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INTRODUCTION

1 Scope

1.1 These requirements apply to oil-fired floor furnaces.

1.2 Requirements for the installation and use of oil-burning equipment are included in the Standard for
the Installation of Oil-Burning Equipment, ANSI/NFPA 31. Requirements for the installation of oil-burning
equipment are also included in codes such as the International Mechanical Code and the Uniform
Mechanical Code.

1.2 revised October 1, 2008

1.3 A produc
from those co
or injury to
requirements
product whos
requirements
shall be propo
implementatio|

2 General

2.1 Values st
approximate i

3 Glossary
3.1 Forthep

3.2 AIR SHU
primary or seq

3.3 ANTIFL(Q
a rise in fuel |
can occur.

3.4 APPLIAN

3.5 AUTOM/

thatcontamsfeatures, characteristics, components, materiats,; orsystens
ered by the requirements in this standard, and that involves a risk of fire @rof
ersons shall be evaluated using appropriate additional component)and
to maintain the level of safety as originally anticipated by the intent-of th
e features, characteristics, components, materials, or systems-conflict
br provisions of this standard does not comply with this standard: Revision o
sed and adopted in conformance with the methods employed for' developmen
h of this standard.

pted without parentheses are the requirementsValues in parentheses are
hformation.

irpose of this standard, the following definitions apply.

TTER — An adjustable device-for varying the size of the air inlet or inlets red
ondary air, or both.

ODING DEVICE —.Avprimary safety control which causes the fuel flow to be
bvel or upon recéiving excess fuel, and which operates before excessive dis
CE FLUE<{=The flue passages within the appliance.

ATICALLY LIGHTED APPLIANCE — An appliance in which fuel in the main b

ew or different
electric shock

end-product
s standard. A
with specific
requirements
, revision, and

bxplanatory or

ulating

shut off upon
charge of fuel

urner is

turned 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 furnace, exclusive of legs.

3.8 BURNER — A device for the final conveyance of fuel and air to the combustion zone.

3.9 BURNER, MANUALLY LIGHTED - A burner in which fuel to the main burner is turned on only by
hand and ignited under supervision.
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3.10 BURNER, MECHANICAL ATOMIZING — A power-operated burner that prepares and delivers the
fuel 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 and vertical rotary atomizing,
and vertical rotary wall-flame burners.

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

3.12 BURNER, NATURAL DRAFT — A burner that principally depends upon the natural draft created in
the flue to induce into the burner the air required for combustion.

3.13 BURNER, VAPORIZING A burner conS|st|ng of a fuel vaponzmg bowI or other receptacle to
which liquid fye vaporize the
fuel, with provision for adm|tt|ng air and mixing it W|th the fuel vapor in combustlble praopartions.

3.14 CASING - An enclosure forming the outside of the appliance, no parts of which are likely to be
subjected to iptense heat.

3.15 CENTRAL HEATING APPLIANCE — A stationary indirect-fired vented\ appliance comprising the
following categories: boilers, central furnaces, floor furnaces, and recessed heaters. A floof mounted
unit heater to |be connected to a duct system is categorized also as-a eentral heating appliance.

3.16 CHIMNEBEY CONNECTOR — The pipe that connects a solid/or liquid fuel-burning appllance to a
chimney.

3.17 COMBUSTIBLE MATERIAL — Combustible material“as pertaining to materials adjacgnt to or in
contact with heat-producing appliances, chimney connectors and vent connectors, refers t¢ material
made of or surfaced with wood, compressed paperz;plant fibers, or other material that will jgnite and
burn. Such material is to be considered as combustible even though flameproofed, fire-retardant

treated, or plastered.

3.18 COMBUISTION — The rapid oxidation” of fuel accompanied by the production of heat pr heat and
light.

3.19 COMBUISTION CHAMBER)= The portion of an appliance within which combustion o¢curs.
3.20 COMBUSTION (FLAME) SAFEGUARD — A safety combustion control.

3.21 CONSTANT LEVEL VALVE — A device that maintains a constant level of fuel in a repervoir for
delivery to thg butner.

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

3.23 CONTROL, LIMIT — An automatic safety control responsive to changes in liquid level, pressure, or
temperature, for limiting the operation of the controlled equipment.

3.24 CONTROL, SAFETY — An automatic control, including a relay, switch, or other auxiliary equipment
used in conjunction therewith to form a safety control system that is intended to reduce the likelihood of
operation of the controlled equipment that may result in a risk of fire or injury to persons.

3.25 CONTROL, PRIMARY SAFETY — An automatic safety control intended to reduce the likelihood of
abnormal discharge of fuel at the burner in case of ignition failure or flame failure.
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3.26 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.

3.27 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.

3.28 DAMPER, AUTOMATICALLY OPERATED — A damper operated by an automatic control.

3.29 DAMPER, MANUALLY OPERATED - An adjustable damper manually set and locked in the
position intended to be used.

3.30 DRAFT

Tk LEE

energy potent
fuel-burning h

3.31 DRAFT
automatically

3.32 ELECT

LA LLLA"I A1} Itla: ;II Otatlb pICOOUIC avallablc, bUtVVCCII Al Iy t‘V\IU :Ubatlul 19, tU
al for the moving of either air for combustion, products of combustion, or k0o
pat-exchanging apparatus.

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

RICAL CIRCUITS:

a) High-Voltage Circuit — A circuit involving a potential of/hot more than 600 volts

circuit

b) Lo
altern

A circ
circuit]
circuit]

characteristics in excess of those of a low-voltage’circuit.

v-Voltage Circuit — A circuit that involves a potential of not more than 30 vol
hting-current (42.4 volts peak) or direct current and supplied by:

1) A primary battery,
2) A Class 2 transformer, or.

3) A combination of transformer and fixed impedance that, as a unit, com
the performance requirements for a Class 2 transformer.

Lit derived from & high-voltage circuit by connecting resistance in series with
as a means of limiting the voltage and current is not considered to be a low

c) S

e
3.33 EXCES

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

AIR — Air that passes through the combustion area and the appliance flue

provide the
h through a

pliance by

and having

S 'ms

blies with all

the supply
Fvoltage

5 in excess of

that which is required for complete combustion.

3.34 FLUE COLLAR - That portion of an appliance constructed for attachment of the chimney

connector.

3.35 FLUE GASES — Combustion products and excess air.

3.36 FUEL OIL — Any hydrocarbon oil defined by Specifications for Fuel Oils, ANSI/ASTM D396.

3.36 revised October 1, 2008
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3.37 FURNACE, FLOOR — A completely self-contained, indirect-fired unit furnace having integral
plenums, warm air outlet, and cold air return and intended to be inserted into and suspended from the
floor of the space being heated. The furnace takes air for combustion from outside this space and has a
means for observing the flame and lighting the appliance from such space.

a) Gravity Type Floor Furnace — A floor furnace depending primarily on circulation of air by
gravity. This category also includes floor furnaces equipped with booster-type fans which do not
materially restrict circulation of air by gravity flow when such fans are not in operation.

b) Fan Type Floor Furnace — A floor furnace equipped with a fan which provides the primary
means for circulation of air.

3.38 HEAT F
chamber of th
such as air, s
exchanger is

3.39 HEATE
medium (such

3.40 HEATIN
medium to be

3.41 INDIRE
gases are not

3.42 LINER
3.43 MAINTH
such as air, fu
the like. Repa
considered as

a) Cld

b) Se

c) Clganing strainers or replacing strainer or filter elements.

appliance is transferred directly through walls of the appliance to the heati
eam, or water, and held in close contact with the combustion chamber(walls

h self-contained combustion and heat transfer device.

EXCHANGER, INDIRECT — A heat exchanger which encloses or\contains a

G SURFACES - A surface that transmits heat directly:from flame or flue ga
heated.

CT FIRED APPLIANCE — An appliance constructed so that combustion prod
mixed in the appliance with the medium-tobe heated and provided with a fl

- See Radiation Shield — 3.48.

ENANCE — The periodic tasks wsually performed to operate and maintain an
el, pressure, and temperature-regulation, cleaning, lubrication, resetting of ¢
r and replacement of parts:other than those expected to be renewed periodi
maintenance. Some examples of maintenance are:

baning or replacingjnozzles, atomizers, and pilots.

tting ignition-eleéctrodes.

d) Re

setting safety control.

ombustion
g medium,
A direct heat

heating

as air, steam, or water), the heat from which is transferred tosanother heating medium
separately comtained in close contact with or directed through the heat @xchanger.

ses to the

ucts or flue
e collar.

appliance,
bntrols, and
cally is not

e) Replacing igniter cable.

3.44 MANUALLY LIGHTED APPLIANCE — An appliance in which fuel to the main burner is turned on
only by hand and ignited under supervision.

3.45 OIL-FIRED FLOOR FURNACE - A heating furnace equipped with one or more oil burners, safety
controls, electrical equipment, and related equipment, manufactured for assembly as a complete unit.

3.46 PILOT -

A flame that is utilized to ignite the fuel at the main burner or burners.
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3.47 PRIMARY AIR — The air that is introduced into a burner and mixed with the fuel before it reaches
the ignition zone.

3.48 RADIATION SHIELD — A separate panel or panels interposed between heating surfaces and
adjacent objects to reduce heat transmission by radiation.

3.49 RADIATOR — An auxiliary heat transfer surface within the casing, connected between the
combustion chamber and the flue collar.

3.50 READILY ACCESSIBLE — Capable of being reached easily and quickly for operation, adjustment,
and inspection.

3.51 SAFETY

COMNTRO
T J

3.52 SECON

3.53 SPECIA
market.

3.54 THERM
between pred

3.55 VALVE,
completely tu

3.56 VALVE,
an oil valve fg

a) Me

b) Safety Shutoff Valve — A normally closed valve of the ON and OFF type, witho

to the

3.57 VENTEL
flue pipe for c

(el o +. L _Cofot
UTNTTN QLT CUINIUL oAaitly

DARY AIR — The air externally supplied to the flame at or beyond the_point g

. PARTS AND TOOLS — Those parts and tools that are not avaijlable on thej

btermined limits.

MANUAL OIL SHUTOFF — A manually operated ‘alve in the oil line for the
ning on or shutting off the oil supply to the burner.

OIL CONTROL — An automatically or manually operated device consisting e
r controlling the fuel supply to a burner:

tering (Regulating) Valve — An oil~¢ontrol valve for regulating burner input.

burner, that is actuated by a safety control or by an emergency device.

APPLIANCE — An_indirect fired appliance provided with a flue collar to acc
bnveying flue gasesto the outside air.

f ignition.

open retail

DSTAT — An automatic control actuated by temperature change to maintain {femperatures

burpose of

ssentially of

It any bypass

bmmodate a
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3A Undated References

3A.1 Any undated reference to a code or standard appearing in the requirements of this standard shall
be interpreted as referring to the latest edition of that code or standard.

3A.1 added October 1, 2008
4 Components

4.1 Except as indicated in 4.2, a component of a product covered by this standard, including the oil burner
and its primary safety control as assembled as part of a furnace assembly, shall comply with the
requirements for that component. See Appendix A for a list of standards covering components generally
used in the products covered by this standard.

42 A comporluent is not required to comply with a specific requirement that:

a) Iny
produ

b) Is

olves a feature or characteristic not required in the application of the compo
Ct covered by this standard, or

superseded by a requirement in this standard.

4.3 A component shall be used in accordance with its rating established for the intended

use.

4.4 Specific ¢
Such compon
exceeding sp4

CONSTRUCT]
5 Assembly

5.1 A furnacsg
components T

more subassdg

5.2 A floor f
subassemblie

pmponents are incomplete in construction featutes or restricted in performan
cified limits, and shall be used only underthose specific conditions.

ION — MECHANICAL

shall be intended for installation as a single assembly and shall include al
ecessary for its intended”function when installed. The furnace may be ship
mblies.

irnace, if not'‘assembled by the manufacturer as a unit, shall be arrarn
5. Except asdndicated in 5.3, each subassembly shall be capable of being ing

the final assembly withodt requiring alteration, cutting, drilling, threading, welding, or simils

installer. Two
intended insta

or more’ subassemblies which must bear a definite relationship to each
llationor operation of the floor furnace shall be:

hent in the

conditions of

e capabilities.

ents are intended for use only under limited eonditions, such as certain tenjperatures not

the essential
ped as two or

ged in major
orporated into
r tasks by the
other for the

a) Arranged and constructed to permit them to be incorporated into the complete assembily, in
the correct relationship with each other, without need for alteration or alignment; or

b) Assembled, tested, and shipped from the factory as a single assembly.
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5.3 In accordance with 5.2, major subassemblies of a floor furnace are considered to be the:
a) Burner;
b) Heat exchanger, including its base, combustion chamber, casing, and safety controls;

c) Blower assembly, including the base, filters, and casing; and
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d) Blower motor if not included as part of the blower assembly.

A wiring harness may be packaged with one of the major subassemblies. Cutting or drilling required for
the attachment of a return air plenum, the installation of an optional filter rack, or the provision of a return
air opening in the furnace casing is deemed to conform to 5.2. If a return air opening is to be cut in the
casing panel by the installer, suitable instructions and a template shall be furnished with the furnace, or

the corners of

the opening shall be embossed in knockout form.

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

a) Assembled as part of the furnace;

b) P

c) Co
requir

5.5 The cons
removal of a
temperatures

5.6 Parts of g
a manner to f

5.7 A floor fu
intended oper

b of I bl oot oo + 1 +t bad o £ £ ot dacl
LU oUVAOOTITTIVTY Al TTTu ol T ditaLTITCUu tu e Turtiacvt TUl Tto 1Tt Tiutu Uy

nstructed so that the furnace cannot be assembled for operation withoUt\first
bd shield or baffle in its intended position.

fruction of a floor furnace shall be such that, for any typical installation, th
baffle, insulation, or a radiation shield needed to reduce,‘the likelihood
S not required.

floor furnace which must be removed for installatiafiyshall be assembled to
ermit easy removal, without dismantling factory wiring, and replacement. Se¢

nace shall be constructed to provide a constast circulation of heated air at &
ation.

5.8 A floor fu

of warm air frpm the furnace.

5.9 A floor fufnace having two warm air registers equipped with a shutter shall be such th
a fraction of ope warm air register may-fe closed at one time.

5.10 Except

furnace for admission of circulating air below the floor level unless applicable performancs
are met with quch an opening_¢losed or open.

nace with a single warm air register shall not be equipped with a shutter to r

r the attachment of\a return air duct, there shall be no opening in the ca

ration; or

attaching a

e alteration or
of excessive

the furnace in

p 5.2 - 5.5.

Il times during

pstrict the flow

at only one or

sing of a floor
requirements

5.11 A furnade shall bg/constructed so that parts requiring attention or manipulation by the user during
typical use cah be easily operated.

5.12 Adjustahlé.or movable parts should be provided with locking devices to reduce the flisk of shifting.

5.13 Any external door providing access into the combustion chamber of a furnace is to fit tightly and be
constructed in a manner to resist displacement by a jarring or pressure created during intended use. A
door shall be self-closing or arranged so that it must be closed to replace the floor register.
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5.14 A burner shall be secured so it will not twist, slide, or drop out of position.

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

6 Servicing

6.1 A floor furnace shall be constructed so that parts such as interior surfaces of vaporizing burners,
heating surfaces in contact with combustion products, oil inlet pipes, and oil strainers can be cleaned,

without major dismantling of the furnace or removal of parts required by 5.2 to be factory assembled.

6.2 The remo
replacement
dismantling wi

6.3 Burners,
replacement \

val of an access panel, burner, blower, cap, plug, or the like, intended to perm
or servicing and the detachment of the chimney connector, is not“con
th regard to the requirement in 6.1.

controls, and safety devices shall be accessible for cleaning, inspectio
vhen the furnace is installed as recommended by the manufacturer. The a

parts in the
following rem

val, will not necessitate their realignment to maintain.their intended relations

{ssembly that may be removed for maintenance shall e “such that their

parts of the @assembly. Specific tools required for maintenance/to~be done by the op€g

provided with
7 Moving Par

7.1 A moving
persons shall

the furnace.
[S

part such as a fan blade, blower wheel, pulley, belt, and the like, that may (
be enclosed or guarded.

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

£ opening or removal of the door, panel, or shield shall require the use of to
interlocking device_shall shut off the mechanism; or

varning marking_shall be provided as specified in 61.18.

nce from.afopening in a required guard or enclosure to the moving parts me

7.2 If the rem
a) Th
b) An
c) A
7.3 The dista
shall be as sp
mm). For an

!

bcified\in-Table 7.1, but the minor dimension of the opening shall not exceed
pening having a minor dimension intermediate between two of the values s

table, the disfance from the opening to the moving part shall not be less than that d

it removal and
sidered major

h, repair, and
frangement of
replacement,
hip with other
rator shall be

ause injury to

bls; or

ntioned in 7.1
3 inches (76.2
pecified in the
letermined by

interpolation between the corresponding values in the right-hand column of the table. The minor
dimension of the opening is determined by the largest hemispherically tipped cylindrical probe that can be
inserted through the opening with a force of 5 pounds (22 N).


https://ulnorm.com/api/?name=UL 729 2016.pdf

OCTOBER 1, 2008

OIL-FIRED FLOOR FURNACES - UL 729

15

Dimensions of openings

Minor dimensions of opening 2 Minimum distance from opening to moving part

Inches (mm) Inches (mm)

1/4 (6.4) 1/2 (12.7)

3/8 (9.5) 1-1/2 (38.1)

1/2 (12.7) 2-1/2 (63.5)

3/4 (19.1) 4-1/2 (114)

1 (25.4) 6-1/2 (165)

1-1/2 (38.1) 10-1/2 (267)

2 {56-8% Hh—t2 {368)

Over 2 |nches (over 50.8) 30 (1162)

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

7.4 A moving| part is not to be considered when evaluating compliance with,36,% and 7.
unlikely to be |contacted through the opening because of fixed components, including bafflg

8 Disposal offCombustion Products

8.1 A furnacg shall be constructed so that the products of combustion are not mixed with

alr.

9 Casing

9.1 The outef casing or jacket shall be made of steel or equivalent material, reinforced
necessary, sq that it is not likely to be damaged’through handling in shipment, installa

Sheet-metal cpsings shall be made of:

a) StIeI not less than 0.020 inchA0:51 mm) thick if uncoated, or 0.023 inch (0.58
ized, or

galva

b) Ndnferrous sheet metalnot less than 0.029 inch (0.74 mm) thick.

All surfaces shall be protected’ against corrosion. A finish required for corrosion protectio
damaged by heat during.any of the tests specified in these requirements.

9.2 A coating|provided’on sheet metal as corrosion protection shall be equivalent to:

a) Hqt-dipped mill galvanized sheet steel conforming with the coating Designation

L if the part is
S,

the circulating

or formed, if
ion, and use.

mm) thick if

n shall not be

G90 in Table

| of the Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-lron Alloy-

Coated (Galvannealed) by the Hot-Dip Process, ASTM A653.

b) Terne sheet having a coating of not less than 8 — 12 pounds (3.6 — 5.4 kg) per double base
box, 112 sheets, 20 by 28 inches (508 by 711 mm).

c) Aluminum coated steel suitable as determined by test.

d) Durable coating of outdoor paint, such as one of the organic alkyd resin types.
9.2 revised October 1, 2008
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9.3 The casing of a floor furnace shall be constructed to provide access for servicing and cleaning of
parts within the enclosure. If these operations cannot be performed readily from the floor level, access
doors shall be provided for this purpose. The bottom of a casing shall be provided with a drain opening
to reduce the risk of accumulation of liquids.

9.4 A floor furnace shall be constructed to provide control and operation from above the floor level,
including the manipulation of any reset devices.

9.5 Access panels that need to be removed for service and accessibility shall be constructed to provide
repeated removal and replacement without causing damage or reducing any required insulating value.

9.6 A removable panel through which air is drawn for combustion shall be constructed to reduce the risk

of it being atta

9.7 A remov3
same furnace

9.8 The casir
circulating air
duct.

9.9 The furng
cannot affect

9.10 Connectjon between the heat exchanger and the casing which encloses circulatin

constructed td
9.11 An acce
10 Support

10.1 A floor f
10.2 A floor f
10.3 A suppo
at least 3/4 ir
which will acc
approximately

the reinforced
distributed, ar|

bad ot [P ol £ £ H 4
CHCU T A TTarimicr uiat mmiay TCouit T a TTon Ul Tirc Ut irijur y tU- pJgtliouUlio.

ble panel shall be so constructed that it cannot be interchanged with ©ther
if interchange may result in a risk of fire or injury to persons.

g of a forced-air type furnace shall have no uncovered openings communig

compartments unless such openings are intended to be always connected

ce shall be constructed so that the negative presSure created by an air
he combustion air supply or draw products of combustion into the circulating
reduce the risk of leakage of combustionproducts into the circulating air.

5S opening to a return air compartment shall be completely covered.

rnace shall incorporate features to provide support when installed as intend
rnace shall be supported independently of the register.

It provided in accordance with 10.2 may be accomplished by providing subg
ch (19.1 mm)wide at the top of the furnace casing or reinforced openings
pmmodateésscrews for attachment to the floor framing. Reinforced openings ar
3-1/24nches (89 mm) below the top of the casing. The total thickness of met
opening is to be not less than 0.032 inch (0.8 mm). At least twelve such h

panels on the

ating with the
to a return air

circulating fan
air.

g air shall be

tantial flanges
in the casing
e to be located
al surrounding
bles, uniformly
Pws are to be

b\t be provided. Where this method is employed, the necessary wood scr

supplied with each furnace. The practice of driving nails through the casing does not meet the intent of
this requirement.
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11 Radiation Shield

11.1 A radiation shield or liner shall be constructed, formed, and supported to provide for its intended
positioning and to reduce the likelihood of distortion or sagging in service. See 12.4 and 12.5. A shield or
liner shall be protected against corrosion if its deterioration may cause temperatures in excess of those
specified in Table 44.1 when the furnace is tested as specified in Sections 44 — 51. Any finish used to
obtain the required resistance to corrosion shall not be damaged by heat when the furnace is tested as
specified in Sections 44 — 51.

12 Materials in an Air Handling Compartment

12.1 Materials in a compartment handling conditioned air for circulation shall have a flame spread rating
of not more th ecified in the

Lo md Al [l Al ] al 4 £ 4 1o O =Y +. tacl
alt o dAlfu A ofTTURLT UTVUEITUPTU TAatllTly U TTUL THUTT U TAalt U Wit TT L otlTU Ao 9

Standard for 1
Exception: T

a) An
mater

b) A

c) A
the liK

d) An
with t

e) Mqd
expos
12.6.

12.2 The sup

for Surface Blirning Characteristics.of Building Materials, UL 723, is to be of asbestos-ce
haterials requiring support may be supported using metal rods or bars or 2-ipch (50.8-mm)

metal. Other 1
hexagonal m¢g

12.3 Exposeq
unprotected e

12.4 Thermal

[ests for Surface Burning Characteristics of Building Materials, UL 723.
his requirement does not apply to the following:

air filter, drive belt, wire insulation, paint applied for corrosion protection, or

pasket forming an air or water seal between metal parts.

miscellaneous small part such as a resilient or vibration mount, wire tie, clam
e.

adhesive that, when tested in combinationwith the specific insulating mater
e requirement of this paragraph.

Ided or formed polymeric-material-components (not liners) in such quantity t
ed surface area within the compartment does not exceed 10 square feet (0.9

porting surface to be used in the test for adhesives as specified in the Stan

sh wire with metal bars or rods.

unimpregnated asbestos material shall not be used in an air handling com
Hge of\a-gasket sandwiched between two parts is considered to be exposed

al equivalent to one of the types of wire insulation permitted\by this standard.

tubing of
/.

p, label, and

jal, complies

hat their total
h m?). See

dard for Tests
ment board or

partment. The

pduce or block

or.acoustic insulating material shall be securely positioned if loosening may r

air flow to cause temperatures in excess of those intended during tests as specified in Sections 44 — 51
or if loosening will result in short-circuiting, grounding, or reduction of electrical spacings below the
required values. Leading edges of insulation shall be protected against damage caused by moving air.

12.5 A mechanical fastener for each square foot (0.09 m?) of exposed surface is considered to securely
position insulating liners to comply with 12.3. A mechanical fastener may be a bolt, metal clamp, wire rod,
or the equivalent. Butting the edges of insulation against bulkheads may be employed to protect leading
edges against damage caused by moving air. For rigid or semirigid sheets of insulating material, fastening
is not required to the extent needed for less rigid material nor is protection of leading edges required.
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12.6 Polymeric materials exempted by the Exception to 12.1(e) shall have a flame spread rating of not
more than 25 or shall comply with the requirements of the Flammability Tests for Materials in Air Handling
Compartments, Section 56.

13 Air Filter

13.1 Afilter, if supplied as a part of the furnace, shall be accessible for inspection or replacement without
the use of special tools and without dismantling the furnace.

14 Combustion Chamber

14.1 A combustron chamber and queway wrthrn the air handlmg compartment shall be constructed of cast
iron, sheet stg . ength, rigidity,
durability, resistance to corrosion, and other phyS|caI propertles equalent to sheet steell not less than
0.032 inch (0.B1 mm) thick.

14.2 A combystion chamber (fire box) lining material shall be durable, securediin’place, and accessible
for replacemept with equivalent material.

15 Radiator

15.1 A radiatpr shall be made of a material that complies with the‘requirement specified in 14.1 for a
combustion clhamber and shall be capable of being cleaned as‘intended.

16 Heating Spirface Joints
16.1 Joints in|heating surfaces shall be mechanically_secure and tight, for example, welded| lock-seamed,
machined and bolted, riveted, or the like. A joint shall'not depend primarily on cement for tightness. A slip

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

16.2 Examplgs of some acceptable lock-seams are illustrated in Figure 16.1.
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-

FOLD LOCKED
STANDING SEAM

Figure 16.1
Types of acceptable lock-seams

U

DOUBLE LOCK

=

A(

ED]

17 Baffles

17.1 A baffle
and arranged

17.2 A flue b
AISI 1010 sh
temperatures
Test, Section
Temperatures|

17.3 Aflue b

constructed s¢ thatsit*can be removed and replaced only in its intended position.

=1

CORDON SEAM LOCK SE

IME LOCK

00

in a flue gas passage or otherwise exposed to combustion products shall K
to remain in its intended position.

hffle shall be made of material having rigidity, heat and corrosion resistance
bet steel not less than .0.032 inch (0.81 mm) thick unless its deterioration
in excess of thosetspecified when the furnace is tested as specified in thg

44; Maximum ‘Register Temperature Test, Section 45, and Continug
Test, Section 46.

pifle shallybe accessible for cleaning. A flue baffle that is removable for cle

B —

OFFSET
DOUBLE SEAM

AM

e constructed

equivalent to
will not cause
Temperature
us-Operation

aning shall be
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18 Flue Collar

18.1 A flue collar shall be constructed and arranged to permit the secure attachment of the chimney
connector.

18.2 A flue collar, flue collector part, or extensions exterior to the air handling compartment shall have
rigidity, heat, and corrosion resistance equivalent to sheet steel not less than 0.016 inch (0.41 mm) thick.

18.3 A flue collar or flue collector part within the air handling compartment shall have rigidity, heat, and
corrosion resistance equivalent to sheet steel not less than 0.032 inch (0.81 mm) thick.

18.4 The top of the flue collar shall be located not less than 20-1/2 inches (520 mm) below the intended

floor level (u
floor joists.

19 Damper a

19.1 A floor
regulator.

19.2 An adjy
minimum op¢q
combustion af

£ £ fiol ol £l N\ 4 1l +ho Akad_al bat +lo
Chourmavt U 1mmnoricu muur j tu PJTUVIUC T TTUYUITtu Litaranct  veivwe i uic

nd Draft Regulator
urnace equipped with a natural draft burner shall be provided with an a
stable damper shall be equipped with minimum and“maximum operatir

rating stop for such a damper shall be located to- obtain sufficient air
minimum burner input.

19.3 An autofnatically operated damper shall maintain the ‘intended damper opening at al

arranged to r
starting.

19.4 A furnac
the regulator
difference in

supply.
20 Field Wirin

20.1 Sheetm

bduce the risk of starting of the burner unless the damper is in the intendg

e to be equipped with a barometrievdraft regulator shall be assembled so as
fo be installed in a false ceiling,’in a different room, or in any manner tha
pressure between the air in~the vicinity external to the regulator and the d

g System Connections

(0.81 mm) thi

Lk if uncoated steel, not less than 0.034 inch (0.864 mm) thick if galvanized

less than 0.045 inch (1:X4-mm) thick if nonferrous.

20.2 If threads for the connection of conduit are tapped all the way through a hole in an ¢
or if an equivglent construction is employed, there shall not be less than three nor more tha

flue pipe and

utomatic draft

g stops. The
for complete

times and be
bd position for

not to require
t will permit a
ombustion air

etal to which a‘wiring system is to be connected in the field shall not be less tihan 0.032 inch

steel, and not

nclosure wall,
N five threads

in the metal and the construction of the device shall be such that a conduit bushing can be attached. If
threads of the connection of conduit are not tapped all the way through a hole in an enclosure wall, conduit
hub, or the like, there shall not be less than 3-1/2 threads in the metal and there shall be a smooth,
rounded inlet hole for the conductors that provides protection to the conductors equivalent to that provided
by a standard conduit bushing and that has an internal diameter approximately the same as that of the
corresponding trade size of rigid conduit.


https://ulnorm.com/api/?name=UL 729 2016.pdf

AUGUST 29, 2003 OIL-FIRED FLOOR FURNACES - UL 729 21

20.3 In an enclosure intended to be supported by rigid conduit, the threaded opening for connection to
the conduit shall be provided with at least five full threads.

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

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

20.6 A plate or plug for an unused conduit opening or other hole in the enclosure shall not be less than:

a.) O. 14 ;II\JII (u.?)c IIIIII) thl\.:lr\ If DtCU: Ul C.Clc LLILA2 0 (0.43 IIIIII) thl\.:lr\ If A4} IfCIIUUD etal for a.
hole Having a 1/4-inch (6.4-mm) maximum dimension; and

b) 0.027 inch (0.69 mm) thick if steel or 0.032 inch (0.81 mm) thick if nonferrous metal for a
hole Having a 1-3/8-inch (34.9-mm) maximum dimension.

A closure for & larger hole shall have a thickness equal to that required for\the enclosure of the device or

a standard knpckout seal shall be used. Such a plate or plug shall be sectrely mounted.

CONSTRUCT|ION — ELECTRICAL

21 Controls

21.1 Applicatjon

21.1.1 A safety control circuit shall be two-wire, ongside grounded, having a nominal rating of 120 volts.

A safety contn

21.1.2 A sho

Dl or protective device shall interrupt'the ungrounded conductor.

t circuit or combination of ‘short circuits to ground shall not render a saf

protective deyf
considered if

21.1.3 The rgquirement in 21.0.1 does not apply to a supervised circuit within a safety cd
extension of guch circuit to a.separate element of the control, such as a flame-sensing de

21.1.4 A control circuitsshall be arranged so that it may be connected to a power supply
that can be fused at\not more than the value intended for the rating of any control included

21.1.5 A safety~control shall be accessible.

ice inoperative. Safety control circuit arrangements other than described in
hey accomplish the intent of this requirement.

ety control or
P1.1.1 may be

ntrol or to the
ice.

branch circuit
| in the circuit.

21.1.6 A safety control shall be supported in such a manner that the control and its sensing element will
remain in their intended position. It shall be possible to determine by observation or test whether or not
each control is in its intended location.
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21.1.7 Nothing shall be provided for the purpose of rendering any safety control ineffective or to allow
firing of the furnace without the protection of each of the required safety controls.

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

interrupted power supply.

21.2 Limit control

21.2.1 A floor furnace shall be provided with a limit control to reduce the likelihood of temperatures in
excess of those specified in Sections 47 — 51.

21.2.2 The
temperature

21.2.3 An au
auxiliary limit

21.2.4 A furn
constructed tg

21.2.5 Alimit
circuit shall b4
integral with o

21.2.6 The reg
control circuit
intended to p
controller that]

ore than that indicated in 42.

1.

omatically lighted furnace shall be provided with an automatic-reset type lif
control may be of the manual-reset type.

hce equipped with a limit control that throttles the oil supply ‘tovproduce a pil
furnish air for combustion when the floor register is completely covered.

control that functions to interrupt the delivery of fueldor.combustion by openir
p arranged to effect the direct opening of that cireuit, whether the switching
r remote from the sensing element.

quirement specified in 21.2.5 is intended\te“reduce the likelihood of interpos
other controls, the malfunction of whichmay create a condition that the

reclude. However, a limit control may interrupt the pilot circuit of a magneg
in turn, directly opens the safety-Circuit when it is necessary to interrupt &

circuit carrying a load greater than the capacity of available limit controls, or to interrupt

circuit.

21.2.7 A furn
pooling of the

21.2.8 The lin

predetermined.

ace equipped with a vaporizing burner shall be constructed to reduce the
burner upon functiohing of the limit control.

nit control or controls shall be factory installed on the furnace or its location s

an outlet air

nit control. An

bt fire shall be

g an electrical
mechanism is

ng in the limit
imit control is
tic-type motor
| single-phase
a multi-phase

b likelihood of

hall be factory
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21.3 Primary

safety control

21.3.1 A furnace shall be equipped with a primary safety control.

22 Field Wiring

22.1 General

22.1.1 A furnace shall have provision for connection of a power supply wiring system in accordance with
the National Electrical Code, ANSI/NFPA 70.

22.1.2 The g
shall permit th

22.1.3 The c(
and the cover
for such use 1

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

22.1.5 A kno|
accommodate

22.1.1 revised October 1, 2008

nnections are to be accessible without removing parts other than a,service
of the outlet box or compartment in which the connections are made,"A compq
hay serve as a cover.

ve of a junction box in which field-installed conductors are*to be connected by

an that specified in Table 22.1. A conductor passing through the box is cc
] each conductor terminating in the box is also courted as one conductor. A

22.1.4 revised October 1, 2008

ckout for connection of a field-wiring system to a terminal box or comy
conduit of the trade size specified in Table 22.2.

Table 22.1
Size<of junction boxes

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

catiomofamouttet-boxor compartmentmwhich—fretc=wirimg—conmections—=me to be made

ese connections to be inspected after the equipment is installed as intendéd,

cover or panel
nent intended

splicing shall
unted as one
field-furnished

artment shall

Free space within box for each conductor},

Size Jof conductors AWG (mm,_ 2) cubic inches (cm3
16 or smaller (1.3 or less) 15 (24.6]

14 (2.1) 2.0 (32.8

12 (3.3) 2.25 (36.9

10 (53) 25 (41.0

8.(8.3) 3.0 (49.2
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Table 22.2
Trade size of conduit in inches &mm OD)
Wire size Number of wires
AWG (mm?2) 2 3 4 5 6
14 (2.1) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3)
12 (3.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) 3/4 (26.7)
10 (5.3) 1/2 (21.3) 1/2 (21.3) 1/2 (21.3) 3/4 (26.7) 3/4 (26.7)

2 This table is based on the assumption that all conductors will be of the same size and there will be no more than 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 internal
cross-sectional area of the smallest conduit that may be used is determined by multiplying by 2.5 the total cross-sectional area of
the wires, based on the cross-sectional area of Type THW wire.

22.1.6 Wiring
control, or a
metal-clad cal
part of the fur

exterior to a furnace between the burner assembly and a limit control, @
motor controller that can be done readily with Type T wire enclosedin ¢

hace if instructions for installing such wiring are furnished with eaeh”/furnace.

22.1.7 A ternpinal box or enclosure, included as part of the assembly and in which a

supplying pow
furnace. This

er to the furnace is to be connected, shall not require that it-be moved for s
requirement does not apply to separate limit controls and stack-mounted

controls, where permitted, to which metal-clad cable or flexible metallic conduit is to be dir

22.1.8 A term
22.1.6, 22.1.7
surfaces of th
wire in Table

22.1.9 Excep
not attached t
with these req

22.2 Leads a
22.2.1 Wiring
of field-wiring

corresponding

Exception: A
might result i

inal box or enclosure in which field-installed conductors are to be connected

, and 22.1.9 shall be located so that the témiperature of conductors with
e box likely to be in contact with the condactors will not exceed that specif
4.1 when the furnace is tested as specified in Sections 44 and 46 — 51.

as indicated in 23.1.4, wiring to be connected in the field between the furnag
D the furnace or between separate devices that are field-installed and locate
uirements if done with Type.T wire enclosed in conduit or with metal-clad ca

hd terminals

terminals, or leads hot less than 6 inches (152 mm) long, shall be provided
conductors of @t teast the size required by the National Electrical Code, A
to the markéd-rating of the assembly.

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

22.2.1 revised October 1, 2008

brimary safety
pnduit or with

ble in accordance with these requirements need not be furnished by the manufacturer as

See 23.1.4.

branch circuit
ervicing of the
brimary safety
pctly attached.

As indicated in
in the box or
ed for Type T

e and devices
0 shall comply
ble.

for connection
NSI/NFPA 70,

[ a longer lead

22.2.2 A lead intended for connection to an external circuit shall be provided with strain relief if stress on
the lead may be transmitted to terminals, splices, or internal wiring if such stress may cause the lead to
separate from its termination or result in damage to the lead from sharp edges. See Strain Relief Test,

Section 57.
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22.2.3 A terminal or lead intended to be connected to the grounded conductor of the supply circuit shall
not be electrically connected to a single-pole manual switching device which has an off position or to a
single-pole overcurrent (not inherent overheating) protective device.

22.2.4 Field-wiring terminals shall be secured to their supporting surfaces by means other than friction
between surfaces so that they cannot turn or shift in position if such motion may result in reduction of

spacings to less than those required. This may be accomplished by:

a) Two screws or rivets;

b) Square shoulders or mortices;

C) A duvvc: p;ll, :uu, Ot ufl‘oct;

d) A

e) So

22.2.5 A congluctor provided for connection of a grounded conductor shalMe finished in

white or gray

or gray color 4
terminal for ca
in color and 4

manner, such

22.2.6 At tern
and from cont
soldering lug,
slot-type conn
resulting from

22.2.7 The sh

required spac
shanks shall &

22.2.8 Alead
to a wire bindi
shall not be v

a) Th

b) Th

connecting strap or clip fitted into an adjacent part; or

me other equivalent method.

overing, three continuous white stripes on other than green ifnsulation, or a m

nnection of a grounded conductor shall be of or platedywith metal coating sub
hall be readily distinguishable from other terminals, or it shall be identified
as on an attached wiring diagram.

22.2.5 revised October, 1,°2008

hinals, stranded conductors shall be restrdined from contacting other uninsul
hcting dead metal parts. This may be;accomplished by using a pressure-termi
crimped eyelet, soldering all strands of the wire together, or equivalent me
ector shall not be used unlessit' is constructed to reduce the likelihood of
loosening of the clamping means.

ank of a terminal connector shall be protected by insulating tubing, or the eq
ngs may be reducedvas a result of loosening of the clamping means. The ins
e not less than 0.028 inch (0.71 mm) thick.

provided for.a Spliced connection to an external high-voltage circuit shall not|
Ng screw-of pressure-terminal connector located in the same compartment as
sible_to the installer, unless:

it the termination. No other leads, other than groundeg conductors, shall be s

a continuous
arking of white
o identified. A
stantially white
n some other

pted live parts
nal connector,
ans. An open
disconnection

uivalent, if the
ulation on the

be connected
the splice and

£ 'serew or connector is rendered unusable for field-wiring connections or

e lead is insulated at the unconnected end.

22.2.9 Terminal parts by which field-wiring connections are made shall consist of soldering lugs or
pressure terminal connectors, secured in place as specified in 22.2.4, 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.

22.2.9 revised October 1, 2008
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22.2.10 A wire binding screw at a high-voltage wiring terminal for field connection shall not be smaller

than No. 10.

Exception No. 1: A No. 8 screw may be used for the connection of a conductor not larger than 14 AWG

(2.1 mmP).

Exception No. 2: A No. 6 screw may be used for the connection of 16 or 18 AWG (1.3 or 0.82 mn¥)

control-circuit

conductors.
22.2.10 revised October 1, 2008

22.2.11 A terminal plate for a wire-binding screw shall be of metal not less than 0.030 inch (0.76 mm)
thick for a 14 AWG (2.1 mm?) or smaller wire, and not less than 0.050 inch (1.27 mm) thick for a wire

larger than 14
22.2.12 A ter
extruded at th
22.2.13 A wir
23 Internal W
23.1 General

23.1.1 Thew
- 23.3.2.

23.1.2 Insulated conductors having ampacity, voltage, and temperature ratings consistent

shall be provi
AWG (0.82 m

23.1.3 Excep
manufacturer

shall be provigled as a harness\with each furnace and shall be arranged to facilitate attachr

furnace is ass|
be included wj

23.1.4 If insu
compliance w

ANALCS (D 4 AN 1) [Tl — ! -l b PR TR (DRI e
AVVO (4.1 1100 ) TTIETE STiall TIUU DT TESS Uidll twuU Tulr tireaus 1 e 1ricttal.

22.2.11 revised October 1, 2008

minal plate formed from stock having the minimum required thickness ‘may
e tapped hole for the binding screw to provide two full threads.

led. A conductor, other than an integral part of a component, shall not be s
Mm?2).
2371:2 revised October 1, 2008

t as indicated in 22:1.6, the wiring for all furnace circuits shall be prd
ps part of the furnage® If the furnace is not assembled and wired at the facto

bmbled, in which/case a pictorial diagram showing the exact arrangement of t
th each furhace.

ated.cenductors rated for use at temperatures higher than 60°C (140°F) a
th{hese requirements, the devices to be connected by such wiring shall be f{

ave the metal

e binding screw shall thread into metal.
iring
ring of high-voltage and safety-control circuijts shall conform with the requirenpents in 23.1.2

with their use
maller than 18

vided by the
y, such wiring
nent when the
he wiring shall

e required for
actory located

ent

on the equipn

Exception:

chimney connector.

The requirement does not apply to a primary safety control to be field-installed on the
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23.2 Methods

23.2.1 Electrical wiring to a part that must be moved for intended maintenance and servicing shall be
arranged so that the part may be moved without breaking soldered connections or disconnecting conduit.
Conductors to be disconnected from terminals of such a part shall terminate in eyelets or connectors. If
the wiring to a part that functions also as an access plate or cover, such as a transformer closing the
access to the nozzle assembly, is not readily detachable, the assembly shall include provision for support
of that part by means other than the wiring when the part is moved for servicing. Any allowable movement
of such part shall not stress the wiring or its connections.

23.2.2 Except as noted in 23.2.15 and 23.2.16, conductors shall be enclosed within conduit, electrical
metallic tubing, metal raceway, electrical enclosure, or metal-clad cable.

23.2.3 Some |wiring materials acceptable for use if enclosed as specified in 23.2.2 are given in Group A
of Table 23.1.
Table 23.1
Typical wiring materials
Table 23.1 revised October 1, 2008
Group Type of wire, cord, cable Wire size Insulation [thickness
AWG (mm?2) Inch (mm)
10 and 5.3 2/64 0.8
smaller
8 8.4 3/64 1.2
6 13.3 4/64 1.6
RF-2, FF-2, FFH-2, TF, TFF, TFN, TFFN, SF<2,"SFF-2, 4 212 4/64 16
RH, RHH, RHW, RUH, RUW, T, THW, .XHHV\./, MTW, 3 26.7 4/64 16
A THW-MTW, THWN, TW or thermoplasticvappliance
iring material, with insulation thicknesses shown at the 2 336 4/64 1.6
ight corresponding to wire size indicated 1 42.4 5/64 2.0
1/0 54.0 5/64 2.0
2/0 67.0 5/64 2.0
3/0 85.0 5/64 2.0
4/0 107.2 5/64 2.0
18 0.82 4/64 1.6
. » . . 16 13 4/64 1.6
SO, ST, SJQ, SJT, or appI|§nce wiring njatgnal hgvmg 14 21 5/64 20
B thermae-plastic or neoprene insulation, with insulation
thicknesses shown at right corresponding to the wire 12 3.3 5/64 2.0
Sizes indicated 10 5.3 5/64 2.0
8 8.4 6/64 2.4
6 13.3 8/64 3.2
Thermoplastic wiring materials, as referenced in Group A, with insulation thickness of 2/64 inch (0.8 mm) for 16 or 18
AWG (1.3 or 0.82 mm?2) and 3/64 inch (1.2 mm) for 14, 12, 10, or 8 AWG (2.1, 3.3, 5.3, or 8.4 mm?), are considered
equivalent to the wiring material referenced in Group B, when the conductors are covered with 1/32 inch (0.8 mm)
thickness thermoplastic insulating tubing of a type acceptable for the purpose from the standpoint of dielectric
properties, heat resistance, moisture resistance, flammability, and the like.

23.2.4 Flexible metal conduit shall not be smaller than 3/8 inch electrical trade size. This does not apply
to parts of components, such as conduit protecting flame sensor leads.
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23.2.5 Flexible metal conduit shall be mechanically secured at intervals not exceeding 4-1/2 feet (1.37 m)
and within 12 inches (305 mm) on each side of every junction box, except for lengths not over 36 inches
(914 mm) where flexibility is necessary.

23.2.6 A splice and connection shall be mechanically secure and bonded electrically. A soldered
connection shall be made mechanically secure before being soldered if breaking or loosening of the
connection may result in a risk of fire or injury to persons.

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

23.2.8 A splicing deV|ce such as a fixture- type spllcmg connector, pressure W|re connector, or the like,

may be emplqy

splice insulati
requirement,

moisture-resis
meet the inter]

23.2.9 A splid
which high-vo

23.2.10 A spl
motion, or vib

23.2.11 A sp
compartment

23.2.12 A co
terminates. If
connector or
inspection.

23.2.13 The
provide a rigic
shall be free f

23.2.14 Allw
moving parts.

23.2.15 Factg
same assemb

bn consisting of coated fabric, thermoplastlc or other type of tublng meets the
onsideration is to be given to such factors as its dielectric properties, ‘hea
tant characteristics, and the like. Thermoplastic tape wrapped over-a sharp
t of this requirement.

e is to be enclosed by installation in a junction box, control\beX, or other ¢
tage wiring materials as specified in Group A of Table 23:1 may be employe

ce shall be located, enclosed, and supported so that'it is not subject to da
ation.

ice in an enclosed machinery compartment™s to be secured to a fixed n
50 that it is not subject to movement or damage during servicing.

hductor shall be protected from abrasion at all points where conduit or me

mmetal-clad cable is used, an insulatihg bushing or its equivalent shall be pra
lamp shall be constructed so that the insulating bushing or its equivalent wil

onstruction of a wireway-shall be such that the interconnection of sections §
mechanical assembly and will maintain electrical conductivity. The interior

ring shall be-supported and routed to reduce the likelihood of damage from g

m determining if

intent of this
-resistant and
bdge does not

bmpartment in
d.

mage, flexing,

hember in the

btal-clad cable
vided and the
be visible for

ind fittings will
bf the wireway

rom burrs and sharp corners or edges that may cause damage to the insulafion on wires.

harp edges or

ry. wiring involving a potential of not more than 300 volts between parts a
ywith a predetermined fixed relationship one to the other may be done with

tached to the
ype SO or ST

cord, provided

all of the following conditions are met:

a) It is not practical to do the wiring in accordance with 23.2.2.

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

c) The length of cord exterior to the assembly is not more than 4 inches (102 mm) and strain
relief is provided.
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23.2.16 A cord or appliance wiring material specified in Group B of Table 23.1 may be employed if the
wiring is enclosed by a furnace casing conforming to all of the following:

a) There are no openings in the bottom except for a drain opening as required by 9.3, unless a
U-shaped channel or trough is located under the wiring and the wires do not project through the
plane of the top of the trough or channel.

b) Suitable strain relief is provided at the terminations of cords and wiring material.

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

openi

d) Oq
baffles

e) If flammable material other than electrical insulation is located within the compa
is separated from such material and the material has the characteristics deg

wiring
23.2.17.
23.2.17 With
or HF-2 in acd

and Appliancgs,

23.2.18 A co
be damaged,

23.2.19 A hol

smooth, rounded bushing or shall have smooth,rounded surfaces upon which the wires or ¢
so that the ingulation will not be abraded. Aibushing shall be ceramic, phenolic, cold-molde
fiber, or equivplent material.

23.2.20 A fiber

a) Ndt be less than 3/64 inch (1.2 mm) thick;

b) B

c) Not be employed where it will be subjected to a temperature higher than 90°C
normgl*eperating conditions.

Y-

enings are not closer than 6 inches (152 mm) to the wiring unless metallic b
b are placed between the wiring and the openings.

reference to 23.2.16(e), plastic materials shall be classified as Type V-0, V-1,
ordance with the Standard for Test for Flammability of Plastic Materials for Parts in Devices

uch as by closely following surfaces. Strain relief, if required, shall be provi

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

An air filter may be employed within the enclosure.

UL 94, and other nonmetallic materials shalkhave equivalent characteristi

and other wiring material that complieswith 23.2.16 shall be supported so

in a wall or partition through whieh'insulated wires or cords pass shall be p

bushing shall:

arriers or

iIrtment, the
cribed in

V-2, 5V, HF-1,
CS.

that it will not
led.

rovided with a

prds may bear
I composition,

194°F) under

23.2.21 Provision for an 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 23.2.19.
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23.3 Short circuit protection

23.3.1 Except as indicated in 23.3.2, conductors of motor circuits having two or more motors, one or more
of which have thermal or overcurrent protection, wired for connection to one supply line, shall withstand
the Short-Circuit Test, Section 53, without creating a risk of fire or electric shock.

23.3.2 Conductors that comply with the following are considered acceptable without test:

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

b) Conductors that are 18 AWG (0.82 mm?) or larger and not more than 4 feet (1.22 m) long if
the aF p:lal LA\v] VV;” bC PIUtC\ath by A GC (].IIIPUIC fUOC T OIIIG.”CI. Thlo GFP:ICO tU arl / Of the erlng

mater|als specified in this standard, including those enclosed in raceways; or

¢) Conductors that serve as jumper leads between controls if the length of the leads does not
exceed 3 inches (76.2 mm) or the conductors are located in a control panel.

23.3.2 revised October 1, 2008

24 Separation of Circuits

24.1 Unless provided with insulation for the highest voltage invglved, insulated conductqrs of different
internal wiring circuits shall be separated by barriers or be ségregated, and shall, in any case, be so
separated or pegregated from uninsulated live parts connected to different circuits or ogposite-polarity
parts of the same circuit.

24.2 Segregation of insulated conductors as specified iff 24.1 may be accomplished by clamping, routing,
or equivalent means that maintains permanent separation from insulated or uninsulated |ive parts of a
different circuit.

24.3 Field-ingtalled conductors of any circuit shall be segregated or separated by barriers [from:

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

b) Uninsulated live parts of any other circuit.

¢) Anly uninsulated live parts, the short-circuiting of which may result in the risk off{fire, electric
or injury’'to persons, except that a construction in which field-installed condyictors may
make |contact with wiring terminals is acceptable, provided that Type T, RF-2, or efjuivalent
condycters are or will be installed when wired in accordance with the National Ele¢trical Code,
ANSI/NFPA 70.

24.3 revised October 1, 2008

24.4 Segregation of field-installed conductors from other field-installed conductors and from uninsulated
live parts of the 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.
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24.5 If the number of openings in the enclosure does not exceed the minimum required for the intended
wiring of the furnace and if each opening is located opposite a set of terminals, it is to be assumed, for
the purpose of determining compliance with 24.3, that the conductors entering an opening will be
connected to the terminals opposite the opening. If more than the minimum number of openings are
provided, the possibility is to be investigated of conductors entering at points other than opposite the
terminals to which they are intended to be connected and contacting insulated conductors or uninsulated
live parts connected to a different circuit.

24.6 If a barrier is used to provide separation between operating parts and field-installed conductors, it
shall be of metal or insulating material and shall be held in place.

24.7 A metal barrier shall have a thickness not less than that specified in Table 29.1 or 29.2, whichever
applles, base( Ul thc O;LU Uf thc ball;cl. I"\\ baII;UI Uf ;Ilou:at;llu IIIGtCI;a: oha” bC IIUt :COO tr an 0.028 InCh
(0.71 mm) thigk and shall be thicker if its deformation may defeat its purpose. Any clearancg at the edges
of a barrier shall be not more than 1/16 inch (1.6 mm) wide.

24.8 Openings in a barrier for the passage of conductors shall not be larger,than 1/4 ingh (6.4 mm) in
diameter and ghall not exceed in number, on the basis of one opening per conductor, the nyimber of wires
that will need ffo pass through the barrier. The closure for any other opening‘shall have a smooth surface
wherever an ipsulated wire may contact it, and the area of any such opening, with the clogure removed,
shall not be Igrger than required for the passage of the necessary wires.
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25 Bonding for Grounding

25.1 An exposed or accessible dead metal part that may become energized and that may be contacted
by the user or by service personnel during service operations that are likely to be performed when the
equipment is energized, shall be electrically connected to the point of connection of an equipment ground.

25.2 Except as indicated in 25.3, uninsulated metal parts of cabinets, electrical enclosures, motor frames
and mounting brackets, controller mounting brackets, capacitors and other electrical components,
interconnecting tubing and piping valves, and the like shall be bonded for grounding if they may be
contacted by the user or serviceman.

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

a) Adhesive attached metal-foil markings, screws, handles, and the like, that are’Jpcated on the
outside of enclosures or cabinets and isolated from electrical components aor(wiring by grounded
metal [parts.

b) Isglated metal parts, such as a magnet frame and armature, small assembly sdrews, and the
like, that are separated from wiring and uninsulated live parts.

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

d) A panel or cover that is insulated from electrical components and wiring by an gttached
insulating barrier of vulcanized fiber, varnished cloth, phenolic composition, or similar material
not less than 1/32 inch (0.8 mm) thick.

25.4 If a component, such as a switch, is likelycto become separated from its grounding means for
purposes of tgsting or adjustment while the equipment is energized, it is to be provided with a grounding
conductor not|requiring removal for such service.

25.5 A splice|shall not be employed ip-‘axWwire conductor used for bonding.

25.6 Metal-tojmetal hinge bearing‘members meet the intent of employing a means for bongling a door for
grounding.

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

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

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

25.9 A connection that depends upon the clamping action exerted by rubber or similar materials is
acceptable if it complies with 58.1 under any degree of compression permitted by a variable clamping
device and if the results are still acceptable after exposure to the effects of oil, grease, moisture, and
thermal degradation that are likely to occur in service. The effect of assembling and disassembling, for
maintenance purposes, such a clamping device is to be considered with respect to the likelihood of the
clamping device being reassembled in its intended position.

25.10 If bondj OF w-Hre RS w w a-stRglle screw shall
engage the metal.

25.11 The size of a conductor or strap employed to bond an electrical enclosure,or motor frame shall be
based on the fating of the branch-circuit overcurrent device to which the equipmeéent-will be cpnnected. The
size of the copductor or strap shall be as specified in Table 25.1 unless a smaller size congluctor or strap
is found to be|acceptable when subjected to the Bonding Conductor Test, Settion 58.

Table 25.1
Bonding wire conductor size

Size of banding conductor 2
. Copper wire Aluminum wire
Rating of overcprrent
device, ampgres AWG (mm?) AWG (mm?)
15 14 @.1) 12 (3.3)
20 12 (3.3) 10 (5.3)
30 10 (5.3) 8 (8.4)
40 10 (5.3) 8 (8.4)
60 10 (5.3) 8 (8.4)
100 8 (8.4) 6 (13.3)
200 6 (13.3) 4 (21.2)
2 Or equivalent ¢ross-sectional area:

25.12 A bonding conducter to a component or electrical enclosure is not required to be larger than the
size of the copductors Supplying power to the component or components within the enclosjure.

25.13 If morg than” one size of branch-circuit overcurrent device is involved, the size df the bonding
conductor is te—be—based—en—the—rating—efthe—everedrrent—device—intended—te—provide ground-fault
protection for the component bonded by the conductor. For example, if a motor is individually protected
by a branch-circuit overcurrent device smaller than other overcurrent devices used with the equipment, a
bonding conductor for that motor is to be sized on the basis of the overcurrent device intended for
ground-fault protection of the motor.
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25.14 A terminal for connection of an equipment-grounding conductor shall be located in the field-wiring
compartment and shall be acceptable for connection of a conductor of the size required by the National
Electrical Code, NFPA 70.

25.14 revised October 1, 2008

25.15 A soldering lug, a push-in (screwless) connector, or a quick-connect or similar friction-fit connector
shall not be used for the terminal for the field-installed grounding conductor.

25.16 The terminal for the connection of the equipment grounding conductor shall be a green not readily
removable terminal screw with a hexagonal head, a green, hexagonal, not readily removable terminal nut,
or a green pressure wire connector. If the terminal for the grounding conductor is not visible, the conductor
entrance hole shall be marked with the words "GREEN", "GROUND"; the letters "G", "GR"; a grounding
symbol such gsFigure25-1orotherwisedentifredby adistinctive greemcotor—Whentheterminal for the
equipment greunding conductor is readily removable, the area adjacent to the terminal shall be similarly
marked.

25.16 revised October 1, 2008

Figure 25.1
Grounding symbol
Figure 25.1 added October 1, 2008

25.17 If a pressure terminal connector is used adjacent to the connectors intended for the supply
conductors and if it could be mistaken for the neutral of a grounded supply:

a) A marking shall be additionally provided indicating EQUIPMENT GROUND;

b) The conductor shall be identified by a green color; or
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c) Both.
25.18 The surface of an insulated lead intended solely for the connection of an equipment-grounding
conductor shall be finished a continuous green or a green with one or more yellow stripes, and no other
leads visible to the installer shall be so identified.
26 Servicing and Adjustment

26.1 Service functions that may have to be performed with the equipment energized include:

a) Adjusting the setting of temperature controls with or without marked dial settings;

b) Rhocttllly A LUl ItIU: tllr.l mcuhalnom,

c) Ogerating a manual switch; or

d) Adjusting an air-flow damper.
A factory-set-gnd-sealed control is not considered to be adjustable.
26.2 An adjugtable or resettable electrical control or manual-switching ‘device may be locafed or oriented
with respect t@ uninsulated live parts so that manipulation of the mechanism for adjustmernt, resetting, or
operation can|be accomplished in the intended direction of access if uninsulated high-voltage live parts or
moving parts that may cause injury to persons are:

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

b) Nat located within 6 inches (152 mm). e any side or behind the mechanism, unless
guardgd.
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26.3 An electrical control component that may require examination, adjustment, servicing, or
maintenance while energized, not including voltage measurements, shall be located and mounted with
respect to other components and with respect to grounded metal parts so that it is accessible for electrical
service functions without subjecting the serviceman to a risk of electric shock from adjacent uninsulated
live parts or to a risk of injury from adjacent moving parts.

26.4 A component in a low-voltage circuit shall comply with the requirements in 26.3 in its relation to
uninsulated live parts in a high-voltage circuit and to moving parts that may cause a risk of injury to

persons.

27 Electrical Components

27.1 Electricgt

or running on

27.2 An attac
of the circuit 4

28 Mounting

28.1 A switch

“a + al HPH ball L At ol +ho IHPPNHN <l £ HI
I CUITTPUTITTTIS AlTu vitirTy oAl T alrarigtu tu TTuuLT Uuic TATImouuu Ut Uit Ul

them during usage or from a connection required to be uncoupled for seryicir

hment plug or a separable connector shall not be used in a circuit if-the/breal
y the device may result in a risk of fire, electric shock, or injury to)persons.

Df Electrical Components

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

restrained from turning.

Exception No

a) Th
switch

switch.

b) TH

switch.

c) Th

d) Th
perso

Exception No
indicator light
rotation cannd

1: A switch need not be restrained from turning-if all of the following conditi
e switch is of a plunger or other type thatcdoes not tend to rotate when oper
is considered to be subject to forces that tend to turn the switch during ope)

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

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

e operation of thé switch is by mechanical means rather than by direct conta
1S.

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

vater dripping
g the furnace.

ing or making

and shall be
bns are met:
ated. A toggle

ration of the

0 of the

ct by

a neon pilot or
from turning if

28.2 The means for restraining turning is to consist of more than friction between surfaces. A toothed lock
washer that provides both spring take-up and an interference lock meets the intent of employing a means
for restraining a small stem-mounted switch or other device having a single-hole mounting means from
turning.
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28.3 An uninsulated live part shall be secured to the base or mounting surface so that it will be restrained
from turning or shifting in position if such motion may result in a reduction of spacings below the required
values.

28.4 Control equipment located within the plenum or return air compartment of a furnace shall be
constructed, enclosed, or protected, so that dense smoke will not be generated or flame emitted under
any conditions that may occur in service.

29 Electrical Enclosures

29.1 General

{s shall be as

29.1.2 Among the factors taken into consideration when evaluating an enclosure-are:

a) Mgchanical strength;

b) Rgsistance to impact;

c) Mgisture absorptive properties;
d) Cdmbustibility;

e) Rdsistance to corrosion; and

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

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

29.1.3 The epclosure shall reduce. the likelihood of the emission of molten metal, burnjng insulation,
flaming particles, or the like thfough openings onto combustible material, including the sufface on which
the equipment is mounted.

29.1.4 A termlinal housinag of a motor, to which connections are to be made in the field, shpll be of metal
and shall be qized in\accordance with the National Electrical Code, ANSI/NFPA 70.
29.1.4 revised October 1, 2008

29.1.5 A steel enclosure shall be protected against corrosion by painting, plating, or other equivalent
means.

29.1.6 Sheet metal to which a wiring system is to be connected in the field shall not be less than 0.032
inch (0.81 mm) thick, if uncoated steel, not less than 0.034 inch (0.86 mm) thick, if galvanized steel, and
not less than 0.045 inch (1.14 mm) thick, if nonferrous.
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29.1.7 If the construction and location of the component and the strength and rigidity of the outer cabinet
warrant, an individual enclosure of metal thinner than specified in Table 29.1 or 29.2 may be employed.

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

29.1.9 All intended mounting positions of the furnace are to be considered when determining compliance
with the requirements in 29.1.7.

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

a) Anl opening between the box and motor frame having a dimension exceeding’ly2 inch (12.7
mm) does not permit the entrance of a flat feeler gauge, 5/64 by 1/2 inch (2,0\by 12.7 mm)
wide.

b) Anl opening between the box and motor frame having no dimension exceeding [1/2 inch (12.7
mm) Will not permit the entrance of a 13/64-inch (5.2-mm) diametér vod.

29.1.11 The ¢riteria for determining compliance of an opening in an-electrical enclosur¢ are given in
Section 36, Ag¢cessibility of Uninsulated Live Parts, Film-Coated Rarts, and Moving Parts.

Table 29.1
Minimum thickness of sheet metal for enclosures, carbon steel or stainless steel

With supporting frame or equivalent
Without spipporting frame 2 reinforcing 2 Minimum thickness in ihches (mm)
Maximum widt) ® | Maximum length ¢ | Maximum width ® | Maximum length Uncoated Metal coated
Inches (cm| Inches (cm) Inches (em) nches (cm) (MSG) (GSG)
4.0 (1op) Not limited 6.25 (15.9) Not limited 0.020 (0.51) 0J023 (0.58)
4.75 az2h) 5.75 (14.6) 6.75 (17.1) 8.25 (21.0) (24) (P4
6.0 (15P) Not limited 9.5 (24.1) Not limited 0.026 (0.66) 0J029 (0.74)
7.0 a7R) 8.75 (2272) 10.0 (25.4) 125 (31.8) (22) (R2)
8.0 (20R) Not limitéd 12.0 (30.5) Not limited 0.032 (0.81) 0)034 (0.86)
9.0 (22p) 115 (29.2) 13.0 (33.0) 16.0 (40.6) (20) (O)
12,5 (31PB) NoOtiimited 19.5 (49.5) Not limited 0.042 (1.07) 0Jo45 (1.14)
14.0 (358) 18.0 (45.7) 21.0 (53.3) 25.0 (63.5) (18) (IL8)
18.0 (45]7) Not limited 27.0 (68.6) Not limited 0.053 (1.35) 0J056 (1.42)
20.0 (50J8) 25.0 (63.5) 29.0 (73.7) 36.0 (91.4) (16) (LLe)
22.0 (55.9) Not imited 330 8338) Not imited 0.060 T52) 0.063 (1.60)
25.0 (63.5) 31.0 (78.7) 35.0 (88.9) 43.0 (109.2) (15) (15)
25.0 (63.5) Not limited 39.0 (99.1) Not limited 0.067 (1.70) 0.070 (1.78)
29.0 (73.7) 36.0 (91.4) 41.0 (104.1) 51.0 (129.5) (14) (14)
33.0 (83.8) Not limited 51.0 (129.5) Not limited 0.080 (2.03) 0.084 (2.13)
35.0 (88.9) 47.0 (119.4) 54.0 (137.2) 66.0 (167.6) 13) (13)
42.0 (106.7) Not limited 64.0 (162.6) Not limited 0.093 (2.36) 0.097 (2.46)
47.0 (119.4) 59.0 (149.9) 68.0 (172.7) 84.0 (213.4) (12) (12)
52.0 (132.1) Not limited 80.0 (203.2) Not limited 0.108 (2.74) 0.111 (2.82)
60.0 (152.4) 74.0 (188.0) 84.0 (213.4) | 103.0  (261.6) (11) (11)
63.0 (160.0) Not limited 97.0 (246.4) Not limited 0.123 (3.12) 0.126 (3.20)

Table 29.1 Continued on Next Page
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Table 29.1 Continued

Without supporting frame 2

With supporting frame or equivalent
reinforcing 2

Minimum thickness in inches (mm)

Maximum width ® | Maximum length ¢ | Maximum width ® | Maximum length Uncoated Metal coated
Inches (cm) Inches (cm) Inches (cm) nches (cm) (MSG) (GSG)
73.0 (185.4) 90.0 (228.6) 103.0 (261.6) 127.0 (322.6) (10) (10)

a A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal that is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and that has sufficient torsional rigidity to resist the bending
moments which may be applied via the enclosure surface when it is deflected. Construction that is considered to have
equivalent reinforcing may be accomplished by designs that will produce a structure that is as rigid as one built with a frame of
angles or channels. Construction considered to be without supporting frame includes:

2) A gingle sheet that is corrugated or ribbed; and

1) A dingle sheet with single formed flanges (formed edges);

b The width is th
enclosure may H

¢ For a panel th

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

e smaller dimension of a rectangular sheet metal piece that is part of an enelosure. Adjacent sy
ave supports in common and be made of a single sheet.

t is not supported along one side, such as a panel of a box, the léngth of the unsupported sidg

rfaces of an

shall be limited

to the dimensior]s specified unless the side in question is provided with a flange atleast 1/2 inch (12.7 mm) wide.
Table 29.2
Minimum thickness of sheet metal for enclosures aluminum, copper, or brass
With _supporting frame or equivalent
Withqut supporting frame 2 reinforcing @

Maximum widith P Maximum length ¢ NMaximum width P Maximum length Minimym thickness

Incheg

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 (20.2) 8.5 (21.6) 9.5 (24.1) (0.58
4.0 10.2) Not limited 10.0 (25.4) Not limited 0.029 (20)
5.0 12.7) 6.0 (15.2) 10.5 (26.7) 13.5 (34.3) (0.74
6.0 15.2) Not limited 14.0 (35.6) Not limited 0.036 (18)
6.5 16.5) 8.0 (20.3) 15.0 (38.1) 18.0 (45.7) (0.91
8.0 20.3) Not limited 19.0 (48.3) Not limited 0.045 (16)
9.5 24:1) 11.5 (29.2) 21.0 (53.3) 25.0 (63.5) (114
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 0.075 (12)
20.0 (50.8) 25.0 (63.5) 45.0 (114.3) 55.0 (139.7) (1.91)
25.0 (63.5) Not limited 60.0 (152.4) Not limited 0.095 (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 0.122 (8)
42.0 (106.7) 53.0 (134.6) 93.0 (236.2) 114.0 (289.6) (3.10)
52.0 (132.1) Not limited 123.0 (312.4) Not limited 0.153 (6)
60.0 (152.4) 74.0 (188.0) 130.0 (330.2) 160.0 (406.4) (3.89)

Table 29.2 Continued on Next Page
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Table 29.2 Continued

Without supporting frame

With supporting frame or equivalent

a reinforcing @

Maximum width P Maximum length ¢ Maximum width P Maximum length Minimum thickness
Inches
Inches (cm) Inches (cm) Inches (cm) Inches (cm) (mm) (AWG)

channels. Constl

1) A

3) An

b The width is th
enclosure may H
¢ For a panel th
to the dimensio

2) A dingle sheet that is corrugated or ribbed; and

a A supporting frame is a structure of angle or channel or a folded rigid section of sheet metal that is rigidly attached to and has
essentially the same outside dimensions as the enclosure surface and that has sufficient torsional rigidity to resist the bending
moments that may be applied via the enclosure surface when it is deflected. Construction that is considered to have equivalent
reinforcing may be accomplished by designs that will produce a structure that is as rigid as one built with a frame of angles or

ruction considered to be without a supporting frame includes:

single sheet with single formed flanges (formed edges);

enclosure surface loosely attached to a frame, such as with spring clips.

e smaller dimension of a rectangular sheet metal piece that is part of an enclosure. Adjacent sy
ave supports in common and be made of a single sheet.
t is not supported along one side, such as a panel of a box, the length of the unsupported sidg
s specified unless the side in question is provided with a flange‘at Jeast 1/2 inch (12.7 mm) wid

e.

rfaces of an

shall be limited

29.2 Doors a

29.2.1 A covq
for securing it

29.2.2 Ahing
swinging due
or by moving

29.2.3 The a
intended func]

without removV,

29.2.7.

29.2.4 A required protective device shall be inaccessible from outside the furnace without d
or cover.

Exception: The-operating handle of a circuit breaker, the operating button of a manua

nd covers

r or access panel of an enclosure for uninsulated live parts shall be providg
in place.

bd or pivoted panel or cover shall be positioned or arranged so that it is not su
0 gravity, or vibration in such asmanner as to cause injury to persons by the [
barts or uninsulated live parts:

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

bd with means

bject to falling,

anel or cover,

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

can be reset
e device. See

pening a door

ly reset motor

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

29.2.5 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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29.2.6 A fuseholder shall be so constructed, installed, or protected that adjacent uninsulated high-voltage
live parts within 4 inches (102 mm), other than the screw-shell of a plug fuseholder, cartridge fuse clips,
or wiring terminals to the fuseholder, will not be exposed to contact by persons removing or replacing
fuses. An insulating barrier of vulcanized fiber or similar material employed for this purpose shall not be
less than 0.028 inch (0.71 mm) thick.

29.2.7 The door or cover of an enclosure shall be hinged if it gives access to fuses or any motor overload
protective device, the intended functioning of which requires renewal, or if it is necessary to open the
cover in connection with the intended operation of the protective device such as resetting a manual reset
overload-protective device, except as indicated in 29.2.8.

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

a) Cgntrol-circuit fuses rated 2 amperes or less, provided the fuses and control-citlcuit loads
(otherjthan a fixed control-circuit load, such as a pilot lamp) are within the same epclosure; or

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

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

29.2.10 A sprng latch, a magnetic latch, a dimple, or any other:mechanical arrangement that will hold the
door in place|and would require some effort to open meetsthe intent for holding the dopr in place as
required in 29,2.9.

29.2.11 A dogr or cover giving direct access to fuses in other than low-voltage circuits shall shut closely
against a 1/4-|nch (6.4-mm) rabbet or the equivalent, or shall have either turned flanges forf the full length
of four edges jor angle strips fastened to it. Flanges or angle strips shall fit closely with the|outside of the
wall of the box proper and shall overlap~the edges of the box not less than 1/2 inch [(12.7 mm). A
construction tihat provides equivalent pretection, such as a fuse enclosure within an outer ¢nclosure or a
combination of flange and rabbet, is.aceceptable.

29.2.12 Stripg used to provide(rabbets, or angle strips fastened to the edges of a door, shill be secured
at not less tha@n two points, ‘not more than 1-1/2 inches (38.1 mm) from each end of eagh strip and at
points betweeh these end.fastenings not more than 6 inches (152 mm) apart.

29.2.13 An electronstube or similar glass enclosed device shall be protected against mechgnical damage.
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30 Motors and Motor Overload Protection

30.1 A motor shall be protected by an integral thermal- or overload-protective device, or a combination

thereof.

30.2 An overload-protective device specified in 30.1 is one that complies with the requirements in the

National Elect

rical Code, ANSI/NFPA 70, as follows:

a) A separate overload device that is responsive to motor current. This device shall be rated or
selected to trip at not more than the following percent of the motor full-load current rating:

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

For a
is to b

Motors with a marked temperature rise not over 40°C (72°F) — 125 pefcen
All other motors — 115 percent

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

b) If the values specified for motor-running overload protection-do not correspond

stand
highe
currer

30.3 An integ
Motors, UL 21

hrd sizes or ratings of fuses, magnetic or thermal overload-protective devices
size or rating may be used, but not higher than the following percent of mo
t rating:

Motors with a marked service factor natless than 1.15 — 140 percent

Motors with a marked temperaturexise not over 40°C (72°F) — 140 percen

All other motors — 130 perceit
30.2°revised October 1, 2008

Fal thermal protective device shall comply with the Standard for Overheating
11.

30.4 A separate overload device, except when included as part of a magnetic motor cont

assembled as
Such protectid
result in the ri

part of thesequipment, and be readily identifiable as such after assembly to |
n shall potinclude means for manually interrupting the motor circuit if such in
sk of fire/electric shock, or injury to persons.

—

nd the motor

to the
, the next
or full-load

—

Protection for

roller, shall be
he equipment.
erruption may

30.5 A motor

such as a direct-drive fan motor, that is not normally subjected to overloadls, and that is

determined to be protected against overheating due to locked-rotor current by a thermal- or
overload-protective device meets the intent of the requirement if it is determined that the motor will not
overheat under actual conditions of use.

30.6 Impedance protection may be employed in a motor that is determined to be protected against
overheating due to locked-rotor current, if the motor does not overheat under actual conditions of use.
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30.7 Impedance protection shall not be employed if the motor is installed in a compartment handling air

for circulation

to the conditioned space.

30.8 A fuse shall not be used for motor overload protection unless the motor is protected by the largest

size fuse that

can be inserted in the fuseholder.

30.9 A motor shall not exceed the temperature rise specified in Table 44.1 when tested as described in
Sections 44 and 46 — 51.

30.10 A motor shall be constructed for continuous duty as indicated by the designation CONTINUOUS or

CONT on the

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

30.12 An aut

nameplate.

ne equipment o

r discharge of fuel that results in a risk of fire, electric shog

the circuit to the motor by the protective device shall also cause the interruptidg

bmatic-reset protective device shall not be used if the automatic reclosing o

the motor by tfhe device may result in a risk of fire, electric shock, or injuryto persons.

30.13 The en
vertically onto

30.14 Compli

enclosure, str];

motor installe

30.15 A motd

likelihood of
assembly.

30.16 There

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

hnce with the requirement in 30.13 may be“provided by the motor frame
cture, shield, or a combination of two or-mgre such items, and is to be deter
in the furnace.

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

uirement in 30.15 will neeessitate the use of a barrier of noncombustible mat

open-type motor unless:

a) The structural pafts)of the motor or the burner, such as the bottom closure, pro
equivalent of such.a barrier; or

b) The motor-overload-protection device provided with a single-phase motor is su
burnirjg insulation or molten material falls to the surface that supports the applianc
motor|is.energized under each of the following fault conditions, as applicable to th

motor

all not result in
k, or injury to

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

n of the circuit

f the circuit to

particle falling

or by another
mined with the

to reduce the
or under the

erial under an

vide the

th that no
e when the

b type of

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

4) Capacitor of a permanent split-capacitor motor short-circuited; or
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c) The motor is provided with a thermal motor protector (a protective device that is sensitive to
temperature and current) that will reduce the risk of temperature of the motor windings from
exceeding 125°C (257°F) under the maximum load which the motor will run without causing the

prote

ctor to cycle, and from exceeding 150°C (302°F) with the rotor of the motor locked; or

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

30.17 The barrier specified in 30.16 shall:

a) Be horizontal,

b) Be| located as illustrated in Figure 30.1; and

c) Have an area not less than that described in Figure 30.1.

Openings for

permit molten|metal, burning insulation, or the like to fall on combustible matérial.

irainage, ventilation, or the like, may be employed in the barrier, if such openjngs would not

30.18 An overload-protective device or thermal-protective devices for' a motor shall comply with the

requirements

n the Short-Circuit Test, Section 53.
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Figure 30.1
Location and extent of barrier

LOCATION AND EXTENT OF BARRIER

Y
\/

Nl RN g

OO\

TS &
SR

N
N

EB1Q

A — Motor windinp to be shielded by barrier. This is to consist of the entire motor winding if it is not otherwise g
consist of the ung

hielded, and is to
hieldedportion of a motor winding which is partially shielded by the motor enclosure or equival

Ent.

B — Projection of

P 3+ HUPRH P tol o
Tt e O TotO Wittt g O orZomtar—prants

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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31 Switches and Controllers

31.1 A controller or controllers shall be provided for all assemblies incorporating more than one motor
intended for connection to the same power supply.

Exception: A controller is not required for an assembly with more than one motor if the marked maximum
fuse size does not exceed 20 amperes at 125 volts or less, or 15 amperes at 126 to 600 volts, and having
not more than 6 amperes full-load current for each motor.

31.2 A single controller may control more than one motor if the controller is rated for the combined load
controlled. The assembly shall be marked in accordance with 61.9 if the same controller contacts handle

a remote motor or motors in addition to the motor or motors in the unit containing the controller.

31.3 A contro
load external

31.4 A contro
current-interru

31.5 A contro

ler or switch shall be rated for the load that it controls. The load controlled\is
o the assembly for which connections in the controller or switch circuit(are p

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

ller that is cycled by the operation of an automatic-reset averload device sh

has been invgstigated and found to withstand an endurance test under locked-rotor con

breakdown. T
and at an equ

31.6 The loch
alternating cu

31.7 A motor]
ungrounded ¢

32 Capacitorg

32.1 A capad

he endurance test is to be of a duration equivalent40ythat required for the o
ivalent rate.

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

controller shall be arranged so that™it will simultaneously open a sufficig
bnductors to interrupt current flow-to'the motor.

tor as a part of a capaeitor motor and a capacitor connected across-the-li
radio-interference glimination, shall be housed within an enclosure or con

capacitor for
mechanical d

mage to the plates* will not occur, and flame or molten material will not bg

result of breafdown of the capacitor. The construction shall comply with one of the followir

a) The capacitor-container shall be of sheet steel not less than 0.020 inch (0.51 n

shall

e constructed to provide equivalent protection; or

to include any
rovided.

5 shall have a
all be one that

Hitions without
erload device

pf the motor if

nt number of

he, such as a
tainer so that
emitted as a

g:

m) thick or

b) A gapacitor having a sheet-steel container thinner than 0.020 inch (0.51 mm) o

I of other

material shall be mounted in an enclosure that houses other parts of the appliance and that is

accep

table for the enclosure of live parts.

32.2 If the container of an electrolytic capacitor is constructed of metal, it shall be insulated from dead

metal parts in

accordance with Table 34.1.


https://ulnorm.com/api/?name=UL 729 2016.pdf

AUGUST 29, 2003 OIL-FIRED FLOOR FURNACES - UL 729 45

32.3 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 53.

32.4 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 53.1
but not less than the current established by dividing the circuit voltage by the impedance of the other
component or components.

33 Electrical Insulating Material

| be porcelain,

phenolic comosmon cold-molded composmon or equwalent matenal

33.2 Ordinary vulcanized fiber may be used for the insulating bushings, washers, segparators, and
barriers, but ot as the sole support for uninsulated live parts if shrinkage, curfent leakage, or warpage
may introducg¢ a risk of fire or electric shock. Plastic materials may be used for the sple support of
uninsulated lije parts, if found to have mechanical strength and rigidity, resistance to heat} resistance to
flame propagdtion, dielectric strength, and other properties as needed fer the application.

34 Spacings t+ High-Voltage Circuits
34.1 Except gs noted in 34.2 — 34.5, the spacings between uninsulated live parts of opposite polarity and
between an upinsulated live part and a dead metal part shall\iot be less than the values spgcified in Table

34.1.

Table' 34.1
Minimdm spacings

Ratirlgs Minimum spacings 2P
Through air Over surface To enclqsure ¢
Volt-amperes Volts Inch (mm) Inch (mm) Inch (mm)
0 — 2000 0 — 3004 1/8¢ 3.2 1/4 6.4 1/4 6.4
More than 0 - 150 1/8¢ 3.2 1/4 6.4 1/2 12.7
2000
151 - 300 1/4 6.4 3/8 9.5 1/2 12.7
301 — 600 3/8 9.5 1/2¢ 12.7 1/2 12.7

2 An insulating liner or barrier of vulcanized fiber, varnished cloth, mica, phenolic composition, or similar materigl employed
where spacings ould otherwise be |nsuff|C|ent shall not be Iess than 0 028 |nch (0. 71 mm) thick, except that alliner or barrier
not less than 0. If of the through
air spacing required. The Ilner shall be located so that it will not be damaged by arcing. Material having a lesser thickness may
be used if it has equivalent insulating, mechanical, and flammability properties.

b The spacings at wiring terminals of a motor shall be 1/4 inch (6.4 mm) for a motor rated 250 volts or less and 3/8 inch (9.5
mm) for a motor rated more than 250 volts.

¢ Includes fittings for conduit or metal-clad cable.

d |f over 300 volts, spacings in last line of table apply.

€ The spacings between wiring terminals of opposite polarity, or between a wiring terminal and grounded metal, shall not be
less than 1/4 inch (6.4 mm), except that if short-circuiting or grounding of such terminals will not result from projecting strands
of wire, the spacing need not be greater than that given in the above table. Wiring terminals are those connected in the field
and not factory wired. Measurements are to be made with solid wire of adequate ampacity for the load connected to each
terminal.
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34.2 The through-air and over-surface spacings in Table 34.1 at an individual component part are to be
evaluated on the basis of the total volt-ampere consumption of the load or loads that the component
controls. However, the spacing from the component to the enclosure shall be evaluated on the basis of
the total load on all components in the enclosure. For example, the through-air and over-surface spacings
at a component that controls only a motor are evaluated on the basis of the volt-amperes of the motor. A
component that controls loads in addition to the motor is similarly evaluated on the basis of the sum of the
volt-amperes of the loads so controlled; except that a component that independently controls separate
loads is evaluated on the basis of the volt-ampere of the larger load. The volt-ampere values for the loads
referred to are to be determined by the measured input.

34.3 The spacing requirements in Table 34.1 do not apply to the inherent spacings inside motors, except
at wiring term e basis of the

nals _or to the inherent snacinas - of a component that is evaluated on th
T ™ ) ™

requirements
including the {

34.4 All uning
of the same v
of opposite po
of the highest

for the component. However, the spacing resulting from the installation ©f
pacing to dead metal or enclosures, are to be those specified in the table:

ulated live parts connected to different circuits, except subdivided €ircuits or
bltage from the same feeder, shall be spaced from one anothef as though th
arity in accordance with the requirements in 34.1 — 34.3 and shall be evaluate
voltage involved.

34.5 For a cincuit not exceeding 300 volts, the over-surface spacings for glass-insulated tq

motors may b
(6.4 mm) whe|

35 Spacings
35.1 The sp4
motor overloa|

in a risk of fire

35.2 The spa

e 1/8 inch (3.2 mm) where 1/4 inch (6.4 mm) is spégified in Table 34.1; and m
Fe 3/8 inch (9.5 mm) is specified.

- Low-Voltage Circuits
cings for low-voltage electrical components that are installed in a circuit t

H-protective device, or other protective device, where a short or grounded cir
or electric shock shall comply, with the requirements in 35.2 — 35.5.

the connectiof of conduit or metal-clad-cable shall not be less than 1/8 inch (3.2 mm). Seg

35.3 The spal
a dead metal
when the furn

35.4 The spa

cing between wiring-terminals, regardless of polarity, and between the wirin
part (including the enclosure and fittings for the connection of conduit) that maj
hce is installed, shall not be less than 1/4 inch (6.4 mm).

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

part and a de
shall not be l¢g

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

a component,

branch circuits
ey were parts
d on the basis

rminals of the

ay be 1/4 inch

hat includes a
Cuit may result

Cing between an uninsulatedHive part and the wall of a metal enclosure inclugling fittings for

e 34.4.

) terminal and
y be grounded

hinsulated live
\ce is installed
that spacings

will be maintained.

35.5 The spacings in low-voltage circuits that do not contain a device such as those indicated in 35.1 are

not specified.
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36 Accessibility of Uninsulated Live Parts, Film-Coated Wire, and Moving Parts

36.1 An uninsulated high-voltage live part and moving parts that may cause injury to persons shall be
located, guarded, or enclosed so as to reduce the likelihood of unintentional contact by personnel
performing service functions that may have to be performed with the equipment energized.

36.2 The requirement in 36.1 does not apply to mechanical service functions that are not performed with
the equipment energized.

36.3 Accessibility and protection to reduce the risk of electric shock and injury to persons 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 enc

a) Th
the fa
plane

b) un
excep
perso
projed
smallg
enclog
projed
perim

c) Th
openi
wiring
d) Ac
by oth

e) An
enclog
openi
outsid

36.4 The folld

P SN Y £all H + O = 2061
UoUTT VWILIT T TUTTUWWITTY AlTAalrtytcIiiithit. JTT T TyurTtc JuU. L.

£ components are located with respect to the access opening in the outer ca
'thest component in the control assembly is not more than 14 inches (356 m
of the access opening.

insulated high-voltage live parts outside the control assembly, projected clea
t for live parts within a control panel, or unguarded moving parts that may ca
hs, are located not closer than 6 inches (152 mm) from any side of the acce
ted clear space is considered to be bounded on the sides by the projection
st rectangular perimeter surrounding the outside ‘eddge of the components o

tion of the perimeter of the access opening_in\the outer cabinet to the closeg
bter surrounding the outside edge of the gomponent or control enclosure.

e volume generated by the projected;clear space of the control assembly to
g in the outer cabinet, within the access area, is completely free of obstruct

cess to the components.inthe control assembly is not impeded in the directi
er components or by wiring in this assembly.

extractor-type fuséholder and snap switch mounted through the control assé
ure is located 'so that there is unimpeded access to the component through
Ng in the outercabinet and so that it is not immediately adjacent to uninsulat
e the control assembly enclosure, unless the live parts are guarded.

wing are not considered to be uninsulated live parts:

binet so that
m) from the

space,
use injury to
5s area. The
bf the
control

ure when provided. The access area is considered to be bounded on the sigles by the

t rectangular

the access
ons, including

bn of access

embly
the access
ed live parts

a) Coils of a controller;

b) Coils of a relay or solenoid;

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

d) An

insulated terminal or splice; and

e) Insulated wire.
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36.5 To reduce the likelihood of unintentional contact that may involve a risk of electric shock from an
uninsulated live part or film-coated wire, an opening in an enclosure shall comply with either (a) or (b).

a) For an opening that has a minor dimension (see 36.9) less than 1 inch (25.4 mm), such a
part or wire shall not be contacted by the probe illustrated in Figure 36.2.

b) For an opening that has a minor dimension of 1 inch (25.4 mm) or more, such a part or wire
shall be spaced from the opening as specified in Table 36.1.

Exception: A motor need not comply with these requirements if it complies with the requirements in 36.6.

Figure 36.1
Accessibility and protection
—*
UNINSULATED LIVE PART
—_— UNINSULATED LIVE PART I ATLFAST 6 NCHES. {152mm)
>~ | 6 cxes (152mm) ' FROM ACCESS AREA :“:
[
> %TSTRATNECSET \ CONTROL ACCESS OPENING\\ |
< ENCLOSURE (LY
FARTHERT [ ;
COMPONUNT \ \ COMPONENT
PLANE OF
= ACCESS =
| OPENING
1%3@6 MA)X__ A4/ R %G
\ mm ACCESS
CAPACITOR CONTROL ROECTED AREA Z /’1V —
ASSEMBLY
\ CLEAR / / s/
J\| SPACE RESET | o
\ GUARD 7 BTN Tz ;s
\ RECTANGULAR °
. - PERMETER A7 X 77
GUARD
J/ [N , /
s REETABE PROJECTED CLEAR SPACE
. (CROSS-HATCHED AREA)
| MOVING PART CAPABLE OF CAUSING
7 | INJURY TO PERSONS AT LEAST 6
- JOVING PART CAPABLE ,6F INCHES (152mm) HROM ACCESS
AUSING INJURY TO PERSONS | AREA (UNLESS GUARDED)
EA100A ECTION A-A L A
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Figure 36.2
Articulate probe with web stop
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Table 36.1

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

Minor dimension 2 of opening Minimum distance from opening to part,
inches (mm)P 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)
¢ 36 162)

2 See 36.9.
b Between 3/4 il
¢ Any dimension
d More than 2-1

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

n the table.

36.6 With res

in the exceptipn to 36.5:

a) An
accep

b) An
or wir

bect to a part or wire as mentioned in 36.5, in an integral enclostre of a moton
opening that has a minor dimension (see 36.9) less than 3/4 inch (19.1 mm
table if:

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

2) In a directly accessible motor (seg, 36.10), an uninsulated live part cani
contacted by the probe illustrated. ify Figure 36.4; and

3) In an indirectly accessiblé.motor (see 36.10), an uninsulated live part c
contacted by the probe jllustrated in Figure 36.5.

opening that has a minor dimension of 3/4 inch (19.1 mm) or more is acce
P is spaced from the\opening as specified in Table 36.1.

as mentioned

36.3;

ot be

annot be

table if a part
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Figure 36.3
Probe for film-coated wire
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Figure 36.4
IEC artictifate probe
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Figure 36.5
Probe for uninsulated live metal parts
ANY CONVENIENT LENGTH
1/2 INCH DIA.
3/4 INCH Do, (12:7mm)
(19.1mm)
] — j
h _ _ \ L |
_J | /< &J
9/16 INCH(14.3mm) \_ 3/16 INCH R
(4.8mm))
4 INCHES
(101.6mm)
PA130A
36.7 The prolpes mentioned in 36.5 and 36.6 and illustrated in Figures 36.2 — 36.5 shall be japplied to any

depth that th¢ opening will permit; and shall be¥otated or angled before, during, and
through the opening to any position that is necessary to examine the enclosure. The probg
Figures 36.2 and 36.4 shall be applied in anypossible configuration; and, if necessary, the
shall be changed after insertion through-the' opening.

36.8 The pro
accessibility p
are to be app

rovided by an opefing, and not as instruments to evaluate the strength of a
ied with the minimum force necessary to determine accessibility.

36.9 With ref
diameter of the largést cylindrical probe having a hemispherical tip that can be inserte
opening.

after insertion
s illustrated in
2 configuration

bes mentioned in 36.7 and 36.9 shall be used as measuring instruments t¢ evaluate the

material; they

brence to-the' requirements in 36.5 and 36.6, the minor dimension of an @pening is the

d through the

36.10 With re

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) That is located at such a height or is otherwise guarded or enclosed so that it is unlikely to

be contacted. A directly accessible motor is a motor:
1) That can be contacted without opening or removing any part; or

2) That is located so as to be accessible to contact.
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36.11 During the examination of a product to determine whether it complies with the requirements in 36.5
or 36.6, a part of the enclosure that may be opened or removed by the user without using a tool (to attach
an accessory, to make an operating adjustment, or for other reasons) is to be opened or removed.

36.12 With reference to the requirements in 36.5 and 36.6, insulated brush caps are not required to be
additionally enclosed.

PERFORMANCE
37 General

37.1 A floor furnace shall comply with the applicable test requirements in Sections 37— 57. A furnace of
a type not sp hat-b intent of these

tacl 2l sl o
cu i avouiruaric e vl uie

o 1l &l badd +as + £l 2l +
4bl|lbally UCTOUTTUTU 1T UI'o otAalniualu orniain Ut tCo
requirements.

If there are any indications during the tests that a furnace will not continué
bnts during intended use, supplementary tests may be necessary o (
f the furnace.

the requirem
acceptability d

38 Test Insta
38.1 Enclosu

38.1.1 A floot
in Figure 38.1]

platform as illistrated in Figure 38.2.

lation

e

, and a floor furnace provided with a single or dual wall register is to be ins

o comply with
etermine the

furnace provided with a floor register only is to bednstalled in a test platfornmp as illustrated

alled in a test

38.1.2 The flpor of the test platform is to extend at least’' 18 inches (457 mm) beyond 4l sides of the

register of the
(25.4 mm) soff

tongue-and-groove oak flooring finished with clear‘varnish. The test platform is to be elevg

a clearance of
The hole in t
instructions fu

38.1.3 Four n
contact with th
platform.

38.1.4 For te
together to fo
from adjacent|

furnace when installed for test. The floor of the test platform is to be made of
wood flooring covered with one thickness of building paper superimposed by

at least 6 inches (152 mm) between the bottom of the furnace and the floor of}
rnished with the furnace.
ominal 2- by 12-inch(50.8 by 304.8 mm) boards are to be placed with the

e sides of the flooryfurnace and with the top edges butting against the unders

5ts on a-floor-register type floor furnace, two walls, 36 inches (914 mm) |
m a _caorner, are to be placed on the test platform so that each wall is 6 inc
sidesrof the register. Each wall is to extend from the corner to a point at g

(305 mm) bey]|

pndthe far end of the register side adjacent to that wall. The walls are to be 1

nominal 1-inch
nominal 1-inch
ted to provide
the test room.

he test platform to receive the furnace is to be sized in accordance with the installation

sides in close
ide of the test

igh and fitted
hes (152 mm)
ast 12 inches
nade of 1-inch

(25.4 mm) nominal thickness boards with all joints sealed, or of plywood at least 3/4 inch (19.1 mm) thick.

38.1.5 For tests on a wall-register type floor furnace, a single wall enclosing the sides and top of the wall
register is to be placed on the test platform. The edges of this wall in contact with the top and sides of the
wall register are to be made of softwood boards having a nominal thickness of 2 inches (50.8 mm). The
total width of these edges is to be equivalent to the maximum thickness of the wall in which the register
is intended to be installed. The wall is to extend at least 36 inches (914 mm) above the top and beyond
one side of the wall register and 6 inches (152 mm) beyond the other side. A second wall of the same
height is to be placed at right angles against the edge of the first wall which is 6 inches (152 mm) from
the side of the register. The surfaces of both walls are to be made of 1 inch (25.4 mm) nominal thickness
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softwood boards with all joints sealed or of plywood at least 3/4 inch (19.1 mm) thick. If the wall register
has a single outlet, the back side of the register is to be completely covered by boards having a nominal
thickness of 2 inches (50.8 mm) and in close contact with the back side.
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Figure 38.1
Test platform — floor register furnace
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@ Support bracket for flue gas thermocouple
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Figure 38.2
Test platform — wall register furnace
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@ Support bracket for flue gas thermocouple
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38.2 Chimney connector

38.2.1 The chimney connector is to be the same nominal size as the flue collar or outlet of the furnace.
Galvanized stovepipe more than 0.023 inch (0.58 mm) thick is to be used.

38.2.2 The chimney connector is to extend beyond the edge of the platform and then vertically as
illustrated in Figures 38.1 and 38.2. The horizontal run length is to extend a minimum of 45 inches (1143
mm) and have an upward slope of 1/4 inch per foot (21 mm/m).

38.2.3 A simulated ceiling section a minimum length of 36 inches (914 mm) and a minimum width
equivalent to the diameter of the flue pipe plus 24 inches (610 mm) is to be placed symmetrically above
the horizontal flue pipe. The minimum distance between the top of the horizontal pipe and the lower

surface of the
9 inches (229
3/4 inch (19.1

38.2.4 A draf
approximately

38.2.5 A brad
illustrated in H

HH Atk B wa—clict £ o T 1 H + +la £l £ 4+l
\JCIIIIIH ATTU UIC TrirmrmIurTT UlotanToe T 1ottt uarc voruaoal r.llrJC U uic CUUU Jr urc
mm). The ceiling is to be made of 1-inch (25.4 mm) nominal thickness lumb
mm) thick plywood.

regulator is to be provided for test purposes and is to be located in the ve
36 inches (914 mm) above the bottom of the vertical flue pipe.

ket for supporting the thermocouple for measuring flue-gds teémperature is to
igures 38.1 or 38.2.

38.2.6 Any butilt-in draft regulator included as part of the furnaceis to be fixed in the po

maximum dra

38.2.7 The chimney connector is to be connected tosasehimney, stack, or exhaust systg

imposing the
39 Instrumen
39.1 Draft mg

39.1.1 Drafti

column and that has an accuracy\of +0.0025 inch (x0.050 mm). The gauge is to be chg

reading at the

t.

bpecified draft.

ation

asurement

b to be measured by a. draft gauge that can be read directly to 0.005 inch (0

beginning and at the end of each test.

eiling is to be
Br Or minimum

rtical flue pipe

be located as

sition allowing

em capable of

13 mm) water
bcked for zero
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39.2 Fuel input measurement

39.2.1 The fuel-input rate to a burner during a test is to be determined by a scale accurate to 0.01
pound-mass (5 g) or a burette capable of the same resultant accuracy.

39.3 Power measurement

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

39.3.2 The ammeter is to have a maximum scale range of not more than 1-1/2 times the value to be
measured. The smallest scale division is to be not more than 1/50 of the maximum scale range.

39-4 Speed nﬁcaoul CTriet It

39.4.1 Mechdg
mechanism d
stroboscope i

39.5 Tempergture measurement

39.5.1 Tempsd
Unless otherw

39.5.2 Therm
required to ob
surfaces in cdq
and on the cq

surfaces are 1o be finished a flat black. Thermoeouples are to be attached to other mate

such as thos¢

39.5.3 A ther
contact with t
contact will ug
is involved, br

39.5.4 Therm
wire and with
clearance, thdg

nical or electronic means are to be used to measure the speed of 'a 'm
[iven by it. The load imposed by the counter is not to adversely-affect m

ise indicated, a thermocouple is to be made of wiresynot larger than 24 AW
39.5.1 revised October 1, 2008

pcouples are to be placed on surfaces of the test enclosure at various locatig
Serve maximum temperatures during tests:\Femperatures are to be determing
ntact with the furnace casing or register, on the surfaces of walls adjacent {
iling surface exposed to radiation-from the horizontal flue pipe. All such w

mentioned in Table 44.1.

mocouple junction and adjacent thermocouple lead wire are to be securely |
ne surface of the material the temperature of which is being measured. Ints
ually result from securely taping or cementing the thermocouple in place. If al
pzing or soldering the thermocouple to the metal may be necessary.

pcouples areito be secured to wood surfaces by staples over the insulated
the tip-held in thermal contact with the surface by pressure-sensitive t
thermoeouples are to be applied to surfaces of the furnace at points of zerd

btor or of the
ptor speed. A

to be used for measuring speed of a motor under 1/8 horsepower {93 W olitput).

ratures are to be determined by means of a potentiometer and bead-type thhermocouples.

5 (0.21 mm3).

ns as may be
ed on all wood
0 the register,
all and ceiling
ials and parts

eld in thermal
ended thermal
metal surface

portion of the
hpe. For zero
clearance.

39.5.5 The fly

exgas temperature is to be measured by a thermocouple, such as illustrated |

y Figure 39.1.

The thermocouple is to be inserted into the chimney connector as illustrated in Figure 39.2. 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 securely sealed in the position allowing maximum draft
during all tests.
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39.5.6 The inlet-air temperature is to be measured by a thermocouple placed 6 inches (152 mm) from the
outer edge of the register adjacent to the cold air return and 1 inch (25.4 mm) above the register level.

39.5.7 The maximum outlet air temperature is to be determined by exploration with four
parallel-connected bead-type thermocouples of not larger than 24 AWG (0.21 mm?) located 1 inch (25.4
mm) above the warm air register and 1/2 inch (12.7 mm) from the center of a shield. See Figure 39.3.
The shield is to be formed from sheet steel a minimum 0.02 inch (0.51 mm) thick and is to consist of an
outer collar 2 inches (50.8 mm) high and 6 inches (152 mm) in diameter enclosing a square inner collar
of the same height, its diagonal being 6 inches. The square is to be attached to the round collar at its
corners only. The overall height of the assembly is to be 3 inches (76.2 mm).

39.5.7 revised October 1, 2008
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Figure 39.1
Standard thermocouple for flue-gas temperature

Figure 39.1 revised October 1, 2008

11/8"
(28.6""")
5/32" MAX.
(4.0mm)
l SILVER SOLDER OR
- WELD JUNCTION:
DO NOT OXIDIZE
| .070" MAX
(1.78mm)
e o0
PATS2 A

1. 20 AWG (0.5] mm?) iron-censtantan, asbestos, or woven-glass-covered thermocouple wires extending from hot junction to
potentiometer or feference junction.

2. 1 — Leeds & Northrup,'Standard 714B, or the equivalent, 1/4 inch (6.4 mm) outside diameter of two-hole porcglain insulator cut
to length and ends heveled on two sides.

3.1-5/16 inch (7.9 mm) outside diameter by 0.032 inch (0.81 mm) wall tubing. Ream, if necessary, to fit over insulator; then crimp
ends over beveled ends of insulator.

4. 1 — Small wooden handle.

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

6. In lieu of individual components described in (1), (2), and (3) above, any combination of preassembled parts of tubing, insulators
and thermocouples may be used.
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Figure 39.2
Flue-gas thermocouple and support bracket
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Thermocouple shield far‘outlet-air temperature
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40 Initial Test Conditions
40.1 General

40.1.1 The furnace is to be set up for test in the appropriate enclosure and manner described in Test
Installation, Section 38.

40.1.2 A furnace equipped with an air-circulating fan, the capacity of which is intended to be varied only
by the installer (such as with a belt-drive or a motor-speed control) is to be tested with the fan speed
adjusted to obtain rated air flow. This adjustment is to be maintained during all of the tests described in
this standard.

a ocme o oo C O oo O

40.1.3 A furngee-e 5 7 et aiats air-circulating
fan (such as almotor speed control, circulating air damper, or the like), the positioning of,whith could affect
the results of fhe following tests, is to be tested with the adjustable device in the position or positions likely
to develop mgximum temperatures.

40.1.4 If the fesults of a test, which involves the operation of a limit control, are likely to pe affected by
the temperatufe of the inlet air, the test is to be conducted with the inlet-air temperature betyveen 15.6 and
26.7°C (60 and 80°F).

40.1.5 If a furlnace is to be equipped with air filters, they are to bgin place.

40.1.6 Unlesg otherwise specified, furnaces are to be tested-at the potential specified in Table 40.1.

Table 40:%
Test valtages
Rated voltage Normal test voltage
110 to 120 120
200 to 208 208
220 to 240 240
254 to 277 277
440 to 480 480
550 to 600 600
Other Rated
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40.2 Furnace equipped with mechanical atomizing burner

40.2.1 The furnace is to be fired at its rated Btu per hour (W) input, +2 percent, with a grade of fuel for
which the burner is rated. The draft at the flue collar is to be as recommended by the manufacturer, but

not more than

40.3 Furnace

0.06 inch (1.52 mm) water column.

equipped with vaporizing burner

40.3.1 The furnace is to be fired at its rated Btu per hour (W) input, £2 percent.
40.3.2 No. 1 fuel oil having a viscosity as specified in Table 40.2 is to be used for firing vaporizing
burners.
Table 40.2
Oil viscosity of No. 1 fuel oil
Oil viscosity, centistokes
Oil tempgrature Maximum Mean Min{mum

38°C (100°F) 2.04 1.97 1190

25°C ([77°F) 2.44 2.34 224
40.3.3 The high fire burning rate is to be adjusted to deliver the fated high-fire input of thg furnace.

40.3.4 The pi
allowable sett

40.3.5 If an 4
for shutoff.

40.3.6 The dg

40.3.7 The draft at the flue collar is te-he as recommended by the manufacturer, which is

than 0.02 inch
41 Combustig
41.1 When a
flue gases sh

Model RDC S

41.2 The furn

ot-fire burning rate is to be a rate equivalent to.the pilot-fire rate obtained at
ng of the metering device with No. 1 oil plus the valve’s positive tolerance.

djustable oil-shutoff control is providedyit is to be adjusted to the maximum

pth of oil in the burner under paeled condition is to be the maximum allowed

(0.51 mm) water columf.
n Test — Burner @nd Furnace
floor furnace\s operating at steady-state conditions as specified in 41.2, the

All not exceed that indicated by a number 2 spot on the Shell-Bacharach
Imokemeter.

the maximum

hllowed timing

in production.

not to be less

smoke in the
Scale with the

ace’is to be installed and adjusted in accordance with the manufacturer’s ing

tructions. The

furnace is then to be fired at rated input and such that the stack loss is not more than 25 percent and
operated until steady-state conditions of draft, fuel-input rate, and flue-gas temperature have been
established.
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42 Limit Control Cutout Test

42.1 A floor furnace shall be operated as described in 42.2 and 42.3 until the limit control functions. The
outlet air temperature shall not exceed 121°C (250°F).

42.2 The limit control is to be adjusted to the maximum:
a) Setting allowed by its fixed stop; and
b) Indicated differential setting.

A thermocouple is to be attached to the limit control sensing element at its midpoint.

42.3 The furnjace is to be operated until outlet-air temperature has stabilized. The circulatin
be gradually r¢stricted (the fuel input may be increased also) until the limit control functions.
the temperatufe of the outlet air and the limit control sensing element (T, ) is to be.determir

g air flow is to
At this instant,
ed. The outlet

air temperatu
shall not attai

43 Continuity

43.1 A floor f
functioning to

43.2 The limi

element is to lemain in its normal location. The furnace\is.to be placed in operation. An air-

if its speed is

43.3 The furn
inlet-air (T,) a

43.4 To comy
part of the fur

where:

T;

is not to exceed 121°C (250°F). After the limit control has functioned, its s
a temperature that will adversely affect the limit control calibration.

of Operation Test

cause reduction in the input when the furnace is tested as described in 43.2
control is to be bypassed to permit continued operation during this test, &
variable, is to be adjusted to obtain rated*air flow.

ace is to be operated until outlet-air temperature has stabilized. The temp
nd the limit control sensing element (T ) is to be measured.

ly with 43.1, the operation.ef the furnace is not to be interrupted by any cont
hace and:

TLZ < TLl + Tl - 60

hlet-air-temperature in this test, in degrees F

nsing element

irnace fired at rated input shall be capable of contintious operation without the limit control

— 43.5.
ut its sensing
Circulating fan,

erature of the

ol included as

I At ~antral canc Aamnaratiirn jn tha l‘imi

T =

T2 =

Pa
it COMrT oroCtTio CrttCrmoCratarcrT arCc— it

Limit control sensing element temperature in this test, in degrees F

degrees F

60 = Assumed maximum inlet-air temperature that would demand continuous operation of the
furnace at high-fire input, in degrees F
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43.5 During the test, the total furnace electrical input and the electrical input of each component are to be

measured.

Exception: The electrical input measurement of a component having a pilot duty rating only is not

required.

44 Temperature Tests

44.1 A furnace shall be tested in accordance with Sections 46 — 52. No part shall attain a temperature

that will:

a) Damage required corrosion protection;

b) Adversely affect operation of safety controls;

¢) Reduce the value of required thermal or electrical insulation; or

d) Cause creeping, distortion, sagging, or similar damage if such damage to the n|

part nmpay increase the risk of fire, electric shock, or injury to personsv

haterial or

The temperatlire rises at specific points shall not exceed those specified in Table 44.1 un|ess otherwise
indicated.
Table 44.1
Maximum temperaturesrises
Column 1 Column 2
Degrees Oegrees
Device or material C F C F
A. Motorab
1. Clasp A insulation systems on coilfwindings of alternating-current
motors |having a frame diameter of.7 inthes (178 mm) or less (not
includirlg universal motors).
h. In open motors —
Thermocouple Jor resistance method 75 135 115 208
h. In totally enelosed motors —
Thermgocouple or resistance method 80 144 115 208
2. Clasp A insulation systems on coil windings of alternating-current
motors [having“a frame diameter of more than 7 inches and of
direct-durrentvmotors and universal motors.
d. T opert mowrs =
Thermocouple method 65 117 115 208
Resistance method 75 135 115 208
b. In totally enclosed motors —
Thermocouple method 70 126 115 208
Resistance method 80 144 115 208
3. Class B insulation systems on coil windings of alternating-current
motors having a frame diameter of 7 inches or less (not including
universal motors).
a. In open motors —
Thermocouple or resistance method 95 171 140 252
b. In totally enclosed motors —

Table 44.1 Continued on Next Page
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Table 44.1 Continued

Column 1 Column 2
Degrees Degrees
Device or material C F C F
Thermocouple or resistance method 100 180 140 252
4. Class B insulation systems on coil windings of alternating-current
motors having a frame diameter of more than 7 inches and of
direct-current motors and universal motors.
a. In open motors —
Thermocouple method 85 153 140 252
Resistareetrethtod 95 -+ +46 252
b. In totally enclosed motors —
Thermocouple method 90 162 140 252
Resistance method 100 180 140 252
B. Componen{s
1. Capécitors
Electrolytic type® 40 72
Dther types? 65 117 (No} specified)
2. Field wiring 35 63 60 108
3. Relaly, solenoid, and other coils with:?
h. Class 105 insulated windings —
Thermocouple method 65 117 115 208
p. Class 130 insulated windings — 85 153 140 252

Thermocouple method
4. Seallng compounds
5. Tranformer enclosures® —

40°C (72°F) less than its m4lting point

h. Class 2 transformer 60 108 85
b. Power and ignition transformers 65 117 90
C. Insulated Jonductors
1. Appllance wiring material
75°C rating 50 90 65
BO°C rating 55 929 70
DO°C rating 65 117 80
105°C rating 80 144 95
P00°C rating 175 315 200
P50°C rating 225 405 250
2. Flexiple cordn~Types SO, ST, SJO, SJT 35 63 60
3. GT( cable 35 63 60
4. Wire] Code
Types RF, FF, RUW 35 63 60
Types RH, RFH, FFH, RHW, THW, THWN 50 90 75
Types T, TF, TFF, TW 35 63 60
Type TA 65 117 90
5. Other types of insulated wires See note®
D. Electrical Insulation — Generalf
1. Class C electrical insulation material Not specified
2. Class (180) electrical insulation material As determined by test
3. Fiber used as electrical insulation or cord bushings 65 117 90
4. Phenolic composition used as electrical insulation or as parts 125 225 150

where failure will result in a hazardous condition shock

153
162

117
126
144
171
360
450
108
108

108
135
108
162

162
270

Table 44.1 Continued on Next Page
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