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INTRODUCTION
1 Scope

1.1 These requirements cover household electric storage tank and small capacity storage tank water
heaters rated no more than 600 volts and 12 kilowatts to be installed in accordance with the National
Electrical Code, NFPA 70, and with model plumbing and mechanical codes.

1.2 These requirements do not cover immersed electrode, side arm, booster, instantaneous or
immersion type water heaters or water heating portions of water dispensing appliances. These
requirements do not cover water heaters with a tank capacity of less than 1 gallon (3.8 L) or more than

120 gallons (454 L).

1.3 Electric
assembilies fg
the Standard

1.4 Perman
through plum
bathing, or pg
are covered if

1.5 Water h
covered by th

1.6 A water
with these rqg
whether it is g

2 Compong

2.1
with the requ
requirements

2.2 A compq

a) Inv
produ

booster water heaters, electric commercial storage tank water heaters-and
r such heaters, rated 600 volts or less are not covered by this standard. They
for Electric Booster and Commercial Storage Tank Water Heaters, WLL1453.

bntly installed electric water heaters, rated 600 volts or less,\for heating the
bing to separately heated public or private pools or tubs;”in which swim
rtial or total immersion of persons, is to be involved are net covered by this g
the Standard for Electric Water Heaters for Pools and\Fubs, UL 1261.

paters rated 600 volts or less with a tank capacity of less than 1 gallon (3.8
s standard. They are covered under the Standard for Electric Heating Appliang

heater intended for use in a hazardous lacation is to be judged on the basis of
quirements; however, further examination and testing shall be conducted
cceptable for the intended use.

nts

Except as indicated in this clause, a component of a product covered by this standar

irements for that-cemponent. See the individual sections of this standard f

nent is nofirequired to comply with a specific requirement that:

blvesta*feature or characteristic not required in the application of the con
t.cavered by this standard, or

femote control
are covered in

ater supplied
ming, wading,
tandard. They

liters) are not
es, UL 499.

its compliance
to determine

d shall comply
or component

ponent in the

b) Is superseded by a requirement in this standard.

2.3 A component shall be used in accordance with its rating established for the intended conditions of

use.

2.4 Specific

components are incomplete in construction features or restricted in

performance

capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

3 Units of Measurement

3.1

approximate information.

Values stated without parentheses are the requirement. Values in parentheses are explanatory or
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3.2 Unless otherwise stated, all electrical measurements are in root-mean-square units (rms).

4 Undated References

4.1
interpreted as

5 Glossary

5.1 Forthep
5.2 DIP TUB,
cold inlet wate

5.3 ENCLOS
current-carryir]

5.3.1 FRAM
attached to a
sufficient torsi
when it is deflq

5.4 HEAT TH
the hot water
reduce the nat

55 INLET W
tube or pipe w
water uniforml

5.5.1 OPER
operation. An
provide Type 1

56 OUTER
to provide me
The outer jack
heating eleme

referring to the latest edition of that code or standard.

urposes of these requirements, the following definitions shall apply.

URE — The part of an electric water heater that surrounds insulated an
g live parts and that is intended to contain a fire resulting from an electrical fau

A structure of angle or channel or a folded rigid section\of sheet metal
nd has essentially the same outside dimensions as the-enclosure surface
bnal rigidity to resist the bending moments which may¢be applied via the encl

cted.

RAP — A device that is capable of being integrally assembled or independent
connection of a water heater such that a portion of this device develops a cold
ural convection and resultant heat loss frem'the hot water stored in the water h

ATER DEFLECTOR (DIFFUSER) <“\A“component, usually nonmetallic, attach

y on a horizontal plane to aid.in mixing of the hot and cold water.

ATING CONTROL — A 'control intended to start or regulate the appliance
example would beva water temperature-regulating control. An operating
or Type 2 actionASee definitions 5.9 and 5.10.)

JACKET — The part of the water heater that surrounds the storage tank and th
chanical_protection for the tank and for thermal insulation when the insulatio
et alsa'serves as an enclosure of current-carrying parts and insulated condu
hts.in'separate control or wiring compartments.

Any undated reference to a code or standard appearing in the requirements of this standard shall be

se of carrying

0 uninsulated

—

that is rigidly
and that has
psure surface

y attached to
water seal to
eater.

led to the inlet

hen the inlet is at or near the bottem of the water heater tank, that serves to spread the cold

juring normal
control could

at is intended
n is provided.
ctors between

5.6.1

PROTECTIVE CONTROL — A control intended to prevent the risk of electric shock, fire, or injury to

persons during abnormal operation of the appliance. An example would be a water temperature limit
control. A protective control always provides Type 2 action. (See definitions 5.9 and 5.10.)

5.7 SMALL CAPACITY STORAGE TANK WATER HEATER - A water heater marked with a rated
capacity within the range of 1 gallon (3.8 L) to 5 gallons (18.9 L).

5.8 STORAGE TANK — The part of the heater (either with or without the heating elements) that is
intended to contain or store water and that has a rated capacity of 1 gallon (3.8 L) or more.

5.8.1

THERMOSTATIC MIXING VALVE - A device installed on the water heater that automatically

moderates the water outlet temperature independent of the water heater temperature-regulating control

setting.
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59 TYPE 1 ACTION - Automatic action for which the manufacturing deviation and the drift of its
operating value, operating time, or operating sequence have not been declared and tested to the Standard
for Automatic Electrical Controls for Household and Similar Use, Part 1: General Requirements, UL

60730-1.

510 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 for Household and Similar Use, Part 1: General Requirements, UL 60730-1.

CONSTRUCTION

6 Frame, Enclosures, and Outer Jacket

6.1 Genera

6.1.1 The frame, if provided, enclosure, and outer jacket of a water heater shalthave th
rigidity requirgd to resist the abuses encountered during intended use. The degree of resistance inherent
in the appliange shall preclude total or partial collapse, with the attendant reduction of spaci
or displacemgnt of parts, and other serious defects that alone or in combination constitute
the risk of fire| electric shock, or injury to persons.

6.2 Enclosyres

e strength and

ngs, loosening
an increase in

6.2.1 A shegt-metal enclosure made of steel or aluminum that encloses or protects a live electrical part
shall have a minimum thickness as indicated in Table.6.%.” A cast-metal enclosure shall have a minimum

thickness as ihdicated in Table 6.2.

Exception: Ap enclosure thinner than specified in Table 6.1 and Table 6.2 is able to be]

complies with|Section 41, Enclosure Strength Jest.

heater of pny\size, either (1) not
serving ag the’jacket or (2) serving as

Table 6.1
Minimum thickness of sheet-metal enclosures
Sheet steel
Uncoated Galvanized Sheet alyminum
inch (mm) inch (mm) inch (mm)
Sheet metal enclosing live parts in a 0.020 (0.51) 0.023 (0.58) 0.032 (0.81)

the jacket of a heater of no more than
52 gallons (197 L) capacity.

Sheet metal enclosing live parts and
serving as the outer jacket of a heater
of more than 52 gallons capacity.

0.026 (0.66)

0.029 (0.74)

0.036 (0.91)

used when it
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Table 6.2
Minimum thickness of cast metal enclosures
Cast metal Malleable iron Die cast metal

inch (mm) inch (mm) inch (mm)
Unreinforced blast surfaces of 0.125 (3.18) 0.094 (2.39) 0.078 (1.98)
enclosures housing electrical parts
Curved, ribbed, or otherwise reinforced 0.094 (2.39) 0.062 (1.57) 0.047 (1.19)
enclosures for electrical parts

6.2.2 A magnesium enclosure shall not be used unless the following are taken into consideration:

a) Mec
b) Res

c) Com

6.2.3 Anend
Standard for H
maximum tem
Test specified

Exception: A

746C when th
a)Ata
b) A f
Conne
6.3 Outerja
6.3.1 Ashee

carrying parts

Exception: An
requirements

6.3.2 An out

hanical strength;
stance to impact; and

bustibility under conditions of intended or abnormal use.

osure made of polymeric material shall comply with the fixed.equipment requi
olymeric Materials — Use in Electrical Equipment Evaluations, UL 746C, and b
perature it is subjected to during normal operation as_determined during the
n Section 28.

water heater is required to comply only with thé 'stationary equipment requin
b water heater has:

hk capacity of five gallons (18.9 L) or less; and

ower-supply cord provided in aceordance with Electrical Supply Conneg
Ction, Section 12.

ket

t metal outer jacket'of steel or aluminum that also encloses insulated or uninst
Shall have a mipimum thickness as indicated in Table 6.1.

outer jacket thinner than specified in Table 6.1 is able to be used when
n Section)41, Enclosure Strength Test.

ements in the
e rated for the
Temperature

ements in UL

tions — Cord

lated current-

it meets the

er, jacket of polymeric material that also encloses insulated or uninsulated cy

rrent-carrying

parts shall con

Nply with the enclosure requirements In Iable 6.5 and 1able ©.4.

Exception: An outer jacket is required to comply only with the requirements in Table 6.5, when the outer

Jacket:

a) Does not enclose any current-carrying parts; or

b) Encloses parts that are completely covered with minimum 1/32 inch (0.8 mm) thick electrical
insulation.
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Table 6.3
Polymeric material enclosure application code
Encloses current-carrying parts
Parts with No parts with
insulation less insulation less Direct support Indirect support Enclosure
Supply than 0.028 inch than 0.028 inch of current- of current- application
connection (0.71 mm) thick (0.71 mm) thick carrying parts carrying parts code
Conduit X - - - 1
Conduit - X - - 2
Conduit X - X - 3
Conduit X - - X 4
Condit - 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
ignition Electrical End produgt tests®
Maxi- Maxi-
) mum mum
Appli- Mjni- Maxi- Mini- high | compar- | Volume
cation mum Maxi- mum mum voltage ative resist-
code flamm- | mum hot high dielec- track | tracking | ivity® 50
(see abjlity wire current tric rate index me Input | Crush | [Mold
Table 6.3 | clagsifi- | (HWI)® | (HAI® | strength, | (HVTR)® | (CTI)® | gohms | resist- | resist- | $tress | Strain
for code) | cation® PLC® PLC® volts® PLC® PLC® | /cmwet | ance | ance | [relief | relief
1 Y 3 2 5000 - - X X X - -
2 Vv - 2 5000 - - - X - X -
3 8V 3 2 5000 1 4 X X X X -
4 8V 3 2 5000 - - X X X - -
5 \Y = 2 5000 - - - X - - -
6 8V 3 2 5000 - - X X X - X
7 8V - 2 5000 - - - X - X X
8 g\ 3 2 5000 1 4 X X X X X
9 5V 3 2 5000 - - X X X - X
10 5V - 2 5000 - - - X - - X

& 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 746A.

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

4 Tests are to be conducted in accordance with UL 746C.
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Table 6.5
Polymeric outer jacket
Burning characteristics
Maximum Minimum
flame spread flammability Moisture
Part Impact test” index® classification® resistance*
Outer jacket, indoor only
A. Less than 10 square feet (0.93 m?) and all X - HB -
dimension less than 6 feet (1.83 m)
B. 10 square feet or more, or a single dimension X 200 HB -
greater than 6 feet
Outer Jacket, dgmp locations
A. Less than 10 square feet (0.93 m?) and all X - HB X
dimensior] greater than 6 feet (1.83 m)
B. 10 squre feet or more, or a single dimension X 200 KB X
greater thhn 6 feet
@ Test is to be copducted in accordance with the Resistance to Impact Test described in the Standard for Polymeric|Materials —
Use in Electrical|Equipment Evaluations, UL 746C.
® The maximum flame spread index is to be determined by the method described in the Standard for Test for Surfage Burning

Characteristics g
heat Energy Sol

¢ The flammabili
Materials for Par

4 Moisture resist
D570, and the m
Property Evalua

f Building Materials, UL 723, or in accordance with the Test for SurfaCe Flammability of Materials U
rce, ASTM E162.

ts in Devices and Appliances, UL 94.

hnce is to be determined in accordance with the Standard Test Method for Water Absorption of Pla
lethod for measuring water absorption of polymeric matérials in the Standard for Polymeric Materig
ions, UL 746A.

y classification is to 00 19 be determined by tests described in the Standard for Tests for Flammabjility of Plastic

sing a Radiant

stics, ASTM
Is — Short Term

7 Mechanical Assembly

7.1 An electr

7.2 A surface-mounted temperature control shall be:

a) Seg
determ
31;or

b) Seclired directly to the storage tank by positive fastening means such as screws or

cal component shall be secdrely mounted in place.

ured indirectly 40-the storage tank by a bracket so as not to be readily
ned by the Mounting Test of Surface-Mounted Temperature Controls descril]

displaced, as
ed in Section

stud and nut.

8 Accessibi

8.1

DLF Live P

unintentional contact with an uninsulated live part.

A live electrical part of a water heater shall be so located or enclosed to reduce the risk of

8.2 An uninsulated live part 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 when the unit is marked as indicated in 48.1.

8.3 When a marking draws the attention of the user to an opening of any size for the insertion of a tool to
adjust a thermostat, operate a reset mechanism, or any similar activity, the construction shall reduce the
risk of contact with any uninsulated live part. The construction complies with this requirement when a 1/16
inch (1.6 mm) diameter rod does not contact any uninsulated live part when inserted through such an
opening.


https://ulnorm.com/api/?name=UL 174 2021.pdf

DECEMBER 16,

2021 UL 174

13

8.4 A barrier provided to reduce the risk of contact with a live part as required in 8.2 shall comply with all
the following items. Thermal insulation shall not be employed for purposes of compliance with this
requirement. The barrier shall:

a) Be an electrical insulating material having a temperature rating of at least 90°C (194°F);

b) Be at least 1/16 inch (1.6 mm) thick;

Exception: A barrier is not required to be at least 1/16 inch (1.6 mm) thick, when it is not less than
1/32 inch (0.8 mm) thick, and ribs or other means of providing mechanical strength, equivalent to a
1/16 inch (1.6 mm) thick barrier, are provided as determined by 32.1.

c) Extend at least 1/16 inch (1.6 mm) beyond any uninsulated live part (including any uninsulated

portior

d) Be
pull te
means

8.5 When 4
uninsulated ¢
made.

of the conductor); and

ecured in place by at least two independent means that have been subjecte
5t described in 32.2. Two parallel or symmetrical tabs are to be identified’as tw
of securement when they project from two different points on the,barrier.

cover or barrier is provided to comply with 8.2, no more.than 1/8 inch (3
pnductor shall extend from a terminal covered by this cover or barrier aften

9 Wetting of Live Parts

9.1
does not resu
for this purpos

9.2 Adrain
any electrical

10 Corrosiq
10.1

10.1.1 Anir
other equivale

Exception: W

General

An elecfrical part (including internal wiring) shall bedocated so that a leak at any pg

tin such a part being submerged in an accumulation of water. When a drain h
e, it shall have an area no less than 0,049 square inch (31.61 mm?).

alve, if provided, shall be positioned or provided with tubing so that water dg
parts.

n Resistance

bn or steekypart shall be made resistant to corrosion by enameling, galvaniz
nt means,when such corrosion results in a risk of fire, electric shock, or injury t

heh,the oxidation of steel is not accelerated by exposure of the metal to air &

i to the barrier
0 independent

.2 mm) of an

connection is

int in the tank

Dle is provided

es not contact

ng, plating, or
0 persons.

nd moisture —

PXIRTOAN 7 anaa nf ohant ofan] an-o

thickness of n

£ and fopmanarad ) alon bajne fanfnyo QL wathin
retarandad e peratarc—arsU-oCnTg 1actors ourTacC o U SrCCTStC et all

required to be corrosion resistant.

10.2 Storage tanks

10.2.1

resistant to corrosion.

closure is not

A steel storage tank having a wall thinner than 1/4 inch (6.4 mm) shall have the inside surface

Exception: This requirement does not apply to a storage tank that carries the American Society of
Mechanical Engineers (ASME) Code symbols described in Storage Tank, Section 25.
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11 Electrical Supply Connections — Permanent Connection
1.1 General

11.1.1 An electrical supply connection (branch-circuit wiring) is one that is made to the source of
electrical supply when a heater is installed in the field.

11.1.2 A water heater shall have provision for the connection to a permanent wiring system in
accordance with 11.3.1. The sheet metal surrounding the opening for permanent wiring connection shall
be of such thickness or shall be formed or reinforced such that it has rigidity no less than that of a flat sheet
of the same material having an average thickness no less than 0.053 inch (1.35 mm) if uncoated and
0.056 inch (1.42 mm) if galvanized.

Exception No [1: A small capacity storage tank water heater is not required to be permanently connected
when it complies with Electrical Supply Connections — Cord Connection, Section 12.

Exception No.|2: A water heater rated 120 volts or less is not required to be permanently cohnected when
it complies with Electrical Supply Connections — Cord Connection, Section 12:

11.2 Field-wiring compartment

11.2.1 A heater shall be provided with a compartment for connection to the supply (branch gircuit) wiring.
The volume of|the compartment shall be no less than as indicated in Table 11.1. Each condugtor extending
outside the cpmpartment and terminating inside the compartment is counted as one conductor. The
thickness of apy metal used for such a compartment shall bé as indicated in Table 6.1 or Table 6.2.

Table 11.1
Minimum volumeg of field-wiring compartment
Size of conductor?® Free space within compartment for each cqnductor
AwG (mm?) inch® (cm?)
14 (2.1) 2 (32.8)
12 (3.3) 225 (36.9)
10 (5.3) 25 (41.0)
8 (8.4) 3 (49.2)
6 (13.3) 5 (81.9)
a For 4 AW.(21,2'mm?) or larger conductors, the minimum wire-bending space in Table 11.2 shall be provided.

Table 11.2
Minimum wire-bending space
Minimum bending space from connector, lug,
Size of wire knockout, or hole to wall?

AWG (mm?) inch (mm)

14 -10 (2.1-5.3) Not specified (=)
8-6 (8.4-13.3) 1-1/2 (38.1)
4-3 (21.2-26.7) 2 (50.8)
2 (33.6) 2-1/2 (63.5)

Table 11.2 Continued on Next Page
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Table 11.2 Continued
Minimum bending space from connector, lug,
Size of wire knockout, or hole to wall®
AWG (mm?) inch (mm)
1 (42.4) 3 (76.2)
@ When a conductor is restricted from bending by a barrier or otherwise where it leaves the lug, the distance is to be
measured from the end of the barrier.

11.2.2 The depth of the compartment in the vicinity of any opening at which supply conductors enter shall
be such that the required space for wire bending and manipulation remains between any wire connector,

wiring lug, co

duit knockout, or conduit hole and any wall of the wiring compartment that re

ults in the wire

bending, as s

11.2.3 The g
field, whether
minimum trad

equipment draws, and the minimum conductor size that is required when aluminum supply

used.

11.2.4 A ter

inspection of {he connections without moving the installed heatef.

11.2.5 The accessibility for inspection required in 11.2.4.is“identified as intended when, a

has been inst
other than thg
terminal comy
with a vertical
heater. The p
is cylindrical i

11.2.6  Wirin
of any sharp ¢

11.2.7 Elect
the Standard

11.2.8 Fittin
and Cable Fit

pecified in Table 11.2.

ize of the opening provided in the wiring compartment for the connection of]

e size of conduit that is used, considering no less than 125 ‘percent of t

minal box or compartment for field connection to thé“ power source shall be

blled in its intended operating position, the{connections are examined without
ordinary type, such as an offset screw driver, and similar tools, or disturbing th
artment. It is to be assumed that the@rear of a water heater of the table-top tyy
wall, and that cabinets as high and-as deep as the heater are in contact with t
Dssibility of installation close to*vertical walls is to be disregarded in evaluatin
 shape.

 space or other compartments intended to enclose wires that are field installe
dge, burr, or fin that.damages the conductor insulation.

rical (Junction) boxes shall comply with the Standard for Metallic Outlet Boxe
for Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C, as 4

gs foficonduit and/or metal clad cable shall comply with the Standard for Cqg

conduit in the

in the form of a knockout or an open hole, shall be sized to accommodate n¢ less than the

he current the
onductors are

accessible for

fter the heater
using a tool of
e wiring in the
e is in contact
he sides of the
j a heater that

d shall be free

s, UL 514A or

pplicable.

nduit, Tubing,

ingsyUL 514B.

11.3 Field-wiring terminals and leads

11.3.1

supply conductors.

A water heater shall be provided with wiring terminals or with pigtail leads for connection to the

11.3.2 Each wiring terminal shall accommodate connection of supply conductors having an ampacity of
no less than 125 percent of the current the equipment draws. When the current is 24 amperes or less, the
terminal shall be able to accommodate the connection of a 10 AWG (5.3 mm?) copper wire, or a 8 AWG
(8.4 mm?) aluminum wire when the equipment is to be connected with aluminum supply conductors.

11.3.3 A pigtail lead shall be no more than two wire sizes smaller than the supply conductor (copper) to
which it is connected.
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Exception: Multiple leads, when provided, are not required to comply with this requirement when the sum
of the conductor cross-sectional areas of such leads for any given pole are equivalent to the size specified
in this paragraph; however, in no case shall any pigtail lead be smaller than 14 AWG (2.1 mm?).

11.3.4 The free length of a lead inside an outlet box or wiring compartment shall be at least 6 inches (152
mm) when the lead is intended for field connection to an external circuit.

11.3.5 A field-wiring terminal, that is in accordance with the marking described in 49.5, shall be capable
of being used for the connection of either:

a) A copper supply conductor only; or

b) AI"I iulll;llulll Ul d COUOPPJCTI DUIJIJiy bUIIdUbtUI.

11.3.6 A wirijng terminal shall be provided with a soldering lug bolted or held by,\a screw, or with a
pressure wire fonnector.

Exception: A Wire-binding screw is capable of being used at a wiring terminal for the conngction of a 10
AWG (5.3 mmf) or smaller conductor when upturned lugs or the equivalent.aré provided to hpld the wire in
position.

11.3.7 A wiring terminal shall be prevented from turning.

11.3.8 When| a screw and washer construction is employed at a wiring terminal, the binding screw shall
be no smaller than No. 10 (4.8 mm major diameter).

Exception: A No. 8 (4.2 mm) machine screw is capable of being used at a terminal intendgd only for the
connection of b 14 AWG (2.1 mm?) conductor.

11.3.9 A terminal plate tapped for a wire-binding screw shall be of metal no thinner than 0.050 inch (1.27
mm). There shall be no fewer than two full:threads in the metal.

Exception: A glate no thinner than.0.030 inch (0.76 mm) is capable of being used when the tapped threads
have equivaleht mechanical strength.

11.3.10 If required to provide two full threads for the binding screw, a terminal plate shall have the metal
extruded at the tappedhole.

11.3.11  Upturnédiugs or a cupped washer, when employed, shall be capable of retaining 4 14 AWG (2.1
mmz)orlarge conductorunderthe-head-ofthe-serew-orwasherprovidedto-holdthe-wirednposition.

11.3.12 A wire-binding screw shall thread into metal.

11.3.13 A water heater intended for permanent connection to a grounded conductor of a power supply
circuit shall have one terminal or lead identified for the connection of such a conductor. No switch or
overcurrent protective device of the single pole type shall be connected in the grounded conductor.

11.3.14 Terminal blocks shall comply with the Standard for Terminal Blocks, UL 1059.

11.3.15 Electrical Quick Connect Terminals shall comply with the Standard for Electrical Quick Connect
Terminals, UL 310.


https://ulnorm.com/api/?name=UL 174 2021.pdf

DECEMBER 16, 2021 UL 174 17

12 Electrical Supply Connections — Cord Connection
12.1 Power supply cords

12.1.1  With respect to the Exceptions of 11.1.2, a storage tank water heater intended for cord and plug
connection to the supply circuit shall be provided with damp location, hard or extra hard usage flexible
cord, such as Type S, SO, ST, STO, SJ, SJT, SJTO, HS, or HSO cord as described in the National
Electrical Code, ANSI/NFPA 70. The length of the cord external to the water heater, measured to the face
of the attachment plug, shall be no less than 2 feet (0.61 m) nor more than 6 feet (1.83 m).

12.1.2 An attachment plug provided on a small capacity storage tank water heater shall be of the
grounding type and shall be rated in accordance with Table 12.1 and shall comply with the Standard for
Attachment PJugs and Receptables, UL 498.

Table 12.1
Attachment plug rating and supply cord size
Maximum load (amperes) Attachment plug rating
Mpre than No more than Supply cord (AWG) (amperps)
0 10 18 150r 40
10 12 16 150r 40
12 13 16 20
13 16 14 20
16 18 12 30
18 24 10 30
24 25 10 40
25 30 8 40
30 32 6 40
32 40 6 50

12.1.3 A pqgwer supply cord provided on a small capacity storage tank water heafer shall have
conductors of|the size specified in Table 12.1.

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

12.2 Bushings

12.2.1 At a pointwhere=a powet auppiy cord Passes ﬁuuugil an up\:llillg imawath,barrier, or enclosing
case:

a) There shall be a bushing or equivalent that is secured in place; or

b) The opening shall have a smooth, rounded surface against which the cord bears.

12.2.2 A soft bushing of rubber, neoprene, or polyvinyl chloride shall not be used at any point in a water
heater unless the bushing is not relied upon to protect the cord insulation and the edges of the hole in
which the bushing is mounted are smooth and free from burrs, fins, or any sharp edge.
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12.3 Strain relief

12.31

Strain relief, other than a knot in a power supply cord, shall be provided such that mechanical

stress on a power supply cord is not transmitted to terminals, splices, or internal wiring, as determined by
the Strain Relief Test described in Section 37.

12.3.2 Means shall be provided to prevent the power supply cord from being pushed into the enclosure
of a water heater through the cord entry hole when such displacement:

a) Subj

ects the cord to mechanical damage;

b) Exposes the cord to a temperature higher than that for which it is rated; or

c) Red

To determine ¢
Test.

ices spacings to values below the minimum values specified in Table 13.1,

ompliance, the supply cord shall be tested in accordance with Section 38, Pus

13 Electrical Spacings

131

13.1.1 Thee

Exception No
component, a
the electrical
spacings from
13.1.

Exception No
terminal moury
live parts of of

a) The

b) The

General

ectrical spacings in a water heater shall be in accordance with Table 13.1.

1: The spacing requirements in Table 134 do not apply to the inherent
b such spacings are judged under the individual requirements for the compon
clearance resulting from the assembly’ of the component into the heater
parts of such a component to a dead metal part or enclosure, shall be as indi

2: At closed-in points only” such as the screw-and-washer construction o
ted in metal, a spacing 0f-3/64 inch (1.2 mm) is capable of being used betwesg
posite polarity and between uninsulated live parts and dead metal parts when:

heater is rated 250°volts or less; and

boints in question are at other than wiring terminals.

Table 13.1

h Back Relief

spacings of a
ent. However,
Unit, including
cated in Table

[ an insulated
n uninsulated

Minimum electrical spacings

Minimum spacing

parts

straps or busses

uninsulated live parts and dead metal

At wiring terminals, and not connecting

terminals, between:

Through air Over surface
Location in water heater Rated voltage inch (mm) inch (mm)
Between uninsulated live parts of 250 or less 1/16 (1.6) 116 (1.6)
opposite polarity and between More than 250 1/4 (6.4) 1/4 (6.4)

extending from such

Table 13.1 Continued on Next Page
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Table 13.1 Continued

Minimum spacing
Through air Over surface

Location in water heater Rated voltage inch (mm) inch (mm)

A. Uninsulated metal of 250 or less 1/2 (12.7) 1/2 (12.7)

terminal and enclosure metal More than 250 172 (12.7) 112 (12.7)

B. Uninsulated terminal parts 250 or less 1/4 (6.4) 3/8 (9.5)

Cnineuisted terminal pars and | Mere han 250 L ©5) 112 (127)

metal other than the enclosure

that are grounded in service

13.1.2 Anin
less than the
such material
1/64 inch (0.4
spacing.

Exception: In
investigation,

13.1.3 Unle
mica shall be

13.2 Reduc

13.2.1  Wire
shall be secu
heater to the

sulating lining, barrier of fiber, or similar material employed where spacings
required values shall be no less than 1/32 inch (0.8 mm) thick, and shall be s
that it is not adversely affected by arcing. As an alternative to aif\alone, fibe
mm) thick shall be used in conjunction with an air spacing of no less than hg

Sulating material is capable of being used at a thickniess less than specifie
it is determined that it is not adversely affected by ar¢ing.

s it is protected from mechanical damage during assembly and intended us
at least 0.01 inch (0.25 mm) thick.

tion of spacings due to turning or shifting

mesh used to secure thermal insulation in a heater not provided with an o
ed in place so that it does notshift or distort during shipment, installation, or o
extent that spacings to«uninsulated live parts are reduced below the mi

specified in Table 13.1.

13.2.2 Anu
such extent th

13.2.3 Unle

ninsulated live part'shall be secured in place so that it is prevented from turnin
at spacings aré reduced below the minimum values specified in Table 13.1.

bs the construction has been investigated and found to prevent shifting or {

between surfaces shall’not be used to prevent shifting or turning of live parts. A lock washe

otherwise are
O located or of
r no less than
If the required

d when, upon

e, a barrier of

Liter enclosure

peration of the
nimum values

g or shifting to

urning, friction
r is capable of

being used for this:purpose. Thermal insulation alone shall not be used as a means fgr securing an
uninsulated liye\part in place.

14 Grounding

141 General

14.1.1  An exposed dead metal part that becomes energized and a dead metal part within the enclosure

that is exposed to contact during service and that becomes energized shall be conductively connected:

a) To the enclosure at the point of connection of the wiring system; and

b) To the equipment-grounding terminal or lead.

Exception: The requirement for grounding does not apply to:
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a) A small metal part (such as an adhesive attached foil marking label, a screw, or a handle)

that is:

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

grounded metal; or

2) Positively separated from all electrical components.

b) A panel or cover that is insulated from all electrical components by a barrier of vulcanized
fiber, varnished cloth, phenolic composition, or other moisture-resistant insulating material

at least 0.028 inch (0.71 mm) thick and secured in place; and

c) A panel or cover that does not enclose uninsulated live parts and is positively separated

14.1.2 Unle
individual bon

14.1.3 The |
resistant to co
mechanical ah

from other electrical components.

the dead metal parts described in 14.1.1 are bonded together by mechanica
ing conductor or strap shall be used for this purpose.

onding conductor shall be of material intended for use ash™an electrical ¢
frosion. An individual bonding conductor or strap shall be installed so that it is
use.

14.1.4 The Bbonding shall be by a positive means, such as/clamping, riveting, bolte

connection, br
paint.

14.1.5 A seqf
14.1.

Exception No.
conductor is H
when carrying

Exception No.
more than 50
connection do
device for4 m

azing, or welding. The bonding connection shall\penetrate nonconductive coz

arate component-bonding conductor shall be no smaller than the size speq

1: For a branch circuit overctitrent protective device rated no more than 3
ot required to comply with the requirement when the bonding connection @
twice the rated current of the branch circuit overcurrent protective device for 2

2: For a branch cireuit overcurrent protective device rated more than 30 ani
amperes, a conductor is not required to comply with this requirement whe

fasteners, an

onductor and
not subject to

I or screwed
tings such as

ified in Table

0 amperes, a
oes not open
minutes.

peres and no
0 the bonding

bs not open when carrying twice the rated current of the branch circuit overcurfent protective

nutes.

Table 14.1
Grounding/bonding conductor size

Maximum rating or setting of Size of grounding/bonding conductor®
automatic overcurrent device in ]
circuit Copper wire Aluminum wire
amperes? AWG (mm?) AWG (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30-50 10 (5.3) 8 (8.4)

conductors.

& The grounding conductor in the cord for a cord connected supply shall be the same or greater size as the current-carrying

b Or equivalent cross-sectional area.
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14.1.6 The resistance of the grounding path between a dead metal part and the equipment grounding
terminal or point of attachment of the wiring system shall be no more than 0.1 ohm as measured in
accordance with Grounding-Circuit Resistance Measurement Test, Section 34.

14.1.7 A sliding metal top of a heater of the table-top variety is not required to be bonded to the
remainder of the enclosure unless:

a) Switches, thermostats, wiring, or other electrical components are secured to the top; or

b) When the top is in place, electrical components contact it under conditions of distortion that are
encountered in service.

When neithencondition plcvaiia, the aiidillg contacts uapabic of 'ucilly used—forthe req nired electrical
bonding conngction.

14.1.8 A field-wiring terminal intended for the connection of an equipment grounding condluctor shall be
identified by:

a) Usq of a green colored head that is hexagonal shaped or slotted, orboth; or
b) Thg grounding symbol illustrated in Figure 14.1 on or adjacent to the terminal pr on a wiring

diagram provided on the product.

Figure 14.1

Grounding symbol

14.1.9 A pressure wire connector intended for the connection of such a conductor shall be plainly
identified by:

a) Being marked "G," "GR," "GND," "Ground," "Grounding," or the like;
b) A marking on a wiring diagram provided on the water heater; or

¢) The grounding symbol illustrated in Figure 14.1 on or adjacent to the terminal or on a wiring
diagram provided on the product.

14.1.10 A field-wiring terminal intended solely for connection of an equipment-grounding conductor shall
be capable of securing a conductor of the intended size.
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14.2 Conductor identification

14.2.1 The surface of an insulated lead intended solely for the connection of an equipment-grounding
conductor shall be green with or without one or more yellow stripes, and no other lead shall be so
identified.

14.2.2 A terminal intended for the connection of the grounded power supply conductor shall be of, or
plated with, metal that is substantially white in color, and the terminal shall be readily distinguishable from
the other terminal or terminals, or identification of the terminal shall be clearly shown in some other
manner, such as on an attached wiring diagram. The surface of a lead intended for the connection of a
grounded power supply conductor shall be white or gray, and shall be readily distinguishable from the
other lead or leads.

15 Reductian of Risk of Injury

15.1 Sharp ¢dges

15.1.1 An ed
the degree reg
routine user m

15.1.2 The i
outer enclosu
removal of a ci

15.2 Stability

15.2.1 The s
of 10 degrees

15.2.2 The ¢
is manually fil
surface, is mo

15.3 Surface temperatures

15.3.1 A suri
user maintena

ge, projection, corner of the enclosure, opening, or frame shall-be smooth a
uired to reduce the risk of causing a cut type injury when céntacted during inte
aintenance of the water heater.

htended use and routine user maintenance referred to in 15.1.1 includes cl
e, periodic draining of water from the tank, and similar operations, and dosd
bver by means of a tool for the purpose of gaining access to a temperature con

fability of a water heater shall be such that it is not overturned when tipped thr
from its normal, upright position.

tability of a water heateris'to be investigated only when it has flexible water o
ed, and when the height of the center of gravity of the filled heater, above t
e than twice the smallest dimension of the base.

nd rounded to
nded use and

eaning of the
s not include
trol.

bugh an angle

onnections or
he supporting

ace that is subject to contact during operation, or that is capable of being contacted during

nce, shall not attain a temperature greater than the limits shown in Table 28.2.

16 Overcurrent Protection

16.1 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.

16.2 The overcurrent protection devices required in 16.1 shall be provided by the manufacturer as an
integral part of the water heater or shall be provided by the manufacturer as a separate assembly for
independent mounting for use with the water heater. When the overcurrent protection devices are provided
as a separate assembly, the water heater and the overcurrent protection assembly shall be marked as
required in 49.7 and 49.8, respectively.
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16.3 The overcurrent protection specified in 16.1 and 16.2 shall be of a type rated for branch circuit
protection. A cartridge fuse used for this purpose shall be a Class CC, G, H, J, K, R, or T. A plug fuse shall
be used only in circuits of 125 volts maximum.

16.4 Fuseholders shall comply with one of the following:

a) The Standard for Fuseholders — Part 1: General Requirements, UL 4248-1 and the applicable
Part 2 (e.g. UL 4248-9 for Class K).

16.5 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.

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

17 Material$ in Contact with Water
17.1 General
17.1.1 A nophmetallic material in contact with water shall comply~with the requirements o¢f the National
Sanitation Folindation Standard for Plastic Piping System Compgnénts and Related Materigls, ANSI/NSF
No. 14.

17.2 Dip tubes

17.2.1 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.

17.2.2 A dig tube shall have a specific @ravity greater than 0.94 and, when the specific|gravity is less
than 1.0, the dlip tube shall be held in place by a positive means that limits any vertical displlacement to no
more than 1/4 inch (6.4 mm).

17.2.3 A nonmetallic dip tube“shall comply with the tests described in Nonmetallic Dip Tube Tests,
Section 36.

Exception: Ngnmetallic)dip tubes that comply with ANSI Z21.98/CSA 4.10, “Non-metallic dip tubes for use
in water heaters”,“Qr other equivalent nationally recognized standard(s) are not requirefd to meet the
requirements|of Section 36.

17.3 Polymeric storage tank liner

17.3.1 A polymeric liner provided in a storage tank shall have a water vapor transmission (WVT) rate of
less than 5 when measured in accordance with the Test Methods for Water Vapor Transmission of
Materials, ASTM E96.

18 Current-Carrying Parts
18.1 A part used to carry current shall be of copper or copper alloy, aluminum, or equivalent metal.

18.2 Stainless steel and other corrosion-resistant alloys used for current-carrying parts in a water heater
have no restriction as to temperature. Plated iron or steel is capable of being used for current-carrying
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parts when the material is subjected to a temperature higher than 100°C (212°F), and unplated iron or

steel shall not

be used.

18.3 The surface of an aluminum current-carrying part shall be coated at a clamped joint with tin, silver,
nickel, or cadmium.

19

19.1

Internal Wiring

The insulation on a conductor shall be able to withstand the temperature to which the insulation is

subjected in service. Wire employed for internal wiring shall be rated for the intended operating
temperature and application.

19.2 A splicq

19.3 A splic
permanence g

or connection shall be mechanically secure and shall provide electrical contad

b

b shall be provided with insulation equivalent to that on the wires involve
f spacing between the splice and uninsulated metal parts.

19.4 Alumindgm conductors, insulated or uninsulated, used as internal wiringy’such as for in

between curre
of metals invo

19.5 When ¢
device for alu
example, temg

19.6 Wiring
risk of contact

19.7 When g

nt-carrying parts, shall be terminated at each end by a method intended for th
ved at the connection point.

wire-binding screw construction, or a pressure Wire connector is used as
minum wire, it shall be intended for use with, aluminum under the conditiong
erature and heat cycling).

ithin an enclosure, compartment, or.raceway shall be located or protected
with any sharp edge, burr, fin, or moving part, that damages the conductor inst

tranded internal wiring is connected to a wire-binding screw, loose strands of

be prevented from contacting any other uninsulated live part that is not always of the same

wire, and from

contacting any dead metal part. Methods to accomplish this include using pre

connectors, soldering lugs, or crimped eyelets, by soldering all strands of the wire togethe

equivalent me

aNsS.

d to maintain

terconnection
e combination

a terminating
involved (for

to reduce the
lation.

the wire shall
polarity as the
ssure terminal
r, or by other

19.8 Wiring @mploying wax impregnated insulation shall not contact a control unit other than at the point

of connection
a downward d

bf the metal.conductor in a wire to a terminal of a control. The wire shall leave
rection!

19.9 Wire co

he terminal in

nnectors shall comply with the Standard for Wire Connectors, UL 486A

+486B or the

Standard for Splicing Wire Connectors, UL 486C.

19.10 Thermoplastic wiring material shall comply with the Standard for Thermoplastic-Insulated Wires

and Cables, U

20 Electrica

L 83.

| Insulation

20.1 Insulating washers and bushings that are parts of a water heater, and bases or supports for the
mounting of current-carrying parts shall be of a moisture-resistant material that is not affected adversely by
the temperatures to which the parts are subjected in use.

20.2 Electrical insulating material employed in a heater is to be judged with respect to its intended use.
Materials such as mica, some molded compounds, and certain refractory materials are usually intended
for use as the sole support of uninsulated live parts. Certain other materials that are not intended for
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general use, such as magnesium oxide, shall be used only in conjunction with other insulating materials
rated for use or when located and protected so that mechanical injury and the absorption of moisture do
not occur. When an investigation is required to determine the acceptability of a material, consideration is to
be given to mechanical strength of the material, its dielectric characteristics, insulation resistance, heat-
resistant characteristics, the degree to which it is enclosed or protected, and any other features that affects
the risk of fire, electric shock, or injury to persons in conjunction with the conditions of actual service.

20.3 The mounting or supporting of small, fragile insulating parts, screws, or other fastenings shall not be
so tight as to result in the cracking or breaking of these parts as a result of expansion and contraction.

21 Thermal Insulation

21.1 Generjl

21.1.1  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 showr by investigation to be
intended for $uch use. Thermal insulation in contact with wiring shall be nonabsorbent and resistant to
combustion.

21.1.2 Therlnal insulation not in contact with a live part or wiring shall-lbe material that hgs been shown
by investigation to be intended for such use.

Exception: The investigation referred to in this paragraph is\to be waived when each water heater is
subjected to| a routine production line dielectric voltage-withstand test in accordante with 30.1.
Alternatively, g 1 second application of a test potential of 1500 volts is to be made on each heater rated at
250 volts or lgss, and a 1 second application of a test\potential of 2500 volts is to be made ¢n each heater
rated at more(than 250 volts.

21.2 Polymegric foam

21.2.1  When polymeric foam is used asthermal insulation:

a) Thg foam shall be completely enclosed by sheet-metal having a thickness as ind|cated in Table
6.1 or py a polymeric outer jacket that complies with 6.3.2;

b) All ¢nclosure fastening means shall be mechanically secured;

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

d) Theg foam shall be located no less than 2 inches (50.8 mm) from any electrical CO||nponent, such
as a thermostatorteatingeferment;amd

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

Exception No. 1: With regard to (a), foam that has a flame spread classification of 25 or less as shown by
the requirements in the Standard for Test for Surface Burning Characteristics of Building Materials, UL
723, is not required to be enclosed in metal.

Exception No. 2: As an alternative to (a), polyvinyl chloride, polyethylene, or the equivalent shall be used
in place of enclosure metal at a plumbing connection when the opening at the connection does not exceed
three times the diameter of the pipe.

Exception No. 3: With regard to (c), the foam shall not be in contact with internal wiring unless the
entrance and exit wiring holes are sealed with polyvinyl chloride grommets or sealing compound.
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Exception No. 4: 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

b) No fire occurs as a result of the electrical disturbance test described in Electrical Disturbance
Test of Foam Thermal Insulation, Section 39.

Exception No. 5: With regard to (e), a foam is not required to be temperature rated as specified in UL 7468
if it is not subjected to temperatures exceeding the temperature requirements documented by the foam
manufacturer.

22 Heating Elements

22.1 Generdl

22.1.1 A hedting element shall be supported so that it is not subjected to.mechanical abuse and contact

)
with outside objects.

22.1.2 Awra
determine whe

paround element shall be secured in place so thatrit\does not loosen. An inve
ther the construction complies with this requirement.

stigation is to

22.2 Sheathed elements

22.2.1 A she for Sheathed

Heating Elemd

athed heating element shall comply-with the requirements in the Standard
nts, UL 1030.

22.2.2 Unles
with the requir

s of the immersion type, a sheathed heating element shall be in an enclosure
ements in Table 6.1.

that complies

23 Temperature-Regulating Controls

23.1 A wate
water tempers
the water temy

23.1.1 An el
regulating co

heater shall, be’ provided with a temperature regulating control and be su
ture test spegcified in 29.1. The water heater complies with the test when the
eraturete'85°C (185°F) or less.

bctro-mechanical temperature-regulating control shall comply with the wate

bjected to the
control limits

r temperature

UIPN N mantae—of th QiAo £y nad-R

PETRTTT-N Tomperatiire-lndicatina—as acHHat
O TCOUUITCTTICTTIS U e owanuara— o roerrperatarermarcatrtyg—aria - reguoratn

Equipment,

UL 873 or the Standard for Limit Controls, UL 353.

23.1.2 An electro-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, or any apparent damage. Any change in calibration as a
result of the continued operation test shall not exceed £10°F (£5.6°C).

23.1.3 An electronic temperature-regulating control with switched outputs that relies on hardware
circuitry only to regulate or maintain the temperature within the limits specified in 23.1 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 Equipment, UL 873, and;
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b) The Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991, with
no single points of failure permitted.

23.1.4 An electronic temperature-regulating control that relies on software to regulate or maintain the
temperature within the limits specified in 23.1 shall, in addition to 23.1.3, comply with the requirements for
software Class 1 in accordance with the Standard for Software in Programmable Components, UL 1998.

23.1.5 Electronic temperature-regulating controls 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 +10°F (£5.6°C).

23.1.6 As ap alternate to 23.1.1 — 23.1.5, a temperature regulating control shall be invegtigated to the
Standard for Automatic Electrical Controls; Part 1: General Requirements, UL 60730-1 ang the Standard
for Automatic| Electrical Controls; Part 2: Particular Requirements for Temperature (Sensing Controls, UL
60730-2-9 utilizing the declarations described in Table 23.1.
Table 23.1
Temperature-regulating (operating) control parameters
UL 60730-1,
Table 1 item Information Control requirement
number?
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-Disconnection (B) Electronic Digconnection (Y)
39 Type 1 or Type 2 action Type 2
40 Additional features Automatic reset
41 Manufacturing Deviation, maximum +7°F (£3.9°C)
42 Drift Not vary from the as-received temperafure by more
than 10°F (5.6°C) of the setpoint température.
48 Operating value 85°C (185°F) maximum setpoint normal operation
49 Pollution degree Pollution degree 2 ©
52 The minjmum parameters of any heat dissipater (heat Must be specified
sink) nef\provided with an electronic control but
essential to its correct operation
53 Output waveform if other than sinusoidal Must be specified
58a Required protection/immunity from mains borne Required®
perturbations, magnetic and electromagnetic
disturbances
60 Surge immunity IEC 61000-4-5 installation Class 3. Overvoltage
category IlI°
69 Software Class B¢
74 External load and emission control measures to be Must be specified
used for test purposes
91 Fault reaction time Must be specified
92 Class or classes of control function(s) B

@ 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.

Table 23.1 Continued on Next Page
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Table 23.1 Continued
UL 60730-1,
Table 1 item Information Control requirement
number?

Standard should

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

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 Ill applies for permanently-connected equipment. For cord-connected equipment,

Overvoltage Category Il applies;

c) Test Level 3.

¢ Overvoltage C
applies.

4 Does not apply]
¢ Pollution Degrd

tegory Ill applies for permanently-connected equipment. For cord-connected equipment, Overyolf

to electromechanical controls or controls with protection implemented in hardware only £ see Iteni

e 2 applies except when the manufacturer declares Pollution Degree 3 due to exposurgtof conderjsation or water
to the control dufing normal operation.

age Category Il

92.

23.2 Atemp
shall be inher|
setting.

23.3 The tern
control positio

Exception: Wi
temperature rg
than 51.7°C
(140°F).

23.4 When t
used as the s¢
valve shall co
Actuated Mixi
standard.

24 Tempera

24.1 A water

brature-regulating thermostat shall have no marked dial setting more than 77°
ently designed or provided with a stop to prevent its adjustment to a highe

nperature-regulating control required by 23.1 shall be set before leaving th
N corresponding to a water temperature no higher than 51.7°C (125°F).

hen the water heater is equipped with a thermostatic mixing valve in a
bgulating control, the factory setting ofthe water temperature mixing valve sha
125°F) and the temperature-regulating control shall be factory set no high

ne water heater is equipped with a thermostatic mixing valve, the mixing valv
le means of water temperature regulation to meet the requirements of 23.1 3
mply with the requirements of ASSE 1017 “Performance Requirements for
hg Valves for Het' Water Distribution Systems” or an equivalent national

ture-Limiting Controls

C (171°F) and
I temperature

e factory to a

dition to the
Il be no higher
er than 60°C

e shall not be
nd the mixing
Temperature
y recognized

nstalled direct

heater with a tank closed to the atmosphere shall be equipped with a factory i

or indirect acti

Ng manually reset temperature-limiting control that:

a) Is functionally separate from the temperature-regulating control;

b) Opens all ungrounded power supply conductors to the heater;

c) Is located such that the manual reset actuator is readily accessible to the user;

d) Limits the water temperature to no higher than 99°C (210°F) when tested as described in 29.2
regardless of the position of the actuating handle or button lever (that is, the control is "trip free");

and

e) Does not automatically reclose at temperatures above 0°C (32°F).
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2411 An electro-mechanical control shall comply with 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.

24.1.2 A manually reset electro-mechanical temperature-limiting control shall be investigated and found
acceptable for continuous operation for 6,000 cycles (1,000 under rated electrical load and 5,000 without)
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 +10°F
(£5.6°C).

24.1.3 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) Thg Standard for Limit Controls, UL 353, or the water heater limiting control requirements in the
Standard for Temperature-Indicating and Regulating Equipment, UL 873, and;

b) Thg Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991 with
no single points of failure permitted.

24.1.4 An electronic temperature-limiting control that relies on softwargto limit the tempergture within the
limits specifigd in 24.1 shall comply with the requirements for software Class 2 in accordance with the
Standard for $oftware in Programmable Components, UL 1998.

24.1.5 An ¢lectronic temperature-limiting control shall¢be" investigated and found 4qcceptable for
continuous operation for 6,000 cycles (1,000 under rated>electrical load and 5,000 without) of operation
without any mpechanical or electrical breakdown, impairment of operation, or any apparen damage. Any
change in calipration as a result of the continued operation test shall not exceed +10°F (+5.6°C).

24.1.6 As an alternate to 24.1.1 — 24.1.5, temperature-limiting controls shall be invegtigated to the
Standard for|Automatic Electrical Contrals =~ Part 1: General Requirements, UL 6073(-1, and , the
Standard for Automatic Electrical Controls)— Part 2-9: Particular Requirements for Tempefature Sensing
Controls, UL §0730-2-9 utilizing the declarations specified in Table 24.1.

Table 24.1
Temperature-limiting (Thermal cutout, protective) control parameters

UL 60730-1,

Table 1 item Information Control requirement

number ?

6 Purpose of control Manually reset thermal cut-out

7 Type of load controlled AC heater (resistive load) AC Pump (motor load)

27 Number of Automatic cycles (A) 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

40 Additional features Automatic reset

41 Manufacturing Deviation, maximum +7°F (£3.9°C)

42 Drift Not vary from the as-received temperature by more
than 5 percent of the Fahrenheit setpoint temperature,
or by more than 10°F (5.6°C) of the setpoint
temperature, whichever is the greater.

48 Operating value 99°C (210°F) maximum setpoint

Table 24.1 Continued on Next Page
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Table 24.1 Continued
UL 60730-1,
Table 1 item Information Control requirement
number ?
49 Pollution degree Pollution degree 2°
52 The minimum parameters of any heat dissipater (heat Must be specified
sink) not provided with an electronic control but
essential to its correct operation
53 Output waveform if other than sinusoidal Must be specified
58a Required protection/immunity from mains borne Required®
perturbations, magnetic and electromagnetic
disturbances
60 Surge immunity IEC 61000-4-5 installation Class 3. Ovgrvoltage
category IlI°
69 Software Class c
74 External load and emission control measures to be Must be specified
used for test purposes
91 Fault reaction time Must be specified
92 Class or classes of control function(s) C

@ This table shol
-Regulating Equ

b For the purpos
of the Standard
Standard should

¢ Overvoltage C
applies.

4 Does not apply
€ Pollution Degrd

to the control dufing normal operation/

Id be used as a correlation for the parameters specified for the Standard for Temperature-Indicatin
pment, UL 873 and the Standard for Limit Controls, UL 353 evaluations.

p of the tests specified in the Electromagnetic compatibility (EMC) requirements - immunity Annex
or Automatic Electrical Controls, Part 1: General Requirements; UL 60730-1, the products covere
be considered as:

a) Installation Class 3 for indoor use, or 4 for outdoormse’ (See the Explanatory notes for surge im
[Annex R of UL 60730-1);

b) Overvoltage Category Ill applies for permanéntly-connected equipment. For cord-connected eg
Overvoltage Category Il applies;

c) Test Level 3.

to electromechanical controls or’controls with protection implemented in hardware only — see Iten]
e 2 applies except when:the manufacturer declares Pollution Degree 3 due to exposure of conden

tegory Ill applies for permanently-cohiiected equipment. For cord-connected equipment, Overvoltage Category |

g and

H, Section 26
by this

munity test,

uipment,

92.

sation or water

24.2 With re
when there is
regardless of t

erence to"24.11(e), a control that is either single pole or multipole is capable
bne polé in each ungrounded power supply conductor. The requirement in thg
he number of power supply circuits connected to the heater.

of being used
t item applies

24.3 Thete

perature-timiting controt tircuit shattbe designed suchthatamatfunctionrofa

y component

in the temperature-regulating or other operating control circuit will not adversely affect the operation of the
safety limit control circuit.

24.4 When the temperature-limiting control is in the control circuit of a magnetic contactor or relay, such
contactor or relay shall be wired so that it is not actuated by a temperature-regulating thermostat.

24.5 Components including sensors, 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.
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25 Storage Tank
251 A storage tank shall be marked with the symbol of the Boiler and Pressure Vessel Code,

ANSI/ASME BPV, consisting of the Code FW, H, HLW, or U in a clover leaf.

Exception No. 1: This requirement does not apply to a water heater having a tank open to the atmosphere.

Exception No. 2: A metal storage tank is not required to be marked with the ASME code symbol when the
tank complies with the storage tank hydrostatic pressure test requirements specified in 35.1 and 35.2.

Exception No. 3: A fiberglass-reinforced plastic storage tank is not required to be marked with the ASME

code symbol
35.3.

252 The h
Hydrostatic P

25.3 Astorg
opening:

a) Sha

b) Sha
c) Sha
d) Shg

4.5 kilpwatts, and shall accommodate a 3/4 inch (19.1 mm) or larger trade size pipe v

is 4.5

PERFORMANCE

26 Power In

26.1 The po

hen , ! E i« hydl i

drostatic test specified in 25.1 shall be conducted in accordance with
ressure Test, Section 35.

ge tank shall have an opening for installation of a temperaturé\and pressure re

Il be located:
1) In the top of the tank; or
2) With its center line in the upper 6 inches (152 mm) of the side.

Il be separate from the openings for water connections.

Il accommodate a 1/2 inch (12.7 mm) or larger trade-size pipe when the rati

ilowatts or more.

put Test

wer input to a water heater shall be no more than 105 percent of its marked ing

On 4

Il be threaded in conformity with the-requirements for Pipe Threads, ANSI B2.1.

ed in 35.1 and

Storage Tank

lief valve. The

hg is less than
hen the rating

ut rating.

26.2 To det

e comptiance with 26—t the heateristobetonmectedtoasuppty tircui

of voltage as

specified in 26.3, and the power input is to be measured with the heater operating under full load

conditions as

26.3 Thesu

described in 28.2.1 — 28.2.9.

pply voltage for the test described in 26.2 is to be as follows:

a) For a heater rated 120 volts or less, or with a range of voltages (such as 105 — 110 volts) where
no voltage within the range exceeds 120 volts, the test voltage is to be 120 volts.

b) For a heater with a single voltage rating that exceeds 120 volts, the test is to be conducted at the
rated voltage. When the single voltage rating falls within the range of 220 — 240, 254 — 277, or 440
— 480 volts, the test is to be conducted at the maximum voltage in the particular range.

c) For a heater with a range of voltages, any part of which exceeds 120 volts, the test is to be
conducted at the highest voltage of the rated range.
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27 Insulation Resistance Test

27.1 A heating element employing insulating material that is affected adversely by moisture shall have
an insulation resistance of no less than 50,000 ohms after exposure for 24 hours to moist air having a
relative humidity of 85 +5 percent at a temperature of 32.0 +2.0°C (89.6 +3.6°F).

27.2 Insulation resistance is to be measured by means of a high resistance voltmeter having an input
impedance of no less than 30,000 ohms, using a 250 volt direct current circuit. The voltmeter is used to
measure voltage drop across the resistance of the insulation, and the insulation resistance is then to be
calculated.

28 Temperature Test

28.1 General
28.1.1 A watpr heater shall be subjected to the temperature tests described in 28.2:1 — 28.4.4.
28.2 Maximym load
28.2.1 A waler heater shall be subjected to a heating test as specified in 28.2.2 — 28.2|9. The water
heater complies with the requirement when the temperature rise)at specific points is mo more than
specified in Table 28.1, or when the temperature at any other point is not so high as to resulf in a fire or to
affect adversely any material employed in the heater.
Table 28:1
Maximum temperature rises
Materials and components °C (°K)
1. Varnighed cloth insulation 60 (108)
2. Class|CC, G, J, and T fuses 852 (1582)
3. Fuseg other than Class CC, G, §;and T 652 117%
4. Fiber used as electrical insdlation 65 (11y7)
5. Wood or other combustible‘material including the surfaces 65 (1)
suppqrting or adjacentto the heater
6. Phenglic compgsition used as electrical insulation or as a 125 (22p)
part whose faildre results in a risk of fire or electric shock®
7. Insuqted Wire or cord 25 less than its (75) less|than its
established temperature | established temperature
rating® rating®
8. At any point within a terminal box or compartment of a 35 (63)
permanently connected appliance?
9. Sealing compounds e (e)
10.  Capacitors 25 less than marked limit (75) less than marked
limit
11. Copper or copper base alloy conductor (bare or insulated) 175 (315)
without tinning, nickel coating, or silver plating, except as
noted in item 12
12.  Atermination of a copper or copper base alloy conductor 125 (225)
in a pressure terminal connector unless both are tinned,
nickel coated, or silver plated.

Table 28.1 Continued on Next Page
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Table 28.1 Continued

Materials and components °C (°F)

@ A fuse that has been investigated and found intended for use at a higher temperature shall be used at that temperature.

® The limitation on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds that have
been investigated and determined to have special heat-resistant properties.

¢ Inside a water heater, the temperature rise on a wire or cord shall be greater than the specified maximum rise when the
insulation on each individual conductor is protected by supplementary insulation, such as braid, wrap, tape, or close-fitting
tubing that is rated for the temperature and type of insulation provided.

91t is to be assumed that field installed conductors or splices are capable of touching the tank or other parts located in or
back of the terminal box or compartment even though such components are covered with thermal insulation.

¢ Unless the material is thermal-setting, the maximum sealing compound temperature, when corrected to a 25°C (77°F)
ambient tem i ° ° i i i Method for

Softening Ppint by Ring-and-Ball Apparatus, ASTM E28.

28.2.2 To de¢termine compliance with 28.2.1, the heater is to be tested under conditions
those of interlded operation, and as noted in this section. It is to be supported”oh a horizpntal softwood
surface and placed in a wall angle of 90 degrees formed by two black-painted, vertical surfages of 3/8 inch
(9.5 mm) thigk plywood having width and height such that they extend _ho“less than 2 feet (610 mm)

approximating

beyond the p
as its constru
on nearby su

supply voltag¢ is to be as described in 26.3.

28.2.3 The
community w.

28.2.4 All th

operated unfjl constant temperatures are attained. Temperature readings are to beg

thermocouple

28.2.5 Unle
temperatures

ysical limits of the heater. The heater is to be located as close to the sides of|
ction permits so that maximum heating of the walls occurs:-Temperatures are {
faces, on the supporting surface, at points of supparty‘and at other points as

ermostats are to be set to give theimaximum water temperature, and the |

s, as described in 28.2.8.

ES a heater involves unusual features of design or construction, it is to be
have become constant after the heater has been operated as follows. Afte

the wall angle
0 be observed
required. The

Lemperature of the cold water supply is to be that at which the water is obtained from the
ter main.

eater is to be
obtained by

assumed that
r a full tank of

water has be
fourth of the h
allowed to h

en heated to the témperature at which the temperature-regulating thermostats open, one-
ot water is to be-drawn off and replaced promptly with cold water. The appliange is then to be
bat again until. the thermostats open, at which time temperatures are tol be observed

immediately.

28.2.6 All valuesfor temperature rises in Table 28.1 are based on an assumed ambient {emperature of
25°C (77°F). However, tests are conducted at any ambient temperature within the range of{10 — 40°C (50
— 104°F).

28.2.7 Temperatures are to be measured by thermocouples consisting of wires no larger than 24 AWG
(0.21 mm?) and no smaller than 30 AWG (0.05 mm?). When thermocouples are used in determining
temperatures in electrical equipment, it is standard practice to employ thermocouples consisting of 30
AWG iron and constantan wire and a potentiometer type instrument. Such equipment is to be used
whenever referee temperature measurements by thermocouples are required.

28.2.8 A temperature is determined to be constant when three successive readings, taken at intervals of
10 percent of the previously elapsed duration of the test (and no less than 5-minute intervals), indicate no
change. The thermocouples and related instruments are to be accurate and calibrated in accordance with
laboratory practice. The thermocouple wire is to conform with the requirements listed in the Initial
Calibration Tolerances for Thermocouples table in Temperature Measurement Thermocouples, ANSI/ISA
MC96.1.
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28.2.9 A thermocouple junction and adjacent thermocouple lead wire are to be held in thermal contact
with the surface of the material whose temperature is being measured. In most cases, the required thermal
contact results from taping or cementing the thermocouple in place and, when a metal surface is involved,
brazing or soldering the thermocouple to the metal is required.

28.3 Surface temperatures

28.3.1 During the test described in 28.2.1 — 28.2.9, temperature readings are to be observed on surfaces
of the heater that are accessible to contact by persons while the heater is in use. The surface
temperatures comply with the requirement when these temperatures do not exceed the maximum values
given in Table 28.2.

Table 28.2
Maximum surface temperatures

urface material °C (°F)
Bare or pail1ted metal 67 (153)
Porcelain ehamel 71 (160)
Glass 78 (172)
Plastic? 83 (182)
NOTE - Allftemperature limits are based on 25°C (77°F) ambient temperature.
2 Includes flastic with a metal plating no more than 0.005 inch (0.13 rm)'thick; and metal with a plastic or vinyl covering
no less tham 0.005 inch thick.

28.4 Dry operation

28.4.1 When the conditions of maximum load)as described in 28.2.1 — 28.2.9 do not regresent all the

conditions of 4
specified in 28

Exception: Th
only immersio

28.4.2 A hed
the circuit ang
results observ

bnormal operation that occurlin actual service, a water heater shall be subjec]
4.2,

b dry operation test.described in 28.4.2 is not to be conducted on a water heat
0 type sheathed heating elements, or on a water heater that has a metal outer |

set for-maximum heating. The acceptability of the heater is to be determ
bd immediately after the first operation of the temperature-regulating thermosta

2843 Whe

ted to the test

er that utilizes
acket.

ting test is-to-be conducted with the water heater operating dry, and with the thermostats in

ned from the
ts.

npnrgfnd undersuch conditions—the heater r\r\mpline with the rnqllirnmnni’ W
rateg-UhRaers4ych REHHORS—Re-Reated pH WHR-Re- LSS R WA

en there is no

emission of flame or molten metal, or when the operation of the water heater does not result in the glowing
or flaming of combustible material upon which the heater is mounted or near which the heater is installed.

28.4.4 After the completion of the test described in 28.4.1, the risk of electric shock is to be determined
by repeating the insulation resistance measurement described in Insulation Resistance Test, Section 27,
and the Dielectric Voltage-Withstand Test described in Section 30.

29 Water Temperature Test

29.1 To determine compliance with 23.1, the heater is to be operated as described in 28.2.5, and the
temperature of the water at the water outlet is to be measured as water is drawn off immediately following
the second opening of the temperature-regulating thermostats.
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29.2 To determine compliance with 24.1, the heater is to be tested as follows. After a tank full of water
has been heated to the temperature at which the regulating thermostats open, one-fourth of the water is to
be drawn off and replaced promptly with cold water. Immediately after the first closure of a regulating
thermostat thereafter, the regulating thermostats are to be short-circuited as described in 29.3, and
operation is to be continued until the temperature-limiting control opens. Immediately thereafter, hot water
is to be drawn off and its temperature is to be measured at the hot water outlet. This procedure usually
gives an accurate measurement of the temperature of the water in the upper 25 percent of the tank, and
unusual conditions necessitate use of a probe or thermocouple within the tank.

29.3 In accordance with 29.2, the temperature-regulating thermostats are to be short-circuited as
follows:

a) Wh

) ) PRy H bl RS DRy ) 1 'y 1 ! -
EITUIC UITTITIUSIAL UTTTULU Y CUTTUHUIS T TITAalllTy 10alU CUTTCTIL.

b) Wh

1) The thermostat is to be short-circuited in a heater incorporating only oneth

more thermostats. The limiting control is to remain functional and‘in‘the circuit

bn the thermostats control the coil of a magnetic contactor, only’one thermosta

circuite¢d at a time, regardless of the total number of temperaturesregulating thermost

30 Dielectric Voltage-Withstand Test

30.1 A wate
between live
described in ]
less, and 100
heater compli

I heater shall be subjected to the application 6fa 60 hertz sinusoidal potentia
parts and dead metal parts, with the water‘heater at the temperature attair
p8.2.1 — 28.2.9. The test potential is to be-1000 volts for an appliance rated
0 volts plus twice the rated voltage for a heater rated at more than 250 vo
s with the requirement when there s no dielectric breakdown.

30.2 To det¢rmine compliance with 30.7,the heater is to be tested by means of a 500

larger capaci
potential is to

y testing transformer, theoutput voltage of which varies. Starting at zer
be increased until the required test value is reached and to be held at that valu

prmostat.

2) Two thermostats are to be short-circuited simultaneously in a heater incorporating two or

;- and

is to be short-
ats provided.

, for 1 minute,
ed in the test
At 250 volts or
Its. The water

olt-ampere or
b, the applied
e for 1 minute.
onsistent with

The increase|in the appliance patential is to be as uniform as possible and as rapid as is (
accurate voltieter indication. (During the test, the storage tank is to be full of water an
connections dre to be attachedto the water system.

1 all plumbing

31 Mounting Test of Surface-Mounted Temperature Controls

311 Horizolntal pull

31.1.1 To determine that a surface-mounted temperature control is securely mounted to the water heater
tank as required in 7.2, a direct pull of 5 pounds (22 N) is to be applied to the control at the point which
results in the control being displaced from the tank, in a direction perpendicular to the tank surface in
contact with the control, as illustrated in Figure 31.1. The pull is to be applied for 5 seconds, and then
released. The surface-mounted temperature control meets the requirement when, after the pull has been
applied and released, a test strip of metal or plastic 1/64 inch (0.4 mm) thick is not capable of being
inserted vertically more than 1/8 inch (3.2 mm) between the intended contact surfaces of the control and
the tank. The test strip is to be inserted with a force of 1/2 pound (2.2 N).
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Figure 31.1

Example of test of temperature control mounting means

5 Pound (22N) Pull

AN

S2193

NN N NN AN ANNN NN

A. Outer surface of storage tank

B. 1/64 inch (0.4 mm) thick metal or plastic test strip applied after the pull has been released
C. Temperature-limiting control

D. Temperature-regulating control

E. Fork-shaped mounting bracket

F. Heating element mounting bolt
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31.2 Supply lead pull

31.2.1 To determine compliance with 7.2, the leads of a surface-mounted temperature control shall be
subjected to a force of 20 pounds (89 N) applied for 1 minute in a direction that results in the maximum
stress on the control that the construction permits. The force is to be applied from the supply wiring
compartment. The control complies with the requirement when the control is not dislodged from the
mounting means.

Exception: Power-supply-cord connected heaters are not required to be subjected to the supply lead pull

test.

32 Barrier Pull Tests

32.1 To det
strength as s
barrier or cov
using a meta
with the requi

}

rmine that a cover or barrier less than 1/16 inch (1.6 mm) thick has equivale
ecified in the Exception of 8.4(b), a direct force of 3 pounds (13.3 N)‘is to be
br at those points that result in displacement of the barrier or cover,4iT'he force i
rod having a flat end surface 1/8 inch (3.2 mm) in diameter. The. barrier or ¢
ement when they are not displaced enough to expose uninsulated live parts.

32.2 To detg¢rmine that a barrier held in place by two independent.means complies with §

horizontal pul

of 3 pounds (13.3 N) is to be applied to the barrier atthie point that results in d

the barrier. The barrier complies with the requirement when it is.not dislodged, and uninsu

are not expos

ed.

33 Water Capacity Test

33.1 The ao
capacity.

33.2 Unless
capacity, the t

34 Groundi
341 To dets

circuit resista
accordance w

tual water capacity of a water heatef’shall be no less than 90 percent of the

the actual capacity of a watertank is known, or is obviously 90 percent or mg
ank capacity is to be measured by any convenient means.

ng-Circuit Resistance Measurement Test

rmine compliance with 14.1.6, any convenient method is to be used to meas
nce. When high resistance measurements are obtained, a referee test is to be
ith 34.2,

nt mechanical
applied to the
5 to be applied
over complies

B.4(d), a direct

splacement of

ated live parts

marked rated

re of the rated

ire grounding-
e conducted in

34.2 The re]eree test for grounding-circuit resistance is to be conducted by passing a dired

t or alternating

current equal o the current rating of the maximum current rated branch circuit overload protective device
that is employed with the heater (at a potential not to exceed 12 volts) from the equipment grounding
terminal or point of attachment of the wiring to a dead metal part. The resulting drop in potential is to be
measured between these two points, and the resistance in ohms is to be calculated.

35 Storage Tank Hydrostatic Pressure Test

35.1 To determine compliance with Exception No. 2 or 3 of 25.1, the test sample is to be filled with water
to exclude air and is to be connected to a hydraulic pump system. The pressure is to be increased from
atmospheric pressure at a rate of 20 +5 pounds per square inch gauge (psi) (137.9 +34.5 kPa) per second.
When twice the maximum working pressure or 300 psi (2068 kPa) is reached, whichever is greater, that
pressure is then to be maintained for 15 minutes.
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35.2 For a metal tank, there shall be no leakage of water or visible, permanent distortion of the tank
during the test.

35.3 For a polymeric tank, there shall be no leakage of water or permanent distortion of the tank during
the test. To determine permanent distortion of a polymeric storage tank, before starting the test in 35.1,
circumferential measurements are to be taken at intervals along the storage vessel of not more than 12
inches (305 mm) by readings to be directly to 0.001 inch (0.025 mm). Extensometers reading to 0.001 inch
(0.025 mm) shall be placed with the movable spindles against top and bottom heads. After completion of
the hydrostatic pressure test in 35.1, the measurements originally taken are to be repeated and
circumference measurements shall not vary by more than 0.2 percent of the corresponding measurement
taken prior to the application of the test pressure. Top or bottom head deflections as shown by the
extensometers shall not exceed 0.5 percent of the tank diameter.

36 NonmetJIIic Dip Tube Tests
36.1 Deformation of weight loss

36.1.1 A nonmetallic dip tube when tested in accordance with the requirements of 36.1.2 — B6.1.4 shall:
a) Haveg a linear deformation not in excess of 1/2 inch (12.7 mm);
b) Have a total lateral deformation not in excess of 1-1/2 inches (38.1 mm); and

¢) Undgrgo no weight loss.

36.1.2 Twelve 51 inch (1.30 m) long samples of each«kind and section of dip tubes are to| be submitted
for these tests| Each sample is to be cut to a length ofi49 inches (1.24 m), and the weight of @ach tube is to
be determined by use of a laboratory grade measuting device with a full scale not to excead 3 times the
weight of the Sample.

36.1.3 Lineal deformation is to be determined by suspending the samples as they are in service for 48
hours in watef maintained at 93°C (2005F). These samples are then to be cooled to room temperature,
any surface whpter is to be removed, ‘and the length and weight are to be determined and qompared with
the original regults. Any weight loSs-is evidence of noncompliance.

36.1.4 Lateral deformationnis to be determined by installing one end of each sample in a fixture (as it is
by a tank inlefl fixture) and-measuring the distance between the position of the center line gf the free end
and the extengled ceniter line of the fixture. Following immersion for 48 hours in water maintgined at 93°C
(200°F), the samples are to be cooled to room temperature, any surface water is to be rempved, and the
lateral deformation‘measured. The total lateral deformation of each sample is capable of being used when
it is within thetimmi i i i =721 the extended
center line of the fixture.

36.2 Resistance to crushing

36.2.1 A nonmetallic dip tube shall not deform more than 1/4 inch (6.4 mm) for a test period of 24 hours
when subjected to transverse loading under a weight of 870 grams (31 ounces) while being maintained at
a temperature of 107 plus 3 minus 0°C (225 plus 5 minus 0°F) as described in 36.2.2 — 36.2.5.

36.2.2 Ten 2 inch (50.8 mm) long samples of each kind and section of dip tubes are to be subjected to
this test. The apparatus for the test is to be as illustrated in Figure 36.1.
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Figure 36.1

Heat deformation tester
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Note: Dimensions of the pressure block, “V” trough, and the spaces scribed on the rod (i.e. measurement marks) are considered

critical and tolerances are +1/32”. All other dimensions shown are considered approximate.

Inch (mm) Inch (mm) Inches (mm) Inches (mm)
1/8 (3.2) 9/32 (7.1) 1 (25.4) 1-9/16 (39.7)
9/64 (3.6) 25/64 (9.9) 1-1/16 (27) 1-25/32 (45.2)
3/16 (4.8) 12 (12.7) 1-1/4 (31.8) 2 (50.8)
7/32 (5.6) 5/8 (15.9) 1-3/8 (34.9) 3-1/2 (88.9)
1/4 (6.4) 25/32 (19.8) 1-13/32 (35.7) 3-9/16 (90.5)
1-1/2 (38.1) 10 (254)
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36.2.3 The scale on the test apparatus shown in Figure 36.1 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 required to 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 plus 3
minus 0°C (225 plus 5 minus 0°F). The temperature is then to be held constant for the duration of the test.

36.2.4 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.

36.2.5 Thed
not exceed 1/
sample upon 3

ip tube complies with the requirements when the average deformation of the samples does
L inch (6.4 mm) and the rate of deformation is uniform. Immediate deformatipn of any test
pplication of the test load is to be identified as noncompliance of the lot Submitted for test.

36.3 Collapsge

36.3.1 A noi
excess of 1/8

minus 0°F) un
be used.

metallic dip tube shall not collapse, as evidenced by d reduction in internal diameter in
nch (3.2 mm) after immersion in water at a temperaturelof 107 plus 3 minus 0C (225 plus 5
Her the conditions of test described in 36.3.2 — 36.3.6A tank rated for the test|pressure is to

36.3.2 The internal diameter of a 49 inch (1.24 m) long,sample of each style and kind of dip tube is to be

determined bgfore the conditioning described in 36.3.3 —36.3.6.

36.3.3 The spmple is to be installed in the hot water outlet of a typical water heater. A quick acting valve

is to be installed at the outlet connection of the'storage vessel. The minimum cross-sectiona
this valve is tq be equal to or greater than-that of an ANSI B36.10, Schedule 40, 1/4 inch p
internal diamgter of 0.364 inch (9.25,.mi). A flow restricting device adjusted or constru

area through
ipe having an
Cted so as to

maintain a flow rate of 5 gallons (18.9 Ly’per minute during the test period is to be connected to the inlet of

the heater.

nection to a
tank. A water
water supply
re at the inlet

36.3.4 A mgqgrcury thermometer graduated to 0.5°C (1°F) or a thermocouple for cor
potentiometer|is to be installed in the storage vessel within the top 6 inches (152 mm) of the
pressure regulator is te-be located between the inlet connection to the storage vessel and thg
line and adjusted so'that, at a steady flow rate of 5 gallons (18.9 L) per minute, the pressy
connection is 40 psi (276 kPa).

36.3.5 The storage vessel is to be filled and the test water heater placed in operation, with the
thermostat, when provided, bypassed. When the temperature indicated by the thermometer or
thermocouple in the top of the storage vessel is 107 plus 3 minus 0°C (225 plus 5 minus 0°F), the quick
acting valve is to be opened and water allowed to flow until the outlet water temperature is the same as the
inlet water temperature.

36.3.6 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 identified as
noncompliance with this requirement.

37 Strain Relief Test

37.1 The strain relief means provided on a power supply cord shall be subjected for 1 minute to a direct
pull of 35 pounds force (156 N) applied to the cord as specified in 37.2.
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37.2 The connections of the cord within the water heater are to be disconnected. A 35-pound (15.9-kg)
weight is to be suspended on the cord such that the strain relief means is stressed from any angle, as
determined by the construction of the water heater. The strain relief does not comply when, at the point of
disconnection of the conductors, there is movement of the cord to indicate that stress on the connections
results.

38 Push Back Relief Test

38.1 To determine compliance with 12.3.2, a product shall be tested in accordance with 38.2 without
occurrence of any of the conditions specified in 12.3.2 (a) — (c).

38.2 The supply cord is to be held 1 inch (25.4 mm) from the point where the cord or lead emerges from

the product a
further than 1
the cord, ther
product in 1 i
exceed 6 pol
compliance w

39 Electric3l Disturbance Test of Foam Thermal Insulation

39.1 In accq

determine that synthetic foam in contact with internal wiring does not result in a risk of fire.

39.2 A fault
and removing
a distance of

hd is then to be pushed back into the product. When a removable bushing,
inch is present, it is to be removed prior to the test. When the bushing is an

ch (25.4 mm) increments until the cord buckles or the force to push the cord ir
nds-force (26.7 N). The supply cord within the product is to bexmanipulateq
th 12.3.2.

rdance with Exception No. 4 of 21.2.1, an electri¢al disturbance test shall be

is to be induced in a wire by peeling or stripping back the wire insulation 1/2 i
80 percent of the strands (for solid conductors, the diameter is to be reduced
/4 inch (6.4 mm). The insulation is then'to be replaced over the conductor.

which extends
ntegral part of

the test is to be carried out by holding the bushing. The cord is to be"pushed back into the

to the product

| to determine

conducted to

hch (12.7 mm)
BO percent) for

39.3 The prepared wiring is then to be placed in the foam insulation located between the outer metal
enclosure and the water tank, and connected to a circuit of rated voltage. An overload current, as indicated
in Table 39.1,[is then to be made to flow through the circuit.
Table 39.1
Electrical disturbance test conditions
Value of test current in percent of overcurrent rating
Rating ¢f overcurrent 110 | 135 200
protec‘ion, amperes Duration of current flow
|n_'zn 4 —7 hours 1 hour 2 minufes
31-60 4 —7 hours 1 hour 4 minutes
61-100 4 —7 hours 2 hours 6 minutes

39.4 The circuit is to be energized at the 110 percent value, increased to the 135 percent value, and then
raised to 200 percent, all for the times indicated in Table 39.1. The results comply when, after the test has
been conducted three times, there is no ignition of the foam insulation as a result of an arc induced by the
wiring opening. When at any time during the test, the wiring opens and an arc ignites the foam, the foam
does not comply, and the test is to be concluded.

39.5 With regard to the test described in 39.4, when the wiring opens prior to the completion of the test
and there is no ignition of the foam insulation, a new sample of wiring is to be prepared as described in
39.2, and the test is to be continued from the point in the test that the wire opened.
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39.6 When the wiring does not open within the time limits of the test, the test is to be continued until the
wiring opens, or a new sample of wiring is to be prepared with a greater percentage of the strands (or
diameter) reduced, and the test repeated.

40 Leakage Current Test

40.1 A cord- and plug-connected water heater shall be tested in accordance with 40.2 — 40.7. The water
heater complies when the leakage current does not exceed 0.75 milliampere.

40.2 Leakage current refers to all currents, including capacitively coupled currents, that may be
conducted between exposed conductive surfaces of an appliance and ground or other exposed
conductive surfaces of the appliance.

currents from
bs collectively
ly accessible.
closure or the
Surfaces are
h at the same
volve a risk of

40.3 All expgsed conductive surfaces are to be tested for leakage current. The leakage
these surface$ are to be measured to the grounded supply conductor individually as well

when simultarjeously accessible, and from one such surface to another when simultaneous
A surface is eyaluated to be exposed unless protected against inadvertent contact by an en
equivalent thaf meets the requirements of Frame, Enclosures, and Outer Jacket, Section 6
simultaneously accessible when they are readily contacted by one or both hands of a perso
time. These measurements do not apply to terminals operating at voltages that do not to in
electric shock.

40.4 When gart or all of an enclosure is of material other thah.metal, a piece of metal foil mmeasuring 100
by 200 mm is fo be placed on the enclosure so that all of the\foil is in close contact with the surface of the
appliance. Legkage current is then to be measured from.the foil to the grounded supply cpnductor, and
from the foil to]exposed conductive surfaces of the appliance. The foil is not to be left in placg¢ long enough

to affect the te

Exception: Fo
foil is to be thé

40.5 The measurement circuit for-leakage current is to be as shown in Figure 40.1.

measurement
required to ing
not required tq

a) The
capacit

mperature of the appliance.

an enclosure surface smaller than 3.94 by 7.87 inches (100 by 200 mm), the
same size as the surface.

instrument is as specified in (a) — (d). The meter that is actually used for a m¢
icate the same electrical value for a particular measurement as the defined in
have all the attributes of the defined instrument.

defined, meter has an input impedance of a 1500 ohm resistor shunted by a 0.
or.

biece of metal

The defined
pasurement is
strument; it is

15 microfarad

b) The

defined meter indicates 1.11 times the average of the full wave rectifi

bd composite

waveform of the voltage across or current through the resistor.

c) The defined meter, over a frequency range of 0 — 100 kilohertz, has a frequency response (ratio
of indicated to actual value of current) that is equal to the ratio of a 1500 ohm resistor shunted by a
0.15 microfarad capacitor to a 1500 ohm resistor. At an indication of 0.75 milliampere, the
measurement is to have an error of no more than 5 percent at 60 hertz.

d) Unless the meter is being used to measure leakage from one part of an appliance to another, itis
to be connected between the accessible parts and the grounded supply conductor.


https://ulnorm.com/api/?name=UL 174 2021.pdf

DECEMBER 16, 2021 UL 174

Figure 40.1

Leakage current measurement circuits

PRODUCT METER
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Appliance intended for connection to a 120 volt power supply.

H—=
120V

240V ==—

120V
=

St } ;E INSULATING
—— TABLE

GROUNDED SUPPLY CONDUCTOR B

LE200

Appliance intendgd for connection to a 3-wire, grounded neutral power supply, as illustrated above.
NOTES:
A: Probe with shiglded lead.

B: Separated an( clipped to appliance when measuring currents from one part of appliance to another.
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40.6 A sample of the appliance is to be tested for leakage current starting with the as-received condition
and with its grounding conductor open at the attachment plug. In the as-received condition, the appliance
has not been previously energized except that which occurred during production line testing. The supply
voltage sequence with reference to the measurement circuits shown in Figure 40.1 is to be as follows:

a) With switch S1 open, the appliance is to be connected to the measurement circuit, and the
leakage current is to be measured using both positions of switch S2 with the appliance switching

device

in all intended operating positions.

b) Switch S1 is then to be closed, energizing the appliance, and within a period of 5 seconds, the
leakage current is to be measured using both positions of switch S2 with the appliance switching

device
c) Th

positio
be obta

40.7 Asamp

other tests. Hpwever, with the concurrence of all concerned, the leakage current test is to

for the purpos
41

411 In acco
thinner than s
(222.5 N) as

force, there ig
Electrical Sp4d
Accessibility o

41.2 As requ
The force is t
shaped to a 1
with the enclq
longitudinal ax
and Table 6.2.

e| leakage current is to be monitored until thermal stabilization has been

L

Enclosurne Strength Test

in all intended positions.

s of switch S2 are to be used in determining this measurement. Thermal sta
ined by operation of the appliance as in the temperature test.

e is to be carried through the complete leakage current test program without i

b of conducting other nondestructive testing.

rdance with Exceptions of 6.2.1 and 6.3.1, a water heater with an enclosure ¢
pecified in Table 6.1 and Table 6.2 shall be_subjected to a static load of 50
jescribed in 41.2. The water heater complies when, during or after the app

no reduction of electrical spacings helow the minimum values specified i
cings, and no live parts are made;accessible to contact as specified
f Live Parts.

ired by 41.1, the enclosure ©f outer jacket shall withstand a force of 50 pour
b be applied by meansgofva 1/2 inch (12.7 mm) diameter metal rod with a
4 inch (6.4 mm) radius hemisphere. The rounded end of the metal rod is to

is of the rod. Thelenclosure is to be tested on all surfaces thinner than specifie

42 Permane

421
requires a too

The m

hce of Markings

rkings requwed in Sections 46 — 49 shaII be Iocated on the enclosure oronap

4

q

ttained. Both
bilization is to

hterruption for
be interrupted

r outer jacket
pounds-force
ication of the
h Section 13,
n Section 8,

ds (222.5 N).
rounded end
be in contact

sure and a force ©f\60 pounds (222.5 N) is to be applied in a direction parallel to the

din Table 6.1

art that either

that is required to be permanent shall be:

a) Etch

ed;

b) Molded:

c) Die stamped,;

d) Pain

t stenciled;

e) Permanently secured, stamped or etched metal; or

f) Indelibly stamped lettering on pressure sensitive labels secured by adhesive.

ton, a marking
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Pressure sensitive labels secured by adhesive shall comply with the requirements in the Standard for
Marking and Labeling Systems, UL 969. Usage, in handling, or storage of the appliance is evaluated in
determination of permanence of marking.

MANUFACTURING AND PRODUCTION TEST
43 Production Line Dielectric Voltage-Withstand Test

43.1 As a routine production line test, each appliance shall be subjected to the application of a potential
at a frequency within the range of 40 — 70 hertz:

a) Between the primary wiring, including connected components, and accessible dead metal parts
that bgcome energized; and

b) Befween primary wiring and accessible low voltage (42.4 volts peak ©or_less) metal parts,
including terminals.

The appliancg complies with the requirement when there is no dielectric breakdown.

43.2 The production line test shall be in accordance with either Condition A or Condition B pf Table 43.1.

Table 43.1
Production line test conditions
Appliange rating, Condition A Condition B
vallts volts seconds volts secionds
250 gr less 1200 1 1000 b0
More than 250 1200 + 2.4V° 1 1000 + 2V b0
2V is the mpaximum marked voltage, and no less(than 240 volts.

43.3 The appliance is to be in a heated or unheated condition for the test.

43.4 The tept is to be conducted when the appliance is fully assembled. It is not intgnded that the
appliance be tinwired, modified, or disassembled for the test.

Exception No| 1: A part'such as a snap cover or friction fit knob that interferes with condugting the test is
not required tp be inplace.

Exception No—2—Whem requested,the test 15 to be performedbefore fimat—assembly when the test
represents that for the complete appliance.

43.5 When the appliance employs a solid state component that is not relied upon to reduce the risk of
electric shock and that is damaged by the dielectric potential, the test shall not be conducted before the
component is electrically connected, unless a random sampling of each day's production is tested at the
potential specified in Table 43.1. The circuitry is rearranged for the purpose of the test to reduce the risk of
solid state component damage while retaining the representative dielectric stress of the circuit.

43.6 The investigation of thermal insulation specified in 21.1.2 is not required to be conducted when
each water heater is subjected to a routine production line Dielectric Voltage-Withstand Test in accordance
with Section 30. Test potentials are to be applied for 1 second, and are to be 1500 volts for a heater rated
250 volts or less and 2500 volts for a heater rated more than 250 volts.
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43.7 The test equipment is to include a transformer having sinusoidal output, a means of indicating the
test potential, an audible or visible indicator of dielectric breakdown, and either a manual reset device to
restore the equipment after dielectric breakdown or an automatic reject feature activated by a unit not
capable of being used.

43.8 When the rated output of the test equipment transformer is less than 500 volt-amperes, the
equipment is to include a voltmeter in the output circuit to directly indicate the test potential.

43.9 When the rated output of the test equipment transformer is 500 volt-amperes or larger, the test
potential is to be indicated:

a) By a voltmeter in the primary circuit or in a tertiary winding circuit;

b) By & selector switch marked to indicate the test potential; or

c) In the case of equipment having a single test potential output, by a marking in a [readily visible
location to indicate the test potential.

When a marking is used without an indicating voltmeter, the equipment shall include a pqgsitive means,
such as an inglicator lamp, to indicate that the manual reset switch has*been reset following a dielectric
breakdown.

43.10 Test gquipment other than that described in 43.7 — 48.9 shall not be used un|ess found to
accomplish the intended factory control.

43.11 Durind the test, one or both sides of the primary«gircuit of the appliance are to be connected to one
terminal of the test equipment, and the second test equipment terminal is to be conpected to the
accessible dead metal.

Exception No| 1: As an alternative to 43.11, an appliance (resistive or high impedance winding) having
circuitry not slibject to excessive secondary voltage build-up in case of dielectric breakdown during the
test is to be tegted:

a) With a single pole primary. switch, when used, in the off position; or

b) With only one side-of the primary circuit connected to the test equipment wheh the primary
switch [s in the on.pesition or when a primary switch is not used.

Exception No) 2: The primary switch is not required to be in the on position when the festing means
applies full telt potential between primary wiring and dead metal parts with the switch jnot in the on
position.

RATINGS
44 Electrical

441 A water heater shall be rated in amperes or watts, and also in volts, and shall be rated for either
alternating current only or direct current only. The ratings shall include the number of phases when the
water heater is designed for use on a poly-phase circuit, and shall include the frequency when frequency
sensitive components such as relay coils or other control devices require a certain frequency.

44.2 The rated voltage of a water heater having a marked voltage range (such as 110 — 120 volts) is to
be evaluated as the maximum voltage of the range.
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45 Tank Pressure and Capacity

45.1

A storage tank shall be rated with its maximum working pressure in pounds per square inch or

kilopascals, or both. The maximum working pressure shall be no more than 50 percent of the hydrostatic

test pressure

specified in 25.1.

45.2 The total tank capacity of a water heater shall be indicated in gallons, liters, or both.

MARKINGS

46

Identification

46.1 A wate
the following:

a) The
organi

b) The
which
manuf

c)Adi
d) The
46.2 There

code shall no

46.3 When
one factory, €
factory.

46.4 The fo

I heater shall be legibly and permanently marked, where readily visible afterin

manufacturer's name, trade name, trademark, or other descriptive*marking
zation responsible for the product is identified;

date or other dating period of manufacture not exceeding“any three conse
is abbreviated or in a nationally accepted conventional code, or a code a
pcturer;

stinctive catalog or model number or the equivalent;and

electrical rating.

petition time cycle of the date code spegified in 46.1 shall be no less than 26 y

h manufacturer produces water heaters of the same model or catalog numbe
ach heater shall bear amarking (or a code) that identifies it as the product o

llowing shall be,permanently marked with the manufacturer's name or

identifying symbol, the lot number, and the listing mark of the agency described in 17.1.1:

a)An

b)An

bnmetallic)dip tube;

bnmetallic heat trap tube; or

stallation, with

by which the

cutive months,
ffirmed by the

ears. The date

t require reference to the manufacturér's records to determine when the wafer heater was
manufactured.

I at more than
[ the particular

rademark, an

c) A nonmetallic inlet water deflector.

46.5 Adhesive attached labels for use as nameplates and/or markings shall comply with the Standard for
Marking and Labeling Systems,UL 969, for their intended use.

47 Ratings

471

A water heater shall be permanently marked where readily visible with its electrical ratings, and

when two or more heating elements are used, with the maximum wattage or current consumption of each
element. A heater intended for use on alternating current only or on a specific frequency or frequencies, or
on direct current only shall be so marked.

47.2 A two wire heater intended for use only on a 3-wire, 125/250 volt system shall be marked "250 volt,
2 wire, for use only on 125/250 volt, 3 wire system."
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47.3 When a water heater having two or more factory-installed heating elements is designed for the
operation of only one element at any time, and is factory connected so that only one element operates at a
time, the "maximum wattage or current consumption” specified in 47.1 is to be evaluated as that of the
single element having the highest input rating.

47.4 When replaceable in the field, a heating element rated at more than 1 ampere shall be plainly and

permanently marked with one or both of the following:

a) Its electrical ratings in amperes or watts, and volts; or

b) The

manufacturer's part number.

475 Them
45.2, for the {
ASME Code s
heater. When
the exterior of

476 A wate
visible during

ampere overclirrent protected branch circuit". The blank is to be filled:in with either 25 or 30.

47.7 A mark
has a marked
connected in g
mm (3/16 inch
read: “Use on

Exception: Th
Outlet Circuit ¢

48 Warning

48.1 Whent

the water he{;cer shall be permanently marked with the word "DANGER" and the fol

equivalent:
temperature-li
immediately u
The marking s

)\;IIIUIII VVUI:’\;IIQ PISoSuUrc dlluI t: 1< tUtdi VthUI bdpdbity Uf d ilUdtUl, as \.;UDL;I;IUC
torage tank that operates at other than atmospheric pressure and, when a
ymbol specified in 25.1, shall be plainly and permanently marked on the extéri
a tank is marked with an ASME Code symbol, the maximum working pressu
the water heater shall not exceed the maximum working pressure marked on t

heater rated more than 16.0 and less than 16.7 amperes.shadll be marked
installation with the following or the equivalent: "For connection to a ma

ng on, or in addition to, the nameplate shall be provided on a cord-connected
ampere rating which exceeds 50 percent of the.rating of the branch circuit to w
ccordance with ANSI/NFPA 70. The marking>shall be permanent, in letters no
) high located adjacent to the cord entrance of the product enclosure. This
Single Outlet Circuit Only.”

b marking on a unit with a 15 ampere attachment plug may read: “Use on 15 A
r shared 20 Ampere circuit,”.jf the marked rating of the unit does not exceed 1

Notices
e temperature-limiting control must be replaced after it has performed its inte
reduce the.risk of electric shock disconnect from power supply bef

bon removal of the cover over the compartment enclosing the temperature-li
hall.not be on the back of a removable cover.

d in 45.1 and
pplicable, the
br of the water
re marked on
ne tank.

where readily
Kimum

Linit if that unit
hich it may be

less than 4.8
marking shall

mpere Single
D amperes.

hded function,
owing or the
bre replacing

miting deviee". The danger marking shall be located so as to be visible before or

miting device.

48.2 The words "CAUTION" and "DANGER" shall be in letters no less than 3/32 inch (2.4 mm) high
where the words are required in the markings described in Warning Notices, Section 48.

48.3 Unless all components in a water heater are rated for voltages up to 250 volts to ground, the water
heater shall be permanently marked with the word "CAUTION" and the following or the equivalent: "To
reduce the risk of electric shock or fire use only on a utility supply having a maximum 125/250 volt, three
wire system".

48.4 A water heater provided with an adjustable temperature-regulating control shall be provided with a
marking as shown in Figure 48.1.
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Figure 48.1

Example of scald or burn marking for a water heater with an adjustable temperature-regulating
control

A DANGER

Water temperature over 125°F can
cauge, severe burns instantly or
death’ from scalds.

Children, disabled and elderly are
at highest risk of being scalded.

See instruction manual before
setting temperature at water
heatér.

Feel water before bathing or
showering.

Temerature limiting valves are
available, see manual.

SM428

(Figure 48.1 is copyrighted by the American Gas Association. Used by permission of the copyright holder.)
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48.5 For water heaters 20 gallons (75.7 L) and above, the physical specifications of the label shown in
Figure 48.1 shall be as follows:

a) The text of the label shall be located below (vertical arrangement) or to the right of (horizontal
arrangement) the graphic illustration. The minimum label sizes are as follows:

i) Vertical: 3 1/4 inches x 6 1/4 inches (82.6 mm x 158 mm); and
ii) Horizontal: 6 inches x 3 1/4 inches (152 mm x 82.6 mm).

b) The label shall be boxed by a 1/4 inch (6.4 mm) border. A 3/8 inch (9.8 mm) red bar shall be at
the top of the label, within the border. A red on white international symbol for caution shall be
located on the red bar followed by the word "DANGER" in white boldfaced letters having a
minimym letter height of 0.240 inches (6.4 mm).

c) The graphic illustrations for the faucet, knobs, bathtub outline, spraying water,_and|hand shall be
black dn a white background. The water spattered on the hand shall be in red,

d) Thejword "HOT" shall be in red boldfaced letters. The letters shall be a minimum Igtter height of
0.180 ipches (4.6 mm).

e) The|word "BURN" shall be in red boldfaced letters. The letters’shall be a minimum letter height
of 0.14p inches (3.56 mm).

f) All telxt below the illustration shall be either black boldfaced letters on white background or white
boldfaded letters on black background. The letters shal’have a minimum uppercase letter height of
0.120 [nches (3.05 mm). Lowercase letters shallbe compatible with the uppercgse letter size
specifi¢ations.

48.6 For wafer heaters less than 20 gallons (75.7 L), the physical specifications of the Iabel shown in
Figure 48.1 shall be as follows:

a) The [text of the label shall be located below the graphic illustration. The minimum I@bel size shall
be vert|cal: 2 1/8 inches x 4 1/8'in¢ches (54 mm x 105 mm).

b) Thellabel shall be boxed:by a 1/8 inch (3.2 mm) border. A 1/4 inch (6.4 mm) red bar shall be at
the tod of the label, within the border. A red on white international symbol for caption shall be
located on the reduvbar followed by the word "DANGER" in white boldfaced letfers having a
minimym letter height of 0.140 inches (3.56 mm).

c) The [graphiciillustrations for the faucet, knobs, bathtub outline, spraying water and|hand shall be
black dn awhite background. The water spattered on the hand shall be in red.

d) The word "HOT" shall be in red boldfaced letters. The letters shall be a minimum letter height of
0.120 inches (3.05 mm).

e) The word "BURN" shall be in red boldfaced letters. The letters shall be a minimum letter height
of 0.120 inches (3.05 mm).

f) All text below the illustration shall be either black boldfaced letters on white background or white
boldfaced letters on black background. The letters shall have a minimum uppercase letter height of
0.070 inches (1.78 mm). Lowercase letters shall be compatible with the uppercase letter size
specifications.

48.7 When the marking specified in 48.4 is printed on adhesive-backed label material, it shall comply
with applicable requirements in the Standard for Marking and Labeling Systems, UL 969.


https://ulnorm.com/api/?name=UL 174 2021.pdf

DECEMBER 16, 2021 UL 174 51

48.8 A water heater shall be permanently marked adjacent to the outside of the wiring compartment
cover with the word "CAUTION", and the following or the equivalent: "Risk of Electric Shock. Connect
branch circuit equipment grounding means to water heater. For detailed information, refer to instructions”.

48.9 A cord- and plug-connected water heater shall be plainly and permanently marked with the word
"CAUTION " and the following or the equivalent: "Risk of Electric Shock and Fire Hazard. Do not connect
to supply by extension cord".

48.10 A cord- and plug-connected water heater shall be plainly and permanently marked with the word
"CAUTION " and the following or the equivalent: A damaged power supply cord must be replaced with one

supplied by the unit manufacturer and not repaired.

49 Informational Markings

49.1 A wats

temperature and pressure protective equipment required by local codes, but ng, less than
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Automatic G4
testing laborg
valve must bsg
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49.3 When
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connected to
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equivalent: "U

r heater shall be plainly and permanently marked with the following “stat

s Shutoff Devices for Hot Water Supply Systems, ANSI Z21.22; by a nationg
tory that maintains periodic inspection of production of listed’ equipment or
oriented, provided with tubing, or otherwise installed so that discharge can ex
or at any distance below, the structural floor, and cannet contact any live elect

t water outlet shall be plainly marked so that it isieasily identified. The cold w
ked unless it is located near the bottom of the ‘tank.

B multi-element water heater is intended to be connected to more than one
mple, a heater in which one or more@lements are intended to be connected t
Ch or a demand meter), the terminals or leads for each circuit shall be plainly,

I heater incorporating a nonmetallic dip or heat trap tube shall bear a tag att
to, the cold water-inlet or hot water outlet, as appropriate, marked with the f
o not apply heat to this fitting while making sweat connections to heater. S

b nonmetallicdip (or heat trap) tube".

rdaneewith 11.3.5, field-wiring terminals of a heater shall be marked with the f
sexcopper conductors only" or "For use with aluminum or copper conductors'

ement: "Install
a combination

and pressure relief valve certified as meeting the requiremehts for Relief Valves and

lly recognized
materials. The
it only within 6
rical part".

ater inlet shall
power supply

hrough a clock
and positively

permanent marking adjacent to.the terminals or leads themselves or by means of a wiring

ached to, or a
bllowing or the
weat tubing to
fitting, as it is

pllowing or the
. This marking

shall be adja

, and shall be

ent to the terminal or located on or ndJiqr‘nn‘r to the mnrking rnquirnd in 46

independent of any other marking on terminal connectors. The marking shall be visible during and after
installation of the heater.

49.6 A water heater shall be provided with a wiring diagram that is readily available for service
personnel.

49.7 When required overcurrent protective devices are provided as a separate assembly in accordance
with 16.2, the water heater shall be permanently marked to indicate that it is to be used only with this
separate assembly. For example: "This water heater is to be used only with (manufacturer's identification)
Model (or Catalog) overcurrent protection assembly".

49.8 The separate overcurrent assembly shall be permanently marked, where readily visible after
installation, with the name or identifying symbol of the manufacturer, the model or catalog number, and the
electrical rating.
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49.9 A water heater shall be marked "when a supplemental heat source is connected to the Certified
Household Electric Storage Tank Water Heater, provision must be made to limit the heat source
temperature not to exceed that of the water heater thermostat setting". (An example of supplemental heat
is a refrigeration loop off of the condensing unit of an air conditioning system).

49.10 A water heater shall be marked "Caution: If the water heater has been retrofitted with
supplemental heating equipment, you must adjust both the thermostat controlling the supplemental heat
source (located in the water piping) and the thermostat on the water heater (behind the access panel) to
the same temperature. Failure to adjust both thermostats to the same temperature can cause loss of
proper temperature control".

INSTRUCTIONS

50 General

50.1 A waten heater shall be provided with installation instructions that include the*word "CAUTION" and
the following gr the equivalent: "To reduce the risk of excessive pressures and’temperatures in this water
heater, install femperature and pressure protective equipment required by lgcal codes and no less than a
combination t¢mperature and pressure relief valve certified by a nationally-recognized testjng laboratory
that maintaing periodic inspection of production of listed equipmeft or materials, as| meeting the
requirements for Relief Valves and Automatic Gas Shutoff Devices-for Hot Water Supply Systems, ANSI
Z21.22. This Yalve must be marked with a maximum set pressare/not to exceed the marked maximum
working presqure of the water heater. Install the valve intosan ‘opening provided and marked for this
purpose in thg water heater, and orient it or provide tubing so'that any discharge from the valve exits only
within 6 incheg above, or at any distance below, the structural floor, and does not contact any live electrical
part. The dischharge opening must not be blocked or reduced in size under any circumstances ".

50.2 A watel heater equipped with an adjustable*temperature-regulating control shall be [provided with
instructions that:

a) Infofm the user that the thermostat or thermostatic mixing valve, as applicable, has been set at
the facjory to 51.7°C (125°F) orlower, see 23.3 — 23.4, to reduce the risk of scald injuty;

b) Infoqm the user how to-Change this setting when the user so desires;
¢) Inclyde any precautions to be followed in changing the setting; and

d) Proyide information regarding the availability of temperature-limiting valves for usg in hot water
lines.

50.3 A watenrheater equipped with a cathodic protection device or a sacrificial anode shall be provided
with instructions that include the word "CAUTION" and the following or equivalent: "Hydrogen gas is
produced in a hot water system served by this heater that has not been used for a long period of time (2
weeks or more). Hydrogen gas is extremely flammable. To reduce the risk of injury under these conditions,
it is recommended that the hot water faucet be opened for several minutes at the kitchen sink before using
any electrical appliance connected to the hot water system. When hydrogen is present, there will probably
be an unusual sound such as air escaping through the pipe as the water begins to flow. There should be
no smoking or open flame near the faucet at the time it is open".

50.4 The instructions shall include detailed information on the method of grounding the water heater for
both metallic and nonmetallic wiring systems.

50.5 The instructions shall specify that when a water heater is installed in a closed water-supply system,
such as one having a back-flow preventer in the cold-water supply, means shall be provided to control
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thermal expansion. Contact the water supplier or local plumbing inspector for information regarding the
control of this situation.

51 Safety Instructions

51.1 A cord- and plug-connected water heater shall be provided with the Important Safety Instructions
specified in 51.1 — 51.5.

51.2 All instructions contained in the user manual, where specific wording is indicated, shall be legible
and shall contrast with the background. Upper case letters shall be no less than 5/64 inch (2 mm) high,
and lower case letters shall be no less than 1/16 inch (1.6 mm) high. Headings such as "IMPORTANT
SAFETY INSTRUCTIONS" or "SAVE THESE INSTRUCTIONS", shall be in letters no less than 3/16 inch

(4.8 mm) high.

51.3 The in
other detaile

instructions slpall be a permanent part of the manual.

51.4 Unless
or shall be in

515 The s
and the state
The word "Wj
the remainde
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WARNING —
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1. REA

2.This
"GRO

3. Inst

4. Use

tI]tement "IMPORTANT SAFETY INSTRUCTIONS"/or the equivalent shall pr|

structions described in 51.5 shall be located before, and shall be separate i
 instructions related to operation, assembly, and maintenaneeof the

otherwise indicated, the instructions described in 51.5 shall be in the exact w
pqually definitive terminology.

ent "SAVE THESE INSTRUCTIONS" or the equiivalent shall either precede o
ARNING" shall be entirely in upper case letters-or shall be emphasized to dist
of the text.

SAFETY INSTRUCTIONS

When using electrical appliances; basic safety precautions to reduce the risk
[y to persons should be followed, including:

AD ALL INSTRUCTIONS BEFORE USING THIS WATER HEATER.

water heater fmust be grounded. Connect only to properly grounde
UNDING INSTRUCTIONS" found on (specific page or section to be included).

bll or locate'this water heater only in accordance with the provided installation i

this water heater only for its intended use as described in this manual.

n format from,
appliance. All

ords specified

ecede the list,
follow the list.
inguish it from

of fire, electric

1 outlet. See

nstructions.

nnnnnnnnn r lf o ranant aviaHs
T

5.Do R

ot cao on rd-cataanth thic \votar hao aala o ovo
TOTOSC—arT CATCTTSTOTT COTU- ST T Wit aiiS- vwatCr ricater— i rio oot ptacicrs avarna

the water heater, contact a qualified electrician to have one properly installed.

6. As with any appliance, close supervision is necessary when used by children.

le adjacent to

7. Do not operate this water heater if it has a damaged cord or plug, if it is not working properly, or if
it has been damaged or dropped.

8. This water heater should be serviced only by qualified service personnel. Contact nearest
authorized service facility for examination, repair, or adjustment.

9. Do not use multi-outlet adaptors (i.e. power strips) with this water heater.

SAVE THESE INSTRUCTIONS
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OUTDOOR-USE EQUIPMENT

52 General

52.1

this Standard and shall, in addition, comply with the following requirements.

53 Enclosures

53.1

An outdoor-use water heater shall comply with applicable requirements of the preceding Sections of

An enclosure or enclosures shall be so constructed as to reduce the likelihood of the wetting of live

parts as indicated below and protect the system against electric shock due to weather exposure.

53.2 To detJarmine compliance with this requirement, a complete assembly, with"s

connections a

53.3 A water
such wetting W

53.4 Any pa
determined th
weather expo
resistant to co

53.5 Access
accumulate wi

53.6 Enclosy
openings in th

53.7 Cabine
MSG) if uncog
and not less th

53.8 Enclosy
6.2 whichever

53.9 Metals
cabinets or en

nd without pipe thread compounds, is to be subjected to the Rain Test. See 56.

absorbing insulating material shall not become wetted by rain whén'installed
ill depreciate its durability or insulating value.

nel or cover in the outer enclosure shall require the use ,of.tools to open; un
at removal or opening of the panel or cover will not result’in a risk of electric
sure or an injury to persons due to moving parts. Hinges and other attachn
rosion.

doors or panels shall be constructed so thatwith the doors or panels in place]
thin the enclosure during the conduct of the.Rain Test. See 56.1.

res for electrical components shallshave provision for drainage if knockouts
b enclosure are employed.

s and enclosures shall have' a thickness of not less than 0.032 inch (0.81
ted sheet steel, not less\than 0.034 inch (0.86 mm) (No. 20 GSG) if zinc coat
an 0.029 inch (0.74 mm) (20 AWG) if copper, brass, or aluminum; except as st

res less than 0.032 inch (0.81 mm) No. 20 MSG which correspond with Tabl

ipply conduit
1.

as intended if

ess it can be
shock due to
ents shall be

no water will

br unthreaded

mm) (No. 20
bd sheet steel
ated in 53.8.

£ 6.1 or Table

applies, comply with the intent of this requirement if they are protected by an o

nall not.be used in combinations such as to cause galvanic action which will ag
Closures.

uter cabinet.

versely affect

53.10 Sheet steel cabinets and electrical enclosures exposed to the effects of weathering shall be
protected against corrosion by the following means or by other metallic or nonmetallic coatings which have
been shown to give equivalent protection.

53.11

If the enclosure is of 0.032 inch (No. 16 MSG) (1.6 mm) or heavier and it is not the sole enclosure

of current carrying parts, it is to be protected by a coating at least equal to one of the following:

a) Hot dipped mill galvanized sheet steel conforming with the coating Designation G60 or A60 in
the Weight (Mass) of Coating Requirements table in theStandard Specification for Steel Sheet,
Zinc-Coated (Galvanized) or Zinc-lIron Alloy-Coated (Galvannealed) by the Hot-Dip Process,
ASTM A653, with not less than 40 percent of the zinc on any side, based on the minimum single
spot test requirement in this ASTM Specification. The weight of zinc coating may be determined by
any suitable method; however, in case of question the weight of coating shall be established in
accordance with the Test Method of ASTM A90. An A60 (Alloyed) coating shall also comply with

53.14.
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b) A zinc coating, other than that provided on hot dipped mill galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00041 inch (0.0104 mm) on each surface with a
minimum thickness of 0.00034 inch (0.0086 mm) the thickness of the coating shall be established
by the Chromic Acid Dropping Test. See Chromic Acid Dropping Test in the Standard for
Commercial-Industrial Gas Heating Equipment, UL 795. An annealed coating shall also comply
with 53.14.

c) Two coats of an organic finish of the epoxy or alkyd-resin type or other outdoor paint on both
surfaces. The suitability of the paint may be determined by consideration of its composition or by
corrosion tests if these are considered necessary.

53.12 If the enclosure is the sole enclosure of current carrying parts or if it is lighter than 0.032 inch (No.
16 MSG) (1.6 it i f

G90 in of the
b| Sheet, Zinc-
rocess, ASTM
ingle spot test
mined by any
established in

a) Hof dipped mill galvanized sheet steel conforming with the coating Designation

ith not less than 40 percent of the zinc on any side, based on the. minimum 9
ments in this ASTM Specification. The weight of zinc coating-may be dete
e method; however, in case of question the weight ofi.coating shall be
ance with the Test Method of ASTM A90.

suitab
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b) A Z

applie
minim

inc coating, other than that provided on hot dippgdvmill galvanized sheet s
i to an average thickness of not less than 0.00064 inch (0.0155 mm) on each
Im thickness of 0.00054 inch (0.0137 mm) the thickness of the coating shall

teel, uniformly
surface with a
be established

by th¢ Chromic Acid Dropping Test. See Chrémic Acid Dropping Test in the|l Standard for
Commercial-Industrial Gas Heating Equipment,cUL 795. An annealed coating shdll also comply
with 58.14.

¢) A cadmium coating not less than 0,004 inch (0.025 mm) thick on both surfaces. The thickness of

coating shall be established in accordance with the Chromic Acid Dropping Test.

d) A Z
53.11(

nc coating conforming with' 53.11 (a) or (b) with one coat of outdoor paint as specified in

).

hdmium coating.noflless than 0.00075 inch (0.019 mm) thick on both surfaceq with one coat
oor paint on both surfaces, or not less than 0.0005 inch (0.013 mm) thick on| both surfaces
o coats ofoutdoor paint on both surfaces. The thickness of the cadmium cgating shall be
shed in-accordance with the Chromic Acid Dropping Test and the paint shall be as specified

1(c)-

~
9

e)Ac
of outd
with tv
establ
in 53.1

53.13 With tefefence to 53 9_other finishes_including paints _special metallic finishes and combinations

of the two comply with this requirement when comparative tests with galvanized sheet steel, without
annealing, wiping or other surface treatment, conforming with 53.11(a) or 53.12, as applicable, indicate
they provide equivalent protection. Among the factors which are taken into consideration when judging the
suitability of such coating systems are exposure to salt spray, moist carbon dioxide-sulphur, dioxide-air
mixtures, moist hydrogen sulphide-air mixtures, ultraviolet light and water.

53.14 A hot dipped mill galvanized A60 (alloyed) coating or an annealed zinc coating which is bent or
similarly formed after annealing shall be additionally painted in the bent or formed area if the bending or
forming process damages the zinc coating, except that such areas on the inside surface of a cabinet or
enclosure which water does not enter during the Rain Test need not be painted.

53.15 If flaking or cracking of the zinc coating at the outside radius of the bent or formed section is visible
at 25 power magnification, the zinc coating is considered to be damaged. Simple sheared or cut edges
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and punched holes are not considered to be formed, but extruded and rolled edges and holes shall
conform with 53.14.

53.16 Nonferrous cabinets and enclosures may be employed without special corrosion protection. The
thickness of the material is to be judged on the basis of its strength and rigidity.

53.17 Gaskets required to seal enclosures of electrical components shall comply with the requirements
of Accelerated Aging Tests — Gaskets, 56.2.

53.18 All required markings per Sections 46 — 49 located on the exterior of the water heater shall comply

with 42.1 and be of the type suitable for outdoor use.

53.19 Water
include the m

marked and shall be readily visible after installation.

54 Field Win

54.1 Openin
openings shal

a) They
b) The

Threaded holg
shall be provid

55 Wiring

55.1
electric shock

Note: For outdoor
than the following

The intg¢rnal wiring shall be so constructed and assembled as to provide protection ag

heaters intended to be used outdoors that meet all of the applicable requi
arking “OUTDOOR USE” or equivalent. The marking shall be legibly.and

ing Connections

s provided for field wiring connections shall be suitablé: for connection of
be threaded; unless:

are located wholly below the lowest uninsulated live part within the enclosure

ocation prevents drainage into the enclosure.

ed with a conduit end stop unless thethread is tapered.

due to weather exposure.

use equipment, a risk of electric shock is considered to exist in any accessible part of a circuit if g
exists: 15 V rms, 21.2)Vac peak, or 30 V continuous dc.

55.2 The us

TFFN enclos¢d in_rigid or flexible steel conduit or electrical metallic tubing, or mois
nonmetallic sheathed cable for the wiring between electrical component enclosures com
intent of this fequirement. Wiring materials of the type indicated in Section 19, installed

of mojsture resistant wiring material, such as Type RH, RHW, TW, THW, TH

rements shall
permanently

conduit. The

or

s for conduit shall be reinforced to providermetal at least 1/4 inch (6.4 mm) in thickness; and

ainst a risk of

potential greater

HWN, TFN, or
fure resistant
plies with the

in either rigid

conduit or electrical metallic tubing with raintight fittings or in liquid-tight flexible steel conduit with suitable

fittings also co

mply. Bushings, where used, are to be non-absorptive.

55.3 The wiring assembly shall be so constructed and located as to exclude water from electrical

enclosures.

55.4 All wires and cords shall be routed and supported so that they will not be immersed in water.

56 Outdoor-Use Equipment Tests

56.1

56.1.1

Rain test

The rain test apparatus shall consist of three spray heads mounted in a water supply rack as

shown in Figure 56.1. The spray heads shall be constructed in accordance with Figure 56.2. The product
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