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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 standard grade fuel oils as specified in the

Specifications

for Fuel Oils, ASTM D396.

1.3 The oil-bd
with the Natio
the Internation

rning equipment covered by these requirements are intended for installation
hal Fire Protection Association Standard for Installation of Oil-Burning EQuipm
al Mechanical Code and the Uniform Mechanical Code.

2 Units of Measurement

2.1 Values st
approximate i

3 Glossary
3.1 Forthe p

3.2 AIR SHUJ
and/or second

3.3 ANTIFLO
a rise in fuel Ig
can occur.

3.4 APPLIAN
otherwise.

3.5 APPLIAN

3.6 AUTOMA
on and ignited

pted without parentheses are the requirement. Values in«parentheses are
pformation.

irpose of this standard the following definitions apply.

[ TER — An adjustable device for varying the size of the air inlet or inlets regy
ary air.

DDING DEVICE — A primary sdfety control which causes the fuel flow to be
vel or upon receiving excess\fuel, and that operates before the hazardous dis
CE — Refers to any‘\equipment covered by these requirements unless spe

CE FLUE —Thé flue passages within the appliance.

autornatically.

in accordance
ent, NFPA 31,

bxplanatory or

lating primary

shut off upon
charge of fuel

cifically noted

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

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.
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3.8 BURNER, MECHANICAL DRAFT TYPE — A burner that includes a power-driven fan, b
mechanism as the principal means for supplying air for combustion.

lower, or other

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 bow! or othe
which liquid fuel may be fed in controllable quantities; the heat of combustion being used t

r receptacle to
o vaporize the

fuel, with provision for admitting air and mixing it with the oil vapor in combustible proportions.

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

Heat Producing Appliances, NFPA 97M.

3.12 CONSTANT-LEVEL VALVE — A device for maintaining within a reservoir a constant’}
delivery to thg burner.
3.13 CONTROQL, LIMIT — As it pertains to this standard, a safety control résponsive

temperature normally set beyond the intended operating range of the furnace to limit its o
3.14 CONTROL, OPERATING — A control, other than a safety controk or interlock, to st
input accordirlg to demand, and to stop or regulate input on satisfaction of demand. Ope
may also actuate auxiliary equipment.

3.15 CONTROL, SAFETY — Automatic controls, including relays, switches, and other auxili
used in conjunction therewith to form a safety control system, that are intended to red(
improper opetation of the controlled equipment.

3.16 CONTR
abnormal disd

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

3.17 CONTROL, SAFETY COMBUSTION\—See Control, Primary Safety.

3.18 DRAFT|REGULATOR, BAROMETRIC (AUTOMATIC DAMPER) — A device tha
maintain a depired draft in the appliance by automatically reducing excess chimney draft
value.

3.19 ELECTRICAL CIRGUITS:

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

bvel of fuel for
o changes in
eration.

hrt or regulate

rating controls

ary equipment
ce the risk of

ce the risk of

t functions to
to the desired

and having

b) Low-Voltage Circuit — A circuit involving a potential of not more than 30 volts rms alternating-

current (42.4 volts peak) or direct current and supplied by:

1) A 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.
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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.

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

3.20 FUEL OIL — Any hydrocarbon oil as defined by Specifications for Fuel Oils, ASTM D396-86.

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

3.22 FURNACE, ATTIC CENTRAL — A forced-air type central furnace designed specifically for installation

in an attic or i

3.23 FURNA(
furnace essen

MY | =8 Al 1l raal
Ta opaAvT WL TUVV TTCAUTUUITTT, TTUTTTITAITy UlTTuLvUVUpPITuU.

CE, DOWNFLOW - A forced-air type central furnace constructed with @ir flo
tially in a vertical path, discharging air at or near the bottom of the furnace. §

w through the
ee Figure 3.1.
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Figure 3.1
Types of forced-air central furnaces
UPFLOW FURNACE HORIZONTAL FURNACE
BLOWER
K\\~ DOWKFLOW FURNACE
BLOWER -

| BLOWER
UPFLOW FURNACE T

' |
)

- B ‘ o

(]

BLOWER

S2590 Note: Arrows indicate direction of air flow.

Note: Arrows indicate direction of air flow
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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 RADIAT
adjacent obje

3.29 RADIAT]
chamber and

3.30 SERVIC
air, fuel, press
replacement
servicing. Son

a) Cle¢aning or replacing nozzles, atomizers, and pilots.

b) Se

c) Cle

3.31 VALVE,

completely tufning on or shutting off the oil supply to the burner.

3.32 VALVE,

oil valve for controlling-the fuel supply to a burner.

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

DR — Auxiliary heat transfer surfaces within the casing, connected between t
the flue collar.

NG — The periodic tasks usually performed to operate and maintain an appl
ure, and temperature regulation, cleaning, lubrication,-and resetting of contrg

pf parts other than those expected to be renewed™periodically is not con
he examples of servicing are:

tting ignition electrodes.

aning strainers or replacing strainer or filter element.
setting safety control.

placing igniter cable.

MANUAL OIL SHUYT-OFF — A manually operated valve in the oil line for t

OIL CONTFROL — An automatically or manually operated device consisting es

a) Mg

surfaces and

ne combustion

ance, such as
Is. Repair and
sidered to be

he purpose of

sentially of an

tering (Regulating) Valve — An oil control valve for regulating burner input.

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.

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.
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4 Components

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

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

a) 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 intendeg

use.

4.4 Specific

mponents are incomplete in construction features or restricted in‘performand

conditions of

e capabilities.

Such compongnts are intended for use only under limited conditions, such as. certain temperatures not

exceeding sp
CONSTRUCT]
5 Assembly
5.1 A furnaceg
necessary for

or more majo

5.2 A furnace

cified limits, and shall be used only under those specific conditions.

ION — MECHANICAL

its intended function when installed as intended. An oil-fired furnace may be 4
subassemblies.

if not assembled by the manufacturer as a unit, shall be arranged in major s

Each subassémbly shall be capable of being incorporated into the final assembly wit

alteration, cutf
installer. Two
installation o
incorporated i
alteration or g
as one eleme

br more subassemblies, that‘ must bear a definite relationship to each other fg
operation of the furnace, shall be arranged and constructed to perm
nto the complete assembly, only in the correct relationship with each other w
ignment, or such subassemblies shall be assembled, tested, and shipped fr
nt.

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

a) Th

e burner;

shall be factory-built as a group assembly and shall include all the essential components

hipped as two

Lbassemblies.
hout requiring

ing, drilling (except to the extent indicated in 5.3), threading, welding, or similar tasks by the

r the intended
t them to be
thout need for
bm the factory

b) The heat exchanger, including its base, combustion chamber, casing, and safety controls;

c) The blower assembly, including the base, filters, and casing; and

d) The blower motor if not included as part of the blower assembly.

A wiring harness may be packaged with one of the major subassemblies.
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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, e!r thl ;\J ohuulr\, T ;Iljuly tU METOoVUINO, ;O IIUt IUHU;IUd.

5.7 A horizon}al furnace intended for suspended installation shall be provided with bracketg 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 Adjustabl¢ or movable parts shall be provided with locking devigesto reduce the risk gf unintentional
shifting.

5.10 Screws ¢r bolts used to attach parts that are detached for care or servicing of the appliance shall be
capable of hplding 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
American sfandard screw size Torque 1.S.0. screw 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 2.6 23
10 4.8 30 3.4 5 4.2 37
Inch mm
1/4 6.4 100 11.3 6 8.7 77
- - - - 7 15.0 133
5/16 7.9 200 22.6 8 235 208
- = = = 9 33.6 297
3/8 9.5 350 39.6 10 45.2 400
7/16 11.1 575 65.0 12 81.0 715
1/2 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 external door providing access into the combustion chamber of a furnace intended for
installation with a clearance of less than 24 inches (610 mm) from the face of or 48 inches (1220 mm)
above the door shall be self-closing.
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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.

c) 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

cond
5.13 A burne
5.14 A furnad
level, the min
control device
mm).
6 Servicing

6.1 General

6.1.1 A furna

IIOGt;UII |||a_y UU::UU{.
shall be secured so it will not twist, slide, or drop out of position.
e equipped with an antiflooding device shall be constructed so, that, when

mum distance between the designed maximum intended oil level maintai
and the level of the lowest point at which overflow may occurisnot less than

Le shall be provided with means of accessfor cleaning of parts such as inter

vaporizing bufners, heating surfaces in contact with combustion products, oil inlet pipes, an

without major

dismantling of the furnace or removal,of parts required to be factory-assemb

6.1.2 There

oval of access panels, burners\blowers, caps, plugs, and the like, permittin

replacement {or servicing, and the detachment of the chimney connector are not con
dismantling ag defined by 6.1.1.

the furnace is
hed by the oll
3/4 inch (19.1

or surfaces of
d oil strainers,
led.

j removal and
sidered major

6.1.3 Accessipility shall be afforded’ for cleaning, inspection, repair, and replacement
controls, and| safety devices (wWhen the furnace is installed as intended by the mandfacturer. The
disposition of |parts in the assembly removed for servicing shall be such that their restorgtion, following

removal, will

ot necessitate their realignment to secure their intended relationship with ot

f all burners,

r parts of the

assembly. Spgcial facilities required for servicing to be performed by the operator shall agcompany the
furnace and bg attached to or placed, per instructions, near the furnace at the time of installation.

6.1.4 The requirements of 36.1 are not applicable to mechanical service functions which a

not normally

performed with the equipment energized. Such functions include adjusting or replacing belts and cleaning
and replacement of strainers and oil filters.
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6.2 Moving parts

6.2.1 Moving parts such as fan blades, blower wheels, pulleys, or belts which may cause injury shall be

enclosed or guarded.

6.2.2 If the removal of doors or panels or shields will expose such moving parts:
a) The opening or removal of the door, panel or shield shall require the use of too
b) An interlocking 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 (EQUl
BEFQRE (REMOVING-OPENING) THIS (COVER DOOR).”

6.2.3 The disfance from an opening in a required guard or enclosure to the, moving pari

Is; or

PMENT)

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 betwe
values includgd in the table, the distance from the opening to the moving part shall be not

en two of the
less than that

found by apprppriate interpolation between the corresponding values-in‘the right-hand colunin of the table.

The minor dimension of the opening is determined by the largestdiemispherically tipped cy
that can be inperted through the opening with a force of 5 pourids (22 N).

lindrical probe

6.2.4 A moving part is not to be considered when judging eompliance with 6.2.1 and 36.{l if the part is

unlikely to be [contacted through the opening because of\fixed components, including bafflgs.

Table 6.1
Dimensions of openings

Minor dimensions of openings? Minimum distance from opening to moying part
Inches (Mm) Inches (mm)
14 (6.4) 1/2 (147)
38 (9.5) 1-1/2 (38.1)
12 (12.7) 2-1/2 (635)
Y4 (19.1) 4-1/2 (114.0)
(25.4) 6-1/2 (16%.0)
1-11/2 (38.1) 10-1/2 (267.0)
4 (50.8) 14-1/2 (368.0)
Over 2 inch (over 50.8) 30 (762.0)

2 Openings less than 1/4 inch (6.4 mm) are not to be considered.
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7 Disposal of Combustion Products

7.1 The construction of a furnace shall not allow the products of combustion to become mixed with the
circulating air.

8 Base

8.1 The base of a furnace shall be constructed of metal or fabricated of other nonflammable material in
a manner to provide equivalent strength and durability. The assembly shall be constructed so that there
will be no open passages in the floor through which flame or hot gases from a fire originating in the space
below the floor can travel to the room above when the furnace is installed as intended.

By areed z the furnace in
the intended position only and in a manner that will establish and maintain correctly the)position of the
furnace with rgspect to the subbase.

8.3 The base|and subbase of a downflow furnace intended for installation on flammable flgoring material
shall establisif and maintain not less than the required clearance between vertical surfaces|of the plenum
or duct to be attached thereto and the floor construction. A spacer shall extend at least 3 irjches (76 mm)
below the uppler surface of the floor on which the furnace is to be installed.”An acceptable base design is
shown in Figure 8.1.
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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 latte

9 Casings

9.1 An outer
to avoid damg
of steel havin
galvanized, of
mm).

9.2 Access p
removal and 1

r type of construction is shown in Figure 8.2.

Figure 8.2
Unacceptable base construction for downflow furnace

[
SEPARATE SHIM OUTER CASING OF FURNACE
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DuUCT
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N

FLOOR

£

3 INCHES
(76.2mm)

SEPARATE SHIM -
OR BLOCK

JOIST

REQUIRED, CLEARANCE

52592

ge through handling-in shipment, installation, and use. Sheet metal casings
g a minimum thickhess 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 0.

hnelsswhich may be removed for servicing and accessibility shall be constry

eplacement repeatedly without causing damage or impairing any required in

Casing or jacket shall be made of steel or equivalent material, braced, reinforiced or formed

shall be made
(0.58 mm) if
D29 inch (0.74

cted to permit
sulating 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.
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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.

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 conne
constructed td

9.9 An acces

£ bai: YN [N S k. PN H ol 1 H lods
LTUTT JOULVWTOTUTT UTC TTTCAU TAUIT IClIIyUI Aarfu ure UGOIIIH vwinuln CTivivoT o uitTuuratln

prevent leakage of combustion products into the circulating air.

5 opening to a return-air compartment shall be completely covered,

9.10 A centrd| furnace shall provide for the attachment of warm-air outlet and cold-air retu

Exception: A
return air duc

9.11 An inted
outlet-air oper
the openings

10 Radiation

10.1 A radiat
intended posi
against corros
accordance w|
damaged by H

11 Materials

11.1 Material
spread rating
for Test for S
apply to the fq

furnace arranged for a specific kind of installation permitted to be made w.
s may be tested for such restricted use.

ral plenum of a furnace for alcove or closet installation shall have not
ing unless each additional opening is provided.with means supplied at the
n the casing and any insulation or liner.

Shields or Liners

on shield or liner shall be so constructed, formed, and supported so as to j
ioning and to prevent distortion\or sagging in service. A shield or liner shal
ion if its deterioration may~cause excessive temperature when the furnag
th these requirements. Any-finish to obtain the required resistance to corrosic
eat when the furnace js‘tésted under these requirements.

in Air Handling (Compartments

5 in a compatiment handling air for circulation through a duct system shall no

urface\Budrning Characteristics of Building Materials, UL 723. This requirer
llowing:

g air shall be

rn ducts.

thout outlet or

rlore than one
f

ctory to close

rovide for the
| be protected
e is tested in
n shall not be

have a flame

pver 25 nof-a smoke developed rating over 50 when tested in accordance with the Standard

hent does not

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

b) Gaskets forming air or water seals between metal parts.

¢) 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,

compl

ies with the requirement.
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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.

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) Lo
those

b) Lo

circuijng, or grounding.

Leading edge]
moving air.

11.5 Mechan
(0.09 m?) unle
because of it
equivalent. B
damage from

11.6 An adhg

attained by th¢ adhesive when the unit is tested’under the performance requirements of thig

at 0°F (minus

11.7 Polymer|

conform to the¢ Flammability Test requirements of Section 57.

bsening may reduce or block air flow to cause temperatures or pressures ‘in
acceptable in the temperature tests; or

psening will result in reduction of electrical spacings below the required valug

5 of insulation shall be protected against damage from the effects of the

cal fasteners for securing the insulating liner in p@sition shall be used for ea
ss the liner is retained in position under all test.conditions by a lesser numb

5

D
tting edges of insulation against bulkheads-provides protection for leading
effects of the velocity of moving air.

sive required for securing insulation’ shall retain its adhesive qualities at an

17.8°C) or minus 20°F (minus-29°C) for outdoor-use equipment.

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

excess of

bs, short-

elocity of the

ch square foot
br of fasteners

inherent rigidity. Mechanical fasteners may.be volts, metal clamps, wirg rods, or the

pdges against

y temperature
standard and

ing 25 or shall
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12 Air Filters

12.1 An air filter, if supplied as a part of the furnace, shall be accessible for inspection or replacement
without the use of special tools and without dismantling the furnace.

13 Combustion Chambers

13.1 A combustion chamber and flueway within the air handling compartment shall be constructed of cast
iron, sheet steel, or equivalent material. Sheet steel, if used, shall be such as to provide the strength,
rigidity, durability, resistance to corrosion, and other physical properties equivalent to sheet steel having
a minimum thickness of 0.042 inch (1.07 mm).

13.2 Combustierehambertfireboxgtniaegm ter— d—shalbe-see eeH e rehaccessible for
replacement with equivalent material.

14 Radiators

14.1 A radiatpr shall be made of material not lighter than that designated ‘in 13.1 for [a combustion
chamber and ghall be accessible for cleaning.

15 Heating Surface Joints
15.1 Joints in heating surfaces shall be welded, locked-seamed, ‘machined and bolted dr riveted. The
tightness of aljoint 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 itsdlf for strength.

15.2 Examplgs of some acceptable lock-seams are jllustrated by Figure 15.1.
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Figure 15.1
Types of acceptable lock-seams

7 £

FOLD LOCKED DOUBLE LOCK OFFSET
STANDING SEAM DOUBLE SEAM

- = | 5| g — ..

AQCME LOCK CORDON SEAM POCK SEAM

£D100

16.1 A baffle|in a flue-gas passage or otherwise exposed to combustion products shall be fixed in
position. A flue baffle shall be made of material having resistance to corrosion equivalent to AISI 1010
hot-rolled shegt steel having a minimum:thickness of 0.042 inch (1.07 mm) unless its deteripration will not
cause excess|ve temperatures when thefurnace is tested in accordance with these requir¢gments.

16.2 A flue bgffle shall be acceSsible for cleaning. A flue baffle that is removable for clegning shall be
such as to fadilitate its remoyal~and permit replacement only in its intended position.
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17 Flue Collars

17.1 A flue 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).

18 Dampers

18.1 An adjy
minimum ope
at minimum b

18.2 An autoinatically operated damper shall maintain the intended damperopening at al

arranged to p

18.3 A furnac
regulator to bg
in pressure be

CONSTRUCT]
19 Controls
19.1 Applica

19.1.1 A safe
A safety contr

19.1.2 ltis th
ground will no
other than dej

19.1.3 The re
such circuit to

and-Braft Regtiators
stable damper shall be equipped with minimum and maximum opeératin
ating stop for such damper shall be located to obtain sufficient air for cemple
irner input.

event starting of the burner unless the damper is in the intended position fof
e to be equipped with a barometric draft regulator shall\be designed so as no
tween the air in the vicinity external to the regufator and the combustion air
ION - ELECTRICAL

ion

by control circuit shall betwe-wire, one side grounded, having a nominal ratin
pl or protective device.shall interrupt the ungrounded conductor.

e intent of the requirement in 19.1.1 that a short circuit or combination of s
render a safety ¢ontrol or protective device inoperative. Safety control circuit
scribed in 19.1+1 may be acceptable if they accomplish the intent of this requ

quirement of 19.1.1 does not apply to a circuit within a safety control or to th
a separate element of the control, such as a flame-sensing device.

g stops. The
te combustion

times and be
starting.

to require the

installed in a false ceiling, in a different room, or in’any manner that will pernpit a difference

supply.

g of 120 volts.

hort circuits to
arrangements
irement.

e extension of

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

19.1.5 All safety controls shall be accessible.
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19.1.6 A safety control shall be supported so that it and its sensing element will remain in their intended
positions. It shall be possible to determine by observation or test whether or not each control is in its
intended location.

19.1.7 Nothing shall be provided for the purpose of permitting any safety control to 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 furnLce shall be provided with a limit control to prevent excessive temperature:

19.2.2 The n
temperature 9

19.2.3 An au
auxiliary limit

19.2.4 A dow
return air duct
48.

19.2.5 A limif
electrical circy
mechanism is

19.2.6 The pI

controls, the f
a limit control

naximum setting of a limit control allowed by a fixed stop shall permit
f not more than that indicated in 43.1.

omatically lighted furnace shall be provided with an automatie¢reset type lin
control may be of manual-reset type.

hflow or a horizontal furnace shall be controlled to dimit the air temperature
opening under conditions of reverse air flow. Seé/he Continuous Operation

control which functions to interrupt thecdelivery of fuel for combustion b
it shall be so arranged as to effect the direct opening of that circuit, whethe
integral with the sensing element orgremote from same.

rpose of the requirement in 19.2.5 is to avoid interposing in the limit-contr
ilure of which may result in a\eondition that the limit control is intended to prey

opens the saf¢ty circuit when it is necessary to interrupt a single-phase circuit carrying a log

the capacity o

19.2.7 A furn
upon function

19.2.8 The lif

f available limit controls, or to interrupt a multiphase circuit.

bce equipped with a vaporizing burner shall be constructed to avoid pooling
ng of the limit'control.

hit contrel or controls for an attic, downflow, or horizontal furnace, for a furna

operate with

b

outlet-air temperature of not more than 200°F (93°C), or for a furnace for a

installation, shallbe factory-located on the furnace or its location shall be factory-prede

an outlet-air

nit control. An

build-up in the
Test, Section

y opening an
the switching

Dl circuit other
ent. However,

may interrupt the pilot eifeuit of a magnetic-type motor controller which, i turn, directly

d greater than

of the burner

ce intended to
cove or closet
ermined by a

bracket or an equivalent means supplied as part of the furnace. Such bracket shall be marked to explain
its purpose, and the arrangement shall be such that omission of the bracket is obvious.

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

4.1.


https://ulnorm.com/api/?name=UL 727 2018.pdf

24 OIL-FIRED CENTRAL FURNACES - UL 727 JANUARY 31, 2018

19.3 Fan control

19.3.1 The furnace shall be provided with a fan control that controls the operation of the circulating air
fan so that the operation of the furnace is continuous in accordance with 43.2 and 43.3 at all settings of
the fan control. Such fan control shall comply with the requirements for a fan control as given in the
Standard for Limit Controls, UL 353.

20 Field Wiring

20.1 General

20.1.1 Provision shall be made for connection of a power supply wiring system conforming with the
National Electrieat-Cote ANSHNFPA7-1993—————————————————————————————

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

20.1.3 The cgnnections are to be accessible without removing parts other than a service gover or panel

and the cover
for such use 1

20.1.4 The si
be not less th
conductor, an
conductor for

of the outlet box or compartment in which the connections aréjmade. A compq
nay serve as a cover.

re of a junction box in which field-installed conductorsyare to be connected b
an that indicated in Table 20.1. A conductor passing through the box is cq
I each conductor terminating in the box is also counted as one conductor. A

Table 20.1
Size of junction boxes

nent intended

splicing shall
unted as one

field-furnished
high-voltage circuits is considered to be not smaller than 14 AWG (2.1 mm?),

Size of conductors, Free space within box for each conductor,
AWG (mm?) cubic inches (cm?)
16]or smaller (1.370r,less) 1.5 (24.6)
14 (2.1) 2.0 (32.8)
12 (3.3) 2.25 (36.9)
10 (5.3) 25 (41.0)
8 (8.4) 3.0 (49.2)

20.1.5 A knogkout fer.connection of a field wiring system to a terminal box or comy

accommodatg conduit-of the trade size determined by applying Table 20.2.

artment shall
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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) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3)
12 (3.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) 3/4 (26.7)
10 (5.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) 3/4 (26.7)
8 (8.4) 3/4 (26.7) 3/4 (26.7) 3/4 (26.7) 1 (33.4) 1 (33.4)
6 (13.3) 3/4 (26.7) 1 (33.4) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3)
4 (21.2) 1 (33.4) 1 (33.4) 1-1/4 (42.3) 1-1/4 (42.3) 1-1/2 (48.3)
3 (2674 4 {334} —H4 423 +—H4 423y +—H2 48-3 4-1/2 (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) 1-1/4 (42.3) 1-1/4 (42.3) 1-1/2 (48.3) 2 (60.3) 2 (60.3)
@ This table is based on the assumption that all conductors will be of the same size and there will b& no"more than six
conductors in the conduit. If more than six conductors will be involved or if all of term are not of,the same size,|the internal
cross-sectional prea of the smallest conduit that may be used is determined by multiplying by 2.5, the total cros$-sectional area
of the wires, baped on the cross-sectional area of Type THW wire.
b Trade size pe| Specification for Zinc Coated Rigid Steel Conduit, ANSI C80.1.

20.1.6 Wiring
control, or a
metal-clad ca

part of the furpace if adequate instructions for installing suchare furnished with each furnag

20.1.7 A box
to the furnac
requirement d
permitted, to

20.1.8 A box
20.1.7, and 2(
box likely to |

furnace is tesfed in accordance-with these requirements.

20.1.9 Excep
devices that
shall comply
metal-clad ca

e
Tith theése requirements if done with Type T wire enclosed in conduit or w

exterior to a furnace between the burner assembly and a limit control, a safe
motor controller, that can be done readily with Type T wire enclosed in ¢
ble in accordance with these requirements, need, not be furnished by the m

br enclosure included as part of the assembly and in which a branch circuit su
is to be connected shall not require’ that it be moved for servicing of
oes not apply to separate limit controls and stack mounted primary safety ¢
vhich metal-clad cable or flexible~metallic conduit is to be directly attached.

s)

7

br enclosure in which field<installation conductors are to be connected as indic
.1.9 shall be located so'that the temperature of conductors within the box or §
e in contact with the conductors will not exceed that specified for Type T

as otherwise, indicated in 21.1.4, wiring to be done in the field between th
attached.to the furnace, or between separate devices that are field installe

le.

ty combustion
ponduit or with
hnufacturer as
e. See 21.1.4.

pplying power
the unit. This
ontrols, where

ated in 20.1.6,
urfaces of the
ire when the

e furnace and
d and located,
th acceptable

20.1.10 The

Ty of theproduct Tmay termimate e fengthrof frexibte metatcorduit-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 fittings. A grounding conductor of the size specified in the National Electrical Code, ANSI/NFPA
70-1993, shall be included unless:

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

b) No circuit conductor protected by an overcurrent-protective device rated at more than 20
amperes is included; and
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¢) The conduit is no larger than 3/4-inch trade size, or the fittings for the conduit are identified

as providing grounding.

Exception: The overcurrent devices mentioned in (b) may be rated up to 60 amperes if 3/4 to 1-1/4 inch

trade size liquid-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 conductors of at least the size required by the National Electrical Code, ANSI/NFPA

70-1993, and corresponding to the marked rating of the assembly.

inals, stranded conductors shall be prevented from contacting other uninsul
cting dead metal parts. This may be accomplished by use of pressure-termin
crimped eyelets, soldering all strands of the wire together, or equivalent
slot-type connectors shall not be used unless they prevent disconnection resulting from lo
clamping medns. The shanks of terminal connectors shall be protected by insulating
equivalent, if the required spacings may be reduced as a result of loosening of the clampin
thickness of thje insulation on the shanks shall be not less than 0.028 inch (0.71 mm).

and from contg
soldering lugs

20.2.6 Field-wiring terminals shall be secured to their supporting surfaces by methods oth
between surfgces so that they will\bé prevented from turning or shifting in position if sud
result in redugtion of spacingso)less than those required. This may be accomplished by
rivets; by square shoulders or_mortices; by a dowel pin, lug, or offset; by a connecting strg
into an adjacgnt part; or_by\some other equivalent method.

20.2.7 Conductors_intended for connection to a grounded neutral line shall be identified, t
a white or gray color: All other current-carrying conductors visible to the installer shall be fin

nger lead may

ief if stress on

ithstand for 1

blly connected
ercurrent (not

ated live parts
al connectors,
means. Open
Dsening of the
ubing, or the
g means. The

br than friction
h motion may
two screws or
p or clip fitted

hat is, finished
shed in colors

other than whjte,_gray, or green. A terminal for connection of a grounded conductor shall b

e 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 installer, unless the screws or connectors are rendered unusable for field-wiring connections
or the leads are insulated at the unconnected ends.


https://ulnorm.com/api/?name=UL 727 2018.pdf

JANUARY 31, 2018 OIL-FIRED CENTRAL FURNACES - UL 727 27

20.2.9 Terminal parts by which field-wiring connections are made shall consist of soldering lugs or
pressure terminal connectors secured in place in accordance with the requirements in 20.2.6, except that
for 10 AWG (5.3 mm?) and smaller wires, the parts to which wiring connections are made may consist of
clamps or wire binding screws with cupped washers, terminal plates having upturned lugs, or the
equivalent, to hold the wire in position.

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

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

not larger than 14 AWG (2.1 mmP).

2. A Nl VAN Lo T =B~

ofa 16 or 18

Exception No
AWG (1.3 or

20.2.11 A ter
thickness for
for a wire larg

20.2.12 A ter
extruded at th

20.2.13 A wir

21 Internal Wiring

21.1 General

21.1.1 The w
section.

21.1.2 Wiring

temperature ratings consistent with theiruse. A conductor, other than an integral part of a cg

be not smalle

21.1.3 Excep
manufacturer
shall be furnis
is assembled;
included with

H igpnact ) - L, ol £ +h tH
Z. 7 VO O (O o 1T 11ajor_ aranieter )~ Serew-iriay ot astu 101 1 COrmiecton

D.82 mm) control-circuit conductor.

inal plate for a wire-binding screw shall be of metal not less than 0.080 inc
14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch (1.27 m
br than 14 AWG; and in either case there shall be not less than two full thread

minal plate formed from stock having the minimum required thickness may H
e tapped hole for the binding screw so as to provide jwofull threads.

e-binding screw shall thread into metal.

shall be done with insulated conductors having current-carrying capacity
than 18 AWG (0.82\mm?).

t as indicated\in 20.1.6, the wiring for all furnace circuits shall be furn
ps part of the\furnace. If the furnace is not assembled and wired at the facto
hed as harness with each furnace and be arranged to facilitate attachment wh
in which’/ case a pictorial diagram showing the exact arrangement of the v
pach furnace.

(0.76 mm) in
) in thickness
s in the metal.

ave the metal

ring of high-voltage and safety-centrol circuits shall conform to the requirgments in this

voltage, and
mponent shall

ished by the
y, such wiring
en the furnace
viring shall be

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

21.2.2 Conductors shall be enclosed within conduit, electrical metallic tubing, metal raceway, electrical
enclosure, or metal-clad cable, except as permitted by 21.2.14 and 21.2.15.

21.2.3 Group
in 21.2.2.

21.2.4 Flexibl
the Standard
conduit proted

21.2.5 Flexibl
and within 12

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

e metal conduit shall be not smaller than nominal 3/8-inch electrical‘trade si
for Flexible Metal Conduit, UL 1. This does not apply to parts\of compon
ting flame sensor leads.

e metal conduit shall be mechanically secured at intepvals’not exceeding 4-1
inches (300 mm) on each side of every junction box except for lengths not ¢

(0.91 m) where flexibility is necessary.

21.2.6 All spl
connection sh

ces and connections shall be mechanically“secure and bonded electrical
all be made mechanically secure before~being soldered if breaking or log

connection may result in the risk of fire or electric shock.

21.2.7 A spli
permanence ¢

21.2.8 Splicin
employed if th
wrapped over

21.2.9 Splice
result of flexin

d as indicated

ve specified in
ents, such as

2 feet (1.4 m)
ver 36 inches

y. A soldered
sening of the

e shall be provided with insulatien® equivalent to that required for the wifes involved if

f spacing between the splice and other metal parts is not provided.

g devices, such as fixture:type splicing connectors or pressure wire conne

ctors, may be

ey have insulation rated-for the voltage to which they are subjected. Thermoplastic tape

a sharp edge is not'acceptable.

5 shall be located, enclosed, and supported so that they are not subject to g
g, motion, er.\vibration.

21.2.10 A spl
other enclose

ce is_considered to be adequately enclosed when installed in a junction box,
compartment in which high-voltage wiring materials, as specified in Group A

may be emplqyed. Splices in enclosed machinery compartments are to be secured to a fix

amage as the

control box, or
of Table 21.1,
ed 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
Group | Type of wire, cord, cable or appliance wiring Wire size Insulation thickness
material with insulation thicknesses shown G >
at the right corresponding to wire sizes AW (mm?) Inch (mm)
indicated
10 and (5.3) 2/64 (0.8)
smaller
8 (8.4) 3/64 (1.2)
6 (13.3) 4/64 (1.6)
FFH-2, TF, TFF, TFFN, SF-2, SFF-2, RH, RHH, 4 21.2) 4/64 (1.6)
I-I\I\I, TI-I\I\I, YI—II—I\AI, I\/IT\I\I, TH\AL I\IIT\I\I‘ TI-I\I\II\I‘ . ’
A |[W, PF, PFF, PCF, PGFF, RFH-2, RFHH-2, S (26.7) 4/64 (1.6)
RFHH-3 or thermoplastic appliance wiring 2 (33.6) 4/64 (1.6)
Mmaterial 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)
50, ST, SJO, SJT, S, SE, SJ, SJTO, SJTOO, 14 (2.1) 5/64 (2.0)
B 500, STO, STOO, or appliance wiring materials 12 (3.3) 5/64 (2.0)
With thermoplastic or neoprene insulation %0 (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) fdr 16 or 18
AWG (1.3 gr 0.82 mm?) and 3/64 inch (1.2 mm) for 14;42, 10, or 8 AWG (2.1, 3.3, 5.3, or 8.4 mm?), are cpnsidered
equivalent tp the wiring material referenced in Group.B, when the conductors are covered with 1/32 inch (0{8 mm) wall
thickness thermoplastic insulating tubing of a type.recognized for the purpose from the standpoint of dielectyic
properties, heat resistance, moisture resistance,) and flammability.
21.2.11 At all points where conduit”or metal tubing terminates, the conductors shall be protected from

abrasion. If m
conductors ar
equivalent wil

be visible for. inspection.

btal-clad cable is uSed, an insulating bushing or its equivalent shall be provided between the
d the armor and-the connector or clamp shall be such that the insulating Joushing or its

21.2.12 A wifeway shall be such that the interconnection of sections and fittings will grovide a rigid

mechanical as

ssembly> 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

provided.

21.2.15 Cords or appliance wiring material as referenced in Group B, Table 21.1 may be employed if the

wiring is enclo

sed 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
inch (
diam

viewe
object

e) Flg

compartment is separated from such wiring material. An air filter may be employeq

enclog

21.2.16 With
or HF-2 in acd
and Appliancq

21.2.17 Cord
arranged to a
relief, where r|

21.2.18 Inap
air duct may K

2.7 mm), and openings for such items as pipe or conduit are not more than
ter larger than the object that will be installed through the opening.

is requirement. To conform with these requirements the-fouvers should be
of a form to completely obscure viewing of the wiringywithin the compartmery
0 from the horizontal outside the compartment, and the openings shall be log
falling vertically cannot enter the compartment.through the louvered opening
mmable material, other than electrical insulation, located within the casing o
ure.

reference to 21.2.15(e), plastic'materials shall be classified as Type V-0, V-1,
s, UL 94, and other nonmetallic materials shall have equivalent characteristi
5 and other wiring material acceptable in accordance with 21.2.15 and 21
oid being damaged; such as by closely following surfaces, and shall be sug

bquired, shall be jprovided.

blying the\requirement of 21.2.15, an opening that is always intended to be cq
e considered as closed.

tameter of 1/2

1/2 inch in

arriers or
ind that serve

t are exempt
bf a drawn

t when

ated so an

r
within the

V-2, 5V, HF-1,

prdance with the Standard forFests for Flammability of Plastic Materials for Parts in Devices

CS.

2.21 shall be
ported. Strain

nnected to an

21.2.19 Holeg

in_walls or partitions through which insulated wires or cords pass and on wj

hich they may

bear shall be provided with smooth rounded bushings or surfaces upon which the wires or cords may
bear, to prevent abrasion of the insulation. Bushings, if required, shall be ceramic, phenolic, cold-molded

composition, f

iber, 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.
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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.

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 et wth HIG S t ctre reyt-Circuit Test,
Section 53.

21.3.2 Conductors that conform to the following are considered acceptable without test:

a) Cdnductors that have not less than one-third the ampacity of the required bran¢h-circuit
condyctors;

b) Canductors that are 18 AWG (0.82 mm?) or larger and not'‘more than 4 feet (12 m) in length
provided that the circuit will be protected by a fuse or HACR:Type circuit breaker fated 60
ampefes or less as specified on the product nameplatetor provided as part of the product and
accepitable for branch-circuit protection. This applies {e~any of the wiring materials|specified in
this standard, including those enclosed in raceways; or

c) Conductors which serve as jumper leads hetween controls providing the length|of the leads
does ot exceed 3 inches (76 mm) or the conductors are located in a control pang

22 Separation of Circuits
22.1 Unless provided with insulation for:the highest voltage involved, insulated conductd
internal wiring
or segregated
same circuit.

rs of different
circuits shall be separated by barriers or shall be segregated and shall also be so separated
from uninsulated live, parts connected to different circuits or opposite-polarity parts of the

22.2 Segregation of insulated conductors may be accomplished by clamping, routing,
means that prpvide perfmianent separation from insulated or uninsulated live parts of a diffg

22.3 Field-installed eonductors of any circuit shall be segregated or separated by barriers

or equivalent
rent circuit.

from:

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

b) Uninsulated live parts of any other circuit.

¢) Any uninsulated live parts whose short-circuiting may permit unintended operation of the
appliance, except that a construction in which field-installed conductors may make contact with
wiring terminals is acceptable, provided that conductors having insulation at least 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.
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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 th
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 requ

at there is no

ired 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 ¢

EY e H lotaal Al 3 H latadl L 23 taoal PNH =S
Jlllablllly MouIiAalTu LUTTUULIVUTO UT UTtifiouiatbu ive pdito LUTTITTITUITU TU A Uninel

to be nvestigated.

22.5 To deteqmine if a device complies with the requirements of 22.3, it is to beywired as
service and in doing so slack is to be left in each conductor, within the enclosure, and
average care |s to be exercised in stowing this slack into the wiring compartment.

22.6 If a barri
parts and field-installed conductors, it shall be of metal or insulating material and shall be
22.7 A metal
based on the
mm) in thickn
its purpose.

y clearance at the edges of a barrier shallbe not more than 1/16 inch (1.6

22.8 Openin
diameter and ghall not exceed in number, on the-basis of one opening per conductor, the n
which will neqd to pass through the barrierxThe closure for any other opening shall pre
surface whergver an insulated wire may betin contact with it; and the area of any such op
closure removed, shall not be larger than-required for the passage of the necessary wires.

br is used to provide separation between the wiring of différent circuits or betw

barrier shall have a thickness at least as great ds’that required by Tables 4
size of the barrier. A barrier of insulating material shall be not less than 0.028 inch (0.71
ss and shall be of greater thickness if its deformation may be accomplished 4§

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

ent circuit is

it would be in
no more than

een operating
held in place.
7.1 and 27.2,

o as to defeat
mm) wide.

h (6.4 mm) in
mber of wires

{ent a smooth

ning, with the

22.9 The output of a transformer.device supplying a circuit classified as a Class 2 low-voltage circuit and

provided as
transformer

part of the equipment shall not be interconnected with the output of
evice unless ‘the voltage and current measurements at the output ter

interconnected devices are\within the values for a single Class 2, 30-volt, or less, transforn

22.10 Two of more-transformer devices supplying circuits classified as Class 2, low-v

provided as a [part of the equipment shall be treated as two separate circuits each having itg

wiring compaitment, and the output of each circuit shall be marked to warn that the sepa

another such
minals of the
her device.

pltage circuits
own separate
ration shall be

maintained.
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23 Bonding for Grounding

23.1 Exposed or accessible noncurrent-carrying metal parts that may become energized and that may be
contacted by the user or by service personnel during service operations performed when the equipment
is energized, shall be electrically connected to the point of connection of an equipment ground.

23.2 Except as indicated in 23.3, uninsulated metal parts of cabinets, electrical enclosures, motor frames,
and mounting brackets, controller mounting brackets, capacitors and other electrical components,
interconnecting tubing and piping, 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 Iocelited on the
outside of enclosures or cabinets and isolated from electrical components or(wiring by grounded
metal [parts.

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

¢) Panpels and covers that do not enclose uninsulated live parts’if insulated parts gnd wiring are
separated from the panel or cover.

d) Pahels and covers that are insulated from electrical\components and wiring by fan attached
insulafing barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar material
not legs than 1/32 inch (0.8 mm) thick.

23.4 A compgnent, such as a switch, likely to become separated from its intended grounding means for
purposes of tg¢sting 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-tometal hinge bearingsmembers may be considered as a means for bonding a door for
grounding projiding a multiple péaring-pin type (piano type) hinge is employed.

23.7 A sepatate bonding.\conductor shall be of material rated for use as an electrigal conductor.
Ferrous-metall parts in-the-grounding path shall be protected against corrosion by enameling, galvanizing,
plating, or equivalentmeans. A separate bonding conductor or strap shall:

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

b) Not be secured by a removable fastener used for any purpose other than bonding for
grounding unless the bonding conductor would not ordinarily be omitted after removal and
replacement of the fastener.
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23.8 The bonding shall be by a positive means, such as by clamping, riveting, bolted or screwed
connection, or by welding, soldering, or brazing with materials having a softening or melting point greater
than 850°F (454°C). The bonding connection shall penetrate nonconductive coatings such as paint or
vitreous enamel.

23.9 A connection that depends upon the clamping action exerted by rubber or similar materials is
acceptable if it complies with 23.11 under any degree of compression permitted by a variable clamping
device and if the results are still acceptable after exposure to the effects of oil, grease, moisture, and
thermal degradation which are likely to occur in service. A clamping device shall be arranged for
reassembly in its intended position following disassembly or removal for maintenance purposes.

23.10 If bonding depends on screw threads, two or more screws or two full threads of a single screw shall
engage the bl Ild;l IH Oyotclll tU IIIUtCJ.:.

23.11 If the gdequacy of a bonding connection cannot be determined by examination, gr if a bonding
conductor is gmaller than required by 23.12 — 23.20, it shall be acceptable if the gonnecting means does
not open:

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

b) Dyring a short-circuit test in series with a fuse of properyrating. See Short-Circyit Test,

Sectign 53.
Table 23.1
Duration of current flow, bonding-conductor test
Rating of overcurrent protection device, amperes Minimum duration of current flow, minutes
30 or less 2
31 -60 4
61 - 100 6
101 — 200 8

23.12 The siZe of a conductor ofistrap employed to bond an electrical enclosure or motor frame shall be
based on the(rating of the brapeh-circuit overcurrent device to which the equipment will pe connected.
Except as ind|cated in 23.11,.the size of the conductor or strap shall be in accordance with Table 23.2.
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Table 23.2
Bonding wire conductor size

Rating of overcurrent Size of bonding conductor?
device, amperes . . .
Copper wire Aluminum wire
AWG (mm?) AWG (mm?)

15 14 (2.1) 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 (5.3) 8 (8.3)
100 S 8-3% & (13.3)
200 6 (13.3) 4 (21.2)

2 Or equivalent [cross-sectional area.

23.13 A bond
size of the co

23.14 If more
conductor is

protection for
by a branch-c
bonding cond
protection of t

23.15 The fol

a) In

ing conductor to a component or electrical enclosure is not required to be |
nductors supplying power to the component or components within the enclos|

than one size of branch-circuit overcurrent device is jfivolved, the size d
to be based on the rating of the overcurrent device intended to providg

brger than the
ure.

f the bonding
b ground-fault

the component bonded by the conductor. For example, if a motor is individyally protected

rcuit overcurrent device smaller than other overcurrent devices used with thq
ictor for that motor is sized on the basis of the evercurrent device intended f
ne motor.

owing are considered to constitute means for connection to a ground:

equipment intended to be connected to a metal-enclosed wiring system — a

equivalent opening in a metal enclosure intended to receive the power-supply syst

b) In
metal

23.16 A term
conductor of

pquipment intended to be €onnected by a nonmetal-enclosed wiring system,
clad cable — an equipment-grounding terminal or lead.

nal for connection)of an equipment-grounding conductor shall be capable
he size required for the particular application, in accordance with the Nati

Code, ANSI/NFPA 70-1993.

23.17 A soldd
shall not be u

ring lug;-a push-in (screwless) connector, or a quick-connect or similar frictio
sed\or the terminal for the field-installed grounding conductor.

equipment, a
br ground-fault

nockout or
em.

such as

of securing a
bnal Electrical

nh fit connector

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.
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23.19 The surface of an insulated lead intended for the connection of an equipment-grounding conductor
shall be finished a continuous green color or a continuous green color with one or more yellow stripes,
and no other lead visible to the installer shall be so identified.

23.20 The potential drop of any single bonding joint of the friction or spring-action type shall not exceed
10 millivolts when tested with a current of 30 amperes flowing through the joint, and 15 millivolts after 10
cycles of attachment and removal of the part being bonded.

24 Servicing and Adjustment

24.1 Adjustable or resettable electrical control or manual switching devices may be located or oriented
with respect to uninsulated high-voltage live parts so that manipulation of the mechanism for adjustment,
resettlng, Or OJUIG{;UII warlt bU GUUUIIIP:;DhUd ;II thU ;I ItUI IdUd d;lc\;t;ull Uf ALVU T OO If ul I;I |ou:c1t hlgh-VOltage

live parts or moving parts which may cause injury to persons are:

a) Ngt located in front, in the direction of access, of the mechanism; and

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

24.2 Service functions which may have to be performed with the eguipment energized include:

a) Adusting the setting of temperature controls with or‘without marked dial setting

@

b) Rgsetting control trip mechanism;
c) Ogerating manual switches; or

d) Adjusting air-flow dampers.

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

24.3 An eledtrical control component which may require examination, adjustment,|servicing, or
maintenance while energized, excluding voltage measurements except for jacks or termingls specifically
intended for that purpose, shallybe 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 servicemahn 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 lijesparts 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 A switch, fuseholder, lampholder, or similar electrical component shall be mounted to prevent it from
turning, except as noted in 26.2 and 26.3.

26.2 The reqllnirement that a switch be prevented from turning away may be waived if ali_gf the following
conditions arg met:

a) The switch is of a plunger or other type that does not tend to rotatefwhen operated. A toggle
switcH is considered to be subject to forces that tend to turn the switch.during operation of the
switch].

b) The means for mounting the switch is not subject to loosening as the result of pperation of
the switch.

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

d) The operation of the switch is by mechanicahmeans rather than by direct contgct by
persops.

26.3 A lamphplder of the type in which the lamp-eannot be replaced, such as a neon pilot of indicator light
in which the Igmp is sealed in a nonremovable'jewel, need not be prevented from turning if fotation cannot
reduce spacings below the required values!

26.4 The megns for preventing turning-is to consist of more than friction between surfaces. A toothed lock
washer that provides both springitake-up and an interference lock is acceptable as the means for
preventing a pmall stem-mounted switch or other device having a single-hole mounting means from
turning.

26.5 Uninsulgted live-parts shall be so secured to the base or mounting surface that they will be
prevented from turning-or shifting in position if such motion may result in a reduction of spacings below
the acceptabl¢ values.

26.6 Control equipment located 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
conditions which may occur in service.
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27 Electrical

27.1 General

Enclosures

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:

a) Mechanical strength;

f) Re
condif

For a nonmet
thermal and ¢

27.1.3 The er
the like throu
mounted.

27.1.4 Termin
and shall be g

27.1.5 Steel
means.

27.1.6 Sheet
individual enc

sistance to impact;
isture-absorptive properties;
mmability;

sistance to corrosion; and

bistance to distortion at temperatures to which the enclosure may be subject¢d under

jons of intended or abnormal use.

allic enclosure or part of an enclosure, all theése factors are considered W
hemical aging.

closure shall prevent the emission.of>molten metal, burning insulation, flamir
gh openings onto flammable material, including the surface on which the
al housings of motors, te“which connections are to be made in the field, sh
ized in accordance with‘the National Electrical Code, ANSI/NFPA 70-1993.

bnclosures shall (be*protected against corrosion by painting, plating, or ot

metal complying with Tables 27.1 and 27.2, whichever applies, is acce
osure of-electrical components.

ith respect to

g particles, or
equipment is

all be of metal

her equivalent

btable for the
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Table 27.1
Minimum thickness of sheet metal for electrical enclosures carbon steel or stainless steel

Without supporting frame?

With supporting frame or equivalent
reinforcing?

Minimum thickness in inches (mm)

Maximum width? | Maximum length® | Maximum width®? | Maximum length Uncoated Metal coated
inches (cm) inches (cm) inches (cm) inches (cm)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.023 (0.58)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0)
6.0 (15.2) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 0.029 (0.74)
7.0 (17.8) 8.75 (22.2) 10.0 (25.4) 12.5 (31.8)
8.0 (20.3) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.034 (0.86)
9.0 (22197 15 (292) 370 (3370) 6.0 (4070)
12.5 (31}8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 01945 (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 (5018) 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.p63 (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) 0.970 (1.78)
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 (104.7) 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 (153.4) 74.0 (188.0) 84.0 (213.4) |\ 103.0 (261.6)
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 (184.4) 90.0 (228.6) 103.0 (261-6) 127.0 (322.6)

a A supporting frame is a structure of angle or channekor’a folded rigid section of sheet metal that is rigidly attdched to and

has essentially fhe same outside dimensions as the.enclosure surface and that has sufficient torsional rigidity t

resist the

bending momerjts which may be applied via the.ehelosure surface when it is deflected. Construction that is confsidered to have
equivalent reinfprcing may be accomplished by designs that will produce a structure that is as rigid as one builfj with a frame of

angles or chanrels. Construction considered to be without supporting frame includes:

1) Sihgle sheet with single fotmed flanges (formed edges),
2) A single sheet that is~corrugated or ribbed, and
3) An enclosure surface toosely attached to a frame, for example, with spring clips.

b The width is the smaller dimeégsion of a rectangular sheet metal piece that is part of an enclosure. Adjacent sfirfaces of an
enclosure may have supports in common and be made of a single sheet.

¢ For a panel which isznot Supported along one side, such as a side panel of a box, the length of the unsuppor{ed side shall
be limited to thg dimensions specified unless the side in question is provided with a flange at least 1/2 inch (12|7 mm) wide.

d Sheet metal fgr an’enclosure intended for outdoor use shall comply with the requirements for outdoor use egfiipment.
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Table 27.2
Minimum thickness of sheet metal for electrical enclosures aluminum, copper, or brass
Without supporting frame? With supporting frame or equivalent Minimum thickness
reinforcing?

Maximum width® | Maximum length® | Maximum width® | Maximum length

inches (cm) inches (cm) inches (cm) inches (cm) inches (mm)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.0234 (0.58)
3.5 (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) 13.5 (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 (2013) Not limited 19.0 (48.3) Not limited 0.045 (1.14)
9.5 (2441) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5)
12.0 (3015) Not limited 28.0 (71.1) Not limited 0.058 (1.47)
14.0 (3516) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0)
18.0 (45}7) Not limited 42.0 (106.7) Not limited 0.075 (1.91)
20.0 (5018) 25.0 (63.5) 45.0 (114.3) 55.0 (139:7)
25.0 (6314) Not limited 60.0 (152.4) Not limited 0.095 (2.41)
29.0 (7317) 36.0 (91.4) 64.0 (162.6) 78.0 (198.1)
37.0 (94}0) Not limited 87.0 (221.0) Neot limited 0.122 (3.10)
42.0 (104.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (3.89)
60.0 (153.4) 74.0 (188.0) 130.0 (33012) 160.0 (406.4)

a A supporting frame is a structure of angle or channekor’a folded rigid section of sheet metal that is rigidly attdched to and
has essentially fhe same outside dimensions as thé\enclosure surface and that has sufficient torsional rigidity t¢ resist the
bending momerjts which may be applied via the.ehelosure surface when it is deflected. Construction that is corfsidered to have
equivalent reinfprcing may be accomplished by designs that will produce a structure that is as rigid as one builfj with a frame of
angles or chanrels. Construction considered to be without supporting frame includes:

1) Sihgle sheet with single fotmed flanges (formed edges),
2) A single sheet that is~corrugated or ribbed, and
3) An enclosure surface toosely attached to a frame, for example, with spring clips.

b The width is the smaller dimeégsion of a rectangular sheet metal piece that is part of an enclosure. Adjacent sfirfaces of an
enclosure may have supports in common and be made of a single sheet.

¢ For a panel thiat is net:stipported along one side, such as a panel of a box, the length of the unsupported sid¢ shall be
limited to the difnensions specified unless the side in question is provided with a flange at least 1/2 inch (12.7 rpm) wide.

d Sheet metal fgr an’enclosure intended for outdoor use shall comply with the requirements for outdoor use egfiipment.

27.1.7 Where the construction and location of the component and the strength and rigidity of the outer
cabinet warrant, an individual enclosure of thinner metal than specified in Table 27.1 or 27.2, whichever
applies, may be employed.
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27.1.8 If insulating material other than electrical insulation is provided within the enclosure, consideration
is given to the burning characteristics and flammability of the material, and the proximity of an ignition
source.

27.1.9 All intended mounting positions of the unit are to be considered when determining if it complies
with the requirement of 27.1.3.

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) Anl opening between the box and motor frame having no dimension exceeding(1/2 inch does
not pgrmit the entrance of a 13/64 inch (5.2 mm) diameter rod.

27.1.11 To reduce the likelihood of unintentional contact that may involve a risk'of*electric shock from an
uninsulated lije part or film-coated wire, an opening in an enclosure shall comply with eithgr (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 of wire shall not be contacted by the probe illustrated in Figure 27.1.

b) For an opening that has a minor dimension of 1 inchsor'more, such a part or wjre shall be
spaced from the opening as specified in Table 27.3.

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

Table 27.3
Minimum acg¢eptable distance from an opening to a part that may involve a risk of efectric shock
Minor dimensions of opening?® Minimum distance from opening to moying part
Inches (mm)® Inches (mm)P
34 (19.1)° 4-1/2 (114)
¢ (25.4)° 6-1/2 (145)
1-11/4 (31.8) 7-1/2 (190)
1-f1/2 (38.1) 12-1/2 (318)
1-f/8 (47.6) 15-1/2 (394)
2-11/8 (54.0) 17-1/2 (444)
d 30 (742)
2 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 values
specified in the table.
¢ Any dimension less than 1 inch (25.4 mm) applies to a motor only.
d 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 of a motor as
mentioned in the exception to 27.1.11:

a) An opening that has a minor dimension (see 27.1.15) less than 3/4 inch (19.1 mm) is
acceptable if:
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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 cannot be
contacted by the probe illustrated in Figure 27.4; or

3) In an 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 ment|oned in 27 1 11 and 27. 1 12 and |Ilustrated in Frgures 271, 27.1 — 27.4 shall
be applied to g A Ait—and-sha 5 e, during, and
after insertion through the opening to any posmon that is necessary to examine the enclosufe. The probes
illustrated in Higures 27.2 and 27.4 shall be applied in any possible configuration; and, if mecessary, the
configuration ghall 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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Figure27.3
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.%5 shall be used as measuring instruments to judge
the accessibility provided by an opening, and not d@s instruments to judge the strength of almaterial; they
are to be applied with the minimum force necessary to determine accessibility.

27.1.15 With feference to the requiremenis'in 27.1.11 and 27.1.12, the minor dimension off an opening is
the diameter ¢f the largest cylindrical(probe having a hemispherical tip that can be inserted through the
opening.

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

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

b) Thit isNocated at such a height or is otherwise guarded or enclosed so that it i unlikely to

be co hiaAatnd A divAanth; ansncoihlA maatar 1o A At A.
Mo CtC U7+ O C ety aCCCooTorC—Toto—To T 1oOtoT=

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

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

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 ngt-Su

:

or swinging f
persons by th
persons.

27.2.3 The a
protective fun
without remoy
27.2.7.

27.2.4 A required protective device shall be wholly inaccessible from outside the app

opening a do
manually resq
parts may pro|

27.2.5 An op

allow the entrance of a rod having a diametero?9/64 inch (3.6 mm) at any setting or positio

27.2.6 Afuse
live parts with
or wiring termy
fuses. An insd
not less than

27.2.7 The dg
protective dey
open the cov

m an open position due to gravity or vibration in such a manner as\o ¢
e panel or cover, or by moving parts or uninsulated live parts likely to ¢

ttioning of which requires renewal, can be replaced, and manual-reset device
ng parts other than a service cover or panel, and a cover-or door enclosing tf

br or cover, except that the operating handle“of a circuit breaker, the res
ttable motor protector, the reset button of\@ manually resettable limit contr
ect outside the appliance enclosure.

bning in an enclosure to provide clearance around a dial, knob, lever, or hg

holder shall be so constructed, installed, or protected that adjacent uninsulate
n 4 inches (100 mm),.other than the screw shell of a plug fuseholder, cartri
inals to the fusehalder, will not be exposed to contact by persons removin
lating barrier of yulcanized fiber or equivalent material employed for this pu
D.028 inch (0.71_mm) in thickness.

or or covefof an enclosure shall be hinged if it gives access to fuses or any n
ice, the-intended protective functioning of which requires renewal, or if it ig
br in_connection with the intended operation of the protective device such

manual reset

bverload protective device, except as indicated in 27.2.8.

bject to falling
ause injury to
ause injury to

Esembly shall be so arranged that an overcurrent protective ‘device, such as a fuse, the

5 can be reset
e device. See

iance without
bt button of a
pl, and similar

ndle shall not
h of such part.

d high-voltage
ige fuse clips,
g or replacing
rpose shall be

notor overload
necessary to
as resetting a

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

a) Control-circuit fuses, provided the fuses and control-circuit loads (other than a fixed control-

circuit

load, such as a pilot lamp) 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.
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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.

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 f

all be secured
, and at points

27.2.12 Stripg used to provide rabbets, or angle strips fastened to the edges of a door, sh
at not less than two points, not more than 1-1/2 inches (38 mm) from each end of gach strip
between thes¢ end fastenings not more than 6 inches (150 mm) apart.
27.2.13 Anel

bctron tube or similar glass-enclosed device shall be protected against mechgnical damage.

27.3 Field wiring system connections

27.3.1 Sheet
than 0.032 ing
not less than

kness not less
zed steel, and

metal to which a wiring system is to be connectedfin the field shall have a thic
h (0.81 mm) if uncoated steel, not less than 0.034 inch (0.86 mm) if galvani
D.045 inch (1.14 mm) if nonferrous.

27.3.2 If threads for the connection of conduit are tapped all the way through a hole in an ¢
or if an equivdlent construction is employed, there shall be not less than three nor more th3
in the metal, @nd the construction of the device-shall be such that a conduit bushing can

nclosure wall,
In five threads
be attached. If

threads for the connection of conduit are nef-tapped all the way through a hole in an €
conduit hub, or the like, there shall be not |ess than 3-1/2 threads in the metal and there sha
rounded inlet |hole for the conductorswhich shall afford protection to the conductors equ
provided by a fstandard conduit bushing-and which shall have an internal diameter approxim
as that of the |corresponding trade'size of rigid conduit.

27.3.3 An englosure threaded for support by rigid conduit shall provide at least five f
engaging with| the conduit;

27.3.4 A knogkout inva sheet-metal enclosure shall be secured but shall be capable of G

nclosure wall,
| be a smooth,
ivalent to that
htely the same

ull threads for

eing removed

without deformation®of the enclosure.

27.3.5 A knockout shall be provided with a flat surrounding surface for seating of a conduit bushing, and
shall be so located that installation of a bushing at any knockout likely to be used during installation will
not result in spacings between uninsulated live parts and the bushing of less than those required.

27.3.6 A plate or plug for an unused conduit opening or other hole in the enclosure shall have a thickness
not less than:

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

28 Motors and Motor Overload Protection

28.1 All motors shall be protected by an integral thermal protector or by overload protective devices, or
combination thereof.

28.2 Overload protective devices as referred to in 28.1 mean those that conform to the requirements of

; leptriaal OCada AMOLUNENA 70 4000 £l
the National Fleetreat-CogeANSHNFPAFO-1+393asfoltows:

a) A separate overload device that is responsive to motor current. This devi€e, 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;
2) Motors with a marked temperature rise not over 40°€ (72°F), 125 percént; and

3) All other motors, 115 percent.

For a|multispeed motor, each winding connection shall\be considered separately gnd the motor
shall e protected at all speeds.

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

1) Motors with a marked- service factor not less than 1.15, 140 percent;
2) Motors with a_marked temperature rise not over 40°C (72°F), 140 percént; and

3) All other motors, 130 percent.

28.3 An integral thermal protective device is to comply with the Standard for Overheating| Protection for
Motors, UL 2111.

28.4 Separate ‘everload devices, except when included as part of a magnetic motor contrgller, are to be
assembled as part of the equipment, and be identifiable as such after assembly to the equipment. Such
protection is not to include means for manually interrupting the motor circuit if such interruption may allow
unintended operation of the equipment.

28.5 Three-phase motors shall be provided with overload protection as specified in either (a) or (b):
a) Three properly rated overcurrent devices shall be employed; or

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
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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.

28.8 Motors, pueh-as-direct-drive-fanmoters,—which-arerot-nermaty-subjected-te-evertoads, and which
are determined to be adequately protected against overheating due to locked-rotor current by a thermal
or overcurren{ protective device may be accepted under this requirement; provided. it is’ dgtermined that
the motor will [not overheat under actual conditions of use.

28.9 Impedar]ce protection may be accepted for motors which are determined to be adequa
against overhgating due to locked-rotor current, provided it is determined that'the motor will not overheat
under the pefformance 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 protectiverdevices unless the motor|is adequately
protected by the largest size fuse which can be inserted in the fuseholder.

28.11 Motors|shall not exceed the temperature rises indicated in Table 47.1 when tested as described
herein.

28.12 A motor shall be designed for continueis duty as indicated by the designation “"CONTINUOUS” or
"CONT” on the nameplate.

28.13 The interruption of the circuit to*a’motor by the overload or overtemperature protective device shall
not result in impaired operation of the equipment or the unintended discharge of fuel. If a burner depends
solely upon arn electric valve tostop the flow of fuel to the burner, the interruption of the circyit to the motor
by the protect|ve device shall also cause the interruption of the circuit to the valve.

28.14 Automgtic-resetdype protective devices shall not be used if the automatic reclosing ¢f the circuit to
the motor by the device may result in unintended operation of the equipment.

28.15 The enclaesure of a motor shall have no openings which will permit a drop of liquifl or a particle
falling vertically onto the motor to enter the motor as applied to the assembly.

28.16 Conformance to 28.15 may be provided by the motor frame or by another enclosure, structure,
shield, or a combination of two or more such items, and is to be determined with the motor applied to the
assembly.
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28.17 Motors having openings in the enclosure or frame shall be installed or shielded to prevent particles
from falling out of the motor onto flammable material located within or under the assembly.

28.18 The requirement in 28.17 will necessitate the use of a barrier of nonflammable material under an
open type motor unless:

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

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

5 sensitive to

without

the motor

type f IIIUtUI .
1) Open main winding;
2) Open starting winding;
3) Starting switch short-circuited; and
4) Capacitor shorted (permanent split capacitor type);‘er
¢) The motor is provided with a thermal motor protector/a protective device that i
tempgrature and current) that will prevent the temperature of the motor windings flom becoming
more than 125°C (257°F) under the maximum load‘below which the motor will run
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

windirn
opera
28.19 The ba

shall have an
may be empl

g will not exceed a temperature.greater than 150°C (302°F) during the first ]
ion with the rotor of the motor-locked.

Frier mentioned in 28.18 'shall be horizontal, shall be located as indicated in F

pyed in the barrier) provided that such openings would not permit molten

insulation, or {he like to fall on _flammable material.

28.20 Overcu
requirements

rrent profective devices and thermal protective devices for motors shall cg
bf the ‘Short-Circuit Test, Section 53.

2 hours of

gure 28.1 and

area not less than that described in that illustration. Openings for drainage @and ventilation

metal, burning

mply with the



https://ulnorm.com/api/?name=UL 727 2018.pdf

JANUARY 31, 2018 OIL-FIRED CENTRAL FURNACES - UL 727 51

Figure 28.1
Location and extent of barrier

LOCATION AND EXTENT OF BARRIER

\/

\\\\\\\\\\\\\\ NN

e NN

S

EB1d0 C

A — Motor windin

h 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 unghielded-portion of a motor winding which is partially shielded by the motor enclosure or equivald

bnt.
B — Projection of

ottine-of-motor-windin hetizentat-pt
ygor-herizentat-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.

D — Location (horizontal) and minimum area for barrier. The area is to be that included inside the line of intersection traced out by
the inclined line C and the horizontal plane of the barrier.
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29 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

29.2.1 For the purpose of these requwements a direct- connected h|gh voltage control CII’CUIt is one that

is supplied frops

It is not tappe
within the pro

29.3 Tapped

29.3.1 For the

tapped within
Such a circuit

29.3.2 A high
i

29.3.3 A tapp
rating of the o

control equip
National Elec

Exception No

m) long betwe

rated 60 amp

Exception No
withstand sho

Exception No

H from the load side of the overcurrent dewce or devices of the controlled“ci
juct. See 60.14.

high-voltage control circuits

purpose of these requirements, a tapped high-voltage control circuit is a
the product from the load side of the overcurrent device 6r devices for the ¢
shall be protected in accordance with 29.3.3 — 29.4.2«

-voltage control circuit that is tapped from the main power circuit at a point
ent enclosure shall be protected as specifiedin Column A of Table 43
cal Code, ANSI/NFPA 70-1993.

ed high-voltage control-circuit conductor shall be provided with overcurrent g
vercurrent-protective device shall nop-éxceed the value specified in Table 29

1: A 18, 16, or 14 AWG (0.82x9.8, or 2.1 mm?) conductor that is not more t
en points of opposite polarity-may be protected by a fuse or a HACR Type
bres or less.

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

3: A lead-thdt is not more than 12 inches (305 mm) long need not be

overcurrent protection.

Exception No
that is conne

4:2A eontrol-circuit conductor, supplied from the secondary of a single-pha:

AN the product.

cuit or circuits

circuit that is

pntrolled load.

outside of the
D-72(b) of the

rotection. The
1.

han 4 feet (1.2
circuit breaker
he conductors

provided with

e transformer

cted so that only a 2-wire (single voltage) secondary is used, may be pn

btected 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

Trans

formers, 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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Table 29.1
Overcurrent protective device ratings for control circuit conductors

Tapped control-circuit conductor size, Maximum rating of overcurrent protective device, amperes
Conductors contained in control Conductors extending beyond control
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 (53] 60 40 90 75

Larger than 10 b b c c

@ Includes coppgr-clad aluminum
b 400 percent offvalue specified for 60°C conductors in Table 310-17 of National Electrical Code, ANSI/NFPA 79-1993.
¢ 300 percent of|value specified for 60°C conductors in Table 310-16 of National Electrical Code} ANSI/NFPA 7(-1993.

29.4 Overcuilrent-protective devices

29.4.1 Overclirrent protection for a tapped high-voltage control-circuit conductor, as required by 29.3.3,

shall be provided 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 notbe provided as part of the produgt if, based on
the marked rdting of the product, the rating of the bran¢h-circuit overcurrent-protective device or devices
does not excqed the values specified in Table 29.1.
29.4.2 A confrol-circuit overcurrent-protective device shall:

a) Be| provided for all ungrounded conductors;

b) Be of a size in accordance with the requirements in 29.3.3; and

c) Halve 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 protectjon. Examples
of an acceptaple fuse-afe a Class CC, G, H, J, K, L, RK, or T cartridge fuse or a Type S plug fuse.

Exception: Ifithe control circuit is tapped from a circuit supplying other loads in the produgt, a fuse used
for overcurrent prnfpr‘ﬁnn may he of the c:upplpmpnmry type prm/idpd it _has a shod-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.
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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;

b) Be protected by an overcurrent device or devices in accordance with the requirements in

30.1.4; or
C) C II'J:_Y vv;th thU IUL.'U;I et ItD ;I T thc BUI T |uut TUOt, Hlyh ‘VIU:tGHU TI al IDfUI micro, SeCtlon 55.
30.1.2 If a high-voltage transformer is provided with a thermal-overload-protective device, the device shall

be arranged {
overload cond
Test, High-Vo

Exception: If
test is to be
Section 55.

30.1.3 A the
Requirements

b interrupt primary current and shall limit temperatures of the transformer w
tions to those acceptable for the class of insulation employed in thg windings.
tage Transformers, Section 54.

the thermal-overload-protective device provided is a nonrénewable thermal ct

conducted in place of the overload test. See Burnout ‘Fest, High-Voltage

rmal cutoff shall comply with the requirements in the Standard for Th
and Application Guide, UL 60691. A manually~or automatically reset thermal

have an end

calibration of ftemperature-limiting controls in the Standard for Temperature-Indicating ar]
Equipment, UL 873. Compliance with the Standard for Automatic Electrical Controls — P
Requirements, UL 60730-1, and/or the applicable\Part 2 standard from the UL 60730 series

873 requirem

30.1.4 If a hig
comply with th

30.1.5 A high
in the primary
30.2.3.

rance rating of not less than 6000 cyeles’ and shall comply with the red

nts.

h-voltage transformer is protected by an overcurrent device or devices, such
e requirements specified-in 30.1.5, 30.1.6, and 30.2.3 — 30.2.5.

tvoltage transformer shall be protected by an overcurrent device or devices th
circuit and that_are rated or set as indicated in Table 30.1 for the primary. S

indings under
See Overload

toff, a burnout
Transformers,

ermal-Links —
protector shall
uirements for
d -Regulating
art 1: General
b fulfills the UL

rotection shall

at are located
ee 30.1.6 and
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Table 30.1

Ratings of transformer overcurrent protective devices

Rated primary or secondary current,

Maximum rating of overcurrent device, percent of transformer current

amperes rating, when in:
Primary Secondary
Less than 2 3002 167
2 or more, less than 9 167 167
9 or more 125P 125P

and 60 amperes.

2 Does not apply to an autotransformer; may be increased to 500 percent if transformer supplies a motor control circuit.

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,

30.1.6 If the dircuit supplying a transformer is provided with overcurrent protection rated or get at not more
than 250 perdent of the rated primary current of the transformer, additional overcurtent prptection is not
required in th¢ primary circuit provided the secondary circuit is protected by a protective device rated or
set as indicatg¢d 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.@utput 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 jnore than 167
percent of the| primary current rating of the transformer. Se€30.2.3.

30.2.2 A trapsformer that supplies a Class 2 circtit (see 3.17(b)) shall, in accordance with the
requirements |n 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 Transformefs, UL 5085-3,
either limit thg output current (inherently-limiting transformer) or be equipped with an overgurrent device,
or devices (ngninherently-limiting transformer):

30.2.3 Overclirrent protection in the primary circuit of a transformer, as described in 30.1}5 and 30.2.1,
need not be pfovided 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 specifigd in 30.1.5 or

30.2.1, as applicable.

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

provided as p

rt of the equipment. If a fuse is used the product shall be marked in accordarice with 60.12.

30.2.5 A reqdired, transformer overcurrent-protective device provided as part of the produgt shall:

a) Be provided for all ungrounded conductors;

b) Be of a size in accordance with the requirements in 30.1.5, 30.1.6, and 30.2.1, as

applicable; 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 acceptable fuse are a Class CC, G, H, J, K, L, RK, or T cartridge fuse or a Type S plug fuse.
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Exception: If a transformer supply is tapped from a circuit supplying other loads in the unit, a fuse used
for overcurrent protection may be of the supplementary type provided that the fuse has a short-circuit
rating acceptable for the circuit in which it is used. See Table 53.1. If a supplementary-type fuse is
provided, the product shall be marked in accordance with 60.13.

31 Switches and Controllers

31.1 Except as indicated in 31.2, a controller(s) for controlling the loads involved shall be provided for all
assemblies incorporating more than one motor intended for connection to the same power supply.

31.2 A controller is not required for an assembly with more than one motor if the marked maximum fuse
size does not exceed 20 amperes at 125 volts or less or 15 amperes at 126 — 600 volts, and with not more

than 6 amper@o fu” :uad \VAC IR R ] It fUI Uauh IIIUtUI.

31.3 A single
controlled. Th

controller may control more than one motor if the controller is rated fot the (

a remote motgr(s) in addition to the motor(s) in the unit containing the controller

31.4 A contrg

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

31.5 The loag controlled is to include any load external to the assembly for which conn

controller or s

31.6 A contrg

Witch circuit are provided.

ller that may be called upon to break a motor lead under locked-rotor conditi

a current-intefrupting capacity not less than the locked-rotorload of the motor controlled.

31.7 Ifthe co
endurance teg
the requireme|

31.8 The lock
alternating cu

htroller is cycled by the operation of an automatic-reset overload device, it is t
t under locked-rotor conditions withgut failure. The endurance test is to be
hts of the appropriate standard for-the component. See 4.1.

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

31.9 If the marked maximum fuse\size of the furnace does not exceed the maximum size

the motor of
protection, ma
size will not o

31.10 Motor
ungrounded ¢

the smallest rating, two or more motors, each having individual runnin
y be connected to the same power supply if it can be determined that a fuse

controllers shall be arranged so that they will simultaneously open a suffici
bnductors to interrupt current flow to the motor.

ben under the'most severe conditions of service which might be encountered.

ombined load

b assembly is to be marked in accordance with 60.8 if the same controller contacts handle

ections in the

bns shall have

b withstand an
Hetermined by

bf the motor if

for protecting
g overcurrent
of the marked

bnt number of
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32 Capacitors

32.1 A motor starting or running capacitor shall be housed within an enclosure or container that will
protect the plates against mechanical damage and that will prevent the emission of flame or molten
material resulting from malfunction of the capacitor. Except as noted in 32.2 and 32.3, the container shall
be of metal providing strength and protection not less than that of uncoated steel having a thickness of
0.020 inch (0.51 mm).

32.2 The individual container of a capacitor may be of material other than metal if the capacitor is
mounted in an enclosure that houses other parts of the furnace and provided that such box or case is

acceptable for the enclosure of current-carrying parts.

32.3 A capac
against expul
requirements
used. See Sh

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

33 Electrical

33.1 Material
porcelain, phg

33.2 VulcaniZ
as the sole sy

34 Spacings
34.1 Except

polarity and
indicated in T

s
%tween an uninsulatedlive part and a dead-metal part shall be not less th

pf this standard, including faulted overcurrent conditions based on the(circui
prt-Circuit Test, Section 53.

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

han the current established by dividing the circuit voltage_by the impedanc

Insulating Material

for the mounting of current-carrying parts shall be of moisture resistant mg
nolic, or cold-molded composition.

ed fiber may be used for the insulating*bushings, washers, separators, and
pport for uninsulated live parts of ether than low-voltage circuits.

— High-Voltage Circuit
noted in 34.2, 34.3, and 34.5, the spacings between uninsulated live pa

ble 34.1.

bion of the dielectric medium when tested in accordance with the applicable

| be protected
performance
t in which it is

5 a motor start

bpacitor may be tested using a fault current less than the testcurrent specifieql in Table 53.1

e of the other

terial such as

arrier, but not

ts of opposite
an the values
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tha
Me|
terq
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a7
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Table 34.1
Minimum spacings
Ratings Minimum spacings®
Volt-amperes Volts Through air Over surface To enclosure®
Inch (mm) Inch (mm) Inch (mm)
0 — 2000 0 — 3002 1/8P (3.2) 1/4 (6.4) 1/4 (6.4)
More than 0-150 1/8P (3.2) 1/4 (6.4) 1/2 (12.7)
2000
151 — 300 1/4 (6.4) 3/8 (9.5) 1/2 (12.7)
301 - 600 3/8 (9.5) 1/2¢ (12.7) 1/2 (12.7)
a |f rover-308-velts-spaetgsirtastine-oitable-appiy-
b The spacings between wiring terminals of opposite polarity, or between a wiring terminal and

Linded metal, shall be not less than 1/4 inch (6.4 mm), except that if short circuiting or groundin
uch terminals will not result from projecting strands of wire, the spacing need not be dgreater thg
given in the above table. Wiring terminals are those connected in the field and not factory wirg
hsurements are to be made with solid wire of adequate ampacity for the load conneeted to each
hinal.

icludes metal fittings for conduit or cable which are factory installed or which\may be field install
he spacings at wiring terminals of a motor shall be 1/4 inch (6.4 mm) for‘a motor rated 250 volt
and 3/8 inch (9.5 mm) for a motor rated more than 250 volts.

[S=1

1]

or

34.2 The thro
basis of the tg
the componer
enclosure. Fo

motor are jud@ed on the basis of the VA of the motor, A"”component that controls loads in

motor is simil
component th
The VA value

34.3 All uning
of same voltg
opposite pola
of the highest

34.4 For circ
motors may b
(6.4 mm) whe

ugh air and over surface spacings at an individual component part are to be
tal VA consumption of the load(s) that the component controls. However, thg
t to the enclosure shall be judged on the basis of the total load on all com
- example, the through air and over surfacg’spacings at a component that ¢

brly judged on the basis of the sumsof the VA of the loads so controlled;
ht independently controls separate.loads is judged on the basis of the VA of t
5 for the load referred to above. @ve to be determined by the measured input.

ulated live parts connected\o different circuits, except subdivided circuits or
ge from same feeder, shall be spaced from one another as though they
ity in accordance with the requirements indicated above and shall be judge
voltage involvedy

hits not exceeding 300 volts, the over-surface spacings for glass-insulate
E 1/8 inch (3.2 mm) where 1/4 inch (6.4 mm) is specified in the table; and m
Fe 3/8.inch (9.5 mm) is specified.

judged on the
spacing from
bonents in the
ontrols only a
hddition to the
except that a
he larger load.

branch circuits
were parts of
i on the basis

i terminals of
ay be 1/4 inch

34.5 The spa

Ling fequirements in Table 34.1 do not apply to the inherent spacings inside fnotors, except

at wiring term

inals, or t0 the Inherent spacings of a component that 1S judged on the basis of the

requirements for the component. However, the electrical clearance resulting 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.
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34.7 Material having a lesser thickness may be used if it has equivalent insulating, mechanical, and

flammability p

35 Spacings

roperties.

— 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.

a dead metal |
when the dev

35.4 The spa
part and a de
shall not be le
will be definite

35.5 The spa|
specified.

g terminal and

bart (|nclud|ng the enclosure and f|tt|ngs for the connect|on of condwt) that ma
e is installed shall not be less than 1/4 inch (6.4 mm).

ing between uninsulated live parts, regardless of polarity, and between an u
hd metal part, other than the enclosure, that may be grounded when the deyv
5s than 1/32 inch (0.8 mm), provided that the construction of ‘the’ parts is such
ly maintained.

cings in low-voltage circuits that do not contain devices such as indicated i

36 Accessibllity of Uninsulated Live Parts

36.1 An unin
located guard
service functid

36.2 Accessil
which may ca

bulated high-voltage live part and moving“parts that may cause injury to pe
bd, or enclosed so as to reduce theztisk of unintentional contact by person
ns that may have to be performed-with the equipment energized.

ility and protection from theZrisk of electric shock and accidental contact with
Ise injury to persons may'he obtained by mounting the control components i

so that unimpg¢ded access is provided to'each compartment through an access cover or par

cabinet and th

a) Th
the fa
plane

b) Un

e cover of the controhassembly enclosure with the following arrangement. Se
£ components ‘are located with respect to the access opening in the outer cs
of the actess opening.

insulated high-voltage live parts outside the control assembly projected clea

rthest compenent in the control assembly is not more than 14 inches (355 mm

y be grounded

hinsulated live
ce is installed
that spacings

h 35.2 are not

r'sons shall be
hel performing

moving parts
h an assembly
el in the outer
e Figure 36.1.

binet so that
) from the

space

(exce

pfvfor live parts within a control panel) or unguarded moving parts are locateq

| not closer

than 6 inches (152 mm) from any side of the access area. The projected clear space is
considered to be bounded on the sides by the projection of the smallest rectangular perimeter
surrounding the outside edge of the components or control enclosure when provided. The
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.

¢) 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,

includ

ing wiring.
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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 opening in the
outer cabinet; and

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

PROJECTED CLEAR !
SPACE PLANE OF ACCESS AREA4—k

J/\
FURTHEST @ g/; 2 ACCESS AREA

=] CONPONENT ~

72 __ | _controL 77// 2
7 PROJECTED
N e ENCLOSURE ] / ik

G M L T2
0 _ ACCESS \ RESETTABLE
U RESET . OPENINGS J CONTROL

ACCESS AREA
PROJECTED

PROJECTED CLEAR
CLEAR I SPACE
SPACE
\
= 3
L A Z HAZARDOUS
MOVING PART

A = DISTANCE FROM_PLANE OF ACCESS AREA TO X
FURTHESTSCOMPONENT - 14" (355.6 mm) MAXIMUM. SECTION A-A ‘

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

EA105

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

a) Coails of controllers;

b) Relays and solenoids;

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

e) Insulated terminals and splices; and


https://ulnorm.com/api/?name=UL 727 2018.pdf

JANUARY 31, 2018 OIL-FIRED CENTRAL FURNACES - UL 727 61

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.

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 fUrna IO U:GDOIfIUd ulldcl FUIIII : T FUIIII :::, dU'JUI Id;lls A\ |to tholbﬂ: OILU [=0>] IIUt d In the table.
At the option pf the manufacturer, a floor-mounted furnace may be tested for installationgn combustible
floors and when so tested is classified under Form la or Form llla, depending on its physigal size.

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

Type of furnac¢ 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 (46Q) 6 (150) 6 (150) C
Form lla 6 (150) 24 (610) 18 (460) 6 (150) 6 (150) O (o)
Form Ilb 6 (150) 24 (610) 18,(460) 6 (150) 6 (150) 6 (150)
Form Ill 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 Illb 18 (460) 48 (1220) 18 (460) 18 (460) 18 (460) 18 (460)

C — Combustiblg
NC — Noncombystible
Forms | and la + Warm-air furnaces, upftow, or downflow types not larger than 100 cubic feet (2.8 m3) in size excluding blower
compartments apd burner).
Forms lla and IIp — Horizontal forced/warm-air furnaces not larger than 100 cubic feet in size (excluding blower compartments
and burner).
Forms Ill and Il — Low-heat{industrial appliances, floor mounted types, which include furnaces not classified upder Forms | and
la.

Form lllb — Low{heat, industrial appliances, suspended types, which include furnaces not classified under Form [lb.

37.3 A horizontal furnace is tested normally with clearances below and to walls and cellings as indicated
in Table 37.1. Such a furnace is classified under Form llb or Form Illb, depending on its physical size as
noted in the table. At the option of the manufacturer, a horizontal furnace normally classified under Form
Ilb may be tested for zero clearance below and when so tested is classified under Form lla.

37.4 At the option of the manufacturer any furnace may be tested with clearances less than those
indicated in Table 37.1. See 43.1.
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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 llb, 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) Anl attic on combustible floors with clearances as indicated for Forms la and“llg, Table 37.1.
ms |, la, and
ested for

y be tested at

b) Anl alcove or a closet with clearances which may be less than indicated fer For
lla, Table 37.1. Under this option, upflow, downflow, and gravity furnacé€s may be

installation on combustible or noncombustible floors, while a horizontal\furnace mg
a clegrance of 6 inches (150 mm) or less below the furnace.

37.7 The stapdard clearances designated in Table 37.1 are based on’the furnace being installed in a

room that is |
Section 39. Al
integral inches

38 Test Insts
38.1 Downfld
38.1.1 Thefu

The distance 1
ceiling of the

wall temperatlire than the other, that side of the furnace is to be directly opposite one wall

38.1.2 The fu
detachable, a
the floor.

hrge compared to the size of the furnace. See the Test Installation for Alc
clearances designated in Table 37.1, or by the manufacturer under an optig
b for testing purposes.

llation for Standard Clearances

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

Fnace is to be placed in a partial'enclosure in the as-received condition, as de
rom the back, side, and top,of-the furnace and from the chimney connector tg
enclosure is to be as indicated in Table 37.1. If one side of the furnace may

Fnace is to be levely'Leveling means, if provided, are to be removed if detach
e to be adjusted to place the base of the furnace the minimum allowable d

boards or ply

38.1.3 The p}ﬂial enclosure is to be formed by two walls of 1-inch (25.4 mm) nominal tf

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

ood 3/4 inch (19 mm) thick, set at right angles and finished in flat black. Se

pve or Closet,
n, are to be in

scribed below.
the walls and
create higher

able; or, if not
istance above

ickness wood
e Figure 38.1.

of the walls is

to be such as to obtain the minimum clearance above the furnace specified in Table 37.1 and in
accordance with 37.2. All joints in the test enclosure are to be tight or sealed. The walls and ceiling of the
partial enclosure are to extend 3 feet (0.91 m) beyond the end and side of the furnace. The walls are to
be the minimum distance specified in Table 37.1 from the side and back of the furnace; except when the
flue outlet is horizontal, in which case the wall opposite the flue collar is to be the specified distance from
a vertical chimney connector as connected to the flue collar by a 90-degree elbow. See 38.1.5.
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38.1.4 If the
furnace is to
building pape

38.1.5 The cH
Galvanized s
connector is t
extended ver

90-degree sheet-metal elbow-at-the bottom of the vertical section. See Figure 38.2.

Figure 38.1
Test enclosure for standard clearances downflow and upflow furnaces

\

{.ALocation of
heater, assembly
on platform,

S2684

furnace is designed for direct installation on combustible flooring, the floo
be nominal 1-inch (3/4 inch) (19 mf) white-pine flooring covered with on

imney connector is to be the'same nominal size as the flue collar or outlet
ovepipe not heavier than*nominal 0.028 inch (0.71 mm) is to be used.
b extend vertically through the ceiling of the test enclosure; being directly cor
ically above a veftical flue outlet and connected to a horizontal flue outl

, and then by 3/4 inch thick plyweood, unpainted or finished with a clear sealgr.

r beneath the
b thickness of

pf the furnace.
The chimney
nected to and
bt by using a
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Figure 38.2
Chimney connectors — standard clearance test
(M (M
- 3) -—
R &/ R

[ 30|

]
%@

7mm)

SN SN —- D

HORIZONTAL FEUE OUTLET VERTICAL FLUE OQUTLET

S258%

1. Centerline of thermocouple.

2. Support bracket.

3. Draft regulator.

4. Flue collar.

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

X

FIRE and HEAT RESISTIVE
INSULATING BARRIER

J— 4" — - 47—

(102mm) (102mm)

SN

38.1.7 A bradket for supporting-the thermocouple for measuring flue-gas temperature is to|be located as
shown in Figure 38.2(2).

S2586

38.1.8 The primary safety-control, if furnished separately for mounting in the chimney conpector exterior
to the furnace}, may beocated 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 testy 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.
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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
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

.
T, THERMOCOUPLE
GRID

I N\ /
STATICQ\—/\‘

PRESSURE
/ \

FURNACE

S 2594

to — Outlet-air temperature
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Figure 38.5
Test enclosure — downflow furnace standard clearances — combustible floor

TOP VIEW

o

—
1

1 1
1

1

]

H

m

—

INLET AIR
} | T 7
F —= | — - D
12"
A €300 mm)
D\ --------- L

1.
(.83 mm) (0.61 m)
FRONT ELEVATION SIDE ELEVATION
52595

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/m3)] 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 J/kg).

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

Area (in.2) = (Btu per hour input) x 0.00122

Area

38.1.16 The fest duct is to be rectangular, with a width approximately equivalent te’ the

dimension of
38.4.

38.1.17 A the
inches (152 n
surface of the
grid. See Figu

38.1.18 The ¢
the furnace. T
mm?2) shieldeq
24 inches abd

38.1.19 The |
specified in th

38.2 Horizon

38.2.1 A hori

nominal thickpess wooden boards or 3/4-inch (19.1-mm) plywood finished in flat black,
Figure 38.6:f ‘the furnace is intended for installation on combustible comstruction, the

sealed. See
clearance ben

kal furnace

cm?) = Watts x 0.0000554

he plenum or plenum collar, but the aspect ratio is not to exceed)four to o

rmocouple grid, see 40.6.9, is to be located in each warmkairoutlet duct in a
hm) downstream from the location closest to the plenum where any coupl
heat exchanger. The duct is to extend at least 6 inchies (152 mm) beyond the
re 38.4.

ross-sectional area and shape of the air-inlet'duct is to be equivalent to the ¢

from direct radiation and located centrally 24 inches (0.61 mm) in front of th
ve the floor of the test enclosure.

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

vontal furnace is(t0‘be tested when installed in a partial enclosure constru

eath thefurnace to the enclosure is to be zero. The walls are to be the mini

specified in T

b
which case the wall opposite the flue collar is to be the specified distance from a ve
onnected to the collar by a 90-degree elbow. See 38.2.3.

connector as

le 373-from the side and back of the furnace; except when the flue outlet i

corresponding
e. See Figure

plane within 6
e will see any
thermocouple

old-air inlet of

he inlet-air temperature is to be measured.by-a thermocouple, not heavier than 24 AWG (2.1

e furnace and

be located as

cted of 1-inch
with all joints

mum distance
5 horizontal, in
rtical chimney
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Figure 38.6
Enclosure for horizontal furnace — standard clearances

3'(0'|91m)

FURNACE

S 2596

38.2.2 The fu
detachable, a
the floor.

38.2.3 The ch
Galvanized st
connector is t
extended ver
90-degree elb|

38.2.4 Wherg
chimney conn

12'(300mm)J

END VIEW FRONT VIEW

VERTICAL FLUE OUTLET SHOWN

rnace is to be level. Leveling means, if\provided, are to be removed if detach
e to be adjusted to place the base\6f the furnace the minimum allowable d

imney connector is to be the'same nominal size as the flue collar or outlet

ovepipe, not heavier tham' nominal 0.028 inch (0.71 mm) is to be used.
b extend vertically through the ceiling of the test enclosure; being directly cor
ically from a vertical flue outlet and connected to a horizontal flue outl
pw at the bottom>ef the vertical section. See Figure 38.2.

the chimney ‘connector pierces the ceiling, an opening 8 inches (205 mm) |
bctor is(toybe cut in the enclosure, and the annulus thus formed sealed on the

with a fire a

Temperatures| onsdrfaces surrounding the chimney connector are not to be determined at

d heat resistive insulating barrier at least 1/8 inch (3.2 mm) thick. See
less than 2 inW

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).

able; or, if not
istance above

pf the furnace.
The chimney
nected to and
bt by using a

arger than the
upper surface

Figure 38.3.
points located

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.
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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.

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 openlng of the furnace is to be prowded by the manufacturer for test purposes The plenum and
the warm-air d s ave the same
dimensions a$ the inlet opening of the furnace. The ducts are to extend at Ieast 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

1 THERMOCOUPLE
GRID.

6"(150mm),

TOP VIEW

SIDE VIEW

S2597

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.
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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.

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 pIenums downflow, and horizontal furnaces, the celllng height

IS tO be that I' \.iullcd ww Ublalll lhc U:UGICJ.I LA\v3 ] IIUIII th lU'J Uf lhc fuIIICUuU 13 th UUI:IIIS D’. Ifled by the
manufacturer,[but in no case is the ceiling height to be more than 7 feet 6 inches. See;

Figurg 39.1 — Upflow Furnaces
Figurg 39.2 — Downflow Furnace

Figurg 39.3 — Horizontal Furnaces
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Figure 39.1
Test enclosure for alcove or closet installation upflow furnace
BACK BACK
[ T 1
D Ep D Ep
I ' I
i i i i
irElfi TOP VIEW | [=~Eg-t H‘Eri TOP VIEW | =~Eg=t
| |
Ef 18"
{455 mrre)
4 O
CLOSET INSTALLATION ALCOVE INSTALLATION
6" (150mm)
) A =+ !
A A T A
: 1 i G—VENTILATING A\ Vi B
|_,/ AIR OPENING N |
l__ N __EP-— A__EP.. __EP
(1.43m
G—-ARINLET
OPENING |:|
6”
FRONT ELEVATION SIDE ELEVATION
S2598

A — From top of firnace casing or pledqum.

Ap — From top of

B — From front offfurnace:

horizontal warmzxair duct within 6 feet (1.83 mm) of furnace.

Cy — From chimneysconnector, 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 39.2
Test enclosure for alcove or closet installation downflow furnace
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FRONT ELEVATION

A — From top of firnace casing or pledqum.

Ap — From top of

B — From front offfurnace:
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_ AR INLET
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ALCOVE INSTALLATION
i

> —f
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B}

le— D -]
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o
(0.6 m
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horizontal warmzxair duct within 6 feet (1.83 mm) of furnace.

Cy — From chimneysconnector, 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
AIR

S3

A — From top of firnace casing or pledqum.

Ap — From top of

B — From front offfurnace:

Cy — From chimneysconnector, measured horizontally or below connector. See Figure 39.4.

TOP VIEW

TOP VIEW

) 8" (203mm)
. J(FOR ALCOVE TEST)
TOP VIEW(STYLE A) TOP VIEW(STYLE B

~<——|— 12"(300mm)

G VENTILATION
6"(150mm)

TAIR OPENING

la B G_AlR INLET
OPENING

(3060mm)

END VIEW(STYLE B) FRONT VIEW(STYLE B)

56

horizontal warmzxair duct within 6 feet (1.83 mm) of furnace.

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 si

de 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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! |
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STYLE 1 SIDE VIEWS STYLE 1l

S2588 STYLE I

SIDE VIEW

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 ClpsetHnstaftation—Test—a-simuiated-dooristobeprovidedfortheenrectosute—
have two opepings located so that the lower edge of the lower opening is 6 inches (152.mm) above the
floor level of the enclosure and the other being located so that its upper edge of 6 inchés b
of the enclosure. The height of each opening is to be one-half the width. The free area of ep
openings is td be at least 1 square inch per 1000 Btu per hour (1 cm? per 454 W) of th
rating but not|more than an area equivalent to 20 percent of the total area of the simulatedd door. For an
upflow and dpownflow furnace, both openings are to be centered on_ the/vertical cent
enclosure. Fgr a horizontal furnace, the two openings are to be centered on vertical genter lines in
accordance wjth the instructions furnished with the furnace.

39.1.5 For a gownflow furnace, a structure made of nominal 1.inch boards or 3/4 inch (19.1 mm) thick
plywood, reprgsenting a ceiling, is to be placed above the watm-air outlet duct. The clea
the duct and the ceiling is to be the minimum selected bysthe manufacturer for testing
ceiling is to extend the full length of the duct and at least2 feet (0.61 m) beyond each side

purposes. The
of the duct.

39.1.6 The fupnace is to be level. Leveling meansgif'provided, are to be removed if detachable; or, if not
detachable, afe to be adjusted to place the base of the furnace the minimum allowable distance above
the floor.

39.1.7 The chimney connector is to be‘the same nominal size as the flue collar or outlet ¢f the furnace.
Galvanized stpvepipe not heavier than-nominal 0.028 inch (0.71 mm) is to be used.

39.1.8 The clparance between the nearest surfaces of the chimney connector and the walls and ceiling
is to be not legs than 9 inches (230 mm) nor more than 18 inches (460 mm), with the following exception:
If the constryction of the. furnace is such that, when installed with the clearances seglected by the
manufacturer,|the clearance between the chimney connector and the interior walls of the test enclosure is
less than 9 inthes (280’ mm), the test may be conducted with such lesser clearance from|the walls with
portions of thg wall located within 9 inches (230 mm) of the chimney connector protected in a recognized
manner; in whieb case directions that such surfaces shall be so protected are to be ifcluded 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.
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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 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 ffom the downstream end of the elbow. See Figure 39.5(6).
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Figure 39.5
Chimney connectors — alcove and closet test

9

Sp589

1. Center line of thérmocouple.

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 Air outlet and inlet

39.2.1 Unless the supply plenum is an integral part of the furnace, a metal plenum having the same

AN

ol [N H £ 4l £ H ES 1N +elaal EYRN £
ure UIOUIIGIBU U'JUIIIIIH VI uic Turtiavc 1o U VT PTUVIUTU Uy Uic Tharurc

cturer for test

dimensions a
purposes.

39.2.2 For an
clearance fron
manufacturer.

n the plenum and warm-air duct to surfaces of the test enclosure will*be as s
See Figures 38.4, 39.1, and 39.2.

39.2.3 For a horizontal furnace, a separate supply plenum is to be arrariged as indicated by

39.1, and 39.2.

39.24 The c
enclosure by
enclosure are
the space seg

39.2.5 The si
minute of sta
through the fu
of the furnace

39.2.6 Formu
Area
Area

39.2.7 The ¢
corresponding

bld-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 cg
to be of such size that the edges of the opening will clear the duct 5/16 inch
led with tape.

ve of the outlet duct is to be calculated*for a velocity of approximately 900 fe

ndard air [0.075 pounds per cubie\foot (1.2 kg/m3)] with a 90°F (50°C) tef

rnace and based on an output €guivalent to 75 percent of the rated input [Btu
Specific heat of air is to beaken as 0.243 Btu per pound (565 J/kg).

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

in.?) = (Btu per hour input) x 0.00122

cm?) = Watts\x 0.0000554

bst duct-is to be rectangular in shape, with a width approximately equ
dimension of the plenum or plenum collar, but the aspect ratio is not to exce

upflow or downflow furnace, the height or depth of a separate plenum is to bé such that the

pecified by the

Figures 38.4,

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

bt (275 m) per
nperature rise
per hour (W)]

valent to the
bd 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.
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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.

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 Figures 38.4 and 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 i
mm?), shieldg
inches (0.6 m|
horizontal furr
of the test en

ventilating opgning into the closet.

40 Instrumentation

40.1 Draft
40.1.1 Draft ig
column and w
reading at the

40.2 Fuel inp

40.2.1 The fu
(0.004 kg) or

40.3 Power 1
40.3.1 The to

40.3.2 An elg
be measured.

nlet-air temperature is to be measured by a thermocouple, not heavier(than
d from direct radiation. For alcove installation, the thermocouple,isiplace

in front of the furnace and 24 inches above the floor of the test enclosurg
ace the thermocouple is to be located at an elevation midway between the fl
tlosure. For closet installation, the thermocouple is to be placed in the centg

to be measured by a draft gauge which may’be read directly to 0.005-inch (0
hich has an accuracy of £0.0025 inch, (¥0.064 mm). A gauge is to be che
beginning and the end of each test.
ut

bl input rate to a burner duting a test is to be determined by a scale accurate
b burette capable of the'same resultant accuracy.

neasurement
fal electricakinput to a furnace is to be measured in amperes.

ctrical\meter is to have a maximum scale range of not more than 1-1/2 time

P4 AWG (0.21
d centrally 24
, except for a
por and ceiling
er of the lower

13 mm) water
cked for zero

to 0.01 pound

s the value to

The smallest scale division is to be not more than 1/50 of the maximum scTe range.
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40.4 Speed measurement

40.4.1 Mechanical or electronic means are to be used to measure the speed of a motor or of a
mechanism driven by it. The load imposed by the counter is not to adversely affect motor 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 St t;\.l MICoouirT \JUIIIIU\/t;UII ;O tU \JUIIO;Ot Uf AR A~] Uf thc allallsclllcllto DhUVVlI ;II T igure 40-1 .
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Figure 40.1
Static pressure pickup arrangements
STYLE 1
€
£
o
e
1216° | 1" 7
(1.6mmd | | (25.4 mm) <
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f 172” a=
i :‘f;, C 2 Zmmy i“';"
A e 3=
umu }D
9/16°D (6 4mm)
(14.3mm> -1

BRASS BOLT, S5/16°-18

(79mm -18 threads per 25.4mm)
MODIFIED AS SHOWNCWITH

NUT AND WASHER

STYLE II

GALVANIZED STEEL DISC
6°¢152mm> IN DIAMETER
NO.28 GSG €0.48mm)

DRILL 0.040°¢1.02mm>
ORIFICE

COPPER TUBE, 1/4°(6.35mm)
LENGTH AS REQUIRED

PLENUM

S 2605
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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 w

40.6.3 Therm
required to o
enclosure, ten
(152 mm) aw
materials and

40.6.4 A ther
contact with t
contact will re
involved, braz

40.6.5 Therm
and with the t
clearance, the

40.6.6 Therm
or taped to th

40.6.7 The te
within 9 inche
surface under]
inch (10 mm)

40.6.8 The flU
inserted into t
furnace and th

I £ s £y EP- 2N £ b 1
eTICVET TCTCTCCTCTITPCTAtOTC T TICaSUTCTHCTITS Oy rhiear SO et iotoupres—al

pcouples are to be placed on surfaces of the test enclosure at various_ (0catid
bserve maximum temperatures during tests. Where the chimney, connect
nperature measurements on the inside surfaces of the enclosurecare to be n
ay from the chimney connector. Thermocouples are to be attached to g
parts such as those mentioned in Table 47.1.

mocouple junction and adjacent thermocouple lead wire ‘ate to be securely |
ne surface of the material whose temperature is being measured. In most ¢

ng or soldering the thermocouple to the metal tnay be necessary.

pcouples are to be secured to wood surfaces by staples over insulated port
b held in a thermal contact with the surface by pressure-sensitive tape; excey
thermocouples are to be applied tocsurfaces of the furnace at points of zerg

b surface in a manner to assure thermal contact with the surface.

s (230 mm) of the_ flue collar, are to be determined by a thermocouple a
a flexible pad of fire and heat resistive insulating-material 6 inches (152 mn
thick, and weighing 1.0 — 1.4 pounds per square foot (4.9 — 6.8 kg/m?).

e-gas temperature is to be measured by a thermocouple, such as illustrated &
e chimney connector as shown on Figure 40.3. There is to be no draft contr
e point where the flue-gas temperature is measured. If a draft control is inco

furnace, it shs

necessary.

ns as may be
br pierces the
nade 6 inches
ther pertinent

eld in thermal
ases, thermal

sult from taping or cementing the thermocouplédn”place; but where a metal surface is

on of the wire
bt that for zero
clearance.

pcouples are to be attached toxsurfaces other than as described above by bging cemented

Mmperature at points on.external surfaces of an attic furnace, except the bottom and at points

tached to the
n) square, 0.4

y Figure 40.2,
bl between the
porated in the

INbe sealed dependably in the position allowing maximum draft during all tes

ts.
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Figure 40.2
Standard thermocouple for flue-gas temperature

777777777777 7

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

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

2.1 — Leads & Nprthrup, Standard 714B, or equal, 1/4 inch (6.4 mm) outside diameter of two-hole porcelain insuator cut to length
and ends beveled on_two sides.

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

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

6. In lieu of individual components described in 1, 2 and 3 above, any combination of preassembled parts of tubing, insulators and
thermocouples may be used.
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Figure 40.3
Flue gas thermocouple and support bracket
/ CHIMNEY CONNECTOR

>

I
I
THERMOCOUPLE SUPPORT

BRACKET

1 — Thermocoupl

40.6.9 The oy
by nine therm
three equal hq
nine areas thy
air flow and w
will see any s
thermocouple

pfiiny B

Section A-A

b, 2 — Support bracket

tlet-air temperature in rectangular ducts‘connected to forced-air furnaces is g
bcouples of identical length wired inparallel. The test duct cross section is to

rizontal and three equal vertical-areas with a thermocouple located centrally
s obtained. The thermocouple grid is to be located in a plane perpendiculat

irface of the heat exchanger. The duct is to extend at least 6 inches (152 m
grid.

41 Initial Tedt Conditions

41.1 General

41.1.1 The fu

rnace-is to be set up for test in the appropriate enclosure and manner

preceding seq

tion of these requirements.

be measured
pe divided into
in each of the
to the axis of

thin 6 inches (152 mm) downstream of the location closest to the plenum where any couple

m) beyond the

escribed in a

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.
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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.

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

1 44 4

potentials indieatetHn—Feabte—4+-+-

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 Furnacq equipped with mechanical atomizing burner

41.2.1 The furnace is to be fired at its rated Btu per hour (W) input, +2 percent, with a grade of fuel for
which the burper 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 for burners fired at 5 gallons (18.9 liters) péer 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 60.6 liters)
per hour.

41.3 Furnacq equipped with vaporizing burner
41.3.1 The funace is toybe fired at its rated Btu per hour (W) input, +2 percent.

41.3.2 No. 1 [fuel wil*having a viscosity conforming to the following is to be used for firfjng vaporizing
burners.
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Oil viscosity Maximum Mean Minimum
Centistokes at 38°C (100°F) 2.04 1.97 1.90
Centistokes at 25°C (77°F) 2.44 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.

41.3.6 The dgpthrof oif i the burmer under poofed condition 15 1o be the maximun 1o Jbe 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 pyessures for tests

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

column.

Table 41.2

Relation of furnace input to external static pressure

Input to fugnace btu per hour (W)

External static pressure inches (mm) water columnf

col. |

Temperature of outlet air determined by function of limit control

Above-74°C (165°F), col. II

74°C (165°F) or less, col. llI

80,000(and under (23,500)
Over B0,000 to 100,000
(23,500 — 29,300)
Over 100,000 to 200,000
(29,300 — 58,600)
Over 200,000 to 375,000
(58/000 — 109,900)
Over B75,000 (109;900)

0.12 (3.65)

0.15 (3.81)

0.20 (5.08)

0.25 (6.35)
0.30 (7.62)

0.30 (7.62)

0.30 (7.62)

0.40 (10.16

0.50 (12.70
0.60 (15.24

2 For furnaceg not equipped with air filters, add 0.08 (2.03 mm) to these values. A furnace may be tested at gxternal static
pressures in gxcessvof those specified above, as recommended by the manufacturer.
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42 Combustion Test — Burner and Furnace

42.1 A central furnace shall be capable of functioning uniformly and reliably without producing 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-gas temperature
have been established, the smoke in the flue gases is not to exceed that indicated by a number 2 spot for
furnaces firing a distillate fuel and a number 4 spot for furnaces firing a residual type fuel as indicated on
the Shell-Bacharach Scale with the Model RDC Smokemeter. When operated as described above the

stack loss for

43 Operation

43.1 A limit control, when adjusted to its maximum setting allowed by a fixed stop, shallpre

when tested 4

c) 20

d) 25
downf

e) Th
Specia

43.2 A furnag
functioning to
Continuity of

43.3 During t
shall operate
Furnace Test,

a furnace is not to exceed 25 percent.

—Fests

s described herein from delivering air at a temperature in excess of:

D°F (93°C) for an attic, downflow, or horizontal furnace, except as indicated i
D°F for a furnace to be tested for alcove or closet installation:

D°F for any furnace tested for less than standard clearances.

D°F (121°C) for a forced-air upflow furnace to be:tested for standard clearan
ow or horizontal furnace classified under Forms lll, Illa, and lllb, Table 37.1

e design outlet-air temperature, if higher than 250°F for a furnace to be useg
|l duct system. See Limit Control Cutolt Test, Section 44.

e fired at rated input shall be'capable of continuous operation without th
cause reduction in the input~-when the furnace is tested as described he
Dperation Test, Section 45.

ne intended operation.of a downflow or horizontal furnace from a cold start,
to prevent reverse)air flow through the furnace. See the Airflow, Downflow
Section 46.

vent a furnace

n (d) below.

ces, and a

only with a

e limit control
rein. See the

he fan control
or Horizontal
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44 Limit Control Cutout Test

44.1 The automatic-reset type limit controls to be adjusted to the maximum setting allowed by its fixed
stop and to the maximum indicated differential setting. An auxiliary limit control, if adjustable, is to be set
to the minimum allowable setting.

44.2 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

that which will
specified in T
Table 41.2. N

44.4 A prelim
produce the a

44.5 The colq
furnace on hi
obtained.

44.6 The co
automatic-res
control is not
control functio
specified in 43

44.7 The furn
is not to functi
time the limit

45 Continuit

45.1 Each lim
be placed in ¢

45.2 Each w4
external static|

outlet air duct is then to be restricted to obtain an outlet air temperature 10°F

bble 41.2, the restriction is lessened sufficiently to obtain a static pressure
b further adjustment of the outlet air duct restriction is to be made throaghou

nary test is to be made to determine the degree of blocking of the)cold-air in
r temperature that will cause the limit control to function.

-air inlet blocking is then to be relieved sufficiently to pérmit continuous og
gh fire and the furnace operated until substantially ,equilibrium outlet-air t

d-air inlet is then to be gradually blocked:over a period of 10 mind
bt type limit control acts to shut off the main_burner flame. During this test an
to function. The outlet-air temperature () at the instant any automatic-r
hs is to be measured. The temperature thus obtained is not to exceed the apy
1.

pn. The temperature obtained:is not to exceed the appropriate value specifieq
control functions.
) of Operation Test

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

rm-airduct outlet of a forced-air furnace is to be restricted symmetrically 1
pressure in the supply plenum of the appropriate value indicated in Table 4

(5.6°C) below
e greater than

as specified in

t this test.

let required to

eration of the
emperature is

tes until any
auxiliary limit
pset type limit
ropriate value

ace is to be allowed to operate«until it recycles on the limit control. An auxiligry limit control

in 43.1 at the

e furnace is to

0 maintain an
2.

45.3 Operation of the furnace is to be continued until equilibrium outlet-air temperature is obtained. The
inlet-air temperature (T4) and the outlet-air temperature (T,) are to be measured. For this test, the inlet-air
temperature (T4) is to be measured by a thermocouple located in the center of the inlet-air duct.

45.4 During this test, the firing of the furnace is not to be interrupted by the functioning of any control,
and is to be in conformance with 43.2.

T, minus Ty is to be not more than T, minus 70°F (39°C)

where:


https://ulnorm.com/api/?name=UL 727 2018.pdf

90 OIL-FIRED CENTRAL FURNACES - UL 727

JANUARY 31, 2018

T; = inlet-air temperature in this test, °C or °F

T, = outlet-air temperature in this test, °C or °F

T, = outlet-air temperature at which limit control functioned in the Limit Control Cutout Test,

Section 44, °C or °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

46.2 For a dqwnflow furnace, a rectangular duct the same size as the inlet-air opening of

to be attached to the return-air inlet of the furnace and extended vertically, using a 90<degrs
furnace has oply a side inlet-air opening, to a distance of 7-1/2 feet (2.29 m) above the fl
structure. For p horizontal furnace, a rectangular duct the same size as the inlet:air opening
is to be attached to the return-air inlet of the furnace and extended vertically’by a 90-deg
distance of 6 ffeet (1.83 m) above the top of the return-air opening of the furnace. The fu

arranged to of
if adjustable, i
differential.

46.3 Air temp|
located in the
thermocouple
thermocouple
opening of the

one at the center, and the other 1 inch from'the opposite side of the opening.

46.4 The furn
minimum norr
and allowed tdq
becomes ope

46.5 The ma
opening of th
fan control to
the burner, e

perate against an external static pressure as specified in Table 41.2. Any fan
5 to be adjusted to the maximum temperature setting allowed by a fixed stop

plane of the return-air (inlet-air) opening~of the furnace. For a downfloy
5 are to be on the horizontal centerline of the return-air opening. For a horizon
b are to be on a horizontal line onezthird of the distance below the top of
furnace. One thermocouple is tobe located 1 inch (25 mm) from one side g

ace is to be adjusted forfiring at rated input, and if a pilot is used it is to b
nal input. Starting with the furnace at room temperature, the pilot, if used, i
burn for 15 minutesi\The furnace is then to be fired and allowed to operate |
ative.

imum temperature indicated by any one of the three thermocouples at
furnacelisnot to exceed 90°F (50°C) above room temperature prior to fun
Cause ‘airto be circulated in the normal direction. A limit control is not to func
cept an automatic-reset type limit control may function to cause one cycle

the furnace is
be elbow if the
bor of the test
of the furnace
ee elbow to a
rnace is to be
br limit control,
and minimum

prature is to be measured by three individual bead-type 24 AWG (0.21 mm?) thermocouples

furnace, the
tal furnace the
the return-air
f the opening,

e adjusted for
5 to be lighted
ntil the blower

the return-air
Ctioning of the
ion to shut off
of the burner

before the fan

control functions.
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47 Temperature Tests

47.1 General

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 controls, to impair the value of required thermal or electrical insulation, nor to cause 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 unless otherwise indicated.
Table 47.1
Meximum-temperature—rises
Device or material Column 1 Cglumn 2
°C CP) °C CF)
A. Motprab
1. (Qass A insulation systems on coil windings of alternating-
currgnt 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. (ass A insulation systems on coil windings of alternatings
currgnt motors having a frame diameter of more than % inches
and|of direct-current motors and universal motors.
a. In open motors —
Thermocouple method 65 (117) 115 (208)
Resistance method 75 (135) 115 (208)
b. In totally enclosed motors =
Thermocouple methgd 70 (126) 115 (208)
Resistance method 80 (144) 115 (208)
3. (Jass B insulation systems.on coil windings of alternating-
currgnt motors having a_frame diameter of 7 inches or less (not
inclyding universal motors).
a. In open motors —
Thermocouple or resistance method 95 171) 140 (252)
b. In totally enclosed motors —
Thermocouple or resistance method 100 (180) 140 (252)
4. Qass B 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 85 (153) 140 (252)
Resistance method 95 171) 140 (252)
b. In totally enclosed motors —
Thermocouple method 90 (162) 140 (252)
Resistance method 100 (180) 140 (252)
B. Components
1. Capacitors
Electrolytic type® 40 (72) (Not specified)
Other typesd 65 (117)

Table 47.1 Continued on Next Page
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Table 47.1 Continued
Device or material Column 1 Column 2
°c (°F) °c (°F)
2. Field wiring 35 (63) 60 (108)
3. Relay, solenoid, and other coils with:?
a. Class 105 insulated windings —
Thermocouple method 65 (117) 115 (208)
b. Class 130 insulated windings —
Thermocouple method 85 (153) 140 (252)
4. Sealing compounds 40°C (104°F) or 72°F less than its melting
paint
5. Transformer enclosures® —
a. Class 2 transformer 60 (108) 85 (153)
b. Power and ignition transformers 65 (117) 90 (162)
C. Insulated ¢onductors®f
1. Appliance wiring material
75°C rating 50 (90) 65 (117)
80°C rating 55 (99) 70 (126)
90°C rating 65 (117) 80 (144)
105°C rating 80 (144) 95 (171)
200°C rating 175 (315) 200 (360)
250°C rating 225 (405) 250 (450)
2. Flexible cord —
Types SO, ST, SJO, SJT 35 (63) 60 (108)
3. §TO cable 35 (63) 60 (108)
4. Wire, Code 25°C (45°F) less than | Temperature rating in
temperature rating in Nationjal Electrical
National Electrical Code, [ANSI/NFPA
Code, ANSI/NFPA 7p-1993
70-1993
D. Electrical Ipsulation — Generalf
1. (lass C electrical insulation matetial Not specified
2. (ass (180) electrical insulation material As determined by tgst
3. Flber used as electrical insulation or cord bushings 65 (117) 90 (162)
4. Phenolic composition_used as electrical insulation or as part 125 (225) 150 (270)
the fleterioration of.which may result in a risk of fire or electric
sho¢k
5. Thermoplastic material 25°C (77°F) or 45°F less [than its
temperature rating
6. Spurfaces of 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 Steeld 656 (1180) 767 (1380)
3. Carbon Steel Sheet, Cast Iron 517 (930) 683 (1230)
4. Carbon Steel-Coated with Type A19 Ceramic 572 (1030) 683 (1230)
5. Galvanized Steel’ 267 (480) 350 (630)
6. Stainless Steel
Types 302, 303, 304, 316, 321, 347 767 (1380) 878 (1580)
Type 309 961 (1730) 1072 (1930)

Table 47.1 Continued on Next Page
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Table 47.1 Continued

Device or material Column 1 Column 2
°c (°F) °c (°F)
Type 310 1017 (1830) 1128 (2030)
Type 405 683 (1230) 795 (1430)
Types 403, 409, 410, 416 572 (1030) 683 (1230)
Type 430 711 (1280) 822 (1480)
Type 442 877 (1580) 933 (1680)
Type 446 961 (1730) 1072 (1930)
7. Zinc Castings 89 (160) 145 (260)
F. General
1. Ar Filter 50 (90) 97 (175)
2. Flue gases 517 (930) 738 (1330)
3. dil inconstant level valve or tank 14 (25) 22 (40)
4. Sprfaces of unit at points of zero clearance to test structure 50 (90) 97 (175)
5. Sprface of floor beneath and within 3 feet (0.91 m) of unit to be 50 (90) 97 (175)
claspified for installation on combustible floors
6. Sprfaces of test enclosure (ceiling, walls, and the like) 50 (90) 97 (175)
2 The motor diameter is to be measured in the plane of the laminations of the cirCle circumscribing the stator|frame,

excluding lug$, boxes, and the like, used solely for motor cooling, mounting, assembly, or connection.

b Coil or winding temperatures are to be measured by thermocouples unless/thé coil is inaccessible for mourfting of these

devices (for gxample, a coil immersed in sealing compound) or unless the\coil wrap includes thermal insulati
than two layefs, 1/32 inch (0.8 mm) maximum, of cotton, paper, rayons er'the like. For a thermocouple meas|

n or more
red

temperature ¢f a coil of an alternating-current motor, other than a universal motor, having a diameter of 7 inches (178

surface of a doil (not including universal motors) where the temperature is affected by an external source of

mm) or less, the thermocouple is to be mounted on the integrally‘applied insulation on the conductor. At a p(’:li
temperature fise measured by a thermocouple may exceed the indicated maximum by the following amounts

C (9°F) for Column 1 limits for Class A(insulation on coil windings of alternating-current motors
eter of 7 inches (178 mm) or less,.oper type;

eter of 7 inches or less, open type;
eter of more than 7 inches; open type; or
dianpeter of more than'Z_inches open type.

¢ For an elecfrolytic capaciter-which is physically integral with or attached to a motor, the temperature rise on|
material intedral with the‘eapacitor enclosure may be not more than 65°C (117°F).

nt on the

eat, the

provided

rature rise of the coil as measured by the.fesistance method is not more than specified in the fable.

having a

°C (18°F) for Column 1 limits for Class B insulation on coil windings of alternating-current motgrs having a
°C (27°F) for Column 1 limits for Class A insulation on coil windings of alternating-current motgrs having a

°C (86°F) for Colummn_1 limits for Class B insulation on coil windings of alternating-current motqr having a

insulating

d A capacitor [which operates at a temperature higher than a 65°C rise may be judged on the basis of its marked

temperature fating.

9 The limitatigns_on“phenolic composition and on rubber and thermoplastic insulation do not apply to compounds which

have been investigatedamd-found-torave freat Tesistant-properties:

h When the reflectivity of aluminum-coated steel is utilized to reduce the risk of fire, the maximum allowable temperature

use is 830°F (461°C).
" The specified maximum temperature uses apply if the galvanizing is required as a protective coating, or the
the surface is utilized to reduce the risk of fire.

reflectivity of
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48 Continuous Operation Test
48.1 Each limit control is to be bypassed to permit continued operation during this test.

48.2 If the inlet-air temperature is not higher than 77°F (25°C) but not less than 73°F (23°C), the outlet-air
temperature is to be maintained at 5°F (3°C) less than that measured during the limit-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
The static pre
in Table 41.2.

48.4 Firing of
no changes i
maximum tem

nus 5°F (3°C).

until the outlet-air temperature reaches the value specified above, plus or mi

the furnace is to be continued until equilibrium temperatures are attained as
h temperature rises for three consecutive readings taken 15 mihutes apa
perature points.

48.5 During this test, the temperature rise above room temperature for dny item is not to ex

indicated for d

uch 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 in

attic, measurdg
49 Blocked I

49.1 The byp
to the maximd

49.2 The fur

d in accordance with 40.6.6 is not to exceed 90°F (50°C) above room tempg
hlet Test

hss is to be removed from any limit centrols and they and any fan controls are
m temperature setting allowed by-a fixed stop and minimum differential.

nace is to be fired and theflow of circulating air regulated to maintain

temperature, @nough below that required.to operate the limit control, which will allow conting

of the furnacqg

, maintaining a static pressure in the supply plenum not more than the apg

indicated in Table 41.2.

49.3 The furn
the furnace is
temperatures
control, the te

to be allowed to cycle on the limit control, if of the automatic-reset type, u
have beencattained. If the furnace is of the type equipped with an auxiliary ma
5t is toube continued until maximum temperatures are attained.

value indicated

evidenced by
t at observed

ceed the value

stallation in an
rature.

to be adjusted

an outlet-air
ous operation
ropriate value

pce inlet-air opening or filter is to be gradually restricted until the limit control finctions. Then

htil equilibrium
hual-reset limit

49.4 During this test, the temperature rises above room temperature are not to exce

bd the values

specified in Column 2 of 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.
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49.5 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 inlet-air temperature during the test are not to
exceed the values specified in Column 2, Table 47.1. See 47.1.1.

50 Fan Failure Test

50.1 The furnace is to be operated under the conditions described in 49.1 and 49.2 to begin this test.
50.2 The circulating-air fan drive is to be disengaged unless the fan is directly attached to the driving
motor shaft, in which case the fan motor only is to be disconnected from the electrical circuit. The furnace

is then allowed to be cycled by the limit control if of the automatic-reset type. If the furnace is of the type
equipped with an auxiliary manual-reset limit control, the test is to be continued until maximum

temperatures

50.3 If the funace is of a type equipped with an automatic-reset limit control only, théyten

above room tq
terminating 1

not to exceed
not in excess

50.4 If the fu
functions duri
the values sp

50.5 If the fu
the following &

50.6 The furn
49.2 to begin

50.7 The circ
motor shaft, ir

is to be pooled to the maximum oil levelallowed by the oil control device, as follows, constg

the main burn
to be cycled
an auxiliary 1
attained.

ot Al
e Aitairiou.

mperature are not to exceed the values specified in Column 2, Table 47.1 du
hour after the first shut-off effected by the limit control. Thereafter,the temper.
the values specified in Column 1, Table 47.1, except that a motormay attain
of 115°C (208°F) above room temperature during any part.ofthis test. See 4

rnace is of a type equipped with an auxiliary manual-reset limit control a
g this test, the temperature rises above room temperature during the test are
cified in Column 2, Table 47.1. See 47.1.1.

nace is equipped with a vaporizing burner which may be ignited from a po
dditional test is to be conducted.

ace is to be readied so that it may.be,operated under the conditions describ
this test.

ulating air fan drive is to bendisengaged unless the fan is directly attached
er flame lighted, and\the furnace allowed to function as it will. The furnace i

y the limit contra( if 'of the automatic reset type. If the furnace is of the type
hanual-reset limit control, the test is to be continued until maximum tem

50.8 If the fufnace_is‘of a type equipped with an automatic-reset limit control only, the tem
above room t%jmperature are not to exceed the values specified in Column 2, Table 47.1 du

terminating 1

perature rises
ring the period
hture rises are
a temperature
7.1.1.

nd the control
not to exceed
pled condition,

ed in 49.1 and

to the driving

which case the fan moter.only is to be disconnected from the electrical circdit. The burner

nt-level valve,
5 then allowed
equipped with
peratures are

perature rises
ring the period

our after the main burner flame was lighted. Thereafter, the temperature ri

ses 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.

50.9 If the furnace is not equipped to avoid pooling and 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.
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50.10 If the furnace is equipped with a device to avoid pooling, the temperature rise limits given in Table
47.1 do not apply, but the furnace is not to show any manifestation of a risk of fire. A part damaged as a
result of the test is not to be cause for unsafe operation of the appliance when attempts to operate the
appliance are made following the test.

50.11 During this test, no flame is to burn outside the combustion chamber, and no excessive smoke is
to be expelled into the room.

51 Stalled Fan Motor Test

51.1 This test needs to be conducted on a fan-type furnace only if the impedance of the circulating-air
fan motor provides the overcurrent protection for that motor. Only the fan-motor temperatures need be

recorded.
51.2 The furn

51.3 The roto
is to be imm
reaches a ma3
maximum teni
more than 12§

51.4 If the fu
the following 4

51.5 The furn
49.2 to begin

51.6 The rotd
allowed by thq
furnace allow
temperature r
test. The max
be not more t

ace is to be operated under the conditions described in 49.1 and 49.2!

I of the fan motor is to be locked, while the furnace is temporarily de-energize
bdiately re-energized and allowed to remain energized until the fan-moto
ximum. Any manually reset control that functions is not to“be’reset during
perature rise above room temperature attained by the motor during the te
b°C (225°F).

nace is equipped with a vaporizing burner whichimay be ignited from a po
dditional test is to be conducted.

ace is to be readied so that it may be operated under the conditions describ
this test.

r of the fan motor is to be locked\ The burner is to be pooled to the max
oil-control device, as follows, eonstant-level device, the main burner flame li
bd to function as it will. Thefurnace is allowed to remain energized until
baches a maximum. Any-manually reset control that functions is not to be re
mum temperature rise above room temperature attained by the motor durin
nan 125°C (225°F).

H. The furnace
I temperature
this test. The
5t is to be not

bled condition,

ed in 49.1 and

mum oil level
hhted, and the
the fan motor
set during this
y the test is to
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