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INTRODUCTION
1 Scope

1.1 These requirements apply to factory built manually and/or automatically fueled solid fuel-fired
hydronic heating appliances, water heaters and boilers, as defined in Section 5, Glossary, intended to be
fixed non-moveable appliances.

1.2 The appliances are intended to burn solid fuels, such as wood, coal, or any other biomass fuel, as
specified by the manufacturer.

13 i;""""V' Tanmmegrarcnmmey—ar Of
chimneys fof residential type and building heating appliances or for bu
compliance
211, and intgnded for installation in compliance with the National Electrical Code, ANSI/NFPA 70; and the
International|Mechanical Code (ICC), International Residential Code (ICC) andthe Uniformn Mechanical
Code (IAPMO), as applicable.

W

ilding heating| @ppliances in

2 Compongnts

2.1 Exceptlas indicated in 2.2, a component of a product covered by this Standard shall cgmply with the
requirementg for that component.

2.2 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 component in the
product covered by this standard, or

b) Is guperseded by a requirement in this standard.

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

2.4 Specifi¢ components are™incomplete in construction features or restricted in | performance
capabilities. |Such components are intended for use only under limited conditions, su¢h as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

3 Units of Measurement

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

3.2 Unless indicated otherwise, all voltage and current values mentioned in this Standard are rms.
4 Undated References

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

5 Glossary

5.1 For the purpose of this Standard, the following definitions apply.
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5.2 AIR SHUTTER - An adjustable device for varying the size of the air inlet or inlets regulating primary
air, secondary air, or both. It may be either manually or automatically operated.

5.3 APPLIANCE FLUE - The passages within the product that conduct the products of combustion (flue
gases) through the product.

5.4 BOILER — A closed vessel in which water or some other liquid is heated or in which steam is
generated or superheated, under pressure or vacuum, by direct application of heat.

5.5 BOILER, HIGH PRESSURE STEAM — A boiler in which steam is generated at a pressure higher
than 15 psig (103 kPa).

5.6 BOILER, HIGH TEMPERATURE WATER — A boiler intended for operation at a pressufe exceeding
160 psig (1108 kPa) or at a temperature exceeding 250°F (121°C) or both.

5.7 BOILER, HOT WATER - A boiler that furnishes hot water at a pressure not.€xceeding 160 psig (1103
kPa) and at altemperature not exceeding 250°F (121°C).

5.8 BOILER, LOW PRESSURE STEAM — A boiler in which steam.is“generated at a pressure not
exceeding 15|psig (103 kPa).

5.9 CHIMNEY CONNECTOR - The pipe that connects a fuel-burning product to a chimney.

5.10 COMBUSTIBLE MATERIAL — Combustible material~as pertaining to materials adjagcent to or in
contact with heat-producing appliances, chimney conneectors and vent connectors, steam and hot water
pipes, refers o material made of or surfaced with woed; compressed paper, plant fibers, or gther material
that will ignit¢ and burn. Such material shall be.considered as combustible even through flameproofed,
fire-retardant|treated, or plastered.

5.11 COMBUSTIBLE, NONCOMBUSTIBLE PRODUCTS — These terms, as used in this standard, are
defined in thg Standard Glossary of Terms Relating to Chimneys, Vents, and Heat-Producing Appliances,
NFPA 97.

5.12 CONTROL, LIMIT — An.automatic control responsive to changes in pressure or temperature and
intended to lihit the operation-of the controlled equipment.

5.13 CONTROL, SAFETY — Any automatic control, such as a relay or switch, used in corjunction with
other auxiliary equipment to form a safety control system that is relied upon to reduce the risk of fire,
electric shocl, orinjury to persons.

5.14 CONTROL, THERMOSTATIC DAMPER - An automatic control responsive to changes in
temperature. Usually acts through direct mechanical linkage to reduce or increase the supply of air
needed for combustion, thereby regulating the combustion rate and limiting the operation of the product
when the product is burning solid fuel.

5.15 DAMPER - A valve or plate that regulates draft or flow of flue gases or inlet combustion air. May be
either manually or automatically operated.

5.16 DRAFT REGULATOR — A device that functions to maintain a desired draft in the product by
automatically reducing the chimney draft to the desired value.

5.17 ELECTRICAL CIRCUITS:
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a) Circuit — A circuit involving a potential of not more than 600 volts and having circuit values in
excess of those of a low-voltage circuit.

b) Low-Voltage Circuit — A circuit involving a potential of not more than 30 volts alternating current
(42.4 peak or direct current) and supplied by a NEC Class 2 transformer, or by a battery, or by a
battery and fixed impedance, or by a transformer and fixed impedance each of which, as a unit, is
either in compliance with requirements for a Class 2 transformer or is otherwise limited to a
maximum output of 100 volt-amperes. A circuit derived by connecting resistance in series with a
high-voltage circuit as a means of limiting the voltage and current is not considered a low-voltage
circuit.

c) Isolated Limited Secondary Circuit — A circuit of limited energy output derived from a isolated

seco
circui

5.18 GRAT
5.19 HEAR

5.20 HYDR
working pres|
and the heat

5.21 INDIR|
medium beir
flues; it is p
connector.

5.22 RADIA
and adjacent

5.23 RADIA
chamber ang

5.24 SAFE
solid fuel fire

5.25 THER
between pre

<l HPA H £ + £, Lo H + b £ 400 Iy
Ualy VVIIIUIIIH Ul d uaarioluriricl IIGVIIIH d TTIAANTIUTTI bapablly Ul TUU vUICdITIPTI

secondary voltage rating not exceeding 1000 volts.

F — A metal frame provided by the manufacturer for supporting the fuehwithin an
[TH — The floor area within the fire chamber of an appliance.

ONIC HEATING APPLIANCE — An appliance that maintaifis ‘a constant atmos
ng source (appliance).

ECT-FIRED VENTED PRODUCT — A product innwhich the products of combu
g heated (circulating air, for example) are segregated by the walls of the fire
rovided with an integral chimney termination or a flue collar to accommoda

objects for the purpose of reducing heat transmission by radiation.

ATOR — Auxiliary heat transfer surfaces within the casing, connected between th
the flue collar.

Y SHUTDOWN =The means to interrupt the combustion air and automatic fu
 appliance, resulting in extinguishment of the combustion process of the fuel.

MOSTAT - An automatic control actuated by temperature change to maintain
letermined limits.

es and open-

appliance.

heric internal

sure and is designed to heat a liquid, such as water, that is’circulated between a heating load

stion and the
chamber and
e a chimney

ATION SHIELD — A separate panel-or separate panels interposed between heating surfaces

e combustion

el supply of a

temperatures

5.26 WAT

R HEATER — A vessel in which water is heated by the combustion of fuels and

is withdrawn

for external use, including all controls and devices necessary to prevent water temperatures from
exceeding 210°F (99°C), with an internal maximum working pressure of less than 160 psi (1103 kPa) and

storage wate

r volume not in excess of 120 gallons (454 L).

CONSTRUCTION

ALL APPLIANCES

6 General

6.1

normal usage or from a connection required to be uncoupled for servicing the device.

Electrical equipment and wiring shall be arranged so that water will not drip or run on them during
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6.2 Attachment plugs or separable connectors shall not be used in circuits when the breaking or making
of the circuit by such devices may result in operation of the equipment in a manner that involves a risk of

fire, electric s

hock, or injury to persons.

7 Corrosion Protection

7.1

Iron and steel parts shall be protected against corrosion by painting, galvanizing, plating or other

equivalent means if the malfunction of such unprotected part would be likely to result in a hazardous

condition.

Exception: Cast-iron parts, cast-aluminum parts and ASME coded pressure vessels are not required to be

protected aga instcorrosion-

7.2 Aneval
undertaken tq
initial conden
representativ
accordance v
E70. If the p
required. If th
accordance W
UL 1738.

8 Protectio

8.1 An unin

shall be located, guarded, or enclosed to reduce;the likelihood of unintentional contact

performing se

Exception: A
the opening b

8.2 Service
a) Adj
b) Reg
c) Ops
d) Adj

hation of any condensation that may collect in the flue gas ductwork or campon
determine the pH content. The pH content is to be measured as undiluted co
sate sample is to be taken upon a cold start and additional samplés -are to bg
b of all firing conditions that produce condensate. The pH measurement is to be
ith the Standard Test Method for pH of Aqueous Solutions With the Glass Eleg
- is greater than or equal to 3.0, no further evaluation of the effects of the ¢
e pH concentration is less than 3.0, the venting system of thie appliance shall bg
ith the Standard for Venting Systems for Gas Burning Appliances, Categories

h of Users and Service Personnel
sulated high-voltage live part and a moving part that may involve a risk of inju
rvice functions that may have to be performed with the equipment energized.

moving part is not required te-comply with 8.1 if the part is unlikely to be contsg
ecause of fixed components;-including baffles.

Isting the setting of temperature controls with or without marked dial settings;
etting contral trip mechanism;

rating:manual switches; or

functions which may have to be performed with the equipment energized includg:

ents shall be
hdensate. An
taken to be
performed in
trode, ASTM
bndensate is
evaluated in
I, IIl, and IV,

y to persons
Dy personnel

cted through

|inng airshutters or air-flow dnmpnre

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

8.3 The requirements of 8.1 are not applicable to mechanical service functions which are not normally
performed with the equipment energized.

8.4 Adjustable or resettable electrical control or manual switching devices 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 normal direction of access if uninsulated live parts or moving parts
that may involve a risk of injury to persons are:

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

b) Are not located within 6 inches (152 mm) on any side or behind the mechanism, unless guarded.
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8.5 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 other
components and grounded metal parts so that it is accessible for electrical service functions without
subjecting the serviceman to a risk of electric shock from adjacent uninsulated live parts or to unintentional
contact from adjacent moving parts that may involve a risk of injury to persons.

8.6 Accessibility and protection from a risk of fire, electric shock, or injury to persons may be obtained by
mounting the control components in an assembly so that unimpeded access is provided to each
component through the access cover or panel in the outer cabinet and the cover of the control assembly
enclosure with the following arrangement:

a) The components are located with respect to the access opening in the cabinet so that the
farthgst component in the control assembly I1s not more than 14 inches (356 mm) from the plane of
the agcess opening.

b) Uniinsulated live parts outside the control assembly projected clear spaee (€xcept for live parts
withinl a control panel) or unguarded moving parts that may involve a risk|of injury t¢ persons are
locatgd not closer than 6 inches (152 mm) from any side of the access area. The pfojected clear
space is considered to be bounded on the sides by the projection, of the smallest rectangular
perimeter surrounding the outside edge of the components or.control enclosure when provided.
The dccess area is considered to be bounded on the sides by the'projection of the pgrimeter of the
accegs opening in the outer cabinet to the closest rectangular perimeter surrounding the outside
edge |of the component or control enclosure.

c) The volume generated by the projected clear space of the control assembly fo the access
opening in the outer cabinet (within the access area is completely free of obstructipns, including
wiring).

d) Acfess to the components in the controlassembly is not impeded in the direction| of access by
otherjcomponents or by wiring in this assembly.

e) Exjractor-type fuseholders and-snap switches mounted through the control assembly enclosure
shall be located so that:

1) There is unimpeded access to these components through the access opening in the
outer cabinet; and

2) They arewnot immediately adjacent to uninsulated live parts outside the control assembly
enclosure;.unless guarded.

Also see Figfre 8.\
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Figure 8.1

Accessibility and protection
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BUTTON Lo
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| SPACE

I A  vzrroous

MOVING PART
A = DISTANCE [FROM PLANE OF ACCESS, AREA TO '
FURTHEST| COMPONENT - 14" (3556 mm) MAXIMUM. SECTION A-A ‘

X" = MINIMUM DISTANCE FROM HAZARDOUS MOVING PARTS, OR UNINSULATED
LIVE PARTS TO ACCESS\AREA = 6" (152.4mm) MINIMUM.
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8.7 Components in a low-voltage circuit shall comply with the requirements of 8.5 in their relation to
uninsulated live parts in a high-voltage circuit and to hazardous moving parts.

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

a) Coils of controllers;

b) Relays and solenoids;

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

d) Enclosed motor windings;

e)ln

f) In
8.9 Moving
shall be encl

removal of d
a)Th
b) An

c) AW

Exception: A
the opening

8.10 Thed
shall be in aq
3 inches (76
included in th
appropriate

minor dimen
can be inserf

]

lated wires.

lated terminals and splices; and

parts such as fan blades, blower wheels, pulleys, belts, and the like, 'Which ma
bsed or guarded (See 8.13 for requirements pertaining to automatically fed appl
bors, panels, or shields will expose such moving parts;

b opening or removal of the door, panel, or shield shall require the use of tools;
interlocking device shall shut off the mechanism; of

arning marking shall be displayed as described.in 72.10.

moving part is not required to comply with 8.9 if the part is unlikely to be cont
because of fixed components, including-baffles.

stance from an opening in a required guard or enclosure to the moving part me
cordance with Table 8.1, but'the minor dimension of the opening shall not in any
2 mm). For an opening-having a minor dimension intermediate between two
e table, the distance from/the opening to the moving part shall be not less than

nterpolation betwegh.the corresponding values in the right-hand column of t

s5ion of the openin@yis determined by the largest hemispherically tipped cylindri
ed through the lopening with a force of 5 pounds (22 N).

Table 8.1
Dimensions of openings

/ cause injury
ances). If the

hcted through

ntioned in 8.9
case exceed
of the values
that found by
he table. The
Cal probe that

Minor dimensions of opening Minimum distance from opening to moving part
inches? (mm) inches? (mm)
1/4 (6.4) 1/2 (12.7)
3/8 (9.5) 1-1/2 (38.1)
112 (12.7) 2-1/2 (63.5)
3/4 (19.1) 4-1/2 (114)
1 (25.4) 6-1/2 (165)
1 (25.4) 6-1/2 (165)
1 (25.4) 6-1/2 (165)
1-1/2 (38.1) 10-1/2 (267)

Table 8.1 Continued on Next Page
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Table 8.1 Continued

Minor dimensions of opening Minimum distance from opening to moving part
inches® (mm) inches? (mm)
2 (50.8) 14-1/2 (369)
over 2 (over 50.8) 30 (762)

@ Openings less than 1/4 inch (6.4 mm) are not to be considered.

8.11
unlikely to be

8.12 The fu
residue cann

surfaces of th
not rely solely

8.13 Thefu

contacted through the opening because of fixed components, including baffles.

A moving part shall not be considered when evaluating for compliance with 8.1 and 8.9 if the part is

bt enter areas within the appliance electrical enclosure or come into contact

on a sealing compound or tape for tightness.

el hopper of an automatically fueled appliance shall have a lid or door with a dire

the fuel feed auger motor so that the auger is disabled when the hopper is‘epened.

8.14 If prov

construction 4

is prevented.

8.15 When

ded, the hopper lid/door seal gasketing shall be attached to the lid/door, or th
hall be such that damage to the gasketing duringshnormal operation and filling

components require removal, for example~during periodic maintenance, such

not render th¢ gasket or seal incapable of forming a suitable seal when the components are

with a gasket

or seal replacement.

9 Enclosurgs

9.1 Genera

9.1.1 Unins

by persons ddiring normal use-of the appliance.

9.1.2 Amon
a) Me
b) Reg

¢) Moi

j the factorstaken into consideration when evaluating the acceptability of an enc
thanieal strength;

istance to impact;

e fire chamber. Fuel hopper sections shall be fastened together securely such

el hopper of an automatically fueled appliance shall be constructed such th;Jt fuel or fuel

with exterior
that they do

Ct interlock to

b design and
bf the hopper

emoval shall
reassembled

Ilated live high-voltage parts shall be enclosed or guarded to prevent unintentjonal contact

losure are:

sture-absorptive properties;

d) Combustibility;

e) Resistance to corrosion; and

f) Resistance to distortion at temperatures to which the enclosure may be subjected under

condit

ions of normal or abnormal use.

For a nonmetallic enclosure or part of an enclosure, all these factors are considered with respect to
thermal and chemical aging, in accordance with the Standard for Polymeric Materials — Use in Electrical
Equipment Evaluations, UL 746C.
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9.1.3 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.

9.1.4 Where the design and location of the component and the strength and rigidity of the outer cabinet
warrant, an individual enclosure of thinner metal than specified in Table 9.1 or Table 9.2 whichever applies,
may be employed.

Minimum thickness of sheet metal fo-[aebr:glggures — carbon steel or stainless steel
Withou{ supporting frame® With supporting frame or equivalent Minimum thickhess,
reinforcing incheé (m:[‘)

Maximum widith® | Maximum length® | Maximum width® Maximum length Uncoated Ihetal coated
inches (dm) inches (cm) inches (cm) inches (cm) (MSG) (GSG)

4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.023 (0.58)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) (24)

6.0 (1%.2) Not limited 9.5 (24.1) Not limited 0.026 (0.66) | 0.029 (0.74)
7.0 (171.8) 8.75 (22.2) 10.0 (25.4) 125 (318) (22) (22)

8.0 (20.4) Not limited 12.0 (30.5) Not limited 0.32 (0.81) 0.034 (0.86)
9.0 (22.9) 1.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (20)

12,5 (31-8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (3%.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) (18)

18.0 (4%.7) Not limited 33.0 (83.8) Not limited 0.060 (1.53) 0.063 (1.61)
25.0 (63.5) 31.0 (78.7) 35.0 (89.0) 43.0 (109.2) (15) (15)

25.0 (63.4) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)
29.0 (73.7) 36.0 (91.4) 41.0 (104.0) 51.0 (129.5) (14) (14)

33.0 (88.8) Not limited 51.0 (129.5) Not limited 0.080 (2.04) 0.084 (2.13)
35.0 (89.0) 47.0 (119.4) 54.0 (137.1) | 66.0 (167.6) (13) (13)

42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
42.0 (1190.4) 59.0 (149.9) | 68.0 (172.7) 84.0 (213.4) (12) (12)

52.0 (135.1) Not\imited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.80)
60.0 (192.4) 74,0 (188.0) 84.0 (213.4) 103.0 (261.6) (11) (11)

63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (185.4)/| 90.0 (2286) | 103.0 (2616) | 127.0  (322.6) (10) (10)

@ A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and which 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 which is a rigid as one built with a frame of angles or
channels. Construction considered to be without supporting frame includes:

1) single sheet with single formed flanges (formed edges),
2) a single sheet which is corrugated or ribbed, and

3) an enclosure surface loosely attached to a frame, for example, with spring clips.

® 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 panels which are not supported along one side, e.g., side panels of boxes, the length of the unsupported side shall be lifted to
the dimensions specified unless the side in question is provided with a flange at lease 1/2 inch (12.7 mm) wide.



https://ulnorm.com/api/?name=UL 2523 2022.pdf

16

UL 2523

OCTOBER 20, 2022

Table 9.2
Minimum thickness of sheet metal for enclosures — aluminum, copper, or brass

Without supporting frame®

With supporting frame or equivalent
reinforcing®

Minimum thickness

Maximum width® Maximum length® Maximum width® Maximum length inches (mm)
inches (cm) inches (cm) inches (cm) inches (cm) (AWG)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023 (0.58)
35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1) (22)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74)
5.0 12.7) 6.0 (15.2) 105 (26.7) 135 (34.3) (20)
6.0 15.2) Not limited 14.0 (35.6) Not limited 0.036 (0.91)
6.5 16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (18)
8.0 20.3) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
9.5 24.1) 15 (29.2) 21.0 (53.3) 25.0 (63%) (16)
12.0 30.5) Not limited 28.0 (71.1) Not limited 0.058 (1.47)
14.0 35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (14)
18.0 45.7) Not limited 42.0 (106.7) Not limited 0.075 (1.91)
20.0 50.8) 25.0 (63.4) 45.0 (114.3) 55:0 (139.7) (12)
25.0 63.4) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 73.7) 36.0 (91.4) 64.0 (162¢6) 78.0 (198.1) (10)
37.0 94.0) Not limited 87.0 (221:0) Not limited 0.122 (3.10)
42.0 106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (8)
52.0 132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)
60.0 152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (6)

@ A supporting f
essentially the

moments which
reinforcing mayj
channels. Cong

® The width is th
enclosure may

¢ For panels wh
be limited to the

1)|single sheet with single formed flanges (formed edges),

2)|a single sheet which.is corrugated or ribbed, and

3)|an enclosure-surface loosely attached to a frame, such as, with spring clips.

Fame is a structure of angle or channel ora folded rigid section of sheet metal which is rigidly attachgd to and has
ame outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resist|the bending
may be applied via the enclosuré.surface when it is deflected. Construction that is considered to haye equivalent
be accomplished by designs that will produce a structure which is as rigid as one built with a frame ¢f angles or
truction considered to be without supporting frame includes:

e smallef dimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfgces of an
have supports in common and be made of a single sheet.

ch are’hot supported along one side, for example, side panels of boxes, the length of the unsupportgd side shall

) wide.

9.1.5 Electrical parts within the outer cabinet are not required to be individually enclosed if the assembly
conforms with all of the following:

a) Their design and location with respect to openings in the outer cabinet will not result in the
emission of flame or molten metal through openings in the cabinet or if it can be shown that failure
of the component would not result in a risk of fire;

b) There are no openings in the bottom of the compartment in which the part is located which would
permit dropping of molten metal, and the like, onto combustible material,

¢) The partis not in proximity to combustible material other than electrical insulation;
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d) The part is not located closer than 5 inches (127 mm) to the outer cabinet unless the thickness of
sheet metal is in compliance with Table 9.1;

e)Th

e part is not located in an air-handling compartment;

f) The thickness of the outer cabinet is not less than two-gage thicknesses thinner than indicated in
Table

9.1 for the maximum dimensions of the cabinet enclosure.

g) The part is not subject to unintentional contact by persons. See Protection of Users and Service
Personnel, Section 8.

All in

9.1.9 Steel

9.1.10 The

Exception: W

warrant, an i
9.1.11 She
than 0.032 i
GSQG) if galv

9.1.12

9.1.13 Terminal housings of motors, to which connections are to be made in the field, she

and shall be

9.1.14 Aju
that:

a) An

does

Cabir

I

If ins
shall be givg
ignition sourg

ended mounting positions of the unit shall be considered when evaluatingl.q

et compartments housing gas piping and controls shall be ventilated.

thickness of a sheet metal enclosure shall be as indicated'in Table 9.1 and Tablg

The requirements of 9.1.5 apply only to parts of high-voltage circuits as defined by 5.17.

ompliance to

enclosures shall be protected against corrosion by painting, plating, or equivaleft means.

9.2.

hen the design and location of components and.the strength and rigidity of the
ndividual enclosure thinner than specified in Tahle~9.1 and Table 9.2 is able to bg

bt metal to which a wiring system is to be connected in the field shall have a thich
ch (0.81 mm) (No. 20 MSG) if uncoated steel, not less than 0.034 inch (0.86
nized steel, and not less than 0.045.in¢h (1.14 mm) if nonferrous.

ulating material other than electrical insulation is provided within the enclosure,

e.

Bized in accordance with the National Electrical Code, NFPA 70.

nction boxpartially formed by another part such as a fan scroll or a motor casing

opening between the box and motor frame having a dimension exceeding 1/2 in

outer cabinet
employed.

ness not less
mm) (No. 20

consideration

n to the burning characteristics and combustibility of the material and the pfoximity of an

Il be of metal

shall fit such

ch (12.7 mm)

otpermita flatfeetergauge, 5/64 by 72 nch (2.0 by 2.7 mm)ywide toenter; a

d

b) An opening between the box and motor frame having no dimension exceeding 1/2 inch (12.7

mm)

does not permit the entrance of a 13/64 inch (5.2 mm) diameter rod.

9.1.15 The criteria for evaluating an opening in an electrical enclosure are given in the following items
and the related figures:

a) An opening that does not permit entrance of a 3/4 inch (19.1 mm) diameter rod is acceptable if:

1) A probe, as illustrated in Figure 9.1, cannot be made to touch any uninsulated live part

when inserted through the opening; and

2) A probe, as illustrated in Figure 9.2, cannot be made to touch enamel i
when inserted through the opening.

nsulated wire
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b) An opening that permits entrance of a 3/4 inch (19.1 mm) diameter rod is acceptable under the
conditions described in Figure 9.3.

Figure 9.1

Probe for uninsulated live metal parts

~—— ANY CONVENIENT LENGTH

1/2 INCH DIA.
(TZ7mm)

3/4 INCH DIA.
(19.1mm)

H — 7
L —{0

9/16 INCH(14.3mm)4——~\_ 3/16 INGH R

(4.8mm)

4 INCHES
(101.6m9m)

PA130A
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Figure 9.2

Probe for film-coated wire

—=— ANY CONVENIENT LENGTH

3/47 (19.1mm) DIA. —

1/2” (12.7mm) DIA.

A

Vi

] —

PA140A

=—=

4" (101.6mmy)

1/4" (6:4mm) RAD.
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Figure 9.3

Opening in enclosure

o
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ENCLOSURE OPENING
SECTION~A—A
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LIVE (PART __~iR

SECTION B-B

S2MNN NN NNNN] L LS

) '
N 7
\\ ’/

LIVE PART J-

£C100B
The opening is acceptable if, within the enclosure, there is no uninsulated live part or enamel-insulated wire:
a) Less than X inches (mm) from the perimeter of the opening, as well as

b) Within the volume generated by projecting the perimeter X inches (mm) normal to its plane. X equals five times the
diameter of the largest diameter rod which can be inserted through the opening, but not less than 4 inches (102 mm).


https://ulnorm.com/api/?name=UL 2523 2022.pdf

OCTOBER 20, 2022

UL 2523

21

9.1.16 During the examination for conformance with the requirements in 9.1.15, a part of the enclosure
which may be removed with the use of tools is to be removed.

9.2 Accessibility of uninsulated live parts and film-coated wire

9.21

concerning accessibility of uninsulated live parts and film-coated wire:

During the examination of a product to determine whether it complies with the requirements

a) A part of the enclosure that may be opened or 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,

b) Insulated brush caps are not required to be additionally enclosed;

c) The probes shall be applied to any depth that the opening will permit; and\shall [be rotated or
anglefd before, during, and after insertion through the opening to any positien that is| necessary to
examjne the enclosure; and

d) The probes shall be used as measuring instruments to evaluate the accessibility provided by an
opening, and not as instruments to evaluate the strength of a material; they shall b¢ applied with

the m

9.2.2 The ¢
related figurg

a)An

b) An
condi

9.3 Doors and covers

nimum force necessary to determine accessibility.

riteria for evaluating an opening in an electrical/enclosure are given in (a)
s:

opening that does not permit entrance of a 3/4 inch (19.1 mm) diameter rod is a
1) A probe as illustrated in Figure 9.1\ cannot be made to touch any uninsu
when inserted through the opening;tand
inserted through the opening:

opening that permits entrance of a 3/4 inch (19.1 mm) diameter rod is acceptd
ions described in Eigure 9.3.

+ (b) and the

cceptable if:

ated live part

2) A probe as illustrated in Eigure 9.2 cannot be made to touch film-coat¢d wire when

ble under the

9.3.1 A cover or aceess panel of an enclosure for uninsulated live parts shall be provided with means for
securing it in|place.
9.3.2 A hingedior Ir_\i\lr\hnr'l rr_\:\nnl orcovershallbe pneiﬁnnnrl or nrrnngnd so-thatitis not su ject to fa|||ng

or swinging due to gravity or normal vibration in such a manner as to cause injury to persons by the panel
or cover, or by hazardous moving parts or uninsulated live parts.

9.3.3 The assembly incorporating overcurrent protective devices shall be arranged so that fuses can be
replaced and manual-reset devices can be reset, as applicable, without removing parts other than a
service cover or panel and a cover or door enclosing the device. See 9.3.7.

9.3.4 A required protective device shall be wholly inaccessible from outside the assembly without
opening a door or cover, except that the operating handle of a circuit breaker, the operating button of a
manually operable motor protector, the reset button of a manually resettable pressure switch, and similar
parts may project outside the appliance assembly enclosure.
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9.3.5 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 the dial,
knob, lever, or handle.

9.3.6 A fuseholder shall be so constructed, installed, or protected 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 equivalent material employed for this purpose shall be not less

than 0.028 inch (0.71 mm) in thickness.

9.3.7 The door or cover of an enclosure shall be hinged if it gives access to fuses or any motor overload

protective de
in connection
protective de

Exception: A

a) Co
than a

b) Ext

¢) Fus

9.3.8 Hinge
requiring the

9.3.9 A spri
door in place

9.3.10 Ado
against a 1/4
of four edges|
wall of the b
construction
combination ¢

9.3.11 Strip
not less than

with the normal operation of the protective device such as resetting a manualyr
ice.

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

htrol-circuit fuses of 2 amperes or less, provided the fuses and \control-circuif
fixed control-circuit load, such as pilot lamp, are within the same’enclosure;

ractor-type fuses each with its own enclosure; or

es in low-voltage circuits.

1 covers, where required, shall not depend*solely upon screws or other s

Ise of tools to hold them closed, but shall beprovided with a catch or spring latch.

ng latch, a magnetic latch, a dimple_or any other mechanical arrangement that

Or or cover giving direct/access to fuses in other than low-voltage circuits shal
inch (6.4 mm) rabbet or the equivalent, or shall have either turned flanges for t
or angle strips fastened to it. Flanges or angle strips shall fit closely with the ¢
ox proper and_shall overlap the edges of the box not less than 1/2 inch (
vhich affords equivalent protection, such as a fuse enclosure within an outer er
f flange andrabbet, is acceptable.

5 used-to provide rabbets, or angle strips fastened to the edges of a door, shall &
twa points, not more than 1-1/2 inches (41.1 mm) from each end of each strip

between thes

en the cover
set overload

loads, other

milar means

will hold the

and would require some effort on the user's part to open, is an acceptable means for holding
the door in place as required in 9.3.8.

shut closely
he full length
utside of the
12.7 mm). A
closure, or a

e secured at
and at points

end faefnninge not more than 6 inches (1 52 mm) npnrf

9.3.12 A plate or plug for an unused conduit opening or other hole in the enclosure shall have a

thickness not

less than:

a) 0.014 inch (0.36 mm) for steel or 0.019 inch (0.48 mm) for nonferrous metal for a hole having a
1/4 inch (6.4 mm) maximum dimensions; and

b) 0.027 inch (0.68 mm) for steel or 0.032 inch (0.81 mm) for nonferrous metal for a hole having a

1-3/8 i

nch (34.9 mm) maximum dimensions.

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 plates or plugs shall be securely mounted.

9.3.13 An electron tube or similar glass-enclosed device shall be protected against mechanical damage.
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9.4 Field wiring system connection

9.4.1 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 be not 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.

9.4.2 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 be not less than 3-1/2 threads in the metal and there shall be a
smooth, rounded inlet hole for the conductors which shall afford protection to the conductors equivalent to
that provided by a standard conduit bushing and which shall have an internal diameter approximately the
same as that of the corresponding trade size of rigid conduit.

9.4.3 An enclosure threaded for support by rigid conduit shall provide at least five! ful threads for
engaging with the conduit.

9.4.4 A knpckout in a sheet metal enclosure shall be capable of being, femoved without undue
deformation pf the enclosure.

9.4.5 A knqckout shall be provided with a flat surrounding surface for, seating of a conduit|bushing, and
shall be so Idcated that installation of a bushing at any knockout likely toybe used during instdllation will not
result in spagings between uninsulated live parts and the bushing of\ess than those required

10 Field Wjring
10.1 General

10.1.1  Proyision shall be made for connection of/a wiring system that would be suitable for|power supply
in accordance with the National Electrical Code;-"NFPA 70.

10.1.2 Thellocation of an outlet box or-¢compartment in which field wiring connections arg to be made
shall be such that these connections may be inspected after the equipment is installed as intgnded.

10.1.3 The|connections shall.bevaccessible without removing parts other than a service dover or panel
and the cover of the outlet bex.or compartment in which the connections are made. A compohent intended
for use as thé cover of an guttet box or compartment may serve as a cover.

10.1.4 Thelsize of @ junction box in which field-installed conductors are to be connected by splicing shall
be not less than that indicated in Table 10.1. A conductor passing through the box is counted as one
conductor, and 'each conductor terminating in the box is also counted as one conductor. A field-furnished

ok alio HYP-CIH Y- naidarad taba not craallar thom A4 AN (O 4 on 2N
Conductor fo |||H|| VUlLaUU CITUUTNIO TO VUTTOIUTTOU U VT TIUL oSITIAailicl tidrm 19 MvVVy \L. T }.

Table 10.1
Size of junction boxes

Size of conductor Free space within box for each conductor
AWG (mm?) cubic inches (cm?)
16 or smaller (1.3 orless) 15 (24.6)
14 (2.1) 2.0 (32.8)
12 (3.3) 2.25 (36.9)
10 (5.3) 25 (41.0)
8 (8.3) 3.0 (49.2)
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10.1.5 A knockout for connection of a field wiring system to a terminal box or compartment shall
accommodate conduit of the trade size determined by applying Table 10.2.

Table 10.2
Trade size of conduit in inches®
Wire size Number of wires
AWG (mm?) 2 3 4 5 6
14 (2.1) 12 12 12 12 12
12 (3.3) 12 12 12 3/4 3/4
10 {63} 42 42 2 34 3/4
8 (8.4) 3/4 3/4 1 1 1-1/4
6 (13.3) 3/4 1 1 1-1/4 1-1/4
4 (21.1) 1 1 1-1/4 1114 1-1/2
3 (26.7) 1 1-1/4 1-1/4 1-1/2 1-1/2
2 (33.6) 1 1-1/4 1-1/4 1-1/2 2
1 (42.4) 1-1/4 1-1/4 1-1/2 2 2
0 (53.5) 1-1/4 1-1/2 2 2 2-1/2
2/0 (67.4) 1-1/2 1-1/2 2 2 2-1/2
3/0 (85.0) 1-1/2 2 2 2-1/2 2-1/2
4/0 (107.2) 2 2 2-1/2 2-1/2 3
@ This table is bhsed on the assumption that all conductors are of the safie size and there are no more than six conductors in the
conduit. If morglthan six conductors are involved or if all of them are\not of the same size, the internal cross-sectional area of the
smallest conduft that may be used is determined by multiplying by-2.5 the total cross-sectional area of the wires, baged on the
cross-sectionallarea of type THW wire.

10.1.6 Wiring exterior to an appliance assembly between the blower, automatic fueling pssembly, or
similar, and g limit control, a regulating-control, or a motor controller, that can be done readily with a wire
enclosed in donduit or with metal-clad_cable in accordance with the National Electrical Code, NFPA 70,
need not be furnished by the manufacturer as part of the appliance assembly if adequate ingtructions for
installing such wiring are furnished with each appliance. See 11.1.4.

10.1.7 A box or enclosure, included as part of the assembly and in which a branch circuit supplying
power to the pppliance.is-to be connected, shall not require that it be moved for normal care of the unit.
This requirement dees/not apply to separate limit controls and stack switches, where permitted, to which
metal-clad cabple-orflexible metallic conduit is to be directly attached.

10.1.8 A box or enclosure in which field installed conductors are to be connected as indicated in 10.1.5 —
10.1.7 and 10.1.9 shall be so located that the temperature of conductors within the box or surfaces of the
box likely to be in contact with the conductors does not exceed that specified for a wire having a 140°F
(60°C) temperature rating when the assembly is tested in accordance with these requirements.

10.1.9 Except as otherwise permitted by 11.1.4, wiring to be done in the field between the assembly and
devices not attached to the appliance or between separate devices which are field installed and located,
shall conform to these requirements if done with a 140°F (60°C) rated wire enclosed in suitable conduit or
metal-clad cable.

10.1.10 The wiring of the appliance may terminate in a length of flexible metal conduit with an outlet box,
control box, or equivalent enclosure intended for connection of the product to the wiring system specified
in 10.1.1. If the conduit terminates in an outlet box larger than 4 by 4 by 2 inches (102 by 102 by 51 mm)
for splice connection, locknuts on the fittings are not acceptable as a means to prevent loosening of the
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conduit fittings. A grounding conductor of the size specified in the National Electrical Code, NFPA 70, shall
be included unless:

a) The total length of flexible metal conduit of any ground return path in the product is not more
than 6 feet (1.83 m);

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

ampe

res is included; and

¢) The conduit is no larger than 3/4 inch trade size, or the fittings for the conduit are identified as
providing grounding.

10.2 Leadsand-terminats

10.2.1  Wiri
conductors d
marked ratin

10.2.2 Leadls may be less than 6 inches (152 mm) in length if it is evident that the use of

results in ari

10.2.3 Leadls intended for connection to an external circuit shall’be-provided with strain rel

the lead may
from its tern
withstanding

10.24 An
manual switd
device.

10.2.5 Attg
and from corj
soldering lug
slot-type con
resulting fron
insulating tul
clamping mg
mm).

10.2.6 Fielg

ng terminals or leads not less than 6 inches (152 mm) long for connection
f at least the size required by the National Electrical Code, NFPA 70, corresp
j of the assembly shall be provided.

5k of fire, electric shock, or injury to persons.

be transmitted to terminals, splices, or internal witing’which may cause the les
ination or result in damage to the lead from sharp edges. Each lead shall &
a pull of 10 pounds (44.5 N) for 1 minute without’‘damage to the assembly.

dentified (grounded) terminal or lead shall not be electrically connected to

rminals, stranded conductors'shall be prevented from contacting other uninsul
tacting dead metal parts=This may be accomplished by use of pressure-termin
s, crimped eyelets, soldering all strands of the wire together, or equivalent me|
nector shall not be.used unless it is constructed to reduce the likelihood of

n loosening of the_clamping means. The shanks of terminal connectors shall be
ing, or the equivalent, if the required spacings may be reduced as a result of log
ans. The thickness of the insulation on the shanks shall be not less than 0.0

wiring terminals shall be secured to their supporting surfaces by methods othg

of field-wiring
onding to the

a longer lead

ef if stress on
d to separate
e capable of

a single-pole

hing device which has an OFF positian or to a single-pole overcurrent (not thernpal) protective

ted live parts
| connectors,
ans. An open
Hisconnection
protected by
sening of the
28 inch (0.71

r than friction

between su

aces so that fhny are rr_\rn\/nni'nri from hlrning or ehif’ring n pneiﬁnn if such mo

ion results in

reduction of spacings to less than those required. This may be accomplished by two screws or rivets; by
square shoulders or mortices; by a dowel pin, lug, or offset; by a connecting strap or clip fitted into an
adjacent part; or by some other equivalent means.

10.2.7 Conductors intended for connection to a grounded neutral line shall be identified, that is, finished
a white or gray color. All other current-carrying conductors visible to the installer shall be finished in colors
other than white, gray, or green. A terminal for connection of a grounded conductor shall be identified by a
metallic-plated coating, 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.

10.2.8 Leads provided for spliced connections to an external high-voltage circuit shall not be connected
to wire-binding screws or pressure terminal connectors, located in the same compartment as the splice or
visible to the installer, unless the screws or connectors are rendered unusable for field wiring connections
or the leads are insulated at the unconnected ends.
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10.2.9 Terminal parts by which field-wiring connections are made shall consist of soldering lugs or
pressure terminal connectors secured in place in accordance with the requirements in 10.2.6, 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.

10.2.10 A wire binding screw at a high-voltage wiring terminal for field connection shall not be smaller
than No. 10 (4.8 mm major diameter).

Exception No. 1: A No. 8 (4.2 mm major diameter) screw may be used for the connection of a conductor

not larger tha

Exception Nd
AWG (1.3 or

10.2.11 Ate
thickness for
a wire larger
metal.

10.2.12 A tg
extruded at th

10.2.13 AW
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temperature
shall be not s

11.1.3 Exce
manufacturer|
wiring shall b
boiler is asse

with each apptiafce:

11.1.4

General

n 14 AWG (2.1 mm?®).

. 2: A No. 6 (3.5 mm major diameter) screw may be used for the connection
.82 mm?) control-circuit conductor.

rminal plate for a wire binding screw shall be of metal not less than@.030 inch
b 14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch, (.27 mm) in
han 14 AWG (2.1 mm?); and in either case there shall be not less than two full {

rminal plate formed from stock having the minimum_ required thickness may h3
e tapped hole for the binding screw so as to provide)two full threads.

re binding screw shall thread into metal.

Wiring

viring of high-voltage circuits-shall conform to the requirements in this Section.

g shall be done with insulated conductors having current carrying capacity,
atings consistent with their use. A conductor, other than an integral part of g
maller than 18 AWG (0.82 mm?).

pt as indicated in 11.2.2, the wiring for each device assembly circuit shall be fur
as part of*the appliance. If the appliance is not assembled and wired at the
e furfished as harness with each boiler and be arranged to facilitate attachm
mbled; and a pictorial diagram showing the exact arrangement of the wiring sha

bf a 16 or 18

(0.76 mm) in
thickness for
hreads in the

ve the metal

voltage, and
component,

nished by the
factory, such
ent when the
| be included

If insulated conductors rated for use at temperatures in excess of 140°F (60°C) are required, such

wiring shall be furnished as part of the assembly and the devices to be connected by such wiring shall be
factory-located on the equipment.

11.2 Methods

11.2.1

Electrical wiring to a part which must be moved for normal 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 part shall terminate in eyelets or connectors. If the
wiring to a part which functions also as an access plate or cover, that is, a transformer closing the access
to the nozzle assembly, is not readily detachable, the assembly shall include provision for support of that
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part by means other than the wiring when the part is moved for servicing. Any allowable movement of such
part shall not unduly twist, bend, or pull the wiring.

11.2.2 Conductors shall be enclosed within conduit, electrical metallic tubing, metal raceway, electrical
enclosure, or metal-clad cable, except as permitted by 11.2.15.

Exception: Factory wiring involving a potential of not more than 300 volts between parts attached to the
same assembly with a predetermined fixed relationship one to the other may be done with Type SO or ST
cord, provided all of the following conditions are fulfilled:

a) It is not practical to do the wiring in accordance with 11.2.2;

b) The cord is not required to be bent, twisted, or otherwise displaced to-rénder normal
maintenance and service; and

¢) The length of cord exterior to the assembly is not more than 4 inches (102 mm) af

d strain relief

is proyided.
11.2.3 Groyp A of Table 11.1 includes some wiring materials suitable foruse if enclosed ds indicated in
11.2.2.
Table 11.1
Typical wiring materials
Group Type of wire, cord, or appliance wiring Wire Size Insulation thickness
material with .insulation thickr)ess AWG (mm?) Inch (mm)
shown at the right corresponding to
wire sizes indicated
10 and smaller (5.3) 2/64 (0.8)
8 (8.3) 3/64 (1.2)
6 (13.3) 4/64 (1.6)
4 (21.2) 4/64 (1.6)
FFH-2, TF, TFF, TFN, TFRN, SF-2, SFF-2,
RH, RHH, RHW, T, THW:XHHW, MTW, 3 (25.7) 4/64 (16)
A THWN, TW, PF, PFE,(PGF, PGFF, RFH-2, 2 (33.6) 4/64 (1.6)
RFHH-2, RFHH-3 ar thermoplastic
pppliance wiring ‘material. 1 (424) 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)
410 (107 0) 5164 (2.0)
18 (0.82) 4/64 (1.8)
16 (1.3) 4/64 (1.6)
SO, ST, SJO, SJT, S, SE, SJ, SJOO, 14 (2.1) 5/64 (2.0)
SJTO, SJTOO, SO0, STO, STOO, or
B appliance wiring material with 12 (3.3) 5/64 (2.0)
thermoplastic or neoprene insulation 10 (5.3) 5/64 (2.0)
8 (8.3) 6/64 (2.4)
6 (13.3) 8/64 (3.2)
Thermoplastic wiring materials, as referenced in group A, with insulation thickness of 2/64 inch (0.8 mm) for 16 or 18 AWG (1.3 or
0.82 mm?) and 3/64 inch (1.2 mm) for 14, 12, 10, or 8 AWG (2.1, 3.3, 5.3, or 8.3 mm?), are considered equivalent to the wiring
material referenced in group B, when the conductors are covered with 1/32 inch (0.8 mm) wall thickness thermoplastic insulating
tubing of a type suitable for the purpose from the standpoint of dielectric properties, heat resistance, moisture-resistance,
flammability, and the like.
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11.2.4 Flexible metal conduit, shall not be smaller than 3/8 inch (9.5 mm) electrical trade size. This does
not apply to parts of components, such as conduit protecting flame sensor leads.

11.2.5 Flexible metal conduit shall be mechanically secured at intervals not exceeding 4-1/2 feet (1.37
m) and within 12 inches (305 mm) on each side of every junction box except for lengths not over 36 inches
(914 mm) where flexibility is necessary.

11.2.6 All splices and connections shall be mechanically secure and bonded electrically. A soldered
connection shall be made mechanically secure before being soldered if breaking or loosening of the

connection may result in risk of fire, electric shock, or injury to persons.

s involved if
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pf spacing between the splice and other metal parts is not ensured.

cing device, such as a fixture-type splicing connector, pressure wire connector,

C tape wrapped over a sharp edge is not acceptable.

splice shall be enclosed by being installed in a junctien box, control bj
in which high-voltage wiring materials may be employed.

ces shall be located, enclosed, and supported so0 ‘that they are not subject
h, or vibration.

lice is considered to be adequately enclosed‘when installed in a junction box, ¢
d compartment in which wiring materials; as specified in Group A of Table 1
blices in enclosed machinery compartments shall be secured to a fixed mg
so that they are not subject to movement or damage during servicing.

Il points where conduit or metal tubing terminates, the conductor shall be pn
etal-clad cable is used, an:insulating bushing or its equivalent shall be provided
nd the metal cladding, and the connector or clamp shall be of such design that {
equivalent will be visible for inspection.

ireway shall, be’ such that the interconnection of sections and fittings pro
ssembly andiensure electrical conductivity. The interior of the wireway shall
rp corners‘or edges which might cause damage to the insulation on wires.

Viring,shall be supported and routed to prevent damage due to sharp edges or m

and the like,
S subjected.

ox, or other

to damage,

bntrol box, or
1.1, may be
bmber in the

otected from
between the
he insulating

ides a rigid
be free from

oving parts.

11.2.15 Cords or appliance wiring material as referenced in Group B of Table 11.1 may be employed if
the wiring is enclosed by a casing or compartment 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 such
compartment may be open provided all sides of the compartment extend to the floor level,

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

d) Openings are not closer than 6 inches (152 mm) to the wiring unless metallic barriers or baffles
are placed between the wiring and the openings; and
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e) Combustible material, other than electrical insulation, located within the casing or compartment
is separated from such wiring material.

11.2.16 With reference to 11.2.15(e), plastic materials shall be classified as Type V-0, V-1, V-2, 5V, HF-1,
or HF-2 in accordance with requirements in the Standard for Tests for Flammability of Plastic Materials for
Parts in Devices and Appliances, UL 94, and other nonmetallic materials shall have equivalent
characteristics.

11.2.17 Cords and other wiring material permitted in accordance with 11.2.15 shall be arranged to avoid
being physically damaged, such as by closely following surfaces, and shall be supported. Strain relief,

where required, shall be provided.
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Exception: C
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es in walls or partitions through which insulated wires or cords pass and on wilﬂch they may

provided with smoothly rounded bushings or surfaces upon which the wires
ent abrasion of the insulation. Bushings, if required, shall be ceramic, phenolic
fiber, or equivalent material.

ber bushing shall be not less than 3/64 inch (1.2 mm) in thickness, shall be loc
xposed to moisture, and shall not be employed where it will_ be subjected to 3
94°F (90°C) under normal operating conditions.

provide an acceptable unbushed opening in sheet metal, not requiring a bu
or extrusion of the metal around the opening, or both, or the insertion g
b 11.2.18.

circuit protection

juctors of motor circuits having twe*or more motors, one or more of which 3
rotected and wired for connectionto one supply line shall withstand the conditid

thout creating a risk of fire or'€lectric shock. See Short-Circuit Test, Section 57.2,

pnductors that conform to-the following are considered acceptable without test:

nductors that have not less than one-third the ampacity of the required

cond

b) C
provi

ctors; or

nductors ¢hat are 18 AWG (0.82 mm?) or larger and not more than 4 feet (1.1
ed that.the circuit will be protected by a fuse or HACR Type circuit breaker rate

<Circuit protection. This applies to any of the wiring materials specified in

or cords may
cold-molded

bted so that it
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f a grommet

re thermal or
ns of a short-
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P m) in length
0 60 amperes

as Specified on the product nameplate or provided as part of the product and acceptable for

his standard,

¢) Conductors that serve as jumper leads between controls providing the length of the leads does
not exceed 3 inches (76 mm) or the conductors are located in a control panel.

11.3.2 Factory wiring of a low-voltage safety circuit may be done with SP-2 cord having all-neoprene
insulation, SPT-2 cord or appliance wiring material having neoprene, thermoplastic, or equally durable
insulation of equivalent thickness, or power limited circuit cable, if such wiring is located in a cavity or
compartment of an appliance and is adequately shielded from harm.

12 Separation of Circuits

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

12.2 Segregation of insulated conductors may be accomplished by clamping, routing, or equivalent
means which provides permanent separation from insulated or uninsulated live parts of a different circuit.

12.3 Field-installed conductors of any circuit shall be segregated or separated by barriers from:

a) Field-installed and factory-installed conductors connected to any other circuit, unless the
conductors of both circuits are insulated for the maximum voltage of either circuit;

b) Uninsulated live parts of any other circuit; and

c) Any
in a rig
condu
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when
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If a barrier is_used to provide separation between the wiring of different circuits
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be of determining compliance with 12.3,*that the conductors entering each op
cted to the terminals opposite the opening.

e than the minimum number of openings are provided, the possibility of condug
hts other than opposite the terminals to which they are intended to be co
ting insulated conductors-of uninsulated live parts connected to a different ci
gated, in accordance with the requirements of this section.

rmine if an appliance complies with the requirements of 12.3, it is to be wired g
in doing a reasonable amount of slack is to be left in each conductor within th
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ening will be

tors entering
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e enclosure,

han averagetcare is to be exercised in stowing this slack into the wiring compartment.

s and-field installed conductors, it shall be of metal or insulating material and sh

or between
all be held in

12.7 A metal barrier shall have a thickness at least as great as that required by Table 9.1 or Table 9.2,
whichever applies, based on the size of the barrier. A barrier of insulating material shall be not less than
0.028 inch (0.71 mm) in thickness and shall be of greater thickness if its deformation may be readily
accomplished so as to defeat its purpose. Any clearance at the edges of a barrier shall be not more than
1/16 inch (1.6 mm) wide.

12.8 Openings in a barrier for the passage of conductors shall be not larger than 1/4 inch (6.4 mm) in
diameter and shall not exceed in number, on the basis of one opening per conductor, the number of wires
which will need to pass through the barrier. The closure for any other opening shall present a smooth
surface wherever an insulated wire may be in contact with it; and the area of any such opening, with the
closure removed, shall not be larger than required for the passage of the necessary wires.
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12.9 The output of a transformer device supplying a circuit classified as a Class 2 low-voltage circuit and
provided as a part of the equipment shall not be interconnected with the output of another such
transformer device unless the voltage and current measurements at the output terminals of the
interconnected devices are within the values for a single Class 2, 30 volt, or less, transformer device.

12.10 Two or more transformer devices supplying circuits classified as Class 2, low-voltage circuits
provided as a part of the appliance shall be treated as two separate circuits each having its own separate
wiring compartment, and the output of each circuit shall be marked to warn that the separation shall be
maintained.

13 Bonding for Grounding

13.1 Exposged or accessible noncurrent carrying metal parts which may become energizgd, and which
may be confacted by the user or by service personnel during service operations likely to pe performed
when the appliance is energized, shall be electrically connected to the point of connection of gn equipment
ground.

13.2 Except as indicated in 13.3, uninsulated metal parts of cabinets, electrical enclosures,|motor frames
and mounting brackets, controller mounting brackets, capacitors and)other electrical [components,
interconnecting tubing and piping valves, and the like, shall be bonded for grounding if |they may be
contacted by|the user or serviceman.

13.3 Metal parts, as described below, are not required to be.grounded:

a) Adhesive-attached metal-foil markings, screwsyhandles, and the like, which are lpcated on the
outside of enclosures or cabinets and isolated.from electrical components or wiring| by grounded
metal| parts;

b) Isglated metal parts, such as magnet frames and armatures, and small assembly $crews, which
are s¢parated from wiring and uninsulated live parts;

c) Papels and covers which de net enclose uninsulated live parts if insulated parts gnd wiring are
separated from the panel or cover; or

d) Panels and covers which are insulated from electrical components and wiring by an attached
insulgting barrier of Yulcanized fiber, varnished cloth, phenolic composition, or similgr material not
less than 1/32 inch\(0.8 mm) thick.

13.4 A component,-such as a switch, likely to become separated from its normal grounding means for
purposes of ftesting or adjustment while the equipment is energized, shall be provided with a grounding
conductor ngt requiring removal for such service.

13.5 Splices shall not be employed in wire conductors used for bonding.

13.6 Metal-to-metal hinge bearing members may be considered as a means for bonding a door for
grounding.

13.7 A separate bonding conductor shall be of material rated for use as an electrical conductor. Ferrous
metal parts in the grounding path shall be protected against corrosion by enameling, galvanizing, plating,
or equivalent means. A separate bonding conductor or strap shall:

a) Be protected from mechanical damage, such as by being located within the confines of the outer
enclosure or frame; and
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b) Not be secured by a removable fastener used for any purpose other than bonding for grounding
unless the bonding conductor is unlikely to be omitted after removal and replacement of the
fastener.

13.8 The bonding shall be by a positive means, such as by clamping, riveting, a bolted or screwed
connection, or by welding, soldering, or brazing with materials having a softening or melting point greater
than 850°F (454°C). The bonding connection shall penetrate nonconductive coatings such as paint or
vitreous enamel.

13.9 A connection that depends upon the clamping action exerted by rubber or similar materials is
acceptable if it complies with 13.11 under any degree of compression permitted by a variable clamping

device and i?&wmmmmwmmmmmistum, and
thermal degradation which are likely to occur in service. The effect of assembling and disassembling, for

maintenance [purposes, such a clamping device shall be considered with respect to the likglihood of the
clamping devjce being reassembled in its intended position.

13.10 Wherg the bonding means depend on screw threads, two or more screws or two full threads of a
single screw ¢ngaging metal is considered in compliance with 13.8.

13.11 If theladequacy of a bonding connection cannot be determined by examination, or|if a bonding
conductor is smaller than required by 13.12 — 13.14, it shall be considered acceptable if the connecting
means does not open:

a) Whien carrying for the time indicated in Table 13.1\twice the current equal to the[rating of the
branch-circuit overcurrent device required to protect the equipment; and

b) Duting a short-circuit test in series with a fusé of proper rating. See Short-Circuit [Test, Section

44.
Table 13.1
Duration of current flow, bonding-conductor test
Rating of overcurrent device, Minimum duration of current floy,
amperes minutes
30 or less 2
3h=60 4
61— 100 6
101 -200 8

13.12 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.
Except as indicated in 13.11, the size of the conductor or strap shall be in accordance with Table 13.2.
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Table 13.2
Bonding wire conductor size

Rating of overcurrent device, Size of bonding conductor?
amperes Copper wire Aluminum wire
AWG (mm?) AWG (mm?)
15 14 (2.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.3)
40 10 (5.3) (8.3)
0 1Y) (5737 8 (8.3)
00 8 (8.3) (13.3)
200 6 (13.3) 4 (21.2)
@ Or equivalen{ cross-sectional area.
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juctor for that motor is sized on the basis ofthe overcurrent device intended fo
the motor.

ollowing are considered to constitute'means for connection to a ground:

equipment intended to be connected to a metal-enclosed wiring system — A
blent opening in a metal enclosure intended to receive the power-supply system

equipment intendedto .be connected by a nonmetal-enclosed wiring system,
-clad cable — An equipment grounding terminal or lead.

the size{required for the particular application, in accordance with the Natid
70.

rger than the

F the bonding
ground-fault
protected by

equipment, a

r ground-fault

knockout or
and

for example,

of securing a
nal Electrical

dering lug, a push-in (screwless) connector, or a quick-connect or similar friction fit connector

shall not be used for the terminal for the field installed grounding conductor.

13.18 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green colored head that is hexagonal, slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be identified by being marked "G", "GR", "GROUND",
"GROUNDING", by the symbol in Figure 13.1, or by a marking on a wiring diagram provided on the
equipment. The wire-binding screw or pressure wire connector shall be secured to the frame or enclosure
and shall be so located that it is unlikely to be removed during normal 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 marking shall be additionally provided indicating "EQUIPMENT GROUND" and/or

identifying th

e connector by a green color.
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Figure 13.1

Grounding symbol

13.19 Thes
shall be finish
no other lead

14 Mounting of Electrical Components

14.1 A switd

urface of an insulated lead intended for the connection/®©f ah equipment-groundi
ed continuous green color or a continuous green cgloy with one or more yellow
visible to the installer shall be so identified.

h, fuseholder, lampholder, or similar eléctrical component shall be mounted to p

turning, exce

14.2 The rgquirement that a switch be.prevented from turning may be waived if all of

conditions ar

a) The
switch
the sw

b) The

c) The

t as noted in 14.2 and 14.3.

met:

switch is of a plunger.or other type that does not tend to rotate when opera
is considered to b&:subject to forces that tend to turn the switch during norma
itch;

means formounting the switch makes it unlikely that operation of the switch wil

spacings’are not reduced below the required values if the switch rotates; and

d) The ‘mormal operation of the switch is by mechanical means rather than by dire

hg conductor
stripes, and

revent it from

the following

ed. A toggle
operation of

loosen it;

ct contact by

persons.

14.3 A lampholder of the type in which the lamp cannot be replaced, such as a neon pilot or indicator
light in which the lamp is sealed in a nonremovable jewel, need not be prevented from turning if rotation
cannot reduce spacings below the required values.

14.4 The means for preventing turning shall consist of more than friction between surfaces. A toothed
lock washer which provides both spring take-up and an interference lock is acceptable as the means for
preventing a small stem-mounted switch or other device having a single-hole mounting means from

turning.

14.5 Uninsulated live parts shall be so secured to the base or mounting surface that they are prevented
from turning or shifting in position if such motion results in a reduction of spacings below the acceptable

values.
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15 Motors

15.1

and Motor Overload Protection

device or combinations thereof.

15.2

of the National Electrical Code, NFPA 70, as follows:

Each motor shall be protected by an integral thermal protector or by an overcurrent protective

"Overcurrent protective device" as referred to in 15.1 means those that conform to the requirements

a) A separate overcurrent device that is responsive to motor current. This device shall be rated or
selected to trip at no more than the following percent of the motor full-load current rating:

1) Motors with marked service factor not less than 1.15, 125 percent;

For a
be pr

b) If

stand
highe
curre

15.3 Anint
Motors, UL 2

15.4 Separ
assembled &
Such protect
result in the 1

15.5 Three

a)Th

2) Motors with a marked temperature rise not over 72°F (40°C), 125 percent;a

3) All other motors, 115 percent.

ptected at all speeds.

the values specified for motor-running overcurrent protection do not corre
prd sizes or ratings of fuses, or magnetic or thermalsoverload protective dev

nt rating:
1) Motors with a marked service factor not less'than 1.15, 140 percent;
2) Motors with a marked temperatures,rise not over 72°F (40°C), 140 percent;

3) All other motors, 130 percent.

bgral thermal protective deviece shall comply with the Standard for Overheating
111 or the Standard for Thérmally Protected Motors, UL 1004-3.

hte overcurrent devices, except when included as part of a magnetic motor cont
s part of the equipment, and be readily identifiable as such after assembly to th
on is not to include means for manually interrupting the motor circuit if such int
isk of fire, electric shock, or injury to persons.

phase.motors shall be provided with overcurrent protection as follows:

ee properly rated overcurrent devices shall be employed; or

d

=]

multispeed motor, each winding connector shall be considered separately and the motor shall

spond to the
ces, the next

I size or rating may be used, but not higher than<the following percent of motor full-load

and

Protection for

oller, shall be
e equipment.
brruption may

b) Thermal protectors, combination of thermal protectors and overcurrent devices, or equivalent
methods of protection may be employed where the specific protective arrangement has been
investigated and found to provide proper protection under primary single-phase failure conditions
when supplied from transformers connected wye-delta or delta-wye. Assemblies so investigated
shall be marked to indicate that the motor is protected under primary single-phase conditions. This

marki

ng may be a paper sticker, decal, or an attached wiring diagram.

15.6 Motors such as direct-drive fan motors which are not normally subjected to overloads, and which
are determined to be adequately protected against overheating due to locked-rotor current by a thermal or
overcurrent protective device, may be accepted under the requirement for overcurrent protection provided
it is determined that the motor will not overheat under actual conditions of use.
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15.7

Impedance protection may be accepted for motors which are determined to be adequately

protected against overheating due to locked-rotor current, provided it is determined that the motor does
not overheat under the performance requirements of this standard.

15.8 Fuses shall not be used as motor overload protective devices unless the motor is adequately
protected by the largest size fuse which can be inserted in the fuseholder.

15.9 Overcurrent protective devices and thermal protective devices for motors shall comply with the

requirements

of the short-circuit test in 57.2.

15.10 A motor shall be designed for continuous duty as indicated by the designation "CONTINUOUS" or

"CONT"on t

15.11 Inno
result in ari
discharge of
electrical val
protective de

15.12 Autorn
the motor by
the equipmen

15.13 The €
falling vertica

15.14 Confd

shield, ora c
assembly.

15.15 Moto

from falling odit of the motor onto combustible material located within or under the assembly.

15.16 Ther
open type mag

a) The
of suc

b) The

case shall interruption of the circuit to a motor by the overcurrent or thermal\pfot
sk of fire, electric shock, or injury to persons during operation of the equif

namenlate
P -

uel that may result in a risk of fire or injury to persons. If a burnerdepends sq
e to stop the flow of fuel to the burner, the interruption of theceircuit to the
ice shall also cause the interruption of the circuit to the valve.

hatic-reset type protective devices shall not be used if the@utomatic reclosing of
the device may result in a risk of fire, electric shock, orinjury to persons during
t.

nclosure of a motor shall have no openings which will permit a drop of liquid,
ly onto the motor, to enter the motor as applied to the assembly.

rmance to 15.13 may be provided by-the motor frame or by another enclosu
pbmbination of two or more such items, and shall be determined with the motor 3

s having openings in the-englosure or frame shall be installed or shielded to pre

bquirement in 15415 will necessitate the use of a barrier of nonflammable matg
tor unless any ofthe following are met:

structural{arts of the motor or the burner such as the bottom closure, provide t
N a barrjer;

motor overload protection device provided with a single-phase motor is such th

ective device
ment or the
lely upon an
motor by the

the circuit to
operation of

or a particle

re, structure,
pplied to the

ent particles

rial under an

e equivalent

At no burning

insula

ion or molten material falls to the surface that supports the appliance when

the motor is

energized under each of the following fault conditions, as applicable to the particular type of motor:

1) Open main winding;
2) Open starting winding;
3) Starting switch short-circuited; and

4) Capacitor shorted, permanent split capacitor type;

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 becoming
more than 275°F (125°C) under the maximum load below which the motor will run without causing
the protector to cycle and from becoming more than 302°F (150°C) with the rotor of the motor
locked.
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d) The motor complies with the requirements for impedance-protected motors and the motor
winding will not exceed a temperature greater than 302°F (150°C) during the first 72 hours of
operation with the rotor of the motor locked.

15.17 The barrier mentioned in 15.16 shall be horizontal, located as indicated in Figure 15.1, and have
an area not less than that described in the figure. Openings for drainage, ventilation, and the like, may be
employed in the barrier provided that such openings do not permit molten metal, burning insulation, or the
like to fall on combustible material.
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Figure 15.1

Location and extent of barrier
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A — Motor winding to be shielded by barrier. This is to consist of the entire motor winding if it is not otherwise shielded, and is to
consist of the unshielded portion of a motor winding which is partially shielded by the motor enclosure or equivalent.

B — Projection of outline of motor winding on horizontal plane.
C —Inclined line which traces out minimum area of the barrier. When moving, the line is to be always:
1) Tangent to the motor winding,

2) 5 degrees from the vertical, and

3) So oriented 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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16 Overcurrent Protection of High-Voltage Control-Circuit Conductors

16.1 General

16.1.1 For the purpose of the requirements in 16.2.1 — 16.4.2, a control circuit is one that carries electric
signals to operate a controller that, in turn, governs power delivered to a motor or other load in the product.
A control circuit does not carry main-power current. If a control circuit is supplied through a transformer

provided as part of the product, see Overcurrent Protection of Transformers, Section 17, for additional
requirements.

16.2 Direct-connected high-voltage control circuit

16.2.1 For
is supplied fr
It is not tapp
within the pr(

16.3 Tappe

16.3.1 For
tapped withir
a circuit shal

16.3.2 A hi
control equip
Electrical Co

16.3.3 Ata
rating of the

Exception N
m) long betw
rated 60 amf

Exception N
withstand sh

Exception N
overcurrent fi

he purpose of these requirements, a direct-connected high-voltage control-Circ
bm a branch circuit separate from a branch circuit that supplies other loads withi
bd from the load side of the overcurrent device or devices of the controlled cir
duct. See 72.17.

d high-voltage control circuits

the purpose of these requirements, a tapped high-voltage control circuit is a
the burner on the load side of the overcurrent device-0t devices for the controll
be protected in accordance with 16.3.3 — 16.4.2.

jh-voltage control circuit that is tapped from the' main power circuit at a point
ment enclosure shall be protected as specified in Column A of Table 430-72(b) g
e, NFPA 70.

bped high-voltage control-circuit conductor shall be provided with overcurrent p
bvercurrent-protective device shallnot exceed the value specified in Table 16.1.

. 1: A 18, 16, or 14 AWG (0.82, 1.3, or 2.1 mm?) conductor that is not more th
een points of opposite polarity may be protected by a fuse or an HACR Type d
eres or less.

p. 2. An overcurrent-protective device of a higher rating may be used if th
bri-circuiting\when tested as specified in 57.2.13.

D. 3:<A>lead that is not more than 12 inches (305 mm) long need not be
roteetion.

Lit is one that
n the product.
Cuit or circuits

circuit that is

2d load. Such

butside of the
f the National

rotection. The

an 4 feet (1.2
ircuit breaker

e conductors

brovided with

Exception No. 4: A control-circuit conductor, supplied from the secondary of a single-phase transformer
that is connected so that only a 2-wire (single voltage) secondary is used, may be protected by an
overcurrent device located in the primary side of the transformer if:

a) This protection is in accordance with the requirements specified in Overcurrent Protection of
Transformers, Section 17, and

b) The rating of the device does not exceed the applicable value specified in Table 16.1 multiplied
by the ratio of secondary-to-primary rated transformer voltage.
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Table 16.1
Overcurrent protective device rating for control circuit conductors

Minimum rating of overcurrent protective device, amperes
Conductors contained in control Conductors extending beyond
Tapped control-circuit conductor, size equipment enclosure control-equipment enclosure
AWG (mm?) Copper Aluminum?® Copper Aluminum?
18 (0.82) 25 - 7 -
16 (1.3) 40 - 10 -
14 (2.1) 100 - 45 -
12 (3.3) 120 100 60 45
10 (5.3) 160 140 90 75
Lgrger than 10 b b c c

2 Includes copppr-clad aluminum.
b 400 percent of value specified for 60°C (140° F) conductors in Table 310-17 of National Electrical €ode, ANSI/NFRA 70.
¢ 300 percent of value specified for 60°C (140° F) conductors in Table 310-16 of National Electrical Gode, ANSI/NFRA 70.

16.4 Overclrrent-protective devices

16.4.1

Overncurrent protection for a tapped high-voltage contrebcircuit conductor, as requirgd by 16.3.3,

shall be provided as part of the product. If a fuse is used, the.product shall be marked in acdordance with

72.15.

Exception: The overcurrent device or devices need notbe provided as part of the product if, based on the
of the product, the rating of the branch=circuit overcurrent-protective device or flevices does
not exceed the values specified in Table 16.1.

marked rating

16.4.2 A control-circuit overcurrent-protective device shall:

a) Be provided for all ungrounded conductors;

b) Be pf a size in accordance with the requirements in 16.3.3; and

¢) Have a voltage rating not less than the circuit in which it is used.

The device small be d circuit breaker or a fuse that is acceptable for branch-circuit protection.[Examples of

an acceptabl

fusesare a Class CC, G, H, J, K, L, or R cartridge fuse and a Type S plug fuse.

Exception: If thie—comntrot Tircuit 75 tapped fronT a circuit Supplying other toads 1 tte proauct, & device used
for overcurrent protection may be of the supplementary type provided it has a short-circuit rating
acceptable for the circuit in which it is used. See Table 57.1. If the supplementary device used is a fuse,
the product shall be marked in accordance with 72.16.

17 Overcurrent Protection of Transformers

17.1 High-voltage transformers

17.11

A transformer, other than as described in 17.2.1 and 17.2.2, is considered to be a high-voltage

transformer and shall comply with the requirements for ignition transformers in the Standard for Specialty
Transformers, UL 506 and/or the requirements for Power Transformers in the Standard for Dry-Type

General Purpose and Power Transformers, UL 1561, as applicable.
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17.2 Low-voltage transformers

17.2.1 Except as specified in 17.2.3, a transformer having a rated output of not more than 30 volts and
1000 volt-amperes (Class 1, power-limited circuit) shall be protected by an overcurrent device, or devices,
located in the primary circuit. The overcurrent device, or devices, shall be rated or set at not more than 167
percent of the primary current rating of the transformer. See 5.17.

17.2.2 A transformer that directly supplies a Class 2 circuit [see 5.17(b)] shall, in accordance with the
requirements in the Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1
and Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3, either
limit the output current (inherently-limiting transformer) or be equipped with an overcurrent device, or

devices (non

nherently-limiting transformer)

17.2.3 Ove
product if, bg
device, or de|

17.2.4 Ove
appliance. If

17.25 Are
a) Be
b) Be

c)Ha

The device {
of an accept

rcurrent protection in the primary circuit of a transformer need not be provided
sed on the marked rating of the product, the rating of the branch-circuit overcurr
vices, does not exceed the values specified in 17.2.1, as applicable.

rcurrent protection in the secondary circuit of a transformer shall*be provided
b fuse is used, the appliance shall be marked in accordance with 72.15.

nuired transformer overcurrent-protective device provided as part of the product
provided for all ungrounded conductors;
of a size in accordance with the requirements in 17.2.1, as applicable, and

Ve a voltage rating not less than the circuit in which it is used.

hall be a circuit breaker, or a fuse, that is acceptable for branch-circuit protecti

ble fuse are a Class CC, G, H,J,;K, L, or R cartridge fuse and a Type S plug fuse.

as part of the
ent-protective

Bs part of the

shall:

bn. Examples

[¢)

t, a fuse used
B short-circuit
be marked in

Exception: If|a transformer supply is tapped from a circuit supplying other loads in the produg
for overcurrgnt protection may be ‘of the supplementary type provided that the fuse has
rating accepffable for the circuit-in which it is used. See Table 57.1. The product shall
accordance With 72.16.

18 Switchés and Controllers

18.1 A confroller(s) for controlling the loads involved shall be provided for all assemblies
more than orje motor intended for connection to the same power supply.

incorporating

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

18.2 Motor controllers shall be arranged so that they simultaneously open a sufficient number of
ungrounded conductors to interrupt current flow to the motor.

18.3 A single controller may control more than one motor if the controller is rated for the combined load
controlled. The assembly shall be marked in accordance with 72.2 if the same controller contacts handle a
remote motor(s) in addition to the motor(s) in the unit containing the controller.

18.4 A controller or switch shall be rated for the load that it controls. The load controlled is to include any
load external to the assembly for which connections in the controller or switch circuit are provided.


https://ulnorm.com/api/?name=UL 2523 2022.pdf

42

UL 2523

OCTOBER 20, 2022

18.5 A controller that may be called upon to break a motor load under locked-rotor conditions shall have
a current-interrupting capacity not less than the locked-rotor load of the motor controlled.

18.6

If the controller is cycled by the operation of an automatic-reset overload device, it shall withstand

an endurance test under locked-rotor conditions without malfunction. The endurance test shall be of a
duration equivalent to that required for the overload device and at an equivalent rate.

18.7 The locked-rotor load of a motor is based on six times the full-load current rating of the motor if

alternating cu

18.8
the motor of

may be conng

open under th
19 Capacits

19.1 A motg
the plates

a
resulting frorI

metal providi

19.2 The in
mounted in 3
case, or the li

19.3 If the ¢
metal parts in|

19.4 A capd
against expu
requirements
used. See Sh

Exception: If
winding, the ¢
but not less

component(s).

rrent, and ten times the full-load current rating if direct current.

cted to the same power supply if |t can be determlned that a fuse of the marke
e most severe conditions of service that might be encountered.

DIr's

r starting or running capacitor shall be housed within an enclosure or container|
ainst mechanical damage and that prevents the emissjon/of flame or mo
malfunction of the capacitor. Except as noted in 19.2 and 19.3, the containg

dividual container of a capacitor may be of material other than metal if the
n enclosure that houses other parts of the dévice assembly, and provided th
ke, is acceptable for the enclosure of current<carrying parts.

ontainer of an electrolytic capacitor is;constructed of metal, it shall be insulats
accordance with Table 16.1.

citor employing a liquid dieleetric medium more combustible than askarel shall
sion of the dielectric medium when tested in accordance with the applicable
of this standard, including faulted overcurrent conditions based on the circuit
prt-Circuit Test, Section 57.2.

he available fault current is limited by other components in the circuit, such as
apacitor may~be tested using a fault current less than the test current specified
han the~current established by dividing the circuit voltage by the impedance

20 Electricallnsulating Materials

20.1
molded comp

g strength and protection not less than that of uncoated steel 0.020 inch (0.51 npm

If the marked maX|mum fuse size of the apphance does not exceed the maX|mum size for protecting
ent protection

i size will not

that protects
ten material
r shall be of
) thick.

capacitor is
at such box,

d from dead

be protected
performance
in which it is

a motor start
in Table 57.1
of the other

osition, or equivalent material.

Material for the mounting of current-carrying parts shall be porcelain, phenolic composition, cold-

20.2 Ordinary vulcanized fiber may be used for insulating bushings, washers, separators, and barriers,
but not as the sole support for uninsulated live parts where shrinkage, current leakage, or warpage may
introduce a risk of fire or electric shock.

20.3 An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or
similar material employed where spacings would otherwise be insufficient, shall be not less than 0.028
inch (0.71 mm) in thickness, except that a liner or barrier not less than 0.013 inch (0.33 mm) in thickness
may be used in conjunction with an air spacing of not less than one-half of the through air spacing
required. The liner shall be located so that it will not be damaged by arcing. Material having a lesser
thickness may be used if it has equivalent insulating, mechanical, and flammability properties.
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21 Spacings — High-Voltage Circuits
211 Except as noted in 21.2 — 21.4, the spacings between uninsulated live parts of opposite polarity and
between an uninsulated live part and a dead metal part shall be not less than the values indicated in Table
21.1.
Table 21.1
Minimum spacings
Ratings Minimum spacings?, inch (mm)
Volt-amperes Volts Through air Over surface To enclosure®
0-2000 0-300° 1/8° (3.2) 1/4 (6.4) 1/4 (6.4)
0-150 1/8° (3.2) 1/4 (6.4) 128 (12.7)
more than 2000 151 -300 1/4 (6.4) 3/8 (9.5) 12¢ (12.7)
301-600 3/8 (9.5) 1724 (12.7) 1/2° (12.7)
@ See 20.3.
® If over 300 vdlts, spacings in last line of table apply.
¢ The spacingg between wiring terminals of opposite polarity, or between a wiring terminaland grounded metal, shdll not be less
than 1/4 inch (6.4 mm), except that if short-circuiting or grounding of such terminals will'not result from projecting strands of wire,
the spacing neged not be greater than that given in the above table. Wiring terminals'are those connected to the field and not
factory wired. leasurements are to be made with solid wire of adequate ampacity.for the load connected to each t¢rminal.
4 Includes fittings for conduit or metal-clad cable.
° The spacingq at wiring terminals of a motor shall be at least 1/4 inch (6.4.mm) for a motor rated 250 volts or less gnd 3/8 inch
(9.5 mm) for a motor rated more than 250 volts.

21.2 The th

the basis of

spacing fron

components

which contro
controls load

the loads so
basis of the

determined b

21.3 Thes

is evaluated
resulting fror
those indicat

rough-air and over-surface spacingszat an individual component part shall be
fhe total volt-ampere consumption-of the load(s) that the component controls.
the component to the enclosure shall be evaluated on the basis of the tot
in the enclosure. For example, the through-air and over surface spacings at
s only a motor is evaluated on the basis of the volt-ampere of the motor. A cg
s in addition to the motor-is similarly evaluated on the basis of the sum of the \
Controlled; however, a.component that independently controls separate loads is
olt-ampere of thé larger load. The volt-ampere values for the load referred to g
y the measured.input.

pacing reqéirements in Table 21.1 do not apply to the inherent spacings of a comn

on thebasis of the requirements for the component. However, the electri
h thie_installation of a component, including clearances to dead metal or enclos
pd:

evaluated on
However, the
Al load on all
a component
mponent that
olt-ampere of
udged on the
bove shall be

ponent which
cal clearance
ures, shall be

21.4 All uninsulated live parts connected to different circuits, except subdivided 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 indicated in 21.1 — 21.3 and shall be evaluated on
the basis of the highest voltage involved.

21.5 For circuits 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 the table; and may be 1/4 inch

where 3/8 in

ch (9.5 mm) is specified.
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22 Spacings — Low-Voltage Circuits

221 The spacings for low-voltage electrical components that are installed in a circuit that includes a
motor overload protective device, or other protective device, where a short or grounded circuit may result
in a risk of fire, electric shock, or injury to persons shall comply with 22.2 — 22.4.

22.2 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 be not less than 1/8 inch (3.2 mm). See 21.4.

22.3 The spacing between wiring terminals regardless of polarity, and between the wiring terminal and a

dead metal part (including the enclosure and fittings for the connection of conduit) which may be grounded
when the devijce-is-installed-shallbe-notless-than4/4-inch (R_A mm)

22.4 The spacing between uninsulated live parts, regardless of polarity, and betweenyan [nsulated live
part and a depd metal part, other than the enclosure, which may be grounded when.the’devige is installed
shall be not Ig¢ss than 1/32 inch (0.8 mm), provided that the construction of the paris-is such {hat spacings
are maintaingd.

22.5 The sgacings in low-voltage circuits that do not contain devicessuch as indicated in[22.1 are not
specified.

23 Control Applications

23.1 A safefy-control circuit shall be two-wire, one side grounded, having a nominal voltage of 120. A
safety control|or protective device shall interrupt the ungrothded conductor.

23.2 ltis thg intent of the requirement in 23.1 thatza short circuit or combination of short circyits to ground
does not render a safety control or protective device inoperative. Safety control circuit arrangements other
than described in 23.1 may be considered if they accomplish the intent of this requirement.

23.3 The control circuit shall be constructed so that a safety control or protective devige cannot be
rendered ineffective by short-circuit(s) to ground. Safety-control-circuit arrangements other than described
in 23.1 shall grovide equivalent protection.

23.4 The requirement of.23:1 does not apply to a supervised circuit within a safety confrol or to the
extension of guch circujtioa separate element of the control, such as a flame-sensing device

23.5 A contfol cireuit shall be arranged so that it may be connected to a power supply brangh circuit that
can be protegted\against overcurrent at not more than the value appropriate for the rating ofthe electrical
components inetadedHn-the-cirettit:

23.6 All safety controls shall be accessible.

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

23.8 Nothing shall be provided for the purpose of permitting any safety control to be rendered ineffective.

23.9 Where so specified, safety shutdown may be provided either by employing manual reset type limit
controls or it may be effected remotely by utilizing the manual reset feature of another control, such as the
low water control. For systems where the reset feature is remote from the limit control, means shall be
provided to indicate the limit control has operated when it causes safety shutdown.
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23.10 Deleted

23.11 The control circuit of a blower intended for use with a limit or regulating control which functions to
interrupt or reduce the air for combustion by opening an electrical circuit shall be arranged to permit the
limit or regulating control to be wired into the circuit so as to effect the direct opening of that circuit,
whether the switching mechanism is integral with the sensing element or remote from same.

23.12 The purpose of the requirement in 23.11 is to prevent interposing in the limit-control circuit with

other controls, the failure of which may result in a condition the limit control is intended to prevent.

BOILERS

24 AssemILIy

241 A boil
components
shipped as t
inspected, tg
Section |, Pd
Solid Fuels,
Requirement

24.2 A boil
subassembli

er assembly shall be factory-built as a group assembly and shall include all
necessary for its normal function when installed as intended. A ‘boiler asse
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sted, and marked in accordance with the ANSI/ASME Boiler and Pressure
wer Boilers or Section |V, Heating Boilers, or in accordance.with Part 5: Heati
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ged in major
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the installer.
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it them to be

incorporated|into the complete assembly only in\the correct relationship with each other, without need for
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as one elem

24.3 To be

burner and the heat exchanger ‘sections of a cast iron sectional boiler including its base

chamber, c4
subassembli

244 Aradi

nt.

in accordance with 24.2.“major subassemblies of a boiler assembly are deen

sing, and safety controls. A wiring harness may be packaged with one
S,

htion shield or baffle employed to prevent excessive temperature shall be asse

of the boiler

normal operI

first attachin

assembly, or be part of a subassembly that must be attached to the boiler as
tion; or be designed so that the boiler assembly cannot be assembled for ope
arequired shield or baffle in its proper position.

m the factory

hed to be the
, combustion
of the major

mbled as part
sembly for its
ration without

245 A boiler assembly shall be such that, for any normal installation, the alteration or removal of a baffle,
insulation, or a radiation shield needed to prevent abnormal temperatures is not required.

24.6 A boiler assembly shall afford convenient operation by the user of those parts requiring attention or

manipulation
25 Access

251

in normal usage.

ibility for Servicing

A boiler assembly shall be built to allow cleaning of parts such as heating surfaces in contact with

combustion products, without major dismantling of the boiler assembly or removal of parts required by
24.2 to be factory-assembled.
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25.2 The removal of access panels, caps, plugs, or the like, specifically designed to permit ready
removal and replacement for servicing, and the detachment of the chimney connector are not considered
maijor dismantling as defined by 25.1.

25.3 Sufficient and reasonable accessibility shall be afforded for cleaning, inspection, repair, and
replacement of all controls, and safety devices when the boiler assembly is installed as recommended by
the manufacturer. The disposition of parts in the assembly removed for normal care shall be such that their
restoration, following removal, does not necessitate their realignment to secure their proper relationship
with other parts of the assembly. Special facilities required for normal care to be done by the operator shall
accompany the boiler assembly to the user.

26 Casing

26.1 The ouiter casing or jacket shall be made of steel or equivalent material, braced, reinforced or
formed so that it is not likely to be damaged through handling in shipment, installation, anfl use. Sheet
metal casing$ shall be made of steel at least 0.020 inch (0.51 mm) (No. 24 M8G) thick if uncoated, or
0.023 inch (.58 mm) (No. 24 GSGQG) if galvanized, or of nonferrous sheet-metal havingl an average
thickness of not less than 0.029 inch (0.74 mm).

26.2 Access panels that need to be removed for normal service and aceessibility shall be cpnstructed to
permit removpl and replacement repeatedly without causing damage or impairing any requited insulating
value.

26.3 A remgvable panel through which air is drawn for combustion shall be so constructed ps to prevent
it from being attached in a manner that may cause abnormal performance of the boiler assemply.

26.4 A remg@vable panel shall be so constructed that it will not be interchangeable with otHer panels on
the same boiler when interchange may allow abnormal operation of the boiler assembly.

26.5 The cgsing of a boiler assembly forlinstallation on combustible flooring shall completely close the
bottom or be|constructed to provide anieffective radiation barrier between the heat exchapger and the
floor.

27 Radiatign Shields or Liners

27.1 A radigtion shield“or’liner shall be so constructed, formed, and supported as to ehsure proper
positioning and to prevent distortion or sagging in service. A shield or liner shall be protgcted against
corrosion if ifs deterioration may cause excessive temperature when the boiler assembly is tested in

accordance with.these requirements. Any finish to obtain the required resistance to corrosion shall not be
damaged by mmmmwmm@imwm—’r

27.2 Thermal insulation which is not adequately self-supporting shall be applied to solid surfaces in a
manner so as to prevent sagging. The insulating value of the material shall be unimpaired when the boiler
assembly is tested under these requirements.

27.3 An adhesive for attaching insulating material shall retain its adhesive qualities at any temperature
the adhesive may attain when the unit is tested under these requirements and at 0°F (minus 17.8°C).

28 Combustion Chamber

28.1 A combustion chamber and flueway shall be constructed of cast iron, sheet steel, or of a material
equivalent in mechanical properties and corrosion resistance. Plain carbon sheet steel, if used, shall be at
least 0.042 inch (1.07 mm) (No. 18 MSG) thick.
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28.2 Combustion chamber or fire box lining material, if used, shall be durable, adequately held in place,
and accessible for replacement with equivalent lining material.

29 Baffles

29.1 A baffle in a flue-gas passage or otherwise exposed to combustion products shall be constructed
and disposed in a manner to provide for reasonable life and shall be fixed in position. A flue baffle shall be
made of material having resistance to corrosion equivalent to AISI 1010 hot-rolled sheet steel having a
minimum thickness of 0.042 inch (1.07 mm) (No. 18 MSG) unless its deterioration will not cause excessive

temperatures when the boiler assembly is tested in accordance with these requirements.

290.2 Aflue

such as to fa
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Flue Dampers, Draft Regulators, and Air Shutters
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Cilitate its removal and permit replacement only in its intended position.
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ning shall be

the chimney
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e combustion

er opening at
nded position

bosition in the
Ided to avoid

to require the
difference in

the automatic
seconds.

31.6 An adjustable flue damper shall not be used in connection with a device equipped with a draft
regulator.

31.7 A thermostatic damper control relied upon to limit maximum temperatures shall comply with the
Standard for Limit Controls, UL 353.

31.8 If a combustion-air damper or shutter or fan motor must be operated and controlled by means of a
limit or thermostatic damper control to limit maximum temperatures, the entire operating mechanism,
including the damper or shutter, crank arms, chains, connecting rods, and associated linkages, shall be
located and guarded to reduce risk of tampering or physical damage. Electrical circuits shall be arranged
to directly open the damper or fan-motor circuit.
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31.9 An air shutter shall be capable of being adjusted readily to any desired setting and be provided with
means for reducing the risk of a change in setting.

31.10 An air shutter shall provide for a reasonably smooth surface between the shutter and the matching
face.

31.11 Sheet metal air shutters shall be of a thickness not less than 0.0254 inch (0.645 mm). If sheet
metal air shutters are of a thickness less than 0.0508 inch (1.29 mm), they shall have the outer edges
turned at right angles or be otherwise properly reinforced.

31.12 An air shutter shall (by its deS|gn or assembly and selectlon of materlals) be guarded against
sticking or cq or b of corrosion
resistant mat¢

32 Control$
321 Appligation
32.1.1 Safely controls shall conform with the requirements in Control Applications, Section 43.
32.2 Operating controls

32.2.1 A bgjler assembly shall be provided with operating.limit controls that regulate thg combustion
process so ag not to exceed the rated operating temperature or pressure as specified in 32.2.2 — 32.2.4.

32.2.2 A stgam boiler shall be provided with at leastione steam pressure actuated limit control that shuts
down the combustion process when the steam pressure in the boiler reaches a preset maximpm operating
pressure. Thig requirement does not preclude the‘use of additional operating controls, if required.

32.2.3 A water boiler shall be provided(with at least one temperature actuated limit contrpl to that will
shut down the combustion process when the temperature of the water in the boiler reaches a preset
operating temperature. This requirement does not preclude the use of additional operating controls, if
required.

32.2.4 An operating limiticontrol is not required to be factory-installed provided the wiring [diagram and
instructions fyrnished with-the boiler indicate that an operating control of an appropriate type and setting is
to be furnished by the installer. See 73.3.

32.2.5 An operating limit control shall comply with 32.3.7 — 32.3.9.

32.3 Limit controls

32.3.1 A boiler shall be provided with high limit controls that operate to shut down the combustion
process and cause safety shutdown in case of a low water condition and excessive temperature or
excessive pressure, as specified in 32.3.2 — 32.3.5 and 32.6.1. The high limit controls shall be in addition
to any operating controls specified in 32.2.1 — 32.2.4.

32.3.2 With respect to 32.3.1, safety shutdown may be provided either by employing manual reset type
limit controls or it may be affected remotely by utilizing the manual reset feature of another control, such as
the low water control. For systems where the reset feature is remote from the limit control, means shall be
provided to indicate the limit control has operated when it causes safety shutdown.
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32.3.3 Fixed-setting hot-water temperature limit controls shall be marked with the operating temperature,
and steam-pressure controls shall be marked with the operating pressure of their fixed points. Adjustable
setting hot-water temperature limit controls shall have their temperature range marked, and steam-
pressure controls shall have their pressure range marked.

32.3.4 A limit control that functions to interrupt or reduce the delivery of fuel for combustion by opening
an electrical circuit shall be so arranged as to affect the direct opening of that circuit, whether the switching
mechanism is integral with or remote from the sensing element.

32.3.5 The purpose of the requirement in 32.3.4 is to avoid interposing in the limit-control circuit other

controls, the failure of which may result in a condition that the limit control is intended to prevent. However,

the capacity
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32.4 Liquid level limit controls
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A water boiler shall be provided with at least one low water cut-off or combination low water cut-off

and water feed control that operates to open the combustion circuit and cause safety shutdown before the
water falls below the lowest permissible level as specified in 32.4.2.

Exception: A water tube or coil type boiler that requires forced water circulation to guard against excessive
temperatures (see 32.6.1), may employ a water flow sensing device instead of a low water cut-off.

32.4.2 Low pressure and high pressure steam boilers shall be provided with at least two low water cut-
offs or combination low water cut-off and water feed controls. Both controls shall be wired electrically so
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that operation of either control causes fuel cut-off to the burner before the water level falls below the lowest
visible part of the gage glass. However, one control shall be set to operate at a lower water level than the
other. The control set lower shall cause safety shutdown, requiring a manual reset to restore burner
operation.

Exception: A boiler that does not exceed any of the following limits may be provided with only one low

water cut-off:

a) Maximum working pressure — 100 psig (689.5 kPa);

b) Maximum inside diameter of shell — 16 inches (406.4 mm);

4. 44 QL

c) Maxt

d) Grg

32.4.3 With
rectangular o
assembly incl
or fittings nee

32.5 Pressure limit controls
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maximum setting of a limit contrel'on a low-pressure steam boiler shall lin
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e limited by a fixed stop. Suchi-a boiler is marked with ASME Code Symbol "H".
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he maximum
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prevent the water temperature in the b0|Ier from exceedlng 250°F (121 °C)

Installation of external controls and fittings

afety shutdown

If a low water cutoff is installed external to a low pressure or a high pressure steam boiler utilizing

a water column, the connecting piping and fittings to the column shall not be smaller than 1-inch NPS and
no shutoff valves of any type shall be placed in the piping between the boiler and the cutoff. A cross or
equivalent fitting shall be used in the piping connections at every right angle to facilitate cleaning and
inspection.

32.7.2 A low water cutoff that embodies a separate chamber shall incorporate a vertical drainpipe and a
blowoff valve not smaller than 3/4-inch NPS, located at the lowest point of the chamber or water-equalizing
pipe connections so that the chamber and the equalizing pipe can be flushed and the low water cutoff can
be tested for operation.
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32.7.3 A low water cutoff or a combination cutoff and water feed control for a low pressure steam boiler
may be installed in the tapped openings provided for attachment of a water gage glass directly to the
boiler. For such installation, the connections shall be made with nonferrous "T" or "Y" fittings for the low
water cutoff connections. The ends of any nipples used shall be hollowed to full size of the internal
diameter.

32.7.4 For a hot water heating boiler, the low water cutoff may be installed external to the boiler. Under
low water conditions, the chamber in which the cutoff is located shall drain so as to maintain the same
water level as in the boiler, and if flow occurs in the chamber, it will be in the upward direction.

32.7.5 A water feed control shall be constructed and installed so that the water inlet valve cannot feed

water into th

boiler through a float chamber of a low water cutoff or through the connection

of such float

chamber.

32.7.6 A stpam pressure limit control shall be installed on the boiler without any_shutoff vialve between
the limit contfol and the boiler.

32.7.7 Each steam pressure limit control shall be protected with a siphoh or equival¢nt means of

maintaining @ water seal between the steam and the inlet to the control. The size of the sipha

less than 1/4

J-inch NPS. Tubing of adequate temperature and pressure rating and of equ

n shall not be
ivalent inside

diameter may be substituted for pipe.
32.7.8 If a gteam pressure limit control that incorporates a<mercury switch is mounted on|a siphon, the
loop of the siphon shall be in a plane that is 90 degrees (1.5%rad) from the plane of the merciry switch.
32.7.9 Thelsteam pressure connections to the steampressure limit control shall not be:

a) Smaller than 1/4-inch NPS, if the pipe i$.0f nonferrous material;

b) Smaller than 1/2-inch NPS, for ferrous materials up to 5 feet (1.52 m) in length; or

c) More than 1-inch NPS for\ferrous materials over 5 feet in length. Tubing|of adequate

tempegrature and pressure rating and of equivalent internal diameter may be substitute

HYRDRONI(

L HEATING APPLIANCES AND WATER HEATERS

33 Assembly

33.1 Anso
assembly or

a.group of subassemblies and shall include all of the essential components ne

d for pipe.

id fuelhydronic heating appliance and water heater shall be factory built as a sipgle complete

cessary for its

function wh

nstattedas intended— A hydronic heating appliance and water heater may

two or more major subassemblies.

e shipped as

33.2 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.

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

a) Assembled as part of the hydronic heating appliance and water heater;
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b) Part of a subassembly that must be attached to the hydronic heating appliance and water heater
for its normal operation; or

c) Constructed so that the hydronic heating appliance and water heater cannot be assembled for
operation without first attaching a required shield or baffle in its intended position.

33.4 The construction of a hydronic heating appliance and water heater shall be such that, for any typical
installation, the alteration or removal of a baffle, insulation, or a radiation shield needed to reduce the
likelihood of excessive temperatures is not required.

33.5 A hydronic heating appliance and water heater shall be constructed so that parts requiring attention

or manipulation during typical use can be easily operated.

33.6 Adjustable or movable parts shall be provided with locking devices to prevent shifting.
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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
galvanized; or

b) Nonferrous sheet metal having an average thickness of not less than 0.029 inch (0.74 mm).

36.2 Access panels that need to be removed for service and accessibility shall be constructed to permit
repeated removal and replacement without causing damage or reducing any required insulating value.
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36.3 A removable panel through which air is drawn for combustion shall be constructed to prevent being
attached in a manner that results in a risk of fire or injury to persons and so that it is not attachable in a
manner that impedes air flow.

36.4 A removable panel shall be constructed so that it cannot be interchanged with other panels on the
same heater if interchange results in a risk of fire or injury to persons.

36.5 The casing of a heater intended for installation on combustible flooring shall completely close the
bottom or be constructed to provide an effective radiation barrier between the floor and the bottom of a

combustion chamber.

37 Radiatipn-Shields

37.1 A radi
positioning 3
protected ag
for complian
shall not be g

38 Insulati

38.1 Therni
to reduce th
heater is tes
retain its adh
these requirg

39 Combugtion Chamber

39.1 A com

having the sfrength, rigidity, durability;-resistance to corrosion, and other physical properties

sheet steel n

39.2 A con
replacement

bn Materials

ation shield or liner shall be constructed, formed, and supported to provide fg
nd to reduce the likelihood of distortion or sagging in service. A shield or
binst corrosion if its deterioration may cause excessive temperature when the h
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40 Heating Surface Joints
40.1 Joints| in\heating surfaces shall be mechanically secure and tight, for example, welded, lock-
seamed, mathired-and-bolted—riveted—orthelike—Ajointshaltnot-depend-on—cementfor-tightness. A slip

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

40.2 Examples of acceptable lock-seams are illustrated in Figure 40.1.
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b in a flue-gas passage or-otherwise exposed to combustion products shall beg
to remain in its intended.position. A flue baffle shall be made of material having
resistance equivalent to AISI C1010 sheet steel not less than 0.042 inch (1.07 1

baffle shall be (@accessible for cleaning. A flue baffle that is removable for clea
o that it can'be removed and replaced in a manner that does not result in a
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constructed
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water heater having an internal flue shall be constructed to allow removal withif a clearance

above the floor of 78 inches (2.00 m), or 24 inches (0.61 m) above the flue collar on a heater taller than 54
inches (1.37 m).

42 Air Shutters and Flue Collars

42.1

means for reducing the risk of a change in setting.

An air shutter shall be capable of being adjusted readily to any desired setting and be provided with

42.2 An air shutter shall provide for a reasonably smooth surface between the shutter and the matching

face.

42.3 Sheet metal air shutters shall be of a thickness not less than 0.0254 inch (0.645 mm). If sheet metal
air shutters are of a thickness less than 0.0508 inch (1.29 mm), they shall have the outer edges turned at
right angles or be otherwise properly reinforced.
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42.4 An air shutter shall (by its design or assembly and selection of materials) be guarded against
sticking or corroding in position. Screws or bolts used for attaching or adjustment shall be of corrosion
resistant material.

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

43 Materials in Contact with Water

43.1 General
43.1.1 A npnmetallic material in contact with water shall comply with the requirement$ of the NSF
International [Standard for Plastic Piping System Components and Related Materials, ANSI/NSF No. 14.

43.2 Dip tubes

43.21 Ifap
tube is instal

43.2.2 A di
than 1.0, the
more than 1/

43.23 An
Water Heate

plicable, a dip tube shall be provided with an antisiphoning helelocated so thaf
ed, the hole is within 6 inches (152 mm) of the top of the tank:

b tube shall have a specific gravity greater than 0.94yand, when the specific
dip tube shall be held in place by a positive means that limits any vertical displg
l inch (6.4 mm).

bnmetallic dip tube shall comply with thectests described in Non-Metallic Dip
s, Section 58.

43.3 Polynperic storage tank liner

43.3.1 If ap
(WVT) rate
Transmissior

44 Water-S

441 A wat
the Hydrost

distortion, or
Pressure Ves

plicable, a polymeric liner-provided in a storage tank shall have a water vapor
of less than 5 when measured in accordance with the Test Methods for
of Materials, ASTM E96.

torage Vessels

r-storage_vessel shall be constructed to withstand the applicable hydrostatic te
ic Testlon Water-Storage Vessels, Section 59, without rupture, leakage, or visil
the water-storage vessel shall carry one of the following symbols of the ASN
sel\Code:

, after the dip

jravity is less
cement to no

Tube Test —

transmission
Water Vapor

5t specified in
le permanent
IE Boiler and

a) "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.

b) "HLW" — Designating a Complete Potable Water Heater, constructed in accordance with the
ASME Boiler and Pressure Vessel Code, Section IV, Rules for Construction of Heating Boilers.

c) "U" — Designating a pressure vessel, constructed in accordance with the ASME Boiler and
Pressure Vessel Code, Section VIII, Division 1 Rules for Construction of Pressure Vessels.

Exception: This requirement does not apply to a hydronic heating appliance, of which the opening, vent, or
similar mechanical system( intended to provide constant atmospheric internal pressure of the tank) shall
be the equivalent of a 3/4 inch (19.05 mm) pipe size opening.
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44.2 The working pressure of a water-storage vessel that does not carry one of the symbols of the ASME
Boiler and Pressure Vessel Code, specified in 44.1 shall not be higher than 50 percent of the hydrostatic-
test pressure specified in Section 59, Hydrostatic Test on Water-Storage Vessels — Water Heater.

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

44 4 A storage vessel shall be equipped with a valve to facilitate draining of the tank.

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

a) Shall be located:

1) In the top of the tank; or

2) With its centerline in the upper 6 inches (152 mm) of the side.
b) Sh3ll be separate from the openings for water connections.

c) Shall be threaded in conformity with the Standard for Welding Procedure and Performance

Qualification, AWS B2.1.
d) Shgll accommodate a 3/4 inch (19.05 mm) or larger trade-size pipe.

ning, vent, or
e tank) shall

Exception: THis requirement does not apply to a hydronic heating appliance, of which the ope
similar mechanical system( intended to provide constant atmospheric internal pressure of th
be the equivalent of a 3/4 inch (19.05 mm) pipe size.@pening.
45 Controlg

45.1 Appligation

45.1.1 Safety controls shall conform’ with the requirements in Control Applications, Section 32.

45.2 Limit gontrol

4521 A wdter heater‘shall be provided with an automatic combustion air shutoff system (for example,
temperature-limit control) actuated by high-water temperature as an integral part of the heatef. The shutoff
system may e manually reset or automatically reset and shall be arranged to interrupt the combustion air
and solid fuelLsupr ' e c c ine ¢ of not more
than 210°F (99°C).

Exception: A hydronic heating appliance, which is not automatically fueled is excluded from the
requirements of Section 45.2 due to the inherently temperature and pressure restrictive design of the
appliance.

45.2.2 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.

45.2.2.1 Components including contactors and sequence controllers that are operated by the automatic
fuel-shutoff system shall be rated for 100,000 cycles of operation and shall be arranged to result in the
direct opening of that circuit, whether the switching mechanism is integral with the sensing element or
remote from the element.
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45.2.3 A water heater shall be equipped with an automatically reset shutoff system that will not reset at a
water temperature above 120°F (49°C).

45.2.4 A manually reset shutoff system shall have a drip-free reset mechanism and be readily accessible
for resetting. A location under a cover plate in the jacket is considered accessible.

45.2.5 The automatic-shutoff system shall have no operating parts in common with the temperature-
regulating device or control mentioned in 45.3.1, but a common mounting bracket or a common enclosure
may be employed for both devices.

452.6 An |mmersron type temperature limiting device shall be located so that the temperature -sensitive
elementisi -1t ‘ A
inches (152 m) of the tank

45.2.7 A syrface-mounted limit control shall be mounted and located so that the, temperature-sensitive

element sen

mounted tenmpperature-sensitive element shall be insulated or located to isolate’ it from flu

other ambien

452.8 A ss
electrical cir
mechanism i

45.2.9 A limit control shall be provided with a fixed stop that-complies with the Water Heate

Test, Section

452,10 An
water heate
Equipment,
Electrical Cqg
Sensing Con

45211 An
the temperat|

a) Th
Stang

ses the water temperature within the top 6 inches (152 mm) of the tank. Su

t conditions that are not indicative of stored-water temperature.

fety limit control that functions to interrupt the delivery of fuel for combustion K
cuit shall be arranged to effect the direct opening-lef that circuit, whether
5 integral with or remote from the sensing element.

53.

electro-mechanical control shall comply with the Standard for Limit Controls, U

limiting control requirements in the Standard for Temperature-Indicating an
L 873, or the requirements for{protective electrical controls in the Standard
ntrols for Household and Similar Use, Part 2, Particular Requirements for
trols, UL 60730-2-9.

electronic limiting control with switched outputs that only relies on hardware ci
Lire within the limits specified in 45.2.1 shall comply with the requirements of;

e Standard forLimit Controls, UL 353, or the water heater limiting control requir
ard for Témperature-Indicating and Regulating Equipment, UL 873, and;

b) Th

e Standard for Tests for Safety-Related Controls Employing Solid- State Dev

ch a surface-
p-gas heat or

y opening an
the switching

Limit Control

L 353, or the
d Regulating
for Automatic
Temperature

rcuitry to limit

ements in the

ces, UL 991,
nents per the

with r][o sifgle points of failure permitted, or the Type 2 Protective Control requirer

Stan
Requirements for Temperature Sensing Controls, UL 60730-2-9.

2, Particular

45.2.12 An electronic limiting control that relies on software to limit the temperature within the limits
specified in 45.2.1 shall comply with the requirements for software Class 2 in accordance with the
Standard for Software in Programmable Components, UL 1998, or software Class C in accordance with
the Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1A.

45.2.13 The limiting control circuit shall be designed such that a malfunction of any component in the
temperature-regulating or other operating control circuit will not adversely affect the operation of the safety
limit control circuit.
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45.3 Water-temperature regulating control

453.1 At the maximum setting allowed by a fixed stop, the temperature-regulating control or control
system of a hydronic heating appliance and water heater shall limit the water temperature to not more than
194°F (90°C).

Exception: When the temperature-regulating control or controls and the limit control have cutout
temperature tolerances not greater than +5°F (+2.8°C), the maximum water temperature shall be 200°F

(93°C).

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

45.3.3 A eld
acceptable fg
mechanical
calibration as

45.3.4 Ater
130°F (54.4°
"Low-Medium

4535 An
Temperature-
the requirem
Household a
60730-2-9.
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the requireme

a) Th
requir

ctro-mechanical temperature-regulating control is one that has been investigat
r continuous operation under rated electrical load for 30,000 cycles of opératio
r electrical breakdown, impairment of operation, or any apparent damage. A
a result of the continued operation test shall not exceed +10°F (+5.6°C):

hperature regulating control shall be set at the factory to a control position corres

bd and found
n without any
ny change in

ponding to a

C) or lower setting. This setting may be approximate as in the’case of a marking that reads

-High" or the equivalent, instead of directly in °F or °C.

electro-mechanical temperature-regulating contraD ‘shall comply with the
Indicating and -Regulating Equipment, UL 873,\the Standard for Limit Controlg
bnts for operating electrical controls in the Standard for Automatic Electrical
hd Similar Use; Part 2: Particular Requijréments for Temperature Sensing

lectronic temperature-regulating -control with switched outputs that relies
o regulate or maintain the température within the limits specified in 45.3.1 shal
nts of:

e Standard for Limit Controls, UL 353, or the water temperature regul
bments of the Standard for Temperature-Indicating and -Regulating Equipment,

b) Th
with n
Stand
Requi

45.3.7 The
rated electri

impairment of operation, or any apparent damage. Any change in calibration as a result of th

Standard for [ests for Safety-Related Controls Employing Solid- State Devi

single points.of failure permitted, or the Type 2 Operating Control requiren
rd for Automatic Electrical Controls for Household and Similar Use, Part
ements for Temperature Sensing Controls, UL 60730-2-9.

emperature-regulating control shall be found acceptable for continuous ops

Btandard for
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Controls for
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ating control
UL 873; and
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2, Particular

ration under

operation test shall not exceed +10°F (£5.6°C).

breakdown,
e continued

45.3.8 An electronic temperature-regulating control that relies on software to regulate or maintain the
temperature within the limits specified in 45.3.1 shall comply with the requirements for software Class 1 in
accordance with the Software in Programmable Components, UL 1998, or software Class B in accordance
with the Standard for Automatic Electrical Controls for Household and Similar Use; Part 1: General
Requirements, UL 60730-1A.
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PERFORMANCE

46 General

46.1 A boiler, hydronic heating appliance, and/or water heater assembly shall meet the applicable
requirements when tested as described herein. An assembly of a type not described specifically herein is
to be tested in accordance with the intent of these requirements. If any indications are observed during the
tests prescribed herein that an assembly will not continue to meet the requirements in normal usage, such
supplementary tests shall be conducted as deemed necessary to assure the appliance meets the
requirements of this Standard.

igstallation on
h specified in
Table 46.1, gs specified under Form II. At the manufacturer's request, the appliance may’b¢ investigated
for installation on combustible floors, at the clearances specified in Form lla.

46.3 A boilgr assembly is to be tested normally as suitable for installation onyhoncombustiple floors and
with clearanges to combustible walls and ceilings not less than indicated in"Table 46.1. Buch a boiler
assembly is ¢ategorized under Form Il or Form lll, depending on its physical size and/or opefating flue gas
temperature jas noted in Table 46.1. At the option of the manufacturer;-a boiler assembly operating at not
more than 1000°F (537°C) flue gas temperature may be tested as<uitable for installation op combustible
floors and when so tested is categorized under Form lla or Form-[la, depending on its physical size.

Table 46 1
Standard clearances
Type of Minimium clearance, inches (mm)

Appliance A B C D E F
Form Il 6 (152) 24 (610) 18 (457) 6 (152) 6 (152) NC
Form lla 6 (152) 24 (610) 18 (457) 6 (152) 6 (152) C
Form I1I 18 (457) 48 (1219) 18 (457) 18 (457) 18 (457) NC
Form llla 18 (457) 48 (1219) 18 (457) 18 (457) 18 (457) C

Where:

A = top, B =ffront, C = Chimney, D = back, E = sides, F = flooring
C — Combustible.
NC<\Nencombustible.

Eorms Il and lla — Water-wall type hot-water boilers operating at not in excess of 250°F (121°C) pnd water-wall
stéam boilers operating at not over 15 psi (103.4 kPa) pressure, not larger than 100 cubic feet (2.8 m®) in size
\c)\biuu'il IU Il)t.ll 1T }

Forms Il and llla — Steam boilers operating at not more than 1000°F (537°C) flue gas temperature not
classified under Forms Il and lla.

46.4 At the further option of the manufacturer, an appliance may be tested with clearances less than
those indicated in Table 46.1.

46.5 If an appliance is to be tested in a partial enclosure at clearances less than those designated as
standard in Table 46.1, a ceiling of construction equivalent to that required for the walls is to be placed
above the partial enclosure. Clearances from chimney connectors are to be at least 9 inches (229 mm).
When the chimney connector clearances are less than those designated as standard in Table 46.1, the
connector arrangement is to be as specified in 47.2.2 and Figure 47.2. Except for those modifications of
the enclosure and as otherwise provided herein, tests are to be conducted in the manner described for
standard clearances.



https://ulnorm.com/api/?name=UL 2523 2022.pdf

60 UL 2523 OCTOBER 20, 2022

46.6 The minimum standard clearances designated in Table 46.1 are based on the boiler assembly
being installed in a room that is large compared to the size of the assembly. All clearances designated in
Table 46.1, or by the manufacturer under an option, are to be in integral inches for testing purposes.

46.7 The maximum temperature rise above ambient of flue gases during the Continuous Operation
Temperature Test shall not exceed 930°F (517°C).

46.8 With respect to 46.7, determination that the flue gases in the vent pipe are at a negative pressure
are to be made in the center within the vent pipe, 6 inches (152 mm) downstream from the connection of
the vent pipe to the flue gas outlet of the appliance. The vent pipe is to be connected in accordance with

47.2.3. The pressure of the flue gases shall be negative at all permitted inputs of the appliance.

47 TestlIns
471

4711 An a
47.1.2 — 47 1]
and from the
46.1. If one s
assembly is t

4712 Asa
partial test e
specified by §
except within
values specif

471.3 The
detachable; ¢

allation for Standard Clearances

Enclosure

ppliance is to be placed in a partial enclosure in the as-received)condition, as

chimney connector to the walls and ceiling of the enclosure/is to be as indic
ide of the assembly may create a higher wall temperatudre than the other, tha
b be directly opposite one wall.

n alternative to 47.1.1, when tested at clearances.designated as standard in T3
hclosure may be eliminated and thermocouples attached to the outer casirn

9 inches (229 mm) of the flue collar or any'inspection or relief opening, shall nd
ed in Table 55.1.

appliance assembly is to beulevel. Leveling means, if provided, are to beg
r, if not detachable, are to ‘be adjusted to place the base of the appliance

allowable disfance above the floor.

4714 The
boards or ply

bartial enclosure is.to\be formed by two walls of 1 inch (25.4 mm) nominal thi
vood 3/4 inch (19.1) mm) thick, set at right angles and finished in flat black. See

described in

.5. Except as permitted by 46.3, the distance from the back, side, and top of the assembly

hted in Table
t side of the

ble 46.1, the
g panels as

bection 57, Electrical Tests. The temperaturé&’at points on external surfaces of the appliance,

t exceed the

removed if
he minimum

ckness wood
Figure 47.1.

A ceiling of equivalent construction is to be placed above the partial enclosure. The height of the walls is to

be such as

accordance W
partial enclos
permitted by 1
of the appliarn

to obtain the“*minimum clearance above the appliance specified in Table
ith 46.3-All5joints in the test enclosure are to be tight or sealed. The walls and
ure are~to extend 3 feet (0.91 m) beyond the end and side of the applianc
6.3, the walls are to be the minimum distance specified in Table 46.1 from the s
ce.assembly, except when the flue outlet is horizontal, in which case the wall

46.1 and in
ceiling of the
. Except as
ide and back

opposite the

flue collar is to be the specified distance from a vertical chimney connector as connected to the flue collar
by a 90-degree elbow. See 47.1.10.
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Figure 47.1

Enclosure for standard clearances
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1. Location of
heater, assembly
on platform.
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47.1.5 |If the appliance is intended for direct installation on combustible flooring, the floor beneath the
appliance is to be 1 inch (25.4 mm) white-pine flooring covered with one thickness of building paper, and
then by 3/4 inch (19.1 mm) thick plywood, unpainted or finished with a clear sealer.

47.1.6 If a appliance is intended to be insulated in service, it may be tested with the covering furnished
by the manufacturer as standard equipment. If the covering is not furnished as part of the appliance , the
assembly may be tested with plastic magnesia or equivalent insulation 1-1/2 inches (38.1 mm) thick.

47.1.7 If a covering is not furnished by the manufacturer or if the covering is furnished by the
manufacturer but not factory assembled on the appliance, the manufacturer is to specify such covering as
is specified in 47.1.6 or the manner in which the separately packaged factory furnished covering is to be

installed. This_information is to be furnished in conjunction with the clearance information to

ppear on the

assembly.

47.1.8 The
the installatio

47.1.9 The
water temper
the thermoco

47.1.10 Ste
47.2 Chimn

4721 The
Galvanized s
connector is
extended ver
degree sheet

imit control, if furnished separately for mounting in the field, is to be located a
h instructions furnished with the appliance.

vater temperature in the appliance is to be measured by a thermaocouple locats
pture 1 inch (25.4 mm) below the outlet connection may be\determined. For a
iple shall be located 1 inch below the surface of the water;

Am pressure is to be measured by a commercial steam’gauge of appropriate ran
ey connector

Chimney connector is to be the same nominal size as the flue collar or outlet of t
ovepipe not heavier than 0.023 inch(0.58 mm) (No. 24 GSG) is to be used.

ically above a vertical flue outlét) and connected to a horizontal flue outlet by
metal elbow at the bottom of'the vertical section. See Figure 47.2.

5 specified in

d so that the
steam boiler,

ge.

he appliance.
The chimney

to extend vertically through the ceiling of the test enclosure, directly conng¢cted to and

using a 90-
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Figure 47.2
Chimney connector — Standard Clearance test
(N (M
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— —
R &) R

_..l CH —e - |

HORIZONTAL FLUE OUTLET VERTICAL FLUE OUTLET

S2585

1. Centerline of thermocouple.

2. Support bracket.

3. Draft Regulator.

4. Flue collar.

5. Chimney connector, same nominal diameter as flue collar.
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47.2.2 For an appliance tested in a partial enclosure (see Figure 47.1) at clearances less than those
designated as standard in Table 46.1, the clearances from the chimney connector are to be not less than 9
inches (229 mm). When the chimney connector clearances are less than those designated as standard in
Table 46.1, the chimney connector arrangement is to be as specified in 47.2.3 and Figure 47.3.

47.2.3 An appliance with vertical flue outlets is to be tested with two chimney connector arrangements,
Styles | and lll, and an appliance with horizontal flue outlets is to be tested with two chimney connector
arrangements, Styles Il and Il as indicated in Figure 47.4, unless the manufacturer elects to specify the
minimum clearance from the appliance as that obtained when tested with the chimney connector arranged
in accordance with Style | or Il only.

Figure 473

Sealing of annulus around chimney connector

CHIMNEY CONNECTOR

-

FIRE and HEAT RESISTIVE
INSULATING BARRIER

-

l— 4" —e l— 4" —e

A02mm) (102mm)

$2586
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Figure 47.4

Chimney alternate arrangement
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’
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STYLE 1 SIDE™ VIEWS STYLE I

S2588 STYLE 1Nl

SIDE VIEW
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47.2.4 Where the chimney connector pierces the enclosure, an opening 8 inches (203 mm) larger than
the chimney connector is to be cut in the enclosure and the annulus thus formed sealed on the exterior
surface with a fire and heat resistive insulating barrier at least 1/8 inch (3.2 mm) thick. See Figure 47.3.
Temperatures on the surfaces surrounding the chimney connector are not to be determined at points
located less than 2 inches (50.8 mm) from the outer edge of the annulus.

47.2.5 A bracket for supporting the thermocouple for measuring flue-gas temperature is to be located as
shown by item 2 of Figure 47.2.

47.2.6 A draft regulator is to be provided for test purposes and located in the chimney connector outside
the test enclosure. See Figure 47.2.

47.2.7 Any puilt-in draft regulator included as part of the appliance is to be fixed in the pasjtion allowing
maximum drgft.

47.2.8 The pdjustment of a built-in draft regulator specified in 47.2.7 is intended)to’supply the minimum
dillution air aljowed by the design. The draft regulator specified in 47.2.6 shallBe adjusted tp provide the
manufacturer(s specified draft.

48 Initial Tdst Conditions

48.1 The agpliance assembly is to be set up for test in the appropriate enclosure and manner described
in Test Installation for Standard Clearances, Section 47.

48.2 Unlesd otherwise specified in the describing the tests, boiler assemblies are to be testgd at the test
voltages indidated in Table 50.1.

48.3 The appliance assembly is to be fired at-its maximum initial fuel load, with each type of fuel for
which the unif is rated.

484 The input, air-fuel ratio, and~other operating conditions are to be in accordarjce with the
manufacturer|s instructions.

48.5 All hegting surfaces in-contact with combustion products and the vent pipe of the devige to be fired
for the test arg to be thoroughly cleaned before the testing is begun.

48.6 The limit controlyis to be bypassed to permit continued operation when required by g test. During
test, the temperature: or pressure within the appliance is to be not greater than its rated temperature or
pressure, but[notless than the appropriate value given below:

a) 200°F (93.3°C) in a low pressure hot-water boiler;
b) 12 psi (82.74 kPa) in a low pressure steam boiler;
¢) 95 percent of maximum rated temperature in a high pressure water boiler; or

d) 95 percent of rated working pressure in a high pressure steam boiler.

48.7 The water level in the boiler is to be maintained at normal level. The boiler is to be fired for the
temperature test until equilibrium temperatures are attained.
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49
49.1 Draft

49.1.1

Instrumentation

Draft is to be measured by a draft gauge which may be read directly to 0.005 inch (or 0.13 mm)

water column and which has an accuracy of £0.0025 inch (0.064 mm). A gauge is to be checked for zero
reading at the beginning and the end of each test.

49.2 Power measurement

49.2.1 The

total electrical input to a fuel burning assembly is to be measured in amperes.

49.2.2 Ane
measured. T

49.3 Speed measurement

49.3.1 Mecg
mechanism
stroboscope

49.4 Temp

494.1 Tem
Unless other

4942 The
required to
enclosure, te
(152 mm) a

materials and parts such as those mentjoned in Table 55.1.

494.3 Eac
thermal cont
adequate the
a metal surfa

4944 The
wire and with

lectrical meter is to have a maximum scale range of not more than 1-1/2 timesiti
he smallest scale division is to be not more than 1/50 of the maximum scale rang

hanical or electronic means are to be used to measure_ the’ speed of a n
driven by it. The load imposed by the counter is not tokadversely affect mg
is recommended for measuring speed of a motor under-1/8’horsepower (94 W).

brature measurement

peratures are to be determined by means of a*potentiometer and bead-type th
Wise indicated, a thermocouple is to be made of wires not heavier than 24 AWG

mocouples are to be placed on surfaces of the test enclosure at various locatio
bbserve maximum temperatures. during tests. Where the chimney connecto
mperature measurements on, the inside surfaces of the enclosure are to be nj
way from the chimney cemhector. Thermocouples are to be attached to o

n thermocouple junction and adjacent thermocouple lead wire are to be securely
act with the surfaee of the material whose temperature is being measured. I
rmal contactiresults from securely taping or cementing the thermocouple in pla
ce is involved, brazing or soldering the thermocouple to the metal may be neces|

mocouples are to be secured to wood surfaces by staples over the insulated
the tip held in a good thermal contact with the surface by pressure-sensitive tap

he value to be
e.

hotor or of a
tor speed. A

ermocouples.
0.21 mm?).

ns as may be
r pierces the
ade 6 inches
her pertinent

held in good

most cases,
ce; but where
sary.

portion of the
e; except that

for zero clea
clearance.

darnce, e mermocouples are 10 De applieo tosurfaces of the boiter assSemply at

oints of zero

49.4.5 Thermocouples are to be attached to surfaces other than as described in 49.4.3 and 49.4.4 by
being cemented or taped to the surface in a manner to assure good thermal contact with the surface.

49.4.6 The flue-gas temperature is to be measured by a thermocouple such as illustrated by Figure 49.1
inserted into the chimney connector as shown on Figure 49.2. There is to be no draft control between the
appliance and the point where the flue-gas temperature is measured. If a draft control is incorporated in
the appliance, it is to be dependably sealed in the position allowing maximum draft during all tests.
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Figure 49.1
Standard thermocouple for flue-gas temperature
L_—‘i ! 1/8"
(28.6mm)
1 | 5/32" MAX.
(4.0mm)
J_ SILVER SOLDER OR
WELD JUNCTION.
DO NOT OXIDIZE
.070" MAX
(1.78mm)
¢ 9
PA152 —A
1. 20 AWG (0.51 mm?) iron-constantan, asbestos, or woven-glass-covered, thermocouple wires extending from| hot junction to
potentiometer or|reference junction.
2.1 —Leeds & Nprthrup Standard 714B, or equal, 1/4 inch (6.4 mm) outside diameter of two-hole porcelain insulator ¢ut to length and
ends beveled onftwo 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 insufator; then crimp

ends over bevelg
4.1 - Small woo
5.1 — Piece of ru

6. In lieu of indiv|
and thermocoupl

d ends of insulator.
Hen handle.
bber tubing, approximately 5/16 by 3/32'by 2 inches long (7.9 by 2.4 by 50.8 mm long).

dual components described in (1),4(2), and (3) above, any combination of preassembled parts of t
s may be used.

libing, insulators
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Figure 49.2

Flue-gas thermocouple and support bracket

/ CHIMNEY CONNECTOR

THERMOCOUPLE

SUPPORT

— |}— - BRACKE]
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|

(28.6mm)

1-1,8"—=

52700

I
\/<> Section A-A
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49.4.7 Colil or winding temperatures are to be measured by thermocouples unless the coil is inaccessible
for mounting of these devices (for example, a coil immersed in sealing compound) or unless the coil wrap
includes thermal insulation such as more than two layers, 1/32 inch (0.8 mm) maximum, of cotton, paper,
rayon, or the like. For a thermocouple measured temperature of a coil of an alternating-current motor,
other than a universal motor, having a diameter of 7 inches (178 mm) or less, the thermocouple is to be
mounted on the integrally applied insulation on the conductor.

50 Test Voltage

50.1 Unless otherwise specified, appliances are to be tested at the potentials indicated in Table 50.1.

Table 50.1
Testvoltages
Rated YJoltage Normal test voltage Overvoltage Undervpltage®
1104120 120 132 102
200208 208 229 177
2204240 240 264 204
254 1277 277 305 235
4401480 480 528 408
550 -1 600 600 660 510
Other Rated 110 percent rated 85 percgnt rated
@ Values in this folumn are applicable to alternating-current potentials. Underveltage tests for a direct-current burneq or component
are to be conducted at 80 percent rated voltage.

51 Solid Fuels and Test Firing Procedures

51.1 General

51.1.1 An appliance is to be fired with the following test fuels for the tests in this Standard, as applicable
and in accordance with the instructions provide with the unit and by the manufacturer:

a) Firdbrands or hardwood logs
b) Charcoal

c) Wogpd pellets

d) Shglled corn; or

e) Other types of solid fuels designated by the manufacturer.

Refer to Sections 51.2 — 51.4 for details regarding the specific test fuels. If an appliance is intended for use
with more than one type of fuel, it shall be tested with representative fuels to cover each fuel specified to
ensure compliance with the requirements of this Standard.

51.1.2 If an appliance is intended for use with other types of solid fuels, such as sawdust, corncobs, or
any other biomass fuel, the tests specified in Sections 52 — 56 may also be performed burning the
specified fuels in accordance with the manufacturer's instructions at the discretion of the testing agency.

51.1.3 For automatically fueled appliances, there shall be no burnback into the fuel hopper when the
appliance is operated under any of the firing conditions specified in these requirements.
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51.1.4 There shall be no spillage of flames outside the appliance when the appliance is operated under
any of the firing conditions specified in these requirements.

51.2 Firebrands and hardwood logs

At the manufacturer’'s recommendation, manually fed appliances intended to be used with wood are to be
tested using firebrands or hardwood logs in accordance with this section.

51.2.1 Afirebrand is to be prepared in strips as illustrated in Figure 51.1 from dry (moisture content of 19
percent or less) strips of Douglas fir, birch, maple, or oak. . Each strip is to be 3/4 by 3/4 inch (19.1 by 19.1
mm) in cross section and weigh 0.020 +0.002 pounds per cubic inch (554.0 +55.4 kg/m?). The strips are to
be placed 1 jach i -apart-on-ce s—providing-a—H4-inch+{6-35-mm)-sp een strips. The
brands are t¢ be conditioned in an oven at 105 — 150°F (40.5 — 66°C) for at least 16 hours |prior to being
burned, and fhe conditioned brands are to be used within 3 hours of removal from the oven:

4 =Tate aYakfa alda alng alalalWia

Figure 51.1

Brands

TYPICAL
REAR BRAND

S2419

51.2.2 Each brand is to have an area in the plan view equal to at least one-third of the total grate or
hearth area. Its dimensions are to permit the front edge of the brand to be positioned horizontally in the
hearth, as illustrated in Figure 51.2, and to be recessed from the feed door of the room-heater combustion
chamber a distance of approximately one-sixth of the maximum grate or hearth depth.
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Figure 51.2

Typical relation of brands to grate or hearth

HEARTH ] BRAND
OUTLINE / \
\ /

LEFT
BRAND
——1/6D-—
= D -

S2422

51.2.3 Firehrands are to be fed to the fire ‘at”a rate of one brand every 7-1/2 minutes. If gn ash pan is
provided, it i to be emptied at 15 minute intervals. If coals build up in the fire chamber, they are to be
raked level before adding the next brand:. The rate of fueling is not to cause the height of fyel buildup to
exceed either the top of the fire-chamber opening or the level designated by the manufacturer

51.2.4 To prloduce flash-firing-eonditions, eight brands stacked four deep are to be added td the fire after
equilibrium temperatures have’been obtained by firing as described in 51.2.3.

51.2.5 Hardwood l6gs shall be birch, maple, or oak measuring approximately 6 inches (150 mm) in
diameter and| 18_inches (450 mm) in length with a moisture content no to exceed 22 percgnt on a wet
basis.

51.2.6 Initially, the unit shall be loaded with hardwood logs to the physical limitation of further loading of
the combustion chamber. In order to maintain the maximum equilibrium temperatures produced by firing
hardwood logs, the fuel shall be reloaded when the level of fuel has dropped to approximately 2/3 of full
capacity, as described above.

51.2.7 To produce flashing-firing conditions, pieces of spruce, pine, and/or fur lumber having a cross-
sectional area of approximately 1.5 inches (38 mm) by 1.5 inches (38 mm) and in lengths not to exceed
19.5 inches (500 mm) are to be added to the fire (to the physical limitation of further loading of the fire
chamber) after equilibrium temperatures have been obtained by firing hardwood logs as described in
51.2.6.
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51.3 Charcoal

51.3.1 The testing of a unit with charcoal also covers the appliance for use with coal. For test firings with
charcoal, the appliance is to be loaded to a depth of approximately 6 inches (152 mm) with charcoal
briquettes? formed in the shape of a 2.0- by 1.9-inch (50- by 48-mm) square pillow having rounded edges
and a maximum thickness of 1.2 inches (30 mm). As such, briquettes are to have a count weight of 17 per
pound (37 kg), a heat content (dry basis) of 11,500 Btu per pound (26,750 J/kg), and a moisture content of

5 percent.

2 A type suitable for this test is manufactured by the Kingsford Company, P. O. Box 493, Pleasanton, California 94566.

51.3.2 Chafcoal briquettes are to be added at 7-1/2 minute intervals to the fire in amd

maintain a

bed of fuel. The fuel is to be poked and stirred in an effort

iinch (152-mm)
maximum intensity of burning. If an ash pan is provided, it is to be emptied every 7-1/2yminute

51.3.3 Thrg
intent of the

unts that will
fo maintain a
S.

ughout the firing tests, spillage of combustion products or flame fram the appliafpce meets the

requirement only during fueling, in the form of sporadic wisps of smoke and flig

not projecting more than 6 inches (152 mm) from the plane of the fuel-loading’opening.

51.4 Wood

514.1 The
moisture cor
Heaters, Pel

51.4.2 Whe
manufacture

pellets

wood pellet fuel to be used in the following tests ‘Shall meet the heat content
tent, ash content and pellet size specifications“outlined in Standard Specificatf
et Fuel-Burning Type, ASTM E15009.

n the manufacturer specifies and supplies specific wood pellet fuel, the fuel su
- shall be used for the following tesis”’The heat content, bulk density, moisturg

content, pellgt size and fines shall be determined as specified in ASTM E1509 and recorded.

51.4.3 Unlg
the specified
The pellet fq
produce the

51.5 Auton

51.5.1 The
by the applia

ss otherwise noted in the.individual tests of this Standards, the fuel hopper is tq
wood pellet fuel and following the manufacturer’s instructions, the appliance is
ed rate, combustion. air controls, thermostatic controls, and the like are to b
maximum temperatutes.

hatically Fueled Appliances

normal burn rate shall not exceed the maximum burn rate under firing condition
hce.temperature controllers.

kers of flame

bulk density,
ion for Room

pplied by the
content, ash

be filled with
to be ignited.
e adjusted to

5 unregulated

51.5.2 The test shall begin with the fuel hopper empty. The weight of a sufficient quantity, of the specified
pellet fuel, to operate at the maximum burn rate for a minimum of 30 minutes shall be measured in pounds

(kg)-

51.5.3 Any manual fuel delivery control is to be adjusted to the maximum and allowed to regulate the fuel
feed rate.

51.5.4 If the appliance fails to operate for at least 30 minutes before the temperature regulating control
begins regulating the rate of fuel feeding the burner, the appliance controls are to be bypassed.

51.5.5 To achieve the condition of maximum normal rate specified in 51.5.3 — 51.5.4, any control or
component, including the main burner, that would cause the fuel delivery system to reduce or interrupt the
rate of feed is to be rendered inoperable.
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Exception: A control that is integral to the fuel delivery system and unaffected by water temperature shall
not be bypassed.

51.5.6 The quantity of fuel measured in 51.5.2 shall be loaded into the hopper and the appliance fuel
delivery system operated at normal maximum rate, the time, not less than 30 minutes, required to exhaust

the fuel is to be measured.

51.5.7 The rate in pounds/hour (kg/hr) is to be calculated.

52 Water Temperature Control Test — Hydronic Heating Appliance and Water Heater

52.1 When tested-as—describecHin-522and-withthe tculpclatuu: |cyu:at;||y contret-set-atthe maximum
temperature position allowed by a fixed stop, shall not exceed an outlet-water temperatlire of 194°F
(90°C).

Exception: A
control or co
(x2.8°C).

52.2 The ap

maximum water temperature of 200°F (93°C) is acceptable if thé |temperatu
ntrols and the limit control have cutout temperature tolerances -not greater

pliance is to be filled with water at a temperature of 65 £5%F (18.3 +2.8°C). The

regulating comtrol is to be adjusted to its maximum allowable setting.A pressure-relief device

quick-acting

alve is to be installed on the outlet connectionof‘the storage vessel. A flo

calibrated to permit a flow of 5 gallons per minute (18.9 L/min);.is to be connected to the outle

A water-presg
flow the press
steady flow o
temperature i
inlet-water va
reduce the c(
gallons per m
and the maxi
or continually

53 Limit Cd

53.1 A watd
temperature

ure regulator is to be located in the water-supply’line to the heater and adjusted
sure at the inlet connection to the heater willkkbe maintained at the value require
f 5 gallons per minute when water is drawn from the heater. During the test, th
5 to be maintained at 65 £5°F (18.3 £2:8°C). The heater is to be placed in oper:
Ive opened and the outlet-water_valve closed, until the temperature control
mbustion air supply to a minimum. Water is then to be drawn immediately at
inute until the temperature-regulating control functions to turn on the combusti
mum outlet-water temperaturé is recorded. This operation is to be repeated, un
receding outlet water temperature is attained.

ntrol Test — Water\Heater

br heater shall” be operated as described in 53.2 until the limit control fu
pf the water-shall not exceed 210°F (99°C) but shall be higher than that main

temperature-fegulating’/control as determined in the Water Temperature Control Test, Section

re-regulating
than +5.0°F

temperature-
followed by a
W restriction,
of the valve.
so that at full
d to deliver a
e inlet-water
ation with the
functions to
the rate of 5
bn air supply,
til a constant

nctions. The
ained by the
52.

53.2 With tihe-heater installed as described in the Water-Temperature Control Test, Se

temperature-regulating control is to be made inoperative. The heater is to be placed in operation 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 47.1.10.

54 Limit Control and Low Water Control Test — Boiler

54.1

ction 52, the

The limit control for a low-pressure boiler when adjusted to its maximum setting allowed by a fixed

stop shall function when the temperature of the water in a hot-water heating boiler is not more than 250°F
(121°C) and when the pressure in a steam heating boiler is not more than 15 psi (103 kPa), when the
boiler assembly is tested as described herein. The limit control for a high-pressure boiler shall function
when the pressure in a steam boiler is not more than the designed working pressure of the boiler, or when
the water temperature in a hot-water boiler is not more than the temperature of saturated steam at the
designed working pressure of the boiler, when the boiler assembly is tested as described herein.
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54.2 The boiler is to be filled to the intended level with water. A steam or a hot-water boiler is to be
provided with a pressure-relief valve.

54.3 The limit control, if adjustable, is to be adjusted to the highest temperature or pressure setting, as
applicable.

54.4 The water temperature obtained in a hot-water boiler is to be measured as described in 47.1.9. The
inlet and outlet water valves are to be adjusted so that hot water passes the thermocouple bead during the

test.

54.5 A slow-closing valve is to be placed in the steam outlet line of a steam boiler.

546 The b
temperature
boiler nor the

54.7 Follow
is to be fired
opened. Firin

54.8 Obser
water level

manufacturef.

55 Temperature Test

55.1 When
sufficient to:

a)lm

b) Im

oiler is to be placed in operation and the water or steam valves adjusted
or pressure until the limit control functions. Neither the maximum water(temp
pressure is to exceed the values indicated in 32.5.2 and 32.6.1.

ing the test in 54.6, the boiler is allowed to be filled to the intended) level with wa
at any input, a feed water device, if provided is to be disconnected, and the boail
g is to continue until the low water control operates to de-energize the combusti

vations shall be made to ensure, upon interruption ef:the combustion air blow
Hoes not continue to drop below the lowest pefmissible water level estab

pair the effectiveness of required corrosion protection;

bair operation of safety coentrols;

c)Im

d) Cquse creeping, distortion, sagging, or similar damage if such damage to the m
may g¢ause the appliance to present a risk of fire, electric shock, or injury to persons.

air the value of required thermal or electrical insulation; or

to raise the
brature in the

er. The boiler
er drain valve
bn air supply.

er circuit, the
ished by the

an appliance is tested in accordancewith Sections 55 — 56, no part shall attain & temperature

aterial or part

55.2 The tgmperature rises at specific points shall not exceed those specified in Table 55.1 except as
permitted in the footnotes to the table.
Table 55.1
Maximum temperatures and maximum temperature rises
Column 1 Column 2
Maximum Maximum
Device or Material Temperature Rise Temperature
Oc (OF) OC (OF)

motors)

A. MOTORS??

1. Class A insulation on coil windings of alternating-current motors
having a frame diameter of 7 inches or less (not including universal

Table 55.1 Continued on Next Page
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Table 55.1 Continued
Column 1 Column 2
Maximum Maximum
Device or Material Temperature Rise Temperature
°C (°F) °C (°F)
a. In open motors —
Thermocouple or resistance method 75 (135)
b. In totally enclosed motors
Thermocouple or resistance method 80 (144)
2. Class A insulation systems on coil windings of alternating-current
motors Having a frame diameter of more than 7 inches (178 mm) and of
direct-current motors and universal motors)
a. Ip open motors —
Thermocouple method 65 (117)
Resistance method 75 (135)
b. I totally enclosed motors —
Thermocouple method 70 (126)
Resistance method 80 (144)
3. Class B insulation on coil windings of alternating-current motors
having alframe diameter of 7 inches or less (not including universal
motors).
a. Ih open motors —
Thermocouple or resistance method 95 171)
b. I totally enclosed motors —
Thermocouple or resistance method 100 (180)
4. Class B insulation on coil windings of alternating-current motors
having alframe diameter of more than 7 inches (178 mm) and of direct-
current motors, universal motors.
a. Ih open motors —
Thermocouple method 85 (153)
Resistance method 95 171)
b. Ip totally enclosed motors —
Thermocouple:method 90 (162)
Resistance method 100 (180)
B. COMPONENTS
1. Field-viring terminals® 50 (90)
2. Points on or within terminal box which may be in contact with field
wiring® 35 (63)
3. Capacitors
Electrolytic type® 40 (72)
Other types® 65 117)
4. Relay, solenoid, and other coils with:°
a. Class 105 insulated windings —
Thermocouple method 65 (117)
b. Class 130 insulated windings —
Thermocouple method 85 (153)

Table 55.1 Continued on Next Page


https://ulnorm.com/api/?name=UL 2523 2022.pdf

OCTOBER 20, 2022

77

Table 55.1 Continued

Column 1 Column 2
Maximum Maximum
Device or Material Temperature Rise Temperature
o (°F) o (°F)
5. Sealing compounds 40°C (72°F) less than its
melting point
6. Transformer enclosures® —
a. Class 2 transformer 60 (108)
b. Power and ignition transformers 65 (117)
C. INSULATECONDUCTORS™®
1. Applignce wiring material
757 C rating 50 (90)
80fC rating 55 (99)
90pC rating 65 (117)
106°C rating 80 (144)
20p°C rating 175 (315)
25p°C rating 225 (405)
2. Flexiple cord — Types SO, ST, SJO, SJT 35 (63)
3.GTOJcable 35 (63)
4. Wire,|Code
Types RF, FF, RUW 35 (63)
Types RH, RFH, FFH, RHW, THW, THWN 50 (90)
Types T, TF, TFF, TW 35 (63)
Type TA 65 (117)
5. Othef types of insulated wires See note f
D. ELECTRICAL INSULATION — GENERALY
1. Clasq C electrical insulation material Not specified
2. Clasq H (180) electrical insufation material As determined by
test
3. Fiber|used as electrical.insulation or cord bushings 65 (117)
4. Phenplic composition used as electrical insulation or as parts of where 125 (225)
deteriorption will tesult in a risk of fire or electric shock
5. Thermoplastic material 25°C (45F) less than its
tempgrature rating
6. Varnished cloth insulation 60 (T08)
E. METALS
1. Aluminum Alloys
a. 1100(2S) 183 (330)
b. 3003(3S) 239 (430)
c. 2014, 2017, 2024, 5052" 294 (530)
2. Aluminum-coated steel, heat-resistant type' 572 (1030)
3. Carbon steel-coated with type A19 ceramic 572 (1030)
4. Galvanized Steel 267 (480)
5. Low-carbon steel, cast iron*'™ 461 (830)

Table 55.1 Continued on Next Page
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Table 55.1 Continued

Column 1 Column 2
Maximum Maximum
Device or Material Temperature Rise Temperature
°C (°F) °C (°F)
5. Low-carbon steel, cast iron*"™ 461 (830)
6. Stainless Steel 686 (1235)
Types 302, 303, 304, 321, 347 667 (1200)
Type 309S 867 (1560)
Type 310, 310B 894 (1610)
Tyge 430 728 (1310)
Tyge 446 961 (1730)
F. GENERAL
1. Air Filfer 50 (90)
2. Flue gases" 517 (930)
3. Operating knobs, handles, and levers
a. Wetallic 50 (122)
b. Glass 78 (172)
c. Rlastic® 85 (185)
d. Wood 150 (302)
4. Surfages of appliance at points of zero clearance to test structure 65 (117)
5. Surfage of floor beneath and within 3 feet (0.91 m) of appliance to be 65 (117)
classifiedl for installation on combustible floors
6. Surfages of test enclosure (ceiling, walls, and the like) 65 (117)

inches (178 mm) or |€Ss, 0pen type.

7 inches|or less;open type.

@ The motor dianeter is to be measured in the plane of the,laminations of the circle circumscribing the stator frame, gxcluding lugs,
boxes, and the |ike, used solely for motor cooling, mounting, assembly, or connection.

® Ordinarily, coil or winding temperatures are to be measured by thermocouples unless the coil is inaccessible for mpunting of
these devices (for example, a coil immersed in sealing compound) or unless the coil wrap includes thermal insulatiop or more than
two layers, 1/33 inch (0.8 mm) maximum, of.cotton, paper, rayon, or the like. For a thermocouple measured tempergture of a coil
of an alternating-current motor, other thania universal motor, having a diameter of 7 inches (178 mm) or less, the thgrmocouple is
to be mounted ¢n the integrally appliedtinsulation on the conductor. At a point on the surface of a coil where the temperature is
affected by an gxternal source of heat;-the temperature rise measured by a thermocouple may be (not including uniyersal motors):

1. 5°C (4°F) for Column_1\limits for Class A insulation on coil windings of alternating-current motors having a fliameter of 7

2. 10°C (18°F) for'Column 1 limits for Class B insulation on coil windings of alternating-current motors having|a diameter of

3. 15°C (27°F) for Column 1 limits for Class A insulation on coil windings of alternating-current motors having|a diameter of

more tham 7imches,; operrtype-

more than 7 inches, open type.

integral with the capacitor enclosure may be more than 65°C (117°F).

rating.

Column 1 temperature rises are specified.

4. 20°C (36°F) for Column 1 limits for Class B insulation on coil windings of alternating-current motors having a diameter of
¢ The temperature rise observed on the terminals and at points within a terminal box may exceed the values specified, provided
the box is marked in accordance with 72.6 and 72.7. The wiring may not attain a temperature rise higher than 65°C (117°F).

4 For an electrolytic capacitor which is physically integral with or attached to a motor, the temperature rise on insulating material

¢ A capacitor that operates at a temperature higher than a 65°C (117°F) rise may be judged on the basis of its marked temperature

f For standard insulated conductors other than those mentioned, reference should be made to the National Electrical Code; the
maximum allowable temperature rise in any case is 25°C (45°F) less than the temperature limit of the wire in question where

Table 55.1 Continued on Next Page
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Table 55.1 Continued

Column 1 Column 2
. ) Maximum Maximum
Device or Material Temperature Rise Temperature
°C (°F) °C (°F)

9 The limitations on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds which have been
investigated and found to have heat resistant properties.

P These and other alloys containing more than 1 percent magnesium shall not be used when the reflectivity of the material is
employed to reduce the risk of fire.

"When the reflectivity of aluminum-coated steel is utilized to reduce the risk of fire, the maximum allowable temperature rise is
461°C (830°F).

I The specified] '
surface is utilied to reduce the risk of fire.
K When solid fel is fired, the specified maximum temperature rises shall not apply to parts of No. 8 gage (3.86,im) or heavier

steel and 3/16 jnch (4.8 mm) thick or heavier cast iron employed for the hearth and to other parts of No. 12 gage (2)36 mm) or
heavier steel, @and 1/8 inch (3.2 mm) thick or heavier cast iron when:

vity of the

1. The gart is not the only enclosure; and

2. Malfynction of the part will not expose adjacent combustible construction to the fire in the fire chamber.

'When solid ful is fired, the specified maximum temperature rise shall not apply to parts,of\1/4 inch (6.4 mm) or hepvier steel and
5/16 inch (7.9 ;m) thick or heavier cast iron.

™ For combination oil-fired and solid-fuel-fired appliances in which a chamber is provided exclusively for burning fugl oil, the
temperature rige on steel portions of the chamber shall not exceed 517°C (930°2F) when oil only is being fired.

" For Manually|Fed Appliances: The flue-gas temperature rise may exceed 517°C (930°F) for a cumulative period rjot exceeding
12.5 percent of the test duration but shall not exceed 738°C (1330°F) during, the Continuous Operation Tests. During Flash Fire

and other testq, the temperature rise may exceed 738°C (1330°F) for a cumulative period not exceeding 10 minuteg but shall not
exceed 905°C[(1630°F).

0 Category includes plastic with a metal plating not more than 0.005inch (0.13 mm) thick; and metal with a plastic dr vinyl covering
not less than 0}005 inch (0.13 mm) thick.

56 Contindous Operation Test
56.1 General

56.1.1 Thelfollowing requirements shall apply when an appliance is operated in accordancq with 56.1.2 —
56.1.3:

a) The test resulisishall demonstrate compliance with the requirements in 55.1;

b) The temperature rises shall not exceed the values specified in Column 1 of Table 5%.1; and

c) Thetemperature of the outlet water shall be adjusted and maintained in accordang¢e with 56.1.2
and 56.1.3.

56.1.2 Limit and operating controls are to be bypassed to permit continued operation during this test.
However, a thermostatic damper control and damper mechanism that complies with the requirements of
Section 31, Flue Dampers, Draft Regulators, and Air Shutters, is to be adjusted to the maximum setting
allowed by its fixed stop and is to be permitted to function as intended to control the rate of burning. A
damper or shutter that is manually operated or that does not comply with the requirements in Section 31 is
to be fixed in the fully open position.

56.1.3 The flow of water through the heater is to be regulated to maintain the outlet water at a
temperature of 10 £5°F (5.6 +2.8°C) below the outlet-water temperature that causes the temperature-
regulating control to function when adjusted to its maximum setting.
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56.2 Continuous operation

56.2.1

Firing of the appliance is to be continued until constant temperatures are attained. A temperature

is considered to be constant when three consecutive readings taken at 15-minute intervals indicate no

change.

56.2.2 For manually loaded appliances, solid-fuel firing is to consist of consecutive firings of the
applicable fuel as follows:

a) Charcoal loaded into the chamber in accordance with 51.3.2;

b) Firebrands or hardwood logs loaded into the chamber in accordance with normal firing
procedlures specified in Section 51.2; and firebrands or lumber loaded Into the

accorq

56.2.3 For 4
51.5.

56.3 Motor

56.3.1 With
combustion,

temperatures
combination {

56.3.2 Oncq
to be cycled
discretion of {

56.3.3 Forn
and/or timing

ance with flash-fire procedures, 51.2.4 or 51.2.7, respectively.

utomatically fueled appliances, firing is to be at maximum rate, in a¢¢ordance

land controller failure

the appliance operating as described in 56.2, each motor-and blower such as

hir circulating and such are to be shut down andfhe appliance operated ur
are achieved. The motors and blowers are to be rehdered inoperable individua
p determine compliance to this requirement.

maximum temperatures are achieved, the door or cover of an appliance, if sg
open and then closed to check for.flame spillage or other abnormal cond
he testing agency.

notors and blowers, such as thefuel feed, combustion, air circulating, equipped
control device, failure tests shall be applied to each motor and/or blow

individually apd in any combination, per 56.3.4.

56.3.4 With
to be bypas
temperatures

56.3.5 Cont
cause the mo|

the appliance operating as described in 56.2, each motor and blower controller,
ted allowing the, motor or blower to operate at full uncontrolled speed un
are achieved,

roller failure tests do not apply to controllers if the only possible controller failure
tor controlled by the controller to shut down.

chamber in

with Section

he fuel feed,

til maximum
ly and in any

equipped, is
tions, at the

with a speed
er controller

per 56.3.3, is
til maximum

mode would

56.3.6 During the tests the temperature rise limits in Column 1 of Table 55.1 apply.

56.4 Loss of electrical power

56.4.1
readied for te

st and operated as follows:

Solid-fuel firing is to include operation during loss of electrical power. The appliance is to be

a) The flow of water through the heater is to be regulated to maintain an outlet water temperature of
175 +5°F (80 £2°C) with an approximate 18 °F (10 °C) temperature differential between the outlet
and the inlet. As applicable, the boiler water pressure shall be maintained at 14.5 £0.75 psi (100 5

kPa).

b) The appliance is to be fired in accordance with the applicable firing procedures specified in
Section 51 and the inlet and outlet water valves are to be fully closed upon loss of electrical power.
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During the test the temperature rise limits in Column 1 of Table 55.1 apply.

56.4.2 Once maximum temperatures are achieved, the door or cover of an appliance, if so equipped, is
to be cycled open and then closed to check for flame spillage or other abnormal conditions, at the

discretion of the testing agency.

57 Electrical Tests

57.1 Dielectric test
57.1.1 An appliance shall be capable of withstanding without breakdown for a period of 1 minute, the
application a60hertz putcl tiat-between hlyh vu:tayc tive pal"to and-dead-metat pai‘ta, and between live
parts of high{ and low-voltage circuits. The test potential is to be:
a) 1000 volts plus twice the rated voltage; or
b) 1000 volts for a motor rated at no more than 1/2 horsepower (373 W.output) and jno more than
250 vplts.
571.2 If hi*her than rated voltage is attained in a motor circuit through the use of capacitprs, the rated
voltage of the appliance is to be used in determining the dielectric voltage-withstand {est potential.
However, if the developed steady-state capacitor voltage exceeds 500 volts, the test potential for the

involved parts is to be 1000 volts plus twice the attained voltage:

57.1.3 Alo
the applicati
opposite polz

57.1.4 The

be conducte
condition ang

57.1.5 A tn

v-voltage circuit shall be capable of withstanding without breakdown for a perio

rity and between low-voltage live parts:and dead metal parts.

dielectric voltage-withstand testbetween low-voltage live parts of opposite pol

if the wiring material is as:indicated in Table 11.1.

ansformer rated 500, volt amperes or more, the output voltage of which

sinusoidal apd can be variedsissto be used to determine compliance with 57.1.1 — 57.1.3

potential is tq
that value for

Exception: A
equipment u
of the test.

be increased gradually from zero until the required test value is reached and i
1 minute.

transformer rated 500 volt amperes or more need not be used if the high po
bed.for.the test maintains the specified high potential voltage at the equipment fd

H of 1 minute,

bn of a 60 hertz alternating potential of 500 volts applied between low-voltagg live parts of

arity need not

] on the complete assembly. if the components have been separately subjected to this test

is essentially
. The applied
to be held at

fential testing
r the duration

57.2 Short-circuit test

57.2.1

Inherent overheating-protective devices, bonding conductors or connections when required, and

conductors of multiple motor circuits shall withstand short-circuit and ground-fault conditions when

protected by:

a) A device that is recognized for branch-circuit protection and located in the product; or

b) A branch-circuit protective device of the type and maximum rating specified on the product

name

plate.

There shall be no damage to conductors or their terminations, no ignition of cheesecloth surrounding the
enclosure housing of the components under test, and no arc-over between line and low-voltage circuits.
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57.2.2 For the purpose of these tests:
a) Circuit breakers and fuses are not considered to be interchangeable;
b) Fuses of the same rating are considered to be interchangeable;
c) HACR Type circuit breakers of the same rating are considered to be interchangeable; and

d) Other types of circuit breakers are not considered to be interchangeable with each other or with
HACR Type circuit breakers.

57.2.3 The device is to be connected in a circuit having a capacity based on the full-load current and
Voltage rating-of-the gppliannn as-indicated-inTable 574 -The gppliannn full-load-currentis-determined by
adding the mptor full-load current of each motor, as determined in accordance with the Natignal Electrical
Code, NFPA 0, for the marked horsepower rating of the motor, and the current rating of eagh other load.
Each simultapeous load condition is to be considered separately, and the maximum resulting current is to
be used as the basis for selection of the capacity of the test circuit. The voltage source for the|test circuit is
to be an altefnating-current supply and the circuit capacity is to be measured'without the flevice in the
circuit.

Table 57.1
Short-circuit test currents
Single phase Circyit capacity
15V 208V 230-240V 277V amperes
9.8 or legs 5.4 or less 4.9 orless - 200
9.9-16.p 55-8.8 5.0=8.0 6.65 or less 1000
16.1-340 8.9-18.6 8.14+-17.0 - 2000
34.1-800 18.7-44.0 17.1-40.0 - 3500
Over 80J0 Over 44.0 Over 40.0 Over 6.65 5000
208V Three-phase 550 - 600 V Circyit capacity
220 -240 V 440 - 480 V apnperes
2.12 or leps 2.0 orless - - 200
213-3)7 21-35 1.8 orless 1.4 orless 1000
3.8-9. 3.6-9.0 - - 2000
9.6 -2313 9.1-22.0 - - 1500
Over 233 Over 22.0 Over 1.8 Over 1.4 5000

57.2.4 Exceptas’indicated in 57.2.6 — 57.2.9, an overcurrent protective or a thermal protective device in
an appliance having more than one motor wired for connection 1o one supply line shall withstand short-
circuiting without creating a risk of fire or electric shock when protected by a fuse rated at 400 percent of
the full-load current of the largest motor of the group plus an amount equal to the sum of any additional
loads supplied.

57.2.5 The nearest standard size fuse, rated no higher than the current indicated in 57.2.4 but no less
than 15 amperes, is to be used for the test. The maximum fuse size marked on the appliance, as specified
in 69.2, is not to exceed this value.

57.2.6 With reference to 57.2.4, the protective device may be tested with a fuse having a lower rating
than indicated if the appliance:

a) Will start and operate without blowing the fuse; and

b) Is marked to indicate such a maximum limit of fuse protection.
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57.2.7 The

test specified in 57.2.1 is not required to be conducted if:

a) A thermally protected motor or a separately enclosed motor-overload protective device is within
an outer cabinet of the appliance;

b) The motor or device is intended to be protected by a fuse or HACR Type circuit breaker as
specified on the unit nameplate or provided as part of the unit and is acceptable for branch-circuit
protection;

c) The assembly is constructed so that flame and molten metal are confined within the cabinet;

d) Combustible material, except electrical insulation or an air filter, is not located below the motor

and

s the characteristics specified in 11.2.16; and

e) Sh
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each not exq
protected at
following con

a) Th
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b) Th

57.29 Sho
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manxiri

b) It i
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no more than 20 amperes at 125 volts or less or 15 ampereslat 126 — 60
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b marked maximum branch circuit protective device size dees not exceed 20 an
br less or 15 amperes at 126 — 600 volts; and

p full-load current rating of each motor does not exceed 6 amperes.
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motors have full-load current or horsepower rating(s) in excess of those rating

e marked maximum branch circuit)protective device size of the assembly does n
num size for protecting the motor of the smallest rating; and

5 determined that a fuse of marked size will not open under the most severe
e that might be encountered.
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n one motor,
branch circuit
D volts, if the

hperes at 125

hore than one
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conditions of

new fuse and

5 subjected to

57.2.12 Motor-circuit conductors shall not become damaged when the appliance is subjected to the

conditions of

this test.

57.2.13 For the test referenced in Exception No. 2 of 16.3.3, three samples of each conductor under
consideration are to be subjected to each test condition specified and a new protective device is to be
used for each test. The conductor and connection to be tested are to be connected in series with the
overcurrent-protective device. Consideration is to be given to both short-circuit and ground-fault
conditions. The capacity of the circuit is to be based on the ratings of the unit in accordance with Table
57.1 and is to be measured without the lead to be tested in the circuit. The voltage source for the test
circuit is to be as specified in Table 57.1 and the power factor is to be 0.9 — 1.0 unless a lower power factor
is determined to be acceptable. None of the conductors or lead terminations shall be damaged as a result

of the test.
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