), and 7
repoertad cord insulation (6 SPT-1, 1 SPT=2). In &ommon
parlanca, the term "lamp cord" is oftan used to describe a
cord of minimal specifications.

UL listing status was ildentified in only 8 incidents ==
6§ UL listed, 2 not UL listed. Although we lacked information
on the parcentage of products on the market that ware UL
listed, it was considered likely that the percantage may hava
bean lower for lighting ecuipnent than for other elactrical
products that ars nore complicated to produca.  For example,
the Christmas decoration involved was a home ~--assembied
product with a "smaller than nermal® gauge cord that was. not’
UL listaed.

<) Fans (Table 135}

As discussed earlier, it was likely that CPSC’s project
on fans, basad primarily on fires, contributad toc the larger
nunber of fan fires than nonfires {12 -and 1 raspectively) in
this cord study. Howaver, thesa incidents demonstratad both
the severa consequencss of fan cord failures and the -
cecurrence of cord failures among fires reported as prmduct
rather than cord fires. Five deaths and six injuries i
involved fans,

Bacause of the number of destructive fires, few
incidents reported cord charactaristics. Three incidents
cited conductor size -- two #18 AWG and cne #16 AWG. Threae

“incidents cited cord shape, all flat:; and only one citad
insulation type - SPT~1. Nevertheleas it is known that fans
generally are low-wattage appliar.es with cords appropriate
for such usa.
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source:

al

By

T Total Hnown i

Table 15
Caractaristics of 15 Incidents Inveolving
Electyic Fan Cords

Appliance Age (ym:):

Less than L
1-2

35

w1l

11-1%

Qver 15

a5 bl B P s e

Failure Point by Incident Tyre

——dnsicent Tvoe
Failures Point Total Fire NonfFirs.
Total Hnown 11 8 3
Cord Connection %o Fan |, 2 i L
Along Cord Conductsry .. 8 7 i
GCord Connecuien Tto . .
Attachmrerrs Plug - 1 — L

Egidemiologic Investigation Repares
Consumer Preocuct Safety Commission/Division of Hazars Anaj.ysi.s
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We notas that the most commenly reported fajilure point *
among thess incidents (8 of 11 known) was aleng the cord
length. Several incidents indicatad that the cord had
suffarved physical damage. Three raportadly had peen spliced
and one was the cause of a fatal alectric shock.

Comparsd to other products, the fans included hars were
scmewhat clder: 7 of 11 werse over 5 years old, 3 were over 18
years old. Only 2 incidents cited a UL marking. UL listing
status of the ramainder was unknown. :

d) Consuser Electrunics - Televisions, Radios, and
Phonographs (Table 186)

: The 14 appliances involved in this group included 9
radios, 4 televisions and 1 phoncgraph. Failures incliuded 8§
fires, 3 overheating incidents, 2 arcing and one electric
shock. Similar to lighting equipment and fans, these
products normally have low wattags ratings and placa
relatively small electrical lcads upon the cord. However,
individual charactaristics were not reperted for the majority
of incidents. Electrical ratings were raportsd for cnly 4
incidents, all were under 200 watts. Cord insglation type
and cord shaps were reported for 3 incidents, all were flat
and SPT=1. Only twe cited conductor siza, beoth $18 AWG.

Most failures among this group occurred along the cord
conductors, ¢ of 13 where failure point was Xnown. Again,
similar to lighting equipment and fans, seven incidents cited
damage tc the cord by furniture or other extarnal sources as
the cause of failure. One of these resulted in tha fatal
elaectric shock to an infant who contacted exposed conductors.
Overall, thers wers six deaths (one electrocution and 5
deaths in one fire) and two inijuries related ¢s5 this product

group.

Discussion

The NPIRS data on which cord estinataes wers basad wvere
not designed to facilitate product-by~product cord estimates.
The NFIRS coding systes calls for all cord fires to be |
includad within one equipment code "cords, plugs", which

- includes ext=nsion cords. An earlier study conducted in 13835

allowed us to estimats the proportion of extansion cords
varsus other cords within this group. About 50 percent veras
extansion cords and 50 percent were other kinds of electric
cords. However, based on failures investigated for this cord
study, it appearsd that estimatas basaed sclely on data coded
as "cords, plugs® greatly underestimated appliance/equipment
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Tabkle 16
Characteristics of l4 Incidemts Involving
Talsvision, Radic and Phonograph Corcds

ajippliance:
Ractics
Televisions
Shorogeaphs

Ladr Y]

BlAppliance . "
Age (years):
Total Xnown
Less than 1
12
3i=-5
S10

[T B P R ]

ec)Failure Point by Incident Type

Fallure Point ’ Total Fire Nonfire
Total HKnown : 13 7
Caord Connection to Produce 3 1
Care Cannection to Detachabls

fFemals Receptacle 1 -
Along Cord Condustors 9 -3

Lab e [N X

Scurre: * Epidemiologic Investigation Reparts
Consuner Product Safsty Commission/Division of Hazard Analysis

- 32 -



cord fires. About one-half of the applianca cord fires for
which fire service coding was known were coded by the fire
service as appliance rather than cord fires, indicating that
there may be twice as many appliance/egquipment cord fires
cccurring as that astimated from the "gord, plug” code alone
-~ a total of 5,200 fires that resulted in 160 deaths, 45¢
injuriaes and $$2.4 million in property loss annually.

Early in the cord project planning, we recegnized that
the destructive nature of the firas associated with thesa
products was a major obstacle to failure analysis. The data
collection methodologqy designed to address this problem,
solicitation of low-danage failures, was succassful in
providing much information that was previocusly not available.
However, it was not a controlled sample that could support
product~gpecific estinates of the cords involved.

The 281 resulting investigations that involved
slectrical cord failure indicated that a variety of product
cords were involved in thesa failures. Many of the tables in
tha preceding section presentad comparisons of fire and
nenfire incidents, by product, cord characteristics, failure
point, etc. Such comparisons illustratad that both fires and
nonfire incidents rasultad from the same Xinds of failures,
@.g., that failure at the strain relisf of an iren cord could
result in either arcing alone when intarruptad by a consumer
or actual flames with the potential for more widespread
damage if not interruptad.

It appeared that consumer intervention was .a critical
tactor in affecting outcome onca a failure cccurred. For'
exanple, while failures of iron cords were resported more
oftan than any other cords, none prograsssd to the point that
fire service attandance was required; and iron fires as a
product group apprearsd ralatively infrequently in national
fire data. The nature of iron usae, that requires the active
attantion of a consumer, probably explains the apparent
affactiveness of consumer intervention in such failures.
However, a feature of equal importance in understanding
cutcome is whether or not the product is normally left
Plugged in and unobserved while not actually in use.

Directing cur concern to failures that led to attended
fires, we selectad four product groups for individual
evajuation —— heatars, lighting equipment, fans, and consumer
eleactronics equipment such as television, radios, and
phonographs. The primary failure point was along the cord
langth for all groups except heaters. In each of thase three
groups, several incidents cited physical damage to the cord
that appearsd to be related to its placement and use. Cords
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wars not only placed in areas that subjectad the cord <o
damage but by common usage the cords were left plugged in
between pericds of active use. In addition, the natura of
consumer use for these products was probably . different than
for products such as irocns, since consumers ware probably
less likaly to be in the same roocm and able to intervene
gquickly.

Heater cord failures occcurred most often at the
attachment plug end of the cord -~ the attachment plug and
the interfacs betwesn the attachment plug and the duplex
recaptacls outlet. These failuras appearsd to be relatad not
to extarnal factors but to the slectrical loads placed on the
components by high-wattagae eguipment.

Although these four preduct groups were salected for
spacial evaluation, their selection does not imply that other
products may not warrant similar attention. The failure and
incident charactaristics exhibited-by lighting equipmant,
fans, and ccocnsumer elactronic equipmant may also occur in a
varisty of other squipment. Attachment plug failures
identified among portable electric heater cords occurred
among a variety of other high-wattags appliances as well.

In planning any future efforts, it should be noted that
the nature of the cord induatry is such that while there are
many differsnt cord constructions, cords supplied for saveral
types of products may be identical. It is considered likely
that even i? a change is directad at enly one or two -

products, that change will likely find its way into cords for

a number of other products as wvell.

In clesing, wa caution again that the nature of this
data collection effort was such that the frequencies reported
among the investigated incidents cannot be used to assess
relative risk ameng products. Neverthaless, the common
failures involved should provide direction for efforts to
reduce cord failures.
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AFPENDIX A
SOURCES AND TYPES OF INCIDENTS

Table A-l presants the rssults of the data collaction effort,
by source and type of incident. Overall, 281 incidents, 94 fires
and 187 nonfirss, met the study eritaria. As expectad, the data
sourcas diffsred in tha types of incidents thay reportad most
oftan. Unsalicited incidents, such as newspaper ¢clippings,
produced over 80 percent of the fires and about 25 percent cf the
nonfire incidents. Solicited incidents produced about 15 percant
of tha fires and about three-quartaers &f the nonfire. incidents.

The amcunt of property damage also differed among the variocus
data sources since damage genarally was related to the occurrsnce
or the nonoccurrencs of fire. Of 42 newspaper clippings, _
3¢ percant cited property damage that extanded peyond the product,
its cord, and tha extension cocd or raceptacle into which it was
plugged. Among incidents raported by fire dapartments, about
rwo-thirds invelved damage of that amount. In contrast, less than
20 percent of unselicited consumar complaints and only about
5 parcent of all proiect~solicited incidents invelved damage of
that extant (Table A-2). Of the 15 deaths and 34 injuries
included in this study, all of the deaths and 26 of the injuries
occurred in incidents from unselicited sourcas -- predominantly
newspaper clippings. . )

Table A-3 presents a distribution of the appliances reported
by the scurca of the incident. Newspaper clippings and fire
departsment raports, that genarally report the more serious fires,
predominantly resported non-heat producing appliances.
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