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UL Standard for Safety for Electric Booster and Commercial Storage Tank Water Heaters, UL 1453
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Dated March 29, 2016

Summary of Topics

This revision of ANSI/UL 1453 is being issued to revise Table 45.1 — Maximum acceptable
temperature rise, to provide for a maximum temperature rise for phenolic components used as
electrical insulation, and editorial corrections.

The revised requirements are substantially in accordance with Proposal(s) on this subject dated March 16,

2018.
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INTRODUCT

1 Scope

ION

1.1 These requirements cover electric booster water heaters, electric commercial storage tank water
heaters, and remote control assemblies for such heaters, rated 600 volts or less, to be employed in
ordinary locations in accordance with the National Electrical Code, NFPA 70, and that meet at least one
of the following conditions:

a) Over 120 gallons (454 L) in capacity;

b) Rated over 12 kilowatts; or

¢) Equipped with one or more temperature-regulating controls that permit a water+t
of mere than 85°C (185°F).

1.2 These hpaters are intended for installation in accordance with model méchanical 4

codes.

1.3 An electiic water heater not exceeding 120 gallons (454 L) capacity, rated no more thar
and equipped with a temperature-regulating thermostat having no, marked dial setting mo

(171°F) and
with the requ

1.4 These re
equipment, o
requirements
requirements

1.5 In the fg
storage-tank
involved. Ab
requirement
otherwise.

rovided with a stop to prevent adjustment to a higher.setting, shall be judged i
rements in the Standard for Household Electric Storage Tank Water Heaters,

quirements do not cover electric boilers, commercial cooking appliances, mediq
I other electric heating equipment or applidnces that are covered in or as par
that are separate from this standard. “Electrode type boilers are not cove

llowing text, a requirement thatyapplies only to booster water heaters or t
water heaters is so identified by a specific reference in that requirement to tl
sence of such a specificisreference or use of the term water heater indic

emperature

ind plumbing

12 kilowatts,
re than 77°C
n accordance
UL 174.

al and dental
of individual
red by these

b commercial
he equipment
htes that the

applies to all of the equipment covered in this standard unless the confext indicates
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2 Components

2.1 Except as indicated in this clause, a component of a product covered by this standard shall comply
with the requirements for that component. See the individual sections of this standard for component

requirements

2.2 A component is not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or

b) Is

superseded by a requirement in this standard.

2.3 A compd
use.

2.4 Specific
Such compo
exceeding sp
3 Units of N

3.1 Values {
approximate

3.2 Unless i
square (rms)

4 Undated H

4.1 Any undated reference to a code or standard appearing in the requirements of this star

interpreted a
5 Glossary
5.1 For the

5.2 BOOSTH
is usually 60

nent shall be used in accordance with its rating established for the intended

components are incomplete in construction features or restricted in performanc
hents are intended for use only under limited conditions, such as’certain tem
ecified limits, and shall be used only under those specific conditions.
leasurement

tated without parentheses are the requirement. Yalues in parentheses are ¢
nformation.

dicated otherwise, all voltage and current.values mentioned in this standard &

feferences

5 referring to the latest edition of that code or standard.

urpose of this Staridard the following definitions shall apply.

R WATERHEATER — A water heater furnishing hot water from initially heated
C (140¢F), with the minimum output water temperature being 77°C (171°F).

5.3 ELECTRlICAL CIRCUITS -

conditions of

b capabilities.
peratures not

xplanatory or

re root mean

dard shall be

water, which

a)
circui

b)

t characteristics in excess of those of a low voltage circuit.

Line Voltage Circuit — A circuit involving a potential of no more than 600 volts and having

Low Voltage Circuit — A circuit involving a potential of no more than 30 volts rms (42.4 volts

peak) supplied by a battery or by a standard Class 2 transformer or other transforming device,
or by a combination of transformer and fixed impedance having output characteristics in
compliance with requirements established for a Class 2 transformer. A circuit obtained by
connecting resistance in series with a line voltage supply circuit as a means of limiting the
voltage and current is not considered to be a low voltage circuit.
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5.4 ENCLOSURE - The part of an electric water heater that surrounds insulated and uninsulated
current-carrying live parts and that is intended to contain a fire resulting from an electrical fault.

5.5 FRAME - A structure of angle or channel or a folded rigid section of sheet metal that is rigidly
attached to and has essentially the same outside dimensions as the enclosure surface and that has
sufficient torsional rigidity to resist the bending moments which may be applied via the enclosure surface
when it is deflected.

5.6 HEATING ELEMENT ACCESSORY — An attachment to the water heater that will allow electrical
rating modification. The heating element accessory consists of a heating element(s), a new rating label,

and associated hardware to mount the element(s).

5.7 OPERA
operation. A
provide Type

5.8 OUTER
to provide m
The outer jao
heating elem

5.9 PROTE(
persons duri
control. A prg

5.10 QUALI
experience n

5.11 SAFET
to persons —
interlocks, an

5.12 TEMPH
actuated by
heated water

l

inimize these risks to themselves or other persons.

ING CONTROL — A contfrol intended to start or regulate the appliance
example would be a water temperature-regulating control. An operating
1 or Type 2 action. (See definitions 5.13 and 5.14.)

JACKET — The part of the water heater that surrounds the storage.tank and th
bchanical protection for the tank and for thermal insulation when.the insulatio
ket also serves as an enclosure of current-carrying parts andyinsulated condug
bnts in separate control or wiring compartments.

TIVE CONTROL — A control intended to prevent the fisk of electric shock, fir
g abnormal operation of the appliance. An example would be a water tem
tective control always provides Type 2 action. (See definitions 5.13 and 5.14.

FIED SERVICE PERSONNEL - Persons having appropriate technical
bcessary to:

brform tasks in service access areas-of the equipment; and

b aware of risks of injury to which they are exposed in performing a task, and
Y CONTROL — A control that is relied upon to reduce the risk of fire, electric sh
for example, an/interlock. A safety control may include such devices as reld

d other auxiliary equipment used to form a safety control system.

RATURE<PRESSURE RELIEF VALVE — An automatic resetting pressure re
vater ptessure or an integral thermal element that is in contact with and resp

uring normal
control could

At is intended
h is provided.
tors between

B, or injury to
perature limit

training and

of measures

ock, or injury
ys, switches,

ieving device
onsive to the

5.13 TYPE

ACTION—Automatic—actiorm for which—the Tmanufacturing deviationm—and—t

e drift of its

operating value, operating time, or operating sequence have not been declared and tested to the Standard
for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1.

5.14 TYPE 2 ACTION - Automatic action for which the manufacturing deviation and the drift of its
operating value, operating time, or operating sequence have been declared and tested to the Standard
for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1.
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CONSTRUCTION

6 Frame and Enclosure

6.1 General

6.1.1 A water heater shall be provided with an enclosure housing all parts that present a risk of fire,
electric shock, or injury to persons under any condition of use.

6.1.2 The frame, if provided enclosure, and outer jacket of a water heater shall have strength and rigidity
to resist the abuses likely to be encountered during intended use. The degree of resistance inherent in
the water heater shall preclude total or partial collapse with the attendant reduction of spacings, loosening

or displacemégnt of parts, and other serious defects thaf alone or in combinafion consfifuig 2

the risk of fir

6.1.3 An end
shall be cons

6.1.4 An end
in shipment,

6.1.5 A sheqd
have a minim

6.1.6 An out
parts shall cd

Exception:
jacket:

a) D,

b) E
insul

, electric shock, or injury to persons.

losure for individual electrical components, an outer enclosure, and combinatig
idered in determining compliance with the requirements in this section.

losure shall be reinforced or formed so that it is not likely tothe damaged thrg
nstallation and use.

t metal outer jacket that also encloses insulated orurinsulated current-carryi
um thickness as indicated in Table 6.1 or Table 6.2;vas applicable.

br jacket of polymeric material that also encloses insulated or uninsulated cu
mply with the enclosure requirements in Tables 6.3 and 6.4.

\n outer jacket is required to comply only with the requirements in Table 6.5, W

bes not enclose any current-gartying parts; or

ncloses parts that are completely covered with minimum 1/32 inch (0.8 mm) tH
htion.

n increase in

ns of the two

ugh handling

hg parts shall

rrent-carrying

hen the outer

ick electrical
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6.2 Enclosure materials

6.2.1 Among the factors to be taken into consideration when an enclosure is judged for acceptability are

its:

a) Physical strength;

b) Resistance to impact;

¢) Moisture absorptive properties;

d) Combustibility;

e) R

f) Re
cond

For a nonme
thermal and
in Electrical
Standard for
Non-Environn

(@) = ().

6.2.2 An ou
accordance \

6.2.3 The m
in Table 6.1

Exception:
6.2.4 and 6.4

a) T

b) T

c) The strength and rigidity of the frame and enclosure meet the criteria described

47, B

bsistance to corrosion; and

sistance to distortion at temperatures to which the enclosure may be)subjecte
tions for use.

allic enclosure or part of an enclosure, all these factors shall\be considered w
chemical aging according to the requirements in the Standard for Polymeric M
Fquipment Evaluations, UL 746C. An enclosure complying with the require
hental Considerations, UL 50, would be consideredte’comply with the requiren
er cabinet shall be judged with respect.t0 the size, shape, and thickness

yith 6.2.3.

himum thickness of sheet metal that'Serves as an electrical enclosure shall bg
Dr 6.2.

\n enclosure thinner than.specified in Table 6.1 or 6.2 may be employed, as
.5 if:

he location of the-enclosure meets the criteria described in 6.1.2;

ne construction-and location of components meet the criteria described in 6.1.

nclosure Strength Test.

d under all

ith respect to
aterial — Use
ments of the

Industrial Control Panels, UL 508A or the Standard for. Enclosures for Electrical Equipment,

hents of 6.2.1

of metal in

b as specified

described in

P or

in Section
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Table 6.1
Minimum thickness of sheet metal for enclosures carbon steel or stainless steel
Without supporting frame? With supporting frame or equivalent Minimum thickness
reinforcing?
Maximum widthP Maximum length® Maximum widthP Maximum length Uncoated Zinc coated
Inches (cm) Inches (cm) Inches (cm) Inches (cm) Inch (mm) Inch (mm)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020¢  (0.51)4 | 0.0239  (0.58)¢
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026¢9  (0.66)4 [ 0.029¢  (0.74)d
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8)
8.0 (2073y Nottimited 270 (30757 Nottmited 07032 081y 0.034 (0.86)
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6)
12.5 (31.8) Not limited 195 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5)
18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.056 (1.42)
20.0 (30.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (35.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2)
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)
29.0 (13.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 ($3.8) Not limited 51.0 (129.5) Net limited 0.080 (2.03) 0.084 (2.13)
35.0 (88.9) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6)
42.0 (1p6.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (1119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4)
52.0 (1B2.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)
60.0 (1p2.4) 74.0 (188.0) 84.0 (218%4) 103.0 (261.6)
63.0 (1p0.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (1B5.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6)
a A supporting frame is a structure of angle or chanfiel or a folded rigid section of sheet metal that is rigidly attached to and has
essentially the fame outside dimensions as the enclosure surface and that has sufficient torsional rigidity to resist the bending
moments whict] may be applied via the encldsuré surface when it is deflected. Construction that is considered to|have equivalent
reinforcing may] be accomplished by designs that will produce a structure that is as rigid as one built with a framg of angles or
channels. Congtruction considered to be Without supporting frame includes:
1) Sipgle sheet with single formed flanges (formed edges);
2) Alsingle sheet that is corrugated or ribbed; and
3) A enclosure surface loosely attached to a frame, for example, with spring clips.

b The width is t
enclosure may

have supports in common and be made of a single sheet.

urfaces of an

¢ For panels not supported along one side, for example, side panels of boxes, the length of the unsupported side shall be limited
to the dimensions specified.

d Sheet steel for an enclosure intended for outdoor use shall comply with the requirements for outdoor use equipment.
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Table 6.2

Minimum thickness of sheet metal for enclosures aluminum, copper, or brass

Without supporting frame?

With supporting frame or equivalent reinforcing?

Minimum thickness

Maximum width?

Maximum length®

Maximum width?

Maximum length

Inches (cm) Inches (cm) Inches (cm) Inches (cm) Inch (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023¢ (0.58)d
3.5 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1)

4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036 (0.91)
6.5 (16.5) 3.0 20.3) 5.0 (€15)) 8.0 @5.7)
8.0 (20.3) Not limited 19.0 (48.3) Not limited D.045 (1.14)
9.5 (24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5)
12.0 (30.5) Not limited 28.0 (71.1) Not limited D.058 (1.47)
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0)
18.0 (45.7) Not limited 42.0 (106.7) Not limjted D.075 (1.91)
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7)
25.0 (63.5) Not limited 60.0 (152.4) Not limited D.095 (2.41)
29.0 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1)
37.0 (94.0) Not limited 87.0 (221.0) Not limited D.122 (3.10)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6)
52.0 (132.1) Not limited 123.0 (312:4) Not limited D.153 (3.89)
60.0 (152.4) 74.0 (188.0) 130.0 (380.2 160.0 (406.4)

1) Sipgle sheet with single formed flanges:(formed edges);

2) Alsingle sheet which is corrugated or ribbed; and

3) Anp enclosure surface lgosgly attached to a frame, for example, with spring clips.

a A supporting frame is a structure of angle or channel or a foldedrigid section of sheet metal which is rigidly attached to and has
essentially the ame outside dimensions as the enclosure surface ‘and which has sufficient torsional rigidity to regist the bending
moments whict] may be applied via the enclosure surface whenuit is deflected. Construction that is considered to|have equivalent
reinforcing may] be accomplished by designs that will produeé-a structure which is as rigid as one built with a frafne of angles or
channels. Congtruction considered to be without supporting“frame includes:

b The width is the smaller dimehsion of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may fhhave supports ii‘common and be made of a single sheet.

¢ For panels ndt supportédialong one side, for example, side panels of boxes, the length of the unsupported sidg shall be limited
to the dimensiogns specified.

d Sheet steel fqr an‘enclosure intended for outdoor use shall comply with the requirements for outdoor use equipment.
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Table 6.3
Polymeric material enclosure application code
Encloses current-carrying parts
Supply connection Parts with No parts with Direct support of | Indirect support of Enclosure
insulation less insulation less current-carrying current-carrying application code
than 0.028 inch than 0.028 inch parts parts
(0.71 mm) thick (0.71 mm) thick
Conduit X - - - 1
Conduit - X - - 2
Conduit X - X - 3
Conduit X = = X 4
Conduit - X - X 5
Cord X - - - 6
Cord - X - - 7
Cord X - X - 8
Cord X - - X 9
Cord - X - X 10
Table 6.4
Polymeric material enclosure property and test-requirements
Resistance to Electrical End produft testsd
ignition
Appli- | Minjmum | Maximum [Maximum | Minimum [Maximum |[Maximum | Volume Input | Crush | Mold | Strain
cation flamm- | hot wire high dielectric high compar- resist- resis- | resis- | stress | relief
code ability (HWI)P current | strength, | voltage ative ivity® 50 | tance tance relief
(see classifi- PLC® (HAI)P volts? track tracking | megohms
Table 6.3 | cation? PLC® rate index /cm wet
for code) (HVTR)® | (CTI)®
PLC® PLC®
1 bV 3 2 5000 - - X X X - -
2 bV - 2 5000 - - - X - X -
3 bV 3 2 5000 1 4 X X X X -
4 bV 3 2 5000 - - X X X - -
5 bV - 2 5000 - - - X - - -
6 bV 3 2 5000 - - X X X - X
7 bV - 2 5000 - - - X - X X
8 bV 3 2 5000 1 4 X X X X X
9 bV 3 2 5000 - - X X X - X
10 bV - 2 5000 - - - X - - X

746A.

@ The flammability classification is to be determined by tests described in the Standard for Tests for Flammability of Plastic
Material for Parts in Devices and Appliances, UL 94, unless it has already been determined to be 5V.

b Tests are to be conducted in accordance with the Standard for Polymeric Materials — Short Term Property Evaluations, UL

¢ The Performance Level Category (PLC) value is as specified in the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C.

d Tests are to be conducted in accordance with UL 746C.
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Table 6.5
Polymeric outer jacket
Burning characteristics
Part Impact test? Maximum flame Minimum Moisture
spread index® flammability resistanced
classification®
Outer jacket, indoor only
A. Less than 10 square feet X - HB -
(0.93 m?) and all dimension
less than 6 feet (1.83 m)
B. 10 square feet or more, or a X 200 HB -
sirjgle dimension greater than 6
fegt
Outer jacket, damp locations
A.|Less than 10 square feet X - HB X
(0J93 m?) and all dimension
greater than 6 feet (1.83 m)
B.[10 square feet or more, or a X 200 HB X
sirjgle dimension greater than 6
fegt
@ Test is tq be conducted in accordance with the Resistance to Impact Test déscribed in the Standard for Pglymeric
Materials 4 Use in Electrical Equipment Evaluations, UL 746C.
b The max|mum flame spread index is to be determined by the method described in the Standard for Test fdr Surface
Burning Characteristics of Building Materials, UL 723, or in accordancg.with the Test for Surface Flammabilify of
Materials Ysing a Radiant Heat Energy Source, ASTM E162.
¢ The flammability classification is to be determined by tests desetibed in the Standard for Tests for Flammapility of
Plastic Maferials for Parts in Devices and Appliances, UL 94.
d Moisture |resistance is to be determined in accordance with the Standard Test Method for Water Absorptiof of
Plastics, ABTM D570, and the method for measuring water absorption of polymeric materials in the Standargl for
Polymeric Materials — Short Term Property Evaluations, UL 746A.
6.2.4 Unless|thinner sheet metal would betacceptable in accordance with Table 6.1 or 6.2, a sheet metal

enclosure th

damage shal| be made of uncoated steel at least 0.026 inch (0.66 mm) thick, of galvanized
0.029 inch (074 mm) thick, or of.@luminum, copper, or brass at least 0.036 inch (0.91 mm)

6.2.5 With rdference to item\(b) of the Exception to 6.2.3, the minimum thickness of an encl
less than spgcified in Table' 6.1 or 6.2 for the size enclosure as indicated below. The thick

no less than

(0.91 mm) if Jalumindm, copper, or brass unless a lesser thickness would be acceptable i
with Table 6.l ornG:2.

t, in accordance with itet* (a) of the Exception to 6.2.3, is not likely to be

.026 inehi(0.66 mm) if uncoated steel, 0.029 inch (0.74 mm) if coated steel,

subjected to
steel at least
thick.

bsure may be
hess shall be
or 0.036 inch
h accordance

a) If the electrical components are located at least 2-1/2 inches (64 mm) from the enclosure
surface, the minimum thickness may be the value indicated in the first line above the normal
value.

b) If the electrical components are located at least 5 inches (127 mm) from the enclosure
surface, the minimum thickness may be the value indicated in the second line above the normal
value.
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6.3 Emission of burning particles or molten metal

6.3.1 The enclosure of a water heater shall prevent molten metal, burning insulation, flaming particles, or
the like from falling on combustible materials, including the surface upon which the water heater is
supported.

6.3.2 A switch, relay, solenoid, or the like shall be individually and completely enclosed, other than at
terminals, unless it can be shown that malfunction of the component does not result in a risk of fire, or
there are no openings in the bottom of the water heater enclosure. It shall also require the use of a barrier
of combustion resistant material under wiring, unless the wiring is insulated with neoprene, asbestos, or
thermoplastic.

shall have ar] area no less than that described in Figure 6.1. Openings for drainage, ventilation, and the
like may be gmployed in the barrier, provided that such openings do not permit melten
insulation, or|the like to fall on combustible material.

6.3.3 The bdrrier mentioned in 6.3.2 shall be horizontal, shall be Tocated as iMustrated in I-:fure 6.1, and

etal, burning
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Figure 6.1
Location and extent of barrier

5A0604

A — Region to be shielded by barrier. This shall consist of the entire component i 1t 15 not oinerwise shielded, and shall consist of
the unshielded portion of a component which is partially shielded by the component enclosure or equivalent.

B — Projection of outline of component on horizontal plane.

C —Inclined line that traces out minimum area of barrier. When moving, the line is always tangent to the component, 5 degrees from
the vertical, and so oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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6.4 Accessibility of live parts

6.4.1 An electrical part of a water heater shall be located or enclosed to reduce the risk of unintentional
contact with an uninsulated live part.

6.4.2 The enclosure may have an opening that has a minor dimension of less than 1 inch (25.4 mm) if a
probe, as illustrated in Figure 6.2, inserted through the opening cannot be made to touch any uninsulated
live part or enamel insulated wire that may cause an electric shock. The probe shall be applied in all
possible articulated positions before, during, and after insertion.
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Figure 6.2
Articulate probe
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6.4.3 During the examination of a water heater in connection with the requirements in 6.4.1 and 6.4.2, a
part of the outer enclosure that can be removed by the user without the use of a tool (to permit the
attachment of accessories, to allow access to means for making operating adjustments, or for other
reasons) is to be removed. Such a part shall not be considered to provide protection against electric shock
or personal injury whether or not the marking specified in 58.8 is provided.

6.4.4 An uninsulated live part located within 6 inches (152 mm) of a control or device that may need to
be adjusted shall not be exposed to contact by the user or service personnel adjusting the setting of a
temperature-regulating thermostat, operating the resetting mechanism of a temperature-limiting control,
operating a water drain valve, or performing a similar operation. This requirement applies even if the unit

is marked as

indicated in 58.5.

6.5 Ventilatipn openings

6.5.1 An opgning for ventilation in the enclosure of a water heater or in an externally/maountsg

shall be loca
ceiling space

Exception:
manufacturin

d so that it does not vent into concealed spaces of a building structure, 'Such §
into hollow spaces in the wall, or the like, when the heater is installed as ind

This requirement does not apply to an opening for a meunting screw or
g operation, such as paint drainage, if the opening has na. dimension larger th

(6.7 mm) or @rea greater than 0.055 square inch (35.5 mm@).

6.5.2 An opqg
more baffles
water heater,

Exception:
device such

a) N

b) T
inves

7 Heating E

7.1 A water
in the field sH

7.2 The inste
receptacles,

ning for ventilation in the enclosure, other than in‘the’bottom, shall be provide
that prevents the emission of flame, molten métal, burning insulation, or the

h a compartment other than one that houses a motor overload relay or overcurt
hs a fuse or circuit breaker, the baffles-are not required when:
b ventilating opening in a verticalywall is greater than 3/8 inch (9.5 mm) wide;

he water heater is constructed so that it does not result in a risk of fire as sho
tigation including short eircuit testing.

ement Accessories

heater havingprovisions for the use of a heating element accessory intended t
all complywith the requirements in this standard, with or without the accessol

lllation;of a heating element accessory by qualified service personnel shall be

d component
s into a false
cated.

nail or for a
an 17/64 inch

d with one or
like from the

ent protective

Dr

wn by an

b be attached
y installed.

by means of

blug-in connectors, insulated wire connectors, or by connection to existing wir

ng terminals.

A heating el

TTent-accessory shattmotbe intendedfor instattatiorm by theuser:

7.3 An installation shall not require the cutting of wiring or the soldering of connections by the installer.
Installations shall not require cutting, drilling, or welding in electrical enclosures and in other areas where
such operation may damage electrical components and wiring within the enclosure.
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7.4 A means for strain relief shall be provided for the wiring in the accessory if there is a possibility of
transmitting stress to the terminal connections during the installation.

7.5 All terminals and wiring intended to be field connected shall be identified on the accessory, on the
water heater if connections are made between the accessory and the water heater, and on the wiring
diagram.

7.6 The mounting location of the accessory shall be indicated on the water heater.
Exception: If the mounting location is obvious due to the function of the accessory and arrangement of

the water heater, and instructions are provided covering the installation and location for the accessory, the
mounting location of the accessory need not be indicated on the water heater.

7.7 As part (I)f the investigation, an accessory is to be trial installed to determine that ithe'|installation is

feasible, the
of fire, electri

8 Doors ang

8.1 A door o
the closed pq

8.2 A dooro

a) It
than

b) A
manu

Exception: 4

a) A
circu

b) A

8.3 With refg
of the followi

a) A

C shock, or injury to persons.

nstructions are detailed and correct, and the use of the accessory doesynot in

Covers

r a cover of an enclosure shall be provided with a means. for'holding it secure
sition.

I a cover of an enclosure shall be hinged if:

gives access to any fuse, circuit breaker, or manhually reset temperature contr
A low voltage circuit; and

N uninsulated live part is exposed during replacement of the fuse or resetting ¢
ally reset device.

\ hinged cover is not required for a water heater in which the only fuse enclos

control circuit fuse, provided the fuse and control circuit loads (other than a fi
t load, such as a pilet lamp) are within the same enclosure; or

N extractor type fuse with its own enclosure.

rence to the-requirement in 8.1, a door or a cover of an enclosure shall be prov
Ng:

roduce a risk

ly in place in

bl in other

f the

ed is:

ed control

ided with one

other

-automatic latch such as a spring latch, a magnetic latch, or a dimple, or any

mect

anicat arrangement that witthotdthe door or cover closedand Tequires Somme

user to open it;

effort by the

b) An automatic latch, as described in (a), and a captive screw or equivalent means that
requires the use of a tool or key to open, if any live part other than the screw shell of a plug
fuseholder is exposed inside the enclosure; or

c) A

cover or door interlocking mechanism that:

1) Must be engaged in the closed position of the cover or door before a part is

energized; and
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2) Will secure the door or cover in the closed position if provided as the sole means for
securing the door or cover closed.

8.4 With reference to the requirement in 8.3(b), the captive screw may be omitted from the door or cover
to a compartment housing uninsulated live parts if a captive screw is provided in a cover that must be
opened to gain access to the inner door or cover.

8.5 With reference to the requirement in 8.3(b), an arrangement employing two mating hinged doors is
acceptable if the automatic latch and captive screw are provided only on one door:

a) If that door is designed to be opened first and closed last; and

b) If fhe Tatch and screw will hold the other door closed.

8.6 A door of cover giving access to a fuse, circuit breaker, overload relay, or otheryeverlgad protective
device in other than a low voltage circuit shall be tight fitting and shall overlap the surface of the enclosure
around the opening.

8.7 If an opening is provided to gain access to a control that is intended to be reset,| adjusted, or
otherwise manipulated by the user or service personnel, it shall not-be possible to contact a live
uninsulated qr enamel insulated part with a 1/16 inch (1.6 mm) diameter rod applied as degcribed in 8.8
and as illustrated in Figure 8.1.

Figure 8.
Accessibility of live part through adjustment opening
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8.8 With reference to the requirement in 8.7, the rod is to be inserted through the opening shown in Figure
8.1 to its maximum depth and positioned in all possible directions without producing an angle of more than
30 degrees between the rod and a line connecting the center of the opening with the center of the face
of the adjusting mechanism. The length of the rod beyond the opening is not to exceed the distance
between the opening and the face of the adjusting mechanism by more than 3 inches (76.2 mm).

9 Mechanical Assembly

9.1 A water heater or an externally mounted component shall be assembled so that it will not be affected
adversely by the vibration likely to occur during operation.

9.2 A switch, lampholder, attachment plug receptacle, or similar component shall be mounted securely
and shall be prevented from furning or shiffing.

Exception Nq. 1: The requirement does not apply to a switch that complies with all-feur of| the following
conditions:

a) The switch is of a plunger or other type that does not tend to rotate”"when operated. A toggle
switch is considered to be subject to forces that tend to turn the switch during the normal
operdtion of the switch.

b) Means for mounting the switch make it unlikely that opetation of the switch will joosen it.

c) The spacings are not reduced below the minimumyrequired values if the switch fotates or
shiftd.

d) Operation of the switch is by mechanical rmeans rather than direct contact by parsons.
Exception Nq. 2: A lampholder of a type in whichthe lamp cannot be replaced (such as a| neon pilot or

indicated ligHt in which the lamp is sealed in@ nonremovable jewel) need not be prevented from turning
or shifting if fotation cannot reduce spacings below the minimum required values.

9.3 The megns for preventing the turning mentioned in 9.2 is to consist of more than frigtion between
surfaces — for example, a lock washer is acceptable as a means of preventing a device hgving a single
hole mounting means from turning or shifting.

9.4 An uninsulated live part-shall be mounted so that it will be prevented from turning or shifting if such
motion may result in adteduction of spacings below the minimum required in 28.1.

9.5 Friction hetween surfaces is not acceptable as a means to prevent shifting or turning of |ive parts, but
a lock washefr«is‘acceptable.



https://ulnorm.com/api/?name=UL 1453 2018.pdf

MARCH 29, 2016 UL 1453 21

10 Corrosion Resistance

10.1 Iron and steel parts shall be made corrosion resistant by painting, galvanizing, plating, or other
equivalent means if the corrosion of such unprotected parts results in a risk of fire, electric shock, or injury

to persons.

Exception:

pressure vessels are not required to be corrosion resistant.

Cast iron parts, portions of heating element flanges exposed to air, and ASME coded

10.2 The sheath employed to enclose a heating element shall be of a metal resistant to corrosion by

water.

11 Supply G

11.1 Generdl

11.1.1 A wat
acceptable fg

Exception:
connected as

11.1.2 For tH
terminals or
the field whe

onnections — Permanent Connection

er heater shall have provision for connection of one of the permanent wiring sy
r the water heater.

A water heater that is designed to permit removal for¢maintenance and re
described in 12.1.1.

e purpose of these requirements, field wiring terminals or leads are conside
eads to which power supply, equipment grounding, or control connections wi
N the water heater is installed unless the wirédis' provided as part of the water

pressure ternmiinal connector, soldering loop, crimped eyélet, or other means for making the

factory assen
11.1.3 Electy

11.1.4 Fitting
Cable Fitting

11.1.5 Electd
Terminals, U

11.1.6 If pro
Conduit, UL

hbled to the wire.
cal (Junction) boxes shall comply._with the Standard for Metallic Outlet Boxes,

s for conduit and/or metal clad cable shall comply with the Standard for Condui
5, UL 514B.

cal Quick Connect {erminals shall comply with the Standard for Electrical Q
L 310.

ided as part\of the water heater, conduit shall comply with the Standard for R
or the Sfandard for Electrical Rigid Metal Conduit Steel, UL 6.

stems that is

bpair may be

red to be the
| be made in
heater and a
connection is

UL 514A.

, Tubing, and

uick-Connect

Flexible Metal
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11.2 Wiring compartments

11.2.1 The location of a terminal box or compartment in which power supply connections are to be made
shall be such that these connections are readily inspected after the water heater is installed as intended.

11.2.2 A terminal compartment intended for connection of a supply raceway shall be attached to the
water heater to prevent it from turning or shifting.

11.2.3 A terminal or splice compartment shall be complete and shall enclose all field wiring terminals and
all splices to be made in the field unless the water heater enclosure is otherwise complete; for example,
unless all sides and a complete bottom are provided when the water heater is shipped from the factory.
A ventilating opening shall not be located in the bottom of the terminal compartment. Baffled openings are

acceptable i the sides of a terminal compartment.

11.2.4 A terminal or splice compartment shall be located so that when conduit connectia
made, internal wiring and electrical components are not exposed to mechanical damage or

11.2.5 Shee{ metal to which a wiring system is to be connected in the field shall have a th
less than 0.0p3 inch (1.35 mm) if uncoated steel, no less than 0.056 inch(1.42 mm) if gal
and no less than 0.075 inch (1.91 mm) if nonferrous. For sheet metal in ‘an application othg
a wiring systg¢m, Tables 6.1 and 6.2 shall be used for minimum acceptable thicknesses.

ds for the connection of conduit are tapped all the way through a hole in an €
or if an equivplent construction is employed, there shall be neless than three, nor more thar]
in the metal, |and the construction of the device shall be such that a conduit bushing can b

ns are being
strain.

ckness of no
anized steel,
r than part of

nclosure wall
five threads,
e attached. If

threads for tihe connection of conduit are not tapped allsithe way through a hole in an enclosure wall,

conduit hub, ¢r the like, there shall be no less than 3-1/2 threads in the metal and there shall
rounded inlet| hole for the conductors that:

a) Affords protection to the conductors equivalent to that provided by a standard cq
bush|ng; and

b) Has an internal diameter approximately the same as that of the corresponding t
rigid ponduit.

11.2.7 A kndckout in a shegt mmetal enclosure shall be secured in place, but shall be remo
undue deformation of the enclosure.

11.2.8 A knackout shall be provided with a flat surrounding surface for seating of a conduit
shall be located so-that installation of a bushing at any knockout likely to be used during ing
not result in $pacings between uninsulated live parts and the bushing less than the minimu

be a smooth,

nduit

ade size of

vable without

bushing, and
tallation does
m acceptable

spacings specifiedimSectionm28,-Spacings:

11.2.9 An outlet box, a terminal box, and a wiring compartment shall have the volume to accommodate
the intended wiring. A trial installation is to be made using wires of the size indicated in 11.3.1 and conduit
and fittings sized for the wire.
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11.3 Field wiring terminals and leads

11.3.1 A water heater shall be provided with wiring terminals or leads for the connection of branch circuit
conductors that have an ampacity as follows:

a) For a water heater of 120 gallons (454 L) or less, no less than 125 percent of the current
rating of the appliance; or

b) For a water heater of more than 120 gallons, equal to or greater than the noncontinuous
load plus 125 percent of the continuous load.

11.3.2 A field wiring terminal shall be provided with a soldering lug or with a pressure wire connector
securely fastgned in place; for example, firmly bolted or held by a screw.

Exception: A wire binding screw may be employed at a wiring terminal intended tonaccommodate a 10
AWG (5.3 mir?) or smaller conductor if upturned lugs or the equivalent are provided to hdld the wire in
position.

11.3.3 A fielgl wiring terminal shall be prevented from turning or shifting in\position by meahs other than
friction betwegen surfaces.

11.3.4 With feference to the requirement in 11.3.3, a field wiring,tefminal may be prevented from turning
or shifting by|two screws or rivets, by square shoulders or maftices, by a dowel pin, lug, gr offset, by a
connecting sfrap or clip fitted into an adjacent part, or by ansequivalent method.

11.3.5 A fieldl wiring terminal shall be marked as described in 57.18 to indicate whether it |is acceptable
for use with qopper conductors only, aluminum conductors only, or either copper or aluminurp conductors.

11.3.6 A wirg binding screw at a field wiring terminal shall be no smaller than No. 10 (4.8 mm major
diameter).

Exception NQ. 1: A No. 8 (4.2 mm) scréw-may be used at a terminal intended only for conngction to a 14
AWG (2.1 mfrP) conductor.

Exception Nq. 2: A No. 6 (3.5-mm) screw may be used in a control circuit for the connectfon of a 16 or
18 AWG (1.4 or 0.82 mm?) €ontrol circuit conductor.

11.3.7 A fieldl wiring terminal plate tapped for a wire binding screw shall be of metal no legs than 0.050
inch (1.27 min) thick,

Exception: plate no less than 0.030 inch (0.76 mm) thick is acceptable if the tapped [threads have
mechanical stremigttrequivatertttoa 0-050 i thick piate.

11.3.8 A field wiring terminal plate tapped for a wire binding screw shall have at least two full threads in
the metal of the plate.
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11.3.9 A field wiring terminal plate formed from stock having the minimum required thickness specified in
11.3.10 may have the metal extruded at the tapped hole to provide two full threads for the binding screw.

11.3.10 Upturned lugs or a cupped washer shall be capable of retaining a conductor of the size
mentioned in 11.3.1, but no smaller than. 14 AWG (2.1 mm?), under the head of the screw or the washer.

11.3.11 A wire binding screw shall thread into metal.

11.3.12 A water heater intended for connection to a grounded power supply conductor shall have one

terminal or lead identified for connection of the grounded conductor if the water heater employs:

a) A

lampholder of the Edison screw shell type;

b) A
c) A

This terminal

single pole switch; or
single pole automatic control.

or lead shall be connected to the screw shell of the lampholder!

11.3.13 A tefminal intended for the connection of a grounded conductor, shall be of, or plated

substantially
of that termin

white in color and shall be readily distinguishable from other terminals; or prope
al shall be clearly shown in some other manner, suehas on an attached wirin

11.3.14 A leqd intended for the connection of a grounded conductor shall be finished to sh

gray color an

11.3.15 The
or more and
circuit.

Exception:
are enclosed

11.3.16 Api
it will be con

Exception:
cross-section
paragraph; h

!

0 shall be readily distinguishable from the otherleads. No other lead shall be sg

free length of a lead inside an outlet box otwiring compartment shall be 6 inchg
no larger than 6 AWG (13.3 mm?) if the lead is intended for field connection

The lead may be less than 6 inches (152.4 mm) in length if the field wiring suppl

in a terminal box or wiring.eompartment.

tail lead shall be no more than two sizes smaller than the supply conductor (coy
ected.

Vultiple leads,. -if provided, may be smaller than specified, but the sum of |}
al areas ©F-such leads for any given pole shall be equivalent to the size sp
bwever(.in no case shall any pigtail lead be smaller than 14 AWG (2.1 mm?).

11.3.17 A K

with, a metal
identification
gy diagram.

bw a white or
color coded.

s (152.4 mm)
0 an external
connections

per) to which

he conductor
ecified in this

Aartment shall

ackout for connection of a field wiring system to a terminal box or comp
accommodatL—wnmmﬁmmw i i i i 1
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Table 11.1
Trade size of conduit in inches
Wire size Number of wires
AWG (mm?) 2 3 4 5 6
14 (2.1) 1/2 1/2 1/2 1/2 1/2
12 (3.3) 1/2 1/2 1/2 3/4 3/4
10 (5.3) 1/2 1/2 1/2 3/4 3/4
8 (8.4) 3/4 3/4 3/4 1 1
6 (13.3) 3/4 1 3/4 1-1/4 1-1/4
4 (21.2) 1 1 1-1/4 1-1/4 1-1/4
3 (26.7) 1 1 1-1/4 1-1/4 1-1/2
2 (33.6) 1 1-1/4 1-1/4 1-1/2 1-1/2
1 (42.4) 1-1/4 1-1/4 1-1/2 2 2
1/0 (53.5) 1-1/4 1-1/2 2 2 2
2/0 (67.4) 1-1/2 1-1/2 2 2 2-1/2
3/0 (85.0) 1-1/2 2 2 2-1/2 2-1/2
4/0 (107) 2 2 2-1/2 2-1/2 2-1/2
kem
250 (127) 2 2 2-4/2 2-1/2 3
300 (152) 2 2-1/2 2-1/2 3 3
350 (177) 2-1/2 2-1/2 2-1/2 3-1/2 3
400 (203) 2-1/2 2-1/2 3 3 3-1/2
500 (253) 2-1/2 2-1/2 3 3-1/2 3-1/2
NOTE — This tgble is based on the assumption that all conductors\will be of the same size and there will be no more than six
conductors in the conduit. If more than six conductors will be iavolved or if all of them are not of the same size, the internal cross-
sectional area ¢f the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-sectiopal area of the
wires (based of the cross-sectional area of Type THW wire). Reference may be made to the National Electrical Code, ANSI/
NFPA 70 for thp cross-sectional area of conduit wires<and other than Type THW wire.

12 Supply Gonnections — Cord Connection

12.1 Supply|cord

12.1.1 A water heater intended for cord connection to the supply circuit in accordance with

he Exception

to 11.1.1 to permit removalor maintenance and repair shall be provided with a length of Type S, SO, ST,

STO, HS, HJ0, HSOQ/er HSJOO cord or the cord shall be of a type having properties for
application. The length’ of the cord external to the water heater, measured to the face of th
plug, shall bg ng_less than 6 feet (1.83 m). The cord shall comply with the Standard for G
Power Supply‘Cords, UL 817.

the particular
e attachment
ord Sets and

12.1.2 An attachment plug shall be provided on the cord for connection to the supply circuit. If a directly

attached flexible cord is not provided, the water heater shall have terminals employing male

blades or the

equivalent which accommodates a matching plug on the load end of the cord. The attachment plug shall

comply with the Standard for Attachment Plugs and Receptacles, UL 498.
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12.1.3 The ampacity of the cord and the rating of the fittings for a water heater rated at 15 amperes or
less shall be no less than that of the water heater. For a water heater rated at more than 15 amperes, the
ampacity of the cord shall be no less than the current rating of the water heater and the current rating of
the attachment plug shall be no less than 125 percent of the current rating of the boiler.

Exception: A 20 ampere attachment plug is acceptable for a water heater rated at no more than 4000
watts at 240 volts.

12.1.4 Supplementary insulation, if employed on a flexible cord, shall not extend more than 1/2 inch (12.7
mm) outside the water heater unless provided with additional mechanical protection, shall be guarded
against fraying or unraveling, and shall not affect adversely the means for providing strain relief.

12.2 Bushinjgs
12.2.1 At a point where a flexible cord passes through an opening in a wall, barrier;"or enclosing case,
there shall bg a bushing or equivalent that shall be secured in place; or the opening,shall hgve a smooth,
rounded surface against which the cord may bear.
12.2.2 A busghing of soft rubber, neoprene, or polyvinyl chloride may be employed at any pgint in a water
heater if used in conjunction with a type of cord for which an insulating.bushing is not requifed and if the
edges of the hole in which the bushing is mounted are smooth and,frée from burrs, fins, ard the like.

12.3 Strain felief

12.3.1 Strair| relief shall be provided to prevent a mechanical stress on a flexible supply cofd from being
transmitted tg terminals, splices, or interior wiring, as determined by the test described in 48.1.

12.3.2 Meanp shall be provided to prevent the flexible cord from being pushed into the enclosure of a
water heater fthrough the cord entry hole when such displacement results in:

a) Subjecting the cord to mechanijcal’ damage;
b) Exposing the cord to a temperature higher than that for which it is rated; or

¢) Reducing spacings;-such as to a metal strain relief clamp, below the minimum required
valugs.

To determing compliange; the flexible cord shall be tested in accordance with Section 49, Push Back
Relief Test.
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12.4 Pin terminals

12.4.1 Any pin terminals that are provided as the power supply connection for a water heater shall be
guarded or recessed to prevent any pin, while live, from being accessible to unintentional contact by
persons while the cord connector or specific purpose appliance plug supplied with the water heater is fully
seated or is being removed from or placed on the pins. The guard or recess is to be judged as specified
in 12.4.2 and 12.4.3.

12.4.2 With no plug or cord connector on the pins, a straight edge placed in any position across and in
contact with the guard or recess shall not touch any pin that is live while the water heater is connected to

a branch circuit.

12.4.3 With
the plug or c
live while the
illustrated in

12.4.4 If the
in 12.4.3 sha

12.4.5 If the
specified in 1

1246 Ifaw
the pins, the

e confact openings in the plug or cord connecior aligned with the pins and-w
bnnector located in the plane perpendicular to the end of the farthest projecti
water heater is connected to a branch circuit, it shall not be possible by-means
Figure 6.2 to touch any pin that is live while the water heater is connected’to a

| be a standard appliance plug.

pins on the water heater are not of a standard appliance plug configurat
2.4.3 shall be the plug supplied with the water heater.

hter heater employs three or more pin terminals.designed for use with a plug t

connector. The plug that the pins accommodate shall be«f a type intended for such use.

12.4.7 A pin
between surf
by a dowel p
method.

12.4.8 Pin te
pin terminals

terminal shall be prevented from turning or shifting in position by means othe
hces. This may be accomplished bystwo screws or rivets; by square shoulder
n, lug, or offset; by a connectingstrap or clip fitted into an adjacent part; or by

rminals of a commercial\water heater shall not accommodate a plug that accor
of a household appliance.

th the face of
ng pin that is
of the probe
ranch circuit.

pins on the water heater are of a standard appliance plug configuration, the plug specified

jon, the plug

hat covers all

erminals shall be spaced so that they do not aecé¢ommodate a two pin applianc¢ plug or cord

r than friction
5 or mortices;
AN equivalent

hmodates the
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13 Current-Carrying Parts

13.1 Plated iron or steel may be used for current-carrying parts if the temperature of such parts during
normal operation is more than 100°C (212°F) but unplated iron or steel shall not be used regardless of
temperatures. A copper conductor, unless tinned, nickel coated, silver plated, or otherwise protected, shall
not be subjected to a temperature rise of more than 125°C (225°F) at a pressure terminal connector, or
to a temperature rise of more than 175°C (315°F) elsewhere.

Exception: Iron or steel, if provided with a corrosion resistant coating, may be used as a current-carrying
part as follows:

a) Within a motor or associated governor;

b) On control devices; and
c) For heating element assemblies, including its terminations.

13.2 Stainleps steel and other corrosion resistant alloys may be used ‘as a current-parrying part
regardless of|temperature.

14 Internal Wiring
14.1 General

14.1.1 The internal wiring of a water heater shall consist of wires of a size and tyge rated with
consideratior| for:

a) The temperature and voltage to which the wiring is likely to be subjected;

b) Exposure to oil or grease; and

c) Other conditions of service te:which it is likely to be subjected.
14.1.2 For the purpose of these requirements, the internal wiring of a heater is considered to be all the
interconnecting wiring beyond the-wiring terminals or leads for field wiring connections even|though some
of the wiring:

a) May not be{completely enclosed; or

b) Mgy beiin the form of flexible cord.

14.1.3 A conductor utitizing beads shatt ot be usedoutside armenctosure. 1 e numper and arrangement
of beads shall be such that the minimum acceptable spacings specified in Table 28.1 will be maintained.
The temperature limits applicable to a conductor provided with beads of noncarbonizable material is
specified in Table 45.1.
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14.1.4 Insulated wire employed for internal wiring shall be standard building wire, fixture wire, flexible
cord, or appliance wiring material, as described in 14.1.5 — 14.1.9.

14.1.5 Building wire for internal wiring includes Types RH, RHH, RHW, T, TW, THWN MTW, Al, and AlA.

14.1.6 Fixture wires for internal wiring include rubber insulated conductors such as Types RFH-2, SF-2,
SFF-2, and FFH-2; and thermoplastic insulated conductors such as Types TF, TFF, TFN, and TFFN.

14.1.7 Flexible cords for internal wiring include Types HPN, HS, HSJ, HSJO, HSO, S, SJ, SJO, SJT,
SJTO, SO, ST, STO, SP-2, SP-3, SPT-2, and SPT-3.

14.1.8 Flexible cords and cables shall comply with the Standard for Flexible Cords and Cables, UL 62.

14.1.9 Applignce wiring material having thermoplastic insulation no less than 2/64 inch (08

18 — 10 AW
thick for 6 —

14.1.10 The
and Cables,

(0.82 — 5.3 mm?), 3/64 inch (1.2 mm) thick for 8 AWG (8.3 mm?), angh4/64 i
AWG (12.3 — 33.6 mm?) is acceptable for internal wiring.

moplastic wiring material shall comply with the Standard for Thetmoplastic-In
UL 83.

mm) thick for
nch (1.6 mm)

sulated Wires

14.1.11 Therlmoset wiring material shall comply with the Standard for Thermoset-Insulat¢d Wires and

Cables, UL 4

14.1.12 Wirg
Standard for

14.1.13 Tern
14.2 Methog

14.2.1 The
enclosed.

Exception:
be employed

14.2.2 Intern
to be guarde
insulated wir

enclosure is @acceptable, even though it can be touched with the probe, if it is guarded so thg

grasped or h

4.

connectors shall comply with the Standard for, Wire Connectors, UL 486A
Splicing Wire Connectors, UL 486C.

pinal Blocks shall comply with the Standard for Terminal Blocks, UL 1059.
s

viring and connections between external parts of a water heater shall be
[ flexibility of the wiring is essential, a length of flexible cord of a type described
for external intereennections, or for internal connections that are exposed du
al wiring that'is exposed through an opening in the enclosure of a water heater
J as requifed in 14.2.1 if, when judged as though it were an uninsulated live p

b, the .\Wwiring would be acceptable according to 6.4.3 and 6.4.4. Internal wir

boKed in a manner that would subject the wire to stress.

+486B or the

guarded or

in 12.1.1 may
ing servicing.

is considered
art or enamel
ing within an
t it cannot be

14.2.3 If the wiring of a water heater is located so that it is in proximity to combustible material or may be
subjected to mechanical damage, it shall be in metal clad cable, rigid metal conduit, electrical metallic

tubing, metal

raceway, or shall otherwise be guarded in an equivalent manner.
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14.2.4 Wiring space or other compartments intended to enclose wires shall be free of any sharp edge
(including screw threads), burr, fin, moving part, or the like that might damage the conductor insulation.

14.2.5 A hole through which insulated wires pass in a sheet metal wall within the overall enclosure of a
water heater shall be provided with a smooth, rounded bushing or shall have smooth, rounded surfaces
upon which the wires may bear, to prevent abrasion of the insulation. A flexible cord used for external
interconnection as mentioned in 14.2.1 shall be provided with a bushing and strain relief in accordance
with 14.2.6 unless the construction is such that the cord is not subject to stress or motion.

14.2.6 Strain relief shall be provided, in accordance with 12.3.2, to prevent a mechanical stress on a

flexible cord from being transmitted to terminals or splices.

14.2.7 A wa
provision for
that conduit,
between unit

15 Splices

15.1 All splig
soldered con

15.2 A splicq
spacing betw

15.3 In determining if splice insulation consisting of coated fabric, thermoplastic, or other tyy

acceptable, ¢
moisture resi
acceptable.

15.4 The mqg
strands of wi
wire and fro
connectors, 9
means.

er heater comprising several units infended 1o be interconnected In the fie
accepting field wired conductors between the units. The water heater is to. bé
metal raceway, armored cable, or the like can be employed for connection d

-

D .

es and connections shall be mechanically secured and shall provide electrig
hection shall be made mechanically secure before being(soldered.

een the splice and other metal parts may not b&\maintained.

onsideration shall be given to such factots as its dielectric properties, heat rg
stance characteristics, and the like. Thermoplastic tape wrapped over a shar

ans of connecting stranded-intefnal wiring to a wire-binding screw shall be sy
e shall be restrained fromcontacting other live parts not always of the same (
M contacting dead metal parts. This shall be accomplished by use of p
oldering lugs, crimped eyelets, soldering all strands of the wire together, or oth

d shall have
designed so
f such wiring

al contact. A

shall be provided with insulation equivalent to thatof the wires involved if pgrmanence of

e of tubing is
sistance and
D edge is not

ch that loose
olarity as the
ressure wire
er equivalent



https://ulnorm.com/api/?name=UL 1453 2018.pdf

MARCH 29, 2016 UL 1453 31

16 Separation of Circuits

16.1 Unless provided with insulation rated for the highest voltage involved, conductors of different circuits
(internal wiring, including wires in a terminal box or compartment) shall be separated by barriers or shall
be segregated and shall, in any case, be so separated or segregated from any uninsulated live parts
connected to a different circuit.

16.2 Segregation of insulated conductors shall be accomplished by clamping, routing, or an equivalent
means that maintains permanent separation from any insulated or uninsulated live parts of a different
circuit.

16.3 Field installed conductors of any circuit shall be segregated by barriers from:

a) Fi nductors of

both

eld installed and factory installed conductors of any other circuit, unless the ‘eq
circuits are insulated for the maximum voltage of either circuit; and

b) U sulated live

part {

ninsulated live parts of any other circuit of the water heater and fromany unin
he short circuiting of which would result in a risk of fire or electrie,'shock.

Exce
term

ption No. 1: A construction in which field installed conductors’may make conta
hals is acceptable provided that Type T or equivalent con@uctors are installed

ct with wiring

Exce

Type
circu

ption No. 2: A construction is acceptable in which field installed conductors, ha
T or equivalent insulation, may contact low~xoltage terminals provided w
ting of such terminals would not result in a risk-of fire or electric shock.

ing less than
ith the short

16.4 With re
may be empl
If complete ir
low voltage G

spect to 16.3(a), a removable barrier or, 6ne having openings for the passage
byed, provided instructions for the use;of'the barrier are a permanent part of the
structions in conjunction with a wiring diagram will provide for the separation o
rcuits, the barrier may, upon investigation, be omitted.

16.5 Segreg
live parts of t

of the openipgs in the enclosure_for the various conductors (with respect to the termi
uninsulated live parts) so that intermingling of the conductors or parts of different circuits is
number of ogenings in the enclosure does not exceed the minimum required for the wiring
heater, and iff each opening.is located opposite a set of terminals, it is to be assumed that th
entering each openingwill be connected to the terminals opposite the opening. If more than
number of ogeningslis) provided, the possibility of conductors entering at points other than
terminals to which'they are intended to be connected and contacting insulated conductors g
current-carrying pdrts connected to a different circuit is to be investigated.

htion of field installed conductors from other field installed conductors and fror
e water heater connectedto different circuits may be accomplished by arrangin

bf conductors
water heater.
the high and

h uninsulated
g the location
hals or other
inlikely. If the
of the water
e conductors
the minimum
opposite the
r uninsulated

16.6 To determine whether a water heater complies with the requirements in 16.3, it is to be wired as it
would be in service, and in doing so, a reasonable amount of slack is to be left in each conductor within
the enclosure, and no more than average care is to be exercised in stowing this slack in the wiring
compartment.
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17 Barriers

17.1 A barrier used to provide separation between the wiring of different circuits shall be of grounded
metal or equivalent material, shall have mechanical strength if exposed or otherwise likely to be subjected
to mechanical damage, and shall be securely held in place. Openings in a barrier for the passage of
conductors shall be no larger than 1/4 inch (6.4 mm) in diameter and shall not exceed in number, on the
basis of one opening per conductor, the number of wires that will need to pass through the barrier. The
closure for any other opening shall present a smooth surface wherever an insulated wire may contact it
and the area of any such opening, with the closure removed, shall not be larger than required for the
passage of the necessary wires.

17.2 A barrier of metal or of insulating material shall be no less than 0.028 inch (0.71 mm) thick and shall
be of greater[thickness it its deformation may be readily accomplished to defeat its purpose.

18 Heating Elements

18.1 A heatipg element shall be guarded against mechanical injury and contact With outside
shall be securely supported.

objects, and

18.2 In detemining whether a heating element complies with the requirement in 18.1, cons|deration is to

be given to shgging, opening, and other adverse conditions of the element resulting from:

a) Cpntinuous heating; or

b) Flexing of the element supports or related wiring~due to alternate heating and cooling.

18.3 A sheathed heating element shall comply withi\the requirements of the Standard for Sheathed
Heating Elements, UL 1030.
19 Electrical Insulation
nd a base or

al that is not
se. A molded

19.1 An insylating washer, bushing, ot-the like that is an integral part of a water heater a
support for the mounting of a current-¢arrying part shall be of a moisture resistant mater

adversely aff
part shall be
service.

19.2 Insulati
the applicatig
usually acce
general use,
other more a

bcted by the temperatures to which it is subjected under conditions of actual u
constructed so thatiit'has mechanical strength and rigidity to withstand the stre

hg material-employed in a water heater shall be judged with respect to its ac
n. Matérials such as mica, some molded compounds, and certain refractory
tablesfor use as the sole support of live parts; and some other materials th

sses of actual

ceptability for
materials are
at are not for
hjunction with

uchl“as magnesium oxide, may be considered to be acceptable if used in co

hanical injury

and absorption of moisture is reduced. When it is necessary to investigate a material to determine whether
it is acceptable, consideration is to be given to its mechanical strength, dielectric withstand properties,
insulation resistance, heat resistant qualities, the degree to which it is enclosed or guarded, and any other
features having a bearing on the risk of fire, electric shock, and injury to persons involved, in conjunction
with conditions of actual service. All of these factors are to be considered with respect to thermal aging.
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19.3 In the mounting or supporting of a small fragile insulating part, screws or other fasteners shall not
be so tight as to cause cracking or breaking of these parts with expansion and contraction.

20 Thermal Insulation

20.1 General

20.1.1 Thermal insulation in contact with wiring shall be nonabsorbent and resistant to combustion.
20.1.2 Thermal insulation in direct contact with a live part shall be glass wool or equivalent material that

is nonconductive, nonabsorbent, resistant to combustion, and that has been shown by investigation to be
intended for such use.

20.1.3 Therjval insulation that is not rigid shall be mounted or supported to preventit fLom sagging.
Adhesive mgterial employed for mounting thermal insulation shall retain its adhesive) qualities for any
temperature {o which the adhesive is subjected under conditions of intended use.

20.1.4 Delet:

D

d.

20.2 Polymgric foam

20.2.1 If polymeric foam is used as thermal insulation:
a) The foam shall be completely enclosed by an outer jacket in accordance with 6{1.5 or 6.1.6,
as applicable. If the foam has a flame spread classification greater than 25 as shown by the
Stanglard Test for Surface Burning Characteristi¢s of Building Materials, UL 7283, it $hall be
completely enclosed by metal in accordance with 6.1.5;
b) All enclosure fastening means shall.be mechanically secured;

c) The foam shall not be in contact with the internal wiring of the water heater;

d) The foam shall be located.no less than 2 inches (50.8 mm) from any electrical Jomponent,
suchlas a thermostat or heating element; and

e) The foam shall b€ rated for the temperatures involved as specified in the Standard for
Polymeric Materials, — Long Term Property Evaluations, UL 746B.

Exception Ng. 1: Aslan alternative to (a), polyvinyl chloride, polyethylene, or the equivalent|shall be used
in place of ericlosure metal at a plumbing connection when the opening at the connection doés not exceed
three times the_didmeter of the pipe.

Exception No. 2: With respect to (c), the foam shall not be in contact with internal wiring unless the
entrance and exit wiring holes are sealed with PVC grommets or sealing compound.

Exception No. 3: With regard to (c) and (d), the foam shall not be in contact with internal wiring and the
electrical components shall not be located less than 2 inches from the foam unless:

a) The foam has a flame class rating of HF-1 or HF-2 in accordance with the Appendix A
included with the Standard for Tests for Flammability of Plastic Materials for Parts in Devices
and Appliances, UL 94; or
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b) No fire occurs as a result of the electrical disturbance test described in Section 53, Electrical
Disturbance Evaluation of Foam Thermal Insulation.

Exception No. 4: With regard to (e), a foam is not required to be temperature rated as specified in UL
746B if it is not subjected to temperatures exceeding the temperature requirements documented by the

foam manufa

cturer.

21 Overcurrent Protective Devices

21.1 A water heater rated more than 48 amperes and employing resistance heating elements shall have
the heating elements on subdivided circuits. Each subdivided load shall not exceed 48 amperes and shall

be protected

at no more than 60 amperes.

Exception:

water heater employing a resistance type immersion electric heating elemén

a vessel ma+ked with an appropriate ASME symbol may be subdivided into circuits,'not e

amperes anag

21.2 The ov
integral part
independent
a separate 4
indicated in 5

21.3 The sci
21.4 Unless
overcurrent g
a circuit bred
protection sh

a) F

b) F

c) Fq
21.5 The ov
circuit protec

equivalent fu
circuits of 12

protected at no more than 150 amperes.

brcurrent protective devices required by 21.1 shall be provided'by the manuf
pf the water heater or shall be provided by the manufacturér as a separate
mounting for use with the water heater. If the overcurrent protective devices ar
ssembly, the water heater and the overcurrent protection assembly shall b
7.22 and 57.23, respectively.

ew shell of a plug fuseholder shall be connected\toward the load.
the heater is intended to be connected_tdZa branch circuit rated at 20 amg
rotection of no more than 20 amperes shall be provided in each ungrounded
ker or fuse complying with the requirements for branch circuit protection. Suc
bll be independent of a heating eleméent and shall be provided as part of the w
br each general use receptacle Circuit;

br each transformer primary circuit; and

r each lampholder.¢ircuit, other than as indicated in 21.6.
brcurrent protection mentioned in 21.1, 21.2, and 21.4 shall be of a type rats
fion. A cdrtridge fuse used for this purpose shall be a Class CC, G, H, J,

e meeting the requirements for branch circuit protection. A plug fuse shall be
b volts_maximum.

[ contained in
xceeding 120

acturer as an
assembly for
b provided as
e marked as

eres or less,
conductor by
h overcurrent
ater heater:

ed for branch
K, RK, T, or
used only in

21.6 A neon

pitottampthatisintegrat-withrthetfamphotderis ot Tequiredto trave overcurr

of 20 amperes or less.

21.7 Fuseho

Iders shall comply with one of the following, as applicable:

a) The Standard for Fuseholders — Part 1: General Requirements, UL 4248-1;

b) The Standard for Fuseholders — Part 4: Class CC, UL 4248-4;

¢) The Standard for Fuseholders — Part 5: Class G, UL 4248-5;

d) The Standard for Fuseholders — Part 6: Class H, UL 4248-6;

ent protection
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e) The Standard for Fuseholders — Part 8: Class J, UL 4248-8;
f) The Standard for Fuseholders — Part 9: Class K, UL 4248-9;

g) The Standard for Fuseholders — Part 11: Type C (Edison Base) and Type S Plug Fuse, UL
4248-11;
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h) The Standard for Fuseholders — Part 12: Class R, UL 4248-12; or

i) Th

e Standard for Fuseholders — Part 15: Class T, UL 4248-15.

21.8 Fuses shall comply with the Standard for Low-Voltage Fuses — Part 1: General Requirements, UL
248-1, and the applicable UL 248 Part 2 (e.g. UL 248-5). Defined use fuses that comply with UL 248-1
and another applicable UL standard for fuses are considered to comply with this requirement.

21.9 Circuit breakers shall comply with the Standard for Molded-Case Circuit Breakers, Molded-Case
Switches and Circuit-Breaker Enclosures, UL 489.

22 Lampholders

221 A Iamplluolder shall be constructed and installed such that uninsulated live parts other tbLan the screw

shell are not

Exception:
dismantle the

22.2 A lamp
use only on
the screw sh
as indicated

Exception:
requires the

22.3 A cord
with a polariz

22.4 A lamp

23 Switcheq and Control Devices

23.1 A switc
rating no lesg

23.2 The cu
is to be at le
investigated
current of thg

!

;
%st twice the rated full load current of the component it controls unless the sw

exposed to contact by persons removing or replacing lamps in routine service

his requirement does not apply if, in order to remove or replacea’lamp, it is
water heater by means of a tool.

older shall not be supplied as part of a water heater unless‘the water heater i

Bll is electrically connected to the grounded conducter<Such a water heater sh
n 58.9 and 58.10.

This requirement does not apply to a lampholder for a pilot light or indicat
ise of tools for replacement.

connected water heater employing a-fampholder in accordance with 22.2 sha
ed attachment plug.

holder shall comply with the Standard for Lampholders, UL 496.

h or other controldevice provided as part of a water heater shall have a currer
than that of the circuit (load) it controls.

ent rating)of a switch that controls a solenoid, magnet transformer, or other i

nd_ found to be acceptable for the control of an inductive load at least equal t
component.

necessary to

5 intended for

supply circuit operating at 250 volts or less to ground,(having a grounded conductor, and

hll be marked

ng lamp that

| be provided

t and voltage

nductive load
tch has been
b the full load

23.3 A switch employed in a water heater shall be located or guarded so that it is not subjected to

mechanical d

amage during intended use.

23.4 A switching device that interrupts the main water heater or control power supply circuit or both shall,
when open, disconnect all ungrounded conductors of that circuit.
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23.5 A switch or other means of control such as a sequencing device intended to permit the use of a
limited number of elements at one time shall be so located or of such a type that the user cannot readily
change the connections to permit the use of more elements than intended.

23.6 A switch that controls a medium base lampholder of other than a pilot or indicating light shall be
rated for use with tungsten-filament lamps.

23.7 As applicable, switches shall comply with the Standard for Enclosed and Dead Front Switches, UL
98, the Standard for General-Use Snap Switches, UL 20 or the Standard for Switches for Appliances —

Part 1: Gene

ral Requirements, UL 61058-1.

23.8 Controllers shall comply with the following, as applicable:

a) TI|1e Standard for Industrial Control Equipment, UL 508;

b) The Standard for Switchgear and Controlgear, Low-Voltage — Part 1: Genéral R

6094

7-1;

c) The Standard for Switchgear and Controlgear, Low Voltage — Part 4-1: Contactd

Moto

dy T

[-Starters-Electromechanical Contactors and Motor-Starters,»JL 60947-4-1; or

e Standard for Switchgear and Controlgear, Low-Veltage — Part 5-2: Control

Deviges and Switching Elements — Proximity Switches{ Uk’ 60947-5-2.

23.9 Prograrhmable Controllers shall comply with the Standard for Programmable Control

Equipment
provide the

quirements and Tests, UL 61131-2. In addition, if the programmable control
mperature Limiting Control and/or the Temperature Regulating Control, it sha

24.4 and 25.%, respectively.

24 Temperature-Limiting Controls

241 A wate
temperature-
shall prevent
(210°F), as d

24.2 Anelec
heater limiti
Equipment,
Requirement
873 requirem

heater shall be equipped.\with a factory installed direct or indirect acting m
imiting control in addition_to any other operating control utilized for regulation
the water in the upper 25 percent of the tank from attaining a temperature high
escribed in 43.2.2-~43.2.3.

ro-mechanical control shall comply with the Standard for Limit Controls, UL 353
ng contrallrequirements in the Standard for Temperature-Indicating an
L 873.(.Compliance with the Standard for Automatic Electrical Controls — P4
5, UL60730-1, and/or the applicable Part 2 standard from the UL 60730 series
ents:

ules, UL

rs and

Circuit

ers — Part 2:
er is used to
| comply with

anually reset
burposes and
er than 99°C

, or the water
I Regulating
rt 1: General
fulfills the UL

24.3 An electronic temperature-limiting control with switched outputs that only relies on hardware circuitry
to limit the temperature within the limits specified in 24.1 shall comply with the requirements of;

a) The Standard for Limit Controls, UL 353, or the water heater limiting control requirements in
the Standard for Temperature-Indicating and Regulating Equipment, UL 873. Compliance with
the Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1,
and/or the applicable Part 2 standard from the UL 60730 series fulfills the UL 873 requirements;

and

b) The Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991
with no single or second order points of failure permitted.
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24.4 An electronic temperature-limiting control that relies on software to limit the temperature within the
limits specified in 24.1 shall comply with the requirements for software Class 2 in accordance with the
Standard for Software in Programmable Components, UL 1998.

24.5 With respect to 24.2 — 24.4, a temperature-limiting control shall have no more than a 2.8°C (5°F)
initial variation from rated operating temperature and shall have no more than a 5.5°C (10°F) or 5 percent
variation, whichever greater, from initial operating temperature after the Operation Tests of the Standard
for Limit Controls, UL 353 or the Endurance Test of the Standard for Temperature Indicating and
Regulating Equipment, UL 873, as applicable. Compliance with the Standard for Automatic Electrical
Controls — Part 1: General Requirements, UL 60730-1, and/or the applicable Part 2 standard from the UL
60730 series fulfills the UL 873 requirements.

24.6 As an dlternate 1o 24.2 — 24.4, tfemperaiure-Timiting (thermal cufouf) conirols can be, ifvestigated to
the Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1, and the
Standard for [Automatic Electrical Controls — Part 2-9: Particular Requirements for Temperature Sensing
Controls, UL |60730-2-9 utilizing the declarations specified in Table 24.1.
Table 24.1
Temperature-limiting (Thermal cutout, protective) control parameters
a UL 60730-1,
Taple 1 item Information Control requirement
humber
6 Purpose of control Manually Reset Thermal Cut-Out
7 Type of load controlled AC heater load
26 Number of Manual cycles (M) 6000: 1000 with load 5000 without load
29 Type of disconnection or interruption Micro-Disconnection (B)
39 Type 1 or Type 2 action Type 2.B
40 Additional features Manual Reset, D, J or H Action
4 Manufacturing Deviation, mraximum +2.8°C (+5°F)
Drift Not vary from the as-received temperature
42 by mqre than 5 percent of the Fahrenhgit
setpoint temperature, or by more than
5.5°C (10°F), whichever is the greater.
48 Operatingevalue 99°C (210°F) setpoint
49 Pollution degree Pollution degree 2
The minimum parameters of any heat Must be specified
52 dissipatt_ar (heat sink) not prqvided_ with an
electronic control but essential to its
correct operation
53 Output waveform if other than sinusoidal Must be specified
Required protection/immunity from mains | Required®
585 borne-perturbations—magnetic-and
electromagnetic disturbances
60 Surge immunity IEC 61000-4-5 installation Class 3.
Overvoltage category IlI°
69 Software Class cde
74 External load and emission control Must be specified
measures to be used for test purposes
91 Fault reaction time Must be specified
92 Class or classes of control function(s) ce

Table 24.1 Continued on Next Page
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Table 24.1 Continued

au

Table 1 item
number

L 60730-1,

Information Control requirement

2 This table should be used as a correlation for the parameters specified for the Standard for
Temperature-Indicating and -Regulating Equipment, UL 873 and the Standard for Limit Controls, UL 353
evaluations. Compliance with the Standard for Automatic Electrical Controls — Part 1: General
Requirements, UL 60730-1, and/or the applicable Part 2 standard from the UL 60730 series fulfills the
UL 873 requirements.

b For the purpose of the tests specified in the Electromagnetic compatibility (EMC) requirements —
immunity, Annex H, Section 26 of the Standard for Automatic Electrical Controls — Part 1: General
Requirements, UL 60730-1, the products covered by this Standard should be considered as:

0
Ovd
dp
— S6
€A
Cla
f Pg
of G

a) Installation Class 3 for indoor use, or 4 for outdoor use (See the Explanatory notes for
surge immunity test, Annex R, of UL 60730-1);

b) Overvoltage Category Il applies for permanently-connected equipment. For cord-connec
equipment, Overvoltage Category Il applies;

c) Test Level 3.

ervoltage Category Il applies for permanently-connected equipment. For cord-connected equipm|
rvoltage Category Il applies.

es not apply to electromechanical controls or controls with protection implemented in hardware o)
e ltem 92.

plies to closed (non-vented) water heaters. For water heaters open to the atmosphere (vented),
Es B may be applied.

llution Degree 2 applies except when the manufactufer declares Pollution Degree 3 due to expos
pndensation or water to the control during normal operation.

ted

ent,

y

lre

24.7 A temp
circuit. The in

24.8 A temp
direct acting

Exception:
opens all ung

249 Ifacon
shall be grou

Exception:

terruption may be by direct or.indirect means.

brature-limiting control shalkbe connected in the ungrounded conductor of a 2-
Dr control circuit that has.ane side grounded.

\ direct acting temperature-limiting control may be used in a line voltage circ
jrounded heating)élement circuit conductors.

rol circuitis-supplied by a transformer, one side of the secondary winding of th
hded and/the secondary shall be 150 volts or less.

{ is the intent of the requirements in 24.8 and 24.9 that a short circuit or combir

erature-limiting control shall interrupt each ungrounded conductor of the heating element

wire, 120 volt

Lit provided it

e transformer

ation of short

circuits to g

round will not render the temperature-limiting control inoperative. A safety control

arrangement, other than described in 24.8 and 24.9, may be considered acceptable if it accomplishes the
intent of the requirements.

24.10 A temperature-limiting control shall be operative whenever the water heater is connected to the
branch circuit power supply.
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24.11 Components including contactors and sequence controllers that are operated by the
temperature-limiting control shall be rated for 100,000 cycles of operation and shall be arranged to result
in the direct opening of that circuit, whether the switching mechanism is integral with the sensing element
or remote from the element.

24.12 A manually reset temperature-limiting control shall operate at a temperature above the
predetermined temperature limit allowed by an automatic temperature-limiting control that may be
provided.

24.13 A component, such as a relay, switch or the like, shall not be wired in conjunction with the limit
control such that malfunction of a component may result in the control circuit being bypassed or defeated.

in the temperpture-regulating or other operating control circuit will not adversely affect the ogjeration of the

24.14 The t}nperature-llmltlng control circuit shall be designed such that a malfunction of-afjy component
safety limit ¢

ntrol circuit.
25 Temperature-Regulating Controls

25.1 A tempgrature-regulating control shall be provided to regulate the-butput water temperature to a
maximum of P0°C (194°F) under conditions of intended normal operation:

25.2 An eldctro-mechanical temperature-regulating control -skall comply with the $tandard for
Temperaturejlndicating and -Regulating Equipment, UL 873 or’the Standard for Limit Confrols, UL 353.
Compliance with the Standard for Automatic Electrical Controls — Part 1: General Requirements, UL
60730-1, and/or the applicable Part 2 standard from the ULk60730 series fulfills the UL 873 fequirements.

25.3 An elecfro-mechanical temperature-regulating control shall be investigated and found acceptable for
continuous operation under rated electrical load for-30,000 cycles of operation without any mechanical or
electrical breakdown, impairment of operation, .orany apparent damage. Any change in cdlibration as a
result of the ¢ontinued operation test shall not\exceed £5.6°C (£10°F).

25.4 An eledtronic temperature-regulating’ control with switched outputs that relies on hardware circuitry
only to regulpte or maintain the temperature within the limits specified in 25.1 shall comply with the
requirements) of:

a) The Standard for'Limit Controls, UL 353, or the water temperature regulating control
requirements of the Standard for Temperature-Indicating and Regulating Equipmen}, UL 873.
Compliance with-the Standard for Automatic Electrical Controls — Part 1: General Hequirements,
UL 6p730-1,and/or the applicable Part 2 standard from the UL 60730 series fulfills|the UL 873
requifements; and

b) The Standardfor Tests for Safety-Retated-Controts Emptoying Sotid-State Devices, UL 991,

with no single points of failure permitted.

The temperature-regulating control shall be found acceptable for continuous operation under rated
electrical load for 30,000 cycles of operation without any mechanical or electrical breakdown, impairment
of operation, or any apparent damage. Any change in calibration as a result of the continued operation
test shall not exceed £5.6°C (£10°F).
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25.5 An electronic temperature-regulating control that relies on software to regulate or maintain the
temperature within the limits specified in 25.1 shall comply with the requirements for software Class 1 in
accordance with the Standard for Software in Programmable Components, UL 1998.

25.6 As an alternate to 25.2 — 25.5, temperature-regulating (operating) controls can be investigated to the
Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1 and the Standard
for Automatic Electrical Controls — Part 2-9: Particular Requirements for Temperature Sensing Controls,
UL 60730-2-9 utilizing the declarations described in Table 25.1.

Table 25.1
Temperature-regulating (operating) control parameters

a jt 60730-1,
Taple 1 item Information Control requirement
humber
6 Purpose of control Thermostat
7 Type of load controlled AC heater (resistive load)
AC Pump (motor load)
27 Number of Automatic cycles (A) 30,000
29 Type of disconnection or interruption Micro-Di_scor_mection (B)
Electronic Djsconnection (Y)
39 Type 1 or Type 2 action Type 2.B or 2.Y (see Iltem 29 above)
40 Additional features Automatic reset
4 Manufacturing Deviation, maximum +3.9°C (+7°F)
Drift Not vary from the as-received temperature
42 by more than 5 percent of the Fahrenhgit

setpoint temperature, or by more than
5.5°C (10°F), whichever is the greater.

48 Operating value 85°C (185°F) maximum setpoint norma
operation
49 Pollution degree Pollution degree 2¢
The minimum parameters of any heat Must be specified
dissipater (heat sink)(not provided with an
52 : ) )
electronic control but essential to its
correct operation
53 Output wavefoerm if other than sinusoidal Must be specified
Required protection/immunity from mains | Required®
58a borne_peérturbations, magnetic and
electromagnetic disturbances
Surge immunity IEC 61000-4-5 installation Class 3.
60
Overvoltage category I1I°
69 Software Class Bd
2 External load and emission control Must be specified
X Hes-to-be-used-fortestpurp
91 Fault reaction time Must be specified
92 Class or classes of control function(s) B

2 This table should be used as a correlation for the parameters specified for the Standard for
Temperature-Indicating and -Regulating Equipment, UL 873 and the Standard for Limit Controls, UL 353
evaluations. Compliance with the Standard for Automatic Electrical Controls — Part 1: General
Requirements, UL 60730-1, and/or the applicable Part 2 standard from the UL 60730 series fulfills the
UL 873 requirements.

Table 25.1 Continued on Next Page
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Table 25.1 Continued
a UL 60730-1,
Table 1 item Information Control requirement
number

b For the purpose of the tests specified in the Electromagnetic compatibility (EMC) requirements —
immunity Annex H, Section 26 of the Standard for Automatic Electrical Controls — Part 1: General
Requirements, UL 60730-1, the products covered by this Standard should be considered as:

a) Installation Class 3 for indoor use, or 4 for outdoor use (See the Explanatory notes for
surge immunity test, Annex R of UL 60730-1);

b) Overvoltage Category Il applies for permanently-connected equipment. For cord-connected
equipment, Overvoltage Category IT applies;

c) Test Level 3.

¢ Oyervoltage Category Il applies for permanently-connected equipment. For cord-conrected equipmgnt,

Ovgrvoltage Category Il applies.

=

y

d Dges not apply to electromechanical controls or controls with protection implemented in hardware o

— s¢e ltem 92.

Table 25.1 Continued on Next Page
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Table 25.1 Continued

a UL 60730-1,
Table 1 item

Information Control requirement

number

€ Pollution Degree 2 applies except when the manufacturer declares Pollution Degree 3 due to exposure
of condensation or water to the control during normal operation.

25.7 If a temperature-regulating control installed as part of the water heater has a marked or displayed
OFF position, the control shall directly or indirectly disconnect the heating elements that it controls from
the ungrounded heating element circuit conductors, and shall not respond to temperature when placed in

the OFF pos

25.8 A comn
the factory tg

approximate
directly in de

26 Terminal

Controls

ition.

as in the case of a marking that reads “Low-Medium-High” or the.equivale
jrees C or F.

26.1 The bdlb, capillary tubing, or other sensing element of & /temperature-limiting c
depended dyipon to reduce the risk of fire, electric shbck, or injury to perso

temperature-

so that it is n

heater.

26.2 Water |
internal parts

mechanical damage during field installation or.subsequent use of the water heater.

27 Materiald in Contact with Water

27.1 Generadl

27.1.1 A nor

27.1.2 Lead phallaotbe used as an intentional ingredient for any material in contact with w3

heater.

nercial storage tank water heater temperature-regulating control shall be setjefore leaving
a control position corresponding to a setting of 60°C (140°F) or less. This's¢tting may be

ht, instead of

s and Sensing Elements of Temperature-Regulating and Temperature-Limiting

bntrol that is
ns, or of a

egulating control that regulates the output water temperature, shall be located or shielded
ot subjected to mechanical damage during fieldyinstallation or subsequent usg¢ of the water

eaters that require partial disassemblysor that are constructed to permit rearfangement of
at the time of installation shall ‘afford components referenced in 26.1 pr

btection from

metallic materiakin contact with water shall conform to the requirements of| the National
Sanitation Fqundation Standard for Plastics Piping Components and Related Materials, NS
regard to toxicity, tastescolor, solubility, and odor; and shall have a specific gravity greater

F No. 14 with
than 0.94.

ter in a water



https://ulnorm.com/api/?name=UL 1453 2018.pdf

42 UL 1453 MARCH 29, 2016

27.2 Dip tubes

27.2.1 A dip tube shall be provided with an antisiphoning hole located so that, after the dip tube is
installed, the hole is within 6 inches (152 mm) of the top of the tank.

27.2.2 A dip tube having a specific gravity less than 1.0 shall be held in place by a positive means that
limits any vertical displacement to no more than 1/4 inch (6.4 mm).

27.2.3 A nonmetallic dip tube shall comply with the tests described in Section 44, Nonmetallic Dip Tube
Tests.

28 Spacings

28.1 The spelcings in a water heater shall be no less than those indicated in Table 28.1nandl 28.2 — 28.8.

28.2 The spacings specified in Table 28.1 do not apply to the inherent spacings of a component part of
a water heatIr. Such spacings are judged under the requirements for the component.
Table 28.1
Minimum acceptable spacings
Parts involved 0 — 250 Volts 251 - 600 Volts
Through air Over surface Through air Ovef surface
Inch (mm) Inch (mm) Inch (mm) Inch (mm)
Between a lije part and the 1/2 (12.7) 1/2 (12.7) 1/2 (12.7) 1/2 (12.7)
enclosure
Between unirnjsulated live parts 1/8 (3.18) 1/4. (6.35) 1/4 (6.35) 3/8 (9.6)
of opposite pplarity; and
between a rigidly mounted
uninsulated live part and a
dead metal pprt which is
exposed to cpntact by persons
or which may| be grounded?
2 If an uninsylated live part is not rigidly supported, or if a movable dead metal part is in proximity to an uninsyated live
part, the congtruction is to be such that,the minimum spacing will be maintained under all operating conditions.

28.3 At clos
mounted in n

bd-in points only,-such as the screw-and-washer construction of an uninsul

ated terminal
volts or less.

etal, a spacing of 3/64 inch (1.2 mm) is acceptable on a water heater rated 250
Within a therostat, otherthan at contacts, the spacing between uninsulated live parts on gpposite sides
of the contaj?s shall'be' no less than 1/32 inch (0.8 mm) through air and 3/64 inch over the surface of
insulating materializand the construction shall be such that the spacings are maintained pefmanently.

I 1 SN
LILLRLA A

ot

alb olr Ay Avapr o oriefons o Alaoad 1n omoniaa o Aol ara N 3 i)
Yy am U UveT o SuUmacC,a CrosSTUTT Spac Ty 1S CUTTSTaTTC U

28.4 Wheth to-be-thatin the enclosed
space formed by a live conductor passing through an opening in dead metal, as well as through an
insulating washer on each side of the metal. The assembly is secured firmly in place, usually by a nut
threaded on the live conductor on each side of the exterior of the assembly.

28.5 An insulating lining or barrier of fiber or similar material employed where spacings would otherwise
be sufficient shall be no less than 1/32 inch (0.8 mm) in thickness, and shall be so located or of such
material that it is not adversely affected by arcing.

Exception: Fiber no less than 1/64 inch (0.4 mm) thick may be used in conjunction with an air spacing
no less than 50 percent of the spacing required for air alone.
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28.6 Unless protected from mechanical abuse during assembly and intended functioning of the water
heater, a barrier of mica shall be 0.010 inch (0.25 mm) or more in thickness.

28.7 Spacings in a low voltage safety control circuit shall comply with the requirements in 28.1 — 28.6.
28.8 The spacing between uninsulated live parts of opposite polarity and between such parts and dead
metal that may be grounded in service may be less than indicated in Table 28.1 for parts of a low voltage
circuit.

29 Grounding

29.1 A permanently connected water heater shall be provided with a field wiring terminal or lead for

connection o
with 11.3. Sh

a) T
b) T
29.2 In a w4
metal parts t
contact durin
a) T
b) T

29.3 For a g
grounding co

29.4 An equ

a) P
yello

b) C

c) C
dead

operation and that may become energized; and

an equipment grounding conductor. The ferminal or lead shall be constructed i
eet-metal screws shall not be used:

b connect grounding conductors to enclosures; nor

b provide for the connection of the branch circuit equipment grounding conduc
ter heater intended to be permanently connected to the, pewer supply, all &
at may become energized and all dead metal parts withif the enclosure that a
h any servicing operation and that may become energized shall be conductive

p the enclosure at the point of connection of thelwiting system; and

b the equipment grounding terminal or lead

hductor.
pment grounding conductor-of a’flexible power supply cord shall be:

ovided with insulation having an outer surface that is green with or without on
v stripes;

bnnected to the grounding blade of an attachment plug of the grounding type;

metal. parts within the enclosure that are exposed to contact during any servid

h accordance

or.

xposed dead
e exposed to
y connected:

ord connected water heater, the power supply cord or cord set shall have an equipment

e Or more

bnductively.connected to all exposed dead metal parts that may become energized and all

ing

d) C

orauctivety tonmected totheenciosure of the water heater:

29.5 With reference to the requirements in 29.2 and 29.4, the following dead metal parts are not
considered as being likely to become energized:

a) A small metal part — such as an adhesive attached foil marking, a screw, a handle, or the

like —

that is:

1) On the exterior of the enclosure and separated from all electrical components by

grounded metal; or

2) Electrically isolated from all electrical components.
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b) A panel, a cover, or other metal part that is isolated from all electrical components, including
wiring, by a barrier of vulcanized fiber, varnished cloth, phenolic composition, or other moisture
resistant insulating material no less than 1/32 inch (0.8 mm) thick and secured in place.

¢) A panel, a cover, or other metal part that does not enclose uninsulated live parts and that is
electrically isolated from other electrical components.

d) A

door or the like that may only become energized through a grounded part.

29.6 Servicing, as mentioned in 29.2 and 29.4, is considered to include repair of the water heater by
qualified service personnel as well as by the user.

29.7 With re
other means
shall not be

29.8 A field
capable of se

29.9 The su
intended for
more yellow

29.10 There
is not visible

29.11 A wirg

erence 10 the requirements in 29.4 (C) and (d), the connection shall be made
not likely to be removed during servicing not involving the power supply cerd’
sed for making this connection.

viring terminal intended solely for connection of an equipment grounding cond
curing a conductor of the size indicated in 29.12.
he connection of an equipment grounding conductor, shall be green with or w

stripes, and no other lead shall be so finished.

quirements in 29.9 relating to color coding for identification do not apply to inter
n a wiring compartment in which field conneetions are to be made.

binding screw intended for the connection of an equipment grounding conduc

a green colofled head that is slotted, hexagonal shaped, or both. A pressure wire connecto

connection (¢
"GROUND”,
attached wiri
inside the ten
servicing of t

f such a conductor shall be plainly identified, such as by being marked
“GROUNDING”, the grounding(symbol illustrated in Figure 29.1, or by a m
g diagram. See 59.7. The wire " binding screw or pressure wire connector sh

he water heater.

by a screw or
Solder alone

Lictor shall be

face of a lead visible in a wiring compartment in whichfield connections afe made, and

ithout one or

hal wiring that

or shall have
r intended for

/IGI/’ /IGR//’
larking on an
bll be located

minal compartment and insa-manner that will make it unlikely to be removed dluring routine
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29.12 The si
rating of the

Exception:

smaller than
ground cord
or 20 ampersg

29.13 A sold
shall not be |

Exception:

purposes (ex
may employ
is not likely t
protective de

Figure 29.1
Grounding symbol

ze of a conductor or strap employed to\bond an electrical enclosure shall be
branch circuit overcurrent device to which the equipment is connected.

the circuit conductors that ¢svan integral part of a flexible cord assembly mg
connected equipment if therequipment is protected with an attachment plug-c3
S.

ering lug, a pushtin (screwless) connector, or a quick connect or similar friction
sed for the grounding terminal.

An internal” connector for bonding non-current carrying parts for groundi
cluding.a’ field installed grounding conductor or the grounding conductor of &
A quick connect terminal of the dimensions specified in Table 29.1, provided
be displaced and provided the heater is limited to use on a circuit having a

An equipment grounding condtietor no smaller than 18 AWG (0.82 mm?) ¢{

based on the

ppper and no
y be used to
p rated at 15

fit connector

ng continuity
supply cord)
he connector
branch circuit

vice specified in Table 29.1.
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Table 29.1
Size of quick connect terminals

Connector size, inch (mm) Rating of protective device, amperes
0.020 x 0.187 x 1/4 (0.51 x 4.75 x 6.4) 20
0.032 x 0.187 x 1/4 (0.81 x 4.75 x 6.4) 20
0.032 x 0.205 x 1/4 (0.81 x 5.21 x 6.4) 20
0.032 x 1/4 x 5/16 (0.81 x 6.4 x 7.9) 60

29.14 Grounding and bonding equipment used to comply with this Section and other applicable
requirements of this standard shall comply with the Standard for Grounding and Bonding Equipment, UL

467.

30 Motors

30.1 Generadl

30.1.1 The gnclosure of a motor shall have no openings which will permit a drop of liquid| or a particle

falling verticajl

y onto the motor, to enter the motor as applied to the assembly.

30.1.2 Confgrmance to 30.1 may be provided by the motor framé or by another enclosyre, structure,

shield, or a cp
assembly.

mbination of two or more such items, and is to be detérmined with the motor applied to the

30.1.3 Motors having openings in the enclosure or frame-shall be installed or shielded to prgvent particles

from falling opt of the motor onto combustible materialMocated within or under the assembly.

30.1.4 The r¢

open type m¢tor unless:

quirement in 30.1.3 will necessitate(ihe use of a barrier of nonflammable matg¢rial under an

a) T:re structural parts of the motor such as the bottom closure, provide the equivdlent of such

a bafr

ier; or

b) The motor overload protection device provided with a single-phase motor is such that no
burnipg insulation or.molten material falls to the surface that supports the applianceg when the

motof

type pf motor:

is energized under each of the following fault conditions, as applicable to the] particular

1).Open main winding;

2) Open starting winding;

3) Starting switch short-circuited; and

4) Capacitor shorted, permanent split capacitor type; or

¢) The motor is provided with a motor protector in accordance with 30.2 that will prevent the
temperature of the motor windings from becoming more than 125°C (275°F) under the
maximum load below which the motor will run without causing the protector to cycle and from
becoming more than 150°C (302°F) with the rotor of the motor locked.
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d) The motor complies with the requirements for impedance-protected motors see 30.2.5 and
the motor winding will not exceed a temperature greater than 150°C (302°F) during the first 72
hours of operation with the rotor of the motor locked.

30.1.5 The barrier mentioned in 30.1.4 shall be horizontal, and have an area not less than that described
in that illustration. Openings for drainage, ventilation, and the like, may be employed in the barrier
provided that such openings would not permit molten metal, burning insulation, or the like to fall on
combustible material.
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Figure 30.1

LOCATION AND EXTENT OF BARRIER

\\\\\\\\\\\\\\\\\\ SSSS
o >
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A — Motor windipg to be shi€lded by barrier. This is to consist of the entire motor winding if it is not otherwise stielded, and is to
consist of the urfshielded\portion of a motor winding which is partially shielded by the motor enclosure or equivale

ht.

B — Projection of outline of motor winding on horizontal plane.

C — Inclined line which traces out minimum area of the barrier. When moving, the line is to be always:

1) tangent to the motor winding;

2) 5 degrees from the vertical; and

3) so oriented that the area traced out on a horizontal plane is maximum.

D — Location (horizontal) and minimum area for barrier. The area is to be that included inside the line of intersection traced out by
the inclined line C and the horizontal plane of the barrier.
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30.1.6 A motor shall be designed for continuous duty as indicated by the designation “"CONTINUOUS” or
“CONT” on the nameplate.

30.1.7 Motors shall comply with the Standard for Rotating Electrical Machines — General Requirements,

UL 1004-1.

30.1.8 Capacitors shall comply with the Standard for Capacitors, UL 810.

30.2 Motor overload protection

30.2.1 Fuses shall not be used as motor overload protective devices unless the motor is adequately

protected by

the largest size fuse which can be inserted in the fuseholder.

30.2.2 Inno
result in a ris|

30.2.3 Auton
to the motor

case shall interruption of the circuit to a motor by the overcurrent or thermalpre
k of fire, electric shock, or injury to persons during operation of the equipment

natic-reset type protective devices shall not be used if the automatiC reclosing
by the device may result in a risk of fire, electric shock, or injury to’persons du

of the equipment.

30.2.4 All sin]

a) A
perce

b) A
prote
than

gle-phase motors shall be protected by one or more of the following:

separate device responsive to motor current and«ated or set to trip at not mo
ntage of the motor nameplate full-load current ¥ating as specified in Table 30.

separate overload device, which combings(the functions of overload and over
ction and is responsive to motor current.*"Such a device shall be set at values

thermal protective device or impedance protection complying with the Standar

ally Protected Motors, UL 1004-3 or the Standard for Impedance Protected N

ective device

of the circuit
ing operation

re than the
1.

current
not greater

the percentages of the motor nameplate full-load current rating as specified Table 30.1.

d for

flotors, UL
nponent, that
are Class 1
lass B in

inrements, UL

tors, UL

rmined to be

s determined

that the motor will not overheat under the performance requ1rements of this standard.

e) A protective device integral with the motor that complies with the Standard for Thermally
Protected Motors, UL 1004-3. A motor intended to move air only, by means of an air-moving
fan that is integrally attached, keyed, or otherwise fixed to the motor, is required to have locked-

rotor

protection only.

f) Protective electronic circuits integral to the motor that comply with the Standard for
Electronically Protected Motors, UL 1004-7.

g) Protective electronic circuits that comply with 30.2.6.
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h) Other protection that is shown by test to be equivalent to the protection specified in (a) to

(9)-

30.2.5 In reference to 30.2.4 (a) and (b), if the percentage protection specified in Column A of Table 30.1
does not correspond to the percentage value of an overload device of a standard size, the device of the
next higher size may be used. However, the device of the next higher size shall provide protection no
higher than that indicated in Column B of Table 30.1.

Table 30.1
Overload relay size

Maximum percentage protection
A
Motor with a marked service factor no less than 1.15 125 140
Motor with a marked temperature rise no more than 40°C 125 140
(72°F)
Any other motor 115 130

30.2.6 Except as indicated in 30.2.4 (c) and (f), a protective electronic citeuit providing mator protection

shall comply
a) S
part
funct
well

Tem
funct

Exception: A protective electronic circuit providing motor protection is not required to comply with UL 991
or UL 6073011 if there is no risk of fire, electric shock or casualty hazard during abnormal tgsting with the
pctronic circuit rendéred ineffective. The need for software to comply with UL 1998 or UL
be based on the,actual construction and operation of the motor within the equipment. This
b a consideration of the protective electronic circuit being provided with|independent

protective el
60730-1 can
could includ
redundant pn

30.2.7 With
acceptability

with one of the following:

on, it shall be considered software Class 1

b) Siandard for Automatic Electrical Controls — Part 1: General Requirements, UL $0730-1 as

on, it shall be considered software Class B.

btective dévices.

Df_ay protective electronic circuit.

andard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991.
Whe the protective electronic circuit is relying upon software as a protective comppnent, that
bf the software providing the required motor protection shall comply with the Siandard for

Software in Programmable Components, UL 1998« I#software is relied upon to perform a safety

s the Standard for Automatic Electrical Controls — Part 2-9: Particular Requirgments for
erature Sensing Controls, UL 60730-2-9. If software is relied upon to perform|a safety

eference to 30.2.6, the factors outlined in Table 30.2 shall be considered when judging the
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Table 30.2
Factors for judging protective electronic circuits
1 | Conducting failure-mode and effect analysis (FMEA) for the protective circuits and functions.
2 | Electrical supervision of critical components resulting in the control becoming permanently inoperative and disconnecting
power.
3 | Temperature ranges as follows:
Indoor Equipment: 0.0 £2°C (32.0 £3.6°F) and 40.0 £2°C (104 +3.6°F)
Outdoor Equipment: minus 35.0 +2°C (minus 31.0 £3.6°F) and 40.0 £2°C (104 £3.6°F)
4 | Cycling test duration: 14 days
5 | Endurance test duration: 100,000 cycles
6 | Radio-frequency electromagnetic field immunity:
A. To condpeted-disturbancesi—iost-tovel3
B. To radiafed electromagnetic fields — field strength of 3 V/m
7 | Humidity exposure:
Indoor Eqdiipment: 21.1 — 26.7°C (70 — 80°F) and minimum 50 percent relative humidity
Outdoor Egquipment: minimum 98 percent relative humidity
8 | Electrical fgst transient/burst immunity:
Outdoor Equipment: test level 4
For all eqipment other than outdoor use: test level 3
9 | Surge immpnity?:
Outdoor Efjuipment: — installation Class 4
For all eqipment other than outdoor use: installation Class 3
10 | Electrostatip Discharge?® with a Severity Level of 3 having contact dischargé at 6 kV to accessible metal partg andAir
discharge gt 8 kV to accessible parts of insulating material
aThe noted facfors are exempt from being considered when requirements from the Standard forTests for Safety-Related
Controls Emplaying Solid-State Devices, UL 991 are applied.
30.2.8 Threg-phase motors shall be protected by:
a) Three properly rated overcurrent units;”each complying with the applicable reqdirements of
30.2.¢4 through 30.2.7; or

b) T

methpds of protection may be_émployed where the specific protective arrangement

ermal protectors, combination of thermal protectors and overcurrent devices,

invegtigated and found toyprovide proper protection under primary single-phase fail

condftions when supplied-from transformers connected wye-delta or delta-wye. Ass
invegtigated shall be narked to indicate that the motor is protected under primary s
condftions. This marking may be a paper sticker, decal, or an attached wiring diagr.

pr equivalent
has been
ire

emblies so
ingle-phase
am.
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31 Low-voltage transformers — General

31.1 Except as specified in 31.2, a transformer having a rated output of not more than 30 volts and 1000
volt-amperes (Class 1, power-limited circuit) shall be protected by an overcurrent device, or devices,
located in the primary circuit. The overcurrent device, or devices, shall be rated or set at not more than
167 percent of the primary current rating of the transformer.

31.2 A transformer that directly supplies a Class 2 circuit [see 5.3(b)] shall, in accordance with the
requirements in the Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1
and the Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3,
either limit the output current (inherently-limiting transformer) or be equipped with an overcurrent device,
or devices (noninherently-limiting transformer).

REDUCTION OF RISK OF INJURY TO PERSONS
32 Reductidn of Risk of Injury to Service Personnel

32.1 An uninsulated live part that may require examination, adjustment, servicing, or mainfenance while
energized shall be located, guarded, or enclosed to reduce the likelihood,of unintentionpl contact by
service persdnnel performing service functions that are performed while the water heater is| energized.

32.2 Certain|electrical components within the overall assembly shall be located so that spage is provided
for working dn these components while the water heater is efnergized, and shall provide ja reasonable
degree of prptection for service personnel performing servi¢e functions of a mechanical phature on an
energized wdter heater. Such service functions do not in themselves require exposure of g live part, but
it is commonly necessary to perform these functions whilé the water heater is energized.

32.3 Mecharjical service functions that have to be-performed while the water heater is energized include:
adjusting water control valves, adjusting the setting of temperature or pressure controls, regetting control
trip mechanigms, operating manual switches, oOr the like. A factory set and sealed control is npt considered
to be adjustaple.

32.4 The requirement in 32.1 is not_applicable to a mechanical service function that is|not normally
performed while the water heateris energized, such as opening of drain plugs.

32.5 An adjystable or resettable electrical control or a manual switching device may Qe located or
oriented with|respect to ah,uninsulated live part so that manipulation of the mechanism fgr adjustment,
resetting, or pperation<€an be accomplished in the intended direction of access if an uninsulated live part
is:

a) Npt located in front, in the direction of access, of the mechanism; and

b) Not located within 6 inches (152 mm) on any side or behind the mechanism, unless
guarded.

This requirement applies only to uninsulated live parts involving a risk of electric shock.
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32.6 An uninsulated part shall be guarded to reduce the possibility of contact by service personnel if an
uninsulated part is one that:

a) Involves a risk of electric shock or operates at an alternating current potential greater than
30 volts or a direct current potential greater than 60 volts; and

b) Service personnel must reach over, under, across, or around to perform any servicing, and
that is made accessible by opening or removing a cover, door, panel, or other closure on or
within the water heater.

32.7 If the guards mentioned in 32.6 must be removed during servicing of the parts that they are designed
to cover, the guards shall be constructed and arranged so that they can be removed and replaced with

minimum effd

32.8 A com
acceptable if

32.9 Arrange

rt.

ponent or control assembly that may be rotated or otherwise displaced f
it is located, guarded, or enclosed as required by 32.1.

ment of components or guarding, other than required by 32.6 = 32.8, is acc

reduction of fisk of injury to service personnel required by 32.1 is provided:

32.10 The 4
adjustable of
relays, adjust
timers. Such
to uninsulate

32.11 Under
accessible fo
energized be
panel or pang

32.12 With r
considered t
windings, if th
thick; terming

32.13 An el
replacement

lectrical components referred to in 32.2, 32.8, and 82.9 include the follq
resettable overload relays, manual or magnetic metor controllers, magnetig
able or resettable pressure or temperature controflers, manual switching devic
components in a low voltage circuit shall comply-with the requirements in 32.1 i
 live parts in a line voltage circuit.

certain conditions some of the componhents referred to in 32.10 are not re
r service; for example, a magnetically~operated relay that is inaccessible for
cause it is located behind a subbase or the equivalent and is not visible whg
bls are removed.

cference to the requirements in 32.1, 32.2, 32.5 — 32.6, and 32.10, the follg
b be uninsulated live parts: coils of controllers, relays and solenoids, ang
e coils and windings.are provided with insulating overwraps and at least 1/32 i
Is and splices withacceptable insulation; and insulated wire.

bctrical compeonent in a water heater shall be located so that access for
S not restricted.

or service is

eptable if the

wing: fuses,
ally operated
es, and clock
their relation

bquired to be
service while
n the access

wing are not
transformer
nch (0.8 mm)

servicing or

by part, is not
ilar operation

32.14 The n¢ed toulift or remove a heavy part, or to reach to arm’s length to remove a hea
acceptable. A largé panel that must be removed for replacement of a heating element or sin
shall be prov ' : fsdivi ' '

means shall be provided to hold the upper door out of the way of service personnel when the lower door

is open.

of its size, a
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33 Enclosures and Guards

33.1 An enclosure, opening, frame, guard, knob, handle, or the like shall not be sufficiently sharp to
constitute a risk of injury to persons during intended use and maintenance.

34 Switches and Controls

34.1 A device that automatically starts a water heater, such as a timer, an automatically reset overload
protective device, or the like, shall not be employed unless it can be demonstrated that automatic starting
does not result in a risk of injury to persons.

34.2 A switch shall be located and protected so that it is not unintentionally operated during intended use.

34.3 The OH
can determin

35 Surface ]

35.1 During
of a water hg
45.2,

36 Pressure

36.1 Unless
working pres
subjected to

37 Tempera

37.1 A comi
setting shall
marked work

37.2 For a
temperature-
kilowatt inpu
applicable s€

37.3 A valve

ture and Pressure Relief Devices

F position of a switch other than a momentary contact type shall be suchitha
e by visual inspection that the water heater is off.

[emperature

he temperature test required by Section 45, Temperature Tests, a temperaturg

ater that can be contacted by the user shall be no more than the values sped

Vessels and Parts Subject to Pressure

sure no less than the marked maximum_working pressure of the water heat
he test described in Section 46, Hydrostatic Pressure Test.

ination temperature-pressurerelief valve shall be factory supplied. The valvg
be no more than 99°C (210%F) and the pressure relief setting shall be no hi
ng pressure of the water_heater.

water heater employing a tank that is marked as indicated in 35.1, a
bressure relief(valve shall have a minimum relieving capacity of 3500 Btu
and shall be, marked with the ASME code symbol "V” or “"HV” in accordg
ction of the-1986 ASME Boiler and Pressure Vessel Code.

may ‘be shipped unattached to a water heater for mounting in the field if:

the operator

on a surface
ified in Table

the tank of a water heater is marked with an<appropriate ASME symbol and has a marked

br, it shall be

temperature
pher than the

combination
(3.7 MJ) per
nce with the

a) T

b) In

g vaive 15 shipped i the same overatt shipping contaimer withthe water tieat

structions for mounting the valve are included; and

=

c) The water heater has provision, such as a threaded boss, to permit the valve to be properly
mounted.
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37.4 A temperature and pressure relief device shall be connected directly in the upper 6 inches (152 mm)
of the tank and shall be installed in a separate threaded opening located so that it is readily accessible for
inspection and repair.

PERFORMANCE
38 General
38.1 For the tests described in Section 40 — 53, the test voltage shall be a value determined in

accordance with the appropriate (a) — (c) below or a voltage adjusted to cause rated and marked wattage
input, whichever is higher. The test voltage for a water heater:

a) Hpving a single voltage rafing within the range of 110 — 120 VvoIts, 220 — 240 vq|ts, 254 —
277 \olts, or 440 — 480 volts shall be the maximum voltage of the range;

b) Having a single voltage rating not within a range specified in (a) shall be the mdrked voltage
rating; or

c) Mprked for a range of voltages shall be the maximum voltage «0f the specified rgnge.
39 Test Instpllation for Alcove or Closet

39.1 For the|temperature test described in Section 45, Tempetatdre Tests, a water heatef intended for
use in an alcpve or closet is to be installed in an enclosure, as, described in 39.3 — 39.5 and illustrated in
Figures 39.1 @nd 39.2, in the as-received condition, with clearances in integral inches (or infegral mm) as
specified by |the manufacturer, to walls, and ceiling_of/the test enclosure. The ceiling height of the
enclosure is |to be that required to obtain the clearance from the top of the assembly to the ceiling
specified by the manufacturer. A water heater intended to be installed less than 3 feet (914 mm) from any
adjacent wallfor ceiling is to be tested in an alcove or closet.



https://ulnorm.com/api/?name=UL 1453 2018.pdf

56

UL 1453 MARCH 29, 2016

Figure 39.1
Alcove installation
BACK
WALL \ —D
ER
e WATER
L HEATER
18 INCHES(457mm) FRONT
S WALL
TOP VIEW
A —
Y
WATER
HEATER _
/_ '
/— FLOOR

SB0501A FRONT VIEW
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Figure 39.2
Closet installation

TOP VIEW
/
G
(VENT .,
OPENING) "\
\ T I
C——[[ Comoes =
;_ _i (152mm)
| WATER ! WATER
: HEATER : HEATER
[ [
. | |
(AR I I
INLET) '%‘ [ 6 INCHES -
152
| THE R |
FRONT “ViEW SIDE VIEW

SBO500A

Description of dimensions, symbols, and abbreviations.

A — Clearance apove top ofdwater heater.

B — Clearance from, front of water heater. Prefix “C” to numeral indicates suitability for closet or alcove installaj

suitability for alcpve installation but not for closet.

D — Clearance from back of water heater.

E, — Clearance from left side of water heater.

Er — Clearance from right side of water heater.

ions; prefix “A”,

F — Indicates type of flooring; any numeral indicates minimum clearance below suspended units to combustible floor.

G — Total minimum free area in square inches (square cm) of closet ventilating openings.
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39.2 The walls and ceiling of the enclosure are to be made of nominal 1 inch (25.4 mm) thick wood
boards or 3/4 inch (19.1 mm) thick plywood. The walls are to be vertical and at right angles to each other.
The interior surface of the walls and ceiling are to be finished in flat black paint. All joints of the enclosure
are to be sealed. The floor is to be made of material as recommended by the manufacturer in the
installation instructions. If the manufacturer recommends flooring of combustible material, the floor is to
be made of 3/4 inch (19.1 mm) thick plywood or equivalent, finished in flat black paint.

39.3 A floor of an enclosure intended to be made of or surfaced with wood, compressed paper, plant
fibers, or other combinations of materials having equal or greater flammability, even though flame proofed,
fire retardant, or plastered, is considered to be made of a combustible material.

39.4 For alcove installation, the water heater is to be installed in an enclosure that is open at the front of
the water hedier as iMustraied in Figure 39.7. The wall, opposiie the open side of the encldsure, is to be
located 48 inthes (1.2 m), 36 inches (0.9 m), or 24 inches (0.6 m) from the front of the\wajer heater, as
recommendefd by the manufacturer for installation.

39.5 For cloget installation, a door is to be provided as part of the enclosure.The door is
away from the front of the water heater at a distance no more than the™minimum sp
installation instructions. If ventilating openings are provided, each opening.is to be located
Figure 39.2 gnd the height of each opening is to be one-half the widthcof-the opening as sy
installation inptructions.

40 Leakage|Current Test

40.1 The leakage current of a cord connected water heater-rated for a nominal 250 volts g

to be located
pcified in the
as shown in
ecified in the

r less supply

shall be testgd in accordance with 40.3 — 40.9. The results are acceptable if the leakage curfrent does not

exceed 0.75 milliampere.

40.2 Leakagp current refers to all currents, including capacitively coupled currents, that may
between exgosed conductive surfaces of aywater heater and ground or other expose
surfaces.

40.3 All expgsed conductive surfaces are to be tested for leakage currents. The leakage
these surfacgs are to be measured to the grounded supply conductor individually as well 3
where simultaneously accessible and from one surface to another where simultaneously acc
are considergd to be exposed,surfaces unless guarded by an enclosure considered to redd
electric shock as specifiedhin 6.4.2 — 6.4.4. Surfaces are considered to be simultaneously
they can be rfeadily contacted by one or both hands of a person at the same time. These
do not apply fo terminals operating at voltages that are not considered to present a risk of ¢

40.4 If a co

be conveyed
d conductive

currents from
s collectively
essible. Parts
ce the risk of
accessible if
easurements
lectric shock.

nclosure, the

dugtive surface other than metal is used for the enclosure or part of the €
leakage currgﬂ-wmmmm

3.94 by 7.87

inches) in contact with the surface. Where the surface is less than 10 by 20 centimeters (3.94 by 7.87
inches), the metal foil is to be the same size as the surface. The metal foil is not to remain in place long
enough to affect the temperature of the water heater.
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40.5 The measurement circuit for leakage current shall be as illustrated in Figure 40.1. The measurement
instrument is defined in (a) — (c). The meter that is actually used for measurement need only indicate the
same numerical value for a particular measurement as would the defined instrument. The meter used
need not have all of the attributes of the defined instrument.

a) The meter is to have an input impedance of 1500 ohms resistive shunted by a capacitance
of 0.15 microfarad.

b) The meter is to indicate 1.11 times the average of the full-wave rectified composite
waveform of voltage across the resistor or current through the resistor.

c) Over a frequency range of 0 — 100 kilohertz, the measurement circuitry is to have a
frequEncy resSponse (ratio of indicated 1o actual value of current) that 1s equal to Ihe ratio of the

impeflance of a 1500 ohm resistor shunted by a 0.15 microfarad capacitor to 1500'johms. At an

indication of 0.75 milliampere, the measurement is to have an error of no morejthan 5 percent.

Figure 40.1
Leakage current measurement circujts

. PRODUCT METER

S G =
GR

ST q INSULATING

TABLE

120V

4

GROUNDED SUPPLY CONDUCTOR B
LC100

App“ance intended-for-connection-to-a-120 volt power ellpply
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-
120V

240V <+—

120V
-

St 3 ; INSULATING
— TABLE

GROUNDED SUPPLY CONDUCTOR B

LC200

Appliance intended for connection to a 3-wire, grounded neutral power supply, ds illustrated above.

PRODUCT METER

3
120V

240V <— S

120V
-

& & !

1]
J q INSULATING
TABLE

Vo
ANN

GROUNBED SUPPLY CONDUCTOR B
LC300

Appliance intended for connection to a 3-wire, grounded neutral power supply, as illustrated above.

A — Probe with a shielded lead.

B — Separated and used as clip when measuring currents from one part of the appliance to another.
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40.6 Unless the meter defined in 40.5 is being used to measure leakage from one part of an appliance
to another, the meter is to be connected between the accessible parts and the grounded supply

conductor.

40.7 A sample water heater is to be prepared and conditioned for leakage current measurement as

follows:

a) The sample is to be representative of the wiring methods, routing, components, component

locati

on and installation, and the like of the production unit.

b) The grounding conductor is to be open at the attachment plug and the test unit isolated from
ground.

c) Tilwe sample is to be conditioned in an ambient temperature of 21 — 27°C (70.~ J!1°F) and

apprq

d) Tie test is to be conducted at the ambient conditions specified in (¢)

e) The supply voltage is to be adjusted to the value specified in 38.1.

f) A

40.8 The tes
lines, will be

40.9 The led
as follows:

a) With switch S1 open, the water heateris to be connected to the measurement ¢

Leak
devid
using

b) With the water heaterswitching devices in their normal operating positions, swit

be cl
meas

operated in their_ihtended manner, and leakage currents are to be measured using

posit

c) The water heater manual switching devices are then to be returned to their norn

posit

ximately 50 percent relative humidity for no less than 8 hours.

lvater heater is to be filled with water.

I sample is to be installed so that all parallel ground paths, such as through thg
eliminated.

kage current test sequence, with referenceto the measuring circuits in Figure

hge current is to be measured using both positions of switch S2. All manual s
es are to be operated in thein.intended manner, and leakage currents are to b
both positions of switch_§2.

bsed, energizing the-water heater, and within 5 seconds the leakage current ig
ured using both positions of switch S2. All manual switching devices are then

ons of swifch S2.

fill and drain

40.1, is to be

ircuit.
vitching
e measured

ch S1 is to
to be

to be
both

hal operating
4, is

obtai

be used

onsyand the unit allowed to run until thermal equilibrium, as described in 45.1.

Tedteakage current isto be monitored continuousty. Bothrpositionsof switch

in determining this measurement. Thermal equilibrium may involve cycling

S2 are to
caused by

an automatic control. This cycling is to be observed with switch S2 in both positions.

d) If the water heater employs a single pole switch, monitoring of leakage current is to continue
until the leakage current stabilizes or decreases after the water heater is turned off.
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40.10 Usually a sample will be carried through the complete leakage current test program as covered in
40.9 without interruption for other tests. With the concurrence of those concerned, the leakage current
tests may be interrupted to conduct other nondestructive tests.

41 Grounding Continuity Test
41.1 The resistance of the grounding path between all dead metal parts that are likely to become
energized and the equipment grounding terminal, or point of attachment of the wiring system, shall be no

more than 0.10 ohm.

41.2 With reference to 41.1, the resistance may be determined by any convenient method. If
unacceptable results are recorded, either a direct or alternating current equal to the current rating of the

maximum brgnch circuit overcurrent protective device that may be employed with the watq
be passed flom the equipment grounding terminal to the dead metal part, and the ixées

potential is tq
dividing the d

42 Input Test

42.1 The inp

42.2 The ing
conditions of

43 Tempera
43.1 Tempe

43.1.1 A tem

90°C (194°F)

43.1.2 With fespect to 25.1 and 43.1.1,:the water heater is to be operated as described in 4

temperature
the second o

43.1.83 Unles
temperatures
been heated
drawn off and
of the operat

be measured between these two points. The resistance in ohms is to-be d
rop in potential in volts by the current in amperes passing between the two pg

ut to a water heater shall be no more than 105 percent of.its“-marked rating.

ut is to be measured with the water heater at the-operating temperature a
maximum load, and while connected to a supply €ircuit having the value spec

fure-Regulating and Temperature-Limiting*Control Operation Tests
rature-regulating controls

perature-regulating control shall regulate the output water temperature to an

pf the water at the water\olitlet is to be monitored as water is drawn off immedia
pening of all thermostats.

S a water heater involves unusual features of design or construction, it is to be
have become, constant when it has been operated as follows. After a full tank
to the temperature at which all of the thermostats open, one-fourth of the v
replaced promptly with cold water. The water heater is to be allowed to heat
ng thermostats open, at which time the output water temperature is to be mes

r heater is to
Llting drop in
etermined by
ints.

tained under
fied in 38.1.

upper limit of

3.1.3 and the
tely following

hssumed that
of water has
ater is to be
again until all
sured.
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43.2 Temperature-limiting controls

43.2.1 A temperature-limiting control shall limit the water temperature to no higher than 99°C (210°F)
when tested as described in 43.2.2.

43.2.2 With respect to 24.1 and 43.2.1, the water heater is to be tested as follows. After a tank full of
water has been heated to the temperature at which all of the thermostats open, one-fourth of the water is
to be drawn off and replaced promptly with cold water. Immediately after the first closure of any
thermostat, the thermostats are to be short-circuited as described in 43.2.3, and operation is to be
continued until all temperature-limiting controls open. Immediately thereafter, hot water is to be drawn off
and its temperature is to be measured at the hot water outlet. Usually this procedure gives an accurate
measurement of the temperature of the water in the upper 25 percent of the tank, but unusual conditions
may necessifate use of a probe or thermocouple within the Tank.

43.2.3 The thermostats are to be short-circuited as follows:

a) If the thermostat carries the heating load:
1) The thermostat is to be short-circuited in a heater incotporating only on¢ thermostat.

2) Two thermostats are to be short-circuited simultangously in a heater incprporating
two or more thermostats; or

b) If the thermostat or thermostats control the coil of:a magnetic contactor, all regulating
thernpostats in any one magnetic contactor coil ciretit are to be short-circuited.

44 Nonmetdllic Dip Tube Tests
44.1 Deformation and weight loss
44.1.1 A norjmetallic dip tube is to have ajlinear deformation not in excess of 1/2 inch (12.7 mm), a total

lateral defornpation not in excess of 1-1/2-inches (38.1 mm), and undergo no weight loss when tested in
accordance with the requirements of'44.1.2 — 44.1.4.

44.1.2 Twelve 51-inch (1.30-m)long samples of each kind and section of dip tube are to be|submitted for
these tests. Each sample is(to;be cut to a length of 49 inches (1.24 m) and the weight of each tube is to
be determined by use of avaboratory grade measuring device with a full scale not to excedd 3 times the
weight of the|sample.

44.1.3 Weight loss.@nd linear deformation is to be determined by suspending the samples as they would
be in service|for'd8 hours in water maintained at 93°C (199°F). These samples are then tq be cooled to
room tempe ; ' ; i lermined and
compared with the original results. The results are acceptable if there is no weight loss, and if the length
of the samples is within the range of 48-1/2 — 49 inches (1.23 — 1.24 m).

44.1.4 Lateral deformation is to be determined by installing one end of each sample in a fixture (as it
would be by a tank inlet fixture) and measuring the distance between the position of the center line of the
free end and the extended center line of the fixture. Following immersion for 48 hours in water maintained
at 93°C (199°F), the samples are to be cooled to room temperature, any surface water is to be removed,
and the lateral deformation measured. The total lateral deformation of each sample is acceptable if it is
within the limits of a circle having a radius of 1-1/2 inches (38.1 mm) measured from the extended center
line of the fixture.
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44.2 Resistance to crushing

44.2.1 A nonmetallic dip tube shall be subjected to transverse loading under a weight of 870 grams as
described in 44.2.2 — 44.2.5.

44.2.2 Ten 2 inch (51 mm) long samples of each kind and section of dip tube are to be subjected to this
test. The test apparatus is illustrated in Figure 44.1.
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Figure 44.1
Heat deformation tester
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44.2.3 The scale on the test apparatus shown in Figure 44.1 is to be set at zero with a sample of the tube
to be tested in place in the “V” trough beneath the pressure block. The sample is then to be removed and
the test apparatus placed in a 1 liter glass beaker filled with ethylene glycol, glycerin or a similar liquid to
a depth that will cover the pressure block when at the zero scale setting. The glass beaker is then to be
placed over a hot plate and heated until the temperature of the liquid and test apparatus, as determined
by a thermometer placed in the beaker with its bulb on the base of the test apparatus, has reached 107
—110°C (225 — 230°F). The temperature is then to be held constant for the duration of the test.

44.2.4 The pressure block is then to be raised and the sample of the dip tube to be tested placed in the
”V” trough below the block. The block is then to be lowered without impact onto the dip tube sample and
the time recorded. At the end of a 24 hour period the distance of travel of the indicator on the scale is to
be recorded, the test sample removed, and the test repeated on the remaining test samples.
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44.3.6 The dip tube is then to be removed from the test heater and examined. Any indication of reduction
in internal diameter in excess of 1/8 inch (3.2 mm) from the original diameter is to be considered as
noncompliance with this provision.
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45 Tempera

ture Tests

45.1 General

45.1.1 A water heater shall be tested under conditions of maximum normal load. The results are

acceptable if

the temperature at any point does not:

a) Constitute a risk of fire;

b) Adversely affect any material employed in the water heater; or

c) Exceed the temperature rises specified in Table 45.1.

45.1.2 All values in Table 45.1 are based on an assumed ambient temperature of 25°CN771F). The tests
may be condpcted at any ambient temperature within the range of 10 — 40°C (50 — 1045F). [For the tests,
the ambient easuring thermocouple is to be placed centrally 24 inches (610 mm) in front of the water
heater and 24 inches above the test enclosure floor.
Table 45.1
Maximum acceptable temperature rises
Material or component °C (°F)
1 Any point within a terminal box or wiring compartment of a watef. heater 35 (63)
in which field installed conductors are to be connected, includirnig such
cpnductors themselves, unless the water heater is marked\in
apcordance with 57.14
2. ny point on a surface adjacent to a water heater, ineluding the surface 65 117)
oh which the water heater is mounted or supported, and specified points
oh test surfaces and enclosures at designated.¢learances from the
ater heater; metal surfaces of a water heatér at point of contact with
thhe test surfaces and surfaces of a watér heater that are recessed within
the test enclosure
3. Fuses other than Classes CC, G\ T 65 117)
4, Jlasses CC, G, J, T fuses 85 153)
5. FHber employed as electricakinsulation 65 117)
6. Wood or other combustible material 65 117)
7. Jlass 105 insulation, systems on a relay, a transformer, a solenoid, and
the like
Thermocouple method 654 1172)
Resistance method 85 153)
8 (lass, 130 insulation systems on a relay, a transformer, a solenoid, and
the,like
THermocoupte method 85 {1532)
Resistance method 105 (189)
9. Phenolic components used as electrical insulation or where deterioration 125 225
of the compound would result in a risk of fire, electric shock, or injury to
personsP
10. Insulated wire or cord 25°C less than | (45°F) less than
its established its established
temperature temperature
rating® rating®
11. Sealing compound d d
12. Copper or copper-base alloy conductors:
A. Tinned or bare strands having:

Table 45.1 Continued on Next Page
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Table 45.1 Continued

Material or component °C

CF)

13.

14.

Termination of copper conductors and pressure terminal connectors
unless both are tinned, nickel coated, silver plated or otherwise
protected

Capacitor

125
175
225

1. A diameter less than 0.015 inch (0.38 mm)
2. A diameter of 0.015 inch or more

B. Plated with nickel, gold, silver, or a combination of these
metals

(
(
(
125 (

A. Electrolytic type 65°¢

65

B. Other types

(117°)

225)
315)
405)

225)

117f)

a At a poin
rise measy

t on the surface of a coil where the temperature is affected by an external source of heat, the ten

red by means of a thermocouple may be higher than the maximum indicated by the following am
Item Additional Temperature ‘Rise

provided tH

b The limit
acceptablg
¢ Inside a
provided tH
wrap, tape
d Unless th
25°C (77°H
Test for Sq
€ For othe
insulating
f A capacit
temperatu

in the tablg.
htion on phenolic composition does not apply to a compound that has been investigated and foun

naterial integral with the capacitor enclosure'may be no more than 65°C (117°F).

7 15°C | (27°F)
8 20°C| (36°F)
at the temperature rise of the coil, as measured by the resistance method, i$ hot more than that

for a higher temperature.

ater heater, the temperature rises on a wire or cord may be ‘greater than the specified maximum|
at the insulation on each individual conductor is protected by.supplementary insulation, such as 4
or close fitting tubing, that is rated for the temperature ‘and'type of insulation involved.
e sealing compound is a thermosetting material, the_maximum acceptable temperature, when cof
) ambient temperature, is 15°C (27°F) less than the‘softening point of the compound as determin
ftening Point by Ring-and-Ball Apparatus, ASTM\E28..

than an electrolytic capacitor that is physically integral with or attached to a motor, the temperaty

br that operates at a temperature rise 6fs\more than 65°C (117°F) may be judged on the basis of i
e limit.

bunt:

bpecified

i to be

rected to a
ed by the

perature

rise
raid,

re rise on

s marked

45.1.3 To de
continuously,

45.1.4 Them
readings, tak
minute interv

45.1.5 Temp
(0.21 mm?) 4

termine whether a waterheater complies with the requirements in 45.1.1, itis t
in accordance with 45.2.1, until constant temperatures have been reached.

nal equilibrium_or constant temperature is considered to exist when thre
bn at intervals of 10 percent of the previously elapsed duration of the test but 1
bls, indicate-no change.

eratures are to be measured by thermocouples consisting of wires no larger
nd o smaller than 30 AWG (0.05 mm?). The thermocouples and related instr

b be operated

B successive
o less than 5

an 24 AWG

h
lments are to

be accurate and calibrated in accordance with good laboratory praciice. The thermocouple wire is to
conform with the requirements for Special Tolerances Thermocouples as listed in the Tolerances on Initial
Values of EMF versus Temperature” tables in the Standard Specification and Temperature-Electromotive

Force (EMF)

Tables for Standardized Thermocouples, ANSI/ASTM E230/E230M.
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45.1.6 A thermocouple junction and adjacent thermocouple lead wire are to be securely held in thermal
contact with the surface of the material of which the temperature is being measured. In most cases,
thermal contact will result from securely taping or cementing the thermocouples in place. If a metal surface
is involved, brazing or soldering the thermocouple to the metal may be necessary.

45.1.7 Usually the temperature of a coil is to be measured by means of thermocouples mounted on the
outside of the coil wrap. If the coil is inaccessible for mounting in these devices, such as a coil immersed
in sealing compound, or if the coil wrap includes thermal insulation or more than two layers — 1/32 inch
(0.8 mm) maximum — of cotton, paper, rayon, or like material, the resistance method is to be used.

45.2 Continuous operation

45.2.1 With feference to 45.7.3, a wafer healer is To be operated confinuously:

a) As$ described in 45.2.2 — 45.2.5, for a water heater having only one heating-element; or
b) A$ described in either 45.2.2 — 45.2.5 or in 45.2.6 — 45.2.8, for a watér heater having more
than pne heating element.

45.2.2 During continuous operation, electrically operated thermal controls, in
temperature-fegulating control but not including the manual temperature:limiting control, are
out of the cirguit.

cluding the
0 be shunted

45.2.3 Awa
that the outp
operated unti
is to be termi

t water temperature is maintained at 90.0 +2:8°C (194.0 +5.0°F). The water hater is to be
thermal equilibrium is reached, at which_tifde temperatures are to be recordedl and the test
hated.

r heater is to be connected to a water supply source. The water flow is to be I%djusted such

45.2.4 For o
of the cold w

her than a booster water heater, a '¢old water supply source is to be used. The
bter supply is to be that at whiclithe water is obtained from the city water mai

e temperature
n.

45.2.5 Fora
+5.0°F).

booster water heater, the temperature of the water supply source is to be 60.0 +2.8°C (140.0

45.2.6 In the
and 45.2.8, e
manually res

45.2.7 The W

alternative methed of continuous operation referred to in 45.2.1(b) and descr
ectrically operated’controls, other than the automatic temperature-regulating ¢
bt temperature-limiting control, are to be shunted out of the circuit.

bed in 45.2.7
bntrol and the

, and is to be

ater heater is to be connected to a water supply source as described in 45.2.4

operated as @lescribed in 43.1.2.

45.2.8 After the water heater ftas beern operatedas describedim431-2,-sufficient treating-elements are
to be shunted out of the circuit to maintain a constant water temperature of 90.0 £2.8°C (194.0 £5.0°F).
The remaining heating elements are to be connected to their rated voltage. At any convenient voltage, a
current equal to rated current of the remaining circuits is to be applied to the circuits and to any other
contactors provided. The coils of the contactors are to be connected directly to a supply of their rated
voltage. The water heater is to be operated until thermal equilibrium is reached, at which time
temperatures are to be recorded and the test is to be terminated.
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45.3 Surface temperature

45.3.1 During the temperature test required by 45.1.1, a temperature on a surface of a water heater that
may be contacted by the user shall be no more than the value specified in Table 45.2. If the test is
conducted at a room temperature of other than 25°C (77°F), the results are to be corrected to that
temperature.

Table 45.2
Maximum acceptable temperatures of surfaces exposed to user contact

Location Composition of surface?
Metal Nonmetallic

Handles or kngbs that 60°C (140°F) 85°C (185°F)
are likely to bd grasped

Surfaces, othef than a 70°C (158°F) 95°C (RPO3°F)
heating functioh
surface, subjegt to

unintentional cpntact
2 A handle, knpb, or the like made of a material (other than metal) that is plated or clad with metal having a thickness of 0.005
inch (0.13 mm) or less is considered to be a nonmetallic part.

46 Hydrostgtic Pressure Test

46.1 A watel heater that is required to be tested in accordancé. with 35.1 shall withstand f¢r 15 minutes
without leakdge or visible permanent distortion a hydrostatic: pressure of 300 pounds per square inch
(2068 kPa), gr two times the marked working pressure, whichever is greater.

46.2 The prg¢ssure is to be increased from atmospheric pressure to the test pressure|at a rate of
approximately 20 pounds per square inch (138 kRa) per second.

46.3 Leakagp at a gasket during the hydrostatic pressure test is acceptable unless it occurs|at a pressure
40 percent of less of the required test pressure value.

47 Enclosune Strength Test

47.1 In accofdance with item (c) of the Exception to 6.2.3, a water heater with an enclosur¢ thinner than
specified in Tables 6.1 and-6.2 shall be subjected to a static load of 50 pounds-force [222.5 N) as
described in 47.2. The~esults are acceptable if, during or after the application of the force, there is no
reduction of ¢lectrical"spacings below the minimum acceptable values specified in Section 28, Spacings,
and no live pprts aresmade accessible to contact by the probe illustrated in Figure 6.2.

47.2 The for nd of a metal
rod in a direction parallel to the longitudinal axis of the rod. The rod diameter is to be 1/2 inch (12.7 mm),
and the rounded end is to be shaped to a 1/4 inch (6.4 mm) radius hemisphere. The enclosure is to be
tested on all surfaces thinner than specified in Tables 6.1 and 6.2.
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