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INTRODUCTION
1 Scope

1.1 These requirements cover permanently installed electric water heaters, rated 600 volts or less, for
heating the water supplied through plumbing to separately heated public or private pools or tubs, in which
swimming, wading, bathing, or partial or total immersion of persons, may be involved. Equipment covered
may or may not be intended for use with external water circulating equipment, and is intended for
installation in accordance with the National Electrical Code, NFPA 70.

1.2 These requirements do not cover household storage tank water heaters or other equipment covered
by individual requirements.

2 Glossary
2.1 For the gurpose of this standard the following definitions apply.

2.2 ACTUAT|ION — Movement of the actuating member of the control by the Usef, by hand, by foot, or by
any other human activity.

2.3 CONTRQL, AUTOMATIC ACTION — A device in which the transmission and operation qf at least one
function is prpduced by initiation which is not the result of manualkactuation.

2.4 CONTROL, LIMITING — A control intended to limit the operation of the heater to a watef temperature
of 70°C (158fF) under all conditions, including breakdown*of’any or all operating controls.

2.5 CONTROL, MANUAL — A device that requires direct human interaction to activate or tegt the control.

2.6 CONTRQL, OPERATING — A device that.starts or regulates the operation of an apgliance during
normal opergtion. The failure of an operational control generally causes the operation of a protective
control. An example of an operating contrgl_is a temperature regulating control — a control that maintains
the temperatlire of the spa water to a_usef-determined level.

2.7 CONTROL, PROTECTIVE — A device, the operation of which is intended to reduce the fisk of electric
shock, fire, ¢r injury to persens*during normal or abnormal operation of the appliancg. During the
evaluation of the protective ¢ontrol / circuit, the protective functions are verified undef normal and
single-fault cpnditions of, the-control.

2.8 CONTROL, TYRPE 2 ACTION - The actuation of an automatic control (see 2.3) for which the
manufacturing deviation and the drift of its operating value, operating time, or operating sgquence have
been declarg¢d and tested under the Standard for Automatic Electrical Controls — Parft 1: General
Requirements;0t60730-1-

2.9 CONTROL, TYPE 2.D.H ACTION — This action is applicable to manual controls (see 2.5). The
automatic action (i.e. tripping of the control) is independent of the manipulation or position of the manual
reset/adjustment mechanism. The manipulation of the manual adjustment means will not allow for the
reverse operation (resetting of a “tripped” control), even momentarily, while the excess or fault condition
persists. This action is also referred to as trip-free action. The action of the control is such that the reverse
operation (resetting) is possible if the manual reset mechanism is held in the reset position — i.e. the
control will function as an automatic control if the reset button is held in the reset position. The control shall
not reset automatically at any temperature above -35°C (-31°F) with the reset mechanism in the normal
position.
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2.10 CONTROL, TYPE 2.D.J ACTION — This action is applicable to manual controls (see 2.5). The
automatic action (i.e. tripping of the control) is independent of the manipulation or position of the manual
reset/adjustment mechanism. The manipulation of the manual adjustment means will not allow for the
reverse operation (resetting of the control), even momentarily, while the excess or fault condition persists.
This action is also referred to as trip-free action.

2.11 CONTROLLED ENVIRONMENT — An environment that is relatively free from conductive
contaminants, such as dust and carbon particles, and that is protected against humidity and condensation.
A controlled environment may be provided by a hermetically sealed enclosure, encapsulation, or a

conformal coating.

2.12 HOT TUB - A tub intended for partial or total immersion of persons in heated water.

2.13 LOW-V
volts rms (42
combination
requirements

connecting rgsistance in series with the supply as a means of limiting the"voltage and

considered td

2.14 OPERA

2.15 SAFET

DLTAGE CIRCUITS — A low-voltage circuit is one involving a potential of not
.4 volts peak) supplied by a primary battery, by a standard Class 2 transfo
bf a transformer and a fixed impedance that, as a unit, complies with~all*of the
for a Class 2 transformer. A circuit derived from a source of ssupply at lir]

be a low-voltage circuit.

Y CRITICAL FUNCTION — Control, protectionvand monitoring functions whi

relied upon t

reduce the risk of fire, electric shock or casualty hazards.

more than 30
mer, or by a
performance
e voltage by
current is not

TING TEMPERATURE VALUE — Value of temperature(at which the temperature sensing
control operaftes on a rise or fall of the temperature.

ch are being

2.16 TEMPHRATURE SETTING BY THE USER — Any selection of an operating temperature value by

actuation performed by the user.

3 Safety Critical Functions

3.1 Any fung
whereby a lo
or casualty h
3.2 Electroni

a) R

singl¢ defined component faults and

b) N

tion involved in the contrdlprotection, and monitoring of safety-related attrib
Es/malfunction of its functionality would represent an unacceptable risk of fire, g
hzards would be considered a Safety Critical Function.

C circuits that mahage a Safety Critical Function shall be:

bliable as{defined as being able to maintain the Safety Critical Function in the

pt. Susceptible to electromagnetic environmental stresses encountered in the a

Lites of a unit
lectric shock,

event of

nticipated

envir

3.3 Electroni

oTmeEnts of the—apptiarnce.

c circuits managing Safety Critical Functions shall comply with:

a) Supplement SA; or

b) The Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1
and its Part 2s as specified in this standard. The function shall be considered Class B; or

¢) The Standard for Temperature-Indicating and -Regulating Equipment, UL 873, and the
Standard for Tests for Safety-Related Controls Employing Solid-State Devices, UL 991,

requi

rements specified in Supplement SB.
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3.4 Functions specified in Table 3.1 represent the common safety critical circuit functions of units. It is not
intended to represent all possible Safety Critical Functions.

Table 3.1
Safety Critical Functions

Function (see 3.1) Hazard Location of parameters and tests

Temperature regulating control Scalding Section 19
Temperature limiting control Scalding Section 20
CONSTRUCTION
4 Component Specifications
4.1 General
4.1.1 Except|as indicated in 4.1.2, a component of a product covered by this standard sha|l comply with
the requiremgnts for that component as indicated in this Section.
4.1.2 A component is not required to comply with a specific requirement that:

a) Involves a feature or characteristic not required in the-application of the comporfent in the

produict covered by this standard,

b)

S

c) Is
is us

41.3 A com
use.

4.1.4 Specif
capabilities.
temperatures

4.1.5 Compg
assume the f

a) O

superseded by a requirement in this standard,-or

bd within its established ratings and limitations.

ponent shall be used in accordafce with its rating established for the intended
c components are incomplete in construction features or restricted in
Such components_are - intended for use only under limited conditions, sud

not exceeding specified limits, and shall be used only under those specific cg

nents shall.be suitable for the intended use and installation environment. This s
bllowing_ifstallation parameters.

utdoor, Pollution Degree Il installations.

separately investigated when forming part of another component, provided th¢ component

conditions of

performance
h as certain
nditions.

uitability shall

b) Overvoltage Calegory 1T as specified in the Standard for Insulation Coordinafion
Clearances and Creepage Distances for Electrical Equipment, UL 840.

Including

4.1.6 Components not anticipated by the requirements of this Standard, not specifically covered by a
component standard of Component Specifications, Section 4, and which pose a potential risk of electric
shock, fire or casualty hazard shall be additionally investigated. Reference to other product standards is
appropriate where those standards anticipate normal and abnormal use conditions consistent with the
application of this Standard
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4.2 Quick-connect wire connectors

4.2.1 Quick-connect type wire connectors shall be suitable for the wire size, type (solid or stranded),
conductor material (copper or aluminum) and the number of conductors terminated. If insulated, they shall
be rated for the voltage and temperature of the intended use. They shall be applied per the installation
instructions of the wire connector manufacturer.

4.2.2 Quick-connect type wire connectors shall comply with the Standard for Electrical Quick-Connect

Terminals, UL 310.

4.3 Termina

4.3.1 Terminl blocks shall comply with:

a) T

b) The Standard for Low-Voltage Switchgear and Controlgear — Part 7-1OAncillary

Term

c) The Standard for Low-Voltage Switchgear and Controlgear < Part 7-2: Ancillary

Prote

d) The Standard for Low-Voltage Switchgear and Contfolgear — Part 7-3: Ancillary

Safef

4.3.2 The UL}
and Controlg

4.3.3 Termin
or stranded),

4.4 Wire connectors

4.41 Wire ¢
(copper or al
voltage and ¢
connector ma

4.4.2 Wire @
Standard for

?[ae Standard for Terminal Blocks, UL 1059, or

| blocks

inal Blocks for Copper Conductors, UL 60947-7-1, or

ctive Conductor Terminal Blocks for Copper Conductors{ UL 60947-7-2, or

y Requirements for Fuse Terminal Blocks, UL 60947-7-3.

60947-7-x Standards are used in conjunctien with the Standard for Low-Voltag
bar — Part 1: General Rules, UL 60947-1:

al blocks shall be suitable for the number of conductors per termination, wire siz
conductor material (copper or aluminum), voltage and current of the intended

iminum) and the number of conductors terminated. If insulated they shall be s
urrent of the intended use. They shall be applied per the installation instructio
nufacturer.

onnectars shall comply with the Standard for Wire Connectors, UL 486A-
Equipment Wiring Terminals for Use with Aluminum and/or Copper Conductor

Equipment —

Equipment —

Equipment —

e Switchgear

re, type (solid
use.

bnnectors shall be suitable for the wire size, type (solid or stranded), condyctor material

litable for the
s of the wire

1868, or the
5, UL 486E.
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4.5 Boxes and raceways

4.5.1 Electrical boxes and the associated bushings and fittings, and raceways, of the types specified in
Chapter 3, Wiring Methods and Materials, of the National Electrical Code, ANSI/NFPA 70, and that comply
with the relevant UL standard (such as the Standard for Metallic Outlet Boxes, UL 514A, the Standard for
Nonmetallic Outlet Boxes, Flush-Device Boxes, and Covers, UL 514C, the Standard for Cover Plates for
Flush-Mounted Wiring Devices, UL 514D) are considered to comply with the requirements of this end
product standard.

4.6 Overcurrent protection
4.6.1 Fuses shall comply with the Standard for Low-Voltage Fuses — Part 1: General Requirements, UL

248-1; and the applicable Part Z (e.g. UL 248-5). Defined use fuses that comply with, JL 248-1 and
another applicable UL standard for fuses are considered to comply with this requirement.

4.6.2 Fusehglders shall comply with the Standard for Fuseholders — Part 1: General’ Requirements, UL
4248-1, and the applicable Part 2 (e.g. UL 4248-9).

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

Exception: Qircuit breakers used in telecommunications circuitry that comply with the Stanadard for Circuit
Breakers Fof Use in Communications Equipment, UL 489A¢ need not comply with the |Standard for
Molded-Casgq Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosures, UL 489.

4.6.4 Circuit|breakers having integral ground fault cjr€lit interrupter capability for protection against
electrical shock shall additionally comply with the Standard for Ground-Fault Circuit-Interrugters, UL 943.

4.6.5 Supplementary protectors shall comply with the Standard for Supplementary Protectors for Use in
Electrical Eqliipment, UL 1077.

4.7 Switches
4.7.1 Switches shall comply withwone of the following, as applicable:

a) The Standard forSwitches for Appliances — Part 1: General Requirements, UL $1058-1;

b) The Standard-for General-Use Snap Switches, UL 20; or

¢) The Standard for Nonindustrial Photoelectric Switches for Lighting Control, UL 773A.

Exception: lications (e.g.
transfer switch equipment), industrial use (e.g. contactors, relays, auxiliary devices), or are integral to
another component (e.g. switched lampholder) need not comply.

4.7.2 A clock-operated switch, in which the switching contacts are actuated by a clock-work, by a
gear-train, by electrically-wound spring motors, by electric clock-type motors, or by equivalent
arrangements shall comply with one of the following:

a) The Standard for Clock-Operated Switches, UL 917; or
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b) The Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1,
and the Standard for Automatic Electrical Controls for Household and Similar Use; Part 2:
Particular Requirements for Timers and Time Switches, UL 60730-2-7.

4.7.3 A timer or time switch, incorporating electronic timing circuits or switching circuits, with or without
separable contacts, shall comply with the requirements for an operating control with Type 1 action for
6,000 cycles of operation, or as a manual control for 5,000 cycles of operation, in accordance with the
following:

a) The Standard for Solid-State Controls for Appliances, UL 244A; or
b) The Standard for Automatic Electrical Controls — Part 1: General Requirements, UL 60730-1,

and the Sfandard for Automalic Elecirical Controls for Household and Similar Usg; Part 2:
Parti¢ular Requirements for Timers and Time Switches, UL 60730-2-7.

4.7.4 Switches that comply with the Standard for Switches for Appliances < Par{ 1: General
Requirement$, UL 61058-1, shall be rated as specified in 4.7.5 — 4.7.7.

4.7.5 Power|switches shall be rated as follows:
a) For a voltage not less than the rated voltage of the appliance;
b) For a current not less than the rated current of the @ppliance;
c) For Continuous Duty;
d) With respect to load:
1) Switches for motor-operated appliances: for resistance and motor load ip
accordance with the Standardyfor Switches for Appliances — Part 1: Geners

Requirements, UL 61058<1, or Outline for Particular Requirements for Swit¢hes for
Tools, UL 6059, if the switch would encounter this load in normal use; or

2) Switches may«be-regarded as switches for a declared specific load in a¢cordance
with the UL 63058-1, or UL 6059, and may be classified based upon the lopd conditions
encounteredin-the appliance under normal load.
e) For ac if the Jappliance is rated for ac;

f) Far dc ifithe appliance is rated for dc.

4.7.6 Ratings—and—toad—ctassifications for switches other—tham power switchies shatte based on the
conditions encountered in the appliance under normal load.

4.7.7 Switches shall also be rated with respect to endurance as follows:
a) Power switches: 6000 cycles;

b) Power switches provided with series electronics shall be subject to an additional 1000 cycles
of operation with the electronics bypassed;

c) Switches other than power switches, such as speed selector switches, that may be switched
under electrical load: 1000 cycles;
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d) The following non-power switches are not required to be rated for endurance:

1) Switches not intended for operation without electrical load, and which can be
operated only with the aid of a tool or are interlocked so that they cannot be operated

under electrical load; or

2) Switches for 20 mA load as classified in the Standard for Switches for Appliances —

Part 1: General Requirements, UL 61058-1.
4.8 Relays and contactors

4.8.1 Relays shall be suitable for the voltage, current and type of load controlled and shal

| comply with

the Standard[for Tndustrial Control Equipment, UL 508.
4.9 Transfofmers

4.9.1 General-purpose transformers shall comply with the Standard for Low Voltage Transf

brmers — Part

1: General Rpquirements, UL 5085-1; and the Standard for Low Voltage Transformers — Part 2: General

Purpose Transformers, UL 5085-2.

4.9.2 Class 2 and Class 3 transformers shall comply with the Standard for Low Voltage Transformers —

Part 1: Geneffal Requirements, UL 5085-1; and the Standard for Low{Voltage Transformers —
2 and Class 8 Transformers, UL 5085-3.

Exception: Transformers located in a low voltage circuit that‘do not involve a risk of fire or p
need not comply with this requirement.

4.10 Printed wiring boards

4.10.1 Printgd wiring boards, including the _coatings, shall comply with the Standard for F
Boards, UL 796.

Exception: A printed-wiring board in‘a_Class 2 nonsafety circuit is not required to comply wit
requirements| in the Standard for«Printed-Wiring Boards, UL 796, if the board is separated
other circuits| such that loosening of the bond between the foil conductor and the base m:
result in the foil conductors ©r;components coming in contact with parts of other circuits of
of the end-ude product.

4.10.2 A printed-wiring board containing circuitry in a line-connected circuit or a safety circui

Part 3: Class

ersonal injury

Printed-Wiring

h the bonding
from parts of
aterial will not
the control or

shall comply

with the diregt-suppott requirements for insulating materials in the Standard for Polymeric Materials — Use

in Electrical Equipment Evaluations, UL 746C.

4.10.3 Unless otherwise specified, the flammability class and temperature rating shall be that specified
for insulating materials in the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations,

UL 746C.
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4.11 Temperature sensing thermistor devices

4.11.1 A temperature sensing device, such as a positive temperature coefficient (PTC) thermistor and a
negative temperature coefficient (NTC) thermistor, that is used in combination with an electronic control
and that together with the control provides an operating or protective function shall comply with the

Standard for Thermistor-Type Devices, UL 1434.

4.11.2 The thermistors described in 4.11.1 shall be investigated for:

a) Endurance Test: 100,000 cycles (all types),

b) Temperature Excursions: Outdoor Use Conditions

4.11.3 The ¢

electronic control, shall not exceed the required as-received (Deviation) system tolerance of

and the requ
4.12 Button

4.12.1 Revis

5 Frame andgl Enclosure
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or coin cell batteries of lithium technologies
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ich it will encounter during normal service, thus precluding total or partial cq

the attendant reduction of spacings,-loosening or displacement of parts, and
in combination constitute an increase’ in the risk of fire, electric shock, or injut
the factors to be determinediwhen an enclosure is evaluated for acceptability,
nysical strength;

psistance to impact;

pbmbustibility;

bsistance to corrosion; and

llotted to the
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other defects
y to persons.
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f) Resistance to distortion at temperatures likely to be encountered under normal or abnormal
conditions of use.

For a nonmetallic enclosure, these factors are to be determined with due regard for deterioration due to
aging or other foreseeable environmental exposures.

5.1.3 Besides the factors listed in 5.1.2, an enclosure of sheet metal shall be evaluated with regard to its
size, shape, the thickness of the metal, and its intended application.
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5.2 Protection of combustible materials outside the enclosure

5.2.1 The enclosure shall reduce the risk of molten metal, burning insulation, flaming particles, or the like
from falling on combustible materials, including the surface upon which the heater is supported.

5.2.2 The requirement in 5.2.1 requires use of a barrier of combustion resistant material under wiring,
unless it is of the flame-retardant type. Neoprene-, asbestos-, or thermoplastic-insulated wires are
considered to be of this type.

5.2.3 A switch, transformer, relay, solenoid, or the like shall be individually enclosed unless it can be
shown that breakdown of the component will not result in a risk of fire, or unless there are no openings
in the bottom of the overall heater enclosure. An unbaffled opening located directly below field- or

factory-made
be used.

Exception:
completely e

5.3 Ventilati

5.3.1 An opq
associated w
that will redu

Exception:
the baffles af

a) N
heat
width

b) Tl

5.3.2 When
intended for
concealed sp
equipment is

Exception:
or for a mant
not greater th

The requirement in this paragraph does not apply to an opening for a mounting

splices or overcurrent-protective devices In the bottom of such a heater englo

Terminals of a switch, transformer, relay, solenoid, or the like are ‘hot re
nclosed.

hg openings

ning in the enclosure for ventilation, other than in the boitom of a heater, an
th the dissipation of heated air from the element, shallbe provided with one o
te the risk of emission of flame, molten metal, burning insulation, or the like fro

n a compartment other than one that houses.ah overload or overcurrent prot
e not prohibited from being omitted when;

D ventilating opening in a vertical walk-other than one associated with the dissi
from the elements during normal operation of the heater is more than 3/8 inch
or

e heater is constructed so.that baffles are not required, as shown by investig:
hn opening is provided in the enclosure of a heater or in an externally mounte
permanent connection to the power supply, it shall be located so that it will

aces of a building”structure, such as into hollow spaces in the walls or the |
installed as_intended.

ifacturing operation such as a paint drainage hole, when such an opening has

sure is not to

quired to be

d an opening
more baffles
Im the heater.

bctive device,
pation of
(9.5 mm) in
ntion.

d component

not vent into
ke, when the

screw or nail
a dimension

an\17/64 inch (6.7 mm), or an area of more than 0.055 square inches (35.5 nlimz).
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5.4 Thicknes

s of enclosure materials

5.4.1 Cast- and sheet-metal portions of an enclosure shall not be thinner than indicated in Table 5.1
unless the enclosure is determined to be acceptable when evaluated under considerations such as those

specified in 5.1.2 and 5.1.3.
Table 5.1
Minimum thickness of enclosure metal
At small, flat, unreinforced surfaces and at
surfaces that are reinforced by curving,
ribbing, etc. (or are otherwise of a shape At relatively large unreinforced flat
arTd/orsize)to-provide physicalstrengtiy; surfaces, |
Metal inches (mm) inches (mm)
Die-cast 3/64 (1.2) 5/64 (2.0)
Cast malleablq iron 1/16 (1.6) 3/32 (2.4)
Other cast mefal 3/32 (2.4) 1/8 (3.2)
Uncoated shegt steel 0.0262 (0.66)2 - -
Galvanized shget steel 0.0292 (0.74)2 - -
Nonferrous shget metal 0.0362 (0.91)2 - -
@ Thinner shedt metal is not prohibited from being used when the enclosure is evaluated under considerations slich as those
specified in 5.1.2 and 5.1.3.

5.4.2 Sheet metal to which a wiring system is to be connected in the field shall have an aver

not less than
a) 0.
b) 0.

c) 0.

5.4.3 An end

attachment p

a) 0.

b) 0.

c) 0.

032 inch (0.81 mm) if uncoated steel;
034 inch (0.86 mm) if galvanized steel; and

D45 inch (1.14 mm) if nonferrous.

ug receptacle projects through it:
032 inch (0.81'mm) if the enclosure is of ferrous material;

045 inch~(1.14 mm) if the enclosure is of nonferrous material; and

losure shall have a thickness not less than the following at points where th

10<inch (2.5 mm) if the enclosure is of insulating material. The insulating mate

hge thickness

e face of an

rial shall be

com

ustion resistant.

Exception: An enclosure of insulating material is not prohibited from being of lesser thickness when it is
formed or reinforced so that it provides equivalent physical strength.
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5.5 Openings

5.5.1 An opening in the bottom of an appliance shall not be located below an electrical part unless a solid,
noncombustible pan complying with Figure 5.1 is interposed between the electrical part and supporting
surface. The pan is to have a rim, lip, or other raised edge that is in a horizontal plane and extends all the
way around the pan. The bottom of the pan need not be flat or any regular shape and the transition from
the bottom to the rim, lip, or the like may have any convenient shape, but at every point directly below the
electrical part, the floor of the pan is to be 1/8 inch (3.2 mm) or more below the plane of the rim, lip, or
the like.

5.5.2 The structure of the part or of the appliance may provide the equivalent of the pan described in 5.5.1
when it complies with Figure 5.1. The raised edge may be incorporated in the opening.
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Figure 5.1
Minimum extent of baffle for opening in bottom of enclosure

PARTIAL METAL ENCLOSURE —== ELE.S,IS'TCAL

— 30°

PROTECTIVE PAN

1/841

(3.2(nm)
C 30°f=— —=1 30° D
BOTTOM OF ENCLOSURE ‘ﬁ1 / 4"
N—
(6.4mm)
C, 300 L | 300 Dq

SUFARORTING SURFACE

777777777777 777777777/ 77777

SB0714

A, B, C, and D are projections that define a volume between an electrical part and an opening; C’ and D’ are projections that define
a volume between an opening and the supporting surface. A protective pan in any horizontal plane between the part and the opening
in the supporting surface must be larger than the area defined by projections A, B, C, and D, or projections C’ and D’, respectively.
Three examples of protective pans are illustrated in the figure, two are above the opening and one is below it.
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5.6 Accessibility of uninsulated live parts

5.6.1 To reduce the risk of unintentional contact that may involve a risk of electric shock from an
uninsulated live part or injury to a person, an opening in an enclosure shall comply with (a) or (b).

a) For an opening that has a minor dimension (see 5.6.3) less than 1 inch (25.4 mm), such a
part or wire shall not be contacted by the probe illustrated in Figure 5.2. If the minor dimension
is less than 3/4 inch (19.1 mm), the articulate probe without the web stop may be used.

b) For an opening that has a minor dimension of 1 inch or more, such a part or wire shall be
spaced from the opening as specified in Table 5.2.
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Figure 5.2
Articulate probe with web stop
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Table 5.2
Minimum distance from an opening to a part that may involve a risk of electric shock or injury to
persons
Minor dimension of opening?, Minimum distance from opening to part,
inches® (mm)P inchesP (mm)P
1 (25.4) 6-1/2 (165)
1-1/4 (31.8) 7-1/2 (190)
1-1/2 (38.1) 12-1/2 (318)
1-7/8 (47.6) 15-1/2 (394)
2-1/8 (54.0) 17-1/2 (444)
20 (7Q‘ )
2 See 5.6.4.
b Between 1 ihch and 2-1/8 inches, interpolation is to be used to determine a value between values spegified ir the table.
¢ More than 2+1/8 inches, but not more than 6 inches (152 mm).

5.6.2 The pr
opening will

to any positipn that is required to examine the enclosure. The probe illustrated in Figure

applied in a

through the dpening.

5.6.3 The prpbe specified in 5.6.1 and 5.6.2 shall be used.as*a measuring instrument to

accessibility
probe shall b

5.6.4 With rg
the largest cy

5.6.5 During
the outer enc
attachment
reasons) is tq

or personal imjury.

5.6.6 A door
the closed pq

5.6.7 The do
manually-res

bbe specified in 5.6.1 and illustrated in Figure 5.2 shall be applied to any d
ermit and shall be rotated or angled before, during, and after.insertion throug

epth that the
h the opening
5.2 shall be

possible configuration and, if required, the configuration*shall be changed after insertion

rovided by an opening, and not as an instrument to evaluate the strength of a
e applied with the minimum force required to, determine accessibility.

ference to the requirements in 5.6.1,-the minor dimension of an opening is th

the examination of equipment in connection with the requirements in this sec
osure that may be removed without the use of a tool by the user of the heater
f accessories, to allow(access to means for making operating adjustments
be removed. Such a part shall not be assumed to provide protection against

or cover of an.enclosure shall be provided with a means for holding it securg
sition.

or orscover of an enclosure shall be hinged if it gives access to any fuse, circy

evaluate the
material. The

e diameter of

lindrical probe having a hemispherieal tip that can be inserted through the opg¢ning.

ion, a part of
(to permit the

or for other
blectric shock

ly in place in

it breaker, or

exposed duri

pttable limiting control in other than a low- voltage circuit, and if any uninsulate

automatic latch or the equivalent and, if any live part other than the screw shell of a plug fuseholder is
exposed inside the enclosure, a captive screw (or similar means requiring the use of a tool to open) shall
be provided to secure the door or cover in place, and the cover shall be legibly and permanently marked
in accordance with 40.1.6.
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5.6.8 A protective device shall be wholly inaccessible from outside the heater without opening a door or
cover; however, the operating handle of a circuit breaker, the operating button of a manually-resettable
limiting control, or a similar part may project outside the enclosure.

5.6.9 A door or cover giving access to any overload protective device in other than a low-voltage circuit
shall be tight-fitting and shall overlap the surface of the enclosure around the opening.

5.6.10 A spring latch, a magnetic latch, a dimple, or any other mechanical arrangement that will hold the
door in place and would require some effort on the user’s part to open is determined to be an acceptable
means for holding the door in place as required in 5.6.6.

5.6.11 A component that is likely to need inspection, replacement, cleaning, or other servicing shall be as
accessible aqdis practicable, and shall be readily accessible without the use of special tools, 1 it is intended
to be manually-operated or adjusted, or if it will require periodic servicing.

5.6.12 If an ppening is provided to gain access to a control that is intended torbe"reset| adjusted, or
otherwise manipulated by the user or service personnel, it shall not be pessible to contact a live
uninsulated dr enamel insulated part with a 1/16 inch (1.6 mm) diameter rod applied as descrjbed in 5.6.13
and as illustrated in Figure 5.3.

Figure 5.3
Accessibility of live part through adjustment opening
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5.6.13 With reference to the requirement in 5.6.12, the rod is to be inserted through the opening to its
maximum depth and positioned in all possible directions without producing an angle of more than 30
degrees between the rod and a line connecting the center of the opening with the center of the face of the
adjusting mechanism. The length of the rod beyond the opening is not to exceed the distance between
the opening and the face of the adjusting mechanism by more than 3 inches (76 mm).

5.7 Button or coin cell batteries of lithium technologies

5.7.1 The battery compartment of an appliance or any accessory, such as a wireless control,
incorporating one or more coin cell batteries of lithium technologies shall comply with the Standard for
Products Incorporating Button or Coin Cell Batteries of Lithium Technologies, UL 4200A, if the appliance
Or any accessory:

a) ls|intended for use with one or more single cell batteries having a diameter of 82 mm (1.25
in) maximum with a diameter greater than its height; and

b) The appliance is intended for household use.
6 Metal in Gontact With Water
6.1 A metal {ank and associated metal pipe fittings that are in contact with pool water shall be of:

a) Cppper, copper alloy, or stainless steel, any of which ig at least 0.036 inch (0.91 mm) thick.
If a copper alloy has a zinc content, such content shall not exceed 15 percent;

b) Chst iron at least 1/4 inch (6.4 mm) thick;

c) Steel at least 0.067 inch (1.7 mm) thick;-if the surface of the steel in contact with water is
galvgnized or glass lined. The zinc coating shall be a minimum of 0.0017 inches (0{043 mm)
thick [as determined by the method specified in 34.1, and the minimum average thigkness of the
glasd lining shall be 0.005 inches.(0.13 mm). The minimum average thickness of tHe glass
lining is to be calculated from _six-thickness measurements, all taken at different locations. Each
meagurement is to be made by first measuring the thickness of the metal with the glass lining,
then ubtracting the measured thickness of the metal after breaking off the glass; or

d) Aluminum or alumifrdm alloy at least 0.093 inch (2.36 mm) thick if the surface ir| contact with
watef is glass lined. -The minimum average thickness of the glass lining shall be 0.005 inches
(0.13 mm) as wmeasured by the method described in (c).

As an alternative 10 the specifications in 6.1 (a) — (d), a tank that bears the symbol of the Boiler and
Pressure Ve%isel Code, ANSI/ASME BPVC, consisting of the Code H, S, M, U, UM, or HLW in a clover
leaf may be used:

6.2 Any pipe or fitting of iron or steel in contact with water shall be protected against corrosion by
galvanizing or plating. Zinc coating used for corrosion protection shall be a minimum 0.0017 inches (0.043
mm) thick as determined by the method specified in 34.1.
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7 Field-Wiring Connections
7.1 General
7.1.1 A heater shall have provision for connection of a wiring system.

7.1.2 If the heater includes a length of flexible conduit for the heater supply leads, the flexible conduit
shall be steel and an outlet box, control box, or similar enclosure intended for connection to the supply
wiring system shall be provided on the end of the flexible conduit. Unless the conduit is terminated in an
outlet box or other enclosure not larger than 2 by 4 by 4 inches (51 by 102 by 102 mm) for splice
connections, locknuts on the fittings are not considered to be an acceptable means of preventing the
loosening of the conduit fittings. An equipment grounding conductor sized in accordance with 10.3 shall
be included ynless:

a) The conduit is not longer than 6 feet (1.8 m);

b) Np circuit conductor protected by an overcurrent protective device rated at morg than 20
ampgres is included; and

c) The conduit is not larger than 3/4-inch trade size unless the fittings are identified as
provifling grounding.

7.1.3 A knockout for connection of a field wiring system to a field wiring compartment shall gccommodate
conduit of the trade size shown in Table 7.1.

Table 74
Trade size of conduit in inches
Wire size, Number of wires

AWG (mm?) 2 3 4 5 6
14 (2.1) 1/2 1/2 1/2 1/2 1/2
12 (3.3) 1/2 1/2 1/2 3/4 3/4
10 (5.3) 1/2 1/2 1/2 3/4 3/4
8 (8.4) 3/4 3/4 3/4 1 1
6 (13.3) 3/4 1 1 1-1/4 1-1/4
4 (21.2) 1 1 1-1/4 1-1/4 1-1/2
3 (26.2). 1 1-1/4 1-1/4 1-1/2 1-1/2
2 (33.6) 1 1-1/4 1-1/4 1-1/2 2
1 (42.4) 1-1/4 1-1/4 1-1/2 2 2
1/0 (53.5) 1-1/4 1-1/2 2 2 2-1/2

NOTE - This table is based on the assumption that all conductors will be of the same size and there will be not more than six
conductors in the conduit. If more than six conductors will be involved or if all of them are not of the same size, the internal cross-
sectional area of the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-sectional area of the
wires, based on the cross-sectional area of Type THW wire.

7.1.4 A wiring space or other compartment in a heater intended to be wired in the field that will enclose
wires shall be free of any sharp edges, burrs, fins, moving parts, or the like that can damage the conductor
insulation.
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7.1.5 An opening in an enclosure for the entrance of a conductor shall be provided with a bushing of
insulating material. The bushing shall be mounted in place in the opening or may be provided with the
enclosure so that it may be mounted when the equipment is installed.

7.1.6 A bushing of rubber or rubber-like material provided in accordance with 7.1.5 shall not be less than
1/8 inch (3.2 mm) thick. A hole in which such a bushing is mounted shall be free of sharp edges, burrs,

projections, or the like, that might damage the bushing.

Exception:

edges, the bushing shall not be less than 3/64 inch (1.2 mm) thick.

7.2 Leads and terminals

When the metal around a bushing hole is eyeletted or otherwise treated to provide smooth

7.2.1 Alead
if the heater
80 amperes,
temperature

7.2.2 A heat
connection o
and sized on
tbe provided
less than 124
ampacities.

7.2.3 A field-
conductors a
in 7.2.2, cons

7.2.4 A lead
the branch ci
not be smallg

7.2.5 In detq
multiple pow
raceway, the

7.2.6 A term
connection of
conductor m4

intended to be connected to the source of supply shall be rated for minimum
s rated at 80 amperes or less, and minimum 75°C (167°F) if the heater\is rat
even if such wiring material temperature rating would not be requifed fg
hlone.

er rated 80 amperes or less shall be provided with field-witing terminals or
conductors having an ampacity not less than 125 percent, of-the current rating
the basis of 60°C rated conductor ampacities. A heater(rated more than 80 &
with field-wiring terminals or leads for the connection.ef conductors having an
percent of the current rating of the heater and sized on the basis of 75°C raf

wiring terminal of a heater that is marked.&s being intended for either copper
5 indicated in 40.3.1, shall be of a size that can accommodate the conductor s
idering such factors as heating, heat.eycling, and the like.

for connection of field wiring shall not be more than two standard (AWG) sizes
cuit power supply or control circuit conductor (copper) to which it will be connec
rthan a 14 AWG (2.1 mm?@)-copper conductor in any case.

rmining the size of the: power supply conductors in equipment intended for
br supplies and ip~which more than six such conductors will be likely to occt
additional ampacity deratings shall be applied.

nal for fig€ld-connection of a control circuit conductor may be used if it is int
a 14 AWG (2.1 mm?) copper conductor. A copper lead for field connection of a
y be"16 or 18 AWG (1.3 or 0.82 mm?).

60°C (140°F)
cd more than
r reasons of

leads for the
of the heater
mperes shall
ampacity not
ed conductor

or aluminum
zes specified

smaller than
ted, and shall

connection to
py the same

bnded for the
control circuit

Exception:

18 AWG copper conductor.

A—terminalt i a fow-voltage circuit Tay be used, if it 15-sized for conmectiorrof-a 16 AWG or

7.2.7 A field-wiring terminal shall be provided with a pressure wire connector securely fastened in place

(for example,

bolted or held by a screw).

Exception: A wire-binding screw may be used at a field-wiring terminal intended to accommodate a 10
AWG (5.3 mm?) or smaller conductor.
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7.2.8 Where continuity or secureness of an electrical connection involves a threaded joint, at least two
full threads shall be engaged in the threaded joint and, for a screw with a tapered end, any threads on the
tapered end shall be disregarded.

Exception: The threaded joint of a component complying with applicable component requirements for
threaded joint design, continuity, and secureness is not required to comply with this requirement.

7.2.9 Where pigtail leads are provided for field-wiring connections, a threaded joint at the product end of
the lead shall comply with 7.2.8.

7.2.10 A field-wiring terminal shall be prevented from turning or shifting in position by means other than
friction alone. Acceptable means of complying with this requirement include use of two screws or rivets,

square shoul
part, or by an

7.2.11 A wir
diameter).

Exception N(¢
conductor.

Exception Nd
conductor.

7212 A 14
the connectid

7.2.13 A ter
thick.

Exception:
tapped threa

7.2.14 Uptur
and shall be
than 14 AWG

jers or mortises, dowel pins, Tugs, offsets, or connecting straps or clips fitted in{
equivalent method.

b-binding screw at a field-wiring terminal shall not be smaller than No.”10 (4

. 1: A No. 8 (4.2 mm) screw may be used for the connettion of a 14 AW

. 2: A No. 6 (3.5 mm) screw may be used for the connéction of a 16 AWG (1.3
A\WG (2.1 mm?) conductor is the smallest coriductor that may be anticipated at
n of a power supply wire.

hinal plate tapped for a wire-binding-screw shall be of metal at least 0.050 i
\ plate not less than 0.030 inch” (0.8 mm) thick is not prohibited from being u.
/s have strength equivalent:to those in a terminal plate at least 0.050 inch thig
hed lugs or a cupped washer or the equivalent shall be provided with a wire-|

Capable of retaininga conductor that corresponds to the rating of the heater, b
(2.1 mm?), underthe head of the screw or washer.

7.2.15 A wir¢-binding Screw shall thread into metal.

7.2.16 A hed
for the conne|

ter rated 125 or 125/250 volts (three-wire) or less shall have one terminal or |
Ction'of the grounded conductor of the power supply circuit. No switch, overcurr

b an adjacent
.8 mm major
G (2.1 mm?)
mm?) control
a terminal for
ch (1.3 mm)
sed when the

K.

binding screw
Lt not smaller

cad identified
ent protective

device, or lin

itcontrotof the singte pote type stattbeconmectedimthe groundedconductor.

7.2.17 A field-wiring terminal intended for the connection of a grounded conductor shall be of (or plated
with) a metal substantially white in color and shall be readily distinguishable from the other terminals, or
identification of the terminal shall be clearly shown in some other manner, such as on an attached wiring
diagram. A lead intended for connection of a grounded conductor shall be finished to show a white or gray
color and shall be distinguishable from any other leads.
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7.2.18 The free length of a lead inside an outlet box or wiring compartment shall be at least 6 inches (152
mm) if the lead is intended for field connection to an external circuit.

8 Field Wiring Compartments

8.1 A heater shall be provided with a compartment for supply wiring connections. The volume of the
compartment shall be at least that indicated in Table 8.1. When determining total compartment volume
from the table, a conductor running through the compartment and each conductor originating outside the
compartment and terminating inside the compartment is to be counted as one conductor.

Table 8.1
Minimum volume of field wiring compartments

Size of conductor, Free space in compartment for each\cophductor,
AWG (mm?) cubic inches (cmp)
14 (2.1) 2.0 (33.p)
12 (3.3) 2.25 (36.9)
10 (5.3) 25 (41.9)
8 (8.4) 3.0 (49.p)
6 (13.3) 5.0 (82.0)

8.2 The depih of the compartment in the vicinity of any opening at which supply conductqrs may enter
shall be such that the required space for wire bending and .manipulation will remain betwen any wire
connector, wifing lug, conduit knockout, or conduit hole and .any wall of the wiring compartmgnt that would
result in the yire bending, as specified in Table 8.2.

Table 8.2
Wire bending space
Minimum bending space from connector, lug, knockouit, or hole to
wall
Wire per pole
Size of wire, 1 22

AWG or MQM (mim?) inch (mm) inch (mm)
14 - 10 AWG (2.1~ 5.3) Not specified Not specified - -

8 — 6 AWG (8.4 — 13.3) 1-1/2 (38.1) - -

4 — 3 AWQ (21.2-26.7) 2 (50.8) - -

2 AWG (33.6) 2-1/2 (63.5) - -

1 AWG (42.4) 3 (76.2) - -
1/0 — 2/0 AWG (535 — 7 4) 3-1/2 (88 9) 5 (127)
3/0 — 4/0 AWG (85.0 - 107.2) 4 (102.0) 6 (152)

250 MCM (127) 4-1/2 (114.0) 6 (152)
@ Applies when two conductors can approach the terminal only from the same direction.

8.3 An opening provided in the wiring compartment for the connection of conduit in the field shall be in
accordance with Table 7.1, and the minimum trade size of conduit required for use with the smallest
conductor capable of carrying the load current. When making this determination, aluminum conductor
wires shall be assumed unless the unit is marked for copper supply wiring only.
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8.4 The location of a terminal box or compartment intended for the connection of power supply wiring
shall be such that the box or compartment is accessible for inspection of the supply wire connections after
the heater is installed. Moving the installed heater for such inspection shall not be required.

8.5 With reference to 8.4, it is to be assumed that accessibility for inspection exists if, after the heater is
installed in the intended operating position, the connections can be examined without using any special
tool (such as an offset screwdriver, and the like) or disturbing the wiring in the compartment.

8.6 A supply wiring terminal compartment shall be attached to the heater and prevented from turning in
relation to it.

9 Leakage Current Collectors

9.1 A leakagp current collector shall be provided at the water inlet, and another at the outlet |of the heater,
and these shall be electrically insulated from the heater. The installation of the collectors ghall be such
that all water{entering and leaving the heater flows through the two collectors as shown in Figure 9.1.

Exception: This requirement does not apply to a construction determined to'be’acceptablg as the result
of the leakage current test described in Leakage Current in Water, Sectioh.36.

Figure 9.1
Leakage current collector. diagram
COLLECTOR; COLLECTOR 7
i v B oo i
INLET INSULATOR INSULATOR OUTLET

SB1675

9.2 A leakage current collector shall be of galvanized or other corrosion resistant metal pipe, and shall be
a minimum length of five times its own inside diameter. Each leakage current collector shall have provision
for the connection of a grounding conductor not smaller in cross section than the heater power supply
conductors.
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9.3 A leakage current collector shall be permanently factory installed on the heater, or provided with the
heater together with field installation instructions as described in 42.9.

10 Equipment Grounding

10.1 A field-wiring terminal or lead for the connection of an equipment grounding conductor shall be
provided.

10.2 A field-wiring terminal intended solely for connection of an equipment grounding conductor shall be
a screw-type connector capable of securing a conductor of a size as described in 10.3 and shall comply

with the requ

irements in 7.2.1 — 7.2.16.

10.3 An equijpment grounding conductor shall be at Teast the same size as the power suppl
and in no cage shall it be smaller than 12 AWG (3.3 mm?).

10.4 A wire-binding screw intended for the connection of the equipment grounding conduc

a green-colo
for connectio
”Grounding,”
SCrew or Scre

ed head that is hexagonal, slotted, or both. A screw-type, pressure\wire conng
n of such a conductor shall be plainly identified by the marking “Gy"*”GR,” "GN
or the like, or by a marking on a wiring diagram provided aen, the heater. Thg
w-type wire connector shall be located so that it is unlikely, to-be removed duri

servicing of the heater, and the wire-binding screw shall have uptufned lugs, cupped wa

equivalent to

10.5 The su
conductor sh

Exception:

wiring that is
do not apply
that are sepg

11 Bonding

11.1 An exp
during any s
electrically ¢
knockout, ho

retain the conductor.

face of an insulated lead intended solely for:the' connection of an equipmg
il be green with or without one or more yellow.stripes, and no other lead shall K

I'he requirements in 10.5 that cover the\color coding of grounding leads apf
visible in a wiring compartment in the-area in which field connections are to b¢
fo leads or wiring of low-voltage circuits intended to be field connected to Clas]
rated or segregated from high-yoltage circuit, field-wiring connections by barri

For Grounding

bsed dead-metal part.and a dead-metal part inside the enclosure that is expos
brvicing operation;~tmaintenance, or repair, and that is likely to become energ
bnnected to thé equipment grounding terminal or lead and to the metal su
e, or bushing provided for field connection to the power supply.

11.2 An uni
mounting as

Exception:

sulated_dead-metal part of a cabinet, electrical enclosure, mounting brack
embly, capacitor, or other electrical component shall be bonded for grounding

y conductors,

or shall have
ctor intended
D,” “Ground,”

wire-binding
g the normal
shers, or the

nt grounding
e so colored.

ly to internal
b made. They
b 2 wiring and
PrS.

ed to contact
zed, shall be
rounding the

et, controller
purposes.

a) Adhesive-attached, metal-foil markings; screws; handles; and the like located on an
enclosure or cabinet and isolated from electrical components or wiring by grounded metal parts
so that they are unlikely to become energized.

b) Isolated metal parts such as contactor magnet frames or armatures, small assembly screws,
and the like that are positively separated from wiring and other uninsulated live parts.

¢) Panels and covers that do not enclose uninsulated live parts if wiring is positively separated

from

the panel or cover so that ii is not likely to become energized.
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d) Panels and covers that are insulated from electrical components and wiring by an insulating
barrier of vulcanized fiber, varnished cloth, phenolic material, or similar material not less than
1/32 inch (0.8 mm) thick that is secured in place.

11.3 A heater shall have, on the external surface or inside the box, panel, or wiring compartment where
the equipment grounding conductors are to be connected, a wire connector able to accommodate a 8
AWG (8.4 mm?) solid copper wire for the purpose of bonding the grounded metal to pool steel or other
local common bonding grid in the area of the swimming pool heater. If this connector is inside the box
panel or wiring compartment, a knockout shall be provided for the passage of a 8 AWG wire.

11.4 All wire connectors provided for bonding to the pool bonding grid, or for bonding leakage current
collectors to the heater, shall be stainless steel, brass, copper, or copper alloy.

12 Live or Qurrent-Carrying Parts
12.1 Generdl

12.1.1 An el¢ctrical part of a heater shall be located or enclosed so that protection against|unintentional
contact with any live part will be provided.

12.2 Current-carrying parts

12.2.1 Platefd iron or steel may be used only for current<Carrying parts having norrmal operating
temperatureg of more than 100°C (212°F), but unplatedyiron or steel shall not be ysed for any
current-carnfing part. Stainless steel and other such ‘cetrosion-resistant alloys may |be used for
current-carrying parts, regardless of temperature.

13 Enclosute of Live Parts and Wiring

13.1 A termipal or lead for field connections,@ terminal of a component such as an element, thermostat,
and the like, pnd internal wiring shall be enclosed within a metal housing or enclosure that fomplies with
Frame and Enclosure, Section 5.

13.2 An enclosure that houses wires shall be smooth and entirely free from sharp edges, burrs, fins,
moving parts| and the like that-ean damage wiring.

13.3 Alive of current-carrying part shall be secured to the base or mounting surface so that|it cannot turn
or shift position if such2motion could result in the reduction of electrical spacings below fthe minimum
values specifjed in Electrical Spacings, Section 21.



https://ulnorm.com/api/?name=UL 1261 2017.pdf

SEPTEMBER 2, 2016 ELECTRIC WATER HEATERS FOR POOLS AND TUBS - UL 1261 31

14 Internal Wiring
14.1 General

14.1.1 For the purpose of these requirements, the internal wiring of a heater is determined to be all the
interconnecting wiring beyond the wiring terminals or leads for field-wiring connections, even though some
of the wires may not be completely enclosed, or may be in the form of flexible cord.

14.1.2 Internal wiring shall consist of wires of a size corresponding to the rating of the heater, and in no
case smaller than 18 AWG (0.82 mm?). The wiring shall be standard building wire, fixture wire, or other
acceptable type, taking into consideration temperatures, voltage, and other conditions of service likely to
be encountered.

14.1.3 Therg is no temperature limit applicable to a conductor provided with beads of norLcarbonizabIe
material. The|number and arrangement of the beads shall be such as to maintain spacings s required in
Electrical Spgcings, Section 21. A conductor using beads shall not be used outsideran“enclogure or where
it is accessible to inadvertent contact from outside the enclosure.
14.1.4 Insuldted wire used for internal wiring may be of the following types:

a) Building Wire — Types RH, RHH, RHW, T, TW, THWN, and)MTW.

b) Fixture Wire — Types RFH-2, SF-2, SFF-2, FFH-2, TFTFF, TFN, and TFFN.

c¢) Flexible Cords — HPN, HS, HSJ, HSJO, HSO, §;-8J, SJO, SJT, SJTO, SO, ST,[STO, SP-2,
SP-3| SPT-2, and SPT-3.

d) Appliance Wiring Material — Appliance witing material shall have thermoplastic insulation not
less than:

1) 1/32 inch (0.8 mm) thick for 18 — 10 AWG (0.82 — 5.3 mm?);
2) 3/64 inch (1.2 mm)_thick for 8 AWG (8.4 mm?); and

3) 1/16 inch (#-6-mm) thick for 6 — 2 AWG (13.3 — 33.6 mm?).
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14.2 Wiring methods

14.2.1 The wiring and connections (if any) between external parts of a heater shall be protected or
enclosed.

Exception: Flexible cord is not prohibited from being used for external connections or for internal
connections that may be exposed during servicing, when flexibility of the wiring is essential.

14.2.2 Internal wiring that is exposed through an opening in the enclosure is determined to be protected
as required by 14.2.1 when, upon evaluation as though it were enamel insulated, the wiring is determined
to be in compliance with the requirements in Frame and Enclosure, Section 5. Such exposed internal
wiring, even though it may be touched with a probe, may be used when it is protected or guarded so that

it cannot be §rasped or hooked in a manner that would subject the wire To siress.

14.2.3 When

subjected to abuse or damage, it shall be in metal-clad cable, rigid metal conduit, electrical

metal racews

14.2.4 When
edge of the
insulating bu

y, or the equivalent.

14.2.5 A fleXfible cord used for external interconnection shall b® provided with bushings an

unless such 4
inside the un

14.2.6 When
through whic
shall be fitted

L cord is otherwise protected against motion and-stresses or strains that might
t.

relative motion between asbestos-insufated wire and the metal surrounding
n the wire passes is likely because of-expansion and contraction of the metal
with an insulating bushing or the eqguivalent.

14.3 Spliceq and connections

14.3.1 A spli
contact.

14.3.2 A spli
spacing betw

14.3.3 Wher
positively pre
electrical pot

Ce or connection shall be.made mechanically secure, and shall provide continui

Ce shall be provided with insulation equivalent to that on the spliced wires if pg
een the splice.and uninsulated metal parts is not provided.

b stranded wiring is connected to a wire-binding screw, loose strands of the
vented from contacting any other uninsulated conductive part that is not alway.
bntial’as the wire, or reducing electrical spacings to an unacceptable degree.

wiring is located so that it is in proximity to combustible material or.capable of being

etallic tubing,

n contact the

wiring passing through a metal wall within the overall enclostre of a heater c3
bpening, the hole shall be provided with a smooth, turned~edge, a metal grommet, or an
bhing.

d strain relief
e transmitted

the opening

the opening

y of electrical

brmanence of

wire shall be
5 of the same
This may be

accomplishe

strands of the wire together, or by equivalent means.

by Usingpressure termimnatconmectors, Sofderngtugs, or crimped eyetets; by soldering all

14.3.4 An open-end spade lug shall not be used unless means are provided to hold the lug in place when
the wire-binding screw or nut becomes slightly loose. Upturned ends on the tang of the lug or a retaining
barrier may be used to hold the lug in place.
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14.3.5 Wiring using wax-impregnated insulation shall not contact a control unit other than at the point of
connection of the conductor to a terminal of the control. The wire shall leave the terminal in a downward
direction, or a drip loop shall be provided adjacent to the point of connection to the terminal.

14.3.6 An aluminum conductor, insulated or not, used as internal wiring, such as for an interconnection
between current-carrying parts, shall be terminated at each end by a method acceptable for the
combination of metals involved at the connection.

14.3.7 If a wire-binding screw construction or a pressure wire connector is used as a terminating device
for an aluminum conductor, it shall be acceptable for use with aluminum under the conditions involved,
such as temperature, heat cycling, and the like.

15 Heating Flements

15.1 A heating element shall be securely supported in place.
15.2 In detefmining compliance with 15.1, consideration is to be given to sagging, loosenihg, and other
adverse conditions of the element resulting from continuous heating or flexing of'the element supports or
related wirind due to alternate heating and cooling.

15.3 A sheafthed heating element shall comply with the requiremenis in the Standard for Sheathed
Heating Elements, UL 1030.

16 Electrical Insulation

16.1 Aninsu

for the mount
affected by tf

so that it pos

16.2 An insu

ating washer, bushing, or other integral part‘of a heater or accessory, and a bg
ng of a live part, shall be of a moisture-résistant insulating material that will not
e temperatures to which it will be subjected in service. A molded part shall b
sesses the mechanical strength and-rigidity to withstand the stresses of actua

lating material shall be evaluated with regard to its intended application. Mat¢

mica, some molded compounds, and ¢ertain refractory materials are usually acceptable f

sole support

general use 1

so that the ri

16.3 When ii

to its mecha

degree to wh

performance

of a live part. Some other materials such as magnesium oxide that are not 4
hay be used only in eonjunction with other insulating materials or when located
bk of mechanical damage and absorption of moisture is reduced.

is required_to.investigate a material to determine acceptability, consideration s
hical strength, dielectric properties, insulation resistance, qualities of heat re
ich it iS_enclosed or protected, and to any other features that may have a b
of the material in actual service. All of these factors shall be determined W

se or support
be adversely
b constructed
service.

rials such as
br use as the
cceptable for
hnd protected

shall be given
sistance, the
baring on the
ith regard to

thermal aging.

16.4 In the mounting or supporting of small, fragile insulating parts, screws or other fastenings shall not
be so tight as to result in cracking or breaking of the part with expansion and contraction.
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17 Thermal Insulation

17.1 Thermal insulation shall be of such material and located, mounted, and supported so that it will not
be adversely affected by the conditions involved in normal operation of the heater.

17.2 Thermal insulation that is not adequately rigid shall be mounted or supported so that it will not sag.
Adhesive material used for mounting thermal insulation shall be rated for use at the temperature to which
it may be subjected.

17.3 Determination of the acceptability of an adhesive may be omitted if the thermal insulation is
mechanically supported by at least one rivet or equivalent fastening per square foot (929 cm?) of material.

18 Overcurrdent Protection

18.1 General
18.1.1 A hepter rated more than 48 amperes shall have the heating elemeénts subdivided. Each
subdivided cifcuit shall supply a set of heating elements having a total rating'not exceedingl 48 amperes,

and each sul

18.1.2 An o
subdivided ci

18.1.3 The ¢
protection.

18.2 Recept

18.2.1 Overd
for each gen
circuit rated 4

18.2.2 Overq
as a part of t
lampholder (¢
intended to 4

divided circuit shall be protected at not more than 60 amperes,

ercurrent protective device provided to meet the requitement for maximun
Fcuit protection shall be an integral part of the equipment.

vercurrent protection required in 18.1.1 and 18:1:2 ‘shall be of a type rated for

acle, transformer, lampholder protection

urrent protection at not more than_15amperes shall be provided by a fuse or g
ral use single receptacle unless the heater could be connected as intendeg
t 15 amperes or less.

he equipment for each general use duplex receptacle circuit, transformer prim
ircuit independent,'of a heating element unless the equipment could be ¢
branch circuit fated at 20 amperes or less.

n 48 ampere

branch circuit

ircuit breaker
to a branch

urrent protection at not mére than 20 amperes shall be provided by a circuit bijeaker or fuse

ary circuit, or
onnected as
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19 Temperature Regulating Controls
19.1 General

19.1.1 Each heating element shall be controlled by a thermostat so that the water at the heater outlet is
maintained at a temperature of 50°C (122°F) or less.

19.1.2 A temperature regulating control may be adjustable, and may have marked or unmarked dial
settings, but it shall not have any dial setting marked hotter than 50°C (122°F), and it shall be provided
with a stop to prevent adjustment to a higher temperature setting.

19.2 Construction

19.21 A watLr temperature-regulating control shall have a tolerance at the maximum setting of not more
than £3°C (£p°F).

19.2.2 A water temperature-regulating control shall comply with either the requireéments in a or b:

a) The water heater control requirements in the Standard for Teniperature-Indicating and
-Reglilating Equipment, UL 873. In addition, the control shall have’a maximum tolefance of +
3°C ( 5°F) and shall comply with the calibration verification and 100,000-cycle endurance
requirements in UL 873. If part or all of the control is elegtrénic, it shall comply with 19.1.1,
19.1.R.

b) The Standard for Automatic Electrical Controls’<-Part 1: General Requirements,| UL 60730-1,
and the Standard for Automatic Electrical Contrgls for Household and Similar Use, Part 2:
Parti¢ular Requirements for Temperature Sensing Controls, UL 60730-2-9, with the| parameters
as specified in Table 19.1.

Table 19.1
Temperature-regulating control parameters

UL 607301, Table - Required Information Control requirement
information apd methods of providing
nformation
6 Purpose of control Protective control (tempergture)
7 Type of load controlled AC heater load
27 Number of Automatic cycles (A) 100,000
29 Type of disconnection or interruption Micro-Disconnection
36 Limits of Activating Quantity 50°C (122°F)
89 Type 1 or Type 2 action Type 2
20 Addiional features Auiomatic reset
41 Manufacturing Deviation, maximum +3°C (+5°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 (6°C), whichever is
the greater.

49 Pollution degree Pollution degree 3

52 The minimum parameters of any heat Must be specified

dissipater (heat sink) not provided with
an electronic control but essential to its
correct operation

Table 19.1 Continued on Next Page
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Table 19.1 Continued

UL 60730-1, Table - Required Information Control requirement
information and methods of providing
information
53 QOutput waveform if other than sinusoidal | Must be specified
58a Required protection/immunity from mains | Required @
60 Surge immunity IEC 61000-4-5 installation Class 3.
Overvoltage category llI.
74 External load and emission control Intended heater
measures to be used for test purposes

60730-1, the p

a) In

b) O

—

<)

aFor the purpose of the tests specified in Section “Electromagnetic compatibility (EMC) requirements — immunity” of UL

oducts-covered by this Standard-should-be considered as:

stallation Class 3 (See Explanatory notes for surge immunity test, UL 60730-1);
vervoltage Category Ill

bst Level 3

19.2.3 A reld

y or contactor controlled by the water temperature regutating control shall co

100,000 cyclé endurance test in the Standard for Industrial ControfEquipment, UL 508.

19.2.4 A c
temperature-
reduce the ri

Exception:
incorporates
short or open

19.2.5 Mech

water tempefature control when it is(contained entirely under the spa skirt and located s9

likely to be d
20 Tempera
20.1 A heats

a) P
(1589

imiting control water temperature control shallybe provided with mechanical
5k of loss of water temperature control in the,event of damage.

Vlechanical protection is not required for a capillary tube or sensing circuit of
a construction that will open the heater circuit in the event of damage to the ca
circuit in the sensing circuit.

bnical protection is considefed to be provided for a capillary tube or a sensin

sturbed during user servicing

fure-Limiting Controls

r shall be-provided with a temperature-limiting means that:

eventssthe water at the heater outlet from attaining a temperature hotter than
R);

mply with the

hpillary tube or a sensing circuit for a water temperature-regulating or water

protection to

a control that
pillary tube or

j circuit for a
that it is not

70°C

b) Is
c) Is

d) Is

trip-free in accordance with 20.2;
manually-resettable or is of the replaceable element type;

in addition to any temperature regulating control(s);

e) Opens all ungrounded power supply conductors;

f) Is

readily accessible; and

g) Complies with the requirements for limiting controls.
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20.2 With reference to 20.1(b), “trip-free” means that the device is constructed so that the contacts
cannot be held in the closed position when the water has attained a temperature hotter than specified,
regardless of the position of the actuating handle, button, lever, and the like.

20.3 With reference to 20.1(e), either a single-pole device or a multipole device may be used if there is
one pole in each ungrounded power supply conductor. The requirement is applicable regardless of the
number of power supply circuits used.

20.4 A temperature-limiting device shall have no operating parts in common with a temperature control
thermostat; however, a common mounting bracket or enclosure is acceptable.

20.5 When the temperature-limiting device is in the control circuit of a magnetic contactor or relay, such
a contactor of relay shall be wired so that it Is not actuaied by a temperature-regulaiing deyice.

20.6 Opening of either a grounded or ungrounded conductor of the supply circuit that renders a
temperature-|imiting control circuit inoperative shall also result in interruption of the Current through the
heating elemgnts.

20.7 Such a]control shall comply with the requirements in a, b, or ¢ below
a) The Standard for Limit Controls, UL 353.

b) The water heater limit control requirements in the Standard for Limit Controls, UL 353, or the
watef heater limiting control requirements in the Standard for Temperature-Indicatirjg and
-Regplating Equipment, UL 873. Its reset mechanism' shall be "Manually Reset 2”7 gr "M2”. If
part ¢r all of the control is electronic, it shall comply with 20.1 — 20.6.

c) The Standard for Automatic Electrical Gontrols — Part 1: General Requirements{ UL
6073pP-1, and the Standard for Automatic Electrical Controls for Household and Sinjilar Use,
Part P: Particular Requirements for Jemperature Sensing Controls, UL 60730-2-9, ith the
parameters as specified in Table-20.1.

Table 20.1
Temperature-limiting control parameters
UL 607301, Table - Required Information Control requirement
information apd methods of providing
nformation

6 Purpose of control Manually Reset Thermal Qut-Out

7 Type of load controlled AC heater load

27 Number of Automatic cycles (A) 6000: 1000 with load, 500 without load

29 TYPE Of disconnection or Iterruption Ful-Disconnection

36 Limits of Activating Quantity 70°C (158°F) setpoint

39 Type 1 or Type 2 action Type 2

40 Additional features Manual Reset, Type 2.D.J Action

41 Manufacturing Deviation, maximum +3°C (+5°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 (6°C), whichever is
the greater.

49 Pollution degree Pollution degree 3

Table 20.1 Continued on Next Page
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Table 20.1 Continued

UL 60730-1, Table - Required Information Control requirement
information and methods of providing
information
52 The minimum parameters of any heat Must be specified
dissipater (heat 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 | Required 2
60 Surge immunity IEC 61000-4-5 installation Class 3.
Overvoltage category llI.
74 External load and emission control Intended heater
measures to be used for test purposes
aFor the purpo$e of the tests specified in Section “Electromagnetic compatibility (EMC) requirements — immunity’| of UL
60730-1, the pfoducts covered by this Standard should be considered as:
a) Installation Class 3 (See Explanatory notes for surge immunity test, UL 60730-1);
b) Opervoltage Category Il
c) Test Level 3
21 Electrical Spacings
21.1 The spacings in a heater or remote control assembly shall be in accordance with Talles 21.1 and

21.2.

Exception:

a componen
however, the
including spa
indicated in t

[he spacing requirements in Tables 21.1 and 21.2 do not apply to the inherer
, as such spacings are evaluated under the individual requirements for thé
electrical clearance resulting- from the assembly of the component into thg
cings from parts of suyeh>a& component to a dead-metal part or enclosure
he tables.

t spacings of
P component;
b heater unit,
shall be as

Table 21.1
Minimum spacings. at field-wiring terminals and at fuseholders and thermal cuytoffs
Potential involved, Through air, Ovey surface,

Parts-involved volts inch (mm) inch (mm)
Between live parts\of epposite polarity; and 0-250 1/4 (6.4) 3/8 (9.5)
between a live partand a dead-metal part, other 251 — 600 3/8 (9.5) 1/02 (12.7)3
than the enclosure, which may be grounded
Between a live part and the enclosure 0 — 600 1/2 (12.7) 1/2 (12.7)

(6.4 mm).

compartment o

NOTE — These spacings do not apply to connecting straps or busses extending away from wiring terminals, fuseholders, or
thermal cutoffs. Such spacings are evaluated under Table 21.2. This table applies to the sum of the spacings involved where an
isolated dead-metal part is interposed. These spacings apply with fuses installed in the fuseholders. The spacings given in
Table 21.2 apply when fuses are being installed, one at a time. Spacings in a low-voltage circuit may be not less than 1/4 inch

a A spacing of not less than 3/8 inch (9.5 mm) through air and over the surface, is acceptable at wiring terminals in a wiring

r terminal box, if the compartment or box is integral with a motor.
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Table 21.2

Minimum spacings through air or over the surface at points other than field-wiring terminals,

fuseholders, or thermal cutoffs

Parts involved Potential involved, (Inch) (mm)
volts
Between uninsulated live parts of opposite polarity; and 0-250 (1/16)3 (1.6)2
between an uninsulated live part and a dead-metal part, 251 — 600 (1/4)bc (6.4)bc
other than the enclosure, that either is exposed to contact
by persons or may be grounded
Between a live part and the enclosure 0 — 600 (1/4)2 (6.4)2

unlnsulated li

electric shocl

between a rig|
persons or m;
enclosure sh
b Enamel inst

¢ A spacing o

NOTE — When an uninsulated live part is not r|g|d|y supported or When a moveable dead metal part is in proximity to an

spacing requirements apply to a low-voltage circuit unless a short-circuit or ground results.in\a r
When a ground results in such risk, the spacing between uninsulated live parts of oppaSite-pola
dly mounted uninsulated live part and a dead-metal part, other than an enclosure thais exposed
by be grounded, shall not be less than 1/32 inch (0.8 mm), and the spacing betweefrthe live part
Il not be less than 1/8 inch (3.2 mm).

lated wire is determined to be an uninsulated live part.
1/16 inch (1.6 mm) is permissible at the heating element only, in a heater,_rated for 300 volts or |

sk of fire or
ity, and

to contact by
and the

e£SS.

21.2 At clos

mounted in npetal), a spacing of 3/64 inch (1.2 mm) is acceptablé in' a heater rated 250 volf

21.3 An insu
less than the
such materia
thick may be
required for g

Exception:
it is determin|

21.4 Unless
mica shall no

bd-in points only (such as in the screw and washer/construction of an insul

lating lining or barrier of fiber or similar material;'used where spacings would
required values, shall not be less than 1/32,inch (0.8 mm) thick, and shall be
so that it will not be adversely affected by arcing. Fiber not less than 1/64 i
used in conjunction with an air spacing of not less than half the spacing t
ir alone.

hsulating material having a thickness less than specified may be used if, upon
2d to have properties equivalent to the material described in this paragraph.

protected from mechanical damage during assembly and normal functioning
t be less than 0.01«ineh (0.25 mm) thick.

ated terminal
s or less.

otherwise be
located or of

nch (0.4 mm)
hat would be

investigation,

, a barrier of
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22 Clearance and Creepage Distances

22.1 As an alternative approach to the spacing requirements specified in Electrical Spacings, Section 21,
and other than as noted in 22.2 and 22.3, clearances and creepage distances may be evaluated in
accordance with the requirements in the Standard for Insulation Coordination Including Clearance and
Creepage Distances for Electrical Equipment, UL 840, as described in 22.4.

22.2 Clearances between an uninsulated live part and the walls of a metal enclosure, including fittings for
conduit or armored cable, shall be as noted in Table 21.2. The clearances shall be determined by physical
measurement.

22.3 The clearance and creepage distance at field wiring terminals shall be in accordance with the
requirements[in Table 271.7.

22.4 In conducting evaluations in accordance with the requirements in the Standard for Insulation
Coordination |Including Clearance and Creepage Distances for Electrical Equipment, UL 840] the following
guidelines shill be used

a) For evaluating clearances:

1) Units intended to be permanently wired to their supply shall be evaluated for
Overvoltage Category II;

2) The Phase-to-Ground Rated System Voltage used in the determination pf
Clearances shall be the equipment rated supply voltage rounded to the next higher
value.

3) To determine equivalence with-eurrent through air spacings requirements an impulse
test potential having a value as determined in the Standard for Insulation Goordination

Including Clearance and Creepage Distances for Electrical Equipment, UL 840, is to be
applied.

b) For evaluation of creepages

1) Any printed~wiring board which complies with the requirements for Diregt Support in
the Standard fof Printed-Wiring Boards, UL 796, provides a Comparative Tfacking Index
(CTI) of 100;

2) Printed wiring boards are evaluated as Pollution Degree 2 when adjacet conductive
material is covered by any coating, such as a solder mask, which provides|an
uninterrupted covering over at least one side and the complete distance up| to the other
Sideof conductive Tateriaf;

3) Printed-wiring boards shall be evaluated as Pollution Degree 1 under one of the
following conditions:

i) A coating which complies with the requirements for Conformal Coatings in
the Standard for Polymeric Materials — Use in Electrical Equipment Evaluations,
UL 746C, or

ii) At a specific printed wiring board location by application of at least a 1/32
inch (0.79 mm) thick layer of silicone rubber or through potting, without air
bubbles, in epoxy or potting material.
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23 Protection Against Risk of Physical Injury

23.1 General

23.1.1 An edge, projection, or corner of an enclosure, opening, frame, guard, knob, handle, or the like
shall be smooth and rounded, and shall not result in a cut-type injury when contacted during normal use
or user maintenance.

23.2 Maximum surface temperatures
23.2.1 During the temperature test, the temperature of a surface that may be contacted by the user shall

not be more than the values given in Table 23.2.1. If the test is conducted at a room temperature of other
than 25°C (7f°F), the resulis are 10 be correcied to that temperaiure.

Table 23.1
Maximum surface temperature

Surface material °C PF)
Bare or painted material 67 (153)
Glass 78 (172)
Plastic? 83 (181)

2 Includes plgstic with a metal plating not more than 0.005 inch thick; and metalwith a plastic or vinyl covering not less
than 0.005 inch thick.

23.3 Stability
23.3.1 The sfability of a heater shall be such that it cannot be readily overturned in normal|use.

23.3.2 The gtability of a heater is to be investigated only if it has flexible water connectiops, and if the
height of the|center of gravity of the filled heater above the supporting surface is greater than twice the

smallest dimg¢nsion of the base. See Stability Test, Section 37.

23.3.3 Stabiljty requirements do not.apply to a heater intended for permanent, reliable attachment to
structures, if the instructions furnished with the heater clearly detail the intended method of|installation.
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24 Pressure Vessels and Parts Subject to Pressure

24.1 A heater that may be subject to pressure in normal use, indicated by instructions for placing a
shut-off valve between the heater and pool or tub in accordance with the Exception to 42.6, shall comply
with the requirements in this section.

24.2 A water heater shall be subjected to a 15-minute application of a hydrostatic pressure equal to two
times the marked maximum working pressure, as described in Hydrostatic Pressure, Section 33.

Exception: Tanks marked with an appropriate boiler and pressure vessel code symbol of the American
Society of Mechanical Engineers (ASME) and having a tank marked with not less than the marked
maximum working pressure of the water heater need not be subjected to the hydrostatic pressure test.

25 Units Intended for Outdoor Use

25.1 General

25.1.1 A hegter intended to be used where it will be exposed to the weather shall comply with this section

as well as wi
25.2 Enclos
25.2.1 An er
specified in 2

electric shocH
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25.2.6 A shs
and not less

h the other applicable requirements of this standard.
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5.2.2 — 25.2.6, and will also reduce the risk of the electrical system becoming
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termine compliance with the requirement’in25.2.1, a complete assembly, with S
ction 33.

el or cover in the outer enclostire shall require the use of tools to open unl
posure, or personal injury’ due to moving parts.

je or other attachment shall be resistant to corrosion.

closure for glectrical components shall have provisions for drainage if there are
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et steel cabinet or enclosure shall not be less than 0.032 inch (0.81 mm) thic
han'0.034 inch (0.86 mm) thick if zinc-coated.

y live part as
the source of

upply conduit
n Hydrostatic

Bss it can be

ric shock due

knockouts or
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Exception: A thinner enclosure than specified in this requirement is not prohibited from being used when
it complies with Table 5.1 and is protected by an outer cabinet. A steel cabinet or enclosure using panels
of more than one sheet of lesser thickness than specified is to be used when the construction is equivalent
in all aspects, including mechanical strength and corrosion resistance, to a single sheet of the thickness
stated.


https://ulnorm.com/api/?name=UL 1261 2017.pdf

SEPTEMBER 2, 2016 ELECTRIC WATER HEATERS FOR POOLS AND TUBS - UL 1261 43

25.3 Corrosion resistance

25.3.1 A heater intended for use where exposed to the weather shall comply with all three of the following
requirements:

a) It shall not use metals in combinations that could result in galvanic action that may adversely
affect any part.

b) Its enclosure shall be resistant to corrosion as specified in 25.3.2 — 25.3.9.

Exception: Item (b) does not apply to a metal part that is not required to form part of the

enclosure.

c) If pxposure to the earth or other corrosive agent(s) is anticipated, its metals ler finishes shall

be sybjected to an investigation to determine acceptability under those conditions.
25.3.2 Alumihum, brass, copper, or stainless steel are capable of being used without additignal corrosion
resistance.
25.3.3 A nompmetallic enclosure or enclosure material shall be evaluated to determine the effects of
exposure to diltraviolet light and water.
25.3.4 An erfclosure of sheet steel less than 0.126 inch (3.2 mm)\thick if zinc-coated, or 0.123 inch (3.12
mm) thick if uncoated, shall be protected against corrosionsby one of the following meang or by other

metallic or ng

nmetallic coating(s) as described in 25.3.8.

a) Hpt-dipped, mill-galvanized sheet steel conforming with the coating designation
Stanglard Specification for Steel Sheet, Zine=Coated (Galvanized) or Zinc-Iron Alloy
(GalMannealed) by the Hot-Dip Process,\ASTM A653/A653M, with not less than 40
the zjnc on any side based on the minjimum single-spot test requirement in this AS
ignation. The weight of the zinc_iS to be determined by any convenient method,

¢) Alzinc coating conforming with 25.3.6 (a) or (b) with one coat of an organic finis
epoxy-onhalkyd-resin type or other outdoor paint on each surface. The integrity of th

(GO0 in the
Coated
percent of
™

but in case
Weight

I A90/A90M.

el, uniformly
h surface,
hg shall be
th 25.3.9.

h of the
e paint is

dete

d) A cadmium coating not less than 0.001 inch (0.025 mm) thick on both surfaces.
thickness of the coating shall be established by the test described in 34.1.

The

e) A cadmium coating not less than 0.00075 inch (0.0191 mm) thick on both surfaces with one
coat of outdoor paint on both surfaces, or not less than 0.00051 inch (0.0130 mm) thick on both
surfaces with two coats of outdoor paint on both surfaces. The thickness of the cadmium shall
be established by the test described in 34.1, and the paint shall be as specified in 25.3.4(c).
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25.3.5 An enclosure of cast iron at least 1/8 inch (3.2 mm) thick is determined to be protected against
corrosion when it has at least one coat of either organic finish of the epoxy or alkyd-resin type or outdoor
paint on each surface. The integrity of the paint is to be determined by evaluation of its composition or by
comparative corrosion tests, when required.

25.3.6 An enclosure of sheet steel not less than 0.126 inch (3.2 mm) thick if zinc coated or 0.123 inch
(3.12 mm) thick if uncoated, or heavier, shall be protected against corrosion by one of the following means
or by other metallic or nonmetallic coating(s) shown to give equivalent protection as described in 25.3.8.

a) Hot-dipped, mill-galvanized sheet steel conforming with the coating Designation G60 or A60
in the Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron Alloy-
Coated (Galvannealed) by the Hot-Dip Process, ASTM A653/A653M, with not less than 40
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case
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b) A
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25.3.9 A hot-dipped, mill-galvanized A60 (alloyed) coating or an annealed zinc coating that is bent or
similarly formed after annealing, and that is not otherwise required to be painted, shall be painted in the
bent or formed area if the bending or forming process damages the zinc coatings. The zinc coating is
considered damaged when flaking or cracking of the zinc coating at the outside radius of the bent or
formed section is visible at 25 power magnification.

Exception No. 1: Simple sheared or cut edges and punched holes are not determined to be formed.

Exception No. 2: Areas on the inside surface of an enclosure that water does not enter during the rain
test are not required to comply with the painting requirement in this paragraph.

PERFORMANCE

26 Power InL)ut
26.1 The poyer input to a heater shall not be more than 105 percent of its marked rating.
26.2 To detgrmine whether a heater complies with 26.1, the power input is .10 be meastred with the
heater operafing at normal operating temperature under full-load conditiotis while connected to a supply
circuit adjusted to be the highest of the following:

a) Tihe marked voltage rating or

b) The highest voltage of the applicable range of voltages specified in 38.2, if the marked
voltage is within one of those ranges.

26.3 When gn appliance uses a nonmetallic heating“element such as carbon, the power |nput is to be
determined using a new element.

27 Normal Temperature
27.1 A heatgr, when tested as described-in this section, shall not attain a temperature at &ny point that

will constitutq a risk of fire or to adversely affect any material used in the heater, nor to show temperature
rises at specfific points greater than those indicated in Table 27.1.
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Table 27.1
Maximum temperature rises

Materials and component parts °C (°F)

1. Any point within a wiring compartment in which field-installed (63)
conductors are to be connected, including such conductors themselves,
unless the appliance is marked in accordance with 40.2.2 35
2. Fuses other than Classes CC, G, J, and T 65 (117)
3. Fuses, Classes CC, G, J,and T 85 (153)
4. Fiber used as electrical insulation or as bushings 65 (117)
5. Wood or other combustible material that is part of a heater 65 (117)
6. Class 105 insulated relay or solenoid or transformer winding 652 (117)2
7. Clasg 130 (Class B) insulation system, except as indicated in items 8
and 9

Therrhocouple method 85 (158)

Resigtance method 105 (189)

8. Trangformer windings:
Clasg 155 insulation; Class 2 transformers

Thg¢rmocouple method 95 71

Resistance method 115 (207)
Power Transformers

Thé¢rmocouple method 110 (198)

Resistance method 115 (207)

9. Trangformer windings:
Clasg 180 insulation; Class 2 transformers

Thg¢rmocouple method 115 (207)
Registance method 135 (248)
Power Transformers
Thé¢rmocouple method 125 (225)
Resistance method 135 (248)
10. Phgnolic composition used as electricakinsulation or where (22%)
breakdgwn would result in a risk of fireelectric shock, or injury to
persong? 125
11. Insylated wire or cord 25°C (45°F) less than its
temperature rating®
12. Seqling compound d d

13. Cogper conductors:
a) Tirjned or bare,strands having:

1. A diameteress than 0.015 inch (0.38 mm) 125 (225)

2. A diameterof 0.015 inch or more 175 (31%)

b) Plgted\with nickel, gold, silver, or a combination of these 225 (40%)

14. Termination of copper conductor in a pressure terminal connector. (225)
unless both are tinned, nickel-coated, or silver-plated 125

15. Plated iron or steel current-carrying part 100 (212)

2 A maximum rise of 85°C (153°F) is acceptable by the resistance method.

b The limitation on phenolic composition does not apply to a compound that has been investigated and
determined to have special heat-resistant properties.

¢ Inside a heater, the temperature rise on a wire or cord may be greater than the specified maximum rise if the
insulation on each individual conductor is adequately protected by supplementary insulation (such as braid,
wrap, tape, or close-fitting tubing) that is acceptable for use at the temperature and with the type of insulation
involved.

Table 27.1 Continued on Next Page
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Table 27.1 Continued

Materials and component parts | °C | (°F)

d Unless the material is thermosetting, the maximum sealing compound temperature, when corrected to a 25°C
(77°F) ambient temperature, is 15°C (27°F) less than the softening point of the compound as determined by the
Standard Test Methods for Softening Point of Resins Derived from Naval Stores by Ring-and-Ball Apparatus,
ASTM E28.

27.2 All values in Table 27.1 are based on an assumed ambient temperature of 25°C (77°F), but the test
may be conducted at any ambient within the range of 10 — 40°C (50 — 104°F). However, no observed
temperature higher than 25°C (77°F) plus the specified maximum rise is acceptable if the operation of an
automatic thermal control during the test limits the temperature under observation.

27.3 Tempetatures are to be measured using thermocouples consisting of 24 — 30 AWG| (0.21 — 0.05
mm?) wires, @nd it is standard practice to use thermocouples consisting of 30 AWGiroh arjd constantan
wire and a potentiometer-type instrument. Such equipment is to be used whenever|referee test
measurements are required.

Exception: a coil is inaccessible for mounting thermocouples, its temperature is to be determined by
the change-df-resistance method.

27.4 A tempegrature is determined to be constant when three suecéssive readings, taken at intervals of
10 percent of the previously elapsed test duration, but not less¢than 5 minute intervals, show no change.
The thermocuple wire is to conform with the requirements fer.special Special Tolerances thermocouples
in the Tolerances on Initial Values of EMF versus Tempetratdre tables in the Standard Spefification and
Temperaturg-Electromotive Force (emf) Tables fordStandardized Thermocouples, |ANSI/ASTM
E230/E230M

27.5 A thermocouple junction and adjacent lead wires are to be held in thermal contact with the surface
of the materigl being measured. In most cases, thermal contact will result from taping or gementing the
thermocouplg in place, but if a metal surface is involved, brazing or soldering it in place may be required.

27.6 At a po|nt on the surface of a Class 105 insulated relay or solenoid or transformer wipding (ltem 6
of Table 27.1), where the temperature is affected by an external source of heat, the temperature rise
measured by| the thermocouple~may be 15°C (27°F) higher than the maximum indicated in| Table 27.1 if
the temperatpire rise measured-by the change-of-resistance method is not greater than spgecified in the
table.

27.7 To detgérmine (compliance with 27.1, the heater is to be operated continuously until constant
temperatures havebeen attained. The test voltage is to be as specified in 26.2 and 27.8.

27.8 The testvottage specifiedim26-27s 1o be increased; if required; S0 as to resultimthe-wattage input
to be equal to the wattage rating marked on the heater.

27.9 For the normal temperature test, the heater is to be tested under conditions approximating those of
normal operation. It is to be supported on a nominal 3/8-inch (9.5-mm) thick horizontal, black painted,
softwood surface covered with two layers of white tissue paper. It is to be placed in a wall angle of 90
degrees formed by two black painted, vertical surfaces of nominal 3/8-inch thick plywood having width and
height such that they extend not less than 2 feet (610 mm) beyond the physical limits of the heater. The
heater is to be located as closely to the sides of the wall angle as its construction will permit so that
maximum heating of the walls will occur. Temperatures are to be taken on nearby surfaces, on the
supporting surface, at points of support, and at other points as required, including wiring in and to the
heater.
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27.10 Unless it has been determined that it is likely to remain in position during the handling of the heater
prior to and during installation as well as after the heater has been installed, external thermal insulation
such as mats of woven glass fiber or mineral wool is to be removed from the heater before it is installed
in or on the surfaces of the test enclosure.

27.11 For the temperature tests, the heater is to be connected with wires sized in accordance with
Field-Wiring Connections, Section 7.

27.12 The cold water supply to the heater is to be at the temperature obtained from the local water mains.

27.13 With the regulating control set to give the maximum water temperature, the heater is to be operated
until constant temperatures are attained. Unless a heater involves unusual construction features, it is to

be assumed
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30 Abnormal Operation

30.1 When the conditions of normal operation are not representative of abnormal conditions likely to be
encountered in actual service, a heater shall be tested to determine whether it could result in a risk of fire,
electric shock, or injury to persons when operated under such abnormal conditions.

30.2 To determine if a risk of fire could result, a separate abnormal heating test is to be conducted with
the heater operating dry, and with the regulating control shunted. Only the limit control is to remain as a
functioning temperature control device.

30.3 In the condition specified in 30.2, the heater is to be energized until the ultimate result has occurred,
but not more than 7 hours.

31 Insulatioh Resistance as a Result of Moisture

31.1 A heatd
shall be cond
+2°C (89.6 -
insulation reg

bf normal use
erature of 32
bater has an

r using insulation likely to be affected adversely by moisture under conditions
itioned for 24 hours in air having a relative humidity of 85 +5 percenbat a temq
-3.6°F). The results are in compliance when, after the conditioniing, the h
istance of not less than 50,000 ohms between live and dead>metal parts.

31.2 Insulati
30,000 ohms

bn resistance is to be measured by means of a voltmeter having an internal
and using a 250-volt direct current.

resistance of

32 Resistangce to Rain

32.1 A heatd
water used in
x 10 Sieme

r intended for outdoor use shall be subjectéd to the rain test. The maximum re
the resistance to rain test shall be 2540.0hm-centimeters or minimum condu
h per centimeter (S/cm). The results ofithe test are to be used if the unit:

Sistivity of the
ctivity of 3.94

a) Has an insulation resistance of natjess than 50,000 ohms when measured in a¢cordance

with |nsulation Resistance as a Result of Moisture, Section 31;

b) C
Withs

bmplies with a repeated\dielectric voltage-withstand test as described in Dieled
tand, Section 29; and

tric Voltage-

c) Cpmplies with 326,

32.2 The rai
of water into
of operation
the simulate
reconditione

r ontolthe electrical components. When required, operate the heater under v.
r de-€nergize it if more adverse conditions result therefrom. In any case, eac
rain’ is to be for 1 hour. When more than one exposure is required, the

test is ta_be conducted under normal conditions of operation most likely to pe

rmit entrance
Arious modes
\ exposure to
unit is to be
osures.

32.3 Field-wiring connections to the equipment are to be made to represent the intended method of such
wiring. An opening at which conduit is to be terminated is to be sealed, but an opening for the entry of a
conductor or conductors of a low-voltage circuit is not to be sealed. Water connections are to be made in
the intended manner and according to the manufacturer’s instructions.
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32.4 The dielectric voltage-withstand and insulation resistance tests are to be repeated after each 1 hour
exposure.

32.5 The rain test apparatus is to consist of three spray heads mounted in a water supply pipe rack as
shown in Figure 32.1. Spray heads are to be constructed in accordance with the details shown in Figure
32.2. The water pressure for all tests is to be maintained at 5 pounds per square inch (34.43 kPa) at each
spray head. The spray is to be directed towards the top and side of the assembly, which is to be centrally
located within the spray pattern. The top of the unit is to be at least 3 feet (0.91 m) below the plane of the
lower spray head outlet.
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Figure 32.1
Spray head piping
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32.6 The test is not to result in the entrance of water into enclosures above the lowest live part, or in
wetting of any live part. The unit shall be disassembled (when required) to check compliance with this
requirement.

Exception: Water is not prohibited from entering an enclosure above the lowest live electrical part when
the point of entrance is not in proximity to such a live part, and no live part is wetted.

33 Hydrostatic Pressure

33.1 In accordance with the requirements in 24.2; a tank is to be filled with water so as to exclude air,
and is to be connected to a hydraulic pump. The pressure is to be increased from atmospheric pressure
to the test pressure specified in 24.2 at a rate of approximately 10 pounds per square inch per second (69
kilopascals ;;Fr second). The results are in compliance when there is no rupturing or visible permanent

distortion. Lefakage at a gasket is not prohibited when it does not occur at a pressure‘lpwer than 70
percent of th¢ required test value.

34 Metal Coating Thickness

34.1 The megthod of determining the thickness of zinc and cadmium coatings is to be as fo|lows:

liter of
entrated
y pure

a) The solution is to be made from distilled water, and is to contain 200 grams per
chenically pure chromic acid (CrO3) and 50 grams per liter{of chemically pure cond
sulphuric acid (H,SO,). The latter is equivalent to 27 mjilliliters per liter of chemicall
concentrated sulphuric acid, specific gravity 1.84, containing 96 percent H,SO,.

Bl with the
.63 mm)

p form a tip,
ant level of

b) The test solution is to be contained in a glas§/vessel such as a separatory funn
outlef equipped with a stopcock and a capillarfytube of approximately 0.025 inch (0
insid¢ bore and 5.5 inches (139.7 mm) long: ‘The lower end of the tube is tapered {
the drops from which are about 0.05 miliiliter each. To preserve an effectively cons

solutjon, a small glass tube is insertedyin the top of the funnel through a rubber sto
positfon is adjusted so that, when.the stopcock is open, the rate of dropping is 100
minute. If specified, an additional-stopcock may be used in place of the glass tube
rate ¢f dropping.

c) The sample and the-~test solution should be kept in the test room long enough tg
tempgrature of the room, which should be noted and recorded. The test is to be co
room| temperaturetof 21.1 — 32.0°C (70 — 90°F).

d) Eg@ch sample is to be thoroughly cleaned before testing. All grease, lacquer, pai
nonmetallic;coatings are to be completely removed by means of solvents. Samples

bper and its
+5 drops per
to control the

acquire the
nducted at a

nt, and other
are then to
to avoid

be thproughly rinsed in water and dried with clean cheesecloth. Care is to be taken
cont i i '

e) The sample is to be supported from 0.7 to 1 inch (17.8 to 25.4 mm) below the orifice, so that
the drops of the solution strike the point to be tested and run off quickly. The surface to be

tested should be inclined about 45 degrees from horizontal.

f) After cleaning, the sample is to be put in place under the orifice. The stopcock is then to be
opened and the time in seconds measured with a stop watch until the dropping solution
dissolves off the protective metal and exposes the base metal. The end point for timing is the

first appearance of the base metal recognizable by the change in color.
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g) Each sample of a test lot is to be subjected to the test at three or more points, excluding cut,
stenciled, and threaded surfaces, on the inside surface, and at an equal number of points on
the outside surface, at places where the metal coating will probably be thinnest. On enclosures
made from precoated sheets, the external corners that are subjected to the greatest
deformation may have thin coatings.

h) To calculate the thickness of the coating being tested, the thickness factor is to be selected
from Table 34.1 that corresponds to the temperature at which the test was conducted. This is to
be multiplied by the time in seconds required to expose base metal.

Table 34.1
Values for coating thickness calculations

Temperature, Thickness factors, 0.00001 inch (0.0003 mm) per second
°F °C Cadmium platings Zinc plgtings
70 211 1.331 0.990
71 217 1.340 0.990
72 22.2 1.352 1.040
73 22.8 1.362 1.010
74 23.3 1.372 1.015
75 23.9 1.383 1.045
76 24.4 18395 1.033
77 25.0 1.405 1.042
78 25.6 1.416 1.090
79 26.1 1.427 1.040
80 26.7 1.438 1.070
81 27.2 1.450 1.040
82 27.8 1.460 1.045
83 28.3 1.470 1.095
84 28.9 1.480 1.140
85 29.4. 1.490 1.110
86 30.0 1.501 1.140
87 30.6 1.513 1.130
88 31.1 1.524 1.141
89 31.7 1.534 1.1940

1.140

90 32.2 1.546 .14
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35 Endurance of Temperature-Regulating and -Limiting Controls

35.1 A temperature control shall be subjected to an endurance test consisting of the number of cycles
specified in Table 35.1. The results are in compliance when there is no electrical or mechanical
breakdown of the control, nor significant burning, pitting, or welding of the contacts.

Endurance test for temperature controls

Type of control

Number of cycles

Temperature-regulating
Automatic-reset, temperature-limiting

30,000
100,000

Manually-re

et, temperature-limiting

1000 under load and 5000 withoutload

NOTE — Thg
conjunction

endurance test requirements also apply to a magnetic contactor or other auxiliary equipmentwsgd in

ith a temperature control.

36 Leakage

Current in Water

36.1 When

leakage currgnt does not exceed 5.0 milliamperes.

36.2 For thisltest, the unit is to be supplied through an isolatingtransformer having a volta
current capagity to maintain a secondary voltage of 120 volts\during the test. The test circ

shown in Fi

the equipmer
is to be conn

n electric water heater is not provided with leakage current eollectors of a typg described in
9.2, the heatgr shall be tested in accordance with 36.2 — 36.7. The results are in compliance when the

ie and output
it is to be as

res 36.1 and 36.2. The impedance of the milliammeter (or millivoltmeter shunt) is not to
exceed 50 ohms. As indicated in Figure 36.2, the ungrounded line terminal (or both, if therg are two) for

pcted to:

a) The enclosure ground terminal;

b) The neutral terminal; and

c) O

ne side of the measuring circuit.

t is to be connected to one end of the secondary winding, and the other end ¢f the winding
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Figure 36.1
Electrode location and set-up

— To Meter

(D
| N
i 1 ™ Electrode
HEATER [ -
| Nonconductive-Tanpk
i I Minimum 2~Gallon
- ! (7.58 L) Capacity
4 -,
—= 1= 3 Inches: (76.2mm)
aximum
S2342
Figure 36.2
Test circuit connections
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36.3 The heating element is to be altered to meet the description given in Figure 36.3 so that
approximately 1 inch (25.4 mm) of the heating element conductor connected to each heater terminal is
exposed to contact with the water in the circulating system. The water is to have a resistivity of 300
ohm-centimeters at a 25°C (77°F) ambient temperature.

Figure 36.3
Altered element

52002

A — Element shdath length: 2 inches (50.8 mm)

B — Element corjductor exposure length: 1 inch (25.4 mn)

36.4 Measurgments are to be made with the water heater isolated from ground. The fest tank and
assembly arg to be of insulatingsmaterial with any metal hardware insulated from ground. The connection
of noncurrent-carrying metal(to the equipment grounding terminal is not to be disturded, and any
protective deyices are to remain in the circuit.

36.5 Water gipe connections between the heater tank and the test tank are to be not more than 3 inches
(76.2 mm) lopg and-are to be of the same diameter as the water tank openings.

36.6 The cufrent flow is to be measured to a copper electrode plate having dimensions approximately
twice the internal diameter of the pipes through which the water circulates in the pool or tub. The electrode
is to be placed inside the test tank as shown in Figure 36.1. The leakage current measurements are to be
made one at a time with the electrode positioned 1 inch (25.4 mm) from and directly over each water
discharge and water pick-up port.
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36.7 The construction of the unit is to provide a current path from the altered heating element described
in 36.3 to the equipment grounding means required in 10.1.

37 Stability Test

37.1 When tested in accordance with 37.2 — 37.4, an electric water heater shall not overturn.

37.2 A product is not to be energized during the stability test. The test is to be conducted under conditions
which are most capable of overturning the product. The following conditions are to be such as to render

the product most unstable:

a) Position of all doors, casters, and other movable or adjustable parts, including that of the
flexible conduit resting on the surface supporting the product;

b) Cpnnection or omission of any attachment made available or recommended by the
manufacturer;

c) Direction in which the product is tipped or the supporting surface is.inclined.
37.3 In conducting the stability test, the base, wheels, or legs are to be-blocked to prevent the product
from sliding. The product is to be placed on a plane inclined at an anglé_of ten degrees from the horizontal,

or tipped thrqugh an angle of ten degrees from an at rest position~oh a horizontal plane.

37.4 A prodiyict with an integral tank is to be tested with the tank full or empty, whicheyer is a more
adverse condition.

MANUFACTURING AND PRODUCTION-LINE TEST
38 Productipn-Line Dielectric Voltage-Withstand
38.1 General

38.1.1 As a foutine production-line test, each heater unit shall be subjected to the application of a 40 —
70 hertz potgntial between:

a) The primary wiring;ihcluding connected components, and accessible dead-metgl parts that
will become energized and

b) Pfimary.wiring and accessible low-voltage (42.4 volts peak or less) metal parts, [including
termipals.

The results are-mcomptiance whern there s o efectricat- breakdowr.

38.1.2 The production line test is to be in accordance with either Condition A (1 second application) or
Condition B (60 second application) of Table 38.1.
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Table 38.1
Production-line test conditions

Condition A Condition B
Rating of heater Potential, volts Time, seconds Potential, volts Time, seconds
250 volts or less 1000 60 1200 1
More than 250 volts 1000 + 2Vv@ 60 1200 + 2.4V@ 1

2V is the maximum marked voltage of the heater.

38.1.3 The unit may be in a heated or unheated condition for the test.

38.1.4 The test is to be conducted when the heater is complete (fully assembled). It is not intended that

it be unwired

Exception Nd
test is not re

Exception Nd
complete apf

38.1.5 A hed
and that can
connected if
with the com
the risk of so|
38.2 Test eq
38.2.1 The't

a) A

b) A

c) An audible or visiblenindicator of electrical breakdown; and

d) E
autor

38.2.2 If the
include a vol]

uired to be in place.

h random sampling of each day’s production is tested’at the potential specified
bonent in the circuit. The circuitry may be reartanged for the purpose of the t

bst equipment is to include:

ther a manually-reset device to restore the equipment after electrical breakdoy
hatic-rejeCtfeature that rejects any unacceptable unit.

modified, or disassembled for the test.

1: A part such as a snap cover or friction-fit knob that can interfere with perfo
. 2: The test may be performed before final assembly when the‘test represen
liance.

ter using a solid-state component that is not relied upon-to reduce a risk of €
be damaged by the dielectric potential, may be tested before the component
id-state component damage while retaining répresentative dielectric stress of

uipment

transformer having an essentially sinusoidal output;

means of indicating the'test potential;

output.of the test equipment transformer is less than 500 volt-amperes, the ed
meter in the output circuit to directly indicate the test potential.

rmance of the

[s that for the

lectric shock,
is electrically
in Table 38.1

est to reduce

he circuit.

vn, or an

uipment is to

38.2.3 If the output of the test equipment transformer is 500 volt-amperes or larger, the test potential may
be indicated by:

a) A

b) A

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

selector switch marked to indicate the test potential; or
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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 marking is used without an indicating voltmeter, the equipment is to include a positive means, such
as an indicator lamp to indicate that the manual-reset switch has been reset following a dielectric
breakdown.

38.2.4 Test equipment other than as described in 38.2.1 — 38.2.3 is not prohibited from being used when
determined to accomplish the intended factory control.

38.2.5 During the test, the primary switch is to be in the on position, both sides of the primary circuit of
the heater are to be connected together and to one terminal of the test equipment, and the second test

equipment te

Exception Ng
excessive se
a single-pole
connected to
is not used.

Exception N
full test poter|

RATINGS
39 Details

39.1 A hea
alternating-cu
intended for (
shall include

39.2 The vol
208, 220 — 2

39.3 A heatd
than one eler
can operate &

element will he the.one operating.

Fminal IS 1o be connected 1o the accessible dead-metal.

. 1: A heater (resistive, high-impedance winding, and the like) having circuitry
condary-voltage build up in case of electrical breakdown during the test'may 4
primary switch, if used, in the off position, or with only one sidé of the g
the test equipment when the primary switch is in the on positioh,, 6r when a p

tial between primary wiring and dead-metal parts with{the switch not in the on

er shall be rated in amperes or;watts, and also in volts, and may
rrent only or direct-current only. The-ratings shall include the number of phase)
se on a polyphase circuit. If frequency sensitive components or circuits are use
the frequency (expressed inshertz or Hz).

tage rating shall be indicated as a single voltage or range of voltages such 3
10, 254 — 277, 416, 440 — 480, 550, 575, or 600.

r may have more-than one element, and be intended to positively prevent the
nent at a timexlf it is connected (with circuit interlocks) at the factory so that only
t a time, the current or wattage rating shall be on the assumption that the large

not subject to
e tested with
rimary circuit
rimary switch

. 2: The primary switch is not required to be in the on position if the testing means applies

position.

be rated for
s if the unit is
d, the ratings

s 100 - 120,

use of more
one element
5t single such
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MARKINGS

40 Details

40.1 Identification and electrical ratings

40.1.1 A heater shall be legibly and permanently marked with:

a) The manufacturer's name, trade name, or trademark;

b) Date or other dating period of manufacture not exceeding any three consecutive months;

c) A

d) The electrical rating.

Exception N(¢
identified by

Exception Ng
code.

40.1.2 The g
used and the|
of a heater ir

the rating shall include the type of supply current to be uUsed. A two-wire heater, intended fqg

a three-wire,
system.” A tv
V 2-wire for U

40.1.3 A hes
marked with

40.1.4 A hed

40.1.5 When
heater shall K
the product g

40.1.6 A doq
cartridge fus
unintentional
be done with

. 1. The manufacturer’s identification may be in a traceable code when thg

distinctive catalog or model number or the equivalent; and

'he brand or trademark owned by a private labeler.

. 2: The date of manufacture may be abbreviated or in anestablished or othery

lectrical rating specified in 40.1.1 shall include thé wattage rating of each he
wattage rating or current consumption of the entire heater as described in 39.
tended for use only on alternating-current at*a-specific frequency, or on direct

125/250-volt system shall be marked “250 V 2-wire for use only on 125/
o-wire heater intended for connection-to a 250 volt-to-ground system shall be
se only on 250 volt-to-ground system.”

ting element replaceable in\the field that is rated at more than 1 ampere sh
ts electrical ratings in amperés or watts, and in volts.

ter intended for usetoutdoors shall be marked “For outdoor use.”
a manufacturéer produces or assembles heaters at more than one factory,

ave a distinctive marking, which may be in code, by means of which it may be
f a particdlar factory.

appliance is

vise accepted

hting element
B. In the case
-current only,
r use only on
P50 V 3-wire
marked “250

all be legibly

pach finished
identified as

r or cover of a heater that necessitates servicing by the user, including repl

hcement of a
live part to

b, iInVolving the exposure of any normally enclosed or guarded uninsulate
i ' i vicing should

the heater disconnected from the power supply circuit.

40.1.7 If the use of a water shut-off valve is indicated in the installation instructions in accordance with
the Exception to 42.6, the water heater shall be legibly and plainly marked with the maximum working

pressure.
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40.2 Temperatures for field-wiring conductors

40.2.1 If any point within a terminal box or wiring compartment of a permanently-connected heater in
which field-installed conductors are intended to be connected, including the conductors themselves,
attains a temperature greater than 60°C (140°F) during the normal temperature test, the heater shall be
marked in accordance with 40.2.2. The statement shall be legible and located so that it will be clearly
visible during installation and examination of supply wiring connections.

40.2.2 The marking required by 40.2.1 shall be in accordance with 40.2.2 (a) — (c). The blanks in
40.2.2(a) and 40.2.2(c) shall be filled in with the applicable wire size, and the temperatures shall be as
shown in Table 40.1.

a) Iffall the conductors used in the normal temperature test are the same size, the|marking is to
read ["For supply connections, use _____ AWG or larger wires suitable for at least®| °C

(___|°F)” or equivalent wording. The conductor size shall not be less than the_supply conductor
size (dentified in 7.2.2.

b) If the test was made with 14 AWG (2.1 mm?) conductors, the wiré\size portion gf the
mark|ng shown in (a) is not required.

¢) If ponductors of more than one size were used in the normal temperature test (Recause of
unbajanced loads, multiple power supplies, or other reasen), the marking shall reaq “For supply
conngctions, use wires suitable for at least ___ °C ( _<JF). See wiring diagram for [wire sizes,”
or equivalent wording. The conductor size shall not bg, less than the supply conductor size
identffied in 7.2.2.

Table"40.1
Temperatures for marking

Temperajures attained in terminal box or compartment during normal Temperature in marking,
temperature test
°C °F
More than Not more than More than Not more than °C (°F)
60 75 140 167 75 (167)
75 90 167 194 90 (194)
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40.3 Marking of field terminals

40.3.1 A field terminal of a heater shall be marked with the following (or equivalent statement): “Use
copper conductors only,” or “For use with aluminum or copper conductors.” This marking shall be
independent of any other marking on terminal connectors, and it shall be visible during and after
installation of the heater.

41 Permanence

41.1 General

41.1.1 The markings required in MARKINGS, Details, Section 39, shall be permanent and located on a
part that requires Tools Tor removal or, when removed, impairs the operation of the heater.

41.1.2 A mafking that is required to be permanent shall be:
a) Efched,
b) Mplded,
c) Die-stamped,
d) Paint-stenciled,
e) Permanently secured, stamped or etched metal, or
f) Inglelibly stamped lettering on pressure-sensitive labels secured by adhesive.

Usage, handling, storage, and the like, of the heater is to be determined in evaluating the pgrmanence of
a marking.

41.1.3 To ddtermine acceptability of the\adhesion of a pressure-sensitive label, representative samples
are to be subjected to the tests described in this section. In each test, samples of the lapel are to be
applied to tegt surfaces as in the intended application.
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41.2 Oven aging

41.2.1 Three samples of the test panels are to be placed in an air oven maintained at the temperatures
indicated in Table 41.1 for 240 hours.

Table 41.1
Oven temperatures

Maximum normal operating temperature of surface of
applied label, Oven temperature,

oc (°F) °C (°F)
0 (140) 87 (189)
80 (176) 105 (221)
00 (212) 121 250)
25 (257) 150 (302)
50 (302) 180 (356)

41.3 Immersion
41.3.1 Thred samples of the test panels are to be placed in a controlled atmosphere mainfained at 23.0
+2.0°C (73.4|£3.6°F) with a 50 £5 percent relative humidity for 24 houfs. These samples gre then to be
immersed in water at a temperature of 21.0 £2.0°C (69.8 £3.6°F) for 48 hours.

41.4 Standayd atmosphere

41.4.1 Thred samples of the test panels are to be placed in a controlled atmosphere mainfained at 23.0
+2.0°C (73.4|+3.6°F) with a 50 +5 percent relative humidity for 72 hours.

41.5 Evaluation of adhesive labels

41.5.1 Immepiately following each environmental exposure as described in 41.2.1 — 41.41, and for 24
hours afterwgrd, each sample shall:

a) Aghere without curling\of the edges;
b) Resist defacementior removal as demonstrated by scraping across the test pangl with a flat
metarl‘ blade 1/32.inch (0.8 mm) thick with no sharp edges, held at a right angle to the test panel
(during this test; the blade is to be pressed against the panel with a force of 5 pounds [22.24
N]); gnd

c) Retain legible printing and not be defaced by rubbing with finger pressure.
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