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INTRODUCTION
1 Scope

1.1 These requirements cover oil-fired storage-tank water-heating appliances having a fuel input of not
more than 200,000 Btu / hour (60 kW). These requirements do not apply to heaters that include storage
vessels having a water capacity of more than 120 US gallons (454.2 L), or that are intended for heating
water to a temperature of more than 200 °F (93 °C).

1.2 The oil-burning equipment covered by these requirements are intended for installation in accordance
with the National Fire Protection Association Standard for the Installation of Oil Burning Equipment, NFPA
31, the International Mechanical Code and the Uniform Mechanical Code.

2 Compongnts

2.1 A compgnent of a product covered by this Standard shall:

a) Comply with the requirements for that component as specified in this,Standard;

b) Be :[sed in accordance with its rating(s) established for the intended conditions of use; and

c) Be yised within its established use limitations or conditions of acceptability.
2.2 A comppnent of a product covered by this Standard)is not required to comply with a specific
component rgquirement that:

a) Invplves a feature or characteristic not required in the application of the conjponent in the
produgt;

b) Is siperseded by a requirement in this Standard; or

c) Is geparately evaluated when-forming part of another component, provided the|component is
used within its established ratings and limitations.

2.3 Specific|] components are) incomplete in construction features or restricted in[ performance
capabilities. uch components are intended for use only under limited conditions, sych as certain
temperatures|not exceeding ‘specified limits, and shall be used only under those specific conditions.

2.4 A componentthat is also intended to perform other functions such as overcurrent protgction, ground-
fault circuit-inferruption, surge suppression, any other similar functions, or any combination thereof, shall
comply additionally with the requirements of the applicable standard(s) that cover devicds that provide

those functions.

3 Units of Measurement

3.1 Values stated without parentheses are the requirement. Values in parentheses are explanatory or
approximate information.

4 Referenced Publications

4.1 Any undated reference to a code or standard appearing in the requirements of this Standard shall be
interpreted as referring to the latest edition of that code or standard.

4.2 The following publications are referenced in this Standard:
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ANSI Z21.22/CSA4.4, Relief Valves for Hot Water Supply Systems

ASME B36.10

(Revision of ASME B36.10M), Welded and Seamless Wrought Steel Pipe

ASTM D396, Standard Specifications for Fuel Oils

AWS B2.1, Standard for Welding Procedure and Performance Qualification

NFPA 31, Standard for the Installation of Oil Burning Equipment

NFPA 70, National Electrical Code

NSF No. 14, S

UL 94, Tests f

UL 2211, Ovetheating Protection for Motors

5 Glossary
5.1 Forthep

5.2 ANTIFLQ

rise in fuel level or upon receiving excess fuel, and that eperates before discharge of fuel can

5.3 APPLIAN

54 AUTOM/
on and ignited

5.5 BAFFLE

5.6 BURNEHR
zone.

5.7 BURNER
fuel and all o
examples are

tandard for Plastic Piping System Components and Related Materials

br Flammability of Plastic Materials for Parts in Devices and Appliances

urpose of this Standard the following definitions apply:

ODING DEVICE - A primary safety control that causes the fuel flow to be s

ICE FLUE — The flue passages withinithe appliance.

ATICALLY LIGHTED APPLIANGE’- An appliance in which fuel to the main bu
automatically.

— An object placed in an appliance to direct the flow of air or flue gases.

— A device for-the final conveyance of fuel or a mixture of fuel and air to th

2, MECHANICAL-ATOMIZING — A power operated burner that prepares an
I part.of the air by mechanical process in controllable quantities for comb

hut off upon a
occur.

rner is turned

e combustion

i delivers the
ustion. Some

airnatomizing, high- and low-pressure atomizing, horizontal and vertical rotalary atomizing,

and vertical ro

ary watt=ftarmeburmners:

5.8 BURNER, MECHANICAL-DRAFT — A burner that includes a power driven fan, blower, or other
mechanism as the principal means for supplying air for combustion.

5.9 BURNER, NATURAL-DRAFT — A burner that principally depends upon the natural draft created in
the flue to induce into the burner the air required for combustion.

5.10 BURNER, VAPORIZING - A burner consisting of an oil-vaporizing bowl! or other receptacle to which
liquid fuel may be fed in controllable quantities; the heat of combustion is used to vaporize the fuel, with
provision for admitting air and mixing it with the fuel vapor in combustible proportions.

5.11

subjected to intense heat.

CASING — An enclosure forming the outside of the appliance, no parts of which are likely to be
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512 CHIMNEY CONNECTOR - The pipe that connects a solid or liquid fuel-burning appliance to a

chimney.

5.13 COMBUSTIBLE MATERIAL — Combustible material as pertaining to materials adjacent to or in
contact with heat-producing appliances, chimney connectors and vent connectors, steam and hot-water
pipes, and warm-air ducts means material made of or surfaced with wood, compressed paper, plant fibers,
or other material that will ignite and burn. Such material shall be considered as combustible even though

flameproofed,

5.14
light.

fire-retardant treated, or plastered.

COMBUSTION — The rapid oxidation of fuel accompanied by the production of heat, or heat and

5.15 COMB

5.16 COMB

5.17 CONS
delivery to the

5.18 CONT
equipment. It

519 CONT
temperature;

5.20 CONT
used in conju

[ JSTION CHAMBER - The portion of an appliance within which combustionc
USTION (FLAME) SAFEGUARD — A safety combustion control.

[ANT-LEVEL VALVE — A device that maintains a constant level of fuel oil in
burner.

ROL — A device intended to regulate the fuel, air, water, or‘electrical supply to
may be automatic, semiautomatic, or manual.

ROL, LIMIT — An automatic safety control responsive to changes in liquid leve
or limiting the operation of the controlled equipment.

ROL, SAFETY — An automatic control.including a relay, switch, or other auxili
hction therewith to form a safety control system that is intended to reduce th

operation of the controlled equipment that would result in a risk of fire or injury to persons.

521 CONT
abnormal disq

5.22 CONT
properties; se

5.23 DRAFI
automatically

ROL, PRIMARY-SAFETY = @An automatic safety control intended to reduce th
harge of fuel at the burnerjih case of ignition failure or flame failure.
hsing the presence’of flame and causing fuel to be shut off in event of flame fa

[ REGULATOR — A device that functions to maintain a desired draft in the
reducing the chimney draft to the desired value.

5.24 ELECT

curs.

a reservoir for

the controlled

|, pressure, or

ary equipment
e likelihood of

e likelihood of

ROL, SAFETY-COMBUSTION — A primary-safety control responsive dir¢ctly to flame

lure.

appliance by

RICAL CIRCUITS:

a) High-Voltage Circuit — A circuit involving a potential of not more than 600 volts and having circuit
characteristics in excess of those of a low-voltage circuit.

b) Low-Voltage Circuit — A circuit involving a potential of not more than 30 volts rms alternating-
current (42.4 volts peak or direct current) and supplied by:

1) A primary battery;
2) A Class 2 transformer; or

3) A combination of transformer and fixed impedance that, as a unit, compli
performance requirements for a Class 2 transformer.

es with all the

A circuit derived from a high-voltage circuit, by connecting resistance in series with the supply
circuit as a means of limiting the voltage and current is not considered to be a low-voltage circuit.
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c) Safety-Control Circuit — A circuit involving one or more safety controls.

5.25 FLUE COLLAR - That portion of an appliance constructed for attachment of the chimney or vent
connector.

5.26 FLUE GASES — Combustion products and excess air.
5.27 FUEL OIL — Any hydrocarbon oil defined by ASTM D396.

5.28 HEATING SURFACE - A surface that transmits heat directly from flame or flue gases to the
medium to be heated.

5.29 INDIRECT-FIRED APPLIANCE — An appliance constructed so that combustion.‘products or flue
gases are not mixed in the appliance with the medium to be heated; hence is provided with’alflue collar.

5.30 MAINTENANCE — The periodic tasks usually performed to operate and-maintain pn appliance,
such as air, fugl, pressure, and temperature regulation, cleaning, lubrication, resetting of controls, and the
like. Repair gnd replacement of parts other than those expected to bé\rénewed perigdically is not
considered to pe maintenance. Some examples of maintenance are:

a) Clegning or replacing nozzles, atomizers, and pilots.

b) Setting ignition electrodes.

c) Cleaning strainers or replacing strainer or filter element.
d) Resgtting safety control.

e) Replacing igniter cable.
CONSTRUCT|ON
6 Assembly

6.1 An oil-fired water heater,;"shall be factory built as a single complete assembly gdr a group of
subassemblie$ and shall include all of the essential components necessary for its function Wwhen installed
as intended. An oil-fireddwater heater may be shipped as two or more major subassemblies.

6.2 An oil-fired storage-type water heater may be furnished as two major subassemblies| each factory
built to acconimodate the other. The assembly formed when the two subassemblies arg¢ joined shall
comply with the requirements in this Standard. One subassembly is To consist of the oil burner, which may
include safety controls. The other subassembly is to consist of the tank assembly and its appurtenances,
including the safety controls if not furnished with the burner. The two subassemblies need not originate at,
nor be shipped together from, the same factory but are to be marked to identify the subassemblies to be
joined.

6.3 An oil-fired water heater that is not assembled by the manufacturer as a single complete assembly
shall be arranged in major subassemblies, see 6.4. Each subassembly shall be capable of being
incorporated into the final assembly without requiring alteration, cutting, drilling, threading, welding, or
similar tasks by the installer. Two or more subassemblies, that must bear a definite relationship to each
other for the intended operation of the heater, shall be:

a) Arranged and constructed so that they can be incorporated into the complete assembly, without
the need for alteration or alignment, and only in the correct relationship with each other; or
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b) Assembled, tested, and shipped from the factory as one single complete assembly.

6.4 The burner assembly and the water-storage vessel, including its base, combustion chamber, and
casing are considered to be major subassemblies. The controls and a wiring harness, if employed, may be

packaged with either of the subassemblies.

6.5 A radiation shield or baffle employed to reduce the likelihood of excessive temperature shall be:

a) Assembled as part of the water heater;

b) Part of a subassembly that must be attached to the water heater for its normal operation; or

6.6 The con
removal of 3
temperatures

6.7 A water
use can be eg

6.8 Adjustal

6.9 Any ext
installation w
above the dog

6.10 Aburn

6.11 A wate
a minimum di
control device

7 Accessib
7.1 A water

heating surfa
without major|

struction of a water heater shall be such that, for any typical installation, th
baffle, insulation, or a radiation shield needed to reduce théxlikelihood
is not required.

heater shall be constructed so that parts requiring attention or manipulation
sily operated.

le or movable parts shall be provided with locking devices to prevent shifting.

brnal door providing access into the combustion chamber of a water heats
th a clearance of less than 24 inches (640 mm) from the face of or 48 inch
r shall be self-closing.

br shall be secured so it will not.twist, slide, or drop out of position.

" heater equipped with an-anti-flooding device shall be constructed so that a Ie
stance of 3/4 inch (19.1'wm) between the intended maximum oil level maintg
and the lowest levelief the point at which overflow is able to occur.

lity for Servicing

heater shall be constructed so that parts, such as interior surfaces of vapo
Ces in-contact with combustion products, oil inlet pipes, and oil strainers, ¢
dismantling of the water heater or removal of parts required by 6.2 to be factor|

rst attaching a

e alteration or
of excessive

during typical

r intended for
es (1220 mm)

vel heater has
ined by the oll

rizing burners,
hn be cleaned
y assembled.

7.2 The removal of an access panel, burner, blower, cap, plug, or the like, specifically constructed to
permit removal and replacement for servicing and the detachment of the chimney connector is not
considered major dismantling with regard to the requirementin 7.1.

7.3 Burners, controls, and safety devices shall be accessible for cleaning, inspection, repair, and
replacement when the water heater is installed as recommended by the manufacturer. The arrangement of
parts in the assembly that may be removed for maintenance shall be such that their replacement, following
removal, will not necessitate their realignment to maintain their intended relationship with other parts of the
assembly. Specific tools required for maintenance to be done by the operator shall be provided with the
heater.
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8 Base

8.1

shall be constructed of steel or equivalent material.

9 Casing

9.1

A water heater shall be provided with a base or frame that will support the heater. The base or frame

The outer casing or jacket shall be made of steel or equivalent material, reinforced or formed if

necessary, so that it is not likely to be damaged through handling in shipment, installation, and use. Sheet-

metal casings

shall be made of:

a) Steel not less than 0.020 inch (0.51 mm) thick if uncoated, or 0.023 inch (0.58 mm) thick if

galvan

b) Non

9.2 Access |
repeated remd

9.3 A remov
attached in a
manner that w

9.4 A remov
same heater if

9.5 The casi
bottom or be
combustion ch

zed; or

errous sheet metal having an average thickness of not less than 0.029inch’(0

anels that need to be removed for service and accessibility shall be constru
val and replacement without causing damage or reducing any.required insulat

hble panel through which air is drawn for combustion shallbe constructed to
hanner that may result in a risk of fire or injury to persons and so that it is not &
puld impede air flow.

bble panel shall be constructed so that it cannoet be interchanged with other
interchange may result in a risk of fire or injuiry to persons.

hg of a heater intended for installation*on combustible flooring shall comple
constructed to provide an effective radiation barrier between the floor and th
amber, fire box, or vaporizing butner.

10 Radiation Shields

10.1 A radia
positioning an
protected aga

ion shield or liner shall be constructed, formed, and supported to provide fq
d to reduce thellikelihood of distortion or sagging in service. A shield or
nst corrosion, if'its deterioration may cause excessive temperature when the h

for complianc¢ with theséwrequirements. Any finish used to provide the required resistanc

shall not be dz

11 Insulatio

maged by‘heat when the heater is tested under these requirements.

n Materials

74 mm).

cted to permit
ng value.

prevent being
ttachable in a

panels on the

tely close the
e bottom of a

r its intended
liner shall be
pater is tested
b to corrosion

11.1

Thermal insulation that is not acceptably self-supporting shall be securely applied to solid surfaces

in a manner to reduce the likelihood of sagging. The insulating value of the material shall be unimpaired
when the heater is tested under these requirements. An adhesive required for securing insulating material
shall retain its adhesive qualities at any temperature attained by the adhesive when the heater is tested
under these requirements and at 0 °F (minus 18 °C).

12 Combustion Chamber

12.1 A combustion chamber and flueway shall be constructed of cast iron, sheet steel, or other material
having the strength, rigidity, durability, resistance to corrosion, and other physical properties equivalent to
sheet steel not less than 0.042 inch (1.07 mm) thick.

12.2 A combustion chamber (fire box) lining material shall be durable, secured in place, and accessible
for replacement with equivalent material.
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13 Heating Surface Joints

13.1 Joints in heating surfaces shall be mechanically secure and tight, for example, welded, lock-
seamed, machined and bolted, riveted, or the like. A joint shall not depend on cement for tightness. A slip
or lap joint shall not depend solely upon friction of the joint itself for strength.

13.2 Examples of some acceptable lock-seams are illustrated in Figure 13.1.

Figure 13.1
Types of Acceptable Lock-Seams

FOLD LOCKED DOUBLE LOCK OFFSHET
STANDING SEAM DOUBLE |SEAM

=— EA Bl

ACME LOCK CORDON SEAM LOCK SEAM

FED100

14 Baffles

14.1 A baffi¢ inia flue-gas passage or otherwise exposed to combustion products shall be constructed
and arranged to remain in its intended position. A flue baffle shall be made of material having rigidity, heat,
and corrosion resistance equivalent to AISI C1010 sheet steel not less than 0.042 inch (1.07 mm) thick.

14.2 A flue baffle shall be accessible for cleaning. A flue baffle that is removable for cleaning shall be
constructed so that it can be removed and replaced in a manner that does not result in a risk of fire or

injury to persons.

14.3 Ifitis necessary to remove a flue baffle to clean the flueway, the flue baffle of a water heater having
an internal flue shall be constructed to allow removal within a clearance above the floor of 6.5 feet
(2.00 m), or 2 feet (0.61 m) above the flue collar on a heater taller than 4.5 feet (1.37 m).
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15 Flue Collars

15.1

A flue collar shall have rigidity and heat and corrosion resistance at least equivalent to that of AISI

C1010 steel not less than 0.032 inch (0.81 mm) thick. The collar shall be constructed and arranged to
permit secure attachment of the chimney connector.

16 Damper and Draft Regulator

16.1

An adjustable damper shall be equipped with minimum and maximum operating stops. The

minimum operating stop for such damper shall be located to obtain sufficient air for complete combustion
at minimum burner input.

16.2 An autd
arranged to pr|

16.3 A wate
require the reg

difference in pressure between the air in the vicinity external to the regulator and the ¢

supply.

17 Materialg Contacting Water

17.1 A nonm
regard to toxid|

18 Water-St

18.1 A water
the Hydrostati

distortion, or the water-storage vessel shall' carry one of the following symbols of the ASN

Pressure Vess

llHll —
constry
Constr

"HLW"

Boiler and Pressure Vessel Code, Section IV, Rules for Construction of Heating Boileis.

matically operated damper shall maintain the intended damper opening atcall

times and be

bvent starting of the burner unless the damper is in the intended positionfor starting.

heater to be equipped with a barometric draft regulator shall behyassembled

so as not to

ulator to be installed in a false ceiling, in a different room, or in any manner that will permit a

etallic material in contact with water shall comply with the requirements in NS
ty, taste, color, solubility, and odor.

brage Vessels

-storage vessel shall be construeted to withstand the applicable hydrostatic te
C Test on Water-Storage Vessels; Section 46, without rupture, leakage, or visit

el Code:

Designating a Steam\Heating Boiler, Hot Water Heating Boiler, or Hot Water

bmbustion air

- No. 14, with

st specified in
le permanent
IE Boiler and

Supply Boiler,

cted in accordance with the ASME Boiler and Pressure Vessel Code, Section IV, Rules for

iction of Heating-Boilers.

— Designdting a Complete Potable Water Heater, constructed in accordance W

ith the ASME

"U" ]

Designating a pressure vessel, constructed in accordance with the ASM

E Boiler and

Pressure Vessel Code, Section VIII, Division 1 Rules for Construction of Pressure Vessels.

18.2 The working pressure of a water-storage vessel that does not carry one of the symbols of the ASME
Boiler and Pressure Vessel Code, specified in 18.1 shall not be higher than 50 percent of the hydrostatic-
test pressure specified in Section 46.

18.3 The inside surfaces of a steel water-storage vessel shall be protected against corrosion by
galvanizing, porcelain enameling, or the equivalent.

18.4 A storage vessel shall be equipped with a valve to facilitate draining of the tank.

18.5 A storage tank shall have an opening for installation of a temperature-and-pressure relief valve. The
opening:
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a) Sha

b) Sha
c) Sha

d) Sha

Il be located:

1) In the top of the tank; or

2) With its centerline in the upper 6 inches (152 mm) of the side.
Il be separate from the openings for water connections.
Il be threaded in conformity with AWS B2.1.

Il accommodate a 3/4-inch (21 mm) or larger trade-size pipe.

19 Dip Tubes

19.1 Adip tlllbe shall be provided with an antisiphoning hole located so that after the dip.tu

the hole is wit|

19.2 Adip t

limits any vertjcal displacement to not more than 1/4 inch (6.4 mm).

19.3 Nonme

19.4 A nonr
brittleness, ar
in service. Sp!

20 Controls

20.1 Applic]

20.1.1
safety control

20.1.2 A sh
protective de
considered if

20.1.3 The
extension of s

A safety-control circuit shall be 24wire, one side grounded, having a nominal rating

hin 6 inches (152 mm) of the top of the tank.

ibe having a specific gravity less than 1.0 shall be held in place by a positi

tallic material for a dip tube shall have a specific gravity greater than 0.94.

hetallic dip tube shall be investigated for acceptability, particularly with respe
d resistance to deformation, collapse, and sagging at temperatures likely to b
bcific tests are described in Nonmetallic Dip Tubé Tests, Section 51.

ation

or protective device shall interrupt the ungrounded conductor.

brt circuit or combination of short circuits to ground shall not render a sa
ice inoperative Safety-control circuit arrangements other than described in |
hey accomplish the intent of this requirement.

uch circuit to a separate element of the control, such as a flame-sensing devic

be is installed,

e means that

ct to solubility,
e encountered

of 120 volts. A

fety control or
0.1.1 may be

equirement in 20.1.1 does not apply to a supervised circuit within a safety control or to the

o)

e.

20.1.4 A control circuit shall be arranged so that it may be connected to a power-supply branch circuit
that can be fused at not more than the value appropriate for the rating of any control included in the circuit.

20.1.5 A safety control shall be accessible.

20.1.6 A safety control shall be supported in such a manner that the control and its sensing element will
remain in its intended position. It shall be possible to determine by observation or test whether or not each
control is in its intended location.

20.1.7 Nothing shall be provided for the purpose of rendering any safety control ineffective or to allow
firing of the water heater without the protection of each of the required safety controls.
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20.1.8 A burner not equipped to provide automatic restarting shall be constructed to require manual
restart after any control functions to cause the fuel supply to be shut off and following restoration of an
interrupted power supply.

20.2 Limit control

20.2.1

A water heater shall be provided with an automatic fuel-shutoff system (for example, temperature-

limit control) actuated by high-water temperature as an integral part of the heater. The shutoff system may
be manually reset or automatically reset and shall be arranged to interrupt the fuel supply to the heater
when the water has attained a temperature of not more than 210 °F (99 °C).

20.2.2 An automatic fuel-shutoff system is one that has been investigated and found to be acceptable for

6000 cycles of
20.2.3 Anau

20.24 Ama
for resetting. A

20.2.5 The @
regulating deV|
may be emplo

20.2.6 Anim
element is imn
inches (152 m

20.2.7 A sur
element sens:¢
mounted temg
other ambient

20.2.8 A safi

operation if manually reset and 100,000 cycles or operation if automatically-te
tomatically reset shutoff system shall not reset at a water temperature above 1

nually reset shutoff system shall have a drip-free reset mechanism\and be read
location under a cover plate in the jacket is considered accessible.

utomatic-shutoff system shall have no operating parts in common with the
ce or control mentioned in 20.3.1, but a common maunting bracket or a comn
yed for both devices.

mersion-type temperature-limiting device shall*be located so that the temperg
nersed in the water within the tank and cantrols the temperature of the water w
M) of the tank.

ace-mounted limit control shall be mounted and located so that the temperg
bs the water temperature within-the top 6 inches (152 mm) of the tank. Su
erature-sensitive element. shall be insulated or located to isolate it from flu
conditions that are not indicative of stored-water temperature.

bty limit control thatfunctions to interrupt the delivery of fuel for combustion |

electrical circyit shall be arranged to effect the direct opening of that circuit, whether

mechanism is

20.2.9 Alimi
Section 41.

integral with or remote from the sensing element.

control shall be provided with a fixed stop that complies with the Limit-Contrg

set.
20 °F (49 °C).

ily accessible

temperature-
hon enclosure

ture-sensitive
ithin the top 6

ture-sensitive
ch a surface-
b-gas heat or

y opening an
the switching

| Cutout Test,

20.3 Water-

20.3.1

emperature regulating control

system of a water heater shall limit the water temperature to not more than 194 °F (90 °C).

At the maximum setting allowed by a fixed stop, the temperature-regulating control or control

Exception: When the temperature-requlating control or controls and the limit control have cutout
temperature tolerances not greater than +5 °F (x2.8 °C), the maximum water temperature shall be 200 °F

(93 °C).

20.3.2 The temperature-regulating control for an automatically fired heater shall recycle automatically.

20.3.3 A temperature-regulating control is one that has been investigated and found acceptable for
continuous operation under rated electrical load for 30,000 cycles of operation without any mechanical or
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electrical breakdown, impairment of operation, or any apparent damage. Any change in calibration as a
result of the continued operation test shall not exceed £10 °F (5.6 °C).

20.3.4 A temperature regulating control shall be set at the factory to a control position corresponding to a
130 °F (54 °C) or lower setting. This setting may be approximate as in the case of a marking that reads
"Low-Medium-High" or the equivalent, instead of directly in °F or °C.

21 Field Wiring

21.1 A water heater shall have provision for connection of a wiring system in accordance with NFPA 70.

21.2 The location of an outlet box or compartment in which field wiring connections are to be made shall
permit these gonnections to be inspected after the equipment is installed as intended.

21.3 The cagnnections are to be accessible without removing parts other than a_service ¢over or panel
and the coverjof the outlet box or compartment in which the connections are made./A component intended
for such use may serve as a cover.

21.4 The size of a junction box in which field-installed conductors are*to be connected by splicing shall
not be less tihan that specified in Table 21.1. A conductor passing,through the box is cgunted as one
conductor, and each conductor terminating in the box is also countedas one conductor. It should be noted
that according to NFPA 70, 14 AWG (2.1 mm?) is the smallest.conductor that may be usgd for branch-
circuit wiring, and thus is the smallest conductor that may be anticipated at a terminal for thg connection of
a power-suppjy conductor.

Table 21.1
Size of Junction Boxes
Size of conductors Free space within box for each conductor

AWG (mm?) cubic inches (¢m?)

16 or spnaller (1.3 orless) 1.5 (24.6)
14 (2.1) 2.0 (32.8)

12 (3.3) 2.25 (36.9)

1 (5.3) 25 (41.0)

8 (8.3) 3.0 (49.2)

21.5 A kno¢kout” for connection of a field-wiring system to a terminal box or com;l)artment shall
accommodate conduit of the trade size specified in Table 21.2.

Table 21.2
Trade Size of Conduit in Inches (mm od)
Wire size Number of wires
AWG (mm?) 2 3 4 5 6
14 .1) 12 (21.3) 1/2 (21.3) 112 (21.3) 12 (21.3) 12 (21.3)
12 (3.3) 12 (21.3) 1/2 (21.3) 112 (21.3) 3/4 (26.7) 3/4 (26.7)
10 (5.3) 12 (21.3) 12 (21.3) 112 (21.3) 3/4 (26.7) 3/4 (26.7)

NOTE - This table is based on the assumption that all conductors will be of the same size and there will not be more than six
conductors in the conduit. If more than six conductors will be involved or if all of them are not of the same size, the internal cross-
sectional area of the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-sectional area of the
wires based on the cross-sectional area of Tvpe THW wire.
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21.6 Wiring terminals or leads not less than 6 inches (152 mm) long shall be provided for connection of
field-wiring conductors of at least the size required by NFPA 70, corresponding to the marked rating of the
assembly.

Exception: A lead may be less than 6 inches (152 mm) long if it is evident that the use of a longer lead
might result in damage to the lead insulation.

21.7 A lead intended for connection to an external circuit shall be provided with strain relief if stress on
the lead may be transmitted to terminals, splices, or internal wiring if such stress may cause the lead to
separate from its termination or may result in damage to the lead from sharp edges. See Strain Relief Test,

Section 52.

21.8 A terminal or lead intended to be connected to the grounded conductor of the supply,.G

be electrically
pole overcurre

21.9 Atterm

and from contacting dead metal parts. This may be accomplished by using a\pressure-termi

soldering lug,
type connecto
from loosening
tubing, or the
means. The in

21.10 Alead
to a wire-bindi
shall not be vis

a) The

b) The
21.11  Termin

pressure term
and smaller w|

screws with clipped washers, terminal plates having upturned lugs, or the equivalent, to hq

position.

21.12 A wire

connected to a single-pole manual switching device that has an off position
nt (not inherent overheating) protective device.

nals, stranded conductors shall be prevented from contacting 6ther uninsula

crimped eyelet, soldering all strands of the wire together, or.equivalent means.
[ shall not be used unless it is constructed to reduce the likelihood of disconne
of the clamping means. The shank of a terminal copnéctor shall be protected
pquivalent, if the required spacings may be reducedas a result of loosening o
Sulation on the shanks shall not be less than 0.028 inch (0.71 mm) thick.

provided for a spliced connection to an external high-voltage circuit shall not
Ng screw or pressure terminal connector, [0cated in the same compartment as
ible to the installer, unless:

screw or connector is rendered unusable for field-wiring connections; or

ead is insulated at the unconnected end.

al parts by which field-wiring connections are made shall consist of sold
nal connectors, secured in place as specified in 21.16, except that for 10 AV
res, the parts t0 which wiring connections are made may consist of clamps o

tbinding screw at a high-voltage wiring terminal for field connection shall not b

ircuit shall not
br to a single-

ted live parts
nal connector,
An open slot-
ction resulting
by insulating
the clamping

be connected
the splice and

ering lugs or
VG (5.3 mm?)
r wire-binding
Id the wire in

b smaller than

No. 10.

Exception No. 1: A No. 8 screw may be used for the connection of a conductor not larger than 14 AWG
(2.1 mm?).

Exception No. 2: A No. 6 screw may be used for the connection of 16 or 18 AWG (1.3 or 0.82 mm?)
control-circuit conductors.

21.13 A terminal plate for a wire-binding screw shall be of metal not less than 0.030 inch (0.76 mm) thick
for a 14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch (1.27 mm) thick for a wire larger than
14 AWG (2.1 mm?). There shall not be less than two full threads in the metal.

21.14 A terminal plate formed from stock having the minimum required thickness may have the metal
extruded at the tapped hole for the binding screw to provide two full threads.
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21.15 A wire-binding screw shall thread into metal.

2116 Field-wiring terminals shall be secured to their supporting surfaces by means other than friction
between surfaces so that they cannot turn or shift in position if such motion may result in reduction of

spacings to le

ss than those required. This may be accomplished by:

a) Two screws or rivets;

b) Squ

are shoulders or mortices;

c) A dowel pin, lug, or offset;

d) A connecting strap or clip fitted into an adjacent part; or

e) Some other equivalent method.

21.17 Aco
other leads,

grounded comductor shall be of or plated with metal substantially whitesin, color and s

distinguishab
wiring diagran

21.18 Wiring exterior to a heater between the burner assemblg)and a limit control, a safq

control, or a 1
clad cable in
the heater if in

21.19 A box
to the heater
requirement (
flexible metall

21.20 A box
the temperat
conductors w
requirements

21.21 Excef
attached to tH

uctor provided for connection of a grounded conductor shall be finished a wh
ther than grounded conductors, shall be so identified. A terminal for cg

e from other terminals, or it shall be identified in some other manner, such as
.

hotor controller, that can be done readily with Type T wire enclosed in conduit
accordance with these requirements, need not\be furnished by the manufact
structions for installing such wiring are furnished with each water heater. See 4

or enclosure included as part of the assembly and in which a branch circuit sy
is to be connected shall not require that it be moved for maintenance of
oes not apply to separate limit(gontrols and stack switches to which meta
¢ conduit is to be directly attached.

or enclosure in which field-installed conductors are to be connected shall be
ire of conductors within the box or surfaces of the box likely to be in co
Il not exceed that specified for Type T wire when the heater is tested for comp
in this Standard.

t as noted.in 22.4, wiring to be connected in the field between the heater a

these requirellnents if done with Type R wire enclosed in conduit or with metal-clad cable.

e heater-or between separate devices that are field-installed and located sh

ite or gray. No
nnection of a
nall be readily
bn an attached

ty combustion
or with metal-
urer as part of

pplying power
the unit. This
-clad cable or

ocated so that
ntact with the
iance with the

d devices not
Il comply with

22

221
22.26.

Internal Wiring

The wiring of high-voltage and safety-control circuits shall comply with the requirements in 22.2 —

22.2 Insulated conductors having ampacity, voltage, and temperature ratings consistent with their use
shall be provided. A conductor, other than an integral part of a component, shall not be smaller than 18
AWG (0.82 mm?).

22.3 Except as noted in 21.18, the wiring for all heater circuits shall be furnished by the manufacturer as
part of the water heater. If the heater is not assembled and wired at the factory, such wiring shall be
provided as a harness with each heater and shall be arranged to facilitate attachment when the heater is
assembled, in which case a pictorial diagram showing the exact arrangement of the wiring shall be
included with each heater.
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22.4 If insulated conductors rated for use at temperatures higher than 140 °F (60 °C) are required for
compliance with these requirements, the devices to be connected by such wiring shall be factory located
on the heater assembly.

Exception: The requirement does not apply to a primary safety control to be field-installed on the chimney
connector.

22.5 Electrical wiring to a part that must be moved for intended maintenance and servicing shall be
arranged so that the part may be moved without breaking soldered connections or disconnecting conduit.
Conductors to be disconnected from terminals of such a part shall terminate in eyelets or connectors. If the
wiring to a part that functions also as an access plate or cover, such as a transformer closing the access to
the nozzle assembly, is not readily detachable, the assembly shall include provision for support of that part
by means othgr than the wiring when the part is moved for servicing. Any allowable movement of such part
shall not stres$ the wiring or its connections.

22.6 Exceptps noted in 22.18 and 22.19, conductors shall be enclosed within conduit, ele¢trical metallic
tubing, metal raceway, electrical enclosure, or metal-clad cable.

22.7 Some wiring materials acceptable for use if enclosed as specified in-22.6 are given jn Group A of
Table 22.1.

Table 22.1
Typical Wiring Materials
Type of wire, cord, cable or appliance Wire size Insulation|thickness
wiring material with insulation
thicknesses shown at the right
Group corresponding to wire sizes specified® AWG (mm?) Inch (mm)
10 and (5.3) 2/64 (0.8)
smaller
8 (8.4) 3/64 (1.2)
6 (13.3) 4/64 (1.6)
4 (21.2) 4/64 (1.6)
RF-2, FF-2, FFH-2, TF, TFF, TFN, TFFN,
SF-2, SFF-2, RH, RHH, RHW, RUH, RUW, 3 (26.7) 4/64 (1.6)
A T, THW, XHHWMTW, THW-MTW, THWN, 2 (33.6) 4/64 (1.6)
TW or thermoplastic appliance wiring
material, 1 (42.4) 5/64 (2.0)
1/0 (53.5) 5/64 (2.0)
2/0 (67.4) 5/64 (2.0)
3/0 (85.0) 5/64 (2.0)
4/0 (107.2) 5/64 (2.0)
18 (0.82) 4/64 (1.6)
16 (1.3) 4/64 (1.6)
) . 14 (2.1) 5/64 (2.0)
SO, ST, SJO, SJT, or appliance wiring
B material with thermoplastic or neoprene 12 (3.3) 5/64 (2.0)
insulation. 10 (5.3) 5/64 (2.0)
8 (8.4) 6/64 (2.4)
6 (13.3) 8/64 (3.2)
@ Thermoplastic wiring materials, as specified in Group A, with insulation thickness of 2/64 inch (0.8 mm) for 16 or 18 AWG (1.3 or
0.82 mm?) and 3/64 inch (1.2 mm) for 14, 12, 10, or 8 AWG (2.1, 3.3, 5.3, or 8.4 mm?), are considered equivalent to the wiring
material referenced in Group B, when the conductors are covered with 1/32 inch (0.8 mm) thick thermoplastic insulating tubing of
a type acceptable for the purpose from the standpoint of dielectric properties, heat resistance, moisture resistance, flammability,
and the like.
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22.8 Flexible metal conduit shall not be smaller than 3/8 inch (9.525 mm) electrical trade size. This does
not apply to parts of components, such as conduit protecting flame sensor leads.

22.9 Flexible metal conduit shall be mechanically secured at intervals not exceeding 4-1/2 feet (1.37 m)
and within 1 foot (0.31 m) on each side of every junction box except for lengths not over 3 feet (0.91 m)
where flexibility is necessary.

2210 A splice and connection shall be mechanically secure and bonded electrically. A soldered
connection shall be mechanically secured before being soldered if breaking or loosening of the connection

may result in a risk of fire or electric shock.

22.11

A splice_shall be provided with insulation equivalent to that required for the wires involved if

permanence

2212 A spli
may be empl
splice insulaf
consideration
resistant char

22.13 A spli
which high-vo

22.14 A spl
motion, or vib
the compartm

22.15 Acon
clad cable is
shall be const

22.16 The d
provide a rigi
shall be free f|

bf spacing between the splice and other metal parts may not be maintained.

cing device, such as a fixture-type splicing connector, pressure wire ‘connec
byed if it has insulation acceptable for the voltage to which it is subjected. In
ion consisting of coated fabric, thermoplastic, or other typé\of tubing

is to be given to such factors as its dielectric properties; heat-resistant
pcteristics, and the like. Thermoplastic tape wrapped over a sharp edge is not

ce is to be enclosed by installation in a junction box; eontrol box, or other c
ltage wiring materials as specified in Group A of Table’22.1 may be employed.

ce shall be located, enclosed, and supported\so that it is not subject to da
ration. A splice in an enclosed machinery compartment is to be secured to a fi
ent so that it is not subject to movementor’damage during servicing.

used, an insulating bushing or*its’ equivalent shall be provided and the conn
ructed so that the insulating bushing or its equivalent will be visible for inspecti

onstruction of a wireway shall be such that the interconnection of sections 3
i mechanical assembly and will maintain electrical conductivity. The interior

2217 All wifing shall be supported and routed to prevent damage from sharp edges or mo

22.18 Facto

rom burrs and sharp corners or edges that may damage the insulation on wires.

or, or the like,
determining if
s acceptable,
and moisture-
hcceptable.

bmpartment in

mage, flexing,
ed member in

ductor shall be protected at all points where conduit or metal-clad cable termipates. If metal-

bctor or clamp
DN.

nd fittings will
bf the wireway

ing parts.

[y wiring involving a potential of not more than 300 volts between parts attach

assembly wit

a predetermined fixed relationship one to the other may be done with Type

$d to the same

O or ST cord,

provided all orttefottowingcornditionsare met:

a)ltis

not practical to do the wiring in accordance with 22.7.

b) The cord is not required to be bent, twisted, or otherwise displaced during maintenance and
service.

c) The length of cord exterior to the assembly is not more than 4 inches (102 mm) and strain relief
is provided.

2219 A cord or appliance wiring material specified in Group B of Table 22.1 may be employed if the
wiring is enclosed by a water heater casing conforming to all of the following:

a) There are no openings in the bottom, unless a U-shaped channel or trough is located under the
wiring and the wires do not project through the plane of the top of the trough or channel.
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b) If the appliance is for installation only on noncombustible flooring, the bottom of the compartment
may be open provided all sides of the compartment extend to the floor level.

¢) Louvers or openings in other than the bottom will not permit entrance of a rod having a diameter
of 1/2 inch (12.7 mm) and openings for such items as pipe or conduit are not more than 1/2 inch
(12.7 mm) in diameter larger than the object that will be installed through the opening.

d) Openings are not closer than 6 inches (152 mm) to the wiring unless metallic barriers or baffles

are pla

ced between the wiring and the openings.

e) If combustible material other than electrical insulation is located within the compartment, the
wiring is separated from such material and the material has the characteristics specified in 22.20.

22.20 Withr
HF-2 in accord

22.21 A corg

eference to 22.19(e), plastic materials shall be classified as Type V-0, V-1, V-2
ance with UL 94, and other nonmetallic materials shall have equivalent ¢harag

and other wiring material acceptable in accordance with 22.19)shall be s

, BV, HF-1, or
teristics.

upported and

arranged so that it will not be damaged, such as by closely following surfaces, Strain reli¢f, if required,

shall be provid

22.22 A holg
smooth, round
so that the ins|
fiber, or equiva

22.23 Afibef

a) Not

b) Be Ipcated so that it will not be exposed to moisture; and

c) Not
normal

22.24 Excep|
of which have
Short Circuit T

22.25 Condu

a) Con
branch

ed.

ed bushing or shall have smooth, rounded surfaces dpon which the wires or cq
Lilation will not be abraided. A bushing shall be ceramic, phenolic, cold-moldeg
lent material.

bushing shall:

be less than 3/64 inch (1.2 mm) thick;

be employed where it willkbe’subjected to a temperature higher than 194 °F
operating conditions.

f as indicated in 22325, conductors of motor circuits having two or more motorg
thermal or overcurrent protection) wired for connection to one supply line shall
bst, Section 4%, ‘without creating a risk of fire or electric shock.

ctors that'comply with the following are considered acceptable without test.

in a wall or partition through which insulated wires of cords pass shall be pfovided with a

rds may bear
composition,

90 °C) under

(one or more
withstand the

ductors that have an ampacity of not less than one-third the ampacity of

the required

-clrcuit conductors;

b) Conductors that are 18 AWG (0.82 mm?) or larger and not more than 4 feet (1.22 m) long if the
appliance will be protected by a 60-ampere fuse or smaller. This applies to any of the wiring
materials specified in this Standard, including those enclosed in raceways; or

c) Conductors that serve as jumper leads between controls if the length of the leads does not
exceed 3 inches (76.2 mm) or the conductors are located in a control panel.

22.26

Factory wiring in a low-voltage safety circuit may be:

a) SP-2 cord having all-neoprene insulation;

b) SPT-2 cord of appliance wiring material having neoprene, thermoplastic, or equally durable

insulati

on of equivalent thickness; or
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c) Low-energy safety control wire, if such wiring is located in a cavity or compartment of an
appliance and is shielded from damage.

23 Separation of Circuits

23.1 Unless provided with insulation for the highest voltage involved, insulated conductors of different
internal wiring circuits shall be separated by barriers or shall be segregated; and shall, in any case, be so
separated or segregated from uninsulated live parts connected to different circuits or opposite-polarity
parts of the same circuit.

23.2 Segregation of insulated conductors as specified in 23.1 may be accomplished by clamping,
routing, or equivalent means that maintains permanent separation from insulated or uninsulated live parts

of a different gircuit.

23.3 Field-installed conductors of any circuit shall be segregated or separated by barriers from:
a) Field-installed and factory-installed conductors connected to any, ether circyit, unless the
conduttors of both circuits are insulated for the maximum voltage of .either circuit.
b) Uninsulated live parts of any other circuit.
¢) Any uninsulated live parts, the short-circuiting of which may result in the risk ¢f fire, electric
shock/ or injury to persons, except that a construction in which field-installed conduc{ors may make

contad
are or

23.4 Segred
live parts of tH
openings in th
metal parts, s

a) If t
intend
assum
openir]

b) If m
of con
conne
circuit

will be installed when wired in accordance with NFPA 70.

ation of field-installed conductors from+ether field-installed conductors and frg
e heater connected to different circuits’may be accomplished by arranging the
e enclosure for the various conductors, with respect to the terminals or other u
b that there is no likelihood of the‘intermingling of the conductors or parts of diff

ne number of openings/insthe enclosure does not exceed the minimum re
bd wiring of the heater-and if each opening is located opposite a set of termi
ed, for the purpose. of determining compliance with 23.3, that the conducto
g will be connectedto the terminals opposite that opening.

ore than the-mihimum number of openings are provided, the possibility is to b
Huctors entering at points other than opposite the terminals to which they are
cted and-contacting insulated conductors or uninsulated live parts connecteq

t with wiring terminals is acceptable, provided that Type T, RF-2, or equivalgnt conductors

m uninsulated
location of the
ninsulated live
erent circuits.

quired for the
nals, it is to be
Is entering an

e investigated
ntended to be
to a different

c) To determine if a heater complies with the requirements in 23.3 it is 1o be wired as it would be in
service and in doing so slack is to be left in each conductor, within the enclosure, and no more than

average care is to be exercised in stowing this slack in the wiring compartment.

23.5 |If a barrier is used to provide separation between operating parts and field-installed conductors, it
shall be made of metal or insulating material and shall be held in place.

23.6 A metal barrier shall have a thickness not less than that specified in Table 27.1 based on the size of
the barrier. A barrier of insulating material shall not be less than 0.028 inch (0.71 mm) thick and shall be
thicker if its deformation may defeat its purpose. Any clearance at the edges of a barrier shall not be more
than 1/16 inch (1.6 mm) wide.

23.7 Openings in a barrier for the passage of conductors shall not be larger than 1/4 inch (6.4 mm) in
diameter and shall not exceed in number, on the basis of one opening per conductor, the number of wires
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that will need to pass through the barrier. The closure for any other opening shall have a smooth surface
wherever an insulated wire may contact it; and the area of any such opening, with the closure removed,
shall not be larger than required for the passage of the necessary wires.

24 Bonding for Grounding

24.1 An exposed or accessible dead metal part that may become energized and that may be contacted
by the user or by service personnel during service operations that are likely to be performed when the
equipment is energized, shall be electrically connected to the point of connection of an equipment ground.

24.2 Except as noted in 24.3, uninsulated metal parts of cabinets, electrical enclosures, motor frames
and mounting brackets, controller mounting brackets, capacitors and other electrical components,

interconnectin
contacted by t

24.3 Metal p

a) Adh
outsidg
metal

b) Isolg

b tubing and piping valves, and the like shall be bonded for groundingsif
ne user or service personnel.

brts, as described below, need not be grounded.

esive attached metal-foil markings, screws, handles, and the.like, that are |
of enclosures or cabinets and isolated from electrical conponents or wiring
arts.

ted metal parts, such as a magnet frame and armature, small assembly screw

that are separated from wiring and uninsulated live parts.

c) A p4

nel or cover that does not enclose uninsulated live parts if insulated parts 3

they may be

bcated on the
by grounded

5, and the like

nd wiring are

separafed from the panel or cover.

an attached
r material not

d) A panel or cover that is insulated from, electrical components and wiring by
insulating barrier of vulcanized fiber, varnished cloth, phenolic composition, or simils
less th@n 1/32 inch (0.8 mm) thick.

24.4 If a component, such as a switch; is likely to become separated from its groundi
purposes of tgsting or adjustment whilethe equipment is energized, it is to be provided wit
conductor not fequiring removal fer'such service.

hg means for
h a grounding

245 A splicg shall not be employed in a wire conductor used for bonding.

246 Metal-tg-metal (hinge bearing members are acceptable as a means for bonding a door for
grounding.

24.7 A separatebording tonductor stattbeof Tmateriat ratedforuseasametectricattonddctor. Ferrous-

metal parts in the grounding path shall be protected against corrosion by enameling, galvanizing, plating,
or equivalent means. A separate bonding conductor or strap shall:

a) Be protected from mechanical damage, such as by being located within the confines of the outer
enclosure or frame; and

b) Not be secured by a removable fastener used for any purpose other than bonding for grounding
unless the bonding conductor is unlikely to be omitted after removal and replacement of the
fastener.

24.8 The bonding shall be by a positive means, such as by clamping, riveting, bolted or screwed
connection, or by welding, soldering, or brazing with materials having a softening or melting point higher
than 454 °C (850 °F). The bonding connection shall penetrate nonconductive coatings such as paint or
vitreous enamel.
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249 A connection that depends upon the clamping action exerted by rubber of similar materials is
acceptable if it complies with the requirements in the Bonding-Conductor Test, Section 51, under any
degree of compression permitted by a variable clamping device and if the results are still acceptable after
exposure to the effects of oil, grease, moisture, and thermal degradation that are likely to occur in service.
The effect of assembling and disassembling for maintenance purposes, such a clamping device is to be
considered with respect to the likelihood of the clamping device being reassembled in its intended
position.

24.10 If bonding depends on screw threads, two or more screws or two full threads of a single screw
shall engage the metal.

2411 The size of a conductor or strap employed to bond an electrical enclosure or motor frame shall be
based on the fating of the branch-circuit overcurrent device to which the equipment will be cpnnected. The
size of the conductor or strap shall be as specified in Table 24.1 unless a smaller size conductor or strap is
found to be a¢ceptable when subjected to the Bonding Conductor Test, Section 51.

Table 24.1
Bonding Wire Conductor Size
Size of bonding conductor?
Rating of gvercurrent device Copper wire Aluminum wire
mperes AWG (mm?) AWG (mm?)
15 14 (271) 1 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (84)

@ Or equivalent fross-sectional area.

2412 A bornding conductor to a component or electrical enclosure is not required to be larger than the
size of the copductors supplying powerto the component or components within the enclosurg.

2413 If mofe than one size of:branch-circuit overcurrent device is involved, the size ¢f the bonding
conductor is tp be based on the-rating of the overcurrent device intended to provide ground-fault protection
for the compdnent bondedtby-the conductor. For example, if a motor is individually protected by a branch-
circuit overcurrent devicessmaller than other overcurrent devices used with the equipmegnt, a bonding
conductor for[that motor is to be sized on the basis of the overcurrent device intended for ground-fault
protection of the motor.

2414 The fU”UVViIIg dalic dbbUptdb:C oo ICbtiUl [k tU d Yrodi Id.

a) In equipment intended to be connected to a metal enclosed wiring system — a knockout or
equivalent opening in a metal enclosure intended to receive the power-supply system.

b) In equipment intended to be connected by a nonmetal enclosed wiring system, for example,
metal-clad cable — an equipment-grounding terminal or lead.

2415 A terminal for connection of an equipment-grounding conductor shall be located in the field-wiring
compartment and shall be acceptable for connection of a conductor of the size required by NFPA 70.

24.16 A soldering lug, a push-in (screwless) connector, or a quick-connect or similar friction-fit connector
shall not be used for the terminal for the field-installed grounding conductor.
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2417 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green-colored head that is hexagonal, slotted, or both. A pressure terminal connector intended for
connection of such a conductor shall be identified by being marked G, GR, GROUND, GROUNDING, or
by a marking on a wiring diagram provided on the equipment. The wire binding screw or pressure terminal
connector shall be secured to the frame or enclosure and shall be located so that it is unlikely to be
removed during servicing. At a wire-binding screw, upturned lugs, or the equivalent, shall be provided to
retain the conductor. If a pressure connector is used adjacent to the connectors intended for the supply
conductors, and if it could be mistaken for the neutral of a grounded supply:

a) A marking shall be additionally provided indicating EQUIPMENT GROUND;

b) The connector shall be identified by a green color; or

c) Both.

2418 The s
conductor sha
other leads vis

ELECTRICAL
25 General
25.1 Electric
or running on

appliance.

25.2 Anatta
of the circuit b

irface of an insulated lead intended solely for the connection of an ‘eguipm
Il be finished a continuous green color or a green with one or morg yellow s
ible to the installer shall be so identified.

COMPONENTS

bl components and wiring shall be arranged to.reduce the likelihood of oil or
them during usage or from a connection required to be uncoupled for

thment plug or a separable connecter:shall not be used in a circuit if the break
the device may result in a risk of fire, electric shock, or injury to persons.

26 Mounting of Electrical Components

26.1 A switc
prevented fron

Exception No.

a) The
switch
switch.

h, fuseholder, lampholder, or similar component shall be mounted securely,
n turning.

1: A switch.need not be prevented from turning if all four of the following cond

is considered to be subject to forces that tend to turn the switch during op

bnt-grounding
ripes, and no

vater dripping
servicing the

ing or making

and shall be

tions are met:

switch(is)of a plunger or other type that does not tend to rotate when operated. A toggle

eration of the

b) The means for mounting the switch is unlikely to loosen as a result of operation of the switch.

¢) The spacings are not reduced below the required values if the switch rotates.

d) The operation of the switch is by mechanical means rather than by direct contact by persons.

Exception No. 2: A lampholder of the type in which the lamp cannot be replaced, such as a neon pilot or
indicator light in which the lamp is sealed in a nonremovable jewel, need not be prevented from turning if
rotation cannot reduce spacings below the required values.

26.2 The means for preventing turning is to consist of more than friction between surfaces. A toothed
lock washer that provides both spring takeup and an interference lock is acceptable as the means for
preventing a small stem-mounted switch or other device having a single-hole mounting means from
turning.
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26.3 Anuninsulated live part shall be secured to the base or mounting surface so that it will be prevented
from turning or shifting in position if such motion may result in a reduction of spacings below the required
values.

27 Electrical Enclosures

27.1 An uninsulated high-voltage live part shall be enclosed or guarded to reduce the likelihood of
unintentional contact by persons during intended use of the equipment. This requirement also applies to
parts located in a compartment into which access is required for servicing of the equipment such as
resetting controls, replacing filters, lubrication, cleaning, and the like.

27.2 Sheet metal of the thickness specified in Table 27.1 or Table 27.2 is acceptable for the individual
enclosure of glectrical components.

27.3 Amond the factors taken into consideration when judging the acceptability of an enclosure are:
a) Meghanical strength;
b) Redistance to impact;
c) Moigture absorptive properties;
d) Combustibility;
e) Redistance to corrosion; and

f) Redistance to distortion at temperatures .to-'which the enclosure may be supjected under
conditions of normal or abnormal use.

For a nonmetallic enclosure or part of an enclosure, all these factors are considered with respect to
thermal and chemical aging.

27.4 If the construction and location ef the component and the strength and rigidity of the outer cabinet
warrant, an ipdividual enclosure_of metal thinner than specified in Table 27.1 or Table| 27.2 may be
employed.

Thickness of Sheet Metal for En-lt-:a;glseufgg Carbon Steel of Stainless Stee
With supporting frame or equivalent
Without supporting frame* retnforcing® Mintmuom thicknessn inches (mm)
Maximum width® | Maximum length® | Maximum width® | Maximum length
inches  (cm) inches (cm) inches  (cm) inches (cm) Uncoated (MSG) | Metal coated (GSG)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020  (0.51) | 0.023 (0.58)
475 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026  (0.66) | 0.029 (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8)
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032  (0.81) | 0.034 (0.86)
9.0 (22.9) 1.5 (29.2) 13.0 (33.0) 16.0 (40.6)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042  (1.07) | 0.045 (1.14)

Table 27.1 Continued on Next Page
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Table 27.1 Continued

With supporting frame or equivalent
Without supporting frame? reinforcing® Minimum thickness in inches (mm)
Maximum width® | Maximum length® | Maximum width® | Maximum length
inches (cm) inches (cm) inches (cm) inches (cm) Uncoated (MSG) | Metal coated (GSG)
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5)
18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.056 (1.42)
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2)
25.0 (63.%) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0,970 (1.78)
29.0 (73.1) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)
35.0 (88.9) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6)
42.0 (10647) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.q97 (2.46)
47.0 (1194) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4)
52.0 (132]1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)
60.0 (15244) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6)
63.0 (16040) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (18514) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6)

2 A supporting frgme is a structure of angle or channel or a folded rigid‘section of sheet metal that is rigidly attached|to and has
essentially the sgme outside dimensions as the enclosure surface andthat has sufficient torsional rigidity to resist tie bending
moments which thay be applied via the enclosure surface whengitis deflected. Construction that is considered to hgve equivalent
reinforcing may He accomplished by designs that will produce‘asstructure that is as rigid as one built with a frame ofjangles or
channels. Construction considered to be without supporting.frame includes a single sheet with single formed flangep (formed
edges), a single $heet that is corrugated or ribbed, and an.enclosure surface loosely attached to a frame, for examgle, with spring
clips.

b The width is thel smaller dimension of a rectangulairsheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may h@ve supports in common and,be-made of a single sheet.

¢ For a panel whigh is not supported along.ohe side, for example, a panel of a box, the length of the unsupported side shall be
limited to the dimensions specified unlgss,the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.

Thickness of Sheet Metal for Er;rt?lgfuzrz.szof Aluminum, Copper, or Brass

Without supporting frame? With supporting frame or equivalent reinforcing? Minimum

Maximum width® Maximum length® Maximum width® Maximum length thii::l(::::s,
inches (cm) inches (cm) inches (cm) inches (cm) (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023
35 (8.9) 4.0 (10.2) 8.5 (21.6) 5.5 (24.1) (0.58)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 135 (34.3) (0.74)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036
6.5 (16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (0.91)
8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045
9.5 (24.1) 1.5 (29.2) 21.0 (53.3) 25.0 (63.5) (1.14)

Table 27.2 Continued on Next Page
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Table 27.2 Continued
Without supporting frame?® With supporting frame or equivalent reinforcing® Minimum
Maximum width® Maximum length® Maximum width® Maximum length th:gl;:z:s,
inches (cm) inches (cm) inches (cm) inches (cm) (mm)

12.0 (30.5) Not limited 28.0 (71.1) Not limited 0.058
14.0 (35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (1.47)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) (1.91)
25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095
29.0 (7377 360 (912 640 (1626) 780 (T9871) (2.41)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (3.10)
52.0 (132.1) Not limited 123.0 (312.4) Notlimited 0.153
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89)

@ A supporting ffame is a structure of angle or channel or a folded rigid section of sheet metal that is rigidly attached to and has

essentially the §ame outside dimensions as the enclosure surface and that has sufficient torsional rigidity to resistthe bending

moments that mjay be applied via the enclosure surface when it is deflected. Construgtion.that is considered to haye equivalent

reinforcing may|be accomplished by designs that will produce a structure which is as\tigid as one built with a frame of angles or

channels. Consfruction considered to be without supporting frame includes a single sheet with single formed flanges (formed

edges), a singlq
clips.
® The width is th
enclosure may

¢ For a panel th
to the dimensio

e smaller dimension of a rectangular sheet metal piece thatis part of an enclosure. Adjacent surfa
ave supports in common and be made of a single sheet:

t is not supported along one side, for example, a,panel of a box, the length of the unsupported sid
s specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.

sheet which is corrugated or ribbed, and an enclosure surface [6osely attached to a frame, such gs with spring

ces of an

e shall be limited

27.5 Aterm
and shall be s

27.6 A stee
means.

nal housing of a motor, to which connections are to be made in the field, sh
ized in accordance with NERA'70.

enclosure shall be,protected against corrosion by painting, plating, or ot

27.7 Sheet netal to which-a wiring system is to be connected in the field shall not be less t

(0.81 mm) thi
than 0.045 ing

Ck if uncoated steel, not less than 0.034 inch (0.86 mm) thick if galvanized stee
h (1.14.mm) thick if nonferrous.

27.8 If threa|

ds_for the connection of conduit are tapped all the way through a hole in an enc

all be of metal

her equivalent

han 0.032 inch
I, and not less

losure wall, or

if an equivalent construction is employed, there shall not be Tess than three nor more than
the metal, and the construction of the device shall be such that a conduit bushing can be attached. If
threads for the connection of conduit are not tapped all the way through a hole in an enclosure wall,
conduit hub, or the like, there shall not be less than 3-1/2 threads in the metal and there shall be a smooth,
rounded inlet hole for the conductors that provides protection to the conductors equivalent to that provided
by a standard conduit bushing and that has an internal diameter approximately the same as that of the
corresponding trade size of rigid conduit.

27.9

the conduit shall be provided with at least five full threads.

five threads in

In an enclosure intended to be supported by rigid conduit, the threaded opening for connection to

2710 A knockout in a sheet metal enclosure shall be secured but shall be capable of being removed
without deformation of the enclosure.
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2711

A knockout shall be provided with a flat surrounding surface for seating of a conduit bushing, and

shall be located so that installation of a bushing at any knockout likely to be used during installation will not
result in spacings between uninsulated live parts and the bushing of less than those required.

27.12 A plate or plug for an unused conduit opening or other hole in the enclosure shall not be less than:

a) 0.014 inch (0.36 mm) thick if steel or 0.019 inch (0.48 mm) thick if nonferrous metal for a hole

having

a 1/4 inch (6.4 mm) maximum dimension; and

b) 0.027 inch (0.69 mm) thick if steel or 0.032 inch (0.81 mm) thick if nonferrous metal for a hole

having

a 1-3/8 inch (34.9 mm) maximum dimension.

A closure for
standard knoc

2713 The e
flaming particl
the equipment

2714 |Ifinsu
is to be given

ignition sourcq.

27.15 All intended mounting positions of the appliancesare to be considered wher

compliance wi

27.16 Ajunc
so that:

a)Ang
will not

b) An @
permit

2717 An op
Live Parts, Filn

27.18 During

idlyUl :IU:C b; Id” iIdVU d ti I;blr\l ICSS cquai tU ti Iat IUL{U;IUUI fUI ti I Tl IbiUDulU Uft
kout seal shall be used. Such a plate or plug shall be securely mounted.

hclosure shall reduce the likelihood of the emission of molten metal) burni
bs, or the like through openings onto combustible material, including the sur
is mounted.

ating material other than electrical insulation is provided within the enclosure,
to the burning characteristics and combustibility of the material, and the p

th the requirements in 27.13.

fion box that is formed in part by another'part, such as a fan scroll or a motor @
pening between the box and. motor frame having a dimension exceeding 1/2 i
permit the entrance of a flatfeeler gauge, 5/64 by 1/2 inch (2.0 by 12.7 mm) w

pening between the box and motor frame having no dimensions exceeding 1
he entrance of a 13/64-inch (5.2-mm) diameter rod.

bning in an electrical enclosure shall comply with Section 28, Accessibility @
h-CoatedMWire and Moving Parts.

the examination for compliance with the requirements of 27.17, any part of
moved without the use of a tool is to be removed.

1e device or a

ng insulation,
ace on which

consideration
roximity of an

determining

asing, shall fit

ch (12.7 mm)
de.

2 inch will not

f Uninsulated

the enclosure

that may be re

27.19 A cover or access panel of an enclosure for uninsulated live parts shall be provided with means for
securing it in place.

27.20 A hinged or pivoted panel or cover shall be positioned or arranged so that it is not subject to falling
or swinging due to gravity or vibration in such a manner as to cause injury to persons by the panel or
cover, or by exposing moving parts or uninsulated live parts.

27.21 The assembly shall be arranged so that an overcurrent-protective device, such as a fuse, the
intended function of which requires renewal, can be replaced or a manually-reset device can be reset
without removing parts other than a service cover or panel, and a cover or door enclosing the device. See
27.25.

27.22 A required protective device shall be inaccessible from outside the appliance without opening a
door or cover
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Exception: The operating handle of a circuit breaker, the operating button of a manually reset motor
protector, the reset button of a manually reset pressure switch, and similar parts may project outside the
appliance enclosure.

27.23 An opening in an enclosure to provide clearance around a dial, knob, lever, or handle shall not
allow the entrance of a rod having a diameter of 9/64 inch (3.6 mm) at any setting or position of such part.

27.24 A fuseholder shall be constructed, installed, or protected so that adjacent uninsulated high-voltage
live parts within 4 inches (102 mm), other than the screw shell of a plug fuseholder, cartridge fuse clips, or
wiring terminals to the fuseholder, will not be exposed to contact by persons removing or replacing fuses.
An insulating barrier of vulcanized fiber or similar material employed for this purpose shall not be less than

0.028 inch (0.71 mm) thick.

27.25 Thed
protective de
in connection
overload-prot

27.26 A hinged cover is not required for a device in which the only fuses enclosed are:

a) Cor
than a

b) Extt

c) Fus

oor or cover of an enclosure shall be hinged if it gives access to fuses or-anyT
ice, the intended functioning of which requires renewal, or if it is necessary to
with the intended operation of the protective device such as resetting a 1

bctive device, except as indicated in 27.26.

trol-circuit fuses rated 2 amperes or less, provided thédfuses and control-circy
fixed control-circuit load, such as pilot lamp) are within’the same enclosure; or|

actor-type fuses if each has its own enclosure; or

Es in low-voltage circuits.

notor overload
bpen the cover
nanually reset

it loads (other

27.27 A hinged cover, if required, shall not depend solely upon screws or other means requiring the use

of tools to hol

27.28 A spr
door in place
as required by

27.29 A dod
against a 1/44
of four edges
wall of the b
construction t
combination d

i it closed, but shall be provided with' a catch or spring latch.

ng latch, a magnetic latch;.a_dimple, or any other mechanical arrangement th
27.27.

r or cover giving,direct access to fuses in other than low-voltage circuits shg
inch (6.4-mm).rabbet or the equivalent, or shall have either turned flanges for
or angle &trips fastened to it. Flanges or angle strips shall fit closely with the
bx propen and shall overlap the edges of the box not less than 1/2 inch
hat provides equivalent protection, such as a fuse enclosure within an outer ¢

at will hold the

and would require some_effort to open is an acceptable means for holding the door in place

Il shut closely
the full length
outside of the
(12.7 mm). A
nclosure, or a

f.flange and rabbet, is acceptable.

27.30 Strips used to provide rabbets, or angle strips fastened to the edges of a door, shall be secured at
not less than two points not more than 1-1/2 inches (38.1 mm) from each end of each strip, and at points
between these end fastenings not more than 6 inches (152 mm) apart.

28 Accessibility of Uninsulated Live Parts, Film-Coated Wire and Moving Parts

28.1

To reduce the likelihood of unintentional contact that may involve a risk of:

a) Electric shock from an uninsulated live part or film-coated wire; or

b) Injury to persons from a moving part, an opening in an enclosure shall comply with either (1) or

2):
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1) For an opening that has a minor dimension (see 28.5) less than 1 inch (25.4 mm), such a
part or wire shall not be contacted by the probe illustrated in Figure 28.1.

2) 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 28.1.

Exception: A motor need not comply with these requirements if it complies with the requirements in 28.2.



https://ulnorm.com/api/?name=UL 732 2023.pdf

NOVEMBER 10, 2023 UL 732

31

Figure 28.1

Probe for Uninsulated Live Parts
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Table 28.1

Minimum Acceptable Distance from an Opening to a Part that May Involve a Risk of Electric Shock

¢ Any dimension

4 More than 2-1/

less than 1 inch (25.4 mm) applies to a motor only.

B inches (54 mm), but not more than 6 inches (152.0 mm).

Minor dimension?® of opening Minimum distance from opening to part

inches (mm) inches (mm)®

3/4 (19.1)° 4-1/2 (114)

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/; (54-0) 17-4/2 “4a4)

d d 30 (762)
@ See 27.5.

b Between 3/4 inth (19.1 mm) and 2-1/8 inches (54 mm), interpolation is to be used to determine a val(ié between Yalues specified

in the table.

28.2 With re

mentioned in t

a)Ano

b) An g
wire is

spect to a part or wire as mentioned in 28.1, in{an integral enclosure 0
he Exception to 28.1:

pening that has a minor dimension (see 28.5) less than 3/4 inch (19.1 mm) is g

1) A moving part cannot be contacted by the probe illustrated in Figure 28.2;

3) In a directly accessible motor(see 28.7), an uninsulated live part cannot bg
the probe illustrated in Figure)28.4; and

4) In an indirectly accessible motor (see 28.6), an uninsulated live part cannof
by the probe illustrated in Figure 28.2.

pening that has.a minor dimension of 3/4 inch (19.1 mm) or more is accepta
spaced fromithie opening as specified in Table 28.1.

2) Film-coated wire cannot be contacted by the probe illustrated in Figure 28.3;;

f a motor as

cceptable if:

contacted by

be contacted

ble if a part or
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Figure 28.2

Probe for Moving Parts and Uninsulated Live Parts

ANY CONVENIENT LENGTH

1/2 INCH DIA.
(12.7mm)
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| 4 INCHES
PA130A (101.6mm)
Figure 28.3
Probe for Film Coated Wire
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IEC Articulate Probe

Figure 28.4
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28.3 The probes mentioned in 28.1 and 28.2 and illustrated in Figure 28.1 — Figure 28.4 shall be applied
to any depth that the opening will permit; and shall be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the enclosure. The probes illustrated in
Figure 28.1 and Figure 28.4 shall be applied in any possible configuration; and, if necessary, the
configuration shall be changed after insertion through the opening.

28.4 The probes mentioned in 28.3 and 28.5 shall be used as measuring instruments to judge the
accessibility provided by an opening, and not as instruments to judge the strength of a material; they are to
be applied with the minimum force necessary to determine accessibility.

28.5 With reference to the requirements in 28.1 and 28.2, the minor dimension of an opening is the
diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the
opening.

28.6 With rgference to the requirements in 28.2, an indirectly accessible motor is amotor:

a) That is accessible only by opening or removing a part of the outer enclosure, such as a guard or
panel,|that can be opened or removed without using a tool; or

b) That is located at such a height or is otherwise guarded or enclosed so that it i unlikely to be
contagted.

28.7 With refference to the requirements in 28.2, a directly aceessible motor is a motor:
a) Th]: can be contacted without opening or removing any part; or

b) That is located so as to be accessible to contact.

28.8 During|the examination of a product to determine whether it complies with the requir¢gments in 28.1
or 28.2, a pdrt of the enclosure that may be“removed by the user without using a tool| (to attach an
accessory, to make an operating adjustment; or for other reasons) is to be opened or removed.

28.9 With rgference to the requirements in 28.1 and 28.2, insulated brush caps are not fequired to be
additionally epclosed.

29 Motors gnd Motor Protection

29.1 A motqr shall (be protected by an integral thermal- or overload-protective device, gr combination
thereof.

29.2 An overload-protective device as referred 1o in 18.T is one that complies with the requirements in
the NFPA 70, as follows:

a) A separate overload device that is responsive to motor current. This device shall be rated or
selected to trip at not more than the following percent of the motor full-load current rating:

Motors with a marked service factor not less than 1.15................. 125 %
Motors with a marked temperature rise not over 72 °F (40 °C)........ 125 %
All other MOtOrS. ... 115 %

For a multispeed motor, each winding connection is to be considered separately and the motor is to
be protected at all speeds.
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b) If the values specified for motor-running overload protection do not correspond to the standard
sizes or ratings of fuses, magnetic or thermal overload-protective devices, the next higher size or
rating may be used, but not higher than the following percent of motor full-load current rating:

Motors with a marked service factor not less than 1.15................... 140 %
Motors with a marked temperature rise not over 72 °F (40 °C)........ 140 %
All Other MOLOIS.... e 130 %

29.3 An integral thermal protective device shall comply with the Standard for Overheating Protection for
Motors, UL 2111.

29.4 A sepa
assembled as
protection sha

in the risk of file, electric shock, or injury to persons.

29.5 A moto
determined to
protective dev
use.

29.6 Impeda

overheating diie to locked-rotor current, if the motor does not overheat under actual conditior

29.7 Afuse g
in accordance

29.8 A moto
the Temperatu

29.9 A moto
CONTon the 1

29.10 Interry
operation of t
persons. If a
interruption of

ate overload device, except when included as part of a magnetic motor cont
part of the equipment, and be identifiable as such after assembly to the, equ
I not include means for manually interrupting the motor circuit if such.interrupt

[, such as a direct-drive fan motor, that is not normally subjeeted to overloag
be protected against overheating due to locked-rotor current by a thermal
ce is acceptable if it is determined that the motor will ngt overheat under actua

hce protection is acceptable for a motor that'is determined to be prot

hall not be used for motor-overload pratection unless the motor is protected b
with Table 430.52(C)(1) of NFPA 70-2023.

shall not exceed the temperature rises specified in Table 44.1 when tested a
re Test, Section 44.

shall be constructed.for continuous duty as indicated by the designation COI
ameplate.

ption of the.circuit to a motor by the overload- or thermal-protective device sh3
he equipment or discharge of fuel that results in a risk of fire, electric shoc
burner.'depends solely upon an electric valve to stop the flow of fuel to th
the.circuit to the motor by the protective device shall also cause the interruptio

oller, shall be
ipment. Such
on may result

s, and that is
or overload-
conditions of

bcted against
s of use.

y a fuse rated

5 described in

NTINUOUS or

Il not result in
K, or injury to
e burner, the
n of the circuit

to the valve.

29.11

the motor by the device may result in risk of fire, electric shock, or injury to persons.

An automatically reset protective device shall not be used if the automatic reclosing of the circuit to

29.12 The enclosure of a motor shall have no openings that will permit a drop of liquid or a particle falling
vertically onto the motor to enter the motor.

29.13 Compliance with the requirement in 29.12 may be provided by the motor frame or by another
enclosure, structure, shield, or a combination of two or more such items, and is to be determined with the
motor installed in the heater.

29.14 A motor having openings in the enclosure or frame shall be installed or shielded to reduce the
likelihood of particles falling out of the motor onto combustible material located within or under the
assembly.
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29.15 The requirement in 29.14 will necessitate the use of a barrier of noncombustible material under an
open-type motor unless:

a) The structural parts of the motor or the burner, such as the bottom closure, provide the
equivalent of such a barrier; or

b) The motor overload-protection device provided with a single-phase motor is such that no burning
insulation or molten material falls to the surface that supports the product when the motor is
energized under each of the following fault conditions, as applicable to the type of motor:

1) Open main winding;

2) Open starting winding;

3) Starting switch short-circuited; and
4) Capacitor or a permanent split-capacitor motor short-circuited; or,

c) Thg motor is provided with a thermal motor protector (a protectivé 'device that fis sensitive to
tempefature and current) that will prevent the temperature of the motor windings flom exceeding
125 °Q (257 °F) under the maximum load which the motor will run without causing the protector to
cycle and from exceeding 150 °C (302 °F) with the rotor of the - motor locked.

29.16 The barrier mentioned in 29.15 shall:
a) Be horizontal;
b) Be lpcated as illustrated in Figure 29.1; and

c) Havle an area not less than that described-in that figure.

Openings for drainage, ventilation, or the like, may be employed in the barrier, if such openjngs would not
permit molten| metal, burning insulation,-of-the like to fall on combustible material.
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Figure 29.1

Barrier
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A — Motor winding to be shielded by barrier. This is to consist of the entire motor winding if it is not otherwise shielded, and is to
consist of the unshielded portion of a motor winding that is partially shielded by the motor enclosure or equivalent.
B — Projection of outline of motor winding on horizontal plane.

C —Inclined line that traces out minimum area of the barrier. When moving, the line is to be always:
1) Tangent to the motor winding;

2) Five degrees from the vertical; and

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

D — Location (horizontal) and minimum area for barrier. The area is to be that included inside the line of intersection traced out by the
inclined line C and the horizontal plane of the barrier.
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29.17 An overload-protective device or thermal-protective device for a motor shall comply with the

requirements

in the Short-Circuit Test, Section 47.

30 Switches and Controllers

30.1

more than one motor intended for connection to the same power supply.

Except as noted in 30.2, a controller or controllers shall be provided for all assemblies incorporating

30.2 A controller is not required for an assembly having more than one motor if the marked maximum
fuse size does not exceed 20 amperes at 125 volts or less, or 15 amperes at 126 — 600 volts or less, and
having not more than 6 amperes full-load current for each motor.

30.3 Asingl
controlled. Th
remote motor

30.4 A controller or switch shall be rated for the load that it controls.

30.5 The load controlled is to include any load external to the assembly for which conr

controller or |

30.6 A cont
current-interrt

30.7 A cont
that has been|
breakdown. T
and at an equ

30.8 The lo
alternating cu

30.9 A motc
ungrounded ¢

e controller may control more than one motor if the controller is rated for the
e assembly shall be marked in accordance with 55.4 if the same controllet cor

witch circuit are provided.

oller that may be required to break a motor load ufder locked-rotor condition
pting capacity not less than the locked-rotor load of the motor controlled.

oller that is cycled by the operation of an‘\automatically reset overload devic
investigated and found to withstand amendurance test under locked-rotor con
he endurance test is to be of a dutation equivalent to that required for the o
valent rate.

cked-rotor load of a motor.is)based on six times the full-load current rating
rrent and ten times the full-load current rating if direct current.

r controller shall-be* arranged so that it will simultaneously open a suffici
lonductors to intérrupt current flow to the motor.

31 Capacit

311 Acap

as a capacitof for radio-interference elimination, shall be housed within an enclosure or co

rs

itor provided as a part of a capacitor motor and a capacitor connected across

or motors in addition to the motor or motors in the unit containing the controller.

combined load

tacts handle a

ections in the

s shall have a

e shall be one
ditions without
erload device

bf the motor if

ent number of

the line, such

htainer so that

mechanical damage to the plates will not occur, and flame or molten material will not be emitted as a result

of breakdown

of the capacitor. The construction shall comply with one of the following:

a) The capacitor container shall be of sheet steel not less than 0.020 inch (0.51 mm) thick or shall
be constructed to provide equivalent protection; or

b) A capacitor having a sheet-steel container thinner than 0.020 inch or of other acceptable
material shall be mounted in an enclosure that houses other parts of the appliance and that is
acceptable for the enclosure of live parts.

31.2

If the container of an electrolytic capacitor is constructed of metal, it shall be insulated from dead

metal parts by moisture-resistant insulation not less than 0.028 inch (0.71 mm) thick. Otherwise, it shall be
separated from dead metal parts by spacings in accordance with Table 33.1.
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31.3 A capacitor employing a liquid dielectric medium more combustible than askarel shall be protected
against expulsion of the dielectric medium when tested in accordance with the applicable performance
requirements in this Standard, including faulted-overcurrent conditions based on the circuit in which it is
used. See Short-Circuit Test, Section 47.

Exception: If the available fault current is limited by other components in the circuit, such as a motor-start
winding, the capacitor may be tested using a fault current less than the test current specified in Table 47.1
but not less than the current established by dividing the circuit voltage by the impedance of the other

component or

32 Electrica

components.

| Insulating Material

321 A matd
porcelain, phe

32.2 Ordinar
barriers, but n
may introduce
uninsulated liv
resistance to fl

32.3 A hole
smoothly roun

32.4 Cerami
Bushings of w

33 Spacing$ — High-Voltage Circuits

33.1 Except
between an ur
33.1.

rial used for the sole support, separation, or both, of current-carrying,p
nolic composition, cold-molded composition, or equivalent material.

y vulcanized fiber may be used for the insulating bushings, washers, se
ot as the sold support for uninsulated live parts if shrinkage, current leakags

a risk of fire or electric shock. Plastic materials may be«used for the sq
e parts, if found to have acceptable mechanical strength, and rigidity, resist
ame propagation, dielectric strength, and other propertiesias needed for the aj

n porcelain, phenolic composition, or other acceptable nonconducting mats
Hed surface is considered to be the equivalent of\a.bushing.

C materials and some molded compositions are acceptable for insulati
bod or hot-molded shellac and tar compgsitions are not acceptable.

s noted in 33.2 — 33.5, the spacings between uninsulated live parts of opposi
insulated live part and a’dead metal part shall not be less than the values spe

arts shall be

parators, and
B, Or warpage
le support of
ance to heat,
pplication.

rial, having a

ng bushings.

e polarity and
cified in Table

Table 33.1
Spacings
Ratings Minimum spacing®?
Through air Over surface Td enclosure®
Volt-amperes VoIts TAch tmmny) TAch tmm) Thch (mm)
0 - 2000 0 — 300¢ 1/8° (3.2) 1/4 (6.4) 1/4 (6.4)
More than 2000 0-150 1/8° (3.2) 1/4 6.4) 112 (12.7)
151 - 300 1/4 (6.4) 3/8 (9.5) 112 (12.7)
301 - 600 3/8 (9.5) 1/2° (12.7) 112 (12.7)

for a motor rated

more than 250 volts.

@ An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or similar material employed where
spacings would otherwise be insufficient, shall not be less than 0.028 inch (0.71 mm) thick, except that a liner or barrier not less
than 0.013 inch (0.33 mm) thick may be used in conjunction with an air spacing of not less than one-half of the through air spacing
required. The liner shall be located so that it will not be damaged by arcing. Material having a lesser thickness may be used if it
has equivalent insulating, mechanical, and flammability properties.

® The spacings at wiring terminals of a motor shall be 1/4 inch (6.4 mm) for a motor rated 250 volts or less and 3/8 inch (9.5 mm)

Table 33.1 Continued on Next Page
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Table 33.1 Continued

Volt-amperes

Ratings Minimum spacing®®
Through air Over surface
Volts Inch (mm) Inch (mm) Inch

To enclosure®

(mm)

¢ Includes fittings for conduit or metal-clad cable.
9 If over 300 volts, spacings in last line of table apply.

¢ The spacings between wiring terminals of opposite polarity, or between a wiring terminal and grounded metal, shall not be less
than 1/4 inch (6.4 mm), except that if short-circuiting or grounding of such terminals will not result from projecting strands of wire,
the spacing need not be greater than that given in the above table. Wiring terminals are those connected in the field and not
factory wired. Measurements are to be made with solid wire of adequate ampacity for the load connected to each terminal.

33.2 The thllough air and over surface spacings in Table 33.1 at an individual component

judged on the
However, the
on all compg

component that controls only a motor are judged on the basis of the volt-amperes of]

component th
volt-amperes
loads is judgq
are to be det¢

33.3 For a
motors may b
where 3/8 inc

33.4 The sp
is judged on
installation of
the table.

33.5 All unir
of the same v,
opposite pola
the highest vg

34 Spacing

s — Low-Voltage Circuits

basis of the total volt-ampere consumption of the load or loads that the,comp
spacing from the component to the enclosure shall be judged on the basis o
nents in the enclosure. For example, the through air and oyér)surface

at controls loads in addition to the motor is similarly judged orr'the basis of {
of the loads so controlled; except that a component that‘independently cor
d on the basis of the volt-amperes of the larger load./The volt-ampere value
rmined by the measured input.

Circuit not exceeding 300 volts, the over surface spacings for glass-insulate
e 1/8 inch (3.2 mm) where 1/4 inch (6.4 mm) s specified in Table 33.1; and m
N (9.5 mm) is specified.

Acing requirements in Table 33.1 downot apply to the inherent spacings of a ¢
he basis of the requirements for-the component. However, the spacings res
a component, including the spacing to dead metal or enclosures, are to be tho

sulated live parts connected to different circuits, except subdivided circuits or
pltage from the same*feeder, shall be spaced from one another as though the
Fity in accordance-with the requirements in 33.1 — 33.4 and shall be judged ¢
Itage involved.

part are to be
bnent controls.
f the total load
spacings at a
the motor. A
he sum of the
trols separate
5 for the loads

d terminals of
ay be 1/4 inch

bmponent that
Llting from the
se specified in

branch circuits
were parts of
n the basis of

34.1 The sf

acings for low-voltage electrical components installed in a circuit that inc

udes a motor

overload-protective device shall comply with the requirements in 34.2 — 34.5.

34.2 The spacing between an uninsulated live part and the wall of a metal enclosure including fittings for
the connection of conduit or metal-clad cable shall not be less than 1/8 inch (3.2 mm). See 33.5.

34.3 The spacing between wiring terminals regardless of polarity, and between the wiring terminal and a
dead metal part (including the enclosure and fittings for the connection of conduit) that may be grounded
when the device is installed shall not be less than 1/4 inch (6.4 mm).

34.4 The spacing between uninsulated live parts, regardless of polarity, and between an uninsulated live
part and a dead metal part, other than the enclosure, that may be grounded when the device is installed
shall not be less than 1/32 inch (0.8 mm), provided that the construction of the parts is such that spacings
will be maintained.
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34.5 The spacings in low-voltage circuits that do not contain a device as mentioned in 34.1 are not

specified.

35 Protection of Users and Service Personnel

35.1

An uninsulated high-voltage live part and moving parts that may cause injury to persons shall be

located, guarded, or enclosed so as to reduce the likelihood of unintentional contact by personnel
performing service functions that may have to be performed with the equipment energized.

35.2 Service functions that may have to be performed with the equipment energized include:

a) Adju
b) Res
c) Ope

d) Adju

A factory-set gnd -sealed control is not considered to be adjustable.

35.3 The red
the equipment

35.4 Anadju
with respect tq
operation can
moving parts t

a) Not

b) Not

355 An ele
maintenance

respect to other components ‘and with respect to grounded metal parts so that it is accessibl

service functid
live parts or to

35.6 Access

sting the setting of temperature controls with or without marked dial settings;

btting a control trip mechanism;
rating a manual switch; or

sting an air-flow damper.

uirements in 35.1 do not apply to mechanical service functions that are not p
energized.

stable or resettable electrical control or manual-switching device may be locat|

uninsulated live parts so that manipulation of the mechanism for adjustmen
be accomplished in the intended direction of access if uninsulated high-voltag
hat may cause injury to persons are;

ocated in front, in the direction 6f:access of the mechanism; and

ocated within 6 inches (1562:mm) on any side or behind the mechanism, unless

ctrical control compenent that may require examination, adjustment,
while energized,.(not including voltage measurements, shall be located and

ns without,subjecting the serviceman to a risk of electric shock from adjace
injury frem.adjacent moving parts.

bility..and protection to reduce the risk of electric shock and injury to per

erformed with

ed or oriented
, resetting, or
e live parts or

guarded.

servicing, or
mounted with
e for electrical
it uninsulated

sons may be

obtained by m

mlnfing the caontrol r‘nmpnnnnfe inan nccnmhly so that ||nimpndnd access

s provided to

each component through an access cover or panel in the outer cabinet and the cover of the control
assembly enclosure with the following arrangement. See Figure 35.1. The components are located with
respect to the access opening in the outer cabinet so that the farthest component in the control assembly
is not more than 14 inches (356 mm) from the plane of the access opening. Uninsulated high-voltage live
parts outside the control assembly projected clear space, except for live parts within a control panel, or
unguarded moving parts that may cause injury to persons are located not closer than 6 inches (152 mm)
from any side of the access area.
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Figure 35.1

Accessibility and Protection
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35.7 The prmojected clear space is considered to be bounded on the sides by the prg
smallest rectgngular perimeter surroundingthe outside edge of the components or control e

provided. Theg

access area is consideted to be bounded on the sides by the projection of th

the access ogening in the outer cabinet to the closest rectangular perimeter surrounding thg
of the component or control enelosure. The volume generated by the projected clear spacq

assembly to
obstructions,

the access opening in the outer cabinet, within the access area, is com
ncluding wiring.”Access to the components in the control assembly is not impeded in the

direction of afpcess by.other components or by wiring in this assembly. An extractor type]
snap switch niounted(through the control assembly enclosure is located so that there is unin
to the compgnentsthrough the access opening in the outer cabinet and so that it is nd
adjacent to yninsulated live parts outside the control assembly enclosure, unless the

jection of the
nclosure when
e perimeter of
e outside edge

of the control
pletely free of

fuseholder or
peded access
t immediately
live parts are

guarded.

35.8 A component in a low-voltage circuit shall comply with the requirements in 35.5 in its relation to
uninsulated live parts in a high-voltage circuit and to moving parts that may cause injury to persons.

35.9 The following are not considered to be uninsulated live parts:

a) Coils of a controller;

b) Coils of a relay or solenoid;

c¢) Transformer windings, if the coils and windings are provided with insulating overwraps;

d) Enclosed motor windings;

e) An insulated terminal or splice; and
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f) Insulated wire.

35.10 A moving part such as a fan blade, blower, wheel, pulley, belt, and the like, that may cause injury
to persons shall be enclosed or guarded.

35.11 If the removal of doors, panels, or shields will expose such moving parts:
a) The opening or removal of the door, panel, or shield shall require the use of tools; or
b) An interlocking device shall shut off the mechanism; or

c) A warning marking shall be provided as specified in 55.11.

35.12 The distance from an opening in a required guard or enclosure to the moving parts| mentioned in
35.10 shall be|as specified in Table 35.1, but the minor dimension of the opening shall hot'exceed 3 inches
(76 mm). For pn opening having a minor dimension intermediate between two of-the‘valugs specified in
the table, the|distance from the opening to the moving part shall not be less(than that determined by
interpolation between the corresponding values in the right-hand column of the table. The mihor dimension
of the opening is determined by the largest hemispherically tipped cylindrical’probe that cgn be inserted
through the ogening with a force of 5 pounds-force (22 N).

Table 35.1
Dimensions of Openings in‘Enclosure
Minor dimensions of opening® Minimum distance from opening to moyving part
Inchgs (mm) Inches (nmm)
1/4 (6.4) 12 (1R.7)
3/8 (9.5) 1-1/2 (38.1)
1/3 (12.7) 2-1/2 (6B.5)
3/4 (19.M 4-1/2 (n4)
1 (25.4) 6-1/2 (1B5)
1-1R (38.1) 10-1/2 (267)
2 (50.8) 14-1/2 (368)
Over 2 ipches (over 50.8) 30 (762)
@ Openings less than 1/4 inch(6.4 mm) are not to be considered.

35.13 A moving part is not to be considered when judging compliance with 35.1 and 35.1 if the part is
unlikely to be contacted through the opening because of fixed components, including baffles.

PERFORMANCE
36 General

36.1 A water heater shall comply with the applicable test requirements in Sections 36 — 53. A heater of a
type not specifically described in this Standard shall be investigated in accordance with the intent of the
requirements. If there are any indications during the investigation that a heater will not continue to comply
with the requirements during intended use, supplementary tests may be necessary to determine
acceptability of the appliance.
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36.2 A water heater is investigated for installation on noncombustible floors and with clearances to
combustible walls and ceilings not less than specified in Table 36.1. At the manufacturer's request, a
heater may be investigated for installation on combustible floors.

Table 36.1
Standard Clearances
Minimum clearance, inches? (mm)
A B C D E F

Water heater under Chimney
100 cubic feet (2.8 m*) Above Front connector Rear Sides Below
Form Il ¢ (152) 27 6710) T8 @57) 5 (152) ¢ (152) NCP
Form lla 6 (152) 24 (610) 18 (457) 6 (152) 6 (152) ce
@ These clearances are based on the water heater being installed in a room that is large compared to the size of tHe heater.

® NC — Noncompustible.

¢ C — Combustiljle.

36.3 Atthe
closets, with
be in integral

36.4
36.1, a ceilin
enclosure. Cl
chimney conn
be as specifig

36.5 All cles

manufacturer's request, a water heater may also be investigated for installatio
learances to combustible construction less than specified in Table 36.1. All clg
nches.

j of construction equivalent to that required“for the walls is to be placed ab
earances from chimney connectors are not to be less than 9 inches (229 m
ector clearances are less than those specified in Table 36.1, the connector arr
d in 38.2.3 and Figure 38.2.

rances specified in Table 36:4, or by the manufacturer as an option, are to

h in alcoves or
arances are to

If an appliance is to be tested in a partial enclosure at.clearances less than those spgcified in Table

pve the partial
m). When the
hngement is to

be in integral
inches for tesfing purposes.
37 Test Installation for Other Than Alcove-or Closet-Installed Heaters

37.1 Enclosure
37.1.1 The
from the back
enclosure is t

than the other

vater heater is to be placed in a partial enclosure in the as-received condition. The distance
, sides-and top of the heater and from the chimney connector to the walls andl ceiling of the

b be'as specified in Table 36.1. If one side of the heater may create a higher le” temperature

37.1.2 The heater is to be level. Any leveling means are to be removed if detachable; or, if not
detachable, are to be adjusted to place the base of the heater as close to the floor as the means permits.

37.1.3 The partial enclosure is to be formed by two walls of nominal 1-inch (25.4-mm) thick wood boards
or 3/4-inch (19 mm) thick plywood, set at right angles to each other and finished in flat black. See Figure
37.1. A ceiling of equivalent construction is to be placed above the partial enclosure. The height of the
walls is to be such as to obtain the minimum clearance above the heater specified in Table 36.1 and in
accordance with 37.1.2. All joints in the test enclosure are to be tight or sealed. The walls and ceiling of the
partial enclosure are to extend 3 feet (0.91 m) beyond the end and side of the heater. The walls are to be
the minimum distance specified in Table 36.1 from the side and back of the heater, except when the flue
outlet is horizontal, in which case the wall opposite the flue collar is to be the specified distance from a
vertical chimney connector as connected to the flue collar by a 90° elbow. See 37.2.1.
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Figure 37.1

Test Enclosure for Standard Clearances

\

1. Location of
heater, assembly
on platform,

S2584

37.1.4 If the heater is intended for direct installation on combustible flooring, the floor benepth the heater
is to be 1-inch white-pine flooring covered*with one thickness of building paper, and then by 3/4-inch
(19 mm)-thick [plywood, unpainted or fifiished with a clear sealer.

37.2 Chimnegy connector

37.2.1  The dhimney connector is to be the same nominal size as the flue collar or outlet [of the heater.
Galvanized stpvepipe not'more than 0.032 inch (0.58 mm) thick is to be used. The chimney gqonnector is to
extend vertically through the ceiling of the test enclosure. The connector is to be directly connected to and
extended vert|cally ‘above a vertical flue outlet and connected to a horizontal flue outlet bly using a 90°
sheet metal elpew)at the bottom of the vertical section. See Figure 37.2.
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Figure 37.2

Chimney Connector — Standard Clearance Test

(< (MO

<< @ —,

//®\‘

18"

Jef =S+

HORIZONTAL FLUE OUTLET VERTICAL FLUE OUTLET

S2385

1. Centerline of thermocouple.

2. Thermocouple support bracket.

3. Draft regulator.

4. Flue collar.

5. Chimney connector, same nominal diameter as flue collar.
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37.2.2 Where the chimney connector passes through the enclosure, an opening having a diameter 8
inches (203 mm) larger than the diameter of the chimney connector is to be cut and the chimney connector
centered in the opening. The annulus thus formed is to be sealed by a fire- and heat-resistive insulating
barrier at least 1/8 inch (3.2 mm) thick, placed on the exterior surface. See Figure 37.3. Temperatures on
the surfaces surrounding the chimney connector are not to be determined at points located less than 2
inches (51 mm) from the outer edge of the annulus.

Figure 37.3

Sealing of Annulus Around Chimney Connector

CHIMNEY CONNECTOR

i

FIRE oand HEAT RESISTIVE
INSULATING BARRJER

[/

-

Y
o
.

A

I VA R L —— o 4" —

(102mm) (102mm)

S2586
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37.2.3 A bracket for supporting the thermocouple for measuring flue-gas temperature is to be located as
illustrated in Figure 37.2.

37.2.4 A primary safety control that is furnished separately for mounting in the chimney connector
exterior to the water heater may be located at any appropriate point either within or exterior to the test
enclosure. No temperature measurements in or on a control so located are to be made during tests using
the clearances specified in Table 36.1.

37.2.5 A draft regulator is to be provided for test purposes and is to be located in the chimney connector
outside the test enclosure. See Figure 37.2.

37.2.6 Any built-in draft regulator _included as part of the heater is to be fixed in the position allowing
maximum draft.

37.2.7 The ghimney connector is to be connected to a chimney, stack, or exhalst system capable of
imposing the gpecified draft.

38 Test Installation for Alcove-or Closet-Installed Units
38.1 Enclosure

38.1.1 The heater in the as-received condition is to be installed in an enclosure with|clearances in
integral inches, as selected by the manufacturer, to walls and' ceiling of the test enclosufe. The ceiling
height of the [enclosure is to be that required to obtain the“clearance from the top of thg heater to the
ceiling specified by the manufacturer, but not more than7=1/2 feet (2.29 m). See Figure 38.1
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Figure 38.1

Test Enclosure for Alcove or Closet Installation

BACK BACK

TOP VIEW -

TOP VIEW |

!
18" (457mm)

I
CLOSET  INSTALLATION ALCOVE <™ INSTALLATION

VENTILATING
AIR OPENING

AIR INLET
OPENING

FRONT ELEVATION SIDE ELEVATION
S2587

6"(1562mm)

A — From top of water heater.

B — From front of water heater.

Cy — From chimney connector, measured horizontally or below connector. See Figure 38.2.
Cy — From chimney connector, measured vertically above connector. See Figure 38.2.

D — From back of heater.

E, — From left side of heater.

Egr — From right side of heater.
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Figure 38.2

Chimney Connector Arrangement for Alcove and Closet Installation

1
)

0 0
q i o
%
TOP VIEWS — SEE NOTE |
C
\%
i
1
STYLE 1 SIDE VIEWS STYLE 1l
—=1 B {=— — D=
S2588 STYLE Il SIDE VIEW

NOTE: With chimney connector arrangement, Styles | and Il, the horizontal run is to pierce the back or a side wall, whichever is
farthest from the vertical run.
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38.1.2 The walls and ceiling of the enclosure are to be made of nominal 1-inch (25.4-mm) thick wooden
boards or 3/4-inch thick plywood. The walls are to be vertical and at right angles to each other. The interior
surfaces of the walls and ceiling are to be finished in flat black. All joints in the enclosure are to be sealed.
The floor is to be of combustible or noncombustible material, as specified by the manufacturer for testing
purposes. Combustible floors are to be made of 1-inch (25.4-mm) thick flooring covered with one
thickness of building paper superimposed by 3/4-inch (19 mm) thick plywood, unpainted or finished with
clear sealer.

38.1.3 For an alcove-installation test, the enclosure is to be open opposite the front of the heater. The
side walls and ceiling are to extend 18 inches (457 mm) beyond the front of the heater, and a wall is to be
placed opposite the open side of the enclosure at a distance of 4, 3, or 2 feet, (1.22, 0.91, or 0.61 m) as
specified by the manufacturer for testing purposes.

he door is to
m) above the

38.1.4 For alcloset-installation test, a simulated door is to be provided for the enclosure:
have two openings located so that the lower edge of the lower opening is 6 inches (152 m

floor level of t
ceiling of the

opening is to k
not more than
to be centered

38.1.5 The
detachable, a
The storage t3

38.16 Ifas
furnished by th

38.1.7 The i
(0.21 mm?) an
centrally 2 fee
a closet install
closet.

he enclosure and the other opening is located so that its upper edge is'6 inc
bnclosure. The height of each opening is to be one-half the width.) The free
e at least 1 square inch (6.5 cm?) per 1000 Btu / hour (300 W) of the heater ir
an area equivalent to 20 percent of the total area of the simulated door. Both
on the vertical centerline of the enclosure.

eater is to be level. Any leveling means are o "be removed if detacha
to be adjusted to place the base of the heater:as close to the floor as the m
nk of a floor-mounted circulating heater is to be-exterior to the test enclosure.

orage heater is intended to be insulated-in service, it is to be tested with
e manufacturer as standard equipmentiwith each heater.

hlet-air temperature is to be measured by a thermocouple that is not larger

d shielded from direct radiation. For an alcove installation, the thermocouple i
(0.61 m) in front of the heater and 2 feet (0.61 m) above the floor of the test ¢

ation, the thermocouple isto be placed in the center of the lower ventilating op

38.2 Chimnégy connector

38.2.1 The d
heater. Galvar

himney,econnector is to be the same nominal size as the flue collar or outle
ized stovepipe not more than 0.023 inch (0.58 mm) thick is to be used.

nes below the
area of each
put rating but
openings are

ble; or, if not
eans permits.

the insulation

han 24 AWG
5 to be placed
tnclosure. For
ening into the

t of the water

38.22 Thed

earance hetween the nearest surfaces of the r‘himnpy connector and the wal

Is and ceiling

shall not be less than 9 inches (229 mm) nor more than 18 inches (457 mm).

Exception: If the construction of the heater is such that, when installed with the clearances selected by the
manufacturer, the clearance between the chimney connector and the interior walls of the test enclosure is
less than 9 inches (229 mm), the test may be conducted with the lesser clearance if the portions of the wall
located within 9 inches (229 mm) of the chimney connector are protected. In this case, directions that such
surfaces should be protected shall be included in the instructions furnished with the heater.

38.2.3 A heater with a vertical flue outlet is to be tested with two chimney connector arrangements,
Styles | and Il as illustrated in Figure 38.2. A heater with horizontal flue outlets is to be tested with two
chimney connector arrangements, Styles Il and Ill as illustrated in Figure 38.2. The test need only be
conducted with the Style | or Style Il arrangement if the manufacturer elects to specify the minimum
clearance from the heater as that obtained when tested with that arrangement.
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38.2.4 Where the chimney connector passes through the enclosure, an opening having a diameter 8
inches (203 mm) larger than the diameter of the chimney connector is to be cut and the chimney connector
centered in the opening. The annulus thus formed is to be sealed by a fire- and heat-resistive insulating
barrier at least 1/8 inch (3.2 mm) thick, placed on the exterior surface. See Figure 37.3. Temperatures on
the surfaces surrounding the chimney connector are not to be determined at points located less than 2
inches (51 mm) from the outer edge of the annulus.

38.2.5 A bracket for supporting the thermocouple for measuring flue-gas temperature is to be located as
illustrated in item 2 of Figure 38.3.
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Figure 38.3

Chimney Connector — Alcove and Closet Test

9 I

S2588

1. Centerline of thermocouple.

2. Support bracket.

3. Draft regulator.

4. Flue collar.

5. Chimney connector, same nominal diameter as flue collar.
6. Location of stack element of safety control.

1inch =25.4 mm
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38.2.6 A primary safety control that is furnished separately for mounting in the chimney connector is to

be located wit

h its element in a plane perpendicular to the axis of the flue-gas flow:

a) 6 inches (152 mm) downstream from the flue collar; or

b) If an elbow is attached directly to the flue collar, 6 inches (152 mm) downstream from the

downs

tream end of the elbow.

See item 6 of Figure 38.3.

38.2.7 A draft regulator is to be provided for test purposes and is to be located in the chimney connector
outside the test enclosure. See Figure 38.3.

38.2.8 A buyjlit-in draft regulator included as part of the heater is to be fixed in the\po

maximum dra

38.29 The

imposing the

39

39.1

39.1.1 Draft

t.

Chimney connector is to be connected to a chimney, stack, or.exhaust syst
specified draft.

Instrumeéntation

Draft measurement

is to be measured by a draft gauge that can be“read directly to 0.005 inch (0

sition allowing

em capable of

10 mm) water

column and that has an accuracy of +0.0025 inch (x0-:050 mm). The gauge is to be chgcked for zero

reading at the
39.2 Fuel-in

39.2.1 Thef
mass (0.004 K

39.3 Power
39.3.1 Thef

39.3.2 The
measured. Th

beginning and at the end of each test.
put measurement

uel-input rate to a burner during a test is to be determined by a scale accurate
g) or a burette capable of the same resultant accuracy.

measurement

ptal electricahinput to a water heater is to be measured in amperes at rated vol

to 0.01 pound-

tage.

bmmeter is to have a maximum scale range of not more than 1-1/2 times t

e value to be

e smallest scale division is to be not more than 1/50 of the maximum scale range.

39.4 Speed

39.4.1

measurement

Mechanical or electronic means are to be used to measure the speed of a motor or of the

mechanism driven by it. The load imposed by the counter is not to adversely affect motor speed. A
stroboscope is to be used for measuring speed of a motor under 1/8 horsepower (93 W output).

39.5 Temperature measurement

39.5.1

Temperatures are to be determined by means of a potentiometer and bead-type thermocouples.

Unless otherwise indicated, a thermocouple is to be made of wires not larger than 24 AWG (0.21 mm?).

39.5.2 Thermocouples are to be placed on surfaces of the test enclosure at various locations as may be
required to observe maximum temperatures during tests. Where the chimney connector passes through
the enclosure, temperature measurements on the inside surfaces of the enclosure are to be made 6
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inches (152 mm) away from the chimney connector. Thermocouples are to be attached to other materials
and parts such as those mentioned in Table 44.1.

39.5.3 A thermocouple junction and adjacent thermocouple lead wire are to be securely held in thermal
contact with the surface of the material the temperature of which is being measured. Acceptable thermal
contact will usually result from securely taping or cementing the thermocouple in place. If a metal surface
is involved, brazing or soldering the thermocouple to the metal may be necessary.

39.5.4 Thermocouples are to be secured to wood surfaces by staples over the insulated portion of the
wire and with the tip held in thermal contact with the surface by pressure-sensitive tape.

39.5.5 For zero clearance, the thermocouples are to be applied to surfaces of the heater at points of zero
clearance.

39.5.6 The flue-gas temperature is to be measured by a thermocouple, such as illustrated ih Figure 39.1.
The thermocolple is to be inserted into the chimney connector as illustrated in Figure 39.2. [There is to be
no draft contrgl between the heater and the point where the flue-gas temperature is measured. If a draft
control is incarporated in the heater, it shall be securely sealed in the position allowing maximum draft
during all testg.

39.5.7 The water temperature is to be measured by a thermocouple-placed in the storage vessel so that
the water temperature 1 inch (25.4 mm) from the outlet connectiotymay be determined.

39.5.8 The inlet-air temperature is to be measured by“a thermocouple not larger than 24 AWG
(0.21 mm?) shjielded from direct radiation and located centrally 24 inches (610 mm) in fron{ of the heater
and 24 inches|above the floor of the test enclosure.
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1. 20 AWG (0.5
potentiometer or

2.1-1/4inch (6.4
3. 1-5/16 inch (7

ends over bevele

4. 1 - Small woo
5.1 —Piece of ru

6. In lieu of indivi
and thermocoupl

Figure 39.1

Standard Thermocouple for Flue-Gas Temperature

7/
== =— — — — — — — — — =t
[/
«——‘7 1 1/8“
(28.6mm)

5/32" MAX.

ok N
(#.omm)

j_ SILVER SOLDER OR

WELD JUNCTION.
DO NOT OXIDIZE

.070" MAX
(1.78mm)

EENEE)
PA152 —A

1 mm?) iron-constantan, asbestos, or woven-glass-covered\thermocouple wires extending fro
reference junction.

mm) outside diameter, two-hole porcelain insulator cut to/length and ends beveled on two sides.

9 mm) outside diameter by 0.032 inch (0.81 mm) wall tubing. Ream, if necessary, to fit over ing
d ends of insulator.

en handle.
bber tubing, approximately 5/16 by 3/32.by)2 inches long (7.9 by 2.4 by 50.8 mm long).

Hual components described in Iltems\1;-2 and 3 above, any combination of preassembled parts o
s may be used.

m hot junction to

ulator; then crimp

tubing, insulators
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Figure 39.2

Flue Gas Thermocouple and Support Bracket

/ CHIMNEY CONNECTOR

—

SUPPORT
BRACKET

S2700

40 Initial Test Conditions

40.1 Generdl

|
\/Q Section A—A

40.1.1 The heater assembly is to be set up for test in the appropriate enclosure and manngr described in
Section 37 or 38, whichever is dpplicable.

40.1.2 Unless otherwise'specified, a water heater is to be tested at the potential specified in Table 40.1.

Table 40.1
Test Voltages

Rated voltage

Test voltage

110 to 120
200 to 208
220 to 240
254 to 277
440 to 480
550 to 600
Other

120
208
240
277
480
600
Rated
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40.2 Heater equipped with mechanical atomizing burner

40.2.1 The heater is to be fired at its rated Btu / hr (W) input, £2 percent with a grade of fuel for which the
burner is rated. The draft at the flue collar is to be as recommended by the manufacturer, but not more
than 0.06 inch (1.5 mm) water column.

40.3 Heater equipped with vaporizing burner

40.3.1 The heater is to be fired at its rated Btu / hr (W) input, £2 percent.

40.3.2 No. 1 fuel oil having a viscosity as specified in Table 40.2 is to be used for firing vaporizing
burners.

Table 40.2
Fuel Oil Viscosity

Oil viscosity, centistokes

Oil temperature Maximum Mean Minjimum
100 °F {38 °C) 2.04 1.97 .90
77 °F (5 °C) 2.44 234 2.24

40.3.3 The pilot-fire burning rate is to be a rate equivalentio'the pilot-fire rate obtained af the maximum
allowable setfing of the metering device with No. 1 oil plus the valve's positive tolerancel The high-fire
burning rate is$ to be adjusted to deliver the rated high-fire' input.

40.3.4 If an jadjustable oil-shutoff control is provided, it is to be adjusted to the maximum pllowed timing
for shutoff.

40.3.5 The gepth of oil in the burner under pooled condition is to be the maximum allowed |n production.

40.3.6 The draft at the flue collar\is to be as recommended by the manufacturer, which is| not to be less
than 0.02 inch (0.5 mm) nor mare than 0.06 inch (1.5 mm) water column.

41 Combusdtion Test -~ Burner and Water Heater

41.1 A watgr heater shall acceptably function uniformly and acceptably without produging smoke in
excess of tha{ speeified in 41.2.

41.2 The heater is to be installed and adjusted in accordance with the manufacturer's instructions. The
heater is then to be fired at rated input and such that the stack loss is not more than 25 percent and
operated until steady-state conditions of draft, fuel-input rate, and flue-gas temperature have been
established. The smoke in the flue gases is not to exceed that indicated by a No. 2 spot on the Shell-
Bacharach smoke scale with a Model RDC smokemeter.

42 Water-Temperature Control Test

42.1 A water heater, when tested as described in 42.3 and with the temperature-regulating control set at
the maximum temperature position allowed by a fixed stop, shall not exceed an outlet-water temperature
of 194 °F (90 °C).
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Exception: A maximum water temperature of 200 °F (93 °C) may be accepted if the temperature-
regulating control or controls and the limit control have cutout temperature tolerances not greater than
15.0 °F (2.8 °C).

42.2 A water heater provided with a continuous-burning pilot fire during the standby burning period shall
be tested as described in 42.4. Water temperature at the top of the heater shall not exceed 100 °F (38 °C)
above room temperature.

42.3 The heater is to be filled with water at a temperature of 65 £5 °F (18.3 +2.8 °C). The temperature-
regulating control is to be adjusted to its maximum allowable setting. A pressure-relief device followed by a
quick-acting valve is to be installed on the outlet connection of the storage vessel. A flow restriction,
calibrated to permit a flow of 5 US gallons / minute (18.9 L/min), is to be connected to the outlet of the
valve. A watef-pressure regulator is to be located in the water-supply line to the heater anF adjusted so

that at full flow the pressure at the inlet connection to the heater will be maintained at thé \vallue required to
deliver a steaqy flow of 5 US gallons / minute (18.9 L/min) when water is drawn from the-heater. During the
test, the inlet-yater temperature is to be maintained at 65 +5 °F (18.3 £2.8 °C). The)heater is$ to be fired at
rated high-firg input with the inlet-water valve opened and the outlet-water -valve cloged, until the
temperature cpntrol functions to reduce the fuel supply to the burner to a minimum. Water is then to be
drawn immedigtely at the rate of 5 US gallons / minute (18.9 L/min) until the.temperature-regplating control
functions to tufn on the fuel supply to the burner, and the maximum outlet-water temperaturg is recorded.
This operation is to be repeated, until a constant or continually receding outlet water t¢mperature is
attained.

42.4 A heatdr equipped with a burner that operates on pilotfire when the thermostat reduces the fire is to
be allowed to pontinue operation following the test described in 42.3, but with the inlet-watef valve closed
and the outletqwater valve open, until equilibrium or continually receding water temperatures pre obtained.

43 Limit-Control Cutout Test

43.1 A water heater shall be operated\as described in 43.2 until the limit control flinctions. The
temperature of the water shall not exceed:210 °F (99 °C) but shall be higher than that maintained by the
temperature-r¢gulating control as determined in the Water-Temperature Control Test, Section 42.

43.2 With the heater installed ‘as described in the Water-Temperature Control Test, Section 42, the
temperature-r¢gulating contralis to be made inoperative. The heater is to be fired at rated high-fire input
ater valve«gpened and the outlet-water valve closed, until the limit control functions. The
water tempergture is to.b&measured in accordance with 39.5.7.

44 Temperaturée Test

441 A water heater shall be tested in accordance with 44.2 — 44.4. No part shall attain a temperature
that will:

a) Damage required corrosion protection;
b) Adversely affect operation of safety controls;
c) Reduce the value of required thermal or electrical insulation; or

d) Cause creeping, distortion, sagging, or similar damage if such damage to the material or part
may increase the risk of fire, electric shock, or injury to persons.

The temperature rises at specific points shall not exceed those specified in Column 1 of Table 44.1.
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