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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.
g -

2 Glossary

2.1 For the|purpose of this standard the following definitions apply.

2.2 ACTUA
any other hu

2.3 CONTH
function is pr|

2.4 CONTH
of 70°C (158

2.5 CONTH

2.6 CONTH
normal oper
control. An €
the temperat|

2.7 CONTH
shock, fire,

evaluation of
fault conditio

2.8 CONTH

TION — Movement of the actuating member of the control by the-user, by hand,
man activity.

OL, AUTOMATIC ACTION — A device in which the transmission and operation
bduced by initiation which is not the result of manualactuation.

OL, LIMITING — A control intended to limit the‘operation of the heater to a wate
F) under all conditions, including breakdown-of any or all operating controls.

OL, MANUAL - A device that requirésidirect human interaction to activate or te

OL, OPERATING — A device that starts or regulates the operation of an apy
ption. The failure of an operational control generally causes the operation o

by foot, or by

pf at least one

Ir temperature

5t the control.

liance during
[ a protective

xample of an operating €ontrol is a temperature regulating control — a control that maintains

Lire of the spa water to a,user-determined level.

OL, PROTECHVE - A device, the operation of which is intended to reduce the

risk of electric

por injury to persons during normal or abnormal operation of the appliance¢. During the

the protective control / circuit, the protective functions are verified under norm
hs of the control.

OLy"TYPE 2 ACTION — The actuation of an automatic control (see 2.3)

Al and single-

or which the

manufacturi

g deviationm and the driftof its operating vatue, operating time, or operating s

quence have

been declared and tested under the Standard for Automatic Electrical Controls — Part 1: General
Requirements, UL 60730-1.

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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210 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

211

also referred to as trip-free action.

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.

212 HOTT

B — A tub intended for partial or total immersion of persons in heated water

213 LOW-
volts rms (42
combination

requirements
connecting r¢
considered tg

214 OPER

4 volts peak) supplied by a primary battery, by a standard Class 2 transfor
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 'supply at lin
sistance in series with the supply as a means of limiting the voltage and d
be a low-voltage circuit.

ATING TEMPERATURE VALUE - Value of temperatdre at which the temper3

control operates on a rise or fall of the temperature.

2.15 SAFET
relied upon tg

216 TEMP
actuation pert

3 Safety Cr

3.1 Any fun
whereby a lo§
or casualty hg

3.2 Electron

a) Rel
defing

Y CRITICAL FUNCTION — Control, protectionrand monitoring functions whi
reduce the risk of fire, electric shock or casualty hazards.

FRATURE SETTING BY THE USER-+Any selection of an operating tempera
ormed by the user.

tical Functions

s/malfunction of its.functionality would represent an unacceptable risk of fire, e
zards would be considered a Safety Critical Function.

ic circuits thiat manage a Safety Critical Function shall be:

able_as-defined as being able to maintain the Safety Critical Function in the e
d component faults and

OLTAGE CIRCUITS — A low-voltage circuit is one involving a potential of*net more than 30

mer, or by a
performance
e voltage by
urrent is not

ture sensing
ch are being

ure value by

Ction involved in the control, protection, and monitoring of safety-related attribjites of a unit

ectric shock,

ent of single

b) No
enviro

nments of the appliance.

3.3 Electronic circuits managing Safety Critical Functions shall comply with:

a) Supplement SA; or

susceptible o electromagnetic environmental stresses encountered in the anticipated

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, requirements
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

CONSTRUC
4 Compon
41

411 Exce
the requirem

41.2 Acon

a) In
prodd
b) Is g
c)ls
used
4.1.3 A cor
use.
4.1.4 Spec
capabilities.
temperatures
415 Comy

shall assums

Genergl

I'MON

pnt Specifications

pt as indicated in 4.1.2, a component of a product covered by this standard sha
bnts for that component as indicated in this Section.

nponent is not required to comply with a specific requirement that:

olves a feature or characteristic not required«in' the application of the com
ct covered by this standard,

uperseded by a requirement in this standard, or

beparately investigated when forming part of another component, provided the
within its established ratings anddimitations.

hponent shall be used in-ac¢cordance with its rating established for the intended

fic components (are incomplete in construction features or restricted in
Such compgnents are intended for use only under limited conditions, sud
not exceeding specified limits, and shall be used only under those specific cong

onents.shall be suitable for the intended use and installation environment. ]
thefollowing installation parameters.

| comply with

bonent in the

component is

conditions of

performance
h as certain
itions.

his suitability

a) Ou

tdoor, Pollution Degree Ill installations.

b) Overvoltage Category Il as specified in the Standard for Insulation Coordination Including
Clearances and Creepage Distances for Electrical Equipment, UL 840.

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

4.21 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 Terminal blocks

4.31 Termirlual blocks shall comply with:
a) Thg Standard for Terminal Blocks, UL 1059, or

b) ThI Standard for Low-Voltage Switchgear and Controlgear — Part 7-1;-Ancillary Equipment —
Terminal Blocks for Copper Conductors, UL 60947-7-1, or

c) The Standard for Low-Voltage Switchgear and Controlgear <« Part 7-2: Ancillary Equipment —
Protegtive Conductor Terminal Blocks for Copper Conductors; ULY60947-7-2, or

d) The Standard for Low-Voltage Switchgear and Controlgear — Part 7-3: Ancillary Equipment —
Safety Requirements for Fuse Terminal Blocks, UL 60947-7-3.

4.3.2 The WL 60947-7-x Standards are used in .cofjunction with the Standard for |Low-Voltage
Switchgear and Controlgear — Part 1: General Rules, UL-60947-1.

4.3.3 Termimal blocks shall be suitable for thesnumber of conductors per termination, wire size, type
(solid or stranded), conductor material (copper-er aluminum), voltage and current of the intended use.

4.4 Wire connectors

4.4.1 Wire ¢onnectors shall bétsuitable for the wire size, type (solid or stranded), condyctor material
(copper or aliiminum) and the number of conductors terminated. If insulated they shall be sditable for the
voltage and qurrent of theqintended use. They shall be applied per the installation instructions of the wire
connector mgnufacturer:

4.4.2 Wire gonnéctors shall comply with the Standard for Wire Connectors, UL 486A-486B, or the
Standard for Equipment Wiring Terminals for Use with Aluminum and/or Copper Conductors, UL 486E.

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.
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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 2 (e.g. UL 248-5). Defined use fuses that comply with UL 248-1 and another
applicable UL standard for fuses are considered to comply with this requirement.

4.6.2 Fuseholders 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: O
Breakers Fo
Molded-Casq

4.6.4 Circu
electrical shq

reuit breakers used in telecommunications circuitry that comply with the Stgnd
' Use in Communications Equipment, UL 489A, need not comply with\the
b Circuit Breakers, Molded-Case Switches and Circuit-Breaker Enclosyresy UL 4

t breakers having integral ground fault circuit interrupter capahility for prote

ard for Circuit
Standard for
39.

ction against

ck shall additionally comply with the Standard for Ground-Fault Circuit-Interrupters, UL 943.

4.6.5 Supplementary protectors shall comply with the Standard for Supplementary Protectprs for Use in
Electrical Eqpipment, UL 1077.
4.7 Switchps
4.7.1 Switches shall comply with one of the following;as-applicable:

a) The Standard for Switches for Appliances= Part 1: General Requirements, UL 61058-1;

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

c) The Standard for NonindustrialPhotoelectric Switches for Lighting Control, UL 773A.
Exception: Switching devices that.comply with the applicable UL standard for specialty apgllications (e.g.
transfer switth equipment), industrial use (e.g. contactors, relays, auxiliary devices), or gre integral to

another com,

4.7.2 Aclo
train, by eleq
shall comply

bonent (e.q. switchéd lampholder) need not comply.

ck-operatéd-switch, in which the switching contacts are actuated by a clock-wo
trically=wound spring motors, by electric clock-type motors, or by equivalent
with one of the following:

rk, by a gear-
Brrangements

a)Th

o Standardfor CUlIOCK-Uperated Switches, Ut o917 , Ol

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
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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.

4.7.4 Switches that comply with the Standard for Switches for Appliances — Part 1. General
Requirements, 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

b) For

a voltage not less than the rated voltage of the appliance;

a current not less than the rated current of the appliance;

c) For

d) Wit

e) For|

f) For

4.7.6 Rating
conditions en

4.7.7 Switch
a) Poy

b) Po

operafion with the-electronics bypassed;

c) Sw
under

Continuous Duty;
n respect to load:

1) Switches for motor-operated appliances: for resistance and, motor load i
with the Standard for Switches for Appliances — Part 1: General Requirements,
or Outline for Particular Requirements for Switches for Toalsy UL 6059, if the
encounter this load in normal use; or

2) Switches may be regarded as switches for a declared specific load in acc
the UL 61058-1, or UL 6059, and may be classified based upon the log
encountered in the appliance under normal load:

ac if the appliance is rated for ac;

c if the appliance is rated for dc.

s and load classifications for :switches other than power switches shall be 4
countered in the appliance upder normal load.

es shall also be rated with'respect to endurance as follows:
ver switches: 6000 ¢ycles;

ver switches provided with series electronics shall be subject to an additional 1

tchestother than power switches, such as speed selector switches, that may
electrical load: 1000 cycles;

accordance
UL 61058-1,
switch would

prdance with
d conditions

ased on the

DOO cycles of

be switched

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
only with the aid of a tool or are interlocked so that they cannot be operated un
load; or

2) Switches for 20 mA load as classified in the Standard for Switches for Appli
1: General Requirements, UL 61058-1.

4.8 Relays and contactors

481
the Standard

for Industrial Control Equipment, UL 508.

be operated
der electrical

ances — Part

Relays shall be suitable for the voltage, current and type of load controlled and shall comply with
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4.9 Transformers

4.9.1 General-purpose transformers shall comply with the Standard for Low Voltage Transformers — Part
1: General Requirements, 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: General Requirements, UL 5085-1; and the Standard for Low Voltage Transformers — Part 3: Class
2 and Class 3 Transformers, UL 5085-3.

Exception: Transformers located in a low voltage circuit that do not involve a risk of fire or personal injury

need not co

4.10 Printdd wiring boards

4.10.1 Prin
Boards, UL 7

Exception: A
requirements
other circuits
result in the 1
the end-use

4102 Ap
comply with
Materials — U

4.10.3 Unlg
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nnlvwith this reqliirement
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ed wiring boards, including the coatings, shall comply with the Standard for K
96.

printed-wiring board in a Class 2 nonsafety circuit is not required to comply wit
in the Standard for Printed-Wiring Boards, UL 796, if the board is separated

oil conductors or components coming in contact with parts of other circuits of th
product.

inted-wiring board containing circuitry in~a“line-connected circuit or a safet
the direct-support requirements for insulating materials in the Standard
se in Electrical Equipment Evaluations;"UL 746C.

ss otherwise specified, the flammability class and temperature rating shall be
materials in the Standard forPolymeric Materials — Use in Electrical Equipmen

mperature sensing device, such as a positive temperature coefficient (PTC) thg
perature eoefficient (NTC) thermistor, that is used in combination with an eleqg

[Thermistor-Type Devices, UL 1434.

[

Printed-Wiring

h the bonding
from parts of

such that loosening of the bond between the foil cotiductor and the base material will not

e control or of

circuit shall
or Polymeric

that specified

I Evaluations,

rmistor and a
tronic control

ether with the control provides an operating or protective function shall comply with the

harnaietarae—d ribad 444 4 Hbatn\
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o A~ IR

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

b) Temperature Excursions: Outdoor Use Conditions

4.11.3 The calibration tolerance allotted to the thermistor, plus the calibration tolerance allotted to the
electronic control, shall not exceed the required as-received (Deviation) system tolerance of +5°F (+3°C);

and the requi

412 Button

4121

red after conditioning (Drift) system tolerance of £+10°F (x6°C).

or coin cell batteries of lithium technologies

Revised and relocated as 5.7.
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5 Frame and Enclosure
5.1 General

5.1.1 The frame and enclosure of a heater shall have the strength and rigidity required to resist the
abuses to which it will encounter during normal service, thus precluding total or partial collapse of the
enclosure with the attendant reduction of spacings, loosening or displacement of parts, and other defects
that alone or in combination constitute an increase in the risk of fire, electric shock, or injury to persons.

5.1.2 Among the factors to be determined when an enclosure is evaluated for acceptability are its:

a) Physical strength;

b) Registance to impact;

¢) Moisture-absorptive properties;
d) Combustibility;

e) Registance to corrosion; and

f) Registance to distortion at temperatures likely to be encountered under normal|or abnormal
conditjons of use.

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

5.1.3 Besidg¢s 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.

5.2 Protectjon of combustible materials outside the enclosure

5.2.1 The enpclosure shall reduce the-risk of molten metal, burning insulation, flaming particlgs, or the like
from falling o combustible materials,‘including the surface upon which the heater is supportefl.

5.2.2 The rg¢quirement in 5.2!1 requires use of a barrier of combustion resistant material inder wiring,
unless it is pf the flame-=retardant type. Neoprene-, asbestos-, or thermoplastic-insulatgd wires are
considered td be of this\type.

5.2.3 A swifchy transformer, relay, solen0|d or the Ilke shall be |nd|V|duaIIy enclosed unlg
shown that b ] J are n® openings in
the bottom of the overall heater enclosure An unbaffled openlng located directly below field- or factory-
made splices or overcurrent-protective devices in the bottom of such a heater enclosure is not to be used.

Exception: Terminals of a switch, transformer, relay, solenoid, or the like are not required to be completely
enclosed.

5.3 Ventilating openings

5.3.1 An opening in the enclosure for ventilation, other than in the bottom of a heater, and an opening
associated with the dissipation of heated air from the element, shall be provided with one or more baffles
that will reduce the risk of emission of flame, molten metal, burning insulation, or the like from the heater.

Exception: In a compartment other than one that houses an overload or overcurrent protective device, the
baffles are not prohibited from being omitted when:
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a) No ventilating opening in a vertical wall other than one associated with the dissipation of heat
from the elements during normal operation of the heater is more than 3/8 inch (9.5 mm) in width or

b) The heater is constructed so that baffles are not required, as shown by investigation.

5.3.2 When an opening is provided in the enclosure of a heater or in an externally mounted component
intended for permanent connection to the power supply, it shall be located so that it will not vent into
concealed spaces of a building structure, such as into hollow spaces in the walls or the like, when the
equipment is installed as intended.

Exception: The requirement in this paragraph does not apply to an opening for a mounting screw or nail or
for a manufacturing operation such as a paint drainage hole, when such an opening has a dimension not
greater than [17/64 inch (6.7 mm), or an area of more than 0.055 square inches (35.5 mm?):

5.4 Thicknpss 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 emnclosure is determined to be acceptable when evaluated under considerations $uch as those
specified in §.1.2 and 5.1.3.

Table 5.1
Minimum thickness of enclosurée 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 unreirfforced flat

and/or size) to provide physical strength, surfaces,

Metal inches (mm) inches (mm)

Die-cast 3/64 (1.2) 5/64 (2.0)
Cast malleablq iron 116 (1.6) 3/32 (2.4)
Other cast mefal 3132 (2.4) 1/8 (3.2)
Uncoated shegt steel 0.0262 (0.66)? - -
Galvanized sheet steel 0.0292 (0.74)® - -
Nonferrous shg¢et metal 0.0362 (0.91)2 - -
& Thinner shee} metal is not prohibited from being used when the enclosure is evaluated under considerations such as those
specified in 5.1.2 and 5.1.3.

5.4.2 Sheef metal to which a wiring system is to be connected in the field shall havela an average
thickness notHess-than:

a) 0.032 inch (0.81 mm) if uncoated steel;
b) 0.034 inch (0.86 mm) if galvanized steel; and

¢) 0.045 inch (1.14 mm) if nonferrous.

5.4.3 An enclosure shall have a thickness not less than the following at points where the face of an
attachment plug receptacle projects through it:

a) 0.032 inch (0.81 mm) if the enclosure is of ferrous material;

b) 0.045 inch (1.14 mm) if the enclosure is of nonferrous material; and
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¢) 0.10 inch (2.5 mm) if the enclosure is of insulating material. The insulating material shall be
combustion 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.

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 t \Alay araund the pah- The haottom of the pah need not he flat or gny rngl lar shape and the
transition from the bottom to the rim, lip, or the like may have any convenient shape, but)dt 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, onthe like.

5.5.2 The sjructure of the part or of the appliance may provide the equivalent.of the pan|described in
5.5.1 when it pomplies 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

ELECTRICAL
PARTIAL METAL ENCLOSURE —* PART
- 30°
=}
30°|
A B

PROTECTIVE PAN

BOTTOM OF ENCLOSURE |

1/4”
/47|

C’

SUPPORTING SURFACE

SBO7+4

A, B, C, and D areprojectionsthatdefimeavotume tetweermarmetectricatpartand-amropenimng;, € and-Dare 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.


https://ulnorm.com/api/?name=UL 1261 2022.pdf

18 UL 1261 AUGUST 24, 2022

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.

Figure 5.2

Articulate probe with web stop

234MM
154MM

136MM

100MM
96MM ‘

90MM |
6OMM ‘

B

4-APF'R0XA ;
30°

3.5MM
RADIUY

]
m PLAN VIEW m

\ SECTION B-B

SECTION A-A

PA100
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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,

inchesP (mm)° inches® (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), 172-14/2 4aa)

J 30 (7p2)

@See 5.6.4.
b Between 1 in
¢ More than 2-

Ch and 2-1/8 inches, interpolation is to be used to determine a value between values specified in the
/8 inches, but not more than 6 inches (152 mm).

table.

5.6.2 The
opening will
any position
in any possil
opening.

5.6.3 The g
accessibility
probe shall bj

5.6.4 With
the largest cy

5.6.5 Durin
the outer eng

attachment ¢f accessories, te~allow access to means for making operating adjustments

reasons) is t

or personal ijury.

5.6.6 A dog
the closed pq

robe specified in 5.6.1 and illustrated in Figure 5.2 shall be)dpplied to any d

that is required to examine the enclosure. The probe illustrated in Figure 5.2 sh
le configuration and, if required, the configuration shall)be changed after insertid

robe specified in 5.6.1 and 5.6.2 shall be ysed as a measuring instrument to
provided by an opening, and not as an instrument to evaluate the strength of a
e applied with the minimum force required to determine accessibility.

reference to the requirements in5.6.1, the minor dimension of an opening is th
lindrical probe having a hemispherical tip that can be inserted through the open

 the examination of equipment in connection with the requirements in this seg
losure that may be removed without the use of a tool by the user of the heater

b be removed. Such a part shall not be assumed to provide protection against

r or cever of an enclosure shall be provided with a means for holding it securg
sition

epth that the

permit and shall be rotated or angled before, during, and after insertion through the opening to

all be applied
n through the

evaluate the
material. The

e diameter of
ng.

tion, a part of
(to permit the

or for other
blectric shock

ely in place in

5.6.7 The door or cover of an enclosure shall be hinged if it gives access to any fuse, circuit breaker, or
manually-resettable limiting control in other than a low-voltage circuit, and if any uninsulated live part is
exposed during the normal replacement of the fuse. Such a door or cover shall also be provided with an
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.

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.
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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 as is practicable, and shall be readily accessible without the use of special tools, if it is intended
to be manually-operated or adjusted, or if it will require periodic servicing.

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

Figure 5.3

Accessibility of live part through adjustment opening

= D -

OPENING e
ADJUSTMENT

\
X D+3" - /

\49+7&nm)

\
\ LIVE

ENCLOSURE ART

SBOQZ26

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:
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a) Is intended for use with one or more single cell batteries having a diameter of 32 mm (1.25 in)
maximum with a diameter greater than its height; and

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

a) Copper, copper alloy, or stainless steel, any of which is 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) Captiron atteast 74 nch (6.4 mm) thick;

c) St
galva

as de

lining
calcu
to be
meas

d) Aly
water

«[el at least 0.067 inch

(1.7 mm) thick, if the surface of the steel in contact

termined by the method specified in 34.1, and the minimum average, thicknes
shall be 0.005 inches (0.13 mm). The minimum average thickness of the glass

made by first measuring the thickness of the metal with the‘glass lining, then s
ured thickness of the metal after breaking off the glass; or

mm) @&s measured by the method described in (c).

As an altern
Pressure Veq
may be used

6.2 Any pif
galvanizing d
mm) thick as
7 Field-Wi
71

7.1.1 Aheg

7.1.2 If the

Genergl

ptive to the specifications in 6.1 (a) — (d),"a tank that bears the symbol of t
ssel Code, ANSI/ASME BPVC, consisting of the Code H, S, M, U, UM, or HLW i

e or fitting of iron or steel.in contact with water shall be protected against
r plating. Zinc coating used for corrosion protection shall be a minimum 0.0017
determined by the method specified in 34.1.

ing Connections

ter shall-have provision for connection of a wiring system.

hedter includes a length of flexible conduit for the heater supply leads, the fl

hized or glass lined. The zinc coating shall be a minimum of 0.0017 inches (0.

ated from six thickness measurements, all taken at different lecations. Each mq

minum or aluminum alloy at least 0.093 inch (2.36\mm) thick if the surface ir
is glass lined. The minimum average thickness of the glass lining shall be 0.004

with water is
43 mm) thick
5 of the glass
lining is to be
pasurement is
Libtracting the

contact with
b inches (0.13

ne Boiler and
h a clover leaf

corrosion by
nches (0.043

pxible 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 unless:

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

b) No circuit conductor protected by an overcurrent protective device rated at more than 20

ampe

res is included; and

¢) The conduit is not larger than 3/4-inch trade size unless the fittings are identified as providing

groun

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

Table 7.1
Trade size of conduit in inches
Wire size, Number of wires
AWG (mm?) 2 3 4 5 6
14 (2.1) 12 12 12 1/2 12
12 (3.3) 12 12 12 3/4 3/4
10 (‘-'. ’2) 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 1-114 1-1/2
3 (26.7) 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 taple is based on the assumption that all conductors will be of the same size and there will be not morg than six
conductors in the conduit. If more than six conductors will be involved or if all ofithem are not of the same size, the internal cross-
sectional area qf the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-sectional prea of the
wires, based or] the cross-sectional area of Type THW wire.

I will enclose
he conductor

7.1.4 A wiring space or other compartment in a heater intended to be wired in the field tha
wires shall bg free of any sharp edges, burrs, fins, moving parts, or the like that can damage t
insulation.

a bushing of
ded with the

7.1.5 An opening in an enclosure for thetentrance of a conductor shall be provided with
insulating material. The bushing shall"be mounted in place in the opening or may be prov

enclosure so

716 Abus
1/8 inch (3.2
projections, 0

Exception: W
edges, the by

that it may be mounted-when the equipment is installed.

ning of rubber or-rubber-like material provided in accordance with 7.1.5 shall not
mm) thick. Achole in which such a bushing is mounted shall be free of sharp
I the like, that'might damage the bushing.

hen the metal around a bushing hole is eyeletted or otherwise treated to prq
shing’shall not be less than 3/64 inch (1.2 mm) thick.

be less than
edges, burrs,

vide smooth

7.2 Leads and terminals

7.2.1 Alead intended to be connected to the source of supply shall be rated for minimum 60°C (140°F) if
the heater is rated at 80 amperes or less, and minimum 75°C (167°F) if the heater is rated more than 80
amperes, even if such wiring material temperature rating would not be required for reasons of temperature
alone.

7.2.2 A heater rated 80 amperes or less shall be provided with field-wiring terminals or leads for the
connection of conductors having an ampacity not less than 125 percent of the current rating of the heater
and sized on the basis of 60°C rated conductor ampacities. A heater rated more than 80 amperes shall tbe
provided with field-wiring terminals or leads for the connection of conductors having an ampacity not less
than 125 percent of the current rating of the heater and sized on the basis of 75°C rated conductor
ampacities.
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7.2.3 A field-wiring terminal of a heater that is marked as being intended for either copper or aluminum
conductors as indicated in 40.3.1, shall be of a size that can accommodate the conductor sizes specified
in 7.2.2, considering such factors as heating, heat cycling, and the like.

7.2.4 A lead for connection of field wiring shall not be more than two standard (AWG) sizes smaller than
the branch circuit power supply or control circuit conductor (copper) to which it will be connected, and shall
not be smaller than a 14 AWG (2.1 mm?) copper conductor in any case.

7.2.5 In determining the size of the power supply conductors in equipment intended for connection to
multiple power supplies and in which more than six such conductors will be likely to occupy the same

raceway, the

additional ampacity deratings shall be applied.

7.2.6 A terminal for field connection of a control circuit conductor may be used if it is int

connection
conductor m

Exception: A
AWG coppe]

7.2.7 Afiel
(for example

Exception: A
AWG (5.3 m

7.2.8 Wher
full threads ¢
tapered end

Exception: T
threaded join

7.2.9 Wher
the lead shal

7.210 Afig
friction along
square shou
part, or by ar

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?).

terminal in a low-voltage circuit may be used, if it is sized for connection of a 1
conductor.

bolted or held by a screw).

wire-binding screw may be used at a field-wiring terminal intended to accon
m?) or smaller conductor.

b continuity or secureness of an electricalconnection involves a threaded join
hall be engaged in the threaded joint:and, for a screw with a tapered end, any t
shall be disregarded.

he threaded joint of a component complying with applicable component req|
t design, continuity, and sectreness is not required to comply with this requirem

e pigtail leads are provided for field-wiring connections, a threaded joint at the g
comply with 7.2.8.

Id-wiring terminal shall be prevented from turning or shifting in position by meg
. Acceptable means of complying with this requirement include use of two scr|
ders-ormortises, dowel pins, lugs, offsets, or connecting straps or clips fitted int
equivalent method.

bnded for the
control circuit

6 AWG or 18

i-wiring terminal shall be provided with a pressure wire connector securely fastened in place

modate a 10

, at least two
hreads on the

Lirements for
ent.

roduct end of
ns other than

EWS or rivets,
0 an adjacent

7.2.11
diameter).

A wire-binding screw at a field-wiring terminal shall not be smaller than No. 10 (4.8 mm major

Exception No. 1: A No. 8 (4.2 mm) screw may be used for the connection of a 14 AWG (2.1 mm?)

conductor.

Exception No. 2: A No. 6 (3.5 mm) screw may be used for the connection of a 16 AWG (1.3 mm?) control

conductor.

7.2.12 A 14 AWG (2.1 mm?) conductor is the smallest conductor that may be anticipated at a terminal for
the connection of a power supply wire.
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7.2.13 A terminal plate tapped for a wire-binding screw shall be of metal at least 0.050 inch (1.3 mm)
thick.

Exception: A plate not less than 0.030 inch (0.8 mm) thick is not prohibited from being used when the
tapped threads have strength equivalent to those in a terminal plate at least 0.050 inch thick.

7.2.14 Upturned lugs or a cupped washer or the equivalent shall be provided with a wire-binding screw
and shall be capable of retaining a conductor that corresponds to the rating of the heater, but not smaller

than 14 AWG

(2.1 mm?), under the head of the screw or washer.

7.2.15 A wire-binding screw shall thread into metal.

7216 Ahe
for the conne
device, or lim

7.217 A fie
with) a metal
identification
diagram. A le
color and sha|

bter rated 125 or 125/250 volts (three-wire) or less shall have one terminal orl
ction of the grounded conductor of the power supply circuit. No switch, ovéreurr
t control of the single pole type shall be connected in the grounded conductor.

d-wiring terminal intended for the connection of a grounded conductor shall be
substantially white in color and shall be readily distinguishable from the other
bf the terminal shall be clearly shown in some other manner,.such as on an atf
bd intended for connection of a grounded conductor shall®g finished to show a
| be distinguishable from any other leads.

7.2.18 The free length of a lead inside an outlet box or wiring.eompartment shall be at least ¢

mm) if the le

is intended for field connection to an externalgeircuit.

8 Field Wiring Compartments

8.1 A heate
compartment

r shall be provided with a compartment for supply wiring connections. The v
shall be at least that indicated.in Table 8.1. When determining total compart

from the table, a conductor running through-the compartment and each conductor originatin

compartment

and terminating inside the'compartment is to be counted as one conductor.

Table 8.1
Minimum volume of field wiring compartments

i

ad identified
nt protective

of (or plated
terminals, or
ached wiring
white or gray

b inches (152

blume of the

ment volume
j outside the

Size of conductor, Free space in compartment for each copductor,
AWG (mm?) cubic inches (Cl']:g)
14 (2.1) 2.0 (3310)
12 (373 2725 (36.9)
10 (5.3) 25 (41.0)
8 (8.4) 3.0 (49.2)
6 (13.3) 5.0 (82.0)

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

Minimum bending space from connector, lug, knockout, or hole to wall
Wire per pole
Size of wire, 1 22
AWG or MCM (mm?) 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 AWG (21.2-26.7) 2 (50.8) - -
2 AWG £33-63 242 {63-5) -
1AWG (42.4) 3 (76.2) - -
1/0 —2/0 AWG (563.5-67.4) 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)
2@ Applies when two conductors can approach the terminal only from the same direction.

8.3 An ope
accordance
conductor c4

with Table 7.1, and the minimum trade size of conduit required for use wit
pable of carrying the load current. When making/this determination, alumin

wires shall b¢ assumed unless the unit is marked for copper supply wiring only.

8.4 The lod
shall be such
the heater is

8.5 Withre

ation of a terminal box or compartment.imtended for the connection of power
that the box or compartment is accessible for inspection of the supply wire con
installed. Moving the installed heater for such inspection shall not be required.

ference to 8.4, it is to be assumed that accessibility for inspection exists if, afte

installed in the intended operating positioh, the connections can be examined without usin

tool (such as|

8.6 A supp
relation to it.

9 Leakage

9.1 Aleaka
and these sh

an offset screwdriver, and the like) or disturbing the wiring in the compartment.

y wiring terminal compartment shall be attached to the heater and prevented f

Current Collectors

ge current collector shall be provided at the water inlet, and another at the outlet
all be electrically insulated from the heater. The installation of the collectors sha

the smallest
m conductor

hing provided in the wiring compartment for the connection of conduit in the f:—IId shall be in

supply wiring
nections after

the heater is
g any special

om turning in

of the heater,
| be such that

all water ent

fiNg and teaving the heater 1flows through the two collectors as shown in Figure 9.1.

Exception: This requirement does not apply to a construction determined to be acceptable as the result of
the leakage current test described in Leakage Current in Water, Section 36.
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Figure 9.1

Leakage current collector diagram

COLLECTOR; COLLECTOR;

F HEATER :E
INLET INSULATOR INSULATOR OUTLET

SB1675

9.2 A leakage current collector shall be of galvanized or other corresion resistant metal pipe| and shall be
a minimum lepgth of five times its own inside diameter. Each leakage ‘current collector shall have provision
for the conngction of a grounding conductor not smaller in cross section than the heater power supply
conductors.

9.3 A leakage current collector shall be permanentlysfactory installed on the heater, or provided with the
heater togethpr with field installation instructions as described in 42.9.

10 Equipment Grounding

10.1 A fieldrwiring terminal or lead far'the connection of an equipment grounding conductor shall be
provided.

10.2 A fieldjwiring terminal intended solely for connection of an equipment grounding condiictor shall be
a screw-type |connector capable of securing a conductor of a size as described in 10.3 and|shall comply
with the requirements in Z.2.1 - 7.2.16.

10.3 An eqyipmentgrounding conductor shall be at least the same size as the power supply conductors,
and in no casg shallbit be smaller than 12 AWG (3.3 mm?).

10.4 A wire-binding screw intended for the connection of the equipment grounding conductor shall have
a green-colored head that is hexagonal, slotted, or both. A screw-type, pressure wire connector intended
for connection of such a conductor shall be plainly identified by the marking "G," "GR," "GND," "Ground,"
"Grounding," or the like, or by a marking on a wiring diagram provided on the heater. The wire-binding
screw or screw-type wire connector shall be located so that it is unlikely to be removed during the normal
servicing of the heater, and the wire-binding screw shall have upturned lugs, cupped washers, or the
equivalent to retain the conductor.

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

Exception: The requirements in 10.5 that cover the color coding of grounding leads apply to internal wiring
that is visible in a wiring compartment in the area in which field connections are to be made. They do not
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apply to leads or wiring of low-voltage circuits intended to be field connected to Class 2 wiring and that are
separated or segregated from high-voltage circuit, field-wiring connections by barriers.

11 Bonding For Grounding

11.1  An exposed dead-metal part and a dead-metal part inside the enclosure that is exposed to contact
during any servicing operation, maintenance, or repair, and that is likely to become energized, shall be
electrically connected to the equipment grounding terminal or lead and to the metal surrounding the
knockout, hole, or bushing provided for field connection to the power supply.

11.2 An uninsulated dead-metal part of a cabinet, electrical enclosure, mounting bracket, controller

mounting as

Exception: A

a) Ad|
cabin
unlikg

b) Isd

embly _canacitor-orotherelactrical comnonent shall he bonded for arcundina o
PAS ~ ) Lad J J

metal part as described in (a) — (d) is not required to be bonded.

hesive-attached, metal-foil markings; screws; handles; and the like lacated on af
et and isolated from electrical components or wiring by grounded,metal parts sg
ly to become energized.

lated metal parts such as contactor magnet frames or armatures, small asse

and the like that are positively separated from wiring and other uninsulated live parts.

c) Pa

hels and covers that do not enclose uninsulated live/parts if wiring is positively s

the panel or cover so that ii is not likely to become energized.

d) P4
barrie
inch

11.3 Ahea
the equipme
AWG (8.4 m
local commqg
panel or wirin]

11.4  All win
collectors to

12 Liveor

nels and covers that are insulated from electrical components and wiring by
r of vulcanized fiber, varnished cloth, phenolic material, or similar material not
0.8 mm) thick that is secured in place,

er shall have, on the external surface or inside the box, panel, or wiring compd
ht grounding conductors are\to be connected, a wire connector able to acco
m?) solid copper wire forthe’purpose of bonding the grounded metal to pool
n bonding grid in the area of the swimming pool heater. If this connector is i
g compartment, a kneckout shall be provided for the passage of a 8 AWG wire.

he heater, shall be stainless steel, brass, copper, or copper alloy.

Current-Carrying Parts

purposes.

) enclosure or
that they are

mbly screws,

bparated from

an insulating
ess than 1/32

rtment where
mmodate a 8
steel or other
nside the box

e connectors_provided for bonding to the pool bonding grid, or for bonding leakage current

12.1 Gene

12.11

fal

contact with any live part will be provided.

12.2 Current-carrying parts

12.21

An electrical part of a heater shall be located or enclosed so that protection against unintentional

Plated iron or steel may be used only for current-carrying parts having normal operating

temperatures of more than 100°C (212°F), but unplated iron or steel shall not be used for any current-
carrying part. Stainless steel and other such corrosion-resistant alloys may be used for current-carrying
parts, regardless of temperature.
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13 Enclosure of Live Parts and Wiring

13.1 Aterminal or lead for field connections, a terminal of a component such as an element, thermostat,
and the like, and internal wiring shall be enclosed within a metal housing or enclosure that complies 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 can damage wiring.

13.3 Alive or current-carrying part shall be secured to the base or mounting surface so that it cannot turn
or shift position if such motion could result in the reduction of electrical spacings below the minimum
values Specif:ed_in_Elar\frir\gl Qpar\inge’ Section-24-.

14 Internal Wiring
14.1 Genergl

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 Interpal 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 sefvice likely to
be encountergd.

14.1.3 Therg is no temperature limit applicable t0,a conductor provided with beads of nonjcarbonizable
material. The|[number and arrangement of the beads shall be such as to maintain spacings gs required in
Electrical Spdcings, Section 21. A conductorusing beads shall not be used outside an enclogure or where
it is accessible to inadvertent contact from-outside the enclosure.

14.1.4 Insulpted wire used for internal’'wiring may be of the following types:
a) Building Wire — Types RH, RHH, RHW, T, TW, THWN, and MTW.
b) Fixure Wire — Types RFH-2, SF-2, SFF-2, FFH-2, TF, TFF, TFN, and TFFN.

c) Flexible Cords — HPN, HS, HSJ, HSJO, HSO, S, SJ, SJO, SJT, SJTO, SO, ST, STO| SP-2, SP-3,
SPT-2, and"SPT-3.

d) Apptiarce—WiringMateriat—Apph ta-shat-have-thermoptastie—thsulation 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 (1.6 mm) thick for 6 — 2 AWG (13.3 — 33.6 mm?).
14.2 Wiring methods

14.2.1 The wiring and connections (if any) between external parts of a heater shall be protected or
enclosed.
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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 grasped or hooked in a manner that would subject the wire to stress.

14.2.3 When wiring is located so that it is in proximity to combustible material or capable of being
subjected to abuse or damage, it shall be in metal-clad cable, rigid metal conduit, electrical metallic tubing,

metal raceway, or the equivalent

14.2.4 Whg
edge of the
insulating bu

14.2.5 Afle
unless such
inside the un

14.2.6 Whs
through whig
shall be fitteq

opening, the hole shall be provided with a smooth, turned edge, a_ metal gr
5hing.

xible cord used for external interconnection shall be provided.with bushings ar
b cord is otherwise protected against motion and stresses onstrains that might &
t.

n relative motion between asbestos-insulated wire 'and the metal surrounding
h the wire passes is likely because of expansion and contraction of the meta
with an insulating bushing or the equivalent.

14.3 Splic¢s and connections

1431 A's
electrical con

14.3.2 A sg
spacing betw

14.3.3 Whsg
positively prg

blice or connection shall be made“mechanically secure, and shall provide
tact.

lice shall be provided withninsulation equivalent to that on the spliced wires if p
een the splice and uninsulated metal parts is not provided.

re stranded wiringJis connected to a wire-binding screw, loose strands of the
vented from contacting any other uninsulated conductive part that is not alway

electrical pofential as the-wire, or reducing electrical spacings to an unacceptable degree.

accomplishe

1 by using‘pressure terminal connectors, soldering lugs, or crimped eyelets, by

strands of th¢ wiretogeéther, or by equivalent means.

14.3.4 An

n wiring passing through a metal wall within the overall enclosure of a heater’can contact the

bmmet, or an

d strain relief
e transmitted

the opening

, the opening

continuity of

ermanence of

wire shall be
5 of the same
This may be
soldering all

pnn-nnd er_\nr'ln |||g shallnot be used unless means are. prn\/irlnd to hold the |||g

n 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.

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.
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15 Heating Elements

15.1 A heating element shall be securely supported in place.

15.2 In determining compliance with 15.1, consideration is to be given to sagging, loosening, and other

adverse conditions of the element resulting from continuous heating or flexing of the element supports or

related wiring

due to alternate heating and cooling.

15.3 A sheathed heating element shall comply with the requirements in the Standard for Sheathed

Heating Elem

ents, UL 1030.

16 ElectricaHnsutlation

16.1
for the mount
affected by th
that it posses

16.2 Anins
mica, some I
sole support
general use n
so that the ris|

16.3 When
to its mecha
degree to wh
performance

thermal aging.

An inslilating washer, bushing, or other integral part of a heater or accessory, and.a’ba

ng of a live part, shall be of a moisture-resistant insulating material that will not
e temperatures to which it will be subjected in service. A molded partshall be cq
es the mechanical strength and rigidity to withstand the stresseslef 'actual servi

Ilating material shall be evaluated with regard to its intended-application. Mate
holded compounds, and certain refractory materials are(usually acceptable fg
pf a live part. Some other materials such as magngesiam oxide that are not a
nay be used only in conjunction with other insulating'materials or when located 3
k of mechanical damage and absorption of moisture’is reduced.

t is required to investigate a material to determine acceptability, consideration s
nical strength, dielectric properties, insulation resistance, qualities of heat re
ich it is enclosed or protected, and t6~any other features that may have a bg
of the material in actual service.-All of these factors shall be determined w

5e or support
be adversely
nstructed so
Ce.

rials such as
r use as the
cceptable for
nd protected

hall be given
sistance, the
aring on the
ith regard to

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.

17 Thermal Insulation

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

17.2 Thermal insdlation that is not adequately rigid shall be mounted or supported so that if will not sag.
Adhesive materiatusedformotnting-thermahinstutation-shattberated-for tuse-atthe-temperatdre 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 Overcurrent Protection

18.1

18.1.1

General

A heater rated more than 48 amperes shall have the heating elements subdivided. Each

subdivided circuit shall supply a set of heating elements having a total rating not exceeding 48 amperes,

and each sub

divided circuit shall be protected at not more than 60 amperes.
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18.1.2 An overcurrent protective device provided to meet the requirement for maximum 48 ampere

subdivided ¢

ircuit protection shall be an integral part of the equipment.

18.1.3 The overcurrent protection required in 18.1.1 and 18.1.2 shall be of a type rated for branch circuit

protection.

18.2 Receptacle, transformer, lampholder protection

18.2.1

Overcurrent protection at not more than 15 amperes shall be provided by a fuse or circuit breaker

for each general use single receptacle unless the heater could be connected as intended to a branch
circuit rated at 15 amperes or less.

18.2.2 Ove
as a part of
lampholder
intended to 3

19 Temper
19.1

Gene

19.1.1 Eac

maintained at a temperature of 50°C (122°F) or less.

19.1.2 A te
settings, but
with a stop tq

19.2 Consfruction

19.2.1
than £3°C (z

19.22 Aw

a) T
-Regt
(£5°F
in UL

A water temperature-regulating*control shall have a tolerance at the maximum settin

!

rcurrent protection at not more than 20 amperes shall be provided by a circuit b
he equipment for each general use duplex receptacle circuit, transformer pfin
Circuit independent of a heating element unless the equipment could” be
branch circuit rated at 20 amperes or less.

ature Regulating Controls
al

 heating element shall be controlled by a thermostat'so that the water at the h

mperature regulating control may be adjustable, and may have marked or
it shall not have any dial setting marked hotter than 50°C (122°F), and it sha
prevent adjustment to a higher temperature setting.

5°F).
ter temperature=regulating control shall comply with either the requirements in 3
e water Heater control requirements in the Standard for Temperature-In

andsshall comply with the calibration verification and 100,000-cycle endurance
873:Jf part or all of the control is electronic, it shall comply with 19.1.1, 19.1.2.

eaker or fuse
ary circuit, or
tonnected as

cater outlet is

nmarked dial

| be provided

g of not more

orb:

dicating and

lating Equipment, UL 873. In addition, the control shall have a maximum toleqfance of £3°C

requirements

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 Temperature Sensing Controls, UL 60730-2-9, with the parameters as
specified in Table 19.1.
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Table 19.1

Temperature-regulating control parameters

UL 60730-1, Table — Required
information and methods of
providing information

Information

Control requirement

the products co
a) Installati
b) Overvolthge Category llI
c) Test Lev¢l 3

ered by this Standard should be eonsidered as:

6 Purpose of control Protective control (temperature)
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)

39 Type 1 or Type 2 action Type 2

40 Additional features Automatic reset

41 Manufacturing Deviation, maximum +3°C (£5°C)

42 Drift Not vary from the as-received tgmperature by
more than 5 percent of the Fahrenheit setpoint
temperature, orby more than 10°F (6°C),
whicheveristhe greater.

49 Pollution degree Pollution degree 3

82 The minimum parameters of any heat Must be specified

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

83 Output waveform if other than sinusoidal Must be specified

5Ba Required protection/immunity frem mains Required @

q0 Surge immunity IEC 61000-4-5 installation Clas$ 3.
Overvoltage category lIl.

14 External load and emijssion control measures | Intended heater

to be used for test purposes
@For the purpoge of the tests specified in Section “Electromagnetic compatibility (EMC) requirements — immunity” of UL 60730-1,

n Class 3 (See Explanatory notes for surge immunity test, UL 60730-1);

19.2.3 A relpy or contactor controlled by the water temperature regulating control shall comply with the

100,000 cycle

endurance test in the Standard for Industrial Control Equipment, UL 508.

1924 Ac

HI| ol H H H 9 ES E'S 4 lat: ES
mary wouc Ul a oSCTTIolTy LUITLuit 1O a wattcl 1Chipciaturc ICBUIGLIIIH Ul wWdadltll

emperature-

limiting control water temperature control shall be provided with mechanical protection to reduce the risk of
loss of water temperature control in the event of damage.

Exception: Mechanical protection is not required for a capillary tube or sensing circuit of a control that
incorporates a construction that will open the heater circuit in the event of damage to the capillary tube or
short or open circuit in the sensing circuit.

19.2.5 Mechanical protection is considered to be provided for a capillary tube or a sensing circuit for a
water temperature control when it is contained entirely under the spa skirt and located so that it is not likely
to be disturbed during user servicing
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ature-Limiting Controls

A heater shall be provided with a temperature-limiting means that:

a) Prevents the water at the heater outlet from attaining a temperature hotter than 70°C (158°F);

rip-free in accordance with 20.2;

c¢) Is manually-resettable or is of the replaceable element type;

20 Temper
20.1
b)Is t
d)Isi
e)O
g) Co
20.2 With
cannot be h

regardless of

20.3 Withr
one pole in
number of pq

20.4 A tem
thermostat; h

20.5 When
contactor or

20.6 Openi
temperature-
heating elem

20.7 Such a control shalkcomply with the requirements in a, b, or ¢ below

a)Th

b) Th

pmemm&mmMMME—
f) Is r¢adily accessible; and

n addition to any temperature regulating control(s);

mplies with the requirements for limiting controls.

eference to 20.1(b), "trip-free" means that the device is constructed so that

the position of the actuating handle, button, lever, and the liké:

bference to 20.1(e), either a single-pole device or a¢multipole device may be u

the contacts

Id in the closed position when the water has attained a temperature hotter than specified,

5ed if there is

pach ungrounded power supply conductor. The requirement is applicable regardless of the

wer supply circuits used.

berature-limiting device shall have no opetating parts in common with a tempe
owever, a common mounting bracket orienclosure is acceptable.

the temperature-limiting device is.in the control circuit of a magnetic contactor o
elay shall be wired so that it is net actuated by a temperature-regulating device.

ng of either a groundéd)or ungrounded conductor of the supply circuit th

limiting control circuit inoperative shall also result in interruption of the currer
ents.

p Standard*for Limit Controls, UL 353.

e water heater limit control requirements in the Standard for Limit Controls, U

rature control

relay, such a

at renders a
t through the

L 353, or the

water

heater Iimi’ring control rnquirnmnni‘e in_the Standard for Tnmpnrnhlrn-lr

dicating and

-Regulating Equipment, UL 873. Its reset mechanism shall be "Manually Reset 2" or "M2". If part or
all of the control is electronic, it shall comply with 20.1 — 20.6.

c) 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 Temperature Sensing Controls, UL 60730-2-9, with the parameters as
specified in Table 20.1.
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Table 20.1

Temperature-limiting control parameters

UL 60730-1, Table — Required
information and methods of
providing information

Information

Control requirement

6 Purpose of control Manually Reset Thermal Cut-Out

7 Type of load controlled AC heater load

27 Number of Automatic cycles (A) 6000: 1000 with load, 5000 without load

29 Type of disconnection or interruption Full-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 Actign

41 Manufacturing Deviation, maximum +3°C (+5°C)

42 Drift Not vary from the.@s-received t¢mperature by
more than 5 percent of the Fahienheit
setpoint temperature, or by mone than 10°F
(6°C), whichéver is the greater.

49 Pollution degree Pollution degree 3

g2 The minimum parameters of any heat Must be specified

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

g3 Output waveform if other than sinusoidal Must be specified

5Ba Required protection/immunity fram, mains Required @

q0 Surge immunity IEC 61000-4-5 installation Class 3.
Overvoltage category Il.

14 External load and emission control measures Intended heater

to be used for test purposes
&For the purpoge of the tests specified in Section ‘Electromagnetic compatibility (EMC) requirements — immunity” of UL 60730-1,
the products copered by this Standard should pe considered as:
a) Installatipn Class 3 (See Explanatory notes for surge immunity test, UL 60730-1);
b) Overvoltage Category llI
c) Test Levgl 3
21 Electrical Spacings
21.1  The spacings in a heater or remote control assembly shall be in accordance with Tgble 21.1 and

Table 21.2.

Exception: The spacing requirements in Table 21.1 and Table 21.2 do not apply to the inherent spacings of
a component, as such spacings are evaluated under the individual requirements for the component;
however, the electrical clearance resulting from the assembly of the component into the heater unit,
including spacings from parts of such a component to a dead-metal part or enclosure, shall be as indicated

in the tables.
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Table 21.1
Minimum spacings at field-wiring terminals and at fuseholders and thermal cutoffs
Potential involved, Through air, Over surface,

Parts involved volts inch (mm) inch (mm)
Between live parts of opposite polarity; 0-250 1/4 (6.4) 3/8 (9.5)
and between a live part and a dead- a a
metal part, other than the enclosure, 251-600 3/8 (9-5) 172 (12.7)
which may be grounded
Between a live part and the enclosure 0-600 1/2 (12.7) 1/2 (12.7)
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 Fiven in Table
21.2 apply when fuses are being installed, one at a time. Spacings in a low-voltage circuit may be not less tham1/4jinch (6.4 mm).

@ A spacing of
compartment g

hot less than 3/8 inch (9.5 mm) through air and over the surface, is acceptable at wiring terminals in

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

h wiring

Minimuni

Table 21.2

spacings through air or over the surface at points other.than field-wiring {erminals,
fuseholders, or thermal cutoffs

uninsulated livi
and under all g

e part, the construction shall be such that.at least the minimum spacing is maintained under all opers

pnditions of handling.

@ No minimum

than 1/8 inch (
® Enamel insul

¢ A spacing of

pacing requirements apply to a low-yoltage circuit unless a short-circuit or ground results in a risk 0|
shock. When g ground results in such risk, the“spacing between uninsulated live parts of opposite polarity, and bety
mounted uningulated live part and a dead-metal’part, other than an enclosure that is exposed to contact by persong
grounded, shall not be less than 1/32 inch,(0:8 mm), and the spacing between the live part and the enclosure shall

.2 mm).

hted wire is determined-to be an uninsulated live part.

/16 inch (1.6 mm).is permissible at the heating element only, in a heater rated for 300 volts or less.

Parts involved Potential involved;yolts (Inch) (mm)
Between unindulated live parts of opposite polarity; 0 - 250 (1/16)2 (1.6)2
el pat, o har the anclostre, that oher s 251600 (114° G4P°
exposed to coiptact by persons or may be grounded
Between a live]part and the enclosure 0-600 (1/4)? (6.4)°
NOTE — When|an uninsulated live part is not rigidly supported,or when a moveable dead-metal part is in proximity fo an

ting conditions

f fire or electric
een a rigidly
or may be

hot be less

21.2 At clo

sed-in-points only (such as in the screw and washer construction of an insu
mounted in rTetaI), a spacing of 3/64 inch (1.2 mm) is acceptable in a heater rated 250 volts g

ated terminal
rless.

21.3 An insulating lining or barrier of fiber or similar material, used where spacings would otherwise be
less than the required values, shall not be less than 1/32 inch (0.8 mm) thick, and shall be located or of
such material so that it will not be adversely affected by arcing. Fiber not less than 1/64 inch (0.4 mm) thick
may be used in conjunction with an air spacing of not less than half the spacing that would be required for

air alone.

Exception: Insulating material having a thickness less than specified may be used if, upon investigation, it
is determined to have properties equivalent to the material described in this paragraph.

21.4 Unless protected from mechanical damage during assembly and normal functioning, a barrier of
mica shall not be less than 0.01 inch (0.25 mm) thick.
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22 Clearance and Creepage Distances

221 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 cl
requirements

ce with the

arance and creenaae distance at field wirina terminals shall he in accorda
Ladasl ) J

in Table 21.1.

22.4 In conducting evaluations in accordance with the requirements in the Standard for Insulation
Coordination [ncluding Clearance and Creepage Distances for Electrical Equipment, UL 840,[the following
guidelines shall be used
a) Forlevaluating clearances:
1) Units intended to be permanently wired to their supply'shall be evaluated fon Overvoltage
Category II;
2) The Phase-to-Ground Rated System Voltage. used in the determination of Clearances
shall be the equipment rated supply voltage rounded to the next higher value.
3) To determine equivalence with currentthrough air spacings requirements ar] impulse test
potential having a value as determined’in the Standard for Insulation Coordination Including
Clearance and Creepage Distances for Electrical Equipment, UL 840, is to be gpplied.
b) For|evaluation of creepages

1) Any printed wiring board which complies with the requirements for Direct S
Standard for Printed-Wiring Boards, UL 796, provides a Comparative Trackin
of 100;

2) Printed wiring boards are evaluated as Pollution Degree 2 when adjacer
material js'covered by any coating, such as a solder mask, which provides an
covering,over at least one side and the complete distance up to the other side
materiat;

upport in the
j Index (CTI)

t conductive
Lininterrupted
bf conductive

the following

3).Printed-wiring boards shall be evaluated as Pollution Degree 1 under one of]

conditions:

i) A coating which complies with the requirements for Conformal Co

atings 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 ai
epoxy or potting material.

r bubbles, in
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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 fthanthe—vatues 9;VUII i—Tabte23-4+—tfthetestis—conducted—at-aroom tGIIIpUI ture of other

than 25°C (7f°F), the results are to be corrected to that temperature.

Table 23.1
Maximum surface temperature

Surface material °C (°F
Bare or paintedl material 67 (153)
Glass 78 (172)
Plastic® 83 (181)

2 Includes plas}fic with a metal plating not more than 0.005 inch thick; and metal with a plastic or vinyl covering not I¢ss than 0.005

inch thick.

23.3 Stabiljty

23.3.1 The

23.3.2 The
height of the]
smallest dim

23.3.3 Stal
structures, if

24 Pressu

241 Ahea

stability of a heater shall be such-that it cannot be readily overturned in normal u

stability of a heater is to bé.investigated only if it has flexible water connectio
center of gravity of thelfilled heater above the supporting surface is greater t
bnsion of the base. Sege Stability Test, Section 37.

the instructions furnished with the heater clearly detail the intended method of in
e Vessels and Parts Subject to Pressure

erthat may be subject to pressure in normal use, indicated by instructions for p

Se.

ns, and if the
han twice the

ility requiremefitsdo not apply to a heater intended for permanent, reliable attachment to

stallation.

lacing 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.
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25 Units Intended for Outdoor Use

251

25.1.1
section as we

General

Il as with the other applicable requirements of this standard.

25.2 Enclosure

25.2.1

A heater intended to be used where it will be exposed to the weather shall comply with this

An enclosure shall be constructed so that it will reduce the risk of the wetting of any live part as

specified in 25.2.2 — 25.2.6, and will also reduce the risk of the electrical system becoming the source of

electric shock

2522 To d
conduit conn
Hydrostatic P|

25.2.3 A pa
determined th
weather expg

25.2.4 Ahin

25.25 Ane
or unthreadeq

2526 Ash
and not less {

Exception: A
complies with
more than on
all aspects, i
stated.

<l 4 4l
UuUT U WoauiCl TAPUSUTT.

ptermine compliance with the requirement in 25.2.1, a complete assembly,
bctions but without pipe thread compound, is to be subjected to the.rain test
ressure, Section 33.

at removal or opening of the panel or cover will not increase the risk of electric
sure, or personal injury due to moving parts.

ge or other attachment shall be resistant to corrosion.

hclosure for electrical components shall have provisions for drainage if there a
openings in the enclosure.

pet steel cabinet or enclosure shall:not be less than 0.032 inch (0.81 mm) thick
nan 0.034 inch (0.86 mm) thick if zinc-coated.

thinner enclosure than specified in this requirement is not prohibited from being
Table 5.1 and is protected*by an outer cabinet. A steel cabinet or enclosure u§g
b sheet of lesser thickness than specified is to be used when the construction is
hcluding mechanical-Strength and corrosion resistance, to a single sheet of 1

25.3 Corrosion resistance

25.3.1 A hdg
following requ

ater intended for use where exposed to the weather shall comply with all
irements:

with supply
described in

nel or cover in the outer enclosure shall require the use ofeols to open unl¢ss it can be

shock due to

re knockouts

if uncoated,

used when it
ing panels of
equivalent in
he thickness

three of the

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 exposure to the earth or other corrosive agent(s) is anticipated, its metals or finishes shall be

subjected to an investigation to determine acceptability under those conditions.

25.3.2 Aluminum, brass, copper, or stainless steel are capable of being used without additional corrosion
resistance.
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25.3.3 A nonmetallic enclosure or enclosure material shall be evaluated to determine the effects of
exposure to ultraviolet light and water.

25.3.4 An enclosure 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 corrosion by one of the following means or by other
metallic or nonmetallic coating(s) as described in 25.3.8.

a) Hot-dipped, mill-galvanized sheet steel conforming with the coating designation G90 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 percent of the
zinc on any side based on the minimum single-spot test requirement in this ASTM Designation.
The weight of the zinc is to be determined by any convenient method, but in case of question it

shall
Iron 3

b) A

applig
minin
by the
C) Az

alkyd
evalu

d)Ag
the cq

e)Ad
of out
with

estab

25.3.5 An g
corrosion wh
paint on eac
comparative

25.3.6 Ang
(3.12 mm) th
or by other

pbe established in accordance with the Standard Test Method for Weight [Mass]
nd Steel Articles with Zinc or Zinc-Alloy Coatings, ASTM A90/A90M.

vinc coating, other than that provided on hot-dipped, mill-galvanized. shéet st
d to an average thickness of not less than 0.00061 inch (0.0155 mm)on each s
um thickness of 0.00054 inch (0.0137 mm). The thickness of thelcoating shall b
test described in 34.1. An annealed coating shall also complywith 25.3.9.

inc coating conforming with 25.3.6 (a) or (b) with one coatof an organic finish o
resin type or other outdoor paint on each surface. Thé ntegrity of the paint is g
hting its composition or by corrosion tests, when required.

admium coating not less than 0.001 inch (0.025'mm) thick on both surfaces. Th
ating shall be established by the test described'in 34.1.

admium coating not less than 0.00075 inch (0.0191 mm) thick on both surfaces
door paint on both surfaces, or not less than 0.00051 inch (0.0130 mm) thick on
wo coats of outdoor paint on beth surfaces. The thickness of the cadm
ished by the test described in 341, and the paint shall be as specified in 25.3.4(

nclosure of cast iron at/east 1/8 inch (3.2 mm) thick is determined to be prot
en it has at least one coat of either organic finish of the epoxy or alkyd-resin ty,
n surface. The integrity of the paint is to be determined by evaluation of its com
corrosion tests, when required.

nclosure of‘sheet steel not less than 0.126 inch (3.2 mm) thick if zinc coated
ck if uncoated, or heavier, shall be protected against corrosion by one of the fol
etallic-or nonmetallic coating(s) shown to give equivalent protection as describe

a) Ho

of Coating on

eel, uniformly
urface, with a
e determined

f the epoxy or
etermined by

b thickness of

with one coat
both surfaces
ium shall be
C).

pcted against
pe or outdoor
position or by

or 0.123 inch
owing means
i in 25.3.8.

t-dipped, mill-galvanized sheet steel conforming with the coating Designation

560 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 percent of the
zinc on any side, based on the minimum single-spot test requirement in this ASTM Designation.
The weight of zinc coating is to be determined by any method; however, in case of question, the
weight of the coating shall be determined in accordance with the Standard Test Method for Weight
[Mass] of Coating on Iron and Steel Articles with Zinc or Zinc-Alloy Coatings, ASTM A90/A90M. An
A60 (alloyed) coating shall also comply with 25.3.9.

b) A zinc coating other than that provided on hot-dipped, mill-galvanized sheet steel, uniformly
applied to an average thickness of not less than 0.00041 inch (0.0104 mm) on each surface with a
minimum thickness of 0.00034 inch (0.0086 mm). The thickness of the coating shall be determined
by the test described in 34.1. An annealed coating shall also comply with 25.3.9.
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c) Two coats of an organic finish of the epoxy or alkyd-resin type or other outdoor paint on each
surface. The integrity of the paint is to be determined by evaluation of its composition or by
corrosion tests, when required.

d) Any one of the means specified in 25.3.4.

25.3.7 The requirements in 25.3.6 also apply to sheet steel 0.056 inch (1.422 mm) thick if zinc coated, or
0.053 inch (1.346 mm) thick if uncoated, or heavier, used for an enclosure to be mounted within and
protected from direct exposure to weather by the enclosure of other equipment. Such an inner enclosure
shall not be marked "Rainproof" or "Raintight."

25.3.8 Other finishes, including paints, special metallic finishes, and combinations of the two, are
capable of bding used if comparative tests with galvanized sheet steel (without wiping, annegling, or other
surface treatment) conforming with 25.3.4(a) or 25.3.6(a), as applicable, indicate that ‘these provide
equivalent protection. In evaluating such systems of coating consider:

a) Exgosure to salt spray;

b) Moist carbon dioxide-sulphur dioxide-air mixtures;

¢) Moist hydrogen sulphide-sulphur dioxide-air mixtures;

d) Moist hydrogen sulphide-air mixtures;

e) Ultrpviolet light; and

f) Wat

)
C

r.

2539 Aho
similarly form|

bent or formgd area if the bending or forming’ process damages the zinc coatings. The zi

considered d
formed sectig

Exception No

Exception No
are not requin

PERFORMA

t-dipped, mill-galvanized A60 (alloyed) coating or an annealed zinc coating th
ed after annealing, and that is not-otherwise required to be painted, shall be g

bmaged when flaking or cracking of the zinc coating at the outside radius o
n is visible at 25 power magnification.

1: Simple sheared-or cut edges and punched holes are not determined to be fq

2: Areas on.the'inside surface of an enclosure that water does not enter during
ed fo complywith the painting requirement in this paragraph.

NCE

at is bent or
ainted in the
nc coating is
[ the bent or

rmed.

y the rain test

26 Powerl

26.1

put

The power input to a heater shall not be more than 105 percent of its marked rating.

26.2 To determine whether a heater complies with 26.1, the power input is to be measured with the
heater operating at normal operating temperature under full-load conditions while connected to a supply
circuit adjusted to be the highest of the following:

a) The 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 an appliance uses a nonmetallic heating element such as carbon, the power input is to be
determined using a new element.
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27 Normal Temperature

271 A heater, when tested as described in this section, shall not attain a temperature at any point that
will constitute a risk of fire or to adversely affect any material used in the heater, nor to show temperature
rises at specific points greater than those indicated in Table 27.1.

Table 27.1
Maximum temperature rises

Materials and component parts °C (°F)

1. Any point within a wiring compartment in which field-installed conductors are to be
connected, incjuding such conductors themselves, unless the appliance is marked in

accordance with 40.2.2 35 (63)

2. Fuses otherfthan Classes CC, G, J,and T 65 (117)
3. Fuses, Clasges CC, G, J,and T 85 (153)
4. Fiber used gs electrical insulation or as bushings 65 (117)
5. Wood or other combustible material that is part of a heater 65 (117)
6. Class 105 infsulated relay or solenoid or transformer winding 65°¢ (117)2

7. Class 130 (C¢lass B) insulation system, except as indicated in items 8 and 9
Thermocouple method 85 (153)
Resisfance method 105 (189)

8. Transformer windings:

Class 155|insulation; Class 2 transformers

Thermocouple method 95 171)

Resisfance method 115 (207)
Power Trgnsformers

Thernjocouple method 110 (198)

Resisfance method 115 (207)

9. Transformer windings:

Class 180|insulation; Class 2 transformers

Thernpocouple method 115 (207)
Resisfance method 135 (243)
Power Trgnsformers.

Thernpocouple\method 125 (225)
Resisfante'method 135 (243)

10. Phenolic compositionmusedas efectricat insutatiomorwhere breakdownm woutd Tesuit

in a risk of fire, electric shock, or injury to persons® 125 (225)

11. Insulated wire or cord 25°C (45°F) less than its temperature

rating®
12. Sealing compound d d

13. Copper conductors:

a) Tinned or bare strands having:

1. A diameter less than 0.015 inch (0.38 mm) 125 (225)
2. A diameter of 0.015 inch or more 175 (315)
b) Plated with nickel, gold, silver, or a combination of these 225 (405)

Table 27.1 Continued on Next Page
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Table 27.1 Continued

Materials and component parts °Cc (°F)
14. Termination of copper conductor in a pressure terminal connector, unless both are
tinned, nickel-coated, or silver-plated 125 (225)
15. Plated iron or steel current-carrying part 100 (212)

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

® 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.

4 Unless the m3
temperature, is
Softening Poin{

terial is thermosetting, the maximum sealing compound temperature, when corrected to a 25°C (771
15°C (27°F) less than the softening point of the compound as determined by the Standard Test Meth
of Resins Derived from Naval Stores by Ring-and-Ball Apparatus, ASTM E28.

F) ambient
ods for

27.2  Allvaly
may be cond

es in Table 27.1 are based on an assumed ambient temperature 6f|25°C (77°F
ucted at any ambient within the range of 10 — 40°C (50 — 104°F). However,

temperature

igher than 25°C (77°F) plus the specified maximum rise is acceptable if the op

automatic thermal control during the test limits the temperature under observation.

27.3 Temperatures are to be measured using thermocouples consisting of 24 — 30 AWG

mm?) wires,
wire and a
measuremen

Exception: If
change-of-re{

274 A temj
10 percent of
The thermocq
in the Tolerar
Temperature-
E230/E230M

27.5 A ther

nd it is standard practice to use thermocouples.consisting of 30 AWG iron an
potentiometer-type instrument. Such equipment is to be used whenever
s are required.

b coil is inaccessible for mounting thermocouples, its temperature is to be deter
istance method.

erature is determined to be.constant when three successive readings, taken g
the previously elapsed testduration, but not less than 5 minute intervals, shoy
uple wire is to conform Wwith the requirements for special Special Tolerances th
ces on Initial Values _of. EMF versus Temperature tables in the Standard Spe
Electromotive Foree (emf) Tables for Standardized Thermocouples,

hocouplequnction and adjacent lead wires are to be held in thermal contact wit

of the material being.measured. In most cases, thermal contact will result from taping or c

thermocouple

in place, but if a metal surface is involved, brazing or soldering it in place may b

, but the test
no observed
eration of an

(0.21 - 0.05
d constantan
referee test

mined by the

t intervals of
v no change.
ermocouples
cification and
ANSI/ASTM

h the surface
ementing the
e required.

27.6 At a point on the surface of a Class 105 insulated relay or solenoid or fransformer wind

ng (Item 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
temperature rise measured by the change-of-resistance method is not greater than specified in the table.

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

27.8 The test voltage specified in 26.2 is to be increased, if required, so as to result in the 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
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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.

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.

2711 Fort
Wiring Conn

27.12 The
mains.

27.13 With
operated unt
it is to be ass

28 Water T

28.1 With g
to be operatq
adjusted to t
be further rg
compliance

28.2 To d€g
Temperature|
thermometer
control will 4

ne temperature tests, the heater is to be connected with wires sized in accordan
bctions, Section 7.

cold water supply to the heater is to be at the temperature obtained* from th

the regulating control set to give the maximum water temperature, the he
| constant temperatures are attained. Unless a heater invelves unusual construg
umed that temperatures have stabilized after the heaterhas been operating for

emperature

Il controls in the circuit, and the regulating,control set to maximum temperature

ce with Field-

e local water

ater is to be
tion features,
¥ hours.

the heater is

d as described in Normal Temperature, Section 27. The water flow through the heater is to be

he minimum water flow recommended;in‘the heater operating instructions. This
duced (when required) to attain the-operation of the regulating control. The
vhen the water temperature reading of the outlet water is 50°C (122°F) or less.

termine compliance with\20.1, the heater is to be operated as describg
Section 27, and the temperature of the water at the outlet is to be measured W
The regulating control’is to be shunted, or the heater otherwise wired, so th
e the only device in the circuit that will limit the temperature of the water. T

flow rate is to
results are in

d in Normal
ith a mercury
at the limiting
he water flow

through the heater is to be teduced (when required) to attain the operation of the limiting control within 1

hour from th
water tempe

p shunting eut of the temperature regulating control. The results are in complia
ature reading is 70°C (158°F) or less.

29 Dielect||ic Voltage-Withstand

hce when the

29.1

A heater shall be subjected to the application of a 60-hertz, essentially sinusoidal potential as

indicated in 29.2 for 1 minute between live parts and dead-metal parts, with the heater at the operating
temperature reached in normal use. The test potential is to be 1000 volts for a heater rated 250 volts or
less, and 1000 volts plus twice the rated voltage for a heater rated more than 250 volts. The results are in
compliance when there is no electrical breakdown.

29.2 To determine compliance with 29.1, the heater is to be tested by means of a 500 volt-ampere or
larger capacity transformer, the output voltage of which can be regulated. Starting at zero, the applied
potential is to be increased until the required test value is reached, and is then to be held at thatvalue for 1
minute. The increase in the potential is to be at a substantially uniform rate, and is to be as rapid as is
consistent with the correct indication of the voltmeter. During the test, the heater is to be full of water, and
all plumbing connections are to be attached to the water system.
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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 Inthe condition specified in 30.2, the heater is to be energized until the ultimate result has occurred,
but not more thanZ-hours-

31 Insulati¢n Resistance as a Result of Moisture
31.1 A heat
shall be cond
+2°C (89.6 4
insulation res

f normal use
erature of 32
ater has an

Br using insulation likely to be affected adversely by moisture under,‘conditions g
tioned for 24 hours in air having a relative humidity of 85 +5 percent at a temp
3.6°F). The results are in compliance when, after the conditioning, the he
stance of not less than 50,000 ohms between live and dead-metal parts.

31.2 Insulat
30,000 ohms

on resistance is to be measured by means of a voltiieter having an internal fesistance of

and using a 250-volt direct current.
32 Resistanfce to Rain
32.1 A heat

water used in|
10 Siemen {

er intended for outdoor use shall be subjected to the rain test. The maximum res
the resistance to rain test shall be 2540 ohm-centimeters or minimum conducti
er centimeter (S/cm). The results ofithe test are to be used if the unit:

istivity of the
vity of 3.94 x

a) Ha$ an insulation resistance of net less than 50,000 ohms when measured in accordance with

Insulation Resistance as a Result'of Moisture, Section 31;

b) Complies with a repeated dielectric voltage-withstand test as described in Diele
Withstand, Section 29; and

ctric Voltage-

c) Complies with 32:6.

32.2 Thera
of water into ¢
operation or ¢

n test.is to be conducted under normal conditions of operation most likely to pe
r onto.the electrical components. When required, operate the heater under varig
e-energize it if more adverse conditions result therefrom. In any case, each ex

'mit entrance
bus modes of
bosure to the

econditioned

simulated rairTisto be for thour Whenmmore thamone exposure 15 required, the umitisto be
as required so that the results of each test will not be influenced by prior exposures.

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.

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
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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.

Figure 32.1
Spray head piping
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Figure 32.2
Spray head
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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 pres
kilopascals f
distortion. Lg
percent of th

34 Metal C

341 Them

a)Th
pure
(H,S¢
acid,

b) Th
equip
and 5
which
glass
S0 tha
additi

c) Th

sure-shnecified-in 24 2 at 3 rate of annroximatels 10 nounds - ner sauare-inch-n
1 T Lid i Y 1 14 ] g

er second). The results are in compliance when there is no rupturing or yisib
akage at a gasket is not prohibited when it does not occur at a pressure |
b required test value.

pating Thickness

ethod of determining the thickness of zinc and cadmium coatings is to be as follg

b solution is to be made from distilled water, and is to céontain 200 grams per liter
chromic acid (CrO3) and 50 grams per liter of chemically pure concentrated

specific gravity 1.84, containing 96 percent H,S0y:

b test solution is to be contained in a glass vessel such as a separatory funnel

ped with a stopcock and a capillary tube of approximately 0.025 inch (0.63 mn
.5 inches (139.7 mm) long. The lowet’end of the tube is tapered to form a tip, t
are about 0.05 milliliter each. To preserve an effectively constant level of sol

t, when the stopcock is open,the rate of dropping is 100 £5 drops per minute. |
bnal stopcock may be usediin place of the glass tube to control the rate of dropp

e sample and the test solution should be kept in the test room long enough #

r second (69
le permanent
bwer than 70

WS:

of chemically
sulphuric acid

D,). The latter is equivalent to 27 milliliters per liter of chemically pure concentrated sulphuric

vith the outlet
n) inside bore
ne drops from
ution, a small

tube is inserted in the top of the:funnel through a rubber stopper and its positipn is adjusted

specified, an
ng.

0 acquire the

temperature of the rogm) ‘which should be noted and recorded. The test is to be conducted at a
room temperature of\21.1 — 32.0°C (70 — 90°F).

d) Each sample‘is to be thoroughly cleaned before testing. All grease, lacquer, pajnt, and other
nonmietallic-coatings are to be completely removed by means of solvents. Samples are then to be
thoroyighly rinsed in water and dried with clean cheesecloth. Care is to be taken to avoid contact of
the cleangd surface with the hands or any foreign material.

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.

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.
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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 platings
70 211 1.331 0.980
71 217 1.340 0.990
7P 222 1.352 1,0p0
7B 22.8 1.362 1.010
74 23.3 1.372 1.015
75 239 1.383 1.0R5
7 24.4 1.395 1.0B3
77 25.0 1.405 1.042
7B 25.6 1.416 1.060
7P 26.1 1.427 1.0p0
8p 26.7 1438 1.0f70
8 27.2 1450 1.0B0
8p 27.8 1.460 1.085
8B 28.3 1.470 1.0p5
8ft 28.9 1.480 1.1p0
8b 29.4 1.490 1.1110
8p 30.0 1.501 1.1p0
8y 30.6 1.513 1.1B0
8B 31.1 1.524 1.1p1
8p 317 1.534 1.160
ap 32.2 1.546 1.1p0
35 Endurance of Temperature-Regulating and -Limiting Controls
35.1 A temperature conirol shall be subjected to an endurance test consisting of the numper of cycles
specified in Table 354, 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.

Manually-reset,

Temperature-regulating

Automatic-reset, temperature-limiting

Table 35.1
Endurance test for temperature controls
Type of control Number of cycles
30,000
100,000
temperature-limiting 1000 under load and 5000 without load

NOTE — The endurance test requirements also apply to a magnetic contactor or other auxiliary equipment used in conjunction with
a temperature control.
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36 Leakage Current in Water

36.1  When an electric water heater is not provided with leakage current collectors of a type described in
9.2, the heater shall be tested in accordance with 36.2 — 36.7. The results are in compliance when the
leakage current does not exceed 5.0 milliamperes.

36.2 For this test, the unit is to be supplied through an isolating transformer having a voltage and output
current capacity to maintain a secondary voltage of 120 volts during the test. The test circuit is to be as
shown in Figure 36.1 and Figure 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 there are two) for
the equipment is to be connected to one end of the secondary winding, and the other end of the winding is
to be connected to:

a) The enclosure ground terminal;
b) The neutral terminal; and

c) Ong side of the measuring circuit.

Figure 36.1

Electrode location and set-up

—=To Meter

<R
a

m——————

“ Electrode
HEATER [ 1 —
Nonconductive Tank

Minimum 2 Gallon

/ i - (7.58 L) Capaci
N

—=— ~— 3 Inches (76.2mm)
Maximum

~<

S2342
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Figure 36.2

Test circuit connections

L, N L,

Ungrounded

Line Terminal |:|
Equipment
CI \I\‘II\‘;I
|::|/ Terminal
— 120 V

4®—>To Electrode

Meter

S2343

240 V connection shown. For 120 V
connection eliminate L.

36.3 The heating element is to be altered’ to meet the description given in Figure B6.3 so that
approximately 1 inch (25.4 mm) of the heating element conductor connected to each heatér 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

-
L — 1— L
Ly 11— r
— A B f(e=—
52002

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

B — Element conductor exposure length: 1 inch (25.4 mm)

36.4 Measurements are to be made with the water heater isolated from ground. The test tank and
assembly are to be of insulating material with any metal hardware insulated from ground. The connection
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of noncurrent-carrying metal to the equipment grounding terminal is not to be disturbed, and any protective
devices are to remain in the circuit.

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

36.6 The current 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.

36.7 Thec ent described

in 36.3 to the

pnstruction of the unit is to provide a current path from the altered heating elém
equipment grounding means required in 10.1.

37 Stability Test

37.1 Whenl|tested in accordance with 37.2 — 37.4, an electric water heatershall not overturn.

37.2 A pro
conditions wi
to render the

a) Po
condt

Huct is not to be energized during the stability test, The test is to be con
nich are most capable of overturning the product. Thefollowing conditions are
product most unstable:

sition of all doors, casters, and other movable‘oradjustable parts, including that
it resting on the surface supporting the product;

ducted under
to be such as

of the flexible

b) Cpnnection or omission of any attachment made available or recommended by the
manufacturer;
c) Dirgction 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 prevem]t the product
from sliding. [The product is to be placed on a plane inclined at an angle of ten degrees from the horizontal,
or tipped thrqugh an angle of terirdegrees from an at rest position on a horizontal plane.
37.4 A progluct with an tintegral tank is to be tested with the tank full or empty, whicheyer is a more

adverse condlition.

MANUFACT

URING AND PRODUCTION-LINE TEST

38 Produc

38.1

38.1.1

ion-Line Dielectric Voltage-Withstand

General

70 hertz potential between:

As a routine production-line test, each heater unit shall be subjected to the application of a 40 —

a) The primary wiring, including connected components, and accessible dead-metal parts that will
become energized and

b) Primary wiring and accessible low-voltage (42.4 volts peak or less) metal parts, including
terminals.

The results are in compliance when there is no electrical breakdown.


https://ulnorm.com/api/?name=UL 1261 2022.pdf

52

UL 1261 AU

GUST 24, 2022

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.

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 + 2V 60 1200 + 2.4V° 1

@V is the maximum marked voltage of the heater.

38.1.3 The

38.1.4 Thenlest is to be conducted when the heater is complete (fully assembled);Jt is not in

be unwired,

Exception No
test is not req|

Exception No
complete app

38.1.5 A he
and that can

connected if & random sampling of each day's production is tested at the potential specified

with the comy
risk of solid-s

38.2 Teste
38.2.1
a) Atr
b) A n

c) An

The fest equipment is totinclude:

init may be in a heated or unheated condition for the test.

odified, or disassembled for the test.

Lired to be in place.

iance.

bter using a solid-state component that is(not relied upon to reduce a risk of e
be damaged by the dielectric potential,ymay be tested before the component

onent in the circuit. The circuitry may be rearranged for the purpose of the test
ate component damage while retaining representative dielectric stress of the cir

Juipment

ansformer having'an essentially sinusoidal output;
eans of.indicating the test potential;

hudible or visible indicator of electrical breakdown; and

fended that it

1: A part such as a snap cover or friction-fit knob that can interfere with perforrnance of the

. 2: The test may be performed before final assefmbly when the test represents that for the

ectric shock,
s electrically
n Table 38.1
o reduce the
Cuit.

d) Eit
autom

38.2.2

er a Mmanualy-reset device to restore the equipment after—etectrical break
atic-reject feature that rejects any unacceptable unit.

include a voltmeter in the output circuit to directly indicate the test potential.

38.2.3

be indicated by:

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

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

lown, or an

If the output of the test equipment transformer is less than 500 volt-amperes, the equipment is to

If the output of the test equipment transformer is 500 volt-amperes or larger, the test potential may

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.
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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 terminal is to be connected to the accessible dead-metal.

Exception No—1:

excessive sg
single-pole p
to the test eq

Exception Ng.

test potentia
RATINGS

39 Details
39.1 A heq
current only
use on a poly

the frequenc

39.2 Thev
208, 220 — 24

39.3 Ahe

can operate
element will

MARKINGS

40 Details

A heater /rao:ofn/a hlnh lmpnrl::nr\a M/lnnhng and the Ilka\ hQI/Ihg I"lrf‘lllfr'll

condary—vo/tage build up in case of electrical breakdown dur/ng the test may be
rimary switch, if used, in the off position, or with only one side of the primary. ¢irg
uipment when the primary switch is in the on position, or when a primary switch

2: The primary switch is not required to be in the on position if thetesting mea
between primary wiring and dead-metal parts with the switch not in the on posit

ter shall be rated in amperes or watts, and also in volts, and may be rated fq

pr direct-current only. The ratings shall include the number of phases if the unit i
phase circuit. If frequency sensitive compohents or circuits are used, the ratingd
(expressed in hertz or Hz).

bltage rating shall be indicatedxas’ a single voltage or range of voltages such 3
10, 254 — 277, 416, 440 — 4804:550, 575, or 600.

ent at a time. If it is.connected (with circuit interlocks) at the factory so that only
at a time, the current or wattage rating shall be on the assumption that the large
be the one operating.

ot subject to
tested with a
uit connected
s not used.

ns applies full
on.

r alternating-
5 intended for
shall include

s 100 — 120,

aﬁr may have more than one element, and be intended to positively prevent the¢ use of more
than one ele

one element
5t single such

40.1

40.1.1

Identification and electrical ratings

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 distinctive catalog or model number or the equivalent; and

d) The electrical rating.

Exception No. 1:

identified by the brand or trademark owned by a private labeler.

The manufacturer's identification may be in a traceable code when the appliance is
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Exception No. 2: The date of manufacture may be abbreviated or in an established or otherwise accepted
code.

40.1.2 The electrical rating specified in 40.1.1 shall include the wattage rating of each heating element
used and the wattage rating or current consumption of the entire heater as described in 39.3. In the case
of a heater intended for use only on alternating-current at a specific frequency, or on direct-current only,
the rating shall include the type of supply current to be used. A two-wire heater, intended for use only on a
three-wire, 125/250-volt system shall be marked "250 V 2-wire for use only on 125/250 V 3-wire system."
A two-wire heater intended for connection to a 250 volt-to-ground system shall be marked "250 V 2-wire

for use only on 250 volt-to-ground system."

40.1.3 A he

ting element replaceable in the field that is rated at more than 1 ampere sh

Il be legibly

marked with i
40.1.4 Ahe

40.1.5 Whe
heater shall h
the product o

40.1.6 A do
cartridge fus
unintentional
be done with

40.1.7 If the
the Exceptior
pressure.

s electrical ratings in amperes or watts, and in volts.
bter intended for use outdoors shall be marked "For outdoor use."

N a manufacturer 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
a particular factory.

b

e, involving the exposure of any normally enclosed’ or guarded uninsulated
contact shall be legibly and permanently marked with a warning that such serj
he heater disconnected from the power supply circuit.

use of a water shut-off valve is indicated-in the installation instructions in acc
to 42.6, the water heater shall be legibly and plainly marked with the maxir

40.2 Temp

40.2.1

If any point within a terminal*box or wiring compartment of a permanently-connec

ratures for field-wiring conductors

which field-installed conductors.are intended to be connected, including the conductors
attains a temperature greater than 60°C (140°F) during the normal temperature test, the he
marked in agcordance with '40.2.2. The statement shall be legible and located so that it W
visible during|installationand examination of supply wiring connections.

40.2.2 The |marking-fequired by 40.2.1 shall be in accordance with 40.2.2 (a) — (c). T
40.2.2(a) and 40:2.2(c) shall be filled in with the applicable wire size, and the temperature

shown in Table 40.1

bach finished
identified as

pr or cover of a heater that necessitates servicing by«the user, including replacement of a

live part to
vicing should

prdance with
hum working

ed heater in
themselves,
ater shall be
ill be clearly

he blanks in
5 shall be as

a) If all 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
identified in 7.2.2.

b) If the test was made with 14 AWG (2.1 mm?) conductors, the wire size portion of the marking
shown in (a) is not required.

c) If conductors of more than one size were used in the normal temperature test (because of
unbalanced loads, multiple power supplies, or other reason), the marking shall read "For supply
connections, use wires suitable for at least _ °C ( __ °F). See wiring diagram for wire sizes," or
equivalent wording. The conductor size shall not be less than the supply conductor size identified in

7.2.2.


https://ulnorm.com/api/?name=UL 1261 2022.pdf

AUGUST 24, 20

22 UL 1261

55

Table 40.1
Temperatures for marking

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

40.3 Marking of field terminals

40.3.1 A figld terminal of a heater shall be marked with the following (or equivalent, staf
copper conductors only," or "For use with aluminum or copper conductors." This, ‘mar
independent| of any other marking on terminal connectors, and it shall be wisible dur
installation of the heater.
41 Permanence
411 Genegal
41.1.1 The|markings required in MARKINGS, Details, Section39, shall be permanent and
part that requires tools for removal or, when removed, impadifs’the operation of the heater.
41.1.2 A marking that is required to be permanent shall be:

a) Etghed,

b) Malded,

c) Dig-stamped,

d) Pa|nt-stenciled,

e) Pefmanently secured, stamped or etched metal, or

f) Indelibly stamped lettering on pressure-sensitive labels secured by adhesive.
Usage, handjing, storage, and the like, of the heater is to be determined in evaluating the per
marking.

ement): "Use
ing shall be
ng and after

located on a

manence of a

41.1.3 To determine 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 label are to be
applied to test surfaces as in the intended application.

41.2 Oven

41.2.1

aging

indicated in Table 41.1 for 240 hours.

Three samples of the test panels are to be placed in an air oven maintained at the temperatures
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Table 41.1
Oven temperatures

Maximum normal operating temperature of surface of
applied label, Oven temperature,
°C (°F) °C (°F)
60 (140) 87 (189)
80 (176) 105 (221)
100 (212) 121 (250)
125 (257) 150 (302)
150 (302) 180 (356)

41.3 Immernsion

41.3.1 Threg samples of the test panels are to be placed in a controlled atmosphere maintained at 23.0
12.0°C (73.4 [+3.6°F) with a 50 15 percent relative humidity for 24 hours. These’samples afe then to be
immersed in Wvater at a temperature of 21.0 £2.0°C (69.8 +3.6°F) for 48 hours,

41.4 Standard atmosphere

41.4.1 Threp samples of the test panels are to be placed in a‘controlled atmosphere maintained at 23.0
12.0°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 Immediately following each environmental‘exposure as described in 41.2.1 — 41.4.11, and for 24
hours afterwdrd, each sample shall:

a) Adhere without curling of the edges;

b) Resgist defacement or removal as demonstrated by scraping across the test panel with a flat
metal plade 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]);
and

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

INSTRUCTIQNS

42 Installation

42.1 Installation instructions shall be provided with each heater and these shall include, but not
necessarily be limited to, the information contained in this section.

42.2 Instructions shall indicate that the heater is to be installed in accordance with Article 680 of the
National Electrical Code, NFPA 70, and with the requirements of the authority having jurisdiction.

42.3 Instructions shall indicate that the heater grounding conductor and the leakage current collector
grounding conductors shall be the same size or larger than the live power supply conductors.

42 .4 Instructions for the current collectors shall clearly state that the collector grounding conductors must
be at least 12 AWG (3.3 mm?) wire, and must not be connected to the heater ground or its grounding
facilities unless instructions to the contrary are issued by competent local code or authority.


https://ulnorm.com/api/?name=UL 1261 2022.pdf

AUGUST 24, 2022 UL 1261 57

42.5 |Instructions and a wiring diagram shall clearly show the method of wiring the heater to the supply
source, and these shall also indicate the method of connecting any exterior thermostats or other devices
supplied with the heater or available as accessories. The types and ratings of all wires or conductors shall
be included.

42.6 The instructions shall indicate that a water shut-off valve must not be installed in the piping from the
outlet of the heater to the pool or tub. The instructions may indicate that a check valve that does not
include a shut-off feature or function may be installed for convenience during servicing.

Exception: The use of a water shut-off valve is not prohibited from being indicated in the instructions when

the heater:

a) Co

b) Is 1

c)lsq
42.7 If the
t0 42.6, the i

"To reduce th
required by t
with the requ
code symbol

Supply Systéms, AGA Z21.22-1986. The valve shall be‘tarked with a maximum set pr

exceed the
accommodat

42.8 Instru
or heater, an

42.9 Instru
and their gro

4210 Whe
pump in galld

mplies with the requirements in Pressure Vessels and Parts Subject to Pressure
narked as specified in 40.1.7; and

rovided with the instructions specified in 42.7.

Ise of a water shut-off valve is indicated in the instructions iniaccordance with
nstructions shall also include the word "CAUTION" and the.following or equivalg
e risk of excessive pressure in this water heater, install pfessure-protective equ
ne authority having jurisdiction but not less than a pressure relief valve certified
irements of the Boiler and Pressure Vessel Code/ASME BPVC, as indicated H
'V' or 'UV' in a cloverleaf; or Relief Valves and Automatic Gas Shutoff Devices

Section 24;

he Exception
nt statement:
pment where
as complying
y bearing the
for Hot Water
pssure not to

marked maximum working pressure of théZwater heater. The valve inlet shall be able to

e a 3/4-inch (19.1-mm) or larger trade size-pipe."

ttions shall warn the user to disconnect the power supply of the heater when drg

Linding conductors.

e applicable, instructions shall specify the minimum required water circulation g
ns per hour or ether accepted units.

42.11 Instr
required spa

43 Uselns

43.1

ctions shall provide information for mounting the heater with the hardware proy
ingsofithe heater from nearby structures or surfaces shall be specified.

 shall clearly state whether or nébthe heater may be operated with the pump off.

ining the pool

ttions or a diagram shall-clearly show the method of installing the leakage curient collectors

apacity of the

ided, and the

Use instructions shall be provided with the unit. The instructions shall be as specified in 43.2 — 43.5.

43.2 The height of the lettering in the text and illustrations of the use instructions shall be as follows:

a) Up

per case letters shall not be less than 5/64 inch (2.0 mm) high;

b) Lower case letters shall not be less than 1/16 inch (1.6 mm) high; and

c)

The phrases

"IMPORTANT SAFETY INSTRUCTIONS,"

"READ AND FOLLOW ALL

INSTRUCTIONS," and "SAVE THESE INSTRUCTIONS" shall be in letters not less than 3/16 inch
(4.8 mm) high.

43.3 Aunit

shall include instructions that inform the user how to:
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