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PART 1 - ALL PRODUCTS
INTRODUCTION
1 Scope

1.1 These requirements cover oil-fired central furnaces which include forced-air furnaces of the
downflow, horizontal, and upflow types. Floor-mounted unit heaters designed to supply heated air through
ducts are covered also by these requirements.

1.2 These requirements cover furnaces intended to burn fuel oils as specified in the Specifications for
Fuel Qils, AS iodi i ificati iodiesel Fuel Blend
Stock (B100) for Middle Distillate Fuels, ASTM D6751, or any fuel oil/biodiesel blend..

urning equipment covered by these requirements are intended for installation|in accordance
with the Natignal Fire Protection Association Standard for Installation of Oil-Burning Equipment, NFPA 31,
the Internatiopal Mechanical Code and the Uniform Mechanical Code.

2 Units of Measurement

2.1 Values s$tated without parentheses are the requirement. Values in parentheses are gxplanatory or
approximate information.

3 Glossary

3.1 For the purpose of this standard the following définitions apply.

3.2 AIR SHYUTTER — An adjustable device fanvarying the size of the air inlet or inlets reglilating primary
and/or secondary air.

3.3 ANTIFLOODING DEVICE — A primary safety control which causes the fuel flow to be $hut off upon a
rise in fuel leyel or upon receivingiexcess fuel, and that operates before the hazardous digcharge of fuel
can occur.

3.4 APPLIANCE - Refers:to any equipment covered by these requirements unless spgcifically noted
otherwise.

3.5 APPLIANCE FLUE — The flue passages within the appliance.

3.6 AUTOMATICALLY LIGHTED APPLIANCE - An appliance in which fuel to the main burner is turned
on and ignited automatically.

3.6A BIODIESEL - Any biodiesel blend stock as defined by Standard Specification for Biodiesel Fuel
Blend Stock (B100) for Middle Distillate Fuels, ASTM D6751-20a, intended to be utilized as a complete
fuel source (B100) or blended with a distillate fuel oil.

3.7 BURNER, MECHANICAL-ATOMIZING TYPE — A power-operated burner that prepares and delivers
the oil and all or part of the air by mechanical process in controllable quantities for combustion. Some
examples are air and steam atomizing, high and low pressure atomizing, horizontal rotary, vertical rotary
atomizing, and vertical rotary wall-flame burners.

3.8 BURNER, MECHANICAL DRAFT TYPE — A burner that includes a power-driven fan, blower, or other
mechanism as the principal means for supplying air for combustion.
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3.9 BURNER, NATURAL DRAFT TYPE — A burner that depends principally upon the natural draft
created in the flue to induce into the burner the air required for combustion.

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

3.1

Heat Producing Appliances, NFPA 97M.

COMBUSTIBLE - Is defined in the Standard Glossary of Terms Relating to Chimneys, Vents, and

3.12 CONSTANT-LEVEL VALVE — A device for maintaining within a reservoir a constant level of fuel for

delivery to the

burner.

3.13 CONTH
temperature n

3.14 CONTHR
input accordin|

may also actuate auxiliary equipment.

3.15 CONTR

equipment used in conjunction therewith to form a safety controlsystem, that are intended

risk of imprope

3.16 CONTH
abnormal disc

3.17 CONTR

3.18 DRAFT]
maintain a de
value.

3.19 ELECT

a) High
charac

b) Low|

OL, LIMIT — As it pertains to this standard, a safety control responsive
brmally set beyond the intended operating range of the furnace to limit its,ope

OL, OPERATING — A control, other than a safety control or interlock, to sta
g to demand, and to stop or regulate input on satisfaction_of*demand. Oper
OL, SAFETY - Automatic controls, including relays, switches, and o

r operation of the controlled equipment.

OL, PRIMARY SAFETY — The automatic-safety control intended to redu
harge of oil at the burner in case of ignitian failure or flame failure.

OL, SAFETY COMBUSTION — SeeControl, Primary Safety.

REGULATOR, BAROMETRIC (AUTOMATIC DAMPER) — A device that
sired draft in the appliance by automatically reducing excess chimney draft

RICAL CIRCUITS:

-Voltage Circuit — A circuit involving a potential of not more than 600 volts and
eristics(injexcess of those of a low-voltage circuit.

tVoltage Circuit — A circuit involving a potential of not more than 30 volts

current

r%ion.

changes in

rt or regulate
ating controls

ther auxiliary
to reduce the

e the risk of

functions to
o the desired

having circuit

s alternating-

(42" 4 volts peak) or direct current and supnlied by:
\ Ll 7 Ll g J

1) A Class 2 transformer, or by a battery, by a battery and fixed impedance, or by a
transformer and fixed impedance each of which, as a unit is in compliance with what is

required for a Class 2 transformer; or

2) Is limited to a maximum of 100 volt-amperes.

A circuit derived from a source of supply classified as a high-voltage circuit, by connecting
resistance in series with the supply circuit as a means of limiting the voltage and current, is not
considered to be a low-voltage circuit.

c) Isolated Limited Secondary Circuit — A circuit of limited energy derived from an isolated
secondary winding of a transformer having a maximum capacity of 100 volt-amperes and open-
circuit secondary voltage rating not exceeding 1000 volts.
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d) Safety Control Circuit — A circuit involving one or more safety controls.

3.20 FUEL OIL — Any hydrocarbon oil as defined by the Standard Specifications for Fuel Oils, ASTM
D396, any biodiesel as defined by the Standard Specification for Biodiesel Fuel Blend Stock (B100) for
Middle Distillate Fuels ASTM D6751, or any fuel oil/biodiesel blend.

3.20A FUEL OIL/BIODIESEL BLEND - Blended fuels consisting of a No. 2 or lighter fuel oil component
and a biodiesel component. The biodiesel component shall meet the Standard Specification for Biodiesel
Fuel Blend Stock (B100) for Middle Distillate Fuels, ASTM D6751. The numerical value corresponding to
the biodiesel component determines the blend rating (such as B20 for 20 % biodiesel, 80 % fuel oil).

3.21 FURNACE, CENTRAI WARM-AIR — A self-contained indirect-fired appliance constrijcted to supply
heated air thrpugh ducts to spaces remote from or adjacent to the appliance location.

3.22 FURNACE, ATTIC CENTRAL - A forced-air type central furnace designed gpecifically for
installation in |n attic or in a space with low headroom, normally unoccupied.

3.23 FURNACE, DOWNFLOW - A forced-air type central furnace constructed with air flqw through the
furnace essentially in a vertical path, discharging air at or near the bottom.of the furnace. Se¢ Figure 3.1.
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Figure 3.1

Types of forced-air central furnaces
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3.24 FURNACE, HORIZONTAL — A forced-air type central furnace constructed with air flow through the
furnace essentially in a horizontal path. See Figure 3.1.

3.25 FURNACE, UPFLOW - A central furnace constructed with air flow through the furnace essentially
in a vertical path, discharging air at or near the top of the furnace. See Figure 3.1.

3.26

INDIRECT-FIRED APPLIANCE — An appliance constructed so that combustion products or flue

gases are not mixed in the appliance with the medium, that is, to be heated; hence is provided with a flue

collar.

3.27 NONCOMBUSTIBLE - Is defined in the standard Glossary of Terms Relating to Chimneys, Vents,
and Heating Producing Appliances, NFPA 97M.

3.28 RADIA
adjacent obje

3.29 RADIA
chamber and

3.30 SERVI
air, fuel, press
replacement

TION SHIELD — A separate panel or panels interposed between heating
Cts to reduce heat transmission by radiation.

TOR — Aucxiliary heat transfer surfaces within the casing, connected between t
the flue collar.

CING — The periodic tasks usually performed to operate and maintain an appl
ure, and temperature regulation, cleaning, lubricatiany and resetting of contrg
pf parts other than those expected to be renewed periodically is not con

surfaces and

he combustion

ance, such as
Is. Repair and
sidered to be

servicing. Some examples of servicing are:

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

b) Setling ignition electrodes.

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

e) Replacing igniter cable.

3.31 VALVE
completely tu

MANUAL OIL-SHUT-OFF — A manually operated valve in the oil line for the purpose of
ning on or shutting off the oil supply to the burner.

3.32 VALVE| OIL CONTROL — An automatically or manually operated device consisting es

oil valve for controlling the fuel supply to a burner.
a)Me|';EI';1!I—!' Lvalve f lating L .

b) Safety Valve — A normally closed valve of the "on" and "off" type, without any bypass to the
burner, that is actuated by a safety control or by an emergency device.

ssentially of an

3.33 VENTED APPLIANCE - An indirect-fired appliance provided with a flue collar to accommodate a
flue pipe for conveying flue gases to the outer air.

4 Components

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

4.2 A componentis not required to comply with a specific requirement that:
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a) Involves a feature or characteristic not required in the application of the component in the
product covered by this standard, or

b) Is superseded by a requirement in this standard.

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

4.4 Specific components are incomplete in construction features or restricted in performance
capabilities. Such components are intended for use only under limited conditions, such as certain
temperatures not exceeding specified limits, and shall be used only under those specific conditions.

CONSTRUCTJON — MECHANICAL
5 Assembly|
5.1 A furnace shall be factory-built as a group assembly and shall include all thé essentigl components

necessary for
or more major

5.2 Afurnac
Each subasseé
alteration, cutt
installer. Two

installation or|
incorporated i
alteration or a
as one elemer

5.3 To be in @dccordance with 5.2, major subassemblies of a furnace are deemed to be:

a) The
b) The
c) The

d) The

A wiring harne

ts intended function when installed as intended. An oil-fired furnace may be s
subassemblies.

b, if not assembled by the manufacturer as a unit, shathbe arranged in major sy
mbly shall be capable of being incorporated int6 ‘the final assembly with
ng, drilling (except to the extent indicated in 5.3),:threading, welding, or similg
br more subassemblies, that must bear a definite relationship to each other fo
operation of the furnace, shall be arranged and constructed to permif
hto the complete assembly, only in the correct relationship with each other wi
ignment, or such subassemblies shall-be assembled, tested, and shipped frg
t.

burner;
heat exchanger, including its base, combustion chamber, casing, and safety cq
blower assembly; including the base, filters, and casing; and

blower motor if not included as part of the blower assembly.

ss‘may be packaged with one of the major subassembilies.

hipped as two

bassemblies.
out requiring
r tasks by the
r the intended

them to be
hout need for
m the factory

ntrols;

5.4 Cutting or drilling which is required for the attachment of a return or supply plenum, an optional filter
rack, or to cut a return air opening in the furnace casing is deemed to conform to 5.2. If a return air opening
is to be cut in the casing panel by the installer, suitable instructions and a template shall be furnished with
the furnace, or the corners of the opening shall be embossed in knock-out form.

5.5 A radiation shield or baffle employed to prevent temperatures in excess of those intended, shall be
assembled as part of the furnace; or be part of a subassembly that must be attached to the furnace for its
intended operation; or be constructed so that the furnace cannot be assembled for operation without first
attaching a required shield or baffle in its intended position.

5.6 The construction of a furnace shall be such that, for any intended installation, the alteration or
removal of a baffle, insulation, or a radiation shield needed to reduce the risk of temperatures that may
result in a risk of fire, electric shock, or injury to persons, is not required.
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5.7 A horizontal furnace intended for suspended installation shall be provided with brackets or hangers
to support the furnace from its basic frame or structure.

5.8 A furnace shall provide for convenient operation of those parts requiring attention or manipulation by
the user during intended usage.

5.9 Adjustable or movable parts shall be provided with locking devices to reduce the risk of unintentional
shifting.

5.10 Screws or bolts used to attach parts that are detached for care or servicing of the appliance shall be
capable of holding upon the application of the torques indicated in Table 5.1 after removal and

replacement.

Table 5.1
Maximum torque requirements for screw or bolts
1.5.0. screw
American stahdard screw size Torque size Torque
No. mm Lb-in. N-m mm N-m Lb-in.
- - - - 4 1.6 14
8 4.2 18 2.0 4’5 26 23
10 4.8 30 3.4 5 4.2 37
Inch mm
1/4 6.4 100 1.3 6 8.7 77
- - - - 7 15.0 133
5/16 7.9 200 22,6 8 23.5 208
- - - - 9 33.6 297
3/8 9.5 350 39.6 10 452 400
7/16 1.1 575 65.0 12 81.0 715
12 12.7 850 96.0 14 128.0 1130
9/16 14.3 1200 136.0 - - -
5/8 15.9 1600 181.0 16 185.0 1640
5.11 Any exXternaln\deor providing access into the combustion chamber of a furnacg intended for
installation with .a clearance of less than 24 inches (610 mm) from the face of or 48 inches (1220 mm)
above the dogr'shall be self-closing.

5.12 A furnace intended for installation in the cooled-air path, downstream from a cooling coil, shall
conform to the following:

a) All interior surfaces of the heat exchanger, combustion chamber including its bottom, radiators,
and flues shall be resistant to corrosion by moisture.

b) The firebox liner shall resist deterioration from being wetted by condensation.

¢) Condensation shall not drip on burner parts or other corrodible parts if corrosion of any such
parts may cause operation that may result in a risk of fire, electric shock, or injury to persons.

d) The heat exchanger and appliance flue shall contain no traps or pockets in which condensation
may collect.
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5.13 A burner shall be secured so it will not twist, slide, or drop out of position.

5.14 A furnace equipped with an antiflooding device shall be constructed so that, when the furnace is
level, the minimum distance between the designed maximum intended oil level maintained by the oil
control device and the level of the lowest point at which overflow may occur is not less than 3/4 inch (19.1

mm).
6 Servicing

6.1 General

6.1.1 Afurng 3
oil inlet pipes, an

vaporizing burners, heating surfaces in contact with combustion proucts,

without major gismantling of the furnace or removal of parts required to be factory-assembled.

6.1.2 The renoval of access panels, burners, blowers, caps, plugs, and the likey permitting
replacement for servicing, and the detachment of the chimney connector “are not cons
dismantling aq defined by 6.1.1.

6.1.3 Accesdibility shall be afforded for cleaning, inspection, repair,~and replacement g
controls, and gafety devices when the furnace is installed as intendéd by the manufacturer. T|
of parts in the|assembly removed for servicing shall be such that'their restoration, following

ior surfaces of

1 oil strainers,

) removal and
sidered major

f all burners,
he disposition
removal, will

not necessitate their realignment to secure their intended relationship with other parts of
Special facilitigs required for servicing to be performed by the operator shall accompany th
be attached to|or placed, per instructions, near the furnage at the time of installation.

he assembly.
e furnace and

6.1.4 The requirements of 36.1 are not applicable €0 mechanical service functions which ar
performed with the equipment energized. Such _functions include adjusting or replacing belts
and replacemeént of strainers and oil filters.

e not normally
and cleaning

6.2 Moving parts

6.2.1 Moving
enclosed or gu

parts such as fap-blades, blower wheels, pulleys, or belts which may cause
arded.

njury shall be

6.2.2 If the r¢gmoval ofdoors or panels or shields will expose such moving parts:

a) The jppening or removal of the door, panel or shield shall require the use of tools; o

b) An imfprinr‘king device shall shut off the mechanism; or
¢) A warning marking shall be displayed which reads essentially as follows:

"DANGER — TO AVOID INJURY FROM MOVING PARTS, SHUT OFF THE (EQUIPMENT)
BEFORE (REMOVING-OPENING) THIS (COVER DOOR)."

6.2.3 The distance from an opening in a required guard or enclosure to the moving part mentioned in
6.2.1 shall be in accordance with Table 6.1, but the minor dimension of the opening shall not in any case
exceed 3 inches (76 mm). For an opening having a minor dimension intermediate between two of the
values included in the table, the distance from the opening to the moving part shall be not less than that
found by appropriate interpolation between the corresponding values in the right-hand column of the table.
The minor dimension of the opening is determined by the largest hemispherically tipped cylindrical probe
that can be inserted through the opening with a force of 5 pounds (22 N).
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6.2.4 A moving part is not to be considered when judging compliance with 6.2.1 and 36.1 if the part is
unlikely to be contacted through the opening because of fixed components, including baffles.

Table 6.1
Dimensions of openings

Minor dimensions of openings? Minimum distance from opening to moving part
Inches (mm) Inches (mm)
1/4 (6.4) 12 (12.7)
3/8 (9.5) 1-1/2 (38.1)
1/ 27 22 {§3.5)
3/4 (19.1) 4-1/2 (1114.0)
1 (25.4) 6-1/2 (1p5.0)
1-12 (38.1) 10-1/2 (2p7.0)
2 (50.8) 14-1/2 (3p8.0)
Over 2 inch (over 50.8) 30 (7p2.0)

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

7 Disposal

7.1 The con
circulating air

8 Base

8.1 The bas
manner to prq
be no open
below the floo

8.2 A subbg
the intended
furnace with r

8.3 The bas|

pf Combustion Products

struction of a furnace shall not allow the products of combustion to become

e of a furnace shall be constructed of metal or fabricated of other nonflammab
vide equivalent strength and durability. The assembly shall be constructed sd
assages in the floor through which flame or hot gases from a fire originatin
r can travel to the room above when the furnace is installed as intended.

se, if furnished as-a separate assembly, shall be arranged for attachment to
position onlytand in a manner that will establish and maintain correctly the
espect tothe'subbase.

e and\subbase of a downflow furnace intended for installation on flammable fl

shall establis

mixed with the

e material in a
that there will
j in the space

the furnace in
bosition of the

oring material
of the plenum

T and maintain not less than the required clearance between vertical surfaces
ereto and the floor construction. A spacer shall extend at least 3 I

or duct to be attache
below the upper surface of the floor on which the furnace is to be installed. An acceptable base design is

shown in Figure 8.1.

ches (76 mm)
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Figure 8.1

Acceptable base construction for downflow furnace
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8.4 The use of spacers in the form of separate blocks or shims is not considered to be in accordance
with 8.3. This latter type of construction is shown in Figure 8.2.

9 Casings

9.1 Anoute
to avoid damg
steel having

galvanized, o
mm).

Unacceptable base construction for downflow furnace
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Figure 8.2
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REQUIRED CLEARANCE

casing or jacket shall be made of steel or equivalent material, braced, reinfo
ge through handling in shipment, installation, and use. Sheet metal casings sh
a minimum_thickness of 0.020 inch (0.51 mm) if uncoated, or 0.023 inch
[ of nonferrous sheet metal having an average thickness of not less than O.

ced or formed
all be made of
(0.58 mm) if
D29 inch (0.74

9.2 Access

panels wnich may be removed Tor servicing and accessIiplility shall be constru cted to permit

removal and replacement repeatedly without causing damage or impairing any required insulating value.

9.3 A removable panel through which air is drawn for combustion shall be so constructed as to prevent it

from being attached in a manner that may affect the intended performance of the furnace.

9.4 A removable panel shall be so constructed that it will not be interchangeable with other panels on the

same furnace if interchange may affect the intended operation of the furnace.

9.5 The casing of a furnace for installation on combustible flooring material shall completely close the
bottom or be constructed to provide an effective radiation barrier between the heat exchanger and the
floor; except an opening intended to be always connected to a circulating-air distribution duct may be

permitted.
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9.6 The casing of a forced-air type furnace shall have no uncovered openings communicating with the
circulating air compartments unless such openings are intended to be always connected to a circulating air
distribution duct.

9.7 The furnace shall be constructed so that a negative pressure created by an air-circulating fan cannot
affect the combustion air supply or draw products of combustion into the circulating air.

9.8 A connection between the heat exchanger and the casing which encloses circulating air shall be
constructed to prevent leakage of combustion products into the circulating air.

9.9 An access opening to a return-air compartment shall be completely covered.

910 A centralal furnace shall provide for the attachment of warm-air outlet and cold-air retirr ducts.

Exception: A furnace arranged for a specific kind of installation permitted to be made without outlet or
return air ducty may be tested for such restricted use.

9.11 An integral plenum of a furnace for alcove or closet installation shall have not more than one outlet-
air opening unless each additional opening is provided with means supplied at the factory to close the
openings in the casing and any insulation or liner.

10 Radiation Shields or Liners

10.1 A radiagion shield or liner shall be so constructed, fermed, and supported so as to grovide for the
intended posifioning and to prevent distortion or saggifig*in service. A shield or liner shall be protected
against corrogion if its deterioration may cause exeessive temperature when the furnace is tested in
accordance with these requirements. Any finish tg.ebtain the required resistance to corrosign shall not be
damaged by heat when the furnace is tested under these requirements.

11 Materialg in Air Handling Compartments

11.1  Materials in a compartment handling air for circulation through a duct system shall no{ have a flame
spread rating pver 25 nor a smoke.developed rating over 50 when tested in accordance witH the Standard
for Test for Sufface Burning Characteristics of Building Materials, UL 723. This requirement does not apply
to the following:

a) Air filters, drive belts, wire insulation, and paint as applied for corrosion protection.

b) Gasketsferming air or water seals between metal parts.

c) Miscellaneous small parts such as resilient or vibration mounts, wire ties, clamps, labels, and the
like.

d) An adhesive which, when tested in combination with the specific insulating material, complies
with the requirement.

e) Molded or formed components made of polymeric materials, not liners, in such quantity that the
total surface area of such materials in the compartment does not exceed 10 square feet (0.93 m?).
See 11.7.

11.2 The supporting surface to be used in the surface burning characteristics test of adhesives is to be of
asbestos-cement board or metal. Other materials requiring support may be supported using metal rods or
bars or 2-inch (51-mm) hexagonal mesh-wire with metal bars or rods.
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11.3 Exposed unimpregnated asbestos material shall not be used in an air-handling compartment. The
unprotected edge of a gasket sandwiched between two parts is considered to be exposed.

11.4 Thermal or acoustic insulating material shall be secured in position if:

a) Loosening may reduce or block air flow to cause temperatures or pressures in excess of those
acceptable in the temperature tests; or

b) Loosening will result in reduction of electrical spacings below the required values, short-

circuiti

ng, or grounding.

Leading edges of insulation shall be protected against damage from the effects of the velocity of the

moving air.

11.5 Mecha

(0.09 m?) unlgss the liner is retained in position under all test conditions by a lesser'fiumb

because of i
equivalent. B
damage from

11.6  An adh
attained by th
at 0°F (minus

11.7 Polyme

conform to th¢ Flammability Test requirements of Section 57.

12 Air Filte

12.1 An air
without the us

13 Combustion Chambers

13.1 A com
cast iron, she
rigidity, durab
minimum thic

nical fasteners for securing the insulating liner in position shall be usegd,forea

Ltting edges of insulation against bulkheads provides protection for leading
effects of the velocity of moving air.

esive required for securing insulation shall retain its adhesive qualities at an
e adhesive when the unit is tested under the performance requirements of this
17.8°C) or minus 20°F (minus 29°C) for outdoor-use equipment.

ric materials exempted by 11.1(e) shall not have a flame spread rating exceed

S

filter, if supplied as a part of\the furnace, shall be accessible for inspection @
e of special tools and witheut'dismantling the furnace.

bustion chamber/and flueway within the air handling compartment shall be
bt steel, or.ggquivalent material. Sheet steel, if used, shall be such as to provid
lity, resistance to corrosion, and other physical properties equivalent to sheet
ness.0f0.042 inch (1.07 mm).

13.2 Combl

ch square foot
br of fasteners

s inherent rigidity. Mechanical fasteners may be volts, metal .Clamps, wir¢ rods, or the

edges against

y temperature
standard and

ing 25 or shall

r replacement

constructed of
e the strength,
steel having a

stion chamber (firphm() Iining material if used_shall be secured in plnr‘q and

accessible for

replacement with equivalent material.

14 Radiators

141
chamber and

15 Heating

15.1

shall be accessible for cleaning.

Surface Joints

A radiator shall be made of material not lighter than that designated in 13.1 for a combustion

Joints in heating surfaces shall be welded, locked-seamed, machined and bolted or riveted. The

tightness of a joint shall be equivalent to that afforded by lock-seaming and shall not depend primarily on
cement for tightness. A slip or lap joint shall not depend solely upon friction of the joint itself for strength.

15.2 Examp

les of some acceptable lock-seams are illustrated by Figure 15.1.
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Figure 15.1

Types of acceptable lock-seams
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baffle shall be made of material having resistance to corrosion equivalent to A
eel having a minimum thickness of 0.042 inch (1.07 mm) unless its deterio
ve temperatures when the furnace is tested in accordance with these requirem
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Il be fixed in
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affle shall be\accessible for cleaning. A flue baffle that is removable for cleaning shall be
itate itsremoval and permit replacement only in its intended position.

17.1  Aflue collar shall be constructed and arranged to permit the attachment of the chimney connector.

17.2 A flue collar flue collector parts or extensions exterior to the air handling compartment shall have
the rigidity, heat, and corrosion resistance at least equivalent to that of sheet steel having a thickness of

not less than 0.016 inches (0.41 mm).

17.3 A flue collar or flue collector parts within the air handling compartment shall have the rigidity, heat
and corrosion resistance at least equivalent to that of sheet steel having a thickness of not less than 0.042
inches (1.07 mm).
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18 Dampers and Draft Regulators

18.1 An adjustable damper shall be equipped with minimum and maximum operating stops. The
minimum operating stop for such damper shall be located to obtain sufficient air for complete combustion
at minimum burner input.

18.2 An automatically operated damper shall maintain the intended damper opening at all times and be
arranged to prevent starting of the burner unless the damper is in the intended position for starting.

18.3 A furnace to be equipped with a barometric draft regulator shall be designed so as not to require the
regulator to be installed in a false ceiling, in a different room, or in any manner that will permit a difference
in pressure between the air in the vicinity external to the regulator and the combustion air supply.

CONSTRUCTION - ELECTRICAL
19 Controlg
19.1 Applicition

19.1.1 A safety control circuit shall be two-wire, one side grounded; having a nominal ratirjg of 120 volts.
A safety control or protective device shall interrupt the ungrounded.conductor.

19.1.2 It is the intent of the requirement in 19.1.1 that a short circuit or combination of short circuits to
ground will ngt render a safety control or protective devicesinoperative. Safety control circuitfarrangements
other than degcribed in 19.1.1 may be acceptable if they‘accomplish the intent of this requirgment.

19.1.3 The flequirement of 19.1.1 does not apply-fo a circuit within a safety control or to the extension of
such circuit toa separate element of the control, such as a flame-sensing device.

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

19.1.5 All sgfety controls shal’bg accessible.

19.1.6 A safety control shall be supported so that it and its sensing element will remain in|their intended
positions. It dhall be paSsible to determine by observation or test whether or not each dontrol is in its
intended location.

19.1.7 Nothing-shall be provided for the purpose of permitting any safety control tq be rendered
ineffective or to allow firing of the furnace without the protection of each of the required safety controls.

19.1.8 A burner not equipped to provide for automatic restarting shall be arranged to require manual
restart after any control functions to cause the fuel supply to be shut off and following restoration of an
interrupted power supply.

19.2 Limit control
19.2.1 A furnace shall be provided with a limit control to prevent excessive temperature.

19.2.2 The maximum setting of a limit control allowed by a fixed stop shall permit an outlet-air
temperature of not more than that indicated in 43.1.
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19.2.3 An automatically lighted furnace shall be provided with an automatic-reset type limit control. An
auxiliary limit control may be of manual-reset type.

19.2.4 A downflow or a horizontal furnace shall be controlled to limit the air temperature build-up in the
return air duct opening under conditions of reverse air flow. See the Continuous Operation Test, Section
48.

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

19.2.6 The purpose of the requirement in 19.2.5 is to avoid interposing in the limit-control circuit other

controls, the f§
a limit control

opens the safgty circuit when it is necessary to interrupt a single-phase circuit carrying a'loa

the capacity of

19.2.7 A furr

ilure of which may result in a condition that the limit control is intended to prey|
may interrupt the pilot circuit of a magnetic-type motor controller whjch},in

available limit controls, or to interrupt a multiphase circuit.

ace equipped with a vaporizing burner shall be constructed{e_avoid pooling

ent. However,
turn, directly
 greater than

of the burner

upon functionipg of the limit control.
te intended to
cove or closet
ermined by a
ed to explain

19.2.8 The limit control or controls for an attic, downflow, or horizontal furnace, for a furna
operate with an outlet-air temperature of not more than 200°F (93°C), or for a furnace for al
installation, shall be factory-located on the furnace or its location shall be factory-predet
bracket or an pquivalent means supplied as part of the furnace. Such bracket shall be mar
its purpose, and the arrangement shall be such that omission of the bracket is obvious.

19.2.9 An adtomatically or manually lighted furnace shall be equipped with a primary safety control. See
4.1.

19.3 Fan control

19.3.1 The furnace shall be provided with a fan control that controls the operation of the |circulating air

settings of the
the Standard

fan so that the
fan control. Sy
for Limit Contr

operation of the furmace is continuous in accordance with 43.2 and 43.3 at all
ch fan control shall comply with the requirements for a fan control as given in
bls, UL 353.

20 Field Wining

20.1 Generql

20.1.1  Provision shall be made for connection of a power supply wiring system conforming with the
National Electrical Code, ANSI/NFPA 70-1993.

20.1.2 The location of an outlet box or compartment in which field-wiring connections are to be made
shall be such that these connections may be inspected after the equipment is installed as intended.

20.1.3 The connections are to be accessible without removing parts other than a service cover or panel
and the cover of the outlet box or compartment in which the connections are made. A component intended
for such use may serve as a cover.

20.1.4 The size of a junction box in which field-installed conductors are to be connected by splicing shall
be not less than that indicated in Table 20.1. A conductor passing through the box is counted as one
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conductor, and each conductor terminating in the box is also counted as one conductor. A field-furnished
conductor for high-voltage circuits is considered to be not smaller than 14 AWG (2.1 mm?).

Table 20.1
Size of junction boxes

Size of conductors, Free space within box for each conductor,
AWG (mm?) cubic inches (cm®)
16 or smaller (1.3 orless) 1.5 (24.6)
14 (2.1) 2.0 (32.8)
12 £3-3% 225 {36.9)
1 (5.3) 25 (41.0)
8 (8.4) 3.0 (49.2)

20.1.5 A knpckout for connection of a field wiring system to a terminal box or compartment shall
accommodat¢ conduit of the trade size determined by applying Table 20.2,

Table 20.2
Trade size of conduit in inches®®(mm OD)
Wire size Number of wires
AWG (mm?) 2 3 4 5 6
14 (2.1) 12 (21.3) 12 (21.3) 12 (21.3) 12 (21.3) 1/2 (21.3)
12 (3.3) 12 (21.3) 12 (2123) 12 (21.3) 3/4 (26.7) 3/4 (26.7)
10 ($.3) 12 (21.3) 12 (21.3) 12 (21.3) 3/4 (26.7) 3/4 (26.7)
8 (3.4) 3/4 (26.7) 3/4 (26.7) 3/4 (26.7) 1 (33.4) 1 (33.4)
6 (1B.3) 3/4 (26.7) 1 (33.4) 1 (33.4) 1-1/4 (42.3) -1/4 (42.3)
4 (21.2) 1 (33.4) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3) -1/2 (48.3)
3 (26.7) 1 (834) 1-1/4 (42.3) 1-1/4 (42.3) 1-1/2 (48.3) -1/2 (48.3)
2 (33.6) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3) 1-1/2 (48.3) 2 (60.3)
1 (42.4) 1-Ha (42.3) 1-1/4 (42.3) 1-1/2 (48.3) 2 (60.3) 2 (60.3)
@ This table is baised on thie‘assumption that all conductors will be of the same size and there will be no more than six conductors
in the conduit. If morethansix conductors will be involved or if all of term are not of the same size, the internal crogs-sectional area
of the smallest ¢onduit that may be used is determined by multiplying by 2.5 the total cross-sectional area of the wjres, based on
the cross-sectignal area of Type THW wire. Wl
® Trade size per Specification for Zinc Coated Rigid Steel Conduit, ANSI C80.1.

20.1.6 Wiring exterior to a furnace between the burner assembly and a limit control, a safety combustion
control, or a motor controller, that can be done readily with Type T wire enclosed in conduit or with metal-
clad cable in accordance with these requirements, need not be furnished by the manufacturer as part of
the furnace if adequate instructions for installing such are furnished with each furnace. See 21.1.4.

20.1.7 A box or enclosure included as part of the assembly and in which a branch circuit supplying power
to the furnace is to be connected shall not require that it be moved for servicing of the unit. This
requirement does not apply to separate limit controls and stack mounted primary safety controls, where
permitted, to which metal-clad cable or flexible metallic conduit is to be directly attached.

20.1.8 A box or enclosure in which field-installation conductors are to be connected as indicated in
20.1.6, 20.1.7, and 20.1.9 shall be located so that the temperature of conductors within the box or surfaces



https://ulnorm.com/api/?name=UL 727 2024.pdf

24 UL 727 MAY 20, 2024

of the box likely to be in contact with the conductors will not exceed that specified for Type T wire when the
furnace is tested in accordance with these requirements.

20.1.9 Except as otherwise indicated in 21.1.4, wiring to be done in the field between the furnace and
devices that are attached to the furnace, or between separate devices that are field installed and located,
shall comply with these requirements if done with Type T wire enclosed in conduit or with acceptable
metal-clad cable.

20.1.10 The wiring of the product 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 20.1.1. 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
conduit fittingg. A grounding conductor of the size specified in the National Electrical Caode, ANSI/NFPA
70-1993, shalllbe 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 rmore than 20
ampergs is included; and

¢) The|conduit is no larger than 3/4-inch trade size, or thefittings for the conduit ar¢ identified as
providipg grounding.

Exception: The overcurrent devices mentioned in (b) may _berated up to 60 amperes if 3/4 to 1-1/4 inch
trade size liquld-tight flexible metal conduit is used.

20.2 Leads and terminals

20.2.1  Wiring terminals or leads not less than-6 inches (152 mm) long shall be provided for{[connection of
field-wiring cophductors of at least the size@equired by the National Electrical Code, ANSI/NFPA 70-1993,
and corresponding to the marked rating of the assembly.

20.2.2 A leadl may be less thanG-inches (152 mm) long if it is evident that the use of a longer lead may
result in damape to the lead insulation.

20.2.3 A lead intended for connection to an external circuit shall be provided with strain rellef if stress on
the lead may pe transmitted to terminals, splices, or internal wiring that may cause the ledd to separate
from its termipation~or result in damage to the lead from sharp edges. Each lead shall wjthstand for 1
minute a pull df-10,pounds-force (44.5 N) without damage to the assembly.

20.2.4 A terminal or lead for the connection of a grounded conductor shall not be electrically connected
to a single-pole manual switching device that has an off position or to a single-pole overcurrent (not
inherent overheating) protective device.

20.2.5 At terminals, stranded conductors shall be prevented from contacting other uninsulated live parts
and from contacting dead metal parts. This may be accomplished by use of pressure-terminal connectors,
soldering lugs, crimped eyelets, soldering all strands of the wire together, or equivalent means. Open slot-
type connectors shall not be used unless they prevent disconnection resulting from loosening of the
clamping means. The shanks of terminal connectors shall be protected by insulating tubing, or the
equivalent, if the required spacings may be reduced as a result of loosening of the clamping means. The
thickness of the insulation on the shanks shall be not less than 0.028 inch (0.71 mm).

20.2.6 Field-wiring terminals shall be secured to their supporting surfaces by methods other than friction
between surfaces so that they will be prevented from turning or shifting in position if such motion may
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result 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 method.

20.2.7 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.

20.2.8 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
or the leads a

20.2.9 Term
pressure term
for 10 AWG (
clamps or w
equivalent, to

20.2.10 AW

nstaller, unless the screws or connectors are rendered unusable for field-wirir
re insulated at the unconnected ends.

nal parts by which field-wiring connections are made shall consist of sol
inal connectors secured in place in accordance with the requirements in 20.2
5.3 mm?) and smaller wires, the parts to which wiring connections are made

re binding screws with cupped washers, terminal platesshaving upturnec
hold the wire in position.

ire binding screw at a high-voltage wiring terminal for field connection shall

g connections

Hering lugs or
.6, except that
may consist of
lugs, or the

hot be smaller

than No. 10 (4.8 mm major diameter).

Exception No| of a conductor

not larger tha

1: A No. 8 (4.2 mm major diameter) screw-may be used for the connection
N 14 AWG (2.1 mm?).

Exception No| 2: A No. 6 (3.5 mm major diameter) screw may be used for the connection of a 16 or 18
AWG (1.3 or .82 mm) control-circuit conductor.

20.211 Ate
thickness for
a wire larger t

rminal plate for a wire-binding screw shall be of metal not less than 0.030 inc
h 14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch (1.27 mm) i
han 14 AWG,; and in-gither case there shall be not less than two full threads in

h (0.76 mm) in
n thickness for
he metal.

20.2.12 Ate
extruded at th

rminal plate formed from stock having the minimum required thickness may have the metal
e tapped hole‘for the binding screw so as to provide two full threads.

20.2.13 A wijre-binding screw shall thread into metal.

21 Internal Wiring

21.1 General

21.11
section.

The wiring of high-voltage and safety-control circuits shall conform to the requirements in this

21.1.2 Wiring shall be done with insulated conductors having current-carrying capacity, voltage, and
temperature ratings consistent with their use. A conductor, other than an integral part of a component shall
be not smaller than 18 AWG (0.82 mm?).

21.1.3 Except as indicated in 20.1.6, the wiring for all furnace circuits shall be furnished by the
manufacturer as part of the furnace. If the furnace is not assembled and wired at the factory, such wiring
shall be furnished as harness with each furnace and be arranged to facilitate attachment when the furnace
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is assembled; in which case a pictorial diagram showing the exact arrangement of the wiring shall be
included with each furnace.

21.1.4 If insulated conductors rated for use at temperatures in excess of 60°C (140°F) are required such
wiring shall be furnished as part of the assembly. The devices to be connected by such wiring shall be
factory-located on the equipment.

21.2 Methods

21.2.1 Electrical wiring to a part which must be moved for maintenance and servicing shall be arranged
so that the part may be moved without breaking soldered connections or disconnecting conduit.
Conductors to be disconnected from terminals of such a part shall terminate in eyelets or connectors. If the

wiring to a pa
to the nozzle
part by means|
part shall not U

21.2.2 Cond

enclosure, or metal-clad cable, except as permitted by 21.2.14 and 21.2.15:

21.2.3 Grouy
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the Standard f]
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I
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ssembly is not readily detachable, the assembly shall include provision.for S
other than the wiring when the part is moved for servicing. Any allowable:mov
nduly twist, bend, or pull the wiring.

ictors shall be enclosed within conduit, electrical metallic tubing, metal race

A of Table 21.1 includes some wiring materials receghized for use if enclose

le metal conduit shall be not smaller than nominal 3/8-inch electrical trade siz
br Flexible Metal Conduit, UL 1. This does\not apply to parts of components, st

le metal conduit shall be mechanically secured at intervals not exceeding 4-1
inches (300 mm) on each side*of every junction box except for lengths not o
b flexibility is necessary.

lices and connections’ shall be mechanically secure and bonded electricall
all be made mechanically secure before being soldered if breaking or log
y result in the risk.of fire or electric shock.

ce shall be provided with insulation equivalent to that required for the wir
f spacing between the splice and other metal parts is not provided.

ng the access
upport of that
ement of such

vay, electrical

i as indicated

e specified in
ch as conduit

2 feet (1.4 m)
ver 36 inches

y. A soldered
sening of the

Bs involved if

ng devices, such as fixture-type splicing connectors or pressure wire conne

ctors, may be

employed if tt

ey tave nsutation ratedforthevottage to-whichthey are subjected—Therr

wrapped over a sharp edge is not acceptable.

1oplastic tape

21.2.9 Splices shall be located, enclosed, and supported so that they are not subject to damage as the
result of flexing, motion, or vibration.

21.2.10 A splice is considered to be adequately enclosed when installed in a junction box, control box, or
other enclosed compartment in which high-voltage wiring materials, as specified in Group A of Table 21.1,
may be employed. Splices in enclosed machinery compartments are to be secured to a fixed member in
the compartment so that they are not subject to movement or damage during servicing.
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Table 21.1
Typical wiring materials
Type of wire, cord, cable or appliance wiring material Wire size Insulation thickness
with insulation thicknesses shown at the right

Group corresponding to wire sizes indicated AWG (mm?) Inch (mm)

10 and (5.3) 2/64 (0.8)
smaller
8 (8.4) 3/64 (1.2)
6 (13.3) 4/64 (1.6)
4 (21.2) 4/64 (1.6)
FFH-2, TF, TFF, TFFN, SF-2, SFF-2, RH, RHH, RHW, 3 (26.7) 4/64 (1.6)
A THW, XEEW, MTW, THW-MTW, THWN, TW, PF, PFF,
PCF, PGFF, RFH-2, RFHH-2, RFHH-3 or thermoplastic 2 (33.6) 4/64 (1.6)
appliance wiring material 1 (42.4) 5/64 (2.0)
1/0 (53.5) 5/64 (2.0)
2/0 (67.4) 5/64 (2.0)
3/0 (85.0) 5/64 (2.0)
4/0 (107.2) 5/64 (2.0)
18 (0.82) 4/64 (1.6)
16 (1.3) 4/64 (1.6)
SP, ST, SJO, SJT, S, SE, SJ, SJTO, SITOO, SO0, STO, 14 1) 5/64 (2.0)
B STOO, or appliance wiring materials with thermoplastic 12 (3.3) 5/64 (2.0)
orlneoprene insulation 10 (5.3) 5/64 2.0)
8 (8.4) 6/64 (2.4)
6 (13.3) 8/64 (3.2)
Thermoplastic Wiring materials, as referenced in Group<Ay-with insulation thickness of 2/64 inch (0.8 mm) for 16 or[18 AWG (1.3 or
0.82 mm?) and $/64 inch (1.2 mm) for 14, 12, 10, or 8lAWG (2.1, 3.3, 5.3, or 8.4 mm?), are considered equivalent fo the wiring

material referen
tubing of a type
flammability.

ced in Group B, when the conductors are covered with 1/32 inch (0.8 mm) wall thickness thermop
recognized for the purpose from the standpoint of dielectric properties, heat resistance, moisture 1

pstic insulating
psistance, and

21.2.11 At3
abrasion. If m
conductors a
equivalent wil

Il points where conduit or metal tubing terminates, the conductors shall be

etal-clad cable.is used, an insulating bushing or its equivalent shall be provide
nd the armor and the connector or clamp shall be such that the insulating

be visible for inspection.

21.212 AW

protected from
d between the
bushing or its

ireway shall be such that the interconnection of sections and fittings will provide a rigid

mechanical assembly and provide electrical conductivity. The interior of the wireway shall be free from
burrs and sharp corners or edges which might cause damage to the insulation on wires.

21.2.13 All wiring shall be supported and routed to prevent damage due to sharp edges or moving parts.

21.2.14 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 21.2.3.

b) The cord is not required to be bent, twisted, or otherwise displaced to render routine
maintenance and service.
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c) The length of cord exterior to the assembly is not more than 4 inches (100 mm) and strain relief

is provi

ded.

21.2.15 Cords or appliance wiring material as referenced in Group B, Table 21.1 may be employed if the
wiring is enclosed by a furnace casing conforming to all of the following:

a) There are no openings in the bottom, unless a U-shaped channel or trough is located under the
wiring and the wires do not project through the plane of the top of the trough or channel.

b) If the appliance is for installation only on noncombustible flooring, the bottom of such
compartment may be open provided all sides of the compartment extend to the floor level.

c) Op

eqi .

(12.7 mpm), and openings for such items as pipe or conduit are not more than 1/2 in

larger t

d) Ope
are pla
the wir
assist

require]
to com
horizor
cannot

e) Fla

separ;r

21.2.16  With
or HF-2 in acc|
and Appliance

21.2.17 Corq
arranged to a

han the object that will be installed through the opening.

hings are not closer than 6 inches (150 mm) to the wiring unless metallic barn
ced between the wiring and the openings. Louvered openings of/a kihd that sq
ng from mechanical damage from outside the compartment and that are so

ter of 1/2 inch
h in diameter

iers or baffles
erve to protect
formed as to

n confining an electrical disturbance to within the compartment are exempt from this

ment. To conform with these requirements the louvers should be of a drawn n
pletely obscure viewing of the wiring within the cempartment when viev
tal outside the compartment, and the openings shatl be located so an object fe
enter the compartment through the louvered opening.

ed from such wiring material. An air filter-may be employed within the enclosu

reference to 21.2.15(e), plastic matefials shall be classified as Type V-0, V-1,
brdance with the Standard for Tests for Flammability of Plastic Materials for P3
5, UL 94, and other nonmetallic materials shall have equivalent characteristics

s and other wiring material acceptable in accordance with 21.2.15 and 21

etal of a form
ved from the
lling vertically

mable material, other than electrical insulation, located within the casing or compartment is

e.

V-2, 5V, HF-1,
rts in Devices

2.21 shall be

oid being damagedj.such as by closely following surfaces, and shall be sup|

relief, where required, shall be previded.

21.2.18 Inaf
air duct may b

21.2.19 Holg

plying the requirement of 21.2.15, an opening that is always intended to be co
b considefted as closed.

s in.walls or partitions through which insulated wires or cords pass and on w

ported. Strain

nnected to an

hich they may

bear shall be g

rovided with smooth rounded bushings or surfaces upon which the wires or co

rds may bear,

to prevent abrasion of the insulation. Bushings, if required, shall be ceramic, phenolic, cold-molded
composition, fiber, or equivalent material.

21.2.20 A fiber bushing shall be not less than 3/64 inch (1.2 mm) in thickness, shall be so located that it
will not be exposed to moisture, and shall not be employed where it will be subjected to a temperature
higher than 90°C (194°F) under intended operating conditions.

21.2.21 To provide an acceptable unbushed opening in sheet metal usually requires rolling or extrusion
of the metal around the opening, or the insertion of a grommet conforming to 21.2.19.

21.2.22 Factory wiring of a low-voltage safety circuit may be 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 low-energy safety control wire, if such wiring is located in a cavity or compartment
of an appliance and is adequately shielded from damage.
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21.3 Short circuit protection

21.3.1

Except as indicated in 21.3.2, conductors of motor circuits having two or more motors, one or

more of which is thermal or overcurrent protected, and wired for connection to one supply line shall
withstand the conditions of a short-circuit test without creating risk of fire or electric shock. See Short-

Circuit Test, S

21.3.2 Cond

ection 53.

uctors that conform to the following are considered acceptable without test:

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

b) Conductors—that-are—+8-AWE—(0-82-mm>ortarger-andnot more-tham4feet

provid
or less
branch
includi

c) Con
not ex

22 Separation of Circuits

221 Unless|
internal wiring
or segregated
same circuit.

22.2 Segreg
means that pi

22.3 Field-in

a) Fie
condu

b) Uni

c) An
applia

bd that the circuit will be protected by a fuse or HACR Type circuit breaker-rate
as specified on the product nameplate or provided as part of the produét'and
-circuit protection. This applies to any of the wiring materials specified in
hg those enclosed in raceways; or

ductors which serve as jumper leads between controls providingthe length of
ceed 3 inches (76 mm) or the conductors are located in a control panel.

provided with insulation for the highest voltage involved, insulated conduct

from uninsulated live parts connected to(different circuits or opposite-polar

ation of insulated conductors may' be accomplished by clamping, routing,
ovide permanent separation from insulated or uninsulated live parts of a differe

stalled conductors of any gircuit shall be segregated or separated by barriers fi

d-installed and factory-installed conductors connected to any other circy
ctors of both cireuits are insulated for the maximum voltage of either circuit.

nsulated livéparts of any other circuit.

uninsulated live parts whose short-circuiting may permit unintended op
nce; except that a construction in which field-installed conductors may mak

2 m) in length
bd 60 amperes
acceptable for
this standard,

he leads does

brs of different

circuits shall be separated by barriers or shall be segregated and shall also b¢ so separated

ty parts of the

or equivalent
nt circuit.

rom:

it, unless the

eration of the
e contact with

wiring

terminals is acceptable, provided that conductors having insulation at leas

equivalent to

those referenced in Group A of Table 21.1 are or will be installed when wired in accordance with
the National Electrical Code, ANSI/NFPA 70-1993.

22.4 Segregation between field-installed conductors and away from uninsulated live parts connected to
different circuits may be accomplished by arranging the location of the openings in the enclosure for the
various conductors, with respect to the terminals or other uninsulated live parts, so that there is no
likelihood of the intermingling of the conductors or parts of different circuits.

a) If the number of openings in the enclosure does not exceed the minimum required for intended
wiring and if each opening is located opposite a set of terminals, it is to be assumed, for the
purpose of determining compliance with 22.3 that the conductors entering each opening will be
connected to the terminals opposite the opening.

b) If more than the minimum number of openings are provided, the possibility of conductors
entering at points other than opposite the terminals to which they are intended to be connected and
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contacting insulated conductors or uninsulated live parts connected to a different circuit is to be
investigated.

22.5 To determine if a device complies with the requirements of 22.3, it is to be wired as it would be in
service and in doing so slack is to be left in each conductor, within the enclosure, and no more than

average care i

22.6

s to be exercised in stowing this slack into the wiring compartment.

If a barrier is used to provide separation between the wiring of different circuits or between

operating parts and field-installed conductors, it shall be of metal or insulating material and shall be held in

place.

22.7 A metal barrier shall have a thickness at least as great as that required by Table 27.1 and Table

27.2, based on the size of the barrier. A barrier of insulating material shall be not less than Q.
mm) in thickngss and shall be of greater thickness if its deformation may be accomplished s
its purpose. Ay clearance at the edges of a barrier shall be not more than 1/16 inch (1.6"-mm

22.8 Openings in a barrier for the passage of conductors shall be not largef than 1/4 inc
diameter and shall not exceed in number, on the basis of one opening per conductor, the nu
which will nedd to pass through the barrier. The closure for any othercopening shall pres

surface wher

closure removgd, shall not be larger than required for the passage of.the necessary wires.

22.9 The output of a transformer device supplying a circuit classified as a Class 2 low-voltg

provided as
transformer d
interconnecteq

2210 Two o
provided as a
wiring compan
maintained.

23 Bonding
23.1 Expose
be contacted

equipment is €

23.2 Except

er an insulated wire may be in contact with it; and the drea of any such opsg

part of the equipment shall not be interconnected with the output of
evice unless the voltage and current \méasurements at the output tern
devices are within the values for a single Class 2, 30-volt, or less, transforme

r more transformer devices supplying circuits classified as Class 2, low-v
part of the equipment shall be tréated as two separate circuits each having its
tment, and the output of each-circuit shall be marked to warn that the separ

for Grounding

d or accessible~noncurrent-carrying metal parts that may become energized
by the user:or by service personnel during service operations perform
nergized;shall be electrically connected to the point of connection of an equip

as\indicated in 23.3, uninsulated metal parts of cabinets, electrical enclg

bhraoleatae o~anteallay on hranl Q- poana ra-and athar alasntriano

D28 inch (0.71
o as to defeat
) wide.

h (6.4 mm) in
mber of wires
ent a smooth
ning, with the

ge circuit and
another such
ninals of the
device.

bltage circuits
own separate
ation shall be

and that may
ed when the
ment ground.

sures, motor

frames, and

arBhHna aoalla aHnhina elkkat PXT PN thaor
OOt g oTaC eSS, SO O T o iy OTaCRC o, capatnurs ana- otc oo oo

components,

interconnecting tubing and piping, and valves shall be bonded for grounding if they may be contacted by
the user or serviceman.

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

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

b) Isolated metal parts, such as magnet frames and armatures, and small assembly screws that
are separated from wiring and uninsulated live parts.

c) Panels and covers that do not enclose uninsulated live parts if insulated parts and wiring are
separated from the panel or cover.
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d) Panels and covers that are insulated from electrical components and wiring by an attached
insulating barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar material not

less th

an 1/32 inch (0.8 mm) thick.

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

conductor not

requiring removal for such service.

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

23.6 Metal-to-metal hinge bearing members may be considered as a means for bonding a door for
grounding providing a multiple bearing-pin type (piano type) hinge is employed.

23.7 A sepa
metal parts in
or equivalent

a) Be
enclos

b) Not
unless
fasten

23.8 The bq
connection, 0
than 850°F (4
vitreous enan

23.9 A conn
acceptable if
device and if
thermal degr
reassembly in

23.10 If bon
shall engage

23.11 If the

rate bonding conductor shall be of material rated for use as an electrical-eond
the grounding path shall be protected against corrosion by enameling, galva
Mmeans. A separate bonding conductor or strap shall:

brotected from mechanical damage, such as by being located.within the confin
ure or frame; and

be secured by a removable fastener used for any purpese other than bonding
.

nding shall be by a positive means, such;as by clamping, riveting, bolte
I by welding, soldering, or brazing with materials having a softening or meltin
154°C). The bonding connection shallipenetrate nonconductive coatings su
el.

it complies with 23.11 under’any degree of compression permitted by a vari
the results are still acceptable after exposure to the effects of oil, grease,
bdation which are likely to occur in service. A clamping device shall be
its intended position following disassembly or removal for maintenance purpo

ding depends on screw threads, two or more screws or two full threads of
he bonding-system to metal.

adequacy of a bonding connection cannot be determined by examination, ¢

conductor is §

ictor. Ferrous-
nizing, plating,

es of the outer

for grounding

the bonding conductor would not ordinarily be omitted after removal and replacement of the

d or screwed
j point greater
ch as paint or

ection that depends upon the tlamping action exerted by rubber or similar materials is

able clamping
moisture, and
arranged for
5es.

h single screw

r if a bonding

maller than required by 23.12 — 23.20, it shall be acceptable if the connectin

g means does

not open:

a) When carrying for the time indicated in Table 23.1, twice the current equal to the rating of the
branch circuit overcurrent device required to protect the equipment; and

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

53.
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Table 23.1
Duration of current flow, bonding-conductor test

Rating of overcurrent protection device, amperes Minimum duration of current flow, minutes
30o0rless 2
31-60 4
61—-100 6
101 -200 8

23.12 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 indigated in 23.11, the size of the conductor or strap shall be in accordance with {Tgble 23.2.

Table 23.2
Bonding wire conductor size
Size of bonding conductor?

Rating of overdurrent Copper wire Aluminum wire
device, ampé¢res 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 (8.3)
60 10 513) 8 (8.3)
100 8 (8.3) 6 (13.3)
200 6 (13.3) 4 (21.2)

@ Or equivalent dross-sectional area.

23.13 A bongling conductor to-ascomponent or electrical enclosure is not required to be larger than the
size of the conductors supplyingspower to the component or components within the enclosurg.

23.14 If morg than one-size of branch-circuit overcurrent device is involved, the size of the bonding
conductor is tq be based on the rating of the overcurrent device intended to provide ground-fault protection
for the component bonded by the conductor. For example, if a motor is individually protected by a branch-
circuit overcufrent‘device smaller than other overcurrent devices used with the equipmepnt, a bonding
conductor for iSSi i fCe =fault protection
of the motor.

23.15 The following are considered to constitute means for connection to a ground:

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

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

23.16 A terminal for connection of an equipment-grounding conductor shall be capable of securing a
conductor of the size required for the particular application, in accordance with the National Electrical
Code, ANSI/NFPA 70-1993.
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23.17 A soldering lug, a push-in (screwless) connector, or a quick-connect or similar friction fit connector
shall not be used for the terminal for the field-installed grounding conductor.

23.18 A wire-binding screw intended for the connection of an equipment-grounding conductor shall have
a green colored head that is hexagonal-shaped, slotted, or both. A pressure wire connector intended for
connection of such a conductor shall be identified by being marked, "G, GR, GROUND, GROUNDING," or
by a marking on a wiring diagram provided on the equipment . The wire-binding screw or pressure wire
connector shall be secured to the frame or enclosure and shall be so located that it is not necessary to be
removed during servicing. At a wire-binding screw, upturned lugs, or the equivalent, shall be provided to
retain the conductor. If a pressure connector is used adjacent to the connectors intended for the supply
conductors involving the neutral of a grounded supply, a marking shall be additionally provided indicating
"EQUIPMENT GROUND" and/or identifying the connector by a green color.

23.19 Thes
shall be finish

urface of an insulated lead intended for the connection of an equipment-groun
ed a continuous green color or a continuous green color with one or more-yellg

jing conductor
w stripes, and

no other lead

23.20 The p
10 millivolts W

cycles of atta
24 Servicin

241

a) Not

b) Are

Adjusta
with respect {
resetting, or g
live parts or m

visible to the installer shall be so identified.

otential drop of any single bonding joint of the friction or spring-action type sh
hen tested with a current of 30 amperes flowing through the joint, and 15 mi
hment and removal of the part being bonded.

g and Adjustment

b uninsulated high-voltage live parts so thatémanipulation of the mechanism f
peration can be accomplished in the intended direction of access if uninsulate
oving parts which may cause injury te;persons are:

located in front, in the direction.of'access, of the mechanism; and

not located within 6 inches (152 mm) on any side or behind the mechanism, uf

all not exceed
livolts after 10

ble or resettable electrical control or manual“switching devices may be located or oriented

pr adjustment,
d high-voltage

less guarded.

24.2 Servicg functions which may have to be performed with the equipment energized incllide:

a) Adjuisting the setting oftemperature controls with or without marked dial settings;
b) Redetting controltrip mechanism;

c¢) Opgrating'mianual switches; or

d) Adjiisting air-flow dampers.

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

24.3 An electrical control component which may require examination, adjustment, servicing, or
maintenance while energized, excluding voltage measurements except for jacks or terminals specifically
intended for that purpose, shall be located and mounted with respect to other components and with
respect to grounded metal parts so that it is accessible for electrical service functions without subjecting
the serviceman to the risk of electric shock from adjacent uninsulated live parts or to injury from adjacent
moving parts.

24.4 Components in a low-voltage circuit are to comply with the requirements of 24.4 in their relation to
uninsulated live parts in a high-voltage circuit and to moving parts.
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25 Electrical Components

25.1

Electrical equipment and wiring shall be arranged so that during periods of intended use or when

uncoupling of a connection is required for servicing, they will not be contacted by water or oil.

25.2 Attachment plugs or separable connectors shall not be used in circuits when the breaking or making
of the circuit by such devices may allow unintended operation of the equipment.

26 Mounting of Electrical Components

26.1
turning, excep

26.2 The req

conditions are

a) The
switch
switch.

b) The
switch.

c) The

d) The

26.3 Alamp
light in which
cannot reduce]

26.4 The me

preventing a
turning.

26.5 Uninsul
prevented fron
acceptable va

as notedin 26 2 and 26 .3

A switch, fuseholder, lampholder, or similar electrical component shall be mounted to prevent it from

met:

5pacings are not reduced below the required values if the switch rotates.
pperation of the switch is by mechanical méans rather than by direct contact b
holder of the type in which the lamp!Cannot be replaced, such as a neon pil

spacings below the required values.

pted live¢parts shall be so secured to the base or mounting surface tha
h turning or shifting in position if such motion may result in a reduction of spaci
ues.

uirement that a switch be prevented from turning away may be waived ifall o

means for mounting the switch is not subject to looséning as the result of og

he lamp is sealed in a nonremovable jewel, need not be prevented from turr

ans for preventing turningis to consist of more than friction between surfac
lock washer that provides both spring take-up and an interference lock is acceptable as
small stem-mounted switch or other device having a single-hole mounting

f the following

switch is of a plunger or other type that does not tend to rotate\when operated. A toggle
is considered to be subject to forces that tend to turn the switch during op

eration of the

eration of the

persons.

bt or indicator
ing if rotation

es. A toothed
he means for
means from

they will be
ngs below the

26.6 Control

conditions whi

equipment Tocated within the plenum or return-air compartment of a furnace shall be so
constructed, enclosed, or protected that dense smoke will not be generated or flame emitted under any

ch may occur in service.

27 Electrical Enclosures
271 General
27.1.1 Uninsulated live high-voltage parts shall be enclosed or guarded to reduce the risk of

unintentional contact by persons during intended use of the equipment. This applies also to such parts
located in a compartment into which access is required for servicing of the equipment, such as resetting
controls, replacing filters, lubrication and cleaning.

27.1.2 Among the factors taken into consideration when judging the acceptability of an enclosure are:
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a) Mechanical strength;

b) Resistance to impact;

c) Moisture-absorptive properties;
d) Flammability;

e) Resistance to corrosion; and

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

conditions of intended or abnormal use.

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

thermal and chemical aging.

2713 The

nclosure shall prevent the emission of molten metal, burning insulation, flaming particles, or

the like throygh openings onto flammable material, including the surface on Which the| equipment is

mounted.

27.1.4 Termjnal housings of motors, to which connections are to be made in the field, shgll be of metal

and shall be dized in accordance with the National Electrical Code,,ANSI/NFPA 70-1993.

27.1.5 Stee
means.

enclosures shall be protected against corrosion by painting, plating, or other equivalent

27.1.6 Sheqt metal complying with Table 27.1 and Table 27.2, whichever applies, is accg¢ptable for the

individual endosure of electrical components.

Table 27.1

Minimum thickness of sheet metal-for electrical enclosures carbon steel or stainless steel

With supporting frame or equivalent
Without supporting frame? reinforcing® Minimum thickness ifp inches (mm)
Maximum width® | Maximum léngth® [ Maximum width® | Maximum length
inches (cm) inches (cm) inches (cm) inches (cm) Uncoated Metal coated
4.0 (1012) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 01023 (0.58)
4.75 (12]1) 5475 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (15]2), Not limited 9.5 (24.1) Not limited 0.026 (0.66) 01029 (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 125 (31.8)
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.034 (0.86)
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.045 (1.14)
14.0 (35.6) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5)
18.0 (45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0.056 (1.42)
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4)
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.52) 0.063 (1.60)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2)
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)

Table 27.1 Continued on Next Page
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Table 27.1 Continued

With supporting frame or equivalent
Without supporting frame? reinforcing?® Minimum thickness in inches (mm)
Maximum width® | Maximum length® | Maximum width® | Maximum length
inches (cm) inches (cm) inches (cm) inches (cm) Uncoated Metal coated
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5)
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)
38.0 (96.5) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6)
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4)
52.0 (132]1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0./111 (2.82)
60.0 (1524) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6)
63.0 (160J0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (185/4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6)
@ A supporting frgme is a structure of angle or channel or a folded rigid section of sheet metal that is rigidly attached|to and has

essentially the sgme outside dimensions as the enclosure surface and that has sufficient tarsienal rigidity to resist thhe bending
moments which hay be applied via the enclosure surface when it is deflected. Construction, that is considered to hgve equivalent
reinforcing may e accomplished by designs that will produce a structure that is as rigid,asone built with a frame ofjangles or
channels. Construction considered to be without supporting frame includes:

1) Sinple sheet with single formed flanges (formed edges),
2) A s|ngle sheet that is corrugated or ribbed, and

3) An pnclosure surface loosely attached to a frame, for example, with spring clips.

® The width is the smaller dimension of a rectangular sheet metal piece-that is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single-sheet.

¢ For a panel whi¢h is not supported along one side, such as.a\side panel of a box, the length of the unsupported side shall be
limited to the dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 mm) Wide.

9 Sheet metal forfan enclosure intended for outdoor use shall comply with the requirements for outdoor use equipment.

Minimum thickness of sheet metal for ;aeléltiig;,izenclosures aluminum, copper, or brass
With supporting frame or equivalent
Without qupporting frame?® reinforcing®
Maximum width? | Maximum length® [ Maximum width® | Maximum length Minimum thickness
inches  (cn|) <Ninches (¢m) | inches  (cm) | inches  (cm) inches (mm)
3.0 (7.6) Not limited 70 (47.8) Not limited 0.023d (0.58)
35 (8.9) 4.0 (10.2) 8.5 (21.6) 9.5 (24.1)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (0.74)
5.0 (12.7) 6.0 (15.2) 10.5 (26.7) 135 (34.3)
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)
8.0 (20.3) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
95 (24.1) 1.5 (29.2) 21.0 (53.3) 25.0 (63.5)
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)

Table 27.2 Continued on Next Page
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Table 27.2 Continued

With supporting frame or equivalent
Without supporting frame? reinforcing®
Maximum width® | Maximum length® [ Maximum width® | Maximum length Minimum thickness
inches (cm) inches (cm) inches (cm) inches (cm) inches (mm)
18.0 (45.7) Not limited 42.0 (106.7) Not limited 0.075 (1.91)
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7)
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)
37.0 (94.0) Not limited 87.0 (221.0) Not limited 0.122 (3.10)
42.0 (104.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6)
52.0 (133.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)
60.0 (153.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4)
@ A supporting ffame is a structure of angle or channel or a folded rigid section of sheet metal that’is rididly attached to and has
essentially the §ame outside dimensions as the enclosure surface and that has sufficient torsional rigidity to resistfthe bending
moments which|may be applied via the enclosure surface when it is deflected. Construction,that'is considered to Have equivalent
reinforcing may|be accomplished by designs that will produce a structure that is as rigid as one built with a frame gf angles or
channels. Consfruction considered to be without supporting frame includes:
1) Sihgle sheet with single formed flanges (formed edges),
2) Apkingle sheet that is corrugated or ribbed, and
3) A enclosure surface loosely attached to a frame, for example, with spring clips.
® The width is tHe smaller dimension of a rectangular sheet metal piecethat is part of an enclosure. Adjacent surfaces of an
enclosure may have supports in common and be made of a single sheet.
¢ For a panel that is not supported along one side, such as a panél*of a box, the length of the unsupported side shall be limited to
the dimensions [specified unless the side in question is provided.with a flange at least 1/2 inch (12.7 mm) wide.
4 Sheet metal fdr an enclosure intended for outdoor use shall comply with the requirements for outdoor use equipment.

27.1.7 Whe
cabinet warrg
whichever ap

27.1.8 Ifins

is given to th
source.

27.1.9 Allin

e the construction and location of the component and the strength and rigid
nt, an individual enclosufe of thinner metal than specified in Table 27.1

ty of the outer
pr Table 27.2,

blies, may be emploayed.

Llating material‘other than electrical insulation is provided within the enclosure
e burning Characteristics and flammability of the material, and the proximity

tended mounting positions of the unit are to be considered when determinin

consideration
of an ignition

y if it complies

ementof 27 1.3.

with the requi

27.1.10 A junction box which is formed in part by another part such as a fan scroll or a motor casing is to

fit such that:

a) An opening between the box and motor frame having a dimension exceeding 1/2 inch (12.7 mm)
does not permit a flat feeler gauge, 5/64 by 1/2 inch (2.0 by 12.7 mm) wide to enter.

b) An opening between the box and motor frame having no dimension exceeding 1/2 inch does not

permit

27.1.11

the entrance of a 13/64 inch (5.2 mm) diameter rod.

To reduce the likelihood of unintentional contact that may involve a risk of electric shock from an

uninsulated live part or film-coated wire, an opening in an enclosure shall comply with either (a) or (b).

a) For an opening that has a minor dimension (see 27.1.15) less than 1 inch (25.4 mm), such a part
or wire shall not be contacted by the probe illustrated in Fiqure 27.1.
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b) For an opening that has a minor dimension of 1 inch or more, such a part or wire shall be spaced
from the opening as specified in Table 27.3.

Exception: An opening in an integral enclosure of a motor need not comply with these requirements if it
complies with the requirements in 27.1.12.

Minimum acceptable distance from an oper-:;?\zl?c?;.gart that may involve a risk of electric shock
Minor dimensions of opening® Minimum distance from opening to moving part
Inches (mm)° Inches (mm)P
3/4 (19.1)° 4-1/2 (14)
1° (25.4)° 6-1/2 (165)
1-11 (31.8) 7-1/2 (190)
1-1p (38.1) 12-1/2 (3118)
1-7 (47.6) 15-1/2 (394)
2-1B (54.0) 17-1/2 (444)
d 30 (762)
@ See 27.1.15.
b Between 3/4 (19.1 mm) and 2-1/8 inches (54.0 mm), interpolation is to be used to determine a value between vallies specified in
the table.
¢ Any dimension|less than 1 inch (25.4 mm) applies to a motor only.
4 More than 2-1/8 inches (54.0 mm), but not more than 6 inches (152:0:mm)

27.1.12 With respect to a part or wire as mentioned in 27.1.11, in an integral enclosure pf a motor as
mentioned in the exception to 27.1.11:

a) An dpening that has a minor dimension (see 27.1.15) less than 3/4 inch (19.1 mm)|is acceptable
if:

1) Film-coated wire,cannot be contacted by the probe illustrated in Figure 27.3;

2) In a directly accessible motor (see 27.1.16), an uninsulated live part canno{ be contacted
by the prabetillustrated in Figure 27.4; or

3) Inan indirectly accessible motor (see 27.1.16), an uninsulated live part cannot be
contacted by the probe illustrated in Figure 27.2.

b) An opening that has a minor dimension of 3/4 inch (19.1 mm) or more is acceptable if a part or
wire is spaced from the opening as specified in Table 27.3.

27.1.13 The probes mentioned in 27.1.11 and 27.1.12 and illustrated in Figure 27.1, Figure 27.1 — Figure
27.4 shall be applied to any depth that the opening will permit; and shall be rotated or angled before,
during, and after insertion through the opening to any position that is necessary to examine the enclosure.
The probes illustrated in Figure 27.2 and Figure 27.4 shall be applied in any possible configuration; and, if
necessary, the configuration shall be changed after insertion through the opening.
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Figure 27.1
Articulate probe with web stop
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Figure 27.2

Probe for uninsulated live parts
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Probe for film-coated wire
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Figure 27.4
Articulate probe
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27.1.14 The probes mentioned in 27.1.13,and 27.1.15 shall be used as measuring instruments to judge
the accessibility provided by an opening,‘and not as instruments to judge the strength of al material; they
are to be applied with the minimum force hecessary to determine accessibility.

27.1.15 With reference to therequirements in 27.1.11 and 27.1.12, the minor dimension of an opening is
the diameter pf the largest cylindrical probe having a hemispherical tip that can be insert¢d through the
opening.

27.1.16 With reference to the requirements in 27.1.12, an indirectly accessible motor is a npotor:

a) Th

is‘accessible only by opening or removing a part of the outer enclosure, such as a guard or
panel, i i

b) That is located at such a height or is otherwise guarded or enclosed so that it is unlikely to be
contacted. A directly accessible motor is a motor:

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

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

27.1.17 During the examination of a product to determine whether it complies with the requirements in
27.1.11 or 27.1.12, 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.
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27.1.18 With reference to the requirements in 27.1.11 and 27.1.12, insulated brush caps are not required
to be additionally enclosed.

27.2 Doors and covers

27.2.1 A cover or access panel of an enclosure for uninsulated high-voltage parts shall be provided with
means for securing it in place.

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

27.2.3 The gssembly shall be so arranged that an overcurrent protective device, such.g
protective fungtioning of which requires renewal, can be replaced, and manual-reset devices
without remov|ng parts other than a service cover or panel, and a cover or door enclosing th
27.2.7.

27.2.4 A required protective device shall be wholly inaccessible from_outside the appl
opening a dopr or cover, except that the operating handle of a circuit breaker, the resg
manually resettable motor protector, the reset button of a manually resettable limit contrg
parts may project outside the appliance enclosure.

27.2.5 An opening in an enclosure to provide clearance around a dial, knob, lever, or ha
allow the entrgnce of a rod having a diameter of 9/64 inch (3.6.mm) at any setting or position

holder shall be so constructed, installed, or protected that adjacent unin
voltage live pdrts within 4 inches (100 mm), other:than the screw shell of a plug fuseholder,
clips, or wiring[terminals to the fuseholder, will notbe exposed to contact by persons removin
fuses. An insylating barrier of vulcanized fibér-or equivalent material employed for this pur

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

iance without
t button of a
I, and similar

ndle shall not
of such part.

sulated high-
cartridge fuse
g or replacing
pose shall be

not less than 4.028 inch (0.71 mm) in thickness.

27.2.7 The dpor or cover of an enclosure shall be hinged if it gives access to fuses or any njotor overload
protective deVice, the intended_protective functioning of which requires renewal, or if it is|necessary to
open the covér in connection- with the intended operation of the protective device such as resetting a
manual reset gverload protective device, except as indicated in 27.2.8.

27.2.8 Ahinged covérs not required for a device in which the only fuses enclosed are:

a) Controkeircuit fuses, provided the fuses and control-circuit loads (other than alfixed control-

circuit load, such as a pilnf Inmp) are within the same enclosure;

b) Supplementary-type fuses of 2 amperes or less for small auxiliary resistance heaters with a
maximum rating of 100 watts;

c) An extractor-type fuse with its own enclosure; or

d) Fuses in low-voltage circuits.

27.2.9 Hinged covers, where required, shall not depend solely upon screws or other similar means
requiring the use of tools to hold them closed, but shall be provided with a catch or spring latch.

27.2.10 A spring latch, a magnetic latch, a dimple, or any other mechanical arrangement that will hold
the door in place and would require some effort to open it is considered to be an acceptable means for
holding the door in place as required in 27.2.9.
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27.2.11 A door or cover giving direct access to fuses in other than low-voltage circuits shall shut closely
against a 1/4-inch (6.4-mm) rabbet or the equivalent, or shall have either turned flanges for the full length
of four edges or angle strips fastened to it. Flanges or angle strips shall fit closely with the outside of the
wall of the box proper and shall overlap the edges of the box not less than 1/2 inch (12.7 mm). A
construction which affords equivalent protection, such as a fuse enclosure within an outer enclosure, or a
combination of flange and rabbet, is acceptable.

27.2.12 Strips used to provide rabbets, or angle strips fastened to the edges of a door, shall be secured
at not less than two points, not more than 1-1/2 inches (38 mm) from each end of each strip, and at points
between these end fastenings not more than 6 inches (150 mm) apart.

27.2.13 An electron tube or similar glass-enclosed device shall be protected against mechanical

damage.

27.3 Field wiring system connections

27.3.1 Shes
less than 0.0
and not less t

27.3.2 Ifthr
or if an equiv
in the metal,
threads for th
conduit hub, ¢
rounded inlet
provided by a
as that of the

2733 Ane
engaging with

27.3.4 Akn
without deforr

27.3.5 A knockout shallbe provided with a flat surrounding surface for seating of a condu

shall be so lo
result in spac

t metal to which a wiring system is to be connected in the field 'shall have 3
2 inch (0.81 mm) if uncoated steel, not less than 0.034 inch(0.86 mm) if ga
nan 0.045 inch (1.14 mm) if nonferrous.

ads for the connection of conduit are tapped all the way through a hole in an
lent construction is employed, there shall be not lessthan three nor more th
ind the construction of the device shall be such.that a conduit bushing can
e connection of conduit are not tapped all the' way through a hole in an ¢
r the like, there shall be not less than 3-1/2-threads in the metal and there sha
hole for the conductors which shall afford protection to the conductors equ
standard conduit bushing and which shall have an internal diameter approxim
corresponding trade size of rigid conduit.

nclosure threaded for support by rigid conduit shall provide at least five f|
the conduit.

pckout in a sheet-metal enclosure shall be secured but shall be capable of &
hation of the enclosure.

ated that\installation of a bushing at any knockout likely to be used during inst

!

ngs between uninsulated live parts and the bushing of less than those required.

thickness not
vanized steel,

nclosure wall,
n five threads
be attached. If
nclosure wall,
| be a smooth,
ivalent to that
htely the same

LIl threads for

eing removed

t bushing, and
Allation will not

oAy Al for paread ~an
T

7=y A
ToSTT—COTTTOT

shall have a

27.3.6 A plé
thickness not

7= an
C— O pPrag—1o1 T

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 dimension; and

b) 0.027 inch (0.69 mm) steel or 0.032 inch (0.81 mm) nonferrous metal for a hole having a 1-3/8-
inch (35-mm) maximum dimension.

A closure for a larger hole shall have a thickness equal to that required for the enclosure of the device or a
standard knockout seal shall be used. Such plates or plugs shall be mechanically secured.
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28 Motors and Motor Overload Protection

28.1

combination thereof.

All motors shall be protected by an integral thermal protector or by overload protective devices, or

28.2 Overload protective devices as referred to in 28.1 mean those that conform to the requirements of
the National Electrical Code, ANSI/NFPA 70-1993, as follows:

a) A separate overload 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 a marked service factor not less than 1.15, 125 percent;

For a
shall b

b) If th
sizes O
rating

28.3 Aninte
Motors, UL 21

28.4 Separa
assembled as
protection is n
unintended op|

28.5 Three-

a) Thrg

!

2) Motors with a marked temperature rise not over 40°C (72°F), 125 percent;>g
3) All other motors, 115 percent.

ultispeed motor, each winding connection shall be considered’\separately 3
protected at all speeds.

e values specified for motor-running overload protection do-not correspond tg
r ratings of fuses, magnetic or thermal overload proteCtive devices, the next
nay be used, but not higher than the following percent of motor full-load curren

1) Motors with a marked service factor not less.than 1.15, 140 percent;
2) Motors with a marked temperature risexnet'over 40°C (72°F), 140 percent; g

3) All other motors, 130 percent.

gral thermal protective device is'to comply with the Standard for Overheating
11.

e overload devices, except when included as part of a magnetic motor contrg
part of the equipment, and be identifiable as such after assembly to the equ
bt to include means for manually interrupting the motor circuit if such interrupt
eration of the equipment.

hase motors shall be provided with overload protection as specified in either (3

e properly rated overcurrent devices shall be employed; or

nd the motor

the standard
higher size or
rating:

Protection for

ller, are to be
ipment. Such
on may allow

)or (b):

b) Thermal protectors, combinations 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 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-phasing conditions. This
marking may be a paper sticker or decal, or may be on an attached wiring diagram.

28.6 A motor included in an attic, horizontal, or suspended furnace shall be of the totally enclosed
construction if not wholly enclosed within the furnace casing.

28.7 In determining compliance with 28.6, when a totally enclosed motor is to be provided, no openings
are permitted in portions of the motor frame exterior of the appliance, that is, openings may be in the shaft
end of face-mounted oil-burner motors bolted flush to the blower housing of an oil burner, but not in other
portions of the motor frame.
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28.8 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 this requirement; provided it is determined that the
motor will not overheat under actual conditions of use.

28.9 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 will not
overheat under the performance requirements of this standard; except that impedance protection is not to
be accepted where the motors are installed in compartments handling air for circulation to the conditioned
space.

28.10 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.

28.11
herein.

Motor

28.12 A mof
"CONT" on th

28.13 Theiq
not resultin i
solely upon

a
by the protec£/e device shall also cause the interruption of the’circuit to the valve.

28.14 Auton
the motor by

28.15 The ¢
falling vertical

28.16 Confd
shield, or a cq
assembly.

28.17 Motor
from falling o

28.18 Ther

5 shall not exceed the temperature rises indicated in Table 47.1 whenh)testeq

or shall be designed for continuous duty as indicated by the designation "CON
e nameplate.

terruption of the circuit to a motor by the overload orovertemperature protecti
paired operation of the equipment or the unintended’discharge of fuel. If a b
electric valve to stop the flow of fuel to the burner, the interruption of the circy

natic-reset type protective devices shall not be used if the automatic reclosing
he device may result in unintended operation of the equipment.

nclosure of a motor shall have\no openings which will permit a drop of liqui
y onto the motor to enter the-motor as applied to the assembly.

rmance to 28.15 may-be provided by the motor frame or by another enclos
mbination of two_or-more such items, and is to be determined with the motor

s having epenings in the enclosure or frame shall be installed or shielded to pr
t of the(motor onto flammable material located within or under the assembly.

as described

I TINUOUS" or

e device shall
Lirner depends
it to the motor

bf the circuit to

d or a particle

ure, structure,
applied to the

event particles

erial under an

bguirement in 28.17 will necessitate the use of a barrier of nonflammable ma

open type mo

OT UNiess:

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

b) The motor overload protection device provided with a single-phase motor is such that no burning
insulation or molten material falls to the surface that supports the 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); or
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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 125°C (257°F) under the maximum load below which the motor will run without causing
the protector to cycle and from becoming more than 150°C (302°F) with the rotor of the motor
locked.

d) The motor complies with the requirements for impedance-protected motors and the motor
winding will not exceed a temperature greater than 150°C (302°F) during the first 72 hours of
operation with the rotor of the motor locked.

28.19 The barrier mentioned in 28.18 shall be horizontal, shall be located as indicated in Figure 28.1 and
shall have an area not less than that described in that illustration. Openings for drainage and ventilation

may be emplgyed—inthebarrerprovidedthat-sucthopenings—woutdrotpermit-mottemrmetal, burning

insulation, or the like to fall on flammable material.

28.20 Overclirrent protective devices and thermal protective devices for motors, shall comply with the
requirements ¢f the Short-Circuit Test, Section 53.
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Figure 28.1

Location and extent of barrier

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 that traces out minimum area of the barrier. When moving, the line is to be always:

1) Tangent to the motor winding,

2) Five degrees from the vertical, and

3) So oriented that the area traced out on a horizontal plane is maximum.

inclined line C and the horizontal plane of the barrier.

D — Location (horizontal) and minimum area for barrier. The area is to be that included inside the line of intersection traced out by the
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29 Overcurrent Protection of High-Voltage Control-Circuit Conductors

29.1 General

29.1.1 For the purpose of these requirements, 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 30, for additional requirements.

29.2 Direct-connected high-voltage control circuit

29.21 For th

e purpose of these requirements, a direct-connected high-voltage control circ

uit is one that

is supplied fro
It is not tappe
within the prog

29.3 Tapped
29.3.1 For th
tapped within

Such a circuit

29.3.2 A hig

control equipnjent enclosure shall be protected as specified,in Column A of Table 430-72(b) ¢

Electrical Cod

29.3.3 Atap
rating of the o

Exception No.
m) long betwe
rated 60 ampsg

Exception No
withstand sho

Exception No
overcurrent pn

m a branch circuit separate from a branch circuit that supplies other loads withi
j from the load side of the overcurrent device or devices of the controlled eir
uct. See 60.14.

high-voltage control circuits

e purpose of these requirements, a tapped high-voltage*control circuit is a
shall be protected in accordance with 29.3.3 — 29.4.2;

n-voltage control circuit that is tapped from the ‘main power circuit at a point
b, ANSI/NFPA 70-1993.

ped high-voltage control-circuit conductor shall be provided with overcurrent p
ercurrent-protective device shall.not exceed the value specified in Table 29.1.

1: A 18, 16, or 14 AWG (Q:82, 1.3, or 2.1 mm?) conductor that is not more tH
en points of opposite poélarity may be protected by a fuse or a HACR Type
res or less.

2: An overcurrent-protective device of a higher rating may be used if th
t-circuiting when tested as specified in 53.14.

3: Allead that is not more than 12 inches (305 mm) long need not be
btection.

n the product.
Cuit or circuits

circuit that is

the product from the load side of the overcurrent device or devices for the controlled load.

butside of the
f the National

rotection. The

an 4 feet (1.2
bircuit breaker

e conductors

provided 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 30; and

b) The protection does not exceed the control-circuit conductor ampacity multiplied by the ratio of
secondary-to-primary rated transformer voltage.

Conductor ampacity is to be determined from the ampacity tables in the National Electrical Code,
ANSI/NFPA 70-1993, for the type of wire or cord employed. If appliance wiring material is used its
ampacity is to be based on the values specified for the equivalent wire or cord.
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Overcurrent protective device ratings for control circuit conductors

Table 29.1

Maximum rating of overcurrent protective device, amperes
Conductors contained in control Conductors extending beyond control
Tapped control-circuit conductor size, equipment enclosure 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 ¢

2 Includes coppgr-clad aluminum
b 400 percent of value specified for 60°C conductors in Table 310-17 of National Electrical Code, ANSI/NFPA 70-1093.
¢ 300 percent of| value specified for 60°C conductors in Table 310-16 of National Electrical Code, ANSI/NFPA 70-1P93.

29.4 Overcurrent-protective devices

29.4.1 Overpurrent protection for a tapped high-voltage control~circuit conductor, as requjred by 29.3.3,
shall be provifled as part of the product. If a fuse is used, the‘product shall be marked in agcordance with
60.12.

Exception: THe overcurrent device or devices need 1ot be provided as part of the product ify based on the
marked rating of the product, the rating of the branch-circuit overcurrent-protective device ol devices does
not exceed the values specified in Table 29.1.

29.4.2 A control-circuit overcurrent-praetective device shall:
a) Be provided for all ungrounded conductors;
b) Be ¢f a size in accordance with the requirements in 29.3.3; and

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

The device shall be-a.circuit breaker or a fuse that is acceptable for branch-circuit protection. Examples of
an acceptablg fuse,are a Class CC, G, H, J, K, L, RK, or T cartridge fuse or a Type S plug fuge.

Exception: If the control circuit is tapped from a circuit supplying other loads in the product, a fuse 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 53.1. If the supplementary device used is a fuse, the product
shall be marked in accordance with 60.13.

30 Overcurrent Protection of Transformers
30.1 High-voltage transformers

30.1.1 A transformer, other than as described in 30.2.1 and 30.2.2, is considered to be a high-voltage
transformer and shall:

a) Be provided with thermal-overload protection in accordance with the requirements in 30.1.2;
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b) Be protected by an overcurrent device or devices in accordance with the requirements in 30.1.4;
or

¢) Comply with the requirements in the Burnout Test, High-Voltage Transformers, Section 55.

30.1.2 If a high-voltage transformer is provided with a thermal-overload-protective device, the device
shall be arranged to interrupt primary current and shall limit temperatures of the transformer windings
under overload conditions to those acceptable for the class of insulation employed in the windings. See
Overload Test, High-Voltage Transformers, Section 54.

Exception: If the thermal-overload-protective device provided is a nonrenewable thermal cutoff, a burnout
test is to be conducted in place of the overload test. See Burnout Test, High-Voltage Transformers, Section

55,

30.1.3 A thg
Requirements
have an endt
calibration of
Equipment, U
Requirements
873 requirems

30.14 Ifah
shall comply w

and Application Guide, UL 60691. A manually or automatically reset\thermal
rance rating of not less than 6000 cycles and shall comply with the req
temperature-limiting controls in the Standard for Temperature-Indicating an
| 873. Compliance with the Standard for Automatic Electrical Controls — Pa
UL 60730-1, and/or the applicable Part 2 standard from the UL 60730 series
nts.

gh-voltage transformer is protected by an overcurrent device or devices, s
ith the requirements specified in 30.1.5, 30.1.6;and 30.2.3 — 30.2.5.

30.1.5 A highp-voltage transformer shall be protected by-an overcurrent device or devices th

in the primary
30.2.3.

circuit and that are rated or set as indicated in Table 30.1 for the primary. S

Table 30.1
Ratings of transformer overcurrent protective devices

rmal cutoff shall comply with the requirements in the Standard for’ Thermal-Links —

brotector shall
uirements for
d -Regulating
rt 1. General
fulfills the UL

ch protection

at are located
e 30.1.6 and

Maximum rating of overcurrent device, percent of transformer gurrent rating,
Rated primary|or secondary current; when in:
amperes Primary Secondary
Less than 2 3002 167
2 or more, less than 9 167 167
9 or more 125P 125°

to'an autotransformer; may be increased to 500 percent if transformer supplies a motor control cir

@ Does not apply]

cuit.

b If 125 percent of the current does not correspond to a standard rating of fuse or circuit breaker, the next higher standard rating
may be used. For the purpose of this requirement, standard ratings are 1, 3, 6, 10, 15, 20, 25, 30, 35, 40, 45, 50, and 60 amperes.

30.1.6 If the circuit supplying a transformer is provided with overcurrent protection rated or set at not
more than 250 percent of the rated primary current of the transformer, additional overcurrent protection is
not required in the primary circuit provided the secondary circuit is protected by a protective device rated
or set as indicated in Table 30.1 for the secondary.

30.2 Low-voltage transformers

30.2.1 Except as specified in 30.2.2, 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 30.2.3.
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30.2.2 A transformer that supplies a Class 2 circuit (see 3.17(b)) shall, in accordance with the
requirements in the Standard for Low Voltage Transformers — Part 1: General Requirements, UL 5085-1
and the Standard for Low Voltage Transformers — Part 3: Class 2 and Class 3 Transformers, UL 5085-3,
either limit the output current (inherently-limiting transformer) or be equipped with an overcurrent device,
or devices (noninherently-limiting transformer).

30.2.3 Overcurrent protection in the primary circuit of a transformer, as described in 30.1.5 and 30.2.1,
need not be provided as part of the product if, based on the marked rating of the product, the rating of the
branch-circuit overcurrent-protective device or devices does not exceed the values specified in 30.1.5 or
30.2.1, as applicable.

30.2.4 Overcurrent protection in the secondary circuit of a transformer, as required by 30.1.6, shall be

provided as p

30.2.5 Ared
a)Be

b) Be
and

c) Hav

The device sh
an acceptable

art of the equipment. If a fuse is used the product shall be marked in accordan

uired transformer overcurrent-protective device provided as part of the/produc
brovided for all ungrounded conductors;

of a size in accordance with the requirements in 30.1.5, 30. 1,6, and 30.2.1,

e a voltage rating not less than the circuit in which it iSused.

fuse are a Class CC, G, H, J, K, L, RK, or T cartridge fuse or a Type S plug fug

e with 60.12.

shall:

as applicable;

all be a circuit breaker or a fuse that is acceptable for branch-circuit protection. Examples of

e.

Exception: If @ transformer supply is tapped from a cireuit supplying other loads in the unit, § fuse used for

overcurrent p
acceptable fo
product shall
31 Switche

31.1  Excepf]
assemblies in

31.2 A contfoller is not’required for an assembly with more than one motor if the marked

size does not
than 6 amper

rotection may be of the supplementary type provided that the fuse has a sho
I the circuit in which it is used. See Table 53.1. If a supplementary-type fuse i
be marked in accordance with 60:13.

5 and Controllers

as indicated in 34=2y"a controller(s) for controlling the loads involved shall be
corporating mofe,than one motor intended for connection to the same power s

exceed\20 amperes at 125 volts or less or 15 amperes at 126 — 600 volts, and
s full-load current for each motor.

rt-circuit rating
5 provided, the

brovided for all
Lpply.

maximum fuse
with not more

31.3 A single controller may control more than one motor if the controller is rated for the combined load
controlled. The assembly is to be marked in accordance with 60.8 if the same controller contacts handle a
remote motor(s) in addition to the motor(s) in the unit containing the controller.

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

31.5 The load controlled is to include any load external to the assembly for which connections in the
controller or switch circuit are provided.

31.6 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.
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31.7 If the controller is cycled by the operation of an automatic-reset overload device, it is to withstand an
endurance test under locked-rotor conditions without failure. The endurance test is to be determined by
the requirements of the appropriate standard for the component. See 4.1.

31.8 The locked-rotor load of a motor is based on six times the full-load current rating of the motor if
alternating current and ten times the full-load current rating if direct current.

31.9 If the marked maximum fuse size of the furnace does not exceed the maximum size for protecting
the motor of the smallest rating, two or more motors, each having individual running overcurrent
protection, may be connected to the same power supply if it can be determined that a fuse of the marked

size will not open under the most severe conditions of service which might be encountered.

31.10 Motor
ungrounded ¢

32 Capacitors

32.1 A moto
protect the pl
material result

bnductors to interrupt current flow to the motor.

I starting or running capacitor shall be housed within an enclesure or cont
htes against mechanical damage and that will prevent the-emission of fla
ng from malfunction of the capacitor. Except as noted,in'32.2 and 32.3, the d

controllers shall be arranged so that they will simultaneously open a sufficient number of

ainer that will
me or molten
ontainer shall

be of metal providing strength and protection not less than that of\uncoated steel having a thickness of

0.020 inch (0.4

32.2 The ind

mounted in an enclosure that houses other parts of the“furnace and provided that such b

acceptable for

32.3 Acapa
against expuls
requirements
used. See Shq

Exception: If t
winding, the ¢
but not less t
component(s)

33 Electrica

1 mm).
ividual container of a capacitor may be of material other than metal if the

the enclosure of current-carrying parts.

Litor employing a liquid dielectric medium more combustible than askarel shal
ion of the dielectric medium when tested in accordance with the applicable
bf this standard, including.faulted overcurrent conditions based on the circuif
rt-Circuit Test, Section 53.

e available fault carrént is limited by other components in the circuit, such as
hpacitor may be-tested using a fault current less than the test current specifieg
nan the current-established by dividing the circuit voltage by the impedancy

I Insulating Material

b capacitor is
OX Or case is

be protected
performance
in which it is

a motor start
in Table 53.1
b of the other

33.1 Materia
porcelain, phe

forthemountingof turrent-carrying parts stattbeof moisture Tesistantm
nolic, or cold-molded composition.

erial such as

33.2 Vulcanized fiber may be used for the insulating bushings, washers, separators, and barrier, but not
as the sole support for uninsulated live parts of other than low-voltage circuits.

34 Spacings — High-Voltage Circuit

34.1 Except as noted in 34.2, 34.3, and 34.5, 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 34.1.



https://ulnorm.com/api/?name=UL 727 2024.pdf

MAY 20, 2024 UL 727

53

Table 34.1
Minimum spacings

d

Ratings Minimum spacings
Through air Over surface To enclosure®

Volt-amperes Volts Inch (mm) Inch (mm) Inch (mm)

0 - 2000 0 - 300° 1/8° (3.2) 1/4 (6.4) 1/4 (6.4)
More than 2000 0-150 1/8P (3.2) 114 (6.4) 12 (12.7)
151 — 300 1/4 (6.4) 3/8 (9.5) 12 (12.7)

301-600 3/8 (9.5) 1/2° (12.7) 12 (12.7)

1f over 300 volts, spacings in last line of table apply

® The spacings

than 1/4 inch (6
the spacing neq
factory wired. M

between wiring terminals of opposite polarity, or between a wiring terminal and grounded metal,|sh
4 mm), except that if short circuiting or grounding of such terminals will not result from projeeting s
d not be greater than that given in the above table. Wiring terminals are those connected in the fie
leasurements are to be made with solid wire of adequate ampacity for the load connected to each

¢ Includes metal fittings for conduit or cable which are factory installed or which may be field instalfed!

9 The spacings
for a motor rate

bt wiring terminals of a motor shall be 1/4 inch (6.4 mm) for a motor rated 250welts or less and 3/8
i more than 250 volts.

all be not less
trands of wire,
d and not
erminal.

inch (9.5 mm)

34.2 The though air and over surface spacings at an individual component part are to be
basis of the tptal VA consumption of the load(s) that the component controls. However, the
the component to the enclosure shall be judged on the basis.of the total load on all com
enclosure. Fgr example, the through air and over surface ‘spacings at a component that ¢
motor are judged on the basis of the VA of the motor. A~éomponent that controls loads in
motor is similarly judged on the basis of the sum of the VA of the loads so controlled;
component that independently controls separate loads is judged on the basis of the VA of t
The VA values for the load referred to above are+q be determined by the measured input.

34.3 All uninsulated live parts connected-to-different circuits, except subdivided circuits or
of same voltage from same feeder, shall be spaced from one another as though they
opposite polarity in accordance with the’requirements indicated above and shall be judged
the highest vqltage involved.

34.4 For cirpuits not exceeding 300 volts, the over-surface spacings for glass-insulate
motors may He 1/8 inch~(3:2 mm) where 1/4 inch (6.4 mm) is specified in the table; and m
(6.4 mm) wh

judged on the
b spacing from
bonents in the
ontrols only a
addition to the
except that a
ne larger load.

branch circuits
were parts of
bn the basis of

d terminals of
ay be 1/4 inch

34.5 The sp

otors, except

at wiring terrin e basis of the
requirements for the component However the eIectncaI clearance resultmg from the installation of a
component, including clearance to dead metal or enclosures, are to be those indicated in the table.

34.6 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.

34.7 Material having a lesser thickness may be used if it has equivalent insulating, mechanical, and
flammability properties.
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35 Spacings — Low-Voltage Circuits

35.1 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 or electric shock shall comply with 35.2 — 35.5.

35.2 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 34.3.

35.3 The spacing between wiring terminals, regardless of polarity, and between the wiring terminal and a
dead metal part (including the enclosure and fittings for the connection of conduit) that may be grounded

when the device is installed shall not be less than 1/4 inch (6.4 mm).

354 Thesp
part and a de
shall not be le
will be definite

35.5 The spacings in low-voltage circuits that do not contain devices such as indicated i

specified.
36 Accessil

36.1  An unin
located guard
service functia

36.2 Access
which may ca
so that unimps
cabinet and th

a) The
farthes
the aca

b) Unin
for live
(152 m

d metal part, other than the enclosure, that may be grounded when the devi
5s than 1/32 inch (0.8 mm), provided that the construction of the parts is such
y maintained.

ility of Uninsulated Live Parts

sulated high-voltage live part and moving parts that may cause injury to per
bd, or enclosed so as to reduce the risk:gf Unintentional contact by personr
ns that may have to be performed with the equipment energized.

bility and protection from the risk-of electric shock and accidental contact with
ise injury to persons may be obtained by mounting the control components in
ded access is provided to.each compartment through an access cover or pan
e cover of the control assembly enclosure with the following arrangement. See

components are logated with respect to the access opening in the outer cabin
ess opening.

sulated.high-voltage live parts outside the control assembly projected clear
parts within a control panel) or unguarded moving parts are located not closer
m).from any side of the access area. The projected clear space is considered {

cing between uninsulated live parts, regardless of polarity, and between-an-upinsulated live

ce is installed
that spacings

35.2 are not

sons shall be
el performing

moving parts
an assembly
el in the outer

Figure 36.1.

et so that the

I component in the control assembly is not more than 14 inches (355 mm) from the plane of

space (except
than 6 inches
0 be bounded

on the

Sides by the projection of the smallest rectangular perimeter surrounding the o

itside edge of

the components or control enclosure when provided. The access area is considered to be bounded
on the sides by the projection of the perimeter of the access 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 to the access
opening in the outer cabinet (within the access area) is completely free of obstructions, including

wiring.

d) Access to the components in the control assembly is not impeded in the direction of access by
other components or by wiring in this assembly.

e) Extractor-type fuseholders and snap switches mounted through the control assembly enclosure
are to be located so that

1) There is unimpeded access to these components through the access o
outer cabinet: and

pening in the
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2) So that they are not immediately adjacent to uninsulated live parts outside the control
assembly enclosure, unless guarded. See 24.2.

Figure 36.1

Accessibility and protection
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FURTHEST COMPONENT — 14° (355.6 mm) MAXIIUM.

"X" = MINIMUM DISTANCE FROM HAZARDOUS MOVING-PARTS, OR UNINSULATED
LIVE PARTS TO ACCESS AREA = 6" (152.4mm) MINIMUM.
EA105

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

a) Coils of controllers;

b) ReIIys and solenoids;

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

d) En Ubb'd IIIUtUI VV;IIdillyb,

e) Insulated terminals and splices; and

f) Insulated wire.
PERFORMANCE

37 General

37.1 A furnace shall comply with the applicable requirements when tested as described herein. A

furnace of a type not described specifically herein shall be tested in accordance with the intent of these
requirements.
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37.2 A floor-mounted furnace of the upflow or downflow type is tested normally for installation on
noncombustible floors and with clearances to combustible walls and ceilings as indicated in Table 37.1.
Such a furnace is classified under Form | or Form Ill, depending on its physical size as noted in the table.
At the option of the manufacturer, a floor-mounted furnace may be tested for installation on combustible
floors and when so tested is classified under Form la or Form Illa, depending on its physical size.

Table 37.1
Standard clearances
Minimum clearance, inches (mm)
A B C D E F

Type of Chimney

furnace Above Front connector Rear Sides Below
Form | 2 (50) 24 (610) 18 (460) 6 (150) 6 (150) NC
Form la 2 (50) 24 (610) 18 (460) 6 (150) 6(150) C
Form lla 6 (150) 24 (610) 18 (460) 6 (150) 6(150) O (o)
Form lIb 6 (150) 24 (610) 18 (460) 6 (150) 6 (150) 6 (150)
Form I 18 (460) 48 (1220) 18 (460) 18 (460) 18 (460) NC
Form Illa 18 (460) 48 (1220) 18 (460) 18 (460) 18 (460) C
Form lllb 18 (460) 48 (1220) 18 (460) 18 (460) 18 (460) 18 (460)

C — Combustiblg
NC — Noncombystible

Forms | and la —-|Warm-air furnaces, upflow, or downflow types not larger than 100 cubic feet (2.8 m?) in size excludling blower
compartments aphd burner).

Forms lla and Il — Horizontal forced warm-air furnaces not larger than 100 cubic feet in size (excluding blower compartments and
burner).

Forms Ill and Il13 — Low-heat industrial appliances, floor mounted types, which include furnaces not classified undgr Forms | and
la.

Form Illb — Low-heat industrial appliances, suspended types, which include furnaces not classified under Form llb.

37.3 A horizpntal furnace is teSted normally with clearances below and to walls and ceilingg as indicated
in Table 37.1.[Such a furnacé_is classified under Form Ilb or Form lllb, depending on its physical size as
noted in the tgble. At the @ption of the manufacturer, a horizontal furnace normally classified under Form
IIb may be tesjed for zefe clearance below and when so tested is classified under Form lla.

37.4 At the pption-of the manufacturer any furnace may be tested with clearances legs than those
indicated in Tgble37.1. See 43.1.

37.5 If an appliance is to be tested in a partial enclosure at clearances less than those designated as
standard in Table 37.1, a ceiling of construction equivalent to that required for the walls is to be placed
above the partial enclosure. Clearances from chimney connectors are not to be less than 9 inches (230
mm). When the chimney connector clearances are less than those designated as standard in Table 37.1,
the connector arrangement is to be as specified in 39.1.9 and Figure 39.4. Except for those modifications
of the enclosure and as otherwise provided herein, tests are to be conducted in the manner described for
standard clearances.

37.6 At the further option of the manufacturer, a furnace having physical dimensions permitting
classification under Forms |, Ia, lla, and IlIb, equipped with an integral limit control which, when adjusted to
its maximum allowable setting, does not permit an outlet air temperature in excess of 200°F (93°C), may
be tested also for installation in:

a) An attic on combustible floors with clearances as indicated for Forms la and lla Table 37.1.
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b) An alcove or a closet with clearances which may be less than indicated for Forms |, la, and lla,
Table 37.1. Under this option, upflow, downflow, and gravity furnaces may be tested for installation
on combustible or noncombustible floors, while a horizontal furnace may be tested at a clearance
of 6 inches (150 mm) or less below the furnace.

37.7 The standard clearances designated in Table 37.1 are based on the furnace being installed in a
room that is large compared to the size of the furnace. See the Test Installation for Alcove or Closet,
Section 39. All clearances designated in Table 37.1, or by the manufacturer under an option, are to be in
integral inches for testing purposes.

37.8 When a furnace assembly is intended to fire a fuel oil/biodiesel blend comprised of greater than
twenty percent (i.e., > B20 biodiesel), the furnace assembly shall be tested in accordance with this

standard with
conducted im

38 Test Inst
38.1

38.1.1 Thef
The distance
ceiling of the

temperature t

38.1.2 The'f
detachable, a
floor.

38.1.3 The

boards or ply
ceiling of equ
be such as to
with 37.2. All
enclosure arg

Downflow and upflow furnaces (for installation in other than closets or alcoves

No. 2 fuel oil. In addition, the Range of Fuels test described in Section
mediately following the Combustion Test — Burner and Furnace as described’in

allation for Standard Clearances

urnace is to be placed in a partial enclosure in the as-received condition, as de
from the back, side, and top of the furnace and from{the chimney connector tq
bnclosure is to be as indicated in Table 37.1. If one‘side of the furnace may cre
nan the other, that side of the furnace is to be directly opposite one wall.

re to be adjusted to place the base of the furnace the minimum allowable distg

vood 3/4 inch (19 mm) thick( set at right angles and finished in flat black. See
valent construction is to/be placed above the partial enclosure. The height of
obtain the minimum_clearance above the furnace specified in Table 37.1 and
joints in the test_éenclosure are to be tight or sealed. The walls and ceiling
to extend 3 feet\(0.91 m) beyond the end and side of the furnace. The walls

minimum dis
outlet is hori

vertical chimney connector as connected to the flue collar by a 90-degree elbow. See 38.1.5

nce specified in Table 37.1 from the side and back of the furnace; except
ntal, in which case the wall opposite the flue collar is to be the specified d

42A shall be
Section 42.

scribed below.
the walls and
ate higher wall

urnace is to be level. Leveling means, if prfovided, are to be removed if detachable; or, if not

nce above the

partial enclosure is to be formed-by two walls of 1-inch (25.4 mm) nominal thickness wood

Figure 38.1. A
the walls is to

in accordance
of the partial
are to be the
when the flue
stance from a
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Figure 38.1
Test enclosure for standard clearances downflow and upflow furnaces
K
FLAT o
S
AL WALL
Pf\uw
1. Location of
heater, assembly
on platform,
S2584
38.1.4 If the|furnace is designed for direct installation on combustible flooring, the floof beneath the

furnace is to
building paper

38.1.5 Thed
Galvanized st

connector is t¢ extend vertically through the ceiling of the test enclosure; being directly con

extended vert
degree sheet-

be nominal 1-inch (3/4 inch) (19 mm) white-pine flooring covered with ong
and then by 3/4 inch thickiplywood, unpainted or finished with a clear sealer.

himney connector-is-to be the same nominal size as the flue collar or outlet g
ovepipe not héavier than nominal 0.028 inch (0.71 mm) is to be used.

cally above-a vertical flue outlet and connected to a horizontal flue outlet b
metal elbow at the bottom of the vertical section. See Figure 38.2.

thickness of

f the furnace.
The chimney
hected to and
y using a 90-
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Figure 38.2

Chimney connectors — standard clearance test

(< (MO

<< @ —,

//®\‘

18"

Jef =S+

HORIZONTAL FLUE OUTLET

S2385

1. Centerline of thermocouple.

2. Support bracket.

3. Draft regulator.

4. Flue collar.

5. Chimney connector, same nominal diameter as flue collar.

VERTICAL FLUE OUTLET
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38.1.6 Where the chimney connector pierces the enclosure, an opening 8 inches (205 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 38.3.
Temperatures on the surfaces surrounding the chimney connector are not to be determined at points
located less than 2 inches (50 mm) from the outer edge of the annulus.

Figure 38.3

Sealing of annulus around chimney connector

CHIMNEY CONNECTOR

%

FIRE and HEAT RESISTIVE
INSULATING \BARRIER

o ' — j— " —

(102mm) (102mm)

N

52586

38.1.7 A bragket for supporting the thermocouple for measuring flue-gas temperature is to[be located as
shown in Figufe 38.2(2).

38.1.8 The primary safety control, if furnished separately for mounting in the chimney connector exterior
to the furnacelmay-be-located-at-any-appropriatepoint-eitherwithin-or-exteriorto-the-test-enclosure. No
temperature measurements in or on a control so located are to be made during tests for Standard
Clearances.

38.1.9 A draft regulator is to be provided for test purposes and located in the chimney connector outside
the test enclosure. See Figure 38.2.

38.1.10 Any built-in draft regulator included as part of the furnace is to be fixed in the position allowing
maximum draft.

38.1.11 The chimney connector is to be connected to a chimney, stack, or exhaust system capable of
imposing the specified draft.

38.1.12 Unless the supply plenum is an integral part of the furnace, a metal plenum chamber or bonnet
having the same dimension as the warm-air outlet of the furnace is to be provided by the manufacturer for
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test purposes. For forced-air upflow furnaces, a separate plenum is to be at least 18 inches (460 mm) high
but not less than that required to obtain 2 inches (50 mm) clearance to a ceiling located at least 7 feet 6
inches (2.3 m) above the floor of the test enclosure. See Figure 38.4. For downflow furnaces intended for
installation on combustible flooring, the depth of the plenum is to be such as to obtain the specified
clearance between the top of the outlet duct and the lower surfaces (ceiling) of the floor structure. See
Figure 38.5.

Figure 38.4

Plan of ducts for forced-air upflow furnaces

!

N

T2 THERMOCOUPLE
GRID

H N\ /
STATICQMX

PRESSURE
/ \

FURNACE

s12594

t, — Outlet-air temperature



https://ulnorm.com/api/?name=UL 727 2024.pdf

62 UL 727 MAY 20, 2024

Figure 38.5

Test enclosure — downflow furnace standard clearances — combustible floor

TOP VIEW
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2
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FRONT ELEVATION SIDE ELEVATION
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A — From top of furnace casing.

Ap — From top of horizontal warm-air duct within 6 feet of furnace.
D — From back of furnace.

E — From side of furnace.

Ep — From side of supply plenum.
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38.1.13 The warm-air outlet opening is to be extended by a duct or ducts beyond the test enclosure and
arranged to discharge away from the cold-air inlet of the furnace.

38.1.14 For a forced-air furnace, the size of the outlet duct is to be calculated for a velocity of
approximately 900 feet (275 m) per minute of standard air [0.075 pounds per cubic foot (1.2 kg/m?)] with a
90°F (50°C) temperature rise through the furnace and based on an output equivalent to 75 percent of the
rated input [Btu per hour (W)] of the furnace. Specific heat of air is to be taken as 0.243 Btu per pound (565

JIkg).

38.1.15 Formulas derived from the above based on the outlet duct area are as follows:

Area (i

n.2) = (Btu per hour input) x 0.00122

Area (

38.1.16 The
dimension of
38.4.

38.1.17 Ath

inches (152 mm) downstream from the location closest to the plenum where any coupl

surface of the
grid. See Figy

38.1.18 The
the furnace. T
mm?) shielde
24 inches abdg

38.1.19 The
specified in th

£m?) = Watts x 0.0000554

test duct is to be rectangular, with a width approximately equivalent {6 the
the plenum or plenum collar, but the aspect ratio is not to exceed| four to or

ermocouple grid, see 40.6.9, is to be located in each warm=air outlet duct in a

heat exchanger. The duct is to extend at least 6 inches (152 mm) beyond the
re 38.4.

cross-sectional area and shape of the air-infet duct is to be equivalent to the
he inlet-air temperature is to be measured by a thermocouple, not heavier tha
j from direct radiation and located centrally 24 inches (0.61 mm) in front of th
ve the floor of the test enclosure.

limit control, if furnished separately for mounting in a field-built plenum, is to
e installation instructions furnished with the furnace.

38.2 Horiz

38.2.1 Aho
nominal thic
sealed. See
clearance be
specified in Ti

ntal furnace

izontal furnace_is to be tested when installed in a partial enclosure constry
ess wooden,*boards or 3/4-inch (19.1-mm) plywood finished in flat black,
Figure 3846 If the furnace is intended for installation on combustible co
eath_thefurnace to the enclosure is to be zero. The walls are to be the min
hble. 37.1 from the side and back of the furnace; except when the flue outlet i

corresponding
e. See Figure

plane within 6
b will see any
thermocouple

cold-air inlet of
h 24 AWG (2.1
e furnace and

be located as

cted of 1-inch
with all joints
hstruction, the
mum distance
5 horizontal, in

which case t

he_wall opposite the flue collar is to be the specified distance from a ve

rtical chimney

connector as connected to the collar by a 90-degree elbow. See 38.2.3.
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Figure 38.6

Enclosure for horizontal furnace — standard clearances

3'(0.|91m)

FURNACE

12"(300mm)J

END VIEW FRONT, ‘VIEW

VERTICAL FLUE OUTLET SHOWN
S 2596

38.2.2 Thef
detachable, a
floor.

rnace is to be level. Leveling means, if provided, are to be removed if detachiable; or, if not
e to be adjusted to place the base of the furnace the minimum allowable distance above the

38.2.3 The ghimney connector-is:to be the same nominal size as the flue collar or outlet gf the furnace.
Galvanized sfovepipe, not heavier than nominal 0.028 inch (0.71 mm) is to be used. [The chimney
connector is t¢ extend vertically through the ceiling of the test enclosure; being directly conpected to and
extended vertirally fromca.vertical flue outlet and connected to a horizontal flue outlet by using a 90-degree
elbow at the bpttom of the vertical section. See Figure 38.2.

38.2.4 Wherg«the'chimney connector plerces the celllng an openlng 8 mches (205 mm) larger than the
chimney connector ' ' he upper surface
with a fire and heat resistive msulatlng barrler at Ieast 1/8 inch (3.2 mm) thick. See Figure 38.3.
Temperatures on surfaces surrounding the chimney connector are not to be determined at points located
less than 2 inches (50 mm) from the outer edge of the annulus.

38.2.5 A bracket for supporting the thermocouple for measuring flue-gas temperature is to be located as
shown by Figure 38.2(2).

38.2.6 The primary safety control, if furnished separately for mounting in the chimney connector exterior
to the furnace, may be located at any appropriate point either within or exterior to the test enclosure. No
temperature measurements in or on a control so located are to be made during tests for standard
clearances.

38.2.7 A draft regulator is to be provided for test purposes and located in the chimney connector outside
the enclosure. See Figure 38.2.
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38.2.8 Any built-in draft regulator included as part of the furnace is to be fixed in the position allowing
maximum draft.

38.2.9 The chimney connector is to be connected to a chimney, stack, or exhaust system capable of
imposing the specified draft.

38.2.10 The cold-air inlet and warm-air outlet openings of the furnace are to be extended beyond the test
enclosure by appropriate duct work. A metal plenum chamber having the same dimensions as the
discharge opening of the furnace is to be provided by the manufacturer for test purposes. The plenum and
the warm-air duct are to be arranged as indicated in Figure 38.7. The inlet-air duct is to have the same
dimensions as the inlet opening of the furnace. The ducts are to extend at least 12 inches (305 mm)
beyond the walls of the test enclosure.

Figure 38.7

Plenum and outlet duct for horizontal furnace

Style B test arrangement

_L THERMOCOUPLE

e"(150mm)// GRID.
’ .

TOP VIEW

SIDE VIEW

$2597

38.2.11 A thermocouple grid, see 40.6.9, is to be located in the warm-air duct in a plane within 6 inches
(152 mm) downstream from the position closest to the plenum where any couple will see any surface of
the heat exchanger. The duct is to extend at least 6 inches (152 mm) beyond the thermocouple grid. See

Figure 38.7.

38.2.12 The room temperature is to be measured by a thermocouple, not heavier than 24 AWG (2.1
mm?) suitably shielded from direct radiation and located centrally 24 inches (610 mm) in front of the
furnace and at an elevation midway between the floor and ceiling of the test enclosure.
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39 Test Installation for Alcove or Closet
39.1 Downflow, upflow, and horizontal furnaces

39.1.1 The furnace is to be installed in an enclosure, as described below, in the as-received condition,
with clearances in integral inches or increments of 25 mm, as selected by the manufacturer, to walls and
ceiling of the test enclosure. The ceiling height of the enclosure is to be 7 feet 6 inches (2.3 m), except that
for upflow furnaces with integral supply plenums, downflow, and horizontal furnaces, the ceiling height is to
be that required to obtain the clearance from the top of the furnace to the ceiling specified by the
manufacturer, but in no case is the ceiling height to be more than 7 feet 6 inches. See:

Figure 39.1 — Upflow Furnaces

Figure 39.2 — Downflow Furnace

Figure 39.3 — Horizontal Furnaces
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Figure 39.1

Test enclosure for alcove or closet installation upflow furnace
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OPENING
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A — From top of fliirnace casing or plenum.

Ap — From top of horizontal warm-air duct within 6 feet (1.83 mm) of furnace.

B — From front of furnace.

Cy — From chimney connector, measured horizontally or below connector. See Figure 39.4.
Cy — From chimney connector, measured vertically above connector. See Figure 39.4.

D — From back of furnace.

E, — From left side of furnace.

Egr — From right side of furnace.

Ep — From any side of supply plenum and warm-air duct within 6 feet (1.83 mm) of furnace.


https://ulnorm.com/api/?name=UL 727 2024.pdf

68 UL 727 MAY 20, 2024

Figure 39.2

Test enclosure for alcove or closet installation downflow furnace

BACK BACK

D

Vo R [

;
I
I

ER—‘ ~—E| TOP VIEW E‘—ER,‘|
I

—E| TOP VIEW

St

I L i
CLOSET INSTALLATION
ALCOVE INSTALLATION
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t ‘ 1
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—E— —E = -~ B — — 0 —
- *1 o_ARZNLET
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] 1 PLENUM | | 2 2
H—e6'(1.83 m)—= Ap (0.6 m (0.6 mj
FRONT_ELEVATION SIDE ELEVATION
S3154
A — From top of fufnace casing or plenum.
Ap — From top of horizontal warm-air duct within 6 feet (1.83 mm) of furnace.

B — From front of furnace.

Cy — From chimney connector, measured horizontally or below connector. See Figure 39.4.
Cy — From chimney connector, measured vertically above connector. See Figure 39.4.

D — From back of furnace.

E, — From left side of furnace.

Er — From right side of furnace.

Ep — From any side of supply plenum and warm-air duct within 6 feet (1.83 mm) of furnace.
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Figure 39.3

Test enclosure for alcove or closet installation horizontal furnace

OUTLET
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ae | Top view |99 o | TOP VIEW -
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B(FOR CLOSET)
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(FOR ALCOVE TEST) ¥(FOR ALCOVE TEST)
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S3156

A — From top of fliirnace ‘easing or plenum.

Ap — From top of herizontal warm-air duct within 6 feet (1.83 mm) of furnace.

B — From front of furnace.

Cy — From chimney connector, measured horizontally or below connector. See Figure 39.4.
Cy — From chimney connector, measured vertically above connector. See Figure 39.4.

D — From back of furnace.

E, — From left side of furnace.

Egr — From right side of furnace.

Ep — From any side of supply plenum and warm-air duct within 6 feet (1.83 mm) of furnace.
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Figure 39.4

Chimney connector arrangement for alcove and closet installation
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Note 1: With connector arrangement Styles | and Il, the horizontal run is to pierce the back or a side wall, whichever is farthest from
the vertical run.
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39.1.2 The walls and ceiling of the enclosure are to be made of 1-inch nominal thickness wooden boards
or 3/4 inch (19.1 mm) thick plywood. The walls are to be vertical and at right angles. The interior surfaces
of the walls and ceiling are to be finished in flat black. All joints in the enclosure are to be sealed. The floor
is to be of combustible or noncombustible material, as selected by the manufacturer for testing purposes.
Combustible floors are to be made of 1-inch flooring covered with one thickness of building paper
superimposed by 3/4 inch (19.1 mm) thick plywood, unpainted or finished with clear sealer.

39.1.3 For Alcove Installation Test, the enclosure is to be open opposite the front of the furnace. The side
walls and ceiling are to extend 18 inches (460 mm) beyond the front of the furnace, and a wall is to be
placed opposite the open side of the enclosure at a distance of 48, 36, or 24 inches (1.2, 0.9, or 0.6 m), as
specified by the manufacturer for testing purposes.

39.1.4 For Qloset Installation Test, a simulated door is to be provided for the enclosure, which door is to
have two opegnings located so that the lower edge of the lower opening is 6 inches (152'mm) above the
floor level of the enclosure and the other being located so that its upper edge of 6 inches below the ceiling
of the enclosyre. The height of each opening is to be one-half the width. The freg'area of dach of the two
openings is t be at least 1 square inch per 1000 Btu per hour (1 cm? per 45.4 W) of thd furnace input
rating but notfmore than an area equivalent to 20 percent of the total area.of the simulated door. For an

upflow and ¢
enclosure. F(
accordance w

39.1.5 For 4
plywood, repr|
duct and the

to extend the

39.1.6 The f
detachable, a
floor.

39.1.7 The
Galvanized st

39.1.8 The
is to be not le

the construcfion of thefurnace is such that, when installed with the clearances se

manufacturer
less than 9 in

ownflow furnace, both openings are to be centered onsthe vertical cen
r a horizontal furnace, the two openings are to be centered on vertical
ith the instructions furnished with the furnace.

downflow furnace, a structure made of nominak 1 inch boards or 3/4 inch (1
esenting a ceiling, is to be placed above the warm-air outlet duct. The clearang

eiling is to be the minimum selected by the manufacturer for testing purposes
full length of the duct and at least 2 feet (0.61 m) beyond each side of the duct.

re to be adjusted to place the base of the furnace the minimum allowable distg

chimney connector is to be the same nominal size as the flue collar or outlet
pvepipe not heavier than nominal 0.028 inch (0.71 mm) is to be used.

5s than 9 inehes (230 mm) nor more than 18 inches (460 mm), with the followin

the clearance between the chimney connector and the interior walls of the te

r line of the
enter lines in

9.1 mm) thick
e between the
The ceiling is

urnace is to be level. Leveling means; if provided, are to be removed if detachable; or, if not

nce above the

bf the furnace.

tlearance between the nearest surfaces of the chimney connector and the walls and ceiling

g exception: If
ected by the
5t enclosure is
the walls with

ches (230 mm), the test may be conducted with such lesser clearance from

portions of th

b 'wall located within 9 inches (230 mm) of the chimney connector protected in a recognized

manner; in which case directions that such surfaces shall be so protected are to be included in the
instructions furnished with the furnace.

39.1.9 A furnace with vertical flue outlet is to be tested with two chimney connector arrangements, Styles
I and Ill, and a furnace with horizontal flue outlets is to be tested with two chimney connector
arrangements, Styles Il and Ill as indicated by Figure 39.4, unless the manufacturer elects to specify the
minimum clearance from the furnace as that obtained when tested with the chimney connector arranged in
accordance with Style | or Il only.

39.1.10 Where the chimney connector pierces the enclosure, an opening having a diameter 8 inches
(205 mm) larger than the diameter of the chimney connector is to be cut and the chimney connector
centered in the opening. The annulus thus formed is to be sealed by a fire and heat resistive insulating
barrier at least 1/8 inch (3.2 mm) thick, placed on the exterior surface. See Figure 38.3. Temperatures on
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the surfaces surrounding the chimney connector are not to be determined at points located less than 2
inches (50 mm) from the outer edge of the annulus.

39.1.11 A bracket for supporting the thermocouple for measuring flue-gas temperature is to be located
as shown by Figure 39.5(2).

39.1.12 The primary safety control, if furnished separately for mounting in the chimney connector, is to
be located with its element in a plane perpendicular to the axis of the flue-gas flow, 6 inches (152 mm)
downstream from the flue collar or, if an elbow is attached directly to the flue collar, 6 inches (152 mm)
downstream from the downstream end of the elbow. See Figure 39.5(6).
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Figure 39.5

Chimney connectors — alcove and closet test

O O

6" (1

S2589

1. Center line of thermocouple.

2. Support bracket.

3. Draft regulator.

4. Flue collar.

5. Chimney connector, same nominal diameter as flue collar.
6. Location of stack element of safety control.
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39.1.13 A draft regulator is to be provided for test purposes and located in the chimney connector
outside the test enclosure. See Figure 39.5.

39.1.14 Any built-in draft regulator included as part of the furnace is to be fixed in the position allowing
maximum draft.

39.1.15 The chimney connector is to be connected to a chimney, stack, or exhaust system capable of
imposing the specified draft.

39.2 Airoutlet and inlet

39.2.1 Unle

s the supply plenum is an integral part of the furnace a metal plenum having the same

dimensions a
purposes.

39.2.2 For arI

clearance fro
manufacturer.

39.2.3 Fora
Figure 39.1, a

5 the discharge opening of the furnace is to be provided by the manufac

upflow or downflow furnace, the height or depth of a separate plenum is to bg
the plenum and warm-air duct to surfaces of the test enclosure will be as sp
See Figure 38.4, Figure 39.1, and Figure 39.2.

horizontal furnace, a separate supply plenum is to be arranged as indicated b
nd Figure 39.2.

39.24 The ¢
enclosure by
enclosure are
the space sea

39.25 Thes

through the fu
of the furnace

39.2.6 Form
Area (i

Area (g

old-air inlet and warm-air outlet openings are\to be extended to the outsi
pppropriate duct work. The openings through ‘which the warm-air duct is ca
to be of such size that the edges of the ¢opening will clear the duct 5/16 inch
ed with tape.

‘nace and based on an outpuf-equivalent to 75 percent of the rated input [Btu
Specific heat of air is toe'taken as 0.243 Btu per pound (565 J/kg).

Ilas derived from the-above based on the outlet duct area are as follows:
1.2) = (Btu per.hedr input) x 0.00122

m?) = Watts x 0.0000554

39.2.7 The

tst duct is to be rectangular in shape, with a width approximately equ

correspondingLdi

ze of the outlet duct is to be calculated for a velocity of approximately 900 ferI
minute of stapdard air [0.075 pounds per clbic foot (1.2 kg/m®)] with a 90°F (50°C) te

turer for test

such that the
ecified by the

y Figure 38.4,

le of the test
rried from the
(7.9 mm) and

t (275 m) per
perature rise
per hour (W)]

valent to the

| four to one.

39.2.8 The warm-air duct outlet is to be arranged to discharge away from the cold-air inlet of the furnace;
also away from the air inlet to the test enclosure for closet installation. The inlet and outlet ducts should be
positioned at least 90 degrees apart.

39.2.9 The arrangement and proportions of the outlet duct for upflow and downflow furnaces are
indicated by Figure 38.4.

39.2.10 A horizontal furnace is to be tested with the outlet duct arranged as indicated by Style B, Figure
39.3, but if the manufacturer elects to specify a clearance from the end of the furnace less than obtained
when so tested, the furnace may be also tested with the outlet duct arranged as indicated by Style A. The
opening in the enclosure through which the warm-air duct is carried is to be of such size that the edges of
the opening will clear the duct 5/16 inch (7.9 mm) and the space sealed with tape.
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39.2.11 A thermocouple grid, see 40.6.8, is to be located in each warm-air outlet duct in a plane within 6
inches (152 mm) downstream from the position closest to the plenum where any couple will not see any
surface of the heat exchanger. The duct is to extend at least 6 inches (152 mm) beyond the thermocouple
grid. See Figure 38.4 and Figure 38.7.

39.2.12 The cross-sectional area and shape of the inlet air duct is to be equivalent to the cold-air inlet of
the furnace.

39.2.13 The inlet-air temperature is to be measured by a thermocouple, not heavier than 24 AWG (0.21
mm?), shielded from direct radiation. For alcove installation, the thermocouple is placed centrally 24 inches
(0.6 m) in front of the furnace and 24 inches above the floor of the test enclosure, except for a horizontal
furnace the thermocouple is to be located at an elevation midway between the floor and ceiling of the test

enclosure. Fd
opening into t

40
40.1 Draft
40.1.1 Draft

water column
reading at the

40.2 Fuel input

40.2.1 Thef
(0.004 kg) or

40.3 Power
40.3.1 The't

40.3.2 Anel
measured. Th

40.4 Speed

40.4.1 Mech

Instrumeéntation

r closet installation, the thermocouple is to be placed in the center of the lo
he closet.

is to be measured by a draft gauge which may be read directly to 0.005-ir
and which has an accuracy of £0.0025 inch (x0.064/mm). A gauge is to be ch
beginning and the end of each test.

uel input rate to a burner during a test is\to be determined by a scale accurate
h burette capable of the same resultaft accuracy.

measurement
ptal electrical input to a furnace is to be measured in amperes.

ectrical meter is te-have a maximum scale range of not more than 1-1/2 times
e smallest scalé division is to be not more than 1/50 of the maximum scale ran

measurement

anical* or electronic means are to be used to measure the speed of a

ver ventilating

ch (0.13 mm)
ecked for zero

to 0.01 pound

he value to be
ge.

motor or of a

mechanism d

riven by it. The load imposed by the counter is not to adversely affect m

otor speed. A

stroboscope is recommended for measuring speed of a motor under 1/8 horsepower (93 W output).

40.5 Static pressure

40.5.1

An inclined draft gauge with a pressure tap located as shown in Figure 38.4, is to be used to

measure external static pressure in the outlet plenum. The gauge is to have an accuracy of plus or minus
0.0025 inch (plus or minus 0.064 mm) and is to be capable of being read directly to 0.005 inch (0.13 mm).

40.5.2 The static pressure connection is to consist of one of the arrangements shown in Figure 40.1.
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Figure 40.1

Static pressure pickup arrangements
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40.6 Temperature measurement

40.6.1 Temperatures shall be measured by means of a potentiometer and thermocouples except that the
change-of-resistance method may be used to measure the temperature of motor windings or of coils. The
thermocouples shall consist of wire not larger than 24 AWG (0.21 mm?) and not smaller than 30 AWG
(0.05 mm?). The thermocouple wire shall conform to the requirements specified in the Tolerances on Initial
Values of EMF versus Temperature tables in the Standard Specification and Temperature-Electromotive
Force (emf) Tables for Standardized Thermocouples, ANSI/ASTM E230/E230M.

40.6.2 Where thermocouples are used in the determination of temperatures in connection with the
heating of electrical equipment, it is a standard practice to employ thermocouples consisting of 30 AWG
(0.05 mm?) iron and constantan wires and a potentiometer type of indicating instrument. This equipment
will be used whenever referee temperature measurements by means of thermocouples arg necessary.

40.6.3 Thermocouples are to be placed on surfaces of the test enclosure at various)locatipns as may be
required to dbserve maximum temperatures during tests. Where the chimney\connectpr pierces the
enclosure, temperature measurements on the inside surfaces of the enclosure afe to be mhade 6 inches
(152 mm) away from the chimney connector. Thermocouples are to be_attached to gther pertinent
materials and|parts such as those mentioned in Table 47.1.

40.6.4 A thgrmocouple junction and adjacent thermocouple lead-wire are to be securely held in thermal
contact with the surface of the material whose temperature isdeing measured. In most ¢ases, thermal
contact will result from taping or cementing the thermocouple in place; but where a metal surface is
involved, braZing or soldering the thermocouple to the metalkmay be necessary.

40.6.5 Thermocouples are to be secured to wood surfaces by staples over insulated portion of the wire
and with the tip held in a thermal contact with the surface by pressure-sensitive tape; except that for zero
clearance, theg thermocouples are to be applied to\surfaces of the furnace at points of zero clearance.

40.6.6 Therrocouples are to be attached\to surfaces other than as described above by bg¢ing cemented
or taped to thé surface in a manner to assure thermal contact with the surface.

40.6.7 The [emperature at poinis-on external surfaces of an attic furnace, except the pottom and at
points within 9 inches (230 mm) of the flue collar, are to be determined by a thermocouple attached to the
surface undef a flexible pad‘of fire and heat resistive insulating-material 6 inches (152 mmn) square, 0.4
inch (10 mm) thick, and weighing 1.0 — 1.4 pounds per square foot (4.9 — 6.8 kg/m?).

40.6.8 The flue-gas.temperature is to be measured by a thermocouple, such as illustrated by Figure
40.2, inserted|into:the chimney connector as shown on Figure 40.3. There is to be no draft cpntrol between
the furnace andthe pninf where the flnn_gne temperature ismeasured._If a draft control is | Corporated in

the furnace, it shall be sealed dependably in the position allowing maximum draft during all tests.
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Figure 40.2

Standard thermocouple for flue-gas temperature

11/8
(28.6mm)

5/32" MAX.

1. 20 AWG (0.51
potentiometer or 1

2.1-Leads & No|

ends beveled on tjvo sides.

3.1 -5/16 inch (1
ends over beveleq

4.1 - Small wood
5. 1 — Piece of rul

6. In lieu of indivi
thermocouples m

ot N
(& omrm)

1

SILVER SOLDER OR
WELD JUNCTION.
DO NOT OXIDIZE

.070" MAX
(1.78mm)

(!Aii

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

A152

rthrup Standard 714B, or equal, 1/4 inch (6.4 mm) outside diameter of two-hole porcelain insulator

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

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

ual components described in 1;2.and 3 above, any combination of preassembled parts of tubir
y be used.

h hot junction to

cut to length and

ilator; then crimp

g, insulators and



https://ulnorm.com/api/?name=UL 727 2024.pdf

MAY 20, 2024 UL 727 79

Figure 40.3

Flue gas thermocouple and support bracket
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40.6.9 The |outlet-air temperature in rectabgular ducts connected to forced-air furnaces is to be
measured by |nine thermocouples of identical length wired in parallel. The test duct cross dection is to be
divided into three equal horizontal and.thtee equal vertical areas with a thermocouple located centrally in
each of the n|ne areas thus obtained.\The thermocouple grid is to be located in a plane pgrpendicular to
the axis of air|flow and within 6 in¢hes (152 mm) downstream of the location closest to the [plenum where
any couple wlll see any surface of the heat exchanger. The duct is to extend at least 6 indhes (152 mm)
beyond the thermocouple grid.

41 |Initial Test Conditions

M1 Generrl

41.1.1 The furnace is to be set up for test in the appropriate enclosure and manner described in a
preceding section of these requirements.

41.1.2 A furnace equipped with an air-circulating fan, the capacity of which is intended to be varied only
by the installer, such as with a belt-drive or a motor-speed control, is to be tested with the fan speed
adjusted so that approximately rated air delivery is obtained. This adjustment is to be maintained during
the conduct of all tests described herein.

41.1.3 A furnace equipped with a device intended for manual change or adjustment by the user, such as
a motor speed control or a circulating air damper, the positioning of which could affect the results of the
following tests, is to be tested with the adjustable device in the position(s) likely to develop maximum
temperatures or to disclose malfunction.
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41.1.4 If the results of a furnace test involving the operation of a limit control are likely to be affected by
the temperature of the inlet air, the test is to be conducted under conditions which maintain the inlet-air
temperature between 60 and 80°F (15.6 and 26.7°C).

41.1.5 |If a furnace is to be equipped with air filters, they are to be in place.

41.1.6 Unless otherwise specified in the paragraphs describing the tests, furnaces are to be tested at the
potentials indicated in Table 41.1.

Table 41.1
Test voltages
Nameplate voltage rating Normal test voltage
110 to 120 120
208 208
220 to 240 240
254 to 277 277
440 to 480 480
550 to 600 600
Other Rated

41.2 Furnace equipped with mechanical atomizing burner

41.2.1 The furnace is to be fired at its rated Btu perhour (W) input, 2 percent, with a grade of fuel for
which the burrjer is rated. The draft at the flue collar’is to be as recommended by the manufacturer but not
more than 0.06-inch (1.5 mm) water column forburners fired at 5 gallons (18.9 liters) per hour or less and
not more than| 0.09 inch (2.3 mm) for burners™fired at rates from 5 to 16 gallons (18.9 to §0.6 liters) per
hour.

41.3 Furnace equipped with vaporizing burner
41.3.1 The fyrnace is to be fired at its rated Btu per hour (W) input, 2 percent.

41.3.2 No. 1| fuel oil-having a viscosity conforming to the following is to be used for firihng vaporizing
burners.

Qil viscosity Maximum Mean Minimum
Centistokes at 38°C (100°F) 2.04 1.97 1.90
Centistokes at 25°C (77°F) 244 2.34 2.24

41.3.3 The firing rate at high fire is to be equivalent to the rated input of the furnace.

41.3.4 The pilot-fire burning rate is to be a rate equivalent to the pilot-fire rate obtained at the maximum
allowable setting of the metering device with No. 1 oil plus the valve manufacturer's plus tolerance.

41.3.5 If adjustable oil shut-off controls are provided, they are to be adjusted to the maximum allowed
timing for shut-off.
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41.3.6 The depth of oil in the burner under pooled condition is to be the maximum to be allowed in
production.

41.3.7 The draft at the flue collar is to be as recommended by the manufacturer, which is to be not less
than 0.02-inch (0.5 mm) water column.

41.4 Static pressures for tests

41.4.1 Table 41.2 defines the relation of furnace input to external static pressure, inches (mm) water
column.

Table 41.2
Relation of furnace input to external static pressure
External static pressure inches (mm) water’column?
Temperature of outlet air determined by fnction of limit|control
Input to furnade btu per hour (W) col. | Above 74°C (165°F), col. I 74°C (165°F) or less, col. lll

80,000 gnd under (23,500) 0.12 (3.65) 0.30 (7.62)
Over 80,000 to 100,000

(23)500 — 29,300) 0.15 (3.81) 0.30 (7.62)
Over 140,000 to 200,000

(29,800 - 58,600) 0.20 (5.08) 0.40 (10.1B)
Over 2(0,000 to 375,000

(58,000 — 109,900) 0.25(6:35) 0.50 (12.70)

Over 3[5,000 (109,900) 0.30 (7.62) 0.60 (15.24)

@ For furnaces rlot equipped with air filters, add 0.08 (2:08 mm) to these values. A furnace may be tested at externfl static
pressures in exg¢ess of those specified above, as reeammended by the manufacturer.

42 Combustion Test — Burner and Furnace

42.1 A centnal furnace shall-be_capable of functioning uniformly and reliably without produging excessive
smoke when installed and adjusted in accordance with the manufacturer's instructions.

42.2 When the furnace'is fired at rated input and operated under the conditions of the Temperature Test,
Section 47, Until steady-state combustion conditions of draft, fuel-input rate, and flue-gals temperature
have been e abhshed the smoke in the flue gases is not to exceed that mdlcated by a nurwber 2 spot for
furnaces firing gds indicated on
the Shell-Bacharach Scale W|th the Model RDC Smokemeter When operated as descrlbed above the
stack loss for a furnace is not to exceed 25 percent.

42A Range of Fuels Test — Burner and Furnace

42A.1 In accordance with 37.8, this test shall be conducted on a furnace assembly intended to fire a fuel
oil/biodiesel blend comprised of greater than twenty percent biodiesel (i.e. >B20 biodiesel) or biodiesel
(B100).

42A.2 The furnace assembly is to be set up as defined in the Combustion Test — Burner and Furnace in
Section 42, as applicable.

42A.3 The furnace assembly shall be fired with the highest percentage fuel oil/biodiesel blend (minimum
B21) or B100, the burner excess air, flue gas CO,, or flue gas oxygen shall be adjusted to a level specified
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by the manufacturer in their instructions shipped with the burner for the manufacturer’s rated fuel
oil/biodiesel blend. If the manufacturer’s instructions do not specify an excess, flue gas CO,, or flue gas
oxygen level when operating with the rated fuel oil/biodiesel blend, the burner air/fuel ratio shall be
adjusted to provide 11.5 % flue gas COs,.

42A.4 Without any other adjustment to the burner the fuel supply shall be changed from the rated fuel
oil/biodiesel blend or B100 to No. 2 fuel oil. When operating at steady state, in accordance with 42.2, with
No. 2 fuel oil, the furnace assembly shall meet all requirements of the Combustion Test — Burner and
Furnace described in Section 42.

43 Operation Tests

43.1 A limit [control, when adjusted to its maximum setting allowed by a fixed stop, tshall prevent a
furnace when fested as described herein from delivering air at a temperature in excess of:
a) 2009F (93°C) for an attic, downflow, or horizontal furnace, except as indicated in (d) below.
b) 2009F for a furnace to be tested for alcove or closet installation.
¢) 2009%F for any furnace tested for less than standard clearances,
d) 250fF (121°C) for a forced-air upflow furnace to be tested for standard clearpnces, and a
downflpw or horizontal furnace classified under Forms lll,dla; and Ilib, Table 37.1.
e) The| design outlet-air temperature, if higher thanx250°F for a furnace to be usgd only with a
speciall duct system. See Limit Control Cutout Test,Section 44.
43.2 A furnace fired at rated input shall be capable of continuous operation without the limit control
functioning to| cause reduction in the input when*the furnace is tested as described herein. See the
Continuity of Qperation Test, Section 45.
43.3 During the intended operation of-a.downflow or horizontal furnace from a cold start, the fan control

shall operate
Furnace Test,

44 Limit Control Cutout Test

441 The au

stop and to thg maximum indicated differential setting. An auxiliary limit control, if adjustable,

the minimum &

fo prevent reverse air.flow through the furnace. See the Airflow, Downflow,
Section 46.

llowable setting.

or Horizontal

omatic-reset type limit controls to be adjusted to the maximum setting allowgd by its fixed

is to be set to

442 A furnace designed for distributing air through a special duct system is to be tested while
maintaining a static pressure not more than the designed value.

44.3 The furnace is to be placed in operation. Each outlet air duct is to be restricted symmetrically until
the limit control functions. The restriction is to be removed to permit return of the furnace to the intended
operation. The outlet air duct is then to be restricted to obtain an outlet air temperature 10°F (5.6°C) below
that which will cause the limit control to function. If this restriction results in a static pressure greater than
specified in Table 41.2, the restriction is lessened sufficiently to obtain a static pressure as specified in
Table 41.2. No further adjustment of the outlet air duct restriction is to be made throughout this test.

44 4 A preliminary test is to be made to determine the degree of blocking of the cold-air inlet required to
produce the air temperature that will cause the limit control to function.


https://ulnorm.com/api/?name=UL 727 2024.pdf

MAY 20, 2024 UL 727 83

445 The cold-air inlet blocking is then to be relieved sufficiently to permit continuous operation of the
furnace on high fire and the furnace operated until substantially equilibrium outlet-air temperature is
obtained.

44.6 The cold-air inlet is then to be gradually blocked over a period of 10 minutes until any automatic-
reset type limit control acts to shut off the main burner flame. During this test an auxiliary limit control is not
to function. The outlet-air temperature (T, ) at the instant any automatic-reset type limit control functions is
to be measured. The temperature thus obtained is not to exceed the appropriate value specified in 43.1.

44.7 The furnace is to be allowed to operate until it recycles on the limit control. An auxiliary limit control
is not to function. The temperature obtained is not to exceed the appropriate value specified in 43.1 at the
time the limit control functions.

45 Continulty of Operation Test

451 Eachli e furnace is to

be placed in g

Mit control is to be bypassed to permit continued operation during this test. Th
peration.

45.2 Each v
external statig

45.3 Opera

o}
inlet-air tempirature (T4) and the outlet-air temperature (T,) ate'to be measured. For this te
T,) is to be measured by a thermocouple located’in the center of the inlet-air duict.

temperature (

45.4 During

arm-air duct outlet of a forced-air furnace is to be restricted” symmetrically

n of the furnace is to be continued until equilibribm outlet-air temperature is

this test, the firing of the furnace is noef\to be interrupted by the functioning

pressure in the supply plenum of the appropriate value indicated in Table 41.2.

0 maintain an

obtained. The
st, the inlet-air

bf any control,

and is to be in conformance with 43.2.

T, minus T, is to be hot more than T minus 70°F (39°C)

where:
T, = infet-air temperaturein‘this test, °C or °F
T, = olitlet-air temperature in this test, °C or °F
T, = olitlet-air temiperature at which limit control functioned in the Limit Control Cutout Test, Section
44, °Clor °F.
45.5 During|the’test the total furnace electrical input and the electrical input of each component, except

those having a pilot duty rating only, are to be measured.
46 Airflow, Downflow or Horizontal Furnace Test

46.1 This testis to be conducted on downflow and horizontal furnaces only. See 43.3.

46.2 For a downflow furnace, a rectangular duct the same size as the inlet-air opening of the furnace is
to be attached to the return-air inlet of the furnace and extended vertically, using a 90-degree elbow if the
furnace has only a side inlet-air opening, to a distance of 7-1/2 feet (2.29 m) above the floor of the test
structure. For a horizontal furnace, a rectangular duct the same size as the inlet-air opening of the furnace
is to be attached to the return-air inlet of the furnace and extended vertically by a 90-degree elbow to a
distance of 6 feet (1.83 m) above the top of the return-air opening of the furnace. The furnace is to be
arranged to operate against an external static pressure as specified in Table 41.2. Any fan or limit control,
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if adjustable, is to be adjusted to the maximum temperature setting allowed by a fixed stop and minimum
differential.

46.3 Air temperature is to be measured by three individual bead-type 24 AWG (0.21 mm?)
thermocouples located in the plane of the return-air (inlet-air) opening of the furnace. For a downflow
furnace, the thermocouples are to be on the horizontal centerline of the return-air opening. For a horizontal
furnace the thermocouples are to be on a horizontal line one-third of the distance below the top of the
return-air opening of the furnace. One thermocouple is to be located 1 inch (25 mm) from one side of the
opening, one at the center, and the other 1 inch from the opposite side of the opening.

46.4 The furnace is to be adjusted for firing at rated input, and if a pilot is used it is to be adjusted for
minimum normal input. Starting with the furnace at room temperature, the pilot, if used, is to be lighted and
allowed to bufn for 15 minutes. The furnace is then to be fired and allowed to operate until the blower
becomes operative.

46.5 The maximum temperature indicated by any one of the three thermocouples at |the return-air
opening of the|furnace is not to exceed 90°F (50°C) above room temperature priorto functiofing of the fan
control to cause air to be circulated in the normal direction. A limit control is\not to function fo shut off the
burner, excep{ an automatic-reset type limit control may function to cause one cycle of the purner before
the fan control[functions.

47 Temperature Tests

471 Generdl

47.1.1 When a furnace is tested in accordance with\these requirements, see Sections 48|— 56, no part
shall attain a temperature sufficient to damage required corrosion protection, to adversely affect operation
of safety contfols, to impair the value of requiredithermal or electrical insulation, nor to cajuse creeping,
distortion, sagging, or similar damage if such'damage to the material or part may cause the furnace to
become unsafe for use. The temperature rises at specific points shall be not greater than those specified
in Table 47.1 ynless otherwise indicategd-

Table 47.1
Maximum temperature rises
Column 1 Clolumn 2
Device or material °C (°F) °C (°F)
A. Motor®®
1. Class A insulatien-systems-on-ceilwindings-ef-alternating-current
motors having a frame diameter of 7 inches (178 mm) or less (not
including universal motors).
a. In open motors —
Thermocouple or resistance method 75 (135) 115 (208)
b. In totally enclosed motors —
Thermocouple or resistance method 80 (144) 115 (208)
2. Class A insulation systems on coil windings of alternating-current
motors having a frame diameter of more than 7 inches and of direct-
current motors and universal motors.
a. In open motors —
Thermocouple method 65 (117) 115 (208)

Table 47.1 Continued on Next Page
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Table 47.1 Continued

Column 1 Column 2
Device or material °C (°F) °C (°F)
Resistance method 75 (135) 115 (208)
b. In totally enclosed motors —
Thermocouple method 70 (126) 115 (208)
Resistance method 80 (144) 115 (208)
3. Class B insulation systems on coil windings of alternating-current
motors having a frame diameter of 7 inches or less (not including
universal motors).
a. In opgn motors —
Thermocouple or resistance method 95 171) 140 (252)
b. In totglly enclosed motors —
Thermocouple or resistance method 100 (180) 140 (252)
4. Class B ifsulation systems on coil windings of alternating-current
motors havipg a frame diameter of more than 7 inches and of direct-
current mot@rs and universal motors.
a. In opgn motors —
Thermocouple method 85 (153) 140 (252)
Resistance method 95 (171) 140 (252)
b. In totplly enclosed motors —
Thermocouple method 90 (162) 140 (252)
Rekistance method 100 (180) 140 (252)
B. Components|
1. Capacitofs
Electrolytic type® 40 (72)
(Not specified)
Other tyfpes® 65 (117)
2. Field wiri]\g 35 (63) 60 (108)
3. Relay, solenoid, and other coilsWith:®
a. Clasg 105 insulated windings —
Thermocouple method 65 (117) 115 (208)
b. Clasg 130 insulated windings —
Thermaecouple method 85 (153) 140 (252)
4. Sealing cpmpounds 40°C (104°F) or 72°F less than it melting point
5. Transformer enclosures® —
a. Class 2 transformer 60 (108) 85 (153)
b. Power and ignition transformers 65 (117) 90 (162)

C. Insulated Conductors®f

1. Appliance wiring material

75°C rating 50 (90) 65 (117)
80°C rating 55 (99) 70 (126)
90°C rating 65 (117) 80 (144)
105°C rating 80 (144) 95 (71)
200°C rating 175 (315) 200 (360)

Table 47.1 Continued on Next Padge
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Table 47.1 Continued
Column 1 Column 2
Device or material °C (°F) °C (°F)
250°C rating 225 (405) 250 (450)
2. Flexible cord —
Types SO, ST, SJO, SJT 35 (63) 60 (108)
3. GTO cable 35 (63) 60 (108)
4. Wire, Code 25°C (45°F) less than Temperature rating in
temperature rating in National Electrical
National Electrical Code, ANSI/NFPA 70-
Code ANSHNFPATO- 1993
1993
D. Electrical Insylation — General’
1. Class C electrical insulation material Not,specified
2. Class (180) electrical insulation material As détermined by test
3. Fiber useq as electrical insulation or cord bushings 65 117) 90 (162)
4. Phenolic domposition used as electrical insulation or as part the 125 (225) 150 (270)
deterioration|of which may result in a risk of fire or electric shock
5. Thermoplastic material 25°C°((7°F) or 45°F less than its temperature rating
6. Surfaces ¢f test enclosure (ceiling, walls, and the like) 50 (90) 97 (175)
E. Metals
1. Aluminum|Alloys
a. 1100 183 (330) 239 (430)
b. 3003 239 (430) 294 (530)
c. 2014,2017, 2024, 5052 294 (530) 350 (630)
2. Aluminum}Coated Steel? 656 (1180) 767 (1380)
3. Carbon Steel Sheet, Cast Iron 517 (930) 683 (1230)
4. Carbon Steel-Coated with Type A19 Ceramic 572 (1030) 683 (1230)
5. Galvanizef Steel 267 (480) 350 (630)
6. Stainless pteel
Types 302, 303, 304, 346,321, 347 767 (1380) 878 (1580)
Type 309 961 (1730) 1072 (1930)
Type 31 1017 (1830) 1128 (2030)
Type 40% 683 (1230) 795 (1430)
Types 403, 409, 410, 416 572 (1030) 683 (1230)
Type 430 71 (1280) 822 (1480)
Type 442 877 (1580) 933 (1680)
Type 446 961 (1730) 1072 (1930)
7. Zinc Castings 89 (160) 145 (260)
F. General
1. Air Filter 50 (90) 97 (175)
2. Flue gases 517 (930) 738 (1330)
3. Qil inconstant level valve or tank 14 (25) 22 (40)
4. Surfaces of unit at points of zero clearance to test structure 50 (90) 97 (175)

Table 47.1 Continued on Next Page
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Table 47.1 Continued

Column 1 Column 2
Device or material °C (°F) °C (°F)
5. Surface of floor beneath and within 3 feet (0.91 m) of unit to be 50 (90) 97 (175)
classified for installation on combustible floors
6. Surfaces of test enclosure (ceiling, walls, and the like) 50 (90) 97 (175)

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

® Coil 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 or 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-curre - t - f f t ; pcouple is to be
mounted on thelintegrally applied insulation on the conductor. At a point on the surface of a coil (not including universal motors)
where the tempgrature is affected by an external source of heat, the temperature rise measured by a thermacouple may exceed
the indicated maximum by the following amounts, provided that the temperature rise of the coil as measured-by the resistance
method is not more than specified in the table.

1) 5°C (9°F) for Column 1 limits for Class A insulation on coil windings of alternating-current motors having a djameter of 7
inches (178|mm) or less, open type;

2) 10°C (18]F) for Column 1 limits for Class B insulation on coil windings of alternating-Current motors having @ diameter of 7
inches or legs, open type;

3) 15°C (27{F) for Column 1 limits for Class A insulation on coil windings of alterhating-current motors having 4 diameter of
more than 7inches, open type; or

4) 20°C (36]F) for Column 1 limits for Class B insulation on coil windings.of alternating-current motor having adiameter of
more than 7Jinches open type.

¢ For an electrolytic capacitor which is physically integral with or attached to a motor, the temperature rise on insulating material
integral with thel capacitor enclosure may be not more than 65°C (147F).
4 A capacitor which operates at a temperature higher than a 65°Gtise may be judged on the basis of its marked tefnperature
rating.
9 The limitationd on phenolic composition and on rubber and thermoplastic insulation do not apply to compounds which have been
investigated andl found to have heat resistant properties.
" When the refldctivity of aluminum-coated steel is utifized to reduce the risk of fire, the maximum allowable tempefature use is
830°F (461°C).

" The specified haximum temperature uses apply if the galvanizing is required as a protective coating, or the reflegtivity of the
surface is utiliz4d to reduce the risk of fire:

48 Continupus Operation Test
48.1 Each limit controlis to be bypassed to permit continued operation during this test.

48.2 If the inletair temperature is not higher than 77°F (25°C) but not less than 73°F (231C), the outlet-
air temperatuL-ﬁ-WwW@ﬁ%ﬁj—Esﬁhmﬂmmmm-control-cutout

test. If the inlet-air temperature is higher than 77°F, the outlet-air temperature is to be adjusted to 5°F less
than that measured during the Limit-Control-Cutout Test plus the difference between the observed inlet-air
temperature and 77°F.

48.3 The outlet-air temperature is to be established by a gradual symmetrical restriction of the outlet and
inlet air ducts until the outlet-air temperature reaches the value specified above, plus or minus 5°F (3°C).
The static pressure in the supply plenum of a forced-air furnace is to be the appropriate value indicated in
Table 41.2.

48.4 Firing of the furnace is to be continued until equilibrium temperatures are attained as evidenced by
no changes in temperature rises for three consecutive readings taken 15 minutes apart at observed
maximum temperature points.
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48.5 During this test, the temperature rise above room temperature for any item is not to exceed the
value indicated for such item in Column 1, Table 47.1. See 47.1.1.

48.6 During this test, the temperature rise on external surfaces of a furnace intended for installation in an
attic, measured in accordance with 40.6.6 is not to exceed 90°F (50°C) above room temperature.

49 Blocked

49.1

Inlet Test

The bypass is to be removed from any limit controls and they and any fan controls are to be

adjusted to the maximum temperature setting allowed by a fixed stop and minimum differential.

49.2 The furnace is to be fired and the flow of circulating air requlated to maintain

an outlet-air

temperature, ¢
of the furnace
indicated in Ta

49.3 The fur
Then the furn
equilibrium te
manual-reset |

49.4 During

nough below that required to operate the limit control, which will allow continu
, maintaining a static pressure in the supply plenum not more than the.app
ble 41.2.

hace inlet-air opening or filter is to be gradually restricted until the limit con
ace is to be allowed to cycle on the limit control, if of the.automatic-res
mperatures have been attained. If the furnace is of the‘typé equipped wit
mit control, the test is to be continued until maximum temperatures are attaine

this test, the temperature rises above room temperature are not to excesg

specified in Column 2 of Table 47.1 during the period terminating 1 hour after the first shut-

the limit contr
Table 47.1 ex
temperature d

49.5
functions duri
exceed the va

50 Fan Failu
50.1
50.2 The cir
motor shaft, in

is then allowe
equipped with

Dl. Thereafter, the temperature rises are not to exceed the values specified
Cept that a motor may attain a temperaturé’not in excess of 115°C (208°F
Liring any part of this test. See 47.1.1.

If the furnace is of a type equipped with~an auxiliary manual reset limit control an
ng this test, the temperature rises above inlet-air temperature during the test are not to

ues specified in Column 2, Table 47.1. See 47.1.1.

re Test

The furpace is to be operated under the conditions described in 49.1 and 49.2 to begir

Culating-aif2fan drive is to be disengaged unless the fan is directly attached
which case the fan motor only is to be disconnected from the electrical circui
i to be cycled by the limit control if of the automatic-reset type. If the furnace

ous operation
ropriate value

trol functions.
et type, until
h an auxiliary
d.

bd the values
bff effected by
in Column 1,
above room

d the control

this test.

to the driving
. The furnace
is of the type
htil maximum

anvauxiliary manual-reset limit control, the test is to be continued u

temperatures

50.3

are-attaimed:

If the furnace is of a type equipped with an automatic-reset limit control only, the temperature rises

above room temperature are not to exceed the values specified in Column 2, Table 47.1 during the period
terminating 1 hour after the first shut-off effected by the limit control. Thereafter, the temperature rises are
not to exceed the values specified in Column 1, Table 47.1, except that a motor may attain a temperature
not in excess of 115°C (208°F) above room temperature during any part of this test. See 47.1.1.

50.4 If the furnace is of a type equipped with an auxiliary manual-reset limit control and the control
functions during this test, the temperature rises above room temperature during the test are not to exceed
the values specified in Column 2, Table 47.1. See 47.1.1.

50.5 If the furnace is equipped with a vaporizing burner which may be ignited from a pooled condition,
the following additional test is to be conducted.
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