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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 per hour (60 kW). These requirements do not apply to heaters that include storage
vessels having a water capacity of more than 120 gallons (454.2 liters), or that are intended for heating
water to a temperature of more than 200°F (93.3°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 Glossary
2.1 Forthe p

2.2 ANTIFLO
rise in fuel lev

2.3 APPLIAN

2.4 AUTOMA
on and ignited

2.5 BAFFLE

2.6 BURNER
zone.

2.7 BURNER
and all or parf]
are air atomiz|

rotary wall-flame burners.

2.8 BURNER
mechanism ajs

2.9 BURNER
flue to induce

irpose of this standard the following definitions apply.

DDING DEVICE — A primary safety control that causes the fuel flow to be s
el or upon receiving excess fuel, and that operates before disecharge of fuel

CE FLUE — The flue passages within the appliance.

hut off upon a
can occur.

TICALLY LIGHTED APPLIANCE — An appliance ia which fuel to the main bdirner is turned

automatically.

- An object placed in an appliance to directthe flow of air or flue gases.

— A device for the final conveyance;of fuel or a mixture of fuel and air to thhe combustion

MECHANICAL-ATOMIZING= A power operated burner that prepares and d
of the air by mechanical-ptocess in controllable quantities for combustion. S
ng, high- and low-pressure atomizing, horizontal and vertical rotary atomizin

MECHANICAL-DRAFT — A burner that includes a power driven fan, blg
b the principalmeans for supplying air for combustion.

NATURAL-DRAFT — A burner that principally depends upon the natural draff
into. the burner the air required for combustion.

blivers the fuel
bme examples
g, and vertical

wer, or other

created in the

2.10 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.

2.11 CASING - An enclosure forming the outside of the appliance, no parts of which are likely to be
subjected to intense heat.
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2.12 CHIMNEY CONNECTOR - The pipe that connects a solid or liquid fuel-burning appliance to a

chimney.

2.13 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,

fire-retardant treated, or plastered.

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

light.
2.15 COMBU
2.16 COMBU

2.17 CONST
delivery to thg

2.18 CONTR
equipment. It

2.19 CONTR
temperature; {

2.20 CONTR
used in conju

TION (FLAME) SAFEGUARD — A safety combustion control.

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

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

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

DL, SAFETY — An automatic control includifg a relay, switch, or other auxili
nction 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.

2.21 CONTR
abnormal disd

2.22 CONTR
properties; se

2.23 DRAFT
automatically

2.24 ELECTH

DL, PRIMARY-SAFETY — An attomatic safety control intended to reduce th
harge of fuel at the burner inlease of ignition failure or flame failure.

OL, SAFETY-COMBUSTION — A primary-safety control responsive dire
nsing the presence. of\flame and causing fuel to be shut off in event of flame

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

ICAL CIRCUITS:

pcurs.

A reservoir for

the controlled

I, pressure, or

ary equipment
e likelihood of

e likelihood of
pctly to flame

failure.

appliance by

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, complies with all

the performance requirements for a Class 2 transformer.
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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

¢) Safety-Control Circuit — A circuit involving one or more safety controls.

2.25 FLUE COLLAR — That portion of an appliance constructed for attachment of the chimney or vent

connector.

2.26 FLUE GASES — Combustion products and excess air.

2.27 FUEL OIL — Any hydrocarbon oil defined by Standard Specifications for Fuel Oils, ASTM

D396-1992.

2.28 HEATIN
to be heated.

2.29 INDIRE(
gases are nof

2.30 MAINTH
as air, fuel, pr|
Repair and re
to be mainten

a) Clganing or replacing nozzles, atomizers, andpilots.

b) Se

c) Cle

G SURFACE — A surface that transmits heat directly from flame or flue_ gases
LT-FIRED APPLIANCE — An appliance constructed so that combustion pr
mixed in the appliance with the medium to be heated; hence,is provided wit
NANCE — The periodic tasks usually performed to operate’and maintain an a
bssure, and temperature regulation, cleaning, lubrication, resetting of controlg

blacement of parts other than those expected to be renewed periodically is 1
Ance. Some examples of maintenance are:

tting ignition electrodes.
aning strainers or replacing strainer or filter element.
setting safety control.

placing igniter cable!

to the medium

bducts or flue
h a flue collar.

bpliance, such
, and the like.
ot considered
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3 Units of Measurement

3.1 If a value for measurement is followed by a value in other units in parentheses, the second value may
be only approximate. The first stated value is the requirement.

4 Components
4.1 Except as indicated in 4.2, a component of a product covered by this standard shall comply with the
requirements for that component. See Appendix A for a list of standards covering components generally

used in the products covered by this standard.

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

a) Inyolves a feature or characteristic not required in the application of the compopent in the
produft covered by this standard, or

b) Is puperseded by a requirement in this standard.

4.3 A component shall be used in accordance with its rating established“or the intended conditions of
use.

4.4 Specific gomponents are incomplete in construction features oryestricted in performange capabilities.
Such compongnts are intended for use only under limited conditions, such as certain temperatures not
exceeding spécified limits, and shall be used only under those:specific conditions.

CONSTRUCT|ION
5 Assembly

5.1 An oil-fired water heater shall be factory built as a single complete assembly ¢r a group of
subassemblies and shall include all of the essential components necessary for its function when installed
as intended. An oil-fired water heater may be shipped as two or more major subassemblies.

5.2 An oil-firgd storage-type waterheater may be furnished as two major subassemblies, each factory
built to accompmodate the othér)The assembly formed when the two subassemblies afe joined shall
comply with tHe requirements.in this standard. One subassembly is to consist of the oil burrler, which may
include safety|controls. The other subassembly is to consist of the tank assembly and its appurtenances,
including the $afety coftrols 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 suassemblies to
be joined.

5.3 An oil-fired water heater that is not assembled by the manufacturer as a single complete assembly
shall be arranged in major subassemblies, see 5.4. 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

b) Assembled, tested, and shipped from the factory as one single complete assembly.
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5.4 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.

5.5 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

c) Constructed so that the water heater cannot be assembled for operation without first

attach

ing a required shield or baffle in its intended position.

5.6 The cons
removal of a
temperatures

5.7 A waterh
can be easily

5.8 Adjustabl

5.9 Any exte

installation with a clearance of less than 24 inches (610 mm).from the face of or 48 inch

above the doq
5.10 A burne
5.11 A water

a minimum di
control device|

6 Accessibility for Servicing

6.1 A water
heating surfag
without major

6.2 The remd
permit remov

fruction of a water heater shall be such that, for any typical installation, “th
baffle, insulation, or a radiation shield needed to reduce the likelihood
s not required.

pater shall be constructed so that parts requiring attention or manipulation dun
operated.

b or movable parts shall be provided with locking devjees-to prevent shifting.
nal door providing access into the combustion ‘€hamber of a water heate
r shall be self-closing.

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 le

stance of 3/4 inch (19.1 mm) between the intended maximum oil level mainta
and the lowest level of the point at which overflow is able to occur.

eater shall be constructed so that parts, such as interior surfaces of vapo
dismantlingsof'the water heater or removal of parts required by 5.2 to be factg

val of\an’access panel, burner, blower, cap, plug, or the like, specifically

B alteration or
of excessive

ng typical use

r intended for
s (1220 mm)

vel heater has
ined by the oil

izing burners,

es in contact with combustion products, oil inlet pipes, and oil strainers, can be cleaned

ry assembled.

constructed to

bl and: replacement for servicing and the detachment of the chimney co

considered mgjerdismantling with regard to the requirement in 6.1.

Tnector is not

6.3 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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7 Base

7.1 A water heater shall be provided with a base or frame that will support the heater. The
shall be constructed of steel or equivalent material.

8 Casing

base or frame

8.1 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

galvafizee—ot
b) Ndnferrous sheet metal having an average thickness of not less than 0.029, inc

8.2 Access pgnels that need to be removed for service and accessibility shall’bg”constru
repeated remgval and replacement without causing damage or reducing any required insu

8.3 A removgble panel through which air is drawn for combustion shalkbe constructed to
attached in a manner that may result in a risk of fire or injury to persons and so that it is
in a manner that would impede air flow.

8.4 A removgble panel shall be constructed so that it cannotbe interchanged with other
same heater if interchange may result in a risk of fire or injury to persons.

8.5 The casing of a heater intended for installation \onr combustible flooring shall complg
bottom or be fonstructed to provide an effective. radiation barrier between the floor and th
combustion chhamber, fire box, or vaporizing burner.

9 Radiation $hields

9.1 A radiatign shield or liner shall, be’constructed, formed, and supported to provide fq
positioning and to reduce the likelihood of distortion or sagging in service. A shield or
protected agajnst corrosion if it§ deterioration may cause excessive temperature when the h
for compliance with these requirements. Any finish used to provide the required resistanc
shall not be damaged by<heat when the heater is tested under these requirements.

h (0.74 mm).

cted to permit
ating value.

prevent being
hot attachable

panels on the

tely close the
e bottom of a

r its intended
liner shall be
eater is tested
e to corrosion
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10 Insulation Materials

10.1 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 17.8°C).

11 Combustion Chamber
11.1 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 ngttess-thanr-6-042-reh—(+-07mm)-thick:

11.2 A combuistion chamber (fire box) lining material shall be durable, secured in place, gnd accessible
for replacement with equivalent material.

12 Heating Surface Joints
12.1 Joints in|heating surfaces shall be mechanically secure and tight, fér example, welded| lock-seamed,
machined and bolted, riveted, or the like. A joint shall not depend on eement for tightnesg. A slip or lap

joint shall not [depend solely upon friction of the joint itself for strength.

12.2 Examplgs of some acceptable lock-seams are illustratediin Figure 12.1.

Figure 2.1
Types of acceptable lock-seams

FOLD LOCKED DOUBLE LOCK OFFSET
STANDINGZSE AM DOUBLE SEAM

-=— EBEd Bl

ACME LOCK CORDON SEAM LOCK SEAM

ED100
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13 Baffles

13.1 A baffle in a 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.

13.2 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.

13.3 If it is 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 78 inches (2.00

24 1 faWAX | \ b, YN £l Ll k. 3 ol AN o4 [N Lol 4 AY
m y Or InC o (V.U T 1T AUUVE UTC TTUT LuUlidl Ul a Ticatcl iancr wart o= 1miviicvo (1.7 111).

14 Flue Collgrs

14.1 A flue c¢llar shall have rigidity and heat and corrosion resistance at leastrequivalent fto 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.

15 Damper and Draft Regulator

15.1 An adjustable damper shall be equipped with minimum and maximum operatirj]g stops. The
minimum opefating stop for such damper shall be located to obtain sufficient air for complete combustion
at minimum bprner input.

15.2 An automatically operated damper shall maintain the intended damper opening at al| times and be
arranged to pfevent starting of the burner unless.the*damper is in the intended position foy starting.

15.3 A water|heater to be equipped with asbarometric draft regulator shall be assembled so as not to
require the re@ulator to be installed in a false ceiling, in a different room, or in any manner that will permit
a difference i pressure between the aifin the vicinity external to the regulator and the gombustion air

supply.
16 Materials |Contacting Water

16.1 A nonmgtallic material‘in contact with water shall comply with the requirements in the National
Sanitation Fodindation-Standard for Plastic Piping Components and Related Materials, NSH No. 14-1990,
with regard to|toxicity;-taste, color, solubility, and odor.
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13

17 Water-Sto

rage Vessels

17.1 A water-storage vessel shall be constructed to withstand the applicable hydrostatic test specified in
the Hydrostatic Test on Water-Storage Vessels, Section 45, without rupture, leakage, or visible permanent
distortion, or the water-storage vessel shall carry one of the following symbols of the ASME Boiler and
Pressure Vessel Code:

”"H” — Designating a Steam Heating Boiler, Hot Water Heating Boiler, or Hot Water Supply
Boiler, constructed in accordance with the ASME Boiler and Pressure Vessel Code, Section IV,

Rules

for Construction of Heating Boilers.

"HLW” — Designating a Complete Potable Water Heater, constructed in accordance with the

ASME

”U” —
Press!

17.2 The wor
Boiler and P
hydrostatic-te{

17.3 The ins
galvanizing, p

17.4 A storag

17.5 A storag
opening:

a) Sh

b) Sh

c) Sh

Dail oD \L W ay- o | o £ AW =TI | £ o % e £ L1
DUTNICT Alfu T TCOoOoUTU VUi ooUT UUULD, UUULIVIT TV, TTUTCO TUT UUTTolTuLuvurt Ut TT1o

Designating a pressure vessel, constructed in accordance with the ASME'B
Lire Vessel Code, Section VIII, Division 1 Rules for Construction of Pressure

King pressure of a water-storage vessel that does not carry one ofithe symbol
ressure Vessel Code, specified in 17.1 shall not be higher than 50 p
it pressure specified in Section 45.

de surfaces of a steel water-storage vessel shallybe protected against
brcelain enameling, or the equivalent.

e vessel shall be equipped with a valve to facilitate draining of the tank.

e tank shall have an opening for installation of a temperature-and-pressure rg

all be located:

1) In the top of the tank; or

2) With its centerline’in the upper 6 inches (152 mm) of the side.
all be separate.from the openings for water connections.

all be thréaded in conformity with the Standard for Welding Procedure and H

Qualifjcation;,, AWS B2.1-1984.

I

d) S

ating Boilers.

biler and
Vessels.

5 of the ASME
ercent of the

corrosion by

lief valve. The

erformance

H.accommodate a 3/4-inch or larger trade-size pipe.
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18 Dip Tubes

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

18.2 A dip tube having a specific gravity less than 1.0 shall be held in place by a positive means that limits
any vertical displacement to not more than 1/4 inch (6.4 mm).

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

18.4 A nonmetallic dip tube shall be investigated for acceptability, particularly with respect to solubility,
brittleness, and resistance to deformation, collapse, and sagging at temperatures likely to be encountered

in service. Specific-tests-are-deseribetHnNonmetattic Bip—Fube—Tests;Section-56-

19 Controls

19.1 Application

19.1.1 A safety-control circuit shall be 2-wire, one side grounded, having a\nominal rating pf 120 volts. A

safety control |or protective device shall interrupt the ungrounded conduetor.

19.1.2 A sho
protective deV
considered if

t circuit or combination of short circuits to ground“shall not render a safety control or
ice inoperative. Safety-control circuit arrangemernits other than described in 19.1.1 may be
hey accomplish the intent of this requirement.

ntrol or to the
ce.

19.1.3 The rgquirement in 19.1.1 does not apply to a supervised circuit within a safety cg
extension of guch circuit to a separate element of the, control, such as a flame-sensing de

19.1.4 A confrol circuit shall be arranged so that it may be connected to a power-supply|branch circuit

that can be fuged at not more than the value appropriate for the rating of any control include
19.1.5 A safely control shall be accessible.

19.1.6 A safely control shall be supported in such a manner that the control and its sensir
remain in its iftended position. (t‘shall be possible to determine by observation or test wheth

control is in it$ intended location.

19.1.7 Nothing shall bé{provided for the purpose of rendering any safety control ineffect
firing of the water heater without the protection of each of the required safety controls.

H in the circuit.

g element will
er or not each

ve or to allow

19.1.8 A burmér_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.
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19.2 Limit control

19.2.1 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).

19.2.2 An automatic fuel-shutoff system is one that has been investigated and found to be acceptable for
6000 cycles of operation if manually reset and 100,000 cycles or operation if automatically reset.

19.2.3 An automatically reset shutoff system shall not reset at a water temperature above 120°F (49°C).

19.2.4 A mangatty
for resetting. A

rttoff-system—shaltthaveadrip-freeresetmech antsm-andbet+ealily accessible
location under a cover plate in the jacket is considered accessible.

19.2.5 The |automatic-shutoff system shall have no operating parts ,in lcommon with the
temperature-rggulating device or control mentioned in 19.3.1, but a common~niounting bracket or a
common enclpsure may be employed for both devices.

19.2.6 An imﬁersion-type temperature-limiting device shall be located ‘so that the temperature-sensitive
element is imgnersed in the water within the tank and controls the temperature of the waten within the top
6 inches (152|mm) of the tank.

19.2.7 A surface-mounted limit control shall be mounted and.located so that the temperature-sensitive
element senges the water temperature within the top™6” inches (152 mm) of the tank. Such a
surface-mounied temperature-sensitive element shall befinsulated or located to isolate it| from flue-gas
heat or other ambient conditions that are not indicative ‘of stored-water temperature.

19.2.8 A safety limit control that functions to interrupt the delivery of fuel for combustion by opening an
electrical circtiit shall be arranged to effect'the direct opening of that circuit, whether|the switching
mechanism is|integral with or remote from>\the sensing element.

19.2.9 A limit|control shall be provided-with a fixed stop that complies with the Limit-Contrgl Cutout Test,
Section 40.
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19.3 Water-temperature regulating control

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

system of a w

Exception:

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

When the temperature-regulating 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).

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

19.3.3 A temperature-regulating control is one that has been investigated and found acceptable for

20000 1

mechanical or

continuous o
electrical bred
result of the c

19.3.4 A tem
a 130°F (54.4
”"Low-Medium

20 Field Wiri

20.1 A water

National Electyical Code, NFPA 70-1993.

20.2 The locq
permit these ¢

20.3 The con
the cover of th
such use may

20.4 The sizs
not be less th
conductor, an
that accordin
conductor th
anticipated at

ng

E'H 2l ol [l ot Ll ol f £ FH H 1N '
ratorT o ratct ettt a 10at 10T 90,000 Cy Ui SO Optratorwit oot arty

kdown, impairment of operation, or any apparent damage. Any change in(c
pntinued operation test shall not exceed £10°F (£5.6°C).

perature regulating control shall be set at the factory to a control pesition co
C) or lower setting. This setting may be approximate as in the case of a marfk
High” or the equivalent, instead of directly in °F or °C.

heater shall have provision for connection of &/ wiring system in accord

tion of an outlet box or compartment in which field wiring connections are to
onnections to be inspected after the equipment is installed as intended.

nections are to be accessible without removing parts other than a service cove
e outlet box or compartment inkwhich the connections are made. A compone
serve as a cover.

of a junction box in whieh field-installed conductors are to be connected by
an that specified in\Table 20.1. A conductor passing through the box is cq

to the Natiohal Electrical Code, NFPA 70-1993, 14 AWG (2.1 mm?) ig
may be used’ for branch-circuit wiring, and thus is the smallest conducto
a terminalfor the connection of a power-supply conductor.

blibration as a

responding to

ing that reads

ance with the

be made shall

r or panel and
ht intended for

splicing shall
unted as one

| each conductor(terminating in the box is also counted as one conductor. It should be noted

the smallest
I that may be
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Table 20.1
Size of junction boxes

Size of conductors Free space within box for each conductor,
AWG (mm?) cubic inches (cmd)
16 or smaller (1.3 or less) 1.5 (24.6)
14 (2.1) 2.0 (32.8)
12 (3.3) 2.25 (36.9)
10 (5.3) 2.5 (41.0)
8 (8.3) 3.0 (49.2)

20.5 A knockout for connection of a field-wiring system to a terminal box or compartment shall

accommodateconduitof thetrade size specified i T able 20-2-
Table 20.2
Trade size of conduit in inches (mm od)
Wire size Number of wires
AWG (mnyP) 2 3 4 5 6
14 2.1 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 2 (21.3) 1P (21.3)
12 (3.9 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) 3p (26.7)
10 (5.9 1/2 (21.3) 1/2 (21.3) 1/2 (213) 3/4 (26.7) 34 (26.7)
NOTE - This talple is based on the assumption that all conductors will be of\thersame size and there will not bel more than six
conductors in thg conduit. If more than six conductors will be involved o if ‘alt of them are not of the same size, [the internal
cross-sectional grea of the smallest conduit that may be used is determined by multiplying by 2.5 the total crosg-sectional area
of the wires, baged on the cross-sectional area of Type THW wire.

20.6 Wiring te¢rminals or leads not less than 6 inches (152 mm) long shall be provided for
nductors of at least the size required by the National Electrical Code, N

field-wiring cd
corresponding

Exception: A
might result in

20.7 Alead i

the lead may pe transmitted (toyterminals, splices, or internal wiring if such stress may cad

separate fro

Test, Section §9.

20.8 A termingl or lead intended to be connected to the grounded conductor of the supply g

be electricall

to the marked rating of the asseémbly.

lead may be less than 6rnches (152 mm) long if it is evident that the use o
damage to the lead insulation.

tended for conngction to an external circuit shall be provided with strain rel

its termination* or may result in damage to the lead from sharp edges. Ses

connected to a single-pole manual switching device that has an off pg

connection of
FPA 70-1993,

[ a longer lead

ef if stress on
se the lead to
b Strain Relief

ircuit shall not
sition or to a

single-pole overcurrent (not iInherent overheating) protective device.

20.9 At terminals, stranded conductors shall be prevented from contacting other uninsulated live parts
and from contacting dead metal parts. This may be accomplished by using a pressure-terminal connector,
soldering lug, crimped eyelet, soldering all strands of the wire together, or equivalent means. An open
slot-type connector shall not be used unless it is constructed to reduce the likelihood of disconnection
resulting from loosening of the clamping means. The shank of a terminal connector shall be protected by
insulating tubing, or the equivalent, if the required spacings may be reduced as a result of loosening of
the clamping means. The insulation on the shanks shall not be less than 0.028 inch (0.71 mm) thick.
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20.10 A lead provided for a spliced connection to an external high-voltage circuit shall not be connected
to a wire-binding screw or pressure terminal connector located in the same compartment as the splice and
shall not be visible to the installer, unless:

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

b) The lead is insulated at the unconnected end.
20.11 Terminal parts by which field-wiring connections are made shall consist of soldering lugs or
pressure terminal connectors, secured in place as specified in 20.16, except that for 10 AWG (5.3 mm?)

and smaller wires, the parts to which wiring connections are made may consist of clamps or wire-binding
screws with cupped washers, terminal plates having upturned lugs, or the equivalent, to hold the wire in

position.

20.12 A wire-
No. 10.

Exception No

(2.1 mm?).

Exception No
control-circuit

20.13 A termi
for a 14 AWG
than 14 AWG

20.14 A term
extruded at th

20.15 A wire-
20.16 Field-w
between surfg
spacings to lg|

a) Tw

b) Sq

pinding screw at a high-voltage wiring terminal for field connection shallhot b
1: A No. 8 screw may be used for the connection of a conductor not larger,
2: A No. 6 screw may be used for the connection of 6 or 18 AWG (1.3

conductors.

hal plate for a wire-binding screw shall be of metal not less than 0.030 inch ((
(2.1 mm?) or smaller wire, and not less than~0.050 inch (1.27 mm) thick fo

(2.1 mm?). There shall not be less than twd-full threads in the metal.

nal plate formed from stock havingche minimum required thickness may h
e tapped hole for the binding screws to provide two full threads.

binding screw shall thread inte-metal.

iring terminals shall be ‘secured to their supporting surfaces by means othe
ces so that they cannot turn or shift in position if such motion may result i
5s than those required. This may be accomplished by:

O SCrews or.rivets;

uare shoulders or mortices;

e smaller than

than 14 AWG

or 0.82 mn?)

.76 mm) thick
I a wire larger

ave the metal

br than friction
n reduction of

c) A gowel pin, lug, or offset;

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

e) So

me other equivalent method.
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20.17 A conductor provided for connection of a grounded conductor shall be finished a white or gray. No
other leads, other than grounded conductors, shall be so identified. A terminal for connection of a
grounded conductor shall be of or plated with metal substantially white in color and shall be readily
distinguishable from other terminals, or it shall be identified in some other manner, such as on an attached
wiring diagram.

20.18 Wiring exterior to a heater between the burner assembly and a limit control, a safety combustion
control, or a motor controller, that can be done readily with Type T wire enclosed in conduit or with
metal-clad cable in accordance with these requirements, need not be furnished by the manufacturer as
part of the heater if instructions for installing such wiring are furnished with each water heater. See 21.4.

20.19 A box or enclosure included as part of the assembly and in which a branch circuit supplying power

the unit. This

to the heater
requirement d
flexible metall

H + L. ool kball e H ot o3 L af H .Y £
o U UU UUTITICULTU  ol'idait 11Ut IU\.;IUIIU uaicat 1 VO TTTIUVOU TUT TTIAairneoeriarioc Ul
oes not apply to separate limit controls and stack switches to which metal
c conduit is to be directly attached.

20.20 A box ¢r enclosure in which field-installed conductors are to be connected shall be |

the temperaty
conductors wi
the requireme|

20.21 Except
attached to th
these requiren

re of conductors within the box or surfaces of the box likely to be in co
I not exceed that specified for Type T wire when the heaterjs’tested for cg
hts in this standard.

as noted in 21.4, wiring to be connected in the fieldybetween the heater ar
e heater or between separate devices that are field-installed and located sha
nents if done with Type R wire enclosed in conduit or with metal-clad cable.

21 Internal Wiring

21.1 The wiri
21.26.

ng of high-voltage and safety-control>Circuits shall comply with the requirem

21.2 Insulated conductors having ampacity; voltage, and temperature ratings consistent

shall be provi
AWG (0.82 m

21.3 Except @

led. A conductor, other than’an integral part of a component, shall not be s
2
m <).

s noted in 20.18( the wiring for all heater circuits shall be furnished by the m

part of the water heater. If the heater is not assembled and wired at the factory, such

provided as a
assembled, ir
included with

21.4 If insula

harness with\each heater and shall be arranged to facilitate attachment whe
which case a pictorial diagram showing the exact arrangement of the
bach_heater.

ed_conductors rated for use at temperatures higher than 60°C (140°F) ar

-clad cable or

bcated so that
ntact with the
mpliance with

d devices not

1l comply with

ents in 21.2 —

with their use
maller than 18

anufacturer as
viring shall be
h the heater is
iring shall be

e required for

compliance w
on the heater

Exception:

assembly.

chimney connector.

th these requirements, the devices to be connected by such wiring shall be factory located

The requirement does not apply to a primary safety control to be field-installed on the
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21.5 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 other than the wiring when the part is moved for servicing. Any allowable movement
of such part shall not stress the wiring or its connections.

21.6 Except as noted in 21.18 and 21.19, conductors shall be enclosed within conduit, electrical metallic
tubing, metal raceway, electrical enclosure, or metal-clad cable.

21.7 Some wiring materials acceptable for use if enclosed as specified in 21.6 are given in Group A of

Table 21.1.
Table 21.1
Typical wiring materials
Group Type of wire, cord, cable or appliance Wire size Insulation thickness
wiring material with insulation 2
thicknesses shown at the right AWG (mm?) Inch (mm)
corresponding to wire sizes specified?
10 and 5.3 2/64 0.8
smallef
8 8.4 3/64 1.2
6 13.3 4/64 1.6
RF-2, FF-2, FFH-2, TF, TFF, TFN, TFFN, 4 210 4/64 1.6
SF-2, SFF-2, RH, RHH, RHW, RUH,
A RUW, T, THW, XHHW, MTW, THW- 3 26.7 4/64 16
MTW, THWN, TW or thermoplastic 2 33.6 4/64 16
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
SO, ST,\SJO, SJT, or appliance wiring 14 21 5/64 2.0
B material with thermoplastic or neoprene 12 3.3 5/64 20
igs)ation. 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?2) 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.

21.8 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.


https://ulnorm.com/api/?name=UL 732 2018.pdf

JANUARY 31, 2018 OIL-FIRED STORAGE TANK WATER HEATERS - UL 732 21

21.9 Flexible metal conduit shall be mechanically secured at intervals not exceeding 4-1/2 feet (1.37 m)
and within 12 inches (0.31 m) on each side of every junction box except for lengths not over 36 inches
(0.91 m) where flexibility is necessary.

21.10 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.

21.11 A splice shall be provided with insulation equivalent to that required for the wires involved if
permanence of spacing between the splice and other metal parts may not be maintained.

21.12 A splicing device, such as a fixture-type splicing connector, pressure wire connector, or the like,
may be emplg

P I S H lods ol £ EY N 14 ES hick i & i ol 1
yeu T it raS mSuration aCCepPTtaoteTOT U e vOtageto—winC 1t 15— STUjeCteCOTTT

splice insulat

consideration is to be given to such factors as its dielectric properties, _heat-i
moisture-resig

acceptable.

21.13 A splic
which high-vo

21.14 A splic
motion, or vib

in the compari

21.15 A cond
metal-clad ca

on consisting of coated fabric, thermoplastic, or other type of tubingli

b is to be enclosed by installation in a junction box, control*beX, or other ¢

b shall be located, enclosed, and supported so thatyit is not subject to da
ation. A splice in an enclosed machinery compartment is to be secured to a
ment so that it is not subject to movement or damage during servicing.

uctor shall be protected at all points where conduit or metal-clad cable

clamp shall bg constructed so that the insulating.bushing or its equivalent will be visible fo

21.16 The co
provide a rigig
shall be free f

mechanical assembly and will maintain electrical conductivity. The interior
fom burrs and sharp corners or edges that may damage the insulation on wi

21.17 All wiring shall be supportedhand routed to prevent damage from sharp edges or m

21.18 Factory
assembly with
provided all o

a) Iti

wiring involving a potential of not more than 300 volts between parts attachg
a predetermined fixed relationship one to the other may be done with Type S
the following conditions are met:

5 net practical to do the wiring in accordance with 21.7.

tage wiring materials as specified in Group A of Table 21%]1 may be employq

nstruction of a wireway shall bé-such that the interconnection of sections g

determining if
s acceptable,
esistant and

tant characteristics, and the like. Thermoplastic tape wrapped over & sharfp edge is not

bmpartment in
d.

mage, flexing,
fixed member

terminates. If

ble is used, an insulating bushing or its, equivalent shall be provided and the connector or

" inspection.
nd fittings will
bf the wireway
res.

bving parts.

d to the same
O or ST cord,

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

servic

e.

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

relief i

s provided.
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21.19 A cord or appliance wiring material specified in Group B of Table 21.1 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.

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.

c) 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

openi

d) Og
baffles

e) If g
wiring
21.20
21.20 With re

HF-2 in accor
and Appliancg

21.21 A cord
arranged so t

shall be provigled.

21.22 A hole
smooth, round
so that the ing
fiber, or equiv|

21.23 A fiber

b are placed between the wiring and the openings.

ference to 21.19(e), plastic materials shall be classified~as Type V-0, V-1, V-2
Hance with the Standard for Tests for Flammability/of Plastic Materials for Pa

Iy.
enings are not closer than 6 inches (152 mm) to the wiring unless metallic b

ombustible material other than electrical insulation is located within the com
is separated from such material and the material has the characteristics spq

s, UL 94, and other nonmetallic materials shalkfiave equivalent characteristi
and other wiring material acceptable incaecordance with 21.19 shall be s

nat it will not be damaged, such as by:closely following surfaces. Strain reli

in a wall or partition through which insulated wires or cords pass shall be p
ed bushing or shall have smoboth, rounded surfaces upon which the wires or ¢
ulation will not be abraided.»A bushing shall be ceramic, phenolic, cold-molde
hlent material.

bushing shall:
t be less than'3/64 inch (1.2 mm) thick;

located-so that it will not be exposed to moisture; and

arriers or

bartment, the
cified in

, BV, HF-1, or
rts in Devices
CS.

upported and
ef, if required,

rovided with a
ords may bear
 composition,

c) No

t ‘be employed where it will be subjected to a temperature higher than 90°C

194°F) under

normal operating conditions.

21.24 Except as indicated in 21.25, conductors of motor circuits having two or more motors (one or more
of which have thermal or overcurrent protection) wired for connection to one supply line shall withstand

the Short Circ

uit Test, Section 46, without creating a risk of fire or electric shock.
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21.25 Conductors that comply with the following are considered acceptable without test.

a) Conductors that have an ampacity of not less than one-third the ampacity of the required
branch-circuit 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.

21.26 FaCtOl’) VV;I;IIH ;II [=} :UVV VU:tGBU DGfUty U;qu;t Illa.y bc.
a) SH-2 cord having all-neoprene insulation;

b) SHT-2 cord of appliance wiring material having neoprene, thermoplastic, or eqyally durable
insulation of equivalent thickness; or

c) Low-energy safety control wire, if such wiring is located in a‘cavity or compartnjent of an
applighce and is shielded from damage.

22 Separation of Circuits

22.1 Unless provided with insulation for the highest voltage”involved, insulated conductgrs of different
internal wiring|circuits shall be separated by barriers orshall be segregated; and shall, in any case, be so
separated or pegregated from uninsulated live parts,connected to different circuits or ogposite-polarity
parts of the sgame circuit.

ion of insulated conductors assspecified in 22.1 may be accomplished by clamping, routing,
or equivalent means that maintains permanent separation from insulated or uninsulated |ive parts of a
22.3 Field-ingtalled conductors of ‘any circuit shall be segregated or separated by barriers [from:

a) Figld-installed and_factory-installed conductors connected to any other circuit, unless the
conductors of both.circuits are insulated for the maximum voltage of either circuit.

b) Unlinsulatedlive parts of any other circuit.

¢) Any‘uninsulated live parts, the short-circuiting of which may result in the risk of|fire, electric
shock, or injury to persons, except that a construction in which field-installed conductors may
make contact with wiring terminals is acceptable, provided that Type T, RF-2, or equivalent
conductors are or will be installed when wired in accordance with the National Electrical Code,
NFPA 70-1993.
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22.4 Segregation of field-installed conductors from other field-installed conductors and from uninsulated
live parts of the heater connected to different circuits may be accomplished by arranging the location of
the openings in the enclosure for the various conductors, with respect to the terminals or other uninsulated
live metal parts, so that there is no likelihood of the intermingling of the conductors or parts of different

circuits.

a) If the number of openings in the enclosure does not exceed the minimum requi

red for the

intended wiring of the heater and if each opening is located opposite a set of terminals, it is to
be assumed, for the purpose of determining compliance with 22.3, that the conductors entering

an opening will be connected to the terminals opposite that opening.

b) If more than the minimum number of openings are provided, the possibility is t
investigatesd A He-at-peints-othe TRTIORTS .

ected and contacting insulated conductors or uninsulated live)y
cted to a different circuit.

22.6 A metal barrier shall have a thickness not less than that.specified in Table 26.1 bas
of the barrier.|A barrier of insulating material shall not be less than 0.028 inch (0.71 mm)
be thicker if it deformation may defeat its purpose. Any-clearance at the edges of a barri
more than 1/16 inch (1.6 mm) wide.

22.7 Openings in a barrier for the passage of eanductors shall not be larger than 1/4 ing

o be
which they are

barts

as it would
sure, and no
artment.

conductors, it

bd on the size
hick and shall
br shall not be

h (6.4 mm) in

diameter and ghall not exceed in number, onsthe basis of one opening per conductor, the nyimber of wires

that will need o pass through the barrier. Fhe closure for any other opening shall have a s
wherever an ihsulated wire may contaetit;"and the area of any such opening, with the clo
shall not be Igrger than required for the‘passage of the necessary wires.

23 Bonding for Grounding

23.1 An exposed or accessible dead metal part that may become energized and that may

mooth surface
sure removed,

be contacted

by the user of by serviee~personnel during service operations that are likely to be perforined when the

equipment is gnergized; shall be electrically connected to the point of connection of an equi

bment ground.

23.2 Except dsnoted in 23.3, uninsulated metal parts of cabinets, electrical enclosures, mo

or frames and

mounting brackets, controller mounting brackets, capacitors and other electrical
interconnecting tubing and piping valves, and the like shall be bonded for grounding if
contacted by the user or service personnel.

23.3 Metal parts, as described below, need not be grounded.

components,
they may be

a) Adhesive attached metal-foil markings, screws, handles, and the like, that are located on the
outside of enclosures or cabinets and isolated from electrical components or wiring by grounded

metal parts.

b) Isolated metal parts, such as a magnet frame and armature, small assembly screws, and the

like that are separated from wiring and uninsulated live parts.
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c) A panel or cover that does not enclose uninsulated live parts if insulated parts and wiring are

separ

ated from the panel or cover.

d) A panel or cover that is insulated from electrical components and wiring by an attached
insulating barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar material

not le

ss than 1/32 inch (0.8 mm) thick.

23.4 If a component, such as a switch, is likely to become separated from its grounding means for
purposes of testing or adjustment while the equipment is energized, it is to be provided with a grounding

conductor not
23.5 A splice

23.6 Metal-to

23.7 A sepafate bonding conductor shall be of material rated for use as an electri

Ferrous-metal

plating, or eqy

a) Be

outer

b) Nd

groun
of the

23.8 The bon

connection, o

requiring removal for such service.

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

metal hinge bearing members are acceptable as a means for bonding a door

parts in the grounding path shall be protected against corrosion by-enhamelin
ivalent means. A separate bonding conductor or strap shall:

enclosure or frame; and
t be secured by a removable fastener used for any purpose other than bond

fastener.

by welding, soldering, or brazing with materials having a softening or meltin

than 454°C (850°F). The bonding connection shall penetrate nonconductive coatings su

vitreous enam

23.9 A conne
acceptable if
degree of con
exposure to th

el.

ction that depends upon\the clamping action exerted by rubber of similg
t complies with the requitrements in the Bonding-Conductor Test, Section
pression permitted.by. a variable clamping device and if the results are still ag
e effects of oil, gfease, moisture, and thermal degradation that are likely to od

The effect of assembling and_disassembling for maintenance purposes, such a clamping g

considered wi|
position.

23.10 If bond
engage the m

th respect«torthe likelihood of the clamping device being reassembled i

Hing unless the bonding conductor is unlikely toxbe omitted after removal and

ding shall be by a positive means, such as by clamping, riveting, bolte

for grounding.

al conductor.
D, galvanizing,

protected from mechanical damage, such as by being logated within the confines of the

ng for
| replacement

d or screwed
g point higher
ch as paint or

r materials is
50, under any
ceptable after
cur in service.
evice is to be
n its intended

ng.depends on screw threads, two or more screws or two full threads of a sin
Etal)

gfle screw shall

23.11 The size of a conductor or strap employed to bond an electrical enclosure or motor frame shall be
based on the rating of the branch-circuit overcurrent device to which the equipment will be connected. The
size of the conductor or strap shall be as specified in Table 23.1 unless a smaller size conductor or strap

is found to be

acceptable when subjected to the Bonding Conductor Test, Section 50.
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Table 23.1
Bonding wire conductor size

Rating of overcurrent Size of bonding conductor?
device, amperes Copper wire Aluminum wire
AWG (mm?) AWG (mm?)
15 14 (2.1) 11 (3.3)
20 12 (8.3) 10 (5.3)
30 10 (5.3) 8 (8.4)

2 Or equivalent cross-sectional area.

23.12 A bonding conductor to a component or electrical enclosure is not required to be larger than the
size of the co i Tt

protection for the component bonded by the conductor. For example, if a motors individdally protected
by a branch-c|rcuit overcurrent device smaller than other overcurrent devices used with thg equipment, a
bonding conductor for that motor is to be sized on the basis of the averCurrent devicg¢ intended for
ground-fault protection of the motor.

23.14 The following are acceptable connections to a ground:

a) In pquipment intended to be connected to a metakenclosed wiring system — a knockout or
equivalent opening in a metal enclosure intended-io‘receive the power-supply system.

b) In pquipment intended to be connected by, a'nonmetal enclosed wiring system,[for example,
metaliclad cable — an equipment-grounding@ terminal or lead.

23.15 A terminal for connection of an equipment-grounding conductor shall be located in the field-wiring
compartment pnd shall be acceptable for.connection of a conductor of the size required by the National
Electrical Code, NFPA 70-1993.

23.16 A soldgring lug, a push-in«screwless) connector, or a quick-connect or similar friction-fit connector
shall not be uged for the terminal for the field-installed grounding conductor.

23.17 A wire-pinding scréw.intended for the connection of an equipment-grounding condugtor shall have
a green-colorgd head-that is hexagonal, slotted, or both. A pressure terminal connector intended for
connection of [such_a.eonductor shall be identified by being marked G, GR, GROUND, GROUNDING, or
by a marking ¢n @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.
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23.18 The surface of an insulated lead intended solely for the connection of an equipment-grounding
conductor shall be finished a continuous green color or a green with one or more yellow stripes, and no
other leads visible to the installer shall be so identified.

ELECTRICAL

24 General

COMPONENTS

24 .1 Electrical components and wiring shall be arranged to reduce the likelihood of oil or water dripping
or running on them during usage or from a connection required to be uncoupled for servicing the

appliance.

24.2 An attac

of the circuit 4
25 Mounting

25.1 A switch

prevented fromn turning.

Exception No.

a) Th
switch

switch.

b) Th

switch.

c) Th

d) Th
perso

Exception No
indicator light
rotation cannd

25.2 The med
washer that

3 1 Ll €3 ball + L P~ H ik of Ll .
LA~ LY pluy vl d oLppalravivc LCUTTITITULIUT ol fdil TTUL YT uoTU T a LITLUTU 1T Ui vTod

y the device may result in a risk of fire, electric shock, or injury to personst
of Electrical Components

, fuseholder, lampholder, or similar component shall be mounted securely

1: A switch need not be prevented from turning if all four of the following cond
e switch is of a plunger or other type that does nbét ténd to rotate when oper
is considered to be subject to forces that tend.to turn the switch during ope

e means for mounting the switch is unlikely to loosen as a result of operatio

e spacings are not reduced below the required values if the switch rotates.

e operation of the switch-is\by mechanical means rather than by direct conta
ns.

2: A lampholder(of the type in which the lamp cannot be replaced, such as
in which the lamp is sealed in a nonremovable jewel, need not be prevented
t reduce spacings below the required values.

ns forpreventing turning is to consist of more than friction between surfaces.

King or making

and shall be
itions are met:
hted. A toggle

ration of the

0 of the

ct by

B neon pilot or
from turning if

A toothed lock

brovides both spring takeup and an interference lock is acceptable as t

preventing a

he means for

small stem-mounted switch or other device having a single-hole mounting means from

turning.

25.3 An uninsulated 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.
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26 Electrical Enclosures

26.1 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.

26.2 Sheet metal of the thickness specified in Table 26.1 or 26.2 is acceptable for the individual enclosure
of electrical components.

26.3 Among the factors taken into consideration when judging the acceptability of an enclosure are:

a) Mgehanicat-strength:

b) Rgsistance to impact;

c) Maqisture absorptive properties;
d) Cdmbustibility;

e) Rgsistance to corrosion; and

f) Resistance to distortion at temperatures to which the.enclosure may be subject¢d under
condifions of normal or abnormal use.

For a nonmefallic enclosure or part of an enclosure,.al~these factors are considered wWith respect to
thermal and chemical aging.

26.4 If the copstruction and location of the component and the strength and rigidity of thg outer cabinet
warrant, an individual enclosure of metal thinfer than specified in Table 26.1 or 26.2 may|be employed.

26.5 A terminal housing of a motor, to*which connections are to be made in the field, shall be of metal
and shall be dized in accordance with‘the National Electrical Code, NFPA 70-1993.

26.6 A steel |lenclosure shall be “protected against corrosion by painting, plating, or other equivalent
means.

26.7 Sheet metal to which a wiring system is to be connected in the field shall not be less than 0.032 inch
(0.81 mm) thigk if uncoated steel, not less than 0.034 inch (0.86 mm) thick if galvanized [steel, and not
less than 0.045 inch(1.14 mm) thick if nonferrous.

26.8 If threads for the connection of conduit are tapped all the way through a hole in an enclosure wall,
or if an equivalent construction is employed, there shall not be less than three nor more than five threads
in 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.
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26.9 In an enclosure intended to be supported by rigid conduit, the threaded opening for connection to
the conduit shall be provided with at least five full threads.

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

26.11 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.

essentially the s

with spring clips

Table 26.1
Thickness of sheet metal for enclosures, carbon steel of stainless steel
Without gupporting frame? With supporting frame or equivalent Minimum thickness-if] inches (mm)
reinforcing?
Maximum wid{h® | Maximum length® | Maximum width® | Maximum length Uncoated (MSG) Metal coated
inches (crl) inches (cm) inches (cm) inches (cm) (GSG)
4.0 (10R) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 023 (0.58)
4.75 (12f1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (15R) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 029 (0.74)
7.0 (178) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8)
8.0 (20B) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 034 (0.86)
9.0 (22)9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6)
12,5 (31B) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 045 (1.14)
14.0 (358) 18.0 (45.7) 21.0 (53.3) 25:0 (63.5)
18.0 (4547) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 056 (1.42)
20.0 (508) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (55P) Not limited 33.0 (83:8) Not limited 0.060 (1.52) 063 (1.60)
25.0 (63F) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2)
25.0 (636) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 070 (1.78)
29.0 (73]7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 (831B) Not limited 5170 (129.5) Not limited 0.080 (2.03) 084 (2.13)
35.0 (889) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6)
42.0 (106,7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 097 (2.46)
47.0 (1194) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4)
52.0 (1391) Not timited 80.0 (203.2) Not limited 0.108 (2.74) 111 (2.82)
60.0 (1524) 74Q (188.0) 84.0 (213.4) | 103.0  (261.6)
63.0 (160L0) NoOt limited 97.0 (246.4) Not limited 0.123 (3.12) 126 (3.20)
73.0 (185 4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6)
a A supporting fras

ame outside dimensions as the enclosure surface and that has sufficient torsional rigidity to resist the bending
moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to have

equivalent reinforcing may be accomplished by designs that will produce a structure that is as rigid as one built with a frame of
angles or channels. Construction considered to be without supporting frame includes a single sheet with single formed flanges
(formed edges), a single sheet that is corrugated or ribbed, and an enclosure surface loosely attached to a frame, for example,

b The width is the smaller dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.
¢ For a panel which is not supported along one side, for example, a panel of a box, the length of the unsupported side shall be
limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) wide.
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Table 26.2
Thickness of sheet metal for enclosures of aluminum, copper, or brass
Without supporting frame? With supporting frame or equivalent reinforcing? Minimum
. . . . . . thickness,
Maximum width®? Maximum length® Maximum width? Maximum length inches
inches (cm) inches (cm) inches (cm) inches (cm) (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023
3.5 (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) 13.5 (34.3) (0.74)
6.0 (15.2) Not limited 14.0 (35.6) Not limited 0.036
6.5 (165) 80 (20-3) 50 (381 870 45°7) (0.91)
8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045
9.5 (24.1) 115 (29.2) 21.0 (53.3) 25.0 (63.5) (1.14)
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 (73.7) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1) (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) Not limited 0.153
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89)
a A supporting flame is a structure of angle or channel or a folded*igid section of sheet metal that is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface,and that has sufficient torsional rigidity to resist the bending
moments that mpy be applied via the enclosure surface when(ityis deflected. Construction that is considered to have equivalent
reinforcing may pe accomplished by designs that will produce*a structure which is as rigid as one built with a frgme of angles or
channels. Constfuction considered to be without supparting frame includes a single sheet with single formed flapges (formed
edges), a single|sheet which is corrugated or ribbed,(and an enclosure surface loosely attached to a frame, such as with spring
clips.
b The width is the smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacent syrfaces of an
enclosure may Have supports in common and be made of a single sheet.
¢ For a panel that is not supported along-one side, for example, a panel of a box, the length of the unsupported|side shall be
limited to the dipensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 njm) wide.

26.12 A plate

a) 0.¢
hole H

or plug foran*unused conduit opening or other hole in the enclosure shall no

14 inch~(0.36 mm) thick if steel or 0.019 inch (0.48 mm) thick if nonferrous r
avingya 1/4 inch (6.4 mm) maximum dimension; and

t be less than:

netal for a

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 a larger hole shall have a thickness equal to that required for the enclosure of the device or
a standard knockout seal shall be used. Such a plate or plug shall be securely mounted.
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26.13 The enclosure shall reduce the likelihood of the emission of molten metal, burning insulation,
flaming particles, or the like through openings onto combustible material, including the surface on which
the equipment is mounted.

26.14 If insulating material other than electrical insulation is provided within the enclosure, consideration
is to be given to the burning characteristics and combustibility of the material, and the proximity of an
ignition source.

26.15 All intended mounting positions of the appliance are to be considered when determining
compliance with the requirements in 26.13.

26.16 A junction box that is formed in part by another part, such as a fan scroll or a motor casing, shall
fit so that:

b) An
not p4

26.17 An ope|
Parts, Film-Cqd

26.18 During

that may be r¢moved without the use of a tool is to be removed.

26.19 A cove
securing it in

26.20 A hingsd

or swinging d

cover, or by €

26.21 The as

intended func

without remoV

26.25.

26.22 A requ
door or cover

Exception:

T

opening between the box and motor frame having a dimension exceeding 1
vill not permit the entrance of a flat feeler gauge, 5/64 by 1/2 inch (2.0lby 12

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

hing in an electrical enclosure shall comply with Section 27, Accessibility of Ur
ated Wire and Moving Parts.

the examination for compliance with the requirements of 26.17, any part of
[ or access panel of an enclosure for uninsulated live parts shall be provided
blace.

d or pivoted panel or cover shall-be positioned or arranged so that it is not sy
Lle to gravity or vibration insuch a manner as to cause injury to persons b
Xposing moving parts or-uninsulated live parts.

sembly shall be arranged so that an overcurrent-protective device, such 3

ion of which requires renewal, can be replaced or a manually-reset device
ng parts other'than a service cover or panel, and a cover or door enclosing t

red protective device shall be inaccessible from outside the appliance with

2 inch (12.7
7 mm) wide.
1/2 inch will
insulated Live
the enclosure

vith means for

bject to falling
y the panel or

s a fuse, the
can be reset
e device. See

put opening a

he operating handle of a circuit breaker, the operating button of a manua

ly reset motor

protector, the reset button of a manually reset pressure switch, and similar parts may project outside the
appliance enclosure.

26.23 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.
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26.24 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.

26.25 The door or cover of an enclosure shall be hinged if it gives access to fuses or any motor overload
protective device, the intended functioning of which requires renewal, or if it is necessary to open the
cover in connection with the intended operation of the protective device such as resetting a manually reset
overload-protective device, except as indicated in 26.26.

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

a) Cantrol-circuit fuses rated 2 amperes or less, provided the fuses and COI’]tI’O|—Cil|CUit loads
(other{than a fixed control-circuit load, such as pilot lamp) are within the saméyendosure; or

b) Extractor-type fuses if each has its own enclosure; or
c) Fupes in low-voltage circuits.

26.27 A hinged cover, if required, shall not depend solely upon screws-or other means requiring the use
of tools to holfl it closed, but shall be provided with a catch or spring:latch.

26.28 A spring latch, a magnetic latch, a dimple, or any otherxmechanical arrangement that will hold the
door in place and would require some effort to open is an acceptable means for holding the door in place
as required by 26.27.

26.29 A door|or cover giving direct access to fuses'in other than low-voltage circuits shgll shut closely
against a 1/4-|nch (6.4-mm) rabbet or the equivalent, or shall have either turned flanges forl the full length
of four edges jor angle strips fastened to it. Flanges or angle strips shall fit closely with the|outside of the
wall of the box proper and shall overlap:the edges of the box not less than 1/2 inch [(12.7 mm). A
construction that provides equivalent protection, such as a fuse enclosure within an outer gnclosure, or a
combination of flange and rabbet, is.acceptable.

26.30 Strips used to provide rabbets, or angle strips fastened to the edges of a door, shalllbe secured at
not less than {wo points not more than 1-1/2 inches (38.1 mm) from each end of each strip| and at points
between thes¢ end fastenings not more than 6 inches (152 mm) apart.
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27 Accessibility of Uninsulated Live Parts, Film-Coated Wire and Moving Parts
27.1 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):

1) For an opening that has a minor dimension (see 27.5) less than 1 inch (25.4 mm),
such a part or wire shall not be contacted by the probe illustrated in Figure 27.1.

art or wire

Lo A N
~) Tur arrvpotn

shall be spaced from the opening as specified in Table 27.1.

ot L i ~H H £ 4 [N 12N
IIy Uidl TTido A 1TV UnmieTioivimT uUrn T 1TTel T VT T1NuTS, ouvvlihT A

Exception: Almotor need not comply with these requirements if it complies with the requirdments in 27.2.
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Figure 27.1
Probe for uninsulated live parts
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Table 27.1
Minimum acceptable distance from an opening to a part that may involve a risk of electric shock
Minor dimension? of opening, Minimum distance from opening to part,
inches (mm) inches (mm)P
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)
2-1/8 (54.0) 17-1/2 (444)
d d 30 (762)
@ See 27.5.
b Between 3/4 |nch and 2-1/8 inches, interpolation is to be used to determine a value between values specifieq in the table.
¢ Any dimension less than 1 inch applies to a motor only.
d More than 2-1/8 inches, but not more than 6 inches (152.0 mm).

27.2 With respect to a part or wire as mentioned in 27.1, in an integral enclosure of a moton as mentioned
in the Exceptipn to 27.1:

a) Anl opening that has a minor dimension (see 27.5) less than’3/4 inch (19.1 mm) is
acceptable if:

1) A moving part cannot be contacted by the probe illustrated in Figure 27.2;
2) Film-coated wire cannot be contactetby the probe illustrated in Figure|27.3;

3) In a directly accessible motor-(S§ee 27.7), an uninsulated live part canngt be
contacted by the probe illustrated in Figure 27.4; and

4) In an indirectly accessible motor (see 27.6), an uninsulated live part capnot be
contacted by the probe jllustrated in Figure 27.2.

b) Anl opening that has a.minor dimension of 3/4 inch (19.1 mm) or more is accegtable if a part
or wirg is spaced from(the opening as specified in Table 27.1.
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Figure 27.2
Probe for moving parts and uninsulated live parts

ANY CONVENIENT LENGTH
1/2 INCH DIA.
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Figure27.3
Probe for film coated wire

=— ANY CONVENIENT LENGTH
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Figure 27.4
IEC Articulate probe
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27.3 The prolyes mentioned in 27.1 and 27.2 and illustrated in Figures 27.1 — 27.4 shall be
depth that th¢ opening will permit; and shall be.¥otated or angled before, during, and

through the opening to any position that is negessary to examine the enclosure. The probe
nd 27.4 shall be applied in any-possible configuration; and, if necessary, the

Figures 27.1
shall be changed after insertion through-the opening.

27.4 The pro
accessibility p|
to be applied

fovided by an opening, and not as instruments to judge the strength of a ma
ith the minimum-force necessary to determine accessibility.

27.5 With ref

opening.

ni

bes mentioned in 27.3. and 27.5 shall be used as measuring instruments

erence tosthe' requirements in 27.1 and 27.2, the minor dimension of an ¢
diameter of the largest cylindrical probe having a hemispherical tip that can be inserte

applied to any
after insertion
s illustrated in
2 configuration

to judge the
erial; they are

pening is the
d through the

276 Wlth ref\:rr\hnr\ o tha v ivn

manta 1n
THCT o tCToqumroTerto T

7 9
1=

ndiracthy ansncainiA maAtAr 10 o
o CCty Tt oomoCoto—To™

o
L

a) That is accessible only by opening or removing a part of the outer enclosure, s
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
be contacted.

uch as a

s unlikely to
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27.7 With reference to the requirements in 27.2, a directly accessible motor is a motor:

a) That can be contacted without opening or removing any part; or

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

27.8 During the examination of a product to determine whether it complies with the requirements in 27.1
or 27.2, a part 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.

27.9 With reference to the requirements in 27.1 and 27.2, insulated brush caps are not required to be
additionally enclosed.

28 Motors alld Motor Protection

28.1 A motor]
thereof.

28.2 An over
the National B

a) A

selected to trip at not more than the following percent of/the motor full-load curren
Motors with a marked service factor not lessthan 1.15................... 125 per
Motors with a marked temperature rise*not over 40°C (72°F)......... 125 perq
All other MOTOIS. ... e 115 perc

For a
is to b

shall be protected by an integral thermal- or overload-protective device, @

oad-protective device as referred to in 17.1 is one that compliés with the rg
lectrical Code, NFPA 70-1993, as follows:

beparate overload device that is responsive to motofcurrent. This device sha

multispeed motor, each winding connection is to be considered separately a
e protected at all speeds.

r combination
quirements in
Il be rated or
rating:

cent

ent

ent

nd the motor

b) If re values specified_for motor-running overload protection do not correspond [to the
standard sizes or ratings)of fuses, magnetic or thermal overload-protective deviceg, the next
higher size or rating ‘may be used, but not higher than the following percent of mofor full-load
current rating:

Motors-with a marked service factor not less than 1.15................... 140 pergent

Motors with a marked temperature rise not over 40°C (72°F)......... 140 pergent

All Other MOTOIS......eeeiei i 130 percent

28.3 An integral thermal protective device shall comply with the Standard for Overheating Protection for

Motors, UL 21

11.
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28.4 A separate overload device, except when included as part of a magnetic motor controller, shall be
assembled as part of the equipment, and be identifiable as such after assembly to the equipment. Such
protection shall not include means for manually interrupting the motor circuit if such interruption may result
in the risk of fire, electric shock, or injury to persons.

28.5 A motor, such as a direct-drive fan motor, that is not normally subjected to overloads, and that is
determined to be protected against overheating due to locked-rotor current by a thermal- or
overload-protective device is acceptable if it is determined that the motor will not overheat under actual
conditions of use.

28.6 Impedance protection is acceptable for a motor that is determined to be protected against

overheating due to locked-rotor current, if the motor does not overheat under actual conditions of use.

28.7 Afuse s
in accordance

28.8 A motor

the Temperatlire Test, Section 43.

28.9 A motor
CONT on the

hall not be used for motor-overload protection unless the motor is protected
with Table 430-152 of the National Electrical Code, ANSI/NFPA 70-1996.

shall not exceed the temperature rises specified in Table 43.1 whentested 4

shall be constructed for continuous duty as indicated by the designation CO
nameplate.

y a fuse rated

s described in

NTINUOUS or

28.10 Interruption of the circuit to a motor by the overload- or thermal-protective device shall not result in

operation of t
persons. If a
interruption of
to the valve.

28.11 An aut
to the motor b

28.12 The en
vertically onto

28.13 Compli

enclosure, strx

motor installe

28.14 A motd
likelihood of
assembly.

ne equipment or discharge of fuel that results.in~ a risk of fire, electric shog
the circuit to the motor by the protective device shall also cause the interruptig
bmatically reset protective device shall not be used if the automatic reclosin
y the device may result in risksoffire, electric shock, or injury to persons.

Closure of a motor shall have'no openings that will permit a drop of liquid or a
the motor to enter the meotor.

hnce with the regquirement in 28.12 may be provided by the motor frame
cture, shield, ar a combination of two or more such items, and is to be deter
in the heater:

r having-openings in the enclosure or frame shall be installed or shielded
particles falling out of the motor onto combustible material located within

k, or injury to

burner depends solely upon an electric valveto stop the flow of fuel to the burner, the

n of the circuit

j of the circuit

particle falling

or by another
mined with the

to reduce the
or under the

28.15 The requirement in 28.14 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
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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) The motor is provided with a thermal motor protector (a protective device that is sensitive to
temperature and current) that will prevent the temperature of the motor windings from

exceeding 125°C (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.

28.16 The baLrier mentioned in 28.15 shall:
a) Be horizontal;
b) Be| located as illustrated in Figure 28.1; and
c) Have an area not less than that described in that figure.

Openings for grainage, ventilation, or the like, may be employed inthe barrier, if such openings would not
permit molten|metal, burning insulation, or the like to fall on combustible material.
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Figure 28.1

LOCATION AND EXTENT OF BARRIER

<)
\/

S

\\\\\\\\\\\\\\\\\\\\\\\\\\\\

|

) L
EB100

A — Motor windinp to be shielded by barrier. This is to consist of the entire motor winding if it is not otherwise ghielded, and is to
consist of the unghielded-portion of a motor winding that is partially shielded by the motor enclosure or equivalen

B — Projection of lettttre-of-motorwinding-onherizontat-ptane-

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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28.17 An overload-protective device or thermal-protective device for a motor shall comply with the
requirements in the Short-Circuit Test, Section 46.

29 Switches and Controllers

29.1 Except as noted in 29.2, a controller or controllers shall be provided for all assemblies incorporating
more than one motor intended for connection to the same power supply.

29.2 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.

29.3 A single
controlled. Th

£y I £ [l o €3 H YN 3 1 H taocl £ %
CoOmtonCTay Ccormtor ThHore—trart OTrre T TotoT— i tC~ SO ONCT 1S5 TatCt—10T U 1T

b assembly shall be marked in accordance with 54.4 if the same controllerc

a remote motgr or motors in addition to the motor or motors in the unit containing the cont

29.4 A contro

ller or switch shall be rated for the load that it controls.

29.5 The load controlled is to include any load external to the assembly\fer which conn

controller or s

29.6 A contrd
current-interru

29.7 A contrg
that has been
breakdown. T
and at an equ

29.8 The loch
alternating cu

29.9 A motor
ungrounded ¢

Wwitch circuit are provided.

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

investigated and found to withstand an endurance test under locked-rotor con
ne endurance test is to be of a duration equivalent to that required for the o
ivalent rate.

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

controller shall be arranged so that it will simultaneously open a sufficig
bnductors to interruptcurrent flow to the motor.

ombined load
bntacts handle
roller.

ections in the

5 shall have a

ller that is cycled by the operation of an automatically reset overload devic¢ shall be one

ditions without
erload device

bf the motor if

nt number of
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30 Capacitors

30.1 A capacitor provided as a part of a capacitor motor and a capacitor connected across the line, such
as a capacitor for radio-interference elimination, shall be housed within an enclosure or container 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

acce

30.2 If the co
metal parts by
be separated

30.3 A capac
against expul
requirements
used. See Sh

Exception: If
winding, the |
but not less f
component on

31 Electrical

31.1 A materi
phenolic comy

31.2 Ordinary
barriers, but n
may introduce
uninsulated li
resistance to

31.3 A hole i

KLl £ AN ] £ 1 P2
AVIC TUT T TTIVIVOUTTS UT TIVE JdAdTito.

ntainer of an electrolytic capacitor is constructed of metal, it shall be_insula
moisture-resistant insulation not less than 0.028 inch (0.71 mm) thick: Oth
from dead metal parts by spacings in accordance with Table 32,1

tor employing a liquid dielectric medium more combustible than askarel sha

n this standard, including faulted-overcurrent conditions*based on the circui
prt-Circuit Test, Section 46.

the available fault current is limited by other components in the circuit, such a

han the current established by dividing the-circuit voltage by the impedanc
components.

Insulating Material

al used for the sole support,separation, or both, of current-carrying parts sha
osition, cold-molded compgsition, or equivalent material.

vulcanized fiber may” be used for the insulating bushings, washers, s€
ot as the sold support for uninsulated live parts if shrinkage, current leakag
a risk of firelor electric shock. Plastic materials may be used for the s
e parts, if found to have acceptable mechanical strength and rigidity, resis
lame propagation, dielectric strength, and other properties as needed for the

ed from dead
Brwise, it shall

| be protected

sion of the dielectric medium when tested in accordance“with the applicabl¢ performance

[ in which it is

5 a motor-start

hpacitor may be tested using a fault current less than the test current specifieql in Table 46.1

e of the other

| be porcelain,

parators, and
e, or warpage
ble support of
tance to heat,
application.

h porcelain, phenolic composition, or other acceptable nonconducting mat

smoothly rour

ded surface is considered to be the equivalent of a bushing.

Trial, having a

31.4 Ceramic materials and some molded compositions are acceptable for insulating bushings. Bushings
of wood or hot-molded shellac and tar compositions are not acceptable.
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32 Spacings

— High-Voltage Circuits

32.1 Except as noted in 32.2 — 32.5, the spacings between uninsulated live parts of opposite polarity and
between an uninsulated live part and a dead metal part shall not be less than the values specified in Table

32.1.
Table 32.1
Spacings
Ratings Minimum spacing®®
Volt-amperes Volts Through air Over surface To enclosure®
ek ) ek \Siitiiy Hreh (mm)
0 —2000 0 - 3009 1/8¢ (3.2) 1/4 (6.4) 1/4 (6.4)
More than 0-150 1/8¢ (3.2) 1/4 (6.4) 172 (12.7)
2000
151 — 300 1/4 (6.4) 3/8 (9.5) 1/2 (12.7)
301 - 600 3/8 (9.5) 1/2¢ (12.7) 1/2 (12.7)
@ An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic compositionner similar materigl employed

where spacings
not less than 0.
air spacing requ
be used if it has
b The spacings

mm) for a motor|
¢ Includes fitting
d1f over 300 vol
€ The spacings

less than 1/4 ind

and not factory
terminal.

of wire, the spading need not be greater than that given in.the above table. Wiring terminals are those connecte

Wwould otherwise be insufficient, shall not be less than 0.028 inch (0.71 mm)-thick, except that a
13 inch (0.33 mm) thick may be used in conjunction with an air spacing)of not less than one-hg
red. The liner shall be located so that it will not be damaged by ar€ing. Material having a lessel
equivalent insulating, mechanical, and flammability properties,

t wiring terminals of a motor shall be 1/4 inch (6.4 mm) for.a rotor rated 250 volts or less and
rated more than 250 volts.

5 for conduit or metal-clad cable.
s, spacings in last line of table apply.

etween wiring terminals of opposite polarity, or between a wiring terminal and grounded metal,
h (6.4 mm), except that if short-circuiting or, grotinding of such terminals will not result from proj

ired. Measurements are to be made with, solid wire of adequate ampacity for the load connecté

liner or barrier
If of the through
thickness may

3/8 inch (9.5

shall not be
pcting strands
d in the field
d to each

32.2 The thro
judged on the
However, the
on all compo
component th
component th
volt-amperes
loads is judge
are to be detg

ugh air and over surface spacings in Table 32.1 at an individual component
basis of the total volt-ampere consumption of the load or loads that the comp
spacing from the cemponent to the enclosure shall be judged on the basis o
hents in the enclosure. For example, the through air and over surface
at controls anly“a motor are judged on the basis of the volt-amperes of
bt controls-Jeads in addition to the motor is similarly judged on the basis of {
bf the loads so controlled; except that a component that independently corj
d onthe basis of the volt-amperes of the larger load. The volt-ampere value
rmihed by the measured input.

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

32.3 For a circuit not exceeding 300 volts, the over surface spacings for glass-insulated terminals of
motors may be 1/8 inch (3.2 mm) where 1/4 inch (6.4 mm) is specified in Table 32.1; and may be 1/4 inch
where 3/8 inch (9.5 mm) is specified.

32.4 The spacing requirements in Table 32.1 do not apply to the inherent spacings of a component that
is judged on the basis of the requirements for the component. However, the spacings resulting from the
installation of a component, including the spacing to dead metal or enclosures, are to be those specified

in the table.
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32.5 All uninsulated live parts connected to different circuits, except subdivided circuits or branch circuits
of the same voltage from the same feeder, shall be spaced from one another as though they were parts
of opposite polarity in accordance with the requirements in 32.1 — 32.4 and shall be judged on the basis
of the highest voltage involved.

33 Spacings — Low-Voltage Circuits

33.1 The spacings for low-voltage electrical components installed in a circuit that includes a motor
overload-protective device shall comply with the requirements in 33.2— 33.5.

33.2 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 32.5.

33.3 The spa

dead metal p3

when the dev

33.4 The spa

part and a deqd metal part, other than the enclosure, that may be groundédwhen the dev|

shall not be le
will be mainta

33.5 The spq
specified.

34 Protection of Users and Service Personnel

34.1 An unin
located, guar
performing se
34.2 Service
a) Ad
b) Re
c) Op

d) Ad

Cing between wiring terminals regardless of polarity, and between the wiring
rt (including the enclosure and fittings for the connection of conduit) thatyma
ce is installed shall not be less than 1/4 inch (6.4 mm).

Cing between uninsulated live parts, regardless of polarity, and between an u

5s than 1/32 inch (0.8 mm), provided that the construction‘of the parts is such
ned.

cings in low-voltage circuits that do not containta device as mentioned in

bulated high-voltage live part and moving parts that may cause injury to pe
Hed, or enclosed so as to reduce ‘the likelihood of unintentional contact
rvice functions that may have to\be performed with the equipment energized
unctions that may have to.bé performed with the equipment energized inclu
usting the setting ofttemperature controls with or without marked dial setting
setting a contral trip mechanism;

erating atmanual switch; or

usting an air-flow damper.

erminal and a
be grounded

hinsulated live
ce is installed
that spacings

33.1 are not

rsons shall be

by personnel

fe:

[2]

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

34.3 The requirements in 34.1 do not apply to mechanical service functions that are not performed with
the equipment energized.
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34.4 An adjustable or resettable electrical control or manual-switching device may be located or oriented
with respect to uninsulated live parts so that manipulation of the mechanism for adjustment, resetting, or
operation can be accomplished in the intended direction of access if uninsulated high-voltage live parts or
moving parts that may cause injury to persons are:

a) Not located in front, in the direction of access of the mechanism; and

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

34.5 An electrical control component that may require examination, adjustment, servicing, or
maintenance while energized, not including voltage measurements, shall be located and mounted with
reSpeCt tO Oth ] UUIII}JUI 1T ItO al Id vv;th IUOPUUt tU HIUUI |dcd IIIUtCJ.: palto oU that It ;O GUUUDO;b e for eleCtrlcal
service functigns without subjecting the serviceman to a risk of electric shock from adjacent uninsulated
live parts or tq injury from adjacent moving parts.

34.6 Accessilpility and protection to reduce the risk of electric shock and injury to pefsons may be
obtained by mpounting the control components in an assembly so that unimpeded access|is provided to
each compongnt through an access cover or panel in the outer cabinet\and the cover |of the control
assembly enclosure with the following arrangement. See Figure 34.1. The components are located with
respect to the|access opening in the outer cabinet so that the farthest cemponent in the coptrol assembly
is not more than 14 inches (356 mm) from the plane of the accessopening. Uninsulated high-voltage live
parts outside fhe control assembly projected clear space, except for live parts within a coptrol panel, or
unguarded m@ving parts that may cause injury to persons arelocated not closer than 6 inghes (152 mm)
from any side|of the access area.
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Figure 34.1
Accessibility and protection
4
UNINSULATED LIVE PART
—_—— UNINSULATED LIVE PART [ R O )
T~ 6 INCHES (152mm) ! FROM ACCESS AREA =
~ [

s\ me——

ENCLOSURE \ -

FARTHEST
COMPONENT

\

3

A
\ COMPONENT
PLANE OF o
= ACCESS
o I OPENING nn
e T
\ (356mm) ﬁg&ss L 7 1—;
conTRaL PROJECTED 7NN
. Sict RESET =19
GUARD P BUTTON | 1~ L= .
—I \ RECTANGULAR °
i T N PERMETER A7y 7
’ / '\ GUARD
/ =) 7
/" REETIGLE PROJECTEDCLEAR SPACE

(CROSSSHATCHED AREA)
I MOVING PART CA

7

MOVING PART CAPABLE OF

INCHES (152mm
CAUSING INJURY TO PERSONS | ( )

AREA (UNLESS G

EA100A

34.7 The proj
rectangular p
provided. The
the access op
of the compor
assembly to
obstructions,
direction of aq

snap switch founted throughthe control assembly enclosure is located so that there

access to the
adjacent to u
guarded.

34.8 A comp

I INJURY TO PERSQNS AT LEAST 6

PABLE OF CAUSING

FROM ACCESS
ARDED)

SECTION A-A L,

bcted clear space is considered to be biounded on the sides by the projection
erimeter surrounding the outside (e€dge of the components or control en
access area is considered to be-bounded on the sides by the projection of th

ent or control enclosure. The volume generated by the projected clear spaceg
he access opening in (the outer cabinet, within the access area, is com

cess by other components or by wiring in this assembly. An extractor type
component through the access opening in the outer cabinet and so that it is n

hinsulatedhlive parts outside the control assembly enclosure, unless the

bnent/in a low-voltage circuit shall comply with the requirements in 34.5 in

A Warta 1n A hinh valdaan Alra it anA da i oo dhat paany Anion tni g + A

bf the smallest
closure when
e perimeter of

Ening in the outer cabinet to theClosest rectangular perimeter surrounding the outside edge

of the control
bletely free of

ncluding wiring. Access to the components in the control assembly is not impeded in the

fuseholder or
is unimpeded
bt immediately
live parts are

its relation to

uninsulated liv

TrpParto i o g vV oo go - O oUTt arn o (O oV iy Parto tiat rha )y CauoTTjury - o

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

a) Coils of a controller;

b) Coils of a relay or solenoid;

persons.

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

d) Enclosed motor windings;
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e) An

insulated terminal or splice; and

f) Insulated wire.

34.10 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.

34.11 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

34.12 The dig
34.10 shall b
inches (76

m
specified in tIne table, the distance from the opening to the moving part:shall not be

determined by
minor dimens
can be insertg

varning marking shall be provided as specified in 54.11.

tance from an opening in a required guard or enclosure to the moving’ parts
as specified in Table 34.1, but the minor dimension of the opening shall
). For an opening having a minor dimension intermediate between two

interpolation between the corresponding values in the right-hand column of
on of the opening is determined by the largest hemispherically tipped cylindr
d through the opening with a force of 5 pounds (22/N):

Table 34.1
Dimensions of openings in“enclosure

mentioned in
not exceed 3
of the values
ess than that

the table. The

cal probe that

Minor dimensions of opening? Minimum distance from opening to mqgving part
Inches (mm) Inches (mm)
114 (6.4) 1/2 (13.7)
3[8 (9.5) 1-1/2 (34.1)
12 (12:7) 2-1/2 (63.5)
3[4 19)1) 4-1/2 (114)
(25.4) 6-1/2 (165)
1-1/2 (38.1) 10-1/2 (267)
1 (50.8) 14-1/2 (368)
Over 2|inches (over 50.8) 30 (762)

2 Openings lesp than 1/4_iheh=(6.4 mm) are not to be considered.

34.13 A movi

hg part is not to be considered when judging compliance with 34.1 and 34.1

unlikely to be

0 if the part is

contacted through the opening because of fixed components, including bafflefs.
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PERFORMANCE
35 General

35.1 A water heater shall comply with the applicable test requirements in Sections 35 — 52. 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.

35.2 A water heater is investigated for installation on noncombustible floors and with clearances to
combustible walls and ceilings not less than specified in Table 35.1. At the manufacturer's request, a

heater may bg-investigated-forinstattatiororcombustible floors————————————————

Table 35.1
Standard clearances

Water heater Minimum clearance, inches? (mm)
under 100 A B c o) E F
cubic fiet Above Front Chimney Rear Sidep Below
(2.8 m°) connector
Form Il 6 (152) 24 (610) 18 (457) 6 (152) 6 (152) NCP
Form lla 6 (152) 24 (610) 18 (457) 6 (152) 6 (152) ce

2 These clearan
b NC — Noncom
¢ C — Combustil

bustible.
le.

Les are based on the water heater being installed in a roomthat is large compared to the size

f the heater.

35.3 At the m
closets, with d
to be in integr

35.4 If an apq
35.1, a ceiling

Al inches.

enclosure. ClI

to be as specfified in 37.2.3 and Figure 37.2.

35.5 All cleargnces spgcified in Table 35.1, or by the manufacturer as an option, are to
inches for tes{ing purposes.

liance is to be tested in a‘partial enclosure at clearances less than those spe
of construction equivalent to that required for the walls is to be placed ab
arances from chimney connectors are not to be less than 9 inches (229 m
chimney conngctor clearances(ate less than those specified in Table 35.1, the connector g

anufacturer’s request, a water heaterymay also be investigated for installation in alcoves or

learances to combustible construction less than specified in Table 35.1. All ¢learances are

cified in Table
bve the partial
m). When the
rrangement is

be in integral
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36 Test Installation for Other Than Alcove-or Closet-Installed Heaters
36.1 Enclosure

36.1.1 The water heater is to be placed in a partial enclosure in the as-received condition. The distance
from the back, side, and top of the heater and from the chimney connector to the walls and ceiling of the
enclosure is to be as specified in Table 35.1. If one side of the heater may create a higher wall
temperature than the other, that side of the heater is to be directly opposite one wall.

36.1.2 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.

36.1 .3 The pr Ithl: A\l IU:UOUIU ID tU bU fUIIIIUd by tVVU VVG::Q Uf IIUIII;IIC!.: 1 ;Iluh thl\zlr\ VVUUd bUCl. dS Or 3/4'|nCh
thick plywood| set at right angles to each other and finished in flat black. See Figure,36:1. A ceiling of
equivalent construction is to be placed above the partial enclosure. The height of the wallg is to be such
as to obtain the minimum clearance above the heater specified in Table 35.1 and/in accordance with
36.1.2. All joipts in the test enclosure are to be tight or sealed. The walls, @nd’ ceiling| of the partial
enclosure are|to extend 3 feet (0.91 m) beyond the end and side of the heater. The wall§ are to be the
minimum distgnce specified in Table 35.1 from the side and back of the heater; except when the flue outlet
is horizontal, ih which case the wall opposite the flue collar is to be the‘specified distance from a vertical
chimney conngctor as connected to the flue collar by a 90-degree elbow. See 36.2.1.

Figure 36.1
Test enclosure for standard clearances

\

1. Location of
heater, assembly
on platform,

S2684
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36.1.4 If the heater is intended for direct installation on combustible flooring, the floor beneath the heater
is to be 1-inch white-pine flooring covered with one thickness of building paper, and then by 3/4-inch-thick
plywood, unpainted or finished with a clear sealer.

36.2 Chimney connector

36.2.1 The chimney connector is to be the same nominal size as the flue collar or outlet of the heater.
Galvanized stovepipe not more than 0.032 inch (0.58 mm) thick is to be used. The chimney connector is
to extend vertically through the ceiling of the test enclosure. The connector is to be directly connected to
and extended vertically above a vertical flue outlet and connected to a horizontal flue outlet by using a
90-degree sheet metal elbow at the bottom of the vertical section. See Figure 36.2.
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Figure 36.2
Chimney connector — standard clearance test
(M (M
- 3) -—
R &/ R

[ 30|

%
4o

7mm)

SN SN —- D

HORIZONTAL FEUE OUTLET VERTICAL FLUE OQUTLET

S258%

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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36.2.2 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 36.3.
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 36.3
Sealing of annulus around chimney connector
CHIMNEY CONNECTOR

/

i

FIRE and HEAT RESISTIVE
INSULATING, BARRIER

{4 — - 47—

(102mm) (102mm)

>N

36.2.3 A bragket for supporting-the thermocouple for measuring flue-gas temperature is to|be located as
illustrated in Higure 36.2.

$2586

36.2.4 A primpry safetyjcontrol that is furnished separately for mounting in the chimney conpector exterior
to the water hpatersmay be located at any appropriate point either within or exterior to the %est enclosure.

No temperature “measurements in or on a control so located are to be made during tests using the
clearances speetfied-inTable35-1-

36.2.5 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 36.2.

36.2.6 Any built-in draft regulator included as part of the heater is to be fixed in the position allowing
maximum draft.
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36.2.7 The chimney connector is to be connected to a chimney, stack, or exhaust system capable of
imposing the specified draft.

37 Test Installation for Alcove-or Closet-Installed Units

37.1 Enclosure

37.1.1 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 enclosure. The ceiling height of

the enclosure is to be that required to obtain the clearance from the top of the heater to the ceiling
specified by the manufacturer, but not more than 7 feet 6 inches (2.29 m). See Figure 37.1.
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Figure 37.1

Test enclosure for alcove or closet installation

BACK

TOP VIEW -

BACK

TOP VIEW -
ER

)

CLOPET

INSTALLATION ALCOVE INSTALLAT

FRONT

S2p87

A — From top of Water heater.

B — From front ofwater heater.

VENTILATING
AIR OPENING

AIR INLET
OPENING

ELEVATION

18" (45I7mm)

ON

SIDE ELEVAT

Cy — From chimney connector, measured horizontally or below connector. See Figure 37.2.

Cy — From chimney connector, measured vertically above connector. See Figure 37.2.

D — From back of heater.

E, — From left side of heater.

Egr — From right side of heater.

ON
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Figure 37.2
Chimney connector arrangement for alcove and closet installation
£ £
@ @) 0O
i |
v iy

’
S )
[,

TOP—VIEWS— SEE NOTE

Cy Cy

i i

STYLE 1 SIDE VIEWS STYLE I

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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37.1.2 The walls and ceiling of the enclosure are to be made of nominal 1-inch 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 thick flooring covered with one thickness of
building paper superimposed by 3/4-inch thick plywood, unpainted or finished with clear sealer.

37.1.3 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 48, 36, or 24 inches, (1.22, 0.91, or
0.61 m) as specified by the manufacturer for testing purposes.

37.1.4 Foraeg A -test; OV tre—The door is to
have two opepings located so that the lower edge of the lower opening is 6 inches (152.mm) above the
floor level of the enclosure and the other opening is located so that its upper edge is 6 inches below the
ceiling of the enclosure. The height of each opening is to be one-half the width..The freq area of each
opening is to lpe at least 1 square inch (6.5 cm?) per 1000 Btu per hour (300 W) ef.the heater input rating
but not more than an area equivalent to 20 percent of the total area of the simulated door. Both openings
are to be cenfered on the vertical centerline of the enclosure.

37.1.5 The heater is to be level. Any leveling means are to be removed if detachaple; or, if not
detachable, afe to be adjusted to place the base of the heater as €lose to the floor as the means permits.
The storage tank of a floor-mounted circulating heater is to be @xterior to the test enclosurg.

37.1.6 If a stprage heater is intended to be insulated in setvice, it is to be tested with|the insulation
furnished by the manufacturer as standard equipment with’ each heater.

37.1.7 The injet-air temperature is to be measured by a thermocouple that is not larger than 24 AWG
(0.21 mm?) ar|d shielded from direct radiation. Fek an alcove installation, the thermocouple is to be placed
centrally 24 inches (0.61 m) in front of the heater and 24 inches above the floor of the test gnclosure. For
a closet installation, the thermocouple is fo-be placed in the center of the lower ventilating opening into
the closet.

37.2 Chimnely connector

37.2.1 The chimney connector is to be the same nominal size as the flue collar or outlgt of the water
heater. Galvanized stovepipe’ not more than 0.023 inch (0.58 mm) thick is to be used.

37.2.2 The clparance-between the nearest surfaces of the chimney connector and the wdlls and ceiling
shall not be Igss.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, the test may be conducted with the lesser clearance if the portions of the
wall located within 9 inches 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.
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37.2.3 A heater with a vertical flue outlet is to be tested with two chimney connector arrangements, Styles
I and Il as illustrated in Figure 37.2. A heater with horizontal flue outlets is to be tested with two chimney
connector arrangements, Styles Il and Il as illustrated in Figure 37.2. 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.

37.2.4 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 36.3.
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.

3725 A bracjl;et for supporting the thermocouple for measuring flue-gas temperature isto|be located as
illustrated in ifem 2 of Figure 37.3.
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Figure 37.3

Chimney connector — alcove and closet test

7O

S2589

1. Centerline of thermocduple.

—

2. Support bracke

3. Draft regulator.

4. Flue collar.

1 inch = 25.4 mm

. Location of stack element of safety control.

. Chimney connector, same nominal diameter as flue collar.
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37.2.6 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 downstream from the downstream
end of the elbow.

See item 6 of

Figure 37.3.

37.2.7 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 37.3.

37.2.8 A buili
maximum dra

-in draft regulator included as part of the heater is to be fixed in the, po
t.

sition allowing

37.2.9 The chimney connector is to be connected to a chimney, stack, or exhaust systém capable of

imposing the

38 Instrumentation

38.1 Draft me¢asurement

38.1.1 Drafti

column and that has an accuracy of +0.0025 inch (+0.050~mm). The gauge is to be chg

reading at the
38.2 Fuel-ing

38.2.1 The fy
pound-mass (

38.3 Power

38.3.1 The to|

38.3.2 The ammeter is to_-have a maximum scale range of not more than 1-1/2 times th
e smallest(scale division is to be not more than 1/50 of the maximum scale fange.

measured. Th

bpecified draft.

5 to be measured by a draft gauge that can be-read directly to 0.005 inch (0
beginning and at the end of each test.
ut measurement

el-input rate to a burner during-a test is to be determined by a scale ac
D.004 kg) or a burette capable-of the same resultant accuracy.

heasurement

tal electrical input to*a water heater is to be measured in amperes at rated v

10 mm) water
bcked for zero

turate to 0.01

pltage.

e value to be
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38.4 Speed measurement

38.4.1 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).

38.5 Temperature measurement

38.5.1 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?).

38.5.2 Thermocouples are to be placed on surfaces of the test enclosure at various locations as may be

required to o
the enclosure|
inches (152 m
and parts suc

38.5.3 A ther

contact with the surface of the material the temperature of which is being measured. Acce

contact will us
is involved, br

38.5.4 Therm
wire and with

38.5.5 For ze
clearance.

38.5.6 The fl
The thermoco|
no draft contr
control is incg

during all tests.

38.5.7 The w
the water tem

38.5.8 Thein
shielded from
inches above

OTT VO IIIG.I\;IIIUIII tUIIIPGIGtUIUO dul;lly tUOtD. \VAV’hUIU thc \Jh;ll“lcy UUIIIIUUtUI }J
temperature measurements on the inside surfaces of the enclosure are
m) away from the chimney connector. Thermocouples are to be attaché&d,to g

N as those mentioned in Table 43.1.

mocouple junction and adjacent thermocouple lead wire are to be securely

ually result from securely taping or cementing the thermoéouple in place. If a
pzing or soldering the thermocouple to the metal may/be-necessary.

pcouples are to be secured to wood surfaces by‘staples over the insulated
the tip held in thermal contact with the surface by pressure-sensitive tape.

Fo clearance, the thermocouples are to beapplied to surfaces of the heater at

e-gas temperature is to be measured by a thermocouple, such as illustrated
Liple is to be inserted into the chimney connector as illustrated in Figure 38.2.
bl between the heater and the-point where the flue-gas temperature is meas
rporated in the heater, jit'shall be securely sealed in the position allowing n

p

bter temperature (is)to be measured by a thermocouple placed in the storage
berature 1 inch.(25.4 mm) from the outlet connection may be determined.

et-air temiperature is to be measured by a thermocouple not larger than 24 AW
direct\radiation and located centrally 24 inches (610 mm) in front of the
the«floor of the test enclosure.

sses through
o0 be made 6
ther materials

eld in thermal
ptable thermal
metal surface

portion of the

points of zero

n Figure 38.1.
There is to be
Lired. If a draft
haximum draft

vessel so that

G (0.21 mm?)
heater and 24
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Figure 38.1
Standard thermocouple for flue-gas temperature

777777777777 7

| | L7777
| - 11/8"
(28.6mm)
5732  MAX,
(4.0mm)
_+_ SILVER SOLDER OR
- WELD JUNCTION,
I DO NOT OXIDIZE
| .070" MAX
(1.78mm)
e 9.9
PA152 _A

1. 20 AWG (0.51 mm?) iron~¢onstantan, asbestos, or woven-glass-covered thermocouple wires extending from hot junction to
potentiometer or feference junction.

2. 1-1/4 inch (6.4|mm) outside diameter, two-hole porcelain insulator cut to length and ends beveled on two sides.

3. 1-5/16 inch (7.9 mm) outside diameter by 0.032 inch (0.81 mm) wall tubing. Ream, if necessary, to fit over insulator; then crimp
ends over beveled ends of insulator.

4. 1 — Small wooden handle.
5. 1 — Piece of rubber tubing, approximately 5/16 by 3/32 by 2 inches long (7.9 by 2.4 by 50.8 mm long).

6. In lieu of individual components described in Items 1, 2 and 3 above, any combination of preassembled parts of tubing, insulators
and thermocouples may be used.


https://ulnorm.com/api/?name=UL 732 2018.pdf

JANUARY 31, 2018 OIL-FIRED STORAGE TANK WATER HEATERS - UL 732 63

Figure 38.2
Flue gas thermocouple and support bracket

CHIMNEY CONNECTOR
| /
O\
I
|
THERMOCOUPLE SUPPORT

- "l;(/ BRACKET
-/ [

1-1/8"—=
(28.6mm)

|
\_/Q Section A4

S2700

39 Initial Tedt Conditions
39.1 General

39.1.1 The he¢ater assembly is to be set(p for test in the appropriate enclosure and marjner described
in Section 36 pr 37, whichever is applicable.

39.1.2 Unlesg otherwise specified;*a water heater is to be tested at the potential specified|in Table 39.1.
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Table 39.1
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

39.2 Heater ¢quipped with mechanical atomizing burner

39.2.1 The he¢ater is to be fired at its rated Btu per hour (W) input, +2 percent with-a gr.

which the bur
not more than

39.3 Heater equipped with vaporizing burner

39.3.1 The heater is to be fired at its rated Btu per hour (W) input,2 percent.

39.3.2 No. 1
burners.

fuel oil having a viscosity as specified in Table 89.2 is to be used for fir

Fuel oil-viscosity

Table 39.2

her is rated. The draft at the flue collar is to be as recommended by the ma
0.06 inch (1.5 mm) water column.

nde of fuel for
hufacturer, but

ng vaporizing

Oil viscosity, centistokes

Oil temperature Maximumi Mean Minimum
38°C ([100°F) 2,04 1.97 1.p0
25°C [77°F) 2.44 2.34 2.p4
39.3.3 The pilot-fire burning rate.is to be a rate equivalent to the pilot-fire rate obtained at|the maximum

allowable sett
burning rate ig

ng of the metering device with No. 1 oil plus the valve’s positive tolerance
to be adjusted to deliver the rated high-fire input.

39.3.4 If an adjustable Joil-shutoff control is provided, it is to be adjusted to the maximum
for shutoff.
39.3.5 The depthrofoitimtheburmer under pootedcomndition s to bethe maximunattowed

The high-fire

hllowed timing

in production.

39.3.6 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 more than 0.06 inch (1.5 mm) water column.
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40 Combustion Test — Burner and Water Heater

40.1 A water heater shall acceptably function uniformly and acceptably without producing smoke in
excess of that specified in 40.2.

40.2 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.

41 Water-Temperature Control Test

411 A water
the maximum
of 194°F (90°

Exception:
temperature-r
greater than 4

41.2 A water
be tested as ¢

above room t¢mperature.

41.3 The hdg
temperature-r
followed by a
restriction, cal
of the valve. A
so that at full f
to deliver a st
inlet-water ten
high-fire input
control functig
immediately
on the fuel s
is to be repe

41.4 A heate

u
:Ead, untjl.a’constant or continually receding outlet water temperature is attain

heater, when tested as described in 41.3 and with the temperature-regulatifig
C).

A maximum water temperature of 200°F (93°C) may be acc
bgulating control or controls and the limit control have cutoutstemperature
5.0°F (+2.8°C).

heater provided with a continuous-burning pilot fireduring the standby burnir
escribed in 41.4. Water temperature at the top of‘the”heater shall not exceed

ater is to be filled with water at a.temperature of 65 +5°F (18.3

quick-acting valve is to be installed o the outlet connection of the storage
brated to permit a flow of 5 gallons‘per minute (18.9 L/min), is to be connecte
water-pressure regulator is to he-located in the water-supply line to the heate
ow the pressure at the inlet ¢onnection to the heater will be maintained at the
bady flow of 5 gallons perminute when water is drawn from the heater. Durir]
hperature is to be maintained at 65 +5°F (18.3 £2.8°C). The heater is to be
with the inlet-water valve opened and the outlet-water valve closed, until th
ns to reduce thé fuel supply to the burner to a minimum. Water is then
the rate of 5'gallons per minute until the temperature-regulating control fu
ply to the burner, and the maximum outlet-water temperature is recorded.

equipped with a burner that operates on pilot fire when the thermostat redu

to be allowed

control set at

temperature position allowed by a fixed stop, shall not exceed an outlet*water temperature

epted if the
folerances not

g period shall
100°F (38°C)
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pgulating control is to be adjusted to its maximum allowable setting. A pressute-relief device

vessel. A flow
d to the outlet
Ir and adjusted
value required
g the test, the
fired at rated
e temperature
to be drawn
hctions to turn
This operation
ed.

ces the fire is

ta_continue operation following the test described in 41.3, but with the inl

et-water valve

closed and the outlet-water valve open, until equilibrium or continually receding water temperatures are

obtained.
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42 Limit-Control Cutout Test

42.1 A water heater shall be operated as described in 42.2 until the limit control functions. The
temperature of the water shall not exceed 210°F (99°C) but shall be higher than that maintained by the
temperature-regulating control as determined in the Water-Temperature Control Test, Section 41.

42.2 With the heater installed as described in the Water-Temperature Control Test, Section 41, the
temperature-regulating control is to be made inoperative. The heater is to be fired at rated high-fire input
with the inlet-water valve opened and the outlet-water valve closed, until the limit control functions. The
water temperature is to be measured in accordance with 38.5.7.

43 Temperature Test

43.1 A water
that will:

heater shall be tested in accordance with 43.2 — 43.4. No part shall attaithjp temperature

mage required corrosion protection;
versely affect operation of safety controls;
c) Reduce the value of required thermal or electrical insulationsy'or

d) C
part

use creeping, distortion, sagging, or similar damdge if such damage to the material or
ay increase the risk of fire, electric shock, or injury to persons.

The temperatiire rises at specific points shall not exceed-those specified in Column 1 of Table 43.1.

43.2 The tem

43.3 The he
maintain the
causes the te

43.4 Firing of
considered to
change.

e
q‘:ﬂet water at a temperature, 0f<10 £5°F (5.6 +2.8°C) below the outlet-water te

berature-regulating control is to be bypassed to permit continuous operation d
r is to be fired at rated input«‘The flow of water through the heater is to b

perature-regulating contrglto function when adjusted to its maximum settin

be constant when‘three consecutive readings taken at 15-minute interva

uring this test.

e regulated to
mperature that

0.

the heater is to be‘eontinued until constant temperatures are attained. A femperature is

Is indicate no
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Table 43.1

Maximum temperature rises

Device or material Column 1 Column 2
°c (°F) oc (°F)
A.  Motors®P
1. Class A insulation systems on coil windings of alternating-
current motors having a frame diameter of 7 inches (178
mm) or less (not including universal motors).
a. In open motors —
Thermocouple or resistance method 75 (135) 115 (208)
b. In totally enclosed motors —
Thermocouple or resistance method 80 (144) 15 (208)
2. Class A insulation systems on coil windings of alternating-
current motors having a frame diameter of more than 7
inches and of direct-current motors and universal motors.
a. In open motors —
Thermocouple method 65 (117) 115 (208)
Resistance method 75 (135) 115 (208)
b. In totally enclosed motors —
Thermocouple method 70 (126) 115 (208)
Resistance method 80 (144) 115 (205)
3. Class B insulation systems on coil windings of alternating-
current motors having a frame diameter of 7 inches or, less
(not including universal motors).
a. In open motors —
Thermocouple or resistance method 95 (171) 140 (252)
b. In totally enclosed motors—
Thermocouple or resistance method 100 (180) 140 (252)
4. Class B insulation systems on coil windings of alternating-
current motors having a frame diatheter of more than 7
inches and of direct-current motors and universal motors.
a. In open motors—
Thermocouple method 85 (153) 140 (252)
Resistance method 95 171) 140 (252)
b. In totally ericlosed motors —
Thermodeuple method 90 (162) 140 (252)
Resistance method 100 (180) 140 (252)
B. Compgnents
1. Capacitors
Electrolytic type® 40 (72) (Not|specified)
—Ottrertypes® 65 7
2. Field wiring 35 (63) 60 (108)
3. Relay, solenoid, and other coils with:?
a. Class 105 insulated windings —
Thermocouple method 65 (117) 115 (208)
b. Class 130 insulated windings—
Thermocouple method 85 (153) 140 (252)
4. Sealing compounds 40°C (104°F) less than its melting point
5. Transformer enclosures® —
a. Class 2 transformer 60 (108) 85 (153)
b. Power and ignition transformers 65 (117) 90 (162)
C.  Insulated conductors®f

Table 43.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 732 2018.pdf

68

OIL-FIRED STORAGE TANK WATER HEATERS - UL 732

JANUARY 31, 2018

Table 43.1 Continued

Device or material Column 1 Column 2
°c (°F) oc (°F)
1. Appliance wiring material
75°C rating 50 (90) 65 (117)
80°C rating 55 (99) 70 (126)
90°C rating 65 (117) 80 (144)
105°C rating 80 (144) 95 (171)
200°C rating 175 (315) 200 (360)
250°C rating 225 (405) 250 (450)
2. Fextbte-eord—TyrpesSoSHSd6—S4F 35 633 56 (108)
3. GTO cable 35 (63) 60 (108)
4. Wire, Code
Types RF, FF, RUW 35 (63) 60 (108)
Types RH, RFH, FFH, RHW, THW, THWN 50 (90) 75 (135)
Types T, TF, TFF, TW 35 (68) 60 (108)
Type TA 65 A17) 90 (162)
5. Other types of insulated wires See note f
Electri¢al Insulation — Generalf |
1. Class C electrical insulation material Not specified
2. Class (180) electrical insulation material As determined by test
3. Fiber used as electrical insulation or cord bushings 65 (117) 90 (162)
4 Phenolic composition used as electrical insulation or as\a 125 (225) 150 (270)
part the deterioration of which may result in a risk efdire or
electric shock
5. Thermoplastic material 25°C (77°F) less than its tempgrature rating
6. Varnished cloth insulation 60 (108) 85 (153)
Metals
1. Aluminum Alloys
a. 1100 183 (330) 239 (430)
b. 3003 239 (430) 294 (530)
c. 2014, 2017, 20244,5052 294 (530) 350 (630)
2. Aluminum-Coated Stegl9 656 (1180) 767 (1380)
3. Carbon Steel Sheet,-Cast Iron 517 (930) 683 (1230)
4. Carbon Steel-Coated with Type A19 Ceramic 572 (1030) 683 (1230)
5. Galvanized Steel" 267 (480) 350 (630)
6. Stainless Steel
Types 302, 303, 304, 316, 321, 347 767 (1380) 878 (1580)
JType’309 961 (1730) 1072 (1930)
Type3t6 1017 {18367 t128 (2030)
Type 405 683 (1230) 795 (1430)
Types 403, 409, 410, 416 572 (1030) 683 (1230)
Type 430 711 (1280) 822 (1480)
Type 442 877 (1580) 933 (1680)
Type 446 961 (1730) 1072 (1930)
7. Zinc Castings 89 (160) 145 (260)
General
1. Air Filter 50 (90) 97 (175)
2. Flue gases 517 (930) 738 (1330)
3. Qil inconstant level valve or tank 14 (25) 22 (40)

Table 43.1 Continued on Next Page
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