Madani, Mo

From: Soto, Rolando <ROSOTO@broward.org>

Sent: Thursday, April 20, 2023 2:55 PM

To: Madani, Mo

Cc: Parks, Bryan; mbeck@coconutcreek.net; Ryan Banyas - Coconut Creek FCO
Subject: Toilet exhaust fan fires.

Attachments: Bathroom fan code amendment.docx; FW: Ventilation Bathroom Fan Fires; Eutectic-

TCO-Report-6b6-cleared-cleaned-January-2018-version (1).pdf; google search.docx

[NOTICE] This message comes from a system outside of DBPR. Please exercise caution
when clicking on links and/or providing sensitive information. If you have concerns, please
contact your Knowledge Champion or the DBPR Helpdesk.

Good afternoon Mr. Madani,

Is it too late to propose a code change for the 2023 FMC? Here is the issue.

A few weeks ago, the Fire Marshall and the Mechanical Chief Inspector for the City of Coconut Creek
approached us. They had had several structure fires that were initiated by the failure of the toilet
exhaust fan. In fact, the Consumer Product Safety Commission wrote a report on this matter in 2017,
and a Google search shows that this issue is common in Florida. The Fire Marshall and the Chief
Mechanical asked us if it was possible to propose code provisions to the Florida Building Commission
to prevent this from happening; please see our proposal.

Respectfully,

Rolando Soto

Mechanical Chief Code Compliance Officer

Broward Co. Board of Rules and Appeals

1 N University Dr. Suite 35008

Plantation F1 33324

954-765-4500
http://www.broward.org/CodeAppeals/Pages/Default.aspx

STRONGER CODES MEAN SAFER BUILDINGS
~ESTABLISHED 1971~

Under Florida law, most e-mail messages to or from Broward County employees or officials are public
records, available to any person upon request, absent an exemption. Therefore, any e-mail message
to or from the County, inclusive of e-mail addresses contained therein, may be subject to public

disclosure.



Draft

Bathroom fan code amendment.

202? Florida Building Code, Mechanical, ?th Edition

SECTION 403 MECHANICAL VENTILATION

TABLE 403.3.1.1 MINIMUM VENTILATION RATES

PEOPLE OUTDOOR Qﬁtgxmom EXHAUST
OCCUPANCY OCCUPANT AIRFLOW RATE IN RATE IN BREATHING| AIRFLOW
CLASSIFICATI DENSITY
ON #1000 FT:* RATE

CFM/FT:=
Private
dwellings,
single and
multiple
Toilet rooms
and bathrooms | — 20/50 f
g,1
Vi

For SI: 1 cubic foot per minute = 0.0004719 m¥s, 1 ton = 908 kg, 1 cubic foot per minute per square foot = 0.00508 m*(s - m?), °C =

[(°F) -321/1.8, 1 square foot = 0.0929 m>.

a.Based upon net occupiable floor area.
b.Mechanical exhaust required and the recirculation of air from such spaces is prohibited. Recircufation of air that is

contained completely within such spaces shall not be prohibited (see Section 403.2.1, Item 3).
¢.Spaces unheated or maintained below 50°F are not covered by these requirements unless the occupancy is continuous.

d.Ventilation systems in enclosed parking garages shall comply with Section 404.
e.Rates are per water closet or urinal. The higher rate shall be provided where the exhaust system is designed to operate

intermittently. The lower rate shall be permitted only where the exhaust system is designed to operate continuously while

ccupied.
Rates are per room unless otherwise indicated. The higher rate shall be provided where the exhaust system is designed

‘to operate intermittently. The lower rate shall be permitted only where the exhaust system is designed to operate

continuously while occupied.
g.Mechanical exhaust is required and recirculation from such spaces is prohibited except that recirculation shall be

permitted where the resulting supply airstream consists of not more than 10 percent air recirculated from these spaces.
Recirculation of air that is contained completely within such spaces shall not be prohibited (see Section 403.2.1, Items 2
and 4).

h.For nail salons, each manicure and pedicure station shall be provided with a source capture system capable of
exhausting not less than 50 ¢fm per station. Exhaust inlets shall be located in accordance with Section 502.20. Where
one or more required source capture systems operate continuously during occupancy, the exhaust rate from such systems
shall be pemitted to be applied to the exhaust flow rate required by Table 403.3.1.1 for the nail salon.

i. Toilet/bathroom exhaust fans shall be thermally protected or controlled by a timer switch. Exception: Fans rated or listed

for continued use.




DRAFT

202? Florida Building Code, Residential, ?th Edition
SECTION M1507 MECHANICAL VENTILATION

M1507.4 Local exhaust rates.
Local exhaust systems shall be designed to have the capacity to exhaust the minimum

air flow rate determined in accordance with Table M1507.4.

TABLE M1507.4
MINIMUM REQUIRED LOCAL EXHAUST RATES FOR ONE- AND TWO-FAMILY
DWELLING:

AREA TO BE EXHAUSTED

Kitchens 100 cfm inte

ent or 20 cfm continuous

Bathrooms-Toilet Rooms a Mggvhanical exh

For SI: 1 cubic foot per minute = 0.0004719 mes. )
Toilet/bathroom exhaust fans shall be thermally protected or controlled by a timer switch. Exception: Fans rated or listed for

a.

continued use.




In 2017, the U. S. Consumer Products Safety Commission (CPSC) did
an assessment on exhaust fan fires.

They said, "Staff searched the CPSC Injury or Potential Injury Incident
(IPIl) database for incidents involving exhaust fans for the 20-year
period from January 1, 1997 to September 21, 2017. Staff identified
494 known incidents in that period related to permanently installed
exhaust fans. The majority of these incidents occurred in residential

bathrooms.”

The results of this assessment pointed strongly toward exhaust fans as
the culprit in causing fires.

More than 75 percent (318/423) of the known (ncidents
occurred in a bathroom or restroom. The most likely
origin of the incident in these cases was the exhaust fan.
The incidents ranged in severity from minor smoke to fire
spreading through the structure. Of the 318 incidents
that occurred in a bathroom or restroom, almost 80
percent (254/318) occurred in a residence.

K 7 G .
Consumer Product Safety Commission

See attached CPSC report./{%
W 1 P2



Madani, Mo

From: Beck, Michael <MBeck@coconutcreek.net>
Sent: Tuesday, March 21, 2023 11:09 AM

To: Soto, Rolando

Subject: FW: Ventilation Bathroom Fan Fires
Follow Up Flag: Follow up

Flag Status: Flagged

From: Banyas, Ryan <RBanyas@coconutcreek.net>

Sent: Monday, March 20, 2023 3:38 PM

To: Beck, Michael <MBeck@coconutcreek.net>

Cc: 'BParks@broward.org' <BParks@broward.org>; rsoto@broward.org
Subject: Ventilation Bathroom Fan Fires

Good Afternoon,
Please see the 5 fires located in bathroom ventilation fans in Coconut Creek that | am aware of. There were two other

fires that were undetermined fires that 1 did not include because the fire damage was too extreme to determine the
cause to be the fan. It would be great to see all new fan installations requiring thermal couplings.
Barbershop 02/2013



Multifamily vacant unit 6/2014



Daycare facility 3/2023



=

Under Florida law, most e-mail messages to or from Coconut Creek employees or officials are public records, available to
any person upon request, absent an exemption. Therefore, any e-mail message to or from the City, inclusive of e-mail
addresses contained therein, may be subject to public disclosure.



CPSC Staff Assessment on
Eutectic-Type Thermal-Cutoff Fuse Failures
in Shaded-Pole Motors
Used in Exhaust Fans

December 2017

Arthur Lee

U.S. Consumer Product Safety Commission
Directorate for Engineering Sciences

Division of Electrical Engineering and Fire Sciences
5 Research Place

Rockville, MD 20850

The views expressed in this report are those of the CPSC staff and have not been reviewed or
approved by, and may not necessarily reflect the views of, the Commission.
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None

ii | Page



U.S. CONSUMER PRODUCT SAFETY COMMISSION

Directorate for Engineering Sciences

CPSC Staff Assessment on
Eutectic Type Thermal Cutoff Fuse Failures
in Shaded-Pole Motors used
in Exhaust Fans

December 2017

Arthur Lee
Division of Electrical Engineering and Fire Sciences
Directorate for Engineering Sciences

Akari Kumagai, Intern
Division of Electrical Engineering and Fire Sciences
Directorate for Engineering Sciences

Ryan Chan, Intern
Division of Electrical Engineering
Directorate for Laboratory Sciences

iii | Page



No Text on This Page

iv|Page



EXECUTIVE SUMMARY

Staff searched the CPSC Injury or Potential Injury Incident (IPII) database for incidents
involving exhaust fans for the 20-year period from January 1, 1997 to September 21, 2017.
Staff identified 494 known incidents in that period related to permanently installed exhaust
fans. The majority of these incidents occurred in residential bathrooms.

CPSC field staff collected 100 exhaust fan samples in 2017 from part of a larger
inventory that had been collected and stored by a military base housing authority. The
exhaust fans had been replaced base-wide due to a large number of failures. CPSC
Engineering Sciences (ES) staff’s testing of these motors showed that the winding
temperatures can reach high temperatures sufficient to ignite the motor during a lock-rotor
condition when the eutectic-type thermal cutoffs (TCO) fail to activate. ES staff conducted
additional investigation to evaluate factors that may contribute to the TCO failing to activate.
During locked-rotor operation, a TCO may reach elevated temperatures while remaining
below its functioning temperature. These elevated temperatures may result in thermally aging
the TCO, potentially altering its set functioning temperature. A fan that has entered into a
lock-rotor condition may experience multiple events of thermal heating without causing the
TCO to activate. These multiple heating events may have compounding effects on the TCO
properties, thus causing either a delay in TCO activation or a failure to activate.

Even though the tested motors were listed to the appropriate voluntary UL standards,
CPSC staff testing suggests that, in practice, thermal aging of the motors can cause the
eutectic-type TCOs to fail. A contributing factor to this deviation from the original
certification may be improper bending of the TCO wire leads, resulting in cracking the epoxy
seal around the wire leads. During thermal heating, the melting properties of the thermal
linkage in the TCO may be altered and cause either a delay in TCO-activation or failure to
activate. If the TCOs in the motors fail to activate during a lock-rotor condition, the motor
may overheat and ignite.

The results of this testing, and the fact that TCOs are used in many other consumer
products, in addition to exhaust fans, support changes to the voluntary standards.

v|Page
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1.0 INTRODUCTION

ES staff conducted an analysis of thermal cutoff fuse TCO failures in exhaust fan
applications, specifically for fans that use eutectic-type thermal devices in shaded-pole
motors. This report documents staff’s analysis and assessment.

2.0 INCIDENTS

The CPSC’s IPII database includes information on consumer product-related incidents
that are collected through various reports and reporting systems.' The amount of
information or detail can vary by the type of report. News reports typically contain
minimal detail on the products and the events surrounding the incident. CPSC field
investigators conduct In-Depth Investigations (IDIs) on specific incidents that may have
originated from an IPII record. These investigations are conducted by CPSC field staff via
phone or in-person interviews, and the investigations can include collection of police and
injury reports. The investigation is documented in a report that typically contains detailed
information on the products and events surrounding the incident, but the completeness of
the reports depends on the information that the field investigator was able to collect.

2.1 Incidents

CPSC staff searched the IPII database for incidents involving exhaust fans,
specifically the product code 380 (fans) that mentioned the word “exhaust” and indicated a
fire or fire hazard. The search is not representative of any national statistics or estimates.
The search produced 571lincidents occurring between January 1, 1997 and September 21,
2017. Staff reviewed the search results; 77 of the incidents did not relate to structurally or
permanently installed exhaust fans. The remaining 494 incidents contained sufficient
information to determine that the incident involved a structurally or permanently installed
exhaust fan. Of the 494 incidents 118 IDI reports resulted.

Of the 494 incidents with structurally or permanently installed fans, 71 incidents did
not contain sufficient information to determine the exhaust fan’s purpose. For example,
staff could not determine in what room the fan was installed or for what purpose the fan
was used. The remaining 423 incident reports contained sufficient information to
determine the location of the exhaust fan and the likely use of the exhaust fan. The 423
incidents were categorized into five categories based on fan location (bathroom/restroom,
kitchen, attic, laundry, and general). Incidents categorized as “general” involved locations
that could not be assigned to one of the specific location categories. Table 1 lists the
number of exhaust fan incidents by location.

! The incidents are gathered from news reports, consumer self-reporting, Medical Examiners and Coroners
Alert Program (MECAP), attorney reports, referals, and Section 15 reports.
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Table 1. Dataset from January 1, 1997 to September 21, 2017

Incident Categories by Location Count A3l
Known
Bathroom/Restroom 318 75.18%
Kitchen 54 12.77%
Attic 27 6.38%
Laundry 8 1.89%
General 16 3.78%
Known incidents only 423 100%
| Unknown 71
[— Total Incidents related to exhaust fans 494

More than 75 percent (318/423) of the known incidents occurred in a bathroom or
restroom. The most likely origin of the incident in these cases was the exhaust fan. The
incidents ranged in severity from minor smoke to fire spreading through the structure. Of
the 318 incidents that occurred in a bathroom or restroom, almost 80 percent (254/318)
occurred in a residence. “Residences” were defined as a single- or multi-family home,
apartment, condominium, senior citizen living facility, and dormitory. Of the 318
incidents that occurred in a bathroom/restroom, almost 19 percent of incidents occurred in
a commercial building. “Commercial facilities” were defined as a commercial store or
workplace, public facility, restaurant, or hotel. There was insufficient information for four
incidents, which were classified as Unknown. Table 2 lists the types of structures for
incidents that occurred in a bathroom or restroom.

Table 2. Bathroom/Restroom incidents

Type of location Count $§:::ent Sk
Residential 254 79.9%
Commercial 60 18.9%
Unknown 4 1.2%
Bathroom dataset total 318 100%

Almost 13 percent of the known incidents occurred in a kitchen. These incidents
occurred in either a residential or commercial structure, such as a home or restaurant. The
exhaust fans that were involved in these incidents appear to have been mostly used to
exhaust the area above or near a cooking appliance. For residential incidents, the exhaust
fan may have been integral to a microwave oven/hood or a range hood. For commercial
locations, the exhaust fan incidents appear to be related to inadequate maintenance of the
exhaust hood, such as excessive grease from cooking. For commercial locations, there
were several incidents where the exhaust fans were used to exhaust the space above
cooked food or the kitchen area.

There were 27 incidents involving attic fans. These incident reports specifically
contained descriptions that the products were attic exhaust fans that were used to ventilate
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the air within the attic and not bathroom exhaust fans mounted in the ceiling where there
was attic space above the ceiling. These incidents occurred in both residential and
commercial structures.

There were eight incidents involving exhaust fans in laundry rooms. These incident
reports specifically contained descriptions that the exhaust fans were in laundry-type
rooms that were used to wash and dry clothes. These incidents occurred in both residential
and commercial structures.

There were 16 incidents involving exhaust fans that were categorized as “general”
because the rooms in which these incidents occurred did not fall into any of the other
categories. These incidents occurred in rooms such as sheds, factory rooms, medication
rooms, basements, or dining rooms.

There were 77 incidents that were not within scope of the report. Some of the “not-

within-scope” incidents involved cooking fires that ignited exhaust fans, heater fans,
window fans, portable product fans, such as leaf blowers, and HVAC fans.

2.2 Selected Incident Cases

The incidents below, which involved exhausts fan in a bathroom or restroom, were
selected to illustrate some of the differences and similarities in the incidents.

IDI 90611CCNO0306

This incident occurred in a 10-year-old duplex/multi-family home in May 1998. On the
day of the incident, the consumer was home and turned on the bathroom exhaust fan
located on the ceiling. The family left the home around 2:00 p.m. and left the bathroom
exhaust fan running for about seven (7) hours until the family returned around 9:00 pm.
Upon returning, the family heard the smoke alarm sounding and witnessed smoke in the
home. The family called the fire department, which determined that the bathroom exhaust
ceiling fan had overheated, causing the plastic cover to catch fire and fall onto the toilet.
The toilet seat cover had ignited, which fell into the toilet.

IDI 010402CCN474

In March 2001, at about 6:50 a.m. the fire department responded to an apartment structure
fire. Firefighters discovered fire in the walls and the attic above the bathroom where the
incident exhaust fan was located. Fire had spread into the common bathroom wall between
apartment units and in the adjacent bedroom walls. The fire department determined that
the fire started from a 30-year-old exhaust fan located in the bathroom of the apartment.
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IDI031125CNE1123

The incident occurred in November 2003. The day before the incident, the bathroom
exhaust fan was left “on.” On the morning of the incident, the family dog began running in
and out of the bathroom and barking. Shortly thereafter, a smoke alarm located in the
hallway outside the bathroom began sounding. The family observed smoke and flames
coming from the bathroom exhaust fan. The fire marshal concluded that the fan motor
overheated and determined that the home insulating material in the attic was not a
contributing factor in the fan overheating because there was adequate space between the
insulation and the fan housing.

IDI 050506CNE2395

The fire occurred in a women’s restroom of a closed nightclub section of a bar and
restaurant business. An adjacent bar restaurant section was open for business and occupied
by a bartender and several customers at the time of the incident. The owner indicated that
even though the nightclub section had been closed, employees routinely used the
bathrooms in that area. The men’s and women’s restrooms located in the nightclub were
equipped with exhaust fans. The manager of the business reported that the fan in the
women’s restroom had been making a noise for about a week before the incident. At the
time of the incident, the fire department extinguished the fire, which had traveled upward
from the women’s restroom into the second floor and attic, where it burned through parts
of the roof.

IDI 050907CNE2758

On a morning in August 2008, the electricity in the residence and surrounding area had a
power outage. After power had been restored in the afternoon, the occupants went
throughout the home checking the light switches. This included the two switches in the
second floor bathroom, which controlled the lights and incident exhaust fan. The
occupants stated that the exhaust fan had “stopped” working about 3 years before the
incident. Before the fan “stopped” working, the occupants reported that the exhaust fan
had begun to make a noise. Before leaving the home, the occupant went around turning off
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the lights in the home, which they thought the second floor bathroom fan had been turned
off. When they returned home in the evening, the homeowner found smoke coming from
the roof vents of the structure. The fan had overheated and ignited and spread into the attic
of the structure.

IDI 110322CCC2391

The incident occurred at a daycare facility. The building was built in 1995, and has been
used as a daycare facility since its construction. The fans were original when the building
was constructed. The lights and fans were controlled by a single switch. Five days a week,
the switch was turned on at approximately 6:30 a.m. and turned off at about 7:00 p.m. The
incident occurred in March 2011. After the daycare lights and fans were switched on, the
daycare heat was also turned on. Approximately 1 hour later, a teacher and her assistant
smelled something burning and assumed it was related to the heating system. Even
though after the heating system was turned off, the burning smell persisted. The director
went to the infant room and localized the burning smell to the changing room/bathroom.
The director notified the owner of the daycare and was advised to disconnect the exhaust
fans because they were old. The director was unplugging the exhaust fan when a “large
fireball shot out” of the exhaust fan. The daycare was evacuated and the fire department
was summoned to extinguish the fire.

IDI 130208CCC3391 and IDI 130326 HWE0001

On two separate occasions, incidents involving bathroom exhaust fans occurred at Picerne
Military Housing located on Ft. Riley Military Base, KS. The first incident occurred in
June 2012, and was documented under IDI 130326HWEOQ001. The second occurred in
February 2013, and was documented under IDI 130208CCC3391. The fans were installed
sometime since 2007, when the housing construction was initiated. The housing authority
stated that the same type of exhaust fans were installed in all the military homes
constructed during that period. The housing authority reported that the fan motors had
been seizing up. Because of this, the housing authority discontinued installing them in the
homes in 2013, and removed all of the exhaust fans.
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The June 12 incident occurred in a half bath in a single-family home. The Fort Riley Fire
Department was dispatched to a structure fire at the residence. Upon arrival, the fire
responders did not witness any signs of fire outside the home. Fire personnel entered the
home to investigate and found water pouring from the first floor bathroom exhaust fan on
the ceiling. The fire had been extinguished before fire fighters entered the home. The
report identified that the plastic inside the fan had ignited, which then ignited the plastic
vent hose. A plastic water line located above the fan had melted, which extinguished the
fire. The cause of the incident was an overheated exhaust fan.

IR
‘.5‘.-1'.'

The February 5 incident occurred in a full bath on the second floor of a single-family
home. There was extensive damage to the attic above the bathroom. The field investigator
noted that the incident fan switch was in the “up” position, suggesting that the fan was on
when the incident occurred. When the fire department arrived at the scene, fire personnel
determined that the fire had spread into the attic area. An overheated exhaust fan caused
the incident.
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2.3 Incident Bathroom Exhaust Fans

The majority of the incidents (75 percent, 318/423) involved bathroom/restroom
exhaust fans. Where photographs were available, the fans appear to have similar
construction. The exhaust fans contain an external housing, a motor, an impeller, and a
grill cover. The exhaust fans may incorporate a light option, but the incidents did not
report the lighting assembly as the cause of the incident or fire. The “box” type exhaust
fans contain a box housing that is mounted to the building structure. A fan assembly is
mounted in the box housing. The fan assembly typically contains a mounting frame, fan
motor, impeller, and power cord as shown in Figure 1. The box housing contains the
electrical connections for the fan and light option and connection for the ducting.

seh{bly Bottom of the exhaust fan assmbly
Figure 1. Fan assembly for “box” type housing

- -

Top of the exhaust fan

A shaded-pole motor is an AC single-phase induction motor. The auxiliary winding,
which is composed of a copper ring, is called a shading coil. The current in shading coil
delays the phase of magnetic flux to provide a rotating magnetic field. The direction of
rotation is from the unshaded side to the shaded ring. Typical components of a shaded
pole-type motor are shown in Figure 2. Since these motors typically have low starting
torque, low efficiency and a low power factor, these motors are typically suitable for low-
power applications and are either thermally or impedance protected to prevent
overheating. The type of protection can be identified by “T.P.” or “Z.P.” on the motor
label, as shown in Figure 3. A Z.P. motor relies solely upon the impedance of the
windings alone to prevent overheating; whereas, a T.P. motor relies upon a thermal
protective device to prevent overheating.
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Staff reviewed the IDIs to identify the types of fan motors used in the incidents. The
dataset consisted of 118 IDIs. Of the 118 IDIs, 60 IDIs contained images of the incident
exhaust fan. Of the 60 IDIs, 57 IDIs had sufficient information to identify the fan motor as
a shaded pole-type motor. Three of the fans were not shaded pole-type motors; these were
attic exhaust fans and appeared to be universal-type motors. Fifty-nine IDIs did not
contain any identifiable information to determine the type of fan motor. Table 3 lists the
number of identifiable shaded pole-type fan motors in the 118 IDIs.

Table 3. Shaded-pole motors

Motor type count Percentage of known
Shaded pole motor 57 95 %
Not shaded pole motor 3 5%
Identified motor type 60 100 %
Unildentified motor type 58
Total IDis 118

3.0 RECALLS INVOLVING THERMAL PROTECTION

Consumer products with thermal protection have failed in the past. The most notable
product recalls due to thermal protection failures in a consumer product occurred about 25
years ago involving drip coffeemakers. Beginning in the early 1990s, CPSC announced
several recalls from different manufacturers of coffeemakers, where the thermostats and/or
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thermal fuses malfunctioned, thus, causing an overheating condition and a potential fire
hazard.> The recalls involved more than 1 million coffeemakers.

Because of the recalls and coffeemaker fire incidents, CPSC staff discovered that the
thermal devices used in these products can have the set point drift higher, or not function
at all. Staff believed that thermal aging and/or heating of the thermal devices was causing
the contact force to be reduced until the pressure between the contacts within the thermal
device was nearly zero.” The episode resulted in Underwriters Laboratories (UL)
incorporating construction and perfomance changes in the appropriate voluntary standards
to addresss thermal devices used in coffeemakers. One of the new test methods was the
“Conductive Heat Ageing Test“ (CHAT), which represented slow aging of the thermal
device under load, while mounted directly to a heated surface. This and other proposed
requirements in UL 1082, Standard for Household Electric Coffee Makers and Brewing-
Type Appliances, became effective in 1993 and 1994.

4.0 VOLUNTARY STANDARDS

Through collaboration with UL, a voluntary standard organization, safety standards
are developed for a variety of consumer products, including exhaust fans. In many cases,
these standards bring industry groups, government agencies, and consumer groups
together to agree on the best consumer product safety practices. These standards have
helped lead the way toward the development of safer consumer products.

Safety standards are constantly evolving and improving to adjust to the environmental
changes, behavioral use, and technology. Below is a list of UL standards that may apply
currently to exhaust fans or may have applied to exhaust fans in the past, but are no longer
current:

UL 507. Standard for Electric Fans

UL 507 is intended to cover a large assortment of fan types, including exhaust fans.
Exhaust fans are categorized as fans for use in unattended areas. These fan products are
built into or within the building structure and may be operated unattended or in situations
in which the operator may not detect a lock-rotor condition.

2 https://www.cpsc.gov/Recalls/ 1990/Proctor-Silex-Voluntarilv-Recalls-Certain-Automatic-Drip-Coffeemakers-Made-In-198586-That-
Mav-Pose-Fire-Hazard/: hitps:/www.cpsc.gov/Recalls/1991/General-Electric-Voluntaril v-Recalls-Certain-Drip-Coffeemakers-That-
May-Pose-A-Fire-Hazard/; hitps.//www.cpsc.gov/Recalls/1994/750000-1 984-To-1988-Black--Decker-And-General-Electric-Under-
The-Cabinet-Coffeemakers-Recalled-Possible-Fire-Hazard.

T emperature cutoffs (Thermal-links) for coffeemakers Extended Holding Temperature T. 'H-100 rated
TCOs, InterControl. Hermann Kahler Elektrik GmbH & Co KG Schafhofstrae 30. 90411 Nuremberg.
Germany.
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ANSI/UL 2111, UL Standard for Overheating Protection for Motors

ANSI/UL 2111 was withdrawn and superseded by three dedicated standards, UL 1004-2,
Standard for Impedance Protected Motors, UL 1004-3, Standard for T\ hermally Protected
Motors, and UL 60730-2-2, Standard for Automatic Electrical Controls for Household
and Similar Use; Part 2 Particular Requirements for Thermal Motor Protectors, beginning
in 2013.

UL 1004-2. Standard for Impedance Protected Motors

UL 1004-2 is intended to be read with the Standard for Rotating Electrical Machines —
General Requirements, UL 1004-1. The Standard applies to motors that rely solely upon
the impedance of the motor windings to prevent overheating.

UL 1004-3. Standard for Thermally Protected Motors

UL 1004-3 is intended to be read with the Standard for Rotating Electrical Machines —
General Requirements, UL 1004-1. The Standard applies to motors that rely upon a device
(thermal motor protector) to prevent overheating.

ANSI/UL 1020. Standard for Thermal Cutoffs for Use in Electrical Appliances and
Components

UL 1020 was withdrawn and superseded by UL 60691, Thermal Links - Requirements and
Application Guide around 2003. The scope for ANSI/UL 1020 contained requirements
that applied to thermal cutoffs intended to be embedded in windings or for freestanding
use in end products.

UL 60691, Thermal Links - Requirements and Application Guide

The scope for UL 60691 is applicable to thermal links intended for incorporation into
electrical appliances, electronic equipment, and component parts thereof, normally
intended for use indoors to protect these products from excessive temperatures under
abnormal conditions, including lock-rotor conditions.
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5.0 FIELD SAMPLES"*

The two incidents that occurred at Picere Military Housing on Ft. Riley, KS military
base in 2012 and 2013 provided an opportunity to collect a large number of samples for
testing. CPSC field staff collected 100 exhaust fan samples in 2017. The fans were part of
a larger inventory that had been collected and stored by the base housing authority when
the exhaust fans had been replaced after a large number of exhaust fan failures. The fans
were originally installed in the homes between June 2007 to February 2012. The fans
were removed between April 15, 2013 and April 22, 2013. All the fans had similar
manufacture dates from 2008 through 2010.% After the units were removed, the fans were
placed into storage, initially office trailers, then into Conex units on post.

All of the fans collected were sold under the same brand name and contained the same
motor manufacturer. The fan motors were shaded pole-type motors and had the same or
similar construction. The main lot (96) of fan motors were constructed with a paper wrap
around the winding core and had 25 stacked plates for the stator. Four fan motors had a
slightly different construction, which included a plastic wrap around the winding core and
had 35 stacked plates for the stator. All of the fans were thermally protected with a radial
eutectic-type TCO.

5.1 Eutectic-Type Thermal Cutoff Fuses

A eutectic alloy is a homogeneous solid mixture of at least two metals or lattice
components that is made up of the specific atomic/molecular ratio that yields the lowest
possible complete melting point (eutectic temperature), which causes the solid mixture to
change uniformly into a liquid mixture, as illustrated in Figure 4. In all other proportions,
the mixture will not have a uniform melting point; some of the mixture will remain solid
and some liquid. Eutectic TCO fuses contain a joint or linkage that is a eutectic alloy that
will melt and open at the eutectic temperature.

* The sections presented in this report were arranged for readability and understandability, not chronological
order of the testing.

3 The manufacturer date of the fan assembly does not necessarily represent the manufacture date of the fan
motor. Staff believes that the fan motors were manufactured around 2000.
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Figure 4. Eutectic system model

Eutectic TCOs are available with axial or radial lead wires, both having the same basic
design as shown in Figure 5.% The fusible thermal linkage (thermal element) is a eutectic
alloy that is welded across a pair of wire leads. The eutectic alloy is coated with a special
compound to protect it from oxidation and allow wetting of the wire leads. Surface tension
then separates the eutectic alloy, opening the circuit, thus activating the TCO. The fusible
linkage is sealed in a special insulated housing.

Sealant

Before fusing //

/”"" ‘ ;Z \ Lead V}/ire

/ Thermal element  Special compound I'II
Lead wire /

N N
P \ N

Melted thermal element
After fusing Before fusing After fusing

\,

T //i Thermal element Meited thermal element

Special
compound

Insulator/'

]

Lead wire

Axial TCO Radial TCO
Figure 5. Eutectic-type thermal fuse

6 Chatham Components Inc., Thermal Cutoffs, Elcut Brand Thermal Fuses, http://www.cci-
tco.com/products/elcut-brand-thermal-fuse/.
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5.2 Thermal Cutoff Fuses in the Fan Samples

All the fan samples contained radial eutectic-type thermal fuses. The fuses are marked
with a functioning temperature of 136°C and rated for 250V 3A, as shown in Figure 6.

~—rh

Figure 6. Radial eutectic-type thermal fuse in the sample fans

All 100 TCOs in the fans were x-rayed and 3-D imaged by computed tomography
(CT). CT imaging can reveal detailed images of the internal TCO without destructive
analysis. The CT scan allows cross-sectional details of the thermal linkage that cannot be
seen in conventional radiographs by X-rays. The thermal linkage connects the two wire
leads, as shown in the radiograph and CT images in Figure 7. In the examined thermal
linkages in the fan samples, the thermal linkages varied with the shape of the linkage, such
that some of the linkages were not uniform, as shown in Figure 8. It is unknown if the
variations were caused from manufacturing or usage before collection.

'_—-I.-. L By N s
Radiograph of the fusible link CT scan of the fusible link
Figure 7. Smooth and uniform solder linkage (Sub 44)
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Radiograph of the fusible link

I

Radiograph of the fusible link
AR

Radiograph of the fusible link CT scan of the fusible link
Figure 8. Fusible link with irregular thermal linkages (Sub 91, 20 and 62)

5.3 Normal Fan Test

Staff measured and recorded the temperatures on the winding and within the TCO for
one of the shaded-pole, motor-fan samples during normal fan operation. To record the
temperatures, a fan (indexed as sub 60) was instrumented with three thermocouples on the
paper wrap exterior of the winding, and within the TCO, as shown in Figure 9; the TCO
was not in the circuit, i.e., it was not carrying current. The top, side, and bottom
thermocouples were secured against the winding wrap with thermal tape and a nylon
plastic tie. To measure the temperature within a TCO, an activated or used TCO from
another fan motor was removed and then modified with a thermocouple. The TCO was
modified by drilling a small hole through the epoxy of the TCO and inserting a
thermocouple, as shown in Figure 10. The hole was then resealed with an epoxy. The
existing TCO within the motor was moved away from the winding and the thermocoupled
TCO was located in its place. This allowed the modified TCO with the thermocouple to
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record the temperature as if the original TCO was installed. It would be expected that the
thermocoupled TCO would measure a slightly lower temperature than an actual TCO
because the lack of conductive heating from the winding and no current flow. The TCO
plastic sleeve and winding wrap and tape were reinstalled and sealed before testing.

(

Thermocouple TCO

Thermocouple SIDE

Thermocouple Bottom

444

Airflow Direction
Figure 9. Thermocouple locations on the motor (side view)

TCO
| casing
."/
— k.{-l

Thermal M 7
link
=l Thermocouple

TCO wire lead

Modified TCO with thermocouple Actual TCO moved aside and TCO (thermocouple) installed
Figure 10. TCO with thermocouple

The testing showed that the TCO’s internal temperature for this freely spinning motor
with impeller is about 73°C. The thermocouple at the top of the winding measured slightly
higher, at 76°C, than the TCO temperature as shown in Figure 11. When the fan was de-
energized, the thermocouples located on the winding wrap measured an increase in the
winding temperature because of the lack of airflow over the thermocouples when the

15|Page



impeller stopped spinning. The temperature within the TCO did not measure the same
increase in temperature when the fan was de-energized. This is most likely caused by the
TCO being located below the wrap, which caused the TCO not to be affected by the
airflow.

Temperatures outside
the winding increases
for a short period
when de-energized

FAN sub 60 normal operation
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Figure 11. Temperature measurements on the winding and within the TCO (Fan 60)
5.4 Abnormal Fan Test

Fan sub 45 rotor did not turn freely in the condition in which it was received because
of what appears to be dust and grime build-up at the bearings. When the sample was
energized, the impeller/rotor did not spin; thus, it was in “locked-rotor” condition. Figure
12 shows sub 45 before any testing.

The fan was tested in its as-received condition, i.e., locked-rotor condition. A single
thermocouple was placed on the side of the winding, on the outside of the wrap, adjacent
to the TCO location. After being energized, the TCO activated after 22 minutes, as shown
by the temperature traces in Figure 13. For the location of this thermocouple, the
temperature shows a maximum of 120°C, but this location is about 20°C cooler than the
actual TCO or at the top of the winding. The actual TCO functioning temperature (Tr) was
calculated to be about 140°C (120°C + 20°C), which cotresponds closely to the Trof
136°C. This testing in lock-rotor condition also verified that the side thermocouple
measurements on the paper wrap were about 20°C lower than the actual TCO or the top of
the windings. Figure 14 shows the radiographs of the TCO’s fusible link after lock-rotor
testing, which shows the thermal linkage melted or open.
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Figure 12. Sub 45 with dust and surface rust on core
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Figure 13. Sub 45 temperature measurement outside the winding

s wr I...

Before lck:rotor tet o After lock-rotor test
Figure 14. Radiograph and CT scans of the TCO before and after lock-rotor testing (Sub 45)

In other testing, where the TCO opened during lock-rotor conditions around the same
elapsed time of 20 minutes, the thermal linkage had the same characteristic of only one
end of the thermal linkage melting, as shown in Figure 15. This appeared to be caused by
the TCO wire lead that is connected to the winding having a higher temperature than the
wire lead connected to the power conductor. The wire lead would conduct the thermal
energy from the winding during locked-rotor operation, thus causing one TCO wire lead
to heat faster than the other TCO wire lead. Staff observed that for cases when the elapsed
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time was longer during the lock-rotor condition for the TCO to trip, and the temperature
was higher than average, the thermal linkage would have inconsistent melting patterns, as
shown in Figure 16. Staff expected that the delayed opening would result in a uniform
temperature gradient within the TCO, thus causing the fusible linkage to melt completely
or uniformly. But this was not the case, because the thermal linkage had irregularities,
which suggests that other factors may be affecting the melting characteristics of the

linkage.

Sub 04 Sub 40 Sub 36
Figure 15. Radiographs of TCOs after lock-rotor testing with consistent shape

Sub 69 Sub 10
Figure 16. Radiographs of TCOs after lock-rotor testing with unusual shapes

The same fan sub 60 that was instrumented with a thermocouple inside a TCO was
used to measure the temperatures during lock-rotor conditions. Similar to the normal
operation test, fan sub 60 had the three thermocouples on the paper wrap exterior of the
winding and thermocoupled TCO. The lock-rotor condition was operated for 20 minutes
to simulate the TCO tripping after 20 minutes in lock-rotor testing, as seen in Sub 45.
After 9 minutes 12 seconds, the TCO temperature reached 105°C, as shown in Figure 17.
At 15 minutes, the TCO temperatures reached 130°C. Shortly before 20 minutes, the TCO
temperature reached 140°C. The TCO temperature measured approximately 142°C at 20
minutes or the manual trip time. The measurements in this test closely correspond to the
sub 45 locked-rotor test. As mentioned previously, the TCO in sub 45 tripped at a
measured temperature on the side of the winding around 120°C, and the temperature
measured on the side of the winding in the test after 20 minutes of operation was about

123°C.
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Figure 17. Temperature on the winding and within the TCO during a lock-rotor test

5.5 Lock-Rotor Test with TCO Bypassed

To evaluate worst-case scenario, fan sub 42, which had been previously tested in the
lock-rotor test and the TCO tripped, was modified with the TCO bypassed. The tripped
TCO was left intact in the motor, and a short piece of wire was soldered across the TCO
wire leads to create a permanent linkage, thus bypassing the TCO. The test was to evaluate
this motor if the TCO were to fail or not activate during a lock-rotor condition.

The fan was instrumented with a thermocouple located at the bottom of the winding,
as viewed with the fan installed (see Figure 9 - Thermcouple BOTTOM). A second
thermocouple was located exterior to the motor winding and on the same side as the TCO
(see Figure 9 - Thermcouple SIDE). The lock-rotor test was conducted by blocking the
impeller and energizing the fan. The thermocouple temperature measurements were
recorded every 5 seconds.

The testing was conducted in three separate test periods. The first test period lasted 2
hours. The winding reached a stcady-state temperature of 160°C. After an elapsed time of
2 hours, the test was manually terminated. The fan was allowed to cool to room
temperature before re-testing. The second test period was 2 hours. The winding reached a
steady-state temperature of 200°C. The test was manually terminated after 2 hours. The
fan was allowed to cool to room temperature before re-testing.
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For the third test period, the fan was energized in the lock-rotor condition, and after about
30 minutes, the temperature increased rapidly, which resulted in smoke and flames. The
thermocouple temperature traces are shown in Figure 18. The motor winding ignited,
which then ignited the plastic impeller, as shown in Figure 19. The plastic impeller
resulted in dripping, flaming plastic. The total lock-rotor test time was about 4.5 hours
(period 1 + period 2 + period 3).

Fan sub 42
NO TCO PART C Temperature Trace
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Figure 18. Sub 42 third test period Lock-Rotor Test with no TCO
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Figure 19, Bypassed TCO lock-rotor test -

5.6 TCO Trip-Time Testing

The 100 samples that were collected from Picerne Military Housing on Ft. Riley, KS
military base were randomly assigned to seven different test groups. Table 4 lists the fan
motor subs as assigned to the seven test groups. Test groups 1, 2,4, 5, and 6 had 15 fan
samples. Test group 3 had 14 fan samples, and test group 7 had 11 fan samples.
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Table 4. Sample Test Group

Test Group [§ Test Group [ Test Group || Test Group [f§ TestGroup f§i| Test Group f| Test Group
1 5 6 7
Sub Sub Sub
No. | No. No. No | No.
1 60 72 1 91
2 80 38 2 8
3 98 61 3 74
4 4 86
5 70 5 31
6 78 6 65
7 52 7 18
8 27 8 85
9 36 9 21
10 | 69 56
11 62
12
13 | 92
14 | 89
15

Two test frames were constructed for the testing. One test setup included a large test
frame that allowed up to 15 fans to be tested at the same time, as shown in Figure 20. A
second smaller test setup was constructed using a test frame that can accommodate up to
two fans to be tested, as shown in Figure 21. Since the testing was lock-rotor condition, no
vent hose was connected to the fan exhaust box housing.

Figur 20. Large test frame and setup for up to 15 fans
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Figure 21 Ser test frame and sp for up to 2 fans
5.6.1 Test Groups 1 and 2 - Lock-Rotor Test (15 fans per group)

Test Groups 1 and 2 each had 15 fans. Both groups of fans were tested on June 22,
2017. Each fan was instrumented with a thermocouple located on the exterior of the motor
winding wrap on the side. Staff conducted a locked-rotor test by blocking the impeller
with a nail through the side of the housing and energizing the fan with 120 VAC. The
average ambient temperature at the start of the test was 26.8°C. Staff recorded the
thermocouple measurements every 30 seconds.

All the TCOs activated (except Sub 60 due to the power connector coming loose early
in the test). The measured temperature at the side of the winding when the TCO activated
was between 110°C and 151°C (average 123°C). Sub 60 was later used for testing under
the Section 5.3 Normal Fan Test to record temeprature traces during normal operation.
Based on the sub 60 temperature traces under Normal Fan Test, we assume that the TCO
temperatures should be about 20°C higher than the temperature on the side of the
windings. This would translate to between 130°C and 171°C at the TCO and an average of
143°C . The activation times varied between 20 to 50 minutes for both test groups.

5.6.2 Test Group 3 - 105°C Variable Duration Conditioning and Lock-Rotor Test

Test Group 3 had 14 fans. All 14 fans were placed in a conditioning oven at 4 p.m. on
June 23, 2017. The conditioning oven temperature was set at 105°C. The 105°C
conditioning temperature corresponds to approximately 50 percent of the temperature
difference (mean) between the TCO temperatures at trip and normal operation, as shown
in equation [1] below. The fans were conditioned continuously at 105°C for a minimum
duration of 64.3 hours to a maximum of 305 hours. The fans were removed from the
conditioning oven at different times. After a fan sample was removed from the
conditioning oven for testing, the fan motor was allowed to cool to room temperature
before conducting the lock-rotor test.
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(143°C — 73°C) x 73°C = 107.5°C =~ 105°C

(TC 0 tempgt trip — TCO tempnorma,) X 50% + TCO temp,ormar = Conditioning Temp [1]

During lock-rotor testing, each fan was instrumented with two thermocouples. One
thermocouple was located on the exterior of the motor winding wrap on the side of the
winding. The second thermocouple was located on the bottom of the winding as viewed
when the fan is installed. The lock-rotor test was conducted by blocking the impeller and
energizing the fan. The thermocouple temperature measurements were recorded every 10

seconds.

The smaller test setup was used during this testing series. Two fans were randomly
removed from the conditioning oven at different conditioning periods to be tested. Table 5
lists the test frame location, thermocouple number, and conditioning period associated
with each fan sub number.

Table 5. Conditioning periods for Test group 3 subs

Sub Start Conditioning | End Conditioning | Conditioning Period (hh:mm)
42 6/23/17 4:00 PM | 6/26/17 8:30 AM 64:30
10 6/23/17 4:00 PM | 6/26/17 8:30 AM 64:30
63 6/23/17 4:00 PM | 6/28/17 9:00 AM 113:00

5 6/23/17 4:00 PM | 6/28/17 9:00 AM 113:00
19 6/23/17 4:00 PM 7/3/17 8:30 AM 232:30
41 6/23/17 4:00 PM 7/3/17 8:30 AM 232:30
64 6/23/17 4:00 PM 7/5/17 8:00 AM 280:00
75 6/23/17 4:00 PM | 7/5/17 10:00 AM 282:00
99 6/23/17 4:00 PM | 7/5/17 4:00 PM 288:00
71 6/23/17 4:00 PM | 7/5/17 4:00 PM 288:00
39 6/23/17 4:00 PM | 7/6/17 9:00 AM 305:00

3 6/23/17 4:00 PM | 7/6/17 9:00 AM 305:00
30 6/23/17 4:00 PM 7/6/17 9:00 AM 305:00
55 6/23/17 4:00 PM 7/6/17 9:00 AM 305:00

Effects of Conditioning to the Thermal Linkages

For test group 3, all of the TCOs were x-rayed before and after conditioning. The
thermal linkages did not appear visually to have changed after conditioning at 105°C for
up to 305 hours. Figure 22 shows radiographs of the thermal linkages before and after
conditioning for various lengths of time.
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Sub 10 - Before conditioning

Sub 19 - Before conditioning

Sub 41 - Before conditioning
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Sub 10 - After conditioning@105°C 64.5 hours

Sub 19 - After conditioning@105°C 232.5 hours

Sub 41 - After conditioning@105°C 232.5 hours



Sub 39 - Before conditioning Sub 39 - After conditioning@105°C 305 hours
Figure 22 Thermal linkages before and after conditioning

Results

Of the 14 units tested, one unit failed to open, allowing the winding to overheat and
smoke. The unit’s bobbin melted from overheating and arcing within the winding. Eight of
the 14 units’ TCOs opened within 24 minutes. Two of the 14 units’ TCOs opened around
50 minutes, reaching temperatures above the rated T for the TCO. Eight of the 14 units
had elevated temperatures that exceeded the TCOs’ rated opening temperature of 136°C.
Table 6 lists data for Test Group 3.

Table 6. Test Group 3 - 105°C Conditioning and Lock-rotor Test Data

o | Conden | Mox | Clud | e | 9T TOIPN | smote|rtetto
(hh:mm} side (°C) Temperature (°C}) berten i) (hh:mm:ss) Activated il Clyy |15 ELXS
42 64:30 111.9 ~132 t;‘:;f:mouple 0:19:30 Yes No No
10 64:30 127.5 ~148 181.6 0:52:00 Yes No Yes
63 113:00 109.0 ~129 t;‘;‘:snfocouple 0:22:00 Yes No No
5 113:00 131.0 ~151 141.9 0:18:00 Yes No Yes
19 232:30 138.6 ~159 127.2 0:54:00 Yes No Yes
41 232:30 209.8 N/A 302.0 2:40:00 No Yes Yes
64 280:00 155.8 ~176 203.8 3:26:00 Yes No Yes
75 282:00 128.8 ~149 157.5 0:24:00 Yes No Yes
99 288:00 151.6 ~172 183.2 4:00:00 Yes No Yes
71 288:00 116.4 ~136 146.4 0:19:00 Yes No No
39 305:00 111.9 ~132 153.4 0:18:00 Yes No No
3 305:00 109.4 ~121 140.2 0:22:00 Yes No No
30 305:00 158.5 ~179 213.4 1:37:00 Yes No Yes

25 |Page




Con.dltlon Max. CaIcu'late.':d o PIITE Elapéed Time TCO Open Shioke Ul SRS Tr I
Sub Period Temp. at Functioning bottom (°C) to Trip or or Fire at 136°C
(hh:mm) side (°C) Temperature (°C) {hh:mm:ss) Activated
55 305:00 105.4 ~125 154.3 0:22:00 Yes No No
Sub 10 - Lock-Rotor Test

Staff

conditioned the fan (sub 10) for 64 hours 30 minutes. During the locked-rotor

testing, the TCO activated. The TCO activated approximately 52 minutes after the rotor
was locked. The activation time was about 30 miutes longer than seen during typical
lock-rotor testing, which activated around 20 minutes within the testing. Figure 23 shows
the temperature traces for the thermocouples during the lock-rotor test.

Figure 24 shows the CT scan of the fusible link after the lock-rotor test. As seen in
prior testing when the trip time is longer than average, the fusible link melts at the center

of the link. The figure does show a partial wetting of the electrodes occurred, which
allowed the solder link to bead.
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Fan 10

Temperature {(degrees C)

Date & Time |

——P43711 - 1-TCOFAN10 (°C)  -8~P43711- 2-11 FAN10 {°C)

Figure 23. Tem—perature traces for Sub 10 Test Group 3 - Lock-Rotor Test




Figure 24. CT scan of the fusible link after lock-rotor testing (sub 10)

Sub 41- Lock-Rotor Test

Staff conditioned the fan (sub 41) for 232 hours 30 minutes. During the lock-rotor
testing, the TCO did not activate. After about an hour, the temperature appeared to have
leveled to a constant temperature or steady state. Staff terminated the lock-rotor testing
after approximately 2 hours 30 minutes. Figure 25 shows the temperature traces for the
thermocouples during the lock-rotor test on July 3, 2017.

Fan 41 on 7/3/2017
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Figure 25. Temperature traces for Sub 41 Test Group 3 - Lock-rotor Test

Staff allowed the fan to cool to room temperature before retesting. During the second
lock-rotor test, the temperatures increased rapidly, and the unit began to smoke. The
temperature suddenly increased and arcing could be heard. Suddenly the arcing ceased,
and the temperature began to decrease. Figure 26 shows the temperature traces for the
thermocouples during the lock-rotor test on July 5, 2017. The thermocouple located at the
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TCO (blue trace) detached from the surface of the winding when the unit began to smoke,
which resulted in a sudden drop in temperature. The elapsed time to maximum
temperature was about 9 minutes, 50 seconds.

Figure 27 shows the fan producing significant smoke during the second lock-rotor
testing. There were no visible flames during the testing. Examination of the motor shows
localized overheating and arcing in the winding. The full elapsed time for the first and
second lock-rotor tests was about 2 hours 40 minutes.
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Figure 26. Temperature traces for Sub 41 Test Group 3 - Lock-Rotor Test on July 5,2017

Figure 27. Sub 41 Test Group 3 - Lock-Rotor Test producingsmoke and post examination

28 |Page



Post examination shows the TCO’s fusible link to be intact, as shown by CT scans in
Figure 28. During lock-rotor testing, the TCO failed to activate, but the event ended
because the motor winding opened, thus de-energizing the motor.

—_—

t* - _":_"-_:-;-‘- al
e s T —
Figure 28. TCO from Sub 41 after Lock-Rotor Test

Sub 64 - Lock-Rotor Test

Staff conditioned the fan (sub 64) for 280 hours. During the initial lock-rotor testing
on July 5, 2017, the TCO did not activate. The temperature appeared to have leveled to a
constant temperature or steady state. Staff manually terminated the testing at noon, after
approximately 3 hours 15 minutes.

Staff allowed the fan to cool for 45 minutes (to a