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INTRODUCTION
1 Scope

1.1 These requirements apply to oil-fired, vented, fan-type wall furnaces. Requirements for the
installation and use of oil-burning equipment are included in the Standard for the Installation of Qil-Burning
Equipment, NFPA 31.

1.2 A product that contains features, characteristics, components, materials, or systems new or different
from those covered by the requirements in this standard, and that involves a risk of fire or of electric shock
or injury to persons shall be evaluated using appropriate additional component and end-product
requirements to maintain the level of safety as originally anticipated by the intent of this standard. A

product who
requirements
shall be propg
implementatid

2 General

2.1 Values {
approximate i

3 Glossary
3.1

3.2 AIRSH
or secondary

3.3 ANTIFL
rise in fuel leV
can occur.

3.4 APPLIA

3.5 AUTOM
normally turn

e features, characteristics, components, materials, or systems conflict
or provisions of this standard does not comply with this standard. Revision.6
sed and adopted in conformance with the methods employed for developmen
n of this standard.

tated without parentheses are the requirement. Values 'in parentheses are
hformation.

For the purpose of this standard the following definitions apply.

with specific
[ requirements
, revision, and

explanatory or

UTTER — An adjustable device for varying the size of the air inlet or inlets reguilating primary

air.

DODING DEVICE — A primary safety control which causes the fuel flow to be §
el or upon receiving excess fuel, and which operates before the hazardous di

NCE FLUE — The,flle passages within the appliance.

shut off upon a
scharge of fuel

TICALLY/EIGHTED APPLIANCE - An appliance in which fuel to the main burner is

d on and/ignited automatically.

3.6 BAFFLE

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

3.7 BASE -

The main supporting frame or structure of the wall furnace, exclusive of legs.

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

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

3.10 BURNER, NATURAL DRAFT TYPE — A burner which depends principally upon the natural draft
created in the flue to induce into the burner the air required for combustion.
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3.11 BURNER, VAPORIZING TYPE — A burner consisting of an oil vaporizing bow! or other receptacle to
which liquid fuel may be fed in controllable quantities; the heat of combustion being used to vaporize the
fuel, with provision for admitting air and mixing it with the oil vapor in combustible proportions.

3.12 CASING — An enclosure forming the outside of the appliance, no parts of which are likely to be
subjected to intense heat.

3.13 CENTRAL HEATING APPLIANCE - A stationary indirect-fired vented appliance comprising the
following classes: boilers, central furnaces, floor furnaces, and wall furnaces. A floor mounted unit heater
to be connected to a duct system is categorized also as a central heating appliance.

3.14 CHIMNEY CONNECTOR — The pipe which connects a solid or liquid fuel burning appliance to a
chimney.

3.15 COMBUSTIBLE MATERIAL — Combustible material as pertaining to materials adchent to or in
contact with h¢at producing appliances, chimney connectors and vent connectors, réfers to material made
of or surfaced|with wood, compressed paper, plant fibers, or other material that\will ignite apd burn. Such
material shall|l be considered as combustible even though flame-prooféd, fire-retardant treated, or
plastered.

3.16 COMBUSTION — The rapid oxidation of fuel accompaniedby‘the production of heaf, or heat and
light. Completé combustion of a fuel is possible only in the presence'6f an adequate supply of oxygen.

3.17 COMBUSTION CHAMBER — The portion of an appliance within which combustion ocgqurs.
3.18 COMBUSTION (FLAME) SAFEGUARD - A safety combustion control.

3.19 CONSTANT LEVEL VALVE - A device for maintaining within a reservoir a constant Ig¢vel of fuel for
delivery to the|burner.

3.20 CONTROL — A device intended to regulate the fuel, air, water, or electrical supply to [the controlled
equipment. It may be automatic, semiautomatic, or manual.

3.21 CONTROL, LIMIT — An automatic safety control, responsive to changes in liquid leve|, pressure, or
temperature, fpr limiting the\gperation of the controlled equipment.

3.22 CONTROL, SAFETY - Automatic controls, including relays, switches, and other auxiliary
equipment us¢d in conjunction therewith to form a safety control system, which are intended to prevent
unsafe operatIm of the controlled equipment.

3.23 CONTROL, PRIMARY SAFETY — The automatic safety control intended to prevent abnormal
discharge of oil at the burner in case of ignition failure or flame failure.

3.24 CONTROL, SAFETY COMBUSTION — A primary safety control responsive directly to flame
properties, sensing the presence of flame and causing fuel to be shut off in event of flame failure.

3.25 DAMPER - A valve or plate for regulating draft or flow of flue gases. A damper is generally
considered as being located on the downstream side of the combustion chamber, usually in a flue passage
of the appliance or in the chimney connector.

3.26 DAMPER, AUTOMATICALLY OPERATED — A damper operated by an automatic control.
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3.27 DAMPER, MANUALLY OPERATED - An adjustable damper manually set and locked in the desired
position.

3.28 DRAFT REGULATOR - A device which functions to maintain a desired draft in the appliance by
automatically reducing the chimney draft to the desired value.

3.29 ELECTRICAL CIRCUITS:

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

b) Low-Voltage Circuit — A circuit involving a potential of not more than 30 volts alternating current
(42.4 f i i 2 transformer
or other suitable transforming device, or by a suitable combination of transforer and fixed
impedance having output characteristics in compliance with what is required for a Class 2
transfgrmer. A circuit derived from a source of supply classified as a_ high-voltage circuit, by
connefting resistance in series with the supply circuit as a means ofimiting the voltage and
, Is not considered to be a low-voltage circuit.

ty Control Circuit — A circuit involving one or more safety controls.

3.30 EXCES{
that which is t

bS AIR — Air which passes through the combustion aféa and the appliance flugs in excess of
heoretically required for complete combustion.

3.31 FLUE {
combustion ¢

- The general term for the conduit or passageway through which flue gases
namber to the outer air.

pass from the

3.32 FLUE
connector.

COLLAR — That portion of an appliance intended for attachment of the chimney or vent

3.33 FLUE GASES — Combustion products and excess air.

3.34 FUEL
ANSI/ASTM [

3.35 HEAT
chamber of th
as air, steam,

OIL — Any hydrocarbon oil as defined by the Standard for Specification
396.

FXCHANGER;‘DIRECT — A heat exchanger in which heat generated in th
e appliance-is transferred direct through walls of the appliance to the heating
or water,and held in close contact with the combustion chamber walls. It is a

for Fuel Oils,

e combustion
medium, such
self-contained

combustion ahd heat transfer device, hence a direct heat transfer device.

3.36 HEAT EXCHANGER, INDIRECT — A heat exchanger which encloses or contains a heating
medium, such as air, steam, or water, the heat from which is transferred to another heating medium
separately contained in close contact with or directed through the heat exchanger. It is an indirect heat
transfer device.

3.37 HEATING SURFACES - All surfaces which transmit heat directly from flame or flue gases to the
medium to be heated.

3.38 INDIRECT FIRED APPLIANCE — An appliance designed so that combustion products or flue gases
are not mixed in the appliance with the medium to be heated; and provided with a flue collar.

3.39 LIMIT CONTROL - See Control, Limit —3.21.

3.40 LINER - See Radiation Shield — 3.46.
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3.41 MANUALLY LIGHTED APPLIANCE — An appliance in which fuel to the main burner is turned on
only by hand and ignited under supervision.

3.42 NORMAL CARE - The periodic tasks usually performed to operate and maintain an appliance,
such as air, fuel, pressure, and temperature regulation, cleaning, lubrication, resetting of controls, and the
like. Repair and replacement of parts other than those expected to be renewed periodically is not
considered to be normal care. Some examples of normal care are:

a) Cleaning or replacing nozzles, atomizers, and pilots.
b) Setting ignition electrodes.

c) Cleaning strainers or replacing strainer or filter elements

d) Resgtting safety control.
e) Replacing igniter cable.
3.43 OIL-FIRED WALL FURNACE — A wall furnace equipped with one ornmore oil burnefs, and all the

necessary salety controls, electrical equipment as needed, and related\equipment, manufactured for
assembly as g complete unit. This definition does not include oil stoves.

3.44 PILOT 1 A flame which is utilized to ignite the fuel at the main\burner or burners.

3.45 PRIMARY AIR — The air introduced into a burner and which mixes with the fuel beforelit reaches the
ignition zone.

3.46 RADIATION SHIELD — A separate panel_or panels interposed between heating [surfaces and
adjacent objedts to reduce heat transmission by radiation.

3.47 RADIATOR - Aucxiliary heat transfer-surfaces within the casing, connected between ttle combustion
chamber and the flue collar.

3.48 READILY ACCESSIBLE —«€apable of being reached easily and quickly for operation, adjustment,
and inspection.

3.49 SAFET) CONTRQL- See Control, Safety — 3.22.

3.50 SECONDARYAIR — The air externally supplied to the flame at or beyond the point of ignition.

3.51 SPECIACPARTS AND TOOLS — Those parts and tools that are not available on the open retail
market.

3.52 THERMOSTAT - An automatic control actuated by temperature change to maintain temperatures
between predetermined limits.

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

3.54 VALVE, OIL CONTROL — An automatically or manually operated device consisting essentially of an
oil valve for controlling the fuel supply to a burner:

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

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

3.56 WALL FURNACE - A self-contained indirect-fired appliance intended for incorporation in, insertion
into, or permanent attachment to a wall or partition, and furnishing heated air circulated by gravity or by a
fan directly into the space to be heated through openings in the casing.

3A Undated References

3A.1  Any urf
be interpreted

dated reference to a code or standard appearing in the requirements of this |standard shall

as referring to the latest edition of that code or standard.
4 Compongnts

4.1 Except as indicated in 4.2, a component of a product covered by this'standard shall ¢
requirements [for that component. See Appendix A for a list of standards covering compon
used in the prpducts covered by this standard.

bmply with the
ents generally

4.2 A componentis not required to comply with a specific requirément that:
a) Invplves a feature or characteristic not required-in the application of the conjponent in the
produgt covered by this standard, or
b) Is stiperseded by a requirement in this standard.
4.3 A comppnent shall be used in accordance with its rating established for the intended conditions of
use.
4.4 Specific|] components are incomplete in construction features or restricted in| performance
capabilities. $uch components «are intended for use only under limited conditions, such as certain
temperatures|not exceeding specified limits, and shall be used only under those specific conditions.
CONSTRUCTION — MECHANICAL
5 Assembly
5.1 A wall tformace shatt—befactory buitt—as—a group assembly andshatt—inciode =it the essential

components necessary for its normal function when installed as intended. A wall furnace may be shipped
as two or more major subassemblies.

5.2 A wall furnace, if not assembled by the manufacturer as a unit, shall be arranged in major
subassemblies. Each subassembly shall be capable of being incorporated readily into the final assembly
without requiring alteration, cutting, drilling (except to the extent indicated in 5.3), threading, welding, or
similar tasks by the installer. Two or more subassemblies, which must bear a definite relationship to each
other for the proper and safe installation or operation of the furnace, shall be arranged and constructed to
permit them to be incorporated into the complete assembly only in the correct relationship with each other,
without need for alteration or alignment, or such subassemblies shall be assembled, tested, and shipped
from the factory as one element.

5.3 To be in accordance with 5.2, major subassemblies of a wall furnace are deemed to be the:
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a) Burner,;
b) Heat exchanger, including its base, combustion chamber, casing, and safety controls;
c) Blower assembily, including the base, filters, and casing; and

d) Blower motor if not included as part of the blower assembly.
A wiring harness may be packaged with one of the major subassemblies.

5.4 A radiation shield or baffle employed to prevent excessive temperature shall be:

a) Assembled as part of the furnace;

b) Part|of a subassembly that must be attached to the furnace for its normal operationf, or

c) Such that the furnace cannot be assembled for operation without first attaching a required shield
or bafflg in its proper position.

5.5 The design of a wall furnace shall be such that, for any normal installation, the alteratipn or removal
of a baffle, insulation, or a radiation shield needed to prevent unsafe temperatures is not reqyired.

5.6 A wall fyrnace shall afford convenient operation by the uSer/of those parts requiring attention or
manipulation By him in normal usage.

5.7 Adjustable or movable parts shall be provided with.ecKing devices to prevent accidentdl shifting.

5.8 Screws qr bolts used to attach parts which arezdetached for normal care or servicing of|the appliance

shall be capalple of holding upon the application-of the torques indicated in Table 5.1 aftef removal and
replacement.

Table 5.1
Maximum torque requirements for screws
Torque,

Screw._size (mm) pound-inches (NI-m)

No.[8 (4.2) 20 (4.3)
No. 10 (4.8) 25 (4.8)
1/4 inch (6.4) 100 (11-3)
5/16 inch (7.9) 200 (22.6)
3/8 inch (9.5) 350 (39.5)
7/16 inch (11.1) 550 (62.1)
1/2inch (12.7) 800 (90.3)
9/16 inch (14.3) 1200 (135.5)

5.9 A wall furnace shall be such that no portion of the products of combustion nor any portion of the
heated circulating air or air from the space being heated will be discharged into spaces within walls, floor,
or ceiling. Openings in the jacket, top, or sides, through which the chimney connector extends, shall be
sufficiently close fitting to comply with this requirement.

5.10 A wall furnace shall be constructed to provide a constant circulation of heated air at all times during
normal operations.
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5.11 A wall furnace with a single warm air register shall not be equipped with a shutter to restrict the flow
of warm air from the heater.

5.12 A wall furnace having more than one warm air register, when equipped with a shutter, shall be such
that at least one warm air register will be open at any position of the shutter.

5.13 The bottom of the heater shall provide an oil-tight pan with an upturned flange not less than 1/2 inch
(12.7 mm) high around the periphery and around any openings through the pan. All oil handling parts,
including the fuel supply line connection, shall be directly above the pan.

5.14 The construction of a wall furnace shall provide for maintaining the minimum clearance required
between the bottom, sides, and top of the furnace and concealed surfaces of the wall or partition in which
or to which the furnace is to be installed. Spacers shall be of such strength and bearing| surface as to
maintain requjred clearance from building material.

5.15 The requirement of 5.14 does not apply to unconcealed portions of a furnace extendi
wall or partitipn into a readily accessible space such as an alcove, closet, of room. The g
such portiong of the furnace to combustible construction may be as specified in integral
manufacturerlin the instructions for installation and as marked on the unit. See 54.1.

ng beyond the
learance from
inches by the

hce is installed
stem when the

5.16 If the chimney connector is located within the wall or partitionstructure when the furn

as intended, {
furnace is pla
extension req

5.17 Any ex
closing.

5.18 Aburn
519 Awall
the minimum
and the level
6 Servicing
6.1

Genera

6.1.1 A wal

he furnace shall be designed for direct connection({o ‘a chimney or venting sy
ced directly adjacent to or beneath the chimney orwenting system. Any specia
Lired shall be provided as part of the furnace.

ternal door providing access into the combustion chamber of a wall furnace

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

furnace equipped with an anti-flooding device shall be such that, when the fU
Hdistance between the intended maximum normal oil level maintained by the oil
bf the lowest point at-which overflow may occur is not less than 3/4 inch (19.1 n

connection or

shall be self-

rnace is level,

control device
hm).

furnace shall be built to allow cleaning of parts such as interior surfaceg

of vaporizing

burners, heat

ng surfaces in contact with combustion products, oil inlet pipes, and oil strainers, without

major dismantling of the wall furnace or removal of parts required by 5.2 to be factory assembled.

6.1.2 The removal of access panels, burners, blowers, caps, plugs, and the like intended to permit ready
removal and replacement for servicing, are not considered major dismantling as defined by 6.1.1.

6.1.3 Sufficient and reasonable accessibility shall be afforded for cleaning, inspection, repair, and
replacement of all burners, controls, and safety devices when the wall furnace is installed as
recommended by the manufacturer. The disposition of parts in the assembly removed for normal care
shall be such that their restoration, following removal, will not necessitate their realignment to secure their
proper relationship with other parts of the assembly. Special facilities required for normal care to be done
by the operator shall accompany the wall furnace to the user.
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6.1.4 The requirements of 33.1 are not applicable to mechanical service functions that are not intended
to be performed while the equipment is energized.

6.2 Moving

6.2.1

parts

injury shall be enclosed or guarded.

6.2.2 |Ifther

emoval of doors, panels, or shields will expose such moving parts:

Moving parts such as fan blades, blower wheels, pulleys, belts, and the like, which may cause

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

b) Ani

c) Awag

6.2.3 The di

6.2.2 shall be

exceed 3 inch
values include
found by appr
The minor dim

that can be in

MIerlocking device shall shut off the mechanism; or |
rning marking shall be displayed which reads essentially as follows:

DANGER - To Avoid Injury From Moving Parts, Shut Off The’ (Equip
(Removing-Opening) This (Cover-Door).

ttance from an opening in a required guard or enclosure ‘to the moving part
in accordance with Table 6.1, but the minor dimensiornyof‘the opening shall n
es (76.2 mm). For an opening having a minor dimension intermediate betwg
d in the table, the distance from the opening to the moving part shall be not
ppriate interpolation between the corresponding values in the right-hand colum
ension of the opening is determined by the largest hemispherically tipped cy
erted through the opening with a force of 5pounds (22.5 N).

g
3

ment) Before

mentioned in
bt in any case
en two of the
less than that
n of the table.
indrical probe

Table 6.1
Dimensions of openings

Nlinor Dimensions of Opening, Minimum Distance from Opening to Moying Part,
Inchgs? (mm) Inches (mim)
1/4 (6.4) 12 (1R.7)
3/8 (9.5) 1-1/2 (38.1)
1/3 (12.7) 2-1/2 (6B.5)
3/4 (19.1) 4-1/2 (n4)
1 (25.4) 6-1/2 (165)
1-1p (38.1) 10-1/2 (267)
2 (50.8) 14-172 (369)
Over 2 Inches (over 50.8) 30 (762)

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

6.2.4 A moving part is not to be considered when judging compliance with 33.1 and 6.2.2 if the part is

unlikely to be
7 Disposal

7.1

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

of Combustion Products

the circulating air.

The construction of a wall furnace shall not allow the products of combustion to become mixed with
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8 Casing

8.1 The outer casing or jacket shall be made of steel or equivalent material, reinforced or formed if
necessary, so that it is not likely to be damaged through handling in shipment, installation, and use. Sheet
metal casings shall be made of steel having a minimum thickness of 0.020 inch (0.51 mm) (No. 24 MSG),
if uncoated, or 0.023 inch (0.58 mm) (No. 24 GSG), if galvanized, or of nonferrous sheet metal having an
average thickness of not less than 0.029 inch (0.74 mm), and all surfaces shall be protected against
corrosion. The finish on the outer casing or jacket of the wall furnace shall not be damaged by heat during
any of the tests.

8.2 The casing of a wall furnace shall allow the access of sufficient air for combustion and for a draft

regulator enclosed within the casing.

8.3 A wall fiirnace shall have all cold air inlet and warm air outlet openings blanked ouf

where fabrica
at the ends of
8.4. Where s\
appliance ang

8.4 When a
fewer as wel
acceptable b
casings which

8.5 Access
removal and 1

8.6 A remo
being attache

8.7 AremoV
same wall fur

9 Radiation

ed. These openings shall be fitted with grilles or registers attached to the“cas
stub ducts which shall be not more than 10 inches (254 mm) in length; except
ch ducts are provided, they are to be supplied by the manufacturer-as an inte
tested as such in accordance with these requirements.

as with all such openings, all except the minimum number of warm air
test shall have suitable covers supplied at the factory to close openings
may not be used at the installation.

panels which may be removed for normal service and accessibility shall

d in a manner that may cause unsafe performance of the heater.

able panel shall be so censtructed that it will not be interchangeable with othe
nace when interchange may allow unsafe operation of the heater.

Shields

9.1 A radiat
positioning a
protected ag
tested in accq
shall not be d

on shieldnor liner shall be so constructed, formed, and supported as to
d to prévent distortion or sagging in service. See 10.4 and 10.5. A shield o
inst corrosion if its deterioration may cause excessive temperatures when the

eplacement without causing damage or impairing any required insulating value.

at the factory
ng or installed
as provided in
pral part of the

wall furnace with multiple warm air outlet openings is jntended for installatiop and use with

outlets found
in liners and

permit ready

able panel through which air is drawn for combustion shall be such as to prevent it from

panels on the

ensure proper
[ liner shall be
wall furnace is
e to corrosion

prdance with these requirements. Any finish to obtain the required resistana

10 Materials in Air Handling Compartment

10.1

Materials in a compartment handling air for circulation shall not have a flame spread rating over 25

nor a smoke developed rating over 50 when tested in accordance with the Standard for Test for Surface
Burning Characteristics of Building Materials, UL 723. This requirement does not apply to the following:

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

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

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

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

€) 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 (0.92 m?).
See 10.7.

10.2 The supporting surface to be used in the test for adhesives as described in the Standard for Test for
Surface Burning Characteristics of Building Materials, UL 723, is to be of asbestos-cement board or metal.
Other materials requiring support may be supported using metal rods or bars or 2 inch (50.8 mm)
hexagonal mesh wire with metal bars or rods.

bartment. The

ay reduce or
block air flow {o cause temperatures in excess of those acceptable during testing.as specifi¢d in Sections

Iuired values,
short-circuiting, or grounding. Leading edges of insulation shall be protected against damage from the
effects of the elocity of the moving air, such as by butting edges of insulation against bulkhegads.

10.5 A mechanical fastener for each square foot (0.09 m?) of expased surface is considered to securely
position insulgting liners. Mechanical fasteners may be bolts,.metal clamps, wire rods, or the equivalent.
Rigid or semirigid sheets of insulating material may not require_fastening to the extent needef for less rigid
material or prgtection of leading edges if the material possesses inherent resistance to damage.

10.6 An adhgsive required for securing insulation-shall retain its adhesive qualities at any temperature
attained by th¢ adhesive when the unit is tested under the performance requirements of this|{standard and
at minus 17.8°C (0°F) or minus 29°C (minus 20°F) for outdoor use equipment.

10.7 Polymeric materials exempted by:10.1(e) shall not have a flame spread rating exceeding 25, or
shall comply with the requirements specified in Section 52, Flammability Test.

11 Air Filter

11.1 A filter, |if supplied-as:a part of the wall furnace, shall be accessible for inspection of replacement
without the us¢ of spegial tools and without dismantling the wall furnace.

12 Combustion'‘Chamber

12.1 A combustion chamber and flueway within the air handling compartment shall be constructed of
cast iron, sheet steel, or other equivalent material. Sheet steel, if used, shall have the strength, rigidity,
durability, resistance to corrosion, and other physical properties equivalent to sheet steel having a
minimum thickness of 0.032 inch (0.81 mm).

12.2 Combustion chamber (fire box) lining material, if used, shall be durable, securely in place, and
accessible for replacement with equivalent material.

13 Radiator

13.1 A radiator shall be made of material not lighter than that specified in 12.1 for a combustion chamber
and shall be capable of being cleaned as intended.
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14 Heating Surface Joints

14.1 Joints in heating surfaces shall be tight, to the degree afforded by being welded, lock-seamed,
machined and bolted, riveted, and the like. A joint shall be equivalent to that afforded by lock-seaming and
shall not depend primarily on cement for tightness. A slip or lap joint shall not depend solely upon friction
of the joint itself for strength.

14.2 Examples of some acceptable lock-seams are illustrated by Figure 14.1.

Figure 14.1

Types of acceptable lock-seams

i

FOLD LOCKED DOUBLE LOCK OFFSHET
STANDING SEAM DOUBLE |SEAM

-=— B4 Bl

ACME LOCK CORDON SEAM LOCK SEAM

£D100

15 Baffles

15.1 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 sheet steel having a minimum thickness of 0.032 inch (0.81 mm) unless its deterioration will not
cause temperatures in excess of those specified when the wall furnace is tested as specified in the
Temperature Tests, Section 43; and Continuous Operation Temperatures, Section 44.

15.2 A flue baffle shall be accessible for cleaning. A flue baffle that is removable for cleaning shall be
such as to facilitate its removal and permit replacement only in its intended position.

16 Flue Collar

16.1 A flue collar shall be designed and arranged to permit the secure attachment of the chimney
connector.
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16.2 A flue collar or flue collector parts within the air handling compartment shall have the rigidity, heat
resistance, and corrosion resistance at least equivalent to that of sheet steel having a thickness of not less
than 0.032 inch (0.81 mm).

17 Damper and Draft Regulator

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

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

17.3 A furn%e to be equipped with a barometric draft regulator shall not require that/the regulator be
installed in a false ceiling, in a different room, or in any manner that will permit a differenge in pressure
between the a|r in the vicinity external to the regulator and the combustion air supply.

17.4 A draft|regulator for a wall furnace to be installed within a concealed space shall |be within the
confines of thg wall furnace casing and shall be accessible.

CONSTRUCTJON - ELECTRICAL
18 Controls
18.1 Application

18.1.1 A safety control or protective device shallinterrupt the ungrounded conductors.

18.1.2 The réquirementin 18.1.1 does notapply to a circuit within a safety control or to the gxtension of a
circuit to a separate element of the contrél'such as a flame sensing device.

18.1.3 A corftrol circuit shall be_arranged so that it may be connected to a power supply [branch circuit
that can be fuged at not more than'the value appropriate for the rating of any control included|in the circuit.

18.1.4 All safety controls:shall be accessible.

position. It shpllbe, possible to determine by observation or test whether or not each control is in its
intended locat|on.

1815 A sany cantrol shall be supported so that it and its sensing element will remain in their intended

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

18.1.7 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.

18.2 Limit control

18.2.1 A furnace shall be provided with a limit control to prevent temperatures in excess of those
specified in Sections 45 — 47, and 49.
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18.2.2 The maximum setting of a limit control allowed by a fixed stop shall permit an outlet air
temperature of not more than 250°F (121°C).

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

18.2.4 The purpose of the requirement specified in 18.2.3 is to avoid interposing in the limit control circuit
other controls, the malfunction of which may result in a condition that the limit control is intended to
prevent. However, a limit control may interrupt the pilot circuit of a magnetic-type motor controller that, in
turn, directly opens the safety circuit when it is necessary to interrupt a single-phase circuit carrying a load
greater than the capacity of available limit controls, or to interrupt a multiphase circuit.

18.2.5 A furpace equipped with a vaporizing burner shall be constructed to avoid paolirig of the burner
upon functionjng of the limit control.

18.3 Primany safety control
18.3.1 A wa|l furnace shall be equipped with a primary safety control.

18.3.2 A constant level device shall maintain the oil level to within %£1/32 inch (0.8 mm) of the intended oil
level during operation of the furnace.

19 Field Wifing
19.1 General

19.1.1 Provision shall be made for connection of a power supply wiring system conforming with the
National Elecfrical Code, ANSI/NFPA 70.

19.1.2 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 infended.

19.1.3 The ¢onnections are to be accessible without removing parts other than a service gover or panel
and the coverjof the outlet box or compartment in which the connections are made. A component intended
for such use may serve‘as-a cover.

19.1.4 The gize.ofa junction box in which field installed conductors are to be connected by splicing shall
be not less than that specified in Table 19.1. A conductor passing through the box is cgunted as one
conductor, and each conductor terminating in the box is also counted as one conductor. A field-furnished
conductor for high-voltage circuits is considered to be not smaller than 14 AWG (2.1 mm?).

Table 19.1
Size of junction boxes
Size of conductors Free space within box for each conductor,

AWG (mm? cubic inches (cm3_

16 or smaller (1.3 orless) 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 (8.3) 3.0 (49.2)
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19.1.5 A knockout for connection of a field wiring system to a terminal box or compartment shall
accommodate conduit of the trade size determined by applying Table 19.2.

Table 19.2
Trade size of conduit in inches®?

Wire size Number of wires
AWG (mm?) 2 3 4 5 6

14 (2.1) 12 12 12 12 12

12 (3.3) 1/2 1/2 1/2 3/4 3/4

10 (5.3) 12 12 12 3/4 3/4
@ This Table is based on the assumption that all conductors will be of the same size and there will be no more thiah six conductors
in the conduit. If more than six conductors will be involved or if all of them are not of the same size, the interpal crogs-sectional
area of the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-sectionalarea of the wires, based
on the cross-sedtional area of Type THW wire.
b Conversion fadtors: 1/4 inch = 6.4 mm, 1 inch = 25.4 mm.

19.2 Leads Lnd terminals

19.2.1  Wiring terminals, or leads that are not less than 6 inches (152 mm) long, shall b¢ provided for
connection of field wiring conductors of at least the size required by the National Elgctrical Code,
ANSI/NFPA 70, and corresponding to the marked rating of the assembly.

19.2.2 Lead{

can cause afi

19.2.3 Lead{

the lead may be transmitted to terminals, splices, or internal wiring which may cause the leg

from its termin
10 pounds (44

19.24 An id
manual switch

device.

19.2.5 Atter

and from contacting-dead metal parts. This may be accomplished by use of pressure-termin

soldering lugs

may be less than 6 inches (152 mm) injléngth if it is evident that the use of
5k of fire or electric shock.

intended for connection to an external circuit shall be provided with strain rel

ation or result in damage tothé lead from sharp edges. Each lead shall withs
.5 N) for 1 minute without’damage to the assembly.

entified (grounded)tferminal or lead shall not be electrically connected to
ng device which has an OFF position or to a single-pole overcurrent (not thern

minals, (stranded conductors shall be prevented from contacting other uninsul

a longer lead

ef if stress on
d to separate
tand a pull of

a single-pole
nal) protective

hted live parts
Al connectors,

crimped eyelets, soldering all strands of the wire together, or equivalent mea

ns. Open slot-

type connector—stattrnot—be—used—untess—theyare—intended—to—prevent—isconnection—resulting from
loosening of the clamping means. The shanks of terminal connectors shall be protected by insulating
tubing or the equivalent; if the required spacings may be reduced as a result of loosening of the clamping
means, the thickness of the insulation on the shanks shall be not less than 0.028 inch (0.71 mm).

19.2.6 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.

19.2.7 Terminal parts by which field wiring connections are made shall consist of soldering lugs or
pressure terminal connectors, secured in place in accordance with 19.2.12, 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.
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19.2.8 A wire binding screw at a high-voltage wiring terminal for field connection shall be not smaller than
No. 10 (4.8 mm diameter) except that a No. 8 (4.2 mm diameter) screw may be used for the connection of
a conductor not larger than 14 AWG (2.1 mm?) and a No. 6 (3.5 mm diameter) screw may be used for the
connection of 16 or 18 AWG (1.3 or 0.82 mm?) control circuit conductors.

19.2.9 A terminal plate for a wire binding screw shall be of metal not less than 0.030 inch (0.76 mm) in
thickness for a 14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch (1.27 mm) in thickness for
a wire larger than 14 AWG; and in either case there shall be not less than two full threads in the metal.

19.2.10 A terminal plate formed from stock having the minimum required thickness may have the metal

extruded at th

e tapped hole for the binding screw so as to provide two full threads.

19211 Aw

19.2.12 Fiel

re binding screw shall thread into metal.

H wiring terminals shall be secured to their supporting surfaces by methads oth

between surfaces so that they will be prevented from turning or shifting in paosition if sug

result in redu
rivets; by squ
into an adjacq

19.2.13 Cor
in a continuot
marking of wi
colors other

identified by 4
other termina

19.2.14 Ab
power to the {
requirement d

ction of spacings to less than those required. This may be accomplished by
are shoulders or mortices; by a dowel pin, lug, or offset; by aconnecting stra
nt part; or by some other equivalent method.

s white or gray covering, three continuous white stripés on other than green
ite or gray color at the termination. All other cutrent carrying conductors shal
han white, gray, or green. A terminal for cénnection of a grounded cond
metallic-plated coating, substantially white.if’ color and shall be readily distin
s, or it shall be identified in some other manner, such as on an attached wiring

bx or enclosure included as part of the assembly and in which a branch ci
urnace is to be connected shalknot require that it be moved for normal care g
oes not apply to separate limit-controls and stack switches, where permitted, t

clad cable or flexible metallic conduit is-te;be directly attached.

19.215 ADb
19.2.14 and

ox or enclosure in.which field installed conductors are to be connected 3
9.2.16 shall be_so located that the temperature of conductors within the box

the box likely
(140°F) when

to be in contact with the conductors will not exceed that specified for a w
the furnaceiis tested in accordance with these requirements.

19.2.16 Exc
devices not

ept as-otherwise permitted by 20.1.4, wiring to be done in the field between th

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

ductors intended for connection to a grounded neutrahline shall be identified, that is, finished

nsulation, or a
be finished in
uctor shall be
juishable from
diagram.

cuit supplying
f the unit. This
b which metal-

s indicated in
or surfaces of
re rated 60°C

e furnace and
i and located,

Ttached to the furnace, or between separate devices which are field installe

shall comply i
metal-clad cable.

20

20.1

20.1.1

Internal Wiring

General

in 20.1.2 —20.3.2.

fonduit or with

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

20.1.2 Wiring shall be done with insulated conductors having current carrying capacity, voltage, and
temperature ratings consistent with their use. A conductor, other than an integral part of a component,
shall be not smaller than 18 AWG (0.82 mm?).
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20.1.3 The wiring for all furnace circuits shall be furnished by the manufacturer as part of the furnace. If
the furnace is not assembled and wired at the factory, such wiring shall be furnished as a harness with
each furnace and be arranged to facilitate attachment when the furnace is assembled; in which case a
pictorial diagram showing the exact arrangement of the wiring shall be included with each furnace.

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

20.2 Methods

20.2.1

Electrical wiring to a part which must be moved for maintenance and servicing shall be arranged

so that the

Conductors to|be disconnected from terminals of such part shall terminate in eyelets ot ¢con
wiring to a part which functions also as an access plate or cover, that is, a transformer closi

to the nozzle

part by means
part shall not
reduce spacin

20.2.2 Cond

enclosure, or metal-clad cable, except as permitted by 20.2.15 and 20.2.16.

20.2.3 Grouy
in 20.2.2.

20.2.4 Flexih
This does not

under other standards.

20.2.5 |If flex
feet (1.37 m) 4
36 inches (914

20.2.6 All sp
connection sh
connection ma

art may be moved without breaking soldered connections or disconne

ssembly, is not readily detachable, the assembly shall include provision for s
other than the wiring when the part is moved for servicing. Any allowable mov
twist, bend, or pull the wiring to the extent that could cause:damage to wirg
js below those specified.

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

A of Table 20.1 includes some wiring materials’recognized for use if enclose

le metal conduit, if used, shall be nat,smaller than 3/8 inch (9.5 mm) electri
apply to parts of components, suehas conduit protecting flame sensor lead

ble metal conduit is used jt'shall be mechanically secured at intervals not ex|

mm) where flexibilityis necessary.

lices and connections shall be mechanically secure and bonded electricall
all be made:mechanically secure before being soldered if breaking or log
y resultin‘any hazardous condition.

cting conduit.
hectors. If the
ng the access
upport of that
ement of such
insulation or

vay, electrical

i as indicated

tal trade size.
s, considered

ceeding 4-1/2

nd within 12 inches (0:03"’m) on each side of every junction box except for lengths not over

y. A soldered
sening of the
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Table 20.1
Typical wiring materials
Type of wire, cord, cable, or appliance wiring Wire size Insulation thickness
Group matt_arial with insulat_ion thicl_mes_ses §ho_wn at AWG mm? Inch mm
the right corresponding to wire sizes indicated
10 and smaller 5.3 2/64 0.8
8 8.3 3/64 1.2
6 13.3 4/64 1.6
4 21.2 4/64 1.6
FF-2, FFH-2, TF, TFF, TFN, TFFN, SF-2, SFF-2, 3 26.7 4/64 1.6
A | RHLRAMRAVRURROW THW RO, |
material. 1 42.4 5/64 2.0
1/0 53.5 5164 2.0
2/0 67.4 5/64 2.0
3/0 85.0 5/64 2.0
4/0 107.0 5/64 2.0
18 0282 4/64 1.6
16 1.3 4/64 1.6
SO, ST, SJO, SJT, l i terial with 5 2 o/o4 290
B the;'moblasti(‘: or ngsrzmeaizcsilgtlir:)r;g et G 33 5/64 2.0
10 5.3 5/64 2.0
8 8.3 6/64 24
6 13.3 8/64 3.2
Thermoplastic Wiring materials, as referenced in Group A, with insulation thickness of 2/64 inch (0.8 mm) for 16 or{18 AWG (1.3 or
0.82 mm?) and $/64 inch (1.2 mm) for 14, 12, 10, or 8 AWG (2.1;-3.3, 5.3, or 8.3 mm?), are considered equivalent fo the wiring
material refererjced 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 dielectric properties, heat resistance, moisture resistance, and
flammability.
20.2.7 A spjice shall be provided with insulation equivalent to that required for the wifes involved if
permanence ¢f spacing between the splice and other metal parts is not ensured.
20.2.8 Splic|ng devices, such,as fixture-type splicing connectors, pressure wire connectorg, and the like,

may be emj
Thermoplasti

20.29 Aspl

which high-vo

Itage wiring materials may be employed.

loyed if they. -have insulation suitable for the voltage to which they &
tape wrapped over a sharp edge is not acceptable.

ce s to be enclosed by being installed in a junction box, control box, or other ¢

re subjected.

pompartment in

20.2.10 Splices shall be located, enclosed, and supported so that they are not subject to damage,
flexing, motion, or vibration.

20.2.11

A splice is considered adequately enclosed when installed in a junction box, control box, or other

enclosed compartment in which high-voltage wiring materials, as specified in Group A of Table 20.1, may
be employed. Splices in enclosed machinery compartments are to be secured to a fixed member in the

compartment so that they are not subject to movement or damage during servicing.

20.2.12 At all points where conduit or cable terminates, the conductors shall be protected from abrasion.
If metal-clad cable is used, an insulating bushing or its equivalent shall be provided between the
conductors and the cable and the connector or clamp shall be such that the insulating bushing or its

equivalent wil

| be visible for inspection.
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20.2.13 A wireway shall be such that the interconnection of sections and fittings will provide a rigid
mechanical assembly and insure 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.

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

20.2.15 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 20.2.3.

b) The
mainte

c) The
is prov

20.2.16 Corg
wiring is enclo

a) The

wiring and the wires do not project through the plane of thetop of the trough or chann

b) Lou
of 1/2

(12.7 mpm) in diameter larger than the object that'will be installed through the opening.

c) Ope
are pla

d) Whe
wiring

(] - - - (] - L L b o Ho R (] ) - (H 1 (] b
COra— 1S~ notrequired 10— 0e DENt, (WISted, O OtNeTwisSe—arspraceda o1
nance and service.

ded.

s or appliance wiring material as referenced in Group B, Table,20.1 may be e
5ed by a furnace casing conforming to all of the following:

e are no openings in the bottom, unless a U-shaped-channel or trough is locg

ers or openings in other than the bottom will Aot permit entrance of a rod havi
nch (12.7 mm) and openings for such item§’as pipe or conduit are not more

hings are not closer than 6 inches (152 mm) to the wiring unless metallic barr
ced between the wiring and the openings.

re combustible material other;than electrical insulation is located within the con
s separated from such material and the material has self-extinguishing ¢

ender normal

length of cord exterior to the assembly is not more than 4 inches (102 mm) anfd strain relief

mployed if the

ted under the
b

hg a diameter
than 1/2 inch

iers or baffles

hpartment the
haracteristics

specifigd in 20.2.17. An air filter may be employed within the enclosure.

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

20.2.17 Withreference to 20:2:16(d), plastic materials shall be classified as Type V-0, V-1,
or HF-2 in accprdance withithe Standard for Tests for Flammability of Plastic Materials for Pg
and Appliances, UL 94, and other nonmetallic materials shall have equivalent characteristics

|6 when such
not required;

20.2.18 Factpry wiring of a low-voltage safety circuit may be done as described in 20.2.
wiring is located in“a cavity or compartment of a heater, but conformance to (a) — (d) is
however, suchwirmgistobeadequatety shietded fromrtarm:

20.2.19 Holes in walls or partitions through which insulated wires or cords pass and on which they may
bear shall be provided with smoothly rounded bushings or shall have smooth, rounded 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, fiber, or equivalent material.

20.2.20 A fiber bushing shall be not less than 3/64 inch (1.2 mm) in thickness with a minus tolerance of
1/64 inch (0.4 mm), 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 normal operating conditions.

20.2.21 To provide an acceptable unbushed opening in sheet metal usually requires rolling and/or
extrusion of the metal around the opening, or the insertion of a grommet conforming to 20.2.19.


https://ulnorm.com/api/?name=UL 730 2022.pdf

AUGUST 19, 2022 UL 730 23

20.3 Short circuit protection

20.3.1 Except as indicated in 20.3.2, conductors of motor circuits having two or more motors, one or
more of which are thermal or overcurrent protected, wired for connection to one supply line shall withstand
the conditions of a Short Circuit Test, Section 50, without creating a fire or shock hazard.

20.3.2 Conductors which conform to the following are considered acceptable without test:

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

b) Conductors which are 18 AWG (0.82 mm?) or larger and not more than 4 feet (1.2 m) in length
provid f ; . rt Circuit Test,
Section 50. This applies to any of the wiring materials specified in this standard,lifcluding those
encloged in raceways; or

c) Conductors which serve as jumper leads between controls providing theJength of fhe leads does
not exgeed 3 inches (76.2 mm) or the conductors are located in a control\panel.
21 Separation of Circuits
21.1  Unless| provided with insulation for the highest voltage involved, insulated conductors of different
circuits (internal wiring) shall be separated by barriers or shall be{segregated and shall, in ahy case, be so

separated or|segregated from uninsulated live parts connected to different circuits or ogposite-polarity
parts of the sgme circuit.

21.2 Segredation of insulated conductors as required in 21.1 may be accomplished by clafnping, routing,
or an equivalgnt means that provides permanent.séparation from insulated or uninsulated|live parts of a
different circult.

21.3 Field installed conductors of any circuit shall be segregated or separated by barriers ffom:

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

b) Uninsulated live parts of any other circuit.

¢) Any uninsulatéd live parts whose short-circuiting may permit operation of the pppliance that
could gause risk of fire, electric shock, or injury to persons, except that a constructiof in which field

installed .conductors may make contact with wiring terminals is acceptable, provided that wiring
materiEIs as specified in Group A of Table 20.1 will be employed when wired in accorfdance with the

National Electrical Code, ANSI/NFPA 70.

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

a) If the number of openings in the enclosure does not exceed the minimum required for the
intended wiring of the wall furnace and if each opening is located opposite a set of terminals, it is to
be assumed, for the purpose of determining compliance with 21.3 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 investigation is to consider the
possibility of conductors entering at points other than opposite the terminals to which they are
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intended to be connected and contacting insulated conductors or uninsulated current carrying parts
connected to a different circuit.

21.5 |If a barrier is used to provide separation between the wiring of different circuits or between
operating parts and field installed conductors, it shall be of metal or insulating material and shall be held in
place.

21.6 A metal barrier shall have a thickness at least as great as that required by Table 26.1 based on the
size of the barrier. A barrier of insulating material shall be not less than 0.028 inch (0.71 mm) in thickness
and shall be of greater thickness if its deformation may be readily accomplished so as to defeat its

purpose. Any clearance at the edges of a barrier shall be not more than 1/16 inch (1.6 mm) wide.

21.7 Openin
diameter and
which will ned
surface where
closure remov

22 Bonding

22.1 Expose
be contacted
equipment is €

22.2 Except
and mounting
interconnectin
contacted by t

22.3 Metalp

a) Adh
outside
metal

b) Isol
like, th

c) Pan

s in a barrier for the passage of conductors shall be not larger than 1/4 inc
shall not exceed in number, on the basis of one opening per conductor, the AU
d to pass through the barrier. The closure for any other opening shall-pres
ver an insulated wire may be in contact with it; and the area of any.such op¢g
ed, shall not be larger than required for the passage of the necessary wires.

for Grounding

d or accessible noncurrent carrying metal parts that.may become energized a
y the user or by service personnel during service operations likely to be perfor]
nergized, shall be electrically connected to the peint of connection of an equip

bs indicated in 22.3, uninsulated metal parts.of cabinets, electrical enclosures,

brackets, controller mounting brackets; capacitors and other electrical
j tubing and piping valves, and theclike, are to be bonded for grounding ff
e user or serviceman.

brts need not be grounded when of the types described below:

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

ted metal parts, such as magnet frames and armatures, small assembly sc
t are separated from wiring and uninsulated live parts.

pls and covers which do not enclose uninsulated live parts if insulated parts 3

separa

red from the panel or cover.

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

nd which may
med while the
ment ground.

motor frames
components,
they may be

bcated on the
by grounded

rews, and the

nd wiring are

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

224

If a component such as a switch is likely to become separated from its intended grounding means

for purposes of testing or adjustment while the equipment is energized, it is to be provided with a

grounding con

22.5 Splices

ductor not requiring removal for such service.

shall not be employed in wire conductors used for bonding.

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

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

a) Be protected from mechanical damage such as by being located within the confines of the outer

enclos

ure or frame; and

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

22.8 The bonding shall be by a positive means, such as by clamping, riveting, bolted or screwed

connection, o

hvwaldina -—solderina —or brazinawith matariale havina 9 caftanina ar maltin
YWt g—Se1aeHRg—e oA gWiHR-HateHars—ravihg—= ROHHRg-o-erth

than 454°C (
vitreous enan

22.9 A conr
acceptable if
device and if
thermal degre
maintenance
clamping dev

2210 If bon
to engage the

2211 If the
conductor is
means does 1

a) Wh
branch

b) Dun
Circuit

B50°F). The bonding connection shall penetrate nonconductive coatings.'su
el.

it complies with 22.11 under any degree of compression permitted by a var
the results are still acceptable after exposure to the effects\of oil, grease,
dation which are likely to occur in service. The effect of assembling and disg
purposes, such a clamping device is to be considered, with respect to the IiK
ce being reassembled in its intended position.

ding depends on screw threads, two or more screws or two full threads of a si
metal.

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

ot open:

en carrying for the time specified in Table 22.1 twice the current equal to th
circuit overcurrent device required to protect the equipment; and

ng the Short Circuit Test, Section 50, in series with a fuse of the required rat
Test, Section 50!

Table 22.1
Duration of current flow bonding-conductor test

g point greater

ch as paint or

ection that depends upon the clamping action exerted by rubbefr-or similar materials is

able clamping
moisture, and
ssembling, for
elihood of the

ngle screw are

r if a bonding

Emaller than required by 22.12 — 2245, it shall be considered acceptable if the connecting

e rating of the

ng. See Short

Rati

hinutes

hg.of overcurrent device, amperes Minimum duration of current flow, 1
30 orless 2
31-60 4
61-100 6
101 -200 8
201 -400 10
401 -600 12

2212 The size of a conductor or strap employed to bond an electrical enclosure or motor frame shall be
gaged on the rating of the branch-circuit overcurrent device to which the equipment will be connected.
Except as indicated in 22.11, the size of the conductor or strap shall be in accordance with Table 22.2.
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Table 22.2
Bonding wire conductor size

Rating of overcurrent Size of bonding conductor?
device, Copper wire Aluminum wire
amperes 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) 2 (8.3)
100 8 (8.3) 6 (13.3)
200 6 (13.3) 4 (21.2)
@ Or equivalent dross-sectional area.

22.13 A bon
size of the con

22.14 If mor|
conductor is td
for the compo
circuit overcu
conductor for
protection of {

22.15 The e
shall be rated
National Elect

22.16 A sold
shall not be us

2217 A wirep

a green colo
connection o
"GROUNDING",
equipment. Th

Hing conductor to a component or electrical enclosure is notrequired to be larger than the
ductors supplying power to the component or components \within the enclosurg.

e than one size of branch-circuit overcurrent deviee\is involved, the size of the bonding
be based on the rating of the overcurrent device intended to provide ground-fault protection
nent bonded by the conductor. For example, if asmotor is individually protected by a branch-
ent device smaller than other overcurrent_devices used with the equipmept, a bonding

r
llhat motor is to be sized on the basis ofthie overcurrent device intended for ground-fault

e motor.

Juipment grounding terminal or lead shall be located in the field wiring compartment and
for connection of an equipment=grounding conductor of at least the size rgquired by the
ical Code, ANSI/NFPA 70, fotthe rating of the power supply circuit to be connécted.

ering lug, a push-in Qr screwless connector or a quick-connect or similar friction fit connector

ed for the terminal forthe field installed grounding conductor.

binding screw intended for the connection of an equipment-grounding condug
ed head/sthat is hexagonal, slotted, or both. A pressure wire connector

such( 3" conductor shall be identified by being marked "G", "GR",
", bysthe symbol in Figure 22.1, or by a marking on a wiring diagram prq

tor shall have
intended for
"GROUND",
vided on the

and shall be se

e Wire- blndlng screw or pressure W|re connector shall be secured to the fram

or enclosure

binding screw,

upturned lugs, or the equrvalent shaII be prowded to retain the conductor. If a pressure connector is used
adjacent to the connectors intended for the supply conductors and if it could be mistaken for the neutral of
a grounded supply, a marking shall be additionally provided indicating "EQUIPMENT GROUND" and/or

identifying the

connector by a green color.
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Figure 22.1

Grounding symbol

22.18 The s
shall be finish
no other lead

23 Servicin

23.1 Servic
a) Adj
b) Reg

c) Opsg

purface of an insulated lead intended for the connection‘ef an equipment-groun
ed a continuous green color or a continuous green,colar with one or more yellg
visible to the installer shall be so identified.

g and Adjustment

1

functions that may have to be performed while the equipment is energized ing
sting the setting of temperature controls with or without marked dial settings;
etting the control trip mechahism;

rating manual switches; or

d) Adjdisting air flow dampers. A factory set and sealed control is not considered to bg

23.2 Adjustd
with respect t
operation car
moving parts

Db uninsylated live parts so that manipulation of the mechanism for adjustmern
be aceomplished in the normal direction of access if uninsulated live parts
are.

ing conductor
w stripes, and

lude:

adjustable.

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

t, resetting, or
or hazardous

a) Not

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

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

23.3 An electrical control component which may require examination, adjustment, servicing, or
maintenance while energized, not including voltage measurements, shall be located and mounted with
respect to other components and with respect to grounded metal parts so that it is accessible for electrical
service functions without subjecting the serviceman to the likelihood of shock hazard from adjacent
uninsulated live parts or to accident hazard from adjacent moving parts.

23.4 Components in a low-voltage circuit are to comply with the requirements of 23.3 in their relation to
uninsulated live parts in a high-voltage circuit and to hazardous moving parts.
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24 Electrical Components

241 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.

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

25 Mounting of Electrical Components

25.1 A switch, fuseholder, lampholder, or similar electrical component shall be mounted to prevent it from
turning, exceptasnotedin 252 — 255

25.2 The redquirement specified in 25.1 that a switch shall be prevented from turning may be waived if all
of the following conditions are met:

a) The|switch is of a plunger or other type that does not tend to rotateé\when operated. A toggle
switch |is considered to be subject to forces that tend to turn the switch during opgration of the
switch.

b) The means for mounting the switch makes it unlikely that operation of the switch will loosen it.
c) The ppacings are not reduced below the required values.if the switch rotates.

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

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

25.4 The mgans for preventing turning.is;to consist of more than friction between surfades: a toothed
lock washer which provides both spring take-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.

25.5 Uninsulpted live pafts-shall be so secured to the base or mounting surface that they will be
prevented from turning arshifting in position if such motion may result in a reduction of spacings below the
acceptable values.

26 Electrica’ Enclosures

26.1 General

26.1.1 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.

26.1.2 Sheet metal complying with Table 26.1 and Table 26.2, whichever applies, is acceptable for the
individual enclosure of electrical components.

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

a) Mechanical strength;
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b) Resistance to impact;

¢) Moisture absorptive properties;

d) Combustibility;

e) Resistance to corrosion; and

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

conditi

ons of use.

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

26.1.4 Whe
cabinet warrs
whichever ap

26.1.5 Term
shall be sized

26.1.6 Stee
means.

26.1.7 Shed
less than 0.0]

20 GSQ), if gglvanized steel, and not less than 0.045.inch (1.14 mm), if nonferrous.

26.1.8 If thr
or if an equiv
in the metal 3
threads for th
conduit hub, d
rounded inlet
provided by a
as that of the

e the construction and location of the component and the strength and-tigid
nt, an individual enclosure of thinner metal than specified in Tablé |26.1

ty of the outer
br Table 26.2,

plies, may be employed.

nal housings of motors to which connections are to be made in‘the field shall j
in accordance with the National Electrical Code, ANSI/NFRA'70.

enclosures shall be protected against corrosion by‘\painting, plating, or ot

t metal to which a wiring system is to be connected in the field shall have 3
2 inch (0.81 mm) (No. 20 MSG), if uncoated steel, not less than 0.034 inch (

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

!

e of metal and

her equivalent

thickness not
D.86 mm) (No.

nclosure wall,
n five threads
be attached. If
nclosure wall,
| be a smooth,
ivalent to that
htely the same
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Table 26.1
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) (MSG) (GSG)
4.0 (10.2) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0.023 (0.58)
4.75 (12.1) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) (24)
6.0 (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) 125 (31.8) (22) (22)
8.0 (20.4) Not limited 12.0 (30.5) Not limited 0.032 (0.81) 0.p34 (0.86)
9.0 (22.9) 11.5 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (20)
12.5 (31.8) Not limited 19.5 (49.5) Not limited 0.042 (1.07) 0.p45 (1.14)
14.0 (35.9) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) (18)
18.0 45.7) Not limited 27.0 (68.6) Not limited 0.053 (1.34) 0.p56 (1.42)
20.0 (50.8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) (16) (16)
22.0 (55.9) Not limited 33.0 (83.8) Not limited 0.060 (1.53) 0.p63 (1.61)
25.0 (63.9) 31.0 (78.7) 35.0 (89.0) 43.0 (109.2) (15) (15)
25.0 (63.44) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.p70 (1.78)
29.0 (73.1) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) (14) (14)
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.04) 0.p84 (2.13)
35.0 (89.0) 47.0 (119.4) 54.0 (137.1) 66.0 (167.6) (13) (13)
42.0 (106]7) Not limited 64.0 (162.8) Not limited 0.093 (2.36) 0.p97 (2.46)
47.0 (11941) 59.0 (149.9) 68.0 (¥72.7) 84.0 (213.4) (12) (12)
52.0 (132]1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.{111 (2.80)
60.0 (15214) 74.0 (188.0) 84.0 (213.4) 103.0 (261.6) (11) (11)
63.0 (160/0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)
73.0 1854 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) (10) (10)
@ A supporting frgme is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attach¢d to and has
essentially the sgme outside dimensions as the enclosure surface and which has sufficient torsional rigidity to resis{ the bending
moments which hay be applied'ia the enclosure surface when it is deflected. Construction that is considered to hgve equivalent
reinforcing may e accomplished by designs that will produce a structure which is as rigid as one built with a frame pf angles or
channels. Construction considered to be without supporting frame includes:
1) Single.sheet with single formed flanges (formed edges);
2) A sIngle’sheet which is corrugated or ribbed; and

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

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

¢ For panels which are not supported along one side, for example, side panels of boxes, the length of the unsupported side shall be
limited to the dimensions specified unless the side in question is provided with a continuous flange at least 1/2 inch (12.7 mm) wide.
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Table 26.2
Minimum thickness of sheet metal for enclosures, aluminum, copper, or brass
With supporting frame or equivalent
Without supporting frame? reinforcing®
Maximum width® Maximum length® Maximum width® Maximum length Minimum thickness in
Inches
Inches (cm) Inches (cm) Inches (cm) Inches (cm) (mm) (AWG)
3.0 (7.6) Not limited 7.0 (17.8) Not limited 0.023 (22)
35 (8.9) 4.0 (10.2) 8.5 (21.7) 9.5 (24.1) (0.58)
4.0 (10.2) Not limited 10.0 (25.4) Not limited 0.029 (20)
5.0 T2.7) 6.0 (15-2) 05 (26.7) 35 (332) 0-73)
6.0 15.2) Not limited 14.0 (35.6) Not limited 0.03p (18)
6.5 16.5) 8.0 (20.4) 15.0 (38.1) 18.0 (45.7) 0.91)
8.0 20.4) Not limited 19.0 (48.3) Not limited 0.04p (16)
9.5 24.1) 11.5 (29.2) 21.0 (53.3) 25.0 (63+5) (1.14)
12.0 30.5) Not limited 28.0 (71.1) Not limited 0.058 (14)
14.0 35.6) 16.0 (40.6) 30.0 (76.2) 37.0 (94.0) (1.47)
18.0 45.7) Not limited 42.0 (106.7) Not limited 0.07p (12)
20.0 50.8) 25.0 (63.4) 45.0 (114.3) 55.0 (139.7) (1.91)
25.0 63.4) Not limited 60.0 (1524) Not limited 0.09p (10)
29.0 73.7) 36.0 (91.4) 64.0 (162;6) 78.0 (198.1) (2.41)
37.0 94.0) Not limited 87.0 (221.0) Not limited 0.12p (8)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (3.10)
52.0 f132.1) Not limited 1230 (312.4) Not limited 0.158 (6)
60.0 152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89)
& A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal which is rigidly attacHed to and has
essentially the shme outside dimensions as thé enclosure surface and which has sufficient torsional rigidity to resigt the bending
moments that mpy be applied via the enclosure Surface when it is deflected. Construction that is considered to have equivalent
reinforcing may pe accomplished by designs, that will produce a structure which is as rigid as one built with a frame| of angles or
channels. Constfruction considered to pe\without supporting frame includes:
1) Bingle sheet with single formed flanges (formed edges);
2) A\ single sheet,which is corrugated or ribbed; and
3) fAn enclosure surface loosely attached to a frame, for example, with spring clips.
® The width is th¢ smalléFdimension of a rectangular sheet metal piece which is part of an enclosure. Adjacent surfaces of an
enclosure may Havesupports in common and be made of a single sheet.

ted side shall be

limited to the dlmensmns specified unless the S|de in questlon is prowded with a contlnuous flange at Ieast 1/2 inch (12.7 mm) wide.

26.1.9 An enclosure threaded for support by rigid conduit shall provide at least five full threads for

engaging with the conduit.

26.1.10 A knockout in a sheet metal enclosure shall be secured but shall be capable of being removed

without undue deformation of the enclosure.

26.1.11

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.

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

thickness not less than-
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a) 0.014 inch (0.35 mm) for steel or 0.019 inch (0.48 mm) for nonferrous metal for a hole having a
1/4 inch (6.4 mm) maximum dimension; and

b) 0.027 inch (0.68 mm) steel or 0.032 inch (0.81 mm) nonferrous metal for a hole having a 1-3/8
inch (34.9 mm) maximum dimension.

A closure for a larger hole shall have a thickness equal to that required for the enclosure of the device or a
standard knockout seal shall be used. Such plates or plugs shall be securely mounted.

26.1.13 The enclosure shall prevent the emission of molten metal, burning insulation, flaming particles,
or the like through openings onto combustible material, including the surface on which the equipment is

mounted.

26.1.14 If in
consideration
an ignition soy

26.1.15 Allin
with the requir|

sulating material other than electrical insulation is provided within),th
s given to the burning characteristics and combustibility of the materiahand th
rce.

tended mounting positions of the unit are to be considered when determining
ement of 26.1.13.

26.1.16 A junpction box which is formed in part by another part such as a fan scroll or a mot

fit such that:

a)Ang
does n

pening between the box and motor frame havingra dimension exceeding 1/2 i
bt permit a flat feeler gauge, 5/64 by 1/2 inch(2.0 by 12.7 mm) wide to enter.

b) An ¢pening between the box and motor frame having no dimension exceeding

mm) dg
26.1.17 The

26.1.18 Duri
enclosure, inc

es not permit the entrance of a 13/64<nch (5.2 mm) diameter rod.

uding air filters, which may be removed without the use of tools, is to be remoyv,

criteria for judging an openingin‘an electrical enclosure are given in Section 33.

e enclosure,
e proximity of

if it complies

Dbr casing is to

ch (12.7 mm)

1/2 inch (12.7

ng the examination for.conformance with the requirements of 26.1.17, @ part of the

ed.

26.2 Doors and covers

26.2.1 A cov
for securing it

er or access panel of an enclosure for uninsulated live parts shall be providgd with means

n place:

26.2.2 A hinged-or pivoted panel or cover shall be positioned or arranged so that it is not subject to falling
or swinging due to gravity or vibration so as to cause risk of injury to persons by the panel or cover, or by
moving parts or uninsulated live parts likely to cause risk of injury to persons.

26.2.3 The assembly shall be arranged so that an overcurrent protective device, such as a fuse, whose
protective functioning requires renewal, can be replaced and manual-reset devices can be reset without
removing parts other than a service cover or panel, and a cover or door enclosing the device. See 26.2.7.

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

26.2.5 An opening in an enclosure to provide clearance around a dial, knob, lever, or handle shall not
allow the entrance of a rod having a diameter of 9/64 inch (3.6 mm) at any setting or position of such part.
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26.2.6 A fuseholder shall be constructed, installed, or protected so that adjacent uninsulated high-
voltage live parts within 4 inches (102 mm), other than the screw shell of a plug fuseholder, cartridge fuse
clips, or wiring terminals to the fuseholder, will not be exposed to contact by persons removing or replacing
fuses. An insulating barrier of vulcanized fiber or similar material employed for this purpose shall be not
less than 0.028 inch (0.71 mm) in thickness.

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

overload protective device, except as indicated in 26.2.8.

26.2.8 Ahin

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

a) Corlutrol-circuit fuses of 2 amperes or less, provided the fuses and control-circy

than a

fixed control-circuit load, such as pilot lamp, are within the same enclosure; or

b) Extfactor-type fuses each with its own enclosure; or

c) Fus

26.2.9 Hing

Es in low-voltage circuits.

bd covers, where required, shall not depend solely upon screws or other

requiring the dise of tools to hold them closed, but shall be provided with a catch or spring lat

26.210 As
the door in p
acceptable m

26.2.11
against a 1/4
of four edges
wall of the b
construction
combination d

26.2.12 Stri
at not less th4g
between thes

26.2.13 An

pring latch, a magnetic latch, a dimple, or any.oether mechanical arrangemen
lace and would require some effort on the,user's part to open it is consid
bans for holding the door in place as required’in 26.2.9.

inch (6.4 mm) rabbet or the equjvalent, or shall have either turned flanges for
or angle strips fastened to it. Flanges or angle strips shall fit closely with the
bx proper and shall overlap;the edges of the box not less than 1/2 inch
vhich affords equivalent(protection, such as a fuse enclosure within an outer
f flange and rabbet is acceptable.

Ds used to provide-rabbets, or angle strips fastened to the edges of a door, sh
n two points,tnot’'more than 1-1/2 inches (38.1 mm) from each end of each stri
e end fastenings not more than 6 inches (152 mm) apart.

electron tube or similar glass-enclosed device shall be protected again

it loads, other

similar means
ch.

t that will hold
ered to be an

A do¢or or cover giving direct access to fuses in other than low-voltage circuits shall shut closely

the full length
outside of the
(12.7 mm). A
enclosure or a

all be secured
b and at points

5t mechanical

damage.

27 Motors and Motor Overcurrent (Overload) Protection

271

or combinations thereof.

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

27.2 Overcurrent protective devices as referred to in 27.1 mean overcurrent protective devices

conforming to

the requirements of the National Electrical Code, ANSI/NFPA 70, as follows:

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

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

2) Motors with a marked temperature rise not over 40°C — 125 percent; or
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3) All other motors — 115 percent.

Each winding of a multispeed motor is to be considered separately and the motor is to be protected

at all speeds.

b) If the values specified for motor-running overcurrent protection do not corre
standard sizes or ratings of fuses or magnetic or thermal overload protective dev

spond to the
ices, the next

higher size or rating may be used, but not higher than the following percent of motor 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 — 140 percent; or

3) All other motors — 130 percent.

27.3 Anintegral thermal protective device shall comply with the Standard for Overheating
Motors, UL 2111.

27.4 Separafe overcurrent devices, except when included as part of magnetic motor cont
assembled aq part of the equipment, and shall be readily identifiableyas such after asg
equipment. Suich protection shall not include means for manually.interrupting the motor
interruption may allow operation of the equipment that could cause.risk of fire, electric shoq
persons.

27.5 With reference to the requirement specified in 27.4,motors, such as direct-drive fan nj
not subjected fo overloads during intended operation and that are determined to be accept
against overhgeating due to locked-rotor current by“a thermal or overcurrent protectiv
acceptable if ifis determined that the motor will not'everheat under actual conditions of use.

27.6 Impedance protection may be accepted for motors which are determined to b
protected against overheating due to locked-rotor current, provided it is determined that the
overheat undgr actual conditions of use;except that impedance protection is not to be accep
motors are insfalled in compartmerits handling air for circulation to the conditioned space.

27.7 Fuses $hall not be used as motor overload protective devices unless the motor
protected by the largest size fuse which can be inserted in the fuseholder.

27.8 Motors |shall .not’exceed the temperature rises indicated in Table 43.1 when tested
herein.

Protection for

oller, shall be
embly to the
circuit if such
k, or injury to

otors that are
bly protected
device, are

e adequately
motor will not
ted where the

s adequately

as described

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

CONT on the nameplate.

27.10 In no case shall interruption of the circuit to a motor by the overcurrent or thermal pro

tective device

result in unsafe operation of the equipment or the hazardous discharge of fuel. If a burner depends solely
upon an electric valve to stop the flow of fuel to the burner, the interruption of the circuit to the motor by the

protective device shall also cause the interruption of the circuit to the valve.

27.11
the motor by the device may result in unsafe operation of the equipment.

27.12 A motor shall have no openings permitting a drop of liquid or a particle falling verti
motor to enter the motor as applied to the assembly.

Automatic-reset type protective devices shall not be used if the automatic reclosing of the circuit to

cally onto the
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27.13 Conformance to 27.12 may be provided by the motor frame or by other enclosure, structure, or
shield, or by a combination of two or more such items, and is to be determined with the motor applied to

the assembly.

27.14 Motors having openings in the enclosure or frame shall be installed or shielded to prevent particles
from falling out of the motor onto combustible material located within or under the assembly.

27.15 The requirement in 27.14 will necessitate the use of a barrier of noncombustible material under an
open type motor unless:

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

of such

b) The

insula
energi

c) Thg
tempe

the pr

2716 The b
shall have an
the like may
burning insul3

a barrier; or

ed under each of the following fault conditions, as applicable to the particular
1) Open main winding,

2) Open starting winding,

3) Starting switch short-circuited, and

4) Capacitor shorted, permanent split capacitor.type; or

motor is provided with a thermal motor protéctor (a protective device that

be employed in the barrier, provided that such openings would not permit
tion, or the like to fallk'on combustible material.

rature and current), that will prevent the témperature of the motor windings f
more than 125°C (257°F) under the maximum\load under which the motor will run w
btector to cycle and from becoming(more than 150°C (302°F) with the rotog
locked.

arrier mentioned in 27.15 shall be horizontal, shall be located as indicated in F
area not less than that described in that illustration. Openings for drainage, V

motor overload protection device provided with a single-phase motor is such tLat no burning
]izon or molten material falls to the surface that supports the appliancé whe

h the motor is
ype of motor:

is sensitive to
rom becoming
ithout causing
r of the motor

gure 27.1 and
entilation, and

molten metal,
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Figure 27.1

Location and extent of barrier

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

C —Inclined line which 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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2717 Overcurrent protective devices and thermal protective devices for motors shall comply with the

requirements

of the Short Circuit Test, Section 50.

28 Switches and Controllers

28.1

Except as indicated in 28.2, 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.

28.2 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 600 volts or less, and with not
more than 6 amperes full-load current for each motor.

28.3 Asingl
controlled.

e controller may control more than one motor if the controller is rated for the

28.4 A controller or switch shall be rated for the load which it controls.

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

controller or §

28.6 A cont
have a curren

28.7 With re
device, it is tq
test is to be of

28.8 The lo
alternating cu

28.9 Motor
ungrounded ¢

28.10 If the
protecting the
protection mg
size will not o

witch circuit are provided.

oller which may be called upon to break a motor_load under locked-rotor c
t interrupting capacity not less than the locked-rotordoad of the motor controlle

ference to 28.6, if the controller is cycled by, the operation of an automatic-
withstand an endurance test under locked-rotor conditions without failure. T
a duration equivalent to that required for the overload device and at an equiva

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

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

marked maximum fuse size of the furnace does not exceed the maximum si
motor of the 'smallest rating, two or more motors each having individual runni
y be conneeted to the same power supply if it can be determined that a fuse
ben under'the most severe normal conditions of service which might be encour

tombined load

ections in the

bnditions shall
of

reset overload
he endurance
ent rate.

bf the motor if

ent number of

ze suitable for
ng overcurrent
of the marked
tered.

29 Capacitors

29.1

A motor starting or running capacitor shall be housed within an enclosure or container which will

protect the plates against mechanical damage and which will prevent the emission of flame or molten
material resulting from failure of the capacitor. Except as noted in 29.2 and 29.3, 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) (No. 24 MSG).

29.2 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 burner and if the box, case, or the like, is
acceptable for the enclosure of current carrying parts.

29.3 If the container of an electrolytic capacitor is constructed of metal, it shall be insulated from dead
metal parts by moisture-resistant insulation not less than 0.028 inch (0.71 mm) thick, except as indicated
in 25.5. Otherwise, it shall be separated from dead metal parts by spacings in accordance with Table 26.1.
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29.4 A capacitor employing a liquid dielectric medium more combustible than askarel shall be protected
against expulsion of the dielectric medium when tested in accordance with the applicable performance
requirements of this standard, including faulted overcurrent conditions based on the circuit in which it is
used. See Short-Circuit Test, Section 50.

Exception: If the available fault current is limited by other components in the circuit, such as a motor start
winding, the capacitor may be tested using a fault current less than the test current specified in Table 50.1
but not less than the current established by dividing the circuit voltage by the impedance of the other

component(s).

30

Insulating Material

30.1 Materia|
molded compq

30.2 Ordinan

for the mounting of current carrying parts shall be porcelain, phenolic com
sition, or equivalent material.

y vulcanized fiber may be used for the insulating bushings, washers, se

barriers, but mot as the sole support for uninsulated live parts where shrinkage, curren

warpage may
31

31.1 Except
polarity and b|
indicated in Ta

31.2 The thr
basis of the to
spacing from
components in
controls only g

ntroduce a risk of fire or electric shock.

Spacingg — High Voltage Circuits

as noted in paragraphs below, the spacings between uninsulated live part
etween an uninsulated live part and a dead metal part shall be not less th
ple 31.1.

bugh air and over surface spacings at an individual component part are to be
al volt-ampere consumption of the 10ad or loads that the component controls.

the enclosure. For example, the:through air and over surface spacings at a c¢
motor are judged on the basjs of the volt-amperes of the motor. A componen

loads in additipn to the motor is similarly judged on the basis of the sum of the volt-amperes g

controlled; ho
volt-amperes
determined by

31.3 For cirg
motors may b
where 3/8 incH

vever a component that independently controls separate loads is judged on th
of the larger load:.\The volt-ampere values for the load referred to abo
the measured input.

uits not exceeding 300 volts, the over surface spacings for glass-insulateq

(9.5mm) is specified.

bosition, cold-

parators, and

t leakage, or

s of opposite

an the values

udged on the
However, the

the component to the enclosure™shall be judged on the basis of the total load on all

mponent that
t that controls
f the loads so
e basis of the
ve are to be

| terminals of

b 1/8 inch, (3.2 mm) where 1/4 inch (6.4 mm) is specified in the table, and may be 1/4 inch

OUAN rac trama anto bn hla 24 4 A

nab-aonnh nhaorant o

31.4 The sp2

Ta PN o-thao acmacinaidae
AZLEIY ) IUL'UIIGIIIUIILO T 1TaoiCoO T T GUTIOT upply I.U the-Hhherent O'JCAUIIIHO HStEe—

hotors, except

at wiring terminals, or to the inherent spacings of a component that is judged on the basis of the
requirements for the component. However, the electrical clearances resulting from the installation of a
component, including clearances to dead metal or enclosures, are to be those indicated in the table.

31.5 All uninsulated live parts connected to different circuits, except subdivided circuits or branch circuits
of the same voltage from the same feeder, shall be spaced from one another as though they were parts of
opposite polarity in accordance with the requirements indicated above and shall be judged on the basis of
the highest voltage involved.
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Table 31.1
Minimum spacings
Ratings Minimum spacings?, inch (mm)
Through air Over surface To enclosure®

Volt-amperes Volts inch mm inch mm inch mm
0-2000 0-300° 1/8¢ (3.2) 1/4 (6.4) 1/4 (6.4)
More than 2000 0-150 1/8¢ (3.2) 1/4 (6.4) 1/2° (12.7)
151 —-300 1/4 (6.4) 3/8 (9.5) 1/2° (12.7)
301 -600 3/8 (9.5) 1724 (12.7) 1/2° (12.7)

used if it has eqivalent insulating, mechanical, and flammability properties.
® If over 300 volls, spacings in last line of table apply.

factory wired.

9 Includes fittings for conduit or metal-clad cable.

for a motor ratefl more than 250 volts.

spacings would|otherwise be insufficient, shall be not less than 0.028 inch (0.71 mm) in thickness, except that a-lirjer or barrier not
less than 0.013finch (0.33 mm) in thickness may be used in conjunction with an air spacing of not less than ane-half of the through
air spacing reqyired. The liner shall be located so that it will not be damaged by arcing. Material having a lesser thickness may be

¢ The spacings petween wiring terminals of opposite polarity, or between a wiring terminal and grounded metal, shall be not less
than 1/4 inch (6|4 mm), except that if short-circuiting or grounding of such terminals will not result/from projecting dtrands of wire,
the spacing nedd not be greater than that given in the above table. Wiring terminals are those-Connected in the fie|ld and not
easurements are to be made with solid wire of adequate ampacity for theload connected to each ferminal.

¢ The spacings pt wiring terminals of a motor shall be 1/4 inch (6.4 mm) for a mator'rated 250 volts or less and 3/8finch (9.5 mm)

32 Spacingps — Low-Voltage Circuits

32.1 The sgacings for low-voltage electrical components that are installed in a circuit that includes a

motor overlo

d protective device shall comply with the requirements specified in 32.2 — 32.7] if operation of

the product having a short or grounded circuitiresults in a risk of fire, electric shock, or injury fo persons.

cing between an uninsulated live part and the wall of a metal enclosure incluging fittings for

the connectiop of conduit or metal-clad cable shall be not less than 1/8 inch (3.2 mm). See 3[1.5.

32.3 Spacings shall be nof-less than 1/4 inch (6.4 mm) between wiring terminals, reggrdless of their

324 The sp
part and a de
shall be not less
maintained.

J.O MITUVIUTU cl U CC U U A

ween the wiring“terminal and a dead metal part, including the enclosure and|fittings for the

cing-between uninsulated live parts, regardless of polarity, and between an uninsulated live
hd metal part (other than the enclosure) which may be grounded when the deyice is installed
' inch<6-8 at-thecons torrof the-parts-attowsSpacings to be

32.5 The spacings in low-voltage circuits that do not contain devices such as those indicated in 32.2 are

not specified.

32.6 The output of a transformer device supplying a circuit classified as a Class 2 low-voltage circuit and
provided as a part of the equipment shall not be interconnected with the output of another such
transformer device unless the voltage and current measurements at the output terminals of the
interconnected devices are within the values for a single Class 2 transformer device of 30 volts or less.

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

maintained.
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33 Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts

33.1  An uninsulated high-voltage part and moving parts that can cause injury to persons shall be
located, guarded, or enclosed so as to reduce the risk of unintended contact by personnel performing
service functions while the equipment is energized.

33.2 Accessibility and protection from shock and accident hazard may be obtained by mounting the
control components in an assembly so that unimpeded access is provided to each component through an
access cover or panel in the outer cabinet and the cover of the control assembly enclosure with the

following arrangement. See Figure 33.1.

a) The components are located with respect to the access opening in the outer cabinet so that the

farthesfcomponent in the plane of
the acdess opening.

b) Uninsulated live parts outside the control assembly projected clear space, €xcept for live parts
within @ control panel or unguarded hazardous moving parts are located npt closer than 6 inches

(152 m
on the
the cor
on the
closest

c) The
openin
wiring.

d) Accgss to the components in the control assembly is not impeded in the directior]

other ¢

e) Extr
are to
openin
outside

33.3 The foll
a) Coils

b) Reld

m) from any side of the access area. The projected clear space is considered {
Sides by the projection of the smallest rectangular perimeter strréunding the o
hponents or control enclosure when provided. The access area is considered t
sides by the projection of the perimeter of the access opening in the outer

volume generated by the projected clear space of the control assembly f{
j in the outer cabinet (within the access area)'is completely free of obstruct

bmponents or by wiring in this assembly.

bctor-type fuseholders and snap-switches mounted through the control assen
be located so that there .ijsCunimpeded access to these components throug
j in the outer cabinet and so that they are not immediately adjacent to uninsul
the control assembly énclosure, unless guarded.

bwing are not considered to be uninsulated live parts:
of controllers;

ys and'solenoids;

0 be bounded
itside edge of
o be bounded
cabinet to the

rectangular perimeter surrounding the outside edge©fithe component or contijol enclosure.

o the access
ons including

of access by

bly enclosure
h the access
ated live parts

c) Tran

sformer windings, if the coils and windings are provided with insulating overwraps;

d) Encl

osed motor windings;

e) Insulated terminals and splices; and

f) Insulated wire.
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Figure 33.1

Accessibility and protection
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SECTION A-A
EA100 Lo a
33.4 To rediice the likelihood of unintentional contact that may involve a risk of electric shock from an
uninsulated live part or film-coated wire,oor injury to persons from a moving part, an

enclosure shd

a) For

Il comply with either (a) or (b):

an opening that has:a'minor dimension (see 33.8) less than 1 inch (25.4 mm),

wire shall not be contacted by the probe illustrated in Figure 33.2; and

b) For

an opening‘that has a minor dimension of 1 inch or more, such a part or wire s

from the opening‘as specified in Table 33.1.

Exception: A

motorneed not comply with these requirements if it complies with the requirem

bpening in an

such a part or

hall be spaced

ents in 33.5.
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Figure 33.2

Probe for uninsulated live parts
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Table 33.1

Minimum acceptable distance from an opening to a part that may involve a risk of electric shock

b Between 3/4 i
¢ Any dimensior]
9 More than 2-1

Minor dimension?® of opening, Minimum distance from opening to part
Inches (mm) Inches (mm)P
3/4 (19.1)° 4-1/2 (114)
1 (25.4)° 6-1/2 (165)
1-1/4 (31.8) 7-1/2 (190)
1-1/2 (38.1) 12-1/2 (318)
1-7/8 (47.6) 15-1/2 (394)
2-1/8 (54 0) 17-1/2 (444)
d 30 (162)
2 See 33.8.

ch and 2-1/8 inches, interpolation is to be used to determine a value between values specified in 4
less than 1 inch applies to a motor only.
8 inches, but not more than 6 inches (152.0 mm).

he table.

33.5 With re¢spect to a part or wire as mentioned in 33.4, in an ‘integral enclosure

mentioned in

a) An

b) An
space

he exception to 33.4:

bpening that has a minor dimension (see 33.8) less than 3/4 inch (19.1 mm) is
1) A moving part cannot be contacted by thé’probe illustrated in Figure 33.3;
2) Film-coated wire cannot be contacted by the probe illustrated in Figure 33.4

3) In a directly accessible motor (See 33.9), an uninsulated live part cannot b
the probe illustrated in Figure 33:5; and

4) In an indirectly accessible motor (see 33.9), an uninsulated live part canno
by the probe illustrated in’Figure 33.3.

opening that has™a “'minor dimension of 3/4 inch or more is acceptable if a

 from the opening as specified in Table 33.1.

Figure 33.3

Probe for moving parts and uninsulated live parts

bf a motor as

hcceptable if:

L.

b contacted by

t be contacted

part or wire is

ANY CONVENIENT LENGTH

1/2 INCH DIA.

3/4 INCH DIa.___ (12:7mm)
(19.1mm)

}{ - j< @
9/16 INCH(14.3mm)4——~\_ 3/16 INCH R
(4.8mm)
4 INCHES

(101.6mm)

PA130A
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Figure 33.4

Probe for film coated wire

— - ~=— ANY CONVENIENT LENGTH

3/4” (19.1mm) DIA.
1/2" (12.7mm) DIA.

Vi ~ @

~=— 4" (101.6mm)

1/4" (6.4mm) RAD.

PA140A

Figure 33.5
IEC articulate probe

180
80
60
l— 30 —
20) - Section
™ggr 904 A B.(m) A-A B-B
Elo- T3 % !
B oEd & =
3 2 o A ‘??(O Cylindricpl
s %
Insulating material

Section C-C

Detail X

W)
(Example) SN
Side view
Part 3 Part 2 Part 1

- S

SA1788A

33.6 The probes mentioned in 33.4 and 33.5 and illustrated in Figure 33.2 — Figure 33.5 shall be applied
to any depth that the opening will permit; and shall be rotated or angled before, during, and after insertion
through the opening to any position that is necessary to examine the enclosure. The probes illustrated in
Figure 33.2 and Figure 33.5 shall be applied in any possible configuration; and, if necessary, the
configuration shall be changed after insertion through the opening.
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33.7 The probes mentioned in 33.6 and 33.8 shall be used as measuring instruments to judge the
accessibility provided by an opening, and not as instruments to judge the strength of a material; they are to
be applied with the minimum force necessary to determine accessibility.

33.8 With reference to the requirements in 33.4 and 33.5, the minor dimension of an opening is the
diameter of the largest cylindrical probe having a hemispherical tip that can be inserted through the
opening.

33.9 With reference to the requirements in 33.5, an indirectly accessible motor is a motor:

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

b) Thg
contadg

t is located at such a height or is otherwise guarded or enclosed so that-it ig unlikely to be

ted.

A directly accpssible motor is a motor that can be contacted without opening or ‘removing a
is located so as to be accessible to contact.

Ny part, or that

33.10 Durin
33.4 or 33.5,
accessory, to

j the examination of a product to determine whether it eomplies with the requirements in
a part of the enclosure that may be removed by the dser without using a todl (to attach an
make an operating adjustment, or for other reasons)'is to be opened or removed.

33.11  With :Leference to the requirements in 33.4 and 33.5;.Jnsulated brush caps are not [required to be
additionally epclosed.

PERFORMANCE

34 General

34.1 A wall furnace shall comply with*the applicable requirements when tested as descijbed herein. A
wall furnace of a type not specifically-described shall be tested in accordance with the intent of these

requirements
requirements
shall be cond

35 Test Inst

If any indications are.observed during the tests that a furnace will not contin
in normal usage so as to assure continued safe performance, such supple
icted as deemed necessary to assure safe service.

allation—~8Built-In Style Furnaces

e to meet the
mentary tests

35.1 Enclosure

35.1.1 A furnace intended for placement within a cavity in a wall or partition with all surfaces except the
face of the inlet and outlet air grilles encompassed by the wall or partition structure is to be tested in a
structure similar to that illustrated in Figure 35.1. The test wall section is to be constructed in accordance
with commonly accepted building practices upon wood flooring equivalent to two layers of 1 inch (25.4
mm) flooring with one thickness of building paper between layers. The top layer is to be tongue-and-
groove flooring finished with clear varnish.

35.1.2 The test wall structure is to be built of nominal 2 by 4 inch (50.8 by 102 mm) clear lumber
sheathed with 3/4 inch (19.1 mm) thick interior grade plywood. Clear lumber, having a nominal thickness of
1 inch (25.4 mm) may be used in place of plywood. The height of the structure from the floor surface to the
under surface of the ceiling is to be 7 feet 6 inches (2.28 m). The width of the two end stud spaces is to be
16 inches (406 mm) center to center of the studs, when a furnace with a vertical-flue outlet and no boots is
to be tested. When a furnace with a horizontal-flue outlet is to be tested, the width of the stud space in
which the flue is located may be increased sufficiently to accommodate the flue, as illustrated in Figure
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35.2. When a boot is provided, the end section is to be built to accommodate the boot, as illustrated in
Figure 35.2. The width of the center stud space is to be such as to accommodate the cavity for the
furnace.

35.1.3 The portion of the furnace normally located in the wall structure is to be enclosed on sides, top,
and bottom by 3/4 inch (19.1 mm) plywood of sufficient width to encompass all such surfaces. That
enclosure and the studding are to be in contact with any portion of the flue outlet external to the flue if the
design of the furnace permits such contact. Surfaces of the front and back of the furnace intended to be
enclosed are to be covered with plywood, 3/4 inch thick.

35.1.4 The simulated ceiling and side wall perpendicular to the test wall section are to be plywood, 3/4
inch (19.1 mm) thick and are to extend 4 feet (1.22 m) beyond each face of the test wall section.

35.1.5 All exferior surfaces of the test structure and those surfaces viewing any part of the€ furnace are to
be painted flat|black. All joints in the test structure are to be sealed.

Figure 35.1

Test structure for built-in style wall furnace

$2610 \

35.2 Venting

35.2.1 A section of factory built chimney sufficient to extend above the test structure is to be provided for
the flue collar of the furnace. See Figure 35.1 and Figure 35.2. For test purposes, the outlet of the factory
built chimney is to be connected to a chimney, stack, or exhaust system capable of imposing the specified
draft.

35.2.2 Provision is to be made for inserting a thermocouple similar to that illustrated by Figure 37.1, into
the chimney at the relative location indicated by Figure 36.4(1).
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35.2.3 A draft regulator is to be provided for test purposes and shall be located outside the test

enclosure.

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

maximum draft.

Figure 35.2

Built-in style wall furnace with horizontal flue outlet

A

PLAN Section "B-B"

S2611

ELEVATION Section "A-A"
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36 Test Installation — Extended Style Furnaces

36.1 Enclosure

36.1.1 A wall furnace intended for installation with a portion extending into an accessible space such as
an alcove, closet, or room is to be tested in a test structure similar to that illustrated in Figure 36.1. The
structure is to be constructed in accordance with commonly accepted building practices upon wood

flooring equivalent to two layers of 1 inch (25.4 mm) flooring with one thickness of building paper between
layers. The top layer is to be tongue-and-groove flooring finished with clear varnish.

36.1.2 The wall sections, that is, front and side walls in Figure 36.1 of the test structure enclosing the

heater are to be built of trade size 2 by 4 inch [nominal 1-3/4 by 3-3/4 inch (44 by 95 mm)

clear lumber

sheathed on both sides with 3/4 inch (19.1 mm) thick interior plywood. Clear lumber hav
thickness of 1]inch (25.4 mm) may be used instead of plywood. The height of the structurg
required to obfain the clearance from the top of the furnace to the ceiling specified(by-the
but in no casq is the ceiling height to be more than 7 feet 6 inches (2.28 m) above the fl¢

ng a nominal
b is to be that
manufacturer,
or of the test

structure. The|width of the two end stud spaces of the front wall is to be 16 ihches (406 mm) center to

center of the gtuds. The width of the center stud space is to be such as to accommodate the
frame. The poftion of the furnace and any boots that protrude through a wall’are to be enclg
top, and bottom by trade size 2 by 4 inch [nominal 1-3/4 by 3-3/4 inch (44 by 95 mm)] lumbg
surface structyre.

36.1.3 The cgiling is to cover the entire test structure and is to.extend beyond the front of t
distance of 4 fpet (1.22 m). A wall (designated end wall in Figure 36.1) is to be placed perpe
end of the frorjt wall and is to extend 4 feet beyond the front of the front wall. The ceiling an
to be plywood|at least 3/4 inch (19.1 mm) thick.

36.1.4 For closet installation test, a simulated-door is to be placed opposite the back
furnace that dpes not contain an air outlet. Thé simulated door is to be made of 3/4 inch (1
plywood. Two|ventilating openings are to be. provided in the simulated door and be locaté
lower edge of the lower opening is 6 inches’ (152 mm) above the floor level of the enclosure
so that its upper edge is 6 inches below/the ceiling of the enclosure. The height of each op|
one-half the wjdth. The free area of\each of the two openings is to be not more than an areg
20 percent of fhe total area of the,simulated door. Both openings are to be centered on the
line of the enclosure.

36.1.5 The \entilating:openings may be omitted if all the air for combustion and for a b3
regulator is obfainedfrom the same space exterior to the closet. See 17.3 and 17.4.

furnace grille
sed on sides,
r and the wall

he front wall a
ndicular to the
1 end wall are

pr side of the
0.1 mm) thick
bd so that the
and the other
ening is to be
equivalent to
ertical center

rometric draft

36.1.6 For alcove installation test, the enclosure is to be open opposite the back or a side

pf the furnace

that does not contain an air-outlet boot, but the walls are to extend at least 18 inches (457 mm) beyond the
back or that side of the furnace.

36.1.7 The interior dimensions of the test enclosures are to be as required to provide the clearances in
integral inches as selected by the manufacturer for test purposes.

36.1.8 The furnace is to be placed on the floor of the test enclosure. The furnace is to be level. Leveling
means, if provided, are to be removed if detachable; or, if not detachable, are to be adjusted to place the
furnace the minimum allowable distance above the floor.

36.1.9 All exterior surfaces of the walls through which a grille or boot extend, the surface of the end wall
viewing the furnace grille, and all enclosure surfaces viewing any part of the furnace or the flue pipe are to
be painted flat black. All joints are to be sealed.
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Figure 36.1

Test structure for extended style wall furnace
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36.2 Chimney connector

36.2.1 The chimney connector is to be the same nominal size as the flue collar or outlet of the furnace.
Galvanized stovepipe not heavier than 0.023 inch (0.58 mm) is to be used.

36.2.2 The clearance between the nearest surfaces of the chimney connector and the walls and ceiling
is to be not less than 9 inches (229 mm) nor more than 18 inches (457 mm) with the following exception: if
the construction of the furnace is such that when installed with the clearances selected by the
manufacturer the clearance between the chimney connector and the interior walls of the test enclosure is
less than 9 inches (229 mm), the test may be conducted with such lesser clearance from the walls with
portions of the wall located within 9 inches (229 mm) of the chimney connector protected in a recognized
manner; in which case directions that such surfaces shall be so protected are to be included in the

instructions fu

36.2.3 A furn

nished with the furnace.

ace with vertical flue outlet is to be tested with two chimney connector @rrangg

| and lll, and a furnace with horizontal flue outlets is to be tested with two chimn

arrangements
minimum clea
accordance w

36.2.4 Wher
mm) larger thg
the opening. T

Styles Il and Ill, as indicated by Figure 36.2 unless the manufatcturer elects
ance from the furnace as that obtained when tested with the chimney connect
th Style | or Il only.

b the chimney connector pierces the enclosure, an opening having a diameter
n the diameter of the chimney connector is to be cut and the chimney connect
he annulus thus formed is to be sealed by a firerand heat resistive insulating &

1/8 inch (3.2 mm) thick, placed on the exterior surface. See \Figure 36.3. Temperatures or

surrounding th
mm) from the

36.2.5 Abra
shown by Figu

36.26 Thep
located with i

e chimney connector are not to be determined at points located less than 2
puter edge of the annulus.

Cket for supporting the thermocouple for measuring flue-gas temperature is to
re 36.4(2).

rimary safety control, if furnished separately for mounting in the chimney conn
s element in a plane .perpendicular to the axis of the flue-gas flow, 6 inch

downstream flom the flue collar ar\if an elbow is attached directly to the flue collar, 6 inche

from the down

36.2.7 Adra
the test enclos

36.2.8 Any b

stream end of the elbow. See Figure 36.4(6).

t regulator.is-10 be provided for test purposes and located in the chimney con
ure. See-Figure 36.4.

uiltzin-draft regulator included as part of the furnace is to be fixed in the pos

ments, Styles
ey connector
to specify the
br arranged in

8 inches (203
or centered in
arrier at least
the surfaces
inches (50.8

be located as

ector, is to be
es (152 mm)
5 downstream

nector outside

ition allowing

maximum draft

36.2.9 The chimney connector is to be connected to a chimney, stack, or exhaust system capable of
imposing the specified draft.
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Figure 36.2

Chimney connector arrangement for alcove and closet installation

0 0
q i o
" TOP VIEWS — SEE NOTE | "
Cy
|
STYLE 1 SIDE VIEWS STYLE 1l
S2588 STYLE i SIDE VIEW

Note: With chimney connector arrangement, Styles | and I, the horizontal run is to pierce the back or a side wall, whichever is
farthest from the vertical run.


https://ulnorm.com/api/?name=UL 730 2022.pdf

52 UL 730

AUGUST 19, 2022

Figure 36.3

Sealing of annulus around chimney connector

CHIMNEY CONNECTOR

/

-

FIRE and HEAT RESISTIVE
INSULATING BARRIER

e— 4" —

(102mm)

f— 47—

(102mm)

52586
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Figure 36.4

Chimney connectors — alcove and closet test

9 3

S2389

1. Centerline of thermocouple.

2. Support bracket.

3. Draft regulator.

4. Flue collar.

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

6. Chimney connector, same nominal diameter as flue collar. Location of stack element of safety control.
1inch =25.4 mm
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37 Instrumentation

37.1 Draft

37.1.1 Draft is to be measured by a draft gauge which may be read directly to 0.005 inch (0.10 mm)

water column and which has an accuracy of £0.0025 inch (0.050 mm). A gauge is to be checked for zero
reading at the beginning and the end of each test.

37.2 Fuel input

37.2.1 The flue input rate to a burner during a test is to be determined by a scale accurate to 0.01 pound
(4.54 g) or a burette capable of the same resultant accuracy

37.3 Power measurement

37.3.1 The total electrical input to a furnace is to be measured in amperes.

he value to be
je.

37.3.2 An elgctrical meter is to have a maximum scale range of not more«than 1-1/2 times t
measured. The smallest scale division is to be not more than 1/50 of the maximum scale rang
37.4 Speed measurement
37.4.1 Mech

mechanism d
stroboscope is

Bnical or electronic means are to be used«tormeasure the speed of a motor or of a
iven by it. The load imposed by the counter is not to adversely affect motor speed. A
recommended for measuring speed of a*motor under 1/8 horsepower (94 W qutput).

37.5 Temperature measurement

37.5.1 Temp
Unless otherw

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

3752 Temp
be measured

the furnace an
at points to th
determine su
temperatures.

se indicated, a thermocouple’is to be made of wires not heavier than 24 AWG

eratures of the simulated building structure in contact with any portion of the
by thermocouples placed at intervals in rows extending around the top, sides,
d at other points as deemed necessary. Thermocouples are to be placed on th
e sides and.above the furnace and on the surface of the ceiling at suitab
face temperatures. Thermocouples are to be located at points attaini

37.5.3 A the

(0.21 mm?).

urnace are to
and bottom of
e wall surface
e intervals to
ng maximum

rmocouple junction and adjacent thermocouple lead wire are to be securely

held in good

thermal contact with the surface of the material whose temperature is being measured. In most cases,
adequate thermal contact will result from securely taping or cementing the thermocouple in place; but
where a metal surface is involved, brazing, soldering, or securing the thermocouple to the metal with a
screw may be necessary.

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

37.5.5 Thermocouples are to be attached to surfaces other than as described above, including parts to
be handled by the operator as described in 44.3(d), by being cemented or taped to the surface in a
manner to assure complete thermal contact with the surface.
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37.5.6 Temperatures of furnace surfaces which can be contacted as described in 44.3(b) are to be
determined by use of the probe shown in Figure 37.1. For each measurement the probe is to be at the
ambient temperature, and then is to be heated for 15 seconds to approximately the temperature of the
surface under consideration. The probe is then to be applied to the surface under consideration with a 5
pound (22 N) force for 10 seconds. The probe is to be moved from the preheat position to the surface as
quickly as possible, and is to be applied so that the tip will fully contact the surface. The tip is considered to
be the disc and the flat surface of the cork surrounding the disc.

37.5.7 The flue-gas temperature is to be measured by a thermocouple, such as illustrated by Figure
37.2, inserted into the chimney connector as shown on Figure 37.3. There is to be no draft control between
the furnace and the point where the flue-gas temperature is measured. If a draft control is incorporated in
the furnace, it shall be sealed dependably in the position allowing maximum flue-gas temperature during
all tests.

Figure 37.1

Temperature-measuring probe

7/32 X .020 Copper Disc. No. 24 Ga. Rubber Insulated Thermocouple Wire,
Type J Iron-Constantan, Silver Soldered at Qutér Face of Disc

11/16 Dia. X 3/4 Cork: ASTM P2117P,Med. Grade Gasket Cork —\

11/16 0.D. X 3/64 Wall X 5/8 Copper Cap Cork Protector

Brass Washers_Silver Soldered to Tubing
Calibration Referenge Mark Scribed on Shaft

1/4 0.05\Stainless Steel Tubing

1/4 Tubing FerruletPositioned to obtain 5 Ibs.

F Ref Mark .420 Dia. .045 Wire:x .0 Spring, Ends Flattened
orce ot Referencq Mor ond Ground, Spring-Rate: p20.92 Ibs. /in*
Tue Adapter 3/8 0.0 Aluminum

Iron—Constantan |Plug*

Wood File Handle
Iron \

(L ® o / / / / / / / ¥
(o]
?i 17777 )] L
Constantar 4-7/8 |
| 4
6-3/8
10
} 13
*Dimensions showh above ,ore based on use of the i i ini = =<
following purcho%ed parts: Marlin No.1060 Iron— (Al dimensions shown are in mche’@; Th e wi
Constantan plug JaNo. 1070 Tube Adapter (1/8 inch = 3.2mm) 2 = °'I I/ﬂimacgrutp gnwcljrigc
No. €420-045-1000 Spring (Associated Spring Corp.) (1 inch = 25.4mm) = = 5§J<_possedpthrough b
*+This dimension will vary so that 5 pound calibration (1 pound-force = 4.45N) e fg"vo holes in cork.

will align with reference mark on probe shaft.

PA150
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Standard thermocouple for flue-gas temperature

L——‘— 11/8"

(28.6mm)

Figure 37.2

5/32" MAX.

RA152

1

.070" MAX
(1.78mm)

(#-omm)

SILVER SOLDER OR
WELD JUNCTION.
DO NOT OXIDIZE

((A’,

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

potentiometer or reference junction.

2.1 —Leeds & Nojthrup Standard 714B, or equal, 1/4 inch (6.4 mm) outside diameter of two-hole porcelain insulator{ cut to length and

ends beveled on tjvo sides.

3.1 -5/16 inch ({.9 mm) outside diameter by 0.032 inch (0.81 mm)*wall tubing. Ream, if necessary, to fit over insgilator; then crimp

ends over beveleq ends of insulator.
4.1 - Small wooden handle.

5.1 — Piece of rujber 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 indiviqual components described in 1,52y;and 3 above, any combination of preassembled parts of tubirlg, insulators and

thermocouples may be used.
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> D

Figure 37.3

Flue gas thermocouple and support bracket

/ CHIMNEY CONNECTOR

(28.6mm)

1-1/8"—=

THERMOCOUPLE SUPPORT
_ t_ _ /BRACKET
| \
B g et B e - gl
N SR

52700

I
\/<> Section A-A

1 — Thermocouple, 2 — Support bracket
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37.5.8 Then
bead-type the
face of warm 3

37.5.9 Forfd
arranged in tw

37.5.10 For

Figure 37.4

Thermocouple shield for outlet-air temperature

naximum outlet-air temperature is to be determined by exploration with para|lel-connected
mocouples, not heavier than’24 AWG (0.21 mm?) located 1 inch (25.4 mm) from the outer
ir grille or register.

rnaces having warmr-air outlets substantially in a vertical plane, the thermocouples are to be
p horizontal rows jocated 2 inches (51 mm) apart vertically.

varm-air_outlets not more than 12 inches (305 mm) in width, six thermocouples are to be in

each horizontal row.\Eor warm air outlets more than 12 inches (305 mm) in width, gne additional

thermocouple

opening width

is to be added to each row for each additional 2 inches (50.8 mm) or fract[on thereof of

37.5.11 The outer thermocouples in each row are to be 1 inch (25.4 mm) inside the boundary of the
opening, and the other thermocouples are to be evenly spaced between the outer thermocouples.

37.5.12 The thermocouples are to be supported in a rectangular shield as illustrated in Figure 37.4. The
length of the shield is to correspond to the width of the warm-air outlet opening.

37.5.13 The thermocouple assembly is to be moved vertically over the face of the outlet opening to
determine the maximum indicated temperature.

37.5.14 For furnaces having warm-air outlets substantially in a vertical plane, the temperature is to be
measured using 12 or more parallel connected thermocouples spaced approximately on 2 inch (50.8 mm)
centers in a shield similar to that illustrated in Figure 37.4.
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37.5.15 The inlet-air temperature is to be measured by thermocouples, not heavier than 24 AWG (0.21
mm?) suitably shielded from direct radiation and located as specified in 37.5.16 — 37.5.18.

37.5.16 For a built-in style furnace the temperature is to be the average as measured by two
thermocouples, each to be placed at a point located 24 inches (610 mm) above the floor of the test
structure, 6 inches (152 mm) horizontally from the outer edge of the side wall, and 6 inches horizontally
from the inner face of the side wall.

37.5.17 For a heater extending into an alcove, a single thermocouple placed centrally 24 inches (610
mm) opposite the wall furnace towards the alcove opening and 24 inches above the floor of the test
enclosure is to be used.

ventilating opening into the closet. If no ventilating openings are employed, the thermoecpuple is to be
placed at a pgint 6 inches (152 mm) centrally from the exterior of the closet door and| 24 inghes (610 mm)
above the flogr of the test structure.

37.5.18 FO%F furnace extending into a closet, the thermocouple is to be placed in the center of the lower

38 Initial Test Conditions
38.1 General

38.1.1 The furnace is to be set up for test in the appropriate enelosure and manner descrilded in Sections
35 and 36.

38.1.2 An ajr-circulating fan, the capacity of which is,intended to be varied only by the ingtaller, such as
with a belt-driye 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®e maintained during the conduct of all tests described
herein.

38.1.3 A furhace equipped with a device intended for manual change or adjustment by the user, such as
a motor speed control or a circulating air damper, or the like, the positioning of which cpuld affect the
results of the [following tests, is to be tested with the adjustable device in the position or positions likely to
develop maxijnum temperatures ‘©rto disclose malfunction.

38.1.4 If thejresults of a furnace test involving the operation of a limit control are likely to [pe affected by
the temperatyre of the inlet air, the test is to be conducted under conditions which maintgin the inlet-air
temperature Qetween15:6°C (60°F) and 26.7°C (80°F).

38.1.5 If afyrnace is to be equipped with air filters, they are to be in place.

38.1.6 Unless otherwise specified in the paragraphs describing the tests, furnaces are to be tested at the
potentials indicated in Table 38.1.
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Table 38.1
Test voltages

Rated voltage

Normal test voltage

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

120
208
240
277
480
600
Rated

38.2 FurnacL equipped with mechanical atomizing burner

38.2.1 The fi
which the burr
more than 0.0
38.3 Furnac|
38.3.1

38.3.2 No. 1
burners.

e equipped with vaporizing burner

Table 38.2

Viscosity for no. 1 Fuel oil

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

irnace is to be fired at its rated Btu per hour (W) input, £2 percent with a grade of fuel for
er is rated. The draft at the flue collar is to be as recommended by the manufgcturer but not
b inch (1.52 mm) water column.

Fuel oil having a viscosity conforming to _Table 38.2 is to be used for firing vaporizing

Qil viscpsity Maximum Mean Minjmum
Centistokes at 38°C (100°F) 2:04 1.97 1{90
Centistokes at 2p°C (77°F) 2.44 2.34 2|24

38.3.3 Thefi

38.3.4 The ¢
maximum allg

tolerance.

ring rate at high-fire is to be equivalent to the rated input of the furnace.

ilot-fire’burning rate is to be a rate equivalent to the pilot-fire burning rate obtained at the
wable\ setting of the metering device with No. 1 oil plus the valve manufacturer's plus

38.3.5

timing for shut-off.

If adjustable oil shutoff controls are provided, they are to be adjusted to the maximum allowed

38.3.6 The depth of oil in the burner under a pooled condition is to be the maximum to be allowed in

production.

38.3.7 The draft at the flue collar is to be as recommended by the manufacturer, which is to be not less
than 0.02 inch (0.51 mm) water column.

39 Combustion Test — Burner and Furnace

39.1

smoke when installed and adjusted in accordance with the manufacturer's instructions.

A wall furnace shall be capable of functioning uniformly and reliably without producing excessive
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39.2 When the furnace is fired at rated input and such that the stack loss is not more than 25 percent and
operated 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 as

indicated on the Shell-Bacharach Scale with the Model RDC Smokemeter.

40 Operation Tests

40.1

A limit control, when adjusted to its maximum setting allowed by a fixed stop shall prevent a furnace

when tested as described herein from delivering air at a temperature in excess of 250°F (121°C). See
Limit Control Cutout Test, Section 41.

40.2 A wall furnace fired at rated input shall be capable of continuous operation without the limit control

functioning to
of Operation T

4

41.1 The lin
maximum ind
element at its

41.2 The fu
circulating air
functions, an
temperature (|
—37.5.13. Alg
adversely affd

41.3
operate until i
in 40.1 at the
42 Continu

42 1
element is to

42.2 The fu

Limit Cantrol Cutout Test

If the flirnace is equipped with an automatic-reset type limit control, the furnace is tg

cause reduction in the input when the furnace is tested as described herein,
[est, Section 42.

nit control is to be adjusted to the maximum setting allowed\by its fixed st
icated differential setting. A thermocouple is to be attached to the limit ¢
midpoint.

Fnace is to be operated until equilibrium outlet-air ‘temperature has been
flow is to be gradually restricted (the fuel input tnay be increased also) until t
l at this instant the temperature of the outlet air and the limit-control se
T, 4) is to be determined. The outlet-air tempeérature is to be measured as desc
o, after the limit control functions, its sensing element is not to attain a tempe
ct the limit-control calibration. See 401

t recycles on the limit control:;The temperature obtained is not to exceed the
ime the limit control functions.

ty of Operation Test

emain in its normal location.

adjusted so tH

See Continuity

op and to the
bntrol sensing

attained. The
he limit control
nsing element
ribed in 37.5.8
rature that will

be allowed to
alue specified

The linpit control is to be bypassed to permit continued operation during this test, but its sensing

nacevis to be placed in operation. The air-circulating fan, if its speed is vafiable, is to be

at approximately rated air delivery is obtained.

42.3 An adjustable register shutter is to be set in the position allowing maximum air flow. If a furnace is
intended for installation with an optional number of warm-air outlets, all except the minimum number of
outlets to be always employed are to be closed.

42.4 Operation of the furnace is to be continued until equilibrium outlet-air temperature is obtained. The
inlet-air temperature (T,) and the limit control sensing element temperature (T ,) are to be measured.

42.5 To be in conformance with 40.2, the operation of the furnace is not to be interrupted by any control
device included as part of the heater and:

T is to be not more than T4 minus 70

in which:
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